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POUNDS AND THE [SOMERIZATION OF UNSATURATED NITRILES

(57} Abstract: A polymeric composition, a process for producing the composition, and a process for using the composition in,
for example. hydrocyanation or isomerizarion are disclosed The composition comprises repeat units derived from (1) a carbonyl
compound. a monomer. and phosphorochloridite; (2) phosphorus trichloride, a polyhydric alcohol, and an aromatic diol: or (3)
combinations of (1) and (2) in which the nonomer can be a polyhydric alcohol, an amine, combinations thereof. The composition
can further comprise a Group VTII metal and optionally 2 Lewis acid. The composition can be produced by (1) contacting a carbonyl
compound with the monomer to produce an intermediate and contacting the intermediate with phosphorochloridite; (2) contacting
phosphorus michloride with a second polyhydric alcohol under a condition sufficient to produce a phosphorus-containing polymer
and contacting the phosphorus-containing polymer with an aromatic diol; or (3) contacting an N, N-dialkyl dichlorophosphoramidite
with a second polyhydric alcohol to produce a polymer phosphoramidite, contacting the polymer phosphoramidite with an acid such
3 as HCI to produce the phosphorus-containiag polymer, which is then contacted with an aromatic diol. The composition can be used
as caualyst, for example, for convesting an unsarrated organic compound to a nitrile and isomerizing a nitrile.
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matrons of (1) .and {") in which the nononer can be a pol yhydric al cohol, an
am ne, conbi nations thereof 19 March 2004 WO 01/ 21684 PCT/%%%%}%%GXI TLE
PC].YNE% 1 PHI TE COVPQOSI TI ON AND HYDROCYANATI ON OF UNSA NI C
covPoURISe THE | SOVERI ZATI ON OF UNSATURATED NI TRI LESPCHUSIRSSSOF THE

| NVENTI ON This invention relates to a polyneric phosphite conposition and
pol yneric phosphite catal yst corrposition that can be useful for a variety
of catalytic processes, to a process TIGLE pr oduci ng the conposition, and to

a process for W@%l bRiep Qw ur at ed
organic corrpou s an 69% szc;rn::rl(gg[tﬁllﬁoﬁI unsaturat fsr%li‘trl%ﬁ:I
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and bls(phos% n general, contal osp orus donor atons
and typi cal | professes, éye pragessifed mp@cmmbemmegswwndm aﬁsqqe%ﬁer BERGlIs. 20

Two i ndustri g&klc¥nipBRabh athe ﬁ?&%b})ﬁnhﬁor{ sRishiffed sigasic RBAPBIRIsURdIthgands  of
particul ar inportance qa%re ol efin hiégrocyanat ion and isonerization of

br anchedl0 nj SpPmeEgatioy of upgaiyratsd pitiilegs . Phosphite |igands are particul arly

good ligands for both reaBACKmotmé) Oy diHie MAWBENTIONOf et hyl eni cal |y

unsat ur at ed conpoy usi Lrans n M odent at e
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phosphite |igands r-or
.exanpl e- US mm&mfwmmeasalmmpor@@sshml tr@lst‘@maggns BirnspBomzbasds.

Bidentate phﬁg&ﬁgfgsm}doa dﬁléﬁﬂ?ﬁ?&cﬁﬂﬁ%o&ﬁhmé&%ﬁ%béﬁ%@” y useful
| i gands | nt rocya at on o activated ethyle ally unsat ur at ed
conpounds® paphosphifg L 1gan§§]ge|§p;qpapgf Ham achem  Soc.

Chem Commu nsmglé%‘ﬁasphbﬂgjamtﬁmh Rtvedbs a ddnor@b@amanSiton mﬁie m
BlSphosphme bisphosphite, and bis(phosphorus) ligands in general, contain two
phosphorus donor atoms and typically form cyclic chelate structures with
transition metals.

20 Twao industrially important catalytic reactions using phosphorus ligands of
particular importance are olefin hydrocyanation and isomerization of branched
nitriles to linear nitriles. Phosphite ligands are particniarly good ligands for both
reactions. The hydrocyanation of ethylenically unsaturated compounds using
transition metal complexes with monodentate phosphite ligands is well

25  documented in the prior art. See for example.US 3,496,215; 3,631,191; 3655,723;

3.766,237: and 5,543,536. Bidentate phosphite ligands have also been shown to
be particularly useful ligands in the hydrocyanation of activated ethylenically
unsaturated compounds. See for example, Baker, M.J,, and Pringle, P.G., J
Chem. Soc., Chem. Commun., 1292, 1991; Baker et al.,J.Chem. Soc., Chem.

30  Commun., 803, 1991; WO 93,03839; US 5,512,696; 5,723,641; 5,688,986.

Recovery of the ligand and catalyst is important for a successful process.
Typical separation procedures to remove the product(s) from the catalyst and
ligand involve extraction with an immiscible solvent or distillation. It is usually
difficult to recover the catalyst and ligand quantitatively. For instance, distillation

35  of a volatile product from a non-volatile catalyst results in thermal degradation of
the catalyst. Similarly, extraction results in some loss of catalyst into the product

phase. For extraction, one would like to be able to tune the solubility of the ligand



30 Commun., 803, 1991; WD 93,03839; US 5,512,696; 5,723, 641; 5, 688, 986.

~ Recovery of the ligand and catalyst is inportant for a succ f%l cess.
"' Typi cal separation procedures to renove the product(s) from‘t@éj @a"ﬁfgﬁyst
and Iwgandiggyvol ve extraction with an inm sci ble sol ve ;,H_ distillation.
It is usually difficult to recover the catalyst and |i 3’ sﬂﬂ@#ﬁtativel y.
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general ref éPuppast Metﬁhﬁgmﬁf%F@hD-quBubm,ilﬂSS,'P&!deo’ned, M6al
Compr ohonsi o b oith it Ot dthe Chelin, PIgiioh Prost 682, “Chapter 55:
~and Bel | er,Eﬁ??&%gﬂﬁgﬁiﬂ%@ﬁ\‘%wﬁﬁ&yé@%ipg%ﬁ-p%?lﬂpﬁémﬁr,@% 10 Jour nal
of Mol et avoizaubdfidolechlar TolalysiO95104, 1985, 19985 MaEM DOm0l Symip. 19904,

80, 241. SpegjfiGald Yo h i na..and hite | Lgandy. attached t
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Chem _ 15 n.,.1996, 653. The so support or art
exanpl es caHﬁée%O%rﬁ Q‘{}’? ~al. Ay 183@%{31217%%‘}%?8@4’"45?& §&atnc in nature.
Pol ymer 13 upQomiask., 1906 6530t Riesolil Gappnt iisthedegiitd artfR¥mpPRs Bifhar ed by a
vari ety of 0 érq]%d% kg%\/\%g rtshe art o See . U. %.yﬁpat ents 4,769, 498 and
4,668,651 AR pubPriNed AT EF el 'OREr applitdti ons WD 9303839 and WO
9906146 and 20 EPolysgs5uppoidanultidentg® phogshotds liginds miay be peapareditycd oses
si de-chai N PRleHTBE Metifod kadwh DHELLE | SR1T5.81 BB 8 HBOLYS alng 438e3spis pendant
. groups.” There, i le]alal\ga¥s a.need to devel %p .a_conposition that can be used

as or in a andpublished iternational applications WO 9303839 and WO 9906146 and
20 EP 0864577 A2 and EP 0877029 A2. The prior art discloses side-chain polymers
containing muftidentate phosphorus ligands as pendant groups. '
There, is always a need to develop a composition that can be used as or ina
catalyst with substantially reduced loss during a catalytic reaction or separation of
product from the catalyst. An object of the present invention is, therefore, to
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provide such a composition and to provide-processes for making and for using the
/- composition. A ‘

An advantage of the invention composition is that varying the molecular
weight and degree of branching can control the solubility of the cc;mpbsition.
Another advantage of the invention is that the catalyst produced by the

30 composition can be substantially recovered by filtration. Other objects and
advantages of the present invention will become apparent as the invention is more
fully disclosed below. :

SUMMARY OF THE INVENTION

According to a first aspect, the invention provides a polymeric composition’

35 comprising repeat units derived from-(a) a carbony! compound, (b) a monomer, and (c)

phosphorochloridite,
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catalyst with substantially reduced | oss during a catalytic reaction or
separation of product fromthe catal yst. An object of the @éf

invention is, therefore, to 25. provide such a conposition an 0 prOV|de
processes for making and for using the conposition. An advantage of the

I nvention conposition is that varying the nolecular weight and degree of
branchi ng can control the: sglubility of the conposition. Another advantage

of the invention is- tfhgreinpad @atbanxl@ﬂwps%h@dhaﬁomu@awm@mtm on can be
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i nvention pr evinbémtianpael tyosorintore drgpad] t i on 35 conprl SI ng repeat uni ts

derived f . ‘o d

ger ved Trom (2), 2 SRR by RGNS itk SO B onR ) g%?%gesnpound

the formul a Pelyéydacialeohols, prinesgans goneinations iegeodt

(R102C) n( OH) - Ar 4=( OHpffefiRdaidphosp B&&Zﬁbﬁﬁ%aﬁh@f&%mﬁ{ &1&!{!‘& fr&ﬁ%ﬂ%) m

R102C A Ar 2- ( CO2RI f
\(/\/ner ei )nmsal (rjegFfB{I? pistiag %@@E‘S&FST rEg'm Iélgeg‘gb@m&?dgl %th qe)%’gghydrl C

al cohol s, amunkskedandacosthem direatlydinkbe teegxich ovbfee,rcmlimk&atdieach other '

“phosphor ochl ﬂgbﬂ%ﬁﬁonﬁ%ﬂ he formula selected fromthe group consisting of
ClP(O Ar2-R2) € Ar2 groups in-CP(O-Ar2-R2)2 are unlinked to each

other, directly I|ink#éderin é@glﬁrétm@ﬂeﬂ@r lromtresgrottp censisting off £ tOICIaoough

group AZ; wheh&iylerReypd tcSC Rd 1Y’ { f ta ;
0 phenyl ?é%rl 016 brlg'ﬂm {;lgﬁlmgng'? o W%%g@%%% W

“mapht hyl ene Sn%ﬂg q@iﬂ’ WB‘I’%&B‘?H ‘éﬁ%‘”&r‘gﬁﬁ"”’éﬁﬂ’r‘ém ations of two
“or nore thereof; \Ahem;enenneacihAﬁ?ne mckpemtéapysmimtéd fromehe gtoag chngistinghe group

o oL ing SFCER gy SO RAEANLENS, HoBmabihflyiee brtdp BRI EABAG! OUP. - 2N

conbi nati ons . there ere ec e group ConS|st|ng of
-C(R1) (RI), th?rwﬂ -N(R1)-, -S, -5(0)2-,. -S(O-, and combinations of two
or nore thereof; whewhbRireAL by FBlecicd fididl GRAPEGNEInKisEBE BELQRIHRAM Idhe group-
consisting ~ -N(R1)-, -8-, -8(0),-,- -S(0)-, and combinations of two or more thereof; ' -
wherein each R! is independently selected from the gro-up consisting
of hydrogen, C; to Cy, alkyl group or cycloalkyl group, Cg to Cyq aryl group, and
combinations of two or more thereof;
whercin each RZ is independently selected from the group consisting
of hydrogen, Cy to Cy; alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3,
Cg to Cyq aryl group, F, Cl, -NO,, -SO3R3, -CN, perhaloalkyl, -S(O)R3,
-S(0);R3, -CHO, -C(O)R3, cyelic ether, -AlZ, and combinations of two or
o3 - more thereof;
wherein Alisa Cl to Cy5 alkylene group;
. whercin Z is selected from the group consisting of -CO,R3, -CHO,
-C(O)R?*, -C(O)SR3, -SR3, -C(O)NR!R!, --OC(O)R3, -OC(O)OR3,
-N=C(R1)R1, -C(R})=NR!, -CR!)=N-O-R], -P(O)(OR3)(OR3), -S(O)R3,
-S(O)R3, -C(O)OC(O)R3, -NR3CO,R3, -NR3C(O)NRDR], F, Cl, -NO,,
-S0;3R3, -CN, and combinations of two or more thereof;
wherein each R3 is indepefidently selected from the group consisting
of C; to Cy5 alkyl or cycloalkyl group, Cg to Cyg aryl group, and combinations
thereof: and
wherein each m is independently a number in the range of from 1 to 2. -



of hydrogen, C.1 to Cl12 al kyl group or cycl oal kyl group, C6 to C20 aryl
group, and conbinations of two or nore thereof; wherein eagm g% %%

i ndependent|y selected fromthe group consisting of hydrogen, lf C12
~al kyl or cycloal kyl group, acetal, ketal, -OR3, -C02R3, C6 to C20 aryl
~group, F, d, -NO2, -S03R3, -CN, perhaloalkyl, -S(OR3, -S(O 2R3, -CHO
-C(OR3, cyclic ether, -AlZ, and conbi nations of two or nore thereof;

wherein Al is a al kyl en r. vvher |s sel ected fromthe
group consi sting %P}d%é%%ée gﬂ%( dpn pr ‘%fgﬁgﬁne%omm@tl@ NRLR1,

P% ?)0233) co@p(iDRfat ;mfkidéiﬁﬁﬂs ﬁgin (1) lﬁblg:(h)égﬂmog(ibgogg% RJO&%(%%”RW both, (2)
-NR3C( O N( Iﬂ%dmﬁ'%og’l R%I\af“m(o"égap&] -CN, and conbi nations of two or nore
t her eof ; wherei I’msandhlgmathﬁdla&]lﬂﬁpﬁﬁﬂﬁéﬁﬁoﬁp&ﬁld@ﬂﬁdceﬁfﬂiﬂphbﬁggi)OUp
consisting al k cl oal k u ryl group,
and. conbi nat ?%‘n“s% acpRo eyif éo%onée&t%pﬂ& “meé’ﬂ%dh"g‘éﬁ?‘f??a nunber in
the range @bntﬁtrtmmsm&mtezmerﬂat&santh/hphdspm&dﬂo@ﬂﬁordi ng to a second aspect, the
i nvention provi des r I}-Pﬁ_ll its derived
from (1) phosphor us‘ﬁtw?ﬁl‘:lﬁ?@ dag:'gﬁglr%@ ﬂg lﬁ% E@ec,?%fﬁ%%l %ydri c;
al cohol , arfroymgonsisting 8RER I QCiGPE) A(E )lﬁ third aspect the
“invention qn@@bgggcn{)mﬁcgawhm D(I(}Dﬂg)[ﬁ e(Rloggpt UL G- (@O}RUPOM conpound

ce an inter fid (b) contactiny said

Wi th a nonaner
i nt er medi at< Qni}ﬁ“faﬁi E ﬁﬂ%p‘if&%r& %F?di te \/\herei n said carbonyl. conpound has
t he formul a sel ect exhereinszitl meonogreo igxsebastesi fsdm tige gbup consisting of .

(RI02CWOH) ﬁ%{?%‘%@%ﬁa}mhﬁ ﬂﬁ&%ﬁ éﬁoqi)tﬂé% : A2- A, r2- (OH) (CO2R 1) m

g(RlOZC) and ons of 'two or nore thereof,
‘wherein said anoné‘iher@n%ii@bf)wombiﬁndﬁe has e fomaia seedteyfrem theyol yhydri c

al cohol s, amiESnsiaitg spmn(oa,wcmaz tmembésoupbﬁir(gmm%ﬂw) are S
phospter o ok By B S T o fircors 200 o
ot her, di r duohgh gionged;t o each ot her or li nked to each other = through
group A2 wherein each Ar! is selected from the group consisting of p}ienylene
group, biphenylene group, naphthylene group, binaphthylene group, and
combinations of two or more thereof;
~ wherein each Ar2 is independently selected from the group consisting
of phenylene group, naphthylene group, and combinations thereof;
wherein A? is selected from the group consisting of -CRD®R!)-, -0,
" -N(R1)-, -S-, -5(0),-, -S(0)-, and combinations of two or more thereof:
wherein each R! is independently selected from the group consisting
Iy of hydrogen, Cy to Cy, alkyl or cycloalkyl group, Cq to Cyq aryl group, and
- combinations of two or more thereof; _ .
wherein each RZ is independently selected from the group consisting
of hydrogen, C; to Cy, alky! or cycloatkyl group, acetal, ketal, -OR3, -CO,R3,
Cg to Cyg aryl group, F, Cl, -NO,, -SO3R3, -CN, perhaloalkyl, -S(O)R3,
| -8(0),R3, -CHO, -C(O)R3, cyclic ether, -AlZ, and combinations of two or
more thereof;
wherein Z is selected from the group consisting of -C02R3 -CHQ,
-C(O)R3, -C(O)SR3, -SR3, -C(O)NKRIR!, -OC(O)R3, -OC(O)OR3,
N=C(RDR1, -CRD=NR!, -C(R1)=N-O-R!, -P(O)(OR3)(OR3), -S(0),R3,
-S(O)R3, -C(O)OC_(O)R3, -NR3CO,R3, -NR3C(O)N(RINR], F, €], -NO,,
' -SO3R3, -CN, and combinations of two or more thereof;
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wherein each Arl is selected fromthe group consisting of phenyl ene -group,
bi phenyl ene group, naphthyl ene group,. binaphthyl ene group,,

conbi nations of two or nore thereof, wherein each Ar2 is mﬂ%rﬁggﬁpﬁy

sel ected fromthe group consisting of phenylene group, naphthylene group,
and conbi nati ons thereof; wherein A2 is selected fromthe group consisting
of -C(R)(RY)-, -0-, -N : 0)2-, -S(O-, and conbi nati ons of
two or nore t her eof - “ikﬁ’@?’bﬁ%lseﬁag t%@”l lmémtently sel ected fromthe

group consisting of whydingeRRG iddep &hzn@&i‘éréct&ffrsaﬁhé’g#o% ol Qi €6 to
C20.aryl gro F ?g %c:lggm nathﬁpﬁ t rm th ereo ereln each R2
is i ndepéndeﬁ P)‘/ SXPRUSIENELTS) Ib@ 8(919 EFRYD: #1d comhingigns, C | to C
12 al kyl o thetgoct'iamdl kyI group, acetal:, ketal, -OR3, -C02R3, C6 to C20

. a% gr(&Jpo) Rg ((:jycl |-c et’h égg?’iﬁsim@len C%hg%%" hgth&%g’%g?g Fﬁg’?%ZRB;

t hereof, wherein Acb&dlﬁg{(ﬁqg, &H‘ﬂ{eh@veﬂﬁ odif t%omprn gs
O R3, 9 Ri ; F@ %@gd(% RI
g((RI) ) =NRI & %?(“?%F‘?&R?@féilzf’( D)O( @ﬂ&)‘*(lmaaolyhy@écoa)lmg%m pra8(@)aR3, )

O O R3 phosplidsésddinimy , 03R3 CN, and
Cg(nbl)g'gl Zjnspg:E two or rgﬁﬁg%gf %%?g@@gl@kﬁmg@%ﬁq.c ereﬁ?"k’ﬁ‘e is aCl

‘to ClL 2 al kyiW &8 gPEats Wnerel n each R3 is i ndependent |y sel ected fromthe
group, consisti nngéb%d:E@:otaQ‘mQJa;’pe@!,hﬁé'm&ﬁuonﬁif&h&b@'a'@’ cesg%glﬂﬁr‘gm% o C20 aryl
e

. group, .and co at i r eof wherein each mis dently a
nunber in th& %ﬁ%ﬁﬁfq‘%‘ﬂﬁ? E’L‘c'ﬁ"BrOEhOSPlKEWﬂ? Tish & polahyidrio ricbhad yereduce t he
i nventi on prmpolﬁﬁ&@hﬁ@ﬁ@r@ﬁﬁht@@ﬂ%hﬁétﬂ@ Sél@bo%@ﬁ@%ﬁg@gﬁ Gdins i CI ZP( OAr),
or

;01y both, with, 3 drlc al cohol, to produce a us- co tai ni ng
pol ymer and B ‘fo Rhﬂﬁ’h%‘af@“&ﬂ'&%%FB@ﬁ%@aﬁmmggMMhomth an

~aromati ¢ di otontaltepolinitg with aarbini¥d di@spect, the invention provides a
process conprising (a) contacti ng an N, N- di al kyI di chl or ophosphor am di te

with a pol yhydric al cohol DEBA; @i dite, (Db)
contacting said pehy aci 0 _.produce a
phosphor us- cont ai ‘ri])?]nggrghﬁyrr@%%gg?%gé%n?%c%‘?cr%segé’? g‘e E%ﬁ{f;sa,lso
- referred to as ligands in the application. According to the first embodmlent of the
invention, composition A comprises, consist essentially of, or consist of repeat.
units derived from (1) a carbonyl compound, (2} a monomer, and

(3) phosphorochloridite.

L
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containing polynmer with an aromatic diol. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The pol yneric phosphite conpositions disclosed i rwé@ecl rzﬁﬁgt I on
‘are also referred to as ligands in the application: Accord 8 first
enbodWee#if2168 t he invention, conposition A conprises, PEBASOYRSS6$sential |y
of , or consist of repeat. units derived from (1) a carbonyl conmpound, (2) °
a nononer, and (3) phosphorochloridite. 3b 19 March 2004 WO 01/ 21684

PCT/ US00/ 25568 Tiike carbixgyl gbmponmbhesthé fsmutaerfiBF @), (OH)¢A1 02C) n( OH) - Ar 1-

,(Araz_l) ,(6\?22(R O—&%@f@nﬁ"gﬁ Qj% ﬁ?)(bx'g_%?ﬁézﬁ B%kr% the?@&%e nonomner

i s sel ect edAf-Ar3-(OH)GMRY ) gandicembingtions @WP%E“%%WWH c 5 alcohol, a
diamne, a tri amﬁﬂ? mofio gf Ls%%[&@@’fro%@dxe(‘g%ﬂﬁ ddakik@RpSoft Fsepblyhyfdiec t erm

"pol yhydric alco used herein refers to,, unless. ot glervm Se | ndi cated, a
nol ecul & hadlcaRp! i%\ﬂ‘aﬁﬁn%ﬁ@mﬁy’&r%mw&f“&ﬂi‘g m@h‘?ﬁ‘ﬁf‘f “&%%y0l yhydri ¢
al cohol can be se’heeetrmd polybiydiib alcghall pseeidresdis tafery tnuﬁ:nths&bﬁmhniss,

trial cohol | d th f. 10..
The t i ror. pEIARH: B e e ARG InAR B3y Lo bl SEFN ne o oup
consi sti.ng p@lybymmlmhqlc&omse(lmdnﬂmnéh%mw consptipgef d ﬁ@ohphrz (O -Al-

E%ﬁ{g-(m& i Db Riof é@t&&)o%@f&thﬁféof(?‘b(%(p\?‘bon_?)
re r

(HOm-We-(0A ?Beérs&meﬂwlﬂlﬁ?k%‘«;&# ﬁigg”ﬂ? &%3?#%3@% "&PP .
Ar e- A2- Ar 2- (63 sting (CEQUHO gawbmg%@n%m@( (B A HORAAE-(OF-8H - Ar

the groﬁgdcgﬁg&ﬁﬁgﬁb’f W@B(QEP HpééHf) rd’ggmé%}%ﬁ llgctjsgh]ce:lslmene

aroup. C 1OOIBmO@f@0H&bh,(®§7ﬂ)e°ﬂéﬁgzr6£?p(0 e'm{)%am A DafAEAE s oup, and:

??m ?ﬁ.gl gp ggé\gﬁg )e tpt]—E.I’@QA I’Q{)[—E i Adependsn, | } dam .y sel ect ed)
napht hyl&ne (@f')léu‘pm§ dAEO{FBHMt(HGﬁ@ %e’?eg - é‘gﬁog{:&?’ﬁf&‘ll%f ggmwt ly
selected fr (}Bl}parﬁcﬂlﬁmrﬁhatMSOftv@nrtmoﬁllﬂeredl kyl ene groups. Each A2

''s i ndependently ES L%Ci 15 seIecPe@ f%oryf‘ tl%ré?b'tﬂa &)ngﬁﬁﬁé 6{‘@6 & Cao phcnyiene

group, Cy5 to C4q biphenylene group, Cyg to Cyg naphthylene group, Cyq to Cy4p
binaphthylene group, and combinations of two or more thereof.
20 ‘Each Ar? is independently selected from the group consisting of Cg to Cy4q
| phenylene group, Cjg to C4o naphthylene group, and combinations thereof.
Each Al is independently selected from the group consisting of Cy to Cy5
alkylene groups.
Each A? is independently selected from the group consisting of
25 -CRIYRD-, -O-, -N(R!)-, -§-, -S(O)y-, -5(0)-, and combinations of two or more
/ thereof. ' ‘ Y
Each R! is independently selecied from the group consisting of hydrogen, o
C, to Cj alky! or cycloalkyl group, Cq to Cyq aryl group, and combinations of
two or more thereof.
30 . Each R2is independently selected from the group consisting of hydrogen,
C, to C;5 alkyl or cycloalkyl group, acetal having 2 to about 20 carbon atoms,
ketal having 2 1o about 20 carbon atoms, -OR?, -CO,R3, C¢ ta Cyg aryl group, F,
Cl, -NOs. -SO4R3, -CN, perhaloalkyi having 1 to about 12 carbon atoms,
-S(O)R3, -S(O)}R3, -CHO, -C(O)R3, cyclic ether having 2 to about 10 carbon
35 atoms, -AlZ, and combinations of two or more thereof.
Each Z is -CO,R3, -CHO, -C(O)R3, -C(O)SR3, -SR3, -C(O)NRIR],



25 -C(R1)(.R1)-, -0-, -N(RD)-, -S, -S(O2-, -S(O-, and conbinations of two
‘or more thereof. Each R} is independently sel ected fromthg) rog%o

consi sting of hydrogen, C to Cl2 al kyl or cycl oal kyl group, 6220
Laryl ng@%’m conbi nations of two or more thereof. 30PEHUROIRES6SS

| ndependent|ly selected fromthe group consisting of hydrogen, Cto C 12

al kyl or cycl ar e 2 rbon atons, ketal
having 2 t.o a%@‘ée} gﬁ@éﬂ’ﬁg @angan%cﬁ}S %8@6"2}?6) gﬁo aryl group, F,
d, -NO2, - SGBEG)(OR@NDR%J—lSé(D)aRBJeﬁ(O}ﬁwG@)OC(@)IG’QeNRWO R3rbon atons,

E’:g(g??ﬁs %@(Oﬁgﬁq%rfbl nat | oﬁs@@h?c grth%r kS’PH%‘P"% ‘#gbq%:‘g@z %% carbon

-CO ) R3, CH@tom dcozpbpsmnsofmwmqe@mm 4 WD 01/ 21684 19 Mar ch
2004 PCT5USO0/ 255@0%11 m@(@%ncre%(@ corgi 'i**@lmo %2

-C(Rt)=N-ORL,, .- S ,
NR3CO2R3, - )@N‘l_é%@} éfoulacsto agzgwl @GEPQS““S[S’Q &PH&P% emﬁ w ng | to
about 12 carbon atRarh,m ifNdependentigriivitiet inthe edngbwhfrom DMy 2 thereof . 5 Each.

R3 is mdependentlgacﬁ&lc;%&%eg H&ng%_q}ml %ﬂéé‘,i%ﬁo 1Qtf 1 to Cl12 al kyl

or cycloal kyl gro 19 "thereof Each m
i s i ndependent |y alheunrbsently pretfmedrcart@eybﬁonmoundﬂamd@ters, EmhiSpon S

mdependqotl;&oﬁlmmﬁgtﬂepec;fhe range of from1l to 10. The presently
preferred carbonyl ounds  are diesters,. diacids, or 10 conbi nations

t her eof Exanpl es cﬁ"‘aél"tﬁ es0fiswitahle diegters op diagids dnchade, huy avgaot lijnitediice not
limted to thesehstwawaldeel ow. 02R1 R '02 15 in which each Rl is

i ndependent|ly selected fromthe group consisting of hydrogen, C1 to C 12

~alkyl or cycloalkyl group, 26 tHC20 aryl group, yand onbi nati ons of two
‘or nore thereof. The'lotder 805||on oFE\ thAtar o |c ings _can al so be
substituted with an al kyk ou“OFt 20

conbi nati ons t her eof

in which each R! is independently selected from the group consisting of
hydrogen, C to Cy, alkyl or cycloalky! group, Cg4 to Cyg aryl group, and
combinations of two or more thereof. The other positions on the aromatic rings
can also be substituted with an alkyl group, ether group, ester group, or
20  combinations thereof.
Specific examples of suitable diesters or diacids include, but are not
limited to, dialkyl 2,2"-dihydroxyl-1,1"-binaphthalene-3,3'-dicarboxylate, dialkyl
L | 2,2’-dihydroxyl-1,1’-biphenyl-3,3’-dicarboxylate, 2,2"-dihydroxy-bipheny}-3,3’-
' dicarboxylic acid, 2,2’-dihydroxy-1,1’-binaphthyl-3,3’-dicarboxylic acid and
combinations of two or more thereof. ‘ -

2%
Lh

The diesters or diacids illustrated above can also be blended with one or
more second carbonyl compounds such as, for examples, (R10,C),, -Ar!-
(CORD),, (RIO,0)y, -AMCO,R ), (RIO,C)yy, -AF2-A1-Ar2-(CO,R1),,
(R10,C)g, -Ar2-(0)-A1{(0)-Ar2(COR )y, (R10,C)yg (A1-0)-A-(COR ),

30  and combinations of two or more thereof.

Examples of the second carbonyl compounds that can be blended are
terephthalic acid, isophthalic acid, phthalic acid, dimethy! isophthalate, dimethyl
phthalate, dimethyl terephthalate.



Specific exanples of suitable diesters or diacids include, but are not
limted to, dialkyl 2,2'-dihydroxyl-1,1'-binaphthal ene-3, 3’ | at e,
di al kyl 2,2'-di hydroxyl 1, 1' - bi phenyl -3, 3' - di car boxyl at e, 19(:]“3%5%6)‘

2, 2" -Wioniaaesty- bi phenyl - 3, 3' - di carboxylic acid, PCT/US00/25568
2,2'-dihydroxy-1,1'-binaphthyl-3,3'-dicarboxylic acid and 25 conbi nati ons
of two or nore thereof The diesters or diacids illustrated above can al so

be bl lended(\glg 2 Tlﬂﬁﬁ% pol B/ clencsﬁiacfoclaq{i aﬂzvglla%mﬂzc ;?neaﬂnwl C%V%Eig:ﬁ&l aﬁ@f

exanpl es t.- t%% f@fh n&f&

-Are- At - Art-f’{féi%éiﬁ’lﬁ? £ e RS20 m
-(A1 -Op- mrton(:mh)'ﬁhealeﬂwddnds dmrfbnnahaldméoaﬁﬁmmabpvmre t her eof .

Exanpl es of the %wgﬁ gg,@wgg BRlie AR1 aftSd ligfied

terephthallc aci |sop al’i c 3@% E&Plc EC| §Kklt ﬁqlsop%thalate
di met hyP pyEas a8 follpwet hyl terepht haI ate. 5 19 March 2004 WO 01/ 21684
PCT/ US00/ 25568 The first poI hydri c al cohol can be aromatic as in a phenol

or ‘aliphatic as .in_an : QI and caRogontain two aronatic al cohol s,
two aliphatic al coRbrs Sth. The arc has the formul a |
di scl osed in the above. anpl esTof first polyhydric fjol s include, but

are not limted to, those 5 illustrated as follows. HO HO OH OH QH H HO

O her exanpl es of pol yhydric al cohols are hexa(ethyl ene glycol), 1,3- 10
propananedi ol , tetrage g=glycol ), 1’4}§¥T%§ exanedi ol

2, 6- di hydr oxynaphs iQtations o or nore thereof. In
addition to the pol yhyd ohol s shown above, conpounds contalnlng
three or nore hydroxy groups can be used An exanple is 1,3,5-

benzenetri carboxylic gcid.

NG v Sy O e

H O).l
T Y

Other examples of polyhydric alcohols are hexa(ethylene glycol), 1,3-

10  propananediol, tetra(ethylene glycol), 1,4-cyclohexanediol,
2,6-dihydroxynaphthalene, or combinations of two or more thereof.

' In addition to the polyhydric alcohols shown above, compounds
containing three or more hydroxy groups can be used. An example is 1,3,5-
benzenetricarboxylic acid.

15 The monomer can also be an amine selected from the group consisting of
diamines, triamines, tetraamines, and combinations of two or more thereof. The
amine can be primary or secondary aliphatic amine. Some e-xamples are 1,6-
hexanediamine, N,N’-dimethylhexanediamine, 1,4—butanediamine, and
combinations of two or more thereof.

20 The phosphorochloridite has the formula selected from the group
consisting of CIP(O-Ar2-R2),, where the Ar? groups can be unlinked or linked -
directly or with group A2 and the R? group is preferably ortho to the oxygen. b



15 The nononer .can al so be an am ne selected fromthe group consisting of
"di amines, triamnes, tetraam nes, and conbi nati ons of two Ofo BFH dbqr eof .
The amine can be primary or secondary aliphatic am ne. Sone exanples are
1, 6- he¥XQ988168%i ne, N, N - di net hyl hexanedi ami ne, 1, 4- but apedivsg)/pssg and
conmbi nations of two or nore thereof. 20" The phosphorochloridite has the
formula selected fromthe group consisting of CIP(O Are-R2)2, where the
Art groups can beEwahplek eflpiiosphorkhibridite iredddey burarsavndtirgitedp, fdsand t he R2
group i s prefefabhdo@tho to the oxygen 6 19 March 2004 WO 01/21684
PCT/ US00/ 25568 Exanpl es of phosphorochloridite include, but are not limted
to, those shown below CF 5 ip,which the ot hﬁg positions on the aromatic
& so be substituted with

ring, i.e., para or neta to th s[' Jen atom Cy
al kyl, ether or ester groups, or pbi nations o

hWo or nore thereof.
Conposition B conprises repeat {inits derived ffomf(1) phosphorus

trichloride, (2) a second pé&¥yRydric al cond¥Rand](3) an aromatic diol.
Phosphorus 10-trichloride .( PC@:@ be bl engedAWFyh C12P(OAr3) or
yl-,

Cl P(OAr3)2 wherein Ara is a C6 to aryl group whi ch the aryl group -
can be substituted w th al kyl, et her, or conbi nations of two
or nore thereof The location oR’the ©H groups Rhoul d be pl aced such that

the interaction or reaction with PO3 will not |ead to predoni nate
formation of nonodentate 15 phosphites. Preferred second pol yhydric al cohol
has the fornmula selected fromthg Xgroup consiFSijRy, of

(RAY(HOmMmAre-A -Are- (OH)m(R4) , HO m Ar 2- ( Q )p-O Ar2- (OH) m(R4),
(RA)(OHmMmAr2 Are-(CHMR4), (R4) FOHIM Are- A2-OAr¥ (OH) m(R4) , :
R (HOMmAr2-Al -C(O-OA I -Al -Aref (GH)mM(R4), 20
(RAY(OH)m Ar' - (OH)m(R4), andgqdbi nati ons ofH more thereof; when R4
is not hydrogen and | ocated or Q0 the CH t he ot her substituent
"ortho to the OH group is hydrogef
t he group consisting of hydrogen,
acetal having 2 to about 20 car bd

5  in which the other positions on the aromatic ring, i.e., para or meta to the oxygen
atom, can also be substituted with alkyl, ether or ester groups, or combinations of
two or more thereof.

Compoéition B comprises repeat units derived from (1) phosphorus
trichloride, (2) a second polyhydric alcohol, and (3) an aromatic diol. Phosphorus
10  trichloride (PCl3) can be blended with Cl,P(OAT3) or CIP(OAr3), wherein Ar3 is
a Cg 1o Co4 aryl group in which the aryl group can be substituted with alkyl, aryl,
ether, ester, or combinations of two or more thereof. - '
The location of the OH groups should be placed such that the interaction
or reaction with PCl; will not lead to predominate formation of monodentate
15  phosphites.

- ' Preferred second polyhydric alcohol has the formula selected from the

group consisting of (R4)(HO),-Ar2-A!-Ar2-(OH),(R4), (RH)(HO),,-Ar2-(O-
Al )p-O-Arz-(OH)m(R“), (RH)(OH)-Ar2-Ar2-(OH),(RY), (R4_)(OH)m-Ar2-A2-
Ar’-(OH)(R%), RH)HO),-Ar2-Al-C(0)-0-A!-0-C(0)-Al-Ar2-(OH), (R4,
20 (RY)(OH),,-Arl-(OH)(R?), and combinations of two or more thereof; when R4 is
not hydrogen and located ortho to the OH group, the other substituent ortho to the
OH group is hydrogen.
Each R4 is independently selected from the group consisting of hydrogen,
Cj 10 Cy, alky1 or cycloalkyl group, acetal having 2 to about 20 carbon atoms,

7



7 19 March 2004 WO 01/21684 PCT/ USO0/ 25568 ketal having 2 to about 20
carbon atons, -OR3, -COR3, C6 to C20 aryl group, -Si

-S(O R3, -S(O)2R3 -CHO, -C(OR3, F, d, -CN, perhaloalklﬂﬁawng to
about WO WWAIBHN at oms, - C(O) N(R3)(R3), -AlZ, and conbi PGFUSHLSES t wo or
nore thereof 5 Each Zis -CO2R3, -CHO, -C(OR3, -C(OSR3, -SR3, -C(ONR R1, "
-OC(OR3, -OC(OOR3, -N-CR R1, -C(R1)=NR1, -C(R)=NOR1, -P(O(OR3)(OR3),
:ggyc,))R:ZJ,RS Cl\ll%t%)l))ﬂg%m f&n)qtb%;fqﬁ Ebon MSRSQIIB, -CONB ¢ @) k3, Bﬂ}dt IE;/U Sel e;:'lt\lgi’
fromthe gr‘cﬁ&%g’c'gﬁ%z §§ &Qiﬁﬁ GSEE)@ C@é ¢{©P o?@@» | kyl group, C6
to C20 arylpahﬂuﬂkyhmlmg)htvmdmsmﬂ)bmaMS, (WiBN(EFQA}(R% Mdepmhdent | y

sel ect ed fromthetl lfg\"S% ﬁi"%% f Clto C12 alkyl group, Clto Cl2
cycl oal kyl %‘Ef CO2R3 CG to C20 a{ group,
setond 55?31%3 Eé@ms C(?isa Eigoiﬁ%(@m H%%@f%x%ﬁ@ 15

second pol yiy@io INDER (R m OF

(OH) mAr | - @Qd@) S e hydri c al cohol s

i ncl ude, butfﬁéa 6 iggt3 §&ﬁ[§ ?@ﬁ‘é%@lﬁ ﬁﬂg’h@; %WI ng fornulas. 8
WO 01/ 21684—1*&10@6))?{&1@41, EXCIOHNOg, +816),88, RN, andorbinatienstthereefine as di scl osed
fo the oxygen at Bt Re s Rer@RACiE, ocRtcEtiirt the foyp QRBLRAE SN ELCE: O or
gr oups.1® Solkkl eregyclostion graupeCe sarfrpo &3] gorpang: CDH'ibWH%%@CWO a4 ., 7,7, 7 -
hexarret hyl  bi s- 2yhen30i #Qd¥p @ﬁ@éhiiif%e%ctedlfx@h‘lmblgtcﬁiphﬁﬁﬁkt&xg M(Spia;etn | A

4 4 “(1- et Qyi gegoﬂp,l 1dt%n lzbc!y%: oal grnfﬁtppgccpal qpe¥al) %n%&zRﬁ C% tot{|I ophenol
aryl group, -SiR3, -SO3R3, -S(O)R3, -S(O)R3, -C(ONRH(R3), -AICO,R3, or -
A!ORS3; the second polyhydric alcohol can be (OH)y-Ar!-R4-R4-Arl(OH),, or

15 (OH)pAr!-R4-ALR4-Arl(OH)y,.

Some representative second polyhydric a]qt_)hols include, but are not

limited to, those shown in the following formulas.

Al OR3: the

v-l-h

=)
I 3
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~dlhydroxydi phenyl sul fone, 4, 4'-sulfonyl bi s(2-nethyl phenol),
"~ bi s(4- hydr oxy-3- net hyl phenyl )sul fide,-

2,2 - dlc},§6 fgly oxy- 3- et hyl phenyi ) propane, 4.4'" 10 19 March 2004
ethyli Enebrers 5. di met hyl phenol ), 4, 4' - propyl i denebi s( ZCFUHPRINAG| phenol ),
4,4 - benzylldenebis(2,5-dinethylphenol) and
4,4' -ethyl i denebi s(2-isopropyl -5- nethyl phenol ) g¢ Thesg pol yhydric al cohol s
can be produced by those ski'lled in the art. Fory _exgnple, the diacetal can

be prepared by refl uxj¥m, di ey ol prop |§%Ialdehyde
with oxalic acid &g eptnces ' j acetal from
acid catal yzed reacti g de and an alcoh 4 sdletrahedron, 19

March 2004 PCT/ USOBP25568 9 19 Nar &-2004 WO 01/ 21684 PCIT/ US00/ 25568 1996,
14599; Tet. Lett., 1989, 1609; Tetrahedron, 1990, 3315. 1, 3-bis(2-

hyr oxyphenoxy) propane was prepared by a literature procedure, J. Og.
Chem, 48, 1983, 4867. 4 4' - et hyl i denebi s(2, 5-di net hyl phgnol ) ;

. 4,4' -propyl i denebi s(2, & dlnethylphenol)
4,4'-benzy|idenebi$(2,/ . d 4,4 5 o
et hyl i denebi s(2-i sdpPo o@' & =Dl N0 ohe pr epar ed accy ng to -
Bull. Chem Soc. Jpn., ¢ J In add h 828l yhydric
al cohol s shown above, compounds ®ontai ning nor e H nol i ¢ groups
can be used. Representative exanples are shown
t he sanme as discl osed above. The other position
preferably pars or neta to the oxy®
al kyl , ether or ester groups. The agror
20 wherein R4 is the same as di scQosed

ST S

on the aromatic ring,
en aton1 can al so be substltuted mnth 15

in which R! and R# are the same as disclosed above. The other positions on the
aromatic ring, preferably para or meta to the oxygen atom, can also be substituted
with alkyl, ether or ester groups.

5 Some representative examples are 6,6’ -dihydroxy-4,4,4’,7,7,7-

o hexamethyl bis-2,2’-spirochroman, 2,2’-diallylbisphenolA, bisphenol A, 4,4°-(1-
methylethylidene)bis(2-(1-methylpropyl)phenol), 4,4’-thiophenol, 4,4°-
dihydroxydiphenylsulfone, 4,4’-sulfonylbis(2-methyiphenol), bis(4-hydroxy-3-
methylphenyl)sulfide, 2,2'-dis(4-hydroxy-3-methylphenyl)propane, 4,4°-

10 ethylidenebis(2,5-dimethylphenol), 4,4 -propylidenebis(2,5-dimethylphenol),
4,4’ -benzylidenebis(2,5-dimethyiphenol), and 4,4’ -ethylidenebis(2-isopropyl-5-
methyliphenol). -
These polyhydric alcohols can be produced by those skilled in the art. For
example, the diacetal can be prepared by refluxing di(trimethylolpropane) with
15  salicylaldehyde with oxalic acid as catalyst. For references for preparing acetal
from acid catalyzed reaction of an aldehyde and an alcohol, see Tefrahedron, )

e|OMl 10 OHin which-R4 are .



WO 01/ 21684 PCT/ US00/ 25568 each R5 is independently selected fromthe group
consisting of H F, d, Cl to Cl12 alkyl or cycloal kyl,

-OR3, -CO2R3, -C(OR3, -CHO, - CN, -CF3, and conbi nations O#W%go@roéore :
t her e3¥0 OHZI6H RG i ndependently is H GC1 to Cl2 al kyl oFcrustomstdsy!l, C6 to
C20 aryl, 5 and conbinations of two or:nore thereof; and each R7 i
independently isH C1l to C12 alkyl or cycloalkyl, C6 to C20 aryl, and

Eonb' nat i on$99¥, 14599; Ger. melsoslf(gelrlle@si TelaReron! PIFY, Bg14li beblélﬁ-n bg prgpar ed
y any nean t hose skille n in ue ut are
not limte dﬁ}r&g:{nﬁ%&oxyapw e §7s %re%areq_by atllteragxre procegurrrg Je %)rg (SL

di met hoxy- 548, 1988 486Thy4, 4‘]:¢t]1}fhdnnphle@y3-dnncth2ml|phhncﬂ)gr4 ﬁ@rppﬂphndds(ﬂﬁ ng the

procedure d v
‘- et g‘?\ée nbg fg %et ﬁ{ﬂlﬁwsg‘);%? tjﬁﬂglgrﬁ ge pre ar ed accor d| ng to
BuI | Ch% eng -1sq}yggyl- -grthylphggel) can be prepared accordmg to Bull.

3h3 - di rre:jh@kymfZS'& Jph. r‘aadp,@ggy(-@gg) bi napht hal ene whi ch can be pregar ﬁd b?/
t he procedure-o 993, 112, 216; 15 di pheny
2,2' - di hydr oxy- 118 dlb %?W%Vgi‘@@%ﬁrség? PXEEOMRPMAS an be pr epar ed
by the pr ocerubmmngehx(ee pbmdrd phehelic gioaps can bheevded, REPRQentdiivE exdmplesS, 5
tetrmethyl - 2.21: 0, Bogae! and 3,3, 4,4", 6,6 - hexanet hyl - 2, 2" - bi phenol Wnich
can bel(prepared using the procedure described in J. Og. Chem, 1963, 28,
1063; and 3,3 -dinmethyl-2,2"-di h%droxydl phenyl met hane whi ch can be
prepared usingy#Hre 20 prdp,cedure | bed |nc§ynt hesds, 1981, 2,,143.
These aromat |, : 7 pol yner 3 e-pol yester
and pol yam de desc iDed dfove. THRESeMpd| yhers gont ai nifg ar Oyva
can be used in gonpositi on B of the inyéntion. The solubiljti g57of these -
iti ) \crphosphite 25 di scl osed akeve generally )
162 *@ wei ght of thespol yner and deqrsg branchi ng. For
sol ubl e pol yner ge systelw separa'fl?on c£an therefore bg one Pymextraction.
Wth insoluble polyneric systens, th® catal yst can beyp i xed beds
or separated by filtration froma reaction mxture. HAl t e’'nat Vel y, the
solubility of the polymer can be adjusted to be soluble in the®eactants
and 30 insoluble in the products. Thus, the reaction can be carried out

hom)geneousln)/wﬁlgh 1ebhRitke Qhﬁhas%&l’cﬁé@b%e TR diRd: ﬁoﬁs 62l AGhagan then

be separated b % nmeans such as decantation o tration, ccordl ng to
the second E%d’d‘? {Y ReF2 erEeta R Bt yBen etﬁ@,em%grﬁﬁﬁ%mted with

15  alkyl, ether or ester groups. -

The aromatic diol has the following formula

-~

20
wherein

R4 is the same as disclosed above; 7 i

10



.di scl osed above can be conbined with a Goup VIIl netal and, optionally, a
35 Lewis acid to produce a catalyst conposition. The term'’ ‘@ﬂ?l‘%h\%)!?h"
refersrﬁ, the ACS version of the Periodic Table of the El enents, th
.editio 625%’&3"1987), CRC Handbook of Chemi stry and PhysPCBUSHIR858, Boca
Raton, Florida. The termll 19 March 2004 WO 01/21684 PCT/ US00/ 25568 " G oup
VI rretal used in the I nvention can also refer to Goup VII1I_netal

conpound or G oupeadyR igdndeperdsntly selected fromyibe\group cansighing/pi i, Bddound i s
ATong L he G ol T e e e O oua. o cabal\ compound, or
a pal | adi um g%ﬁp%( anﬁgggéggpg?:?s%w/g%u&?{gl LeHpound is nore preferred. A
zero-val ent ni ckekachdtfpindergndentiyais .y ta Cjrgdind or tydealkdnCh Gismibced by
the polyner igs E&ﬁbxﬂ&ﬁgs%‘i‘%@&t lj.@ré@n!fc%? £ Goup VIII netal. Zero-valent

ni ckel conpounds can ener at ed accordlau%( nmeans known in
the art such as dF%“é’{%s'@QCH%d@SIBIS@ > ok 128l or eyploalkylglag tygag aryh

3, 847, 959 andnﬁc&ﬂﬁnmsofmsﬂﬁi&r@mf@fred zer o-val ent ni ckel conpounds

N' CQOD) 2 is 1 5- | t - CoH4 . H4) ,
2re, M D)2 (g e A SR AR L
conpounds camﬂ)ewoﬁxme&smqlﬁdeabuwg@ph@nﬂa@mﬂ2-tdd'l}sietpxbe3 3% a source of
zer o- val gt gidﬁééﬁég'f‘st& eHRACH 10 Nphélrjw'lérét%lﬁcﬂbé&%e%}lzpa:é&uﬁh Rl conpounds

i ncl ude conp or mul’a ere car | ate, or
acet y| acet onRfasedusg desepbed incBochsrasiontd 1% Q@és %e?a?thyl %Fq “des,
met al al um ndimdidphees) whith oin b fo¢ &edhbcor&iﬂg tdKBuldr Chiédn. SoEl g noad, ni ckel ,

preferably ni o) en tal yst, as
~described in ﬁgﬁgé \r%ug':?ieélﬁfg‘yi g H%gg’éﬂxé'o Lh@ﬂ?l{'}gﬁ% a%\pggalbﬁ Jeto- 20

“val ent ni ckelprepdfed bartb&mbc@hxmoﬁﬂealt?“m ObiralPayaBdse 1993, 1dapdke so Iong as
favorabl ezre e t lwity and
process Zcongwyhﬁyl\%h@ (Rﬁy %E)qua%l ?gﬁégﬁz dééeér%b&g?ﬁéyﬂﬁ ha&f.‘ ¥ ert io of
phosphor us |pgea?ﬁ@dtbdth@prsﬁ%dm¢é¢ﬁcﬁb@fbln Trtrabedran,. eé‘arﬁB@ﬂﬁer%Mr 1:1 to
about 100: 1, t@ﬁ@@l@j%l ﬁ@maﬁﬁggoug /66t -HeRaradxyill 2,2 Obibh AR vscipé@s phor us

P Oy e ey e e
be substi tut écﬁ’-\dﬁméthphﬁﬁbdlhydroxydiphenyhneﬂlane which can be prepared using the
20  procedure described in Synthesis, 1981, 2, 143. .
These aromatic diols can be incorporated in a polymer as in the polyester
and polyamide described above. These polymers containing the aromatic diols
can be used in composition B of the invention.
The solubilities of these composition or polymeric phosphite ligands

Tk
i

disclosed above generally depend on the molecular weight of the polymer and

S degree of branching. For soluble polymeric system, separation can therefore be

‘ " done by extraction. With insoluble polymeric systems, the catalyst can be placed
in fixed beds or separated by filtration from a reaction mixture. Altematively, the
solubility of the polymer can be adjusted to be soluble in the reactants and

30  insoluble in the products. Thus, the reaction can be carried out homogeneously to
obtain high conversion. The polymeric catalyst can then be separated by easy
means such as decantation or filtration.

According to the second embodiment of the invention, the compositions

disclosed above can be combined with a Group VIII metal and, optionally, a

35  Lewis acid to produce a catalyst composition. The term “Group VIII” refers to the

ACS version of the Periodic Table of the Elements, 67t edition (1986-1987), '

CRC Handbook of Chemistry and Physics, Press, Boca Raton, Florida. The term '

11



nore aryl groups, arylene groups, alkyl groups, alkylene groups, ethers,
esters, acetals, and ketals. 30 The conposition of the secpygh, grent
of the invention can further- conprise one or nore Lewis acid pronoters
that YPAUEBbHth the activity and the selectivity of tPET/HEASEH: system
The pronoter can be an inorganic or organonetalli c corrpound I n which the
pronot er contai ns at | eagst one el enent sel ecte Lum- titani um
vanadi um chieenr ilLmsigla yeetin ?HWemt‘,%%ﬂnta? C‘?@d {leoron

al um num  ytdofripéihd 2k G@arp VI nietad kbmplexnol ybdenum cadm um_ rheni um and

'tci)gleXgonFlaeSFlaEC e r‘?—‘?‘(ﬂ%ﬁﬁe %—ﬁ@ﬁ% %lﬁgég& & 01/S 511:2)8421

PCT/ US00/ 25%ava’tocnm@tr¢qﬁ) Gesirgd gmlystn Agngng ti:leﬁf@ep Ml N sompqunds, B A1C13,
(CBHL7) ACl \ﬁo%hﬂgé&ﬁﬂz%m blus® nipoad Slprefeidd. c;mcuaea 5,
21 4. NGO SoYRHd 2 ¢t compioling 15 Y

LaCl QBSCE
Yb( Q2CCF3) 3, compoyad is morsgpsfeed: M%O‘V%SPE‘EES]?% °°'BP%‘%H3?t"é’P@"§mﬁﬁé”'r%?‘? her
descri bed i ﬁh&d&aﬁ Haaﬁméc&dﬁy%ﬂ&i:ﬁri&ﬂ!ﬂ@ﬁwﬁﬂ}fmﬁndd 8QuFdeloBRupT™Ese i ncl ude

metal salts ﬂgga&g gel%qﬁﬁj '@@éjcaﬁrbg;ﬁ— ﬁ&%&g%&ﬁ'ﬁiﬂ C}_OCOITpOUI’ldS

h RA
EJ%U(F:’at eru 4 rsewsmwndaihqarbwhwa\ﬂlsfriﬂﬁ@} yde |3d49é8r+81 %Qﬂ X%b%;%“aﬁp%lﬁdng[ Ce)lrJE .

g ?gf tenrer 390; %%?%%2&?@9963 1weTciz»gtsa&Wf)ﬂegeéaatzbw-wem&udkbpcomsoawaaresyst em
(Cor5) 35X, NRePD (COBHdce o daastaignedand B PP GaBa AR R e ac i o o

pronoter to ¢awhiph Wid knoweiialthean be .in the range of fromabout 1:1 to

-about 1000: 1, prekﬁ gﬁ%’/‘fl b@%le&nﬁ&etlgo ﬁ&kﬂd %ec&ﬁﬁﬁédj{avﬂﬂ rgdﬁclﬁg‘gthl rd_,

enbodi nent of th rocess used pr oduci ng
conposi ti on agedi, e buveds abmee ‘valent mghel @ﬂﬁé@@ilﬁg guitable.AvalsRY |

conpound sw tx'ﬂcl@e Hgf%ﬁﬁdﬁﬁ@lﬁﬂe eoxﬁﬁaﬂid% lo@theSufrhile NaWL wherelY @éhdlRiean
C

P

i nternediate an ont a&él ng t g “&er%@dl ate h hosphorochl oridite
under a corkfTeeRRatesIrECEyiASelOBalsy GHIRRS THUCPE AR 89T osed in the
first enbodl berBhydrides] Metal divmiidim hydrides, mefal mlikylsohl Hlaszmdfig of the

Chose. o sol cEBthei TR aharerp b itk RSB pAERLARbiL) RilaalBondBlE B8
which is om tatdpisthas é&snnbed in US Patent 3,903,120, is also a suitablc source of zero-
20  valent nickel.
The amount of transition metal can be any amount so long as favorable
results can be obtained with respect to catalyst activity and process economy;
when used as a catalyst. In general, the molar ratio of phosphorus ligand to
transition metal generally can be from about 1:1 to about 100:1, preferably from

about 1:1 to about 20:1 (moles phosphorus per mole metal).

O
(W]

, . All aryl groups, arylene groups. alkyl groups, alkylene groups, esters, }

. ethers, acetals, and ketals disclosed in the invention can be substituted with one or
more aryl groups, arylene groups, alkyl groups, alkylene groups, ethers, esters,
acetals, and ketals.

30 The composition of the second embodiment of the invention can further
comprise one or more Lewis acid promoters that affect both the activity and the
selectivity of the catalyst system. The promoter can be an inorganic or
organometallic compound in which the promoter contains at least one element
selected from scandium, {itanium, ifanadium, chromium, manganese, iron, cobalt,

‘35 . copper, zinc, boron, aluminum, yttrium, zirconium, niobium, molybdenum,
cadmium, rhenium and tin. Examples include ZnBry, Znly, ZnCly, ZnSOy4,
CuCla, CuCl, Cu(Q3SCF3)2, CoCly, Coly, Fely, FeCls, FeCly, FeCly(THF),,

12



In the first step of the process, a carbonyl conpound di scl osed above is
contacted with a nonomer disclosed above to produce an intefgmgis g%ohhat
can be “’?‘ﬁ&g%’%gter or a polyam de. The contacting can be carrie W th
~any nol 25 of the nononmer to carbonyl conpound sBCT/HRY24868t he ratio
Is sufficient to produce the internediate. The ratio generally can be in
the range of fromabout 0.1:1 to about 10:1; preferably about 0.5:1 to
about 5:1, aRCLBHR)prECE; Tk, GH3RIPY;.MnGh, §¢dat ALtz (CeHmAFy t he

process can é&m?%m@ﬂ Eb”cmL?HAJ@! tﬁaemanpﬁxmwe@is, za@nomamsowag,u' ol ar

of nonomer tQ ca r C ter and acid
to reactive aidai¥prC Yéjrh fedep, LiaG 13,,121'((3{%(%3& 3%3263@53’/-‘39{*@ Snatively, the
car bonyl COWB Yaaoe Sutbidwemetdrdara fisrtodekctibed mth®r car bony! ,

conpounds | rEf °S?%§??Z%4€%?1#M‘?Zﬁ§%&” BB B8P

(RLO7TO) m Al zﬂmam:m a:(cmn(cm aldratgaaomatamctwm@@mxsnch(asemgm Ar2 35

(0)-A1-(O- ( 1 gaations .
of two o) ms B %%%%E%@ia%pw‘ﬁ%%‘hﬁ%&mm e The
contacting cdsscrkeshioM sYREressiic corthinations orRmRterande cheseg tadngTsase condi t i on
s suf ] cl erhelogtaBiicelivit6f e Qlisd toni rbferiod brineels dichude@rClsal |y 1t

or of or bty sEBde e Bl eHlso and RS hert B (Pulglibes Boc, s
under any pr@Egﬁﬁbﬁ@ﬁaﬂ‘heamlamtmmﬁpdran@eltﬂo&meprb’éﬁmeml@an bogetheaangef or a
sufficlent [offofap8hol] holaﬁauw&@big:@@&uty&%uﬂpwéﬁja&nﬁs gntacting can be

carried out nea ert vent” suc tet ra ma The

‘resul ting inter redreardingdn thsethird embediment eede fpvention, am&u SabemItsr i dit e
di scl osed ab@ied fbOproidihg B@n@@ﬂxﬂd}ﬂld@scﬁﬁ@@ﬂﬁvbemh g3 1) coieactid@anol ar ratio

of the spho ochioridit t he al coh F I nter redi ate, can
ange. f Fom nBECEL somPp e o A adb ol Sufoitpl B OdELRA

phosphor ochl mtardietlmtec&mi Beconapingduk h$®n¢amﬁspMﬁﬂm0¢MOME urglei &1 ed in
the art. For, &2‘%}5 | ¢hrWeaibod -40C
and 10C one megﬂclc\%‘f aﬁ&%QC%ﬁ&hﬁ%gﬁi&%%mg I'ar equi i\E{z?tél:l-%ants 15 of
substituted %‘éﬁ@!vepﬁoﬁhe absence of an organic base. The resulting

sol ution is thenThé aafifilonhidiscdbe bEas catboRyl@atipvand; Rdhoftfer,andase such as
an organj .

Sﬁospﬂoroc}ﬂondlte are the same as those disclosed above and, for the interest of
brevity, the description of which is omitted herein.

In the first step of the process, a carbonyl compound disclosed above is
contacted with a monomer disclosed above to produce an intermediate that can be
a polyester or a polyamide. The contacting can be carried out with any molar ratio
25  of the monomer to carbonyl compound so long as the ratio is sufficient to produce

the intermediate. The ratio generally can be in the range of from about 0.1:1 to

about 10:1; preferably about 0.5:1 to about 5:1, and more preferably about 1:1 to

about 2:1.- Generally the process can be carried out with either an excess of

monomer or equimolar of monomer to carbonyl compound. The ratio of reactive
30  ester and acid to reactive alcohol or amine of 1:1 is most preferred.

Alternatively, the carbonyl compound can be combined with a second or
other carbonyl compounds disclosed above. Additional examples of the second
carbonyl compounds include, but are not limited to (R!0,C),-Arl-(CO5R D),
(R105C)p-A-(CO5R 1Y), (R105C)py-Ar2-Al-Ar2-(CO.R 1), (R10,C)pyp-Ar2-

35 (0)-Al-(0)-Ar2-(CO,R),, (RlOzC)m-(ALO)p-Al-(COle)m, and combinations

of two or more thereof.
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produce a phosphorochloridite. Wien the substituted phenols are replaced
with substituted biphenol or substituted al kylidenebi spheng]atR®004

phosp idite is simlarly prepared frominitial one m)lar
equi val ent 0?‘ PC13 wi th about 20 one nol ar equival ent ]!f'dng%%fzg&t ed

bi phenol or substituted al kyli denebi sphenol between about -40C and 10C in )

t he absence of

ani.c base. Sukti en treated
with at |east t e@&ﬂﬁa%ﬂge%f’ egfamgﬁ 0(')‘? a#ﬁrc gé:glz&%!gﬁl‘l?ﬂ)g&c m
phosphor oc lebaditich issuffifient tqseﬁmtherIgOdMOpM%wmﬂ@m dﬁ@@rﬂh’ it he above

ranner, ¢ by g3 o GRBLARRL e ABLObRIin! HSRP1 A0 @ dbbul dspecAOC and 10C

range dur| t1on e addition sul n the
formation dﬁefaﬁblymphbﬁoecé‘aplﬂoﬁéﬁ% anﬁ?“??é&f‘i%glag L‘i%lctfP 2S¢I’;le reaction

m xtures Camnhexce@ﬁqxessmltﬁdt cith &chihmddadtha t@hpératare ampe,cinddbea probl ens in
achi evi ng

o adt ent o SRt FERhtabath migR Ol R e LA B baIRAT U €

desired pr aduatat ot withsniimgrosaleent sudhiesitetfaglymet hat t he reaction be conducted .-

Wi th vigorous skir élﬂ&g%:ﬁtc?ﬁxgﬁﬁte%ooﬁaéméﬁrb&%&éd WM, ef fective renoval of

heat fromthe reaction I':ng to the required terrper% ure range

can be accmspmlorwtemclwﬁmctt‘ém tgeolyrpeniqehosphite hgand
phosph qgoc f}{@% Bkib %f’tlﬁa ?;SHoe&hmr{dﬂtettb Ehd e{l&&{dlgﬁdlfptcﬁ” tholt@aiediatedr 35
e

pol yani ess. t han three e nt s_ of 0 nic base were utilized
in preparl%gf%ffﬂ% ﬂ%ﬂ?& ﬁage? prafera Ptynajﬂ E)?gam c base is added to
bring the totalTiegHo¥sHoemhioridite @t da ipepasesichyudryl mzad knownhie ope ocess to at

I h /
B v Lo i

t et r hydr of LHaeC amdl20°Coreonolat équivalerttiol &’Cénmtb@bemffé@tm{’héeww%h on of the)
CONMpOSii O”?f %ﬂ&u&%&@ﬁﬁd i}gthle §%§cﬂ§é besh Qghnit rbawen&re&ﬁﬂﬁg sélfitign Rase. The
addi tion ase re

ornmati on of a,sal orneg zoneutrallzmg
58

HCl . Sui t abthen Beated with gt @a%rﬂyaﬁﬂ'é“’é‘m“ﬁ% a basg,ch as |59 OFRADEG are

trial kyl ampg f glECe og?lﬁirochﬂﬁrﬁfnﬁr ek rxas eabstiteted phamleate replacedhvettgr oup
consi stin 6] ri a en

di i sopr opgl -WQF‘I‘WF’B &H%WHF%@(V gﬁ%’egg? 3?1\1/\08 the p%%te]%ﬁer eoﬁ ®i%yuch
condi t i on Csam:iaﬂyc bw;barea freaninitidtyunixingroneaolaa rgeivalet off Reimwithalbout 50C t o
about Jﬂtaleal[ gtgnyalé}ﬁ %Péubsé{?:%?t lﬂpﬁ‘aﬁ'ﬂ br mgtut@d’lﬁlk%@déﬁ@&%pﬁn@f erably,

-30C to 80(,0 can accommodat e
between about -40°C and 10°C in the absence of an organic base. The resulting

solution is then treated with at least two equivalents of an organic base to produce

a phosphorochloridite.
When preparing the phosphorochloridite in the above manner, it is
25 important to maintain temperature in the -40°C and 10°C range during the base

by neutralizing HCI, the reaction mixture can become a thick slurry. Such a slurry
can create problems in achieving good mixing of base which is imbortant in
avoiding temperature gradients in the reaction mixture which can decrease yield of
30  the desired product. ‘It is important, therefore, that the reaction be conducted with
. vigorous stirring or other agitation to allow effective removal of heat from the
reaction mixture. Cooling to the required temperature range can be accomplished
by well-known techniques in the art.
The phosphorochloridite is reacted with the intermediate polyester or
35  polyamide. Ifless than three equivalents of the organic base were utilized in
preparing the phosphorochloridite, additional organic base is added to bring the
total equivalents of organic base utilized in the process to at least three. The

14

addition. The addition of base results in the formation of an insoluble salt formed A



.tenperature range, and for a sufficient tinme of about 1 mnute to about 24
hour s. The base used in preparing the ligands is generallwgqag% 2%53 and
sol ubl g %) pg reaction nedium Suitable bases are the ’%F
~d|sclosed above. The phosphorochloridite can be prepar o met hods
known in the 15 art, for exanple. One nethod involves treating phenols
with PCl1l3, such as descrlbed I n_Polyner, 1992, 33 16 I norg. Syn. 1996,
8, 68; US 5cmtwso>aﬂbwr9622%8f%ﬁﬁﬂe%mﬂﬁ6‘ﬁ’5mSR& asT‘éF‘Fé‘ﬁ\O"l%G 535, 221.

Whien t he pheasgRaronesh Qﬁddi‘hk@n@tﬁﬁﬂ@ﬁffb&nﬁ)t@ﬁﬁ@d’xelp?o@mmdnyblffiied from PC13,

th f d thod al the t t e ' | "
e et e SRy i AN b A i
di aryl phospbﬁbmchlﬂtemtheﬁnnahenbéaml(RS@BQNE’(I@FIW%E Snall®' js a Ct

to G4 akky b LRaghikBnhan ubstituted
phenol vvlgthIb Ezgl Ezﬁ%{%ﬁj%ﬁgﬁs Esﬁeiﬁwbﬁ%\%ﬁ@n gg@ ‘i ugﬂr?eggosgl sclosed in

. WD 9622968, P ?ﬂafsseﬂ%e%@em the graug CPa%%‘mg n¢.The N, N-di al kyl
25 di aryl phesghyadi ldn€ifie Qaahpmpﬁ@masqﬁopﬁmmmmbmmmrowed in

Tet. Lett. 1993 645 , Aus

Gem - 1901 9F i oyagrt gt ek PbRGRAS et el empeadicin AR farbipe, o

i nt er medi at domi atwuf -398Cyesbhat 1507C, potly )d@ouar"éP@H@\ahOlﬁdIOBW ag 1 9 March
2004 V\O 11 er

ohosphi 10 NeTRP R s "So@f gom‘&fug%?ﬁ%%%ﬁ?ﬁ“m@ﬁ% of the
pol yner depteRRSEAtHISRRLCe 3R aébh E%?‘%G'mea&fc?bfam hemyse FFE%?P“B g@'é'isr e by

adj usting the COMHEbh@NBein praparigabe sigasds is henemllieaihydious anbssiibleconpound,

Compost £ or e geachPB AEAGE: 5\9&?%8% %a@sggre ¢ eI e BB et i ng
phosphor us tri chiTheipHesphbtoehloridite can be prepared by other methods known in the
15 - art, for example. One method involves treating phenols with PCls, such as
described in Polymer, 1992, 33, 161; Inorg. Syn. 1996, 8, 68; US 5,210,260;
‘WO 9622968 and Z. Anorg. Allg. Chem. 1986, 535, 221.
When the phosphorochloridite cannot be prepared in good yield from
PCl;, the preferred method involves the treatment of N,N-dialkyl
20  diarylphosphoramidite derivatives with HCI. The N,N-dialkyl
diarylphosphoramidite is of the form (R9"),NP(aryloxy), where R isa C; to Cy4
alkyl group, and can be obtained by reacting phenol or substituted phenol with
(R%"),NPCl, by methods known in the art, such as disclosed in WO 9622968, US
Patent 5,710,306, and US Patent 5,821,378. The N,N-dialkyl
25  diarylphosphoramidites can be prepared, for example, as described in Ter. Lett.,
1993, 34,6451; Synthesis, 1988, 2, 142-144, and Aust. J. Chem., 1991, 44, 233.
Non limiting examples of the production of the intermediate, i.e., polyester

or polyamide, are shown below.



a second pol yhydric al cohol under a condition sufficient to produce a
phosphorus- containing polynmer and (2) contacting the phos g&hggﬁhalnlng
polymer with an aromatic diol. 1d 1 9 March 2004 WD 01121684

PCTI UNOPUHEHRS The definition and scope of the second RAENUSHRISBal cohol .
and aromatic dial are the sane as those disclosed above. In *the first

step of the process, a phosphorus-containing polyner (a poluneric
phosphorochl ori di't Wi h P-Cd bonds is pr pared.~ he pbl yner 5 jcontaini ng
phosphorochloriqiteifa : :

PCl 3 with abgué PR
second pol yhydr K
solution is thepg
to produce a po 5 talnlng phosphorochlorlo tabl e bases are
or gani ¢ am nes. EspeC|aIIy 10 preferred are trlalkylanlnes The nost
preferred bases are selected fromthe group consisting of -tributylam ne;
benzyl di met hyl am ne, triethylam ne, and diisopropyl nmet hyl am ne. The '
condition can include a tenperature in the range of fron1about -400C to

about 25C, preferably about -200C to abouf 10C, under e that can
accommodat e the tenperature, and for a,suf\iicient 15 whi ch
}9013 b Eil ndgd- zwi th

can be about 1 ni foabout 24 ?@-up-ﬁ
Cl2P(0OAr3) a d PAR3) I wher ei|n Ara
‘ Q'EC«E‘F The
|

the aryl Stp e =L 5 {FHE2 , 6 '
mol ar ratio PROSPN ¥ trlch orlde 1@k, he alco ol cap=pe jady ratlo So

.-"o red
phosphorus 20 contf A polymer. Wth or without blendin ClZP(OAra)
and C1P( QAr 3) 2; generally the nolar ratio of PC3 P y?%%ﬂ$mﬁ%QECH gr oups’ )
can range from about .

phosphorami dite w
produce the phosp

) . ri:-(CHmT

n L

5 o polyarhide phosphite

The molecular weight of the polymer depicted above can be adjusted
according to need or desire by adjusting the conditions of the process or the moles
of carbonyl compound, monomer, or both.

10 According to the fourth embodiment of the invention, composition B is
produced by a process which comprises (1) contacting phosphorus trichloride with
a second polyhydric alcohol under a condition sufficient to produce a phosphorus-
containing polymer and (2) contacting the phosphorus-containing polymer with an

aromatic diol.
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_phosphorochloridite. Generally any N, N-dialkyl dichl orophosphoram' dite
known 30 to one skilled in the art can be used. Each of the fHpqup can
contain:1 to about 20, preferably 1 to about 10 carbon atom; ccording to
_the fouWPW“S’f“‘h fth enbodi ment” of the invention, the noPEEWSen2586s ght of

t he phosphorus-contai ni ng pol yner can be rmdlfled by further contact with
an aromatic diol that will react with unreacted P-C bonds. 35 The

contacting of theThhdefpideniandssapaphihagegoar \pebhydiie plcphed aad gramatic di ol can

be carried o] MRYEL sainCRHbdel R&tISHA hbsieent to produce a polyrrer cont ai ni ng
a phosphite group- T e contgcting of ”}mg mer conta|
phosphor ochl ori di 1the farst gt @P‘FEQB"?@S Y’E 8 with an

a(r]I g_ma_t ic di :c o oluﬁaeﬁaphﬁ»spﬁo@umohanémxtlwm&mas mfprqmar Jhind solipmse. TheI :
addi tion eres t £, tlon al i zing
HCl. Pr %Pi@“’&?‘g"é}ﬁ“é ﬁgrepa%g &gct?% "%'%lopr e garrlr‘%é'éwgf:eg{

trial kyl am ne%PClIWeth ahout twy wibar cqdivhlaste of asastivehwdroxsdertoup wf tiesegersiip

consi sting of olkﬁ FAHE AL ethe ARABL ¥ £ SPBhMRY basd I’ﬁm&gdlﬁﬁ yigedyg, and
~di i sopropyl net

am ne. Sufficient ase s used g thai all generated
HO is neut rhenitsated v 2t dsaah prapauE ?ﬁq:wgama '1‘5&% “ﬁFéPPg’“%"r*ie range
of from abouéontdifidg phesphosdshickiie, Spfteﬁlebaiﬂsyirmguhcaﬁﬂ% Bapedidiyt 100G,
and nost cFrefe any %@&io 80C, ndert auﬁ gasure f %ﬁ ﬁ‘? ccommpdat e -
the t enpht at PFEETEREE Figfkylamings; T eWPS F5F gra %?Sefa??ese fegdfrom (e 8 e apout
1 minute to edsistingdf tridmtdamifiecbenzyslimethylamind, tietbylamine, dhdl to unr eact ed
P O uoan be okl TS ohifiohdah el ieHEhEIANL 1l tebigslr ! he

production o |re horus- contalnin 20 he rati© generally
_-c?n be |n th@'omaﬁbgét 9P°¢ F‘bﬁ‘?%gﬁ?c’?fﬁf‘?{a@ly 12076: tﬂab?#teliogga‘m der about
12 t Fﬂéﬁur@ﬁﬁf ﬁn@édorhﬁ@ﬁat@bﬁ&ﬁen%t&%href@id@oﬂi sidficikht rﬂ:lmﬁ'thﬂe t he
arona |c 0Ss r con ymer

used. Ac}:ordfvhtf c&“?’ﬁég)%lfgﬁrﬂ“@fﬁ)t(?dﬂ%ﬂ%t%lg w’“’. l#\%/1 E’ﬁlbp Hg‘% 8’2"@55 that
can be usedClR(QAgYmnd Cdb(tﬁmﬂhdwtmnme%éumn§eltg Cpoémléelilp ifhvdigribeess can
OS2 of CEFEkRhp 887 BE LIl ehith Ak AR Sheldhac@Rtact Ing. 11 1 he

B Pydrogen cyani cahé BHEARH et bV bl L SoSaBand v 1
produce a ni {dnklag thehahie iswsuﬂaﬁemqateﬁ*e@tahe prodpetiin dfardesized peospherusane as t hat
di sclosegd, in {0 GG ™M T8 Mthout blending with CL,P(OA?) and CIP(OAr?), ,

generally the molar ratio of PCl; to reactive -OH groups can range from about

10:1 to about 1:3; preferably 1:2. ‘

According to the fifth embodiment of the invention, the phosphorus-

containing polymer can be alternatively produced by contacting an N,N-dialkyl

RS
U

dichlorophosphoramidite with the second polyhydric alcohol to produce a
S polymeric phosphoramidite followed by contacting the polymeric
. phosphoramidite with an acid such as, for example, hydrochloric acid to produce
the phosphorus-cotaining polymer such as, for example,polymeric
phosphorochloridite. Generally any N, N-dialkyl dichlorophosphoramidite known
30 to one skilled in the art can be used. Each of the alkyl group can contain | to
“about 20, preferably 1 to about 10 carbon atoms.

According to the fourth or fifth embodiment of the invention, the
molecular weight of the phosphorus-containing polymer can be modified by
further contact with an aromatic diol that will react with unreacted P-Cl bonds.

35  The contacting of the phosphorus-containing pdly:mer with the aromatic diol can
be carried out under a condition sufficient to produce a polymer containing a
phosphite group. The contacting of the polymer containing phosphorochloridite
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of the invention. The term"fluid" can be gas, liquid, or both. Any fluid
containing about 1 to 100 % HCN can be used. 25 Il lustrat ed1d1|% \Bﬁae
hydr anation and isomerization. Hydrocyanation is a process in I'ch a
unsat“%é’@@a@ﬁorrpound such as, for exanple, an ol efin i PCTAHNWBFIB to a

nitrile. The unsaturated organi c conpound generally has at |east one doubl e

or triple bond in the nolecule and preferably 2 to about 20 carbon atons.
Exanpl es  Jvitoan aromagis|déol sneastied avidn the presince oban otgaes baste | thse, but are not

limted t0adHiti&ﬁQifbh%ﬁklﬂ@:'m%@fohﬂhﬁorhdﬂi SulefobRBs by ﬁ@mraﬁmgm@l, et hyl ene,
- pent.ene, - decene,

propyl ene, Xen ct e
1-t et radecé)ﬁ@% Sg@%’éd‘é‘b fanc fm”aﬁf‘t %% ?e}g PrfP °§5§%‘ﬁ‘é‘“‘aﬁ’&“ ecene;
br anched t efidst pedfepédbases areltyidrwed srdnotie, grodpcorsisany bétnbmammimn e and

2- ety |yt S b AE R LUSARIncChE loBr RNl QRO Wincibay oxamp e,

Cl S- an rans- 2-oct ene,

cis- and -t mmmsodsmiﬁhatmlmmhwd WEkismgntralizet; The copdidemeayipelude f or

‘ le, 2,3 N 21684 19
example, 2 a3cp ?%soo /125 SR RN frofn EB&R)LSOQ: Mb%ﬁ?lﬁﬁ@ &eﬁe@aﬁl@aﬂé&

568 et hyl - ter | efinic
hydr ocar borr89°G k2 ghayi ! OQﬁCé@PrT‘EP%PShWF‘%%g C‘i?l%& r'é"%iﬂr?BWsﬁﬁﬁfﬁ?fe
oct enes, pr@ﬁa&@ﬁnﬂmﬁdﬂem&rtbﬁ@aame Qindlfui smfﬁmenypédod of ol whish chior exanpl e,

cycl ohexen C octen s contai ni ng fluorocarbons, for exanple,
3, 3,4, 36 Sﬁeba,%é, {SPHBﬂ'étF 6}?0 %Pd‘ﬁg&?he diolefins, for exanple; 5 butadiene,

1, 3- pent adi ene, Thelmokem ratbi efraeomaticdiobioatirenstsd P-Cl chrebeatiyanto $0 Bm_g
hexadi ene, ab i &%(%';9@&?&%%%9%1‘&&élfe‘ﬂ‘&dnﬂ%{fﬂﬁhﬂ ed phas )S flsooct adi ene and

conbi nati ons © WO Of nore thereo es of sui'ta eoleflnlc
conpounds  aiostaining pebianarhdbe rafispganeraliy can bain theganag i diom s 2Hy@r ocar bon-

group, i ncliydungo:9! Sreferhbly ﬁ@éﬂ%qmdﬁ 1§1ﬁ6§t§iréfcﬂ€d thhOalt eqrmoue:omnst "t uent.)
such a styrene n‘}ggha rret %1 nf&tqi’ % Lbenzeﬂ lgtaunsaturat ed
organl 5conBBHRRS gndk intthe RROSBROTUSSOTMAIREL- ¢ i onal
groups contpilymagbausedt er oat om - such as oxygen, sulfur, nitrogen or
phosphorus. Exa
unsaturated or gﬁfk‘g&go t%@ﬁeﬁxtﬂ%&xﬁ{ gg‘}‘%ﬂ%ﬁ%ﬁd"ﬁf"ﬁ ﬁ-{;@é{;& net h?/l“’ol eat e,
ol eyl 15 al mﬁom organpreqsmwnd p@weesmﬁlg@mveci%ﬂihcmr@ceS%caﬁéﬁrrmﬁ@%c aci d,
4- pent enoi Cccﬁﬁis@esseﬂﬁéﬂyydf S RASLESIRBNBCHAL il U PredehtSof AGkalYy4tC acid esters,
met hyl AcT yl at e,
20 “composition, an unsaturated organic compound with a hydrogen cyanide-

containing fluid under a condition sufficient to produce a nitrile wherein the

catalyst composition can be the same as that disclosed in the second embodiment

of the invention. The term “fluid” can be gas, liquid, or both. Any fluid

containing about 1 to 100 % HCN can be used.

12
N

Illustrated herein are hydrocyanation and isomerization. Hydrocyanation
is a process in which an unsaturated compound such as, for example, an olefin is )
- converted to a nitrile, )
The unsaturated organic compound generally has at least one double or
triple bond in the molecule and preferably 2 to about 20 carbon atoms. Examples
30  of suitable unsaturated organic compounds include, but are not limited to, linear
terminal olefinic hydrocarbons. for example, ethylene, propylene, 1-butene, 1-
pentene, 1-hexene, 1-octene, 1-nonene, l1-decene, 1-tetradecene; 1-hexadecene, i-
octadecene, 1-eicosene and 1-dodecene; branched terminal olefinic hydrocarbons,
for example, isobutene and 2-methyl-1-butene; linear internal olefinic
35  hydrocarbons, for example, cis- and trans-2-butene, cis- and trans-2-hexene, cis-
and trans-2-octene, cis- and trans-3-octene; branched internal olefinic
hydrocarbons, for example, 2,3-dimethyl-2-butene, 2-methyl-2-butene and 2-
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‘reactor w

or in a continuoys nmanner. . The h
i thout a sOIPERPIORe ExamplesQf these heetoa
t'enper at ur e asdupmasorgatc andpoursistinclbdd dingirmkahyllreher ibethylr dléeél ofgipound and

.methacrylic acid esters, nethyl nmethacrylate, acrolein, allyl alcohol and

conbi nations of two or nore thereof The hydrocyanation proqﬁa&ﬂgog‘g
carri erVBlﬁ;l lgsgr exampl e, by charging a 20 suitable vessel such as a
L& an unsaturated conpound, catal yst conposi th@@Rjseanssesol vent ,
If any to forma reaction m xture. Hydrogen cyanide can be initially
conbi ned with other conponents to formthe m xture. However, it is
preferred t haethyeRipesteng)deraningl el¢finie diydinsatbong internalfalefiniohpdocarboaponent s

have been ceopliegdor &gt %Bteﬁ&‘s’al?»}éiﬁre‘a%} diedBkibY Of Bites; Bydikqui d or as a
vapor to 25 t.he reaction (3{{1: a teré‘latlve, g%canohydrl n ‘can_be used as

a
the source ofi€Hsyior e&amples gyclohiexgng, cyclppctenc, plafinsconiaining fluogqsabees, suit abl e
t echni que i sfor exahglege3 BHe5,5,6 Sehomiftudrd- héexait pdigkfing ok dxamplg ol vent to be
used, and fegd.f tah uy gt 1 €4 slowy to the
reacti onqm' xtur e@%&)’ﬁ%@%&’nf’?;’?ﬁtgﬁ%ﬁp ’ﬁﬁggf’%?%f‘ %’3‘ ’%g%gbeﬁlﬁwt% cat al yst
can be vari eRfxpdisns. lghesiohegadiens 1ghestohepaiienel 1,5Fvelopgtadiens and o of . HCN to
cat al yst gen@ma@ihations of ¥as baflofertRéreabout 10:1 to 100, 000:1, preferably
100:1 to 5,000:1,_for .a hatc operation: In conti.nyous qperatjon, such -
as when using a f%@é%?l-?e%asgﬁ?qﬁ?9&%@%&“"%@%"8&‘3@“8& oge Fﬁ%jﬁ’é‘ﬁedproport i on
of catal yst winabensageated bgdroearbbn grdup, ihoRAM®IAniCEonnForihds editainikg0: 1 to
5; 000: 1,1HCN, : : r t[ggr_ i ' IS agitated, for
exanpl e,1Ob%#?@%gg%?ﬁmgﬁgﬁlﬁé?%ege’r ctrlﬁgtﬁhﬁ o g]caii &ggﬁlb%%zep ‘cover ed by
conventional t echHicjinsatusird-organtg gomppen Goelso\hesolstingedwithane 0800 25568
as, for exarfﬁb&,ﬁxﬂﬁioﬁhl%rbﬁﬁsﬂioh&l&ﬁn%— BefefRfdh M A 0B ed, WRIFRS, gh?c{%epat chw se

0

Eloc anatiqn _can be carrje wth or

tom-spstited; ehleugalist he reaction

t he cat gkyst | t-a ngs.i.ncl r rhons,such as _henzene,
xyl ene, e}(ls;r caé?@:d%éﬁp égﬁesn §ﬁhk%lrg’e%§ ?I'lt_glt?%ngt?l E_e’ E’ Y_%H%%%"%P € ?’Qﬁ?ﬁ?‘ﬂf’ 8%4n (THF) ;
nitriles sudnrethyl rpentenviate; p¢rplonkaile eeiylie atid esterdi wothitadrylate, or  conbi nati ons

of two or MyhehidiheRlid esths, HARY! e RheT1AL FRBWRI 2l a@.gohohm{ ocyanat ed can
itself ser Veco?n i[t]aﬁ%ngg t\(&ngr.mm%gggfnat lon can alSo be carried 10 out in
gas phase. :
The hydrocyanation process can be carried out, for example, by charging a
20  suitable vessel such as a reactor with an unsaturated compound, catalyst

composition, and solvent, if any to form a reaction mixture. Hydrogen cyanide

can be mitially combined with other components to form the mixture. However, it

i1s preferred that HCN is added slowly to the mixture after other components have

been combined. Hydrogcn cyanide can be delivered as a liquid or as a vapor to

25  thereaction. As an alternative, a cyanohydrin can be used as the source of HCN.

e

c See, for example, US Patent 3,655,723.

Another suitable technique is to charge the vessel with the catalyst and the
solvent to be used, and feed both the unsaturated compound and the HCN slowly
to the reaction mixture.

30 The molar ratio of unsaturated compound to catalyst can be varied from
about 10:1 to about 10000:1. The molar ratio of HCN to catalyst generally is
varied from about 10:1 to 100,000:1, preferably 100:1 to 5,000:1, for a batch
operation. In a continuous operation, such as when using a fixed bed catalyst type
of operation, a higher proportion of catalyst can be used such as 5:1 to 100,000:1,

35  preferably 100:1 to 5,000:1, HCN to catalyst.

Preferably, the reaction mixture is agitated, for example, by stirring or
shaking. The reaction product can be recovered by conventional techniques such
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The exact tenperature is dependent to a certain extent on the particular
catal yst being used, the particul ar unsaturated conpound bellgr}g '%?‘?g gnd t he
desired rate. Nornally, tenperatures of from-25C to 200C can B 8
range Y 01684y 150C being preferred. 15 Atnospheric pr SSHES0085568be
satisfactory for carrying out the present invention- Generally the
pressure of from about 0.05 to about 10 atnospheres (50.6 to 1013 kPa) is

preferred. ay'fgh@)fanﬂﬂ@%‘jﬂﬂiﬁmanb'@ TRe feetftfiaki B2 rf eltdrdatch@fise didnused, if
desired, but any benefit that may be obtained thereby would pr obably not

- justify t hEPHROERERIMTost of such operations. 20 The tine required can be
i'n the range of Thedydmchmatios canbscariedatywvittoor withewaisolieen? Teconds to 24

h d t Th
or o of red TROSRGIA 5'*gnBgflﬁﬁlﬁéaﬂ*ﬁé%“%%f@é%ﬁp‘?”@@ s BLARE e

Gtm(ﬁiZFQWﬂﬂthtP@F@)%ﬂﬂmqﬂ@-ﬂ ratabyst), Suitablosplygppingideons of two
Olrkmloreoﬁh &%aﬁé:?r%ﬁﬂqcﬁ'&sﬁ&z%ﬁé‘ )@&nai!ﬁo%ﬂtbinamﬂemdﬁhR éthyrrs shbhfs gl& Ito E:gu
a

haV|yng I %@55{0%“? bﬁ“rgié(? a}cgﬁgl tr(i:l\l enZ% Jt% Bﬁﬁomﬁl‘% grx |Z a% 8

i nt eger of c@nﬂamahﬁnﬂ\bﬁlwol?ﬁﬁnors twemmm@dfqomogaﬂ kybe x is an integer
of | to 12 g@%%?%ﬁ]t%l dafh 1\9&&' 898 afihe JolventCH o Fbafd¥in A% By/EdRad kY

group, aryl group, or conbinations thereof . The unsaturated
corrpourlla c&ﬁ“ wegasPhese ¢, al i phatic, br anched, aromatic- containing, or
conbi nati ons of THaxaét th&aﬁlﬂefselef:endBmo hicﬁi'tbjnrlgltf&xaﬂ‘pheﬁarﬁéula:

nonet hyl eni ¢ uns oun ane.s or I, and
the corresf @:l?' Yh@‘“gé’?# ﬂ‘ilpaﬁfct“ g%r 5958 3'8 &ng ar e l:ust rated by
For nul as 1MeSifedomtel. \I\Iomxaislp;aempmhws mﬂfmmrlﬁ"ﬂ %62(10&@ @ﬂ@h@@sﬂﬂnﬂwact ers have}
sanme rreanl OF hairg mpafarred « « oo e . WD 01/ 21684 cat al yst S
conposi tion %ﬁgoogl—ﬁg 150 eéilg Frélifﬁ -R_Lewis Acid pronpter 19 March 2004
PCT/ US®dy 25568 Mt;n( esslyg cap beyeayisfactory for carrying out the present

invention. Generally the pressure of from about 0.05 to about 10 atmospheres

(50.6 to 1013 kPa) is preferred. Higher pressures, up to 10,000 kPa or more, can

be used, if desired, but any benefit that may be obtained thereby would probably

|.L

not justify the increased cost of such operations.

20 The time required can be in the range of from a few seconds to many hours
such as 2 seconds to 24 hours, depending on the particular conditions and method
of operation.

' The preferred unsaturated organic can have the formula of R3CH=CH-

- CH=CRY, CH=CH-(CH,),-R10, CH;- (CHZ)Y-CH—CH-(CH?_)X-R‘O, and
combinations of two or more thereof in which R8 and R? are each independently

, H, a C; to C; alkyl, or combinations thereof; R10 is H, CN, CO,R11, 7

perfluoroalky! group having 1 to about 20 carbon atoms; y is an integer of 0 to 12;

x is an integer of 0 to 12 when R10 is H, CO,R11 or perfluoroalkyl; x is an integer

of 1 to 12 where R10 is CN; and R!! is C, to Cy, alkyl or cycloalkyl group, Cg to
30  Csygaryl group, or combinations thereof .

1
Un

The unsaturated compound can be acyclic, aliphatic, branched, aromatic-
containing, or combinations of two or more thereof. Non-limiting examples of
monethylenically unsaturated compounds are shown in Formulas I or III, and the
corresponding terminal nitrile compounds produced are illustrated by Formulas iI

35 - or IV, respectively, wherein like reference characters have same meaning.
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-5 catal yst conposition CH=CH (CH2)x-R 1 NC (CH2) X1-2-R Formula | Lew s
Acid pronoter Fornula Il HCN Formula i1l Fornula IV 10 whey@ifnBlogai s the
same awolosnkssed above. Exanples of the unsaturated cofRquiddasdsg! ude, but
-are not limted to, wunsaturated organic compounds containing from2 to
approximately 30 carbon atons. 3-Pentenhenitrile and 4-pentenenitrile are
especially preferred. Wien nonconjugated acyclic aliphatic

nonoet hyl eni cal | y unsat urat ed conpgit?ds aatalysk zompesitionp t o about 10% by

wei ght of "t he @hhaCHhyEHCHFHCH)RAt urated conpound gan Ibe-(m}mgqgh_]{h" t he
formof a conjugated isoner, which itscilf under%é hydr ocyanati on. For
exanpl e, when 3-pentenenitrile is used, W%%P % by wei ght thereof
may be 2-pentenenitrile. (As used her ei n, erm"pentenenitrile” 1is

i ntended to be_identical with "cyanobut ene") . Sui tabl e unsaturated
conpounds 20 include unsubstituted hydrocarbons as well as hydrocarbons
substituted with groups, which do not attack the catal yst, such as cyano.

" These unsat.ur at ed conmpounds include, but are not limted to, - :

nmonoet hyl eni ca unsat ur at ad corrﬁ@ta}mc%mswcm ng from2 to 30 carbons
such as ethyle wg[dﬁﬁzhr% but eres—t—pentere—e; MNGERE2R,--Bnd

conbi nations of twbergrlabre t her of swidA P PRANdEGAL ed di etFIQW’élﬁlII:al ly
unsat ur ated conpounds such as all ene, Stituted conpounds such as

3- pentené:’nl trile, 4-pentenenitrile, methyl pent-3-enoate, and conbinations
of two or nore therof; and ethylenically unsaturated conpounds having
perfluoroal kyl substituents such as, for exanple, C2F2zi, where z is an
Jinteger of up to 2Bormelihonoet hyl enical |y unsaturated cEﬁ‘;muind&" can al so

-;_-b)e 30 c]q}nj ugal ed £19 {%ﬁ%ﬁ'g glrggpedsa%beas nmet hyl pent-2-enoate. Exanples

of preferred unsa ur a are linear alkenes,  Iinear

al kenenitriles, |Exmiesa¢fn@¢1@maggate¢ pmn@tmk@@%butm noplemitedites oal ky!
et hyl enes, @&Qm%ml%me Bifip&iindls WBn(@fni foxilEXREPi(P&arkin t he nost
preferred 21 1 9 h@ %1f21684 CT/ USOO 568 un at ed
conpounds i MéPHge- en'gﬁ%ruw %@aﬂ TRERIPRGUIe argeRpAc Jpreferr

nonconjugated acyclic aliphatic monoethylemcally unsaturated compounds are

15 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, when 3-pentenenitrile is used, as much as 10% by
weight thereof may be 2-pentenenitrile. (As used herein, the term “pentenenitrile”
is intended to be identical with “cyanobutene™). Suitable unsaturated compounds

20  include unsubstituted hydrocarbons as well as hydrocarbons substituted with
groups, whlch do not attack the cataiyst such as cyano. These unsaturated

oy compounds include, but are not limited to, monoethylenically unsaturated

} compounds containing from 2 to 30 carbons such as ethylene, propylene,
butene-1, pentene-2, hexene-2, and combinations of two or more therof;

25  nonconjugated diethylenically unsaturated compounds such as allene, substituted
compounds such as 3-pentenenitrile, 4-pentenenitrile, methyl pent-3-enoate, and
combinations of two or more therof; and ethylenically unsaturated compounds
having perfluoroalkyl substituents such as, for example, C,F,,, |, where z is an
integer of up to 20. The monoethylenically unsaturated compounds can also be

30  conjugated to an ester group such as methyl pent-2-enoate.

Examples of preferred unsaturated compounds are linear alkenes, linear
alkenenitriles, linear alkenoates, linear alk-2-enoates, perfluoroalkyl ethylenes,
and combinations of two or more thereof. Examples of the most preferred i
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4-pentenoates, .and CzF2z+t CH=CH2 (where z is | to 12), and conbinations of

two or nore thereof. Exanples of the preferred products aregt k)
al kangnitriles, linear 5 dicyanoal kyl enes, |inear aliphatic cyanoésters,

3- (peM UG Kyl Ypropionitrile, and conbinations of tRGI/EN00A%56% t her of .
Most preferred products are adiponitrile, alkyl 5-cyanoval erate;

CZF2z+| CH2CH2CN, where z is 1 to. 12, and conbinations of two or nore

t her eof . Thasquamumwdmmbhdeﬁtmfpamtemm ailoti2odt, and t he presence of
one or ff £C ty and the
sel ect|V|tyr1}2"?1 %?gtaa(q ‘#%? s ste (v}l%gé%r%olrr%tiez b@gr&? eﬁlggﬁ{ga;s t hat

di scl osed &M@@émqiﬁlﬁﬁ‘ﬁ%anatlon can al so be carried out wWith a conjugated

ol ef i nt W th .C-Mzh?ﬂésﬂffﬂ@é plefefed plo | ?ﬂ@&e&{rﬁh@h&ﬂﬂéfxﬂilés?%&@ﬁeza||y Bottr
resen C olerins C all n om abou O apou
25 pref erEgtﬁr;gn‘?Pﬁ'fﬁe’lﬁ ﬁ‘éé’aﬁgﬁ Qg‘caﬁ” BV%CS?EFCEQH glkgpgmﬂ(@“mi 3“‘%)ut adi ene,

cis and tranmbﬁ;aﬂohmaﬁdvomrenoreaheroﬁridosttpreﬁes‘ed p&dueﬂaﬁmhchpmﬂnleand
conbi nat i o]} her ferred b
| Itfkgr? - \Aﬁo\%ﬁe &"f'a CJGCII{%RI,he ég it $to %Bﬁ§ b@&liéﬁﬁatﬁ’éﬁ y

reason of rcl a ductr oA o Iponitrile. The
fol | owi ng PSM%P&@IWF%GO{/I illustrate suitable representative starting 20

conj ugat ed ol ef iThe;préseds SOMBRALME ban M ¢drried Bt ih the RBsas@Monehe product s

obtain from ut.adi ene and H 2 CH=CH. CH=CHRO
o bufal metewsaoz@mmt%r ey TRt ol T AegviEy ke SClRIBUBRA I 1y i s H
or a C, tocfidlyat system. 'IRE}.pm(ierﬁk\lﬂ@‘fhah‘iclas‘ﬁhdtIdlsic}bsecBHNvéPN 2MBBN i n. whi ch

3PN denotes 3- pz-%m&h{lﬁdn%ﬁlﬁf%e &:éef&ﬁ\!ﬁﬁ?yb&%ﬁga gt %ﬂnol Nis 2-

met hyl - 3 -but Cont actin I'n and a
HCN- cont ai sbmygdted olelinars bewisosid pmnqiatlsgn@ergléymotagesmatEmlﬂsaéed above, B

Accordi ng TchﬁuEﬁe& %Yéﬁ?x% Rosaicd ff&‘ﬁtab%t 4 ReabolY €9t GBrab B Y {oSIVBfHopAL | ON
process._is E’(""?VI g he i sci éatlpn con%(i ses, %%ﬂ%ﬁts essentially of,
or 30 édnsAKmBIUC &ﬁthEF}F‘W@P ek Rigfipne fis 909 £yt @sesId ons, ~ whi ch
are di scl og®ems-1,3-pentadienes, and combinations of two or more thereof. Butadiene is

especially preferred by reason of its commercial importance in the production of

adiponitrile.
~ The following Formulas V and VI iliustrate suitable representative starting
20 com ugated olefins; and Formulas VII, VIII, and IX represent the products
obtained from 1,3-butadiene and HCN.

CH2=CH-CH=CH2 R3CH=CH-CH=CHR?®
1,3-butadiene
\Y% VI
25  wherein each one of R® and R, independently, is H ora C; to C; alkyl.
, NN\ A0 4\& S
v VIII IX
3PN 4PN 2M3BN

in which 3PN denotes 3-pentenenitrile, 4PN is 4-pentenenitrile, and 2M3BN is 2-
~methyl-3-butenenitriie.
The contacting of a conjugated olefin and a HCN-contairﬁng fluid can be
carried out the same as that disclosed above. _
According to the seventh embodiment of the invention, an isomerization
process is provided. The isomerization comprises, consists essentially of, or
30  consist of contacting an alkenyl nitrile with the compositions, which are disclosed

in the first and second embodiments of the invention, under a condition sufficient
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iin the first and second enbodi ments of the invention, under a condition
sufficient 22 19 March 2004 WO 01/ 21684 PCT/ US00/ 25568 to i,ﬁgo,qg; ihzz%oahe
alkenyl nitrile. Lewis Acid is generally not required for t

_i soner iYWaOLB84Exanpl es of suitable alkenyl nitrites incpagigsooRsigsar e not
limted to, 2-alkyl-3-nonoal kenenitriles, 3-alkenenitriles, or

conbi nations thereof. The alkenyl nitrile can be produced by t he

hydr ocyanat i ooispimeties thedilicnybniadle abewis Ac¢idds genenlly ndtiey6irgd ReaRs of the

hydr ocyanat i 9&;}?&&%&&? Eﬁ&g@%’ of sﬁ%@% ?.ﬂ&ﬁlhrﬁp"i‘és lﬁﬂxﬁl‘l arb‘qc%'% Iﬂ'lf"telluﬂﬁ 5

| someri zation can be carri out su SIm

di scl osed abée-glkykraanpalkerspitnidasi bﬁllqsn@r@t:é@, orenmbinatiops thereof. Thc

2-al kyl - 3- rman@:fhyrte;ﬁ&ne thn "‘f pla@&ckdasy thd'R ?b];ewénhnthhﬁa&e%g lrigléloéatfqﬂa%ﬁogﬁ or |
i someri zation o e inventl result from y |

i oot a5 5 OB Pttt rosen e the FRSabrBHtn PORS Y be ST SHELRE 4PBYSour cos.
The ol ef i ni c nitdils| Bhelisorderizatibh ea?batditd Sutrnmhaaitiatin similar comditiied as t he

starting mat f.this invention cannot be
QHCE(JS&E bﬂbvetxﬁgx r@‘&[’cfc@ﬁa%h%ﬁ' s,

conjugated to t group. Suitable starting
2- al kyl - 3- nonoal k@enxarnwibe%alkamgnmalkamn;tr@mégs Istartimppmatetiakint ack t he

- catal yst, fom@%&mlﬁuoﬂ%@m}%v&hﬁ%ﬁ%ﬂf&ﬁﬁ mef @k ﬁ;&%hymﬁ&?oéédﬁe% 1 ng
2- al kyl - f L‘HB‘Q nitriles co alnfrom %ﬁ car bon excfuudlng
any addi § ondrsclassbaravgiar san ooy, PRYANY PGS tac‘éﬁ Ietsomceslzhee%lsﬁ@pm ly
i rrplorE:I ant2 i ndo?ﬂsie bﬁg@ﬁu@nb Qaﬂkﬁf}ﬁﬂhgﬂmdehiﬂ':&ls uéddhe the ﬁﬁhﬁgﬁﬁtﬁaléfﬁ ni L“ | es
i ncl ude et ene rile an eni.t,r ente
starting nit Iﬂly 8 rlngn%a e Oﬁh}l ?vSﬁtfoé]ncem? tﬁp‘%’njutgﬁ%g&%@ﬁﬁ?lﬁb??%ﬂ :
-pyoducts ar eCYWOQMOS\mabh searting ek i 3-menoalkanenitrileheani aémmyngupm _
process of this db%@mcm&&wg RS FAnfisle %m% ar%ﬁgchgg'ﬁefe ;Jlf spheri c

pressure and at  an erature 1n the range o Yy in the

range of 160- $80e H’@Yngé%%@?{kep%m%?s coptain frgm 5 tor&ﬁmatoxamxeladmge above
or bel ow at rraﬁjah@dm@namsmumnl - Miegiyl-8 huteeyit@b 1§é§§e£@lycﬁ$6ﬁ%ﬂ janal batch

or contlnuou flo roc y q phase or in

Che vapor  phacPHRin S elegtie, Cifer enasrS b e 2 Ry - .

but enenitri I buteaemtrdnant&afpmpyméebutmntmhenl trile products). The reactor my

be of any nechani g@ﬁmg I 51;"% | S usual l'y

of glass or an i r@?étdﬂ[let hﬁ{qlf%j et Emﬁmgg%%grrneﬁgﬂl ver, gold,

pl ati num?0 st Bradussarethess shozm Mﬁ@ﬂ(ﬂl&} ?—Z‘ﬂ Loy(r), etc. :
The 1somerization process of this invention can be carried out, for

example, at atmospheric pressure and at any temperature in the range of

10-200°C, preférably in the range of 60-150°C. The pressure is not critical,

however, and can be above or below atmospheric pressure if desired. Any of the
25  conventional batch or continuous flow procedures may be used either in the liquid

~oae

, phase or in'the vapor phase (with respect to the relatively volatile 2-methyl-3-
butenenitrile reactant and linear pentenenitrile products). The reactor may be of
any mechahically and chemically resistant matenal, and is usually of glass or an
inert metal or alloy, e.g., nickel, copper, silver, gold, platinum, stainless steel,

30 Monel®, Hastelloy®, etc.

The process can be carried out in the absence or in the presence of a
solvent or diluent. Any solvent or diluent that is inert to or nondestructive of the
catalyst can be used, however. Suitable solvents include, but are not limited to,
aliphatic or aromatic hydrocarbons (hexane, cyclohexane, benzene), ethers

35  (diethy! ether, tetrahydrofuran, dioxane, glycol dimethyl ether, anisole), 'éstcrs
(ethyl acetate, methyl benzoate, THF), nitriles (acetonitrile, benzonitrile), or
combinations of two or more thereof.



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

sol vent or diluent. Any solvent or diluent that is inert tQ1 0'@
nondestructive of the catalyst can be used, however. Sui tat?l ar§BI2\98ﬁts

i ncl udQ oee8eare not linmted to, aliphatic or aronati cpdEmyts@easdsons
(hexane, cyecl ohexane, benzene), ethers 35 (diethyl ether, tetrahydrofuran,
di oxane, glycol dinethyl ether, anisole), esters (ethyl acetate, nethyl
benzoate, THF), Aiﬂohbild&u(gmﬂimnmmtiik desirablezn oirder itd te)tardmidaﬁaabi nati ons of

two or mor edeagﬁ“va?%];l of c%?aljlf\% ﬁﬁ g.?lélyvgl %éxé}égéﬂpefaﬁ 1 g&?% A

nOHOXIdIZIng enV|ronnen lve

deact i-vat i oprefsrabinusasaalthopgh all',&zé% be usadgf gesirsd af the expensgwd fasspba e. g.

ni trogen, i opétﬁbgrogmeycamﬁ@ﬂu@ﬁ Heud@hiecgl r can be used if desired at "the
expense _of 1o0ss ti.on of ag{he cat aI st thro ggvom dation. 5 The

ni ckel conpl ex  Hhe SckflPipph S ih G370 OB Yo lgHlr RhErer, P 3
but enenitri Ibmaneaanlmhctmdnﬂ e lineaep&ntqmmnelnmductsl ave peietivedy solatile.

relatively yg 0@&1&,};’.@6 in f‘S&Qltn%v?sgﬁ% gf#f:&hrg Ocﬁ'él: SSeah R &% nﬁ)&ﬁgftﬁéﬁ

catalyst can onen en1|n a co
i qui d- phaste Sguiing $X§ﬁﬁm i a epplatelydiqyid- phasa OP%BP’P elticgnalsedgiing i quid

state in a sgbile H&{lﬂbwﬁ‘fﬁﬁﬁn&ﬁﬁl&% b @&mi-Pdpot bhm)bpéﬁtlbﬁ & ilfhal ib¥eslabed state
er at me required for the

in a caonven Iowm aseo

i soner i Zat |%¥F%p 5“1?) Eﬁ“f‘f’ B aggq—plpaésegperag?nconver sion of, for
exanpl e, 2-al kyl The thmeoejuired dori the lsbmenmatiomnacwsatd«dnmmapraumal les'eldependent
upon the temnanal g q?f fof sm{@lg @.alhgea-moﬂeak@ﬁename% 1L&\Aﬁ FARALAT T e

- general ly re%glres a n operation at a rrperature A
15 practi cais w@snwpon tegupgrayire pﬁfﬁ@ﬁ@% hfig BPYRLIQN MW%WW@ many oy

hours such gseraflysegandsa lé&e@gﬁiéttha?iﬂoﬂ'é%ﬂoﬁ,atﬂ ﬁ'teﬂﬂ;e%h:fch% particul ar
condi tigns and r;Et hod of. g{lagawatg The Iar ‘15

2- al kyl 13- RIACAk BRERPR TP & & F3p8E of & FeyL P wm@'}yelm?s‘e% 1:1,
usual 'y i n 2kzondngeabono kdhos)tdepentintgoonXfic paxfictlar porelidomsdngd méBodof 20 to
5,000:1, fof e@apoq]tch or continuous operation. EXAMPLES The follow ng
non-limtin representative exanples illustrate the process and catal yst

conposi tions of The molarvatin ofghalkyk3-mespalkencpitaisiorcatahest isgrperallsr cent ages
are by vei OfyeatetiHaB51, B Wh B tafisl Foth @Bout! 1 aﬁmom}c@%&mmﬁ%o 1

20  to 5,000:1, for a batch or continucus operation.
EXAMPLES
The following non-limiting, representative examples illustrate the process
and catalyst compositions of this invention. All parts, proportions, and
percentages are by weight, unless otherwise indicated. In each example, the
25 following procedure was used unless otherwise noted.
Example 1: Preparation of polyester denved polymeric phosphite containing )
o-cresol as terminal groups
Preparation of polyester
A catalyst solution was prepared by warming 0.1 g Fascat 4102 (butylnn tris(2-
30 ethylhexanoate)) and 10 g of 1.6-hexanediol on the hot plate in a small vial with a
small magnet. The sojution was kept warm. A mixture containing 5 g of
dimethyl 2,2 ’-dihydroky— 1,1’-binaphthalene-3,3"-dicarboxylate (0.0123 mmoles;
. reference for preparation; see J. Am. Chem. Soc., 1954, 76,296 and Tetrahedron
Letr. , 1990, 413), 2.6 g of 1,6-hexanediol and 1.75 g of warm catalyst solution

L)
wn

- was placed in a 25 ml microware 1-neck rb (round bottom) flask connected to a
distillation head and receiver with a pre-calibrated heating mantle while stirring
magnetically urtil methanol started to distill off (the temperature was about 180°C

24



.25 follow ng procedure was used unl ess otherw se noted. Exanple 1:
Preparation of polyester derived polyneric phosphl te cont algjlﬂg gw%r esol
as termnal groups _ Preparation of polyester A catalyst S0 h

prepar SO 2184 ming 0.1 g Fascat 4102 (butyltin tr is(2 ﬁ,@r;ggdmgmxanoat e))
and 10 g of 1.6-hexanediol on the hot plate in a small vial W|th a small
magnet. The sol ution was kept warm A m xture containing 5 of di net hyl

2, 2" - di hydr oxywikich teﬂeﬁe&tm&m&ﬁz% ﬂﬁ?&%‘l’f}ﬂ’%ﬁﬁgﬁ&aﬁﬁ gamml es;

reference for prepar atiqn; see 4, 76,296 and
Tet r ahedron dicatboxylateihadali d@ﬁ%‘)"ed)z 'I@ede’BPe@t“B‘i Wes thseancseasgyntil the g of warm

catal yst sol mwmﬁ&ilm&r@ﬂweﬂummz of thelfRERYZI0EC). - TRE Hixtire(waund
botton) fl ask,,conpect "J?rﬁ’ ? t|| t"b nlhhead and receiver Wltl’ll
pre-cal i br at 840KEL T @ he (B“ 1 Bryise YagHHee Mg eraduaily aaplisds nanol
started td disil phhlpozfatm(mhestmnppplwtduodmws:féﬁmﬂxcmdﬁ -BexabedivhrEle 2004 WO
01/ 21684 PCT.

é@gé%%%%%%ﬁ e)?{ﬁn@ﬁl?& g@%vk ﬁlccﬂ Wﬁo s order to

2,2 -di hydro I'car boxyl at e I ssol ved) .
The t enper at AYRid RumPinge I e fedchor BVIITR V1S ther po IWH%@(W&"GI ors% hewrad to

reflux in thwmleﬂlsmhdglmﬁbﬁsifﬂ(ezlz@xﬁ):xan‘ébm mmeuwom@gthe&him%lkﬁué ef | ux

vacuum s ¢ FERIBBRE s Bl S eioRs s S hodfel el A% fdiFpretry e P
pressur eIQvale\m;enctehtﬂietﬁqgr@ﬁ\prymmzanwmmH@6)ver the next two hours in

order to avoid bp r&go & tiion mxture was then pol ymerized at 270C
for 2 'hours. whi nmost of the - hexanedi ol . After

cooling, the reacfrl’“%ﬁ"lbfo BYFEHGQ\HBE’F%’PIPIE}WC‘@I%& §5thﬁ1p pspharashlomditeor t hr ee
b :Jrs and t hefoeasbed tidgtedentd @Ftﬁéﬂlyla%lﬁné\lhﬁolduiibca“heﬁmﬂﬁgé%ﬁhcd g
‘pol ymeri zatign. to 0Nn.,0 ester. 1 The repared in
Exanpl e 1 mgv%@ggaqftherhﬁﬁ%ﬁ%%&o& %‘?"?%vc dP eLve tpg??)%lr%‘ﬁr?ofmgpr esence
of triethyl arlHél}i(12t.4MEn&DThp Im’lﬂﬂulkl Walsi 01,180 8d 1309 i 2Tiggmmand t hen

filtered. Th Glarld <Te A ] 15 31P{H}
(121. 4 NMHz, Expfiokan. S rgeyalGt clli‘%hyﬁahgﬁ ﬂ%%%t%o 4 iyizeglppm Exanpl e

| A Hydrocyanat | gﬁeﬁﬁ'ﬁ?f‘qns‘b{ﬁﬁﬁ“?jfét (9ﬁ‘ahé§§ﬂjli“é°WFﬁp¥°BWé 8 Preparation
of catal yst: OABG@t@N&SIOBgI(OtMQmmESO OBQDgrce”qbolMes&dﬂ(m@ Anp3arg of N (COD) 2

(0. 14 nmol ) bQieQratt] hogphci‘tfe eBuw %gtts,et'ix u(uq fomumelg%t of the polymers were
20  determined based on the expected formula) in 4.568 g toluene, -

Hydrocyanation of butadiene: 74 pl of the above catalyst solution
(0.0019 mmol Ni) were added to 2 reaction vials fitted with septum caps. The
vials were cooled to -20°C and 120 pl of a solution of HCN in valeronitrile
{0.830 mmol HCN) and 280 p! of a solution of butadiene (BD) in toluene
(0.925 mmol BD) were added to each vial. The vials were sealed and placed in a

|38
Lh

hot-block reactor set at 80°C. Samples were removed after 1.5 and 3 hours and
quenched by cooling to -20°C. The reaction mixtures were then diluted in ethyl
ether and the product distribution analyzed by GC against valeronitrile as an
internal standard. Analysis showed that 67.5 and 68.7% of the starting HCN had
30 been converted to useful pentenenitriles (the 3-pentenenitrile to 2-methyl- 3-
- butenenitnle ratio was 1.1) after 1.5 and 3 hours respectively.

Isomerization of 2-methyl-3-butene nitrile (2M3BN): 82 pl of the above
catalyst solution {0.0021 mmol Ni) were added to 2 reaction vials fitted with
septum caps. 130 pl of a cold solution containing 2M3BN and valeronitrile

35 (0.930 mmol 2M3BN) were added to each vial. The vials were sealed and placed
in a hot block reactor set at 125°C. Samples were removed after 1.5 and 3.0 hrs,
cooled and dibited in ethyl ether. The product distribution was anatyzed by GC
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bi dent at e phosphite equival ents; the unit formula wei ght of the poI yners
were 20 deterni ned based on the expected fornula) in 4.568, i
Hydrocyanati on of butadiene: 74 | of the above catal yst sol u |on L?@%019
mol WDP1R#8é. added to 2 reaction vials. fitted with sefIIWs08R868 The vials

were cooled to -20C and 120 | of a sol utlon of HCN in valeronitrile (0.830

nmmol HCN) and 280 | of a sol ution of t ol u§ &%5 (0.925
mol BD) walsigaadraenifle a5 ap inferaal Stﬁ*l‘f@r féﬁ@%l@&? k(51 B§ ¥d in a
hot - bl ock rleﬁglts%dgsoﬁer&qﬁurssarrpl es vvere rem)ved after 1.5 and 3 _hours
T ethyl et her BoPIEHiPEalE? Terlrprs RS R D e e e
val eron|tr|damlmsalnt10mfﬁQ@Mnsﬂ&h)jandiﬁAhaf%(bigﬂ@lh@ﬁ@@ébh&ﬁl’ 7.5 and 68. 7%
of the targ [ f IidlidRS (the

3! 2l iy H@Ab@ﬁ&hﬁﬁ%ﬁ@a@@ W&hfa?ﬁtté@“&tﬁ% s'éfatu&?&ﬁpe"ﬁi& VidlivhR

3- pent eneni

ut ene was 1. after 1.5 and
3 hours resﬂ@@heﬂltvem/c?@o piadt selatiop Ogﬁéf] ﬁ@@&%@omeﬁylp@eEZWBm

82 | of thgpadgemoPHCN, V9 rﬁﬁ{olﬂi-BPN)MsQ&?eH el vidliyaswesled andlssd to 2

t | dwth 130 {
ot ai 2%;'%& ShBowet oo e oa” (et piiods Bl Wit
each vial . ¢ eﬂiealaﬂdﬁm’lﬁodmlldminhnd)nrﬂnab'edd by GGusieg 2etloxiethpbather set at
125C i%npla%sa?ﬁg{c&a(ﬁ) {fﬁgl %n b:s%hﬁw@&'ﬂm%B@ 394 8¢ t&c@@%&%eﬁ'ﬁhl& ed in

. et hyl her ution was anaagéb 19 March 2004
| V\D01121684had%¢¥1U@D@F@Q%le@mgwﬁaﬁég%h%}“ﬂ %%da'hﬂ(mér%l st andar d.

The 3PN 2MBBN ;3 %dr‘éb%flin%msﬁmirssﬁaer&a@im% and 5.50 after 3 hours.

Hydr ocyanatlon q te %)nltrl I e; 4 PN : 116 | of the above '
catal yst sotxampig; @ fﬁﬂf‘?ﬁ‘%ﬂr} ySSteTand 13 | of a solution of ZnCl2 in 3PN)
5 (0.0067 nmml 7842 prosedercad deth Exaneple/ t akedpt titeqrhospitdrochlanditenfitp. The *
vi al coo d t.0. -20 125 .1 | and

2- et h\gﬁlﬁr;et h%FF' Pﬂ’é‘?‘ %&89 "'“"cdl—f(d%“‘% 3@4‘% m?‘%%%‘%aag&)g ded. The

vial was s_elabpaheallrdetusethy de for 24 hours at.roomtenperature. The
reaction my iﬁ@e‘ﬁs lgycl.h‘d&?zﬂm%ﬁ Bnd Fstﬁéhzzﬁid?ﬁhﬂ@PdlyTeEter product di stribution

anal yzed b et hoxyet hyl (1 as F 3 st andar d.
Anal ysi s showed ?h%lﬁm%P@%‘BFe?ﬁEl@’faéW?ﬁ Qlﬂ’é T K been
converted to di n}@wdcparmfrw@lugwu(a&&nk %nylyaisokhbwsémamﬁmmme Fhwing

sel ectl Vd t yHEI?\I lt'n cheenrt]:%g\rfer'tAé%No W 3SHIF pen%%m%%lez éﬁer 3 hours (the 3PN/2M3BN

ratio was 0.56). _
. Isomerization of 2-methyl-3-butene nitrile: Analysis showed that the
IPN/2M3BN ratio was 16.2 after 3 hours.
Hydrocyanation of 3,4 Pentenenitrile: Analysis showed that 11 4% of the
25  starting pentenenitriles had been converted to dinitrile product (28.5% yield based
. on HCN.) The selectivity to the linear ADN isomer was 92.4%. Yy
Example 3: Preparation of polyamide

Preparation of polyamide
1. A 75-cc stainless steel autoclave equipped with a glass sleeve was
30  charged with 3.05 g (21 mmol) N,N’-dimethyl-1,6-hexanediamine, 30g delonlzed
water, and 10.9 g (21 mmol) diphenyl 2.2’-dihydroxy-1,1 —bmaphthalene-.: 3-
dicarboxylate. The reactor contents were purged with nitrogen.
2. The reactor was set to vent at 250 psig. The reactor was heated to
200°C over forty minutes, then heated to 240°C over sucty minutes. At
35 100 minutes, the reactor pressure was reduced to atmospheric pressure over
60 minutes while temperature was increased to 275°C. The reactor was held at

one atmosphere steam and 275°C for forty-five minutes.
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- Exanpl e 2: Preparation of Polyester 2 Sanme procedure as with Exanple |
except the phosphorochloridite of the 15 acetal contai ni nggmggb{)g@rl ved

fromtyg e ion of salicylal dehyde an d 1, 3- propaned ed
Exanpl e 202\ f%dr ocyanation and |sonerization with Pol yeis’&gpg\@%#@ sane
procedure as in Exanple I A but W|th pol yester 2 was used. Hydrocyanation

of but adi ene: An Iyﬁﬁé B'H?fqp dﬁﬂ?@&ﬁ%@%ﬁ%@ﬁmﬁﬂg 320 HCN had been

converted to useful pen ’hodr's PN 2M3BN rati o was
0.56). |soneri zatfrrawryrwzomlmqmm butene nitrile: Analysis showed that the

gPN{ ZNBBNt ralt io ‘Aﬁélﬁb Pyamidt Hdkm %dﬁnga? Iedgg}ﬂr\?i(ﬂyﬁﬂ Fhb of?fchl%ndltc of
entenenitrile: Analysis s, 5 0 star
pent eneni t r 4" ggsq%gat %&V@ﬁi}éﬂn% aﬁﬂ?‘ﬁ‘fals?ltﬂm&waﬁzﬁ%‘. &f’wel d based
on HCN.) 5Thehssdledit remhbdyed by foary kevapoeatiof® giveahe desivad pflimétic Exanpl e 3
Preparation gf y P a - tyai nl ess
- steel aut oclpj).{‘o {e alg%g’ghlﬂl?”{’a%ps% %gésﬂrs]ﬁhg%gg’% g}i(% %?Aﬂ%)& 05 g (21
mmol) N N - dhmtwwnaﬂcﬁah@%’ahBMam ne, 30 g deionized water, and 10.9 g
(21 nmmol ) di d 3K Hydbdpaasonwith Roly@ini@ont hal ene-3, 3" - di carboxyl ate.
The reactor%m};eﬁﬁ% thomtro en 2 glgrea.c Wﬁu‘tSEt to
vent at 250 psig.lnhexareple h‘l‘%%fbﬁ A Fros FSWP@E“H‘P t hen
heat ed tiQ ZMCW%IMHEHH nut es. At 35 100 m nutes, the reactor pressure
was reduced to at eric sure. 9 t rature was
I ncreased to 275(%90‘%%@"1”353'?8’%5 g’e'lzl gn%l?gsgﬂﬁéweﬁ%?g#%?fégﬁ%ﬁgand 275C
for forty- f|H@thadlbeascommmus/eﬁﬂl%mem@uwﬂc%ﬁezﬁms ((RGENZMIBX6568 3.
After cooliny % S,?é/ld product, 10 g, was renoved Preparation
. of pol yam de q’he polyam de from above was reacted with the

phosphor ochifxampilg & Branche¢ Pelysreriln t ol uene with triethyl anine as the base.
The m xtjgre was fpd}-,g,rc@gn@quﬁ the solvent renpved by rotary evaporation

to give the desire c, phosphi t T I | uble in

chloroform 31P{HR¥ mﬁ%§¥“gegl64ﬁgg% 088 %mole) of 32+
hydroxyphenyl)propionic acid, 20 mg of Fascat 4102 and 5.840 g (0.049 mole) of
1,6-hexanediol. The mixture was heated at 170-225°C for three hours to remove
water. The mixture was then heated at 275°C for 70 minutes and then the

20  temperature was lowered to 200°C. House vacuum was applied and the
temperature increased to 260°C for 20 minutes. The mixture was flash column
chromatographed using 20% EtOAc(ethyl acetate) in hexane as eluent. Thus
obtained was 9.95 g of the desired product as an oil. 'H nmr (5060 Mhz, CDCl3):
7.2 (br s, 2H), 6.95 (m, 4H), 6.7 (m, 4H), 3.9 (t, 4H), 2.85 (1, 4H), 2.6 (t, 4H), 1.45

25  (m,4H), 1.2 (m, 4H).

y ' Preparation of Branched polymer 1
Under an inert atmosphere, a 100 mi rb flask with a magnetic stirrer was
charged with 0.900 g of phosphorus trichloride, 2.716 g of the diol from above
and 10 ml of toluene. The mixture was cooled at -30°C and a pre-cooled solution

30  of tri-n-butylamine in 20 ml (-30°C) of toluene was added over a fifteen minute
period. 3!P{H} (202Mhz) of the reaction mixture indicated a major resonance at
162 ppm. Tothis mixture was added 1.725 g of diphenyl- 2,2’-dihydroxy-1,1"-
binaphthalene¥3 ,3"-dicarboxylate and additional 2.0 g of tri-n-butylamine. The
gel was allowed to stand overnight. Some solvent was removed and acetonitrile

35 wasadded. The yellow solid (5.610 g) was collected. Solid state 3P magic-
angle-spinning NMR (121.5 Mhz): 143 and 125 ppm.
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nmej or resonance at 132.1 ppm Exanple 3A: Hydrocyanation with Polyamde 1 .
This exanple was carried out using the sane procedures as isg ,\Eag@ﬂzbg 1A 10

but V\nwl{ 9)[1 mde 1. Hydrocyanation of butadiene: Anal ﬁ?ﬁﬁ{s owed that 29%
of the I'ng HCN had been converted to useful pente SOV after 3
hrs (the 3PN2MBBN ratio was 0.73). Exanple 4: Branched Polyner | 15

P ti di,ol 100 nml. rb flask. h d 0. 099 I
of 5 (51 hydeRleaay HBRrRer BT oiagn SRR Pl 1,75 500 ©
(0.049 nole) of Rrdpahmioangdizadyst: The5Shg of brapchespohanerddwas weipbe@ #8€ f or
th h y t , 70
minat s and PRLG ey P cquifie Bitl dpfinlBips ADIOTTRA nRle ks i vas
appl i ed and Qaqbwale-nééreaﬁanﬁe shakene 228 108 a Srssldy mepde 3plUHPR GPRIZINIAKHe ni xt ure
was }‘Ias[]; C%Um‘mnﬁi}t e dggi ﬁﬂbﬁgnélﬁhn‘&&dtaﬁf/m?a%ﬂaet hyl dactet at e) in lhexilﬁ
as el uen u ai ne .95 g 0 esi uct as 0i
nnt (500 Mhz, CDC%) “ﬁ"’t’ﬁfg'é’f‘g’f’l?ﬁ’, 68‘?8 réjsa%b"q?”irﬁ?ar °% 9 (t,
4H), 2.85 (twasﬂctﬂ)o,lecﬂto@il()‘tc arkH)80 [l of 3 soRfiof f buud)il,ene_uﬂto(umed,@i?% ﬁn'mpiar ation
f B h d ith a
of Branche ﬁﬁéXﬁﬂz&pﬂ%‘i‘ﬁ %ﬁoh@ﬁﬁghgg{m&&ﬁﬁﬁﬁ 8@8%(%9111%1 HON) bapk i) 2

magnetic stirrer was har rus tric e, 2.716
g of the di mddpﬂmmb@%leThswgalr@sm%ﬁaqdd}ea@ @t of3houre AHY ool ed at

; 3PC andy @ pﬁ&nmey%aolﬁsﬁ ﬂét ??‘T %ﬁkz@&cﬁdnlml&t&mgbmmﬂutea %%%etﬁeﬁ?cz hof

ol uene was over een eri.o o e
reaction m xi“lﬁirtgep %\&‘ ?’@w%egi’ﬁr%ﬁ%a’%stt Vaé@?i%és ém)@ m xture
was added 1. gtafiagd. oAnﬁliwabe]thed tBatZ?l mmfdrecs:qniﬁg HCN hadnizgentdoal el 18,

3' -di carboxyl a The gel was
allowed to s?gh’g P%O‘%Pﬁﬂg‘h g&% ven?ﬁuﬁ 28 %/ﬁ/eelcri%arﬂr? acetonitrile 35
was added. The yeISbWzsmardOfZSmm -bﬁuMGnmlel(éM-?@M $30 pdjoEa geld 31p nmgi c-

angl e- spj nni oo, MR- 2MF§BN aﬁdl3a1€fbﬂltﬂil%5(t I@Bmmxﬁgl 21\@3@111/) ZJe@@Adcﬂed9 Mar ch
2004 PCI/ USOOI} 25568 Extgl rgcyan nd 1so éﬁt i 0 WI th
Br anched Pol W the catalyst samp es preparc above. he vial was seale eate

125°C for 3.0 hours. The reaction mixture was then cooled and diluted in ethyl

ether. The product distribution was analyzed by GC using valeronitrile as an
internal standard. The 3PN/2M3BN ratio was 0.47 after 3 hrs.

20 Hydrocyanation of 3,4 Pentenenitrile (3,4 PN): One of the catalyst
samples prepared above was cooled to -20°C and 125 pl of a solution of HCN,
t-3PN, and 2-ethoxyethyl ether (0.396 mmol HCN, 0.99 mmol t-3PN) was added.
13 pl of a solution of ZnCl; in 3PN (0.0067 mmol ZnCl,) were added to the vial.
The vial was sealed and set aside for 24 hours at room temperature. The reaction

12
th

mixture was diluted with ethyl ether and the product distribution analyzed by GC

using 2-ethoxyethyl ether as an internal standard. Analysis showed that 23.4% of

the starting pentenenitriles had been converted to dinitrile product (64.6% yield

based on HCN.) The selectivity to the linear ADN isomer was 91.8%.

Example 5: Preparation of Branched Polymer 2

30 Under an inert atmosphere, a 250 ml b flask with a magnetic stirrer was
charged with 0.412 g of phosphorus trichloride, 1.105 g of 6,6’-dihydroxy-
4.44°,7,7,7"-hexamethyl bis-2,2-spirochroman in 20 THF and 20 ml of toluene.
The mixture was cooled to -30°C and a pre-cooled solution (-30°C) of
triethylamine (0.800 g) in 20 mi of toluene. The shury was stirred for 1.5 hours.

35 3IP{H} (202MHz) nmr of the reaction mixture indicated a major resonance at

161.8 and 161.7 ppm. To this mixture was added 0.790 g of diphenyl- 2,2’-

dihvdroxy-1,1 -binaphthalene-3,3’-dicarboxylate and additional 0.700 g of
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- Preparation of .catalyst: 0.059 g of branched polynmer 1 was wei ghed into
each of 3 reaction vials equipped with septum caps. 200 gl 1nggrEﬁ2@§4e
added to each vial and the sanple shaken. 320-1 of a fresh rra e sol ution
cont ai WPY2¥8 015 rmol Ni (COD)2 in tol uene were added ggr/yg

Hydr ocyanati on of butadi ene: One of the catal yst sanples prepar ed above
was cooled to -20C and 280 gl of a solution of butadiene in toluene. (0.925
mol  BD) amdeth¥@minef Tk mixture has stidedSmightanddéhanfiltered.ovqsbedsithnrmol  HCN)

dded to,1 3 h

Ater a 10 diemufal, tnd Mt Vs o nEtlyiduRp CralGRldien I S PN

i n et hyl et hof yelionl sobd p‘a’o[dig}mm:dozez AiMHe; GBCéaiamywéaeWtché Apnmmst

val eronitri lgf; éﬂ_@%ﬁm RS hnatioh 8 RotheridMidn/Réstlts homBtahdiall 71. 7% of the
e

starting H n convérted to wuseful pentenenitriles (ratio of
3PN 2MBBR w9 after 3 hours. |sonmerization of 2-nethyl-3-butene
nitrile (2M3BN): Er3ﬁarlati0fz oﬁaﬂﬂbﬂ ])H)Sﬁ:g mﬁbrmched)pb}armc'r Bovanestheaiidto

val eronitrile dde f I sampl es
b epar ed. abdgeh O Al vigh KaBbhed S s@HRCept, 2R BT GeREAGE, S2T O
reaction m xach eiahesd thasamplochaktnaddl Gl Dﬁ% &GShlhn@dhwluU@m pE?9 mehe product

di stributiony Yg@%@e%ﬁﬁgt&ﬁe%ﬂm%mhﬁrm ﬁddeHQo 8achAftal i nt er nal

standard. The atio fte §§ti|;\ Hydr oc ation of
3, 4 Pentl€neni t ri |8vqracranplign ofdadigne; t%“ec%ft \ yStsSQWﬁ E'e"‘sP" %ﬂ? d®above
was cool ed typas-c@fedand20°Z5and|280 ] of & Sblutiowof bitadiGid, in toluBMRN0.22Tdmmol

2- et hoxyet h eth 0. 396 _mmol Q. ' . 13 pl. of
a solution ﬁ#DM?éW meF%BBBE‘E&%W \?%{ﬁ%h&%?i%?i?ﬂ?ﬁ%& vial. The
vial was seaideleld tmﬂhesréﬁl The diel Wes scaledland placad iy oboirbleckprepstousat at The
reaction 25 gy gﬂ@l%%x%véfa éﬁkr@tﬂ&'ﬁs :ﬁlfdl'beén&ﬁﬂ by RBoRASHHOD C.

di stribution anal yze using 2-eth ox t her _as an.internal
st andar d.3 Anﬂlvgﬂ@l%%‘ﬂ’e%iheﬂi utpAdn ethy eg@aﬁl eRgodiat ASHRHNOP; | es had

been conver tgdifRd Glt/ G agduest Rale@uiEile(S4n6htestiabitandabd s adalysis skdwdd The

| ect t 91. f
B anched Pol YR St T tremna HO B bR s pA do S FrshentFi P el T
magneti c st!dfriﬁ?N/@/h/ESBl’éhasgédi)aﬁdrB wuwkl2 g of phosphorus trichloride, 1.105
g of 6,6 -di hydfog%peﬁsz&m% afPerhedy - GHERER Ml (PIABR)2130 ) GeReqERN 10 20

THE and 20 m of was cqQol ed pre cool ed

sol ut i or2(( - 3®Oytiass containiag RMIBN prrbvaleropitaledd- 93¢ erﬁMw D &Iet?e?ﬂge The
slurry was sideed ﬂfn@éataily§ shyaples prepired abov?. fTHe)vid1 26k ety and plated e

{hi s mxt ur ohdRoTRIoLSEr ol 5 et ThY SHBRg e gisovel ater s Bbu Bodje P T
and diluted in ethyl ether. The product distribution was analyzed by GC using
valeronitrile as an internal standard. The 3PN/2M3BN ratio was 0.8 after 3 hrs.

25 Hydrocyuanation of 3,4 Pentenenitrile (3,4 PN): One of that catalyst

; samples prepared above was cooled to -20°C and 125 pl of a solution of HCN,

t-3PN, and 2-ethoxyethyl ether (0.396 mmol HCN, 0.99 mmol t-3PN) was added.
13 pL of a solution of ZnCl, in 3PN (0.0067 mmol ZnCl,) were added to the vial.
The vial was sealed and set aside for 24 hours at room temperature. The reaction
30  mixture was diluted with ethyl ether and the product distribution analyzed by GC
using 2-ethoxyethyl ether as an internal standard. Analysis showed that 1.8% of
the starting pentenenitriles had been converted to dinitrile product (5.0% yield
based on HCN). The selectivity to the linear ADN isomer was 90.0%.
Example 6: Preparation of Branched Polymer 3
33 Under an inert atmosphere, a 250 ml rb flask with a magnetic stirrer was
charged with 0.412 g of phosphorus trichloride, 0.769 g of 2,2°-bis(4-hydroxy-3- }
methylphenyl;propane in 20 m} THF and 20 ml of toluene. The mixture was
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di hydroxy- 1, 1 '-binaphthal ene-3, 3" -dicarboxylate and additional 0.700 g
of 28 19 I\/arch 2004 WO 01/21684 PCT/ USO0/ 25568 tri et hyl ar niipegardingomd xt ur e
was stw 6%ernl ght and then filtered, washed with tetra %/dro uran. The
sol ven nmoved by rotary evaporation to give 2.124 RFT/B$00285680w sol i d.
[err]P {H nmr (202.4 MHz, CDCl1l3): nmmjor peak at 133.0 ppm Exanpl e 5A
Hydr ocyanat i on and |SOOTTEI’I zation Results with Branched 5 Pol yner 2

Pr epar at i on c8pleg£¢ 23Q76rand@ prsgogledsotiondtA0GC) ef ety laming (0880 ghiad i nt o
each of 3 r%ﬁﬁl SMolticfié Sval BidddD Sthedlhirfy GAPEEMCRPS hoaﬁ(hnﬁjth&f cobiidd teer e

dded t d.th h f d | uti
e o ] i RO Ghe et G ebr BT 2oL
V|bal 10 I—Iydnpheyxah@repnne@d)ﬁymmdg@tﬁlé3mf emyiﬁhenaials?gyhfhfemtml_ ees p{ eIoar ed
above s in toluene
(00055 oo Pt f4r 3305, 5 Uedhingt 2 3L oo nBRoV . B 10leaitd O BaER ! 00

- mmol HON) wdPé3, 2 de63x and additipngl 0.708e of tiethydamine withd OambobTHEedhen a

hot - bl ock r ga&h@E waslstibd o@&%&aﬁ&i ERAMIR a8 Svas RARViateathhfdrofirkiP UTie and
guenched by cg}ol ing to - %gk rgtsoLcTt ed in -

% The reaction, mé &;s
_et hyl et her ~ SREYEPhEASERAYEL bYTSRFY BYRPPEIIONAR £1YF, %“%lﬁ/"
val eroni t ri I3¢P g¥}atimi (202 4dHzs CRXQg): thajodreal at $36:06) erd brdddaiealBdt 8% of t he

startin HCIY?,Q?% n converted to useful pentenenitriles (ratio of
3PN 2I\/B after 3 hours |SOITEI‘I2atIOI’l of 2- met hyl - 3- but ene

nitrile (2M3BN): Huirotvantion a ONRLIZS g F Polymep 8BBN and

valeronitrile (0.9g0 g %m@%%@éﬁtrr@@éseine gg Hﬁp@nﬂfbr&.[bgr&gﬁ@h}é% sanpl es

prepared above. The vial wa react or set

at 125C. The sanpﬁxdrﬂ@ynﬂé%%@”aﬂeé? MU@YEwheweQ;@ét 253%0fdhe stagingd i n

et hyl et her . HONeagHeen 66nvikted ko Bedfhigienwmeniddial &S Wy (16 3PN/ IU3BN

val eronlltrlle .as alr]14 ternal standard. The 3PN 2MBBN ratio was 0.8 after 3
hrs. 25 PydrBUQ3RSEHdh of 3,4 Pentenenitrile (3,4 PN): One of that catalyst
.sanpl es prepar ed hbmvszation og’d'ehadyl&-bbu&@@mnde)l%alystsfshamdItluitiﬂten of HCN,
t-3PN, and 2 0.99 mmol t-3PN) was
added. 13 L3P‘If/§ﬂ/ﬁ"§)1\?&;??60\kaso#§1§5&%p3 ﬁg‘% 0067 mmol ZnC 2) were added
to the vial. Thefviracyanggosehs. éfmegé{'feamsfsého‘lﬂd Hwti28.4% oftbom

t enperature. stmﬁib&%ﬁélﬁ@ﬂ@s%amew tonWaed % LiHieie pobit @654 AtRYas@nd the

product i st ° ggg}egthty BV Tinear ADN isomer was 94.0%,

In the representative examples in Table 1 the polymeric phosphite was

prepared from one of the polyhydric alcohol 1-8 and one of aromatic diol A-E.
Examples 7-9 and 13-14 illustrate the importance of control of polymer

morphology on catalyst activity and selectivity.
25
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- using 2-ethoxyethyl ether as an internal standard. Analysis showed that
1.8%of the starting pentenenitriles had been converted t ogditavch2obg
pr oduc yield based on HCN). The selectivity to the |inear ADN
|sorrer{’vd‘ﬁng§40% Exanpl e 6: Preparation of Branched PoP¢8S025368 under an
inert atnosphere, a 250 ml rb flask with a magnetic stirrer was charged
with 0.412 @olfhydhiogjdobolus trichloride, 0.769 g of
2, 2" -bi s(4-hydroxy-3-net hyl phenyl) propane in 20 Ml THE and 20 m of
toluene. The mxure was 29 29 March 2004 WO 01/21684 PCT/ US00/ 25568 cool ed
to-30Candapr tion (- R gehayl aqne ((.800 g) in 20
m of tol uenBSm ; @ ho and then cool ed
to -30C. To thi ds added 0. 4086
3,3 ,4,4',6,6 -hexanetfjyl -2, 2' - bi phenol (prgpar ed by co
2,3,5-trinethyl phenol using the literature 5 procedure for
3,3 ,5 5 -tetranethyl -2, 2" -bi phenol: WW Kaeding,-J. Og. Chem,
28, 1063) angdgzadditponal 0.700 g of trietkyffamine with 10 ml of T
m xture was redjover ni ght and bhen filtered, washed with :
e~ o8Ol emt ATas T rotary evaporation to:give

t et r ahydr of urap-

1.449 g of andpff white solid. 31P #H) (202.4 MHz, CDCl13): mmjor peak
at 136.05, and broad peak at4 10 134.76 p Hydrocyanti on and | sonerization
usi ng Branched Pol yner 3 Used the sane procedures as in_Exa jut with
branched polynmer 3. Hydrocyanation of butadiene: Analy S

81.3% of the starpyng HCN had been converted to useful pente i tr==kes

after 3 hrs gfhg 3PN/2|VBBN 15 ratio wag 14. 3) | someri zation o
- 2-net hyl - 3- itri at the 3PN 2M3BN r =@ was
19.2 after 31 yar ya 0 F enitrile: Analysi
that 25.4% of the strtl ng peetenenltrll been converted to dinitrile
product (63.5%yield based 207on HCN). e sélectivity to the |inear ADN
isomer was 94.0% In the representative exanples in Table 1 the polyneric
phosphite was prepared from one of he oI thdrl c al cohol 1-8_and gne_ of

aromatic dial Pes 2.9 and i Arate tdhe | -@ 0
control of p m)rphol bn : @ d sel ec tyyy 2

DH

8 9
5
Aromatic diols:
HO OH
i OH i 5 C)Hi E
H H )
A B Cc
0 0
MeOC HO OH Cone Ph02 HO OH Cozph HO OH
1|| ’ i i j 1 ,=v ! o.(CHz)r}
F
10 ‘r"a
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30 WD 01/21684 .Pol yhydric alcohol: HOI 7 5 Aromatic diols: 4 OHHO 6 CH 8 -

HO OH A B MQ2C HO CH C&2Me PhQ2C HO OH CO2Ph D 10 E C 19 MayrmakrcR2044
PCT/ Uggg/@ég@g OHHOO O HOOHF 9 O(CH2) 31 WO 01/21684_19 March 2004
PCT/ US00/ Table 1: Selectivity and activity of sevEFHUSBYESFFY st s
conpri sing polyneric
Table 1: Selectivity and activity of several catalysts comprising polymeric
phosphite ligands in the hydrocyanation of butadiene and -3
pentenenitrile, and the isomerization of 2-methyl-3-butenenitrile

Example | diol | bridge |BD hydrocvanation |[3PN hydrocyanation | Isomerization
yield?  3PN/2M3 | yield®) Selectivity | 3PN/2M3BN
to ADN
75,d) 1 A (295 0.9 66.5 38.8 11.66.
gec.e) 1 A (769 1.9 590 88.6 11.6%9
9¢,f) 1 A 771 8.2 63.0 89.7 26.39
10¢) 1 B |32.0 0.7 50.2 80.7 5.28
11 ¢ 1 D |68.2 1.5 50.8 871 17.17
12¢8) 1 E |74.0 0.8 49.5 83.6 1.57
13 ¢ h) 1 E |70.1 1.0 67.0 88.4 2.82
14 ) 2 C |835 1.2 43.5 78.7 17.81
15¢) 3 A 699 31.5 59.5 928 21.01
169 5 C {744 18.2 62.5 90.1 21.93
17¢) 4 A (738 25 38.5 94.4 1.51
18¢ 6 A |736 19.5 63.3 91.9 18.72
19¢) 7 A |86.0 2.7 50.8 95.5 15.47
209 7 C 1865 1.3 12.0 947 16.81
21¢0) g D |845 2.5 31.25 899 18.28
5
a) Yield in % based on HCN.
b) Hydrocyanation and isomerization procedure analogous to that in Example 1 A.
¢) Hydrocyanation and isomerization procedure analogous to that in Example 4A.,
d) 770 mg 1 were added to 412 mg PCl3 in a mixture of 30 ml toluene and 20 m! THF
10 at -30°C. 800 mg NEt3 in 20 m] toluene at -30°C were added. Stirred 60 hrs. Added
. 363 mg A and 700 mg NEt3 in }0 ml THF. Product was isolated by filtration.

‘ e) 650 mg NEt3 in 5 ml THF were added to 412 mg PCl3 and 769 mg 1 in 15 ml THF
at -30°C over a period of 10 minutes. 3 ml THF were added and the slurry cooled in a -30°C
freezer. 363 mg A and 650 mg NEt3 were added ,resulting in a gel. 15 ml THF were added

15 and the solution filtered. Solids were washed with hot HyO, then with acetone, CH3CN and

THF.
f) 650 mg NEt3 in 15 ml THF were cooled to -30°C and added to 412 mg PCl; and

769 mg 1 in 20 ml of THF at -30°C. The slurry was cooled after the addition. 363 mg A
and 650 mg NEt3 were added. The solution was filtered and solids washed with THF. The

20 polymer was THF soluble. :
g} 412 mg PCl3 and 769 mg 1 in 20 m! toluene and 20 m! THF were cooled to -30°C

in a freezer. 800 mg NEty in 20 ml toluene were added and the mixture cooled to -30°C.
790 mg E and 700 mg NEt were added. The mixture was filtered, washed with THF and

_ the product recovered by removal of the solvent.
25 h} 1.679 g 1 was dissolved in 17 g toluene. 900 mg of PCl; were added. 5g

N(nBu}j in 8.7 g toluene were cooled to -30°C and added to the mixture. 1.727 g E, 2.6 g
N(nBu}j, and 20 mi toluene were added and the mixture stirred. The product was isolated
by addition of CH3CN, filtration and washing with CH3CN.
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phoesphite ligands in the hydrocyanation of butadiene and t-3
pentenenitrile, and the isonerization of 2-methyl - 3-but enenpMdrtie2004
Exanpl edi ol bri dgeBD hydr ocyanati on3PN hydr ocyanati onl sonerization yield a)
3PN/ 2MByi el da) Sel ectivity3PN 2M3BN to ADN 7 b, d)1A29.5 0.966.5 88. 811. 66.
8 c, e)lA76.9 1.959.0 88.611.69 9 c, f)1A77.1 8.263.0 89.726.39 10 c)1B32.0
0.750.2 80.75.28 I] ¢)1D68.2 1.550.8 87.117.17 12 ¢, 9)1E74.0 0.849.5 °
83.61.57 13 ¢, h)IE70.1 1.067.0 88.42.82 14 02C83.5 1.243.5 78.717.81 15

c) 3A69.9 31.559.5 92.821.01 16 c)5C74.4 18.262.5 90.121.93 17 c)4A73.8
2.538.5 94.41.51 18 c)6A73.6 19.563.3 91.918.72 19 c)7A86.0 2.750.8
95.515.47 20 ¢)7C86.5 1.312.0 94.716h§i#§#§9)8D84.5 2.531.25 89.918.28 5 a)
Yield in % based on HCN. b) Hydrocya and i sonerization procedure

anal ogous®to that in Exanpl.e 1A. c¢) Hydrocyanation and isonerization
procedure anal ogous to that in Exanple 4A. d) 770 ng | were added to 412 ny
PC13 in a mxture of 30 mMl toluene and 20 mM THF 10-at -30C. 800 ng NEt3
in 20 mM toluene at -30C were added. Stirred 60 hrs. Added 363 ng A and 700
my NEt3 in 10 ml THE1Pr odupalymeric ¢ampaesitéan doynpirisingrrgpgabnnitsejerysd fistn NEt 3 i n

S T oA R ST ARSI ot 0 07
freeze Ei . 1%6?@% a& QVI'GEFEH ﬁ@d Wp@ﬂéﬂi‘;&%@ﬁﬂ@% %{Wﬁ’@e["ﬁ%ﬁ fﬁ’_é"t’ Ehe%S mHZ'gHF
were adde oSSt SObLRIEYCH | LRk (COsrRWg e washed wit ot
PRI o Sene R R R
slurry was ceombihatibhesf thdaratde thepenf, 363 ng A and 650 ng NEt3 were added.
The solution was fil We?cqn gzﬂﬁi mso?llo}n% is%?elaféq ¥ bhe up Jorﬂ?isting of
15  polyhydric alcohols, amines, and combinations thereof,
wherein said phosphorochloridite has the formula selected from the
group consisting of CIP(O-Ar2-R2),; and the Ar? groups in CIP(O-Ar2-R2), are
unlinked to each other, directly linked to each other, or linked to each other
through group AZ;
20 wherein each Arl is selected from the group consisting of Cg to C4g
phenylene group, C; to C4q biphenylene group, C;q to C4 naphthylene group,
C, to C4q binaphthylene group, and combinations of two or more thereof;
whererin each Ar? is independently selected from the group consisting
_ of Cg to Cyq phenylene group, Cyg to C4q naphthylene group, and combinations
25  thereof; _
| , wherein A2 is selected from the group consisting of -C(R1)(R!), -O-,
-N(R!)-, -8-, -§(0);-, -S(0)-, and combinations of two or more tl_lereof; '
wherein each R! is independently selected from the group consisting
of hydrogen, C; to C; alkyl group or cycloalkyl group, Cg to Cy aryl group, and
30  combinations of two or more ihereof;
wherein each R2 is independently selected from the group consisting
of hydrogen, C; to Cy; alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3,
Cg 10 Cyg aryl group, F, Cl, -NO,, -SO;R3, -CN, perhaloalkyl, -S(O)R3,
-§(0),R3, -CHO, -C(O)R3, cyclic ether, -Al!Z, and combinations of two or
35 more thereof;
wherein Al is a C; to C;, alkylene group;
wherein Z is selected from the group consisting of -C02R3, -CHO,
-C(O)R?, -C(O)SR3, -SR3, -C(O)NRIR!, -OC(O)R3, -OC(O)OR3,
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- 20 pol ymer was THF soluble. g) 412 ng PC13 and 769 ng | in 20 ml tol uene
and 20 M THF were cooled to -30C .in a freezer. 800 ny NE#3 Mdrciefood

t ol uene were added and“the nixture cooled to -30C. 790 ng E and-.700 ny
NEt 3 were added. The m xture was filtered, washed with THF and the product
recovered by renmoval of the solvent. 25 h) 1.679 g-1 was dissolved in 17 g

t ol uene. 900.ng3@‘1) é;fjwm!)gw oskn )QOR (ORY, LOIO)SRE, ver e

led to - 3, d 20
O o SO ZUOKGl O RS, o b 231 a0 20,
addi ti on of -SE3RN, . CNLhm@éomhnﬂxﬂ:sMMongm&iheﬁblﬂCl\l 32 19 March 2004
CLAAMS 5 1. A | d f
CLANS 2 1 PO YGRS, AR LSRR o s BN 1
wher ei n $ai d)f&élrtb@mlaﬂgdwpomi@hmmumqsé@ Fab aryd gtoup: and combinatiess gr oup

consi sting GhelbPQre) M OH) - Arl” (G—i)(COZRI)
- (R162C) rn( OH) - Aré-A2- Ar2- ( (COZ )m ., (R 02C) m - Ar2- Are- ( 2RI m and

conbi nati ons of two WREIR¥EEC endeatly  pumbers HEARER © Wd-ed from
the group consisting of 15 poI yhydr| c al cohol s, am nes, and conbl nations

t hereof , wherein sai ph s hor hl ori di.t e for. tegd fromthe
group consisting of TP 'ﬁaccgﬁcﬂnﬂ?eé%w d’lﬂlﬁfﬁgﬂﬁn ?2 R2) 2
ar e unIIﬂnkeRP-)jmoeﬂmho@hdfmcygedattambdyophwphorutso each other, or linked to
each other t trough group A2; 20 wherein each Art is sel ect ed fromthe
group consisting of to C40 henyl ene roup, Cl2 to C40 bi phenyl ene
group, Cl10 to 40 né’phth@l“@ﬁéoﬂg‘é‘hﬁcco OLG agnd wheneip saidypobdydds oup, and

combi nat i onsid@hot N2 tBE foMiga MMéapﬁmmm%abp eomhﬁlﬂf?ﬁm n AdEmIgRdent |y

210" napht hy KA A0 B (G2 Ot (ealBHne 'S, 2707 < Sl o

rein A2 is selected

from t hd5gr gHE)gaAd @) A&(@H)mmmmmommrl (OH)(FR@H)W S, -S(0O2-,
| ﬁ’éé’éend‘éﬁ?ﬁm“’“i“f?”ﬁ%% @éﬂ*’ E?éf?ﬂgz “OF bydr 3;22 &'t a1z
MR A WIS, R Q) Q- (OH)
(OH)p-Ar2-Ar2-(OH)p,, (OH)p-Ar2-A2-Ar2- (OH)m,
(HO)-Ar2-Al-C(0)-0-A1:0-C(0)-Al-Ar2-(OH),,,, (OH)-Ar!-(OH), and
20  combinations of two or more thereof'; -
. wherein Arl, Ar2, A2, and m are the same as recited in Claim 1;

wherein each Al is independently a Cy to Cyy alkylene group; and
wherein each p is independently a number in the range of from 1 to 10.

25 4 A con-lposition according to Claim 1 wherein said polyhydric
~ alcohol is selected from the group consisting of 1,3-propananediol, tetra(ethylene
glycol), 1,6-hexanediol, 1,4-cyclohexancdiol, 2,6-dihydroxynaphthalene,
hexa(ethylene glycol), and combinations of two or more thereof.

30 5. A composition according to Claim 1 wherein said monomer is
an amine selected from the group consisting of 1,6-hexadiamine,
N,N’-dimethyhexanediamine, ,4- butanediamine, and combmatlons of two or

more thereof.

35 6. A composition according to Claim 1 wherein said

carbonyl compound is selected from the group consisting of
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“30 conbi nations of two or nore thereof; wherein each R2 is independently
sel ected fromthe group consisting of hydrogen, Cl to Cl214elnarkh 2004
tcycloal kyl group, acetal, ketal, -OR3, -C02R3, COto C20 aryl group, F,
"d, -N®2, -S03R3, -CN, perhaloalkyl -S(OR3, -S(O2R3, -CHO, -C(OR3,

cyclic ether, -AlZ, and comnpinations of two or 3%, noreythereof, wherein Al
isacClto C12 al kyIRs@ group
consi sting of -CO2R3, * R1, -0OC(O.R3,

-OC(O) OR3, 33 19 March 00% = R) ) NORI,
-P(O (OR3) (OR3), -5(O 2K ' ‘
NRSCCONR)R, F, d, / .-CN, and conbl natlons of two or nore
t hereof ; wherein each R a¥= dently sel ected fromthe group

consi stl ng f : &1@, [ 0 aryl group,
end conbi nat Faggscoﬁééagg ; h{*%ﬂ%ﬁc ié(r sasﬁﬁég%{é Qgr#?{geqlﬁg:el%@h ently a nunber
in the range of from1l to 2. 2. A conposition according to Gaiml wherein

R2 in Cl P(OArZ 10 R%).2 '&c&ﬁfa&@héxpadcbﬁh@m&rﬁfltvﬁfcl?éﬂ s4if cﬂﬁﬁﬁﬁlhorus 3. A
conpositi accor di ngsleh}etegl alm| wherein, said hydric alco has t he

formula s Iec"toé‘EP°f‘P " rﬁrﬂybﬂ@caxgmqqs&hasof HO)I Ia (OH) m
(HO) rrj 7Ar e- Alialky122,3'QitiyroXytid) Mbirkphatedt-3( HioArbdx Tgﬁw m 15 (HOm (AL-Op

L e S AEALE (557 6%

re-(GCAL)p-OCAt-(OHm
(OH)m Are- Ar e‘Z .2 ’alihydrogehbiphenyl S, 32didarBoxylid)arid, ( HO) m
Are- A 0O - O it b1 it Do ot i G coiftpnd Gt | 0ns

of two or noreét vvher I'n m ar e esane as
recited il Cmomthereofaherein each Al is independently a Cl to Cl12 al kyl ene
group; and wherein each p is independently a nunber in the range of from1l
to 10. 25 4. A conposition according tg Claim1l wherein sal d _pol yhydric

al cohol is selected f&om# RelVHICHGSORIPASITIQR COHIYPBTING repestumits darived % '

tetra(ethyl eng) plts Eﬁ&h% trichi@ide@ TAFOAL), dr Both (@) pogrpicti®hol, and
2, 6-di hyar OXy(Q?Enharomanc %10] )
15 ‘ :
9. A composition according to Claim 8 wherein said polyhydric
alcohol is selected from the group consisting of

(2) (R4Y(HO)y-Ar2-Al-Ar2-(OH) 1,(RY),

20 (R“)(HO)m-AIZ—(O-Al)p-O-Arz-(OH)m(R“), (R4)(OH),,-Ar2-Ar2-(OH) (R,
(R4)(OH)y-Ar2-A2-Ar2-(OH)(RY),
(R4)YHO),,;-Ar2-A1-C(0)-0-A1-0-C(0)-Al-Ar2-(OH),, (RY),

- (R4)(OH),,-Ar!-(OH),(R4), and combinations of two or more thereof;
wherein each Arl is indc;ﬁendcntly selected from the gr;)up consisting
25  of phenylene group, biphenylene group, naphthylene group, bmaphthylene group,
and combinations of two or more thereof;
wherein each Ar? is independently sciected from the group consisting of
phenylene group, naphthylene groiip, and combinations thereof; .
wherein each Al js independently a C; to C;, alkylene group; |
30 wherein each A2 is independently selected from the group consisting
of -C(R)(R!)-, -O-, -N(RI)-, -S-, -S(0);-, -S(O)-, and combinations of two or
more thereof:
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* hexa(ethyl ene glycol), and conbinations of two or nore thereof. 30 5. A
conposition according to Claim1l wherein said nononer is ae harchmeode! ect ed
. fromthe group consisting of 1,6-hexadiami ne, N, N -dinethyhexanedi am ne,
"1, 4--but anedi am ne, and conbinations of two or nore thereof. 35 6. A
conposition according to Caim1 wherein sai car bonyl conpound is
sel ected from the grdhgreimsash Btlilﬁ@dﬁ?e@mt%eﬁﬁwﬁ%% FroupePSE¥Bnat i ons
thereof, andofipabodss, C5td Op ARV TRIrAFClbARYIg6u, Tsth Tyfadyl gibuplarabnposi ti on
according to O ai%p?I F\&EI n sai&_l. ca{.,bonyl 5 conmpound is selected fromthe
"graup consi staTYntongof frg pr more thereof;

2,2 - gi Eydr oxy: - 1, 1' whérsinpath R4 énimdapeiidentiycseldutedyfrar ¢he graumbdnsisting

2,2 -di 1.1 - di

2 2 _di h;%: 8?)%}/“ |d§3153h€i ?Q,égﬂl%ﬁc°§%‘g§§lﬁlggq§%‘%’§?&”’ ketal, -OR?, -COR?,

2, 2" - di hydr oRytalCag arpi grapit +8iR33: 020 ¥RF0xHOR3acBD]RY A6 nat i ons of

t 10 nepeps . ‘ i RBi o1 ey t unit
wo_or mmzf(%t ,gﬁee; SN, &rﬂﬁbﬂ@? E(ONROTR P)(,OJA Q&Hé&hﬁﬁaﬁ&?g? uni '_s

derived fro 'osphorus' tric . OAr3), or both,
pol yhydri c aPicedr mesg ﬁf?@f} an aromatic diol. 15 9. A conposition

according to C ai n}BwH&@ﬁﬁZél;h s%!’e%c&dgﬁhﬁlﬂwjgrAb@p c@tistting bf i- RB’?ORE??HS om t he
roup consi st t- Al AL m

9000 SO0 el (ki KoL e g

(24) ( (Ola)_i) m AE Ebiﬂ(ﬂ“gmh('@ﬂlﬂi%z, -QRA)NHO- o RAy EP(@)(DIG_O@I:_Q AS(D)Q?SI O-Al

- Are- m 15 0 WO Oor nore

t her eof ; Me%bw%a'ﬁbi@{m’ n'&g?g](g’gﬁt |'§@§f%ﬁ‘gg5ﬁoﬁm ?ﬁe- g(?%up

consi sting &5, pEdyyhd cembinatipns dfityhenyoeathegrofiup, napht hyl ene group,

bi napht hyl ene group, ' ' m.rgr - h

'Alr 2 Ps i%depengen;J Fnggﬁglcfagg%ﬁgﬁ##ﬁ%@%t%w%égé\dsﬁglthiqlﬁ%gﬁ E?gﬂsény eﬁl:n =ae

group, nkpht biT eteeC gy alkyl or sxcioalisphgrang,iGrte Gapary Groupnaid ambipaligrisa| | s

i ndependent | bﬁe?co?;l to Cl2 al kyl ene group;

wherein each m is independently a number in the range of from 1 to 2;
and ' '
wherein each p is independently a number in the range of from 1 to
20 10; or

(b) the group consisting of (OH),,Arl-R4-R4-Arl(OH),,, and
(OH), Arl-R4-A1-R4-Arl(OH),;
wherein each Ar! is independently selected from the group consisting
25  of phenylene group, biphenylene group, naphthylene group, binaphthylene group,
and combinations of two or more thereof;
wherein each Al is independently a C; to Cyy alkylene group; and
wherein each R4 is independently selected from the group consisting
of C| to Cy, alkyl or cycloalkyl graup, acetal, ketal, -OR3, -CO;R3, Cgto Cyg
30 aryl group, -SiR3, -SO3R3, -S(O)R3, -S(0),R3, perhaloalkyl, -C(O)N(R3)(R3),
-A‘C02R3, -A1OR3 and combinations of two or more thereof.

10. A composition according to Claim 8 wherein the location of the
OH groups of said polyhydric alcohol are placed such that, when said polyhydric
35  alcohol is contacted with PCl3, monodentate phosphites are not predominately

produced.
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30 wherein each A2 is independently sel écted from.the group consisting . of
-C(R)(R)-, -0-, -N(RL)-, -S-, -S(O2-,--S(O-, and conbi natMzras2064 t wo or
nore thereof;. 35 19 March 2004 wherein each Rl is independently sel ected
fromthe group consisting of hydrogen, C1 to Cl12 al kyl or cycl oal kyl
group, C6 to C20 aryl,growp, and. conbinations.of, t r re thereof,
wherein each R4 is inhgpe Fompostign h@ﬁﬂ"ﬁéag’ﬂﬂiﬂ‘yﬁﬁﬂ%’gﬁ’ 5 of

“hydrogen, Cl salecBibfranithye gronp comsistimglofl group, acetal, ketal, -OR3, -CO2R3,

C6 to C20 =S . . . - S(0) 2R3, - CHO,
- O;) R3, F?ry '5%%ﬂ§hﬁaé7ﬁ°xmml%?%%&m@) and conbi nati ons

of two or nora2i-fialulbisphenodAcibisplencd Asel ected from the group consisting of

-CORR3, - GHO, 4,410 ichi) ::f)sa)sgsﬁmﬁ 5 RL, -O(OR3, -0C(O) CRS,
- N=C(-R1) Ri, =NRI | -C(RL.=NORL, - , -S(O 2R3, -S(ORS, -
ST i O e I IR I G

-

S o oo, (o el teg s |

selected fro h roup consi sti 5 0of Cl

group, Ci to%o‘%ﬁglyl?y%g‘?’ﬁ’ﬂ%peil%&%& HB%ns - t hereof ; wherein each in i's
‘i ndependent | yi.& -ethylidenebis(2{ Hdintctingshontl)f ﬂ%ﬁoﬁyﬁdénebﬁ@,sméﬂi{mh@ﬁﬂm pis
N ndependq%tly4 RaINN #HH%SQ}E‘ r—i.%fn roml to 20 10; or (b) the group
.consi sting of%’g g e W@-ﬁ’ Hu (OH) mAr 1--R4- A1l- R4- Ar1(OH) m

wher ei n each 4¢’tethyidenchip(@risepropyl-Ssmethyiphendl),om t he group consisting 25 of

phenyl ene group, biphenyl ene group, naphthyl ene group, - birnapht hyl ene group,
and conbi nations of two or nore HdersQf; wherein each Al s independentiy a

Cl to Cl12 al kyle %2 each R4 is indepen ly sel ected
fromthe grou NSpSTY

ketal , -OR3,

-S( O 2R3, perhal oal ﬂ/

acet al ,
of two or nore thereof’

nati ons

15 and combinations of two or more thereof,

12. A composition according to Claim 8 wherein said

aromatic diol has the formula selected from the group consi'sting of

20
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. 10 A conposition according to Claim8 wherein the |ocation of the OH
“groups of said pol yhydric al cohol are placed such that, whag natigl2004

pol yhydric 35 al cohol is contacted with PC 3, nnnodentate phosphites are

+ not predom nately produced. 36 19 March 2004 11. ' A conposition according
to Claim8 said polyhydric alcohol is selected fromthe group .consisting
of 6,6'-dihydroxy-4,4,4",7,7, 7'-hexaﬁithylhb|s 2,2 - splrochronan

2,2 -diallyl bi sphenol A, blsphenoh‘,A R1 - (- nethylethylldene)b|s(2 (1
nethylpropyl)phenol) 4, 4" -t ¢ 0dlhydroxydlphenylsulfone

4, 4" -sul fonyl bi s( 2- nethylphen > xy-R7- net hyl phenyl ) sul fi de,
2,2"' -di s(4-hydroxy- 3-net hyl phenyl
4, 4" -et hylidenebi s(2,5-dinmeth
4,4' - propyl i denebi s( 2, 5- di nel Eylph-nO'f,R _
4, 4'=benzyl i denebi s(2, 5- di et hy! ptfenol ), RS
4, 4" -ethyli d%ﬂ)e rﬁ,{,&ﬁ@gg& bnﬁofgq}l&%phenol ), O O—| 15 and conbi nati ons of
two or nore thereo

EEOSI t1on accordi n% aim8 wherein said
aromatic diol has th*éfhﬂémrﬁapla 43 ndepapdentlyfelegte &F%Hw(%w COnSISHNBf y H H -

20 R0 R 37 é@t}?mgéh ep %c?a dRc?cElQalEﬂ ﬁ;ﬁh«:@ﬂsmm LORAOLCORRE, t her eof

wh f f
yar ogen.3 C G fCen 451 PRI DR Ly Wpat RoRSC Hidhies, (L | g °

-C02R3, 5 Ce6- G(O)@,O-mr-yji gmu pCF3,S|(R®)N(R\?¢Q{3) Smlﬂ?fand cﬁ(xbi)lmons-cﬁ(t@)ZRB
fCHtO C(O)(I;&Smore thereg} CN, -CF3, -C(ON(R3)(R3), -Al1Z, and conbinations
O V\D k] .

wherein Z is selected from the group consisting of -CO,R3, -CHO,
-C(O)R3, -C(O)SR3, -SR3, -C(O)NRIR!, -OC(O)R3, -OC(0O)OR3,
© 10 -N=CRIR!, -CRD=NR!, -C(R1)=N-O-R!, -P(O)(OR3)(OR3), -S(0),R?,
-S(O)R3, -C(0)OC(O)R3, -NR3CO,R3, -NR3C(O)NRI!R!, F, Cl, -NO,,
-SO3R3, -CN, and combinations of two or more thereof;
wherein each R3 is independently selected from the group consisting
of C; to Cyy alkyl or cycloalkyl group, Cg to Cyq aryl group, and combinatons of
15  1wo or more thereof;
wherein each R3 is mdependently selected from the group consisting
of H F, Cl, C;to Cy; alkyl, C; to Cy; cycloalkyl, Cg to Cyp aryl, -OR3,
-CO,R3, -C(O)R3, -CHO, -CN, -CF3, and combinations of two or more thereof;
wherein each RS independently is selected from the group consisting
20 of H, Cy to Cy; alkyl, Cy to C;; cycloalkyl, Cg to Cyq aryl, and combinations of
two or more thereof; and
wherein each R7 independently is selected from the group consisting
of H, C| to Cyy alkyl, C; to Cy cycloalkyl, Cg to Ca aryl, and combinations of
two or more thereof.

25
13. A composition according to one any of Claims 1 to 12 further
comprising at least one Group VIII metal selected from the group consisting of
nickel, palladihm, cobalt, and combinations of two or more thereof.
30 14. A composition according to Claim 13 further comprising at least

one Lewis acid which is an inorganic compound or organometallic compound in
which the element of said inorganic compound or organometallic compound is

selected from the group consisting of scandium, titanium, vanadium, chromium,

38



.or- nore thereof; wherein Z is selected fromthe group consisting of -C02R3,
-CHO. " -C(OQR3, -C(OSR3, -SR3, -C(ONRIR1, -OC(OQR3, -OC&)aEsch 6ba
-N=CR1R1, -C(R1)=NR1l, -C(R1)=N-OR1, -P(O(OR3)(OR3), -S(O2R3, -S(ORS3,
-C(OOC(OR3, -NR3CO2R3, -NRBC(ONRRL, F, d, -NO®2, -SO03R3, -CN, and
conmbi nations of two or nore thereof; wherein each R3 is independently
scgl ect (égof rowm@wm,gemi,ﬂg@ﬁm, zifif, bj@iort, alukiizum) yyrlungzircymiuag| kyl group,
to aryl. .arou d conbi,nat ong. o t . TOS eof - erein
cach RS i | Moo RRendR aReaiien SRiom b5, aboblhiBiohs RS ER mtlS &
Cl to Cl12 al KhéreofZ1 to C12 cycloal kyl, C6 to C20 aryl, -OR3, -CO2R3, '
-C(OR3, -CHO, -CN, -CF3, and conbi nati-ons of two or nore thereof; wherein
each R6 independently is selected fromthe group consistin 20 of H Cl to
C12 al kyl 3 Cl to C12 1dyclfepmpesitiensaqegrdipgtopigim lﬁmemigbpwmmﬁ t Wo
or nore ther ?‘_éfebteﬁﬂfbﬂ\/ﬂﬁr 11Ipt ansidtig ofﬂi.ﬂ@l@ﬁclﬂﬁﬁfltch&é?izlﬁn &ﬂf)ﬂﬁf,‘gﬂmf rom E heCZO
group consis ., 0f . H 0, to. cl oa , o]
aryl, and corpbp‘ﬂ'ﬁjtei %‘r‘i’ge@f OTPMC‘%}%M%%F% ‘pa%‘sfgw%\%@ﬁﬁ%éﬁeggn '
accor di ng .t o andeX irsgleofed Gtom the drowp déhsisting bECF; 30 H M3 S, | east one '
Goup VIII t . LSkl of nickel, palladium
b ”ﬁhaﬁgpﬁﬁ'c% afif g{u'hgmahl%&s & idfor it gfe_%ogg b

cobalt, and co atians WO or nore there 14. A conposition

accordindgOto Caim13 further conprising at least one Lewis acid which is

an i norgani ¢ compoundeor OLARBAErshfs GPERRAEHS b RarbbhiICdnigtn@ kadent of
b Er;@tasfrfgl@? rrpou%g f‘rsw cdt?’

sai d i norgani c conpound or"organo C.CO ..selected f[ﬁgthe
group consi std HENYRerde RrefugeAn interpadiae: apd (rontiactingsaidinicrnediate withg, oy
2004 manganesghosphoowhloddial t, copper; zinc, boron, alum num yttrium

zi rconium  ni obi um | .bdenu cadm u r,henj,u ti,n, ,and, gomhi nati ons of
two or more thereof "@Pef%psﬂgé’%ﬁggﬁﬁ%@“gg@ﬁgﬂeﬂ:gmfudaﬁl%?q?ﬁ %ﬂ%@rei n said
Lewi s acild i grogetansisting bf (RHQ)D(OHHATE@ENEO0RI)@f zi nc chloride, cadm um
chloride, irgginC irveles ot k3 phel 1(%—:@ NXa 428 _@f}jla' ns of
two or nore 3ﬁep g#‘gﬁkgnﬁr X&i%qsgpg@%(gﬁ})@ h@éng)%rp%g%n S| ta%(?
CF3S0B, CH3Caapmamtions of two or more thereof, ‘

wherein said monomer is selected from the group consisting of

polyhydric alcohols, amines, and combinations thereof;

20 wherein said phosphorochloridite has the formula selected from the
group consisting of CIP(O-Ar2-R2),; the Ar? groups in CIP(O-Ar2-R2), are
unlinked to each other, directly linked to each other, or linked to each other
through group AZ; '

wherein each Ar! is selected from the group consisting of phenylene
25  group, biphenylene group, naphthylene group, binaphthylene group, and
combinations of two or more thereof;,
wherein each Ar2 is independently selected from the group consisting
of phenylene group, naphthylene group, and combinations thereof; '
wherein A2 is selected from the group consisting of -C(R1)(R1)-, -O-,
30 -N(R!)-, -S-, -§(0),-, -S(O)-, and combinations of two or more thereof;
wherein each R! is independently selected from the group consisting
of hydrogen, C; to Cy, alkyl or cycloalkyl group, Cq to Cyg aryl group, and
combinations of two or more thereof; ‘ _
wherein each R? is independently selected from the group consisting
35  of hydrogen, C; to C,5 alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3,
Cg to Cyq aryl group, F, Cl, -NO,, -SO3R3, -CN, perhaloalkyl, -S(O)R3,
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» (C6H3) 3BCN, and conbi nati ons of two or nore thereof . 10 16. A process
conpri'sing.(a) contacting a carbonyl conpound with a nononemdreh po@ruce an
i ntermedi ate, and (b) contacting said internediate with a

“phosphorochl oridite wherein said carbonyl conpound has the formula sel ected
fromthe 15 group consisting of (RLO2C)n(OH)-Art-(OH) (CO2R1) m

(R102C) n( OH) - -A(Q),R3; ACHO, CEYQYBE 8limetieRt 0212), and mrabmmor(smm pm and

conbi nati ons rctt oQf nore t hereof; wherein said nononmer is selected from
~the group consirsting of _polyhydric alcohols, anines, and Cj)nbl nations
thereof; 20 wheyein Wheinghisss fed G thegroup gonsistingof dr@kh <H@cted from

the group CQ’E(?))RBl QY PERE! RES3; ACPO T@;Q{I t-OE(GIR3, 3OTEORA, C1P(O Art - R2) 2
Ben orned Dot et Bk %%99%2‘?%? @?’é&pﬁ e AN
consi sting. OfS(ﬁl)Rhylcé(ﬁBOCBB)I@t GNRACH,RAL AYREBONDNRYR!, Farlly AMOane group, .
bi-napht hyI en 9@%\9 WJ}‘%%IS ?ﬁ% 81tm5¥9h91reofmre t hereof ; wherein each

Ar2 is i ndep consrsting of phenyl ene
group, napht hyl ene gwberpin A hig adOhitoi G taillmh@etgn@xpeof wherein A2 is selected .

fromthe group consighlig éaf:h rREGHhY r%%]a)ientl &Iected%ﬁ)m tHeRru ep consﬁtmg S(O) 2-

-S(O -, and conbinations of twy or ereo wher ein
i ndependtht | 9f SeteGtaetikylosayaloriky] esnp: Coie Coo AyheroBp, angap é‘??“oﬁ?l to Cl2
al kyl or cyc{mpédfydndgr oup, C6 to CZO aryl - group, and conbinations of two

or nore thereof; wherein, each R2 ende I ected.fro gr oup
consisting 35 of hyﬁﬁﬁrﬁwacmlsﬂ c% QYQQP"%FPI@ ‘I”E?ggﬁﬁﬁﬁ%nfué?@acet al ,
ketal, -OR3, -C02R3, CG to C20 aryI group, F, d, -N®, -S03R3, -CN,

per hal oal kyl , -S(0O 19 March 2004 clic
ether, -Al1Z, and co na PRIRESDICCPIRP R Cl%?oigR%grreéoﬁ: mV\g&I{iEI n 2:%

sel ect ed15 r oimdrthe tgtimugxygenaiashédiy phbsplod®R3, -CHO, -C(OR3, -C(O) SR3,
-SR3, -C(ONRLR1, -OC(OR3, -OC(O)OR3, 5 -N=C(R1)R1, -C(R1)=NRI,

-C(R1)=N-OR1, -P(O (OR3)(OR3 S(0) 2R3
ARD (9 §8. zk(proce%s accmgdlgg to Claim 16 wherein said polyhydric

alcohol has the formula selected from the group consisting of (HO)~A1-(OH),,
(HO)-Ar2-Al-Ar2-(OH),, (HO)yy-Ar?-(0)-A1-(0)-Ar2-(OH),,,
20 (HO)m-(Al-O)p-A‘-(OH)m, (HO-Al)m(OH)'-Ar‘-(OH)(A‘-OH)m,
(HO-AD)(OH)-Ar2-A2-Ar2-(OH)(A1-OH),,
(HO-AD),(OH)- Arz Ar2-(OH)(A1-OH)y,, (HO)p- -Ar2-(O- Al) -0-Ar2-(OH),,,
(OH) - Ar?-Ar2-(OH),,, (OH)-Ar2-A2-Ar2-(OH)y,
(HO),-Ar2-A1-C(0)-0-A1-0-C(0)-Al-Ar2-(OH), , (OH)-Ar}-(OH), and
25 combinations of two or more thereof ;
wherein Arl, Ar2, A2, and m are the same as recited in Claim 16;
wherein each Al is independently a Cy to C, alkylene group; and

wherein each p is independently a number in the range of from 1 to 10.

30 19. A process ac;:ording to Claim 16 wherein said polyhydric
alcohol is selected from the group consisting of 1,3-propananediol, tetra(ethylene
glycol), 1,6-hexanediol, 1,4-cyclohexanediol, 2,6-dihydroxynaphthalene,
hexa(ethylene glycol), and combinations of two or more thereof.

35 20. A process according to Claim 16 wherein said monomer is said

amine selected from the group consisting of 1,6-hexadiamine,
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-S(OR3, -C(OOC(OR3, -NR3C02R3, NR3C(ON(R1)R1, F, d, -NO2, -SO3R3,
-CN, and conbinations of two or nore thereof; wherein A i sgav4ith LoQ4L12:
_al kyl ene group;. wherein each-R3 is independently selected fromthe group
"consisting 10 of Cl to Cl12 al kyl or.cycloal kyl group, C6 to C20 aryl

nunber 1t haoReRe e R 17y ine e A oML RRR L O B ai 1 16

wherein R2 i mdieiffeeoft e- R2)2 15 is ortho to the oxygen attached to
phosphorus. 18. A process according to Claim16 wherein said pol yhydric
"al cohol has the formula sel ected fromthe group consisting of (HOm
AL(OH m  (HO) mAr 2- AR1Ar 2A priteiess ac¢aiding tou(Haitn) 6 vehereln) saitl earbdaiyi m - 20

(10 A1y 2y oottt e SR ol 4, T 0" 2. a2 (o (a1 -y m

(HO mAr 2- (© Al) p- OArZ((]g_I "J_g-t)mﬁtrz Ar2-(OHm ( rrAr2A2Ar2(G-|)m
(HOmAr2-A 1-C(O O1A1 C(OfA L -Ar2- &Q—Dm,H(O—D rt-(OH), ‘and 25

conbi nati ons of twoR rthe eo ozwﬂhe )

same as recited in d aiy e '

Cl2 al kyl ene group; anc
range of from1l to 10. A
“pol yhydric al cohol is Rels#g Om t he group consi sting of

1, 3-propananedi ol , tetra(ethyl ene col), 1, 6-hexanediol,

1, 4- cycl ohex andeombinations.theragf Wg isdl weaswesm(leﬁ@mhbt? .glycol), and
_conbl nations of two or nore thereof 35 20. A process according to Caim1l6
wher ei n id rmnorrer s said am ne sel e(c:i ed fromthe oul)p ci)nsi sti ng of

1. 6- hexal® ani ne, gg. praces gocording to Ciaim 16 wherein sai ony.

more ?LZ‘?EQ?“““’@“%WJ? et D o e otie wiorein said carbonyl S
conmpound i s g@ﬁ%’é?éda g?ﬁx?'hg'(ipﬁ}ﬁw’qgﬂﬁ%? %ﬁarﬁ?x ®and conbi nat i onsy
t her eof ; anddiafigh2R1-dilydrdxyl-4 dibigienyks,3t-ditaiboxdate, m 16.
2,2’-dihydroxy-biphenyl-3,3’-dicarboxylic acid,
15 2,2’-dihydroxy-1,1’-binaphthyl-3 ,3"-dicarboxylic acid, and combinations of two
or more thereof.

AD R‘and in are the
e ndently acClto
/ a nunber in- the

23. A process according to any of Claims 16 to 22 wherein said
contacting in step (1) is carried out at 2 temperature in the range of from about
20  100°C tq about 450°C; said contacting in step (2) is carried out at a temperature in
the range of from about -50°C to about 150°C; and the ratio of said
phosphorochloridite to the alcohol group of said intermediate is in the range of
‘ from about 10:1 to about 0.5:1.

25 24. A process comprising (a) contacting PCl3 or CLP(OAr), or
both, with a polyhydric alcohol to produce a phosphorus-containing polymer and
- (b) contacting said phosphorus-containing polymer with an aromatic diol.

25 A process comprising (a) contacting an N,N-dialkyl
30 dichlorophosphoramidite with a polyhydric alcohol to produce a polymeric
phosphoramidite, (b) contacting said polymeric phosphoramidite with an acid to
produce a phosphorus-containing polymer and (c) contacting said phosphbrus—
containing polymer with an aromatic diol.
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10 22. .A process according to Caim 16 wherein said carbonyl conmpound is
sel ected fromthe group consisting of dialkyl 19 March 2004
2,2'-di hydroxyl -1, 1' - bi napht hal ene- 3, 3' - di carboxyl ate, dial kyl

2,2' -di hydroxyl -1, 1' - bi phenyl -3, 3' - dicarboxylate, -

2, 2' -di hydr oxy- bi phen , 3 dlcarb ‘aci,d, 15'. . . :

2, 2' -di hydroxy-1, 1' b%h Hgﬂssgccg ¢ i herein gpid pplyhydrigalaohal gns of
two or nore fdseleetdl rdd®. A process accordl ng to any of Clains 16 to 22
wherein said contacting in step (1) is carried out at a tenperature in the
range of from about 20 100C to about 450C, said coptacti ng I n step (2) is
carried out at a terrp@t)aﬁlmgmumeHSIMgeﬁ@é)ﬁ‘IOHM-aﬂem -(OHGHRYabout

150C; d ¢h of 4 f
sai d | ﬁ?er%eﬁ.%*’?*%“ﬂ% %ﬁ”‘”@?ﬂaﬁf DG DQREEIRLITEAENP O
24. A process® mrﬁ-«& %}QM(R% PC13 or Cl2P(QAr3), or both; W|th
~a pol yhydric ﬁtﬁ@;gme&ZpAh@{g?_(ﬁAﬂt@ IAIE.A(}EJQ@HD n(p;:q pol ymer and (b).

- process conpr MEORGRay AT ok it e BB ospnbr ant di

ning p
!, n‘i@aﬁmwﬁ tegormens theredt os phor ami di t e
with-a pol yhydric al Cﬁﬁh@ﬂexﬂéhcﬁmﬁilxls?ﬁd ndetliesel detedfhos EeQErap Eorsisting b)

cont acti ng, sai hosphor t.h acid t duce a

phosphor u coﬂ?ggﬁ? ﬁéo Bb?'?ﬁ%‘\ﬂ ?51? %%%Eh%aﬂgwa“&r@abﬁ

cont ai ni ng. pohgpmhylmdgronm Cég(}ctnmodamhpdlthyléhb grbupyand tordbifidticis of»ﬁwabﬂcess

according to @(1[ ge§)fv\,here| n said pol yhydric alcohol 1is selected from(a)
S

the group consisting of (R4)(HOmMAr2-Al-Ar2-(0H nm(R4), 5
Esjg E 33% m ﬁrg (G A1) Wh@em euch @ i IRdppengpatly sShgctedAiain Arezroqi-orisiating

m Ar
170 000 - 1 - AL55 S ERR T bt IR b fphi et combnations
two or nmokd tﬁl?eé’&f wherein each Arl is independently selected fromthe
group consisting 10wﬂfare§5eaicﬁﬁ@‘l@ld@l'&ﬁmdeﬂﬂ?a@ﬂldml Qﬂl@leh@gx@é@ bi phenyl ene
-group, C 10 to 40 na WHY P‘ﬁezgi 0.to l é hth | ene . %roup, and
conbi nations of two o pglyﬁe edied, ‘?5“’ RGO EHENt | y
sel ect ed fronof RERIMHRY, cOnsN(RING -S-, -5(0);-, -5(0)-, and combinations of two or

more thereof;

20 wherein each R! is independently selected from the group consisting
of hydrogen, C; to C, alkyl or cycloalkyl group, Cg to Cyy aryl group, and
combinations of two or more thereof; _

wherein each R# is independently selected from the group consisting
of hydrogen, C; to C;, alkyl or cycloalkyl group, acetal, ketat, -OR3, -CO,R3,

25  Cjto Cyq aryl group, -SiR3, -NO,, -SO3R3, -§(O)R3, -S(0),R3, -CHO,
-C(O)R3, F, Cl, -CN, perhaloalkyl, -C(O)N(R3)(R3), -AlZ, and combinations .
of two or more thereof;

wherein Z is selected from the group consisting of C02R3 -CHO,
-C(O)R3, -C(O)SR3, -SR3, -C(O)NR!R!, -OC(O)R3, -:OC(O)OR3,

30 -N=C(R1)RI, -C(R!)=NRI, ';C(Rl)#N—O-Rl, -P(O)(OR3)(OR3), -S(O),R3,
-S(O)R3, -C(O)OC(O)R3, —NR3C02R3. -NR3C(O)N(RNR!, F, CI, -NO,,
-SO3R3, —CN, and combinations of two or more thereof;

wherein each R3 is independently selected from the group consisting
of Cj to C, alkyl or cycloalkyl group, Cg to Cyq aryl group, and combinations

35  thereof; -

wherein each m is independently a number in the range of from 1 to 2;
and
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;. of C6 to C40 phenyl ene group, Cl0 to C40 naphthyl ene group, and

conbi nati ons 15 thereof; wherein each Al is independentl|y 18 Mzkch 0062

al kyl ene group; wherein each A2 is independently selected fromthe group
--consi sting of -C(Rl)(R1l), -0-, -N(Rl)-, -S-, -5(02-, -S(O-, and

conbi nations of two or nore ther eof; 20 wherein each Rl is independently

sel ected from the grﬁh@eﬁ%éﬂ xﬂgc eﬂfierﬁ%'ddgﬁﬁ?%br iftht rifzeet frofl K OF

cycl oal kyl group, C6 to group, nbi natl ons of two or nore
t her eof ;  whel®i 9 each R4 |s i ndependently sel ected fromthe group
consi st i ng of hydrogen, C1 to Cl2 al kyI or cycl oal kyl group, acetal,

ketal , -OR3, -CO2R3, Clto C2 803R3
‘SOR -5(02r3 @ %ge & et ar(}f&)ﬁ")m%%_m 34%16%%?“‘1 |
C(O)N(R33)(K£)H)mAA;1-R4-ﬁhR4m4r(IDH};,t,| ons of two or nore thereof; wher ein Z

30 SO war, RO e ey g Gl Ly s

C(R1) =N-O Rl - P( O wimmein carisR? lals@mezmﬂy sefectifpm the mmlmg
- NR3CC2R3, Q@ Hakiy) B eydtoalig gradyHeetal; 1§Q§R30R3 CNJO picat i ons of

5?&8%3‘32&%9%33& R s R Lé%?ﬁi@?%)bi 20 ary

group, amd coUigioyRB3] oASOR3and behbmbtionshdteb or aredtherdes. | ndependently a
nunber in the range of froml| to 2; and 42 19 March 2004 wherein each p is

i ndependently a nunber in the range of from1 to 10; or (b) the group
consi sti ng . of (O—|)m€$a‘71 RMpmeswaccﬂd)ngtar(&laln52$ @lhy:mlheﬂzzraﬁon FatheOH OH) m

(vherein ATt andedle aidol) gﬁpﬁeq&o 18 piab o tﬁt%ﬁan%m@@iywaﬁ gein each R4

is i ndepende rom:t e gr up consi stin to Cl2 al kyl or

cycl oal kyl gleiis] lsé‘@éfaﬁtﬁ with B¢ 13, mopedentatephesphitas %rﬁn@mcdomlwte’gr oup,

-Si R3, -803R&odacedO R3, -S(O) 2R3, per haI oal kyl, -C(ONR3)(R3), 10

-ALCO2R3, -Al10R3 and conbjnations of two or nore thereof.

28. A process according to Claim 25 wherein said polyhydric
alcohol is selected from the group consisting of
6,6"-dihydroxy-4,4,4°,7,7,7’-hexamethyl bis-2,2’-spirochroman,

20  2,2’-diallylbisphenolA, bisphenol A,
4,4’<(1-methylethylidene)bis(2-(1-methylpropyl)phenol), 4,4’-thiophenol,
4,4’-dihydroxydiphenylsulfone, 4,4’-sulfonylbis(2-methylphenol),
bis(4-hydroxy-3,-methylphenyl)sulfide,
2,2’-dis(4-hydroxy-3-methylphenyl)propane,

25  4,4’-ethylidenebis(2,5-dimethylphenol), 4,4’ -propylidenebis(2,5-dimethylphenol),
4,4’-benzylidenebis(2,5-dimethylphenol),

4,4’ -ethylidenebis(2-isopropyl-5-methyiphenol),
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27. A process according to-Claim25 wherein the |ocation of the OH groups
of said polyhydric al cohol are placed such that, when sai d1paatby doas

- al cohol is contacted with PCl3, npbnodentate phosphites are not

predom nately 15 produced. 28. A process according to Caim25 wherein said -
pol yhydric al cohol is selected omt he group consi sting of

6, 6' -di hydroxy-4o§4 4' ,7,/7, 7' -he bis-2,2'-spirochr¥g

2,2 d| al |yl bi.sghen i sphe ’
4,4 -(1-meth @ ) bi s( g~ (Y meYhyl pyepy! ) phenol ), 494’ “whieghenol ,
4, 4' d| hydr ox he ' - sul f W

bIS(4 hydr oxy- 3, nethylphenyl sul fide,-
-di s(4- hydr oxy- 3- nethylphen ) pr opane, 25
4,4' -ethyl i denebi s(2, 5-di net hyl phenol ),

4, 4' - propylidenebi s(2, 5-di met hyl phenol ) r
4,4' -benzyl i denebi s( 2, 5- di et henol ), '
4,4' - et hyl i denebi s(2-i sopropyls# 5- | phenol ), 43 19 March 2004 OH and
combi nati ons of tmo or 29. A pﬁaéess according to Caim25-

.rrrula cteed A r g e -group
wo or ttﬁg%& in each R4 is

consi sting of t| ons of t

i ndependent | ectipd fromthe group consist¥g of hygy Cl to Cl12
al kyl group, to Q.2 cycloal kyl group, acetal, ketal, -OR3, -CO2R3, Cl
to C20 aryl group, -SiR3, -NO2, -S03R3, -S(O)RB, 15 -S(O 2R3, -CHQ

-C(OR3, -F, 5 -AlZ, and conbinations of ‘two
Ocﬁon\llmﬁ?ﬁliqns Qgﬁvoo Q% -

or nore there erein ecte from t he group consi sting of
-CO2R3, -CHO . -C(O RS, C(O)SR3 -SR3, -C(ONR R1, -OC(OR3, -0C(O OR3,
- N=CR1RI ,5 - C1R1) =NR129.- CARBkdcelss GcBiding & @hﬁﬁBS)v(m smdedi:)ﬁ:B?: -44 19 March

"R aﬁéo)con%aoh%s‘%%%@%e%eﬁgﬁwﬁ Fabbgreamgor F O N o S03
H :

q‘ H.
R 0 ¢ R

10
and combinations of two or more thereof;

wherein each R4 is independently selected from the group consisting
of hydrogen, C; to Cy, alkyl group, C; to C;, cycloalkyl group, acetal, ketal,
-OR3, -CO4R3, C; to Cyq aryl group, -SiR3, -NO;, -SO;R3, -S(O)R3,

15  -S(0);R3, -CHO, -C(O)R3, -F, -Cl, -CN, -CF;, -C(ON(R3)R3), -AlZ, and

combinations of two or more thereof; ‘

wherein Z is selected from the group consisting of -COyR3, -CHO
-C(O)R3, -C(O)SR3, -SR3, -C(O)NRIR!, -OC(O)R3, -OC(O)OR3,
-N=CRIR!, -C(R1)=NR!, -C(R1)=N-O-Rl, -P(O)(OR3)(OR?), -S(0)2R3,'
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+» wherein each R3 is independently selected fromthe group consisting of C
-to Cl12 al kyl or cycloal kyl group, Cl to C20 aryl group, andgq®ifbhpnespns of

. 5 two or nore thereof; wherein each R5 is independently selected fromthe
-group consisting of H F, d, ClL to Cl12 alkyl or cycloalkyl, C6 to C20
aryl, -OR3, -C02R3, C(O)R3 -CHO, -CN, -CF3, and conbinations of two or
mor e t her eof -S(ARS, e CLOMMAOIRE, rNH%@@fﬂ%nNR?‘G(@)EBF%htE,dCi,r@iﬁ)z,he gr oup

consi sting B H; t , C6 to C20 aryl, and
conbi nat i onng)f3ﬁ |-t‘NSljndrrc%re t@bgﬁworgﬂ&ker e%ﬁfi eatgh R7 lgggsgg}endent ly is

sel ected from the gr¥eseingach B isdindepgndently seleqted from the graup H8oal kyl , C6

to C20 aryl , ofaDyCko T lld?ﬂbﬂ@l&ﬁ)aﬂtfylgm pOC; tofm%’ofhrjlfg@di R bnd ¢SmBidatofs Hf OCess
conpri SI n unsatumﬁ g}f ound wth a uid conprising hydrogen

cyani de |n R e a catal yst conposition recited in any one of
Cainms 13-to 15. 20 \ﬂibrememtd&%ssn@pemimitlmgelecjcct:ﬁ'amﬂle@mm@nasxstugal d

t ted { { I d
sl ected raERE PE ChR ﬂ@%ﬁé&?ﬁ%ﬁﬁ%“@ﬁ@ PR, OORRE © and 1
CH3- (CHZ).,t-C@Héﬂ-'F@%) aﬁ@ﬂ%ﬁmﬁmeﬁgw?)f’rmpthOfmre t hereof : 25
R8 and R9 are each iﬂ@?@ﬁ@@tﬂﬂkﬂi MldE?rﬂ@ﬁtBQstél@éfbd Benohe grupdasistdgng of H,

Clto al k | patiops eof sel ected fromthe group
consi st dﬁJI’LI iéRI 128 WB‘NE?‘:CY"B@WY tBﬁmWﬁ‘@&ﬁ“W&%’ﬁ’&SPEW‘gbout 20
car bon atorr&no@nliere@fmdwatlons of two or nore thereof; 30 y is an integer
grar](‘)l Lgr ézzil; k§| I ° >6<m| Is ﬁ%ﬁ‘i@g }(,)nd%é) n%g?t 1iiRél%tE<§$|J3m t@% cogng_ﬂr% IS

sel ect ed fr ofiH.Kg tgriuplkybosewidaticyl,dle t@ﬁzt)(ar}m]ﬂldaiomblmaﬁlons effovooer kyl group,
C6 to C20 aryl GhQugy and conbinations of two or more thereof. 35 32. A

process accordr ng to Caim30 wherein said unsaturated conpound is
sel ected5fromthe group consisting of butadiene, 3-pentenenitrile, 45

30. A process comprising an unsaturated compound with a fluid
comprising hydrogen cyanide in the presence of a catalyst composition recited in
any one of Claims 13 to 15.

20 31. A process according to Claim 30 wherein
said unsaturated compound has 2 to about 30 carbon atotns per
molecule and is selected from the formula of RBCH=CH-CH=CR?,
CH=CH-(CH,),-R10, CH3-(CH,)y- CH=CH-(CH;),-R!0, and combinations of
two or more thereof;
25 R& and R? are each independently selected from the group consisting
of H, C; to C; alkyl, and combinations thereof;
R10 s selected from the group consisting of H, CN, CO,R!},
perfluoroalkyl group having 1 to about 20 carbon atoms, and combinations of two
_or more thereof;
30 y is an integer of 0 to 12;
x is an integer of 0 to 12 if R10 is H, CO,R11, or perfluoroalkyl;
X is an integer of 1 to 12 ifR10 is CN; and
R11 is selected from the group consisting of Cy to Cy, alkyl or
cycloalkyl group, Cg to Cyq aryl group, and combinations of two or more thereof.
35 |
32. A process according to Claim 30 wherein said unsaturated
compound is selected from the group consisting of butadiene, 3-pentenenitrile,

45



« 19 March 2004 4-pentenenitrile, nethyl” 3-pentenoate, nethyl 4-pentenoate,
.nmet hyl 2- pentenoate, and combinations of two or nore therqg9fardd200h ,
process conprising (a) contacting a diolefinic conpound, in 5 the presence
"'of a catal yst conposition, with a fluid conprising hydrogen cyanide to
produce a 2-al kyl - 3-nonoal kenenitrile; and (b) contacting said 2-al kyl-3-
monoal keneni 44pbht6n61d1ﬁllb aretit)] 8 qleatensite Qﬁahylsd-pémenoataemthyl 3qiedtenadial yst

conposition is, r d in.any ane ims 13 to 15. 10 34. A process

accor di ng t 0 %ﬂ“?cﬁ'%él %glgfynorgﬁ?r& rS(?Igfl nic compound i's butadiene. 15

35. . A process according to C aim 33 wherein said 2-al kyl - 3- :

nmonoal kenenitrile i i sing
S332 m)hoak s?toﬂwrﬁﬂ'%]rvaf 5ddtfct1ng§ duﬁe i@ eSmpotdT i !

contactlrg a 2-al kyl - ene " W th st conmpos) tion
recited pmen@rof@caﬁahﬁt cognpasition, with 2 fhi P%B%@n&éwpa?w@@eo aim 36

\22 erein sal dto2praam la23alkAB-HORSAk kRMRHIE; hhd @) icontdctiri daid 2-dkpLseneni tril e.
- “monoalkenenitrile with said catalyst composition wherein said catalyst

composition is recited in any one of claims 13 to 15.
10 34. A process accordmg to Claim 33 wherein said diolefinic

compound is butadiene. '

35. A process éccording to Claim 33 wherein said 2-alkyl-3-
monoalkenenitrile is 2-methyl-3-butenenitrile.

15
36. A process comprising contacting a 2-alkyl-3-monoalkenenitrile

with a catalyst composition recited in any one of Claims 13 to 15.

37. A process according to Claim 36 wherein said 2-alkyl-3-

20 monoalkenenitrile is 2-methyl-3-butenenitrile.
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