WD 03/ 045552 PCT/ US02/ 37304 TI TLE PHOSPHORUS- CONTAI NI NG COVPCOSI TI ONS AND
THEIR USE IN 5 HYDROCYANATI ON, | SOVERI ZATI ON AND HYDROFORMYLATI ON
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present invention relates to ethylenically unsaturated,

phosphor us-cont ai ni ng, bidentate |igands (nonomers) and pol yneric
derivatives thereof as well as pol ym@dTKEprecursors to said polyneric
derivatives and nethods of naking the same. The present invention also 15
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Description of the Related Art: soased | i gands are generally
known in catalysis, finding 20 use for a nunber of commercially inportant

chem cal transformati onsM%ﬁM@omm y encountered in
catal ysis include phosp - I tes and phosphites.
Monodent at e phosphorus |igands, e.g. nonophosphi ne and nonophosphite

l'i gandgg are conpounds that FH?!L'BldlyTnghlf_\K@N?léN”gl e phosphorus atomt hat
serves as an 25 eI ectron don al . Bidentate phosphorus

ligands, e.g. Bhepriesgiinentigngeiaiesn eihyvienicallypmsaphaifid e, bi sphosphite,

and bi s( pbﬁé@&%r%-)co'nté]ﬁnﬁésbld'eﬁtéié'ﬂgéﬁ’dls (rﬁ@ﬁ@rﬂbfb)tém paIpseRer us el ectron
donor atomsa C I'c. chel ate structurFs w,.th transition

metal s. TwoCPYR t"eédﬁﬁﬁo«} a?rﬁﬁ% "t‘%\ﬁ 'me?dﬁsqf??lémbﬂ?c%%g@@ ¥¢My phosphorus 30
| i gands as dedvativestandametinddy ofmablidg dley samtel oTheaprésieadimventian also of

e pat? olrialesyB s Rdhodiods ni3ino L BR0u8 YU st BNASAR SR Adher O or
et hyl eni calof the Msmc@wtetﬂﬁmdéw'(ddls@f¢frﬁh)chtmtaigstsrlans| tion metal

conplexes D cunented in the
prior art. &%cy?ﬁéfiﬁlﬁﬁ%@ﬁ%ﬁl% Qh%ym&é'iﬁ%ah&]Y%éfts'og%s 3,631, 191;

3, 655, 723: 23,0¢ssription ghthe Belaled 8als. Bi dent at e phosphite |igands have al so
been shown to beho@pmm%@srémlgaﬁewrebeg@mty KnBwinhia daydysigymm on of

SRt T e A
PCT Phosphorus -based ligands commonly encountered in catalysis include
phosphines, phosphinites, phosphonites and phosphites. Monodentate
phosphorus ligands, e.g. monophosphine and monophosphite ligands, are
compounds that usually contain a single phosphorus atom that serves as an
25 electron donor to a transition metal. Bidentate phosphorus ligands, e.g.
bisphosphine, bisphosphinite, bisphosphonite, bisphosphite, and
bis(phosphorus) ligands, in general, contain two phosphorus electron donor

atoms and typically form cyclic chelate structures with transition metals.
Two particularly important industrial processes using phosphorus

30 ligands as catalysts are olefin hydrocyanation and isomerization of branched
nitriles to linear nitriles. Phosphite and phosphinite ligands are particularly
good ligands for both reactions. The hydrocyanation of ethylenically
unsaturated compounds (olefins) using transition metal complexes with
monodentate phosphite ligands is well documented in the prior art. See, for

35 example, U. S. Pat. Nos. 3,496,215; 3,631,191, 3,655,723; 3,766,237 and
5,543,536. Bidentate phosphite ligands have also been shown to be
particularly useful ligands in the hydrocyanation of activated ethylenically
unsaturated compounds. See, for example, J. Chem. Soc., Chem.
Commun., 1991, 1292; J.Chem. Soc., Chem. Commun., 1991, 803; PCT

-1-



-1 WO 03/ 045552 PCT/ US02/ 37304 Pat. App. WO 9303839; U. S. Pat. Nos.
5,512, 696; 5,723,641; and 5, 688,986. Bi dentate phosphinite and phosphonite
| i gands awe odeszsstbed in U. S. Pat. Nos. 5,817,850; 5, 529C4a302/573683, 843;
and PCT Pat. App. WD 5 9964155, WD 9913983, WD 9946044, and WD 9843935.
Hydrof ornmyl ation is another industrially useful process that utilizes

cat al ysts PatleApp. MCp3G3ERS; Uk S dtatalNas.iy SN2 866,728 usmdof phosphi ne

1 gands. | BRdikad ét@a?aﬁgfqh%pmnhé RO RoniBligaRid BRSGeschiBd e Of

cat al ysts rom cat algst s usual | y

10 cont ai nUaSGﬁﬂ!ipNWﬁ 8%1850, Seftsks 5 0522843, ancdbPCdxBakp APP- WOS. Pat .
5, 235, 1§ 3. 95641)5@%003@913983 W@@@@dmaﬁ@wage@g@&portant for a

ful I t t th
et e) ¢ oo fen isand NB RSB e B ReRR TR ik n e
I hrrm ScCi b: ECéﬁalyﬂsgd; wedle fmsmerﬁisphbatg-mntalhtng Iagam:zalﬂne asd 6f pht?slprﬂme rec]?ver
the cata t f t
vorat il o iR o8RG itERlied, 18y et WABARE B Tk O ' °
degr adat i onatalysth enaskt fedrpgthosghité ligamds is aisa ka@wnorsuwmtalystsmsuaﬂe | oss of
catal yas | Bbidi's GYoRBUAN méak scgéycnbseﬂq Tt bRIpRNY. WP (ke to be able

to sel ect or cont e S0 HER! e ITgand and catal yst to
di sfavor s&2a4113y in the product phase These li gands and metals are

often very eXpeR@cmee@r&th@ugama ahg datmpgtt@nﬁpé@aﬁftﬁ@pa sau@ésslf@lsses to a
m ni mum for_a com‘%rm al | ve the problem

ot eat o ORI B BB ss L TAPRR SePaaion progitiudt I Babia i . b "o
i nsol ubl e prorhuwt(s) friratne! cetalgst aid Bgampinvalve ractior withean mmiscible| y

d i f
T Bt L o L N
and D. Bosnuantlta@velw Froinstangen glistillation ofa valatis pmuc frogp@nonaz, 1:

CO”Wehe“%bl‘éﬁl&é&ﬁ@@ﬂ?ﬁsﬁlt&wtr@?m ak§Mdatibh of the MthlisisSimildily, G A
Stone and New Yor k anon Pr er 55, 30

ap
" Pol yner Sﬁbﬁﬁ%@i%m@&{tﬁ!fy%‘?@e loss Ofﬁﬁﬁ%'yéﬁmaq eAPrO%yg%pham 'Eqw and
Macr onol . anﬁct;onl%aé wdlfld liké 1o bEpve fo selébtyandrommhaﬂ fihe Belu@mﬂy of

ot or Rt e ecyaasERE AT BE il Sol BBy REREl FoBbELAERY P 0 cuppor s
and used f bgands alhq'sneialsaare@&eomebyedxpenswemné)tlmﬁ)itﬁ impor@ant fakeepos. 35
5,432,289 afth Bos¥89 13 Lnintmuitior a’@nttherdhily\Ad8e ptdless2l?, J. Chem Soc.,
One method to solve the problem of catalyst and product separation is
to attach the catalyst to an insoluble support. Examples of this approach
25 have been previously described, and general references on this subject can
be found in "Supported Metal Complexes: A New Generation of Catalysts",
F.R. Hartley and D. Boston, Reidel Publishing, 1985; Acta Polymer., 1996,
47, 1; “Comprehensive Organometallic Chemistry”, Ed: G. Wilkinson, F. G.
A. Stone, and E. W. Abel, New York: Pergamon Press, 1982, Chapter 55,
30 “Polymer Supported Catalysts”; J. Mol. Catal. A, 1995, 104, 17; and
Macromol. Symp., 1994, 80, 241. Specifically, monophosphine and
monophosphite ligands attached to solid supports are described in these
references. Bisphosphine ligands have also been attached to solid supports
and used for catalysis, as described in, for example, U. S. Pat. Nos.
35 5,432,289 and 5,990,318; J. Mol. Catal. A, 1996, 112, 217, J.Chem. Soc.,
Chem. Commun., 1996, 653; J. Org. Chem., 1998, 63, 3137; Spec. Chem.,
1998, 18, 224 and PCT Pat. App. WO 9812202. PCT Pat. Apps. WO
9906146 and WO 9962855 show use of supported phosphorus ligands in
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Chem Comun., 1996, 653; J. Og. Chem, 1998, 63, 3137; Spec. Chem, 1998,
18, 224 and PCT Pat. App. WD 9812202. PCT Pat. Apps. WO 9906146 and WD
9962855 swowsws®ssnf supported phosphorus ligands in -2 WOPEI A3 BA4

PCT/ US02/ 37304 hydrocyanation and hydrofornyl ati on reactions,
respectively. Bisphosphite |I|igands have al so been grafted to solid
supports sbydroe;samaihmeadrébydnotﬁ@’mylatlon!ee@tlo%treSl&bth\@MZBlSDBGSpﬁ‘t&a solid

SUIOIOOH ' n Q&Fﬁhﬂé QfsoaHete ﬂg&‘?ésGF?d‘sé ﬁtﬁtéjélgél’%ﬁ (%ee%:tlesc"f‘lbeﬁ il Mer

resin, anlc I'n natur mer - suppor.t ed at e phosphorus
Ilgands ma l§e ;ﬂtéﬂ@r@dmt;ﬁ% U)?ri“ét@s%ﬁpoﬁfg'ﬂﬁﬁ@%e Qﬁemmeﬁram%e%@@n as
descri bd bB ddyafic, 24l a Poymer fediASorMBIgHIc fh RABE51, PCT Pal. App. VD
9303839 and WO 9? OI% Eur@B %é }] %)(ﬁ 886457g A2 and EP
0877029 A2. The BYFB?“ Rpoftedgnultidgatate Phgsp HPr\'QBB $ AP BIRRAES ng

mul ti dent abg aplarigty of oethodmkrdsvam tmeardeaudeﬁoubpd in Ah@.Rat. Nes.hod to sol ve
the proble tyi r t isto
copol yneri ?eﬁ&ﬂospﬁﬁgﬁsé@oégﬁ |§éﬁ-¢l %6 o 9?Q§8§§ﬁﬁ& nonﬁl ggﬁd nononer s

dinin
to produceandsairopéan Pabdnns: &8 Q&Mﬁ%ﬂ@nﬂi? 08478289 A2« ahpe pEoart such
pol yme{q 0 OSH%?Idzs'eé"s‘i’délbﬁéﬂmdﬁnéﬂsgz%?ﬂémhﬁvﬁultﬂ%ﬁ{hté%%%gﬁéru'srhgéndé% Chem

Soc. 6217 an Chem , 51, 41 I n~addi tion,
pol yrrer-l nﬁﬁBﬁj@”tﬂBUBﬁosphl ne- phosphl te ligands and their use in

hydrof ornyl ati OAn@ﬂie'ilméth@dh@%@lv@etﬁerﬁrbMehe@rsemamg trrdcatalyBtifrom Chem
Soc. Jpn., 1999, .72 and

o openn’ PHIS TeASHON BEOGHSS i eOPRy A fitR eSSt RSB RIS GSandS 81 T gand
recovery, bithies nonviggandanonpmers tbesrodace insolutdephiospbodisrtaataininggands and a

et h°d1§°r %}gdsra E§é(|ﬂé|%%%f%UﬁﬂgJo¥JFﬁéﬂ ﬁnrﬂbgiﬁ%@hﬁoébtﬂﬁ@%ﬁaﬁ&ﬂévéd fromthe

nmonomeri ¢ IC or polymeric

phosphor us bggn ceprrigthinmd) ATBnbbem: Sess 4008 14Ry63L aBawi Rsa Ghem.a G oup
VI et al 1986051 14BSA andltHh' @ow@qﬁfm@blnied)ﬁhaém{m@phosph ol to act

o e it GHE g LGV Ny BRS RSN o s
| somer i zat describEtkinfBuly @Hend., Soqipsnoraey; zantad hIJ]g\maCb,étylsSocgrrposi tionis
3! Y OB ol PAPAGE e By, O | S o T
phosphor us- To address the |mportant lssue of hgand recovery, this invention
provides novel monomeric bidentate ligands and a method for their
synthesis, polymeric bidentate ligands prepared from the monomeric ligands
and a method for their synthesis, monomeric or polymeric phosphorus-
25 containing compositions that may be combined with a Group VIII metal, and
the use of this monomeric or polymeric phosphorus-containing composition
combined with a Group VIII metal to act as a catalyst in reactions for
hydrocyanation, hydroformylation, and isomerization. The polymeric,
phosporus-containing catalyst composition is readily recoverable from the
30 reaction products.

BRIEF SUMMARY OF THE INVENTION
In its first aspect, the present invention provides novel, phosphorus-
containing bidentate ligand (monomer) compounds as shown in Formula | or
35 as shown in Formula I, substituted with a vinyl group and/or an acrylate
group [e.g. ethenyl (CH,=CH-), propenyl ((CH3)(H)C=CH-), acryloyl
(CH2=CH-C(0)-0-), or methacryloyl (CH,=C(CHj3)-C(O)-O-)I:




containing bidentate |igand (nmononer) conmpounds as shown in Fornula | or

35 as shown in Fornula I, substituted with a vinyl group and/or an

acryl at e wooap43s62 g. et henyl (CH2=CH ), propenyl ((CH3) (HpCEa0)/3738€ryl oyl
(CH2=CH-C(O) -0O), or nethacryloyl (CH2=C(CH3)-C(O-0O)]: -3 WO 03/045552

PCT/ US02/ 37304 rR) b (ArR)b I I (ARb (ARb (RArOJ aP NOArR) a |l 1 O
0 (RArO aP P4CAr a %'{R)Y(F\’)y and (R x (ROX (R)x (RX 1 Il 5
wherein: x=0to4; vy = to 2; a and b individually are either 0, 1, or 2,
provi ded a+tb = 2; each i s individual l y phenyl (&rR)papht hgaR),and t he two
Ar groups t(R®OA0 are oRﬁOé@R)Iay or indirectly (thrjough an Txygen) bonded to
t he sanme phosphor grom may be |inked to each otlher by allinki ng unit

sel ected fromthe groap consisting of directRA0mP. al kyI , ddRéRsecondary
or tertiary am ne, ) sul fide, sulfone, and su de; each Ris

enyl, propenyl, acryloyl, '- hacryl oyl , an

rn1na| et henyl , propenyl
Ar~-@®r), branci8Yd al kyl, cyg
aryl, al koxy, y, aryloxy, fornyl, estex %
bron1ne R pdrocar byl sul finyl, hyRhocar byl sul f payl ,
hydrocarbylcarbonyl or cyclic ether; 20 each Ar can be further substltuted
with linear or branched alkyl, !l cycloal kyl, acetal, ketal, aryl, alkoxy,
cycl oal koxy, aryloxy, fornyl, ester, fluorine, chlorine, bromne,
per hal o IkyI %ﬁggcarbylsulflnyl hydr ocar byl sul fonyl , hydr ocar byl car bonyl
or cycl C ether " is individually hydrogen, ethenyl, propenyl, an
organic radlcalx-QGtMM{h a termnal ethenyl or propenyl group, linear or
branched al kyl , qyg kal acetal, ketal, aryl, al koxy, cycloal koxy,
aryl oxy, fornyly ter, quorine,

aandb |nd|vidually are either 0, 1, or 2, provided a+b = 2;

each Ar is individually phenyl or naphthyl, and the two Ar groups that

10  are directly or indirectly (through an oxygen) bonded to the same phosphorus
atom may be linked to each other by a linking unit selected from the group
consisting of direct bond, alkylidene, secondary or tertiary amine, oxygen,
sulfide, sulfone, and sulfoxide;

each R is individually hydrogen, ethenyl, propenyl, acryloyl,

15  methacryloyl, an organic radical with a terminal ethenyl, propenyl, acryloyl, or
methacryloyl group, linear or branched alkyl, cycloalkyl, acetal, ketal, aryl,
alkoxy, cycloalkoxy, aryloxy, formyl, ester, fluorine, chlorine, bromine,
perhaloalkyl, hydrocarbylsulfinyl, hydrocarbylsulfonyl, hydrocarbylcarbonyl or
cyclic ether;

20 each Ar can be further substituted with linear or branched alkyl,
cycloalkyl, acetal, ketal, aryl, alkoxy, cycloalkoxy, aryloxy, formyl, ester,
fluorine, chlorine, bromine, perhaloalkyl, hydrocarbyisulfinyl,
hydrocarbylsuifonyl, hydrocarbylcarbonyl or cyclic ether;

each R" is individually hydrogen, ethenyl, propenyl, an organic radical

25 with a terminal ethenyl or propenyl group, linear or branched alkyl, cycloalkyl,
acetal, ketal, aryl, alkoxy, cycloalkoxy, aryloxy, formyl, ester, fluorine,
chlorine, bromine, perhaloalkyl, hydrocarbylsulfinyl, hydrocarbylsulfonyl,
hydrocarbylcarbonyl or cyclic ether;

provided at least one R represents ethenyl, propenyl, acryloyl,
30 methacryloyl or the organic radical with a terminal ethenyl, propenyl, acryloyl,

organic radic
met hacryl oyR")g oetal, ketal,

chl ori ne,
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chlorine, brom ne, perhal oal kyl, hydrocarbyl sul finyl, hydrocarbyl sul fonyl,
hydr ocar byl carbonyl or cyclic ether; provided at |east one R represents

et henyl , woapemsss2 acryl oyl, 30 nethacryl oyl or the organipcTriad2/emb4wi th a
term nal ethenyl, propenyl, acryloyl, -4 WO 03/045552 PCT/US02/37304 or
met hacryl oyl group or at |east one R' represents ethenyl, propenyl, or the
or gani ¢ r adirmeéthacnytoyhgramonal leasteney/R" cepresentsrathenyl opriopeRylebetheed ar e

conpounds Q)f%é: teallw‘fW‘értéhﬂln%I e\‘bh%n&ltbd"prgpeﬁill'%épp“ mary or secondary

al kyl | ocat he oxygen erei_n > 1, and wherein
at |east one R' |"§ %ﬁ%ﬂﬁ%ﬁpmﬁ%f"&'%i/w g§rein 3 aﬂdblso Rézated at the

ortho pgsi ?ﬂrnﬁihr?forfsaeoﬁdé@%kﬁm bfthd e the 6)%@&*"@6!&!&1 tcﬂApMﬂ}er&h a

d d
ko T ocaved Grdnane i Ablegsh o Rsdt Bapb o esqneine Ak oBup iiES10"
wher ei n at ldeztsd abthe dttho positionaf theooxyendratated talthglblmpmpalenel is |located

at he o J8Ras'd baiBolla L FofiaTWRERASd 1 9, s B pispyl g, oroup. I n

its second ftain

phosphor us-secondanyialigy! incated artbolito @mdxxgemhmndgd t@o%pmginof >Fandul a |,
wher ei aga 'vsﬁneleﬂrat?ieééi%r% RG rﬁf'%aﬂy d\‘ée'&ohaﬁnﬁémﬁ dlrbep afn'a% I&af cPat- 2, or

certain 15 conﬁoun wher el n or 1
ft

with the cdmp @rposs‘ﬁ@nsa)fih%oxyqen W%f@c@wmﬁﬁw&smt{m reactl ng at
| east one of acHyltgyecehd @spd@t fHe iAREmtEH gl Dptocesd For préparhdg BeAaipo! yhydri c

| cohol t ke at | t. | at t | at 20 (2
eacting aPIPERRSUSHE AT HEMBLE A L MG OB BT e WA h ot
| east one ofthepéiospisot os2tanidchisod bdé with thleaymddromdthahaor b & 2,@raertain

aryl di ¢4l Ohﬁ%%gxﬂﬂb%? F(:ﬁ’nﬁfé] r’r\r\)/hér%lrgé f1 & 2 ﬁ‘?dsb i€0%r 9 with the

phosphor oc Inite-containing acrylate
or met hacr gpadiéonirat a) beé’ctTh@pfﬁceﬁéé}QmRﬁﬁ@Sof t he phosphorochl oridite-

or aryl,aryl oxyenl Orréé’&ﬁﬁoél' I@éét%né&’fﬁc@yla Néhihde babRtRakH ey met hacryl ate
fromstep (2) w E‘E’Fﬁﬁ ?ast Og%e cog?%n?l For la 111 afnd/ or at | east
one conpound of © |with @ pofyhygric glcqpol tagngke a fledst one o

monoacrylate or monomethacrylate,

20 (2) reacting at least one of the monoacrylate or monomethacrylate
with at least one of phosphorus trichloride or phosphorodichloridite or
aryldichlorophosphine (Cl,P-Ar) to give at least one of
phosphorochloridite- or aryl,aryloxychlorophosphinite-containing
acrylate or methacrylate,

25 (3) reacting at least one of the phosphorochloridite- or
aryl,aryloxychlorophosphinite- containing acrylate and/or methacrylate
from step (2) with at least one compound of Formula Il and/or at least
one compound of Formula IV,

R' R'
\o o/ R R
N S
0 o
AR S
30 R (R"), R, (R,
I IV



OO0 (R)Yy / (R)y and 30 (R")X (R )X (R) (R')x 11l IV -5 W 03/045552
PCT/ US02/ 37304 wherein: x=0to4; vy = to 2;, 5 each R individually is
hydr ogen wo o8jo4asierein Mis an al kal i rret al or an al kal i meTamor/b73net al ,
each R' is individually hydrogen, ethenyl, propenyl, an organic radical
with a termnal ethenyl or propenyl group, linear or branched al kyl,

cycl oal kyl, acatereinketal , aryl, al koxy, cycloal koxy, aryloxy, fornyl,
ester, fluorine, _16 8'1' orine, brom ne, perhal oal kyl, hydrocarbyl sul finyl,
hydr ocar byl sul f ony hydr ocar byl car bonyl or cyclic ether. Preferred are
conpounds of Fob’n‘uOéOQI:I wherein a = 2, b =0, Ris primary or secondary

al kyl lgcat ed OthHFi(Pnlei%uQW&q{y 8r Ko wierein i€ bR aIWalﬁnétal gpd wherein
at | east one ﬁf r| rrar or’ secondary al kyl group and is | ocat ed at
the ortho BAAK3IGR "E‘nygen bonded to the binapht hal ene gr oup, or a

cloLrploulnd of For@ulﬁnR'\lswri]tﬁmduallyahydrageb ethenylRprapemyl, v grganic raamenslﬁry

al kyl locategd ortho t.0.the,ox erein
2t Veast o it S ERGRRdRD. o o aReaedalyTrcheRRlion at  the
ort ho posi tceta, katalt byl .cakgan cycloataxy canyloxybfosmyhesterefigotng. 20 In its
third e e n a

pol yme??g %Bl?rﬁmghgﬁjrﬁﬁgohtegi%&ﬂglOlg\/d?ggéﬁ;o?fgﬁlf@y éaﬂﬂ:afrﬂyl nt egpresence

of an init |ha(¢mcartpﬂféarépawqrca/c+l¢ é@‘erradl cal initiator, and optionally in the

pr esencg ]9f g @r@t}éﬁe?dlérb dEphFouNdd &mmé |IPWhERIREISPNE =20 lR %'?ft one ded
CoPount ohamay A sagrodi b Besl T Shud TS i PRGN bse T Rnereinby o
t he organi g x1adindavhereirt &t leasteons Réls prirnanybr, squovwany alkybgrouba@yid, is or
or gani v el PR oo pERREy of B ShdeRISTREND b BERKnAbREFTY T L7
aspect, thgreumpos@campewnd oﬁFaantda;deeu@m a= p7£IWﬁQr is prigoary or
phos phor us sg@aR ey RIEREF bith6 o FRIGRBrUSSIIdPRAINReink 2FRREL T hr ee.
wherein at least one R" is primary or secondary alkyl group and is located at
the ortho positions of the oxygen bonded to the biphenylene group.
20 In its third aspect, the present invention provides a method for making
a polymeric, phosphorus-containing composition by heating, in the presence
of an initiator, preferably a free radical initiator, and optionally in the presence
of a Group VIl metal, a composition comprising at least one compound of
Formula | and/or at least one compound of Formula |l, provided at least one
25 Rrepresents ethenyl, propenyl, acryloyl, methacryloyl or the organic radical
with a terminal ethenyl, propenyl, acryloyl, or methacryloyl group or at least
one R" represents ethenyl, propenyl, or the organic radical with a terminal
ethenyl or propenyl group.
In its fourth aspect, the present invention also provides a polymeric,
30 phosphorus-containing composition made as described above in aspect
three.
In its fifth aspect, the present invention also provides a method for
producing a polymeric phosphorus-containing composition made by:
(1)  heating in the presence of an initiator a composition comprising
35 at least one compound of Formula Ill and/or at least one compound of
Formula IV,



Inits fifth aspect, the present invention also provides a nethod for
produci ng a pol yneri c phosphorus-containi ng conposition made by: (1)
heati ng iwotda@4gssesence of an initiator a conposition conpCrdiSogy3738b at

| east one conpound of Forrmula | | | and/or at |east one conmpound of
Formula 1V, -6 WD 03/045552 PCT/US02/37304 R R R OOOO (RY)Yy (RY)y
and (R)x (R)X (R)X (R)x Il RV wherein: 5 x=0to4; y=0to2; each R

i ndividuall'y is hydrogen, an alkdli metal, an alkaline earth netal or a
hydr oxyl - prot ecti ve group sebeabed from al kyl, al koxyal kyl Xe.g., K
CH3OCH2-), carbonyl al kyl (e.f. ,\CH3-C(O-), and a crown et her f or éd by 10
taking both R groups toge R' is individually hydrog®n,Qethenyl,
propenyl, an organic rad a term nal ethenyl or propegnyl \group,
| i near or branched alg g (RHacet al andiet gl |, aryl
cycl oal koxy, aryloxy, f1Q fluorine, chlorine, by
per hal oal kyl , hydrocgﬁ,g dyedy.ocar byl sul fonyl, (Rt (R"),
hydr ocar byl car bonyl or “tyclic ether; provided at |east one R' represents
et henyl, propenyl, or the organic radical with a teHhinal etWenyl or
propenyl group; Wner&fntacting the conposition with an initiator, preferably
a free _radical initfiator, and heating to a preselected tenperature for a
period ®f time XZ004@fficient to pernmit reaction, and (2) phosphonyl ating
the resulting pglypws2; Preferred are conpounds of Formula Il wherein a =
2, b=0, Ris rinpry , or, secondary al kyl |ocated ort to the oxygen
bonded to A weBFRH: gRiEy IR AT isaRe; 3 Al SEER dnalRaliecaifh pary or
secondary ahédtsl orga bygroaplpriotective group selected from alkyl, alkoxyalkyl (e.g.,

CH3OCH3-), carbonylalkyl (e.g., CH;-C(O)-), and a crown ether formed by

10 taking both R' groups together,;
each R" is individually hydrogen, ethenyl, propenyl, an organic radical

with a terminal ethenyl or propenyl group, linear or branched alkyl, cycloalkyl,

acetal, ketal, aryl, alkoxy, cycloalkoxy, aryloxy, formyl, ester, fluorine,

chlorine, bromine, perhaloalkyl, hydrocarbylisulfinyl, hydrocarbylsulfonyl,

15  hydrocarbylcarbonyl or cyclic ether;
provided at least one R" represents ethenyl, propenyl, or the organic
radical with a terminal ethenyl or propenyl group;

by contacting the composition with an initiator, preferably a free

radical initiator, and heating to a preselected temperature for a period of time
20 sufficient to permit reaction, and
(2)  phosphonylating the resulting polymer.
Preferred are compounds of Formula lll whereina=2,b=0,R is
primary or secondary alkyl located ortho to the oxygen bonded to Ar, wherein
y 21, and wherein at least one R" is primary or secondary alkyl group and is
25 located at the ortho position of the oxygen bonded to the binaphthalene
group, or a compound of Formula IV wherein a =2, b =0, R is primary or
secondary alkyl located ortho to the oxygen bonded to Ar, wherein x 21 and
wherein at least one R" is primary or secondary alkyl group and is located at
the ortho positions of the oxygen bonded to the biphenylene group.
30 In its sixth aspect, the present invention further provides a polymer
composition made as described above in aspect five.



25 located at the ortho position of the oxygen bonded to the binaphthal ene
group, or a conpound of Forrmula IV wherein a =2, b =0, Ris primary or
secondar ywaldsphsssocat ed ortho to the oxygen bonded to Ar, peltarse2/s73d > 1 and
wherein at |east one R' is primary or secondary al kyl group and is | ocated
at the ortho positions of the oxygen bonded to the biphenyl ene group. 30
In its sixth aspeis sevéethprspeet)thé prasent orvention fethegrrpoovides aampthlogner

iti 552
SeT) uso2) ST BTPECES BaBIc B BhodiusSoffeltfiib chtsioh Bt Satirdz? P,
provi des aPh@Shwopblopde@@tamlpﬁlaﬂﬂﬂsi @nemaé@mcqrugetfwha@rylﬂtﬁgr@mmosu tion
by heatgng .@theoaf%%eheé efsa.h ﬂm.%b? q)réfyaéayry ﬂﬁéle pdditAasitiafntoasbyliéd 8 or

met hyl acr ate grou initiato referably a free
radi cal %Pfyzﬁ’ﬂ%'rcontt nwﬂdﬁmphaf%& Hﬁtfe eaﬂﬁw%ﬁrﬁsaﬁmhh%geb/m%n dite, and
further reamthl atgeéﬁlcmep@dmmnd of Fornadlalli¢anti/opForephintiendin kachiR'a |1 |

orovisi on TtRbaifS T Bt Bl SCnE prob R hl B J5ieidh Mo bteuhge rov e
before r eagrmt_lpgnnjsé bememouedl beforegeacting thel ccmnpm_md ofiforFuslandil and/@rwi t h t he
pol ymeyq co Id’ﬂ/ whﬁﬁﬁ‘gégﬁér%mﬁuﬁ:ﬁg cgJH&sEh?ro%hﬂJ??dQeaspe“ the present

|nvent|on rovi i on made as descri bed above
i n aspect seven In Itﬁ eighth ﬁﬁﬁ@ﬁ H@p@’@ﬁen’c Inéerptﬂ%wer Ri@deA Pobeerer

provi des acempdisitioh mﬁ@@ﬁ@%e%bﬁ@e&ﬁﬁ@&é f e‘ét sk@ast one nononeric,
phosphor us- cont

n n of as t G
P o ts Bt 2sBect ﬁr?eprﬁéﬁpw@wﬁe T hstiar oradedt acravsio . & 1P
conposi ti ononfpoaﬁi@acnonﬁmwin@atﬂeest ore peaHonséric, phdsphoraseditairinght and at

| t | t

phosphbd us Rt o b8t ol ind it Bast pRETroB S f HetEehbior atizast, e

pol ymer i zapnerpql\men@rphoedhoms-(tcrntalnmgownm@ormbf aspecteur andéor 20 G oup
Vitl rnetal asfg?ct' %}ﬁaﬁ&/&?%s te ght dftPaesstte G%@‘VHIPH\&W bR&for B oVvi des the

use of resen st conpositions for a hydrocyanation

process éﬁﬁ‘iogﬁrilj")fr@@t'&q |F’rﬁ’§’sﬁh°ﬁ#$s%’ﬁ?'ﬁt"@d Cé?adj)éﬁﬁl"&a e Lﬁ’ﬁﬂ’e\ﬁ} HReICN i n

the pr esemr@h thé@oﬁ%@iﬂlbnmw’néd%t iMthelpreseni¢d bbat leastevd s Acid. 25

In |ts nt h pe the present invention further provides the use of
The GiPLE T PR

any of? PHR yst compositions for an isomerization process
conpri si ng reactn itg tenth aspact, the presentimvention furthes pcovigesi thte use ohe presence

of the cat al vyt PRSEht EABlyst compositions for a hydrocyanation process
comprising reacting an unsaturated organic compound with HCN in the
presence of the catalyst composition, with or without a Lewis Acid.

25 In its eleventh aspect, the present invention further provides the use of
any of the present catalyst compositions for an isomerization process
comprising reacting an unsaturated organic nitrile compound in the presence
of the catalyst composition.

In its twelfth aspect, the present invention further provides the use of

30 any of the present catalyst compositions for a hydroformylation process
comprising reacting an unsaturated organic compound with CO and H; in the
presence of the catalyst composition.

DETAILED DESCRIPTION OF THE INVENTION
35 The phosphorus-containing compositions of the present invention may
be viewed as belonging to the family of bidentate ligands, because each pair
of trivalent phosphorus atoms are potentially available to simultaneously
coordinately bond to a single Group VIII metal atom; i.e., the phosphorus
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Inits twelfth aspect, the present invention further provides the use of

30 any of the present catal yst conpositions for a hydrofornylation process
conpri si ngorsaeissng an unsat urated organi ¢ conpound wi th @OTarss2/BiBosn t he
presence of the catalyst conposition. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
35 The phosphorus-contai ni ng conpositions of the present invention may be
vi ened as hatbrosgeprgsent ¢lbetréradohgrsdd the sameametaliajemdd thé cesulting each pai r

of trival emetgh&aﬂ?%&us atons are potentially available to sinmultaneously
coordi nately bon 0 a single Goup VIIl netal atom i.e., the phosphorus
-8 WD 03/ 045552 IPeaciusase.3reodf thaimhesphampisdeygen depdsis assraiateto t he sane

”ﬁf) 2' hgé?‘asnwﬁht thg%xggéﬁblomﬁwhydrakﬂlgr,@oﬁ@lfég,z'_tmrﬂ@?ﬁ)&yu:ﬂaEbin@p]gtﬁeﬁ&hed |
IS _associ ate e ,oxygen, O e
B o of - 205 350 ety T-DISTS i 1o it he g0 Stter Y yaroxy
2, 2'h- dihhydla_ewcltiafédhhi;(]rb'thmﬁiwleapphe!spshmrhsrirwol@e pawof phiosphbrsds arlylssoci E‘t ed
with the trj e S e | r o ar car
bonds, a pgﬁi/b%(f’f&%Jrffgss%H%ﬂﬁé@d%b%%sxtfa%&@ggr&&ggﬂg),%ngrg’ %ﬁf]%r‘e phogphorus 1(:) 2
aryl car bophbsphbrasdo @and carlmypbondignd @ngrphasphonss tgarylody ioxpden Each ar yl
Ar) osnar - ol ' |,
Subbt 112t egond? B ﬁ?%&m93&%%32‘%%{@#%@?!‘?22'?Fé#"at?*’%' Seps@ERYL. o
(t hrough aRheRYlgensubLiteted naphtmd shwe AsiIgseipioings ags diresyonBdireetied to
gacg ot hleL (t:h_Yo@gH aRlokpge rBdnd%@'t@Qh?_@aﬁf@;ﬁhdé%oﬁﬁ@éﬂ@nﬁﬁth‘iéf!irgl{blefo ﬂrect
ond, a i dene, .secondar r tertiar m ne, oxygen, s | S one,
o 15 oul Pasheberics fRkBaNoRselehed Bom fF Suetotesthe Saketthater )
conpounds  aligtidese rdesdndgryrartettiang amiasdbrygenpsyfideesutiodentad e phosphi t es
(corrpoyg_dssuﬁ(f»zigg_r mula | or Il having three phosphorus to oxygen bonds),

phosphihi t es conmpounds of Fornula | or Il having one phosphorus to oxygen
bond and 20 two Tped¥sIsohasIsteordainingnbidentats ligamd FpRoemesscqrappipisisnds of

o Car bon B o D s o L s
bhosoni it 8 RGBTt baavine EVER RAGSRDEN O BABEE PopERL EBOSORBaR e o
Formul a | worh%omw OFordula hoeH Havirgpbes phospharyy teoxpgerdbondbntihe present

| nventyen. gan RS RAGRENS dartibh BISRE)! BEChAHOnRHS PRSABoGS of Bm 31875998 of

M tsub Il having two phosphorus to oxygen bonds and one phosphorus to carbon
bond), and mixed phosphite/phosphinites, phosphite/phosphonites,
phosphinite/phosphonites.

The bidentate phosphites (those compounds of Formula | or Il having

25 three phosphorus to oxygen bonds) of the present invention can be prepared
as described in European Pat. App. 92109599.8 of Mitsubishi Kasei
Corporation and the corresponding U. S. Pat. No. 5,235,113, incorporated
herein by reference. The reaction of a phosphorochloridite with a binaphthol
represented by Formula 11l wherein R’ is H or M will lead to a bidentate

30 phosphite represented by Formula |. Similarly, the reaction of a
phosphorochloridite with a biphenol represented by Formula IV wherein R’ is
H or M will lead to a bidentate phosphite represented by Formula Il. U. S.
Pat. Nos. 6,031,120 and 6,069,267 (incorporated herein by reference)
describe selective synthesis of bidentate phosphite compounds. For

35 example, the phosphorochloridite can be prepared in-situ from phosphorus
trichloride and a phenol such as o-cresol and then treated in the same
reaction vessel with an aromatic diol to give the bidentate phosphite. When
R'is H, it is preferred to have a stoichiometric excess of a base present
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Corporation and the corresponding U. S. Pat. No. 5,235,113, incorporated
herein by reference. The reaction of a phosphorochloridite with a

bi napht howo iepssesent ed by Forrmula 111 wherein R is H or pividot/313ead to a
bi dent ate 30 phosphite represented by Formula |I. Simlarly, the reaction of
a phosphorochloridite with a bi phenol represented by Formula IV wherein R
is H or Mdwiihg the phosphenytatiertoairiveghespactian by pale frmationbwitt-ornul a 11, U.

S. Pat. Ng dro&e%séhlag@%ﬁgﬂg%lgér% ﬁ?@o&irﬂ&&?} rFﬁ'EF'ean'Igrtﬁé rBage\! i Ef erence)

descri be selective syn
exanpl e, t H@’bﬁ@@mﬁ)r"d@lfﬂ prieferably. H@ntr'l?ﬂ()’l?rr@'ﬁﬁr@@nﬁrwlﬂ”l Cmtq Com phosphor us

trichl osi dgraiithed BNQRAG ht%!féham @09§0|M@51@)réf@%dt|§%€i’étﬁ ahfiné.he same
he bi denta sphi te. \When

t I th h
RS Tt ﬁmgé‘&t@‘i"ée it e prereasevticl W pr esent
-9 WD 03/ géaﬁ@tuagg/wmma@%d Elunrmmig Itlhanpg@saprpm,sbabrwrtotdxygem/e t he
reaction or i en
co- produce%pngraé\dewaﬁ)o‘l) yés[pﬁ sa@ $§gﬁ%%ﬁgsg$ﬁgpo%%}§8 RT)%PER%% era%l y, the
tri al kyl ancomposindsdthaisetcoBipaundsid F@rrmw!mbamj Formularlhhgwingdwai n al kyl
groupsyqg Nb?bo@;?}ﬁér%@t@%xk@eﬁ Bbﬁ8§‘¥h3 n'ég)hos-ﬁhgrtﬁ t@‘”x%g r?béh& H{égrﬁet en g

COI’TpOUﬂdS esent~1 nvent

Formula || SMa\hﬁﬁt}ethy WR)@;B’IQGV@QOE‘@ SHYeeRes Eﬁﬂ‘i@s%mﬁ kus to
carbon bongay IVrWhtl’DU%:fbﬁb%mmpﬁmmﬁcﬁclmﬁmwﬁrdstp@@{i@el?OSTé@UfbiS of

phosphor us SRAMBYR-Bar ol o At 52 JReRORTDd B P RS RIEROr T of

St r uct ur es desprilsss pteparationtofr bité¢rtatd ﬂ)lhospﬂmuitdsv with diarylchl orophosphi ne

and Cl iéAr) (-G 'ﬁﬁt)erﬁftﬁ%ﬁﬁttﬁé’ ﬁhé{%ot%?ﬁ at oWrea Wéﬁ beé&arr?éd

5,523, i ncor por at ed her e ence, escri Ees )brepar ation

of bi dent apeogssssgshilesarived ing). A. tpeﬂinlélm 9.810,600n T hh ks Btamyis 4@ iCORVETdact i on
can ]?Ier car g?gh&%ll@gmﬁpsWﬂ?@&%s@%t@@%é&ﬁﬁol' éhd/br s%bs'?ﬁ.?ted BbhenoP 10, 600.

bi napht hol @ WE&O@%S@%%@M I5i g‘ﬂgﬁ%étgl grajﬁugﬁ‘@ﬁ'b% eae SUbS | f\/lult gdan
al kal i et gdliowedby ereliBhéemenigatiep himih@ln Idting lagead stsh bs eat rrent with the
b1 gancth phBeBRPe e%hw@ﬁ%ag%m @5%%%%@%% AR ent Ton ts a process
for preparing cdheassecongraspehbofibedavendioniing frodess tor @réparngicertaimoner )
compounds eQEBEASHRLortARMG tEEMAE RTarkf (FEdHEA compifts!ribrisihgt of 2 and
those compounds of Formula |, wherein aiis 1 or 2 and b is 0 or 1 with the
condition that a + b = 2, or those compounds of Formula II, wherein ais 1 or
25 2 and bis 0 or 1 with the condition that a + b = 2, said process comprising:
(1)  reacting at least one of acryloyl chloride or methacryloyl
chloride with a polyhydric alcohol to make at least one of
monoacrylate or monomethacrylate,
(2) reacting at least one of the monoacrylate or monomethacrylate
30 with at least one of phosphorus trichloride or phosphorodichloridite or
aryldichlorophosphine (CI,P-Ar) to give at least one of
phosphorochloridite- or aryl,aryloxychlorophosphinite-containing
acrylate or methacrylate,
(3) reacting at least one of the phosphorochloridite- or
35 aryl,aryloxychlorophosphinite- containing acrylate and/or methacrylate
from step (2) with at least one compound of Formula Il and/or at least
one compound of Formula 1V, wherein each R' individually is
hydrogen or M, wherein M is an alkali metal or an alkaline earth metal.
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condition that a + b = 2, or those conpounds of Fornmula Il, wherein ais 1
or 25 2 and bis O or 1 wth the condition that a + b = 2, said process
conpri si ngD 03043552 eacti ng at | east one of acryl oyl chl ori éerarsozgtshacryl oyl
chloride with a polyhydric al cohol to nmake at | east one of nobnoacrylate or
nononet hacryl ate, (2) reacting at |east one of the nonoacrylate or

monomet hacr yl at #he3rmi pdilybydriceaisohaﬂhased hpteis péfersito, unless| cﬂhédese)r

hosphor od t |east
e o phlREYS M ekyo Havlnd Gie) G HBRCARIORA ﬁ? Eih B, 3 i oo
acryl ate ogrous iszstaghedde angromadistingg A&t wfwgmw/b ls mﬁependenﬂy
phosphos 009&@&{&4 fréim tAE ﬁéué‘&%hs@fﬁd exzs ewamﬁnéhé"ct Stogpt ai ni ng

acryl ate and/ or pethacryl ate t one corrpound of
Fornula |1 naam}/lﬂnea@nﬂec&mbmw g%fnni%? Hﬂpalwa NG lePRel8 each R

i ndi vi dual in¢lide, by dregetlimitedvio, \thﬁeeillustkéteel betow] kal i nmetal or an al kaline
earth netal. -10 WO 03/045552 PCT/ US02/ 37304 The term™ plejiﬁ/hydrl c al cohol "
used herein refers to, unless otherw sei\ndi cated, a nol ec aving two or
nore hydroxyl groups. [Each hydroxyl grolip is attached to ey arematic ring,
Ar2, wherein each/? L s/+1dependent | y 56l ected fromt roup

consi sting of &6 40 napht hiyl en€, ~@nd conbi nati ons
t her eof . Exar’rﬁ'l i NP ot limted to,
those illustrated below. HBO HBO H\ OI—leo OH H( HOOO/ \ \
/ O 10 HH / \ S3H O OO0OH o

ON
"
o)
O
H y

H

10 The preferred polyhydric alcohol is a diol wherein each hydroxyl is
attached to an aromatic group selected from the group consisting of
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HH\N\/ O HOFIO-\/ OH OHO O\ / - HOID- H HO Hp O 10 The
preferred polyhydric alcohol is a diol wherein each hydroxyl is attached
to an ar owetoso435sDUp sel ected fromthe group consisting offCT/uUBL2/3780%

03/ 045552 PCT/ US02/ 37304 phenyl ene and napht hyl ene and the aromatic group
I's further substituted with a primary al kyl or secondary al kyl or

cycl oal kyl ppenyipnem@ndmaphthyiene arydbe arorbatichgrqupl igliydheércsubistiaited i s

cont acted i : ' | i generate a
sol ution Cgol’ll{h}l ﬁﬁ%@é'&fg‘{%ésd@?awn%'tkﬂg‘sc't@@g%gé . ngu eﬁgbﬁgog% the structure
of the pol pKy@ens al cohol, di-, tri-, and higher order acrylates and

met hacryl at es canelfIgfRficaEshol McmtadRdWitasg iGN eRlondeldr al kyl am ne is

used to react, Wi t he resul tant HCl . e 10 m xture can be purified by
met hods knH\‘/ﬁ{h?WEYLCHPf'?eﬁ%QGBQ%@éOT@&W%'Bm%W%’é‘?%BHy can be used.

The acr%/La:T&etbacmé?CDﬁFﬁheiﬁba)’n heestarctureraf the palyhiydec alooimet, idi-, &l-g:oﬂlol -
or aryi o eP SISO neishn R aResrdldts Cod Beendt Rl M BREbleor e
or diaryl bthbkesuphasghalkglamineixusedctta ieactwith theesiitapt EiGHr rEhe

hosohar odi g o . _ -

o1 0l 2B 0 IR b&néﬁé’ﬁﬁ&eﬁéb?@;F@#gaﬁ@Wﬁﬁttﬁg o I b T oy gen.

prefera tot oxygen.
The nost pFBfsMategraMyssvbe used! dhedcidateprametirceylate haeane PEMOr®henol s

conlt ai lrangréa]g&iv@rérbﬁuaﬁé médﬁdugﬂsuﬁshﬁgto é@hmdwmf;mqsm@ﬂmﬁ?rmtéwﬂ or
Oy O K s etTeh By A i Ao RS oAb oo o 11 g1 ve o
bi dent at e phospHrooklocdite ou diaryi dhtorophdsphihe sp htxiure tirerdophibisehi ni t e
i aryi 51 oprRBelir iR Rar a8 RAPRRBARLR e B H the grovp.
phosphor us ceasipingaf Gi-PKObdE-R).prierpin the Rgoymissprferably athayiodhes. The use
of m xt ur egxeNPRE RV PPErR el P sPRErddidH dYidifesQirdr tho¥é Werived from
phenols containing one ortho substituent that is primary or secondary alkyl or
cycloalkyl of 1 to 12 carbon atoms.
20 The use of mixtures of CIP(Ar)(-O-Ar) and diarylchlorophosphine with
an aromatic diol will give a bidentate phosphorus compound with both
phosphonite and phosphinite groups. The use of mixtures of
phosphorochloridite and diarylchlorophosphine with an aromatic diol will give
a bidentate phosphorus compound with both phosphite and phosphinite
25 groups. The use of mixtures of phosphorochloridite and CIP(Ar)(-O-Ar) will
give a bidentate phosphorus compound with both phosphite and phosphonite
groups.
Typically the pair of trivalent phosphorus atoms is incorporated into
the bidentate ligand moiety (i.e., into a compound of Formula | or Formula I)
30 by reacting a diarylchlorophosphonite (CIP(Ar);), diaryloxychlorophosphonite
(CIP(-O-Ar)2), an aryl,aryloxychlorophosphinite (CIP(Ar)(-O-Ar)) or the like
with the hydroxyl groups of a 2,2'-dihydroxyl-1,1'-binaphthalene or a 2,2'-
dihydroxyl-1,1'-biphenylene structure. As such, any protected diol structure
is converted (e.g., hydrolyzed, protonated, or the like) back to the hydroxyl
35 group prior to phosphonylation. Preferably the phosphonylation reaction
[producing what is referred to herein as a diaryloxyphonite unit (-P(-O-Ar),), a
diarylphosphine unit (-P(Ar),) or aryl,aryloxyphosphinite unit (-P(Ar)(-O-Ar))
or mixture thereof] is performed with at least one stoichiometric equivalent of
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gi ve a bi dentate phosphorus conpound with both phosphite and phosphonite
groups. Typically the pair of trival ent phosphorus atons is incorporated
into thewbiodemisazte |igand noiety (i.e., into a conpound @CTRso2Bi3ed | or
Formula 11) 30 by reacting a diaryl chl orophosphonite (CIP(Ar)2),

di aryl oxychl orophosphonite (CIP(-O Ar)2), an aryl, aryl oxychl orophosphinite
(CaP( S\r %( dfheﬁd)a}ylcfnlotholsphemteN((tlﬁ’(At)g) bydlamydpkycgﬂmphos;bhmlte (CIP(- I
2,2"-di hy enyl ene
st ruct ur o, GVl b Sri HVEREHIGCERBs e foRrFOM) e Ateff O

hydr ol yzedfor[ﬁaﬂhdwﬂf@dll imthet diel struetyres addvardagerusly.d steyshigseticoup prior to
phosphoswl bé’é& of & fiaf f&hbﬁf&ethﬁhméﬁé‘ﬁ%éeﬁi 4afing ERE h@ébhc{rgﬁém%ng what
S referre herei n % 'Q‘r}yte uni t é R

di aryl phosSHV‘PnéhQJFﬁacCt'?nIb(y,ﬁ%'tszVmBFo Rg} S bﬁmgennﬁfqnﬂy

(t P( AL ) (- Otcﬁfdr&)duwd nll\gélrlrtﬁe (e Vu\% sggedoaf fr@ﬁnmp /Uu b cahsisting b{ﬁne

st oi chi onet i c equiyval en e

di aryl chl oP Sﬂﬂsﬁ Y' E@tﬁyﬁdﬁ%eny&r rﬁ%“ﬁiﬁ%%??ﬁagﬁgm %ﬂgﬁl te (ClP(-
0-Ar)2), oprcansd that \fooapy iMdividpalgqshmsiphotues, (@ péikof aryds ar )a)rylm»rysmn(t ure

th

stglrgg? ome??llm? 'gbgégsg%g A ag'iy&gl é?b%ﬁ%@é@ﬁ&k{ﬁn %e S ese%t r(.?Jllurl ng

t he phosph@ifgetit eidhreugh adinkiagturat. \&a@mtbﬁ.aw isaIsubstifuird PoenYMorh hydr ogen
chl ori de bahpgthy) s §G[‘)ét}futl<9rﬁ)oﬁrtﬁéib\?&ﬁatléﬂﬁ%'i)réf@?abﬁ\}? WHvolvd¥s)a l'a‘inéé?'o?c'[ ed

Cubet | 1o ZeiBals RlcTen Tirvtre Db rpsBERaL! Cr 3o Canprariehed s pl hos phor us.

the pai rI othauh%dllswoa m@bmwoalkyllﬁcaamaemtperham‘alm yiyc&métmarryd:uf(y rkn_ay
optlon y e ot €C r a lrnking
unit. H@' & tst8 (’%g%ggt gd E‘gnﬁ(e’hh ?%ﬁ?h #B %rﬁgubst itution
on t he ar o&iol)la rwh&;ema@hé? allslwdepﬁmienég selactet] tram the groamcoaslstls@| ect ed
fromthe g naIkyI
rromthe 65@9 t&légos‘)ﬁédcﬂedﬁr nﬁéaﬁ Q|k92 g@}g l&?ﬁo?lrkyﬁéﬁ?*@@% tcﬁgra?,h O
cHO, F, A ln @@r@férr@@@bw'me@l@ne OBOQF@ubstlty(t@)tﬁzorthﬂé@éhe OXYGRTBR | and -
C(O) R \Ahmeeoemc oB is H dm@@heﬁﬁdﬂlﬁébﬂfeﬁ's@%ﬁldehf @ﬂh(i) Ittetiw@xygeexqgw sting
é(? qugfc ghor | i near f t ho C20 5¥§ é Er]d C? to C20
ar yI n éelﬁP FOradhe AR FRASIS i 8 ‘81 9 Heo WIGDS FANG Y the
oxygen in disleydbalkylgaoeqal iketdly Gg ta Eno aa/hctych!eeﬂtelnelansldbﬁ Jwheret ortho to
t he oxygen, 0 branched
or |inear aPE ;%%?@%‘ﬁ@%ﬂ%&énk@@d%ﬁﬂﬁ gf&, ps&;)(ﬁ‘\?stﬁ‘fg (%C %)0 aryl,
cyclic et hbranc@ﬂd apdineanalkye 1é9(91zoIQYC|D§|th@I@q)Qad@|Q2bW)deI ected fromthe
group consi sti ngheftwe.aryiqyredPs associated with the phosphorus atom of a
25 diaryloxyphosphonite unit (-P(-O-Ar),), or a diarylphosphine unit (-P(Ar),), or
aryl, aryloxyphosphine unit (-P(Ar)(-O-Ar)) may be linked to each other either
directly through an aryl carbon to aryl carbon bond or through a linking unit,
with the linking unit preferably selected from the group consisting of -O-, -S-,-
S(0)-, -S(0)-, —C(R*)(R?)-, and N(R?)-; where each R? is independently
30 selected from the group consisting of H, C4 to Cy branched or linear alkyl, C4
to Cy cycloalkyl, and Cg to Cy aryl.
Examples of diarylchlorophosphonite (CIP(Ar).),
diaryloxychlorophosphonite (CIP(-O-Ar),), aryl,aryloxychlorophosphinite
(CIP(Ar)(-O-Ar)) phosphorochloridites useful for phosphonylation include, but
35 are not limited to, those shown below:
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branched or linear alkyl, ClL to C20 cycloal kyl and C6 to C20 aryl. The two
aryl groups associated with the phosphorus atomof a 25
di aryl oxywbaspisatte unit (-P(-O Ar)2), or a diaryl phosphipag/usn2/s7304

(-P(Ar)2), or

each other either directly through an aryl

t hrough a I|i nki
group con3|st|
where each R2

Cl to C20 brapched orl |inear/al

aryl, aryl oxyphosphine unit (-P(Ar)(-OAr)) may be linked to
carbon to aryl carbon bond or
king unit prefetably selected fromthe

ng unit, wth the |i

o\ Of @ -S- AS( O/~ )-S(0) A (R2)-, and N(R2) -
i ndependent 0 s ect ed f\eg oup consisting of H,

to €20ycychoal kyl, and C6 to C20

aryl. Exanples o \digryl chl ohop bsgs(ﬁonl te (C P( ArFo 2),

di aryl oxychl or ophosphonite (Cl P(

(CP(Ar)(-OAr)
but 35 are not
PCT/ US02/ 37304
.00-' .0 C
I d PF- O
can be prepar?

exanpl e, the phq
equi val ent of PCI3RM th about

IAr)2), aryl, ar9"oxych|orophosphinite
) phosphorochl oridites useful f or phosphonyl ati on i ncl ude,
limted to, those shown below -13 WO 03/045552

P,OO RC A A Oo_ .00
PO--P -0--P Gl CP~ P\
or phosphonyl ati on
¢=in the art. For
4e .y be prepar-d by contacting one nol ar

“~ ol ar eqU|va5§hts of substituted phenol

pho

at a tenperature be@lween about - @0C to 10C in the absence of an organic

base. The resul

When t he subs

ting solution is then treated with at | east two equival ents

of a base, such as\an organic base 10 to produce a phosphorochloridite.
uteenols “

The phosphorochloridite for phosphonylation can be prepared by any

10

means known to one skilled in the art. For example, the phosphorochloridite
may be prepared by contacting one molar equivalent of PCl; with about two
molar equivalents of substituted phenol at a temperature between about -
40°C to 10°C in the absence of an organic base. The resulting solution is
then treated with at least two equivalents of a base, such as an organic base,
to produce a phosphorochloridite. When the substituted phenols are
replaced with substituted biphenol or substituted alkylidenebisphenol, the
phosphorochloridite is similarly prepared by mixing one molar equivalent of
PCI; with about one molar equivalent of substituted biphenol or substituted
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replaced with substituted bi phenol or substituted al kyli denebi sphenol, the

phosphorochloridite is simlarly prepared by m xi ng one nol ar equi val ent of
PCl 3 wi t hwabiswasssme nol ar equi val ent of substituted bi pheralr/izo2/31808t i t ut ed
-14 WO 03/ 045552 PCT/ US02/ 37304 al kyl i denebi sphenol at a tenperature

bet ween about -40C and 10C in the absence of an organic base. The

resul ti ng stiylidenebisgherns mt arteatpedature hetateen atxout -40EC anditWdCentle of an

or gani ¢ basgebodh Qy%?q%.eﬂgwh%eqaémahg'sbﬁut.oﬁ YYifh PESRAR0at N

phosphor och tant to malntain
t enper at ur ¢e3sh twaequivalents of an@rgarjc P@@ed%PFQ@J%PhQWFQGHPﬂd% Si nce

the addgtion of Wﬁéﬁpfeﬁfdﬁnbsthéfbhbbphér@rcﬁﬁirhﬂé i®thé@bove aRinnet Gt igal t by
the r on _mi xt ur can

tral
e R hhatbangbtan reparmy S PSSPt P aRE quhahB LY oo
to ?\(QOIS Eb@peraﬁtiuroel oSiadé ég addition o€ basaceésudts inithe Curmats!oncdfaman Slecrease
ield o
1 gorous strils St oy fiitElisin1Fc, 977 HAtfoR Mitxhite R GRROMEE O8cold o
from the meatdng ddifiicult to achieswgpad nmbmgh:rftln@msee@qoeinpemg ire range can
be acggnphj éBﬁQn C#\f%‘fd"'fén%@%t >Qrac’ﬁ@ﬁ 'tﬁetré‘ﬁct%rntmgﬁ-{%mé c4ped in 15

preparing t ener a ous and soluble in t e reaction

nmedi um Su ﬂﬁ&fﬁ?éebﬁ%@s()féfﬁ%déﬁ'{ﬁﬁw@dé‘ﬁ n@@e reagtion shauld pe coedpelgdar e
trial Kyl amwigsvi Jmsrmmngoé:eém@r @gutmﬁeﬁ) &llow effé&ieadnidveinot heatdremip

8?.”2132?LB&tr‘a’ﬁLfeﬁf{#lﬁ‘ﬁﬁﬁ%ﬁraﬂmﬁ 15 B Bt Brde 8BS 20 The
phosphor oclakcoomglistieed by tedhaigues \pelbpmwnhrbma)ar’rheThmbaﬂ;mdsed kmown in the

t. F 1 3 h
Geser i fod PO RNoPBUS R gbRBY BRnldBas i SIRIGUT Y Febopbl! [y SCp S
No. 5, 210, pesiumCiSyitable Ap@esmg@zzmnlrwsd spesially prefairieg. arechem , 1986,

535, 221; 'tﬂ“é]WlQﬁfr?ésedTﬁl@Frﬁis'ﬂ Féfefr@ﬁ‘?fa%%%re%%@téd‘@or%ﬁh@ WOVOCN oridite
cannot be pre ared Ln from P ferre met hod i nvol ves

]
the treat meADSI é?'"&lof\krm%éﬁ%@%/”%b&f@’ﬂm% MBmine drieBy BN at | von ui th PO
The N, N-di diikyprogyiamethplaasimdarmntshbdatisn®bf tWweof mone thdr@pNP(ar yl oxy) 2

e B9, ¢ e S B S BB B e L Phene
as di scl os&down intheen2388 example).dhe mathodNoyolves Teatisgphendls witlg21, 378,
'Cgﬁo[)gogftegaipe?u%p%sbaegc%ga%ﬁ%lynme192%331'1%1%0@' 8! RaegPssaM di tes
- Pat. No. 5, 210 260; PCT Pat. App. WO 9622968; and Z. Anorg. Allg.
Chem., 1986, 535, 221; incorporated herein by reference. When the
25 phosphorochloridite cannot be prepared in good yield from PCl3, the
preferred method involves the treatment of N,N-dialkyl,diarylphosphoramidite
derivatives with HCI. The N,N-dialkyl,diarylphosphoramidite is of the form
(R®)2NP(aryloxy), where R® is a C+ to C4 alkyl group, and can be obtained by
reacting phenol or substituted phenol with (R%)2NPClI, by methods known in
30 the art, such as disclosed in WO 9622968, and U.S. Pat. Nos. 5,710,306 and
5,821,378, incorporated herein by reference. The N,N-
dialkyl,diarylphosphoramidites can be prepared, for example, as described
in Tet. Lett., 1993, 34, 6451; Synthesis, 1988, 2, 142; and Aust. J. Chem.,
1991, 44, 233.
35 For example, the reaction of phosphorus trichloride with one
equivalent of substituted phenol will lead to Cl,P-O-Ar, an aryloxy
phosphorodichloridite. The Cl,P-O-Ar can also be prepared from
((alkyl)a2N)PCI, with a substituted phenol followed by treatment with HCI. The
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in Tet. Left., 1993, 34, 6451; Synthesis, 1988, 2, 142; and Aust. J. Chem,
1991, 44, 233. 35 For exanple, the reaction of phosphorus trichloride with
one equiwalnisset substituted phenol will |ead to Cl2P- OpaT/USaZ3B0Y| OXy
phosphorodi chloridite. The Cl2P-O Ar can al so be prepared from
((alkyl)2N)PCl 2 with a substituted phenol followed by treatnment with HCO .
The -15 WOr€adtivhasasal,PCHACISOEY 3 dBadent beidgingogroup sOiciRs@ substittteda di val ent

brid | ht hol

Che. or ecen PPty b sisifytet Biddrthéin the BRERRCe T LRUB W Ja B 1E0T 701 of

Cl 2P- O Ar Wanpdestatemhospbite.ailhe rﬁgag'%r@x 1 d’V'H] @@lymris RomtaiIRg esence

of basesW hhdt3ghté® bpé?wrm&a B%Keﬂbébmgasémp%%@ttét;ﬁlﬁﬁé‘éﬂfbrﬁﬁnﬁﬂ eties.

Preferred bases are organ ria Iam nes. The usé of

T xtur ee. oP GG RIRIPSBAGR BIeES A TelT S0 DPERT 816 DRSO AP PR O AF)

bC_l P(- IO Ar) l&is: tﬁﬁ!alkﬂéﬁrnihes CIrRé A o mixturéds ob@dyldiﬁilerdphntﬁhlnle_rmwdthydr BXéI a: efl
iaryls w n ite, bidentate

phos);;hi te, dfﬂfﬁ%ﬁ@’ﬁ&@?%sﬁ%% 7 @eApg%%Q mgd g@ﬂgﬁg%ﬂ?k%t@roups

Simlarly, polymensadntainingi hwr@(y([atedmaryls@/nl@\)e palymerocontaingnd Cl P(Ar) 2
il d

phosphi e SsteTHoSpRRfE bRERRIGEABERALE mATARIAR fribspRIfEAID

possi bl e. mrmmgmsrnt@ﬁpbm arq@sCaﬁrmwérlw@ﬁ@w@é GontHNINGLCIPEAD-Con of

phosphor odiaghl@p{ @-Ae) %ﬁ@c:ﬂv(mfzwh Jea%ﬂtoepf@yrmkees béntbhﬁhg BRfehtte of o-cresol

T e o RPaER R lh Seria svsohis 90 B R B uPES e

phosphor ockbntbinktionsi sre posgsibtd.ed with an aromatic diol selected from at

| east ?ﬁgt of For%gﬁl ochlo?@ﬂﬁ c%e\mieﬁreelpgr& frbﬁ1 t'ﬁ'eqfeaé{llon és\per ein Mis an

al kal i ne ea O preparea conposition 25
conpri si ng paospla@rgﬂlodmhmdﬂ@rmttua@hQﬂOFoAmr@kamlplemdh@rrea¢thre©fsq-cm$@l conmpound

of Fornul ayji,. thzgﬁm%gﬁ dmﬁ{ eﬁf.sép%gﬁheﬁé%lg}w@méﬁ U.S. Pat. No.

5,910, 600. An
phosphorochlorldlte as deplcted below.

ci—p

o

. o

The resultant phosphorochloridite is contacted with an aromatic diol
selected from at least one of Formulas Il and IV wherein R' is H or M,
wherein M is an alkali metal or alkaline earth metal, to prepare a composition
25 comprising at least one compound of Formula | and/or at least one
compound of Formula l. The case wherein R' is M is described in U.S. Pat.
No. 5,910,600.
An example is shown below:
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WD 03/ 045552 PCT/US02/37304 H- C H, O\ / \/ OO\ / \/ OO + - H -
- Ca _d 00C-PO\ / Oa~ - \'/\'/ o HH100O0 Cd -P 20000
tO O O Awooslomssshe third aspect, the present invention prrauides3zoaet hod
for 5 making a pol yneric, phosphorus-containing conposition by heating, in
the presence of an initiator, pre,ferably a free radical initiator (to

effect polynerigzation),_& co c‘;lon . | . at | east one conpound of
;:@ one-—conpeund @ provi ded at | east
, Propenyl, acryloyl net cronyI or the organic

Formula | and/ ob—gt)
one R represents étheny

radical 10 with a term nal ethenyl, propenyl, acryl or mnet hacryl oyl
group or at least one R' represents ethenyl, propenyl or the organic

radical with aut ' et henyl o propenyl group. PqJ,ymarl zation can be
carried out usih 0 dJrods for p| yrrert+2zat i of yl C nononers
described in the’prior ar \ The 15 pptynerizatio et eni nomers may
be initiated with a free radical, carbanion, or carboniumion. \he

preferred initiator is a free radical imitiator, such as

2, 2' -azobi si sobutyronitrile (Al BN ) - azobi s(2- methyl propanenitrile).
For exanpl e, a &£ It ' VI nylic ri vaj=ve of co ounds of
Fornula | & or OF¢ 4 ) or re di
conmononers (e , styrene o{)‘°di vinyl henzege) (1299 nol’ 9 \i ¥
an organic solvent (e.qg., @ .

initiator (e.g., azob|5|sobutyron|tr|& Al
hel d at at nospheric pressure and a terrperature of

e mxture is
50C

In the third aspect, the present invention provides a method for
5 making a polymeric, phosphorus-containing composition by heating, in the
presence of an initiator, preferably a free radical initiator (to effect
polymerization), a composition comprising at least one compound of Formula
| and/or at least one compound of Formula Il, provided at least one R
represents ethenyl, propenyl, acryloyl, methacryloyl or the organic radical
10  with a terminal ethenyl, propenyl, acryloyl, or methacryloyl group or at least
one R" represents ethenyl, propenyl, or the organic radical with a terminal
ethenyl or propenyl group.
Polymerization can be carried out using known methods for
polymerization of ethylenic monomers described in the prior art. The
15  polymerization of ethylenic monomers may be initiated with a free radical,
carbanion, or carbonium ion. The preferred initiator is a free radical initiator,
such as 2,2'-azobisisobutyronitrite (AIBN) or 2,2'-azobis(2-
methylpropanenitrile). For example, a composition comprised of vinylic
derivative of compounds of Formula | and/or Formula Il (1-100 mol %) and
20 one or more different comonomers (e.g., styrene or divinylbenzene) (1-99
mol %) are dissolved in an organic solvent (e.g., toluene or tetrahydrofuran).
A free radical initiator (e.g., azobisisobutyronitrile, AIBN) is added. The
mixture is held at atmospheric pressure and a temperature of 20°C to 150°C
for 1 to 100 hours to produce a polymeric composition.
25 The method of making compounds of Formulas | and/or 1l generally
results in a mixed product containing not only the compounds of Formulas |
and/or |1, but also other products, including monodentate phosphorus
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for 1 to 100 hours to produce a polynmeric conposition. 25 The method of

maki ng conpounds of Formulas | and/or Il generally results in a m xed
product cwoteiomisazy not only the conpounds of Formulas |  aad/us02/813p4 but

al so ot her products, including nonodentate phosphorus -17 WD 03/ 045552

PCT/ US02/ 37304 conpounds. These conpositions nmay be used as-prepared to
produce t heompolpderThessoopopositions malyther usad aspyeparad te pngaucedbeof For nul a
| and/ or d t he

composi 11 of° gﬁ%ﬁ SEBe. AE?*’”"”?W e < d?aﬁ%‘?‘”p%@’ﬁ‘?fgﬁ%”b““’°f“'

pol ymer, t M@y, We@ﬁy‘ddﬁﬁﬁt%ﬂmaﬁﬁﬁ fﬂrﬁie Hﬂﬁ)%wppéﬁ'oné’tfgormhlk’addltlon

E) ]9 Egmilggén@lbrﬁ%ﬁ%lé ds- @ﬁséferd tonak@ﬂ’@Qt(S)l n?ne@nme GORhER MAY ddh@vhﬁ?mﬁu?ﬂs
e
Scope of 1 MonoRRAtAR abosphtes, Bl an ROGHER g SOTPOCTES ot Fodpbiet ARt t he

nmononers rHpresented by Formulas Il and [1V; as well as (3) other nononers
cont ai ni ng viny i o rs

ncl ude, bt ar SoRBonS o dind il corrBind B oA SRR TRARY"

di met hacr yalspesontais adirzomense of 2, 2- bi s(4 hydr oxy- 3- net hyl phenyl ) pr opane,
t he macryl atﬁ)of ﬂo?wﬁhﬂtﬂe'?%ﬁ%@éﬁr% céﬁﬁ@ﬂﬁ@@f‘%ﬁﬂﬁlﬁﬁ%ﬂ@brll

di vi enzene, 1,1- r opane acrylate, ethyl ene glycol
di net hyI acryl at (3,2) peﬁ@'&éﬁﬁﬁﬁ@mttbﬁ mqr&m%rédpw%ﬁe@te%pnfeauumdﬂ a(!l‘idacr yl at e,
benzyl acryl atejy; r@\mgn aget hacr yI ate, 20 styr ene 4- tert but yl styrene,

al pha- net hyl sty 5-di rreth | styr.ene, 38 - V||n ht hal ene. In the
fifth aspect, pr8 {“?'FR}Bﬂ %{PE‘Q ‘6’? \ﬂ”(ﬁ’e%cr?ﬁa Sto produce a
polymeric i ganSprmhreﬂnesm)tame monmmtﬁemlctlma botbre nottllmited tbescri bed

d of
Por mut 151 1 relfiEilaf, BRERERG! AUERERNISel teliab SR %2 BRELTEOVNC, D
presence ofy&oxyd- memdpheﬂmnr@mm e prenogeongteaali 32- @S(%h@m}(y@ul t ant
pol yreri c ﬁ{e@ﬁweﬁ@ﬁ U;;?opé;@éﬂtﬁ\ﬂnﬁbe@iéﬁeeml £ 1OFAFRAB LIRS ARIPT | Si Ng

Cont a6t | holP e ARbLAte; BIIEss S AT e s bR Hioung. of  For mul a

111 and/ Ortataaicey’:laﬁe, hp&rocﬁm‘rmmmdc@faté,omenﬂyaad:hjlatehmemyh nestledicridate,

I ndi vi %‘ al g%/n-j)r?e,W%rr%?ﬂsty%e?lah)q‘!ai-methylstyrene, 2,5-dimethylstyrene, and 2-
vinylnaphthalene.

In the fifth aspect, the present invention also provides a method to
produce a polymeric ligand, which may or may not be identical to that
described previously, wherein a composition comprising at least one

25 compound of Formula il and/or at least one compound of Formula IV is
heated in the presence of an initiator, followed by phosphonylation of the
resultant polymeric precursor to produce a polymeric composition comprising
trivalent phosphorus atoms.

The polymeric precursor may be formed by contacting a composition

30 comprising at least one compound of Formula Ill and/or at least one
compound of Formula IV, wherein each R' individually is hydrogen, an alkali
metal, an alkaline earth metal or a hydroxyl-protective group selected from
alkyl, alkoxyalky! (e.g., CH30CH,-), carbonylalkyl (e.g., CH3-C(O)-), and a
crown ether formed by linking both R’ groups together, with an initiator,

35 preferably a free radical initiator, and heating the resulting mixture to a
preselected temperature for a preselected time sufficient to permit reaction,
and phosphonylating the resulting polymer.
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nmetal, an al kaline earth nmetal or a hydroxyl-protective group selected from
al kyl, al koxyal kyl (e.g., CH3OCH2-), carbonylalkyl (e.g., CH3-C(O-), and a
crown et hwo oBoussezl by |inking both R groups together, w tPlaTarso2/si3né at or,
35 preferably a free radical initiator, and heating the resulting m xture
to a preselected tenperature for a presel ected tinme sufficient to permt
reacti on, and ﬁheéphnﬁplhesphm\yta’ﬁl@nr meansithat Qﬁﬂfyhﬁdrogen@rwteeﬂrmSSSZ

PCT/ US02/ 36%1@’@“3? H);ar |§ ot hy R |s g@ox cRgen or

protecting r Oups_.or pro e ¥‘ groups of the
b|p

respectiveZ, dﬂ"Y-dd‘PWdrbemaﬂh ale@PrPJ "t ex )5|r enyene
2,2 dIByd%ﬂwthrésﬂsrebla@@ewvtreaenfansﬁdnmbubepm@srewp&seﬂalé (#ftéh a

o1 oups by AFRPRARES ploteRNd wiebps Bk e kel e Befidc ca

Y@ beted with a
di aryl oxyc grwpsmesplaolreldt\mti( é)ldPAw[bxycl)lﬁpqprmspdoantqK@lﬂ(fﬁdﬁpmgmhl ne

Cl P(Ar) 2 A

i xt ur et HifgfiOrSindepRind CAPERNS BP0 SRESRLR/CHHBORINRIE ™ D)1 % 1

the elim né@IPcﬁAr)(rO-AyHr@rgmrxtunﬂsdhew@f drroguciag# NROSPRNOrus-to-p8YgeRt i vel y, the

hydroxyh gcAERica pEhb \Aﬂﬁ{‘thléeelﬁ'ﬂﬁé‘ﬁéﬂé jeagémmo%% dré%qun%!@hﬁ" n Mis an
)

al kali netal or alkaline earth netal
di aryl oxycMtsratiNeyp mhy@roxy @Puﬁfhg cany %PSPW’E‘P\‘F 8?6'596@6& M)

(c tP( Ar) 2)1wh@‘re|ﬁfM ¥ gh agfarl il et b alkam®eahh métal. (Gé%(tvﬁu@h( w@ﬂlw/éL ), g ort "t
m xt ur es e uc en chem cal bond wi e
elimnatio @ICA’%D@HPBE?WEQ @E?’g:{] RQLéJAS ﬁ]gé) Moy)f%ﬁorgﬁ%gaﬁh'\?gl ent. Conpounds
of For mul a$CIR( Ar)a)ndr Z)] amlrﬂralaxyaigjomdhplsphlndegﬁﬂ%(m)( Qo) ar mixigres doubl e
bond

vmotnh) e??nl i’rﬁeegén eBEQeQ&(ﬁtﬁ%ﬁéb@% %ncc‘N "ﬁé@. ons. %h?é la| ca%?g\égt : \c/)ﬁ
condi t i ons of Bet @l@é’l@"&éj@ﬂ?ﬁﬁbb@ﬂé Mb@rc@n QGH'VﬁWn@ gani c React i ons, 1982, 27,
348; Acc. Chem ound3%5t, Fo?rﬁmula% |I1edl Rﬂé@nt&lrﬁﬁ{?bth i€ froupk978, 50, 691.

ST | R
psi) at 75h@lideaderigatiieonith btﬂytba!me adér tyfcal' Hetk-Bd( g Sarie(itiorisol y1 ) 3~
: 115(7 : Wplgé?r:e%'é%ogéonditions for Heck-coupling are described in Organic
Reactions, 1982, 27, 348; Acc. Chem. Res., 1995, 28, 2; and Pure & Appl.
Chem., 1978, 50, 691. For example, 6,6'-dibromo-2,2'-dihydroxy-1,1'-
binaphthyl is reacted with Pd(OAc), (5 mol%), P(o-tolyl)s (15 mol%) under
pressure of ethylene (200 psi) at 75° C, as is shown below.

4
OO d(OAc 2/P(o-to|yl)3 OO OH
CO o CH=CH, O o

Br N\

Examples of compounds of Formulas 1l and IV useful as starting
monomer include, but are not limited to, those shown below:

25
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Br Exanpl es of conpounds of Formulas I1l and IV useful as starting nononer
I nclude, but are not limted to, those shown below -19 WO 03/045552
PCT/ US02/ 803044556t HH HHH OOOOO \'\ " H HL HH O eciudans@® O O H
HHH10'0\ / \' \ hJ HhOH 110 OIHHH OH Br Br Br Br Preferred

conpounds are those of Formula I, whereln a=2,b=0 R 5is primary
or secondary al kyl | ocaded ortho / en beded ¢ ,  Whereiny
> 1, and wherein at |ga e R y or \ al kyl group and

is |ocated at the ort :
group, or a conpound = 2, , Ris primary or
secondary al kyl | oc3 Nt o the oxygen bonded to Ar, wherein 10 x >_1
and wherein at least one R' is primary or secondary al kyI group and is

| ocated at the ortho po.$|t|q).ns of the oxygen bo S 1 he bi phenyl ene
group. Simlar to asp r % [ 4 conposition
conprising at |east A Zt | east one nononer
15 of Fornmula |V can.he=Car}Ked ow/Tsi yg Jgnovvnhfor pol ymeri zation
of ethylenic nmonomers descri bed in the prior ary. The pgtynerization of

et hyl eni c nononmers can be initiated with a free radical, carbanion, or
carboniumion. The pref e*r‘(g edtiniti at'b{ b8 a free radi cal initiator,
specifically 2,2'-azob) | sobyt yro ril)ex (Al BN) or

2,2' -azobi s( 2- rrethyl u. ) i OR 20 exanple, the m xture could be
heat ed in the presence @ e @ a| nitiator at atnospheric pressure
and a tenperature of 20c°to I50C &#o—1 to 100 hours to produce a polyneric
conposition. The pol yn‘%ré.zatlomon@y be carried out in the presence of

conmononers, whi ch can—Pelsel egrg ® qrbonmer *Pﬁ gsent ed by
RaSs
a Br

Preferred compounds are those of Formula Ill, whereina=2,b =0, R
5 is primary or secondary alkyl located ortho to the oxygen bonded to Ar,
wherein y >1, and wherein at least one R" is primary or secondary alkyl
group and is located at the ortho position of the oxygen bonded to the
binaphthalene group, or a compound of Formula IVwhereina=2,b=0,R is
primary or secondary alkyl located ortho to the oxygen bonded to Ar, wherein
10 x >1 and wherein at least one R" is primary or secondary alkyl group and is

located at the ortho positions of the oxygen bonded to the biphenylene
group.

Similar to aspect three, the polymerization of a composition

t he bi napht hal ene

comprising at least one monomer of Formula 11l and/or at least one monomer
15 of Formula IV can be carried out using known methods for polymerization of
ethylenic monomers described in the prior art. The polymerization of
ethylenic monomers can be initiated with a free radical, carbanion, or
carbonium ion. The preferred initiator is a free radical initiator, specifically
2,2'-azobisisobutyronitrile (AIBN) or 2,2'-azobis(2-methylpropanenitrile). For
20 example, the mixture could be heated in the presence of a free radical
initiator at atmospheric pressure and a temperature of 20°C to 150°C for 1 to
100 hours to produce a polymeric composition.
The polymerization may be carried out in the presence of
comonomers, which can be selected from the monomers represented by
25 Formulas | and Il, as well as other monomers containing vinyl and acrylate
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25 Formulas | and Il, as well as other nononmers containing vinyl and
acrylate -20 WD 03/ 045552 PCT/ US02/ 37304 groups. Sone representative
conononmerwoiokisde, but are not limted to: nethyl acryl aceusb/sphenol A
di nret hacryl ate, the diacrylate of 2,2-bis(4-

hydr oxy- 3- met hyl phenyl ) propane, the nonoacryl ate of 2, 2-bi s(4-hydroxy-3 5
met hyl phengrjypsoplome rdpraseytdivezzmongngrsdnelude, llutlanemotéirrhwlddbpr opane

trimethacr Aahsn B 1By | Bl né?ﬂldﬂeﬂ?éd?)}'lg%c rtm% Bl @E@fﬁsﬂd&m t 0'

tetraacryl ate mﬁ(} lacrylate acr ate nmet h
net hacr yl atwd roocy ?u hylehenyl) pr@n@n@,tthamnceafrrxla%p R.4=BistArhxdroxy- -| L,

and 'VSan%etﬁﬂPhBﬁ{I?dfegif'd]ﬁﬁylb%niené“él}'r@h@xmh,1"—tr1me’£H yapRioapkene” and

"2,2' -di hydr ox t onl di ol "structure, but
al so the c&iPe ﬁ\d"i“ﬁ’g V%‘S' ?‘8@@’8 gg‘?cﬂe"@%/?r@@}rﬁﬁ)'es wherein the

hydrogen oftetrdecriiath, wu}oqmmduesryuaepbemyl lagrylatp| andehdtitylvar i ous or ganic
radi cal s as ﬁﬂﬁ? %I y known in the art. Therefore, the polymerization

and/ or copg@ %ion of the vi nyl 15 or acryl ate-substituted

2, 2" -di hydr oxyl Ab, usedtietejsh thebtmetuces @sel indrorpudas i, Ii1, and B, gindny| ene (or
m xturgg t 10 okl I k3 be di oI or
the. pr o ect ey Sesfas 2. 2RISR AL RptRRCIBhPand 2 aRviReb B g

protecting bwfmwr@r é’eBQWQfémlb eawl playHU e (DUt alse tbﬁé}%neiseowﬂgoxw

groups pri @b-defled ré(t@@fe'dzcﬂbl amcaasést\b@éremmfe%@% er @frmeeﬁwbk r to 20
phosphonyl ati on. Suitable rote in grou ps m&fgpaﬁet her s, esters,

and crown Qf%b':’te@i%’é?m}ﬂlr I@E? g VGrBUp TR 135 GENSTATY 'HYQVH?)se
skilled i nm tre antt Théreforet, ¢d polynteridatiay andiorebpelynirizatignrof dive viogks ar e

i table . ' ;
Furt net S pr &0 PaDIG-TESREEE 2.2 i UrSHA biggfhoent ¥ ZECHRMI OT 00 g
conposi tiod, b;blmwef@ @r npmtmmﬁrerem oeandiin @”ﬂ@lﬁtealml peyfarmedeeiierone

acryl ate Or.n fHPéJmsI o@ﬂa@ réicetél QidPforh mhf'e ﬁfcﬁé&@&%r% ofiPofthITabfl‘ltl Qhd
preferably a free radical initiator I ni ng

uce
phosphor oc Y oProlRatieg HAuPs are H@V'qeé%\‘é'ﬂ |an ”taﬁhé‘ BIWIPBPXOW FYF?@X onposi tion
conpri si ng gadupsepridr tcmlm@mm and ﬂ_'\@hmtb%réblk rémdived padriter mul a 1V

brot ecota. Phpsphyiaer vtk Brofe@ingbralips ol Bkl bR Me: PRertne.
conpound ofanBarawhathers. Dtieoprdtecting group's aistgenenallypknogwe to thoseai ni ng
FQOZ phor oclyf fel i e alfbfhritEEhd AYRBYNHRoRtiEs WRAG r8&ctidns b &itapiROSPhor us
for this purpose.
In its seventh aspect, the present invention further provides a method
25 to produce a polymeric, phosphorus-containing composition by heating a
phosphorochloridite containing at least one acrylate or methyl acrylate group
in the presence of an initiator, preferably a free radical initiator, to produce a
polymer containing phosphorochloridite, and further reacting this polymer
with a composition comprising at least one compound of Formula 11l and/or
30 Formula IV wherein each R’ individually is H or M, with the provision that if R’
is protected, the protecting group must be removed before reacting the
compound of Formula Il and/or Formula IV with the polymer containing
phosphorochloridite.
Preferred compounds are when the trivalent phosphorus is a
35 diaryloxyphosphite unit, -P(-O-Ar),, and a compound of Formula Ill, wherein
a=2,b=0,the Ar group contains a primary or secondary alkyl located ortho
to the oxygen bonded to Ar, wherein y 21 and wherein at least one R" is
primary or secondary alkyl group and is located at the ortho position of the
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35 di aryl oxyphosphite unit, -P(-OAr)2, and a conpound of Forrmula II1,
wherein a =2, b =0, the Ar group contains a primary or secondary al kyl

| ocat ed owbhe/043562 t he oxygen bonded to Ar, wherein y > 1 aad/ushEsBdn at

| east one R' is primary or secondary al kyl group and is |ocated at the
ortho position of the -21 WD 03/045552 PCT/ US02/ 37304 oxygen bonded to
tEe bi naphbkypgembondedity th@rbiaamhammecgroﬂpﬁmramblprrdWﬁEDﬂhnlaaIV: 2, b =0,
the Ar gro t.al a RQry Y, ho to the
oxygen bonBSeD B 2 RiePoe A arSlp S RRIHE orithah or seRBRUEY o' L7, 1oy
or secondalogcatedk9rthgtathe exygeindansiesk tedArawhefeingr t hd axbukersiroatlesst t he
oxygen Hon ' ' ﬁcﬁ‘é‘r;r 1 osththeldrifiot € for use in
t he sevfgnt %ﬁg,sﬁ)ggwm%%g%@%éepa glj%gr%dagg?ggge)%egg)ve. h%edé.?] :ong t he
phosphor ocRP8HIPA$ PEtheoxveen bandeddedhe pirfienyiane 3EHP: provi des a pol yneri ¢

phosphor ochl or i hkghokphéichrstiditedot iise pothgngiveathrassattaiachéoridite with
the conposition ris t..one cqQ rmula 111 and/ or

' t | d of E
Formul a | vpﬁ%f?ﬁégrgoqsﬁaﬁ%gP?%‘?-?E’,S%HH% h HE%%R?@PH?%%%@%OQ tion. The
above pr ocpessencdad @niibiiatdrpreyides appayroérip phpsehorochloptidephor us- cont ai ni ng
i f ' j i D hat th
sl)lgﬁgﬁs(l) '? yc\é?‘?)ép%w ittﬁa%rpo%ﬁ/%ééso@?%&g&f@g @gh@@e ? é@lpro é@to bu?tur_efa It is
preferred caaprising adegstanecampeunisobfornmilg Il epefariFemmséa BSpravidasubl e as

possi bl e,  gansbighfiic, PhédpHoPhslcBhithing RohddsitRin, catal ytic activity. If the
resul ting polym.?_s re 1 nsol uble theé can bE s_ep?ra ed by filtration from
the reaction ni'Xf einfoGeases dassyba the syahesis P PRSIyl ed. If the

pol ygeri c aﬁo‘sdﬂgﬁ'né&oat?ingﬂigbﬁdié ]pf Sﬁﬂid»lhd @trduﬂurl*.ése It Baatownintthetanr e, t hey
can be,,separ filfratlton t i NSO | n en.
pr eci p1$at F}'@ﬁtﬂg‘? SB%@ 'I'gyoP{%)%b"?sl %toa%c%lym%s[ ﬂfseaéﬁg%t%%hy qﬁ%gaﬁFg‘Hth ¥ i gand has
extrenel y peateged dhatithe polyméryc ligaretsi ofithistineention héas swdoliddle aisi gand and
filtrationpgbeiblée chRgGEnP Nt tdiiify stbstdifial LIaRNE BRI, PRl et el v sol Lbl e
in the reagtlon m xture, they can De separate by precipitation with a
sol vent i nr&diling Pel¥mergarinralibis, theyeary begppasded by filikgtionsemdhet he
Pr etsﬁnt Phﬁé?emt i@ﬂ%b@&ééﬂj{ Whith th?g%’?@'ﬁjsé@_aﬁﬂttﬁéﬁ $éc%yc@j| !tpw&'\é b@l?ﬁ][e_rﬁo In the
ni n e e prese i.nvention provides a catalyst conpos on,
opti oril |y GRS ETE PRI SOUHBISARIIEE rARBPI MBI o oD SRL) DS NEPAT RSN | o
| i gand confilbstionar thd insoluble hgarid anditleen pileciptationed tive sdlubte ligamsit

with a solvent in which the ligand has extremely low solubility or by

precipitation of the soluble ligand and filtration of the reaction mixture. If the

ligands are completely soluble in the reaction mixture, they can be separated

25 Dby precipitation with a solvent in which the ligand has extremely low

solubility.

Use of the Present Phosphorus-Containing Ligands in Catalyst
Compositions

30 In the ninth aspect, the present invention provides a catalyst
composition, optionally containing a Lewis Acid, comprising at least one
monomeric ligand composition of Formulas | and/or || combined with at least
one Group VI transition metal, transition metal compound, and/or transition
metal complex, or at least one polymeric ligand composition of the present

35 invention combined with at least one Group VIl transition metal, transition
metal compound, or transition metal complex, and/or the catalyst material of
aspect three of the present invention wherein the polymerization is carried
out in the presence of at least one Group VIII transition metal, transition

-22 -



one Goup VIII transition netal, transition metal conpound, and/or
transition netal conplex, or at |east one polyneric |igand conposition of
t he presewD 03d435a¥enti on conmbined with at | east one G oup Pdriusoz/sansi ti on
metal, transition netal conmpound, or transition netal conplex, and/or the
catalyst material of aspect three of the present invention wherein the
pol ymer i zamedal campaund, eﬂtramstﬂohnnét&cprrm@nc@enérediy ampSrogm¥|1Gr oup VI I |

Lransit! Onrﬁa%%r e éﬁl%h{rﬁé’%ﬂp i 6/(%% %eé ,f%ﬁ#ﬁ%z@%é%f.wﬁmrﬂmt al or

conpound, ransi %
metal conp&Rry’ @mupb‘élllumfarst@tb@ ﬁe/emlehomﬁ @H@‘éﬁfﬁﬁb&ﬁwffhﬁe term

B enont Y FleBR oK Hafdior MTRURIGTad Philits D8TD el pekal 1e
Rat on, Fl oﬁaé‘énw (Egg: rﬁﬁg]@éﬁiylgg nerglly, a Goup VI11 netal or
?:orrpogndf t her eofGdrieraityrti GrsipW llimetd! or eestpoand th@n@@frwmnbimeawiuﬂer i@c{:

I gan (0] 1 esent i nvention t e cat t . t he ou
VT et al S GAbBRE L ongRiR: of Bulder1BEhe by e prekeRt IeaRb Rds are
preferred poovitey theocatatyst.i Amm@ttaeﬁmp Il metak ebmpoupdsimickes, caist,
pref eryed. ﬁu@%{ngﬁ’ﬂ% E{Jﬁwﬁgpﬁéékr&gnd O?&’ rh?;ldro fbAtatalldtgand that can

be di spl ace ﬁ ent 1nvention Is the nost
preferred Siske @oraspomawpmom mraﬁ%rtr%ﬂi Arzect@zyaﬁer\v|mqkeﬂr§@@poua6ﬁlwund

Zer o- val entopidiisch ngaﬁawf&anm@ 1268 "tRE plly rﬁ@f@r%ﬁrﬁﬁoﬂiﬁeﬁﬁé%rﬂ' ng to
met hods known i.n

406 217 THasan 1D HoSLESRTICT S0WEs 45 ouR N dnebon Sious VHEBIRR) at ed
rl\llez(ellﬂg by beﬁﬂroende ZeTbJ\/eBarWhm‘kerC@dpnan@s cah eéetprepareel or gmaoatgdds are

| I\

N {P(O g Cg% % %Eﬁ’gﬂk'ﬁg\ﬁ% alrf\l E"E@%q?o%g‘g%ﬁ\'gt@\%e f/"t di val ent
ni ckel corrblmnas‘i%am He3.6dh0 hicd 84 146 143,84F69RS; @ndad808,120; serve as a
source of  pfiPs q{%'t@dﬁﬁem.&bglr f?midée Trﬁ@@tmeférred%rxa%h&tw@uent ni ckel

conpounds |nclu e conpound formul'a NI Z wher e I's halide,

car boxyl at gorrmougggtayqa MER (€05 ﬂé’o‘l’@'?@dﬁ@?ﬁﬁ) l\ﬁﬁ%(&-g i ncl ude netal
borohydrlderaHmHg)a}a aﬂdJNi{FP((DldQE@HA(dH@e}Z(G}W) & kiydwn irethelart. Na, K, or H2.

gk A oy ST RS T L T
(i ncor por aredldieg agentlp seeveasac®urces ohzem-walent niakel én fruresstion. zer o- val ent
P'eglljﬂ s The G861e3dil A8 nPhROLITESBurtys iHANAE BhPBuNGR P e Firfifa NiZgnds
where Z? is halide, carboxylate, or acetylacetonate. Suitable reducing
agents include metal borohydrides, metal aluminum hydrides, metal alkyls,
25 Li, Na, K, or H,. Elemental nickel, preferably nickel powder, when combined
with a halogenated catalyst, as described in U.S. Pat. No. 3,903,120
(incorporated herein by reference) is also a suitable source of zero-valent
nickel.
The chelating arrangement of donor atoms in bidentate ligands results
30 in a strong ligand-metal interaction and thus greatly minimizes the potential
for metal leaching. It is possible to alter the spacing between the chelating
atoms, the steric environment of these atoms, and the electronic properties
of the donor atoms, offering control of ligand coordination properties, thereby
optimizing catalyst performance.
35
Hydrocyanation Using the Present Phosphorus-Containing Ligands
In the tenth aspect of the present invention, the monomers of
Formulas | and/or Il and/or the polymeric ligand compositions of the present
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30 in a strong ligand-netal interaction and thus greatly mnimzes the
potential for nmetal leaching. It is possible to alter the spacing between
t he chel awbrg/4ssons, the steric environment of these atomeT/zaz3he

el ectronic properties of the donor atons, offering control of Iigand
coordi nation properties, thereby optimzing catalyst performance. 35

Hy dr ocyanatinventiosimay baeisBdds form Paiadysit® (with Gowithoul mgewisgécidkwhlqm t he

tenth as pe?ﬁaeﬂ)e Lied FPénﬂt'ﬁEr!gdh%B%%hBH of bEﬁad@?Qﬁﬁbﬁn@% Sgﬁté p’@% and/ or

Il and/or th ymeric onposi ti 03/ 045552
PCT/ US02/ 3¢9W"53ﬁ@@ﬁta0@ﬁ9n@>ﬁh9@r@mq quﬁ%&?ttaﬁ%'%awt@ﬁ QFganict hout a

#ﬁw s Agl d)coMyda*ﬁd WY a B drseReh dyei mdéleoﬂimdm@ﬂammwa c@ﬁdmbggm c comoounds
€ proces

S tact f th t
insat ur ar e SUEICETIG PEGLERTD Ditdewr Pteln s P SBRT Eotnr aes Adataspayly 11 ui d
under condinteétahat lest bheicfthe prespnbliyarelsadesdribedeabowk camd Optndmallgfea al yst

deser | bed TEyeACiyd el e, May B85 0 a8 ikl P faERe BT, | o o
to a gas, IArtyLﬂLnld containing @beut hito 860 % HEAY candiedusssht Bune iirageut 1 to 100

% HCN ggn l&gaHlﬁéqna%PBé%j%HdrF‘?gfé?al%I? Mcmm?mg%é‘ssﬁgnﬂ @rably, the

HCN cont ai ns | ess m sulfuric¢ aci ess an 20 ppm sul fur
di oxi de, |éyﬁuﬁ'%aﬁ'dz@sﬁ6%%5@&9@%“”“'1@%‘d?h@ﬁsi'mafbg%p@ﬁb‘k}’%@gel”ess than 10

ppm car bon |8y e%h d®, ppraspokitien [ed8 thaR mogsin lcafdr moRoxidedidsesisan pen 100 ppm
per oxi des. The g&ljroc anat ion @\EPCF@ can be carried out, for exanple, by
15 chargi n§PY' @ FRddess PRMREIXGPS i th an unsat ur at ed
conmpound, cat alfhethydoopesiationprocess cl beoarried owtnfor exandpbe,roya r eact i on

m xt ur t nmponent s
to forlfn5 t hegfﬂq'%g s%gﬁke%sgaps@cﬁ'n agh rbg{:ljor r e@%ﬂﬁ%%%egﬁgbﬂﬁg’l oWy to
the mixt up@tady&t@omnqsltmend@@wﬁ@heﬁa@y Havermb @geagiigtbmigure. Hydr ogen

cyani de 20 1RaRodsh 8@AridEtaA basSnfially Gé'l'n@wférd WiEth @tr\/@:%fnﬁdhefnlfsetdf%ﬁﬁt ion. As

ggsglrltg(ragalt'!r‘f;/’eﬁ"é)tlﬂ're eég%pér r'tlugﬁre ﬁérPd tﬁﬂt ﬂ@@@%a‘?g@‘?u[ b (E)H}Igaci\leda?\erel n by
ref erence. m&fmé eftebtne othbewmaahematreﬂecmmcmdbmdt aiymog@seyamae 100 ppm
Per 20 A BB R RLb S BB bl R el e P 1
unsat ur at e@ wmpbydmh can be used as the source of HCN, as described in, for
example, U.S. Pat. No. 3,655,723, incorporated herein by reference.
Preferably, the unsaturated compound contains less than 100 ppm
peroxides.
25 Another suitable technique is to charge the vessel with the catalyst
and the solvent (if any) to be used, and feed both the unsaturated compound
and the HCN slowly to the reaction mixture.
The molar ratio of unsaturated compound to catalyst can be varied
from about 10:1 to about 100,000:1. The molar ratio of HCN to catalyst
30 generally is varied from about 10:1 to 100,000:1, preferably 100:1 to 2,500:1,
for a batch operation. In a continuous operation, such as when using a fixed
bed catalyst type of operation, a higher proportion of catalyst can be used,
such as 5:1 to 100,000:1, preferably 100:1 to 5,000:1, HCN to catalyst.
Preferably the reaction mixture is agitated, for example by stirring or
35 shaking. The reaction product can be recovered by conventional techniques
such as distillation. The reaction can be run either batchwise or
continuously.
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and the HCN slowy to the reaction m xture. The nolar ratio of unsaturated
conpound to catal yst can be varied from about 10:1 to about 100,000:1. The
nol ar ratwo i3f0433€N t 0o catal yst 30 generally is varied fromcanmor/3B0s1 to
100, 000: 1, preferably 100:1 to 2,500:1, for a batch operation. In a

conti nuous operation, such as when using a fixed bed catalyst type of
operation, a hi giherhyadropgaration cah beatatigd out aithior witrealit a soledntadhé: 1 to
100, 000: 1, r. 5 I Folr X fer y the
reaction msg[vﬁe%g '?Qé%agijc% gtbéedlﬁﬁ’f'éora Pg%a%Fﬁté@?géﬁﬁ%%dr p'% u@ha I ng. The

reaction pirsftitawards ﬂb%Uﬂ@%wv@ﬁd@oﬂlpo@ﬁﬁ@ﬁgﬁhér%taw‘% hpllitakie solygets as

distillgti %Iu&'@ﬁ}_{)ﬂr%ﬁlédd?& SRR Repénsentl kfiehe DSt CaMbRRLIOAs tHepssH nuously.
-24 WO 03/ 045552@/ Us02/ 37304 T[Jﬁ_“g}ydr 30 anation can he carried out with
iHFulge

or without S8 as tefehygrefuran cSHf PERIOPATIS: t he reaction
t enper at ur @eapdnipilesadipéniaild, o curmbinatiovy distwoher moseitheradfedieonpound and

i enor “or PSRBT ARl Bate nayhEFa ey SRR R oS s T -
nitriles, slydnoamnationcantalss be cabiesoutiinthe gasatiapeni trile, or
combi nggi ons of ﬁh%)%g {g}éﬁegatﬂﬁ@quﬁggﬁ%n\}gﬁ?'aé% edierPBRqHad to be

hydr ocyanat ed_ can erve as 5 drocyanati on can al so be
carri ed outarticularecajalysirriag used, theasticilar yrsatdiaded cempsupd peient to a

certain exygel apd thBResRad résdtlon ratit RbithhIND ebm@ekRBrbs dfffforRasictd ar
Fenper ar ur 2905 Rndig usakthe g6 ST be i8Rl of Oc to 1500
bei ng pref er r ed Atrospheriepresspressatisfactorydor sdragihg oyt the reaatiory,iargl out t he
(S0-6 18 1885cq blgesthEE oPHBFEAIAR oe I ATaRREUINCIeE 150 8 I8 KR cha o
nmore, can laee peefdrreds Higher predsurnest upitn 10808kRa oheorersandke usediihed

t her eby Wowbgir@@, tlefhyl aéfggt matyl‘fy ?é‘gb%@djﬂfééﬁ QouklhBe®RALkHONS. The

time required can be I'n t range o few seconds to many hours” 20 (such
as 2 secondRe insreasedtnst pf suehHeRaaligN®n the particul ar conditions and

met hod of oper atfihertimd hequifsipéan Bé atitheorpged aCfew $euonds tb naryondurg0 car bon
o0, B o (PAEE b B bes B 2 PR Bl e e AT BHETERE P (o o
nor e t her eafiethad of operation.
The unsaturated compound can have 2 to about 30 carbon atoms per
molecule. It can have the formula of R*CH=CH-CH=CR?®, CH=CH-(CH,),-R®,
CH3-(CHz),- CH=CH-(CH,)-R®, and combinations of two or more thereof in
25  which R* and R® are each independently H, C; to C; alkyl, or combinations
thereof; R® is H, CN, CO.R’, perfluoroalkyl having 1 to about 20 carbon
atoms; n is an integer of 0 to 12; q is an integer of 0 to 12 when R®is H,
CO.R’ or perfluoroalkyl; q is an integer of 1 to 12 wherein R®is CN; and R is
C, to Cy2 alkyl or cycloalkyl, Cg to Cy aryl, or combinations thereof.
30 The unsaturated compound can be an acyclic, aliphatic,
monoethylenically unsaturated compound or cyclic unsaturated compound,
or combinations thereof. Non-limiting examples of ethylenically unsaturated
compounds are shown in Formulas V and VII, and the corresponding
terminal nitrile compounds produced are illustrated by Formulas VI and VIlI,
35 respectively, wherein R®is the same as disclosed above.
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25 which R4 and R5 are each independently H Cl to C3 al kyl, or

conbinations thereof; R6 is H CN, CO2R7, perfluoroal kyl having 1 to about

20 car borwoaBomissz2n is an integer of 0 to 12; g is an integarusot/3Boto 12

when R6 is H CO2R7 or perfluoroalkyl; q is an integer of 1 to 12 wherein

R6 is CN, and R7 is Cl1 to C12 al kyl or cyclpal kyl, 6 to C20 aryl, or
BksteasBap

conbi nati ons thexeo 30,1 tysr at ed>@ be clic,e
al i phati c, mn?eﬁ%@qHér)ﬂ_ggl_Pg'q;ngdt%ﬂ at 60 conpound or @Clﬁ@_(ﬁﬁéWtﬁf ted
conmpound, or conbinations thereof. NonkéwisiAcidygromwenpl es of ethylenically

unsaturated conpounds are shown in Fornul afHGNand VII, and the
corresponding termnpal nityile conpounds produced are idJ ed by
Formulas VI and VII| %é%‘ﬂ!ate{s/pect ively, wherein R6 is thgloggr%ar\zi di scl osed
above. -25 WO 03/045552 PCT/ US02/ 37304 catalyst conposition CH3-(CH2)n
CH=CH- (CH2) g- R6 NC- (CH2) "+q+3- R6 L#alyst chaippsitioonot er HCN Fornpul a Vv
Formula VI cat@GiyCH-(CohpeR1 t i on CH=EH—-{CH2}-4—R6-NC- NCHEHp).2,- Lewis Acid

pronoter 5 HCN Forrmula VII1 For N ydrocyanati on reaction
» r]Qc]:c;d pr ot

yields internal as well as term na ! N1 €S- referred products are
terminaP nitriles. Starti ng conpounds Formula V 10 yield term nal
nitriles of Formula WWormwtd YB t hose of Fornula VII yiel formul@Vidi  nitriles
of Formula VIII. Suitable unsaturated conmpounds include, but are not

limted to, ethylenically unsaturated organic conpounds caontaining from 2
to about 30 carlherhysireexanation rpaetipnoricldsiintemnal astwell antermingl nifkas: ur at ed

SoTEoune: HememOLasmouintprctes, siah compolniyotromister e
conpoull’ P ISERHITE f e Myl iosP at rau TSR RIS her
sui tabl e suitslestoftfetmulavhy| eni cal |y unsaturated conmpounds are _
et oL SR EATANR K Bppy OB EPLRLAREGPIEL ot on of
per f | uor oalekiyylerigdiit unsaturated grganis comppunds containing from 2 to about 30
carbon atoms. Examples of suitable ethylenically unsaturated compounds
15 are ethylene, cyclohexene, propylene, 1-butene, 2-pentene, 2-hexene, and
combinations of two or more thereof. The unsaturated compound may also
be diethylenically unsaturated such as allene. Other suitable substituted,
ethylenically unsaturated compounds are 3-pentenenitrile, 4-pentenenitrile,
methyl 3-pentenoate, combinations of two or more thereof, and ethylenically
20 unsaturated compounds having perfluoroalkyl substituents such as, for
example, CphF2p+1, where b is an integer of up to 20. The monoethylenically
unsaturated compounds can also be conjugated to an ester group such as
methyl 2-pentenoate. Preferred unsaturated compounds are linear alkenes,
linear alkenenitriles, linear alkenoates, linear alkyl 2-alkenoates,
25 perfluoroalkyl ethylenes, and combinations of two or more thereof. Most
preferred substrates include 3- and 4-pentenenitrile, alkyl 2-, 3-, and 4-
pentenoates, and CpF2p+1CH=CH2 (where b is 1 to 12), and combinations
of two or more thereof. 3-Pentenenitrile and 4-pentenenitrile are especially
preferred olefins. Preferably, the pentenenitriles contain less than 100 ppm
30 peroxides.
When non-conjugated, acyclic, aliphatic, monoethylenically
unsaturated compounds are used, up to about 10% by weight of the
monoethylenically unsaturated compound can be present in the form of a
conjugated isomer, which itself may undergo hydrocyanation. For example,
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exanpl e, CbF2b+1, where b is an integer of up to 20. The nonoethylenically
unsat urated conpounds can al so be conjugated to an ester group such as

met hyl 2-wersemisare. Preferred unsaturated conpounds are IPCmamo2/ai3kenes,

|l i near al kenenitriles, linear alkenoates, |inear alkyl 2-al kenoates, 25
perfl uoroal kyl ethylenes, and conbinations of two or nore thereof. Mbst
preferred suiest3-peptenenitlileds uSed pasimuicheast Hiferivt weigbt theiregl may bex2-, and 4-

pent enoat e E2h+ - ( b i 12) o ecoot%tﬂ ations of
two or nor ?e{‘ﬂée?’%&i)%ﬁg@?éesgp@?e?%int [ ee‘?gngbﬁt_e%\ghﬂgl%e%sl Itnrl e are é;speci ally
preferred d#leasticabwitipfeyfamohbiene”}. havitaine spsaiurated compmingdsrnelede t han 100

ppm 305 peyaxissfute rOQiHERS) AOREREs haMarSonsbi BXiRited with groups

nonoet hyl e%a unsat ur at e(l‘l cowdﬁﬁare used, up to about™ 10% by

wei ght of t %%Qf@éﬁ‘fiflt'"éﬂp@tﬁys}’ g @F"OdHBYBnd can be present in the
form |0f a conj Uﬂé}pﬁdférmmbd;xmia?b tetnsiabf alkaye nitdiesglindardr oclyanat i on. dFor
exampl e, -26 WO 03/ 045552 PCT/.US02/ 3730 - jtri.le.l.s used, as
e e 100 TRARANSS ezt At B atesidtS e e AR SAOGNE, o ¢ he
t er m " pent andrbombihatiorissofi twoerrdedret thebeof. iMizsttpreteirredi productsarebut ene™) .

Sui tab u e ' | bt I ns, as

wnl | *ad8 ny ARoEler SN ETROURGaIERS EBE RGN, BRery B TR0 12T,

catal yst, @odcompinationsyeftwogrdupre theeeqdr ef erred products are terninal

B by o e mermomhi e chiperayeh g srenspocs o

- u 1,0Nli [ , | | . nore ereor.
Most pr ef ePP@(P%’?%ng@FV@S QPEI E@”&Q}?ﬁ)ﬂ?f ?ﬁ%@%&ﬁ‘ Ehﬁ a?ﬁ-“ﬂ&a?ﬂfﬂbleer ate, CbF2b+1
CH2CH2CN, fwbw_cﬁvi_w ofsthé datal{st, systerd. Joetproatotemnaagbetawinorgaric er t her eof . The
procesg:0 tl . e {..1 . one oOr

or o Lo s LA IcLRbURa RS ek Ine ot i shicciy Rofy? SE Ry

sel ect i vi t yitasfiumheanadiamy shrogyisme manganese oien,cgobalty chppermzingobegr@ni c or 15
or ganomTet alh hinGRTRAHIM, U ridbuhahidibdehul®l i, iRdRigmand! um

titanium vanadi umy chromu manganese, iron, cobalt, caopper, zinc, boron,
al umi num JAnthaRK, Qwrpe&m%erhiuabitama'% samarim, agddin: Frrammesi um
| ant hanum iRINEPZHBE,, Zhl,eZACUMEZnE®)! euln, CRBTRCU(MS iR ,tctcscb,gacligglles&) 15

ncLudgy 2n8fs 2L ECab fhaptl i G il B acoct ol
MCl 2,  SCSCES,, AlCH3(CHBMICT AIGGHR, )AIC3HISO-CAHOPAIQL B A KRIIACE] , Ph2AI CI,
PhAIC12,  Recl,, ZrCl,, NbCl,, VCI,, CrCl2, MoCl,, YCI,, CdCl,, LaCl,, Er(O,SCF,),,
Yb(O,CCF;) 5, SmCl, B(CHs) 5, (CeHs)sSnX, where X=CF3S0s,
CH3CsHsS0s3, or (CeHs):BCN and TaCl,. Suitable promoters are further
25 described in U.S. Pat. Nos. 3,496,217; 3,496,218; and 4,774,353, the
disclosures of which are incorporated herein by reference. These include
metal salts (such as ZnCl,, Col,, and SnCI2), and organometallic compounds
(such as R®AICI,, R®Sn0O,SCF,, and R®B, where R® is an alkyl or aryl group).
U.S. Pat. No. 4,874,884 (incorporated herein by reference) describes how
30 synergistic combinations of promoters can be chosen to increase the
catalytic activity of the catalyst system. Preferred promoters include CdCl,,
FeCl,, ZnCl,, B(C¢Hs),, and (C¢H;);Sn(CF;S0;), CH;C,H:SO,, or
(C¢Hs5);BCN. The mole ratio of promoter to Group VI transition metal
present in the reaction can be within the range of about 1:16 to about 50:1.
35 Hydrocyanation can also be carried out with a conjugated olefin. With
conjugated olefins, a Lewis acid promoter is optional. Examples of
conjugated olefins containing from about 4 to about 15, preferably 4 to 10
carbon atoms are 1,3-butadiene, cis and trans-2,4-hexadienes, cis and trans-
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ReCl 5, ZrCl4, Nbd 5, VC3, CrCl2, MO 5, YC 3, Cdd 2, Lad 3, Er(GBSCF3) 3,
Yb(2CCF3) 3, SnCl 3, B(C6H5) 3, (C6H5)3SnX, where X=CF3SO3, CH3C6H5SO3, or
( C6H5) 3BGMOoan™435FaC] 5. Suitabl e pronmoters are further 25 e#ezarsobedodi n U. S.
Pat. Nos. 3,496,217; 3,496, 218; and 4,774,353; the disclosures of which
are incorporated herein by reference. These include netal salts (such as
Znd 2, Col 2,3-pedtaSiede) andcdnmbingtiomsedf divbior ncongdberedd. Budadibnass RSAI C12,

R8SN03SCF3 ﬁ&@tafy efa\t?st]%ﬁéaécg« Bt &%Ine9§.aﬁtr>sfdor&[;%nhtheg ouchgh- No.

4,874, 884 FS cor ted rence syner gistic
conbi nat i of&adipopitdaptReeterably, the l@tﬁagx@net@nmw tassdhan20 prdibptylc activity

of the gat IBHe | a2, znd 2,
B(CGHS)% gﬁ?%hoﬁ}g%ésQ%n%’ﬁs%m%%@ HSS%Ige %fd‘%&}%')gggg\lpﬁ?he nole ratio

of prormteP ¥ sbup Vi II transition metal present in the reaction can be
within the rang&'heffolmng Ebrﬁﬁ:lé@l)@bmﬂb( ibstiate 3bmdy siritabyestariin can al so be

el o pronoreliuba TR T Bng 8 RO apdat oHBEPERI RN B A ng 71 om

about 4 toGaqbt@L(B3aH<,yl gmfperably 4 to 10 carbon atons are 1, 3- but adi ene,
cis angpytrans-2, 4- hexadhgnesy -éHsCﬁf}d trﬁsél_r_% @%QWSSZ PCT/ US02/ 37304

1, 3- pent adi enes, and conbf‘ nations o nore thereof. Butadiene is
especi al |y preferred byl .Peusaene its cormerm al inportance in the
production of adiponitrilelxPreferably, the butadixene contains |ess than

20 ppmt - butyl cat echgl ., es han 500 m vi nyl cy | ahe nd | ess
than 100 ppm ngWP'&’ég}a ¥Heaf‘al>{“6\ﬁ?9f83% IRLQdiicE ‘lf?@ $ PUH st e sone
sui t abl e sbatddiene and HCN athedeiol 3N nlenotdseﬁ-ﬁentea&ohnlenéPleRQ and R10,

rocals o peliershitleghnd aneaids Snst i iidihile THEmO TR - sent

the products obt ai ned frW\but adi et ard H/m‘@rel n 3PN denotes
3-pentenenitrile, 4PNis 4 15 pentenenitrile, and 20BBN i s

Xl Xi Xhl

The reaction of a conjugated olefin and a HCN-containing fluid can be
carried out in the same manner as that described above in relation to
monoethylenically unsaturated compounds.

20 Isomerization Using the Present Phosphorus-Containing Ligands
In the eleventh aspect of the present invention, the monomers of
Formulas | and/or Il and/or the ligand compositions of the present invention
may be used to form catalysts, which may be used for the isomerization of
branched nitriles to linear nitriles. The isomerization comprises contacting an
25 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-3-monoalkenenitriles, 3-alkenenitriles, or combinations thereof. The
isomerization can be carried out under substantially similar conditions as
30 described above in relation to hydrocyanation. Preferably, the branched
nitrile contains less than 100 ppm peroxides.
The 2-alkyl-3-monoalkenenitrile used as the starting material in the
isomerization can be made by the hydrocyanation of a diolefin as described
above, or can come from any other available sources. The olefinic double
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XI XI'l XIll The reaction of a conjugated olefin and a HCN-containing fluid
can be carried out in the same manner as that described above in relation
to nonoewbybBemissal | y unsat urated conpounds. 20 | someri zatPCarusSessmsgs t he
Present Phosphorus-Containing Ligands 1In the eleventh aspect of the
present invention, the nononers of Fornulas | and/or Il and/or the Iigand
conposi ti obendfin th&aZmIQd-énhohoaIkanemmlewye@asuﬁmﬁngonat@riaiSdattlaé ysts, which

TRy D2 s efhdfibriddiBn ARl b 2hBaRld hhEHRhld o thETybio gy D1 1Tl es.
s BhfiBaRd PR 8 hERyblp G,

The i soneriza

cat al yst dMﬁbbeﬁaam@alkuhaénommm%ﬁﬁ%e%mﬂ atspéi@trrytgfoup§8h@rd0ze t he

al kenyl 5 Ni hbt laﬁackT fh% ﬁt@@&s%%nﬁiﬂerﬁﬁbm’e? ByaHo @tduipomreaver‘aaw the aci d.
nitrjites in are not . limted to, 2-

npl f | k I
BT 5 ontiine Aoy ooy e LHER oA EEm B 6 S na PR hey eor The
| somer i zat iegoluding &y sdditibeasl substitutionr 2sMetiyh3tbetehgnitileiid an condi tions as

d ' ' ,
St te coneREnany ot drBRo il BEYANH h Husdd O fiotitcy: the branched
2- al kyl - 3- adipsaiitkilen e@ther ir¢pressetative nithte stading mgtaer@linciude 2rethyb-3-
[ sorrer:,@at 'bﬂfbr%rlnféearﬁ’ﬂaﬁirgé{yl Cﬁsu@‘u‘éhﬁﬁlléa”at ion of a diolefin as descri bed

above, or can cone er avall abl e sources., The ol efinic doubl e

-28 WD 03/ 04555W|mﬁh9§i§ﬁ®mmle iSotnethyi $rbutenantjile @MIBNaF REMEAI tri | es
used as staifl labavér)awé is@hferiz@hérh@rodlﬁ%fﬁfé 3RN At SRNNAk shewhdnj ugated to

the triple_bond, of roup. Suitable starting

2-al kyl - r'fjéﬁwgl%gﬁléﬂqgﬁi n al so carry groups that do 5 not attack the
cat al yst, for eXaepsemedpatiomeprocgss of tiioinyenfore tan del garrietheut,domr t i ng

2- al ky I Pemij fe%le udi ng
any addst [ on é%gds?{%ﬂbb%b%eﬁrﬁ: @%@Qg'&gggﬁt e{negp\‘? ﬂrgqﬁéﬁén especially

i nport ant 2087 € preferablyrin e rangsaeke0+16016 J@@cpl't%@Sl-ﬂBd%m@éC”tmﬁ',pom trile.

Qther repr gsqaval iat ¢ir HSé 560% BF bRy ﬁmc%dn@né presdutdeif desidy! Ady 10
but enenitrile and 2 utenenltri’ﬁ When t he st rt|n n|tr|Ie|s

et bl - 50p e FemientPNa Rase SR CORGTURHS fIoWPIGOadERATAY, aherzat i on
products aliretr{iﬂqul.a@ﬂhéﬁ\lor mhehmmr phasé&withl respet tatid MlétuveqpmmleThe

o o oRoRPSST T Bl TR R P el Shor!
pr ef er abl y réactohmayregef arfy dechanicallyrard pheminally resistant ma’temalcand is

usually of glass or an inert metal or alloy, such as nickel, copper, silver, gold,

platinum, stainless steel, Monel® metal alloy or Hastelloy® metal alloy.

The process can be carried out in the absence or in the presence of a

25  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), nitriles (acetonitrile, benzonitrile), or

30 combinations of two or more thereof.

The catalyst (complex of Group VIII metal, preferably nickel, and
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

35 component of the flowing system in a slurry-liquid-phase operation. It can
also be in a mobile non-flowing liquid state in a semi-vapor phase operation,
or it may be in a fixed-bed state in a conventional flowing vapor-phase
operation or flowing liquid-phase operation.
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however, and can be above or bel ow at nospheric pressure, if desired. Any
of the conventional batch or continuous flow procedures nmay be used either
i n the |iwoiodlogdsssse or in the vapor phase (with respect tecrhsorveikeatively
volatile 20 2-nethyl -3-butenenitrile reactant and |inear pentenenitrile
products). The reactor may be of any nechanically and chem cally resistant
mat eri al, and i Sheutimalrequirdd fgir 4ss ismmaerizatioa procassdb ahtaialad psactisalch as

ni ckel, CORRAL of Eb}('n\/%%lon%l fbr qxahfbﬁérrw mkygé%d?ﬁ@aﬁﬁeﬁérﬁﬁﬁe Mgs&( r) metal

al l oy or Hastell cess can be car out in the
absence or al‘fﬁftelﬁlé”@r'é%ﬁ’@@démt @Omﬁ‘esf@m%’i@t%? ofirgagdiap. i.angre@tipa@t or

di | uent 5t h%wéﬁtérﬁk%rbtdré’geﬁérdﬂ?'?QGtS?ééJQtld)rngerme tﬁdheomtaﬂbu@t aGighdre used.

hydr ocar boreT PRI A dreisAbieanion Sai Erepe TR iends L oy Fedtndy T ¢

t et r ahydr oftoihaany kbwrsd2eecghy<ta ?Inbutlﬂéhlydmreb Itlypel ndmgs@i the pamlstniers ( et hyl

acet at e, at It Il acetonitrile enzonitrile or 30

conbi nati o gﬁé*ﬂoﬁ%‘%@ m%Pgr}:ffr?@Fé&Tm{ The catal yst (conplex of Goup VIII

met al , pr ef er abITWemoleaslratlcaotiZ alkyr@rmpnoslkepemitrile 40 Cotalyatisgenerally wher eas
he 2-

t he p’e P HIANER! LSRR, intRBFAAM gﬁatfﬁlﬂ 9:4 20, 000K, KAy | ©

product S a ativel I'n a contin
procedur e, 100! tnp HOPsE, ferambaiehor ‘%Rﬂt'@éﬁﬂ%ﬁ’eﬁfat@ﬂ the flowing systemin a
slurry- I|qU|d phase operation. It can also be in a nobile non-flow ng

liquid sta n.a se vapa oper ati on, or t ay. b fi xed- bed
stgte in a QEM Y |.onFt.F|)sngBB J'e's'%mj"&"os H\,. aé%ﬁ—%'-ma-maé

| i qui d- phase opédn $he twelfth 28p¥ @ ﬁ&hé%é&tﬂ%rﬁlﬁﬁzmmenomﬂneoti e required

for th f,
for exinpi & Ot | SyBE 0B tfl ABRAT of it ELLAThve M mBl BN o on ©
dependent dpderm natadmthaémyeb@ﬂse@mhmﬁofqrwlatloapvémsatmatqﬂ 5 | owner
tenperat ur %rgsmerc%kﬂabdn%gwmﬁ? 16120 @AASEN hiofs bhew.ewsawrgfédat a_hi gher

o Tany. hoPEROINUSHEdUIS CHBRRRONSIBFBy Sote PR ARV BHOrTRIBEA | cul ar
condi tions ca@@prmuhﬁétaobr ij;avuometaﬂmnmmmrd cahbimedfwith at least one
usaal | 90; n BB oL AGE P EnBEE: BreiBhet BB A sl °1 00 1 "Fo T
5,000: 1, f dwydsofbanylation reantionawre shagematnidivm, Bpd pietounyitheinestusi ng t he
T esent oﬁh?’?ﬁmmno GLRAG TSRS VIIMmidia higbbih tRsRiftof the present
compound, such as a hydride, halide, organic acid salt, ketonate, inorganic
acid salt, oxide, carbonyl compound, amine compound, or combinations of
25 two or more thereof. Preferred Group VIII metal compounds are Iry(CO)42,
IrSQ4, RhCl3, Rh(NO3)3, Rh(OAc)s, Rh,03, Rh(acac)(CO),,
[Rh(OAC)(COD)]2, Rhg(CO)+2, Rhg(CO)16, RNH(CO)(Ph3P)s,
[Rh(OACc)(CO).]., [RhCI(COD)],, and combinations of two or more thereof
(“acac” is an acetylacetonate group; “OAc” is an acetyl group; “COD" is 1,5-
30 cyclooctadiene; and “Ph” is a phenyl group). However, it should be noted
that the Group VIl metal compounds are not necessarily limited to the above
listed compounds. Rhodium compounds suitable for hydroformylation can
be prepared or generated according to techniques well known in the art, as
described, for example, in PCT Pat. App. W09530680; U.S. Pat. No.
35 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 phosphite ligands are a preferred source of rhodium.
Examples of such preferred rhodium compounds are Rh(CO)2 (acac),
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15 Formulas | and/or 1l and/or the ligands of the present invention may be
used to formcatalysts that may be used for hydrofornyl ation of

unsat ur atwo o3ou3gani ¢ conpounds with 2 to 20 carbon atons ®@CTAR0L/B7304
unsaturated comnpound to produce correspondi ng al dehydes. The cat al yst

conprises a Goup VIII netal or Goup VIII metal conpound conbined wth at
| east one m(COQMHgCOW(D@ds@IHQ) Rre@@3,d0h4 (G¥1er Rbg(COMem VI netal s
for hydro Ik 0 I num the
nost  pr effgrpl beliﬂg Fﬁg%l n%af ughqjl%rdbrnr?aéti?ﬁ@r?gwggln?l&?he formof a

conmpound, ﬁﬁﬁﬁo s a hydride, hallde organic acid salt, ketonate, inorganic
acid sajt, OX'd¢he@ﬁWft@W§H@HﬁﬁetaammmﬁPQm@y beY varRsEirRiiagns of 25

f
|7Sor, Rnche detaTRDay Y helaesiay SR Jetinguf B BEopBonomRi fnc) ( Cob) |2
Rh4( CO 12, g%é(a@@é@nolﬁhl'&tm)f(lﬁlaﬁﬂ’)td tranﬁlﬂbhmﬁem @@@r]alﬂy caRf@ feddD) | 2, and
conbi nat | ool 11148 Bl TG4 BB faegbal> 1 BEGHAGT HhgRe! o, 0 ouP:

is a I ene,;
phenyl gr opbgospnewe\p@rmole mgtelil d be not ed that the Goup VI rret al

conpoujgls are ”%e%&@t’%@%f 'Jth% Hyd%fbﬁﬁylfaﬂoﬁ BPoGERVS anl dr?éa%ﬂ'afémpounds

Rhodi um conpounds suita drofornyl ati on can pr epared or
gener at ed QEQ%F‘HP‘P@PPH”@@@HWQ@I&G‘%WG qnd 'f‘ﬁﬁeéf?‘?'ec'é@ angescri bed, for

exanmpl e, i prdférabRal to AbBut 30 adidmtatomd. $xd?ﬁples|‘dﬁ suitable, eﬂﬁﬂe&éé[ly and J. Am
Chem Soc., 1993

Rhodi
conpounds Pﬂa@%ﬁ%arganlpggnwwﬁ%@w?c'%@%dﬂaﬂ%ég ot Bbugl o JBRE ", coont
phosphi t e terganalolefirdc Aygroshdronsdi.eq @timdend, propyiens 1-bEtemplies of such

bCT! USh 39%%"%?%@ f&%%@%@éﬁﬁ%%ﬁ%@?%@éﬁm( 00 16
Rh( O2CCH3) bexamg asesang; dieicesanecaith esaBeh Cyelgolsfinigor e
thereof . 5h§75‘:%c§FBBH§ |@f c%@ﬁékéh@rbyﬁﬁip@htédb)t B@n@aéahdﬁﬁ.nam{eﬁ}ﬂcvar i ed and
may be de ermn balacm ctj iitl\/tlt}‘i qu{esls I%norry In
general , t e r@&ﬁﬁqor}%@ Bo iSAbP R AR 2oetnyidrauibhénnser GRERCHEG Ean be
from abouhydrobatbnrmb(met cISGnY, transe?-dutdne), dis-emdadpang-2-iekeheo, @boand 20: 1
oo 2P RSB p, 0 BT ok O T GG Fyde QUARL 1 TV 1 Lon
in the rml byditosaehans (i.e., 2,3- dlmethyl -2-butene, 2-methyl-2-butene and 2-methyl-
2-pentene); terminal olefinic hydrocarbons; internal olefinic hydrocarbon
mixtures (i.e., octenes, prepared by dimerization of butenes); cyclic olefins
(i.e., cyclohexene, and cyclooctene); and combinations of two or more
25 thereof.
Examples of suitable unsaturated compounds also include those
substituted with an unsaturated hydrocarbon group, including olefinic
compounds containing an aromatic substituent such as styrene, alpha-
methylstyrene and allylbenzene.
30 The unsaturated organic compound can also be substituted with one
or more functional groups containing a heteroatom, such as oxygen, sulfur,
nitrogen or phosphorus. Examples of these heteroatom-substituted,
ethylenically unsaturated, organic compounds include vinyl methyl ether,
methyl oleate, oleyl alcohol, 3-pentenenitrile, 4-pentenenitrile, 3-pentenoic
35 acid, 4-pentenoic acid, methyl 3-pentenoate, 7-octen-1-al, acrylonitrile,
acrylic acid esters, methyl acrylate, methacrylic acid esters, methyl
methacrylate, acrolein, allyl alcohol, 3-pentenal, 4-pentenal, and
combinations of two or more thereof.
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preferably 2 to about 20 carbon atons. Exanples of suitable ethylenically
unsat urated organi ¢ conpounds include, but are not limted to, |inear

t ermi nal wOeBW#562 hydr ocarbons (i.e., ethylene, propyl enepCtTAlsav/enes 1 15
pent ene, 1-hexene, 1l-octene, 1-nonene, 1-decene, 1l-tetradecene, 1-
hexadecene, 1-octadecene, 1-eicosene and 1-dodecene); cyclic olefinic

hydr ocar bons (i .Tée, hydyoﬁomea(BnB pr@qaﬂswéhemtlonmn&ﬁadiusfeatﬁﬂm ol efinic
hydr ocar bowws.e., |sobutene and 2-nethyl -1-butene); linear internal

hydr o

olefinic carbons (i.e., cis- angatglzgr&gnﬁgg%gne cis- and

trans- 2- he e S Ms- 2- oct e cis- and trans-3-octene);
branched i )mpéf'%igHﬁy ocarbons ., 2, 3- dOHél(lC)I'IZ)gmtgthne
2- et hyl - 2- butene and 2-met hyl - 2- pentlén 0 term nal ol efinic hydr ocar bons;

intern ol efi ni@ﬂ%ﬂareg&r bon mxtures (i.e., oct enesﬁo%aga}{\?d by
S),

di meri zati on of cyclic olefins (|.e., cycl ohéxene,  and
cycl ooctene); and conbinations of two or nmore 25 thereof. Exanples of
sui tabl e unsaturated conpounds al setalysttanigosithmse substituted with an

unsat ur at ed hydrogacBquHgy, ®RIp, i ncluding ol gfini cﬁlg(?_wgzg_g%nont ai ning an

aromati c substituent such as styrepe 6pha- met h
all yl benzene. 30 The unsat urated oréanl c conmpound can al so be substituted
with one or nore functional groups containing a heteroatom such as

oxygen, sul fur 0 or phosphorus. Exanples of t
het er oat om subst'zlo?hg"éa ﬂ@gt hyl eni cal | y unsaturated, or ggﬁl C corr\{)%u ds

i ncl udéOvi nyl methyl ether, nmethyl oleate, oleyl alcohol,

3-pentenenitril & trf'e QSN@Q@l%ﬂc{risl R |§TPQWHQ'G§R185C?9PNR z@pe;@q_mjm c acid,

met hyl 3-pente oate al, acryloni'tri Ifz acrylic a sters
met hyl acr y@E‘t e, He%%npma@oa%p&w%%mre trargof 'ﬁﬁrHHEergﬂr é‘ér ol ein,
allyl al cthl andrReah etaber ol icen2l Eash R ininlle emcuemg: sv‘iecttwﬂ@rn nor e

ol ek A PR G Y s F e LR B o= o
CH3- ( CHR) POahletlo &l andfCs 1OHTo(a@A2) p, _13-R' H2 CO 5 Forrmul a Xl V For mul a
XV catalyst CO%?&&JI&Wpreferred unsaturated organic compounds are 3-

pentenenitrile, 3-pentenoic acid, 3-pentenal, allyl alcohol, and alkyl 3-

pentenoate, such as methyl 3-pentenoate, and combinations of two or more

thereof, preferably the 3-pentenenitrile, 3-pentenoic acid, 3-pentenal, allyl

20 alcohol, and alkyl 3-pentenoate, such as methyl 3-pentenoate, and
combinations of two or more thereof. Impurities that are detrimental to the
catalyst should be kept to a minimum. Preferably, the unsaturated organic
compounds contain less than 100 ppm peroxides. The linear aldehyde
compound prepared by the present process starting with one of these

25 compounds can be used advantageously in the preparation of e-caprolactam,
hexamethylenediamine, 6-aminocaproic acid, 6-aminocapronitrile or adipic
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.

30 For example, 3-pentenenitrile can be present in a mixture containing 4-
pentenenitrile. Because the 4- isomer reacts in a similar fashion as the
corresponding 3-isomer to the desired linear aldehyde, a mixture of isomers
can be used directly in the present process.
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CH=CH (CH2)r R~ _ OHC-(CH2),.+2-R1' H2/CO Fornula XVl Formula XVII 10 In
t he above equations, R' is H -CN, -CO2R12, -C(ONR12R12, -CHO -OR12, OH,
or conbi maDIodsssef two or nore thereof; p is an integer fraemi®or/ar3od2; and
r is an integer fromO to 12. Each R12 is independently selected from the
group consisting of H Cl to C20 branched or straight chain alkyl, Cl1 to 15
C20 cycl oal kyl , TanB-@énteaetitfileansgy be Paesant in mixtyres edriaining impuritiesat ed
organi c co lm - t WE el s i ' - nal ,

al Iyl al cohol, anc}qgﬁ%f;féfe gﬁﬂp}ﬁﬁmﬁé‘g 'lerﬁylgﬁ)crﬁ?éags&%t %/rfé%»&sgﬁtdgﬁsg% e, and
conbi nat i oR8 iBPULitNIS Z-Pemteaenitiier eof , preferably the 3-pentenenitrile,

3- pent enoi ¢ aci FhefryRrstoRAHatioR iprodessbfahé vention kdnaldwarridd Rabbgnoat e,

such as methﬁl 3- pent enoat €, aP.ﬂ copbi nati ons of two or re thereof.
pur § ti es 2DKARCAISKNAWD [o,ehe 3Kileq i e aIE SuEhas. frexAaPiGeNednte t o o

m ni mum Pd&ckoseldliy U. thePatnilat 47696108 tiyadisclosaoerpbwhitsh is imdorporateess t han
100 ppm pe [ . | N e r t pr esent
orocone ot BTN et ents"GRe NS ReTock ST B BE RREbtuierdly PLEooTsr )

i n the prepanditiposubiicient tapffettibeprpdudionefa desitatbaidehyde, For an nocapr oi ¢
aci d, am L LA r [ O ' | r nylon-6
and/orﬁ?]yr‘ggigﬁg’ﬂ%}?i@%ﬁ@frg?%yﬁgfrgﬁp%g%ué\ggscc@fﬂ{(ﬁg? Pﬁ%gf]atﬁ%ﬁogfso %:/an be

carried oufbouf 5t 1593G. @and MR peaferabisliam 8wy tor1 ke WhRsRiESPYied or gani c

conmpounds. maPvdry fropx atfRbsphetidsesientots MPa, préfeRblP FrRALON tor2 RIPE. Xt ur e
containing- 4 pentenenitrile. C

B t he 4. tg i iml
f ashi on as T{'ﬁgore%’rr?é%ﬁ?n%irwa’ §9l?3§1§$ré¢e E%mpﬁmé%%rpégﬁgpaézlgfbﬁl 3lahmyd2,r a
m xt ur e of mamxetespartiahpiessusesd |dert @asey also by berpresant; theopessure 32 WO

03/ 045552 . 3= itk : e in mxtures
cont ai ﬁ?ng i W?ﬁoﬁgﬁﬁ%%aj@%'cﬁ%ﬁ%%%g?gé@ﬁﬁww'hﬁ% r ofé(;FFrryl ation
reaction. Aresstanthemelargatia of Axdrageortpcarban mopexideregienerally. 5 The

hydr of or nylygiiéeh PO:9RRE1:9D, BRE préfeRibly BBtveh 69 &f 1i8floridt by any neans
known to one skilled in the art, .su t he one . di scl osed

in U S Phydragsn/molegaraem margi ‘o i3 2ipst Pie eimaanat 2 el at ed
herei n by caftmnancgoxiteaddatydrogémis ugecess can be carried out under any

20 The amount of catalyst is selected so that favorable results can be
obtained with respect to catalyst activity and process economy. In general,
the amount of transition metal in the reaction medium, which comprises an
unsaturated organic compound, a catalyst composition, and solvent (if
present), can be between 10 and 10,000 ppm and more preferably between

25 50 and 1,000 ppm, calculated as free 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
hydrocarbons (i.e., kerosene, mineral oil, or cyclohexane), ethers (i.e.,

30 diphenyl ether or tetrahydrofuran), ketones (i.e., acetone, cyclohexanone),
nitriles (i.e., acetonitrile, adiponitrile or benzonitrile), aromatics (i.e., toluene,
benzene, or xylene), esters (i.e., methyl valerate, caprolactone),
dimethylformamide, or combinations of two or more thereof.

The hydroformylation process can be run in solution or in the gas

35 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 high
enough so as to maintain all of the reactants and products in the vapor
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condition sufficient to effect the production of a desired al dehyde. For 10
exanpl e, the tenperature can be fromabout 0C to 200C, preferably from
about 50 wo 0388352 and nore preferably from85 to 110C. Thecpnssysmed nay
vary from at nospheric pressure to 5 MPa, preferably fromO0.1 to 2 MPa. The
pressure is, as a rule, equal to the conbi ned hydrogen and carbon nonoxi de
partial pr@besechut lowenoughde pravers detgriasation efhetcatalyst. pF e particulss may

vary from gﬁé‘@ﬁ%g?l‘g ekdtiiredé ﬁd% t%%d\ﬁ@e%é%‘f‘ohﬂﬁébaﬂﬂ%@%e% sy, esent. The

nmol ar rati en to ca on nonoxi d dener?egé bet en '10: 1 and

1: 10, and %Plﬁflalﬂ GPrRRPYRcEReIng Lsgdgand ﬁh%?%ﬁe alerol e car bon

nonoxi dg. eféﬁﬁWbsﬂﬁr@ﬂ@hb@ﬁahi@@tar@ ckititar aid @ar@be fromn eButonayide and
hydr ogen i cat al

t t hat bl
resul ts calEe” Topfiese anaemeeratre PablaPy dfudiis thipristips ifcese
econony. | majetan edactarits@andrproductsfin theanapari phaseet/miven datalystéact i on

medi um  whig %f?%%?&%tgp syeﬂ%gté’ﬁﬂﬁﬂ%jr rgé%g'tﬁgﬂgr&%' ?qav&dcat al yst

conposi tion, ween and 10, 000 ppm
and nore pexpesurelof %ge\@-éﬁnatsvg@ataa«\wstat@@@qumromath@lﬂlht/waagow ee netal .

The sojygenimidiye Betﬁéweéneatéaéﬁn.efcohﬂﬁmn@nbéruah maﬁoméraﬂawayég?é d,on

reaction itself, such he st artl unsat ura&;@ﬁltl ound t he al dehyde

product an@ 19 Wb ﬁf‘M’@éF@d ety @ty SE A8 MEOGEN) rﬁfggﬂe'séﬁ?’br at ed
hydr ocar borpaséed mrothWMorrwmw edmtecﬂmg the catalyghem@eéactnehher s (i.e.,

30 di phenyl t et f
cycl ohexandre Ut ar pFahy aLd HeBiiuaREPAERe ah i cBAVHEeRY
benzom t ri redqvened byicoolng.i The reactbueﬂlelent cambe érectly calym@cted foasters

.e., t ?_%H mbi nat
f two1§nr3 %h‘éﬂ hergie]?and:rﬁé’ﬁ ﬁb% orrrytfy %%%ﬂo%e %déﬁyt(ﬁl&l nI 2‘; :J?P?)n
or in the @sRAUCS HIFAAS "r\ﬁ@ér@”ﬁﬁéaﬁ‘}lﬂﬁ%bﬁwﬁmﬁﬁmﬁ Qtéta@&ﬂrfr%ﬂ out in the
a0, st T B By o b M0 e enper ature Tt e
chosen hi gﬁ‘s géﬁ[béé \&r?)‘t Saﬁﬁﬁm cA¥MNot ¢ he reac{rgnts and products in
the vapor -33 V\Bo@ﬂﬂ@ﬂ%ﬁéyﬁ@ﬂdﬁﬁbﬁrﬁé&%onpbmhydrtmﬁ@rrm)da\hmough to prevent
ot et 1 2020 ook MREAI! Htoin, HRoR K AY BhyrBiRbA] £ bchaphanat ur e

depend gxcen ni‘c conpound

bei ng used or@ﬁ:rdOtrat@rd@sldeéueﬂ@astlvaiwnr@fttbe cartaéysa dseprdingly. a1 esure i s not
parti cul arlyymegphdreak.@@Nnitr6§6n 38 préferarip aséd Calthdughaifcan be used, if

desired, at the expense of loss of a proportion of the catalyst acitivity through
oxidation. Impurities that are detrimental to the catalyst should be kept to a
25 minimum.

The following examples are presented to further illustrate specific
features and embodiments of the present invention including various
methods of preparing the polymeric substrate on which the phosphorus-
containing ligand is to be formed and methods of forming the phosphorus-

30 containing ligand compositions. The following examples are not intended to
be limiting. Similarly the specific reactions and compounds when identified
structurally by chemical formula are intended to be illustrative of the reaction
pathway for the formation of the present phosphorus-containing bidentate
ligand compositions. It should be appreciated that other species and

35 distribution of products will be present, as generally known in the art, and
that any performance data associated with such compositions was derived
using the mixture as-produced, without isolation or separation of the specific
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MPa. The pressure and tenperature conbinati on nust be chosen so as to

mai ntai n reactants and products in the vapor phase. A given catalyst is

| oaded i nwo @/onssazt or, such as a tubular reactor, taking caraw3meoi d
exposure of oxygen-sensitive catalysts to oxygen fromthe air. A gaseous 10
m xture of the desired ol efinic conmpound, carbon nonoxi de and hydrogen,

al ong wi t hcampodedsywiless bihenvisedndinates. rAlt pagsmropetions and ar gon, is then

passed thrpe geng%ﬁr?'%ct? @@E'&Iéﬁ‘éﬁ%ﬁhl@@ |ﬁ5§8at%@t alyst. The reaction

products a roomtenperature and are conveniently

recovered by cod mﬂgexamléleﬁe%r%mcﬁtafﬂsfﬁ%@rﬁefﬁﬁﬂe'wg"@hA@E‘t"r@"%fﬂfect ed to a
15 sanps i nadipinitAle2 O D 3karkR famlsyémbma@ﬁ@ﬁecmprmmmhy Al dehydi c

Dot TeldhyRrefhal a7oa He 120 b AIIFRNRS 22RLBRRR O e
:J:ioggr ?Zggrﬂ@Bylwmﬂan)enummlﬂcan}E GMDu Gantde I‘{Remgurse& IGady ey, aXIBN on,
non- oxi di zi %’dgﬁgfzt}y%e&g'g'sggé@}drﬁﬂb%(eb\lp%%ﬁ 1%rgjo re%%?% om@at ive

deact i vat i onf Tb¥ stands farttes(p<olyl)shvsphitegl y, an inert atnosphere, e.g.,
nitroggd, 1S pred ?(/é\gbﬂn ﬁ'f%dper?éﬁﬂm%rbﬁhé rébdie PhBEphbius- desired, at the

expense of |oss roportion of Eg cat al yst aC|t|V|ty t hr ough

oxi dati on. CPM?U’P'FQ |"6§"@ rampasitiopst thedelipwingdener! RFacedufes WaiBul d be kept
toa 25 rrbmﬁrwgd dhies$ etHepwisethgtsanpl es are presented to further
illustrate specéjlc featg l'fsal Zod}fap s of the present invention

I ncl udi ng vario §ep?f§{’ﬂ'88 3 ypslt X ﬁ%ci{aﬁé' ’88|f§ﬂf§f°”(§ substrate on which

t he phosphor us- MethodiAni né datglgsiosolstiaroisgereparateby addingtﬁ 6033 ggms or mi ng

t he h h | | t I exanpl es
re Pop P hBLNACHDE IRty 4989%e6 ATB26 hPRuoTb, bdbeated oxarh
conpounds WHentitydihe respgctive ph@mhcaw;'zoman@n@rﬁqbanem@ Qﬂnda are intended to

be '”Us”%hﬁﬁsﬁ’bntﬂlﬁnd edalhed d@@éltﬂwm MootrhEtéleéﬁ@tlon of the present
phosphor us-co 05|t| ul d.be

appreci ated tha 3he B%%%5W§dg'5é}8h 'b?ﬂqtﬂﬁ'”@fs%'fjdﬁl?cﬁeécwn be
present, asig€tted alithya kemwm cap isheseal as paa“mared! fatbuaagieper f or mance dat a
- pr oacelvOtRyRdoT 888 B SR EBuERER AL VRO poferdiot g,
03/ 045552 POMAdRaPWEl 80125 mbrafoliid §or Qﬂwnmeetba&:fwwe inJapentenenitride| parts,
proporti OnﬁydﬂiWanQﬁdrﬁem ages are by weight, unless otherw se indicated.
General procedure for reactions
Hydrocyanation of butadiene: If the catalyst was made according to
25 method A, 0.074 mL of the above catalyst solution nominally containing
about 0.0020 mmol Ni is added to each of 2 reaction vials fitted with septum
caps. If the catalyst was made by method B the whole catalyst sample as
specified is used. The reaction vials are cooled to -20°C and 120 pL of a
solution of HCN in valeronitrile (0.830 mmol HCN) and 280 uL of a solution
30 of butadiene (BD) in toluene (0.925 mmol BD) are added to each vial. The
vials are sealed and placed in a hot block reactor set at 80°C. Samples are
removed after 3 hours and quenched by cooling to —20°C. The reaction
mixtures are then diluted in ethyl ether and the product distribution analyzed
by GC against valeronitrile as an internal standard. The results are
35 presented as relative percent of the starting HCN that had been converted to
useful nitriles (3-pentenenitrile (3PN), and 2-methyl-3-butenenitrile (2M3BN)).
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In the exanples, 3PN stands for 3-pentenenitrile, ADN stands for 5

adi ponitrile, COD stands for 1,5-cyclooctadi ene, THE stands for

t et r ahydrwbusamssy/azo64 free radical initiator represent SP@,TmsoalzubZl s(2-
met hyl propanenitirile) fromE |[|. Du Pont de Nenours & Co., Inc.; AIBN
stands for 2,2'-azobisisobutyronitrile, DVB stands for di vi nyl benzene and
oTTP st ands for lsomel(mttoolql%nwmﬂﬂbw@nemflim(mwﬂhtlfftﬁ\Q catalyplewa®r mance

of the respegy ¥é‘co?8fﬁ§98%étﬁP gieafhmgoﬂthamvemgwgmﬁm the fol | ow ng

general procedures we unl ess ot herw se no Preparatlon of
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N es
D hoe D hor us NERE Cataed BRI & heclbd i b A0 IF. 3" EiT kol Bon, o e
di ssol ved icontaiding 2M3BM landnvalerbhittied 0B 30hmmg @M IBN)danesddyted tofthal
t d
oo ar o PaFAbeP iR THERRAE O Xt i e B Bt BERIBLERD shEgtioed] 20

(2MBBN) i sdRBrCz &dnopleaace remw after &pthfsocqcﬂgd ﬁnd@iﬂlutﬁeEnfeﬁhylmhem nut es
bef or e1(!)'5‘911h'é &o&ﬁ&tcﬁﬂﬁﬂhﬁdﬁ Iseandlyﬂafd)w @@bénﬂ@ vaféBRitdb ' ¢ pekrnal for

o 25" mot RIANGA 0 10 St Are i ES a0 he ) VE NN Fath nom nal Ty
]gotnt a:j ni ntgh abOHyo@o@%%@tlmF3%enténaﬂﬂM(3MV afcthemfgta’d ystaeas nmde\rlll a{/\; |

| ea w se e ol e
cat al yst sgﬁﬁ?@t%@o @Sgloldf’& Qithg Isgﬁ t'}'el.%%ove %%S&SES%PQE@ n§8‘é %CYOI ed to
-20C and 126ntdiniog akout000811 3Mmmbl NON addeddioeramhi afi2 teaction 8&ds fited HCN) and
2dden 15 MPSAATLAER. Ykt enias fidge By MUMEIE, o BRaCERRNED 200 o
set at socsampippespacified isugrbdl Artaf @sw@m%OEZaChulé@aﬁ\b@ @96 €ooling to

-20C. The mﬁérzmlz)@aadéa% tﬁé%ai sémp:éwalreaatdhw.ammfme@w.mhe
product distribution

%eromrll nt er nal
P o o Brasaun aps THVEES sodlad ot Sha 1260 2 Solfiolr BRN.DL o fing
HCN t hat h&8&Nyemn zemwyeml ¢ther (&égelmnmlot HON 0.9 npreal 3PN hater added. 3PN) ,

e e M NSRSl AN v oM AR apRga T 021 37301

| somerTzati on of ne ni € catal yst was
approximately 97 /o t-3-pentenenitrile (GC). The vial is sealed and set aside

for 24 hours at room temperature. The reaction mixture is diluted with ethyl
ether and the product distribution analyzed by GC using 2-ethoxyethy! ether
as an internal standard. The results are presented as the relative percent of

25 the starting pentenenitriles that have been converted to dinitrile product and
the percent yield based on HCN. The selectivity to the linear adiponitrile
(ADN) isomer is reported as percent ADN in reaction product mixture.

Hydrocyanation of 3-pentenenitrile was also performed by slowly
adding the HCN to the reaction mixture. The catalyst composition and 3-

30 pentenenitrile were heated in a thermostatically controlled oil bath. HCN was
delivered to the flask as an HCN/N; gas mixture by bubbling dry nitrogen
carrier gas through liquid HCN maintained in an ice bath at 0°C. This
provided a vapor stream that was about 35% by volume HCN. The rate of
nitrogen gas flow determined the rate of HCN delivery. Samples were

35 periodically analyzed by gas chromatography (GC).

Hydroformylation of 3-pentenenitrile: Hydroformylation experiments
were performed according to the following procedure. In a drybox, a solution
containing 3-pentenenitrile (5.0 g), Rh(CO)(acac) (2.5 mg), and 1,2-
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made according to nethod A, 0.082 nL of the above catal yst solution

nom nal | y contai ni ng about 0.0022 mol Ni is added to each of 2 reaction 5
vials fitwed3wishz septum caps. |If the catal yst was nmade byomatdoza73Bs t he
whol e catal yst sanple as specified is used. 130 pL of a cold solution
contai ning 2M3BN and val eronitrile (0.930 mmol 2MBBN) are added to the
reaction vida:lmorotﬁbazma(isteamai stawlasd, @.3d \) weepréparadhdihibbalotioneact or set

at 125C gd‘ﬂréﬁurév%sgl%l nﬁ&ﬁinﬁé@&gxnmété\g% ol N ethyl

et her. pro ution 1s ana smgvleronltrlle as
an inter naIm0|§t gqmalentmwethe@ynp@@e%péow%@ﬁt@mwndmermw@wm ratio.

Hydr ocyanatheiu®f ThdRSHcRaWAS éééléd(é’v@@kuniéd {85 paigalins b MRendIBLE

according to. nme tal yst sol ut| [
cont ai ni %g@ﬂﬂ)ﬂ{ 88’%@%3 hﬁﬁ%ﬂﬂqég Y {éﬂé “lrﬁ 338 é?toﬁ"‘faé %ag‘i’malng y
fitted 15deptdssatipédamdapsamplie dfitiee ceactionshixtare WMEnﬂyszgdsB t he

3PN (0. 006 s ImaPERarnasn BB T ghioh chrkaRlagapy ot a?p?%*%%%“%%;ctz on-vi al
with fittedapilaty calusepBimetaps, mmmdlDue%qmnémnttblckaess and 125 L of a

sol uti gg @g apd xyet hyl ether (0.396 mmol HCN, 0.99 mmol
3PN) are agg segg%ﬁ\]J %Pﬁgluegﬁel ‘for hydrocyanati on and hydrof ornyl ati on

cont ai ned approximately 97% t-3-pentenenitrile (G . The vial is seal ed and
set aside for 24 hours at roomt eBXAMPLES. The reaction m xture is
diluted with ethyl ether and the product distribution analyzed by GC using
2-et hoxyethyl ether as an internal standard. The results are presented as
the relative percent of 25 the starixampleeht enenitriles that have been

converigd Lo, di bkl 8 Brpio b BRRL ERSk KB mﬁfz HON. The

selectivity to ‘ed as percent

ADN i n rea@pntﬂmwmﬁntaﬁenlﬂaadeﬁ) nfes njtsegan aﬁnQﬁpf@r@eamﬂe mhﬂassh e was
al so perf OW%Qﬁnéﬁ@%%ar% a&@@em 180 GREMS AR 2O (MinylkEg-3-The

hermoat at FnVipheaHiBPRas GBRS BiS gﬁ%}éﬂmﬁ[ﬂ’éﬂdﬁvgbéﬁ obiol¥ang | ask as an
HCN' N2 gas anth8 miLeofoyHBU Thkimigtule wasi ¢oodee to -308Craret 1 @agrahiyrsfugh | i qui d HCN
about 385 BFOBRTEE e Mk Blrentyss aﬁ@%g%%%aie%i% BB ne ace
of HCN del wasrremasadpireterwaceurdsansethieouixturiel gpotethioyB68Ch T agthis

chromat ogr apiyré 95795 -adadex negéé b 'o?'ihé’ﬁhéﬂﬂﬁ%ﬁeﬁmréduté &t 2- Hydr of ornyl ation

experl ments were COI’ 1 N g rocedure. In a

drybox, a iﬁﬂpu@li’)éhhe’&irﬁngl h?@gar@wémeéh&lﬁmmenrw@snleo tolueder dH®(acac) (2.5

nmg), and 1pmgxture was stirred for one and one-half hours and cooled to -30°C. To the

25 mixture was added 1.157 grams of 3,3',5,5'-tetramethyl-2,2'-biphenol and 1.2
grams of triethylamine. The mixture was kept at -30°C overnight and then
filtered. Solvent was removed to give 5.978 grams of a tacky brown solid
(*'"P NMR in CDCl3: 142.21, 142.15, 135.20, 135.11, 134.74, 134.29, 132.01,
131.96, and 131.13).

30

Example 1A
Aspect 9: Preparation of catalyst: 50 mg (0.042 mmol) of the

composition comprising ethylenically unsaturated, bidentate phosphorus
ligands described in Example 1 were used to prepare catalyst according to

35 Method A. The procedures described above were used to evaluate the
hydrocyanation of butadiene, the isomerization of 2M3BN and the
hydrocyanation of 3PN.
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-36 WO 03/045552 PCT/ US02/ 37304 dichl orobenzene (internal standard, 0.27
M was prepared. This solution was added to a gl ass-lined pressure vessel
cont ai ni goappussit mately two nol ar equi val ents of the supgarusez3phosphorus
conpound per equivalent of 5 rhodium The reactor was seal ed, pressurized
to 65 psigwth a 1:1 nolar ratio of CO H2 and heated to 95C for 3 hours.
The reactor wasAspetetio:adgdrodeanatiosofibidatiiane Analgsiplsbowkdtthat 8 adifi on

m xture wa : HP- raph
With a Desléfg‘é‘%htgeg.d&@@%ﬁﬁ%ﬁ%@%@ﬁ%ﬁ@%@%@}ﬁ%%3@‘9@%“?5@'?90. 55 pm
film thi ckie2gnetnyl-gdrutenenitile ralip (PPN lilt1e. EXAVPLES Exanple 1 15
Aspect 2: PreparA%bbem&fféﬁdrmet@ﬁldm-pmehunmﬁ/éﬂeoomn@%mﬁ; Zont ai ni ng
oot o sEMOUEINIAihe R tenerands Sramag 5933 OF IestatRgnr ovy. 3
magnetic s I . . ? L L r oxy- 3-

met hy| phenpkhmpnitischadb&érd cgnesriedotb dinitle qybdedt!(64 %dyieldAthsed arf t ol uene

? P?ets h;/r}_ aM“Thﬂ{‘gg%"ﬁ\t{‘%ﬁﬁtﬁ%ﬁagaﬁ}éﬁ’@d‘§§ﬁf§%ﬁ§?&g’ﬁ3a?[ 2?5019 f t ﬁg sol vent
was renoved undéspeatlilinsamerzaliomoi-methyledbetenenitri)GC Aonalysisswithri xt ur e

nas adg@g gated iﬁﬂé‘%tag\;ip{é?ﬁal@lé?ﬁd@@rw ﬂﬁﬂfﬂl\h%m‘[ﬁéé of $3pr opy! phenol

and 1. rans of trie amne I n t ol uene. m Xt ure was
stirred for one and one-half hours and cooled to -30C. To the 25 m xture

was added 1.157 grans of 3,3',5,5 H:&im hyl -2, 2' - bi phenol and 1.2 grans
of triethylam ne. K 5 ¥

Th L Xt , K .- 30C | ght
filtered. Solve Pﬁﬁ@-‘%@é@l&?’bf’ﬁ% 3%@7('84’?,/&#’5’%?‘{53}62}}{932’&3 doﬁecﬂr/]m solid
(gipggl\/l? [ n.zalrgl r&msléﬁthéltackmlﬁrom sdlidcprdducédin ExampBA1 Was ékﬁi@tdmln 3.32.581,
131. an ) ; r . st:
(0. 042 ol 5 oliere a3 S Rofame of 21 ol BB BRCRINER ha Ty = ™
bi dent at e phdsblelorRent da Yempsirsi&sCo., a'sﬁ?@caﬁﬂlfﬁeelfamaélmtﬁdﬁtﬁh@repare

catal yst agqignich Masiteated MPEETE fohtwd i RIRREFITERor dRedddrrhaplgye were used

to evaluate the hydrocyanation of butadiene, the isonerization of 2MBBN
and t he hwpwg%wagﬁ%ged #pg the toluene solvent was removed under vacuum.

To the residue was added 30 mL of acetonitrile producing a yellow solid.

20 The acetonitrile solvent was decanted off and the residue dried under
vacuum (*'P NMR in CDCls: 141.43, 134.39, 134.30, 133.97, 133.48, 132.85,
and 131.21 and Elemental Analysis: 74.81%C; 6.99 %H; 4.31 %P).

Example 2A
25 Aspect 9: Preparation of catalyst: 50 mg (0.042 mmol) of the polymer

in Example 2 was used to prepare catalyst according to Method A.

The procedures described above were used to evaluate the
hydrocyanation of BD, the isomerization of 2M3BN and the hydrocyanation
of 3PN.

30 Aspect 10: Hydrocyanation of butadiene: Analysis showed that 86.2%
of the starting HCN had been converted to useful nitriles (3PN/2M3BN =
1.6).

Aspect 10: Hydrocyanation of 3-pentenenitrile: GC analysis using 2-

ethoxyethyl ether as an internal standard showed 33.2% of the starting
35 pentenitriles had been converted to dinitrile product (92% yield based on
HCN). The selectivity to the linear ADN isomer was 93.3%.
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-37 WD 03/045552 PCT/ US02/ 37304 Aspect 10: Hydrocyanation of butadiene:
Anal ysis showed that 87% of the starting HCN had been converted to useful
nitril es,weioBh4358- pentenenitrile to 2-nethyl-3-but eneni PCTIES02/31300

(3PN 2M3BBN) of 1.13. 5 Aspect 10: Hydrocyanation of 3-pentenenitrile: CGC
anal ysis using 2- ethoxyethyl ether as an internal standard showed 19. 4% of
the starting péspeat {1i/cemenadtitveeh2-gnathpt3-bdtareniite: (GC lanalysisduith  (54%

yield base@ﬁf@?oni{?’@l}ats.a?hﬂt ﬁéﬁ&ébﬁéﬁdﬂg&ﬁafé&ﬂ’NW?Bﬁ%bana I3 Was 93. 7%

Aspect 11: [sonerization but enenitri ysis with 10
vaI eronitrile as an internal standard showed 3PN 2MBBN ratio of 1.1.

Exanpl eg2 Aspect 3: Pol erEI’I zat | ONngEQAnfilédeBNI cal I y unsat urated ligand (1):
To 1.230 grans of tp%t ’y br o ﬁ%iroduc b s added 10
15 L of tol uenéSRAA Pf ’06'f° u ?ﬁé’é enitrile),
sold by E. Idesdmbé%blnthb?nbbrmLGG ahalysis |nUmaie(a34%zmr%r§|oae)fl35’N?aé
initiator. Lxtur.e was heat 5 Y. or one

addi ti onal nag@_re gh%t@f'ﬁﬂgm}f P@ﬁé@ggﬁﬁg’% %Féj%'ﬁt&ﬁ 'I(ij% sf?éeacgg/,t\//g% was renoved
under vacudfenmylVederonéritee d 60 eonva snale tadis3tinearity of aldehydes produgedodidci ng a
yel l owygol ied. 20 The acetonitrile sol vent was decanted off and the residue

dried under " vacuum (31P NVR in CDCl 3: 141.43, 134.39, 134.30, 133.97,
133.48, 132.85, and 131.21 and Elenental Analysis: 74.81 %C, 6.99 %1 4.31

%) . Exanple 2A 25 Aspect 9: Preparstamfpleod catal yst: 50 ng (0.042 nmol) of
th I Ex jll9) t al yst di Met hod
A “The brocedur dSPagbecaRa e dzalon PEREER b Hoarlite @) Eriy anar  on
of BD, themethpeadry/ate:do @76Qfs&Nsaidhe taa:klsnmlownmhdtﬂrammExafnkam B0 Aspect
10: oc t 6 of the

start] g rERTs R iSO ERE. oS MRlitpms SRR S afan - 1%,
Aspect 10: nljigransy ah¥ezorbbfreg radigaldnidiatary iT |Th§e m@@r@rma@begtadsatﬁ@@

et hoxyet hykqes B§§s §ﬁd ?0°C%ﬁ6ﬁ@bd§ﬁ|@ﬁ9ladé§/ SPIRAuse Sofveht Whe starting 35

pentenitriles been convert dinitril e roduct gg2(yﬁél el d based on

HCN). The g%mezf%g ynder v%pttqﬁféamir?@am Amcremtﬂ wag agdedo, T

acetonitrile solvent was decanted and the yellow solid dried under vacuum
20 (*'P NMRin CDCl3: 142.22, 135.21, 135.13, 134.78, 134.32, 133.63, 132.04,
and 131.30 and Elemental Analysis: 73.56 %C; 7.09 %H; 4.61 %P).

Example 3A
Aspect 9: Preparation of catalyst: 54 mg (0.042 mmol) of the polymer

25 in Example 3 was used to prepare catalyst according to Method A.

The procedures described above were used to evaluate the
hydrocyanation of BD, the isomerization of 2M3BN and the hydrocyanation
of 3PN.

Aspect 10: Hydrocyanation of butadiene: Analysis showed that 86.1%

30 of the starting HCN had been converted to useful nitriles (3PN/2M3BN =
2.0).

Aspect 10: Hydrocyanation of 3-pentenenitrile: GC analysis using 2-
ethoxyethyl ether as an internal standard showed 32.7% of the starting
pentenitriles had been converted to dinitrile product (90.3% yield based on

35 HCN). The selectivity to the linear ADN isomer was 93.3%.

Aspect 11: Isomerization of 2-methyl-3-butenenitrile: GC analysis with

valeronitrile as an internal standard indicated 3PN/2M3BN ratio of 15.6.
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WO 03/ 045552 PCT/ US02/ 37304 Aspect 11: |sonerization of

2-nmet hyl -3-butenenitrile: GC analysis with valeronitrile as an internal

st andar d wodBoaisezl 3PN 2MBBN rati o of 16.3. 5 Exanpl e 2B ARepasn2/iB04

Hydr of ormyl ation of 3PN using the polymeric phosphite described in Exanple
2: GC anal ysis indicated 34% conversion of 3PNto a mxture containing the
mono- al dehydes and val eronitrile; Exhmplé 3Bty to 5- fornylvaleronitrile: 16

% on a nol e basisg W, anple 3

Aospect 3: Cop oIA ?#fz%%&l&rxw&mg%‘ﬁ I cal %ﬁﬁgg?ﬁya rof‘%pos:?hcfgx 1) with

net hyl acrﬁea@rebedna @me@@@amalxsmmﬂ&é %$dmﬁ0§b¢r§ww¢fo3ﬁ Aple 1 15

nas ?gggsag@#% @6ntbﬁh4 ﬂfén@?gﬂ%lbéh Ie%[?d;{/e(l)léﬁid'ﬂlle %@létdtﬁlt toaﬁ-dhzot d t
ure was ed a

O yblstaniiic: B s Rk braRuaa)Y o EeRys hipdiapgnad oo

renoved undgr vacuum and 30 nL of acetonitrile was added. The acetonltrl |l e

sol vent was decanted and the yellow solid dried under vacuum 20 (31P NMR in

CDCl 3: 142.22, 135.21, 135.13, 134.78, 134.32, 133.63, 132.04, and 131.30
and El enental Analysis: 73.56 %C, BExznpk44.61 9%°). Exanple 3A Aspect 9:

Preparggion of ﬂ@b@bﬂ'\‘?tc?ﬁﬁ{/ﬁ@nﬁgm%ﬂgf émplek}ec%?{y%‘%am?ﬁﬁé%@anag Jr wigkxanpl e 3

was used to prepa cat accor oce

descri bed QWG”GM é”@@@’@cﬂda@/gplﬁhﬁﬁggfﬁns ﬁflﬂ]ﬁ)’@?ﬁ%&f‘?‘%’h sghid ﬁ@“ t he
i soneri zat ERBnfple 2 MERNagdst ﬂbenmbfifdwmﬂ@ﬁd 999 naifligidths ofBRPPENSOA

d t f f th
REEHRTCACN AL e KU e
Aspect 10: niiytdir@emsiadaten ab65%C foerdt emesnand 70C fmmaddqhoﬁalutayngr 178

et hoxy B4 koG NELonfet Phbyal uhBrsa i BN E o adlorifis sber ! 19

pent eni en converted e prod |e d based on
35 HCN). Thdded! dbeiagetgnitrite s@lgentwa&demedﬁmnemmmngwlym&t 11:

| someri zat y n:f\ﬁfso% WRs e iiEraRROLAT I TR séid SWalyi @Dm tsnt aggbsfsom trile
as an internal standard i1 ndicated 3PN 2M3BN rati o of 15.

03/ 045552 BEPIURi®?/ 37304
Aspect 9: Preparation of catalyst: To 0.725 g of the above yellow solid

20 was added 4 mL of toluene. The mixture was stirred for 30 minutes and
then 87 mg of Ni(COD), and an additional 4 mL of toluene were added. The
mixture was stirred for one hour before removing the solvent under reduced
pressure.

25 Example 4A
Fourteen mg of the catalyst prepared in Example 4 was used for each

screen. The procedures described above were used to evaluate the
hydrocyanation of BD, the isomerization of 2M3BN and the hydrocyanation
of 3PN.

30 Aspect 10: Hydrocyanation of butadiene: Analysis showed that 72.9%
of the starting HCN had been converted to useful nitriles (3PN/2M3BN =
7.78).

Aspect 10: Hydrocyanation of 3-Pentenenitrile: GC analysis using 2-
ethoxyethyl ether as an internal standard showed 30.3% of the starting

35 pentenitriles had been converted to dinitrile product (84% yield based on
HCN). The selectivity to the linear ADN isomer was 94.0%.
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Exanpl e 3B Aspect 12: Hydrofornylation of 3PN wth the polyneric phosphite
described in Exanple 3: GC analysis indicated 33 % conversion of 3PN to a

5 m xt ur ewomawaisat ng t he nono- al dehydes and val eronitril epcyalSewsisvity to 5
formylval eronitrile: 31 % on a nole basis; linearity of aldehydes produced:
39 % Exanple 4 10 Aspect 3: Copol ynerization of ethyl enically unsaturated
ligand (1) withAspesphénsbmariaatian ﬁéamt&yw-bvtercerw{e - Gr@mpatysis wigh t acky
brown sol i dafd8A u@é@f&ﬂ fAt n%aﬁ@é’r‘%}%éf&a{ﬂd Qﬁvahwnqaﬁ@@flg% mlligrams
of bi sphenoﬁ A J met hacry ate and 20 mlligrans of Vazo64 free radi cal
initiator. The mxture was heated at 65C for 2 days and 70C for one
additiogal day. The 15 tol uene sol vEBdm srenoved under vacuum and 30 nL

f l e dded. Th [ dth
e ni no. pol ydREct Jek ey aar e Rhe" ot el Sohu R R T M cuel |
in CDCl 3 buhbe dizpedate ofi mgfﬂ/a(mrg/drmsypaanemylpheeplapmpaoa 06 Oc@t(agrasts To

0.725 f |

i vtor S o' M BERYBroh SO RO ExadBid T RO L Tinio0r flgtENB 198"

addi ti onal gtams obthe dlaGBd%terfr?eZ-@@ﬁ:(édew 3Tme<thuhpbewdéprgpane@adf2& one
hour befor t?mrngmﬁé %9vit'@@hééméd.eaﬂﬁrt.at&dun@mwﬁmaé fealkdl 406870 € 4A

Fourt een the catal p was used for each
screen. Thdop# Sé‘léﬁéf‘@godéé‘érr %agQQBOQPQ@f&Fﬁ%EH“?%e SQEaLWES t he
hydr ocyanatre@aved uBBer Vétamrﬁ@ﬁamozmtwfrao@iorﬁmwaarwdbhe Tyer ocyanation of

of i he st afEPinhiasie T Bkfled aod hE SeIaF acieds i VbR shaan °
7.78). Aspeamndet Qacudyar Jmeawmsmellsfln@D@Iﬁbﬂheppeaﬂsliesolmﬂeanal ysis using 2-
et hoxyghhy! et holsRt AprdbaPEH ofCAZHRL o ﬁ?wgﬁg 4?@1 filofif starting 35

pentenitriles h een co Yoyl el d based on
HCN). The $xasle i was addedd mi @b ioluamsy Aﬁ@ﬁéﬁ*mﬂaé‘ogw mmuteéo%\mmsl 045552

PCT/ US02/ 3 63 COBRRRhs blidels Meadditdnan @i cHtoRiehEwak Sddanand thid | e: CC

anal ysis wth
y mixture was stirred for one hour. The solvent was removed under vacuum

and the residue vacuum dried.
20
Example 5A

Fourteen mg of the catalyst prepared in Example 5 was used for each
screen. The procedures described above were used to evaluate the
hydrocyanation of BD, the isomerization of 2M3BN and the hydrocyanation

25 of 3PN.

Aspect 10: Hydrocyanation of butadiene: Analysis showed that 80.4%
of the starting HCN had been converted to useful nitriles (3PN/2M3BN =
4.95).

Aspect 10: Hydrocyanation of 3-pentenenitrile: GC analysis using 2-

30 ethoxyethyl ether as an internal standard showed 31.3% of the starting
pentenitriles had been converted to dinitrile product (86% yield based on
HCN). The selectivity to the linear ADN isomer was 94.5%.

Aspect 11: Isomerization of 2-methyl-3-butenenitrile: GC analysis with

valeronitrile as an internal standard indicated 3PN/2M3BN ratio of 15.5.
35
Example 5B

Aspect 12: Hydroformylation of 3PN with the polymeric phosphite

described in Example 5: GC analysis indicated 26 % conversion of 3PN to a
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valeronitrile as an internal standard indicated 3PN 2M3BN ratio of 15.2. 5
Exanpl e 5 Aspect 3: Copol ynerization of ethylenically unsaturated |igand
(1) wth wolmw/odisazryl ate of 2, 2-bi s(4- hydroxy- 3- net hyl phemrgitjysoopsne: To
0.640 granms of the tacky brown solid from Exanple 1 was added 10 niL of
tol uene, 0.196 grans of the diacrylate of

2, 2- bi s( 4- myigtuoe goBtaming jiep mempt3lgebydeseanthvalgcoribileriseleadivinto &f Vazo( r)64

free radic rn‘nﬁve’il t%tnﬁ)tﬁle ?HE% "Brih Widte 3 lshﬁﬁééﬂg%tf a@%ﬁydé@&ncgj gnd 70C

for one ad tlona he to uene sol vént wa renoved er vacuum and
30 nL of ac/etonltrl I e was added. The acetonitrile solvent was decanted and
the yel4ow pol yneric solid was dried under vacuum The solid swells in
CDCI 3 but appears insoluble. 15 Aspect 9: Ereparation of catalyst: To 0.707
g of the solid from Exanple 5 vvasémﬂ—él-nt of toluene. After stirring
for 30 m nutes, Apeoy2: Plepbrdtct)fthaenizdtle dnsdturatddiligaod #6): A fidskof t ol uene

Fenoved undlh 3 Hariie st Bat8s Ehalder it b A0 ot 0BT 20T & A Four t een
my of the @hoaphsodiphipaditeiof a-aresoipd.89% gramsiafdhe mQﬂOéiamateslfr een. The
proced%GSz@b&tslfsgAlﬁgg %Q‘éﬁmétﬁ;ﬁﬁhﬁﬁﬁﬁ:rb? gaér%e de?ﬁthé‘Y@é&iBM%?at'O” of BD,

the isoneriza ation N. Aspect 10:

Hydr ocyana@cbodchiniideqvithé:2- Wﬁéﬂi)w@xxfﬁ;(}v@m wa@mé)@rq%n%fan@h@ Blarting
HCN had be@lﬂtcﬂ@éw@r tab mtmahué cﬁohﬁltbe%O(’GWd?é/B%\'ceoleé sohjtionAstpect  10:

d | 30 eth hyl

et her ae. aintivBmids (s aS My Diminat PSS s Aersudy wisht oni 111 es
had been catirrediferd? hour. ' PrINMR <pfrtndmtut(oaeﬂ/ﬁg19e|(ma@asmmowwtmmor The

sel ECt‘l$'t g%?stai‘?e{)h%eaﬁ{d @%BS%rmme%éc@méﬁQ&Cémbland B ¢ zat i on of

2-nmet h enenl as an Imnternal

standard i @ﬂﬁo&td@aompnylz%m&mtram@my&% 25bipbenphwapiadded Masect 12:

Hydr of or rwltﬁéth%nﬁﬁe %Pe&J éMde'& }U@QPOTMWIk@ré’%%QMH’e@ ovéesight kdlthen Exanpl e
> CC anal Yitered a?n SO E/gnt removed 0 give b Y8 grams ot tacky oﬁe?'qlue solid (*'P
NMR (CDCl3): 135.45, 135.17, 135.13, 135.03, 132.84, 132.76, 132.67,
20 132.56, 132.51, 132.45,132.35, 132.27, 132.07, 131.98, 127.75, and

127.70).

Example 6A
Aspect 9: Preparation of catalyst: 51 mg (0.042 mmol) of the

25 composition comprising monomeric bidentate phosphorus ligands in
Example 6 was used to prepare catalyst according to Method A.

The procedures described above were used to evaluate the
hydrocyanation of BD, the isomerization of 2M3BN and the hydrocyanation
of 3PN.

30 Aspect 10: Hydrocyanation of butadiene: Analysis showed that 88.0%
of the starting HCN had been converted to useful nitriles (3PN/2M3BN =
0.87).

Aspect 10: Hydrocyanation of 3-pentenenitrile: GC analysis using 2-
ethoxyethyl ether as an internal standard showed 21.5% of the starting

35 pentenitriles had been converted to dinitrile product (59% yield based on
HCN). The selectivity to the linear ADN isomer was 95.8%.
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WO 03/ 045552 PCT/ US02/ 37304 m xture containing the nono-al dehydes and

val eronitrile; selectivity to 5- fornylvaleronitrile: 34 % on a nole basis;
| i neari t ywofosauzbehydes produced: 45 % 5 Exanple 6 AspectPCZiusee/apas ati on
of ethylenically unsaturated ligand (6): A flask wth a magnetic stir bar
was charged with 0.248 grans of the phosphorodichlorodite of o-cresol,
0.391 grans of WAspenbhbasomesdzatiast ofidrmethyl-3-butenenitrile: GC analysis with

2, 2- bi s(4- Q?%r&ﬁhl%a?ﬁir@?ﬁée?ﬂ?lg%cﬁérgﬁﬁtﬂﬁ@a(éi'leﬁF’Nlil‘M% @@sfé%ctlon of

acryl oyl roxy- 3- net h propane) and 15 niL
of toluene). The m xture was cooled to -30C and a pre- cool ed solution of
triethyyamne (0.212 g) in 10 nL ofExgrhpR e was added. The slurry was
stirred for 2 h S t|o 162, 91 r ) W th

mi nor 15 peaks Pfé‘s§ d'g"lé'r’i’&"f%‘fiorbgf et%p{gn(ﬁag&/ Wpéayﬁ@teg%{a q (Bgaxl_%oc and
0.206 g oD.RBYreths ebihedpyky Spdguessdid-predueedirEkadpl 6 gsheddedd Yas added.
Mre trie {; e""a’?hgﬁ'n%?tg{é\gag c%hed%esﬁ"étaga%igﬁﬁ@%.h{s over ni ght

ven

and t hen and so renove tacky opaque
solid (31PV Qt:eewaghcamamatm wargzdded. 1 m(tun%wae:heal@izata% C132. 78,

132. 67 2
and 11207 éﬁglo slja;%?dtsgﬂen 7:b§§tf659|1:§%dg)ﬁlonéB%%@ZTh%S%’lu@ﬁe sé@én?ﬁn/ss(l()?()zg

mol ) of tﬁ%moz%d by ?Bﬁ Odnbaf &ch |a@d§¢déjﬁﬁaﬁ‘@t%5%horus
lTIh gands lgsolﬁXi@ﬁMaPs @edmﬁe%aﬁdtﬁ@r@’&ﬁ@dﬁe@@hdéys@cmﬁﬁa givﬁgadv\mé@t hod A f
e procedur escri oV e the hydrocyanation o
BD, the | s8R &m%ﬁqo‘fé‘ B i %o ?§9 gB‘cé?’n‘P?ﬁ n of 3PN. 30 Aspect
10: Hydrocyanation of butadi ene: Analysis showed that 88.0% of the
Stal‘tli‘g HCN had been converted t opysabid 7 |tr|tes (3PN/ 2MBBN = 0. 87).
0:

Aspect Hydr ocyanati on of 3-pe 9@/& S using 2-
et hoxyet hyl et héspgst %rPfeﬁ?éﬁ‘tWﬂIOfﬁaéﬁM%{r@m@M%In@ )of hmeolymru ng 35

penteni tri kg BRENPRED mﬁdt@%rbga@ cathlyist §c¢?5r9ﬁ‘1@0tb &R el d based on
HCN) . The sel eCLI'Ih\éI ;;[rgcegureseels(l;rrbecf a@‘ove W%Penﬁgeg\?o evgiuate thé42
hydrocyanation of BD, the isomerization of 2M3BN and the hydrocyanation
20 of 3PN.
Aspect 10: Hydrocyanation of butadiene: Analysis showed that 86.1%
of the starting HCN had been converted to useful nitriles (3PN/2M3BN =
0.76).
Aspect 10: Hydrocyanation of 3-pentenenitrile: GC analysis using 2-
25 ethoxyethyl ether as an internal standard showed 32.6% of the starting
pentenitriles had been converted to dinitrile product (90% yield based on
HCN). The selectivity to the linear ADN isomer was 89.0%.
Aspect 11: Isomerization of 2-methyl-3-butenenitrile: GC analysis with
valeronitrile as an internal standard indicated 3PN/2M3BN ratio of 16.5.
30

Example 7B
Aspect 12: Hydroformylation of 3-pentenenitrile with the polymeric

phosphite described in Example 7: GC analysis indicated 41 % conversion of

35 3PN to a mixture containing the mono-aldehydes and valeronitrile; selectivity
to 5-formylvaleronitrile: 54 % on a mole basis; linearity of aldehydes
produced: 71 %.
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WO 03/ 045552 PCT/ US02/ 37304 Aspect 11: |sonerization of

2-nmet hyl -3-butenenitrile: GC analysis with valeronitrile as an internal

st andard wodiBmaisezl 3PN 2MBBN ratio of 2.05. 5 Exanple 7 A®oaatsod37304

Pol ynmeri zation of ethylenically unsaturated ligand (6): To 0.700 grans of
the tacky opaque solid produced in Exanple 6 was added 10 nlL of tol uene.
The mixture was cool ed to -30C and EX@mple 8grans of Vazo(r)64 free radical

initiator were gdeds o PR AAIN & etfiplehRal PSSRy daha ) UnddRys and

t hen 70C for on ﬁ'd | uene sol ved in vacuum
and 30 niL &ftrages enlQd mldlagkgvi G@S”GW§t'%Q%&%ﬂ$ ehanged with 11880n was

decant eg a@%mg@fge;bgg@hgamg LA X‘ rb@arﬂé \@6@4§’ﬂérh§of aétyicil
HuX

El enent al ~Anaj % e 7A’Aspect 9
br epar at | ofBFcEapa gLl THE. (5% Hﬁ%w)as S ET% B ool 7

\évas usgddt copreeimmetma(mL&@"lC)amtmninggl gramidsftthietthylamimbdn g 6ovle i T el

escri be V. r

soner | zat 155 14 B T PRS U Eyhag vAURREBHATRY sk gBson g

Hydr ocyanain 66 nolf oblitH&di Enthis Nnmym%a@meéqmmfmhmspbomﬁe starting
HCN hagly be%rﬁ@ﬁ'qleerﬁ'ﬁéi nji%tute® Wa%lcomécﬂo' %@%%H?ya?g@%med Qokflibn Aspect 10:

Hydr ocyanati o enteneni t et hoxyet hyl
et her as afoniRiRipgG &. Qf%ﬂdﬁfréﬁtBWBWéQ? 5‘21%%%?” 1iHE V‘é‘i%?‘i’q’% Afl@htenitriles

hald bteen f@ﬂ#ﬁfgtfﬁﬁslé@er@l 8ayd, 0. @Q@Qmmbfggﬂ%wd[ﬁbg It@SB@GD@ItraH@tD\ yl- TPe f
sel ecti vi e |inear sonmerization o
2- net hyl - o[I qseadc@'\l%{ﬂgg y,”vetﬁg\'\%qrﬂms\;gotlaéfml%{mp@eTQg ra:%?q fit er nal
standard i m:hscxettrmdi foPfdrivBiBiitesitfiltered add the sGefkaapiremdBed\apdet 12:

dr of t t
oscri foa VbS8 v 8RTERIs did et Sold B P AINRRELOIIPISERE, 1 © 0 oo 1o
a mxture d8Ats, ﬁBﬁg1& H§4rﬁ9fad3él7deﬁ)336731 éﬁd h 18P, 1127194, agd| ectivity to

5-fornyl vaheygytrile: 54 %on a nole basis; linearity of aldehydes
produced: 71 % "-43 WO 03/ 045552 PCT/ US02/ 37304

Example 8A
20 Aspect 9: Preparation of catalyst: 68 mg (0.042 mmol) of the

composition comprising monomeric bidentate phosphorus ligands in
Example 8 was used to prepare catalyst according to Method A. The
procedures described above were used to evaluate the hydrocyanation of
BD, the isomerization of 2M3BN and the hydrocyanation of 3PN.

25 Aspect 10: Hydrocyanation of butadiene: Analysis showed that 84.8%
of the starting HCN had been converted to useful nitriles (3PN/2M3BN =
0.51).

Aspect 10: Hydrocyanation of 3-pentenenitrile: GC analysis using 2-
ethoxyethyl ether as an internal standard showed 31.0% of the starting

30 pentenitriles had been converted to dinitrile product (86% yield based on
HCN). The selectivity to the linear ADN isomer was 92.8%.

Aspect 11: Isomerization of 2-methyl-3-butenenitrile: GC analysis with
valeronitrile as an internal standard indicated 3PN/2M3BN ratio of 2.0.

35 Example 9
Aspect 3: Polymerization of ethylenically unsaturated ligand (8): To

0.700 grams of the monomeric yellow solid from Example 8 was added 1 mL
of toluene and 20 milligrams of Vazo®64 free radical initiator, and 0.2 mL of
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Exanpl e 8 Aspect 2: Preparation of ethylenically unsaturated |igand (8):
Under nitrogen, a 100 nL flask with magnetic stir bar was charged with

1. 880 5 gwearns/oadss2, 2- bi s(4- hydr oxy- 3- et hyl phenyl ) pr opane pCan&dz330ens of
acryloyl chloride, and 40 nL of THF. The m xture was cooled to -30C and a
pre- cooled solution (at -30C) containing lgramof triethylamne in 15 nL
of THF vva§ I-tl-‘ddEhb mikte rd Was\hested ab VR fondme day uSeliventivas eemesediue

di ssol ved P,girrﬁ\pf oWerJﬁ]Ed §d?|'d§/v§§ HEIlObtdRS added 0. 503 grans of

phosphor us ture was cool ed to -30C and a pre-cool ed

sol ution cont ar‘\ﬁpﬁgt 9. %feg’ﬁéﬁﬁ%'fo t’?"i"(ﬁ’ﬁ?faé)(ﬁtn-éo phorailligrargs of tre was added.
After stipbbldpb &@’Qfl@' wé’@ﬁéde@ﬁﬂ@ oftdidn®hind 64 m|II|grams of a .
ong Wi

23 o DR t?um Rers mis LIRS was Sufed arBtRE Hurbr wad sfigeafor: os.
filtered a@chdure §be\mmturmsrﬁdmcbdvem t inls ~3880 dreezer gndehe’hfh% grans of
125710 "1 3Pk $afeRfivat Sbg o a]r%%%%?"a%%@@* LG A 20 Aspect o1

Preparation of catalyst: 68 ng (0.042 mml) of the conposition conprising

nmonone§sc bi dentate phosphorus |igppgsinidgaAExanpl e 8 was used to prepare
h'e—p'r%re’n‘ures descri bed above were used

catal yst according to Method A

to eval uate theF H?ﬁﬂwg&téﬁtaiﬁtéto@ﬁxampée PRErsoGiargachiscramBNI BRd t he
hydr ocyanabrcsubdcte@&éécr%%metwé@ usdddtoas)sRIERb ithe hglirdeyhasgticnet  Anal ysi s
showed thaggﬁﬁ 8% of the stf%r gl}lbh% been c nve ﬁsglfto usef ul
nitriles ( 23408 Yy ficn of

3-pentenenitril é\spéﬁ wra‘-H)yctrosyaxmmg dfbutndlerxqe%rlla)ysmtshewedsthmﬁ 0%er nal

st anda 04 n converted
to di njlj‘?rl p?ﬂfedstéﬂtrng; ﬁg@oﬁéﬁg%ﬁ ase &Eﬁﬁm' Léé @@%ﬁ%ﬁy to the

| i near ADNZ2i¥Dmer was 92. 8% Aspect 11 | soneri zati on of

2- et hyl - 3- but edRRbES 109+ % wﬁio?3§béﬁtenéﬁftméoectémé|@seﬁsﬁq@2 nter nal
standard in |cat§1d 3PN 2NBBN T ati o of

Pol ymer i zaft Ye&*mré’ﬁl%‘I”F";f”ﬁh%taf‘ﬁ?rgt%@"‘(‘%‘gé&@ o 8t er‘dgﬁt.’i‘g?oo grams of
t he nononepentenittilesvhabbeeh t:olwer@damsmumtrae\m@queﬂ"/olynmld basedtar uene and 20

m 11T gpamms | ot Varol £ 8Tty AE th8Fh&R! ADN EbAle? was?d4iof, 2 M of - -44
Aspect 11: Isomerization of 2-methyl-3-butenenitrile: GC analysis with
valeronitrile as an internal standard indicated 3PN/2M3BN ratio of 15.8.

Example 10
25 Aspect 3: Copolymerization of ethylenically unsaturated ligand (8) with

methyl acrylate: To 0.600 grams of the yellow solid from Example 8 was
added 1 mL of toluene, 0.032 grams of methyl acrylate, 20 milligrams of
Vazo®64 free radical initiator, and 0.2 mL of THF. The mixture was heated at
70°C for one day. The toluene solvent was removed and the yellow solid

30 was collected.

Aspect 9: Preparation of nickel catalyst: To 550 milligrams of the

above solid was added 3 mL of toluene and the mixture was stirred for 30
minutes. To this mixture was added 59 milligrams of Ni(COD),. The
resulting red slurry was stirred for 45 minutes, the toluene solvent was

35 removed under vacuum, and the remaining solid was vacuum dried.
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WD 03/ 045552 PCT/ US02/ 37304 THF. The m xture was heated at 70C for one
day. Solvent was renoved and the yellow polynerized solid was col | ected.
Aspect 9:wBrogpassati on of nickel catalyst: To 565 m || igrameTafSor/mso4 5 above
polyneric solid was added 2 nL of toluene and 64 milligrans of N (COD)2.
Another 1 nL of toluene was added and the slurry was stirred for 2 hours.
The mixture was stored overnight iExamplotOAreezer and then the toluene

sol vent vas decqsath ARRE calidl AR EsBe 90 wdubei chAckidd eon

of catalyst fro 9 was used r eacgh screen. procedur es

descri bed JMOW@%%CE'BG‘@@HPM%W@@ Hée‘gﬁlfe?ﬂ% QF?amededPCqu@t'Of‘he
:_;3”9“ gat {@Bmft?égééﬁ%rﬁ%ﬁohftﬁmmca{mme I?'drcé éi%‘ﬂon"}ifw 10: Cart
rocyanati on g ut adi ene: Anal ysi s, ,s 0 g starting
HCN had been corﬂ?@??ég&tﬁy‘?fg@ﬁﬁat nt?f 9“2%*?@%#%%%&3 wadgg?hé@r{‘éct 10:
Hydr ocyanatof tive starthgodGiNehad ibeen lcenvaedtmbgefubnitrdes 3RN/2M3BX et hyl et her
as an i ntengéd standard showed 30.9% of the starting pentenitriles had
r

been conve to dinitrile product (85% yi el d based on 20 HCN). The
selectivity to tAseert hdarydDRyaratiasrofkgenieneniirias G&canalysis Ustige? zat i on of

2- met hyh '3e*Pr\B>§@ﬁ§JI bméreas SFiremby stapddtd Showed QO‘U%E)HHé?st%Ftlr@” i nt er nal
st andard i ndi 6 rati o of ect 3:

Copol ymer i PENIHrilgs Qﬁch ?%P@ﬁY?’}e%%@f‘Wlﬁt%BEX&ggh%’ Y'dez%"st Oftret hyl

a}?W' ?te 'FCCIQ) GCIQegé@lZEﬁwqftdthe Iinelbl DN Bonteriwas9E84pl e 8f was add)eg41 mL
of tol uene, ne r

free radi cal ?%ngﬁﬁ ,g ﬁ'efflzﬁy%_g};? ¥ﬁ€ﬁb’f %"ﬁg’t‘%ﬂeﬂﬂaﬁe ?9' Iggl[ t 70C
for one dawale'rbmtrﬂelaseamlnmjhabstandam indicateslBRNE M BBNyratio ofv18 4. i d 30 was
col l ectpd. Aspect 9: Preparation of nickel catalyst: To 550 mlIligranms of

the above solid was added 3 nL of toluene and the mi xture was stirred for
30 ninutes. To this mxture was a&Xamme 14 | |igrans of N (COD)2. The

resul t idng red slagpe¥t 3860 f I?]/hfe‘?ﬂaf/@'i oﬂéthmdmawy urisbwrbtélo«vgmdig) witht was 35
emoved under el and e T B0 R o el S ot 4% WO
Example 8 was added 1 mL of toluene, 0.134 grams of bisphenol A
20 dimethacrylate, 20 milligrams of Vazo®64 free radical initiator, and 0.2 mL of
THF. The mixture was heated at 70°C for one day. The THF solvent was
removed and the yellow solid was collected.
Aspect 9: Preparation of nickel catalyst: To 675 milligrams of the
above solid was added 3 mL of toluene and the mixture was stirred for 30
25 minutes. To this mixture was added 62 milligrams of Ni(COD),. The red
slurry was stirred for 30 minutes, the toluene solvent was removed under
vacuum, and the solid was vacuum dried.

Example 11A
30 Eighteen mg of the catalyst from Example 11 was used for each
screen. The procedures described above were used to evaluate the
hydrocyanation of BD, the isomerization of 2M3BN, and the hydrocyanation
of 3PN.
Aspect 10: Hydrocyanation of butadiene: Analysis showed that 75.3%
35 of the starting HCN had been converted to useful nitriles (3PN/2M3BN =
3.04).
Aspect 10: Hydrocyanation of 3-pentenenitrile: GC analysis using 2-
ethoxyethyl ether as an internal standard showed 30.3% of the starting
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Fifteen ng of the catal yst from Exanple 10 was used for each screen. The
procedures descri bed above were used to eval uate the hydrocyanation 5 of
BD, the iwomanixsari on of 2M3BN, and the hydrocyanati on of PEBRPNISoASPect 10:
Hydr ocyanati on of butadi ene: Analysis showed that 70.6% of the starting
HCN had been converted to useful nitriles (3PN 2M3BN = 2.58). Aspect 10:
Hy dr ocyanaipeatenitfile- ehbeere nonvertast toctindielpreduct (8# gyield baseet dsroxyet hyl

et her as arp_ld;rqite@gge@gm] Pérp,%@pA@@] Eg@ﬁ?rv@aﬁegfﬁé%t' ng penteni t r| | es

had been conve 5% yil el d _based on HCN).
selectivity to #ASeert hbdsommzatmeé 2+fpathysS-Hytencofsie: quanﬁb’éﬁé’f“ﬂkat i on of

2- et hys - 3vBidremaé bsianShtdrvaleitahdsidsintichied IRNEMBBNITRtiE of 3580 | nt er nal
standard i ndi cated 3PN 2M3BN rati o of 15.2. 15 Exanple 11 Aspect 3:

Copol yneri zation of ethylenically unsaturated ligand (8) with bisphenol A
di net hacryl ate: To 0.600 grans of Bxaempkl 118y solid from Exanpl e 8 was added

1 nm of tol

i o of vAsBprO Ty Sbefin SRPRaRe RlBLIARS oy Bickele 1

m xt ure wa§at&tmteel reactipoanpéurecafd. G@K/grameomﬂ_e akovepatalyst 0.02froved and t he

yel | o %{9%'&%@1& s%EQﬂgouaené’%ﬁg% ﬂ'&@m .ﬁlb(‘d&s‘éembewst To
am; of the a d

675 m ve sol i of toluene and

l 9 I
m xt ure wadvastplaceding p0%p oil pathand N S?BJr?Fﬁdsn'FfPQ?UrV@S/\%%"V&ERj%Gt %2
tm : ligr arrslnﬂfod&n(ﬁaap)a&e of 2 cfcﬁﬁlrﬁmlﬁé)’eMnSN%é ltﬁﬁéie‘dca"t 5§)©Crfbﬂmmar tge N
ol uene solyv an sol i vacuum dri e
Eoamle 11ANganen ar 7BETRarcsh s KAGHAR N SidsiadiSotct (T2 EERUAT {0y
each screand th@ecgotiooedas am aed( fordnadndtsonat ©0 mpeted. o Téveal uat e t he

hyd ti
of 5o S e s fPe i e e ACREISLAT Wi Sha B ToaeR i wad CoK RIS 2" 5y,
35 of the @ngthar9§ fﬂmtdeQe@'ﬁﬁlt%ﬁmlt?@Qdt6c§3‘ye|§@ﬂ¥ﬂ?l'smft<Pf3-es (3PN 2MBBN =

3.04) . AspegehteHenithtedbofigiewithrarPADK BeBERABfiggoLe: GC anal ysis using 2-
et hoxyet hyl ether as an internal standard showed 30.3% of the starting -46

Example 12
20 Aspect 2: Preparation of ethylenically unsaturated ligand (12): Under

nitrogen, a 100 mL flask with magnetic stir bar was charged with 0.931
grams of the monoacrylate of 2,2-bis(4-hydroxy-3-methylphenyl)propane
(prepared from the reaction of acryloyl chloride with 2,2-bis(4-hydroxy-3-
methylphenyl)propane), 0.627 grams of the phosphorodichloridite of o-cresol,
25 and 40 mL of toluene. The mixture was cooled to -30°C and a precooled
solution (at -30°C) containing 0.4 grams of triethylamine in 15 mL of toluene
was added. After stirring for 2 hours, 3'P NMR in CDCl; indicated a peak at
162.8 ppm. The mixture was cooled to -30°C and 0.448 grams of
3,3',4,4',5,5-hexamethyl-2,2'-biphenol and 0.65 grams of triethylamine in 2
30 mL of THF were added. After stirring overnight, the mixture was filtered and
the THF removed under vacuum to give a yellow solid. The solid was
dissolved in 10 mL of toluene and 0.8 grams of triethylamine was added in 5
mL of THF. The mixture was stirred overnight and filtered. The solvent was
removed. *'P NMR indicated some phosphorodichloridite still present. The
35 residue was dissolved in THF and 0.75 grams of triethylamine were added.
After stirring overnight, the mixture was filtered through silica gel, and the
solvent was removed under vacuum. 1.225 Grams of yellow solid were
recovered (*'P NMR in CDCls: 137.47, 137.31, 135.29, 135.21, 135.15,
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WO 03/ 045552 PCT/ US02/ 37304 pentenitriles had been converted to dinitrile
product (84% yield based on HCN). The selectivity to the |inear ADN isoner
was 91. 5%voAspesss2 11: | someri zati on of 2-net hyl - 3- but enenipCmitse2/3G0
analysis with 5 valeronitrile as an internal standard indicated 3PN 2M3BN
ratio of 15.9. Exanple 11 B Aspect 10: Sem batch 3-pentenenitrile
hydr ocyanatiB6r00y4B4@B 20116413, 184dt4dl, Sy :3 1A 1838akk, 1133.44, MBArGY,dB310&K67 gr ans of
the above é4yans of zinc chloride, 5 nL of toluene and 5
of 3PN qﬁbg%ﬁtgge% %ﬁégtlzgr was pl aced in a 50C oil bath and HCN
saturated nitrogen was delivered at a nitrogen flowrate of 24 cc/mn. The

reacti op was heated at 50C for 1 hiEm ﬁ,nﬁzAhen at 70C for 30 m nut es.

Ni trogen fl ow was dec _e sed to %6?27 ..Jép&.-. g@bgﬁé n was run at 70C
for an additi on&SP8et i 6?@53”01" aly st e |‘1°'1cr eased to 80C
ang t he (r]I eggfpp@@nmxmﬁpﬁar@ﬁ@nbmenmaeme aﬁosprrmtzetagaﬁaz; puwr?yed sADN

i ndi cate 0 CONVEr Si ent tr, nitri t.h an

sel ectivi t?sd? %@% |%Qgﬁ(¥ﬂr8 uf‘f Agép]%r% Caéalygir%%g?%ppgg '\Je?ethg‘lti r’fy| enically
unsat ur at ed | i gdhe t(rmfze)dureudescrlbed abgenywere U16€d id evalaale thet h magnetic stir
bar t

2,2-bis ?g'r%g:%%é ?ﬁél?)bﬁ%rlg e?%%%ﬁ'g"ﬂ?@?’?g‘%eg’ tﬁ reo%dr%cg aP gg%?l on of
acryl oyl cﬁ aPNde wi th 2, 2-bi s(4-hydroxy-3- nethyl phenyl ) propane), 0.627
grams of tag ebpmhw&ebydﬂamhcbftwtéaeﬁeCAﬁapé.s shewaddh408mbupbf thel uene.

St o at neisg P R e aryPdon T BRI B e PR BB e e
stirring for 2 Wepest 1GHYIDE amatioh@f3B-pentenabitdle aGRearkalpdis using. 3 ppm The
o 5 e BESSRETA e 38 St BaHandh A Ehled 26,89 of the sterting: 1 i ne i
2 30 nlL opemidmitvitaschattioesn cm\t@tedstommitnﬂg pso@uati(§hYo, yieldeasedtan e was
filtered apEnj nPnd bEICLATRMBINLIABAY KORVIBHIE Witis/@s 8oy el | ow sol i d. The

solid was dissolved In ene an grans of triethyl am ne was

added in 5 nlL 4SPeFET 1:¥sRMAIIZataeoldranatiyird Qertedt%vﬂﬁteg@ analygisiwith ed. The

sol vent wayaler@maleds ahlintcdMr dtand fratindicaesPN/EMEBN odii¢ bf 910.dite still
prese The 35 residue was dissolved in THE and 0. 75 grans of

triet am ne were added. After stirring overnight, the m xture was
filtered through silica gel, and tBheamplel 128t was renoved under vacuum

1.225 Grans of )ﬁ%@é@"fflﬂeﬁrge)‘)’géﬁon SEERYRIARE Iy sl VR Nigahe! (32). 57 - 47

137.31, 135.29,
657 grams of the yellow monomeric solid produced in Example 12 was
added 0.9 mL of toluene, 100mL of THF and 20 milligrams of Vazo®64 free

25  radical initiator. The mixture was heated at 70°C for one day. Solvent was
removed and the yellow polymeric solid was collected.

Aspect 9: Preparation of nickel catalyst: To 375 milligrams of the
above polymeric solid was added 5 mL of toluene and 58 milligram of
Ni(COD),. The mixture was stirred overnight.

30 Aspect 10: Hydrocyanation of 3-pentenenitrile: 29 milligrams of ZnCl,
and 5 mL of 3PN were added to the mixture. The mixture was heated in a
50°C oil bath and HCN was delivered with 24cc/min. nitrogen flow rate. After
90 minutes of reaction, GC analysis indicated 57.6% conversion of 3PN with
92% selectivity to ADN. To the mixture was added 5 mL of 3PN and the

35 reaction was continued for 90 minutes. At this point, HCN delivery was
stopped but the reaction was allowed to continue at 50°C for 120 minutes.
The mixture was allowed to sit under nitrogen at room temperature overnight.
GC analysis indicated 62% conversion of 3PN with 91.3% selectivity to ADN.
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-47 WD 03/ 045552 PCT/ US02/ 37304 135.00, 134.82, 134.73, 134.40, 134.31,
133.41, 133.40, 132.07, 131.98, 130.44, 127.74, and 127.69). 5 Exanple 12A
Aspect 9:wBrospassazi on of catalyst: 50 ng (0.042 nmol) of trlog/USowaTB0$ition
conpri sing nononeric bidentate phosphorus |igands prepared as in Exanple
12 were used to prepare catalyst according to Method A The procedures
descri bed above Ligare resgdet At thistimet the $elvat wysirerogeedhviaayriofe Btbmt he

i soneri zat
Hydr ocyanatrlpé(;néa:) bu% Mclf éﬂgluteﬁ ?}L@T gFg Jpﬁﬂﬂllggﬁﬁ%/o P‘?H@%tw Starti ng
HCN had be@fdedi® begiwdan add@@neilreﬁﬁﬂqn tEBe(r%wmmmptaced%p 70°As@ibct 10:
c " apeAad EweaRtied b S ogel ol O A T Y] e
0
had been CB‘?ﬁfg'Pf‘éMaﬁ thed ster ?teroﬁpb%u"&‘?er?tf‘i%cﬂypm'gﬁ%at%”’%ﬁu'pqw The
sel ecti vi tjhérDheditedlatI?@aC Abath swtieid ChedelBerédwitAspritrogéd flolsrateof zat i on of

gt gﬁtjgﬂj | n§| cgrﬂ@.w gé@’ﬁ%’% a§§: %@éfs'%«'@qcﬁ%ag;fﬁgbév%é‘@n@@' nt er nal

Pol ymer i zawlitbrsedgctiyityyo AN of 82.20nsdodhistroxtureyvariadded 5 mig of 3PB57 grans of
the yejg O‘Afrﬂeriﬁ&ﬁld?%&é&héﬁgg raq’%@e%n' Hbtﬁ’&ﬂfmlléNlie P@?ed grgﬁ%drgﬂ'oajaﬁt of

t ol uene, 100nL gr.ans
i ni tiator. flowdats ot 30 ecimis f%%‘rfém"afte%@G analysis ipdigatesh9%nt was renoved

and the yebbaverBRINVGRIPI withl seleativity €0 ADI¢ bed1 .86 pect 9: Preparation of
ni ckel catalyst: To 375 mlligranms of the above polyneric solid was added

5 nL of toluene and 58 mlligramof N (COD)2. The m xture was stirred
overni ght. 30 Aspect 10: Hydrocyartampleot2@G- pentenenitrile: 29 mlligramns

of Zng2  and 5 4thodf o 3BRIRAGIRdd) Laldifer Tyl #0mg Bt Uil muas heat ed

in a C oil rogen flow rate.
After 90 Mepelymesipreraiediasin kxamplalys was addedtidanbof g4 ohber si on of

3PN wi th ﬂﬁxfu?@h)%%tsltYﬂerYO\)féPméﬂ\an thee7. E‘rﬁ@‘b’f%@D?ﬂﬁﬁs&jaéd@a- Phe3PN and
the 35 react

was st oppéﬂ'l"(éaf ‘\;‘\’ggégﬁ?‘g&é s e(/\gé‘:%% ?\@d}‘%e%e% Wﬂ?e"%gh%@"? Cligl)l very
m nut es. Eleven mg of the catalyst from above was used for each screen. The
20 procedures described above were used to evaluate the hydrocyanation of
BD and the isomerization of 2M3BN.
Aspect 10: Hydrocyanation of butadiene: Analysis showed that 54% of
the starting HCN had been converted to useful nitriles (3PN/2M3BN = 1.1).
Aspect 11: Isomerization of 2-methyl-3-butenenitrile: GC analysis with
25 valeronitrile as an internal standard indicated 3PN/2M3BN ratio of 18.5.

Example 13
Preparation of 6,6'-divinyl-2,2"-dihydroxy-1,1"-binaphthyl:
A solution of 6,6'-dibromo-2,2'-dihydroxy-1,1'-binaphthyl (0.694 g, 1.56
30  mmol), Pd(OAc), (0.020 g, 5 mol%), P(o-tolyl); (0.080 g, 15 mol%) and Et;N
(0.5 mL) in DMF (2 mL) was pressurized with ethylene (200 psi) at 75° C for
18 hrs. The resulting mixture was diluted in ethyl acetate (20 mL) and
filtered through celite, followed by water (20 mL) and brine (20 mL) washes.
The solution was dried over MgSO4 and evaporated to produce a tan solid,
35 which was purified by column chromatography to yield the desired product in
54 % yield (0.286 g).
Aspect 2: Preparation of the diphosphite ligand (13): Under an
atmosphere of nitrogen, a cold (-30°C) Et,O (5 mL) solution of 6,6"-divinyl-
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The m xture was allowed to sit under nitrogen at roomtenperature
overnight. GC analysis indicated 62% conversion of 3PN with 91. 3%

sel ecti viwg iBo45ABN. - 48 WO 03/ 045552 PCT/ US02/ 37304 Li gamdTrusoysizes At
this tinme, the solvent was renoved via syringe fromthe reactor. 5 nL of
toluene, 5 nL of 3PN and 29 m || igrams of ZnC2 were added to begin an
addi ti onal 252aiihydsaxy-Ti-birephtihyd (0.883 P11l I moh and@EeiNI(0.080bat h and HCN

vas del! venas 4 iion vild S8R ddeNd REROLS A9Gian o react i on vas then

stored at roomtenpéerature overni e mxtfure was Qﬁhen heated at 70C

oi | bath V\PhﬁSFP@{IOGBIOF%%@f%Wr@%yphﬁﬁ@'r(oﬂmrr%gg mody T nin for 30

M nut esg G§omﬁ@h»o$a§aud%c9&iﬁérrﬁ@%t@qaamt%mrefuréewd Wag StirfeR] Rt Vity to
ADN of 92. 2% m xtyre was

To t
neat od at POENGF Bhereartan pXbierey Sieddihdian hlte 30a e The e "of 30
cc/ m n for valkliles wertecsvapstatedabyseld ai white powde 58067 %ojieldr €.100 gJ. 3PN wi th
selectivity to ADN of 91.8% Exanple 12C 15 Aspect 9: Preparation of nickel

catalyst: To 179 ng of the solid from the polyner prepared as in Exanple
12B was added 15 nL of THF. The rﬁéﬁmﬂﬁ&g stirred overnight and then

275 mypof N (OdRhgehaspaiRfizalitifor il sthenkany LASENASteURBAipAARUUM and

t he residue was,  vacuum d El even the catal yst fro bove was used

for each s€ldeith givinylbenzeng: aderan 9??'?)968 %f%@%g%kraev'ﬁgﬁ? Wi Iéval uat e

wg hydr OCEarb’ﬂdn@lTIL@fro%bcﬂvﬁnéﬁﬁbélﬂﬂecnemprwwbhax@edfwﬁ\fﬂﬁ(y \tipRegystite ; t .
rocyana en IS S startin

had begn ck)¢1©27 3%1)81 s@PﬁldeﬁFﬁgi&ef%%d}\%NNS@ qué %ct 11: ]

| soneri zat (@n960 g amdt Ty {B-1B4tgandhig vial was SCreavend gisutsand plbc%m a

al eropgtr ' t e f 18.5.

Exanp! 0 17 re 315 1Y £ Rilrs /0 ﬁ st ﬂ"e?F“WT%% edinyl A

sol ution ofanet ev@la@laﬁrme@ By yagugm bT'h%[iﬁﬂU {ng wblt%gqugwerl 56 30

nmol ), Pd(@i\gbé Qvé%ZiﬂsalubI% i IP8rgaficasoidnts) BldheRBPalalydis: Pabldad:and Et 3N
(0.5 nL) g% was pressurlzed W th ethylene(206 psi) at 75 C for
Thé-¥edul ti ng

18 hrs. m xture was diluted in ethyl acetate (20 nL) and
filtered througlspett 9ePrepardtivrectf Nigkelabtaly{t2A mikjurand tddoemee( 2IL) )

vos =20 . USRI LAY g 85 Bk NAEACBNE SIPREE RGP C e 2 e
pr oduct | npolymer immediately turned yellow-orange After stlrrlng approxmately one
minute, the solution was filtered from the loaded polymer. The yellow-orange
polymer was rinsed with THF (2 x 3mL) and dried under vacuum.
Aspect 10: Hydrocyanation of 3-pentenenitrile: A sample (0.052 g
25 polymer, 0.042 mmol diphosphite) was evaluated for hydrocyanation of 3PN
using the procedure described above. GC analysis using 2-ethoxyethyl ether
as an internal standard showed 27.5% of the starting pentenitriles had been
converted to dinitrile product (76% yield based on HCN). The selectivity to
the linear ADN isomer was 92.1%.
30
Example 14
Aspect 2: Preparation of ethylenically unsaturated diphosphite ligand
(14): Under an atmosphere of nitrogen, a cold (-30°C) Et,O (5 mL) solution of
3,3',4,4',5,5",6,6’-octamethyl-2,2'-dihydroxy-1,1'-biphenyl (0.100 g, 0.67
35 mmol) and Et3N (0.152 g, 1.5 mmol) was slowly added to an Et,O (5 mL)
solution of phosphorochlorodite of trans-2-ethoxy-5-(1-propenyl)phenol
(0.631 g, 1.5 mmol). The solution was allowed to warm to room temperature
and was stirred for one hour. The reaction mixture was filtered through celite
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54 %yield (0.286 g). Aspect 2: Preparation of the di phosphite |igand (13):
Under an atnosphere of nitrogen, a cold (-30C Et20 (5 nL) solution of

6, 6' - di viwglo3/043582 WO 03/ 045552 PCT/ US02/ 37304 PCT/US02/37304

2, 2' -di hydroxy-1,1' - bi napht hyl (0.051 g, 1.5x10"4 nol) and Et 3N (0. 040,
3.9x10-4 nol) was slowmy added to a Et20 (5 nL) sol ution of
phosphoroctandraiwlmr@ ofhevolatilesopereguapested do pivg 86 %3yigdi-amwhitd ). The 5
sol ution vv?% g@\@ 3y warmup to roomtenperature and was stirred for

one hour. ere lon'm xture was filtered through celite and alum na. The
vol atiles were evaporated to yield a white powder in 67%yield. (0.100 g).
Exanpl e513A 10 Aspect 3: Pol yneri ZEgarapleoi4Ahe et hyI eni cal |y unsaturated

d (13 | b f t : I
itred with & foPPGheSoMERam0N %é*«e PRSI LB R Y W ¢ h e
di phosphi tq!14)(\011/®?ﬂ//rg/lbavzbnb(ﬂrﬁj styréned écler baditmospkargbdfenitt8gemiaBN (0. 002

g9), DvB (Qnaﬁggg%)ltha%]Q’SH{E@ fllgorl)?él)%er rzglnssfc\‘é\%aﬁ%ss&{a?%cﬁjwﬁn% and

placed in a i On 't he pol ymer

was cr ushediphasghite€0180 4. 0. @%mm@lédewfmﬁ@dnmmpleééumNm@OE@ul ting
whi te pol ymayB (4. Qo%ﬁostgaeﬁea@ wgphh@hﬁp 01.8hAL)0ITHAS L fal Hak\RRdved El errent al

Tt e of Sff GMBRCENT R 1056 B &ﬁeam.fpceé%@‘ﬁ%%%t%%v&fncnﬂ,b?%@d of#hdhe above

pol yner . TU’GBW(Ot(ﬁ)S ?N&l@addmdd geeVigl was netdnyed tothesipbah. Aﬁért%
stirring a OXI m nut e s filter fdromthe

oaded bol TRLR tHE bBodue Bl WAS enlsEa BRcithe VBT werd niled 57" 5o
and dried uumder vmmmThAgpeultmg@vhmaymbimgaﬁhﬂBZ)U)Wasanm;ubleneralltr| le: A

sanmpl e4£0. 0.042 mmol di phosphite) was eval uated for
hydrocygna?)?%aﬂcgéggﬂlw Si n t he procedure described above. GC anal ysis

usi ng 2- et hoxyeﬂWPCéW@frePaé%t’%P nigke! safalettafdaixtursiphigluens (5mldf t he
starting pemdaNildTTRB%0ag 4 Gmsa@wwm@dawed Biyiidrl Bheftect (76%yiel d
based on H . The sel.e Vlt the lin ? % 30
Exanpl e 14 'méneqi?é{% Meﬂ)‘?wé’t“'f‘(‘ﬁeen @ﬁ'i?'”ﬂﬂ?&tpﬁ‘?’ﬂ'ﬁ‘é?}ﬂf’aﬁosphu te
| i gand (14r)|nuwn¢t&r selotion mpfh&r@d rormihierlogeed palyowdrd Thed@lpwebraBges nil)

sol ut | 28 Ofpolymer was rinsed with THF (2 x 3mL) and dried under vacuum.

Example 14B
Aspect 8: Hydrocyanation of butadiene: A solution of HCN was
25  prepared by mixing 5 g of HCN with 15 g of valeronitrile. A butadiene
solution was prepared by mixing 2 g of butadiene with 6 g of toluene. To 30
mg of the nickel catalyst prepared in example 14A was added 0.28 mL of the
butadiene solution and 0.12 mL of the HCN solution. The mixture was
heated at 80°C for 3 hours. GC analysis indicated 81% 3-pentenenitrile and
30 5.7% 2-methyl-3-butenenitrile.

Example 15
Aspect 5.1: Polymerization of 6,6"-divinyl-2,2"-dihydroxy-1,1'-
binaphthyl! with styrene: Under nitrogen atmosphere, a vial fitted with a
35 Teflon® fluoropolymer resin screwcap was charged with 6,6'-divinyl-2,2'-
dihydroxy-1,1'-binaphthyl (0.500g, 1.48 mmol), AIBN (0.040 g), styrene (4.0
mL) and THF (4. 0 mL). The vial was screwed shut and placed in a 70°C oil
bath for 24 hours. After polymerization, the polymer was crushed and the
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3,3 ,4,4 ,5 /5 ,6,6"-octanet hyl -2, 2' -di hydroxy-1, 1' - bi phenyl (0.100 g, 0.67
35 mmol) and Et3N (0.152 g, 1.5 mol) was slowy added to an Et20 (5 nlL)
sol uti on wb ophessphor ochl orodi te of trans-2-ethoxy-5-(1-pr @earso)/ptsenol
(0.631 g, 1.5 mmmol ). The solution was allowed to warmto roomtenperature
and was stirred for one hour. The reaction mxture was filtered through
cel i te -50voRtiy WetkbiEinREH Wi/ \ECBOm. Bimel redultingwahitd pelywodradid gk wer e

evapor at ed%e&yiﬁégﬁb%q%éﬂi%ngﬁgsoqe\{%%_te powder (0.623 g). 5 Exanple 14A

Aspect 3: rirzation eni cal | y unsaturated conmpound (14)
wi t h divinyl benzene and styrene: Under an atnosphere of nitrogen, a vial

fitted gith a Teflon(r) fluoropol ymsamsei16 Screwcap was charged with the
di phosphite (O. %400 0..%9 nml ;;l scril € "}é Iexa ’Jre -jf4é Al BN (0.005 g),
10 DVB (0. 40 g) ASPEGtede Foameson Rhitedigany frofithe PPUMERss scr ewed
shgt 2Irlnglpa§adoogm)>faE@ﬁp/@i15.-t(}mderfntﬁtrog<b%_ M@he&é,t&tolﬂho?hidﬁ?}(&@@ﬁg ?%}
an : and . v r ed to | at h.
Ater a5 oarasste e L2 PRt Rudhe A HED R AT wif shifal ohe o
renoved undiee phasphoroditheroditeiot pmenolMi0.045ge Oy2temni@) a6d ngBuabh .04 ol ubl e
in all4q15 ' Y/ tT9; i o) ' : st: A
m xt ur ?aoof Q%ﬂ;@g@gi%@ gn(ﬁFgo%)r% . @hg& \&/ég %gg\égg t(?ghféu% above
pol ymer . THeomkpmpergure ias.» Meuts. after whidl ihwasyrooleshiondinge Thiy eeld
Ist I (rjr:jng ?BBT&%hrWéﬁédclieFmﬁ) a FbldéIar blﬂgloﬁ,ﬁwtf'rdm evamplé H5q0@dsfg,om t he
o200, PO PRS0 g SEALIGHRT 28 AU 6Bl b B bR,
A IsoI ut i on wafs dtithédratsroobtepnparatued fofive hourg. The polyiieNpraduat Wésgf of
val eropktri . e X1
but adi iﬁe Jé‘ﬁ%teé b?’@ﬁ%%rﬁg%é&#%b%thﬁueﬁe ?@%Sg?tg\égmecﬁ%rygﬁ ngr epared in
exanpl e 14Andes vacliwd, @ taxkysolidf(0:3%0 g)wasdbtainedsol uti on and 0.12 L of the
HCN solution. T ' i i - TR ysi s
i ndi cated 81% 3&%5%%%33{%{, \ré?fneo aﬁ@?/@%bd%rgta%&?;%tpéﬂlﬁ gf g)ug %§%$l | e.
Exanpl e 15 Mixpduithgoluensdprrk} andepeifd dr305 Cg farQ migytes, aitergyhghiaoxy- 1, 1 -
bi napht hyl ceid $olation 6NRi(o TR (00085 gpiertoricresBMeL pwad added ahdtted with a

20 allowed to stir at room temperature for 20 minutes. The resulting yellow-

orange solid (0.140 g) was isolated by filtration and dried under vacuum.

Example 16A
Aspect 10: Hydrocyanation of BD with nickel catalyst prepared in

25  Example 16: A solution of HCN was prepared by mixing 5 g of HCN with 15
g of valeronitrile. A butadiene solution was prepared by mixing 2 g of
butadiene with 6 g of toluene. To 44 mg of the nickel catalyst prepared in
example 16 was added 0.28 mL of the butadiene solution and 0.12 mL of
the HCN solution. The mixture was heated at 80°C for 2 hours. GC

30 analysis indicated 8% 3-pentenenitrile and 5% 2-methyl-3-butenenitrile.

Example 17

Aspect 2: Preparation of ethylenically unsaturated, phosphorus-

35 containing bidentate ligand (17): A 500 mL flask with a magnetic stirbar was
charged with 8.500 g of 2,2-bis(4-hydroxy-3-methylphenyl)propane and
3.001 g of acryloyl chloride in 120 mL of THF. A solution of triethylamine
(3.542 g) in 30 mL of THF was added to the colorless solution dropwise over
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35 Teflon(r) fluoropolyner resin screwap was charged with

6,6 -divinyl-2,2"- dihydroxy-1,1'-binaphthyl (0.500g, 1.48 mmol), AIBN
(0.040 g)wossyussae (4.0 nmL) and THE (4. 0 nL). The vial weETAS0REd4 shut
and placed in a 70C oil bath for 24 hours. After polynerization, the

pol ymer was crushed and the -51 WO 03/045552 PCT/ US02/ 37304 vol atiles
wer e r enovéd mimldes. va’cmwrimrrgf hasrstisneidt atmrgomhientperaiuyentor fodr Bog)s was

i nsol ubl e i I r:%ﬂﬁﬁﬂﬁl ASRE i on of
t he di phos |t%lej qrpggﬂgé{ea qﬁﬂtasDPgmsrlc "?dréégﬁrsor tgéf:"i e . Under
ni trogen amn@fm%ylete @ndsaﬁ% diaf at@nT@esn@;uredvaschI@dm -3¥®zndg, 0. 25

mlsgjhl)?otj ﬁ'cz?ggrodlte gﬁ $rigfiesak 5gdazﬁaglbrm“e osde‘?ochIorldﬂe £ 047 10
e o reToshl O B! T pere FHEoq 8 presaledalivn Ca2eCERl owed Lo stir

at  room t engthylaiming irf 80 rriL bf NeBrwas afided tonm@huxtnre/\ammsé edertgixty30C. This
d.to,a cold slurr fro example 15 (0.328

Col .30 el aRSraR R e % Tobth et PP For R USRS 1. ¢

m xture wiNMRtindicettdanajoo peake ap#6hO6rand ©61.77 wéthhminas . petike apol yrrer
pr OdUC‘i?WaSI 8%514 %%'1%:@91&93{26 '7'1t TRE! sﬂﬂaﬁwgs%alé%é(&ktﬁ% ?ﬂ 8&‘9@@0%)

acet oni tack

bt a ned.  89fabB-GISopraykha {6 teiramedarz. £l aydrowy-Trh iphemy a8 8. 186 o)
was i xed ftthe |dhsine v&&erédd)edanwlhémkﬁﬁe WadQElr efdoét raenme @aturaf t er

and 20l 892%% ke 31 P PONMH beeidd ey sefat 3t Ak nonpeeaﬂ«éia’ift?ﬂge‘j
yel | ow oraﬁgeﬁdench,GSZMB;B gmmzm@osamd b’hefs]!drrywhsmte%ugthcbugggt glndg[
brepar b i (008, fahey EERNE dng Mt e Rlndled B Jobabell, B o & oo
HCN wi t h 15eS|QU©wasala@uum dried to gixe 4t &G g0 offevhite solidaalsleprantalr ed by

mxing 2 g physhugag e with 6 g of toluene. To 44 ng of the nickel
cat al yst prepgrsed In exanple 16 was added 0.28 nL of the butadiene

solution and 0.12 nL of the HCN solution. The m xture was heated at 80C
for 2 hours. GC 30 anal ysis indi czﬂ)@dnﬁ%ﬁrmenteneni trile and 5%

2- met hyl - 3- but engni t 7 ct n. o
oty ek cal Iy ureRett & spariben gty 8E et Lol B AdiBHE 11 gana (17):
A 500 niL f INiKIOR)2 e addpgtetoi £ 080 igrdfahe watid from Example 17. The mixture

was stirred for an hour and the solvent was removed by vacuum.

Example 17B
25 Aspect 3: Polymerization of nickel catalyst. To the residue from
Example 17A was added 1.0 mL of toluene and 20 mg of Vazo 64 free
radical initiator. The mixture was heated at 60°C overnight. The hard yellow
solid was crushed and heated at 60°C for another two hours. The solvent
was removed by vacuum and 10 mL of acetonitrile was added to the residue.
30  After stirring for 25 minutes, the solid was filtered, washed with acetonitrile
and diethyl ether and vacuum dried to give 1.048 g of yellow solid.

Example 17C
Aspect 10: Hydrocyanation of butadiene: To 13 mg of the catalyst
35 from example 17B was added 1.045 mL of a solution containing butadiene
and HCN. The solution was prepared by mixing 6.734 g valeronitrile, 6.572
g 3-pentenenitrile, 5.476 g butadiene, and 2.187 g of HCN. The mixture was
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charged with 8.500 g of 2, 2-bis(4-hydroxy-3-nethyl phenyl)propane and 3.001
g of acryloyl chloride in 120 nL of THF. A solution of triethylamne

(3.542 g)won3dessst. of THF was added to the col orl ess sol utPicarusde/epm se over
-52 WO 03/ 045552 PCT/US02/ 37304 60 mnutes. The slurry was stirred at room
tenperature for four hours. Based on peak area, GC on a DB5 columm

i ndi cat ed h2%#test ar 80°%@fod 2diqurs.l GE indicateck 38 %Ateonaersiabts vitriles witht e.  The

m xture wagprpe NﬁfQ%@C’ and 5 1.821 g of phosphorus trichloride and

1. 386 g of the phosphorochloridite of o-cresol in 10 nL of THE were added.

A precool ed solution (-30C) of triethylamne in 30 nL of THE was added to

this mgture dropwi se over sixty pBERdiHbrS17BNter stirring the mxture at
roomtenperature for, tw hours, .SIP_Mi cat ed.nmj aks 161. 96
and 161, 77 wi thARPR6H 1 heaR@erzation abzmanvhi bitsregite; 36, TAMGRIANe] urry vas
gogl eg bac katalyst 3 &xdmipl248B vahdded 0.266 mL of 2M3BN in valeronitrile I 430
, 3" -diiso - - ‘-tetr - r QX =Dl p yl an )
g of triet %@ﬁ@&'r@r%@lrgd g&(ﬂé"é[ Q%E% %&N@Pé %&tﬂ?@l tﬁrvébérgei'twgi)m?ﬁgnper ature
for 2.5 homisturgwasMRtedhdt 80TGbrR2 hayrsranskethiendteatesl aB 0 GHfarioner peaks at
134. 624013 , 9. The slurry was filtered through
19e holl G drer P RIRN Y ¢

15 celite, ol vent was renoved by vacuum The
resi due was vacuumdried to give 14.866 g of off-white solid. Elenental

anal ysis: 3.70 %°. Exanple 17A 20 gxRARfSle98 Preparation of catalyst: 7 nL
of toluene and 110 fo N re added to, 1.0Q0 of the solid from
Banml o 17. The ATPEEL fPreRalalon & Ay FaRaly InoAH aAa RERSLO Rt wae
renoved by coatainy bitextgfedighng (28). As mixttre3corRainymebideatate pho§phteckel

catal yst: Tt ' r | uene and
5o my 18 A5 AlGop L Sflaly RS IndrtR ERafhold A7, 20060 1 sk BB eriradd LERE -
over ni ght . Withea Btirr leary 8120dvg 0k212rkis(daBydoxyiemetnipheny Jetrranes 88960 anot her

two hours. of Beryis| ¥RRYide Wi 17TRIY &Sk THIF Y IREURIAIE Wik Bol8d tecgbopi trile was
d 0 m nutes, the [id was

fiiter ed, ' BRHBen @R RcaRed SAIKPRI (S0 o ﬂogﬁ?iém%/?ﬁm@@r{éﬂ%@ PRy f ed t o
gi ve 1. 048TgFolvay eldded dsopwide ovex a0phinulesC Aspastiiirni (ias Wyathesynabhon of
but adi g5 1 BndiTR. Sl LA Ehutel BRBBPRRCaEE dEhaEed 1 045 -
26% starting diol, 45% monoacrylate and 26% diacrylate. The mixture was
filtered through celite and washed with THF. The solution was concentrated
to 160 mL by removing solvent under vacuum. To 40 mL of this solution
was added 440 mg of phosphorus trichloride and 334 mg of the
25 phosphorochloridite of o-cresol in 10 mL of THF. The mixture was cooled to
—30 C and a precooled solution (-30 C) of triethylamine (950 mg) in 10 mL
of THF was added. The mixture was stirred at room temperature for 30
minutes. To this mixture was added 784 mg of 3,3’-diisopropyl-5,5',6,6'-
tetramethyl-2,2’-dihydroxy-1,1’-biphenyl.and 1.2 g triethylamine. The
30  mixture was stirred overnight. 3'P NMR indicated peaks at 135.07, 135.01,
134.90, 132.23,131.48, 131.38 ppm. The slurry was filtered through celite,
washed with THF, the solvent was removed by vacuum and the solid was

dried under vacuum. A tan solid (3.473 g) was obtained.

35 Example 18A
Aspect 3: Polymerization of ethylenically unsaturated ligand (18): The
solid was dissolved in 6 mL of toluene and 30 mg of Vazo 64free radical
initiator. The mixture was heated at 50°C for six hours and then held at 60°C
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and HCN. The solution was prepared by mxing 6.734 g valeronitrile, 6.572
g 3-pentenenitrile, 5.476 g butadiene, and 2.187 g of HCN. The m xture was
-53 WO 03woaBH5AsPCT/ US02/ 37304 heated at 80C for 2 hour eCT@®S02/BT0€at ed
38% conversion to nitriles with 3PN 2M3BN of 0.53. 5 Exanple 17D Aspect
11: Isonerization of 2-nmethyl-3-butenenitrile: To 13 ng of the catalyst
f r om Exanpbeetmightwdheashliddvas esshet aoid aetat 108G fertbred hours. T8@ ut i on

(prepared m xture
was.heat edgé'tvghé%gﬁ semped by JELIA %“edk“ﬁegsad“% Rl B Welshibd wihE ) [0 G
i ndi cated giath raﬁv:@pwm Eae e 8ives3 A8 acef yellopt eqlidr lparental

et hyl eng calahmyg[gsgtm%tped phosphorus- containing bidentate ligand (18): A
m xture containing bidentate phosphite 15 was prepared simlarly to that
of Exanple 17. A 500 m flask was charged with a stir bar, 8.204 g of

2, 2- bi s(4- hydr oxy- 3- net hyl phenyl ) BExample, 188896 g of acr yI oyl chloride and

175 nL of THF. ] | ed
solution (-30 C}\@@ﬁﬁf{é Fﬁ?@’%ﬁ é(agéj%%toThgan%eégg%b}sgﬁ%s%_r‘gf)gg%‘)added

dr opwi se ofrem #@ mlmmesjlgaWédeSmqu inclsxampleetBA.o Trapd282p0f theper at ure and
stirre SBQ@(%Q‘ e eaj; 9%6{ i ng

di ol , P%% %%cr gtezﬂaand 6/?3(;%?# g'!:e Tt‘llﬁ‘kaf‘Lﬁég\?égeé}\grs \961%@5{

t hrough cePnd dhema6haagetNiCOP)TMEas aq!f@%m e oxtyigvaspideed FAUt¥@ to 160
nL by re][mhbﬂgaﬁ@kW@Q@IldJWﬁ?VaM@ﬁHlﬂﬂede@rQQS ﬁd}l}gr@faM@nﬂ_ﬁbmaﬂ%ddﬁ@S added
of o or esol TBr9olg igs fferdiaRa neshER vl SPRBanE Asetrrlf SRaBo80dRg o
precool ed ddkdto give(3.300 g)ofofellowisatidyl ami ne (950 ng) in 10 nL of THF was
added. ;dhe m xture was stirred at roomtenperature for 30 mnutes. To this

m xtur1e was added 784 ng of 3,3'-diisopropyl-5,5,6,6"-

tetranethyl -2, 2' - di hydroxy 1 1' bmd 1.2 g triethylamne. The 30
m xture was sti WS?QCP’I/(W ar%%Bn%dtéEH:éﬁéeﬂ) iPS ofthelcttalQdt 135. 01,
134.90, 132.23,1 ered t hrough celite,

m The s r
washed’ wi t RTeRgte t"hgxg'@l é)ﬂ£§§/”¥}a ﬁP B”tq‘?@t%'&‘f‘gd was dried
under VaCmead‘ibrtéi(prépéﬂed dyan&?rﬁg 6)8 gesluent anci@d@a5 & tétienp) and B Mspect 3.

Pol ymaid zapd ML é) ol%ttloxlcon %hbﬁéﬂ?ge%ra%ggyln%&%@ lr-igéN amie15 g of
valeronitrile). The mixture was heated at 80°C for 2 hours. GC analysis
indicated 69% conversion to nitriles with a 3PN/2M3BN of 28.

Example 18D
25 Aspect 11: Isomerization of 2-methyl-3-butenenitrile: To 15 mg of the
catalyst prepared in example 18B was added 0.266 mL of a solution of
2M3BN in valeronitrile (prepared by mixing 20.7 g 2M3BN and 1.8g of
valeronitrile). The mixture was heated to 100 C for one hour. GC
indicated 3PN/2M3BN ratio of 20.1.

30
Example 18E
Aspect 10: Semi-batch hydrocyanation of 3-pentenenitrile: To 0.388 g
of the catalyst from Example 18B was added 19 mg of zinc chloride and 5
mL of 3PN. The mixture was heated in a 70 C oil bath and HCN was
35 delivered with 12cc/min. nitrogen flow rate. After 180 minutes, GC indicated
93.9% conversion to dinitrile with ADN selectivity of 88.4%. ’

Example 19
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solid was dissolved in 6 nL of toluene and 30 ng of Vazo 64free radical
initiator. The m xture was heated at 50C for six hours and then held at 60C
-54 WO 03wO0438535PCT/ US02/ 37304 overnight. The solid was pcmushzsziand
heated at 70C for three hours. The solvent was renoved by vacuum and the
solid was filtered, washed with diethyl ether and vacuumdried to give
3.483 g of yell é\wpeot 7 Prepacation ef padyraesi¢ pEosph@othlovigtite B 2001l 18B Aspect
9: Prepara I fromthe

ool yrer o [4rt BOuGR (K Sips bl il o 716 YA 2ASAmBRGHES, pol yrer

| i gand was "ﬁ%ﬂ}éléhﬂBYWﬁ!O@ﬁnq I-#Om'ﬁé’frﬁ%('wéﬂ'\}@%d%ﬁ”ﬂg% H“ght €and t hen

36|1 gg of M.kt@@%%sv@wéwﬂﬁ@o%%dra Mét{jo@lzédw§36?0)f§cﬂl§hdmgf gne Thour i’i_ng the
SOl | wWas m qri e e ol 1 WwWas
Pl tor od albttidamine i 663 i 200 BETARMEY ltedy  HAENTAE s SA7ed gl ve
3.170 g of aymdmitemperaturelfor ESaniplitesla mmoléd)babiyweﬁoﬁanafbdmsof

but aed ene %iﬂg%ﬁ/aggaﬂedt'ﬁ%g ?}tcﬂ’ltﬁé @hggéﬁ@r@a&?ﬂdrfbl@%ﬁ?{% s&?‘ﬁ 2’&? added

0.280 nL tion cont
t ol uene andf THE andbthencs Qr@o&wsoﬂutﬂm(-@@ (ﬁ)_OdeletiWéamlmBl érB Qb'ntg'i ni ng HCN

(prepaygd H’M.HH‘HF‘Q ﬁftér H@i‘ Cg%@' réo'?ngeﬁberété}}é?fd?wStthu%‘és STHRMIRXL Ur e was

heated at 80C for 2 hour sIsS 1 nd |cate 69%conver3|on to

nitrites vv!"tq"Paée@mﬁEﬁ/@BW&m%‘d aipIPM 8pd snalpraks at1126,63a8d i zati on of

2- et hyl - 34Iaat4@mﬂht Miheesollifonlwastiltefed died theatobdiwdlurhe apRr &fjustedeganpl e 18B
of ,..a s U_t' £on of 2MBBN in valeronitrile (prepared by

was added (_35@ Y
m xi ng 20. D gr"ﬂ?"lo val eronitrile). The m xture was heated to
100 C for one hdbe.soB@ntifrod aamdoewmmm wasiremhedmayjyacBOrrEamhpl e 18E

the-calSry U siclR s WELGRURIAL ' TheesiiyBRL RS WD STALDI T & 01 of
3PN. The niolueneandd Ohrégtcéd/aza 84 freecadical Mtaﬁorawas rdsedasT i:rﬂo'rmpéura/er ed
wi th 12cc/ a3 heitéd a820°d kav8 hal: TN §5lidif8s Brushesand¥eadtediat abed

for another hour. The toluene was removed by vacuum and the solid was

vacuum dried overnight. The solid was washed with diethyl ether and dried

20  under vacuum to give 807 mg of brown solid.

Example 19A
Aspect 7: Polymerization of Polymeric Phosphite:
A vial was charged with 0.750g of the polymeric phosphorochloridite
25 prepared in Example 19, 210 mg of 3,3’,5,5',6,6’-hexamethyl-2,2'-dihydroxy-
1,1’-biphenyl and 10 mL of THF. To this mixture was added 0.800 g of tri(n-
butylamine) and the mixture was stirred overnight. The solvent was
removed by vacuum and acetonitrile was added. The solid was filtered and
washed with acetonitrile to give 770 mg of pale beige solid. Elemental
30 analysis: 3.16 %P.

Example 19B
Aspect 9: Preparation of catalyst: To 0.560 g of the polymeric
phosphite prepared in Example 19A was added 5 mL of THF. The mixture
35 was stirred overnight and another 1 mL of THF was added. To the mixture
was added 0.052 g of Ni(COD),, giving an orange slurry. After stirring at
room temperature for four hours, the solvent was removed by vacuum and
the residue vacuum dried for three hours. To the residue was added 5 mL
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93.9% conversion to dinitrile with ADN selectivity of 88.4% Exanple 19
-55 WD 03/ 045552 PCT/ US02/ 37304 Aspect 7: Preparation of polyneric
phosphor owbloauztsz e: A 200 nl round bottom fl ask was char g@ed/usor/br3gs 716 g
of 2, 2-bi s(4-hydroxy-3- nethyl phenyl)propane, 3.077 g of acryloyl chloride,
and 80 nL of THF. The 5 m xture was cooled to -30C and a precool ed (-30C
sol uti on ofof BPNcamY treensaliel W3s Giteregl) wiashed sntcessivigty withsacediolsittile, The mi xt ur e

was sti ”equl\ﬂtarrrllrdo é@téﬁ{mg’r@é&ggﬁ] gﬁg%gﬁa%@gﬁgp g)gl%ﬁgélsgﬁpl ed back to

-30C. To this xture was a of the odichloridite of
o-cresol in 20 nL of THF and then a precool ed solution (-30C) of

triethyfamne (3.9 g) in 25 10 nl pianipfe 19€ter stirring at room
tenperature for 45 mnutes, 31P ngi cat el ks at 157Y.16 and 157. 14
ppm and smal | péSRECH] U1fydrosy: '0"1021&“5%‘9'66%%% fESPEPP %kas filtered
anfl thte ]EOtpaépagétrimmewﬁibédjir?lﬁ(_amd@1QBMSrTaddle addist inbrof ef solifon tTEe
sol ven rom L. of the so . by u nd 1t e
resi due m&OOé‘éQl[]?nba'ﬁ"i‘ééE’.‘e ?Hgﬁ%@%@%\;\é@gg@g@%ﬁezggﬁ (ﬁf_\%l‘%em © tol uene
and 10 ng &i5A%gof 84pdnterenititie.cal’é giafibatadienssandidd@7 goeHENYt dihe  was
heat edygl _fliktuloWad OHE ot SO 1112 HoWRS GEURNEseShRLBhGErsRin 160C T of

. e tolu t he Id was

anot her hour . ) ene was renoved by vacuum an SO vacuum
dried over mitglgs with3PNRMABNef Wlshed with diethyl ether and dried 20 under
vacuumto give 807 nmg of brown solid. Exanple 19A Aspect 7: Polynerization

of Polymeric Phosphite: A vial wasEf char&eﬂgﬁj th 0.750g of the polyneric
phosphorochloridite 25 prepared i 19, 210 ng of

3,3 ,5,5,6, 6" - Wepaoel hykeieZizatiornyfi2-oxgthyA3-butdneptiteitey IToat@Imblofnl of THE.
To thigzm : 10> ] m xt ure was
stirr eis ov@%@%%ﬁéq%ggg% @%Sﬁ?@)&gslr?h(%{pg%189%%%%%Q§pﬁ£@!-%§ﬁ rile was
added. The selutiod ogatainingt2M3BN4n yaleipritrde (piepared by orikingidle? gZM3BY 770 ngy

of pale beigg ﬁ@%b@'val@r&ﬂﬁﬂ%)@' TRE rARAIY Wa¥ hehtd@ tdo0%x fomirfe HAR, Aspect 9:
Preparation_ of catalyst: Q. 560 gf of the polyneric phosphite prepared in

e To 0. 56(
Exanpl e 19AGddicrigd $HEV/EMIGN fadie Oftflni xture” 35 was stirred overni ght
and anot her 1 mHavingl tusiaesedlsatl andoestemplifiextt tHeeinvention with a certain

20 degree of particularity, it should be appreciated that the following claims are
not to be so limited but are to be afforded a scope commensurate with the
wording of each element of the claim and equivalents thereof.
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was added 0.052 g of N (COD)2, giving an orange slurry. After stirring at
roomtenperature for four hours, the solvent was renpved by vacuum and the
resi due vaouwamusts: ed for three hours. To the residue was adadabom3mi4s -56 WO
03/ 045552 PCT/ US02/ 37304 of 3PN and the solid was filtered, washed
successively with acetonitrile, 3PN, and acetonitrile, vacuumdried to give
593 ng of orange solid. 5 Exanple 19C Aspect 10: Hydrocyanati on of

but adi ene: To 16 ng of catal yst prep_gu%gs described in Exanple 19B was
added 1.045 nL of a solution conta t adi ene and HCN (prepared by

m xi ng 6. 7¥hagt isclajmedridni trile, 6.572 g of 3-pentenenitrile, 5.476 g of
but adi ege, and 2.187 g of HCN). The 10 m xture was heated at 80C for 2
hours. GC indi cated 82% conversi.on ft. njtriles with 3PN 2M3BN of 1.9.
Ecampi e 190 A pacphosphor S RamesIRg Jiderats arkd mosomar GREMAUPIA e s 16
of 15 cat &oymulaor @psfrtad Fesmdéshyi bed in Exanpl e 19C was added 0.266 nlL of
a solution containing 2M3BN in valeronitrile (prepared by mxing 20.7 g
2MBBN and 1. 8g val eronitrile). The m xture was heated to 100C for one
hour. GC indi cAreld 3PN OWBBN ratio of 10.1. Havi ng thus described and
exenplified the |i nventi oE with a certain 20 degree of particularity, it
shoul d be appreciated that the follow ng clains ar@arRpot to @erygo Iimted
but are to®ergf;Porded aPg0AfR,conmensurate with th wor di ng of each

el ement of the clam apd equival ents thereof. -57 03/ 0455bH2

PCT/ US02/ 37304 CLAMS What is clained is : 5R&oﬁp%r:osphor 8¢08dt ai ni ng,
bi dentate |igand ngnoner conpound of the Formula | on of vhe Formul a I,
(ArR b (ArR b (A Rb (RAAO-aP P- f OA'R) a | P 000 (RArO)-P

N =
R"), R R, R"),
10 I Il
wherein:
x=0to4;
y=0to2;
15 a and b are individually either O, 1, or 2, provided a+b = 2;

each Ar is individually selected from the group consisting of phenyl,
substituted phenyl, naphthyl, and substituted naphthyl, provided that the two
Ar groups that are directly or indirectly bonded to the same phosphorus atom
may be linked to each other by a linking unit selected from the group
20 consisting of direct bond, alkylidene, secondary or tertiary amine, oxygen,
sulfide, sulfone, and sulfoxide;
each Ar can be further substituted with C4 to C, branched or straight
chain alkyl, C4 to Cy cycloalkyl, Cs to Cy aryl, acetal, ketal, alkoxy,
cycloalkoxy, aryloxy, formyl, ester, fluorine, chlorine, bromine, perhaloalkyl,
25  hydrocarbylsulfinyl, hydrocarbylsulfonyl, hydrocarbyicarbonyl or cyclic ether;
each R is individually selected from the group consisting of hydrogen,
ethenyl, propenyl, acryloyl, methacryloyl and an organic radical with a
terminal ethenyl, propenyl, acryloyl, or methacryloyl group;
each R" is individually selected from the group consisting of hydrogen,
30 linear or branched alkyl, cycloalkyl, acetal, ketal, aryl, alkoxy, cycloalkoxy,
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(Rf)y (R11)y and (Rx (R')x (Rx R')x 10 1 Il wherein: x =0to 4, y =
Oto 2; 15 a and b are individually either 0, 1, or 2, provided atb = 2;
each Ar iwoim@isssziual |y sel ected fromthe group consi sti n@cafuSoharsyd ,
substituted phenyl, naphthyl, and substituted naphthyl, provided that the
two Ar groups that are directly or indirectly bonded to the sane
phosphor us aayloxry, fomgytpester, rﬂuedneockﬂadhe,dnrbe‘rin@,weihaionléwhg unit sel ected

f th t b
tertiary 2&%’@%@%& hiftoBtHISUBhy HrocHYa R, SEROIMREY OF
furt her su@émﬁnmt@cpwxlhalmaﬂ@rgmcwa@'ﬁalﬁétm artegping| QWPnY'cWaﬁfﬁpaNdyl Cl to

C20 cyc5oal lfdu . CG to C20 aryl, acetal, ketal, alkoxy, cycloal koxy,
aryl oxy, for chl ori ne m ne erha Fl kyl, 25

fluorin
hydr ocar byl sul flpﬁ?/‘f' %?H'reéég %S{ﬂp(wts eHWJWB(Pé?B STHAEY or cyclic
et her; eachetRatiyloyhdi thwbrglah;c raelicat it o reomrtarhettquﬂmropesylsmm@ynf

v ogen, R ALyl SRR arTetal O FBBESHY SRl Bl e "2t e
R' is indi organic rgdicalvetht adermioal ethengrarpgsopemdigsoeumg of hydrogen, 30
li near 4 gr branched al kyl, cycloal kyl, acetal, ketal, aryl, alkoxy,

cycl oal OX\é -58 WO 03/ 045552 PCT/ USOZ/ 37304 aryl oxy, forrryl ester,
fiuorine, &hlorifneompewnd AEClaberhdiasaua |, wheigarac s MQUR"?W'maW

hydr ocar bylos gbtomydry ahwﬂrdé@?é&whﬁ@&@ﬂfybxygéh%drm&ttb%n wh%fréflﬁf}'yit propenyl,
and an or gani.c radi cal, with a_ferm.nal ethe

i ted SBNHGAGIS R eatiidherh K A secahraRealy aibang e *U

met hacr yl oyocated ahtheocvrgmpcsmadof:the oxyigencbdreiedi todhe direpingthalepe openyl |
acryl oyk, g ERNACIHbANLq BF EHArCY Pk BB 2R £5eRS et henyl.

pr openy or ganl Cc radr cal ermnal ‘et hényl “or propenyl
group. 10 primmrg orpecentiasy atiyhlapated sdherto the oxmﬁa@rtmnded to Ar, wheteino, R is

primary ok ﬁﬁém%'é)’elma'ﬂ@aslt BﬁétF@dis rﬁ'ﬁé}ly_{;(ﬁlsb%n QY| BeAESEAnd & A,

wherein > rein I secondar aI kyl
gr oupl an)é il(g;ated at %e ortho bosmons ofat?\e oxygen bondeg to the %lp%enfllene y y

group.

20
3. A process for preparing compositions comprising phosphorus-
containing, bidentate ligand (monomer) compounds of Formula I, wherein a
is 1 or 2 and b is 0 or 1 with the condition that a + b = 2, or compounds of
Formula Il, wherein ais 1 or 2 and b is 0 or 1 with the condition thata + b =

25 2,
(ATR), (ArR),,
l | (ATR)p (ArR),
(RArOP PtOAIR),
N / | P(OArR)
0 0O (RATO 3P R),
N/
O O
7% Do S
R")s R R R")x
I I
30 wherein:
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| ocated at the ortho position of the oxygen bonded to the binaphthal ene 15
group, or a conpound of Claiml1, Fornmula Il wherein a =2, b=0, Ris
primary owodspeisdary al kyl |ocated ortho to the oxygen bomdediSon37n4
wherein x >_1 and wherein at |l east one R'" is primary or secondary al kyl
group and is |ocated at the ortho positions of the oxygen bonded to the
bi phenyl ene grauwp0t@d; 3. A process for preparing conpositions conprising
phosphor us- cong,a;i 6“5'9* bi dentate |igand (nononmer) conpounds of Forrmula I,
wherein a is 1-7or 5 ahd bis 0 or 1 with the condition that a + b = 2, or
conpounds of FeAANIAK i3 indivigheallyi selected fromythegrayg gensisting&f pheqyk h t he
condi tin Ladtitatet! Shenyl Hophth A SR daAHRYR rbuidl theFRE@NOP PLOA R)
all OO RArOSg P- 40Ar % a O%%é‘r( )ﬁ and (gzx (hR")x {olr?%)x R') x
| 11 30 whéY &roMps 8§t a5 diszelysegnd Yl%geg%@desﬁm-e IPhprugatony ¢ o 2;
ea(t:)h Ar i s maydbe lidked toyeaah iembedyfarIDMﬂ@enigselepteddrthhéggotqj phenKI, 5h
substitute : | . : t hat the
to. A or sapauier GPETReR: eI Seeb g B RB N R EE

phosphor us salfide suifonehantisukexidep each other by a linking unit selected
fromt group ynSL b Qf 16 pdtf‘dﬂ%

terti a*r.tg am ne, e%?@?eﬁ% li%?%@eé,é'g%tle? gﬁﬂ? t%]gydsdul ox?sc}z';%cqg@gg%%%' S

i ndi vi dual IIpeaeprdapaned alkvt g¥clgatiyp acstali katal gnis alkggy &yelealkoxynear or
branched ablybxy, d¥eh@aedtet, fuatifethlokss Bromind | perfalsa]yl, cycl oal koxy,

Py ocar by RSHaeRFTS A P B PYSHBRY: PYetoar BB BA atig Py ol § o
et her, et kdweryl, popeeylydnd andrgamiorgdinalowittaditemhinai ¢theaylt@rpropanhylet henyl
or propg nyl: each R is individually selected from the group consisting of hydrogen,
acryloyl, methacryloyl and an organic radical with a terminal acryloyl, or
methacryloyl group; provided at least one R is acryloyl or methacryloyl or an
organic radical with a terminal acryloyl or methacryloyl group, said process
comprising:
20 (1)  reacting at least one of acryloyl chloride or methacryloyl
chloride with a polyhydric alcohol to make at least one of
monoacrylate or monomethacrylate,
(2) reacting at least one of monoacrylate or monomethacrylate with
at least one of phosphorus trichloride or phosphorodichloridite or
25 aryldichlorophosphine (Cl,P-Ar) to give at least one
phosphorochloridite- or aryl,aryloxychlorophosphinite-containing
acrylate or methacrylate,
(3) reacting at least one phosphorochloridite- or
aryl,aryloxychlorophosphinite- containing acrylate and/or methacrylate from
30 step (2) with at least one compound of Formula Il and/or at least one
compound of Formula IV,
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15 each Ris individually selected fromthe group consisting of hydrogen,
acryloyl, nmethacryloyl and an organic radical with a term nal acryloyl, or
met hacr yl wolo3gussap; provided at | east one Ris acryl oyl orcratdozsTsgs oyl or
an organic radical with a term nal acryloyl or nethacryloyl group, said
process conprising: 20 (1) reacting at |east one of acryloyl chloride or
nmet hacryl oyl cRioride Wth a polyhydric al cohol to make at | east one of
nonoacryl ate or rﬁmome/t/hacryl ate, (2) reacting at |east one of nonoacrylate
or nmononet hacryl ate wpth at |east one of phosphoRis trichiBoride or
phosphorodi chl ori drte\or 25 aryl di chl orophosphine (Cit2P-Af) to give at
| east one phosp ani dite- or aryl, aryl oxychl or ddhddphi ni t e- cont ai ni ng
acryl ate or - (3) reacting at |east one phosghorochloridite- or
aryl, aryl oxy Snh '(Rﬁ; cont ahthi ng acryl at N
30 step (2) w A one conpound of For nul &
conpound of _FoX QR 03/ 045552 PCT/ Uﬁﬁ W / R R O
000 (RYBXR TEVCR )X (R ) x (RD)% dein: 5 each
R individuallyllis hydrogen or M wherein Mis an alk§i netal or an
al kal i ne earth @%ih'll' A conpound of Caim3, Formula Ill, wherein a = 2,
b =0, Ris pri ey or secondary alkyl located ortho to the oxygen bonded
to Ar, Bherein pashR' indivdaaly stydesgernor Meadhereind i an alkalimata) oor
secondary ahkykaif o%g}@ talS located at the ortho position of the oxygen
bonded to the b? naep t aﬁ%ne' group, or a conpound of Claim?2, Fornula
| V\wherein a = 2, b =0, Ris prinmary or secondary alkyl l|ocated ortho to
the oxygen 4b0nd¢gcérﬁp&lﬁri1(d faheraahrs, %émpla ANGvhdieines B 281 + 9aRtis prighdry i s
primary or o?%gggn@arry aﬂ<yl Yocagerdoglghg?o th'esoxygen bonded to Ar, wherein y >1,
10 and wherein at least one R" is primary or secondary alkyl group and is
located at the ortho position of the oxygen bonded to the binaphthalene
group, or a compound of Claim 2, Formula IVwhereina=2,b =0, Ris
primary or secondary alkyl located ortho to the oxygen bonded to Ar, wherein
x 21 and wherein at least one R" is primary or secondary alkyl group and is
15 located at the ortho positions of the oxygen bonded to the biphenylene

group.

at | east one

5. A method for making a polymeric, phosphorus-containing composition
by heating, in the presence of an initiator, and, optionally in the presence of a

20  Group VI transition metal, a composition comprising at least one compound
of Formula | and/or at least one compound of Formula I,

(ArR), (ArR),
| | (ArR), (ArR),,
(RATOy-P P(OAIR), |
N / PLOAIR)
0O 0 (RATO y5P a
I \ /
O o

e s S
(R")x (R"); R CON
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15 located at the ortho positions of the oxygen bonded to the biphenyl ene
group. 5. A nethod for nmaking a polyneric, phosphorus-containing
conposi tiwo o3loysskeati ng, in the presence of an initiator, pamdjSonpt3nonal |y

in the presence of a 20 Goup VIII transition netal, a conposition
conprising at |east one conpound of Formula |I and/or at |east one conpound
of Formula Il, (ArkRb (AARDb I I (AARb (ARDb (RAFO jPP (OArR) a 00

(RArO)jP P40Ar§)§]eg- OO(R)Y (R)y and (R. )x (R" )x (R)x (R)x I 11
-61 WD 03/0455 T US02/ 37304 wherein: x = 0 to 4, 5y =0to 2; a and
b are individuaki304pdher 0, 1, or 2, provided a+tb = 2; each Ar is
phenyl - napht hyY Gad 2 ubst | Lut od.papht YL -provi ded that the two Ar

) ) OSLI, . y a e two r
groups that ar e aANGk are Ingividuglly &l f@’, oﬁﬂgdp'ioc‘!'%‘?ea%%ﬁ@;phosphor us atom
10 may be |inkedath Axas ihdiibedllyselected ftoinm thelgidupsedreisting df phenylhe group

Ul Ti de, " SSPSALSEERRETR nasttal: SAEERos BRI, pikdidee b PELPRs W1 Rt
to C20 br aAciyeoups that aee gimectlycorandiredtiwbhiondet! todh€zameyphasphioplis atoint o C20
o or 10" Mo belatoq FLERHontEop AT A soRtiemyy il =ster
hydr ocar bycensisting bf difgeirasrsl Bikytidens isgrondaryyaritediagy BeYne, AXEANR i s
i ndi vi dual Iswf@gl, sGitsHE, IhasuifBRiggr oup consi st ng of _hydr ogen, et henyl ,
e oo Bheh AT A e saRARRERTE ol et i ™ "
i ndi vi dual kyaipedlegt €4 té OgpcydiealkylpCp te Gas ball i auptalf kétatratigsey, | i near or
branched: al kybaikek§! S5y forf§f eller, #iSile, cRlofne, BISHRING; p&MBIGRkYTOXY:
hydrocarbylsulfinyl, hydrocarbylsulfonyl, hydrocarbylcarbonyl or cyclic ether;
each R is individually selected from the group consisting of hydrogen,
ethenyl, propenyl, acryloyl, methacryloyl and an organic radical with a
terminal ethenyl, propenyl, acryloyl, or methacryloyl group;
20 each R" is individually selected from the group consisting of hydrogen,
linear or branched alkyl, cycloalkyl, acetal, ketal, aryl, alkoxy, cycloalkoxy,
aryloxy, formyl, ester, fluorine, chlorine, bromine, perhaloalkyl,
hydrocarbylsulfinyl, hydrocarbylsulfonyl, hydrocarbylcarbonyl, cyclic ether,
ethenyl, propenyl, and an organic radical with a terminal ethenyl or propenyl
25 group;
provided at least one R represents ethenyl, propenyl, acryloyl,
methacryloyl or the organic radical with a terminal ethenyl, propenyl, acryloyl,
or methacryloyl group or at least one R" represents ethenyl, propenyl, or the
organic radical with a terminal ethenyl or propenyl group,
30 at atmospheric pressure and a temperature between 20°C and 150°C
for 1 to 100 hours to produce the polymeric composition.

6. A compound of Claim 5, Formula |, wherein a =2, b =0, R is primary
or secondary alkyl located ortho to the oxygen bonded to Ar, wherein y 21,
35 and wherein at least one R" is primary or secondary alkyl group and is
located at the ortho position of the oxygen bonded to the binaphthalene
group, or a compound of Claim 5, Formula Il whereina=2,b=0,R is
primary or secondary alkyl located ortho to the oxygen bonded to Ar, wherein
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aryloxy, fornyl, ester, fluorine, chlorine, brom ne, perhal oal kyl,

hydr ocar byl sul fi nyl, hydrocarbyl sul fonyl, hydrocarbyl carbonyl, cyclic

et her, ewlbaayhssspropenyl, and an organic radical with a temrmisoaBdiset henyl
or propenyl 25 group; provided at |east one R represents ethenyl,
propenyl, acryloyl, nethacryloyl or the organic radical with a term nal
et henyl , pxeeamd wharziy labldast one Ries paiorary oylsegondary @lkyhigrdugnasnd sne R

represents, aLhcny hlerﬂR?Béf%Boﬁ){ oitttﬂ %Qﬁ%ﬁdéa%% bﬁfﬁ%ngﬁpéer m nal

et henyl or propen group eric pressure enperature
bet ween 20@raufd 150C for 1 to 100 hours to produce the polyneric
conposigion. 6. A corrpound of Claim5 Formula I, wherein a =2, b =0, R
is primary_ or secon ted ortho to. th en b nded to Ar,
whereiny %1, T éﬁgﬁg/’ﬁ‘ Ieé%{gtt @ nitigter jsa ?Pﬁé&'ﬁab'f“?@ggondary

al kyl group and |s Iocated at the ortho position of the oxygen bonded to

t he bi naph haI e of o) wherein a =
2 b o B s AReIREYE R ReRR AN csBaPlEn heHEBY Srd RtBRSen
bonded to AfCIaMmeﬁ ein -62 WO 03/ 045552 PCT/ US02/ 37304 x ?1 and wherein at
| east e R is primary or secondary al kyl group and is |ocated at the

ortho positions of the oxygen bonded to the biphenyl ene grou R. 5 7. The
met hod of & ai mAgneH@ddion Making aipolyaesic ¢@MRAosiHer byheatiad, indhei ator. 8. A

pol ymeri ¢, pphemeB et 4h- .ﬁfﬁ@t@l alcaaufd@,m%dmmm@aele%t bhe cbhpeakg ofof Claim
5. 10 9. Arrethoﬂfor n% d(r)cho i{tlon by heating, in the
presence of °HRula ﬂltqrﬁt&astg @&qu of TSI &Y ng at 1 east one compound of

Formula | | | or at |east one conmpound of Formrula IV R R R R 0000
(RY)y (R")y and 15 (R)x ﬁR")X (R). (R)X

R' R'
O O
15 R") (R" (R")x (R")x
v
wherein:
x =0 to 4;
20 y=0to 2;

each R' is individually selected from the group consisting of hydrogen
or an alkali metal or an alkaline earth metal or a hydroxyl protective group
selected from the group consisting of alkyl, alkoxyalkyl, carbonylalkyl, and a
crown ether formed by taking both R’ groups together;

25 each R" is individually selected from the group consisting of hydrogen,
linear or branched alkyl, cycloalkyl, acetal, ketal, aryl, alkoxy, cycloalkoxy,
aryloxy, formyl, ester, fluorine, chlorine, bromine, perhaloalkyl,
hydrocarbylsulfinyl, hydrocarbylsulfonyl, hydrocarboylcarbonyl, cyclic ether,
ethenyl, propenyl, and an organic radical with a terminal ethenyl or propenyl

30 group; provided at least one R" is ethenyl, propenyl, or the organic radical
with a terminal ethenyl or propeny! group.
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11 1V wherein: x =0 to 4, 20 y=0to2; each R is individually selected
fromthe group consisting of hydrogen or an alkali nmetal or an al kaline
eart h nmetwb oon4ss5hydr oxyl protective group selected frompPChasgr/aisps

consi sting of alkyl, al koxyal kyl, carbonyl al kyl, and a crown ether forned
by taking both R groups together; 25 each R' is indivi duaIIy selected from
t he group dénsi g comgpoindptiCaimrd, Fdrimubal, vd’rerb'mamet%d) alOkR is priypedrgal kyl ,
acetal , ke r

il uori he. _ Shiesegidary o m”%fe“ﬁh% {4 pvac oot tol A Wlersiff 21

hydr ocar by eediwhergin ateastane 6;& @ramstmn secoyd ncalév'r@rpup andngny|

g;gggny{,} roﬁ%é‘?;"’sf‘*ﬁ%@? b@@lhéﬁlbfYMé@x@ethdﬁdé@'toﬁh@Welr H?ﬁalél'g(?ggm"c 30

radi cal mﬂpraqr@r%'ﬁaq’”’&{]ﬁégﬂﬂ'mo? évlquﬁ'g pgl 268) 75045552

ECT/ US02/ 3'paiffary &0 seorddrp " klow‘atéa arthm!btﬂ%mxygem bonddtdetbetkmgmegeﬁ b = S 0,
is primr oLy s 0 or n. honded to Ar,

wherein y %1 ?\%ﬁ‘ﬁggﬁe o%ggt%%)ﬁﬁg%y otrgggﬁgﬁié&fllgﬂﬁg ﬁﬁ% aI kyl

group and icx:%ed etﬁteemﬁm positions ohithepaxygen dondedith dhebiphenyleneded to t he

b| naphjhal gns, ®RGup 9r oup, or a conpound of Claiml1, Fornmula Il wherein a =2, b

=0, Ri1s “primary or secondary al kyl located ortho to the oxygen bonded to

Ar, wherein x >_1 and wherein at |east one R' is primary or secondary

al kyl _group1and The me@eatstdiam 9 MhePsihRe RMAGAtbl RS fre rbbRaPmitast, bonded to

t he bi phenyl ene 10 group. 11. The nethod of claim9 wherein the initiator

is afree radical initiator. 12. A polyneric conposition nade by the

met hod of @Rai mASpolmetid.cofnparsitiesmatio byrth& innethed b IClaier Oc,

phosph us contai ning conposition by: (1) heating, in the presence of an

initia , a conposition conprising at |east one conpound of Fornmula Il
and/ or at N8ast Aopreces®faranaking@ palymerienphospiiorys-centapinyg romRosition
by:

(1)  heating, in the presence of an initiator, a composition
comprising at least one compound of Formula Ill and/or at least one

20 compound of Formula IV:
R R’
\o o/ R R
N/
O o
(R")x O (R"M) (R")« (R")
m v
25 wherein:
x=0to 4,
y=0to2;

each R'is individually selected from the group consisting of hydrogen
or an alkali metal or an alkaline earth metal or a hydroxyl protective group
30 selected from the group consisting of alkyl, alkoxyalkyl, carbonylalkyl, and a
crown ether formed by taking both R’ groups together;
each R" is individually selected from the group consisting of hydrogen,
linear or branched alkyl, cycloalkyl, acetal, ketal, aryl, alkoxy, cycloalkoxy,
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OO0 (R)Y (R')r and ~R")X 11l IV 25 wherein: x=0to 4; vy=0to 2; each
R is individually selected fromthe group consisting of hydrogen or an
al kal i nmewelosoussan al kal i ne earth netal or a hydroxyl proteatisep3gooup 30
selected fromthe group consisting of al kyl, al koxyal kyl, carbonyl al kyl,
and a crown ether forned by taking both R groups together; each R' is

i ndi vi dual layylsxy, domed, éstemfluoeingr chipricetsostinegperhaloptkyhgen, | i near or

b hed al t y . -64
V0 03/ 0assESdiser Y RyArBCEE Sl R hyarBeuta RiABHy L RGP TY: |
broni ne, péthenybaragenyl, #iydind Cagayic sadicakyith agunipebethenyLoTsApeny!

hydr ocag boyt&: tb?d?\)ibed QY [as€ oRE IFeTis etreédwabgemp@@mél org8AR réficar gani c

R 1 o et el a [EUEANOT of REORRYEARUA AR cal wiih a termnal et henyl or
propenyl group and (2) if R is a hydroxyl protective group, converting R
:)ﬁosHpﬁ(r)nslnat ?lng?#)lhe”ﬁffgg%ghy@lf&@b IE}’B&?%?J% grog%t ?lgn@?rﬂgg %{)ﬁéﬁp%{ a"}1ydr oxyl
protective grouplkabmetabopalieling eafthswegpbarid,) and (2) if R is a hydroxyl
"0 S 10)5 SaocRe ot plotanthalia SRSy Sptyh & W ARSI 2 WL
unit, - P(Ahydrosybprpteciveraraupy @ thadradict dfistans (cja\@ﬁdﬁ&) fR'iIhai vi dual | y
TR S A My R Y
o di t ot B Ui SRy EaBie e nE A" BRI S ROSHHIRLF be
l'i nked to eaith-R{ARNEO-Aby oa nikiuke tiiereof, whese eachdrfis andividealy seiectednsi sti ng
oul fonts afanEiIeruthgCRSG ing STRRBAR. Subtibkiatiting Felofhy debery Sui T ee
trival ent shbstutediraphéhy, prgivided tbay t graumstthat are-direstly »r and t he
g??pngggdofigdef%ggggré?/b%({l {0 }H@‘%rﬁé’bh@sﬁh&us%t&nﬂnaﬁ/% INkedt8'\@acR M Ns a
by a linking Unit sePc/ected from the group consisting of direct bond, alkylidene,
secondary or tertiary amine, oxygen, sulfide, sulfone, and sulfoxide.
20
14. A compound of Claim 13, wherein the trivalent phosphorus is a
diaryloxyphosphite unit, -P(-O-Ar),, and the compound of Formula lll,
wherein a = 2, b = 0, the Ar group contains a primary or secondary alkyl
located ortho to the oxygen bonded to Ar, wherein y >1 and wherein at least
25 one R"is primary or secondary alkyl group and is located at the ortho
position of the oxygen bonded to the binaphthalene group, or a compound of
Claim 13, Formula IV wherein a = 2, b = 0, the Ar group contains a primary
or secondary alkyl located ortho to the oxygen bonded to Ar, wherein x >1
and wherein at least one R" is primary or secondary alkyl group and is
30 located at the ortho positions of the oxygen bonded to the biphenylene

group.
15.  The method of claim 13 wherein the initiator is a free radical initiator.
35 16. A polymeric composition made by the method of Claim 13.

17. A method to produce a polymeric, phosphorus-containing composition
by heating a phosphorochloridite containing at least one acrylate or methyl
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| ocated ortho to the oxygen bonded to Ar, wherein y > 1 and wherein at

| east 25 one R' is primary or secondary al kyl group and is | ocated at the
ortho powaptBomssf the oxygen bonded to the bi napht hal ene Pgmraisp2/3130n4 a
conpound of Claim13, Forrmula IV wherein a = 2, b =0, the Ar group
contains a primary or secondary al kyl |located ortho to the oxygen bonded
to Ar, whererylate grolp irathe plesesce ohanlinitigtor émpraducesa polymarcootaisisgondar y
al kyl grou%g ﬂhbr%cﬁ%nhﬁéaé@fﬁmérf?@a&[@\‘ﬂ b?%hoémﬁéﬁgogt’ﬁéf en bonded

to the bip ene In the initiator

is afree rCQmeﬁan@ﬁ ??‘%’&Qﬂe corspoyrd oAFgEMYiRd |3é‘dé‘éfn$ﬁf§mt|?d)\ﬁ made by the

nmet hod of daim13. 17r A nethod to produce a pol yneri c,

phosphor us- cont alNi ngZconposition by heating a phosphorochl oridite

contai ning at |east wne acrylate or nethyl -8 03R045552 PCT/ US02/ 37304

acrylate group i e presence of an initiator t8 R oduce a pol yner

contai ni ng ph6sphorg oridite, and further reagtiyng this polynmer with a

conposition cogp t RI' east ofg conpound g g |11 and/ or Fornul a
&0 (R)y (R)y agd

1V: R R ®RY%/)R , "Y,, (R)Xx (R)Xx
11 1V wherei Q 4; 10 y=0to2z; egRKR I s\ vi dual |y sel ected
fromthd gri®ip cd

g(R&f hydrogen or an )’m kal i metéﬁ)"or an al kal i ne
earth netal or g|hydroxyl protective group selected fromthe group

consi sting of alkyl, al koxyal kyl, carbonyl al kyl, and a crown ether forned
by taking both R groups together, with the provision that 15 if R is
protected, the Mmeiqti ng group nust be renoved before reacting the

conmpound of Form,llg (I) | and/or Formula IV with the polyner containing
phosphor ochi ori each R' is individually selected fromthe group
consi si®ng of hydt 6@@12 | i near or branched al kyl, cycloal kyl, acetal,

ketal, aryl, al kgl RSy FldRAdKSKYselected from the group consisting of hydrogen
or an alkali metal or an alkaline earth metal or a hydroxyl protective group
selected from the group consisting of alkyl, alkoxyalkyl, carbonylalkyl, and a
crown ether formed by taking both R' groups together, with the provision that

15 if R'is protected, the protecting group must be removed before reacting the
compound of Formula Il and/or Formula IV with the polymer containing
phosphorochloridite;

each R" is individually selected from the group consisting of hydrogen,
linear or branched alkyl, cycloalkyl, acetal, ketal, aryl, alkoxy, cycloalkoxy,

20 aryloxy, formyl, ester, fluorine, chlorine, bromine, perhaloalkyl,
hydrocarbylsulfinyl, hydrocarbylsulfonyl, hydrocarboylcarbonyl, cyclic ether,
ethenyl, propenyl, and an organic radical with a terminal ethenyl or propenyl
group; provided at least one R" is ethenyl, propenyl, or the organic radical
with a terminal ethenyl or propenyl group.

25
18. A compound of Claim 17, Formula Illl, whereina=2,b =0, Ris
primary or secondary alkyl located ortho to the oxygen bonded to Ar, wherein
y 21, and wherein at least one R" is primary or secondary alkyl group and is
located at the ortho position of the oxygen bonded to the binaphthalene

30 group, or a compound of Claim 17, Formula IV, whereina =2, b =0, R is
primary or secondary alkyl located ortho to the oxygen bonded to Ar, wherein
x >1 and wherein at least one R" is primary or secondary alky! group and is
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20 aryloxy, fornyl, ester, fluorine, chlorine, brom ne, perhaloal kyl,

hydr ocar byl sul fi nyl, hydrocarbyl sul fonyl, hydrocarboyl carbonyl, cyclic

et her, ewbaawhssspropenyl, and an organic radical with a terniSaab7ses henyl
or propenyl group; provided at |east one R' is ethenyl, propenyl, or the
organic radical wth a term nal ethenyl or propenyl group. 25 18. A
conpound ofloc2ited at the, orfwy positioms bf thehexygien kwnded tolthe-bipheRyleme pri mary or
secondary ?r&ﬁ | ocated ortho to the oxygen bonded to Ar, wherein y > 1,
and whereim at” 1l east one R' is primary or secondary al kyl group and is

| ocated at the ortho position of the oxygen bonded to the binaphthal ene 30

group, §r agconmeinfethod@fatigind 17 WissreLtha idilatonties eee radiealinitiater. 0, R s
primary or secondary al kyl |located ortho to the oxygen bonded to Ar,

wherein x ?1 and wherein at |east one R' is primary or secondary al kyl
group and i29. - 66\ pélyMerio£ohipdsRioN tade/byAB84method alf &faiat 17he ort ho
positions of the oxygen bonded to the biphenylene group. 5 19. The net hod
of Claim1l7 where the initiator is a free radical initiator. 20. A

pol yrmeri ¢ @dnpodi catalysheeivpbsitiohcomarising of C aim 17. 21. A catal yst

conposkki on co | Si Pm)g &St Sini iHSpr ePNt ai ni ng
corrpos??i on of meg ai %glle]agﬁgﬁétnﬁ%da@téﬁ% e Gpgﬁglg\r%qtélr?{eta , ggél?gr)' Bgt | east
one polyneric, [Hagphandatdepstans Gpuoilodetal®l of daims8, and at | east

one Group VI nefal at Rplast he Polyredsd, ﬁh@@pﬁ@ﬂ%%ﬂtéﬁnir\gm‘tﬁﬁ ition 6PNt ai ni ng
a

iti f 5 im1l2, ' 6, c 20 t G
V1T metal 22 CRRB AL eSS sepup Sl B1Etek B m 21 wherei n the Group
VIl netal is r8ckelatlgast badipoigmenic, phioaphorugecanhBainifigecarmpaesditian of

o ; : . | I . i di
or bl atPnum 24 AL £ P L. S IRl s S qa RRE G R VT, ot

VII'l metal is nickel. 25 25. The catal yst conposition of Claim22 or 24

further compri siThg @tdf¥ mBSdiflon SPCIalMR2 Cahatels the BIBAS Mill Rietalfis O ai m 25

wherein the Lew s ang S
nickel, palladium, or cobalt.

20 23. The catalyst composition of Claim 21 wherein the Group VIII metal is
rhodium, iridium or platinum.

24.  The catalyst composition of Claim 21 wherein the Group VIl metal is
nickel.

25
25.  The catalyst composition of Claim 22 or 24 further comprising a Lewis
acid.

26.  The catalyst composition of Claim 25 wherein the Lewis acid is

30 selected from the group consisting of ZnBr,, Znl,, ZnCl,, ZnSO,, CuCl,,
CuCl, Cu(O48CF,),, CoCl,, Col,, Felz, FeCl,, FeClz, FeClx(THF),, TiCl,(THF)
2, TiClg, CITi(OiPr)2, MnClz, ScCl,, AICI;, (CgH,;)AICI2, (CgH,,)2AICI, (iso-
C4Hg)2AICI, Ph2AICI, PhAICI,, ReCls, ZrCl,, NbCl,, VCl,, CrCl2, MoCls, YCI,,
CdCl,, LaCl,, Er(O3SCF3) 5, Yb(O,CCF;) 5, SmCly, B(CHs) 5, (CeHs)sSnX,

35 where X=CF3S03, CH3CgH5SO3, or (CeHs)sBCN and TaCly,

27.  The catalyst composition of Claim 26 wherein the Lewis acid is zinc
chloride or iron chloride.
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30 selected fromthe group consisting of ZnBr2, Znl2, ZnCd 21 ZnSO41 Cud 21
CuCl, Cu(O8SCF3)2, CoCl21 Cole, Fel2, Fed 3, Fed 2, FeCl2(THF)2, T1Cl4(THF)
2, Ti Cl2,wOlo3jo§3Pr) 2, MCl2, ScCl 3, AICI3, (C8HL7)Al Cl2, pCTakoTIBM Cl
(iso- C4H9) 2AI ClI, Ph2AId, PhAIC 2, Red 51 Zrd 4, NbC 51 VC131 Crd 2,
MbC151 YCI 31 Cdd 2, Lad 3, Er(G8SCF3) 3, Yb(O2CCF3) 3, SnCl 3, B(C6H5) 3,
(C6H5) 3SnX, 35 where X=CF3S(8, CH3C6H5SCB, or (C6H5) 3BCN and TaCl5. 27. The

catal yst c 0Sipt f " erein,.t | S id i ' chl ori de
or iron ch g?i quA. “%9%%%}%@%%@%@%%‘8B?gb@@ﬁ'”??"q}ﬁ%}@ao ornyl ation
process coRf@ani¢ agmpeHndsithnigOaandihis én theapresenes ghaicatalysiroumesitiath CO and
H2 in the BHRPPRER of a catalyst conposition 5 conprising (1) at |east one
nononeri c, phos rsorus-cont ai ni ng conposition of Claim1l and at | east one
Goup VI netakl) or @t Eashone ganomaelic, PHOSRRPTUS-CHRIBRIFFAERRYIRMPhI ng
conposi tion of (i Mad aAlehslonee@riupVill ellorVI 11 netal, or 10 (3) at

| east one poly I C, osphorus: cont ai ni ng_conposit.ion of Cl.aimJd2, Caim
16 or “Oral m 30ha af HRELaRe BRbFRM pRoPPhSERDPIANGY Copppdsifidor
hydr of or nyl at i oflgin8.earxd af le6sbome SBowpdiiemetalner Goup VIII  netal is

r hodi u I ridi upgor ' : f i q of Claim
29 V\heir@ai n the unsat E{r %;aggan%Pégrﬁ%cé§ﬁggﬁ(ﬂhlgs&@g¥é®pe%%m t éf group
consi sting of 3Ghif bAdpliinilBeor Clripe andiat least @ne $neuipt\dHdnetak| | yI

al cohol, and al kyl 3-pentenoate or m xture thereof. 20 31. The

hydr of ormyl ati o rocess of Claim 30 ei n.the unsat urated rgani c
conmpound cgﬁt ai ﬂ@&h@/&’éofpﬁawaﬂ% pﬁ%ﬁsﬁ\éﬂg@'&égéﬂﬁ?@w«? @@E?HP\X% metal is
rhodi um 2mekal is Ahdgidmg indiuat srgplatimomess conpri sing contacting an

unsat uy ted organic conpound with HCN in the presence of a catal yst

conposition conprising (1) at |east one nononeric, phosphorus-containing
conposi ti 0d0of Toediydraformyation peegassaidlandp whareinnbeainsaturateg (2) at

| east one BRI ELMPolAG FPEABERUGREHhhE gkl oRsting &FB-BEntenenitrile,
3-pentenoic acid, 3-pentenal, allyl alcohol, and alkyl 3-pentenoate or mixture
thereof.
20
31.  The hydroformylation process of Claim 30 wherein the unsaturated
organic compound contains less than 100 ppm peroxides and the Group VII|
metal is rhodium.

25 32. A hydrocyanation process comprising contacting an unsaturated
organic compound with HCN in the presence of a catalyst composition
comprising

(1)  at least one monomeric, phosphorus-containing composition of
Claim 1 and at least one Group VIl metal, or

30 (2) at least one polymeric, phosphorus-containing composition of
Claim 8, and at least one Group VIII metal, or
(3) atleast one polymeric, phosphorus-containing composition of
Claim 12, Claim 16, or Claim 20 and at least one Group VIII metal,
and optionally a Lewis acid.

35
33. The hydrocyanation process of Claim 32 wherein the Lewis acid is
selected from the group consisting of ZnBr,, Znl,, ZnCl,, ZnSO,, CuCl,,
CuCl, Cu(O4SCF,),, CoCl,, Col,, Fel,, FeCl,, FeCly, FeClx(THF),, TiCl,(THF)
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Claim8, and at |east one Goup VIII netal, or (3) at |east one polyneric,
phosphorus-contai ni ng conposition of Caim112, Caim1l1l6, or Caim20 and

at |least woas@sssp VIII netal, and optionally a Lew s acipdT/i362/3B804 The
hydrocyanati on process of Claim 32 wherein the Lewis acid is selected from
the group consisting of ZnBr2, Znl2, ZnCl 21 ZnSO41 Cud 21 Cud,

Cu( GBSCF3) 31TiIGLIATI(Cir)., Miedlz, S¢eig] BICI F4CLiA,,)NEG] 2CTHIE)AICTi(iSb4( THF) - 68

10 O LA P BT 16 ¥ 5

2,
Zr C14,  NbOGHCIvdat], GrPHCRpG ¥b(QGCF,) ;c3mGl;, B(SE) 5 endd@sdss) 3,

Yb(2CCE3) 3, S 3, B(C6HS5) 3, and TaCl5. 5 34. The hydrocyanati on process
of Claim33 wherein the Lewis acid is zinc chloride or iron chloride. 35.

The hydr ocyénat iThe dseevanaion aresessf (dan SBrwhereindhedewisiacidist al 10 i s

ni ckel , palRAHGHES ofPERLhioridB: The hydrocyanation process of Caim 35
wherein the Goup VIIl netal is nickel. 15 37. The hydrocyanati on process

of Claim 36 wherein the unsaturated organic conpound is 3-pentenenitrile
or 4-pent eéni t Mhiechydrogyaniatioe proeessadf.Clags 34 Wherkindthedgeoupt Vidrmptabcess  of

Claim ga mﬁgeﬁﬁi@’ﬁ)gﬁam paiths | ess than 20 ppm sul fur dioxide, |ess
p u

than 4 pm su Irc acid, Tess than 20 20 ppm cyanogen, |ess than 10 ppm
epoxi de, less than 20 ppmacrylonitrile, and less than 100 ppm per oxi des,

and the perggenemiheriydescyapatioh procsss dfiGIBIm B8AVHIETIBIP®EGIcRSVIII3Betal he
hydr ocyanati on, process of Claim 32 wherein the Goup VIIl netal 25 s

ni ckel , pal'¥ Bﬁkglm or cobalt and the unsaturated organic conpound is 1, 3-
but adi ene. 40. The hydrocyanation process of Caim 39 wherein the G oup

VI al -1 s H . %Qf‘ i { m40
wher eimrﬁ‘%t hg’7HG\Iq4g%ngr%§%n éggﬂf‘cﬁ%ér?é pé?ﬁﬁ'?ﬁﬂ%ﬁ@@?@%ﬁ%\g@hﬂf&é@ than 40 ppm
sul furi c a®rganic eemponad i98-panteneitite geh-pantenenitilmonmigure Bpesafde, | ess
than 20 ppmacrylonitrile,

38. The hydrocyanation process of Claim 37 wherein the HCN contains

less than 20 ppm sulfur dioxide, less than 40 ppm sulfuric acid, less than 20

20 ppm cyanogen, less than 10 ppm epoxide, less than 20 ppm acrylonitrile,
and less than 100 ppm peroxides, and the pentenenitriles contain less than

100 ppm peroxides.

39. The hydrocyanation process of Claim 32 wherein the Group Vill metal
25 is nickel, palladium or cobalt and the unsaturated organic compound is 1,3-
butadiene.

40. The hydrocyanation process of Claim 39 wherein the Group VIII metal
is nickel.
30
41. The hydrocyanation process of Claim 40 wherein the HCN contains
less than 20 ppm sulfur dioxide, less than 40 ppm sulfuric acid, less than 20
ppm cyanogen, less than 10 ppm epoxide, less than 20 ppm acrylonitrile,
and less than 100 ppm peroxides, and the 1,3-butadiene contains less than
35 5 ppm t-butyl catechol, less than 500 ppm vinylcyclohexene, and less than
100 ppm peroxides.
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and | ess than 100 ppm peroxi des, and the 1, 3-butadi ene contains | ess than
35 5 ppmt-butyl catechol, less than 500 ppm vi nyl cycl ohexene, and | ess
than 100wppsiopssoxi des. - 69 WO 03/ 045552 PCT/ US02/ 37304 P42/USARI37304

i sonerization process conprising reacting an unsaturated organic nitrile
conpound in the presence of a catalyst conposition conprising (1) at |east
one nononewix;, mtmsphmrllaﬂmptaﬁels'sm;gmmp@ﬁeaicbngah ursafdrated drganit at | east

one G oup Vi a s-containin
conpositio 'tHE %@uncgfn r@%erilcgeaéﬁa o%%lgw%%ﬁ?nw%? (3) at | eagt
one pol yreri c, gﬂh)osplablamt ooatrmrmrngn@cph@@@h@ﬁt@rpamalnmmwmmg:ltlm af m 16, or
d aim 28 and at dl§i?r§tl a‘?i@eatq%é’ﬁ%n\é' G}odﬁe\t/ﬂﬂ metat&br43. The isonerization

process of Ca wherei n met'al is . nickel, palladium or

cobal t. 44. The (2)som§F least PBR pﬁ‘%’@%@% paps@%rum%)@ HNAGEIMPORItiomeht ur at ed

15 or ganl c ni tr|d|@mpgnmujgd|e|agt BnéTEIrbNﬂ)WH metgneni trile and the Goup VIII
netal is nickel,, 45.,The roce of .Claim44 V\Qere n the

e et hyl o put 3 21 (Gt DBS PohirESc, ShoBREG Ea s iR pertticn §

Claim 12, Claim 16, or Claim 20 and at least one Group VIII metal.
10
43. The isomerization process of Claim 42 wherein the Group VIll metal is
nickel, palladium or cobalt.

44,  The isomerization process of Claim 43 wherein the unsaturated
15  organic nitrile compound is 2-methyl-3-butenenitrile and the Group VIII metal

is nickel.

45.  The isomerization process of Claim 44 wherein the 2-methyl-3-
butenenitrile contains less than 100 ppm peroxides.
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