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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



WO 9514659. Bi dentate phosphite |igands have al so been shown to be WO
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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 solve 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
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of phenol RHGRKE n the art (see 15 Abdurasul eva, A R ; Akhnmedov, K N.;
Turaeva, M K Zh.BiGapghthikhand diol-teri@ed 6jsphb8hite ngx)dsahamaleb b[aaleanol s by
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al so di scl osgef¢repeed there®3sit39 kaown IﬂEtZsmvbaromatlcs can be converted
to 1-methylethenyl aromatics by 2,3-dichloro-5,6-dicyano-1,4-
20 benZoquinone (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. 1980, 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 diol (backbone) moiety. The
carbon-carbon linkage, unlike functional group linkage, improves the
stability of the ligand composition and the catalysts prepared therefrom.
35 The ligand compositions of the present invention are used to
prepare catalysts that are useful for catalytic processes. For example, the
catalysts of the present invention are useful for isomerization,
hydrogenation, hydrocyanation, and hydroformylation. When removing
3
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are stabl e, aﬁ@?ﬁeﬁg#@?%&?gcﬁo&ﬂﬁ%&@?} 'y separated fromthe product phase
by distillation or extraction than are catalysts having functional group
| i nkages. 5 SUMMARY OF THE | NVENTI ONFRohe enbodi ment of this invention is a
process for preparing a polyner-supported diol of the fornula: Pol Q HOB
\OH 10 wherein Pol and Q are conpgetedyyi a a car bonn@?r bon bond; Qis an
organic ring structure; and Pol is an |nsol ubl e poly support, said
process, lkdonprising: acid-catalyzed grafting a diol onto a polynmer 15

sel ected from the \%9% %'P‘éhétd E13 é’c‘;nn%c@d‘@l}é' Fﬁf’b’oﬂec 64 @'gng,ng pol ymer
or a ol efin- conta|§ g @Z wher el n sa| is se ecte romthe group
consi sting of $8n,0r nigying pructre; ahd
Pol is an insoluble polymer support,
said process, comprising: acid-catalyzed grafting a diol onto a polymer
15 selected from the group consisting of a benzyl halide-containing polymer
or a olefin-containing polymer
wherein said diol is selected from the group consisting of
biphenol, C,

Rx

20
wherein each R is independently selected from the group consisting

of H, C4 to Cyq branched or straight chain alkyl and benzyl, C4 to Cy
cycloalkyl, Cg to Coq aryl, OR', CO,R1, and cyclic ether, wherein
neighboring R groups are optionally connected to form a ring structure

25 and wherein each R1 is independently selected from the group consisting
of C4 to Cyq branched or straight chain alkyl, C4 to C5q cycloalkyl, and Cg
to Coq aryl; and wherein x and y each independently are 0-3 and x and y
each independently are 0-4 if at least one of Ry or R, contains an
aromatic ring, and binaphthol, D,

30



Rx Ry C 20 wherein each Ris independently selected fromthe group
consisting of H Cl to C20 branched or straight chain alkyl and benzyl, Cl
to C20 cwolcahdoyd, C6 to C20 aryl, ORS, CO2R1l, and cycl i ecatusez/379¢her ei n
nei ghboring R1 groups are optionally connected to forma ring structure 25
and wherein each Rl is independently selected fromthe group consisting of
Cl to C20 branched or straight chabi al ky@H C1 to C20 cycl oal kyl, and C6
to C20 aryl; and wherein x and y edch i ndependently are 0-3 and x and y

each independently are 0-4 if a aast N\ RX or Ry contains an aronatic
ring, and binaphthol, D, 30 4 @ 4 PCT/ US02/ 37967 OH OHRx Ry D
wherein each R is independently \s&l the group consisting of H C
to C20 branched or strai ght chaj : Renzyl, ClL to C20 cycl oal kyl,
C6 to C20 aryl, ORS, CO2R1, ang \CY i Y wherein each RL 5 is

i ndependently sel ected from Rly ' thg of C, to C20 branched or
straight chain alkyl, C 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 contains Bn aromatic ring, and conbinations
thereof. 10 Anot her enbodi nent of this invention is a pol yner-supported

‘nvent;on 1 a pr J0REE Tt Srcib RS denfl sEeLIELERIRE 8D cBhmblifor ous)
li gand (2) haofithgCi teChe branchedRiistraighp chath ARE@Nd beGk2C{ B) Cop
cycloalkyl, Cg to Cpq aryl, OR1, CO,R1, and cyclic ether; wherein each R
5 is independently selected from the group consisting of C4 to Cyq branched
or straight chain alkyl, C4 to Cyq cycloalkyl, and Cg to C5q 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 R, or Ry contains an aromatic ring,
and combinations thereof.
10 Another embodiment of this invention is a polymer-supported diol
as prepared and disclosed herein.
A further embodiment of this invention is a process for preparing a
polymer-supported bis(phosphorous) ligand (2) having the formula,

Pol

Q
SN
15 XoPO OPX, (2)

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: contacting a polymer supported diol as
disclosed herein with a phosphorous halide of the type PYnX3-n, where
Y is a halide,
25 X is selected from the group consisting of alkoxide, aryloxide, alkyl
and aryl, and n = 3, 2, or 1, wherein when X is an alkoxide, aryloxide, alkyl
or aryl, X may contain from 1 to 50 carbon atoms, heteroatoms, or
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is a process & polymermuppogteddrarsitioremetal sptalyst dompemsition erthmfoahulaat al yst
conposition of the formula Pot 1~\ OO 11 X2P~/ PX2 M(3) 10 wherein
Pol and Q are connected via apggr bon-carbon bond; Qis an organic ring
structure; and Pol is an insoljubl e polynmer support; X is selected fromthe
group of al koxi de, aryl oxide, Aal kyl or 15 aryl; Mis a catalytically
active transition netal; @a(d bbocess conprising: conbining a
pol ymer - support ed bis(phoqphoroqs) | i gand as prepared and di scl osed
herein. with a YoP PX
i N

M 3)

10  wherein

Pol and Q are connected via a carbon-carbon bond;

Q is an organic ring structure; and

Pol is an insoluble polymer support;

X is 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 transition metal, M.

20 Yet another embodiment of this invention is a catalyst composition
as disclosed and prepared herein.

Yet another embodiment of this invention is an isomerization,
hydrogenation, hydrocyanation or hydroformylation process using a
catalyst composition as disclosed and prepared herein.

25 Yet another embodiment of this invention is 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 vapor phase. The
polymer-supported catalysts provide significantly improved selectivities
and yields in these processes.



catalytically active transition netal, M 20 Yet another enbodi nent of this
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exenpl ified by t heThe first step is the preparation of a diol group covalently attached
to an insoluble polymer or a polymer support, as exemplified by the
following structure:

20

Q
HO™" o (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 vinylbenzyl chloride
crosslinked by 0.2% to 5% of divinylbenzene], poly(vinylbenzyl chloride),
and copolymer of styrene and vinylbenzyl chloride modified cellulose.
The reaction is catalyzed by a variety of Lewis acids, such as AlBrj,
35 AlCl3, AlF3, AICI\F(3.), GaCls, FeCls, SbClg, ZrCly, SnCly, BCl3, BF3,
SbCl3, BF3°OEty, BPh3, ZnCl,, alkoxide or phenolate of Al(lll), Ga(iil),
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follow ng structure: 20 Pol HO OH (1) wherein, Pol, as used hereinafter
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ro(111)_soq EEoRRnfal ety o 395t g poymE, Tise e e
metal s, such ligited {q, Iaetbylepe ahisyident %dlchmioeiihgnas@l@lomeazﬁneo repr esent

;P:f : |t ﬁé m prtﬁ&h(lbrobé?fz@ﬁéé Ahitrgmetidnd QiNddirtloBehgerd) CtRe @hrédtdd. The

bout .150C, f bl bout 25C
00 Al L0 1 e Ut oo ey s (e PpicaBT ehe araftsh £ ra oo
gr afting regudlymer.adgptivhally, she unlBaztédbeme/l bhtdmele;gyb?m@couliliMe i ncl ude,
ut are not .0f, .
chl orobenzeneemd}e?d?)éﬁ% ﬁé@#ﬁ?@ﬁqﬂ r%(ﬂﬁmﬁ Wﬂgggegl 'ﬁi@?‘%ﬂgﬁ@é%ﬁ‘& The
unreacted 10 rbﬁuzylumha@eﬂdb@@mmays@e remevedard vécdveretbywashowg i on of
th fted I

e grafte tﬂemer\ﬂﬁﬁ'aoétﬁxyérﬁrthé ESHﬁé %%’35‘% ﬁﬁ@éﬁrﬁb ﬁ{ﬁb\%ﬂcﬁ%&rwps

could be renov treat ment of e graft I n tol uene
during rléf| é'ﬁetrlyllﬁ'@a@ﬁleﬂ %?Bﬁé‘r‘@ oreg{hafte. r enoved and recovered by washi ng
the polyner with a solvent that is suitable as grafting nedium such as

OH OH
BzX-containing polymer
Rx Ry  X=halide
C

Formula |

Each R is independently selected from the group consisting of H,
C4 to Coq branched or straight chain alkyl and benzyl, C4 to Coq
20  cycloalkyl, Cg to Cyg aryl, OR'1, CO,R1, and cyclic ether, wherein
neighboring R groups could be connected to form a ring structure and
wherein each R is independently selected from the group consisting of
C4 to Cyq branched or straight chain alkyl, C4 to C5q cycloalkyl, and Cg to
Cog aryl; and wherein x and y each independently are 0-3 and x and y
25 each independently are 0-4 if at least one of R, or R, 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 benzy! chloride-containing polymers,
30 such as Merrifield resin [copolymer of styrene and vinylbenzyl chloride
crosslinked by 0.2% to 5% of divinylbenzene], poly(vinylbenzyl chloride),
and copolymer of styrene and vinylbenzyl chloride modified celluloses.

8



15 met hyl ene chl oride and di chl oroethane. OH OH CH OH \ | \ BzX-contai ni ng
polymer \ I \ Rx Ry X=halide Rx Ry C Pot Formula | Each R is independently
sel ect ed Wo®ai04dee9 gr oup consisting of H Cl to C20 branchked/usp2/3196ai ght
chain al kyl and benzyl, ClL to C20 20 cycloal kyl, C6 to C20 aryl, ORS,

CO2R1, and cyclic et her wherein nei ghbori ng R1 groups could be connect ed
to forma ring strle teactionds catalyzedrbyea variety ofd ewislapieisdeuch gs sdBrct ed

fromthe grougcgo rgtAf@g 1 ,@aé bgg@q: Q\?\%% Sﬁbﬂﬁ %fmhil n al kyl,

C C20 | 'k
iﬁdtegendentc?/;S’gﬁile éFB (ﬁﬁ& é\SdZQ @528 Zfﬂm 'é??ﬂ%?f?hﬁﬂ%'a@@flf at | east

one of Rx or ,ﬁmugoea@nme@m) SHOMRTZIEVY, ISinV)BanB(Nlli';eéhdlﬁt‘r\%'r@att@orfn@spresent

O or e SocrdiheR® mdlSls, sue aftAeD B SBRES "Prretith? B8R BN adid: o 1

i nvol ves in LesunClaor AiCkatBy FAtdegnedn etiyl.bi phenol s (D) onto benzyl
chl ori de- cont ai ni ngp, @9', ?em SRt $EGE 30 ggégf {%o@ &é@&gr}sbeepol ymer of

styrene and V|n¥lbenz or | e crosslink

di vi nyl benzerRlE] erablyy@bphy%&ﬁ% 1180 Ee)S ovenfa whisbiafadnerbto theyr ene and
¥Ih nyl bentzyl c@bﬁrngldneaeadn talnedabqetd sWewﬁaf p&ymroﬁéQfé@@%rﬁuh@T A 37967

e react,].on S C (0] as
A3, A3 ﬁ%’l’—*@g}/‘% g“%@ ’é‘,’t Ey%%'to §€éﬁ¥¥le“2rc%|°£'desﬁéc4 BCI 3, BF3

SbC13, BF3. Gﬂlﬁhloﬂﬁtﬁanzmhldrobénamm cﬂdﬁdrob@hkev{esjmlmmpﬂmml, anhd of

AT, Ga( I& h%trobe?lgehe) Thﬁ%rééétﬁd%re%?%)mlo?ﬁué &wpﬁﬂgyﬁt%hel)e ﬂﬁ'd ot her

salt forns S referably
the Lew s acﬂbelasPPZﬁden of the arafied pplynger: Qptionally, thenynreatted banayt i ng

tenperat ur e igh bfidenyritpst cotidbeFemdEl b%ﬂ@treaﬁh@ﬁ%i%ﬁwmé@ﬁ%lheﬁé@tt 0

about 100 Sol_ven ert t he raftin tion and able to
Soell hdShor k. Unirgatled bistnhthfidngy ey pived oo RARYMBSABG: o ¢

not |imted tthe polymgt aith prbparsakentd,, sliothi ashhwem&éﬂr@aﬁlondélo@robenzene
di chl or obenzepn 8@89@%%?@??@?@%‘ sﬁﬂﬁtabfie Qé h{eoglea@tzn n%ed rﬁ unr eact ed benzyl

chl ori de grouc;IJ

OH OH OH OH

@ Q BzX-containing polymer' Q Q
=halide / \
OXONETEN O RON

Rx Ry

D Formula 1l

20 Each R is independently selected from the group consisting of H,
'C4 to Cyq branched or straight chain alkyl and benzyl, C4 to Cyq
cycloalkyl, , Cg to Coq aryl, OR1, CO,R1, and cyclic ether; wherein each
R1is independently selected from the group consisting of C4 to Coq
branched or straight chain alkyl, C4 to Cyq cycloalkyl, and Cg to Coq aryl,

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 R, or R contains an aromatic ring,
and combinations thereof. Preferably, each R1 is independently selected
from the group consisting of C4 to C,q branched or straight chain alkyl,
and C4 to Cyq cycloalkyl; y is 0-5 and y is 0-6 if at least one of Ry or Ry,

30 contains aromatic ring(s).



the application of the grafted polyner. Optionally, the unreacted benzyl
chl oride groups could be renoved by the treatnent with AICI3 in toluene at
15 refl uxwolnneact ed bi napht hol may be renoved and recovered/usy2/smshi ng
the polyner with proper solvents, such as nethyl ene chloride or

di chl oroet hane or sol vents sui tabl e as the graft| ng medium OH OH OH OH N
f BzX-cont ai rﬁlr@gmcgﬁmhenois ontefdlefigcoptaininPalymels pPol D Fornmula |1 20

lIiach Eld S Indtependﬁmé Vet hﬁ@ﬁ efinfatérals BﬁF@frﬁUIa IﬂQrﬁ\ﬁdlﬁéé i’rhga(fi’d :4 |C~ t?:e Ct20
rancned or str.a Z Cl 0a , 0
20 aryl, OREA tdygeégr%ﬁag Sl SO lefinssentaing Paly e SisShashaont 1y
sel ect ed frorpdiyeutgdmme, copelyeterrm@bufad@;ne andCatyrems, atetlydcogenased ai ght chain
al kyl Clto i % ein x and

eac% |ndepencfsa??gyare%’%‘as't?i-’n&eggcéoob)pégﬁ% 9%&5ﬁ§|q%%8£re -6 if gt

| east one of Fysiyreme f@opﬂraalhsurasatarmw@kbqnegstrqu taomtr@atmmof her eof .

Preferably, @9%@440#&5'616%93!‘?@@% bén Lﬁ‘l"?c‘irﬁ?la‘j phoem t he group consi sting of
Cl to C20 branche or st '

d C20 kyl
05 and y 5 0-6  T&OrAHAS ERHEN ENGECHY %E}aeﬁmog L8t 1 ng(s)
9 ?/\D 03/ 046;01;9086‘%[@8(16!7?67\803), N[?Ing!cﬁggABIIpﬁ | GaChy Gedgebeﬂgont ai ni ng
Pol yner s e o]
cat Zu yze Bgra? ﬁg b| QC? qub'(ﬁ sBFg”I' aell !r)ﬁ hﬁé{r%%@r%fl@(lﬂguch as,
pol ybut adi eneandzéﬁmlllyn@thebsalb resi @'ﬁbewm@alyrw@ a@lyﬁmsgemwaes
pol ystyrene. Jheslifific é&dPﬁ%h%‘ﬂlc%ndo%foiyp?qbsﬁﬁ&(&éaaeﬂﬁl‘id 8¢

pol ystyrene to partially uns éff; bone structure ﬂe treat nent of

2, 3-di chl or o-B4SRO CaC, Waéff‘FeaF'ﬁD@A }BhBh@ﬂﬁ’fth’r‘ﬂft'tce%@l onis
catal yzed by &r tyiflici sdid. Q“helg?wtlﬁ aeimperftock isfrorh iabodt28xC t@uﬁdsutas Al Br 3,

NG 3 A, Y S aogit g, [0 4 O+ icle, Bas o
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 dinitrobenzene. 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

Q @ Olefin-containing polymer O G
Ry &

Rx Ry
Pol

Formula Il

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

C4 to Cyq branched or straight chain alkyl and benzyl, C4 to Cyg

25  cycloalkyl, Cg to Coq aryl, OR1, CO,R1, and cyclic ether, wherein
neighboring R groups could be connected to form a ring structure and
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 to
Cog aryl; and wherein x and y each independently are 0-3 and x and y

30 each independently are 0-4 if at least one of R, or Ry contains an
aromatic ring.
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and Ga(lIl), other salt forns of these netals, such as triflates or
tosylates, and sulfuric acid, phosphoric acid, polyphosphoric acid,
triflic awpd34g@mdsphotungstic acid. Preferably, the aci dPC3/USMIZBBG7
phosphotungstic acid or triflic acid. The grafting tenperature is from
about 25C to about 15 180C, preferabl , about 40C to about 140C. Sol vents,
whi ch are i ned}Gtafting Bingnlitholg e pontatning Pelvinerswel |t he pol yner,
artehulsed fo[1 Ithe ngaéb rafgdlﬂﬁf%ﬁrritdﬁ@ﬂlagébeHﬁulérlv|ﬁ@c§lvé$mé&lé to,

nmet hyl ene ¢ or| or.qQe obenzene i chl or ohenzenes,
ni t r omet hane, © Zﬁﬁj H?%@‘BSE’H}%?@“ Iﬁ\?@ﬁOFWeOIEﬁn \?8H€a"§ﬁg W&M'ﬂﬁrsas'é ling
poi nt | ower tasa,rpdiytmtadnenel copdlgmpeobbutadiengs arsestyrernze deh?dmgenateds carried
out in an @ut | lymer 1\ 1 \
Rx Ry Rx F%a/1 @@y@ggmﬂ;lqgf'fs%}gg\aﬁéquga ﬁncliéeggd(}%%ﬁ fe)ct ed fromthe
group consi stpelgstyrena, tocnamallmmsaiw@meackhor@t steucjure tzmmewtr@atnyant afd
benzyl, Cl topfg) 25 cycloalkyl, C6 to C20 aryl, ORS, CO2R1, and cyclic

th wh i hb 1 b ted.to f rin
AR e M S 7 yateD il ewis %s#%[a?@agr ou
con|5| slt |kng of profid atcmisCEOclbaamdlla%dMGéI 3sAlfa| HICI,ERgh GaClyy FeCll Sb@ld I

cycl oa n n c nt are
073 and Aond2 s> 1Cle B ERS, S50 P08 F"%-%@M&i‘ﬁ% "Ry
contains an é%ﬁ%aand:Ga('Hg ot ermmmm@smmm@@mﬂms Grafti ng

Bi napht hol s %%yla%fa'na éiﬂf%hé"a'&id’%h@@bb!é??d c.a’hsmg rf'atnb%% ﬁete“ al's of

ForrruIaIV|nvoveS|n acid ,caa tin I na ont o

ol ef i n- cont ai AFidgPhraRhelngstic acid é E?gm@hlﬁ agidda &\l boBBP?PﬁQ{U'@QSt@ut adi ene
and styrene, @laabdltm‘ﬂca@idedrhéngiuygstemmturé'refrbastqcstdnns@’f@r ed by partial
dehydr oge tlon of R Y& ﬁgs o partially unsaturated backbone structure
by the treat n%’ﬁ{eTSPV’ééc? T afting reaction is catalyzed by a variety
of Lewi s aci ds andSolvents, 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 dinitrobenzene. When the solvent

20  with its boiling point lower than the reaction temperature is used, the
reaction is carried out in an autoclave.

D Formula IV

Each R is independently selected from the group consisting of H,
C1 to Cyq branched or straight chain alkyl and benzyl, C4 to Cyg
25 cycloalkyl, Cg to Coq aryl, OR1, CO5R1, and cyclic ether; wherein each R
is independently selected from the group consisting of C4 to C,q branched
or straight chain alkyl, C4 to C,q cycloalkyl, and Cg to Cyq 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 R, or Ry contains an aromatic ring,
11



protic acids, such as AIBr3, AICI3, AIF3, AICIXF(3-X), GCl3, FeCl3, SbC 5,
10 ZrCl4, sSnCi4, BCl 3, BF3, Sbd 3, BF3.OEt2, BPh3, al koxide or phenol ate of
A (111), wod3@aoid 1), other salt forns of these netals, sw®ech/@e2/8mM6T] at es
or tosylates, and sulfuric acid, phosphoric acid, polyphosphoric acid,
triflic acid, phosphotungstic acid. Preferabl the acid is AICl 3,

phosphot ungst anrd cambihationsthéteiof. Beeferabineagh Tisngderéemr&rulyme&dtedf rom 25C
to 180C, 15 : i : ' | t he
grafting reagr?@ﬁhg%%g%fég%%@g%ﬂ@ t?ﬁ%}ﬁ%@%ﬁc&%&f‘b@é}rgﬁ%@e& o%lkpﬁe
grafting. Thed®d CndpP s, cysinalist:ey isdt-S1angh ¥ @ﬁist'@tﬁﬁ@ﬂﬁ%@f RuPoRyde,

1, 2- di chl or oe¢dvitaids arbretiebmigzene, di chl orobenzenes, nitronethane, and

di ni t r obenzene. n the sol vent Zt()) aén th i tsodboi | i ngg})oi nt | m@r c}Ahan t he
reacti on tenper at uf 8 PLOGESSES dereoed.aboyeproduce & PR RURReES dioh oci ave.
OH OH OH OH df theifarrowlat ai ni ng pol yner Rx Ax\~ Ry Rk Ry Pol D Fornula IV
Each R is independently selected fromthe group consisting of H Cl to C20
branched or straight chain al kylp@and benzyl, Cl to C20 25 cycloal kyl, C6 to
C20 aryl, ORS, CQO2R1, and cyclicjether; wherein each Rl is independently
selected fromthe group consi st/i of C1 to C20 branched or straight chain
al kyl, C1 to C20 cycl oal kyl , Hand Hto C20 @yyl, and wherein x and y each
i ndependently are 0-5 and x and y each independently are 0-6 if at | east
one of RX or Ry contains an aromatic ring, 11 WO 03/046019 PCT/ US02/ 37967
and conbilthti ons tWbeesin Pobaed & afs Wnrwgeﬂ K& g eabpoegasbdr bong; Selsect ed

fromthe groug,g 'iéhhg_%tr%t&e; Al ﬁ%pistHrﬁH%lﬁBle%ol?h%f%QB@oﬁ;hai n al kyl,

and C, to C20 cycl oal . s, 0-5and y 1s 0-6 |f at |east one of RX or

contai ns ar orr‘é([‘é@"? 2 %’é? 9¥@Jteﬂ1@nﬁ9r%%'é!§@§ sgiected %86‘ s reup consisting

pol yner - suppost £ defizylhalidé-doheaihing rpdlyrerrsr 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 93,03839; 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. It may also optionally 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 moiety may form a ring and X may also be alkoxide, aryloxide, alkyl, aryl,
or a combination of them. Many dialkyl chlorophosphines and diaryl
chlorophosphines are commercially available, or may be prepared by
methods 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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HOB OH (1) 10 wherein Pol and Q are connected via a carbon-carbon bond; Q
Is an organic ring structure; and Pol is an insoluble polyner support;
wher ei n aw0ioalo460s9 gr aft ed onto a pol yner selected from t heCgrusop3®™ensi sti ng
of a benzyl halide-containing polyner or a ol efin-containing polymer; and
wherein the diols are as descri bed above. 15 DESCRI PTI ON AND PREPARATI ON COF
POLYMER- SUPPCRREDF 81 sxarrigispHiERiesiction GARIRS biphsinphwith phwsohoas

bi s( phosphor Uﬁibhidri@é@i\feshﬂweb#bﬁéﬂylpz,Qpéi&%(ﬁos\%hgrg\éggoiriaﬁé!. of Snez hgg; Zggwn;nidn

'S, %% bon 651, | nTs racion o (eGehlpERboaP R JROS SR WIS S TRALerabdt | on of
? pPOSphgr us Padnwie,1 inythe paddendeudf a base Gives agsblyraecblpported de' ]E ht Lhet di ol

(0] orm - . n oun (0] e e
Yo aher S(PHospBr ) EBEENEmplifd 87 I YraGuRliheiDoUnS OF 1he P

3, 2, or 1. The preferred phosphoru|§|hal I des of the present invention are
those where Y = d; X = 25 al koxi de° aryl oxi de, alkyl, or aryl; and n = 1.
The group X may contain from1l to §0 carbon atons. It may al so optionally
contain heteroatons such as %)bg,e/n,\lajpb(gogen, hal ogen, d the |ike, and
al so functional groups such as ethers, alcohols, esters) )am' des, as well
as others. The groups X may or may not be linked to forma cyclic
structure. The PXawBerenbiaod\Q @eg tHeosame asidefineddboveny al so be al koxi de,

aryl oxi dey,y al kyl , ; ' | ; Hehﬁcm' | I
ch?/orophglsophi n_)és aﬁqdé/ Eeasreﬂf_lr@gﬁﬁ(g?gdp]ﬂgggﬁ?ﬁéets are fg‘%ﬁ%?@?@% z avai |l abl e,
or may be pretﬂaepéwsepor%{lmzd Rhborula 4 isacspmplishpd by fepioeming Am  Chem

Soc. 1994, 114dditiGdl StegdothBProcédsOior Brémsiing Ay pofymseaipitdeydial. vari ety
of nethods 3 rI%lown | Qitit heearrt \ {eocgbega%)l €4 288 de%crilgpt ions in Polyner
1992, 33, 1611N€ FRIPGSIS) [ePrEsgRtedgby Farmyjad IsJ€agied i) 7 anorg. Al/g.
Chem 1986, m9roppzsmms/reamﬁg iPQ pIBB2NBF 96@ bazRlo ghee agolymere, the
L oy M ERGho AR RN hcod LREIOLLTRLRINE° |
chl or ophosphorreparaiggerfitiess bis(rhofpherous) ligands-arengirdary aminee presence of
a base gives a polyieproreBy ¥t ®eparing 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, inter 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

%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, alkyl or aryl; which is the
reaction product of the polymer supported diol described above with a

35 phosphorous halide of the formula PYX3.p, wherein Y is a halide; X is
13



5 bi s(phosphorus) ligand exenplified by the structure shown: Pol

X2PO ' OPX2 (2) where X and Q are the sane as defined above. 10 The present
i nvent i orwbas/opioepari ng t he pol ynmer supported bi s(phosphecaoasp2/sidsgand of
Formula 2 is acconplished by performng additional steps to the process
for preparing the polynmer supported diol. The conposition represented by
Formul a 1 is selacteddrathitie gedupoe@nsigtinahefralisoxide gyioxiden atkybamd asdnce of a
base to give gn@Rly8ES, drdr SRR él%ﬂw,%%gpk%ﬂ%ﬁkbﬁdcgé,'aﬁlﬁﬁﬁi ePaRGPorl Nal are
useful in the reparation of these bis(phosphorous) Ii1gands are tertiary
am nes. The WE%E?YfQﬂm%PéW g 2thearsap pérmadheteiatedisp s funciirgaks

di scl osed her gioupb®@etactédfronde droup tenpisteg of eft@rs, Rilediedls Nestéfe ahdgand
conpositi&ns of . @e present invention result in conpositions that have 20
el ect ron- donafm groups. The presence of these species in the |igands, and
ultimately the pol yner - suPSGRIPTHOMAND BREMARATION &)IFyst  conposi ti ons

that are made therpbf piEFASHIBEORTED TRIRISIFIORMETALIGRTERLYSFS On
processes. W fur T T - T € tion of the
pol yner - suppor t ed Thetansition metabeatalysts yhich ase eosHbirgttaf s invendiopr ocess
descri bed aboye @sffdci®sthe BehMRERShowPBeloed bi s(phosphorous) |igand (2)
having the formula, PO Q X2PO'" \OPX2 (2) 30 wherein Pol and Q are
connected®ia a carbon-carbon bond; Qis_an organic ring structure; Pol is
an insol ubl e polyner support; and X is P%I ected fromthe group of

al koxi de, aryl oxide, alkyl or aryl; which is the reaction product of the
pol ymer supported di ol described abov ™. a 35 phosphorous halide of the
formul a PYnX3-n, wherein Y is a haliag; X i% 13 WO 03/ 046019

PCT/ US02/ 37967

X P
M (3)

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 VIII, 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 hydrocyanation 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
ligands 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(O-o-
CgH4CH3)3}2(CoHy), and Ni(P(O-0CgH4CH3)3)3. 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



selected fromthe group consisting of al koxide, aryloxide, alkyl and aryl;
and n = 3, 2, or 1; and wherein, when X is an al koxi de, aryl oxi de, al kyl or
aryl, X &g osomoad n from1l to 50 carbon atons, heteroat on®CTAS04/81961 i onal
groups selected fromthe group consisting of ethers, alcohols, esters, and
5 am des. DESCRI PTI ON AND PREPARATI ON OF POLYMER- SUPPORTED TRANSI Tl ON
METAL CATALYSREentmekelinfha fgagtone Saitaklgtdivalepknigkelgempaundsdogludet of this

i nvention ar Q:di'ﬁ;ﬁd)mﬂﬂs @Mhbh@rrﬁméwVa wiary i§q+a<ﬁure c%o?ﬂlate QrO C X2P~ /
Px2 M (3) vvhe tranS|t|on

) e B QoA S SlAbIL e St T e arotgl SorolyHigé
addi ti onal | y rhétat afuminam hydrides|, mgstaldskylb] ldhNay K, er Heer di spl aced during

the catalytic re c

transtor mit i on.  angbpraes® SRl pB8lq BodREL o SlmErSEbANed o chi s
regard. The prasalysteempesitior of thecformulee conprising groups VIII1, 1X and X of
the Periodic Table. The catalytic transformations possible mnth t hese
catal ysts conprise, but are 2@5not limted to, isonerization

hydrogenation, hydroformylati¢n and hydrocyanation. The nost preferred
metal for hydrocyanation and |soner|zat|on I's nickel, and the preferred
netal s for hydrogenation, @n/ Mdrofornylatlon are rhodiun1 cobal t,

i ridium palladiumand platjinum |the nost preferred being rhodium 25 The
zero-val ent nickel conpo és usepy] in the present invention can be
prepared or generated accorar g to teche§ques wel | known in the art, as
descri bed, for exanple, U S 3 496, 217, 631, 191; 3, 846, 461; 3, 847, 959;
and 3,903, 120. Zero-val ent nickel conpounds that contain |igands which can

be di spl gged Mer"e"f?P@rgﬁd‘@PQl‘éSd&fﬂé%téd ganisaBbh- c%ir@@n BbRd: ey RGrsour ce of
zero-val ent nicke)

Ni ( COD) 2 (CO:S”9§"¥ rg'ngc%tpcg :,5 Iéﬁ@%%?@%@@%‘@%é? St?ppor? ﬂp g gglgséteﬂ ©
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




C6HACH3) 3} 2( C2H4), and Ni (P(O 0C6H4CH3) 3) 3. These ni ckel conpounds are
known in the art. Alternatively, divalent nickel conpounds nay be conbi ned
with a redoosngoagent, to serve as a source of zero 14 WOPOI/UBGABHHE7

PCT/ US02/ 37967 val ent nickel in the reaction. Suitable dival ent nickel
conpounds include conpounds of the fornula N Y2 where Y is halide,

carboxyl at e, used as stayling materialein e isemmeezatian eannpthgsnniugated daéheret al

bor ohydri des, d t Na, K, or H2. 5
The pt ocess Jegcrltgr\da fh@é}lérﬁbf@félu;b StitabR s%értr‘ﬁb@bﬁ( -84

roguces a cat a
conposi ti on dhopgalk ?B?W{ﬂ n ang @rMQ'%EP}é that ‘fo B&Zatiﬂ% dhere %trel n Pol
and Q are corfaeekampia, @n@tmrd%ﬁo@%lmanmﬂth@thé seamn?rz%mlcs -ring
u

t t Pal f th
aroup of 31 kaRphEaRapsRErs Botafudics CRIBRL At SEEIEHY | oy
active transiadditiomadtsabstitutionh 2iethyt Srthitenenitite ©f araeppegialy impgrtantt ed
b h h t 15
ransi t1 on metarinoypefich ataRes b ng‘%%’“*f)ad‘. ducdpottenshive ﬂfal hi ng
Li gands: | rrmf'@lﬁbdn tworie used e BrPducsatirey ft'f%moﬂéefa(@ﬁr%ﬁ%'éﬁtw iileg

reagents w t hstiiitiglfaBtetiaRintliude Zefyl-Bibutdséntirie ahd2upidpyrs- The chel ating
| i gand cgr&pmﬁﬁtlons f the present invention can be used'to form 20

cat al yst 'Be used for the isonerization of branched nitriles to
linear nitriles. 'I\hmelnstheresrtamag indrilecis Zamietied-eloutenenitrilg, the al kenyl nitrile

wLh a catal yek oA bR BB BRI SRPe B RRle 10 1 SO ze

the al kenyl a Lewi s acid.
Exanpl es of suitablke aomgaatlﬁntpr¢qe§§ af tisanentiont caiy ke aarried; outt tad t o,

2-al kyl 25 3'Mmbk§ﬂ§tﬂh6§ Ihefig r@ss%ﬂré‘éﬂarHt%h'y'téﬁvpe%tuFé)th%hQ@%f thereof .
The isoneriz rried out under co I ons I ch depend to a
certain éxten ﬁOtQﬁeprﬁgﬁrﬁg@dpélye Egs sffdo Béﬁrfg‘ E&‘@d’r%%eé? R@ﬁyl nitrile,
t he critical, however, and can be above or below atmospheric pressure, if
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, in a continuous flow procedure, the catalyst can be a
component of the flowing system in a liquid or slurry-liquid-phase
16



volatility of the reagents and products, and the desired rate. An inproved
process is to use branched nitriles containing |l ess than 500 ppm of 30

per oxi deswoRsi@iabl y, the branched nitriles contain | esspPcrarsod8®6ppm of
per oxi des. Generally, tenperatures of about -25C to about 200C can be
used, with OC to about 175C being preferred. A 2-al kyl-3-nonoal kenenitrile
can be obt ai reperetioer It:aa4i algeibe in sonpbite nomiflowingfiguid statelnlasemind i n t he

2-al kyl - 3- monpydrpMaskidpdraton, b? itihaP B aGh@dRdd Stat?indd BBAvertRfdI as
starting materials in thﬁ |soner|zat|opwﬁannot conjugated to the triple
bond of t he CRHBIJPBAEPNaRS CRBIALG eI OMIRD havidiBhase dRstat®keneni 1 i | es can
al so carry gr oupfs Thetiméorenuired foraible isdizmeﬂzétfdrvpﬁocesé 71} oBDamfa!pfﬂagtlitmt her
cyano group. r : ~ - n nepitriles

contai n § rom BV SR sion B JhPErariBela N pongdRERRREAR Gulisar ot i on.

2- Met hyl - 3- bualkerenitrilé issdépendent sipeuithe tempenatureznftreastien, tiilenppesnation al |,
because it isy | 2 L ek | | urn is
ised To produadOREFISrARSa FERIGAN réyares 3TBndki s fhan ¥hofifoh 2t

| g
materi al s i ncNgRer iennerature. K prackisalireactiontime zapkein the rapgecf adfewi tri | e.
V\heg tthe st arééMdaitbrrhérta/ héurs-(8t .,zrybe@orku.stt@_r?ml{ttzw t_i@hurﬁj)@epéﬁéiﬁ@:driat ion
products agre 3-pentenenitrile and, 4-pentepenitrile. e 1sonerization
process of t I’Fﬁ? Rar\-{}%‘ﬂ?f BQP%J?;\?PSO@%E}EET%%OEHP?raIt'BP' exanpl e, at atnospheric
pressure and at anbhe emlar @tiorad Z-alkylkEmanogékenienitdile thGa28l9KR, ispref erably in
t he range of s F €t laBiy b |t r n be
above or bel 0%% zft]r ?r@gﬂhegf‘?rcﬁ%ﬁigu&e‘{aﬁwp {hfgga:npgg%rﬁﬁ?%grgﬁ hté) %@jﬁ(\)/gﬂt‘i onal
batch or contRrefesablyf 1@ be o<t for aajchper certinusiusipperation.he 1i qui d phase

or in the vapydmfshs/latvr bsihg TIRIAtingt Phddithores -Eontahingvahandd:
2- et hyl ]3 butenentiri E( reacI an a? | near ﬁﬁﬁn enenjiiri (gﬁgroducts).
The reactlor may be!'¥F POWGRERRNAS Af (R RIRFENt AvenEaD May ke used te fof eri al |
and i s usual | gatalysts whishanaybeiusedtfommdrbformylationaf intewedl as ni ckel ,

The pr ocess. daanBEEnieNEyrEHlre R e AR 2o TR0 b BindE™" 05 o7 'L
sol vent or diatamstor gyelic savnasibenjcaltyi unsatratechcompounds withd toor
20 carbon atoms to produce corresponding aldehydes. The catalyst

20 comprises a Group VIl metal or Group VIl metal compound combined
with at least one polymeric ligand of the present invention. Preferred
Group VIl metals for hydroformylation reactions are rhodium, iridium, and
platinum, the most preferred being rhodium. The Group VIII metal may be
in the form of a compound, such as a hydride, halide, organic acid salt,

25 ketonate, inorganic acid salt, oxide, carbonyl compound, amine
compound, or combinations of two or more thereof. Preferred Group VI
metal compounds are Iry(CO)45, IrSO4, RhCl3, Rh(NO3)3, Rh(OAC)3,
Rh,03, Rh(acac)(CO),, [Rh(OAc)(COD)],, Rh4(CO)q5, Rhg(CO)46,
RhH(CO)(Ph3P)3, [Rh(OACc)(CO);lo, [RhCI(COD)],, and combinations of

30 two or more thereof (“acac” is an acetylacetonate group; “OAc” is an
acetyl group; “COD” is 1,5-cyclooctadiene; and “Ph” is a phenyl group).
However, it should be noted that the Group VIII 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 well 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




nondestructive of, the catal yst can be used. Suitable solvents include, but
are not limted to, aliphatic or aromati c hydrocarbons (hexane,

cycl ohexawe,o3leszene), ethers (diethyl ether, tetrahydrof ecarsozsmgane,

gl ycol dimethyl ether, anisole), esters (ethyl acetate, nethyl benzoate, 30
nitriles (acetonitrile, benzonitrile), or conbinations of two or nore

t hereof. A rwsphileiligandscang a prafered souttesofrrabdisim.nExangles of sushar d

oxidative d | ' i SHA et ndrh@l y, an inert atnosphere,
e.g., ni tro%’%?ériyg&é%;g;gqﬁp us&d,é&glim(gt@% (gf'\é&(’:an be used. The catal yst
(conpl ex of dRB{GEPXa(ERH 1CEr e gl Ri2Rac RBU(C @ha: RB5(CAMBat i ng 11 gand)

i s essenti al | Rh(®SOOH3)J, Rh(2:Btieyie@caridate)? ang chmbidatidns! ¢@i drimbe react ant
and the i eaHh Per}tenenl trile products are relatively volatile.

Accor di ngly, f'%cont i nuous flow procedure, the catalyst can be a
conponent of the fThevampwyof fnansition metglindhe catdlystroan beyanyapioasd, 16 WO
03/ 046019 PCH 4N 2/ BR6ratt@7eilsXan Bd ob g #in PEspedLo BRMe non-T1ow ng
liquid state 1n_a“sem - vapor phase operation, or It may be 1'n a fixed-bed
state in a coMIVHYiBHHRTOCESDHRAFFPIpBY IRk the Bralan @iosf palymerig

l'i qui d- phase |gpeidaol tRihsitidiemietaTRyehefally et BOfrohNgbd RO td aBbUCTOPAOCESS to
obtain a practi <T:al nver |2(a)n1 f, for ex
a

5 1 | of |
2-al kyl - 3oriy&l %@HE/JE‘?'?‘Y%%&U?%% @R moié?eﬁﬁ%%@m%ﬁ?f upon t he

t enperature ahoteemetalpn, i.e., operation at |ower tenperature generally
oo o Ser TATeA0AR ORRL oA oL ee AR TR e PRt €2
seconds to ab¥ganizcaispew)d havpgmdieast ene {6=Chdopdrin themaleadaandi ons and
e arysy Sttty TusammienD ko i, Blrinide eIVl L0,
5:1 to 20 00Msatuisted QPG Samposnssinglustss but ate potimied fo.dResbnt | nuous
operation. Hegenifadohefini hydrovarbons Joelexaimple, Ribwipher prop@eneai ni ng Li gands:
catal'ysts uh EROIRP DaSBher SReRbER crbet T igtesr el 1o T
monoet heni cal 14ettadroeneat dibxadgeene, ‘coctadenerse vi-eleogene apd ‘edodeeneat ons or
o Scue s AL S SRR TRtk s dRE. oL oms Lo
20  branched terminal dlefinic 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, including 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 include vinyl methyl ether,

methyl oleate, oleyl alcohol, 3-pentenenitrile, 4-pentenenitrile, 3-pentenoic

acid, 4-pentenoic acid, methyl 3-pentenoate, 7-octen-1-al, acrylonitrile,

18



20 conprises a Goup VIIlI nmetal or Goup VIII metal conpound conmbined wth
at | east one polyneric ligand of the present invention. Preferred G oup
VI et awe oBossonydr of or nyl ati on reacti ons are rhodi um i PCaiusay/3and

pl ati num the nost preferred being rhodium The Goup VIII netal may be in
the formof a conpound, such as a hydride, halide, organic acid salt, 25
ket onat e, i noagykig acid(ﬁsteFSaMG,th)dﬁicdéafecmﬂﬂmﬁmll%@@lﬁ@@?ﬂ?, metmé  conpound,
or conbi nati e > - \V nmet al
conmpounds ar grﬂﬁlﬁce%é‘%zgﬁﬁ%&?ﬁ\g?&%o{, f%ﬁ%t%\%?d&%%g?lg%hhmma

Rh(acac) ( CO) Comidhatipps ptiws pomogghesepho Rn6(CO) 16, RhH( CO) ( Ph3P) 3,

[ R1(OAc) (CO 2] 2, [TRechydidRmalatisitpreebs oatHeoinsentiordbart be ikustrmedas her eof
("acac" i an(&)ﬂcetyl acetonate group; "OAc" is an acetyl group; "COD' is

1, 5-cycl ooct a98WE: and "Ph" is a phenyl group). However, it should be

noted that the Goup VIII netal conpounds are not necessarily limted to

the above listed conpounds. Rhodi um compabRd®mpstiiidnabl e f or 6
hydr of or ny| at F8ha-(EHp)HeHpr e e -Br g BIBEH Pghni-Bles

wel |l known in the art, as described, for l e, in PCT Patent

Appl i cation WD 9530680, U.S. Patent 3,907,847, and J. Am Chem Soc. 1993,
115, 2066, incorporated herein by reference. Rhodi um conpounds that
contain ligands which can be displ aced Gyalysh@npostant poldmari c 17 WO

03/ 046019 PCT/ US02/ g6 M- (BtasBhi t e Mgangs, e apriter K (S ehesR of
rhodi um Exanples of such preferred rhodi l}rﬁ conpounds are Rh(CO 2 (acac),
Rh( CO) 2( CAH9000HCO t - C4H9) , Rh203, Rh4(CO 12, Rh6(CO) 16, Rh(2CCH3) 2,
Rh( 2- et hyl hexanoat ' | : 1 _ e f e anount
of transition net aﬁ?‘)tf‘ﬁaa[ﬂ’g’é’gga@aap?@%'qgi'ﬁqﬂ'e%y@?&%?@ﬁﬂ@ﬁg%@
favorabl e res®¥dR§ @Hnopeombinatined ofitwe of mase thereef, yds anjistegeadionyi t y and

![Dr oce_sts_ eRPnOGtﬂt'cla 1Qf‘ar§!&52|€i’§| éhdntbbgr fFfBrlr?(’J td 3pi Ea@ﬁ F{?ilsmﬁ'&‘béﬁefr\dfgitl_gindlgo
br of ar abl'y 1 reiPeBadEoT ¢ oEPURLERS HBO basch Goo REANEDSHISHRANS per
mol e netal). dinadattGnto 05 tydodikdr ahdOptbajpaarybr ocess is an unsaturated
organi ¢ compound haxtingi3f pr&fHed Msatifated Br%%ﬁiié SorhPSufi®d §Ry! e and
3-pentenenitrile, 3-pentenoic acid, 3-pentenal, allyl alcohol, and alkyl
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 Nylon-6,6.

The hydroformylation process of the invention also can be carried
out with a mixture that comprises two or more unsaturated 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 can 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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preferably 2 to about 20 carbon atonms. Exanples of suitable ethenically 15
unsat urated organi ¢ conpounds include, but are not limted to, |inear

t ermi nal wbaBiomioey hydr ocar bons, for exanple, ethylene, preeylEsan37967

1- butene, 1-pentene, 1-hexene, 1l-octene, 1-nonene, 1-decene,

1-tetradecene, 1-hexadecene, 1l-octadecene, 1-eicosene and 1-dodecene;
cyclic ol ef i nhereityby meferanses  Gengraliy dhe Ipsocesggashes eadiedgutungdenasre, 20

penered L e sy ysneategRudsn qmled dsome vors
cis- and tran@Xamplgt g}getenag%ra%%ﬁ&aprbgr{gorg ar?@k‘éﬁeé t9§9 (gnare[fq}rgh 2-oct ene,

ci s- fand tranﬁon&awueh Petoursmchedd lmMrermlefer@blyffmm 85hyein 00T, btvlhe, for

exanpl e, t - 2- e, 2- - 2 but - - 2-pent ene;
25 term naﬁ2 REPPHTS %ﬁy%@&%&%&%&qﬁ}%ﬁy&%tégﬁé\ﬁl?ﬁ,i @%ﬁ?fép@%oongﬁ xt ures;
for exanpl e, 2 Ra&nébe prespueds) dsya dilexequadto the combimedrivwsiroggreand ol ef i ns,
for exanple, Wm&e : m)re

t hereof . Exa c%re sul taB?MEJI ﬁﬂ% c'@%ﬁ%ﬁg éﬁg&?ﬁ"c‘ﬂﬁg@@hgﬁ%
substituted V\P"teﬁskifﬁ '@ﬁ%dﬁ&fﬁ?@ﬂ‘% i BERseR tQy i 8 iMiPawhanupeR gasee@rei ¢
conpounds conyisBhf)The'mala? i 6f ﬁythageﬁ 4 BArboATROAGXIAS Y8 §8Rerafly Pha-

be. subst Ylif?i%em"e@ﬁ”cﬁianﬁzfﬂ@r ' BEPEHR Y EE0RS f 20 SPnitls MO%et er oat om
such as oxygepreferdéd thatfaut:1 ratio obganboormphms@daandshydﬁxwpisasedf t hese
het eroat o subst | L& ARk PR Eatehkt WISAbAERSBInG ATAHLIC SERANNAR hOC! ude

vinyl nethyl ether ent enen
4- pent eneni t robtaineg. ‘ﬁ'é’hf@rlp@lct:to @%tﬁEYSt ﬁCtp’éthaé'ﬁ(ﬂfécgﬁﬁ ﬁcoﬁﬁfﬂhyln 3- pent enoat e,

7-octen-1-al, ?éh‘érﬂl ‘t’rﬁébélhé&tral@n%tﬁéﬂsﬁ%%@ta‘?ﬁﬁ’h@s@%ﬁgﬁﬁ?eduﬁﬁr ylic acid

o or o1 T YR oS B RSt BN EBhBUalA BT oot ot o i o
or nore ther eedmpdsitiomyatidéalvent (ftpresent), aaadtse bétween 1Mardtio00ppPmbe
I(']lqlc;??tgrqa}qu a%]d ﬁmoré’ lp'r@f‘é‘?abl%%h&é%?‘%@a%%é W)cgfcﬁ?atg& @lfyeset metalP osition

The molar ratio of the present polymeric ligand to transition metal is
selected so that favorable results can be obtained with respect to catalyst

20 activity and desired aldehyde selectivity. This ratio generally is from about
1 to 100 and preferably from 1 to 20 (moles phosphorus per mole metal).

The solvent may be the mixture of reactants of the hydroformylation
reaction itself, such as the starting unsaturated compound, the aldehyde
product and/or by-products. Other suitable solvents include saturated

25 hydrocarbons (for example, kerosene, mineral oil, or cyclohexane), ethers
(for example, diphenyl ether or tetrahydrofuran), ketones (for example,
acetone, cyclohexanone), nitriles (for example, acetonitrile, adiponitrile or
benzonitrile), aromatics (for example, toluene, benzene, or xylene), esters
(for example, 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 90°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



H2 / CO 2)mtn+3 6 Catal yst conposition 6 CH2=CH (CH 2)n-R ( H2 /CO OHC- (CH
2)n+2 -R In the above equations, R6 is H -CN, -C02R7, -C(O NR7R7, -CHQ

- OR7, OHworspemid nati ons of two or nore thereof; y is anPCmtusgys796T om 10 O
to 12; and xis an integer fromO to 12. Each R7 is independently selected
fromthe group consisting of H Cl to C20 branched or straight chain

al kyl , Cl to quoatiygpeedskye is rotdaticularhopiticat and crahs tomaabout -t er r ed
unsat ur at ed 1 P2, nd tBRPPAER EbmbatidnRRHEOE  d,
3-pent enal , 3??5?" yﬁ%ﬂgﬁ?rﬂgﬁﬁﬁgﬁfyl 15 '3- pent enoat ea,I sucﬂ tg;g)ér:rlgct)%y'i

3- pent enoat e, ShA% (@ BIAMAKY feggtants apdpreducty) e yapos phasend givaBar ~ al dehyde
cormoung prenﬁggwsbrs Ollbmeddarn@csenéactplr,m Sassi abdlagrewtton, t@lk]gngoéarteiilese
conpounds .can_be used advant agequs n.t repacati on of caprol actam
hexamet hy Pene UG EXROSHE 'aHés(:egEﬁB’chaé%IVﬁt,sqé-C%W%?)@gm@Wl"i"F‘i ?‘e or adipic

20 aci d, whi odaseomispnixtureobtize fesired/ dlefin®e comipaund\ghdrorsmenoXide and

hydr of or nyl aty t ' td I : i ut with a
mxture pat Doredt a6fg it 2 dER difing sBGn SRMRSRET HeEh 0f For
exanmpl e, 3- pefdeRelsithen paseetthieugh therracter whilg seniaeting-the: catalysy

4- pent eneni t IThe reRRiBAYTEA IS affe geREFERY Iig@i@l?été‘robﬁm nfderhluré add 4rashi on as

t he correipondi m, xt ure of
n

3- t he d I dehyd .
i somer s b‘?%@lf’ﬁ@?‘g‘g‘g‘{eﬁg‘? :l?yt(:a"r?@ﬁﬁé'rei ﬁtrégﬁggsgé’?%%@g??gjéﬁcgﬁeni trile
may be pr esentoninectedtoua sampting aalverand campbe ianabzed bytgado not i nterfere
ith the hyd ' ' : ' ity i
2 pent enent ¢ 1 aMBloGtaphy AFREAR brofloisr 4GP o8 ificardtil bfthehBl T LY L% e
carried out Hyutyeigehisiesobkaioes fios budrofarimylation of prepylene, canbe as, for

exanpl e, the it Sl ' itha ) ssdipsyr e of
oh quntitavesy ?%%V%%S%%n§gigwc¥ /S Iﬁ Oaglg%%%?-“ﬁhe@eﬁﬂ'@vr ef erence.

which is inco(é orﬁt ed 0
General | Y15 th Ep‘? $E8s can be carried out under any condition sufficient
to effect the production of a desiregXxaMRiBg8le. For exanple, the

tenperature can be.”f]er ?orﬁoal?ﬁ)gu Bor?—%rﬁ[it?ngz, Qg&eseﬁgﬁ% %%X'nples 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 alcohol
(0-iPrCgH40), means isopropyl phenyl
SL means supported ligand
25 SC means supported catalyst and the humber corresponds to the
SL number.
EXAMPLE 1: GRAFTING 3,3-DIISOPROPYL-6,6'-DIMETHYL-2,2'-
BIPHENOL ONTO MERRIFIELD RESIN

Pol
i-Pr i-Pr
30 OH OH

A mixture of 3,3'-diisopropyl-6,6'-dimethyl-2,2'-biphenol (1.0 g),
Merrifield resin (1.0 g, 1.9 mmol Cl), ZnCl, (0.2 g) and 1,2-dichloroethane
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fromabout 50 to 150C, and nore preferably from85 to 110C. The 5 pressure
may vary from normal pressure to 5 MPa, preferably from0.1 to 2 MPa. The
pressure we,03a%089 r ul e, equal to the conbi ned hydrogen anacTamobsmenonoxi de
partial pressures. Inert gases also may be present; the pressure may vary
fromnormal pressure to 15 MPa when inert gases are resent. The nol ar

rati o of hydr@ywh) wassdiriedratoveorighé and 7@é8é‘oa4ldpy&0 betsodidrwas: 1 and 1: 10,
and pref erabl g é?@&v\ﬁéfrﬁi ?gutﬁ’h@x&né’s (i1 cpﬁwLZ‘e%ﬁH mQ(h‘éfme(ﬁ@ldr‘ﬂELt dfriel 1 ratio

of carbon nonoxi de an rogen I s use anount of cataly I's sel ected
so that favor@bfdl \fwm @&ﬂab%o' dddt28 Sed with respect to catal yst

activity and ED@CM%ISEEGWWARATI@N@OEVMER@L@P@M@U@ANW (SIr gpsi tion
metal in the rei_aFEbM)J?HEeQL N &’E I ganic

conpound, %3 cat cot be bet ween
10 and 10, 000 ppm aBtPHEN@LdBBAEﬂ'BD ME%RMEhDH%ES]MANMZBpm cal cul ated

as free metal . The molebpRabe OHENYE) PIFOSPHORDIMRIORIDITEAN] ! 0
transition netal is be obt ai ned

with respect to catalyst 20 activity and desired al dehyde sel ectivity.
This ratio generally is fromabout 1 to 100 aRdl preferably from1 to 20
(nol es phosphorus per nole netal). The, sqlvent nmay be the m xture of

react ants of the hydrofornylation~ i j f, such as the starting
unsat urated conpound, the al dehyd pr by-products. O her

sui tabl e sol vents include sat ur ats poQs (for exanple, kerosene,
m neral oil, or cycl ohexane), i-Prher (for exrrple idPphenyl et her or

t etrahydrofuran), ketones_ (f pl e, acet l.ghexanone), nitriles
(for exanple, acetonit ?1'6%62{49§:§9tri le or gg'ﬁ%%ﬁ‘?ﬁ@% aromatics (for
exanmpl e, fgol uene, benzene, or xylene), esters (for exanple, nethyl

val erate, caprol ac one Car bi de 30 di net hyl f or mam de,
or conbi nations of ‘{5? oﬁﬂ}eepqlMgzeég&g 93&@’“?5?6\‘%? ndii on process can be
run in sol utidi{R-sopropyipteergdphasbaseochitirizitet (Med gywasébnedhmhbout is carried
out in the v p I bout 50C
to about 180 Fnl‘{)]ﬁ%grrae%era E??’ﬁgr%‘?%b%(gﬁ}?@oih Bﬁ%&ﬁﬁqmgature
must be choseaddss! tecthggmixturemi rlﬂlea’EﬁUEilhg raikture avasestcteshatsoamd products in
the vaporsphagenp ebagurelrm 8804101Iné Qofd LR TolBElBTMIRLIGN aRl wdiheat al Yt

The particul ar red nper at ure depend one extent
catal yst bei n\glthjgggtomtnle (2X20 mL), and vacuum drled fo give 0.7 g of the Ilgand
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
OH

A mixture of 3,3'6,6'-tetramethyl-5,5'-diisopropyl-2,2'-biphenol
25 (0.7 g), Merrifield resin (0.5 g, 0.95 mmol Cl), AICI3 (60 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 mL), dried on full vacuum to give a solid (0.64 g).

22



t he ol efinic conpound being used, and the desired reaction rate. The 20 WO
03/ 046019 PCT/ US02/ 37967 operating pressure is not particularly critical
and can bwofisomoabout 0.101 to 1.01 MPa. The pressure anaCrarsprEsAsUr e
conmbi nati on nust be chosen so as to mmintain reactants and products in the
vapor phase. A given cat aI yst is Ioaded |nto a reactor, such as a tubul ar
reactor, takiBX ASIONREEY R RORTED bIG;

oxygen from thepgiyy. THE F@&@W@N%w erEq*RANnerﬂm 5%dm|ls@jmo¢smnpound
carbon nonoxi de—ang_ aro?\Ien W Th any Jes Such as

ni trogen, heliumo 2- | = while
contacting the catal yStMETFIMtPn—mYLpPHMl@R@@HEOGﬂDH@l ly liquid at
roomtenperature and are 10 conveni ently recovered by cooling. The reactor
ef fl uent €an be directly connected to a sanBLlng valve and can be anal yzed
by gas chromatography. Al dehydi ci-Bf oduct s Eh gg,l i near and branched

but yral dehydes obtai ned from hydrofornyl ai onjof fropyl ene, can be
guantitatively separated and ana S 7 3

GC col um. EXAMPLES The fol | ow representati ve exanpl es
illustrate the processes for he |igands and catal ysts
of this invention. Unless otherw ge specifice¢d, al chem cal s and reagents
were used as 20 recelv r ch Chem cah yavkee, W. Legend:
1- Pr neans i sopropyl %(%rﬂ‘,@gqir C6H40) 2 n'eapg8 Pséprop phenyl  SL
means supported i gand 25 SC neans supported catal yst and the nunber
corresponds to the SL nunber. EXAMPLE 1: GRAFTI NG

3, 3" - DI | SOPROPYL- 6, 6' - DI METHYL- 2, 2' - Bl PHENOL ONTO MERRI FI ELD RESI N Pol
i_Pr i-Pr 30 OH @ymixture of the polymer (0.6 g) from Example 2 and di(2-

10  methylphenyl) phosphorochloridite (1.1 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 0.8 g of the ligand. Elemental

15 analysis: P% 4.7.

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

Pol

g

OH

-Pr

20
A mixture of 3,3'-diisopropyl-5,5'-dimethyl-2,2'-biphenol (1.0 g),
Merrifield resin (1.0 g, 1.9 mmol Cl), AICl; (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 (1.4 g).
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A mxture of 3,3 -diisopropyl-6,6'-dinmethyl-2,2"-biphenol (1.0 g),
Merrifield resin (1.0 g, 2.9 mmol d), Znd 2 (0.2 g) and 1, 2-di chl oroet hane
21 WO 03/waa0n%oRCT/ US02/ 37967 (6 m-) was stirred at ovecTnisgts7sand 70C
for 4 days. The solid was filtered, washed with hexanes (2X10 m -) and

met hanol (3X10 ), drled on fuII vacuumto give a solid

1A: PREPARATI ENAMY M/SK RRADIO by MER-BUPRORAEDR
3,3 - DI | SCPROPYERENG'THE! RERGTHOR aF3, BLAHENPRGRAETED- NﬁﬁBtrHMEL@zRESI N AND

2 RO T Aol SRRFTED HERREICLE.RESN AN i1 T P10 2PO

v/\u

di (2-i sopropyl phenyl) MEE’HIY(DJPCHEN’&) EHO‘SRHOR(M))HWI@ITEred in about 20

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

to the miXture. The resulting mxture was stirred at,room 15 tenperature

for 4 days. The solid was collected by filtrafion g b washed wth

acetonitrile (2X20 nL), and vacuu drled to g| ve 0.7 g of the |igand.

El emental anal ysis: P% 2.4. EXAM <

3,3 6,6 - TETRAMETHYL-5, 5' - DI | SOP

20 i-Pr i-Pr Pol OH OH A m xtyre

3,3'6,6'-tetranethyl -5, 5" - diffrSopro , heno iP25(07g) Merrifield
(50 nmg) ang

322' gt |( (r)r gdgét 0r ggm te(lf?ﬂgﬁaqfifﬁég? P 3 days and Pj@gjéHf‘or 3:185'; Qan'el'h(engl |gé|
was filtered, washed with hexanes (2X30 m-) and net hanol (3X30 nL), dried
on full vacuumto ,g'r’r\/l)?tu?e %?He pcglqugérl(@)s %%m\@c r%{)gé@g%%sl?gr{l US02/ 37967
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 (1.0 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 0.72 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

ENOL ONTO MERRI FI ELD RESI N

Pol

(L

A mixture of 3,3',4,4',6,6'-hexamethyl-2,2'-biphenol (1.0 g),
Merrifield resin (1.0 g, 1.9 mmol ClI), AICI; (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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EXAMPLE 2A: PREPARATI ON POLYMER- SUPPORTED LI GAND (SL 2) FROM THE REACTI ON
3,3'6,6' - TETRAMETHYL- 5, 5' - DI | SOPROPYL- 2, 2' - Bl PHENOL GRAFTED MERRI FI ELD
RESI N ANDVDI032460METHYLPHENYL) PHOSPHOROCHLORI DI TE 5 i - Pr ipCRrusenB7967

(0- Me- C6H40) 2PO OP( OC6H4- Me-0)2 A mixture of the polynmer (0.6 g) from

Exanple 2 and _di (2 10 nmethyl phen I%) phosphorochl oridite 5_1 1 was stirred
in about 30 rrﬂm&éap Eﬂﬁ_&ﬁﬁéé NTR@L YMER-SURPORTED e (1.0
t )err\ggf agg?gdf ?ommmmncwlom?F Repu, 4'Ien® HEXNV{E* Mrffé rzs?'LBI'FfFFEﬁD\kI; gﬁrend
with acetonitri Ié&g\%@@-@ﬂé' tﬁﬂaﬁﬁhﬂé he Ii gand.
El enental 15 anal ysis: P% 4. 7. PEHRSVMERYCIHEARIDNEG

3, 3" - Dl | SQPROPYL-5, 5" - DI METHYL- 2, 2' - BI PHENOL ONTO MERRI FI ELD RESI N Pol

i-Pr i-Pr” OHOHd 20 A m xture of

3,3 -diisopropyl-5,5"-dinmethyl-2,2"-biphenol (1.0 g), Merrifield resin
(2.0g, 1.9 mol d), AICI3 (50 ng) and 1, 2-dPohl oroet hane (10 nL) was
stirred at roomtenperature for 3 days and 70 for 1 day. The solid was
filtered, washed with hexanes (2X20 mnl - pt hanol 25 (2X20 nL), dried
on full vacuumto give a solid [ 2P0 3/046019 PCT/ US02/ 37967
EXAMPLE 3A: PREPARATI ON POLYMER- $UPPO (SL 3) FROM THE REACTI ON
OF 3, 3'-DI | SOPROPYL-5, 5" - DI MET X GRAFTED MERRI FI ELD RESI N
AND DI (2- METHYLPHENYL) PHOSP O?I DI TE 5

(0-iPrC4H,0),PO OP(OCgH,iPr-o),

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'-DISOPROPYL-5,5'-DI-T-BUTYL-6,6'-
DIMETHYL-2.2'-BIPHENOL ONTO MERRIFIELD RESIN

R Pol
O O R: H, t-Bu
20 on OH

A mixture of 3,3'-diisopropyl-5,5'-di-t-butyl-6,6'-dimethyl-2,2'-
biphenol (1.1 g), Merrifield resin (1.1 g, 2.1 mmol Cl), AICl;3 (60 mg) and
1,2-dichloroethane (10 mL) was stirred at room temperature for 3 days

25 and 70°C for 1 day. The solid was filtered, washed with hexanes
(2X20 mL) and methanol (2X20 mL), dried on full vacuum to give a solid

(1.2 g).

25



i-Pr i-Pr (o0-Me-C6H40) 2P0 OP(OC6H4- Me-0)2 A mxture of the polynmer (0.5
g, sane conposition as from Exanple 3, but different batch) and

di (2- ret wbphempil9 10 phosphorochloridite (1.0 g) was sti pcadSon3mbout 30
m. of tetrahydrofuran (THF) for 30 min. Tri-n-butylamne (1.0 g) was added
to the mxture. The resultln mxture was stlrred at roomterrperature for
3 days. The sEBXAd RATHA ‘ 416G

(2X20 ), andmmumwg@éﬂ@mwg@rﬁ%QPRbﬁmf)IssﬁnﬂBLﬁWs@ al

anal ysis: P%5 215 VPL

503 a4 6, 6 DMER S BIR ~ =

20 A mixture of 3,3’ PS@PR@FQYLIHHEM)WOSPHGFEOMRIEQIIE) 9)

Merrifield resin (1. 0 g, .9 mol d), AICI3 (50 ng) and 1, 2-di chl or oet hane
(10 ) s stirred at roomtenperature for 3 days and 70C for 1 day. The

solid was filtered, washed wi th hexanes (2X20 nL) and net hanol 25 (2X20
m.), dried on full vacuumto gi v a solid Pobll5 g). 24 WO 03/046019

FROM THE REACTI ON OF 3, 3' 4 4' ] AM ETHYL- 22- 131 PHENCL GRAFTED
MERRI FI ELD RESI N AND DI (2 I SCP ] 7 PROSPHOROCHLORI DI TE 5 Pol
(o-1 PrC6H40) 2PO OP( OC6H4i Pr-0) § i the pol yiRe, Bu50 g, from
Exanmpl e 4) and 10 di (2-i soprepyNA sphorQchloridite (1.0 g) was
stirred in 20 nL of tetrahydrof lor 30 mn. Tri-n-butylam ne

(1.0 g) was added tQo-iPRg;H}B},PCE. The resuDR(OCgH,Rro)e was stirred at
roomtenperature for 4 days he solid was coIIected by filtration and
washed with acetonitrile (2X20 nL), and vacuumdried to give 0.6 g of the

l'igand. El enental 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

i-Pr ipr Pol

g

A mixture of 3,3',5,5'-tetraisopropyl-6,6'-dimethyl-2,2'-biphenol
(1.1 @), Merrifield resin (1.1 g, 2.1 mmol Cl), AICl3 (60 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).

20
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15 analysis: P% 3.47. EXAMPLE 5: GRAFTI NG
3, 3" -Dl | SOPROPYL-5,5"-DI - T-BUTYL-6, 6' - DI METHYL- 2, 2' - Bl PHENOL ONTO
MERRI FI ELWORESIMIR Pol R H, t-Bu | 20 OH OH A mi xture ofPC3/US02/37967
3'-diisopropyl-5 5 -di-t-butyl-6,6"-dinethyl-2,2" - biphenol (1.1 g),
Merrifield resin (1. 1 g, 2.1 rrrml a), AIC13 (50
1, 2- di chl or oeEXAMPIE 6AYIPRERAR i
and 70C for 1 day. i | der
and net hanol (2X215:—F\;|r1-(b E ?l-ldr)m(itne\?? 5.1??
WD 03/ 046019 AHMEHD 1P '
LI GAND (SL 5) FROM THISGEROPYINKHENYLY' PHIDBBGEFRBEIHIBZ)BIDIUJE-T BUTYL 6,6 -
DI METHYL- 2, 2' - Bl PHENOL GRAFTED MERRI FI ELD RESIN AND DI (2- | SOPROPYLPHENYL)
PH%PHO?G%,HLO?I DITES5 RPol | R H t-Bu (o-iPrCgH40 2PO OP( OC6H4i Pr - 0) 2
A mixture of the polymer (1.0 g, fisRm Exarrpl 6B ami di (2 10

0 tirred in about 15 nL of
ne (1.0 g) was added to

R

tetrahydrofuran (THF) for 30 min.
the m xture. The resulting mxtu -roomtenperature for 3
days. The solid was collected b f 1 washed with acetonitrile
(2X20 nmL), and vacuum dri edj-pp” gi 1. 8 g of tfhe I rggnd. El enental 15
anal ysis: P% 1.34. EXAMPLE 6: GRAFTI NG
3,3, 5,5 - TETRAl SOPROPW-IRICeHB)FHYL- 2, 2 - BT RRel4BPE MERRI FI ELD RESI N
i-Pr i-Pr Pol i-Pi-Pr
A mixture of the polymer (0.5 g, from Example 6) and di(2-
isopropylphenyl) phosphorochloridite (1.0 g) was stirred in about 15 mL of
10 tetrahydrofuran (THF) for 30 min. Tri-n-butylamine (1.0 g) was added to

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

3 days. The solid was collected by filtration 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

20 A mixture of 2,2'-binaphthol (1.5 g), Merrifield resin (0.5 g,
2.21 mmol CI), 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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20 OH OH A m xture of 3,3 ,5,5 -tetrai sopropyl -6, 6'-di nethyl -2, 2" -bi phenol
(1.1 g), Merrifield resin (1 1 g 2.1 mol d), AIC13 (50 ng) and 1, 2-

di chl or oewban®4qoi® M -) was stirred at roomtenperature f@cTasday®eand 25
70C for 1 day. The solid was filtered, washed with hexanes (2X20 m-) and
met hanol (2X20 nL), dr| ed on fuII vacuumto gl ve a sol i d 0.8 g). 26 W

03/ 046019 PCT/ EXEM ' ' ! )Y 3 ANND

(SL 6) ~FROMTHE Qéﬁ%'@b%ﬁE% ﬁo"TloNEEBABWMo@G@AFTED

DI METHYL- 2, 2' - Bl PHENCL” CRAFTED VERRIFTELCD HI:bI N /-\N\ybg Fz- T SOPROPYLPHENYL)
PHOSPHOROCHLORI DI TE 5 MERRIFIERD BESIN;ANMD;DIE-M dEM)o PO oP(OC

6H4i Pr-oh A m xture of the polpne}sR}QQch;Hf_o@zrmEparrpl e 6) and di (2-
i sopropyl phenyl) phosphorochloridite (1.0 g) was stirred in about 15 ni of

10 tetrahfdrofuran (THF) fqor 30 min. Tri-n-butylamne (1.0 g) was added to
the m xture. The resulting il ture was stirred at roomtenperature for 3
days. The solid was collected %ation and washed with acetonitrile
(2X20 L), and vacuumdried to 42 g of the ligand. Elenental

analysis: P%1.1. 15 EXAMPLE 7% a NG ONTO MERRI FI ELD
RESIN Pol OH / | \ OH 20 A nixture]Jof 265%%9%"@'3%{%& (1.5 g), Merrifield
resin (0.5 g, 2.21 mol C), Zng2 (Q 2 9) di chl oroet hane (5 nl-)
was stirred at 70C for 3 days g Q/ﬁg)%ﬁl}"ﬁ@@b washed wi th hexanes
(2X20 m -) and net hanol (2X20 ed on full vacuumto give a solid

(1.0 g). 27 WD 03/046019 PCT/ U EXAMPLE 7A: PREPARATI ON OF
POLYMER- SUPPORTED LI GAND

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 mL) and methanol (2X50 mL), dried
25  on full vacuum to give a solid (1.26 g).
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(SL 7) FROM THE REACTI ON 2, 2' - Bl NAPHTHOL GRAFTED MERRI FI ELD RESI N AND

DI (2- METHYLPHENYL) PHOSPHOROCCHLORIDITE 5 Pol OP OCC H Me-o ( 6 4 )2

OP( CCoHAMEO®B/A46049 | / A m xture of the polynmer (0.5 g, frecrasanpive’ 7) and
di (2- nethyl phenyl) phosphorochloridite (1.8 g) was stirred in about 30 niL

of 10 tetrahydrofuran (THF for 30 mn. Tri-n-butylamne (1.0 was added
to the m xtur e EXAMPLES BEPARATION Qi POt YMERFSAP re for 5
days. The soliq PRUWH@REAdwa@rI@e' @edmag*se@cwmhv@% %n: trile

;ﬁﬁfﬁs ). p&nd SOP MW&@L‘@’RRF?  DERRIETELD RESITAND

55,6,6',7,7",8, 8 - QIAHNBERINE PHEMPROFHOSRRORB OAPHRIDITEONTO MERRI FI ELD
RESIN Pol OCC]—I OH i-Pr 20 A m xture of

5,5',6,6 7,7 ,8,8 -octahydro-3-isopropyl -2, 2' -bi naphthol (1.5 g),
Merrifield resin (0.5 g, 2.2 mol d), znClI2 (0.1 g) and 1, 2-

di chl oroethane (5 m-) was stlrred at PdC for 3 day. The solid was
filtered, washed with hexane C and net hanol (2X50 ni), dried 25 on
full vacuumto give a solid 28 WD 03/ 046019 PCT/ US02/ 37967
EXAMPLE 8A: PREPARATI ON OF PGh SOP (Iagb %@ (SL 8) FROM THE
REACTION CF 5,5',6,6',7,7',8,8'"- AHYDRO- 3- 4 S0P L- 2, 2" - Bl NAPHTHOL
GRAFTED MERRI FI ELD RESI N AND DL 2- M THYI&I_;@\E’% gl%)?PHCROCHLCRI D TE

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 mL), 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(2-1ISOPROPYLPHENYL) PHOSPHOROCHLORIDITE

20

Pol

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

i-Pr

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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5 Pol OP(OC6H4AMe-0)2 OP(OC6HAMe-0)2 i-Pr A mixture of the polyner (0.5
g, fromexanple 8) and di (2 10 net hyl phenyl) phosphorochloridite (1.8 Q)
was stirrwo mnds@bout 40 ni of tetrahydrofuran (THF) for QTMS02/37967
Tri-n-butylamne (1.0 g) was added to the mi xture. The resulting m xture
was stirred at roomtenperature for 3 days. The solid was coll ected by
filtration arthlewaixhed. Winehreaokdingmmixture eavag stikeaal ati rpomatemperatwenfdri ed to

R e

55,6,6',7, bens-wasromdriedstegiveyd.o g, of theligapgHirigmetRhFTED

I\/ERRI FI ELD REéﬁé‘}g,ﬁg\IDp@[, B2t SODRODYLPHENYL) PHOSPHO?OCHLO?I DI TE 20 Pol
OP(OC6H4-i Pr-o OP( OC6H4- A= Pr. A ture qf, t D ' (0.35 g,
from Exanpl e 8E24HY AL SBBP sy hRehy : 1.0 Q)

was stirred in about 20 nlL of ONG‘LOMERIRtFﬂELBrRE&HF) for 30 m n.
Tri-n-butylamne (1.0 g) was added to 29 WO 03/046019 PCT/ US02/ 37967 the
m xture. The resulting mxture was stirred at roomtenperature for 4 days.
The solid was collected by filtration and washed with acetonitrile (2X20
m.), and vacuumdried to give 0.5 g of the |igandPoEl enental analysis: P%
3.1. 5 EXAMPLE 9: GRAFTING 3,3',5, 5 . L-2,2'-BIPHENOL ONTO
MERRI FI ELD RESIN Pol OH OH

10
A mixture of 3,3',5,5'6,6'-Hexamethyl-2,2'-biphenol (0.89 g),
Merrifield resin (1.0 g, 1.9 mmol CI), AICl3 (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

(0-MeCgH,40),PO OP(OCgH4Me-0),

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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10 A m xture of 3,3 ,5,5 6, 6" -Hexanet hyl -2, 2' - bi phenol (0.89 ),

Merrifield resin (1.0 g, 1.9 mmol d), AIC13 (0.1 g) and 1, 2-di chl oroet hane
(20 nmL) wae stusoned at roomtenperature for 2 days and 70@cfrarsog3tyeur s.

The solid was filtered, washed wi th hexanes (2X20 niL) and net hanol 15 (3X20
m.), dried on full vacuumto give a solid (1.2 . [EXAMPLE 9A: PREPARATI ON
POLYNMER- SUPPCARXE0 mi-lzamd Vasuum ded-teopve i elgayd.3Elementsl 6, 6' - H
EXAVETHYL- 2. Z3pal dE,EHE%C}1G?AFTED VERRI FI ELD RESIN AND DI (2 METHYLPHENYL)
PHOSPHOROCHL OR ) { (Q}?éj% Nﬁﬁj_ﬁ m xture
of the polyne eH XA1AY Y
phosphorochl ori dite (1 SQg}BWENDLr(DNd'O MEERRrFLlEbD RESfNihydrofuran ( THF) .
Tri-n-butylamne (1.0 g) was added to the m xture at OC. The resulting

m xture s stirred at roomtenperature for 3 days. The solid was
collected by filtration and washed with acetonitrile 30 WO 03/ 046019

PCT/ US02/ 37967 (2X20 nL), and vacuumdried to givieolD.59 g of the |igand.

El emental analysis: P%3.1. EXAMPLE 10:
3, 3" -Dl | SOPROPYL-5,5', 6, 6" - TETRAME X' PHENOL ONTO MERRI FI ELD RESI N
5 Pol i-Pr i-Pr OHOHA mxtur
3,3 -diisopropyl-5,5,6,6"-tetra X —2 phenol 10 (1.0 g),
Merrifield resin (1.0 g, 1.i%r Qppy) and

1, 2-di chl oroethane (10 nlL) was stigyed at r oopy enperature for 3 days and
70C for 1 day. The solid was filtered, washed~¥w th hexanes (2X20 niL) and
nmet hanol (2X20 nlL), dried on full vacuumto give a solid

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), AICI; (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-DIISOPROPYL-5,5',6,6'-
TETRAMETHYL-2.2'-BIPHENOL GRAFTED MERRIFIELD RESIN AND
DI(2-METHYLPHENYL) PHOSPHOROCHLORIDITE
20

i-Pr i-Pr
(O-Me-C6H4O)2PO OP(OCsH4 Me-0)2

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

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.
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(0.34 g). 15 EXAVPLE 10A: PREPARATI ON OF POLYMER- SUPPORTED LI GAND (SL 11)
FROM THE REACTI ON OF 3, 3' - DI | SOPROPYL-5,5"',6,6' - TETRAVETHYL- 2, 2' - Bl PHENCL
GRAFTED MEBRBBIdELD RESI N AND DI ( 2- METHYLPHENYL) PHOSPHOROBHI@RDSPE7 20 Pol
|~ ~ i-Pr i-Pr (0-Me-C6H40) 2PO OP(OCC6H4-Me-0)2 A m xture of the polyner
(0.4 g, sane co 05|t|on as from Exarrple 10, but dlfferent batch and

di (2- met hyl phengXAMPLE s TETRAME T NOlg
mL of tetrahydrofuran (THF) f@NT@QMEFERIFTELDrRESFN" am ne (1 0 g) was added
to the mxture. The resulting mxture was stirred at roomtenperature for
3 days. The solid was collected by filtration and washed with acetonitrile
(2X20 nmL), and vacuumdried to give 0.5 g of,the PPband. El enent al

anal ysis: P% 3.3. 31 WD 03/046019 |PCT/ US02/ 37p67 /EXAVPLE 11: GRAFTI NG
3,3",5,5" - TETRAMETHYL- 2, 2' - Bl PHEN PREI ELD RESIN Pol I\ /1 OH OH
5 A mxture of 3,3 ,5,5 -tetrang ol (1.0 g), Merrifield
resin (1.0 g, 1.9 nmol d), —= 2-di chl oroet hane (10 g)

was stirred at roomtenperat ur 3 days ang 706for 1 day. The solid
was filtered, washed wi th hexanes X20. mL) ahd net hanol (2X30 ni), 10
dried on full vacuumto give a solid (0.88 g)OHEXAMPLE 11A: PREPARATI ON OF
POLYMER- SYPPORTED LI GAND (SL 12) FROM THE REACTI ON OF

3,35, 5" - TETRAVETR; 2, 2. oB) BHENGE, GRASTIED MR ) LB LD D (2
resin (1.0 g, 1.9 mmol CI), AICI3 (60 mg) and 1,2-dichloroethane (10 9)
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
|
(o-Me-C4H,0),PO OP(OCgH4-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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15 METHYLPHENYL) PHOSPHORCCHLORI DI TE Pol  (0- Me- C6H40O) 2PO OP( OC6H4- Me- 0) 2
A mxture of the polynmer (0.5 g, sane conposition as from 20 exanple 11,
but diffewenob@ich) and di (2- et hyl phenyl) phosphorochl ecirdisop31967 0 g)
was stirred in about 30 nL of tetrahydrofuran (THF) for 30 mn.
Tri-n-butyl am ne (1 0 ) was added to the mxture The resultln m xt ure
was stirred atEXA Jaie: ERe RTERLIGANR ¢Bbd by

filtration an%)\ﬁlﬂﬁb%ﬁmé R@R?FIQTN DHE3, e S%X'a‘evaEafPﬁ(LZ@ 2V-BWE’N@5L ig to

give 0.6 g of~tneg_ti | U 5
PCT/ US02/ 37967 E%DME I %ﬁgﬁbﬁi %= 5]e bAD (SL  13)

FROM THE REACTION OF 3, 3", 55- FFEDEM‘ECBH‘OCBQOR}DI“IFE-IENO_ GF\’AFTED MERRI FI ELD
RESI N AND DI ( 2-1 SCPRCPYLPHENYL) PHOSPHORCCHLORIDITE 5 Pol I\ /I

(o- |PrCGH450)2PO OP(OC6H4i Pr-0)2 A m xture of the polymer (0.5 g, from
Exanpl e 11) and di (2 10 isopropyl phenyl) phosphorochloridite (1.0 g) was
stirred in about 20 nL of tetrahydrofuran (THF) foPoBO min.
Tri-n-butylamne (1.0 g) was added [to The resulting m xture
was stirred at roomtenperature forl 3 days. e splid was collected by
filtration and washed with aceto ), and vacuumdried to
give 0.53 g of the |igand. Elene P% 2. 6. EXAMPLE 12:
GRAFTING 3,3',4,4',6.6" - HEXA Q\NTO POLYVI NYLBENZYL
CHLORIDE Pol I~ ~ OHOH 20 [n a

pol y(vi nyl benzyl chl ori d@_}pr@fspem)zpo OP(OCgH,iPr-o0),

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

10 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
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

g

In a vial was added 0.595 g of poly(vinylbenzylchloride) (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 chloride 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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Al drich, catal og nunber: 18253-2; 60/40 mx of 3 and 4 isomers; average M
55, 000; Mwv 100, 000) and 1.000 g of 3,3',4,4',6,6'-hexanethyl-2,2'-

bi phenol ,wP93mgs0ed zi nc chl oride and 10 nlL of nethyl ene chicarisde379¢he 25
vial was capped and heated at 50C for 45 minutes. The resultant gel was
broken up with a spatula and 5 nL nore of nethylene chloride was added.
After heati ngN@MmmWQhwatehén@Mam drigd to@ines é2Sdrglefatencedid. and t he

resi due wash e@eal e ‘@,atsérgs%hﬂ ?@Mawascﬁulw%ed 33 WO
03/ 046019 P SO 3796/ L. W2 0 |ve 1. 257
g of a tan sol&%4 ' g

1. 77% EXA'VPLE(ZAM)I-'FRE@MECR\EAETIRGNWEI%$WmEﬂEWMEImYL&214) FROM
THE REACTlOl\JOF_é,_‘ﬁ Y -5| N E

I, |:L)
POLYVI NYLBENZYL B G A i?( SENZYL (EHI&E_{ TE Pol

TLITICINTL) \W W py | I

(0- Me- C6H40) 2PO CP(OCGHAEWHYQ:)@ENQLEHI@H%)@HJ@QR!H’WEh 0.7775 of the
tan solid fromexanple 12, 1.123 g of the phosphorochioridite of o-cresol
and 15 nL of tetrahydrofuran (THF). Tri-n- bLI:t>(¥|| amne (1.2 g) was added
dropwi se and the mxture stirred at roomtenqerature for two days and then
heated at 40C for two days.
15 m xture concentrated by rotary
m.) was added. The off-white sol
acetonitrile and vacuumdri ed
analysis: C 77.02% H 6.61% EXAMPLE 13: TREATMENT

OF POLYSTYRENE ( CROSSL{gMEL: . 2% OF i:)l WFNEK%EW%E) W TH DDQ A
m xture of the pol ystlgldrene (%M‘b 5) and DDQ (0.76 g) was St)l rred in about
30 nL of toluene at 85C for 4 hours. The resin was filtered, washed with

t 0: uene, 1@062I oni tra |f|98k@\i%%t@ﬁﬁ e@Winlo, AT faf gne(t%?ﬁ?ébnaugfr@%a |v2> sEfE t1 gi
GRAFTI NG 3. 3 1523 PRI BO%SIY‘%E%WLOQ 5-re80L3 1 ERAL B0 TIE POLYMER
FROM EXAMPLE téfrahydrofuran (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

7

Mot e acetonitrile (about 10
and. washed with
st erial. Elenental

Pol
i-Pr i-Pr
OH OH

34



Pol i-Pr i-Pr OH OH 34 WD 03/046019 PCT/ US02/ 37967 A mxture of a solid
fromexanple 13 (1.7 g), 3,3 -diisopropyl-6,6" dinethyl-2,2"-biphenol (1.0
g), phospwotoangstec acid (0.1 g) and chlorobenzene (5 m PCTVE®2/3196T r ed at
65C for 2 days. After adding 5 hexanes (20 nL), the resin was filtered,

washed wi th sodi um bi carbonate (ag. sat., 2X20 nL), water (3X20 nmL), MOH
(2X20 m -) and acetone (2X20 ni), and vacuumdried at 60C for 10 hours to
give 0.9 g of sol |/MmlHMmPLESDB<BfFOFREF¢(RNﬂ B POYNER-disapormes, 6 GAND ( SL

15) FROM THE 0 METHYLPHENYL
PH)OSP i d@ﬁ%l E%@pt’?&%l“ Cff Nbldagsfé atiiRoD) )?ané )

| -Me-0)2 A
m xture of tHOIYEPERESN 6% Blg qur%m%%ﬁ% g_‘Zlg)‘jzf"o’lﬁd ?rza NGret hyl phenyl )
phosphor oghl diéxanke (20 niL)gheasirsivas rﬁﬁdredn wdsheti V\’ﬂfh sdmimtfn bitarboahtedr of uLan
(THF) for 30 Tr W ture. The
resulting m %?ﬂrﬁa%&% ‘&g{a?tr?gxé erat % Q&t e solid was
col lected by (29(20n‘at_) andavatuneastded at Gﬂ Ca t1&1lnwr5|t@ Ql\(GZGCQCD ef golidand vacuum
dried to give E0{38."BREPAICTION PERNVIAERZSUPPTRPED:LIBKND fsI EXAVPLE

P 55 I Al SiERON '“QEELAG%\I'E'MOE RS N R OM, LA E B ARDDL2S  om

Al drich, gatal og nunberMEIBmMNQQYPHOSWQR@CHDQMDIB@Ws average 35
WO 03/ 046019 PCT/ US02/ 37967

Pol
i-Pr i-Pr
(O-Me'C6H4O)2PO OP(OC6H4'Me-O)2

A mixture of the polymer (0.5 g, from Example 13A) and di(2-

15 methylphenyl) phosphorochloridite (1.5 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 0.63 g of the ligand. Elemental

20 analysis: P% 1.6.

EXAMPLE 14: GRAFTING 2,2'-BINAPHTHOL ONTO
'POLYVINYLBENZYL CHLORIDE

Pol

25
In a vial was added 0.534 g of poly(vinylbenzylchloride) (from

Aldrich, catalog number: 18253-2; 60/40 mix of 3 and 4 isomers; average

35



vh 55, 000; Mwv 100, 000) and 1.001 g of binaphthol, 30 ng of zinc chloride
and 7 nL of nethylene chloride. The vial was capped and heated at 50C for
3 hours. Whesne®w t ant gel was broken up with a spatul a amdTa/sat3796T e of
met hyl ene chl ori de was added. After heating at 70C for 5 two days, the
solid was filtered to give 0.925 g of pink solid. ~EXAVPLE 14A: PREPARATI ON
OF POLYNER- SUAPGEITER); M0G0 ands | 0pkaveririrapithol i 38nmgrof zine chiprigeoHTHOL

%;E&%I\AWF%N%%MO 6t RRIoMP. ﬁir{e2wal\ﬁiwh|5’dr&!\l¥hbi heated at 50 C N
as

was charged WPl R PWs r?ﬁ‘é't%trﬂ?gagogggg?rbw I‘:“?é‘n%?@étiﬁaﬂd &2‘?8 of the

phosphor ochl anbre bEmethylere ekloridanhsladddd. dfftet hiebting abyar@ffor an (THF) :

Tri-n-but )SI a%e é);]s %)éoi‘f@ agqﬂ%ﬂoﬁ%ﬁ ztgnggoft)mgfgg&éture stirred at
L

room t enpérature ree ays an for two days.
Around 10 nlL of aEXAMIPLE]T% { dRe b} at ed by

rotary evaporathnemm§saq€ FR@MWHE(R@@@TKN cnth MNAMﬂmome pal e
|

yel | ow solid was
to give 0.961 g of M L ! :
4.56% d: 0% EXAVPLE METHWMQEMKWHO&SHHDR@CNEB!FZBTFE]\I PROCESSES -
RESULTS W TH POLYMER- SUPPORTED CATALYST FROM EXAMPLE 4A (SL 4) 25
Preparation of catalyst: A catalyst 5 spensi on was prepared by adding
0.0039 g of N (COD)2 (0.014 mmol ) . 320 nmL toluene to 0.038 g of SL 4
(0.021 nmmol) in 0.200 nL tol uene Hydrocyanatlon of but adi ene:

The above catal yst suspension (0O %) C d to -20C and 120
pl&Ests 3"%1)? HCN) and 280 pl of

pl of a solution of HCN in 30 va

a solution of butadiene (BD) in toluene (0.925 nmml BD) were added to the

catal yst suspension. The vials ang PI aced in a hot-block
P{OCgH4-Me-0),

reactor set at 80C. Sanple 36

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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WO 03/ 046019 PCT/ US02/ 37967 was renoved after 3 hours and cool ed. The
reaction mxture was then diluted in ethyl ether and anal yzed by GC

agai nst wabesomiot?il e as an internal standard. Anal ysis ®oowsd2sieat 90% of
the starting HCN had been converted to useful pentenenitriles (the
3-pentenenitrile to 2-nmethyl- 5 3-butenenitrile ratio was 1.6).

| somer i zat i orwas remevedafted3 housnanhreelere Theveasiion mikarewpsither uspensi on

((230214 mgol\ﬂh%ted)fneé’l%&?é'théfiﬁﬁfi(iin%a/zbaib @e\@ama%@tbﬁutrge%%mo;ﬂ eddt 0

- an a SO 1.ONn Ccon an

val eronitril e' 'éﬁﬂ%‘gﬁ go '%’F?gyw éhow?ﬂzh“\g} E&g/" &8la %%“EHD dplaced in a
hot bl ock rea@éemc@ﬁxerm‘d thﬁa@fu|$mmérmnm:esr(msqxéntmemmlé%td)zm@thybool ed

and dil ut I oduct distribution was analyzed by GC
usi ng val ron pﬁfq%ng W%li' Vg-%bl’?’l;% standard. The 3PN 2MBBN ratio was 18.8

after 3 hours. HdeOMﬂatldﬁbﬂf gimathpedibatend nitrile 2N3BMY) A catalyshl yst
suspensi on 15s ﬂéi%H Vla ollfNuj3 ﬁéireaf‘é‘c%ﬂiu J&@ﬁb&@ﬁﬁoo%eﬁ‘@dure was

placed in a was cooled to -2 sol ution
o T om - HOURS eogied 1g 2815 RGP0 W hereald soNgan gonmﬂ Nand

2- St h:gxyet hyl( c0:| gg0imdl afhlgvalirogagﬂlmmés) gg@éd aslthedviall Hﬁge ikiél ?:Es@teaml@olTﬁt i on
made fro ed to the yia e
Tral was o o elftaf i adlot BeIeRelor si 4 ! Sodl Mk eVee” e
reacti on m xaftere3.Odiss cbdqladadnd\ndllhtedtlhplthyéetfmfr drine prlmeluptmdtnhutldnst ribution
anal yzed by \%‘g /Hﬁ?ﬁ}?ﬁ&bgt HdValefdnitfile £’§aﬁ‘rhtéﬂ{ E&Hda?& apflard. Analysis

showed that pentenem tril en converted to
dinitrile erQ%Nq@WWé §@(ﬁ hQure.) The selectivity to ‘the Iinear

ADN 25 isomer was § ,% afratfY b E3- P@ntéFEaHE 33?/?12(
( SEM BAT SUPP CATALYST FROM

JI ON RESU
EXAMPLE 12A (@%Y 45“”#9'% RIEPRIE %&0085%9?%? abqye Fﬂfé’%‘i‘i“&%lé’lascpé?%ﬁ 83 s
prepared by tvielaTheyidlWhswoaéd tde2@5Cf andhil 28 plsafla sbltitiomreadenfpbra 12A with

0 B R o B0 5 A o B
(3PN) : ether (1.21g, 7.45 mmol) was added. Then 13 uL of a solution made from
ZnCl, (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% yield 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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A three necked flask was charged with 0.284 g of the above nickel 35
catalyst, 19 ng of zinc chloride and 5 nL of 3-pentenenitrile. The

hydr ocyamaiDiosf4dqoeact i on was done at a nitrogen flow rate @CTARODEORT N Wi th
the oil bath at 50C for 180 mnutes and then 70C for 120 m nutes. GC 37 WO
03/ 046019 PCT/ US02/ 37967 anal ysis indicated 87% of the pentenem triles
have convert @dyﬁl%mﬂl@&ted 8% W‘ the nenterenitites haye comaradigrdinitriles 93%
EXAMPLE 17: Bﬁladw |é\@sﬁmpgR§3%4YDRCFOQWLATI ON OF

3- PENTENENI TRI LE WTH PO 7C PHO b ?J N In a drybox,
a sol ution contai ni ng==3 > cacac) (2.5 ng),
and 1, 2-di chl OFWEWMVDAE'I(DNIOEB&EINTENEMITWLMW% ROIEIMERIC Thi s
sol ution s added to a gla h cont ai ni ng

appr oxi rra\ggly two equi val en ﬂd PR RO EXAM o phite described in
Exanpl e 2A per equnaatihoxoa sphbidh gantaimisg -eerteoenifide (88:9)ed, pressuri zed

to 65 psig WRN(@O)%(&%;SE; (@15 ﬁ‘@éé?“’of Z%rgerob@héehé%ﬁé’mhps@ﬁ&rfdor 3 hours.

The reactor was_coo ressurj ze he réaction

m xture was dhdf Mewagprepared e pRs asidedo '98%5&\9@:9FW%gr aph
Wi t hha DBS f%@eﬁténtémlrﬂéapmklnhﬂew el eqnwdléﬁ)tsrtﬁttﬁé @oly%e’fk mm|.D.)
purc ase ci_ent | , nver |on
sel ecti v FEB%SPPE?@%SQHP%? %Ef‘?m&c figgeggg}ulvg‘gna € lineari ty of
al dehydes pr aeact wabsehled, prabswized20 B5spsig withaa rldlnnmlarzrmuf CO/BRN
Exampl e Supp t t 15-1 SL/SC 1
oo P, 5" BD M BegedB "G SiAu Ea e reX@B0NRE ol 185 SL/SC 5
18.5 15-6 Sldepressurized andsa gamplesof thegegction mixture was analyzed by gas

chromatography on an HP 5890A Chromatograph with a DBS fused silica

15 capillary column (30 meters, 0.32 mm |.D.) purchased from J. B. Scientific.
GC analysis: 76.1 % conversion; selectivity to 5-formylvaleronitrile: 82.7 %
on 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/SC 2 0.2
15-3 SL/SC 3 18.3
15-4 SL/SC 4 1.3
15-5 SL/SC 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/SC 16 0.9
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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/ SC 16 W0d3/08819\0 03/ 046019 PCT/ US02/ 37967 The resul t s Pagresonsmal ned by
t he procedure described in the Exanple 15. Table 2 5 Hydrofornyl ati on of
3PN Suppoted Selectivity to 5- Linearity of Exanple Ligand/ 3PN

fornylval eronitril e al dehydes Reduction Supported Conversion produced
Product Cat afystedWitGodre $85n3d B RS p98cckiire s rishPh PeiBtRpadsi4  16-3
SL/SC 6 29 40 20 20 16-4 SUSC 8 40 46 56 37 16-5 SL/SC 9 28 4 8 37 16-6
SUSC 13 38 38 48 19 17-7 SL/SC 15 10 27 52 25 The results in Table 4 were
obt ai ned by the procedure described i mablke2 Exanple 16. The reduction

product percent shown in the tabp\araebav@afiéh bpdpfat es the anount of
hydr ogenat ed products were obtained, based on converted 3PN. 39 WD

e AR Sl T, TSRS Bk R

Supported Conversion produced Product
Catalyst (%)

16-1 SL/SC 2 76 83 95 12

16-2 SL/SC 5 52 45 54 14

16-3 SL/SC 6 29 40 20 20

16-4 SL/sC 8 40 46 56 37

16-5 SL/SC 9 28 4 8 37

16-6 SL/SC 13 38 38 48 19

17-7 SL/SC 15 10 27 52 25

The results in Table 4 were obtained by the procedure described in the
Example 16. The reduction product percent shown in the table above

10 indicates the amount of hydrogenated products were obtained, based on
converted 3PN.
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5 Pot HOB OH (1) wherein Pol and Q are connected via a carbon-carbon bond;
Qis an organic ring structure; and 10 Pol is an insoluble polynmer support,
sai d procwedspeep? i Si ng aci d-catal yzed grafting a di ol onteTaISpDBIHET

sel ected fromthe group consisting of a benzyl halide-containing polyner

or a olefin-containing polyner wherein said diol is selected fromthe group
consisting of 15 (a) biphenol, C, OHCOAIMBXx Ry C wherein each Ris
mdependentlw\mgltgcééﬁ.,éd Q,mthe group consisting of H Cl to C20 branched
or straight chain a t%enzly Cl to C20 z Cké?/l I%Sto C20 aryl,
GRS, 02RO, and cybl iA PERIRES OWREPEIIRG SPOBHBUPERSIPENSS ar 6
optionally caapagtaed to forma ring structure; wherein each Rl is
independegtly selected fromthe group consisting of Cl to C20 branched or
straight chain alkyl, ClL to C20 cgcloal kyl, and C6 to C20 aryl; and
wherein x and y are each |ndepe ntly 0-3, and x and y are each

i ndependently 0-4 if at least o of RX or Ry contains an aromatic 25 ring;
and (b) binaphthol, D, 40 WHO3/ 026Q19 PCT/ hJ?SOZI 37967 OH COH y/x n/NX Rx Ry
D wherein each R is i ndependently sel ect ecf romthe group consisting of

H Cl to C20 branched or straight chain al kyl and benzyl, Cl to C20

cycloal kyl, C6 to C20vkergin PGRS)d QerRIconmedterlyviaiaccarbbeicarbdrebend; each Rl 5
is |ndependently sel o) sting of Cl1L to C20 branched
or straight chain al Eﬁt'seQr(’:fwgﬂlég@g%'%F&r%k%ﬁd and C6 to C20 aryl; wherein
x and y re each md%@éﬁéérﬁ'ﬂ?rq}uwewomﬁriumy are each independent |y

0-6 if at | eagdid pRScetls RBnPHsify abializal)Sed BrafifgBldisl dritd @ pdpef 0TI nat i ons
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 Cyq branched or straight chain alkyl and benzyl, C4 to Cyq
cycloalkyl, Cg to Cyq aryl, OR1, CO,R1, and cyclic ether; wherein

20  neighboring R1 groups are optionally connected to form a ring structure;
wherein each R is independently selected from the group consisting of
C1 to Cyg branched or straight chain alkyl, C4 to Coq cycloalkyl, and Cg to
Coq 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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thereof. 10 2. The process of Claim1l wherein each Ris independently

sel ected fromthe group consisting of Cl to C20 branched, Cl1 to C20

strai ght wba4a@ikyl and C, to C20 cycl oal kyl. 3. The pro®ezasot/3@ai m 1
wherein the benzyl halide-containing polynmer is benzyl chloride-containing
pol ymer, and the process is carried 15 out at a tenperature of from about
10 C to about 150 Cin a solvent by @H LewiGHacid catal yst. 4. The process
of Claim3 wherein the benzyl chloriue contjai ning polyner is selected from
the group consisting of poly(vinylfg C"O\ide) a copol yner of styrene
and vinyl benzyl chloride, a copol{ St wele 20 and vinyl benzyl
chloride crosslinked by 0.2%to 5% I Ny A\enzene, and a

pol y(vi nyl benzyl chl ori de)- nDdIfIao CR 5. The process of Claim1l
wherein the polyner is an ol efin-/ i ni -»Iyner and the process is
carried out at a tenperature oRy o alpgut 180C, in a solvent in
an acid. 25 6. The process of Caimb5 wherein the ol efin-containing polyner
is selected fromthe group consisting of polybutadi ene, a copol yner of

but adi ene and styrene, and dehydrogenatBd pol ystyrene. 7. The process of
Claim3 wherein the Lews acid is selected from the group consisting of

AlBr3, AC3, AF3. ACX 4 3/ 046019
PCT/ Us02/ 37967 Soler e'&?éﬁﬁ%ﬁ%ﬁ ’E&Tﬁy s%%“é’teéﬁ%t?‘ CEFQUINEPDSisting 3
Znd 2, ZnBr2,of EnQ2to @Ingxamtéledmres’l[ail@ht@hatrr alkiybared benzyl, 0Cyt@aCeyof Al (111),

Ga(1 1) Pe(ld)doapoTL 1 Lo Bl MR, ERLRY an8 ol bike): whdilioghin kar me o

brom de and rocesé ems acid is
ZnCl 2 or SAI ds¥ndepermieatlysg Bemdhgigipup cRBSIStING 9ﬁ61é@|Qtoub5a@@1Qstt ed
fromthe gr Oérnc,t 'éﬁdlrﬁlgl f o%ltBr Alcfdaby |AéchBcs%@%E'argr Wherdi@& 3.

FeCl 3, Shds, BC BF3, 'SbCl 3

BPh al koxi de,
bhenol ate, ¢ rad Wate sﬁahﬂrw@%negésn {555, @Al Sy e Rpeh erandentls ) |
Zr (1V), Sn(1\)-6 ibadeali dhé pf Ry ar R, foontainobnromatie riagdanddoabinatiothsa proti ¢
acid sel ect edt feFeOd}q t he group COI’ISI sting of sulfuric acid, phorphoric acid,
polyphosphorlg acid,
2. The process of Claim 1 wherein each R is independently

selected from the group consisting of C4 to Coq branched, C4 to Cog
straight chain alkyl and C4 to C,q 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 vinylbenzyl 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 AlBr3, AICI3, AlF3, AICIF 3 y), GaCls, FeClj,
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triflic acid, and phosphotungstic acid. 15 10. The process of Claim?9
wherein the acid is selected fromthe group consisting of AlIC 3,

phosphot uw@aBiogsoaci d and triflic acid. 11. A pol yner-suppaecrdasoedm™b7 of t he
formula: 20 PO (1) HOB OH wherein Pol and Q are connected via a

car bon-car bon bond, IS an organic ring structure; and Pol is an

i nsol ubl e pol §@ks, ZcﬁolpoSnCmBC‘d@rﬂﬁa,ﬁhfd3 Btge QEtgr%Ph@chtQ"lt,cZ@Brpol ymer
sel ected fromdhegkiaep ﬁéﬁﬁ@hfﬂ rrrr&t@%nat&@ﬂaaéloffmhuf%aﬂr)t REQIINY pol yrer

or a olefin- 2‘[ wher el n_sai ted fromthe

group consi st$%”)ofzr(“(g) 'Kl%h@ﬂ@lB(H'(b aQ@W‘H‘UW&U?@“W"&S@éﬁ’%?QG? OH OH
Rx Ry C wherein each R is independentl y sel ect ed from t he group

consi sting of H, 1 G20 bra ht and benzyl, Cl

to C20 cgcl oal kylé: C%R?Br%sar}&lf’lgﬂb%fv M ﬁff‘?ﬁ&lﬁﬂ wherein 5

nei ghbori ng RAICk.oups are optionally connected to form a ring structure;

wherein each Rl is independently selected fromthe group consisting of Cl1

to C20 branched or_straight chain_ al kél Cl to C20 cycloal kyl, and C6 to
C20 aryl; and wherin bze@r@p%ﬁsa:f& AR Whﬁjéb‘\eﬁhéeﬁﬂdgfi%ﬂ%ﬂedrf@f&t%d y are

each i ndepenc@ohbxcoﬂsr%tm@ AaIBeaAICI9NAIFQf ARRY r05 SORt BeCH, O, omatic 10
ring; ang(b); 0 naght hope) Dee 39815 WEt,; Blgh);s,?flkogde prinoraig

triflate and tosylate of Al(ll1), Ga(III) Fe(lll), Sb(l), Zr(1V), Sn(lV), and

B(lll); salt forms of bromide and iodide; and a protic acid selected from

the group consisting of sulfuric acid, phorphoric acid, polyphosphoric acid,

triflic acid, and phosphotungstic 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) biphenol, C,
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wherein each R is independently selected fromthe group consisting of H,
C, to C20 branched or straight chain alkyl and benzyl, Cl1 to C20 15

cycl oal kyWp 0884d¢009 C20 aryl, ORS, CO2R1, and cyclic et her; poitarse?/sr9eanch Rl
is independently selected fromthe group consisting of C, to C20 branched
or straight chain alkyl, C to C20 cycloalkyl, and C6 to C20 aryl; wherein
x and y are each independently O- and x d y are each independently
0-6 if at |least one of Rx or Ry co Hains a Qronatic ring, and conbi nati ons
20 thereof. 12. A process for preparing a | ymer - support ed

bi s(phosphorous) ligand (2) havgng a, 43 WD 03/046019

PCT/ US02/ 37967 PO Q X2PQ'"'* in Pol and Q are connected
via a carbon-carbon bond; Q| //?ganic EK\Q tructure; Pol is an

i nsol ubl e pol yner support; ahd X is 5 selected fromthe group of al koxi de,
aryl oxi de, al kyl or aryl; said processcconprising contacting in the

bresence o Aulah ohUF RO aRIe ARpERGSH RhntheCraikadsitiid P,
sel ected fron$¢tcngobcqmt@d@rgtng\tmaml@knla(wbwy deylokpde, al kyl and
aryl; and n ‘y%ma?kyme @ocgggrymRel a0 wean&cgéucaéthékk%&em aryl oxi de

al kyI or aryl n from car gé?aftom; het er oat ons,

f uncti onal® grréﬁl%bor}:’kg COERHRS 3% ?FH@"@ Y)GB”%%‘H@ RENG rRg plpdiure cohol s,
esters, and aghéle edéh RThe indepeadenthf sélbeie ficmuhe gedup sansistirgsef i s a

tertiary aning. 5 14 0 I - r i 0S I | ga 2

havi ng %/he P@‘r Fﬂj&’&? %F?oﬂé%‘% é{%}gtﬁﬂ:&%&élﬁ% EﬂZEg%@r&Bﬁan’)ae{deéﬁﬁcgré :
connect ed vi a&Cay aryl; land- wheleimx Bodd; a@ ¢achadndepengdently G-Bngnd xrandiyaee Pol is
an insol ubl e olYiRBEpSHIHEY 0-4314 [EabtSone of Ry or R, contains an aromatic

10 ring; and (b) binaphthol, D,

wherein each R is independently selected from the group consisting
of H, C4 to Cyq branched or straight chain alkyl and benzyl, C4 to Cy
15 cycloalkyl, Cg to Coq aryl, OR?, 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 Cq 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 R, or Ry contains an aromatic ring, and combinations
20 thereof.
12. A process for preparing a polymer-supported bis(phosphorous)
ligand (2) having the formula,
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selected fromthe group of al koxide, aryloxide, alkyl or aryl; conprising
the reaction product of the polyner supported diol of CQaimll with a
phosphor ow® ohakdode of the fornula PYnX3-n, 25 wherein Y i ®ca/usats™er] X is
selected fromthe group consisting of alkoxide, aryloxide, alkyl and aryl;
and n = 3, 2, or 1; and V\,herel when X is an al koxi de, aryl oxide, alkyl or
aryl, X may contain from1l todéo carbon atons, heteroatons, or functional
groups selected fromthe groqk) consi sting of ethers, alcohols, esters, and
am des. 30 15. A process %00 prép)axi ng gzlpol ymer - supported cat al yst
corrpositlon of the formula 44 WO 03/ 046 9 PCT/ US02/ 37967 PO 1~\ OO
x2P-,,, |/ Px2 M (3) wherein Pol and Q are connected via a carbon-carbon

E(Oﬂd QI Istanuh@reﬂapbpaﬁd'aﬁéémt@r viBd carboarbarw@buhaea)rslaﬁmr support;
is sel ected

d I d
Viis o catalyeroaaie 916 et Pall aPiiespBR acbal St et &Ry T ng "
conbi ni ng 5t hesedettgdtromn tipg grdupdof dikaxigycarploaideyajkyl oganytl of Claim 14 with a

catalytically active éi@&%%s@%onﬁkﬂt&c%ta%ﬁﬂ# pgrbefegé[%e&s B srg aim 15

wherein Mis a nickel ositron of the
fornula PO toecpolnmﬁrzwpmrte ¢igbof\Elaam 1ﬂ5N\t\lhérF81Q$pP©r0Lt§riw|l@eanéheonnect ed
via a carbon- @%g@ﬁpbog I's an organic ring structure Pol is an

;P;FLEPL@ pg: Kg?rvyﬁergﬁyy is gﬁ@lraﬁ ellges% ec?eé %romt egr Lg%%ng{strﬁglg %?XI de,
10 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.
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

~
%P0 TOPX; (o)

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 aryl;

comprising the reaction product of the polymer supported diol
of Claim 11 with a phosphorous halide of the formula PYX3_,,

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

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

30 15. A process for preparing a polymer-supported catalyst
composition of the formula
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catalytically active transition netal; conprising a conbination of the

pol ymer - supported 20 bi s(phosphorous) ligand of Claiml14 with a

cat al yti cablog/oawie ve transition netal, M 18. The conposiPCIramsoys79¢t ai m 17
wherein Mis a nickel. 19. An isonerization process using the catalyst
conposition of Caim17. 25 20, An isonerization process conprising
reacting an alkenyl nitrile onpound in the presence of the catalyst
conposition of Claim17. 21. Fhe process of C aim 20 wherein the al kenyl
nitrile compound contai nsol/ess\bhan 500 ppm of peroxides. 45 WO 03/ 046019
PCT/ US02/ 37967 22. The isqgnerization process of Claim20 wherein the

al kenyl nitrile conpound nt ai n%le ess than 100 ppm of peroxides. 23. The
i someri zati on process of %\m , 21 or,22 wherein the alkenyl nitrile
conpound is 2-nethyl-3-butenenitrile an )t he nmetal is nickel. 5 24. A
hydr ogenati on process using the catalyst conmposition of Claim17. 25. A
hydrocyanat | Qpndreff PaPand e iRt Vila EABBARIATbAN bBhd; &lighi 17. 26 A

hydr of ormyl ati on process using the catalyst conposition of 10 Caim1l7. 46
organic ring structure; Pol is an insoluble polymer support; X is selected

5 from the group of alkoxide, aryloxide, alkyl or aryl; and M is a catalytically
active transition metal;
said process comprising combining the polymer-supported
bis(phosphorous) ligand of Claim 14 with a catalytically active transition
metal, M.
10 16. The process of Claim 15 wherein M is a nickel.
17. A polymer-supported catalyst composition of the formula

Pol
7
XP~_ _PX
M (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.
19. An isomerization process using the catalyst composition of
Claim 17.
25 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 alkenyl nitrile compound
contains less than 500 ppm of peroxides.
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WO 03/046019 PCT/US02/37967

22. The isomerization process of Claim 20 wherein the alkenyl
nitrile compound contains less than 100 ppm of peroxides.
23. The isomerization process of Claim 20, 21 or 22 wherein the
alkenyl nitrile compound is 2-methyl-3-butenenitrile and the metal is nickel.
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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