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P11245 PCT TITLE 30 May 2006 PHOSPHORUS- CONTAI NI NG COVPCSI Tl AND THEI R
USE'IN 5 I—Wﬂ ON, | SOVERI ZATI ON AND HYDROFORMYLATI G4 M&EA®H ons

- BACKGROUND I'NVENTI ON 10 FI ELD OF THE | NVENTI ON The present invention
relates to ethylenically unsaturated, phosphorus-containing, bidentate

| i gands (nononers) and polyneric derivatives thereof as well as polyneric
precursors to said polyneric derivatilVHE and net hods of naki ng the sane.
The present i nvent ion also 15 relates to catal yst conpositions involving a

b ARG e Sss

Phosphor us- based | i gands are gener CIHSNR i n catalysis, finding 20 use
for a nunber of commercially |nportant chenical transformations.
Phosphor us- based Ilgands<Ei t I ysi s include

phosphi nes, phosphinites, Monodent at e
phosphorus |igands, e.qg. nonophosphlne and nonophosphite |igands, are
.compou that usually contai atomthat serves as an
25 elegﬁ?on donor to a tran5|lE&I§tﬂg* EA phosphorus |igands, e.qg.
bi sphosphi ne, bi $pAEsEsaNiine@ntion selatesiecthylenically pheaiurated, and

bi s( phosphopu@s)pﬂdrg@eaﬁt,am.ng Qﬁa@.ﬁ@te i AbrioiferRanaipBlfertl ect ron donor

atons and t clic ch structures"wth transition netals.

~ Two particu gr“fé\%lv? rpg ? W@H@étmweﬁw&%wsl}wﬁ PYYISHEr us 30 |i gands
as ‘cat al yst dedvatives efid nnemdswmmmg)meamne S mrprégéntqm@fnohream hed

part | cuttar | REER ol s8R ppSHERE ad B SO ot it B BEs e

et hyl eni cal Ofythemmd;}ememtab@@ntajmhgamsa(mueé|orﬁs)1c:lmsataagysts ansi ti on net al

*conplexes n unented in the
_prior art. V‘hs\geoc @E Fg?ér?erfi@ﬁéﬁr%r&?h@r@ﬂﬂﬂ@ldtﬁ)?"\%élén%; 3, 631, 191,

3, 655, 723; 3, %@CQ@P"E@U e Q‘Jﬁ@ 6. Bi dentate phosphite |igands have al so

“been shown to beph@sagﬁdrasﬂbaéé&nmyéré Gy kibwih fh ExEIy3fRY fiRgigon of
act i vatz%d et é’} eni c

ora numg)gr of commercially important chemical transformations.
-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, bisphoéphinite, bisphosphonite, bisphosphite, and |
bis(phosphorus) ligands, in general, contain two phosphorus electron donor
atoms and typically form cyclic chelate structures with transition metals.
o 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
- 5,643,536. 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

-




unsat ur at ed conpounds. See, for exanple, J. Chem. Soc. Cgﬁg%y Conmun.
1991, 1292; %ﬁg Soc., Chem Commun., 1991, 803; PCT $EP 30 May
2006 Pat. App. 03839; U. S. Pat. Nos. 5,512,696; 5,723,641; and

5, 688,986. Bidentate phosphinite and phosphonite |igands are described in
U S Pat. Nos. 5,817,850; 5,523,453; 5,693,843, and PCT Pat. App. WO 5
9964155, mmwmm@ms Patl. N63. 5889856, 5m26r6m‘1@aﬁul ation is

o e e S VBRSIAL HoRRAR, HA S AR Rl sl R oBee o
di phosphi ne¥. S. Eatriﬁm 3.017.8005,688 4536 5,683:84; andf PCT Rad! App.sVithde from

hosphi te | | ly 10 contalnaGroup
{)/I |1 pmatgl gggmgﬁsc\ﬁcﬁé%d@so 9?%?64&%%%%@3%&935 : 235, 113.

Recovery of the |y8'§?f9rrﬁ¥lat'%tsaﬁ']f§'ﬁer igdusipaly usefut 6'?00§S§dtaié§lhmﬂ
- conmer ci al pat@m@maﬂﬁﬁr&ﬁ|ph©§pﬁc§r@bld®lhtalhmgﬂi@uhé§ tl'ﬂe&%@if%l‘b‘%éhm@r OOIUCt(S)

f th t d,.| ex with an_inmm sc
S(r)f)\r;qent eo(r:atﬁ@%% I"gc[]]lll%ﬂé osgﬂll\égaé'%'lvaownfaﬁr hﬂ? P”f@%eegm%\"sef ﬂés cat aI yst
and |igand cataiysts nmjevfsdry phbsphitenigamisds atioskridwrat Baoh chtalystoLstiallye

P oal Se10 " 2BhRaRPA oy Yt WEAEE B ESLAREP I, 1k LA U0, BEEARS ' On OF L he

cat al yst ron resul Into the
product pha8&35Fbk3. extraction, one vvoul d like to be able to sel ect and/or

control the sol URgbb %frtf?@llg?ehﬁiaé]hcﬂéé‘l‘é(}%@  Biclarpfodosaiataypr ol ubi ity

I n"the product phas hese s are often very expensive
and -t hus |t°‘?r§"[)er%'8 PHOGESS-0 THIRIE S%W'Q%B%@dy@satorfﬁm%ﬁh@or a

'_ co(rjrmar ciall produat{b)efr@mdhe%atal@lt%ltnﬂiﬂiﬁbﬁd :ﬁ%l?@bm?ét{w] \Wﬂl@@h@l‘g‘i‘rﬂébclxg%tsﬁ:ogzh
t 0 a at al 0 i Nso| u
E)r:arrglrgfsj"’ugfS(ﬁﬁ?@rojpdé&ﬁlghﬂn“zlg'%%% ggh”ﬁ? eG0Le th@?&y CJ g% ener al
- ref er ences quantiativedybFecinstamce, distifaiondfianvolstipprodect fidzh al nc@en}ol exes: A
“New Ge t f | . e
New Ge mg, Vggleaf S réze‘q;s%s in th&n%&%%’réé@?ﬁrﬁéﬂh%&a%i% By,
* Or ganonet al ®xteactineresulisin SOEEB loss oficaialyss dnto the p@dumphssﬁnEor and E. W

Abel, New Yéb(ti@ctlBﬁrQﬁérW%ul?f R&Sto BO8Ble tERaRIce %négyr c%ﬂtroﬁq’nley Iﬁg%?or t ed
Cat aI y Macr onol 1994,

80, 2 4?0 Spt&?l !l,giaggﬁréa ca%lmf&ﬁ gﬁytp,restgwa;llty in the product phase.’ These

ligands and metals are often very expensive and thus it is important to keep
such losses to @ minimum for a commercially viable process.
' 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 | _f‘Ponmer 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

._2'_




nmonophosphi | attached to solid supports are descriped in these
references.%ﬁﬂéiﬁggﬁﬁine | i gands have al so been attached 1d£§@FY30@%pports
and used for catalysis, as described in, for exanple, U S. Pat. Nos. 35
5,432,289 and 5,990, 318; J. MIl. Catal. A 1996, 112, 217, J.Chem Soc.,

(55 o G R e el BB 1 o
WD 9962855 EP%WP %"%‘F'SQ&‘668-@@@%%?;@%8%;}%@&%5% thdieldkzriBEl i30 May
2006 hydr ocYaSaPaaNarl12y dsal THBYSH AibddERhESS pribEIR BhhHfbY can

those doocr po QA To" & unéP i3 iteraeme Immatusol i d support [n t hese
prior. art exanpl Bglym-suﬁpbﬂe@ngﬂtldj@mta@e phosphdtok YigBhdd ﬁﬁiyfbe Bfeddgga gani c
repar ad b A VARENHREIHORE kI i IBkar AR bl SebEined in u s
Pt | Nos. H708808cudhE68,0608PETIPAPEPRWO F6033300BNABIB0ENdEND

- 9906146,  aadl EurdReAPdtaApp s .osﬁﬁp%%ﬂﬁd’l‘{% @gﬁ@%ﬁ?ﬁ%@ﬁ@,{ he

pri or t 10 disclases,side-chain polynmers con

phosphip us qq?fg%%%%s* €-chaihRelmess %@@%ﬂlnﬂdﬂlw&demfatmphbsmosus Vligantte apr obl em
of separ at ipegdehegeaipgl yst from the reaction product is to copolynerize
hosph - t &, i ' ith, oth n-1i d t d

Pheolubl 6 phospraliié BRARS sesine aierh o sangiedsodhe satayst from
B O OotA T R ey apotiz Bt SpRORIR ST hfligahcl iy Cherm
pol yme1r| 'Otbi ioze@a&@@pﬂéwg%ﬁﬁwgin?‘%‘ﬂg%d%hoﬁﬁ’aof%@?m@gﬂngn ’

hydr of Gt rry%’i‘ Bxamaplesiof shah polysoenimyobiized phesphinbdidandsBidve Chem
Soc. Jpn., bé89%eported thAll m Jc e 9§, 0, ~4051; and

'Eur opean P?% As;f)p. ﬁgmg‘g%%m;%héﬁbsag&d?e%@ﬁgg’ I%%%%%Pan‘r 8@59 €%+ 1i gand
recovery, t 5 ﬁ\ﬂé i ﬂadg'ft@?i gelymeyvieimabilized phospliivephasphitegands and a
et hod T orliganslsrandsthedrhessdin hyaRIWARY Lok 4Ral 8 b9aBG Ry BEERA ed from the.

noNONEeri c i IS ; 2, et hod for their _synthesis, nononeric or polyneric
phosphor usé%%ﬁ@%ﬁt'gi n hghs &St t’Pan“%&%?znﬁ?" bel- Aenvhed. Wiad, a Group
VI || 7Bt al 198 d 20; Ke5TisandbEutdpieant®al P, EFP0SERSFTer i C
phosphor us- cont b BHALSHRNSELLLON iconhined with a Group VII| netal to act
phosphor ala/st_ PO BB gﬁgﬂﬁ%éﬂte‘?ﬂ isEI0 Rk NE M recovery, this invention '
7 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 | c'pntaining compositions that may be combined with a Group VIl metal, and |
the use of this monomeric or polymeric phosphorus-containing composition
- combined with a Group VHI metal to act as a catalyst in reactibn's for
o hydrocyanation, hydreformylation, and isomerization. The polymeric,
| phosporus-containing catalyst composition is réadily recoverable from the
30 ' reaction products. '

BRIEF SUMMARY OF THE INVENTION |

| nits ﬁrst aspect, the present invention provides novel, pho‘sph'orué— .

. containing bidentate ligand (monomer) cbmpounds as shown in Formula | or
35 as shown in Formula I, ' |




hydr ocyanati on, hydrofornylation, and isonerization. The p ri

phospor us-cont ai ning catal yst conposition is readily recovgoﬁ‘%éb(fqﬁom t he
30 reaction products. BRIEF SUVWARY OF THE INVENTION In its first aspect,
the present invention provides novel, phosphorus- containing bidentate

| i gand (nmononer) conpounds as shown in Fornula | or 35 as shown in Formnul a
1, 30 May 2006 (ArR b (ArR b RAID)-,P\ P-(OArR) a 0 0 and

hydr ocar byl sul fonyl, or hydrocarbyl carbonyl provided at |east one R
represents acryl ogﬁer).,rret hagyij,oyl or the 10 (ArRb (ArRb (RAXO aP\ /
P-(OArR) a 0O V\/nrereln =0 to 4; y=0to 2; 15 a and b are individually
either 0, 1, or provi de atbh = 2; each Ar is individually sel ected from
t he group coagg %t pg of %R substituted phenyl ,(AsR)ht hyl , Az

substi tuted napht ﬁyi\ pro {hat the two Ar groups that arge directly or
Indirectly bonded to th sanme phosphorus atom may bé |inked tb each ot her

" by a linking unit sel®cPed fromthe group 20 cofeir®ii of diy B&PABINd,

oxygen, sulfide, sulfone, and sulf id, each Ar

al kyl i dene, -N(H)
tuted with C, to C20 branched ¢? straight

optionally is f
chain al kyl, Cl

pal kyl, C6 to C20 aryl,

. aryloxy, for@k, jes acH CAR") quorw‘ﬁé‘ chl orlne ' . ,
25 hydrocar byl l@ @) ocar byl sul fonyl , hydiecay/byl\gar gonyl ; each R
i s individuadghy s ctey_f¥omhe group consi st| ngk§) ¥—Hydr ogen a)cryl oyl ,

- et hacr%oyl and an organic radi cal W|th a termnal "acryl oyl or

X

net hacr ¥ oyl grodp; o

wherein:
x=0to4;
y=0to 2;
_1 5 a and b are individually either 0, 1, or 2, provided a+b = 2;
o 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 bya lmktng unit selected from the group
20 consisting of direct bond, alkylldene —N(H)—, oxygen, sulfide, sulfone and
) sulfox:de -
~ each Ar optlonally is further substituted with C; to Cag branched or
| straight chain alkyl, C; to Cyq cycloalkyl, Cs to Co aryi, alkoxy, cycloalkoxy,
e aryloxy, formyl, ester radical, fluorine, chlorine, bromine, perhaloalkyl,
25 | hydrocarbylsulfinyl, hydrocarbylsulfonyl, or hydrocarbylcarbonyl;
‘ _ " eachRis lndlwdually selected from the group- consisting of hydrogen,
- acryloyl, methacryloyl and an organic radical with a terminal acryloyl or
- methacryloyl group;
| each R" is individually selected from the group cons:stmg of hydrogen,
30 -lmear or branched alkyl, cycloalkyl, aryl, alkoxy, cycloalkoxy, aryloxy, formyl,
. ester radical, fluorine, chlonne bromine, perhaloalkyl hydrocarbylsulfinyl,
._hydrocarbyisulfonyl or hydrocarbylcarbonyJ
o - provided at least one R represents acryloyl, methacryloyl or the
- _‘ organlc rad!cal w:th a terminal acryloyi or methacryioyl group

R




each R' is individually selected fromthe group consisting._of h gen, 30
| i near or bPﬁﬁkﬁbBCH]kyl, cycl oal kyl, aryl, al koxy, cycloaﬁ@&%?? yl oxy,
formyl, ester radical, fluorine, chlorine, brom ne; per hal oal kyl,

hydr ocar byl sul finyl, organic radical with a termnal acryl oyl or

met hacryl oyl group. P11245 PCT Preferred are conpounds of Formula | wherein
a=2 b=0 Ris 5 primry or secondary alkyl located ortho to the oxygen
‘bonded to Ar, wherein y> 1, and wherein at least one R' is primary or

secondary al kyl i | ocated at the ortho position of the oxygen

bonded o the bi%gﬁ?%%?g%ggmﬂpﬂﬁ% Ogll':ogn'é@dﬂﬂmmlfba =hralaRlis wherein a =

2, b =8, RIENAHecpndary alsyidacktey orthisyto theeadgen %EBQQ&AE%&%?G” |
I'S pri

bonded to Arx1, iRl ®hare " .ein at | east one or
¥ onoren ?L Pesa% Pg%%?{ e\ggébma{mgr SPPARI3y kv eripoand fse gxygen

secondary I up ‘an ..
bonded to ?41%\‘%? %ﬁn%?'@h‘épgﬁ@gb.oﬂhﬁ Pxygesebonded kpRRibinifithhMention is a

method { or O, o cscmmbytRg orForPAASPRRGHS SA05aKY pacGempest flon by

heat i ng, i QgL nce of an initiator, and,
of a Goupewqq&gi@l f‘?‘i?ge%lqg? to thecaxyasst borded:tinpr, iveiangin xat1 bpast one

corrpou'IrQJI- whergin mtileast cmedR bis mé@aﬁtse@ﬂﬁdﬁ%?@@ogﬁ aﬁgr.é‘%l a&lﬁi (Ark) b
(ArR) b I lthe rR e O ereirn- X:¥=0"{0 11, _69— 6‘2 a and
b are indi viefjdfgf(?)pb_sé'f'tgﬂéér" H‘QOQXVQZ&P %“gﬁwq ithediphanylene greaph Ar i s

i ndi vi dual Iy sel eélwepommwt,'gmumemnsé &trhétﬁo@formﬂiélagfcﬁﬁ”n?ﬁé I tuted

henyl , napbt - dHtai ' . napht hyl , .provi ded t hat e Two Ar

gr OUgs t h@E .arjr]-?lg;i T ectliﬁMB§PhﬁJH%fﬁ%egg ﬁlfeag%'ﬂdggth@cprﬁﬁ@mmiﬁﬁﬁihmam, atom
may be I ﬁtgz by 1 da, PB%%?%&C%%GL HOrowk Vil tranisition ehatal, acbdi S5RitiGS clhipti;
consi sti ng stione confgenehd: ef Kgirhdin r.tertiar m ne, jen,
sul fide, sulfone, and sul foxi de; eac?nﬁ&géatgg%%@%r(ﬂ@m%‘ﬁ%gfFPU’E‘%’@ ith C
“to CQ0, branched (gmrystrai gﬂk) .u,,, 4,,,Y,, .., 1 tv C,20 cycloalKyl, U6 to
- C20 30 May 2006 ' - , b

(RAIO )P P{OAIR), (ArR), (ArR)p

l

(RAO }3P P(OAIR},

N\

and -

wherein:
- Xx=01o4;
y=0to2; _
: a and b are individually either 0, 1, or 2, provided a+b = 2;
| each Aris individually selected from the group consisting of phenyl,
substituted phenyl, naphthyl, and substituted naphthyl, provided that the two
“Ar grqqps 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
. consisting of direct bond, alkylide_ne,.secondary or tertiary amine, oxygen,
- sqlﬁde, sulfone, and sulfoxide: S
N | each Ar can be furthe_r substituted with C4 to Cy branched or straight
- _‘c_hgin alk_yl, Cito Czo qycloalkyi, Cg t0-Cy aryl, acetal, ketal, alkoxy, o

: s




20 In its third aspect, the present invention provides a tmd E&Fﬁemki ng
25 a pol yneric, phosphorus-containing conposition by heat :T% ™h

presence of an initiator, preferably a free radical initiator, and
optionally in the presence of a Goup Vill netal, a conposition conprising
at | east one conpound of Formula I and/or at |east one conpound of Fornul a
11, provided at |east one R represents ethenyl, propenyl, acryloyl,

met hacryl oyl or the organic radical wth a term nal ethenyl, propenyl,
acryloyl, or nethacryloyl group or at |east one R' represents ethenyl,
propef@l , or t Ha itertigiac Bepeel]ttoapresenh ireventionmpnavides tahmeitiodofor prakieny |

MY ¢ _ . . : . _
g(r)f);ﬁeri 2 ,d 5’@6%%ﬁéséﬁ?lorius%zé%“ﬁ%)g?aﬁﬁrﬁg 'C(_)" ‘%@ﬁék%ﬁbagﬁgy&l %e% above in
aspect t tf@a initigtpr\piefomdly a drde: radige initiatopeand optiendllydg dhe preseseei on

further pigpy dRRyAVIERBLNSE coRIIRRRIN ERNPASIRGHtIA8 GHe baABGURNES MONONEr | C,
‘phosphor us- con at)grl@(g 15 conposi tion of ainect 0] ast one G oup

e and at ,
VITI et afomy r pbleast 0gR CoOpYIHREh of ,ormw-éghmgldeeﬁﬁ a% Rge
conpogbt i Rirepresente ethdrol) prapehol, acAsPdCinethacrldyl or tlasprehicaiaghdat and at

| east one 0, V1. |, —and/ or at = | east e I e
~ phosphor uﬁ@o#?ezﬁﬁ\ﬁllgeﬁﬁ%@waf) ‘ ﬁenPFLta@W Igyl, 8f "hegﬁgﬁ&?%ﬁ 55%“9 '%%%Ig?ﬁt t he

pol yner i zenedd' wpsesents etherylt propenyile opthesergamiofadicall wilis a temdnal0 Group
VI met alasghdrd ) J o ﬁﬁ@)ect, the present invention further provides the
use. of a%héor&l H']ér reéggﬁt atal yst conpositions for _a hydrocyanation
.process conpr iBitaipurtnaspeg. e presantinyeation almPOVIdsHB PAYMETG HON in
the 30 espreSpIRIrutRONEAARIYEIMBEHOS mddas WebbriDed WobDe i agpd@Wi s Acid. 25
‘In its seyenth aspect, the present invention further provides the use of -
any . of t,hﬁ‘_rﬁ?esent catal yst conpositions for an isonerization process
~conprising reacting”an unsaturated organic nitrile conpound in the presence
~of the catalyst conposition. In its eighth aspect, the present invention
further provides the use of . 30 any of the present catal yst conpositions
for a hydrofornylation process conprising reacting an. unsaturated organic
conmpound with CO and H2 in the presence of the catal yst conposition.




DETAI LED DESCRI PTI ON OF THE | NVENTI ON 35 The phosphor us-%ﬁ ai iOBg
“conpositions of the present invention may be viewed as bel H’éﬁyn%) o the
fam |y of bidentate |igands, because each pair of trivalent phosphorus
atons are potenty iJable to simultaneously coordinately bond to a_
single Grou(g Vi Ii?ﬁéﬁﬁf?hﬁéb%% © Rregent inyentionh BEthRoProYidena Watahad 06 cycl oal Koxy,
aryl oxy, fSrmppsitiescemprisingoatileast ohé efidiemeRE %Hd%g,h Hfg_géﬁ@lﬂj,,hgf ¥ '
yPcar on of cyclic

hydr od&r bytsrapbii | dr’
ether; eag %Rbi S SACATR AT | ppeiiowe ialitaboarsd ot ahigaot
e

nydrogen, ¥ QEBWSEP E%?mwswntaiumg commplsiton bp¥bpaattoanafERNi C  adi cal
W a : X r acr (0] roup, eac
! et SO S e GBbu TS

R' is i ndilgégl_@,l ected fromthe grou | i near
or branched all y(% B 0@@&”8&1?'&?{?",“0&%10&1“,alﬁé@abai%ya}lmataﬁkbaﬁ/asmItm@bkoxy,
~aryloxy, MiIeRpIN thespalymefirationi was caitied biein ﬁ’i%gﬂieggn eDSE hejcoal 5%' o '
hydr @@r b3 eubivmthetdpydr ocar byl sul fonyl , hydradcar yﬁ: carB FO8Gclic
ether, ethenyl, propenyl, and an organic radical with a termnal ethenyl

or propenyl gr'Biis;sixit asredt theaprebad stvention Rﬁh@p?%_@@& thetldaegy! . propenyl,

acryl oyl , a@9 oftiid peFsein® ¥htafk jc.radical with a termnal ethenyl,
propenyl , Loyl r ng'?ﬁgggﬁp%ﬁ@%fﬁﬁaﬂ'fy secyabalipngHecsss r epr esent s
C&?)E)}élny r’egpt?

et henyl, pro Than upsghitated eianit coinpbund WaHOR irpiHeny| or

propenyl kfies@pce of tixt oatapkecomppsRRRY alaTel rat ure between 20C ahd
150Cpsfor 1 t o Jipos hout{Js to prgduce t’_?\@' pol ymélﬁc@g%‘ﬁﬁé?p?on. , 1 P11245
6 ‘Bt one | dpresddhe Pesest inventigodether poovides thanee Bet al  at om of

"PCT 30 May 20 _

(he T esu 4] Ipdirapoiiompilys compesabrs Asean Refnalizaliph igseIe s to oxvoen

bonds i s casymeEing eeading 4G 2rxgen of. the hydroxyl droup~of a
22,2 -di h-é?rﬂ:?e}(]él‘ 1 I nap'ﬁt aye%% @Beasicnitrilg tompekndin the poesimeey| ene
structure. Tt d LEPRMIoSHiONds associated with the tri val ent phosphorus
Ayl qiyaen oranarapct e e S inye By B O PoseB ot wsrel and one.
phosphor usyt o_@%% f %ﬁm 8?%@5 CepnasiionEttia laydrofomvylatin prodeasy (- O-Ar) nay
| be phenyfOmpsisindweacting bsturisat@dted organic compound with CO and H, in the

presence of the catalyst.composition.

o .‘DETAILED DESCRI_PTION OF THE INVENTION
' The phosphorus-COntaining compositions of the present im?ention mayl '
- be viewed as belonging to the family of bidentate ligands, because eaéh pair
N Qf trivalent phosphorus atoms are potentially available to simuitanéously |
| _:-Cp.ordinately bond to a single Group VIl metal atom; Le., the phosphorus

35




phenyl, or substituted naphthyl. Two Ar groups that are directly or
indirectly (through an oxygen) bonded to the same phosphoflMandbmay be
| inked to each other by a linking unit selected fromthe group consisting
of direct bond, alkylidene, secondary or tertiary am ne, oxygen, sulfide,
sul fone, and 15 sul foxi de. The phosphorus-contai ning bidentate |igand
(mononer) e ed ornulas.,l.andg Il conprise bidentate
phosphi t ese?gg%ggg’das&%%& ' %@?’kﬁ?ﬁ@‘ E‘r‘oqrfe'ﬁ;i\’f?rﬂﬁv gﬂﬁ?@@%ﬁ@@‘fﬁ‘%@'ﬁgiv to oxygen
bonds), phB¥@ecardsuifimd oysboeatbylstifeoyinhiydrocatylddrbbayliorgyeeepfes phor us

(Compuunds.of Fornt ar avRURRPHSEUE Fof bR ol e uRe 8 BAHbds and

f F |
- one phosp h%f?"&EYE SRR @Ocrﬂeﬂdmetmﬁyk aud pimosganicanglaspithr t es,

phosphi t e/ eho#El ettidrad,, pro had )/ [ .n-1he bidentate
phosphites (tho 1A c&?%so?}gr‘ ggﬁ)gf %@?Wﬁé@%@ﬁoﬂ?&?%. 25 three phosphorus
to oxygen ponds? BN R B?VMYSP from thengmaipsonsistisg of hydgegs.i bed i n
Eur opean Féaear apprarshedosig, &/oifaltylt scithk Netdlagsi, alkspeyabampxgnd the

- correspondj . 2 113, .incprporated erein by reference.
" The rzgct ICHC#]!& o ’%’%H@%&%&‘Hﬁ% ,gg{opge\.,\plfq{ngl Pﬁaﬁ?'ﬂlﬂk’t rlepr e}s/ent ed by

formul a | IhydrpeardylsulRnyi, *lyﬂrﬁlfarﬁﬂfl%!fdny[eﬁgld;dz;a?b}%gf,%gt evdk &hgsphite
resent F imlarly, the reaction e Al or i di t

ot o bi Aot BrBendt, and I bre@bicadicd williatenmingt ethaniliar srorpani | 1 ead

to a bi def' 8¢’ phosphite represented by Formula I1. U S. Pat. Nos.

Sel o) ve. oynt faoded Bl Jeds oL RO B! b RitVt AGlad: exampl o, t he

phos %po r ow{%ﬁ??'afqyz Ot e wapicissicad with-a termihabethphyis proprengl, dorylo ori de

and .a pheopmethatrylsi grolipegioht 1858t 5@@-.}%%%%%%9%@' BG@%HYL%?%O” vessel

H it is

~“with an aééagﬁ,ﬁ(i; éaeéjl ql .Eno ﬂl ve the bl dent

preferred AN 2 heoneehetheryrdyropenyd gravp, present P11245 PCT 30

May 2006 duri ngl atmospiesiplnosdurbiann 4 GrApEMuIdBGRAAIPE Brgslded ormati on
ced. Pre y

with hydgeq i Lng inpherently co-produ era e base
is a tri_afkﬁpaﬂangéu'%&%?%q&%%ﬁ@m € OMRASG™MM ne is one with Cl to
Cl2 5 branched or straight chain al kyl groups. Most preferred is
triethylanmne. The bidentate phosphinite conpounds of the present

| i nvention (those




conmpounds of Formula | and Formula Il having one phosphorus éﬁ %ﬁ% bond
and 't wo pho§¢h9{ 0 carbon bonds) and bidentate phosphonl A ounds
(those conpounds of Forrmula | and Formula Il having two 10 phosphorus to
oxygen bonds and one phosphorus to carbon bond) may be synthesized by
phosphonyl ati on of structures represented by Fornulas Il and IV with

di aryl chl or afums mpreserd e dtidi dundrs @ #ie saras pestal dhy of heaesiihg exanpl e,
U .S Pat. %Tai%oﬁ?rﬁe)?% i ncorporated herein by reference, which

descri bes preparati’on of bidentate phosphinites. 15 Alternatively, the
phosphonyl at i on negaah eases anelpd thmphogghasus thgxyerpbawissis assodater i bed in

U S Pag C groups
of the subswmﬁeég%%ép& th@ﬁﬁdﬁdwgrﬁ}spe@fﬁ Etz‘lijtauﬁage{)g{lgh1o}bn%m%%%roups
wherein M i 8 & -€in n(grqu labiphienyieng) staiciyre. déertwonethar bondsl | owed by
treatnent wagdbdidied m&h@ﬂm/aiéhmtﬁﬁ:ﬁﬂﬁusﬁw&vé% B&lr BheRedpMopecradydi te to

: d d t of th t

2 brocess. t EABRRRARRHG pakcf SRS be 1hg Cs@%mg%;mﬁ T W;Sﬂpaengaagvief‘géﬁg '
( monomer) cpmnpmdsstmamrcmbog bondca®! ereaphositoros td-a y60>dyge ereln ais
' go?nrooﬁn S o? rIll—Igr tle\A'\tkh JPﬁﬂng h&) 'ﬁ?yg’gap?eg% r\gpﬁ@yb Sﬁa\%?‘fh t he

~ condi tion thREgNY4 oF S@lbﬁtl@tedsaalah’tbvbc§w Arogrpups ithayg: ar¢ tirecthaot indireatly | east
one of anyt%hgﬁ@n%ﬂ;@%n?boﬂ@%&‘ﬁﬁh\é‘%e Pﬁ@éﬁdrgga‘%rmn BQ'h?{ﬂ%@fd (2)

al-cohol to east one nonoacr nonone
reacting at®d %tgebﬁléad\‘n kingsunibsriaeted Fﬁr@t gmsmﬁmﬁmgwf@hr@ct bondii th at

| east one odlkyliesphsssthdary ehiertiagerinep rs,gﬂluahémfdr@ bAdor

. aryl d| Ioro osphine (Cl2P-Ar) to give at |east one of

- phospho ocrﬁ'L@P?‘l&ft e- or aryl,aryl oxychl orophosphinite-containing acrylate
“or net hacr yI ate TK@phmmumoam:ﬂlmbtdenMemgahdjfémhoawnpcmbbmdsjI te- or

From Step (3presenied OP FORRIIS | g If COimBLRS Bt dHoBpiRes, Rop PP Lo ' ©
one conpou 611’"1”&? heor léhawngvth@eepho%omﬂo dxygieni kbunals), yphosphipitesgen or M
wherein Mi %oﬁlﬁboﬁhhébf FBﬁﬁ@l'a Ier Iﬁﬁh\ﬁﬁ&@hﬁ@ﬁogﬁﬁéﬁﬁ?q@bﬁ}l%ef ﬁé%nBCT 30 May
2006 TB% etwo osp}/]g?lusrtlocca rbon Bonds)ugﬁosphorn?tleg (Eoempounds of Formeusig (c))tr herw se
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 Formuia il| wherein R’ i H or M will lead to a bidentate
- 30 phosphite représented by Formula I. Similarly, the reaction of a
phosphorochioridite with a biphenol represented by Formula IV wherein R' is
~ Hor M will lead to a bidentate phosphite represented by Formula II. U. S.
“Pat. Nos. 6,031,120 and 6,069,267 (incorporated herein'by reference)
~describe selective synthesis of bidentate phosphite compounds. For
. 35 exarhple, the phosphorochloridite can be prepared in-situ from phosphorus
' trichioride 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




I ndi cated, a nolecule having two or nore hydroxyl groups. E@ll}q hgglroxyl
group is att @%@gpr(ﬂ-an aromatic ring, Ar2, wherein each A

i ndependent 'y sel’ected fromthe group-consisting of C6 to CA0 phenyl ene,
Cl0 to C40 naphthyl ene, and conbi nati ons thereof. Exanples of polyhydric
al cohols include, but are not limted to, those illustrated bel ow 10.
attached t o daningtbephbsplrmationabettivedhé remationebyossitipreaicn &lithng of H 0 The

| P11245 PCT
B0 Nay 2006 HREE ISR Bng inceflhebo M s, PRGRrRY i¥asd 8 4L ther
subst i t ut ed triaikylaming Vererpreterafyly, the tyalkyladiing imbikg WitarCctpcCal kyl  group
or tho tosth%raméa%traﬁqrﬁ%an%%qu%uﬁs AR Brefbied RYREL R N acryl oyl

chl oride or ryl o I ori ner at I on con ar ni ng
acrylates or met §c‘¥ tesphasphiite; chnmwtdwfsthe PEesand inventioe (ﬁb@ﬁ?hydr ic
Sener ot o W“ﬂds@Wghﬁ*ﬂéﬂf&rﬁ*ﬂfﬁf@"fmﬁ@oﬁ@ﬁrﬁibzgé#oé‘%:e;egfa& 5 the
scnerated BBnd S8 niEERoBATH oA SR BB o e
. for exanpl epoxmbunds (thbse watmppuads wf Eermbla luseid-orifga ddiavirag Bvoor ¢ can
e e 4 " BACSA0S 1RSSR Yo AT Dot SN G BRaL 08! "
di chl or opho§¥mhﬁ§'Z@¢| tmptmpbomwehcabof stoudtanes repr&ssptﬂﬂbscﬁbmmldsﬂlé or di Id ?{ g !
LR e ST o Rogaine 18 OPUNELEN e, pIERSN 96 1Y o
wherein the® ﬁ“@PFﬁJﬂf eler 252y, 4%?"5 sorRerated h%’ﬁvcfé\hfefﬂﬂﬁ*élcﬁn\é’hicbr ef erred
phosphor odi desaitedi prepamnentdfmmé hrnﬂas phenol sI golnf(al nlm[lglo?g grzt ho
carbon Homs.  soA KRR heinasghaas grtrﬁﬂipp o e Sargiag ot by
- di aryl chl orpmwsalausrdesmbed ired. 8r BahtNa 50810,600. Thgifivet aeﬂi)lsierﬁcmvert_rhe Lse
B xtur oo Bttt frbib 0 e B3RENADH HEAORL ARGBE BhB e o
aromatic di §-Q grongpsﬁeivh%rem Méﬁaata&qiirm@tﬂh@r ap aliatipewatthinetal,bot h
~ phosphite aﬁﬂoﬂ@@%&éﬁth@nﬁntﬁﬁﬁé‘ @iosﬂ_&ﬂd?{ﬁﬁg SderfistkH 8S of
phOSthiOO Chpl)r%slp Iotrgché}orld:’[e to glvg he organod:phosphlte compound
~ The second aspect of the invention is a process for preparing certain
phosphorus-containing bidentate ligand (monomer) compounds comprising
those compounds of Formula |, wherein ais 1 or 2 and b is 0 or 1 with the '
condition thata + b = 2, or those compounds of Formula Il, wherein a is 1 or
25 ' 2and b is 0 or 1 with the condition that a + b = 2, said process' comprising:
N | (1) reacting at least one of acryloyl chloride or methacryloyl
- chloride with a polyhydric alcohol to make at least one of
monoacrylate or monomethacrylate, ‘
o . (2)  reacting at least one of the monoacrylate or monomethacrylate
- 30 ) | | 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,
, (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 Ill and/or at least
one compound of Formula IV, wherein each R’ individually is
hydrogen or M, wherein M is an alkali metal or an alkaline earth metal.
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give a bi dent ate phosphorus conmpound with both phosphite and phosphonite
groups. | F 1 he pair of trivaI ent phosphorus atons i or at ed
into the b| enta e ligand noiety (i.e., into a conpound of Fornula | 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
(Cl P(Ar) (- O Ar) Fhertetrhépdiykedrioritbholh eséy temeiy referotop sintelss atherwise

P A S IR e L B e d T

hydr ol yzedgrwmﬁoafmce@d t@rantarema‘tilaemgb whereheaehdhbis/indpendendlyp pr i or

t h h f d
what i 5t S?Sifgf”ﬂé‘?e@?%@@%b‘gé'%#’ ik “"%gﬁémﬁe‘a G )2y

di aryl phosPAP pd p@mty@atlor@thgmf m%ﬁmcﬂwmncealmhql

(- P(Ar) (- Oirstide, bt are KbUlimitéd &, @indde llestRelYeig Wi th at | east one
stoi chionetric equival ent of P11245 PCT 30 May 2006 the H_
di aryl chl orophosphonite (CI P(Ar)2), or Hdiaryl oxychl orophos
O Ar)2), or aryl, arylo ychlarophosphrnrt? (CP(Ar)(-OAr)
t hereof for each in the diol stgucture. Advant
‘st oi chionetricH -@ri al kyl arnt or the Ilike

- the phosphonyfa ¢ ve Hhe react g

chl ori de being inherently co-produced. , s selected
fromthe group consisting of phenyl, Haphthyl subg #Aed phenyl, and
substituted naphthyl‘mﬁQF t he proviso t hat, for_a i ndi vi dual phosphor us,
the pair of aryls g yl bxys or/ 10 conbi nati on of aryl and aryl oxy may

honj te (CP(-

1g H|_Xture

“gresent during

optionally be linke g_each o her erther Odirectly or through a Iinking
uni t. When t he.g IS a substit s or naphthyl, the substitution
- on the aronat i pr ef er abMy ' dlﬂzal or sel ected
from the ‘groy \si-gt i ng of HC, or g , aig al kyl,
“Cl to C20 cHcl oal Kyl ,yacetal, ketal, aI kyl H cy | GN, 15

CHO F, d, i-C6toCZ-ﬂaryI -OR, -CO2R , R‘,-SOZR‘,-SCBR‘ and -
C(OR1; Wnere each Rl is |ndependently sel ected fromthe group consi sting

of Cl to C20 b ched or ear al kyl , to C20 cycl oal kyl and C6 to C20
aryl. 1In a p ed e u eniH one
oxygen in the Ar ~g” hfdr ogen,

the substitutents ortho to the
het he ot her substituent ortho to
- the oxygen |3020 sel ect ’o fromthe grOuf i i A
or |inear al kyH C to C20 cycl oal kMI

of HC1 to C20 branched
0C6 to C20 aryl,
cyclic et her, and OR , where

10 The preferred polyhydric alcohol is a diol wherein each hydroxyl is
attach_ed to an aromatic group selected from the group.consisting of

- .




each Rl is independently selected fromthe group consisting of Cl1. to C20
branched Oorp | kyl, § to C20 cycloal kyl and C6 to I"‘f‘ff'y&@o.OGThe t wo
aryl groups gggg? fed W|th ‘the phosphorus atom of a 25

di aryl oxyphosphonite unit (-P(-O-Ar)2), or a diaryl phosphine unit

(-P(Ar)2), or aryl, aryloxyphosphine unit (-P(Ar)(-OAr)) may be linked to
each ot her pHenlyRine ahcrmHtMylbhé@mhhérar@mmhc@%[tp@ fbﬂhéfyubs@mjte@n bond or

t hrough a [ j.nki ng un|tIkl ﬁ(klgg uni t|quefera%¥ | ected fromthe
group consi%¥ ﬂ@ Gary gy orssecorgga@;a (@ycalky! @reun p d N(R2); where
each R2 |so>0ygependently 30 sel ected fromthe group consi Stl ng of H, Cll to
C20 bragched or eﬁﬁtﬁ Y, to C20 ary
Exanpl es of di ar-m g ﬁoéslc%@ll? E&at%ﬁ%@ﬁlé%@”@é]l gp&?g?%hl or ophosphoni te
(CP(-O Ar )mgethaaw}qyl &h@lﬂd@@ meaeeqja @syutinn eontgiDiny aey(ates or ) )

h h i t
i ted © 8““@‘ﬁ;g?e@éﬁ“%fp%d’“%p%%é?%"eﬁ%%ﬁ@ poliiihe aé?"“%b%?ﬂ 2006 The

phosphor oc rﬂ”&* igherorgr aﬁ'ﬁ(&%‘%ﬁ@ﬁ Imetngarviaias san hegrnesatedy Am 9r951_5"91eans
known to orasslsuches trialkilenine s ubad terearpivith thé‘@esﬁﬂ?@ﬁpmocmé)“ dite may

be p | PCI3 with out t wo
e PRl BB S, BBl SRR o S e L
40C to 10Cchromategsunean bé uaad oMperdarylateser méttmcrysid hasgnes ot midren i s
t hen t t gani c
' bagg rlgat gg%(?ﬂggt}crgﬁ]glnﬁ%?éo}{?‘(‘@r otr ?‘%}I? e?eg&l&uen tbFﬂ.ﬁ)% g%ﬁﬂ?ﬁ}? cgﬂe ‘g'renol S are
repl aced V\APPHSBLFEfé'ﬁ|f'ElQh'@r(th)Dbﬁédh6Icmroﬁhwhlm%pémﬂdm&ythecﬂ@@fdb|f@lf.l$lh|enoI t he
phosphor oc fph@épﬁbrb@hlbﬁdﬁé mb%rrylycrﬂmeﬁb% RY ofriikitiee %‘r‘eaplme equi val ent of

;)ICL§I | nel?f‘%éﬁ'ga(ﬂ%oép %rop&%l@' l ent gééﬁggﬂfg%%eg)%@g‘a 0'%(69'9 in the
- absence of cansietiggof CIZB’(BGQAr—R}]@vhe&ehH therRy g&ﬂjpﬂs Jﬂ@felrébfyftﬁ’[hottbﬁﬁé ed with at
least two gaulval eRk $n D%GPJGQ%HO%pRSI? RicHoMliRBUGE RoLNGRRNSY RSy oridite.
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 givé
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 tnvalent phosphorus atoms is mcorporated into
) the bidentate ligand moiety (|.e., into a compound of Formula | or Formuia I1)
30 byreacting a diérylchlorophOSphonite (CIP{Ar)z), diaryloxychlorophosphonite
(CIP(-O-Ar),), an aryl,aryloxychlorophosphinite (CIP(Ar)(-O-Ar)) or the like
~ with the hydroxyt groups of a 2,2"-dihydroxyl-1,1"-binaphthalene or a 2,2'-
“dihydroxyl-1,1"-biphenylene structure. As such, any protécted diol structure
is converted (e.g., hydrolyzed, protonéted, 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
diaryiphosphine unit (-P(Ar),), or aryl,aryloxyphosphinite unit (-P(Ar)(-O-Ar)}
| _ or mixture thereof] is performed with at least one stoichiometric equivalent of .

| ;12'_




5 When preparing the phosphorochloridite in the above mamm%(9 i

| mport ant Wﬁf@ bqu n tenperature in the range of -40C to @quﬁg t he
base addition. Since the addition of base results in the formation of an
i nsol uble salt by neutralizing HCl, the reaction m xture can becone
viscous, making it difficult to achieve good m xi ng of the base. Good

mi x![ ng I\fvh i diHQMhIanMphbepmtai(GlB(m%)a@miarmﬂ@hmb%hastbﬁohﬁef(@ T-E[Qn

m xture uc reaction

Choul'a’ bo CERDER Bt ahARR G PR e e (GIETADELL RS Sh i B Ll Do

effective f@rﬁﬁﬁhthdTOXyéa’tthfer(tmhsttuwmeea‘kdwaotagamlslyastﬁlobiunmjrm:o t he

requir e t@%&rsaéf‘é{ﬁa{ m%‘%ﬁth@hk@ g?;éﬁ f&%ﬁ;{?ﬁﬁ 'h8H [W?ltd known in
uhyel

the art. se use reparin ner y anhydr ous
and sol ubI "Y%t @aFB‘a'éPVé"ﬁ"f?r@éﬁtiﬂﬂW mgénmgieab@ngﬂ@mraetham nes.

Selectad fy?@ B o Oy i ne.
triethyl arrP I’dnei‘FgBﬁ\LA ﬁ%"ﬁ'@ P&??‘Mg nQﬁHBE@%@({% pithyl ‘Wﬁ/f% or ?/mr e
L her eof . tzproﬁw tphbicprfmpuidi\mluallmespmusj the fdudr of Ay @dar?wx?i gﬁ:‘)l gEt h?ﬁs
nown Wi
b s, 1) nCSmBlatioh 8F afyf 2RyloRd FndVierltialy b ikkEa uf 36k Bt Wi o ™ "
- 68; - U. S diregtly qudhrosighiaplinidog um:TW‘!mn thepwy! ie@ s@astivded petylor Anor g
A lg. Chepmy htﬁ?lBﬁ'ie fubstitdioh ortﬂﬁoétﬁﬁ{a%gﬁg: ??r’e?érgb@ cg{/?é Er}ﬁ@&?ggi'e t he

25 phosphorochl oridite cannot repare rom
préferred RHGRRISPIRGISA M h%QfQLﬁh‘t?Qﬁiﬁr'ﬁt’r@fO C1 to Czo branched or straight

m ﬁﬁ' al de:haim atkyl, hasrharoy mogmye acéﬁillk/q?é! p@ﬂqem)ém H&éncﬂiger CN, V"2 wher e
i ora r X
"R3is ? éﬁgj EEA’F Q@fdog?%ﬂ?ﬂ Qﬁ céﬂﬁ% gﬁ?ﬁ 2%0 E&;&t@ p%enol or
- substitut eG((b}R!nwhem eacli R3 )2 Maepandgntiesdlected Kromthe grap ¢hrmsisting, such as
~di scl d g 378,
I Inigr gngat ef;p}\ﬁ@r e%o%zrgﬁ theﬁr%caz al% Wzoﬁg%ﬁ%ﬁgq?ﬁ%h%%r amdites
‘can be pr dpdt pgferes embawlﬁnent ape @i g sukstititentseortha bsf the 0xygeB,in 34, 6451;
Synt hesi s thémr g?@urii%zh cﬁtﬂ&er?\uaﬁd the-otf bstlt %r%hﬂﬂo tgé%xyﬁén s sHor

O e SAI he bl e PR B o hanoheey Woar i e ©
phosphor ooﬁ)@rdyololadqyl aceﬁiekéihzleec‘tb@mw @)cm@ ciger ARPORY, vhera
(@l kyl) 20l i Be orkidhl seldofch ROSTRL &8 2RGshYg bF B3LTR Wi th O
branched or linear alkyl, C1 to Cy cycloalkyl and Cg to Cog aryl.
The two aryl groups associated with the phosphorus atom of a
25 . diaryloxyphosphonite unit (-P(-O-Ar),), or a diarylphosphine unit (-P(Ar)2), 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 cohsisting of -O-, -S-,-
. S(O)-,-8(0)z-, ~C(R?)(R?)-, and N(R?)-; where each R? is independently
- 30. selected from the group consisting of H, C; to Cyy branched or linear alkyl, Cq
 to Cao cycloalkyl, and Cg to Cz aryl.
' Examples of diarylchlorophosphonite (CIP(Ar),),
~diaryloxychlorophosphonite (CIP(-O-Ar)), aryl,aryloxychlorophosphinite
: (CIP(Ar}-0-Ar)) phosphorochloridites usefui for phosphohylation include, but
35 are not limited to, those shown below:
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~“radical ini p
_Ieast one conpoun of For mul a éhd/or at | east ¢pne conpound of Fornul a

P11245 PCT 30 May 2006 reaction of CI2P-O-Ar with a dival ent bridging group
such as a s[y]q?ggﬁ.ﬁd bi phenol or substituted binaphthol iR M3ye?Pfesence
of base will a nonodentate phosphite. The reaction of Cl2P-O Ar

wi th polyners containing 5 hydroxylated biaryls in the presence of base
will lead to polynmers containing nonodentate phosphite noieties. Preferred
bases are organi c bases such as tr| al kyl am\nes. The/use of m xtures of

aryl dichl or oph h|n | ophosp (-OAr), Cl P(-OAr)2,
Cl 2P(Ar), C P( ntal ni Xyl ated biaryls wll
.give polyners 0 taln n enta e phosph nit bi dent ate phosphite,

nonodent at e phosﬁhmk,mq e, n®nrgdent at e phothan groups. Simlarly,

m xtures containi ng(;{:IP(Ar)( Ar CIP(-OAr)2,cand CIP(Ar)2 will lead to
pol ymers contai ning bidentate phosphonl te, bidentate phosphite and

bi dent ate phosphinite groups. & her combi nations are possible. 15

Phosphor ochl orj4di t e;Ta an of

phosphor odi Chdl @

with the phos odi
phosphor ochl o RS . . ant phosphorochloridite
is contacted w tih anlaromatic d| ol at | east one of Fornulas
11 and 1V vvhere?TrpIé) is Hor cP\?‘l\,:r‘i?\/herel n Mis%am-8 kali metal or alkaline

‘earth nmetal, to pr ecpare a corrposréu on 25 conpri srb,g at | east one conpound

of Formul a I and/or at |east one conpound of Fornula 11. The case wherein
R is MIS descrrb d |n uU. S Pat No 5,910, 600. An exanple is shown

ct, the-present invention
@l@&a ai ni ng
niinitijator, preferably a free

grization), cépeen‘-bosr tion conpri sing at

, provided at es5t one R repre§ents et henyl, propenyl, acryloyl,
rr_et hacryl oyl or the or gani ¢ radi cal _

RP R RP
ﬂ AR ap

" The phosphorochloridite for phoSphonyiation can be prepared by any
5 '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 phenot at a temperature betweeh 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
10 o produce a phosphorochloridite. When the substituted phenols are
replaced with substituted bipheno! or substituted a!kylidenebis-phenol, the
- phosphorochloridite is similarly prepared by mixing one molar equivalent of
PCli3 with about one molar equivalent of substituted biphenol or substituted

3
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10 with a term nal ethenyl, propenyl, acryloyl, or nethacryl %qll roup or at
| east one Ig'”égqo nts ethenyl, propenyl, or the organic : Wyith a
termnal ethen or propenyl group. Polynerization can be carried out
usi ng known nethods for polynerization of ethylenic nononers described in
the prior art. The 15 pol ynerization of ethylenic nononers may be initiated

with ? f r ee atigtiderdhispreobatia mmeWatmrttéztwbumaibgn; -413!8@ afﬁcp’i(;?’;(r fﬁfthb ?IA:I[ :3%; 0 (r) r
[ - ' -azohi si utyronjtre

22" - azob 2?%‘586#& Wb bRl T g Pestufn S8 EIs ok el M conpr: ed
of vinylic WMBquwalﬂhtS:omurgmnmbasf@tamﬂodube arpﬂonsph&muhﬂdr'mmél (1-100
oL g 20 onguitdn B8l e bRS Q@Bg&fém(tﬁe%ové%@%%v

di vi nyl benzene) (1-99 g)r
t ol uene or t@?@f&ﬂlﬂ}dﬁ?mw@mtemwﬁu@@mﬂwta@lgeuqiu -40% 1Q@gurmgthe

B e o R A s YRl I ol A b oduce
ol yner ¢ ORI BhBY Betirflzing Helohgensian e eAaecame iscaubas |

and/ or || gevakrag llt?zhfflmﬁstuletcsuev@ good mﬁ%g)bbﬂ@diar?eor@@mmnﬁ?ngtﬁé 0|n|)d/ t he
conpou ot he uct s, . i.ncl udi ng
ronodent o opGHalK A6 Bubi EREeRA it E S sall g Snichia ' "0

- conposi ti ondemswlafé@ﬂtf@giemrega:redumto Tﬂm@ac&om bboulﬂdnleywm'lduct&rbnpgm tldon
Al ternative an
treated :\I‘ll W}tgt}ﬁrlfledg@ﬂHﬁgﬁo?{erF%]ﬁ%ﬁééﬁ I on oFﬂ\g—eorém%{VQE)fpgand#ﬁ S
used as-pr e&ﬁrr@@cf"éﬁ FbREre: Heoplingtedhe r 9%@%?%!%,3"3%9 rarge aam bF’«m)nodent ate
-%2?552 i teiniei‘f)’“p"s‘“?m iebgues m"ﬂ*?“@'?‘c‘"g'?enﬁﬂéf”%aﬁﬁaﬁr%ﬁf my  al so

~ cont ai n1t5 onB‘?%’ﬁE th‘igg?'ﬂ}’ 'ﬁ(gten%‘fﬂ&larphyﬁgj PLILQHBt SFERAIRAs of For mul a
-1 and/ or |1 mediay. Seltebledrhsts ane bheanioanimes Eemd@Wreﬂarkad gy mulas |11

ond o Sk Sy Bthet TR 5, S0k e | w05 2L

groups. resentative fon imted to:
15 net hyl a@@r;al%tm oftin@tpiwf@nmne,ﬁbmzykhmamy}amm, trigtleylainiies,y| ate of 2, 2-bis(4

diisopropyimethylamine, and combinations of two or more thereof.-
20 The phosphorochloridite can also be prepared by other methods
known in the art. For example, one method involves treating phenols with
PCls, such as described in Polymer, 1992, 33, 161; Inorg. Syn., 1996, 8, 68;
U. S. 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 PCI3, the
. preferred method involves the treatment of N,N-dialkyl,diarylphosphoramidite
derivatives with HCl. 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 (R3)2NPCI2 by methods known in
30 theart, 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 tnchlorlde with one
' equivalent of substituted phenol will lead to Ci,P-O-Ar, an aryloxy
. phosphorodichloridite. The Cl,P-O-Ar can also be pre'pa'red from _
B {(alkyl)2N)PCl; with a substituted phenol followed by treatment with HCI. The

(e.g.,
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hydr oxy- 3- net hyl phenyl ) propane, the nobnoacryl ate of 2, 2-bi s§4- hydr oxy- 3-
nmet hyl pheny féﬁ’ﬂ{ﬁ’ di vi nyl benzene, 1,1, 1-trinethyl ol pro& Aday 2006
trimethacrylate,” efhyl ene glycol dinethylacrylate, pentaerythritol
tetraacryl ate, hydroqui none diacrylate, benzyl acrylate, nethyl

nmet hacryl ate, 20 styrene, 4-tertbutyl styrene, al pha-nethyl styrene,

2, 5-di {rejt hy redcfivand Clan@-Ar with ra/diinanem bg&?ng grcbupdélhtm & Ets{mbéﬁﬂaﬁéﬂ ¥ t hecI
resent invepsl vii des ‘to_ produce a ric |igand,
Bt oy o PIonelB 8 bRl BinPiet ) ik re el PRI dE 57 whorein a
conposi t i onmaswdentste ghasphiteasthe reacibn o GhHOdAoWit poiwmers Idohtainidgor  at
initiacor, RERRADENR| LERISH e pfeSened SRR I 16REIPHARRES ofitafihg
precursor t Boncganisie Rhesphiisemptetics mbssferiegbasesare orgrnic besgsisech
DS &1 one S e R o R o ) 2t o at
Foany S one B PRRSpaRe TP Atk Rl RaanC AR FlAD Wi o
Eyg; g)g(;.e'n, ?polahm_ contariieg hydmoxslaked big%yl@&{il}(@ilvéwal_ lzm)ﬁ(lfs ‘ﬁ?t?i”‘”g
A A R SN Yok e o,
| i gkl nlg bot MoRodgnistemphe W @Duﬁw Simdaerﬂyq, miixiusesocontaming 6fR(Aa)()4(|3'- at f Ei ee
radi cal i ni Aphabas/. - i t0 a. el ecte
t enper at ur eAp b?w;( %?gzzé Iréggt%lggﬁ)%rgmrsﬁé ? it_(?: Pgﬁtrﬁ%%tcgé%rﬁ 'ﬁ g ?)édaeg{tif%n, and
phosphony!| aPfiesphonde  kidantate,ghosnkjiesand bidentate phgspiinikmgroupss Gther t er m

. " phosphonyl esrmbinatioaacke pddibieach hydrogen or protecting group of the
hydr oxy,

|- groups rotected .hydroxyl grou of .the respective

2.2 ~diRydr oxyl _@I,rw(#)pgh&rql ‘H’?q{{gmé%ﬂ%aﬁgg‘iomﬁ%@fpg‘igﬂ - bi phenyl ene 5
 structures phosphpradiedoniditewith tar penot.t Aarsdampie spiherreactidry of 6atdsol (af t er

- renoval of. fscptl‘ . . i r..t i ke), the hydroxyl
groups are ‘&@g}: egﬂw °Y§d'gtﬁ'§ﬁ§ %%{;ﬁﬁﬁ@iﬂ%ﬁ%@h@rﬁ'y% IP(-O-Ar)2), a

di aryl chl orilp¥pbpmaidoriditerasrdepigteddrelemt. aryl , aryl oxychl or ophosphinite :
(CP(Ar)(-OAr)), or mxtures thereof, producing a phosphorus-to-oxygen 10
chemi cal bond with the elimination of hydrogen chloride or an equival ent.

Al'ternatively, the hydroxyl groups (-OH) xan be converted to al koxi des
(-OM wherein Mis an alkali netal 0h @ ne earth netal. Treatnment with

- a CI—F,
. \O

20 - |
" The resultant phosphorochloridite is contacted with an aromatic diol
selected from at least one of Formutas 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:

S 6




di aryl oxychl orophosphoni te (CAP(-OCAr)2), a diarylchl oroph%%%gl ng

(CIP(Ar)2), 4?')33¢Ji' , aryl oxychl or ophosphi nite (C P(Ar)( 3y 2008,

m xtures 15 ﬁ?e produces a phosphorus-to-oxygen chem cal bond with the

elimnation of netal chloride (rret al being M or an equivalent. Oorrpgunds
' il

-of Fornul as gwg&wgy;nggé cont | e
bond) can bz ve
with ethyle on
condi ti ons 27,
348; Acc. 91

- For exanpl e :
Pd(QAc)2 (5:
psi) at 75 i
OH OH Exa
nononer inc
OOHOO
Forrmula 11
| ocat ed or
| east .one
ortho posi

alkyl Ioca

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, methacryloy! 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'-azobisisobutyronitrile (AI'BN) or 2,2‘-azobis(2—
) methylpropanenitrile). For example, a composition comprised of viny!ic'
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
mMWEmadmammamampm%wewmakmmmmmemzmcm1&TC
_ for 1 to 100 hours to produce a polymeric composition.
25 The method of making compounds of Formulas | and/or Il generally
- results in @ mixed product containing not only the compounds of Formulas |
-and/or II, but also other products, including monodentate phosphorus

-17-



10 x >1 and wherein at least one R' is primary or secondary, ﬂ\lgk%é roup and
Is ‘located @ItZ HF _grtho positions of the oxygen bonded t o PHda %%enyl ene
group. Si m T 52403 G pect three, the polynerization of a composition
conprising at | east one nononmer of Formula Il and/or at |east one nononer
15 of Fornula IV can be carried out using known nethods for polynerization

of ethyl eni griBHGHEY. %@gé%hﬁﬁgatioﬁstrhs,( Eéi&%daefstpreﬁa?eqo@ mag'bémé on of.
et hyl eni ¢ nmononer.s can be initiated w a free radical, ‘carbanion, or
car boni um i RRIYMeHE CoPmosiiony Aliarpatively. the camnaseds & reamulad andderol |
3 pczaci fi cgl Ir{naybeﬁﬁellafsﬂ)éﬁd ﬁééwd)dlh(znbtﬁrgiddefggﬁl Bf\ﬂ'le?fomposition of Formula 4 b

, 2' -azebi s(.2-. opanenitri .__For xa e, the mxture cou e
heat ed ?’n tlh%l%@g%l@%ecg@s-grqqa&df%ma(!(glthei ?3{']"%'56'?‘% HPEHIW%Q?W@%WSSUW
and a t enpenanodentafe pla@phites 56t€. incadditiarotal @mpoumds ooFgrmuadad end/gpol yneri ¢
conposi tiony The polynerization may be carried out in the presence of
- conpnoners, which can be selected fromthe nononers represented by 25
Fornul as | and 1¢OMpgsiiigns carpssingrthasesmaundssritarmulag handfer hmayacr yl at e
-20 P11245 &6d coRtabroraBREM@FHUPS. Sone representati ve conononers incl ude,

but are.not lim¢ted to: .pethyl acrylate, bisphenol di pet hacryl] ate, the
di acryﬁgt e of 2,(;ﬁbi wAW*ﬂ{?}B%&P—O@%ﬁ%|°9Hmﬂnﬂ5r0$€§ﬁ@yﬂ=ﬁr@%mbcry| ate
of 2, 2-Dbi s(4-hydepxy-selécteefroy thieemnphd meep papgresarted myl srhagasill sty ene,

1,1, 1-trinethyl g{lp §ﬁf€ e trinmethacrylate, ethylene glycol
di et hyl acryl at e, ’% Ae"’f'syt hritol tetraacrylate, hydroqui none diacrylate,
“benzyl acryl at e,(3hnd ateehybnomershaontpining vingband adriategronps.he struct ures

52 - gyl oxy o FEprEREelRE Folntinoliis. Al 28 B 1iSq o
bi phenyPendneli¥hatrylatebigniignol Adimeghadylatr tthe diaasylatepisd2tig(4cor r espondi ng
o 13" Dyghedsinalogbrenpsopans, morenmmIOu sonemahyia el
A N R R R RS
t_hel vi nyl lﬁmethmyla’lteatemwmgiytuitcﬁmem;a'aergﬂdw,ohse:yﬁaéryﬂhrﬁb[- bi napht hal ene or
e oY oty ARRAEAAE AR ke TS, oy Skl "
pr ot ecB8d ﬁ@rrgn@,f Aeributylstyrene, ajpma—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 'éompound of Formula Il and/or at least one compound of Formufa 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. ) S .
o - The polymeric precursor may be formed by contacting a composition
30 comprising at least one compound of Formula Il} 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—protebtive group selected from -
-alkyl, alkoxyalkyl (e.g., CH;OCH,-), 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. ' |

-18-




IV, protecting groups are provided on any naphtholic or ph%ﬁﬁdﬂ OB roxyl

groups pri nmeri zation and then preferably renoved
phosphonyl %Ii%%s%ft abl e protecting groups include ethers, al kyI S, est ers,

and crown ethers. Other protecting groups as generally knovvn to those
skilled in the art of protecting hydroxyl noieties during reactions are

suitable for t Wif RAnPRRSspldhykitn® YRS naEPSA] nydiBGoRbRBRAbctly Nt | on

furth d t
conpost t | orByP R DY RV shousher bk Grd ivBedbaouphihratespesive one
acr ]yl at eI or2, Xedihydroagl- ¥, abiaaphibalenea or 2, Bedlbg@@ﬁ?lcﬁwblphénylahél ator,

refera odu ont ai ni n '
Bhospho?ogh?r(l)jrcl l%% ésa%gﬁ;%ée‘du\&ﬁ]g?}iﬁ@gg?nﬂ hpﬁp@owgl Jpﬁ@feéwgn(? fa conpogl tion
conpri sing ramdvsh@ftthermotectrm)gmupsfbwlwdmlyalsldrlthamklépr(h@bydinxylul alVv
wherein ea oﬁ)s BROFSACHHIANIY a'&a%@c@br&ﬂﬁ&épﬁ@ﬁ%@ (9“5 ?399%{25 hat if R s

“protected, Lhe protecting gro react’ing the

conpound oﬁ'@b’mlﬂrapmﬂpmﬁlfqm%ﬂwm an |awhﬂry!ﬁxymorgah9ﬁmm¢@nt ai ni ng
phosphor ocmCm(M)(I@-ArBr 6f RItaRbsARBRVINGIDIBER %ﬁﬁbédh%r&é-tdtak n phosphor us

is a 3p.dia It ound of Formula II1,
wher ei io Ihé h'bﬁ'ﬁreq '83&5‘”&8 &fgf)ﬁge'a CBEH”%& e%‘é%ﬁﬂtary al kyl
| ocat ed ortAiternzhtn/eiy;ldn@hy@enyltgmdpsl(@-i)%an h@ebﬁvmetktolam@ﬂdwmp at

ortho. o Sk YRy 36E bR ih s TARRERLHAER {1 T’

| - bi napht hal gissyigiyeidoraphoapkeniisol@iB{-67-ARe), mdiaryiohiorpbosphina = 2, b = 0, the

A h
i IO Y PSR i 1,00
second 1grePt Brosisea APhosPhergt e aoenthestiealdongouith ’Fhﬁh%!'fblﬂaf'ﬂ'é oxygen
“Bonded t0 ohmethRieetal BilRg Mr@rméambare@ehl oridite for use in the

L th t t th

Dhosphor oohi or | SemRnd R I M A R oS o pol yrrer i ¢
- phosphor oc ktantaidirigea dmﬂbl@dmmk)k:ang)et ;Inepa:dcymereantlph@ﬁmcmﬁwﬁcﬁhg e with
t he CO”poshTah(ﬁ’é‘dgﬁ@é{Rfe'v?le h?‘enleet?ﬁéerqgﬁclﬁﬂlﬂ@(ﬂyg& mlg h)@ |11 and/or

FormJIa Y orus-co osition.
ypical reaction condltions for Heck—coupilng are described i in rganic

' Reactions, 1982, 27, 348; Acc. Chem. Res., 1995, 28, 2; and Pure & Appl.
Chem., 1878, 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.

B ' 3
r' OG OH Pd(OAc)z/P(o—tonl)g,‘ GG OH
G O CHpz=CH, ] Oe >

Br NS

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

25
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The above processes describe the synthesis of polynerlc

phosphor us- 5@&%@@9¢ ng | i gands of various structures. i s RMW2I8 the art
15 that the ity properties of polynmers are affected by their
structure. is preferred that the polymeric ligands of this invention be
as insoluble as. possi bl e, con5|stent wth retalnlqg substantlal catal ytic
activity. If the resulti an be separated
by filtration fromth are used and then
recycled. If the poly Ple in the reaction
m xture, they can be § SH ubl e |igand and
then precipitation o e sokuble ligand wth a solvent in which the

| i gand has extrenely |l ow solubility or by precipitation of the sol uble
ligand and filtration of, the,reactiop m xfure. Ingh-_HIigands are
conpletely soluble in h reéagtio Rt B ey—t hey\ch separated 25 by
precipitation with a s e \ N L£h i : trenely | ow
solubility. Use of the es PhQqs h Cont ai gands i n Catal yst
Conpositions 30 In the ni'nt'h 8spect, thé prese on provides a

catal yst conposition, optionally containing a Lewis Acid, conprising at

| east one nononeric |igdgd gonposittgn &f Fornulas | and/or 1 "conbi ned
with at |east one GoupWVl i ptal , transition metal conpound,

and/or transition neta £X, st one polyneric |ligand
conposi tion of the presg i nve bined with at | east one G oup .
VII'l transition netal P I on gnpound, or transition netal

conpl ex, and/or the cakal Mst mad er i, aI of aspect three of the present
invention wherein the_g Br | Po i's 5 e outH Ht he presence of at
| east one Group VIII {t} [ L - 8 PCT 30 May 2006
“metal conpound, or trs'on g co X. nera any Group VIII
-metal or metal conpov d cal be Usedst o Conmbi néwit the cdonposi tion. The

Eenments. Fore resii SumBoify é‘%ﬁh‘gé 3 BBl P BB IR Bt 2 BR 68 q ™
Rat on, Bl ori$ @@marwer peeansary oli! 11398%;,(1 @ﬁmtcalhewxygemhquemto lArmet al or
lc?ggggngf t Pﬁ'ieeﬁ@l;ney 21 C&fﬂ;{\%ﬁ%gbw& [bastbnb $8SE pRARfrJBRQBESAdarg QP! Yeric

grou is }ocated at t'he ortho position of the oxygen bonded to the
binaphthalene group, or a compound of Formula IVwhereina =2, b =0, Ris
~ 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
- comprising at least one monomer of Formula Il 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
' _Immmmmm%mamW%wmamammmmMemZﬂnoﬁWCMﬂm
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 ; Formu[as i and Il, as well as other monomers contalnlng vmyi and acrylate
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provi.de the catal yst. Anong the G oup VIII netal conpounds, nickel, K cobalt,
10 and pal I@ﬁli g@ﬁ@ﬂ:})ounds are preferred for hydrocyanatioﬁo&dﬁyag({%ts. A
ni ckel- conpo r? I's st preferred. A zero-valent nickel conpound that
contains a ligand that can be displaced by the polyneric ligand of the
present invention is the nost preferred source of Goup VIII netal or

et e e e ot A ey | bod
. generate ccor n .0 e , .
O & Bt et 861 il X GentRayiell, 4 sivias G2 2Bl s
3, 9g3l, 120; hydnomr-aanamghbhbayie;bmpbye,rtbéenmma&:ryl'a'w@fezm_-blfs(afr—h?di-_om% val ent
ni cCKe (0] P - C O, I (0]
CGH4CHS)5§} ?ﬂgﬂﬂﬂﬁﬁ%@@gg@fﬂéﬂ% _5‘5@5#&?@%3 L' ﬁnﬁ&ﬁ“%ﬁﬂﬁ\@ OE?E‘S 20
Al ternati verjetipargpimetivienre plycohginettdacsiata antawytieitolni t h a  reduci ng
~agent to sq&#@aé\%&a@e,wr&@iﬁénéara%ry{étle?ﬂénisylg}t&ﬁh&g??ﬁ@ﬁu tR@ction. Suitable

di val ent ni ckel cConpounds i1 ncl ude conpound _ ormul a” Nl Z22 where Z2
is halide, 04 tﬁte, or acetyl acetonate. Suitable reducing agents

. include metal bokobystt heketn, thesalicresusatinBshiues|, Inet ainclkyhg, 25 Li,
R T A
(i ncor por athiphemsienal depotehietrany é)e disl sirsdure, but alsbl the sorrespording er o- val ent
Tesurts |30 e BRchtd ao SR iR u@ flodch 8 BEINEREAL 7 i m zes
t he pot ent iHPUP folempararily|repleses §y vatious ofgani¢ mdicals agigeserallyknopdci ng
e Srhcl rmhebal ek, ob LAt e AbS AP, (01,
coor di ﬁgt i & &5 ﬂ@?ﬁqbégf”??%gr?é ydg?;fy,?-ﬂ-; éﬁ@%‘ﬁ%ﬂ??%@r ge?r‘ldtﬂ?m‘?i’@é 35g
- Hydr ocyanatfi, trbiphényeriertor Phistieed tHireshhainis fiandipleNbs pekonnBd Bithbn t 3;9 .
and or & he Ut Al P BT i G S ettt F T aE T end 30 vy
2006 i nventVoproteglingegragpsl areoprovidedozn any saghthalic br phemslichodroxyi Lewi s Aci d)
Sompr i see. S itor 18 d o o e Rt PP Gl BB i raced
organi 20 phosphonylz%ton. Suitable protecting groups include e%lhers, alkyls, esters,
' and crown ethers. Other protecting groups as generally known to those
skilled in the art of protecting hydroxyl moieties during reactions are suitable
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
Pphosphorochloridite containing at least one acrylate or methyf acrylate group
in the preSence of an initiator, preferably a free radical initiator, to produce a
polymer containing phosphorqchloridite', and further reacting this polymer
_ with a composition comprising at least one compound of Formuta il 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 I}, wherein
s 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 one R" is
primary or secondary alkyl group and is located at the ortho position of the
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5 conmpound wth a hydrogen cyani de-contai ning fluid under %838 t%)ons
oup

sufficient a nitrile, wherein the catal yst conp
Vil -netal b?laéyqolggt one of the present |igands described above, and

optionally a Lews acid. The term"fluid" may refer to a gas, liquid, or
m xture thereof. Any fluid containing about 1 to 100 % HCN can be used.

Pure hydr ogegydgeh Bogdedi®y tﬁébll%ﬂﬁﬁ@ne?’r&i;?rcﬁ@ domphd I GaRfiaIws | ess
than 40 ppm ,sul.furi ? Sm(gdhl ess m sul fur di oxide, ]less than 20
h

ppm cyanogeWNergiR & ﬁﬁfﬁgéﬁ'é&f:ﬁ'%ta' Brifaky, on seepiidanials¥h nonoxi de,
| ess than 2Rcatgrhodios yo the dxyigea bonddd te #¢, whereirl R0 pand paiceeih e feasthe

hydr ocya9at b0 FEGRRR TP BEERIY R Sk AR aTB SRR catalye
corrpozl ti onpz%lhm%cf thermxygen bangedto thebiphanyleae tgrouwp.m xt ur e. HyEILogen

t rm e
cyani de can be ! thé phbbuGRBRLREN I et 168 SSORANRBbE raybar T (he
after the oP'F?é’Iar%ﬁﬁ@ﬁéﬁ?%eqﬁﬁ%V%e‘éﬁammsmﬂﬁmﬁiﬁj't@yﬁﬁh%e 20 can be

del i Vﬁr ed aﬁre%ehb@@fdn%ltléﬁ)rgrdm a Whﬁi’ockﬁ&ﬁgz alnt e][ Q?t ive, a
cyanohydyi n.ca e .soufrce s, descri bed i

exanpl e,” U. gon%ng:@e pg Icppsp ﬂ@&?’kﬁ ﬁh‘ig‘r""’e‘?c’r'in IO} er ence. :

Pr ef er abl y, carprisingat lzast ede compmund of diaraiutes i1l asdiot ﬁanmndlﬁ@Vrmmd@@lr oxi des.
25 Anot her essel with the catal yst

- and the sol@%rﬁ glkgr'&ﬁ“s&gﬂ:%ﬁ"eé %%@g'nﬁﬁ%&seégﬁ%%th t he unsaturated conpound
~and the HCN sl o lyeﬂbOVﬂﬁrCrQﬁﬁﬁﬁ deseribe thesynthesisiol polymatico of unsat ur at ed

conpound t opKENo¥ss- céﬁt'élrﬁﬁg H(?‘éﬁo%%f%fri%ﬁ?%furé@ i id Rné\pﬁ'tﬁkh%oé)dooo 1. The

nmol ar r%llo of HCN to cat ener a is varied fromabout 10:1 to

100, 0od %@E#@%FHP?‘"%@IOEG?@S? @Qbmers afr@.affgct?&tlahthsﬂéﬁtmtwﬁ g a
- continuous preesredd that tﬁelpblyﬁrﬁérwfh?ﬁn%bﬂﬁu@lrfviehﬂﬁln b@%@ |ﬁ§él§bhé$és type of

oper ation, . her orti.on .of .cat as 5:1to
160, 0001, Hri P terqBRl vt Bt8nits dbstaiuet B8ticagy. Bt er abry ¢ ho
reaction mnetaultseglmlwgetsaarednsdiubleeﬂmypjam ey separatednigy bltratlaﬁfrshatﬁeﬂg The

reaction pr@%&%n ﬁﬂﬁ'tupfs InSWaY run e t%ﬁﬁ 'f'laljeﬁ%m&g@mlqus oy?ﬁ'&ﬂ:

dlstlllatlon can b Sé€ or € |nuously
P11245 28CT mnﬂg@rgmsttaﬂy soluble in the reaction mixture, they can be separated by

filtration of the insoluble ligand and then precipitation of the soluble ligand
with a solvent.in which the ligand has extremely low solubility or by '
precipitation of the soluble ligand and filtration of the reaction mixture. [f the
ligands are completely soluble in the reaction mixture, they can be separated
| 25 by precipitation with a solvent in which the ligand has extremely low
-solubility.

' Use of the Present Phosphorus#Containing Ligands in Catalyst
o _ : 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 I combined with at least
‘one Group_'VHi 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
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The hydrocyanati on can be carried out with or without a solyvent. The
solvent, if % 6 n be liquid at the reaction terrperature3 aM%IV%Q(@ssure
and inert ?E@a R ?he unsat urated conpound and the catal yst. Suitable
solvents 5 include hydrocarbons such as benzene, xylene, or conbi nations
thereof; ethers, such as tetrahydrofuran (THF); nitriles, such as

acet oni tri |ﬁ|etal%ﬁ¥pﬁﬂjnﬂr bl ﬁ‘anﬁﬁbr@%tbf%&rﬁﬁlegr @é?f@?élﬂﬁ%lhgrﬁ'oﬂ mor e

t hereof . The nsa oun rocyanate an Itself serve as
the sol ventM&t r%%;@mmpw gan Pé{?egetoé-‘é’mt?'@@l“(btbt he goptResHies. Piese. 10
The exact ttemne‘mouperrruf’Sredeee@mncsav@rsﬁﬂr@fah@ PesticRlis Tale o ehe loaréI I cuga{ ]
catal yst- b uns used and the
desi redtsr e:%@m#ﬁg Cgém @iﬁw W%@) 0E’OOC can be
used, the ridatga, Hlorpia: QRQE’(DGSSQdBBQ tﬁ&?f erred At nospheri c pr essure is

sat i sf act ory Foroeferana Gy VSR piaaRd oAl ik ectiR e s of from

about '0.05 to 10 at nosphere are preferre gher
pressures, ea% NG WODORLECHT Pebaerie iganstotibedresent imearitiosdp but any

benefit t hq@rome the c@kﬁl?étn@dnéﬁgflﬁ)ﬁrdﬁb’\/ﬂ! AR 6o?n;idtﬁ1wsf Mrckéthgol'?éﬁ” eased

cost of oSuc lons. The tine re | range of a few
second$% %ﬁge' g cosppquindsiarg pre &'@@JﬁﬂEy‘{i@cﬁnﬂlﬂﬁ‘r"é‘)talyﬁ@pé%d| ng on ‘the
- particul ar rickelicoimpusingrig most pheferret]. oqoeemwalent ﬁ’bl@elld;bﬁﬁﬁddlhdttﬁét conpound

o ricrecn BHBS iR, B BB Rk nlley e hoRRd oD oengnt * ™ ©

- conbi nat i origvesitionyie the mast prefared source QBGWUp:HIIMemMr Brﬁuprll mmaf

i ndependentdoynﬂ,-é,uﬁ %é}o%lé’nt‘?ﬁékef%W&lg%tah%esprebgféoe@ ger%?a’ce% H CN,

CO2R7 gerfl uor oa havi n I'S an | nt eger

of 0 td°12:acgordingfp Metlaeds kKngwiyin theiart,gush awthose Hescmezhn ¥s. P

~per f1 uor oalnjod. 349621are 6311 493t 3¢46l44 0 3184 mbsoeiny RoozsiZoN, and R7 is Cl
to C12 al kyl or i ons thereof. 30 The

unsat ur at edn%QfRBFCﬂ\i %8591X19(¥ réﬁ"%’&%l ?Ere%;pref)e{aecfgerol o dUKBleni cal |y

~unsaturat eetoomq:mdrschrerNr@@D)zc(G(Dlae drsepclocctagizmedl, Nr{FB(rO—eOnbl nat i OnzI
Shown Ly FOARMCESPERIFIOS Ch SEMRCH, FIRRIRIR B, SPTPrI 2
conpoud@s pr oduddigraatively, |drmler@ttm@l<ej3¢onmmuas:am baatrmnbinet:l witba
respecti velrdgdudhga8kht Bosdrve Hi% SAIRe 3% 2812 GAIRRERICROGN $he Fdakfitn. PCT
' Suitable divalent nickel compounds include compounds of the formula NiZ%,
‘where 72 is halide, carboxylate, or acetylacetonate. Suitable reducing
_ agents include metal borohydrides, metal aluminum hydrides, metal alkyls,
25  Li,Na, K, or Ha. 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
nrckel
- The chelating arrangement of donor atoms in bidentate Irgands 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 e!ectronie properties
~of the donor atoms, offering control of ligand coordination propertles 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 May 2006 catal yst conposition CH3-(CH2)n CH=CH (CH2)g R6_ -

NC- (CH2) " +q+%£¢%vj s Acid pronoter HCN Fornula V For mul 3P Ngy €916, yst
corrpositionP 2)g R6 31 NC-(CH2)g+2-R6 Lewis Acid pronoter 5 HCN
Formula VII Formula VIII The hydrocyanation reaction yields internal as

well as termnal nitriles. Preferred products are termnal nitriles.

SheT ! TRocREHIs v, LB B 7N WRATiglh 8 Gl °
Sui tabl e ungEYesRf 06 M Indrocyaratianeo! gganigreempaundsyi thejpiogess
et hyl eni cal bymprsed ohistheshd) g e Fre%@ﬁ@@@ﬂﬂﬁe s&talyat, BnGhdah@@ed bRamout 30
car bon ons. Exanpl of suitable ethylenical ungat ur at.ed conmpounds 15
are eth en%?m[?%rlr{%WZ@&QY&BQSBﬂ/@WB?'%-%P@HJI,LH‘%UB@?\E @fg},'t'@-%exene, and
conbi nat i onsufti€ientio produoe e ritiée, entiereifthewatalystraningohisesp Grogb My al so  be
et byl o cal |5 ap et S5 EeaR a8 Ses il aiile, BRa DRI Bt 11
met hyl 3- pehewisqagid, The temdiuidvayreionto sgasoliquid her mixtyredheresfhyl eni cal |y
Sranm L opag eretadng s o sevon e vsgte! aBhorEh B0 L0
unsat ur&t ed® Wiec'é‘?ﬁcgl 8@%'@%%‘?%5&"&&@@'%’%&“@” g8 PP such as
met hyl  2- pesulfmicaion, IEssthanr Fppmsaifur amwegwmadaoaﬁm?lqyeﬁﬁ%%@l l;engg,
LLnear 2t KRS el e ABSEIRE ff poht 278 At AR
preferred spstacaylesitrilecandiess thamd08 ppenpereidetsti | e, al kyl 2-, 3-, and 4-
Do o nore. t hor B NVSBEARIIpOUORE Barr bk palridoat bor SSETRY 12 212, | U
pref eri&d oFthaTging.a syitable ¥essel supk agenteastoriwith arynsaivrated dosppundan 100
ppm - 30 per&yth€Seomposition, and solvent, if any, to form a reaction mixture.
Hydrogen cyanide can be initially combined with other components to form
the mixture. However, it is preferred that HCN be added slowly to the
_ mixture after the other components have been combined. Hydrogen cyanide
20  can be delivered as a liquid or as a vapor to the reaction. As an alternative,
a cyanohydrin 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 technigue 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
L 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 5:1to 100,000:1, préferably'100:1 to 5,000:1, HCN to catalyst.
N ~ 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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When non-conjugated, acyclic, aliphatic, nonoethylenically g{qﬁrat ed
conpounds g,rlﬁ% ég up to about 10% by wei ght of the rmnog‘i)mj)ﬂ féally
unsat urate ﬁ dd can be present in the formof a conjugated isoner,
which itself may undergo hydrocyanation. For exanple, -26 PlI1245 PCT 30 May
2006 when 3-pentenenitrile is used, as nmuch as 10% by wei ght thereof may be

~2- pentenenitri t | S tended to
be identi Ca%eﬁ{ﬁe@ﬁr%ﬁam%gbe cﬂﬁnéc?b[e]i Vdﬁlggm\}r}gagw sbﬁn%anThé‘l ncl ude 5

unsubst i t uf@ éfr‘bﬁ?gr Gamoe liguid gl the Jeasfian isemasatite sndressre@ndi th gr oups

that do noineat toackdd the asatlnetéd compbuns ahbeh@mwwsmr @mﬁabls%lwmf erred
ene I near

d | k |
glr ?pﬁg:ﬁc W&‘#@e@dﬁé&‘%@?%ﬁ?#‘]:atﬁg"reé‘%sé’il?’| )5yE$Qaje:jlo(5ﬁpp'?ﬁtnélons§h8reg nbi nati ons
of two or athess tdushes tetivbydrofurahdil HEQ, mitridek) sush aiseackfordttilgoni tri l e, al kyl
5 cyanoval g R AR RROR BRI brSo by Rrbdner@dThgrl nat s of
rdcess

two or. nore t enti on € carried out in
the pr esené@sﬂiﬂrat%§0mp0h'ﬁﬂé0 bevhysireeyamatachern dself serxe asfthesolvesti.h t he

activity apgdidtgansdeean élsbybé)éartnea cﬁ&“irﬁiﬁésdass 4@ The promoter may be
mhlch the cation is sel ected

an inoyganic or_15 organonet ou
from sthndi um TP¢ £3R ﬁfnR%ﬂ 5‘? Frlghd@mtﬂﬁ CREANmdeRton then, cobal t,
copper, zi part;cbiar catalystlbeinigwusad, Yivé padioulaziuheatirated dbnasouny bémgybdenum

i Extplad dind BEDARTCiSHESR. Sl ekl P S casers) .

~ CoCl12, 001200°2Dcmbe JusedOIr@, raRge s 0°CdGNB0TCIbsg PietdmédHF) 2, Ti C12,

oL o IR iR S sl ) & ebyr i o s

~ moc1s, 15 n%ﬂ@rﬁ?SUﬂ?&@féforEﬁbeﬁis@ﬁé)tg 10 atmospberes) (59,6 TS kBaosHs) 3,

- (CeHb) 3Sn><arevﬁr@fe€ire‘éFQFt (4B, 10000d kKBAY) PR, 8awl béafska; if Sul t abl e
pronot ers 217, 3,496, 218;

P Sha G RiShy 9%%%@3?‘%@”5’/%\ﬁrﬂ%ﬂ'”&péﬁ?rﬁt@bﬂr%-f‘%tnéﬁgﬁ%i‘@“?y by

ref er ence. thﬁha&ease«tbuelbofsmhaipaaﬂldrss (such as znd 2, Col2, and Snd 2), and

o o kel o HORENERued UER R e %’%%%%?@@L}ﬁa@?ﬁ%@“ﬁé?efﬁ
by r ef2é)r en(&ggh @@écyssemsﬁg\adf hours), dependmg on the particular conditions and
| - method 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
~ CHg(CHg),- CH=CH-(CH,),-R® and combinations of two or more thereof in
25 _'Which R* and R® are each independently H, C; to C3 alkyl, or combinations
- thereof; R%is H, CN, CO2R’, perfluoroalkyl having 1 to about 20 carbon
- atoms; nis an integer of 0 to 12; q is an integer of 0 to 12 when Reis H,
 COR’ or perfluoroalkyl; q is an integer of 1 to 12 wherein R®is CN; and R’ is
_ C1 to Cy2 alkyl or cycloalkyl, Cs to Cxo éryi, or combinations thereof.
30 ) The unsaturated compound can be an acyclic, aliphatic,
' monc_ethylenicalty unsaturated compound or cyclic unsaturated compound,
~or combinations thereof. Non-!imitihg 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 E respectively, wherein R®is the same as disclosed above.
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30 synergistic conbinations of pronoters can be chosen to increase the
catal ytic glt’li \Aktiyr@of the catal yst system Preferred promﬁ@ﬂ@ﬁ%ude
CddCl 2, Fe g 2, B(C6H5)3, and (C6H5)3Sn(CF3SC3), CH3C6H5SC3, or
(C6H5) 3BCN. The nole ratio of pronoter to Goup VIII transition netal
present in the reaction can be within the r?nge of about 1:16 to about
50: 1. 35 Hydrocyanation can al so be gar r icedlysitompiosiiom conj ugat ed ol ef i n.
Wth conjugated %ﬁ@fqgﬁx;‘(:g:g&\ﬁ@{&pﬁ{ﬁ prefet-er—-s—epti-enal NCEREHppl esR of

~conj ugated ol efins containing from abouf .#:t:Q; fﬁlﬁte}S’ preferably 4 to 10

“carbon atons are 1, 3-butadiene, cis and tra

exadi enes, cis and trans
-27 P11245 PCT 30 May_ 2006 1, 3-pent adi enes, and conbi nations of two or nore
t hereof. Butadiene | FOBYRYj ally preferred by reason oformslacdhmer ci al

i nportance in the production of adiponitrile. Preferably, the butadiene
contains less than 20 ppmt-butyl SaGRsEAYPositiofSS than 500 ppm

vi nyl cycl ohexeneg=enddiggsrt han 100 ppm _per oxi dgs. ﬁge(d}pkl opfng Formul as
IX and X illustrate sone suitable start ing conjugated ol éf4hs, wherein
each one of R9 and R10, i ndependek@WiyAcikprometera C1 to C3 al kyl group. 10
CH2=CH 6H=CH2 ROCH=CH CH=CHRt 1, 3-buttEdNene |X X Formulas XI, X/I, and

-XI'I'l represent the progygisyabt ained from 1, 3- but adi engqandighEgN Wher ein

Sinvention, diRRsBEIHRuR Ui,

<

3PN denotes 3-pentenenitrile, 4PN is 4 15 pentenenitrile, and 2MBBN i s

- 2-methyl -3-butenenitrile. NU-~ HCN CN 3PN 4PN 2M3BN Xl XII X1l The

reaction of a Cd'mjeug&_h'eciyaﬂaﬁbhme&t‘tﬁm@iéi@bﬁ@t@ﬁiaiia@imil &3 tarphidl mitkiRes. carri ed
monoet hyl o BTy toauptharb dEmBRRTeR SBRHE shiepBads biFokTHE Y ne present
Phos phdBus -yEda terminalgittilesefdsormuia Mhewvkileethese of Zopmota \di yidic teymdsaint
Suitable unsaturated cdmpounds include, but are not limited to,
ethylenically unsaturated organic compounds containing from 2 to about 30
, carbon atoms. Examples of suitable ethylenically unsaturated compounds
15 are ethylene, cyclohexene, propylene, 1-butene, 2-péntene, 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, CpF2op+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, alkyf 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
S preferred olefins. Preferably, the pentenenitriles contain less than 100 ppm
30 peroxides. '
o 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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Formulas | and/or Il and/or the ligand conpositions of the Bresent

I nvention nmy be used to formcatal ysts, which nay be usedOMsy 2008

i someri zatil?)'ﬁ)éﬂm5 PGl anched nitriles to linear nitriles. The isomerization
conprises contacting an 25 alkenyl nitrile with a catal yst disclosed above,
under conditions sufficient to 1isonerize the alkenyl nitrile. The process

A . | _ . . ! : | |
nrlriTes T e sertbictitile & Ul 8o riffas FORTIY GBI 1RILbANAT LS L
3- al keneni tR§MteRenitile asmusaskihersins the teravipentenenitiiles igintendadde kaan be

carried outidefges \Aﬁﬂhb'%&@fﬁﬁdtﬂérhé’%s'smtéﬁé Lﬁ@aﬁjréie@rtﬁarﬁﬁo&fas;inaalag r l: gﬁ?a?ggve

| ess than 1R B aeabonscas wal I HrRbans e yter With GBPs ¢ ho
starting nethat dahot attadiethei catalpst] gach as tiemoydi gredp. by the hydrocyanation
sources. The of ST PEBEE pREKE: A teflmab ARyt biFlS i o R 127! ©

2- al kyl - 3- rdiexancadsdarias; linear alipbdtiasyancasténsg3tpedupedatkyiprapienitrile,

| soneri zat iy Eé}ﬂﬂi?n%ati?ﬁs ?Pmdwgf%(ﬂ%ré&e M?%@Jr&fe?@&%@&u&l@%r&yano group.

Suitable starti ng__ 2-a - 3-nonoal kenenitri can al'so carry groups that
do 5 ndP atddiRqnitriy alky §I‘%PPV@'§Fatéx§b52bﬂ@H@@He@Nc‘ylﬁﬁ@ Brisliio 18r ef er abl v,
the startidig cordbikatiordss 60RRPOKABRNHarEdfES contain from5 to 8 carbon
atons, excl udi any additjional substitption, 2-Methyl-3-butenenitrile is
an especially ﬁﬂﬁ)‘?%ﬁﬁ?s Q{tﬁ'llst NMGNYRN ean Eﬁ,caggﬁggténit € PEESFOE8 Ao produce

- adi'poni tri lane @trhere Lepiseithpaimotersithiat affectdiath thegctivityerridathe i ncl ude
2-ethyl -3 ! fenenitri -nr | - 3- WLrile. he starting
mtrie s FIORD B e daforhs o R aRaTE an forddiob)© The

i soner il 2at iasganpeoetadicscampoBENNavhic thg cationsisestedted freor seargiunt) and X |,
~above. The tjtSQ0RY, VaAbdiamh, %Rﬁﬁaﬁn,%aﬁgggﬁegbw@ﬁ,tddmﬂ?@@%&& SRET bGdnout . for

15 exanple,  at. at nospheri¢c pressure a t’any tenperature 1n the fange of
10- 200C,  FHENELED KN, ZHEORIHFY Michiumg Methdenymy GaAEddmy Enaniufot criti cal ,
however, anmn_anurlneeammﬁn,oyﬂdmiuw tahm]@{\ﬁrhéritgm?éﬁ@ KR, Ex%mﬂ:ﬁéé ; gg- eiAtnKer
'n the |1 qUTaURZBBo 2 En 20 CBG piibe CLU FOlSt e R Ylet at  vel y
- vol ati 2@ 20 ks, Gy IFeS-1) drte€id RHE ), TeCk, @t janTiCGin CITi(Oin),, pdmTigneni tril e
product ). sts, AICRSIGH,TNCRSCH, MCTRRIRE,ABAIC B, ATEL Bripdely T es! stant
" ReCl, ZrCl,, NbCl;, VCI,, CrCl2, MoCl, YCI,, CdCl,, LaCl,, Er{O,SCF,) ,, -
Yb(O,CCF;) 5, SmCl,, B(C Hg) 5, (CeHs)sSnX, where X=CF3S0s3,
‘CH3CeHsS03, 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 SnCl2), and organometallic compounds
~ (such as R°AICI,, R®*SnO,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,, ZnCi,, B(C;H;),, and (_CGH5)3'Sn(CFSSO3), CH,C,H SOy, or
-(CgHg);BCN. The mole ratio of promoter to Group VIII transition metal
' present in the reaction can be within the range of about 1:16 to about 50:1.
o 35 ¢ ‘Hydrocyanation can also be carried out with a conjugated olefin. With
R -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 frans- -
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usual ly of glass or an inert netal or alloy, such as nickel, copper,

si | ver, gol 4{39 inum stainl ess steel, Monel (r) netal al30d\Ja006

Hast el | oy(rg”r?e a'? EI | oy. 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

sol vents i n¢J319éatagiéhe§,réhd‘@émbirfﬁtibﬁg of Bwvo o?‘Ho{?ﬁ gﬁésl'éo?él?gl{aﬁwtei i§

hydr ocar bons é%eﬁg’ne, C CCJ ohexane, Dbenzene), et | et her,
t et r ahydr of BPRECAIY RIS By {Rasongfits gappmetaialimpariages i) the psadustion et hy |
acet at e, nmevhadipoeitrtieaPegferabily, thearitddiens edhains 18ss BRMZ2Mppi HSUtyl or 30

retal o or Sraagp Refitaf 580 PR FMcugIone aas alfiiert PO RLPEIY | o, wher eas
t he 2-met hype®xlsgsenenitrile reactant and the linear pentenenitrile
roducts are relqti ; | A | i fl ow
Brocedure, t he c?t’%r‘ﬂ'ls"?""x@ﬁaﬁgh%s f%%%g)%ﬁl&%gﬁp %)?T_léﬁg'ﬁ%*'gv%ﬂ%gﬁgyst emin a
sl urry- | i quferigeRise aginsaninereinieachame0fdy’ anrd Ry, indapsindentinis H owl ng
liquid stat@pt@@:ﬁqumaﬁor phase operation, or it may be in a fixed-bed

state i,n a conventional {1l ow /apQr - phasge, operation or..fl ow ng
| qui.d-@nase oper ati on. %&I@kg&fg&g@ Va %Wr@"‘t—'pﬁﬁ?equi red for the

i sonerization process td,Bbukidierse practical [|evel of conversion of, for
exanpl e, 2-al kyl -3-nonoal kenenitrile, to linear alkenenitrile is dependent
upon the tenperature of reaction, i.e., operation 5 lower tenperature

generally requi resmulas et tandeXiirepregeat the prodattscobiaipedrfrom difper at ure. A
practical r e ' o Fmd'ﬁ ALI8. sS4 to many hours
(2 secqgnds ltﬁgggﬂgggtédﬂqﬁﬂ%h in3p |¢1%20§ %ﬁ%&péﬁﬁezamg%ondi tions and

It ours). _d%rien )
met hod 18f  dpsErtanentile, ansd 2MBBN isd-meth-3buiprenitrde nonoal kenenitrile to
~catalyst is generally f th%\l/i,& suam%;m the range from about

'5:1 to 20,000: 1, prefera 100:1 t0 5,00071, for gqpatch or continuous
operation. Hydrofornyl ation using the Present Phosphorus-Contai ni ng Li gands
In the twel fth aspect of the present inveéiitNon, the ABhbners2M3BN For nul as
1 and/or |1 and/or the ligands of the pregent inventixpgnxmy be used to
formcatalysts that may be used for hydrofornylation of unsaturated

' organi c conpounds with 2 to 20 carbon atons or cyclic unsaturated conpound
- to produce cor'r eRporediction af deyilemted blefinanal oy BICN-ocomizirdeg flaid 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 I} 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 sufﬁcieht_ to
 isomerize the alkehyl nitrite. The process can be run with or without a Lewis
acid. EXamples of suitable alkenyi 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
e isbmerization.can be made by the hydrocyanation of a diolefin as described
' _above, or can come from any other available sources. The oIeﬁh_ic double
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Goup VIII nmetal or Group VIIl netal conpound conbi ned wit Q%{E Iea%t one 20

| igand of the present I nvention. Preferred Goup VII| netal 3200
hydr of or nyl%'t 28a Rlehctions are rhodium iridium and platinum the nost
preferred being rhodium The Goup VIII netal may be in the formof a

conpound, such as a hydride, halide, organic acid salt, ketonate, inorganic

cid sal f 25
fwo or ot g 2 IRA michiORRARni YD BB AR Bt e L 070 0.
1rSO4, RhCleomRﬂ;amyeanrm gmmtheﬁw plechend cyapqurQw,)(coo)] 2,
Rh4( CO) 12, ﬂlﬁb@t&ﬁin%l@@ﬁ@ﬁbﬁ&lﬁenerﬁﬁhé@ﬁﬁ 6ida drds rbBBQ]tIGM] 2, and

nbl nat.i ons of t er eof S an acet ce e group;
Tono 18 artiosltack T CaBRIsE corxarie, s06Ger cyand e e@erab&a%h s &

. phenyl gr owgtartingi@eikgir3-mdnceticar ethitbisroaingsin fitoma s tb@ecarbbnworks) | net al

Biod: um corpslfilo 85 BRRoh s T ER, el bbb IS afior g or
gener at ed @specidilyimportanicsiaitipgasatesil, bescause itris ubed &y prodase descri bed, for

exanpl €, 1 iydfiohifify. - rgé\%%% BARE: nuHIeSstaﬁﬁ{rgem'éJ‘f’%na?ré @&%72 Bftfyr-qand J. Am

Chem $Sgc., 1993, 11 ncorporated erence. odi um

conpounfls thdeneriwlennd RrrjarYs3-RHienendEle. be di spl aced by the present

phOfSphl tg Ilggn%hmm@s@m§ﬁukm%§9%§ PryPR-bulterbnitile %ﬁ%ﬂlﬁgﬂ%ammm%
rererre I lum C oun ar.e
Rh( 00y 2( caPiain ?%%erl@ngafréﬁ?&%eg%gﬁ?mg%bf Shop(idp Core) 2.

‘Rn(2- et hyl Hrexeudeet X) andiXtl, ebove.nat i ons of two or nore thereof. 5 The

amountof T anS eRo Bl Ahud T ol BSEBE Y heln REn R Gt TBY | O

det erm ned by balancin ctl Vi In general,
t he noflar r%amlefatla‘tr@aﬁahem pressuie amahemmtergeeremnel ip thewrange ofrldn  about

Ll to abo%oi@opr%fer@bﬁf Ertﬁélré(qgﬁ] & 8fB@A8BtC 2T %\ tlsfxgt &ntf@éll es

phosphor us per e reactant o ornyl a t|on process

is an unsathemvea amﬁr%h 2 aPBMP O1IRE! %@tnﬁ@s:&teﬂpéﬁgﬁswﬁe! desited.nBAY in the
nol ecul e ard thepesriveintibhill Rattll ofBeHinuSUSRIVR B FoceideiiEs rrlé&amau@@j githetui tabl e

f E)hy: ?Rlegfl | the I'ijqrbsl E) aé‘é %(rj [no{h%avrep%r% l(Iw{ijl'sl respeclf'go the re atlver vocfatllI ' m ted
oo 20  2-methyl-3-butenenitrile reactant and linear pentenenitrile products). The
reactor may be of any mechanically and chemically resistant material, and is
usually of glass or an inert metal or alloy, such as nickel, copper, silver, gold,
platinum, stainless steel, Monel® 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 VIl metal, preferably nickel, and
o ligand) is essentially nonvolatile, whereas the 2-methyl-3-butenenitrile
‘reactant and the linear pentenenitrile products are relatively volatile.
7 ‘ 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,
- orit may be in a fixed-bed state in a conventional flowing vapor—phase
. operatlon or flowmg liquid- phase operatlon '
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term nal oI efinic hydrocarbons (i.e., ethylene, propylene, %);]@gt 28(?6 1 15
pentene, B‘ﬁ%‘{f i. octene, 1-nonene, 1-decene, 1-tetradec -
ag c

hexadecene, ene, 1-eicosene and 1-dodecene); cyclic olefinic
hydr ocarbons (i.e., cyclohexene, cyclopentene); br anche_d termnal olefinic
hydrocarbons (i.e., isobutene and 2-methyl-|-butene); linear internal

ol efini G hydr OCIthm‘e (qu@red f6t the t§6}fﬁehtéﬁt§1 Bm%&@[l?ob@irﬁa p@%lcal
t rans- 2- hex oct ene) ;

br anched i nf hgfccmvg{sl.lﬂn 8? fﬂ&ﬁ’f%@ﬁ'lebérékﬁ'?’ @°"°§|k§n8m@9h398"r@asut ene,
2- et hyl - 2- bikesenitriiads depenideyit up2n tlea teampgraturerofireadtion, €&i, wiperdtior stcar bons;

i nt ernalg ol |

i mor | 2081 oGSt EmPERARAGRANT PGS lohyBr um8ThER BRreioRR <ighe:

cycl ooct enefempeiatuenif wacn@als"eaetthm\kuneucamdoee:nZBetraeg@of a féwsepbeds of

sul t abl e UNgAdhIRlre RGNS 3labBut 24 hUdR)! BOSEHIRYBA KBREYMIL N an
unsat ur at ed ocarb i ncl uding ol éfinic rrpoun S containing an
aromati c su%%'%/(f{;%?n‘gﬂ'@% %‘EOE?W"@H@F' al pha- nethyl styrene and

al Iyl benzene. 30Tfr@molas@murdtze@lkﬂr&mr@aq@wmml@ tooatay§ts Benskagt i t ut ed
R o e T
heteroatomt@(béttotﬁ.ﬁfﬁm fer ayHadeh oncontinuosiatapesatech. or gani ¢ conpounds

i nclude vinyl nethyl ether, nmethyl oleate, oleyl .alcohol,

3-pentenenitrile 4 entenem ttrrlll e, 3 penten0| c 35 aC| d, 4- _penten0| c acid,

"~ methyl 3- peklYEs =13 )
- methyl acrylate, Inffﬁéﬂ@férfﬂ‘ﬂé e%?bﬂh%%ir@éént IHFé rTingn tH@ﬁBﬁB(F)r?Qr@b? acrol ei n,

[yl I e and hat 1 ons two or nore
? he)r/eof CO ‘F‘Jﬂlﬁﬁg%ﬁgp W&Vg 2‘383‘9%@39 HTeolPr@ﬁﬁW iBvertiphaydesusad t he
“i'nvention ctarfotm catdiysts Iti&iteﬂaﬁbe u%@ﬂﬁMdrﬁfd?n’(y@ﬂbh%f%%é@HZ) r R

catal yst CO&FB?xﬁiédo%ﬁ'pé%’a%%@ﬁ%'zﬁ ErorHomE bl URshturated
' compound to produce corresponding aldehydes. The catalyst comprises a
Group VIl metal or Group VIII metal compound combined with at least one
20 ligand of the present invention. Preferred Group Viil metals for
hydroformylation reactions are rhodium, iridium, and platinum, the most
preferred being rhodium. The Group VIII metal may be in the form of a _
compound, such as a hydride, halide, organic acid salt, ketonate, inorganic
acid salt, oxide, carbonyl compound, amine compound, or combinations of
25 two or more thereof. Preferred Group VIil metal compounds are Irs(CO)1z,
IrSO,, RhCl3, Rh(NOs)s, Rh(OAc)s, Rh203, Rh(acac)(CO)s,,
- [Rh(OAC)COD)lz, Rha(CO)12, Rhe(CO)1, RAH(CO)(PhsP)s, -
- [RK(OAC)CO)],, [RhCl(COD)]z, 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 VIill metal compounds are not necessarily limited to the above
. listed compounds. Rhodium 'compdunds suitable for hydroformylation can
‘be prepared or generated adcording 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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catal yst composition H2/CO OHC- (CH2)p,, ., 3-R1l1 Formul a XV

OHC- (CH2) , . B(?Z %& Formula XVI Formula XVI1 10 In the abov®M&y#®fons, R11
is H -ON, PEERIBCT. (O NRI2R12, -CHO, -ORL2, OH or conbinations of two
or nore thereof; pis an integer fromOto 12; and r is an integer fromO
to 12. Each R12 is independently selected from the group consisting of H,

to G20 aryl 0 %@?O@“?‘%‘%@uﬁhégﬂ@; RO O bns are 3
pent eneni tr RhIO26( egﬁ%ﬁﬁe@&# xapogiehtatFomainaions PP MarR| al kyl 3-
pent enoat e, thewedf. as net hyl 3-pentenoate, and conbinations of two or nore
T o oot =P Sl P SRAT B o BN Mo g SRERETS o
conbi nat i onlse a&tarminest byrbelncingreatalyst agivity aindsprobeds esamodet.rinrental to the
Carmotns (3t L Behen 0B FIBMRID il gh S urREgb A U gt oo
conpound praprittddl kg abaet 1 tprefgspblydeam abaut 2idodbont 88d mplashese 25
conpounds cgﬁb%c,mge,amb@ﬁ@%pus! y i nt he pr epar at i-on _of e- capr ol act am
ner d, W ch are. e tndaiontis Mrimeia BocRyt srbugsataed O 0P e
hydr of or ny| erganic qompass! kévihd et loaseohe 00=6:f"b0ndamtﬂb$mowcmeadn%>ut \é\ﬂot Eo?
mxture Dol RN el A cBOS AUIRE! Eiah GRS BRAGDy
pent eneni t runsatuBtecharganiheompotsimiaciudeabutaremnat lisiited tay lifeerhi on as t he
o e e ARG Ry 8RS (e LN RAR! R A Aglal 5 0L oo
3- pent dfeni Rentere.nkexeneg leadrne; trnengper telecone.al-tatigecaperities that do
- not i nt er f erigkadlebBné e obivdEeé s, MLbRbEEA: BRACILEGdecenR R bRRfc such an
SPmpurity Srlychr (?EPI’ SRE ?llefr cl:slfc?dhexene, cyclopentene); branched terminal olefinic
' hydrocarbons (i.e., isobutene and 2-methyl-1-butene); linear internal olefinic
- hydrocarbons (i.e., cis- and frans-2-butene, cis- and frans-2-hexene, cis- and
20 trans-2-octene, and c¢is- and trans-3-octene); branched internai olefinic
' hydrocarbons (i.e., 2,3-dimethyl-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-
e methylstyrene and allylbenzene.
o _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,
methyi oleate, oleyi 'alcoho!, 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
methacryiate, acrolein, ally! alcohol, 3-pentenal, 4-pentenal, and
. combinations of two or more thereof. '

: _..—31_




5 The hydrofornyl ati on process of the invention can be carried out by any
nmeans knowbi;l?ﬁg%%.lski Iled in the art, such as, for exanpl 0 Nigp2Qte

di scl osed i H Y8~ Pat. No. 4,769,498, the disclosure of which is

i ncorporated herein by reference. Generally, the process can be carried
out under any condition sufficient to effect the production of a desired

al dehyde. For 10rHx@mbmylkeioh Al $iTtRe FiVenBBn ChAeARGFat8E ak0 200G,
pr ef.er abl yr{fg@})om_ about 50 fo 150C, and nore preferably from85 to 110C. The

pressure Whry from at nobspheric pressure to 5 MPa, preferably fromo0.1
to 2 MPa. The pressure is, as a rul eCtlYH £PmPEsitioe conbi ned hydr ogen and

carbon noneNi-feHpaGH4H-{FHgsBr es. +rert—gases=al so GEY. Q@I%es_@nt; t he
pressure 15 may vary from at nospheri C HfRS9uUre to 15 MPa R/\/ne "Rert gases
are present. The nolar ratio of hydrogen to carbon nonoxide is generally
bet ween®10: 1 andolMula XBhd preferably between 6:1 and HomuyiaXas

hydr ogen/ nol e carbon nonoxide. It is nost preferred that a 1:1 ratio. of
carbon nonoxi de and hydrogen is ugg@lys2QnlfiRitRgount of catalyst is selected

so that favorabl&gyresylts, ¢an be obtained with respect to catal yst
activity and pr o@%s@ﬁgggﬁ)éﬁn{;. I n"general, the an@!hi%i-(@iﬂ)méglisi tion metal

in the reaction nedium which conpP246€9 an unsaturated organic conpound, a
catal yst conposition, and solvent (if present), can be between 10 and

10, 000 ppm and nore preferably between 25 50 and 1, 000 ppm cal cul ated as
free netal . TheFﬁ’B]nU&%Vhay be the mxture of reactantRorgiula py/Il

‘hydrof egnyl ation reaction itself, such as the starting unsaturated

conpound, the aldghyde r odyct .or by:produ . h jtapl e sol vents
el ude. sat ur a; S ERRERES (R a8 H. ReNoseHeR i R AR, “GRC

E:_yc'l ohexanePR'&tQidy or domisinatidifs dﬁﬂo._fmediryrrofé theres pﬁ@hnmdépllfrmgq ket On_eis
~(i.e., acetgn c - r Seht.. e . acetonitr iponitrile
or benzoni brai ?ré(} ?Ysaé@@g%'(%}gpcﬁ'.Oetptqu‘o‘;ﬁg}ﬁg,ﬁ 'Sﬂg%ipeer%fen Ysﬁtﬂcg%t)%?mgst ers
(i.e., met Hye groaipesonsisting & H IGdo die branaliedeersttdightraaindalkylo C1donbi nat i ons

of. twoqmr evdiBgke0hnd HN8s I dL@fior myl ation process can be run in solution
or in the ggé y35 pﬁésg.t{%\hgn 2?hg’hydroforn‘yl_ati on is carried out in the

- vapor phase, thEarigularlyrpreferrachyesaibiiated prgaiic cemppeRd:BERIS- 50C to about
- 180C, nost pepicpibhitalel 3-dehtiRcibasid, 3¢enténal 144 aitBRol afBeildligte nust be

| f Egssgpglr 9 pgg{é%%gpe, Séacﬁ%strr?et%i é]—tp%hpenaolake,Ofndtc%?ntr)iﬁg |(t)r?snct) tw%ngr ,Q,E)Péj ucts in
thereof, preferably the 3-pentenenitrile, 3-pentenoic acid, 3-pentenal, allyl
20  alcohol, and alky! 3-pentenoate, such as methyl 3-pentenoate, and
‘ combinations of two or more thereof. Impurities that are detrimental to the
_'ca_talyst 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 précursors for nylon-6 and/or nylon-6,6.
The hydroformylation process of the invention aiso 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-
B 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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P11245 PCT 30 May 2006 phase, but |ow enough to prevent deterioration of

t he- cat al ysllrD ggse&ﬁrticul ar preferred tenperature depends?'ot"&a)é?ﬂ?@ ext ent
on the cat ngl g used, the olefinic conpound being used, and the
desired reaction rate. The 5 operating pressure is not particul arly
critical and can be fromabout 0.1 to 1.0 MPa. The pressure and
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t hr ough t heamemetns kabwhdo coertskikedrig thénartpakc&i gstfor @kempleattts eme product s

- are. general r | vered by
dikcibbeityo5, pACRIJ. ATRRL A e BT e CPAREM 8 dotporefEP
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~val ve and dfeliebyaiederenea. @er@&@!%m@mgsapn@e eard@czhput gndgrraiduct s, such

as |inear %mwdhr@mhﬁaemb%f@cﬁw&%aueﬂm@bweeéﬁéuThlc!@g gaef popyl ation of
propqu can q ntitati vel e?ar ated and anal using_a 30M

DB- V\ax(B) Wﬁ’r'ﬁe SFRAHTE C%’bge RE" A @Ht&:&a %ﬁ; preferablY @i on, and

' hydaof or n%:mawsozs 1506@:e3|s¢mdﬁemfegﬂﬂly freres s, toad 1000 C%edp:@s@@reenvi ronment
is desira oxi dat eact t al yst.
Accor di ngl ayégaryﬁt&ﬁ at@@%ﬁ%ﬁ%ggssgreat élﬁﬂ t% 8{1%#ﬁr§? rBFrla{)értQ% @"%t@sed

al t hough aﬂFha:lanesbw'euseals airtile, dgueairtedhe aonmhmddxgrchrogm ahdlcagsorof a

- proportion rﬁ&nc}ﬁ@e Béﬁf"é'l pre a?%§'lﬁﬁﬁ@a§@%%@hta9)ﬂe%'s§@r tHéTﬁr‘érsb&# es that

are det ri nent

f ol'l owi'Ag énwawgrcaﬂ@tf@péew@@reﬁéumptwe&ﬂ A Wi ineregagnscarei c features
~and enbodi fﬁ?ééénto‘i‘hé bl 8F BB IY h?aitfzjwt%a'rm Hﬁin@gld\éaié'g%HéraHVEt hods of

Tl Gana 19 iowgen ATTata Tt and skefesasly bphveeh oflcvahd<umeiess 30 cont ai ni ng

li gand 'conmyslmgemsmler:wbbnlm@mxi@ e)ttaamw preferredithatha endediotad  be

limting. ap%dr?ﬁ{]o\[]oya% Jr{)gelifse\.?#eﬁﬁns and conpounds. when identified

structurall emcal ended to be illustrative of the
reacti 88 pat hmé’ilefarnoumffaatainstnaﬁebbtad@ fhat favaraflegsplits can bent ai ni ng

b gent ate JotfIAGE WHATBES&L 18 atalydt aTHOH) SndPBroddBk 2ebAbRY. UR@EnaidleT Speci es

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.c'ompound, 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), -
“dimethyiformamide, 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
o -preferred temperature range is from about 50°C to about 180°C, most
N preferably' from about 90°C to 110°C. The temperature must be chosen high
N '.e_no_ugh so as to maintain all of the reactants and products in the vapor
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35 distribution of products will be present, as generally known in the art,
and - that l &fﬁgﬁr mance data associated with such corrposiqq MaY 2006
derived - ugn%% m xture as-produced, wthout isolation or separation of
the specific P11245 PCT 30 May 2006 conpounds, unless otherw se indicated.
Al'l parts, proportions, and percentages are by wei ght, unless otherw se

i ndi cat ed. phasé,suteswEoesh t§B%ﬁrﬁﬂ@ﬁarfo%ﬁ@n§ﬁHﬁb%}_€tf ITH pAMbLIgk ands for

5 adi itril tands f 1, 5-cycl ooct adi ene, T st ands for
tetr ;ﬁ%'ro?"[ﬁfgﬂ?g%@e%qefﬁ deRendsiaisome eient ap ep@ﬁVé&Eﬁw useg _ azobi s( 2-

met hyl pr opitweeaiefinici dampdurahbéing luseBuamd the %@ifwrﬂgubﬁoz&redﬁ_é.- Thenc. ; Al BN g
oTTP st SnagPpEIETTEsSUradr by bbby Burealrtt e 8 AbPwl! BEPEE mance
of the respita.i Voe phesssiie and-tempearatirs egmbingtiod nuahbesihosensp astte f ol | owi ng
general Pl RRAAIFRARIMRS ARERIONGS HHRSPRI ML S GOLE EatelycRar at T on of

catal yst for hydrocyanation reactions | \ ty solution is
prepared blP2dgdilnl & reasior. guehas allgbylar fpacton)iaking comeriongisid di ssol ved in
. 0.320 nl t ekpenifelcd oryGoRekhsifve calaRtd toRfgdnTromeBd aft iA/§aseous
g s A ARl TR bR SRS s el A i g
cont ai ni ngaolivdth anpdesized ditwentyswudh &s hitedeni hélivim e prgon, ¢atheins used aIS
(anBeny i coeet G ot d RN g Mo sl s Tdheondionso s es
bef'or e usepiadustsaic genarally iquid ahyanmo dsrpatdtere. argare convenisntliur e for
o 25 ot e QAEBPLLMG TRYIRGIuGY i B8 N orREaes Pucor @l 1
cont ai ngsarQB@"Lﬂ vaive@d Ganohe Rpalyzed By aasidiremaiogsaphy.r Aldehydis vi al s
fitted wit lhroﬁﬂﬂtsi,l@u(:l@aﬂﬂinebfah@br&ﬂﬂ%ﬂkﬁﬁymwgég r?bﬁigﬂ fr@rr%eB E) gfe\gfnﬂ)e
“50¢ and 10GTpEEMartRGRpPYahE iERe anavuEreksePri SndBefiRer "oy and
280 pL of wsisgllOMIDBIaX® tagibaty€®® coBBni n t ol uene (0.925 rmol BD) are
2g?egt t gogac ga\r/ri{) etge;ﬁrlgdroé@ﬁlaﬁoﬁ,r i%o&%ﬁ%gﬁorﬂ%doﬂﬁ%rhglaﬁonOt bllock reactor
- 20 processes described herein, a non-oxidizing environment is desirable in
order to retard oxidative deactivation of the catalyst. Accordingly, an inert
atmosphere, e.g., nitrogen, is preferably used, although air can be used, 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 potymeric substrate on which the phosphorus-
. containing ligand is to be formed and methods of forming the phosphorus-
30 containing Iigand'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
.36 - 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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renoved after 3 hours and quenched by cooling to -20C. The reaction

m Xt ures a[)|§1gg§§, iluted in ethyl ether and the product di 3 MangG6on

anal yzed yJ nst valeronitrile as an internal standard. The results
are 35 presented as relative percent of the starting HCN that had been
converted to wuseful nitriles (3-pentenenitrile (3PN), and

2- met hy - 3-dahssistis! Uhlegs ORHRNS indREIEH S AREEH3OpMR A6 ahgoNer i zat i on of
2- met hyl - 3- but ene nltrlhe 2\BBN),: |f the cataglyst was nmade according to
met hod A, POEP"RECHATS %“‘%ﬂﬂlﬁe“ 5§63 PHaWiSs ipeicgird-noni nal 1y cont ai ni ng
about 0.0022 mmdh thé ekamplide BPNostaadé faf3-penemehitdie, ADWN standsifért ed with

. . | t al yst
Sentum sebsyg by CObLt e 159, SRR bR € Sl
and val er orietrahydso{wan3dazarér fapmidjcalinitiatddezpresenth®, 2'razabis(@n vial s. The
hre remved Spopraghdtiterom 2 N0L Pyfide NERELR 8XC0., Blo, ARG, DACP! S
product di $t§7 {0r8r2'1a§09ﬁ@0§vﬂéﬂ0@i§ﬂ'@cDM§ﬂgn%f%ﬁb\ﬁnylbem%e%a% i nt er nal

‘standard. TTER stanls Sorarig(dPtopdpphcbhie. t he 3PN 2MBBN ratio. Hydrocyanati on
was de according to nmethod A,

f 3- t itril 3PN) ., I f the catal yst
0.116 18 of -e?herféﬁee;e'&aﬁ’ﬁ%mg?ﬁ%mnqeo the respatye %@ﬁpﬁwsng about 0. 00312
mmol  Ni iscauttéming(ﬁgaadIconfpozitioaapm’ednIIwm\I%k?ﬁ‘ridmlqﬂolcé@rwhwerleeptum caps.
If the cat { B, the ol e catal yst sanple as

speci fGi gg ?ﬁ@é&%}fﬁql%@%%&%oﬁggbn of Znd 2 in 3PNy(0. 0067 mmol znCl 2)

i s ‘added to the F¥apanajien of gafslyst for ydreeyanationveattiotsth fitted with a

tum . The pya ' ; ' HCN,

3PN, ang 2. ,G—Tr”‘*t%d"’5ef%2‘%@?'&?8%%'3%%F’*ﬁ&hgﬁeo*%%%%?q%%%@é@%dded. 20
The 3P .usé’gw(gﬁfﬁlz ﬁ&éﬁa{ﬁmmswme%m?@?@rmw@yeeﬁt%arﬁpgptfaea ‘ |
o 24 hour s g e ed w th
ethyl et h85”’3’6’8["@’%28%’?%5‘6%'93@%‘!‘??‘ﬂﬁ‘?‘i’ Hhasgﬂgl'pgg UgYe-cCc usi ng
2- et hoxyet hyl eMathod Bs aitherspecifiali vmighdefrm.co'ﬁhainir@ssdiiﬂsinaneﬁpﬁmgnt ed as
th | at i 6 t ' it i l.es_that have been
convertod V2 REH &t £hedtant 3 & ded ApRERNES é%%ﬂ’agﬁ%se_d on HON The
sel ect4Qi t pyewoyaratiorhangd feid-peitd-petenepitilp (2 ) isgmedpatiareandis per cent
ADN i n 1 eagbhigtael Wl 01125 pALWITHRYSH IEpniAkS BBIRE W3ehs @tﬁé}ﬁéhér‘iitﬂlé} L as

.al so perfo d by slowy adding the HCN to the reaction m xture.
‘cat al yst cbﬂ‘g@ﬂ’%ﬁ‘%}fﬁ’%nd 3 '
| 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 reéction vials are cooled to -20°C and 120 pl. of a
| solution of HCN in valeronitrile (0.830 mmol HCN) and 280 pL 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 intemal 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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30 pentenenitrile were heated in a thernostatically control 038 | " bat h.
HCN- was deEh%eAféng io the flask as an HCN' N2 gas m xture b)i} qﬁg dry
ni t rogen 8 s through liquid HCN naintained in an ice bath at 0C.

This provided a vapor streamthat was about 35% by volume HCN. The rate of
nitrogen gas flow determned the rate of HCN delivery. Sanples were 35
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bi dent ate | d WI t
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met hyl pheanqwdipgﬁ@ m&ih%ﬁ\ §r tismbrofdoe pboyé catallyst |sde,tlonmqtnMnallly t ol uene
~and 8 ni of soHdinin y‘é’odﬂtﬁtwﬁ Z’Rﬁwcﬂ@ﬁlrsegdaéd t@%l@&l‘b il‘ee?ctﬂahms?ﬁte

triethylamne In uene was ad uarter o e sol vent

was r eﬂ@Ved"’m%ﬁ’tU%%ﬁﬁn Kihe ealalyst Wﬁr’ﬁa%BV@&Bt{"@d EB@@ whele eatalyshi xt ure

“was added %a?ﬁﬁe%s%ﬁécﬁfedh@%séboqmﬂ_r@ﬂaQBIuﬂbﬁ@fZQGPJm%PN%@BO@PW phenol
_and 1.2 gra t.ol uene,

t
stirred for™ H}?i%ghy)%@ ea‘ia %Onﬁg Mﬁ%ﬁ%@?éﬂ atrgactgm)@al "f"g}‘)%h@ xt ure
was added la séptugreans Ohe 3iabis Sodled tet-2at@uhy|125, 1. oba pbliioh ciHCMN, 2 grans

19{ I :relr thhyl ol vgﬁ%d %\_Iathhrﬁ%@l%t%o@g@ﬂ@gﬁ%&@éﬁﬁgwg@g %?gg\%d 'solid
- 20 - The 3PN used for hydrocyanation and hydroformylation contained
- approximately 97% £3-pentenenitrile (GC). The vial is sealed and set aside
for 24 hours at room temperature. The reaction mixture is diluted with ethyt
~ ether and the product distribution analyzed by GC using 2-ethoxyethyl 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 pentehenitrile 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 -
o containing 3-pentenenitrile (5.0 g), Rh(CO)g(acac_) (2.5 mg), and 1,2-
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(31P NVMR in CDCl 3: 142.21, 142.15, 135.20, 135.11, 134.74, _134.29, 132.01,
131. 96, and }137]11 ]@é 30 Exanple | A Aspect 9: Preparation 0?05/15!@(399@'[; 50 ny
(0.042 nmol ')3 5teT conposition conprising ethylenically unsaturated,

bi dent at e phosphorus [|igands described in Exanple 1 were used to prepare
catal yst according to 35 Method A. The procedures descri bed above were used

t o eval uat eg;j BBHeRe MRt ' bR TET i | of 2M3BN

and the -hy?jlyg]?{/%nat | g%)(of 3%&&899?@2?8%@ gvoa stn@%péooe A@%%@%"ﬂ%

Hydr ocyanat V88 agfled e adglasmslineshprepsiice assaberntakingapproximataly toar t i ng HON

had been comeirtezivatents ef the SigportedSphotiphbrus corfGORNEEH eduivalent &

2 e S BRARST eSS Bt o A 1 ot e

as an i nt erratib of (Cvitarahdsimated td 952Cdaf3 hoerss tTHrd reagtorvead esoléd ahds had
been conver i i 11 o% vi el .~akhe

- selectivi tya%e%ﬁleﬂe?n%@réﬁﬁwpﬁ)%gﬁ@e (%@%&%@ggé’@ a%:gﬁ::ﬂé{cﬂ?-éri zation of

2- et hyl - 3-gfuesategraphy en andiBfA904 Shigmatogrephaite eddB S fided siicaan i nt er nal

ooy EMANI ot 0oz | SR Aridopkheds o TErL seLl o0

solid ﬂroodtﬁlé'ﬁ“gsfﬁcgﬁ%'ﬁpi-ﬁ-ﬁqm%&dded 10 15 nL of tol uene and 20 :

mlligrams of 2,2'-azobis(2-nethylpropanenitrile), sold by E.I. du Pont de

- Nermours & Co., Inc. as Vazo(r)64 fr, ical initiator. The mxture was
heated to 65C for two days and 70Cmdditional day. Acetonitrile

was added and t he toluene sol vent was renoved under vacuum To the residue

was added 30 ni ‘of acetonitrile -prog#&inﬁg ] yel l ow solid. 20 The

acetonitrile solvent was decanted i he residue dried under vacuum
(31P NNR i n CcDCIAspert 2; Beepargliorsof ethyienimlly upsatyratedaghasphorgs- 85,  and

131. 21 and BrmamMgBiddnaty fidid 71): Bad&Gitr§g8P alihbspheté, 48bo riixagBk € 2A 25
ERGIOR e e R IR
R methylphenyl)propane, 0.865 grams of acryloyl chloride, 40 mL of toluene
and 8 mL of THF. The mixture was cooled to -30°C and 1.2 grams of
20 triethylamine in 15 mL of toluene was added. About a quarter of the soivent
was removed under vacuum and the mixture cooled to -30°C. To this
mixture was added 2.266 grams of the phosphorodichlorodite of 2-
isopropylphenol and 1.2 grams of triethylamine in 10 mL of toluene. The
mixture 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 catélyst: 50 mg (0.042 mmol)} of the
- composition comprising ethylenically unsaturated, bidentate phosphorus
_ 'Iigan_ds described in Exampié 1 were used to prepare cétalyst 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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The procedures described above were used to evaluate the hydrocyanation of

‘the iso Eb of 2MBBN and the hydrocyanation of MaBe0%s pect
10 Hydrocyﬁiédfz% 3-1[] but adi ene: Anal ysis showed that 86.2% of the

starting HCN had been converted to useful nitrites (3PN 2MBBN = 1.6).
Aspect 10: Hydrocyanation of 3pentenenitrile: GC analysis using 2-

enam i) ae porspEcam: W???ga?%ﬁwﬁmaﬁ%ﬁ%%ﬁ 9.%@?3"%2229 o
entenrtri 0

Pn) - The. s ElianiG SCAERdBoer fuateriashlo ussiiNias, ahme-Renienesiptsr 30 Ney
\2/2:); gﬁr)e(r:lt ltdéigdztﬁgh@nrﬂu:@ermﬁrmna(BBNVENQ\I%BQ?uf emgm t ug IBe rStCI gna:c yi Ia S3WI t5 h
Exanpl e %B Aspechggﬁ&%%%%@gg%gﬁbg?e@w @?%35‘13@83&8 “phosphite
descri bed |ﬁt@aﬁmybemyaeaanaieymlgitamd:hrdamedremr&é%ma‘ethsustamm BPL\I t;) a5

' Vi (0] -
m xture conbam%pp@etsh%gwg&n@dr%%qu dﬂﬂﬁ’:lé’ o%{u%{' e{zu) yfeid B g&g&gh y

fornylval eroni t asi s; es produced:

19 10 % EX&Rbr el selpalbditydo ﬂ@)lﬂ@ﬁ%"r@Nz%ﬁm@hWQS Q&MI eni cal I y unsat urat ed
ligand (1) with A@pé&M1 @@dméﬁéae;onwﬂmé%/@t&wénéﬁnﬁtémc%@r di @R solid

Lo e Gkl S o SBhMRA S i

- mxture was heated at 65C for 2 days and 70C for one additional day. The
- toluene solvent was renoved under 2 d 30 nL of acetonitrile was
added. The acetonitrile solvent wa d and the yellow solid dried
- under vacuum 20 AspeetiNvRolnneixation of sthylenicalbsunsaturadsd igand () 78, 134. 32,

1 133.63, 1324040 grand on?rﬂg?&:kg oﬁh%ﬁﬁ@?ﬁédlﬂé@';wﬁnﬂé 134 %Qgﬂ%d 9 04 61

0

tAI‘:\))e pc?( lrr%LB t Hggét i%p gl l?ﬁéﬁ{iils,%?? 2@%&%&3’%6%&%%@18%@ aold g t 0

“Method A TheEqr ag@dmt de Nfaﬁéuﬂs@d)oahﬁ&easﬂ’@'é@o@@ﬁﬁeé %&Méﬂ'lh‘iﬁéﬁ)rt Hte

) ‘hydrocyanat ajn%crt]ur?efwaBsD hea&a% to%%qerftlarz stogng lyg%lfor one agdlp gﬁél%ca){/anat Hon
Acetonitrile was added and the toluene solvent was removed under vacuum.

7 ~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 CDCly: 141.43, 134.39, 134.30, 133.97, 133.48, 132.85,
and 131.21 and Elemental Anal_ysis:. 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 isomerizat_ioh 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/2MSBN =
- 1.6).
Aspect 10: Hydrocyahaﬁon of 3-pentenenitrﬂe: 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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of 3PN. Aspect 10: Hydrocyanation of butadi ene: Analysis showed that 86.1%
30 of the j‘t’lqé{’gé .Il;CN had been converted to useful nitrilé I%*"‘3’I3'1@0§I\/BBN =
2.0). Aspect X % rocyanati on of 3-pentenenitrile: GC anal ysis using 2-

et hoxyet hyl ether as an internal standard showed 32. 7% of the starting
pentenitriles had been converted to dinitrile product (90.3%yield based on

?5 HCN) . ;I'he Se:cx%jeicvnyﬂsbgretlﬁfﬁﬁéﬁ Bﬁ?fmff’tm-:?—%gf@fenﬁﬁ@: &% t§r9(a}y§§ Pﬂfht 1 éL: .
soneri zation of 2-me - 3-but eneni t.ril e; IS Wi valeronitrile
as an int er"ﬁgq oaitr ﬁ@éreﬂ'}/ intRinaksta @ﬁWQ%@%ﬁWﬁN I%t.'CB‘?PTfi@MS PCT 30
May 2006 Exanple 3B Aspect 12: Hydroformylation of 3PN with the polyneric

phosphi ke descri bed in Exanpl e 3:E%ﬁ @qgigézl s indicated 33 % conversion of
3PN to a 5 mixture containing th = hydes and val eronitrile;

_selectivity to RspechylRydrofanmyfatios: of BPNweingahepblymraii phodphiteari ty of

| dehyd H 0 p@@? i : : bB R of
Zt hsl gn?iaﬁ?%ﬁgéé‘(g{nu%g?ngg%l i gan f&ﬁ%\ﬁﬂg ﬁépﬁfgﬁﬁecr?g& B% '%?Bn];?rﬁgé[?y ate: To
0. 650 gr andNigiure gentaiping the BRRosdfelydassnd wlarmmitele; salgstivdbided-10 nL of

. tol uene andorh@Avaletdnitdicans %ionkd A6 babisAindtirtfPbhagemddLoanced 19 111 grans

. of Vaz%r)% free radical initiator. The mxture was heated at 65C for 2
days an 7C{€: for one additional day. The 15 tol uene sol vent was renoved-
under vacuum and 30 nL of acetonitrile was added. The acetonitrile sol vent
was decanted and the remnai ni ng pol rh I ‘,yel | ow solid was dried under
vacuum The solid swells in CDCl 3 rs insoluble. Aspect 9:
Preparation of AepariStComalyrmenzdian of etbiWenisplly engattirated dgand (1)2@thvas added
4 nmL of to .- VTRt ﬁaﬁn hE ﬁ]%fﬁjm n 87 ny of
Ni (COD am@gﬁlacggﬁ i na(?wﬁo- o?qf,gﬁ(ﬁ%r?té?%%n %Iﬁﬂ;ﬁ_@ e %fegf ure was
stirre fo?""aér@q%'@uw QJrialuearo? AYlligrams ef nethyl grodate 28R d  pressure.

25 Exanpl enfifigrams of Vazo®64 free radical initiator. The mixture was heated at 65°C
- for2 days and 70°C for one additional day. The toluene solvent was
removed under vacuum and 30 mL of acetonitrile was added. The
acetonitrile solvent was decanted and the yellow solid dried under vacuum
20 - (*'P NMR in CDCl: 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%
o 30' 'o_f the starting HCN_ had been converted to useful nitriles (3PN/2M3BN =
| 20, .
' 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%.
o 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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Fourteen ng of the catal yst prepared in Exanple 4 was used for each

screen. The_pt.Q ‘15’ es described above were used to eval uat’@ Maye2006

hydr ocyanat F@r?‘%f aéi;t-) the isonerization of 2M3BN and the hydrocyanation of
3PN. 30 Aspect 10: Hydrocyanation of butadi ene: Analysis showed that 72.9%
of the starting HCN had been converted to useful nitriles (3PN 2M3BN =
7.78). Aspect 10: Hydrocyanation ofgdyhgrigmenitrile: GC anal ysis using 2- ;
et hoxyet hyl ether, _as ipternal m‘%_ﬁowed 30. 3% of the starting 35
pentenitriles haﬂswﬁgcbgrgé?@w’%@mapﬁﬁ NSW’éh BieoRrl¥re(is PHogPRIQ) based on
HCN) . The seéésmibiediit Examuids: GOanalydiBhihdissiedr33aviscdhepdion BLIRHEORCT 30 May

2006 Aspect - | i 7 hyl - 3-butenenitrile: . nal ysis with
‘val eroni‘tri Wé&lérse %ﬁ@hk@f‘hgﬁﬂgﬁ%ﬁﬁ%ﬁﬁﬁﬁ&nﬁwgﬁogﬁﬂﬁgﬁﬁigﬂwﬁ? %’ of 15.2. 5
Exanpl e 5 Aopaylvarodtijel his onatmole bdsistlimegbaty afadldghydesgirodadesd 38i gand
(1) with t&e diacrylate of 2,2-bis(4-hydroxy-3-nethyl phenyl)propane: To

0. 640 grans of the tacky brown solid from Exanple 1 was added 10 nL of
toluene, 0.196 grans of the diacrylate of

f2, 2- bi s(_4- h?/d_roxy_-BE met h)l/_lhphe_nylt)pr Brarfaad 30 306m'cl I }gr ar2rs of Vazg(%?f

ree radical inijiatar, e, mxture s;ﬁat.e a [ E S .an

- for on€vadditio wquy,’,:, C?HQ"W’?)W@?@”%I ?”’ﬁ%’éyu’?‘?ﬂ?‘ﬂ\?é?f?’ _ (%%@um and
30 nL of ackispimenaliA dimeibaagitiet. TO0S50agratmnofithe tackydroentsoidsroecant ed and
e L AR e ek B RS AR 5, 5 1o,

g of the s(ﬂ%mthaaﬁwﬁt@ladrﬁﬂgniﬂigmsaﬂd@aoﬁiiqkfreefradioapieﬁbiomf'ﬁm stirring

for 30 m nihbeuretradiBoatels Nisb®MP2 ta5s 3R cABr BHEbLARAL dayTiril tol uene

was added and the mxture was stirre I one hour. )|\
r enovedSundeiiepg SeiMant Was removednes vageummng 3@ mL obagstanifile Wwss Four t een

- ng of the caididy SthepaestanibileisoiVort Wilseddrantsd 45@thd /ImARRY poghess. The
procedures d ve were used to

Phe T somer PEIPHATEEVRRRY LR VSt 35 Sl s T CDEL BiRaphears™ © B0
_ insoluble. :
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 soivent 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 fo evaluate the
hydrocyanation of BD, the isomerization of ZM3BN and the hydrocyanation
. of3PN. |
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). | | | a |
Aspect 10: Hydrocyahation 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%. |

-40-



25 of 3PN. Aspect 10:. Hydrocyanation of butadi ene: Analysis showed that
.80.4% of @ gjégfgr ng HCN had been converted to useful ni @PM%@%PM 2NVBBN
= 4.95). 38 . Hydrocyanation of 3-pentenenitrile: GC anal ysis using
2- 30 ethoxyethyl ether as an internal standard showed 31. 3% of the
starting pentenitriles had been converted to dinitrile product (86%yield

?fis efl on HCI\2 : A%fﬁgh.eﬁbW&ﬁti%@?f Jaenétithpp@bum&ﬂiﬁﬂqmo ‘é(ﬁ§ly?i%-v5|% Aspect
. sonert z 1 0n.,0 - e = 9= enen) | . I'S
val eroni t r iYEErgaitg %%ﬂ'b\“&?ﬁ%%ﬁﬁﬂ%@dd" W@F@?@H%@I\%@Nof%i% of 15.5. 35

Exanpl e 5B Aspect 12: Hydrofornylation of 3PN wth the polyneric phosphite

descri bgd i n Exanpl e 5: GC anal ysi ssi.ndi.gaked 26 % conversion of 3PNto a
P11245 PCT 30 May 2006 nixture cont he nono-al dehydes and
val eronitrile; s‘épééf Bviepolymerzation af/bthylesaalywunsabiraed ligasd (4) withe basi s;

linearit 7 Qﬁﬂg : 29 : ration
-of et hyl gn?@%‘?{%ﬂﬁ@ﬁgt e ?ﬁfggﬁ% ?g’e@&’;ﬁgg@}ﬁ o&aﬁﬁpg&%%& r;éﬁggti r bar
was char ge® W& tacky Piav sahid frem Examplenb wasadsiadcH Biloefi toliese, 8-18esol ,

0. 391 gr amgyrarhsiodfitharaizengate! o’ftze,z-@is(ﬁfﬂlydroxg—3—methy!¥)henylgpropane and 20

2, 2-bi 4- hy. - 3t ). [ d t f

Syl ol e MRS i VReS e REa Yad B IRRRS Trist Rithorss Perbidiop g 15 m.
of tol uenefor ZHaysrand JﬂéC\iasommadieiﬂonailde{S'OO'mublweim selvemtl\eatl; sol ution of
triethylam ' t . T urry was
Slirron foréoled aideflac it Ao o MERTIROWEEERHeg e CTIY e

m nor 15 péarionifileisrvars wardeentesd anditee yelow pelywericenidedas dried0C and

1 0.206 g obndeBvadiung OheRYlid 2yalls b @'DGTI%EGI?HQQ%&MET@SO%NQ! phenol was added.

and thE 11Tt ofeaest RapaeHon Uit 09 (07 0 oF 6% SPIEHEOBY ¢ acky opadue
soli-d (31PExbiMpld SXAs3addddBh mid of tohterie! , Aft&5stikAng IFBEmines, 88tmgl32. 76,
;ﬁg 67, Z-OOF’ﬁ_?(C%ﬁD)ZJ\%gs g%de&.?’%\'nd'a‘r’ddllt?ozﬁa:ﬁ’ml}%% to ZénéL %v%’sogdde 3e%n'd9 t?l’e 127.75,
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-butenenitrfle: GC analysis with
_ valeronitrile as an internal standard indicated 3PN/2M3BN ratio of 15.5.
'35 | o
| : Example 5B 7
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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127.70) . Exanple 6A Aspect 9: Preparation of catalyst., n84(0 042 mmol )
of the 25 ﬁlgggg?oé.l_on conpri si ng nononeric bidentate phosﬁﬂ 3¥s200fgands i n
Exanpl e 6 wa 0 prepare catalyst according to Method A The
procedures descri bed above were used to evaluate the hydrocyanation of BD,
the isonerization of 2M3BN and the hydrocyanation of 3PN 30 Aspect 10.

3 LIyCIO\IIr ﬁcéagatmm&fcobfﬁlﬁmgemémr?ﬂfbhdé{d d?@ﬁﬁ@@a[e‘f@ﬁltrﬁ@ éé‘i/ectm‘t ids- st ar%' 28
. ad be verte useful nitriles ec
| Hydrocyanaf\f{;'('m0'?5‘?"‘ea &Hlﬁggﬁl ‘?r?f"lr‘éo'e@s%g{’%rl'\&%@%@338{9&%&?@52@ et her

as an inter%al standard showed 21.5% of the starting 35 pentenitriles had
been comverted to dinitrile product (59%vyield based on HCN). The
selectivity to the linear ADN i sonmer was 95.8% P11245 PCT 30 May 2006
Aspect 11: Isonerization of 2-nethyEx@mblgBnenitrile: GC analysis with

val eroni trile asigolpt pr raﬁa@ed@mg;emdduf%gstuf@%%g@ DBRR Mk 205 5

Exanple 7 As POlsi{nErl zation o enl ca sat I gand (6):
To 0.700 §VHhR reagnstie 'QQESIWGE&&QEQ%WitH p%ﬁjgf@é'%ﬁp hexanpl e 6 was added

10 -nL of tpHdSﬁherodl'dmorﬁdKé oF ©- meeolcoelgq rbfs-c¥Qke ﬁidho%@r;ﬁ@tle'dfgr anms of

Vi 4 f i t heated at 65C
Yo' or 1P 2RI ENyaR RS rietRy BheBiliaRaRe fasied B e Batibodie. ol vent
was- r enovegryloyhchderide wrﬂd 2323b|$(_4—b§rdm9{39mdtlnyi|blmervﬂ)prmhjmj anﬂi‘h‘fﬁ mL

Gve . wni O oI38he), ik #RSURARAQLEAAN] b Rl FHfe LhiBg BB pf2) M £ °
Exanpl e 7A“}ﬁ%tb¥'@m|99&@2é§é})m16rﬁnbﬂ toduene wes aﬂdedgT(nesjmwwmsl) of the
pol yner frs,ﬂffe&xemlheuis e WRbettHel% i%heﬁﬁbq ?;ffa% gmrn% Met hod A

D 1352t SLRE A e bbb s A0 Rl AR ks
. pect
: 10 Hydr ocmeai mgombpgpub' 846 Gntetraﬁfmhylsﬂ_’ o'-BippeRdl whehd8&d. 1%0re
triethylamine was added (0.2 g). The mixture was stirred overnight and then
filtered and solvent removed to give 0.765 grams of tacky opaque solid (*'P
NMR (CDCly): 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 lsomenzatlon of ZMSBN and the hydrocyanation
. of 3PN.
30 N Aspect 1 0: Hydrocyanation of butadiene: Analysis showed that 88.0%
| of the starting HCN had been converted to useful nitriles (3PNI2MSBN =
-.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
o HCN) The selectivity to the linear ADN isomer was 95 8%.
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|

of the starting HCN had been converted to useful nitriles (3PN 2M3BN =
0.76). Aspelfg] ﬁo:ﬁdrocyanation of 3-pentenenitrile: GC a QIW@OQSi ng 2-
25 et hoxyet tﬂ|2 &t as an internal standard showed 32.6% of the starting
pentenitriles had been converted to dinitrile product (90%yield based on
HCN). The sel ectivity to the linear ADN isonmer was 89.0% Aspect 11:

I t f tril
b an | nter nal A SodR AT stz R0R B clipe i SEUBRAITIS CG HRaR GRET 1Tl
Aspect 12: Y3lenositrle rﬂﬁ@rﬁ rrtsﬂrr@f stangar @ﬁl&mdﬁPbl/awaNtrﬁ@op&rZﬁﬁenc

phosphite described in Exanple 7: GC anal ysis indicated 41 % conversion of

35 3PN f§o a mxture containing the Egno-gl 2ehydes and valeronitrile;
selectiVity to 5-fornylval eronitrif¥2d on a nole basis; linearity of
al dehydes pr oduckspect B: PolyRir2450R0T eBly/dviyalBNtsafirargd KydhoASped  2:

P t 100
e ona T o sho L eRVEL, BSOS L D e

2, 2- bi s(4- WHM@U@%FWIT@N@WM@NMQ& 8066 angr 2hwiligrams ¢1 oy|

chl ori de W@zd@@4%éjrfadﬂd'ﬁmﬂéﬂ§r Wb Hd@ed"a’fhémkﬁﬁe Wés e @afege@" e- of

~cool ed tion C nrng ramof tri et amne 1n 1
THF - vva 853"0& ?ﬂg%@% ’\Péé'ﬁﬁm_raﬁdoi'ﬁ@ers@&e@&waél ssol ved

0. 700 grarm'enfovteben WROGUTR Enel wMLwrairdtdn@ltri’ré m@@@al err% d&fomgded 1 mi
Exanpl e 9 r|z LN 8 et,hyl.en caII aturate Irgand (8):

|
‘To of tol uéérs‘r’i& ﬁ? 3%5%?%/”@893 g{e%%@p%gynp%ga Q'Verﬁ‘W U€or, and

0.2 nL of -splid{Elamentgl Analysievat.80 %@y 3,350%5608.31 WR). of

3,3 -diisopropyl-5,5,6,6"-tetranethyl- 2,2'-bi phenol was added al ong with
1.2 grans of triethyl amine. The mxture was stirred for forty m nut es,
filterdd and the solvent was renovEXample7AI5 vacuum to give 3.146 grans of

- Il i d 134. 71,
?3ge710w1§?fr Olm 64%% ho re?ar%g tor ofjc%'f_ta)?& 51139 (8942 himob &f tﬂéﬂo%er

4. an
Example 'was used to prepare cata ys according to Method A.

The procedures described above were used to evaluate the
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-'méthyl-3-_butenenitrile: GC analysis with
o 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
o to 5-formylvaleronitrile: 54 % on a mole basrs Irneanty of aldehydes
o produced 71 %
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in 50 nmL of THF. To this slurry was added 0.503 grams of phosg@orus
trichloride égz ture was cooled to -30C and a pre- cool eef VGPW5n

cont ai ni ng B! 3 of triethylamine in 10 nL of THF was added. After
Exanpl e 8A 20 Aspect 9: Preparation of catalyst: 68 ng (0.042 mml) of the
conposition conprising nononeric bidentate phosphorus ligands in Exanple 8

was used to prepare cat al yst accordTEﬁ,rn'gg_;get hod A. The procedures
descri bed above %sgd to eval rocyanat|on of BD, the
i somerization of ﬁ‘?PfirﬁEO’P\Q ?@é’wfyé’ﬁséwf%tﬁﬂ 1995 A%é&ide:[o

_ Hydrocyanat nirogei, Huoadilefask \l&nﬁhmrten&fsﬁv\@dr\ﬁvhghhg% /W1t|<i>f1 .ggre starti ng

Iljlycglr 223 nat &8&9&%’%&% ﬂf@w@ﬁﬁ%{y%] th& ﬁﬂ}él WQP@” 45“"@? I‘?})Qﬁ@i&lm et her

as an i nt eretdoride, samndad®imd hafWedF .3 The Yoiafure easstealed tog-3ROCEewdt @ prd-ri | es had
been conver
sel ect'i v:/t y&'?ge(% ﬁoiﬁ h gétl bgﬂwghr&ﬁﬂg&&gﬂ&%ﬂln%qﬁfls@ﬁ?s'oner| zation of

2- net hy| - 3-Was addedt thﬂél' HiGwagfampyed undehvawrelaaduthe residug dissolveder nal
standard i ngispamEbf IRV, Zwaaws@ﬂkwaé aade o%e"éfla%@o#’mosmow 2006 THF.

The m ure ated at C for vent was renpved and the
yel | ow 'pol ytﬁgﬁlgﬁ'gﬁ ?B?l'ﬁ'%@ W5 ‘F‘Eﬁ?‘&? %Qéﬂd 3 prespegd SOIWIeNof  ni ckel
cat al yst: Teorib&ibing 0.biggamraf toéthylening irmhbovsL ppTMFavasadded.dAfes added 2 nlL

added and 1L fr A i 9BUF. Chge BharmS Bt i S0R Rbvics R BB aRg: oo

over ni ght |212ablpbelﬁnlﬂmm@jechabngmtln 1 Bagrams| afdnethylaviee: Thasnidarant ed and
the solid vgediyh Qdf(ﬁ%m}ﬁlﬁﬂ‘l@ F‘ergé\aﬁHftEQ‘éHIvgﬂ%\ﬁés‘Fgﬁﬁw&hnﬁepm Exarrpl e9

was used f or eac Screen ocedur es

oo U8 | REcH o UG TGS (103 valleew SesETR NAIRGEDSHI IBBREand ( ho

-hydr ocyanat13g251 33208, 133060, 1134071, Hmrplcyieﬁaéo qBoo, At epg:  Anal ysis
showed thatgh%ﬁ; 15 of the starti ng HCN had been converted to useful
BN

nitriles (3 2.35).
; 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 =
S 051). | | |
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 finear ADN isomer was 92.8%.
_ Aspect 11: Isomerization of 2¥methyl-3-butenenitri.fe: GC analysis with -
valeronitrile as an internal standard indicated 3PN/2M3BN ratio of 2.0.

356 | | Example 9
o 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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Aspect 10: Hydrocyanation of 3-pentenenitrile: GC analysis usig‘? 2- '
et hoxyet hyl z{%gi an internal standard showed 30. 9% of I ng
pentenitril B en converted to dinitrile product (85%yield based on
20 HCN). The selectivity to the linear ADN i somer was 92. 2% Aspect 11:

| soneri zation of 2-nethyl-3-butenenitrile: GC analysis with valeronitrile

as an intermqg %Pjﬁ e 10 25
Aspect 3: WFiF #nﬁlﬁ?ggféo\ﬂg%?égﬁgl eni cal Fg”%ﬁ’r? uratérgv\% gang w) W th
met hyl acry t8#- sol i d from Exanpl e 8 was

y P & Yellcy pobmrieg

deet(d )1 th of tonap@alg Oa:ﬁﬁara@bawﬂwkem&ta tﬂ?f@'rdli_'@hm r%%sm;fltthegrarrs ﬁf e
azo(r ree radical. initiator 0 m xturfe was heate
‘at  70C Y or A€ B3 mefﬁesoggl"{?éan%d@]ggﬂ‘t mnb%rﬁfg% él | ow solid
.30 was col | blc(Cém)zAs@pmtueer mibr gffalueneavasoadded aed thmslafrymtas sTmreEE’ar
mlligramns xture
was sti r,redQTh 8 F%OTﬁQPPfﬁtu?é’Wa% S\(@%d%?m ﬁtr'gta méo&%ﬁgﬁﬁﬁ*ﬁ%ﬁg'?‘gm of

Ni (COD) 2. Tipluenecselventiwas decanted epdilae selid vaeuumelrieds ni nutes, the tol uene
sol vent was 35 renpoved under vacuum and the remaining solid was vacuum

dri ed. 1245 PCT 30 May 2006 Example 10A Fifteen ng of the catalyst from
Exanpl e 0 was used for each screersXa ocedures descri bed above were

usgth1 0 ﬁvgl uat eF‘fttbenhuglbﬂcaﬁaty@t from Eﬁqmble@wa%h.%eua’@ﬂ@mﬂ?ém@? The2M3BN,
an e | ec on o ut adi ene:
Anal ya s A HOCHEURS CoRsTped Spve RETE LPH 0 VLR 08 HEErEBAIE Foa t o
usef ul ni t rBDethe(isontezivativh of 2M368) an@ﬁm@drﬁ@aﬂﬂ;dnaﬁ%t i on of .
3-penteneni tril eé%@%aio@?w&csy‘é {?&n &7 bt Fe%%}‘nﬁh@é ‘?fth%??% i nt er nal

st andar.d showed pen enl tri een conv fted to
di ni tril%e pefdhestartivg N hag mmﬁﬂem@npsefnﬁaltsi@séélPNlaM@BNcF the |inear
- ADN"-i somer 2\_@52 92.3% Aspect 11:-|somerization of 2-methyl-3-butenenitrile:
GC analysis w valeronjtrile as an_jnternal adrdlndlcted 3PN 2M3BN
ratio o1¥ 15. 2. 1% RECI G ElY g} ﬁg'liocyan(-m§ ion of é—pentenemtn} & analysis us?ng 2-
ethoxyethy! ether as an internal standard showed 30.9% of the starting
_ pentenitrifes had been converted to dinitrile product (85% vield based on
20 HCN) The selectivity to the linear ADN isomer was 92.2%.
Aspect 11: Isomerization of 2-methyl-3—butenemtnle GC analysis w;th

| valeronitrile as an internal standard indicated 3PN/2M3BN ratio of 15.8.

_ Example 10 o
25 - Aspect 3: Copolymerization of eth ylenically 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
o 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 mllhgrams 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
7 'resul_t!ng 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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Aspect 3: Copol ynerization of ethylenically unsaturated Iigand (% W th

bi sphenol 3Eggmcryl ate: To 0.600 grans of the yellow sof9 May 28H%
Exanpl e 8 1 nmL of toluene, 0.134 grans of bisphenol A 20
di nret hacrylate, 20 mlligrans of Vazo(r)64 free radical initiator, and 0.2
mL of THF. The m xture was heated at 70C for one day. The THE sol vent was

renoved and the yellow solid was ogkdmpiefpaAspect 9. Preparation of nickel
qve

catal yst: To 67!?:\Xgilli rafng of the_ a lid was added 3 niL of tol uene
and the mixt ur e TWARSR G 9tdpe cgtalyy rors Exprple 40 was vegdforerehiseress added
62I mlligr la”rm pxbcéﬂn(n@@la)e%cgﬁé@ abede Yeré LgeHas e&éliﬁéfeﬁiﬂwlef droéyamatigh esEjl t hg

t ol uene.so r y u acu ngd the soli vacuum dri ed.
Exanpl e511R¥%5'éﬁgi§°§§%%‘?g'°8foqm3%’§t%’P‘i}lg}e $¥cﬁﬂ? NPT PP Nias used f or
each screen. THWspechieddydrocyarsatidnbefbidbdiese wanalysis stioveddlal I6% t he

"~ hydrocyanaty ' i ' . Qcyanation

of 5N Ao Sl Sy HEhad BEEh coReity i Er G RMIN S Y e 7o a6
35 of the #%ki ng HCN had been converted to useful nitriles (3PN 2M3BN =

o hoxyen ot har LT OISR O 2 OHBRSNIEL b0 BRI 2 Iolg”
11945 BT YPNEID ST Ao RTbINaA] SaPHAH SENEG390ch Dbie oding: ¢ 1 | ¢
prodgclzt 5((y 8@%1wr¢uritb§dml beem cohi@ed fﬁrwnmbq:xrﬂd?rétg(85?/@yiélﬂegdsieﬂlew éECDN i soner
was : , i ion - et - 3= nenitrile:

anal ysi s %Wf?k}%%gﬂeggﬂﬁmqtégilgg%ﬂhl'\f 'gpﬂkﬁr)cﬁsa%??j I ndi cat ed 3PN 2M3BN
ratio of 15.9. Asgapt ¢1:1s8maspelinn ob2-nSehybaibater@njicier &G analysisavith

hydr ocyanat,i & | G ten s w ' : . 567 grans of
t%e abz)/ve Rclg%g?'vgp?gg%@bﬁéfaalgsr’%ﬁéé{rgfmcz’ﬁ{c C I%%Md%g; Ng&fgofgia ol uene and 5
nL of PN in a closed reactor was placed in a 50C oil bath and HCN

‘saturated nitrogen was delivered- agxamglettqogen flow rate of 24 cc/min. The
reacti on was hegt FI f

psction was Mool edet Sl mbrslate B nn) uisatotet el whSi 7oc
for an addbisphieabl A@imethacagateTe 0.600 grams of the yellow solid from
' - Example 8 was added 1 mL of toluene, 0.134 grams of bisphenol A
20 - dimethacrylate, 20 milligrams of Yaz0®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.

. S _ Examgl le 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. . | | | o
. ) '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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15 terrperature was then increased to 80C and the reaction was continued for
anot her H&ut §§ GC anal ysi s i ndicated 68% conversi on of3¢3day 2006
pentenenltr 4@l nitrile with an ADN sel ectivity of 89% Exanple 12 20
Aspect 2: Preparation of ethylenically unsaturated ligand (12): Under
nitrogen, a 100 nL flask with magnetic stir bar was charged with 0.931

grans of thseﬁmﬂﬁmeghhatt%eﬂf ggwénea% l.rmfﬁelt g?b\(j'aét @t"ﬁ3§£e?@5%¥&% ghopane

(prepared from:.t reaction acrylo - hydr oxy- 3-

met hyl phenylhoddigeseledivisy to Hiralineass QNéSqm@rswﬁ%Bdcﬁ%hl oridite of
o-cresol, 25 andAéﬁbcfumisdménmgn oftPemat Jsﬂlﬁltéﬁémﬁrﬂé"GQ ér%l sitAnd a

| ' in 15
000! &1 DM A2 IS SR b BN MBS o

i ndicated a peak at 162.8 ppm The mxture was cooled to -30C and 0. 448

~granms of 3,3 ,4,4",5,5 - hexanet hyIEga% gggﬁgenol and 0.65 grams of

triethylamne in 2 30 nL of THE After stirring overnight, the
m xture was fil tAseertdfdSetmiealtiBS-petenenitrie dydrocxenation asiggvicke! yel | ow

solid. The sghiydt: Wn%acﬂbﬁ ﬁﬁJ(t\lr?éiof G 5%9 I_%'d'_f_ém%fofttf‘?é UBBGe 2athifst S0 gpgnE Of

triethylam ne was he m xture was’ stirred overni ght

~and fiit0er @M 7§'Eb¢ G@Hf'd%\fa% er @fntﬁme and5 aRot B da eegloseshieactor
~ phosphor odiws$ placddtie aBG°C! onpumh%md HEREsAABrat6s hilkiienasasishriry@dt bn THE

and 0.75 gr falrie added e | r over ni ght t he

m xture vvg ’%?59 PQ‘H r@fﬁ%gu%ﬂé é?acmwﬁﬁbe %&édﬁ@ Adii¥ed under

vacuum 1. 22% {Bearat 76°PC fgeB0 crvnnlsbeISI d\htmgen flowosaedecrea84dPtANVR cic/mi@DCl 3:

- 137.47, 137 0 2006 135. 00,
134.82, 134a'%the]"§§ %%“%’%gﬁg%?t ﬁ%@f‘" Tﬁt’%&%ﬁ@eg %8 130. 44,

127. 74 15andemperaore wes themisiceeases tasHi®6: argl ther repatien was contiouedfarst © 50 ny

o T e B o B yor accor i ng
i gands prepa

togI\/Et hog ﬁ”@%m%@edﬂgb?”ﬁ&\‘éﬁwm%‘?ﬁ%@ed to eval uate the 10

hydrocyanatlon of BD, the isonerization of 2M3BN, and the hydrocyanation

_ ‘ 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-methylphenyhpropane
(prepared from the reaction of acryloyl chloride with 2,2-bis(4-hydroxy-3-
7 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'-he_xamethyl-2,2'-biphenorl and 0.65 grams of triethylamine in 2
30  mlL 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
rrecovered (*'P'NMR in CDCls: 137.47, 137.31, 135.29, 135.21, 135.15,
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~milligrams of Znd?2

~addi ti onal

of 3PN. Aspect 10: Hydrocyanation of butadi ene: Analysis showed that 80.0%
of the starting HCN had been converted to useful nitriles 303ny 2008BN =
0.95).. AspBE't24 d?C-Flydrocyanat ion of 3-pentenenitrile: GC analysis using 2
15 et hoxyethyl ether as an internal standard showed 26.8% of the starting
pentenitriles had been converted to dinitrile product (74% yield based on

HCN). The s I Ve t ' r i 5, 09 Aﬁ.)p!e 11:
| someri zati g#?'gg’ ‘)Zléén%%h{;‘#gg’bﬁﬁﬁg’n" ri I’eﬁgg{’ana il/@l %%W’h vgé’er onitrile
as an i nt er .44 bvd 4. Anch§2€80pd 3PN 2MBBN ratio of 4.0. 20 Exanple 12B
Aspect 3: Polymerization of ethylenically unsaturated ligand (12): To

"0. 657 ggm; of the yell ow m)nomerié solid Eroduced I n Exanple 12 was added
0.9 nL tol uene, 100nmL of THE angX grans of Vazo(r)64 free 25

| ~radi cal]I i ni tiat oAspethe: FP're@amﬁc_)N\@Scdlﬂ_egztse(ﬁO&hgl]lO@mt dnﬁig)gofdﬁ?- QSO:DVEM W?_S |
renoved an yreric sol.id was .coll ect ed. ct 9: Preparation
oo een eiFostor S8BAHEA forfiBhé BidtFTae PhisSShoTs 93RS brafiarbhi“Pac
added 5 nl af intictample theeBsusid td preparetatalist SeR)rdingbdViefiwdk.e was
stirred [ L i - itrile: 29

= 17 over 1 oty SRl bR YO BBl R T 1 29

“was hedfed hysirecyapationiof Bb) the isanenzatianof @M3BNrand thiethydraeyanation ni trogen
flowrate. gff3y. 90 minutes of reaction, GC analysis indicated 57.6%

: . N ar .
conver S o0 Aotk Yollh et anaion SEbickiebe APl sbovietbiBhab SR offie, 0, °
HCN del i verstaring HGN dyzidsedruitorivestedes aisefi nitilesaBPAVRIA3BN €0rgg)nue at 50C
torper atur - over PRRL 10 e GRhpEnlReRe! EEtaMe S 1RER Zon it
~ 91.3% 38l ecﬁthﬂxneyhﬁ@tWMs an ienapeBnBaT! Iovdd 26806 of thyestdrtingcycl e At
o1 sene s AMRPLER 1BB R, 1) ani R0 A RRRASH O o
Hr%'élbt T8¢ setpctivibetacthedineapdDl soateriwas93.8%.0i 1 5 bath and HCN
was delivered wAdpeat nYisoarRzElGWof Blrfefi-2DGtdBnitrileT®T analysis with
valeronitrile as an internal standard indicated 3PN/2M3BN ratio of 4.0,
20
Example 12B
Aspect 3: Polymerization of ethylenically unsaturated ligand (12): To
0.657 grams of the yellow monomeric solid produced in Example 12 was
7 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 déliveréd 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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L

reaction was then stored at roomtenperature overnight. The m xture was

then heated,af 70C il bath with HON delivered with a mtr@@é’i?yfaogﬁ/ rate of
30 cc/mn fgfzé'@ n@ﬁut es. GC anal ysis indicated 75% conversion of 3PN wth
selectivity to ADN of 92.2% To this mxture was added 5 nL of 3PN. 10 The

m xture was heated at 70C oil bath with HCN delivered with a nitrogen flow

2t Of 30 001 M NighAk 3414 AhRimEling BIVERL g ggeq@@gg@.é%g%gme@;;poﬁf

3PN wi.t h: se ectivity t
of ni ckel epstorTe Nk of igjuene.helef3 cNﬁF‘@r%g miigrpesyatenClz Wt ed as in

tEﬁarrplzg 128ad@ed edokasin bin éddltﬁfnaTkEactl"éhe Tﬁforiébdtr”]@”u Was p‘fééér%f)c{l .gga W%‘gé tr”:lil 825: uﬁqu
angnt he egﬁﬁtﬁeaq’ﬁalg(g@%aﬁ\ﬁ?@ﬁrg W'Eﬁ %Vg'ﬁ) %*W (aig o iéb /R frHSm above was

used for eargacton aas.thehestorgd apr@nadumpsraiemomvdya@habwhemmﬁueeu&ed to

eval uate t dc0 @"&h Aspect
10: Wdrocr;@ngﬂ?\&%?pgé g" g%g' %a sbsgﬁ\é '@{H%ﬂit}% qv@%%%@fst arting
HCN had bee? eiieferd) minutsss GC ﬁhﬂWBiSeeleQWlﬁ\%mnﬁe@m‘) of 3PNpect 11:

| soneri zat i Qith abledtii} tBYADﬁ dfuoerenity ih'lsemi)@ﬁ}@\ﬂéjs '\ﬁg%%‘gl\llhp é)??g‘No ¢ 185

, \Iéi!ire}gloelotlgl JEP%%@’F@P@ ‘h%ts %‘%a'ﬁ ?@%@ﬂ%t@\'@?h&ﬂ Hetiveseg with a nitroggPnapnt hy :
: éosol u]t i onpﬂﬂw at6’ of@DtUdhmmrferTOdmhMﬂJsOWCJanhl %BW?ST%%%%VQISM Ig’/() 1. 53

g, mol %9 an
-Et3mm(2) 5 ‘%{’}%f%g'bﬁ’/&%'o‘ﬁﬁ" ?g%nEV'§tgs’§é C@&y °h ethylene (200 psi) at 75

Cfor 18 hrs. The resulting mixture was diluted in ethyl acetate (20 nl)
and filtered through celite, foII yat er (20 mL) and brine (20 ni-)
washes. _ The solution was dri.e nd evaporated to produce a tan

sol i d, 15 whi ch AwRecHr Pfqmira@fgn @647!9&@/ catalpstal e g7y of the selicifreme desi r ed
~product in th8%o ??rbréreér@ éﬂedzﬁﬁln%xa Iée‘PZB Was A B I biafHE hend! phOSphI te

a0 (L) g Tas iy SYoPt5ad oo 25 o SRDD s Sl P
© 2,2 - di hydrsmlyert V\ﬂds-l’emta@kltljnder BcOIh and theTedidud Wl vadudinEtiady (0. 040,
| 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 intemnal standard indicated 3PN/2M3BN ratio of 18.5.

Example 13 o
Preparation of 6,6"-divinyl-2,2"-dihydroxy-1,1"-binaphthyi:
- A solution of '6,6'-dibromo—2,2'—ldihydroxy-1 ,1'-binaphthyl (0.694 g, 1.56
30 _mmol),Pd(OAc)z (0.020 g, 5 mol%), P(o-tolyl); (0.080 g, 15 mol%) and EtzN
- (0.5 mL) in DMF (2 mL) was pressurized with ethylene (200 psi) at 75° C for
18 hrs. The resuiting 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 MgSQ, and evapbrated to produce a tan solid,
35 - which was purified by column chromatography to yieid the desired product in
54 % vyield (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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3.9x10-4 nol) was slowy added to a Et20 (5 nL) sol ution Of%PWﬁy)?OOQ-
phosphor ochi | sopropoxyphenol (0.140 g, 3.9x10 he 5
g?ﬁzféo&{ifto

sol uti on wa warmup to roomtenperature and was stirred for
one hour. The reaction mxture was filtered through celite and al um na. The
vol atiles were evaporated to yield a white powder in 67%vyield. (0.100 g).

Exanpl e 13A2@-dﬁ®l@ﬁ@)¥ -$:1'-Biay A (@95?9e@f5xt1ben%m¥h@@tﬂd Yaginsat urat ed

conpound vi nyl bénzéne: r. an at nosphere ni t'rogen, a vial
fitted with %ﬂefw was ¢%B:ﬁ¢ﬁ8ﬂ§ﬁé¥5&@sﬁ5ﬁ“§b$@ ofwas charged with the
di phosphi t eph¢&piRdcidoroditéckQ-i8oprIphxAsisar dtlp@dm@ emf‘*endl;ﬂ TﬁéBN (0 002

9 .5, A sy o i B i S B 21 pol yrer
ﬁs crus lhedonarlilour .h&he oeattionasixtwe evassiittered thlmdgh celitelamd allihvna. e§Fét i ng I

[ .~ E
anal yolo: prpatieg it dpobfiid i fekia Syl Haqd BT yRR (G100 o T A"

m xture of toluene (1 nL) 20 and Ni (COD)2 (0.020 g) was added to the above

polymer. The white polyner inmredi pkghplé43Acd yell ow-orange. After
T o LS S S B e i e
and dried ufit®withedivinyibeAseretUrider dryahfmapa@aé obrmtrcbeﬁ @eialﬂuf@d!w\ﬁthl le: A
Ry ocysnacfag e SBRIob e YeRE SRR TS E b TR JERoBRN ol i <
usi ng 2- et k2T gyP. 7xd mol}aéemmbedtlaleﬁampd& aa,dﬁIEtN €noo2d), DVB% of the
Sadeu op BTG LT TR PRI SR iU R 6150 ) ¢
Exanpl €914 A feel bath for Eﬂahom ofifter pelymgrizaiienlthg pglymrurvaa ewsheghosphi t e
i Iga{ld ( 1]f1énd Wroeslafes a«rer@mhsw% g@dﬁ% \{/é&ﬁlﬁg TRe @@élﬂnr(% whfte p’e:ﬂ)%%r( ﬁegtl)
(0.100 g, %50y wﬁgprjsogﬂaé i §Hkpwn?%§°'¢i¥nt§ Feg Qf \ﬂﬁé%!so\ﬁ]ﬁ}’“aﬁded {0 an.
Et 20 (5 m_)1 54dkuti on of phosphorochl orodite of _
e EL e LA AN APhiud b M BT ouRdb R BRI " v
reacti @R i andiN{GRI). (0 .1028rg) avashadrashtoctbeiabeve polymer. The white
- polymer immediately turned yellow-orange. After stirring approximately one
minute, the solution was filtered from the loaded polymer. The yellow-orange
'poiymer was rinsed with THF {2 x 3mL) and dried under vacuum.
B ~ 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% yie_ld based on HCN). The selectivity to
.. the linear ADN isomer was 92.1%.
_ ‘ Examgle 14
: Aspect 2: Preparation of eth ylemcally unsaturated diphosphite ligand
-{14): Under an atmosphere of nitrogen, a cold (-30°C) Et,O (5 mL) solution of
o 3,3’,_4,4’,5,5’,6,6’—0ctamethyl-2,2‘-dihydroxy—1 ,1"-bipheny! '(0.100 g, 0.67
' -~ 35 © mmol) and Et;N (0.152 g, 1.5 mmol) was slowly added to an Et;O (5 mL)
' - solution of phosphorochlorodite of trans-2-ethoxy-5-(1-propenyi)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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_50 P11245 PCT 30 May 2006 and alum na. The volatiles were evaporat ed to

gi ve 86% y| h%‘@P white powder (0.623 g). 5 Exanple 14A3 c3008;

Pol yneri zat? f e ethylenically unsaturated compound (14) with _

di vi nyl benzene and styrene: Under an atnosphere of nitrogen, a vial fitted
with a Teflon(r) fluoropolynmer resin screwcap was charged with the

di phosphi t eafPalffing. TReVBIAMEY WeReeGaidatkd B sgf?«@gﬁd/@hérﬂ ofd téo 005 g,

10 DvB (O. Q&Vg%e ﬁtege%}g (0.70 g) and THE (1. 'S Vi a was screwed
shut and pl oi| bath for 48 hours, after which DVB (0.75 g)

and AIBN (0.005 g) were added and the vial was returned to the oil bath.
After 4 hours, the opaque poly yas, chy hed and the volatiles were

renoved~ under vacuum The resulti ol ymer (0.137 g) was insoluble
inall 15 organiAsasst eRoymexization of thd?eérgVMaﬂpmnsthmaieh’eionquMoyst A

pol ymer °fThégéﬂh“ﬂ”%"‘“%y’?@'*ze@%a’é*ﬁfl’é%@’ L A e P

stirring apf@ldittedavit en ﬂuﬁmmlym@rer%m mrewaamsmhatr@ecbmthrtben t he
Iogdgd pol xmﬁospﬂ't@ (Mel|0|0%<W'(p0@ﬂ9ﬁo @e@@ﬂsb{éﬂarnée@ain éqqﬁﬁé%og 03,5?%3& t2a>o<“ 2%)
an r I

A sol ut Ltg\?ﬁ tyﬁ‘%&ﬁjﬁﬁﬂiangﬁa ﬁ@"@ g agiscrewed g of

valeroni t r ishet aAd Ipilacmll inre7 0°obill batmfondsg Houep aifed V\bﬂcHYDX/I .25 g) ahd

exampi o 1aABNOEG §8iLERed pRo e v pE ﬂﬁn%”dofqﬁtﬁmﬁﬁhyféﬁﬁﬁa&e “he
HCN sol ut i dieursiiie pprgue polyaser waacaishad adadhe ooictildsover: red@vadal ysi s ,

i ndi cat ed %49%8&1%1%“%&9%5&% %.tﬁ%fmé/%q?w?w F?ir}&gﬁﬁgq prile.

Exanpl e_15 Aspect 5.1:; Polyneri atlo roxy-l, 1
bi naph?ﬁy IHC $el IeBHSe Under nitrogen atnosphere, a vial fitted with a

| gSthf | on f | uor gpple uﬂtgfpﬁe@@rér%@%@az cedly Qhﬁrrﬁ?%%;ré\’o\‘ tbll@e.ﬁe Sﬂ""[?wlene (4.0
i hydr oxy
oo THEH IS BB 64t ik e B venoe el BRaBEl®: n s 70C of |
polymer immediately turned yellow-orange. After stirring approximately one
| minute, the solution was filtered from the loaded polymer. The yellow-orange
20  polymer 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
o * heated at 80°C for 3 hours. GC analysis indicated 81% 3-pentenenitrile and
30 5.7% 2fmethyl-3—b_utenenitrile.

Example 15
Aspect 5.1: PolymeriZation of 6,6-divinyl-2,2"-dihydroxy-1,1"-
_ binaphthy! with styrene: Under nitrogen atmosphere, a vial fitted with a
'35 Teflon® fluoropolymer resin screwcap was charged with 6,6'-divinyl-2,2'-
E ~ 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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bath for 24 hours. After polynerization, the polyner was crushed and the
Pl 1245 PCTné&é(\ﬁ%yPégOG vol atiles were renoved under vacuum30rMay 2@ ting
white poly .879g) was insoluble in all organic solvents. 5 Exanple 16
Aspect 5.2: Formation of the di phosphite ligand fromthe polyneric
.precursor of Exanple 15: Under nitrogen atnosphere, a cold solution (-30C

of o-cresol v4igiiled vete rEmévedidbr VachfhUahR @éuiﬁhg%ytﬁ%spﬁéﬁ)ﬁpﬁg gz SB 8'3‘# Ion

of the phos horo?l hl or odi te .of phenol (0.045 g,
. (0.047 10 gVapinEp i aﬁﬁ@@ﬂ"&éﬂ ept.nL). The resulting nixture was
allowed to stir at roomtenperature for 1.5 hours, after which it was
cooled to -30C. This cold solution_was ad gd to a cold slurry of polyner
fromexanple 15 (0.328 g, 0.10 a Bu3N (0.047 g, 0.25 nmmol) in
tol uene (5 nl). Abpectd Lthkoreatisnsofdhe dipkbsphite tigand fopethatpoleméde five
- hours. The S L Si L1 Lrati W th

t ol uene anch ggg{%io??ﬁgﬁ%ﬁél#@# E'%Béﬁ%t e%sé%%%u%coy?@gﬁgm@%ﬁg) (0.350

g) was obt aPfEaresas{fbe27 g; Oﬁr%'pmqﬁ/ flﬂgglt@ﬂer{ﬁd’k}e] wasiedilgd to aselwiopaify mer
(0.186 g) v@e phﬁspgérdﬂiéﬂbrbﬂité%‘Fﬁpéﬁol%(b)oﬁ‘g, %gglrﬁﬂo_()-a?m—sfum (?%4'7“ nutes,

ft h 0 ol ution P)3 (. 5 n toluene (3 mM-) was
aaded 0% 26 GBad i Kiyete & miyS Hheakaubing ma S MaBEIRNREStr the
Ei e_suldti ng yreohotemperatuye fclsn)’l.;EfdﬁdL@s,laffér@DlhiME'W@d:@dlédt@%d"Uf. tTlﬂQic_Qlﬁlhand ol
rred under 8 ct . rocyanat,l W t ni ckKke
cat al yst pr%oggt?%%%%a%éﬁpq%ia ?@E&ﬁ@&qﬂ?{’%ﬁo%‘f W'ﬁgg @r@g@ed by
m xi ng 5 g ®f0maRohiand r-Busly (6104741, d).2Rimmol) én toludne Einkde This mbitue was
d byad i i ' . 4 of the
P oRel Cqar SyaS SR At fochh torRHbRRLETEr Wt Hofid) o bEMIENBrodfedfas™™ 7% 1 e
sol uti d® aradlgterbbyftrafion ee wRshasovith faivenerned sicstantelensAftersdiying at 80C
“for 2 hourmno@ﬁva@umgbxéélgxédli@i(Gasﬁﬂ%))g\%%eﬁdmémeni”i l'e and 5%
/

2-nmet hyl - 3-butengnitril e. apple_ 17 C ... Preparation of ethylenically
insat Ut at ed, - phoHRST s PP BRI R HIRRaHEATbIS ROuar (3788 AWE8 i 11 ask

with a magmeixed veth tohamenBsmehand edolaidt (3 SF6r 80 @fiinutes],c after wrlﬁch Ia o g
2,2-bis(4- 3= : n 3 cryl oyl chloride
T 120t Qppttigh BENROTARSE0.08% BPRIBLARNS (3 nEP el ol tnt
- 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. GG
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 chioride in 120 mL of THF. A solution of triethylamine
. (3.542g) in 30 mL of THF was added to the colorless solution dropwise over
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(3.542 g) in 30 nL of THE was added to the col orl ess sol utign,dropw se over
P11245 PCT 3? My ﬁﬁm 60 ninutes. The slurry was stirred 06

t enperature 1GASR hours. Based on peak area, GC on a DB5 col umm

i ndi cated 22% starting diol, 51% nonoacrylate and 25% di acryl ate. The

m xture was cooled to -30C, and 5 1.821 g of phosphorus trichloride and

1.386 g of S@ﬁllﬁwp”zﬁgéh n‘%#vé@ Eﬁrré’d ﬁtfb efd%r%ﬁem‘c}u?_i: [HE were added.

A precool ed_sol ution Wwas added to

. this mixtur@asRbpRiPsek@res. @Q&rya DrﬁEhGQ"égm 'Aﬂtcéﬁe%gz%r&‘rtﬂ@ﬂghhohrﬁﬂ/mre at
room t enper mbnbachy/fte ng 5% dracriafR. Mé?muﬂdré%e%smd% BeAKSarif 161.96

and 16177 %gq%@%qmﬁﬁgk%4@%hégg%%%d44 fc%he pﬂos&horoc%!onglte ofl urry was

cool ed Pack
3, 3' - di i sopr-epdoi i1 $0 ndl, 6f THE twerseddaeld: 3, rﬂeedmlbd(ibmtwnl( 30°Yiophenyl and 3.2

Por 25 hout etOAENRSGARE T T Ral it fo 98 sk bt Sl a%%r- Siheas at
134. 62, 134mgwteq3Aﬂ@estlrmeqtimermﬁurelabroem terheersiturerfor twoshéurist EPed t hr ough
15 celite, Mﬁ@ﬁ\%dﬁté@m%n @dl@a*th%ﬁgd Hﬁ@ﬁe%%ﬂ?ﬁ%ﬁ&ﬁ’%’% aguum The

resi due was %ﬁgu‘[’g dri ed g7 off-white so El ement aI
“anal ysi'@ 3! Y "EQ‘l\ﬁﬁﬁémf?N ﬂ-@eﬁﬁﬂﬁiﬂ"a@ coalegh Bk tom3QC and 81248 .
of tol uene gofi3BLAiigEbpyid, Sﬁm-%tmahﬂdﬂgddmdﬂex@f)ﬂ‘l’leﬁheh%%rﬁm pd f rom

le 17.. T h t
Femmved by QaEGisTY st adied " TheethdB vih Siried sti0uR e onieene:
catal yst: Tor 2i5chowsi diFe NMR indixtada majkmeamtamm and mihoofedhsl atene and

20 f V JTh 60C
ove?gl oht eé%a‘i;%f%l){mgahf@\%ggt@rbu% e %ﬁﬁeg‘iagﬁﬁtg[]&g%@g?@ﬁ anot her
S two hoa celite, yashegtwitingslF; ahd\ﬂeelselyenewaememnuefibyrmcummac%em trile was
“added to th@suﬁ@é'vﬁﬁ@vaé’&urﬁﬁhéﬂ téfrz;l\/er‘!éﬂ%é @rof%'i_’f\ﬁh 56/, E@néﬂél d was

filtered, washe I( etonitri and di"et hyl er and vacuumdried to
give 1.048 & at')\fs'ﬁ/\gl sol i d. Exanple 17C Aspect 10 Hydr ocyanati on of
- butadiene: To 13 ng of the catalyst 35 from exanple 17B was added 1.045 niL
"~ of a solution containing butadi eneEx and The sol ution was prepared by
mX| ng 6.734 g valeronitrile, 6.57
20 Aspect 9: Preparat:on of catalyst 7 mL of toluene and 110 g of

Ni(COD)2 were added to 1.000 g of the solid 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
e was removed by vacuum and 10 mL of acetonitrile was added to the residue.
30. Adter 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-pentenenitrite, 5.476 g butadiene,-and 2.187 g of HCN. The mixture was -
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g 3-pentenenitrile, 5.476 g butadiene,-and 2. 187 g of HCN. TB@ %@éure was
P11245 PCT ?’8% & 06 heated at 80C for 2 hours. GC indicaf

conversi on tol es with 3PN 2M3BN of 0.53. 5 Exanple 17D Aspect 11:

| someri zation of 2-nethyl-3-butenenitrile: To 13 ng of the catalyst from
Exanpl e 17B was added 0.266 nL of 2MBBN in valeronitrile solution

repared b | N 0 | m xture
\(/vgs ﬁeat ed %Ei@?eggi@grﬁé fgrh%&rggv%gn@ﬁ] %gg'?gt{vg%ﬂeggéhftgpﬂﬁlﬁgm hour. GC

i ndi cated 3 JYBBN Q§10.93.6. Exanpl e 18 Aspect 2: Preparation of

et hyl eni cal | y unsaturated, phosphorus- containing bidentate ligand (18): A
m xt ur e .Lcont ai ni ng bi dentate phosphite 1':'% s prepared simlarly to that
of Exanprﬁce 17. A 500 m flask was h a stir bar, 8.204 g of

2, 2- bi s(4- hydr ox&s@eatdﬁhjéthermmpraﬁmmethyl38Eﬁﬁegenltrfleéi&)“yf[s oftmeor i de and

L5 o (5Bt o B! §88 el 260 o ANBBNTR VAIGEREEE e
dropwi se oveILEaN (Araperes. bynmm@g 2070 *MB3BNandddBg of Vaiemmﬂlet)eﬁ'ﬂner ature and
stirred formBQurd wad ﬁéateaaa%%f’erfopg%u?é S flr%. hé@lb&%&%éwéﬁfﬁ@f ting

di ol 4 % nonoac e an |acryl ate. m Xt ure was er ed,
througﬂ celh?lér aﬁi\'ﬁ Q@&ﬂPﬁEM&MﬁB N ®h@6s50l uti on was concentrated to 160
nmL by renoving sol vent under vacuum To 40 nL of this solution was added

 440 ng of phosphorus trichloride and 334 of the 25 phosphorochloridite
of o-cresol in 10 mL of THF. The mﬂ@@% cooled to -300C and a

precool ed sol ut iAspect 208@pavhtion oEethylcmicaly uyBaturatgy, phosgharlis- of THF was
added. eTQgséség%{Hf@;ggéné&é 6 Pre) RABAFIVERBINHS pld@hiail prBiphkgs: TO (N1 S
t et r amdfhy|was Qrenﬁre@amlqvlyﬁo ihatmf@@wwleéﬁd A 500 gniflasktwag eharged ng 82
154 0. ﬁ?ﬂ%ard'igagﬁ%%?ﬁ “&ﬁ‘?dtc{*?l?mﬁﬁéﬁ)ﬁﬁ Zn 8 eiite,
washed wi t PTRGEYIOY r‘F@ ] ghbUEd The Whdirewamnecelad i oBPilhas  dri ed
under vacuumd thehanpeeboléd(sdidith @30mE; o hicthylathine3®. F@GPInesdfA of
_ 'THF was added dropwise over 40 minutes. The slurry was warmed to room
20  temperature and stirred for 90 minutes. Based on peak area, GC indicated
- 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
o 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 cocled to
- =304C and a precooled solution (-30CC) 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'-d||sopropyl 5,5,6,6'-
o tetramethyl-2,2'- -dihydroxy-1,1'-biphenyl.and 1.2 g triethylamine. The
30 . mixture was stirred overnight. *'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 toldene and 30 mg of Vazo"64 free radical -
initiator. The mixture was heated at 50°C for six hours and then held at 60°C
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Aspect 3: Polymerization of ethylenically unsaturated |igand "ééa: The
solid was d?ﬁ%%l v,ge.ﬁi n 6 nL of toluene and 30 ng of Vazo64 30y 00§i cal
initiator. Rixtlire was heated at 50C for six hours and then held at 60C
54 P11245 PCT 30 May 2006 overnight. The solid was crushed and heated at
70C for three hours. The solvent was renoved by vacuum and the solid was

filtered, vowdAght The sBii®Waglcrasmear aﬁd‘ﬁe&%%{r’?‘od@fﬁpt{g%e Bblifs. 3Tr£é33 g of
yel | ow solid. Elenental %ﬁ?}g’al sis: 3. 7& %°.  Exanpl e Aspect 9:

Pr epar at i onSQYeTEAYa] fpepov e apdithe golid was eegeh washed il ¢ he

.Io_ol ym;ri c Idiigﬂryﬂeﬂlmehdb?dgﬁng dﬁ_%hﬂ@l givelSM%@oByéiﬁw@s%lfd.tEI@n_i'é?E@IO' ym;r .

i gan S . : e mxture was stirred overnight and then
361 ny \(;B? h@%'ﬁwg'dded. The m xture was stirred for one hour and the
solid was vacuumdried for 3.5 hours and 20 nL of 3PN added. The solid was
filtered and washed with 3PN, and gg M 4gp! € and vacuum dried to give
3.170 g of yellow solid, 15 Exanpl i ct 10: Hydrocyanation of
but aedi ene:  To Y&SRAg! 8 Praparatienpfcatalyst: dhernickel gatalystywas nrepavest e added
0.280 nlL offrém3eé pbiyiibriAierddigribéd irEkempld P8LPar$d 28Yg BF thed 6:-8 ¢
‘tol uenel and % 0 P.burg_ﬁdl e%ﬁ?ﬂ &gﬂ 0L1¥%f-ﬁ=0 of ., a solution contajning HCN
(prepandd RPYETIgAnd Wagedled 4318l 9 -vaNEBHIUWRWas) stirmackoYaRight e was
heated at &0 then 361hngrts§Ni(;EDwashdded.nwmhﬁmr@&%QQW@d forhe O f
nitriles w 25 As t 11 ongri,zzation o
- 2- et hyl Siﬁrgﬁéﬁﬁ% %F{F‘EW#OW%@“%E&@#?{OE?%E%'% %@%F&p%%‘gﬁu d&ﬁ'arrpl e 18B
was added Ollessolidiwas fillered|and wastusd withSBIN, iandvedetordtrile and eatpurmpar ed by

m xi ng 20. Yrigd2NBREN: 8AF0 eronitrile). The mxture was heated to
1000C f1§r one hour. GC ijgngfi}%ﬂlpévdé@lgr\v 2MBBN ratio of 20.1. 30 Exanple 18E

. Aspect '¥0: Semi -batch hydrocyanation of 3-pentenenitrile: To 0.388 g

- Example 18C
Aspect 10: Hydrocyanation of butaediene: To 15 mg of the catalyst

prepared in Example 18B were added 0.280 mL of a solution containing
butadiene (prepared by mixing 6.8 g toluene and 2.0 g butadiene) and 0.120

20 'mL of a solution containing HCN (prepared by mixing 5 g HCN and 15 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 10001C for one hour. GC

indicated 3PN/2M3BN ratio of 20.1.

3
o Example 18E
Aspect 10: Semi-batch hydrdcyanation of 3-pentenenitrile: To 0.388 g
-of the catalyst from Example 18B was added 19 mg of zinc chloride and 5
- mlk of 3PN. The mixture was heated in a 700C 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

-55-




of the catalyst from Exanple 18B was added 19 ng of zinc chloride and 5 nL
of 3PN. Thepnm was heated in a 70EIC oil bath and HCN3Rd42¥380§el i ver ed
with 12cc/ nfmz%#séggen flowrate. After 180 minutes, GC indicated 93.9%
conversion to dinitrile with ADN selectivity of 88.4% Exanple 19 -55
P11245 PCT 30 May 2006 Aspect 7: Preparation of polyneric

phosphor ochi of | Angsct: #9dpaatioh o BEYARY BRI ARIOA HBIAGER i1 1 8. 716 @

ohi of e, * aiURPAHOR flagpras RHBE IR B fa g.et 25pietd- o and. a
p(rjgcgol ed (n@ﬂ@lplmwmrmrtd 3.07 @bﬁﬁb@lﬁyﬂéhlbﬁdf‘@ncﬂ%o infiL amﬁﬁh?g]se-rgﬁdm?ﬁen
ool e tacki PRI Epd oD 56, Bha bITEASERTA ) SohBin 7 The

phosphor odi tflﬁ%ﬂMammee(?xﬁ4%gblﬂe'§melof THF wias anlde@iHFTha dhixtueswasstiredol ed

sol ution (- %bﬂferﬁﬁérﬁfd?%‘;'fé’r‘ﬁ@%l&ﬁegfgb'\rml\ﬁx ég0ltl W90 ddte. Ablifls StLrTInd

room terr&lerat ure peaks af and

157 14 ppm BiUewas added 4106 g obthephasphonoichierigiieef oreeesolin 28 Mbn was
filtered armr THE ahdtthén ‘aqiréﬁ@olé@%oﬁdlbhfikﬁﬁcl) of tri I%:r@(aagi@) i %‘ of THF.

o Sl RIS ik s Sk o o Bt PG 5L,
and 10 ny ahdMeatepeaks @tel 57ath antt 15714 pprarandesmallipesks dih2e173bHge  was
ot her - hout20A0ehs T SolH8A wER HERE G 1N RIS HIRE R EALS \ acuum
dried over nlhtnL byhaddiien ef Wel. washed with diethyl ether and dried 20 under
vacuumto give 8fhe 8BIveht ﬁ%rﬁ"’i@) nﬁp.ldf(i'he 53a %9@%8%\7@{%89{ YREr i zation

of Pol Phosphi t e: vi al was _charge e poI ymeric
phosph)c/]gg ﬁf‘@ﬁ?ﬂag% WafSV%Ué'Bhg'é‘@F’ X rT &ﬁb’ib@ was d@ﬁglvag inp.5 mL of

3,3 h5 5', Gokienbearine ofz\/a?z%%mfwiara@mcal ﬂmt%at?bwa@%ﬂmbdaﬁmelﬁuﬁhré;{ urTstas
To this m %) | u am n

's?i rred ov@# gﬁ%ﬁafﬁ% @I]CQr ﬁ?‘o\%&sof% Q,'&G WBY CV%%@G %’Eﬁ%@gﬁéﬁp il e was
added. The fevanatheabodi. | fTaeddiuend wasaheredi tinmmanﬂ the eoliwgsve 770 ny
of pal e belgruaf dfbd EV&TTIHE 2 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 0.750¢ of the polymeric phosphorochioridite
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-
butylamihe) 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.

~ Examgle 19B
Aspect 9: Preparatron 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
N the residue vacuum dried for three hours. To the residue was added 5 mL
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~ Tonomer®e ?;agaﬁﬂﬂ'%pbw a8 Fsbad nFxeBiPle 19CraRaney 0266 mL of

30 analysis: 3.16 %°. Exanple 19B Aspect 9: Preparation of catalyst: To
0.560 g of Igﬁ]e%?%f}},(gﬁmrl ¢ phosphite prepared in Exanpl e 194044ay &eRfed 5 ni
of THF. The m 35 was stirred overnight and another 1 nL of THF was
added. To the m xture was added 0.052 g of N (COD)2, giving an orange
slurry. After stirring at roomtenperature for four hours, the solvent was

renoved by ofBRNENAtHe Soli@ WRSHIRHE] VASHED dc@@lsut/@ wams@etbﬁmé To the

resi due was ded .5 245 PCT BE?N’ solid was
filtered, wis 8”@38%@[‘ 9%%@9&5%% gﬁ?\'ﬁ gigo ﬂngﬁﬁ’ﬂr‘icet onitrile,
vacuum dr| ed to give 593 ng of orange solid. 5 Exanple 19C Aspect 10:

Hydrocyanati on of butadi ene: To 16E§IH ﬁ{! qg;al yst prepared as described in
Exanpl e 19B was added 1.045 nlL of cont ai ni ng but adi ene and HCN

(prepared by mi xfisRed. TP3hlygrastyagatien ohbutdadiene: Te. ‘ng@f@ﬁataiyqjent enenitrile,

5.476 g of hdpa %&Q@de@éﬁbe% lﬁ@xa‘ﬂnﬂé 1'9@‘)\133-53@9&(;] (?HB‘H!‘I& ted at 80C
for 2 hours. 82% conver si on BN of
1.9. Exanpl®Md eg’ei'f andsldbl (preparsd QﬁmQﬂ%ﬁﬁﬁl"f -Boinalerpeitileri 1 e: To

16 ngy of JGSSEaTgadf}&beMeﬁBmtmd 8.347de56f biadiche, M@ rrisy ¢ 9PHEN, adfded 0. 266

m_of 0 i n vaI ronitr repared "by m xi ng
20. 7 quNB%kF&%f%?}’"%S @éﬁ‘tgp %3%03853% S?n'é‘dﬁiaiﬁ@éy VRESIRRIP t 0 100C
f or. one hounitrilesa@ith JANZAMSBN NI El\/BBN ratl o of 10.1. Having thus described
and exenplified the invention with a certain 20 degree of particularity,

it should be appreciated that the following clains are not to be so
limted but are to be afforded a Sﬁmmmﬁgﬂnsurate with the wording of

each el ement of Adcehal MoAndiza8bh YRLGRES - BeyRSenifié: %51{6@ ofSl Ngapor e
entate |igand
solution containing 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 10.1.
'Having thus described and exemplified the invention with a certain
20  degree of particularity, it should be appreciated that the follbwing claims are
not to be so limited but are to be afforded a scope commensurate with the
wordin_g of each element of the claim and equivalents thereof.
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{ArR b (ArR P-(OArR) a (ArR b (ArkR b I_(Rf _aP \ 30
May 2006 | /P”I%’A?CSJ(A ) anQBQr nd (R'). 10 wherein: x=0to ,Maygo@ﬁto 2;
15 a and b are individually either 0, 1, or 2, provided atb = each Ar is
i ndividually selected fromthe group consisting of phenyl, substituted
phenyl, naphthyl, and substituted naphthyl, provided that the two Ar
groups that are directly or indirectl ed to the sane phosphorus atom
may be Iinke\g’tf each other by a Ilnké-héﬁﬁgit selected fromthe group 20
ofVhatis

consi sting &Qimedria; al kylidene, -N(H)-, oxygen, sulfide, sulfone,

and sul boxi de; each Ar optlonally |s further substituted with C, to C20
C6 to C20 aryl,

branched or strg§< 'f]]t ai n al kyl to C20 cycl oal kyl,
al koxy, cycl ¢al k @ pg'r"W%??“ afmm%;bldetegteehgai@dmmmer camponad of ither i ne,
broni ne, perfeamold kyr of tB& FoysiuRcryr byl sul finyl, hydrocar byl sul fonyl, or

hydrocar byl car bonyl ; each Ris individuall y sel ected fromthe group

consi sting of hy@g_ ré?%l oyl, nethacryloyl and an organic radical with
a termnal acryl ay cryloyl group; each R' is individually

sel ected fromthd group C'OI’ISI sting of hydrogen,
(RATO}P P{OAR), | | (AR), (AR},
N | |

00 GUhO);P\\ ’//P40Aﬂ0a

DI ' /
o e Co
®"); R ®x ®")

10 I : n

wherein:

x=0to4;

y=0to _2; :
15 a and b are individually either 0, 1, or 2, provided a+b = 2;

each Ar is individually selected from the group consisting of phenyi,
substituted phenyl, naphthyl, and substituted naphthyl, provided that the two
Ar groups that are directly or indirectly bonded to the same phosphoms atom
R may be linked to each other by a linking unit selected from the group
. .20 . consisting of direct bond, alkylldene -N(H)- oxygen sulfide, sulfone, and
‘ su!fomde '
each Ar optlonally is further substituted with C, to Cy branched or
straight chain alkyl, Cs to Cyq cycloalkyl, Cs to Cy aryl, alkoxy, cycloalkoxy,
| :aryloxy, formyl, ester radical, fluorine, chiorine, bromine, perhaloalkyl,
25 hydrocarbylsulfnyl hydrocarbyisulfonyl, or hydrocarby!carbonyl
~ each Ris individually selected from the group- cons:stmg of hydrogen
N acryloyl, methacryloyl and an organic radical with a terminal acryloyl or
methacryloyl group; |
: ' each R" is individually selected from the group cons;stang of hydrogen
> 30. finear or branched alkyl cycloalkyl aryl alkoxy, cycloalkoxy, aryloxy, formyl

'j3';58-;




30. linear oP|{pswhed al kyl, cycloal kyl, aryl, alkoxy, cy b%kzoaéﬁ
aryloxy, fornyl, P11245 PCT 30 May 2006 ester radical, fludrifg, | ori ne,

brom ne, perhal oal kyl, hydrocarbyl sul finyl, hydrocarbyl sul fonyl, or
hydr ocar byl carbonyl ; provided at |east one R represents acryloyl,

it pocbiodrrg ribeimair iy s i P
lf . , = , =
0, Ris pri rrag];/ ory_sgcon)g’ar a c%%y('%géoéy’ortho to the oxygen bonded to
Ar, wher %L n y>_ 1,Provdad @ enaiR representsacR/loylsmethaaylpyloor thecondar y
al kyl . gr argdnicgadidal witiih |4 he oxygen bonded to
yl. greup qerrAhal Q&yﬂfa‘l g?"%@ér'?"{@p' @{%’Phu yg

t he bi naphthal ene group, or a conpoln la Il wherein a =
2, b=0, Ris primary or secondary  al kyl located ortho to the oxygen

bonded to Ar2. whék ebmpound-of Clath Wil Rtwhdtafta 218 LR of R ‘e?}fmﬁ or
secondary al | d,at the qrtho posjtions t o] en
bonded tg tgkgfﬁwlamldfét%dr%ﬁﬁé ?%?heAOWHQQP'\d@ﬂ%ﬁa% h@'eéﬁiﬂdﬂ?yheri >éyg
phosphor us- aftvisiERRtdeastene Ris prinpatyeart sevpndary dlk@ groap emadgs of an

initi atd®, dchtednt b L3 f G,oup. VI transition
nmetal, a co s(iatiatoﬂr'\]g(r:tgi Hdr/lijds%&rllémgft ﬂeeasggﬁr?g’“é’%ﬁﬁ%m%g'%%ﬂ'% mul a |
and/or at |1 ; ' Oha C@H&lﬂﬁ’&f aprp Mrfroamula, [l wheR)ib a( ACRpL= ORI ' aP\ -

P- (OAr R)-a Opom@ry &) sedofdR) &tﬁér 5 in: 30
'X:g' to )4; ¥4 &tn?ia\%h doh aga%ﬁg?éﬁfgd?r\tﬁodﬁa I &??ﬂggn@ea?g%’r“@@%ﬁ ovi ded
at+b = 2; each A 18 ‘?"ﬁﬁl@ﬁ §851 9RF Beiepamary posecandagy aliyl groupiand isg of
phenyl , suBsaieduatdle prhoositionplf ity oxygish Bewisdd fouh8bipRYIGNS - Provi ded
that the tWQDBﬁ;245 PCT 30 May 2006

-3 A method for making a polymeric, phosphorus-containing composition
- by heating, in the presence of an initiator, and, optionally in the presence of a
Group Vili transition metal, a composition comprising at least one compound

20 - of Formula | and/or at least one compound of Formula Il,

(ArR)y (ArR)y

]

RArO}sP N P{OAIR), (TR)" (,ArR) b

(RAIO )P P(OAR},
/

and

25 wherein:
x=01to4;
Cy=0t02
a and b are individually either 0, 1, or 2, provided a+b = 2;
| | each Ar is individually selected from the group consisting of phenyl,
30 . substituted phenyl, naphthyl, and substituted naphthyl, provided that the two
-59- '




Ar groups thBl1246P@Trectly or indirectly bonded to the sane phosphorus
atom may be |inked to each other by a linking unit sel ect@@'\f‘ﬁ%ﬁq@he group
consi sting of direct bond, alkylidene, secondary or tertiary am ne, oxygen,
5 sul fide, sulfone d sul foxide; each Ar can be further substituted with

Cl to C20 brandl 588"5 m%q ¢ dirgeily ocindirectly byndeddo the sGam: plycdphoniy hton® t 0
Cc2 |, lik | , |, ,
o aryl, adeawnbe likkédita eadtkomer by%@ﬂ% %ﬁﬁ,{ﬁ?}gﬁ@é fp%% tgéﬁﬁ%l | ester

'ﬂ fluorine, c ' 1,ne, per.hal rocar oyl

~ hydr ocar py! Smgﬁ$§ﬂ§$ f’%@%@@é‘ﬂb?ﬁ%ﬁﬁi%ﬁ%@m@writ@rtiemem;‘nel@xygem Ris
i ndi vi dual | pulfideesulfanet mochsulfexigepup consi sting of hydrogen, et henyl,
propenyl, acryl ogh rganjc . radical wwth a term nal:
et henyl, pr gﬁ?e%%k;%g %) gﬁ&#‘ﬁ%@rﬁ%@%%ﬁ& GF Blu%—?—o rakghed o straight vi dual | y
‘selected fr rouy ‘ennr@icsad 6 tohG sy argk mcetal, I8l aoxpr anched al kyl ,
cycl oal kyl , cpcleslkbxy, legylaky, f , oY kaxy. .15 aryl oxy,, fornyl,
ester, fli uoﬁt‘{’}ﬁ h)i Igg nﬁy gﬁgir’]li ﬁgl,ehmggb@}'@@*.'?'ob'ﬁ%?% 9'9@%“" nyl ,
.hydroca%fyl S Sﬂ&y,su ik Swdraspresuiton, hvsyecdrbyleatmnyl oetyutiogtherpr openy! |,
and an ¥ gani ¢ reatitcBlis widivid@allyesaledtaly vl roup. provi ded
~at | east on&hggﬂeg{ﬁﬂ%g S@Cgﬁﬁ a{)r %é@ﬁﬁfa’grg%lcg{ﬂ%%‘ﬁ% Or{g%ﬁﬁ}é%ﬁ oyl or
t he organi &p;{gmg tﬁ@wla g fhacy ﬂrﬁf\dampmr@dr@ajwtmm , or :

met hacryl o phenyapropssl, anngoRR, or RRIRSEAbS] gobgnyl . propenyl, or the
25 organic radi GachwtiR iR ' henyl .or” propenyl group, at

at nospher | ﬁ gr essgr\ﬁggmg@ggn%ggé?%ﬁ%?ﬁ%ﬂmt hydsegen,t o 100
hour s ;] g prOgater brapched altwth icycloaliyb sicetainketal, alylcalkoky) @y cRialktxgl m 3
“wher ei %5t harylaky, ifeinoyl, ésten fh radiheal i kiator, 5. A pol yneric,
phosphor usy Smﬂh%ﬁﬂf@@xﬁf%%ﬁ%b%@@&em'gglkybf Caim3 306 A
catal yst conposi ufieayt eooanyoanbioayl, cyclic ether,
phosphor us ethenyhipropenyd,cimban brgdhiet i ) t up VI 11
netal. 35 éro ée cat al yst conp(t)gééin]tli O%Cﬁ%? @ha% Wﬁ?@?ﬁﬂ%@@%ﬁ VI
metal is nickel, palladium. cobalt, rhodium iridiumor platinum -60
P11245 PCT provided at least one R represents ethenyl, propenyl, acryloyl,

20 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,

at atmospheric pressure and a temperature between 20°C and 150°C

- for 1 fo 100 hours to produce the polymeric composition.
25 o

4. The method of claim 3 wherein the initiator is a free radical initiator.

:.5. A polymeric, phosphorus-containing composition made by the process
- of Claim 3.
- 6. Acatalyst composition comprising

at least one monomeric, phosphorus-containing composition of Claim
1 and at least one Group Viil metal. '

35 7: The catalyst composition of Claim 6 wherein the Group VIII métal is
- nickel, palladium, cobait, rhodium, iridium or platinum.

-60-




30 'Néy 2006 P114mpgat al yst conposition of Caim6, further cl\ﬁ)rrpri sing a
Lews acid selected fromthe group consisting of ZnBr2, anﬂ Me®  Znso,
CuCl2, CuCl, Cu(OG8SCF3)2, CoCl2, Col2, Fel2, FeCl 3, FeCl2, FeCl2(THF)2, 5
Tic4(THF) 2,. TiCl2, CITi(GPr)2, MCLl2, ScC3, AICI3, (C8H 7)A C 2,
(C$HN) 2AI C1, 8(i solkeisazlysticompositioneialainPh Autha, coRpikifg aZr O 4, NbCl 5, VO 3,
Crdl 2, MOCl 9 ewi€ladid §&l6¢tdd FihaSiE 3 1
B(05t6)3, (BB} 350 d fregh @3%%@%@@@%%%%%&%@ Tad 5
110 30 May 20082PtYoh B ERReELOC oI e, SeOLSORELAFRGINTHF)S,
phosphorﬁs-CBG{46THFmTﬁﬂﬁtﬁbﬂ'ﬁ(ﬁipﬂ‘)z,rmﬁ@zbgcﬁfsamcﬂg,g’,q Afe§g, presence of an
Initiator, peefienaiby @old kgﬁ@ | &Ié ator, r$ 8oHt)iorf’a\I.Iy in the -
presence of SR m.’)_r(e co'ﬁ:g Lﬁ'zﬁl i bg‘iCIbrFée@sbb?dﬁl&lN%Hs, VCl;,
gng: |to|h;) Eggg@gl}zz";észa Y@l Gx!_ﬂlz-, LaCl,, lﬁr((agsi‘(tﬂ:@l SNSOYCCR,) | @mbione
| ' ?(ﬁgﬁ) 2HERHNBRK, whete XAGERY, BI%,CHsS0s, or (CoHs)sBCON and

aCl, - .

10
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30 May 2006
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ABSTRACT OF THE DISCLOSURE
A polymeric, phosphorus-containing composition made by heating, in
the presence of an initiator, preferably a free radical initiator, and optionally in
the presence of one or more comonomers, at least one substituted
phosphonylated 2,2-dihydroxyl-1,1"-binaphthalene or at least one substituted
2,2'-dihydroxyl-1,1"-biphenylene. | |




