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pol ymer phosphepaipusiibe: in he B&&%&ydﬁgtlsm@f RRhinFRE] B3asBReMPEILHsIMdWAd h an
acid such as HCL to pr.oduce ﬁ HP‘ osphorus containing polynmer, which is

t hen con‘(ﬂact’éﬂm\ﬁﬂt’*ﬁm&ﬁ’f&ﬂmf“i" The conposition can be used as
catal yst, for exanple, forB A@KV:H((DUN@ Q@R _THIS AN VENTEONor gani ¢ conpound to a

nitrile and i someH] Pngrug bgsl,ctd lfglar(lads are ubiquitous in catalysis, finding use fora
number of commerically important chemical transformations. Phosphorus-based

| ligands commonly encountered in catalysis include phosphines and phosphites.

15 Monophosphine and monophosphite ligands are compounds which contain a
single phosphorus atom which serves as a donor to a transition metal.
BiSphosphine, 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
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ligand and catal ?gb’mes-supm'tedanulttﬂomaw phospheses igands map be prepared by a
variety of methods known in the art. See U.S. Patents 4,769,498 and 4,668,651
and published internationat applications WO 9303839 and WO 9906146 and
20 EP 0864577 A2 and EP 0877029 A2. The prior art discloses side-chain polymers
containing muitidentate phosphorus hgands 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 usmg 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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9906146 and YSrefi 0864577 A2 and EP 0877029 A2 The prior art discl oses

si de-chai n pol ymers wﬁa@tmmimumwtﬂcd@ &w&&ﬁﬁhﬂ% Be-GRIFRAy, a3, pendant

groups. Ther eve| pp.a conposi fion that can be used
as or in a- ?&@"afys% %ig?% nlaP F‘P'?L't"éﬁ‘ﬂﬂ,s tvg Qs mase thegeod catal ytic
reaction or separ ati wherein eaph ®ducindepanieithesebatal frah thefroopcandistialy t he
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provi de processe
S combmatlons 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
Ty . 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)(0R3), -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. -



conposi tion. An advantage of the invention conposition is that varying the
mol ecul ar wei ght and degree of branching can control the S@hHQ%Hﬂ664Of t he
conposition. Another advantage of the invention is that the catalyst
~produced by the 30 conposition can be substantially recovered by
“filtration. OQther objects and advantages of the present invention wll
becone apparent as the invention is nore fully disclosed bel ow. SUMVARY OF

THE | NVENTI ON A | ' L, the. i ti 1.d
pol ymer i ¢ conpoct e aiieda ® Sefil whEh 4R 3RSRtn nies SHEP PoSteFIGRic) o
car bonyl coomptisiog repda umitsdedivediiom () yshofphprus plvbbABOSACHH(OAY ok Both,42)L9 Mar ch

2004 . wherei i rb | co und. has the formula selected fromthe
group consipg)!){ﬂﬁg coa(filmgl ﬁi@g)ﬁf‘&#@ﬁ? 1é’l‘OH)(COZRl) m '

(R102C) n{ OH) - Ar 2Ack@rdiug2e ¢ thif)i cPERARhY Mmyver(ticd PDT)des a proeesPeomprisia B)) m and

conbi nat i orgm%ﬁn LWOLOL IDr e t@er eof - wher ei ndsai d. nonojer i el ected from
the. group CORETMERSErooml compeupd Witk & mopamar s produge an intermedizie, sbd0) ot i ons

t her eof , wwentasting said thtqrinedipth with e phasphaodhioridias t he formul a sel ected fromthe
group consisting of Ar ; | ' ‘ Ar2-R2)2°
are unlinked to ea%%%&%@&ﬁiéoﬁl P%E%ﬁ%%ogg@%p%?‘%éehrg&gﬁ I nked to

each ot her oW engisting 8RR C)mi A LAR-(QHK h& sel ected fromthe group
“consi sting @O )ﬁ(@mAMZ-Amhyd)ay(@@)w&gg(R(I@gc?],%)-@%ﬂ(b@gamynl, &RE group,

“Cl10 to C40 napht vl en roup, - £20 to C40 bi napht hyl ene grdup, and

conbi nat i or?é’"@*lmaf%S Bftv'ﬁ’o‘?réﬁ?rﬁé}l‘eéﬁ‘?é whererin each Are is independently

sel ect.ed from t he grizugnsaidsnatonmy is wlected fran Glgrpiye oysistiag gf oup, C10 to
C40 naphth . | ' . ; wherein A2 is selected
from the gﬁgﬁ’g’?‘é%%%?@%?}%%%ﬁ%'%yl%%"i‘%f‘?':‘”ﬁ%ﬁ%f@&? NRL)-, -S.. -5(0)2-,.
=§(0)-, and combi nathessia sy¢l phowpherochipridite hay theforme pelpqiecefiem the, | s

i Pgerenden%&w;ﬁ@nﬁ'@ﬁ@%ﬁf lefotghﬁ-wh ‘URe A@h%&oﬁpé ?HSIPQ@—MIW? a8, mf)?_- 1to Cl2 f
al kyl group _ar, cyclo EOUp, - 0 ryl .gro a conbi nations o
two or rmrémﬁ ﬂéerdé&ﬁ?&b\?fé%l H‘?‘é@c‘ﬂ‘ t‘? g‘%‘r’?&@eﬁeﬂdg’r‘f?&@ ?@Fé’&eéd fromthe
group consitoigiygroop Afydr ogen, Cl to Cl12 al kyl or cycl oal kyl group, acetal,
ketal , -OR3, -CO2R3herein each Ar! is selected from the group consisting of phenylene

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 -CO,R3, -CHO,
-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;

3a



G to C20 aryl group, F, O, -NQ&, -SO03R3, -CN, perhaloal kyl, -S(O RS,
-S(O 2R3, -CHO -C(OR3, cyclic ether, -Al1Z, and conbi nati of or
more thereof; wherein Al is a Cl to C12 al kyl ene group; mg‘@}”ﬁmit%ﬁgﬂ‘

sel ected fromthe group consisting of -CO2R3, -CHO, C(OR3. -C(O) SR3,
-SR3, -C(ONRLRL, .-OC(OR3, -OC(OOR3, -N=C(RI)RI, -C(R1)=NR1,
-QqRL=N-O-R, -P(O(OR3) (OR3) -S(OﬁZR?:“, -S(QR3, -C(0O OO Rs, :

- NR3CCRR3, - NR3C( O) NPReers Al fs a €f to Calkylenesrems, - CN, and conbi nati ons of

two or nore thereof ; whbirédoh ®EGHiABpériehF SASRIERINLS Slo &S{iﬂ%é%%” ;:‘;

gr-oup” consij st | _af to C12 al kyl or_.c oal kyl group, ) 1 ¢

group, and C%h@?ﬁ%@;%ﬁ%ﬂqﬁg@lg@?ﬂ ‘H”\ﬁﬁé¥§2ﬂ,aﬁ’é6¥1’% ¢ovalipatioment |y a
nunber in théereadandof fromlto 2. 3 19 March 2004 According to a second
aspect, the inventio V] Do [C .conpasition conprisjng,. repeat

-units ‘derived from ({fﬁ‘a%ﬁoés“‘gﬁg”r"35"9‘?“’#’34‘@%“%??&‘8‘“@’?"@1 PR O Igm LEF?% (2)
pol yhydri c; al coh@lceordififtolaZburihs ARt ' . rding-to.a third aspect

the invention rggqvic‘aoés gopro%ss%gmr?‘%?ﬁ&ﬂ(%l&%g ﬁ‘%ﬁ%g?rﬁﬁr‘%{ﬂ% ibonyl-
conpound wi t fCUECHBRbHePr ¢1F(Q bt?fb‘éhsd'fﬂhiﬂogfhmélm"mcépltap:bd(ldas)a cont acting

sai d i nt er meghapleorid-dobitaming POBRBPLAGH BhbaSinkSai in said.carbonyl .
conpound has_the formyl sgﬁgglt ed girsyomthgl%%lr E‘%ﬁé%lﬁsmog |rl1ngg%°?w¥er

xm‘ozm-ﬂi-(‘%ﬁf’(“@éﬁz‘ﬁ&hq , (R 020 M OH)-Ar2-A2-A. r2- (OH) (C2R ') m

(R102C) . - Ar 2- xr 2A(40E8MY th 2 fMMGispee QMR Ik .t hey eof ,

. wherein said noner % al ﬁc,t e%l ?r omthe grb?%:%estgggos??%f% '%clﬂ‘gr}%pol yhydric °
al cohol s, ant® t,mgaaﬁ‘&ﬁ’ éﬁé‘f’ dichlgreghqspharamidite witker polphysisic dicohol to produce
phosphor ochl @pélgtaéri phasphbra@idtes)(BtoRtasBl S5l QHR,foNsi sting of

;”C])P(OAr 2- R2% dethe ﬁ,g?? r L s(?}r??c;l- P(gAr gg%‘%ggr%ﬁrogﬁmﬁnlﬁ%n e@1 0 each
ot her, di r ect T/ OPrHRE REBSPhURcoRAiRIpg Pelymeriang () contacting seicphivephonishr ough

- group A2 whecoatainigalynA¥ ith 8n &6haeide. from the group consisting of
phenyl ene group, biphenyl ene group, naphthyl ene group,. binaphthyl ene

group, and conbi nations m&mwh Ar2 is
Pt ) 5 B AT Bk A e o Ao 55
referred to as ligands in the application. According to the first embodiment 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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wherein A2 is selected fromthe group consisting of -C(RI)(RI) -0-,
-N(RI)-, -S-, -8(0)2-, -S(O-, and conbinations of two or al %2
‘wherein each Rl is |ndependently sel ected fromthe group consi Efc %’

hydr oW€h01/20684t 0 C12 al kyl or cycl oal kyl group, C6 to CROTAISPI2¥6BHup, and
conmbi nations of two or nore thereof; w herein each R2 is independently )
sel ected fromthe group consisting o f hydrogen, C1 to C 12 al kyl or
cycl oaI kyI groupThacabaﬂylcbatpahudhﬁﬁefm@%@‘@ﬂmom ryl group, F,

a, - A ?ﬂ) 2 %}1@0 O R3,
cycli c et hempzll%éﬁ% # ™at | oné ofm (Coig@i %ﬁ 2 H)g el) nZzZis
sel ected fr AR-AR(QHYGS-RI hsi andicambiratiompzirrgo or pyrs thereofo) R3, - C( 9) SR,

- SR3, O NRI Rl
QR = ﬁ_( O) RL. ?O%@w (ﬁﬁg&&_@é@ﬁ? é\ﬁ%ﬁkﬁ Rif Ofé}i& ))61 dl%c

- NR3CCRRB,  alspndy 9=leum°(?‘ OE‘N " conbi nati ons of
two or nore therQ’ﬁéter&apl;grhWﬁcbchEﬂﬂuwddtemmreﬁerlsm smbesﬁlother\mséll 2 al kyl ene

group; wherein | nde oup, consisting .
of Cl to Cl'é‘déclaﬁp?f H‘avé? Qd%%h%h§%lg§%§% g?gr%epﬁﬁ P and

conbi nat.i onsolyhmcezitqh@n@tlhhaqimt Bomhhagpup ronsistias @& A alsnunber in the
range of fragmdnbR, ?emlésﬁ&g%aﬁo%uﬁnﬁﬁwﬂtho%?ﬂﬁﬁéth&m Inventlon provi des

oYyt < ol ohdhe e shbIRE ol aus it e %ﬁ@éﬁ%@rﬁéfb‘“ P and (b)
Accor di ng-t 5@“5*““‘@““‘””?’“‘*““’?‘?‘““‘*i‘@’“"““"mﬂmmim’""“f?ﬁ?p?I Sing
(a) cont ac??ﬁﬁ‘raﬂg@‘l\f(g&gwgﬁ § % g@%gﬁ% é{m{)}ﬂvﬁﬁﬁ pgl yhydric

al cohol to @}Bq,u(iéo-&')p,wbm?ﬂ% @H)}(éfrm{)hﬁ(ﬁ@b‘) )méﬂﬁ'é’tf? “sai d

pol ymeric p d| tp[]-2.;’tl@,AE)CJ(§iA}D((ﬂl{))dlqgﬂ)a.mD§fiq@}% cont ai ni ng)
R Glee AT TR T T
phosphi te CQ@H@&UM(@'BQ sidseintsiralions of tveo éruemtthayenfar e al so r ef err ed to as
gand 1 e SBRLG  Bsf  ssbug gt R (e
repeat. unigraupgd€hj telyd bipherylenegroun. Gonia Cadiapbiyiene gg)upacmﬁb@m and
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, C;q to C;o 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],



(3) phosphorochloridite. 3b 19 March 2004 WO 01/21684 PCT/ US00/ 25568 The

car bonyl conpound has the fornmula of (RLO2C)m OH)-Arl- (OH)
(R ozcgl LA A2 AT 6 (C]—I)(COZRl)m((R102C)r’r(C]-I) Ar 2- Are“g(% Pg‘_#]ﬂn)m

“and co i%s of two or nmore thereof. The nononer is BET/HSeES568 om t he
gr oup con5| sting of a first polyhydric -5-alcohol, a diamne, a triamne, a

herein 1 of er sOGIONH-DRLOIBRE NEEE R SRELEBIE ER IR v gt wo or
mr)]r e hydr oxyI-P@}I@w)(GBéD,eS&DLR%aS((D)i&WKS(d))OC(@)R?qhNR3C@QRb,e sel ected from
conbinat | ons NEGORRIRE BT 250,R5" BEARNAS IV 13 SBI0T o8R0 s
the fornul a #8¢mst-6d, andaembigationsob tweermprstthergobf (HO) m Al- (OH) m

(HO m AresAl - Art - (E3dhmR3 i (s'ﬂ@eg&rﬁ’égtl Q) cﬁh’fr&@lhf%j{)uﬁ E8stting of C; to Cq5 |

HO Al-O
§ HO) /TT § m 0—3 plﬁé 5&?&?@@ vermc L@%mmflepanbma@g% thereof) (AL- OH) m
(HOm-Are-(O-A)) pﬁé%hmbﬂlﬁeﬂﬂerﬂ@ﬂ)mrﬁxemﬁhem@elbﬁﬁoﬁﬁl (cQ-.I) m

Are- A2- Ar 2- ( Ok OH) - Ar |
E(e‘]-l) a:\d ((:c?r_ri)bimnalé ?‘? é&ﬁpéld_e%ﬂrlrgreﬁ% Hé}rﬂg'%%éb\&%%tl(t 3 'sel e((:tqc;?j f;om

t he group consi st ithy pseseady prefend gathenyl ecompougdoarp dieStet diagids4dr bi phenyl ene

group, Ci130 tQnitdthiaapichadrene group, C20 to C40 bi napht hyl ene group, and
[ [ nore thereof. 20 Each Are is independently selected

conbi nations of t
fromthe group co%@ﬂl?ﬁg‘:’féfu@e digstersor dismids jacude, BWC?&?)“C’@UEGCQW C40
napht hyl ene ghedsghoandelxwibi nati ons thereof. Each Al is independently
selected fromthe group consisting of C1 to Cl2 alkylene groups. Each A2
s mdependently sel ected f|.r om tﬁne group consi styng ofy25 -C(R1) (R1)-, -0-,
SN(RL) -, -S-, -S(O &'o.e S( and §;%n NRtd.@Ns ‘c-g t\@ or nore t her eof .

: d the grjug

Each R} is independent| 192%f hydr ogen,
Cl to C12 al kyl or cycl @p and conbi nati ons
|s I ndepehse y Selected fromthe
» C 12 al kyl or cycl oal kyl group, acetal

of two or nore thereof.
group consisting of hyd
havi ng 21%0 about 20 car iy

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.



ketal having 2 to about 20 carbon atons, -OR3, -CO)R3, C6 to C20 aryl

group, F, d, -N®2, -S03R3, -CN, perhaloal kyl having | to g (])2% arbon -
atons, -S(OR3, -S(O,R3, -CHO, -C(OR3, cyclic ether having P gout 10
car bowodB2a6%éns; -A | Z, and conbinations of two or norgctbsgoeetss Each Z i s
-CO)R3, -CHO -C(OR3, -C(OSR3, -SR3,'-C(ONRLR1, 4 WO 01/21684 19 March °
2004 PCT/ US00/ 25568 -OC(O) R3, -0OC(0O OR3, -N=CR1R1, -C(Ri)=NR1,
-C(Rt)=N-OR1, THR(#:($dRAdRA cohoBE4D) be &dmatiS@OiBpheriol 6) alfphat) B3

Mot 1 cAPBBARY %#%Fﬂoﬁ“a&mC%%dt%%%a?wgﬁ‘?%?g@eﬁ%%?nﬁ# Baag! o0

R3 is i ndepemdenf chhs'é'hedpdmblﬂmmmetfhanglaahwiwdsmQ’te!alhgvc)f Cl to C12 al kyl
or cycloal kyl grgup, ﬁu%eftfﬁst%%@fdﬂc oIS infide MAABINR ipliRkOaheR! Each m

is |ndependentlya range o rom1lto 2. Eacﬂpls
i ndependentiflysteted asfelowh the range of from1 to 10. The presently

preferred carbonyl conpounds are diesters, diacids, or 10 cemnbinations
limited to ‘those §R5

2| ef di g=eers or di B ds |ncI ude, but are not
@ ; @ RH 02 15 | each RL is _
i ndependently sel ected Tromthe "group consisting of ytkgoen, C 1 to C 12

al kyl or cycloal kyl group, C6 to C20<aryl group, and conbinations of two
or nore thereof. The other positions on thwﬂ c rings can al so be
e

substituted with an gtRyl groep et her gro er group, or 20

conbi nati ons theHEo »CT Rt es of sui | e diesters or diacids

i ncl ude, but are not , dial kyl

2, 2" -di hydroxyl -1, 1' - bi napht hal ene- 3, 3' - di car boxyl ate, di al kyl ‘
2,2' -di hydroxyl -1, 1' - hi phenyl - 3 3' -di car boxyl at =
2, 2" -di hydr oxy- blph- 3,3 - c xylic 1o OH L)
2,2' -di hydroxy- 1. papht yI |carboxy cid sl 25 conbi nations
of two or more t ereof Th® or 98 aci ds U d above can al so
be bl ended with one or nore setond carbonyl conp nds—Such as, for
exanmples, (R102Cm-Art- (CO2R1)m (RI02C)m-Al-(CO Rl)m (Rt02C)m

-Are- At - Art (COR)mM

Wh

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. 7
' In addition to the polyhydric alcohols shown above, compounds o
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



(RL AAOmArt-(O-At-(O-Ar2-(CORL)m (R R2C)m-(AL -Op-At-(CR2R1)m
"30.and conbi nations of two or nore thereof. Exanpl es of they %ﬁ\%%dzd?ﬁr bonyl
conpounds that can be blended are terephthalic acid, isopht Ic acid,

pht hal iWOARR84 di net hyl i sopht hal ate, di methyl pht hal at ecTHisoBbdgs
terephthalate. 5 19 March 2004 WO 01/ 21684 PCT/ US00/ 25568 The fir st

pol yhydri c al cohol can be aromatic as in a phenol or aliphatic as in an

al kyl al cohol andEgamples of phosphumchlosidite irchades binairs nott lwnited ioptimké C

al cohol s, o%ﬁ?é?{) weach. The al cohol has the formula disclosed in the
above. Exarrp es o I rst polyhydric alcohols include, but are not limited
to, those 5 illustrated as fo%iows HO HOO—|R§]—| H H HO O her exanpl es of
pol yhydri c al cohol s are hexa(ethyfere gl ycol ), } 10 propananedi ol ,
tetra(ethyl ene glycol), 1,4- cyclned| ol [ ydr oxynapht hal ene, or
conbi nations of two or nore thé?eo In addltlﬁé)n go the pol yhydric al cohol s
shown above, conpounds contd@r§i ng three orChrifr e Wydroxy groups can be
used. An exanpte is 1,3,5- .ben A car boxy!l irf 15 The nononer can

al so-be an amne selected fromth oup consi stingZof di am nes, T
triam nes, tetraam nes, and coni¥nations of two/or nore thereof. The amne
can be primary or secondary al iRfhatic amine. $ne exanples are 1, 6-
hexanedi am ne, N, N -di net hyl hexanedi am ne, 1, 4-but anedi am ne, and

conbi nations of two or nore thereof. 20 The phgsphorochl oridite has the
formul a selected fromthe group d¥nsi sting oR“CLBRO Are-R2)2, where the
Art groups can be unlinked or Ii directly o th group A2 and the R2

b _ ? | Cl—-li

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



19 March 2004 WO 01/21684 PCT/ US00/ 25568 Exanpl es of phosphorochloridite
include, but are not limted to, those shown below CF 5 iywhidbdoae

ot her positions on the aromatic ring, i.e., para or neta to the oxygen

at om "E@H”&l% be substituted with alkyl, ether or estePCHESWRE5680r

conbi nations of two or nore thereof. Corrpositi on B conprises repeat units -
derived from (1) phosphorus trichloride, (2) a second pol yhydri ¢ al cohol,

and (3) an oUbouf NPERHOK Hems ORI, LCOLRY, lcgaogg gé&ip, be bl ended

%fghcgﬁg( gAr 33 or CI%Pé %@gfgtelrsibgﬁé \?QJE@ gq(@]ﬁ% C:Nyl group in

et her, ester, or
conbi nat i Onperﬁiloﬂ&@l h‘ervnig)r o dHoat &2 tarbbhe aloosatCIONNE YRS, -@-'Ingmins shoul d be

pl aced such_t e i Lagld I[e-reaction vvlth PCl3 will not lead to
pr edom nat €° %ﬁ? (pns Ofg\sfgr?g%loégn}a ef 15 phos Pr ef erreq second

pol yhydrd ¢ al cohEhcfhéss MR rGHOs -SEPBE: € $Iﬁe PP Blonsi sting of
E gjg E gﬁg m gogce%{) gﬁ mé@jgﬁg)%zﬁ?% (E%E;Rg%% (%@O%&N mz% 2; 2- (OH) n(R4),
) ( HO) m AEONG )&%}?S (307 @3 O I% 20
E R4g E G—ig m A;NR{@G))WM F 20id - OahiSEaRE 0N, afr combmauonmhzeoﬁer eof ; when R4
is not hydrogen b stituent
a0fRS A4R %L&ﬁéﬁtgpseﬁ%éég%ngd}%r conlsfifin@bPEY téég_c

ortho to the group 1 I depen tIy sel ected from
the grodb colkslendyslpa 1E§R§'|Po§eﬁp Coenryt grorp.ang|crippingHors thersaf- iy gr oup,
PCTI US00] 25508, ket boci T eﬁ“e""ﬂ@ﬁ@‘&“@zé“’i’“ i Ao 1 R, 06
etal _hav out N ~gfs0 to
C20 aryl gr%lg%l group; gto éN(SQ’CIO @?y Sg%% %%R% 28O R3; F,
d, -CN | pefyhgloup| KiR3 h80;RS, -S(Om%b&@bﬂ CEOPNR KR EyBACOR), N@RB) ( R3) )
- AlZ an tl o) L AL
QO R - PRt S%%E*d%é%%‘am%ﬂ@“‘ﬁa&%%m AR O o OREeR R,
_C(RL) =MR1, (OI@IM’—Rﬁﬁ‘Fil4-Ar‘
Some representative second polyhydric a]qt_)hols include, but are not

limited to, those shown in the following formulas.



-P(O (OR3) (OR3),, -S(O 2R3, -S(QR3, -C(OQO(OR3, -NR3CO R3,

" -NRB(ONR R1, F, d, -NG&, -SO03R3, -CN, or combinations thﬁj,ﬂ%f zg?gh

is |ndq98|a y selected fromthe group consisting of C 1t fE al kyl
or cycloal'Kyl -group, C6 to C20 aryl group, and combi nat F&TLH0MRIEDT . Wien
R4 is independently selected fromthe group consisting of C1 to C 12

al kyl group, C1 to Cl2 cycloal kyl group, acetaks ketql -OR3, -CO2R3, C6
to C20 aryl group, -SiR3, -~S03R3, -S(OR3, -S(Q2R3R-C(ONR3)(R3),

- ALCO2R3, or Al OR3; Py dri c @
@ Ad4 R4 - %CF o-l ‘ e%—%sent ative

Arl - R4- R4- ArI(G-i)r'ﬁ 0
second pol yhydric al cg X t hose shown in

the foll owi ng formuH&s. 8 V\001/21681HHOC]-I HO OH OH OH in which R and R4
are the sanme as discl osed above. The other positions on the aromatic ring,
preferably pars or neta to the oxygen atom can also be substituted with
al kyl, ether or ester groups. 5 Some representative exangl es- are

- 6, 6" -di hydroxy-4,4,4", 7 7' - hexanet hyl bis-2, 2'-sp|roc

2. 2" -dial 'yl bi sphenol A, ok A 4,4 -
-@.ﬁ\ ./\‘ bH44-th|

met hyl et hyl i dene) bik@2
dlhydr oxydi phenyl sul foneT™ 4, 4' - Klfonylb S 2-nEtEy
bi s(4- hydr oxy- 3- met hyl phenyl ) sul R de,
2, 2' -di s(4-hydroxy- 3-net hyl phenyi ) pr opane, 4.4 :
ethylidenebis(2,5-dinethylphenol), 4,4'-propy|i%enebis(2,5-dinethylphenol),
4,4'-benzy|idenebis(2,5-dinethylp : and

4, 4' - et hyl i denebi s(2-i sopropyl - | phenol ). These pol yhydric al cohol s
~can be produced by those skllled i npl e, the diacetal can
-be prepared by refluxmmg di (trinet 15 sallcylaldehyde
with oxalic acid a taly from
acid catal yzed re of an al dehyde and an al see Tet) apredron, 19
March 2004 PCT/ USD&e#25568 HO

pane) W ﬁa

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, )



9 19 March 2004 WO 01/21684 PCT/US00/ 25568 1996, 14599; Tet. Lett., 1989,
1609; Tetrahedron, 1990, 3315. 1, 3-bis(2- hyroxyphenoxy)pr,@ﬂ%égg%%o4
prepared by a literature procedure, J. Org. Chem, 48, 198

4, 4" - XO9V2M8hebi s( 2, 5- di et hyl phenol ); 4, 4' - propyl i dened®di/esibiBses
dlnethylphenol) 4, 4' benzylldenebls(z 5-di et hyl phenol); and 4,4" 5

et hyl i denebi s( 2- isopropyl 5- net hyl phenol ) can be prepared according to

Blul . » GweLm%&;Mssrmﬂ*ea LBR., 1%03609-91%%@%;:! ?mdsls O3 3tds( %he Iool yhydric

al cohol s shgwn_aho ounds i ni.n ree or no olic groups
can be usedR %ﬁ?&gﬁ)g P ‘&Sa?f E gl’é {Hﬁ B’é’lcﬁ‘évr I)E)%CE& %rhi ch R4 are
t he sane as48il98B4861 @,&eﬂhyhdﬁmebm@t&dupﬂhylphm{ﬂ) dd tprepyidenetiis(@,5-r i ng,

pref erably a, ubstituted with 15
al kyl , et he?ﬁlé%hﬁét%rgh 4gups&9¥ﬁéeﬂégrﬁgzﬁatl C %L?g{h ﬁ(ljli%tnﬁ% ‘?ol | owi ng formul a
20 wherel n ethylidenchbis@- l§@n¥ep>és5-me§m‘lla§§ai)§%b@pr%reﬂ@cwm tpdd. WO 01/ 21684
PCT/ US00/ 255ﬁ&ne‘ﬁﬁh_]ﬁ5 3253501;:!@9g91)dent |y selected fromthe greup consisti-ng

of H F, O, Clto 12 al k c , C6,to C20 aryl, -OR3, -CO2R3,

(O R3, -CHO, - dq‘ﬁf th%?fﬂolédﬁ%#cé’?’f’ oyp 3bRYS.GPMPBREAS her eof : each R6
i ndependent bgnt:'umn@ thi€e br mOreC;ilﬁnalukgﬂoups caryiod wskldk RepreSénthtive@@mplesl , 5 and
conbi nat i ongr Qo @(N nore thereof;<and each R7 i ndependently is H, Cl to
C 12 aljy!l or cyc oal'kyl, C6 to C20 aryl, and conbinations of two or nore
t hereof. Thegg aromatic d| ol s can be prepared by any neans known to those

skilled in the=axt. ExamM es incl'ides but ar g, ot ljgnited to,
2, 2" - di hydr ox ' @ ' A , 1' - bi pfrenyl e
be prepared usi ng WHe

in which R4 are the same as disclosed above. The other positions on the aromatic
nng, preferably para or meta to the oxygen atom, can also be substituted 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



_procedure described in Phytochem stry, 27, 1988, 3008;

2,2' -ethylidenebis(4,6- dinethylphenol) V\/m ch can be preparﬁfiM ng to
Bul | . m.Soc. Jpn., 1989, 62, 3603; 39%050%4
03,3 - diKePHBB 2 2' _di hydroxy-1, | - bi napht hal ene whi ch cRGI/BSM0ESEspar ed by
t he procedure of Recl_ Trav. Chi m Pays: Bas., 1993, 112, 216; 15 di phenyl

. 2,2' -di hydroxy-1, 1' - bi napht hal ene- 3, 3’ drcarboxylate mhrch can_be prepared
by the procedure erchcR 15 dnfleppndratly selected frombibe groupgsisingofl B, B: Clg 5

tetrnethyl - ma mymro@aﬁaﬁnyBcAo@ Grfd, -ORXaceL Ry -CLOMR3, bcahﬁnol whi ch
can be prep?.%\ie Fsrn gngr % scrlbedtr . Og. Chem, 1963, 28,
1063; and 3 ,f7 1R PSX §7' et hane whi ch can be _
prepar ed using theac lpdcpmdmb/ ddhdri tbeféluraﬂ:ﬁpnwwé@alkyl Co81C2aryll43.
These ar ogmt Lgs dibi t$‘g ?biF LRAOhalRf dnd @ pol yner as in the polyester

and pol yam de descr] ove. ese yners containing the aromatic diols
can be used in coffddttindepepd entht 1L, |C$1l\/"€rﬁl|2(?rlky lepeyd b 619 €20 VLt hese

conposi ti on afd pshdiARtidng ophosphhfofb ﬂhlega@ﬁds 25 di scl osed above generally
ol ubl e pol yrer i c B AEachalann 58 i) i dRean B0 RE @ bngsk BRBRLCY on
W t h i nsol ubirethpefty fixmnples yutlades but dre noblimitgd to, éa%-d!iwdmaeha - in fixed beds
or separ ?@edggﬂetﬁé){% 5, AN 1o ’abzgﬁélﬁﬁézféﬂvlﬁbl’f&éﬂﬁ‘e pré#)z;.r@& Bélh el y. the

solubility o ner._c J.ust ed elnt e reactants

b
and 30 i nsol BFCEdyrR mébifrwﬁ@tfec e 2?hle9%r8e§% c?r#c%thﬂrﬂﬁne@r%ﬁsd out
Bo mogeneogsljmrﬁahylpmr@ummlg Bart e pRparea laccoﬂtmgm@mrz?@r?n talpys 29sandt hen
e separate eca i ltration. According to
“the second erqgt)}cﬁ%ﬁe# gﬁ‘ﬁ%yu%?eﬁ%gf?xyﬁhg %%ﬂ%géq]?} onl f’ﬁ?"sﬁ? osed above
“can be conbi pegansilbly the fiooedurd/bf Reatelraiv. Ehith. Pops.iBmall 993, ldzsziiﬁl;ew s acr dto

roduce he

\F;er5| on g H?h@l ddj ¢ 5I %’F}pﬁll BﬂﬁignEdieHr?gn@éj;meaYi)#yl%é tion (a%} % 1987)

CRC Handbookpwfﬂ@ﬁ ithe prpcedyy ed in Farpabgdrondest APBA 135131 i8R - The term
1 19 March w%mmmgml acarg QJS@W‘ 35356x%xa:&taypz M-bilphﬂﬁlaﬂnch’é&rd in the
I nvention can al so refer to Go lB glll ounij | et al
Compl ex. " CondF BPgredas e SBEPRoPRILe SRR & QX bR 3 Aol St

di scl osed aBo‘ix?ehmahpk-mIUdmydroekgdnphenﬂylmﬂmhywluchmmrbg prépardGnoug e | |
corrpound§0 dp%&gﬁﬁégg%ﬁggmomghesg’ i:%ebrl,g?rrpound, or a pall adi um corrpound

Is preferre

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



compound is nore preferred. A zero-val ent nickel conmpound containing a
ligand that can be displaced by the polymer is the nost pred grrgdbgurce
of Goup VIII netal. Zero-val ent nickel conpounds can be prepared or
gener éY‘ng%’é%r ding to means known in the art such as BCHUPMEISE6S n US
3,496, 217; 3,631,191; 3,846,461; 10 3,847,959 and 3,903, 120. Two such

preferred zero-val ent nickel coppounds are  Ni s -
1, 5- cycl ooct“ﬁii?‘élhé’)md‘i‘ﬁ}alNi“fﬁ’G‘ggt%’ﬁﬂ‘éﬁ%‘ia;?}%%%% af)cgj"{pcﬁ%ﬂo?le%i ch are
known i n t heogipoundbt Giegi Viibnetal dompleznt ni ckel conpounds can be conbi ned
.with a reducing ent,, to,ser - ' in the
reaction. Sui tabl@g'belr?)gi’gn ouawi%c%@f)ﬁlg&loﬁ%gﬂ%g%eaﬁﬁ% %géél?g{gﬁg%ﬁlﬁgid of the
formul a Ni Yabwhetepradites hddsirdé catelysh oxgapag the Group Vel vompaurfsat 81cke) i t abi e
reduci nggag LAg! IR BYANAdies ahd Blprerenedn Ryficketies, et al
al kyl s, Ei,%,ﬁ’owg’oél%ﬁbﬁ)gumtal “ﬁ?ckel.céﬂi}gfera%ﬁ& L ckel ’[%o er, when
conbi ned wi tRMPONAA SRR RIGTEd 4t Q- Valgut niEkel cpppoun 08%’%5'@8:{ Y903, 120,
i s al so a suhitadlah®edipised bf thepaymeisihd most prefeked soufbeeoimuptV IS

t it t ) VQr. b
Dbt hed wi tHoRscE R Afert Rk TAIoud s i @%ﬁ%ﬁ%@éﬁéﬁ%ﬂﬁgﬁﬂenemd

as a cat al ygneansikngemedn she art sushras|disciased InoUS 8.4 prb b 1913

transitijgn regsl oSLRe! 8bbY 19@NTRE shEidplethRutzeds-Talém nfkeléordiiinds agr ef er abl y

from 25 about’ 1.1 tq_about. 20:1.(nol.es. ph us -par CJAL aryl
groups, ar ymg%?)@&ﬁg’. 'éllkéf:y‘é?éﬁﬁé‘?n%%ﬁg&g g?‘Séﬁé?@@? %@?ﬁi’é’f’ Kers,
acetal s, andflesltich arcluedmiaehk am. t he i nvention can be substituted wth one
-or nore aryl groyps e r . AR
ethers, esters, é@g'f"gﬁgéﬂ”adr}gal%%ﬁgd C%E %Lh‘edg g%?rg‘?)g?ﬁléﬁaﬁ?ﬁtaﬁé second Y
enbodi nent  odgenhido servens 2 sonreapf Zeaup-valent nigkalin theaeastian opuighiedivalgpl acid * -
promoters t %Eké’}fc%ﬁg%ug&l Bclube canpbiids bf Blrdofhela Ni¥L Shete/Y iyhalide] he

catal yst system pronoter can be. | norgani ¢ _or organ tallic
conpound i n SRV IARLTHC %‘Pn%tﬁngﬁi"%ge uF'g‘ﬁﬁe%g’c&dgr’?é ~ selected from
scandi um  tip@Bhydridesanedl simmimim byitides, manbalkgbel.i, Neok, ocldpal t, 35
copper, zinc,, bor . al umi VAR Sl i ' inBd QAh YR Lybglenum
cadm um r heﬁ‘emﬁn%ia“%eﬁ Ph : %})I Irhe‘tél&":l %ﬂ%é@%@r:%ﬁhgn 1?,%%% Ca:} d?% ZnSM4,
CuCl 2, CuCl , catlySR8ckSrdbeddndiS Patent H90F bR is Haxa suitaplespurcepd Zero¢ THR) 2, 12
19 Mar chy 200410 Q421684 PCT/ USO0/ 25568
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



Ti C14(THF) 2, Ti.Cl4. TiC13, CITi (G Pr)3, MC12, ScCl3, AICl3, (C8H17)Al C 2,
(C8H17) 2A1C1, (iso-C4H9)2AI A, Ph2A1CI, PhAIClI 2, ReCl5, Zr qlgé"'n%!?g%ﬁ“ VC13,
Cr Cl12, %%’l? YC13, CdC12, LaClS Er(CBSCFS)S Yb(OZCCFS)S :

‘B(CGHS) Suitable, pronoters -are further descriBeHUSH/23885 Patents
3,496, 217; 3, 496 218 and 4, 774,353. These include nmetal salts (such as
ZnCl12, CI)12, and SnCl2), and organonetal lic conpounds (such as RA1C12,
FOSICASCES, TR il I GSCE Py Mo laaBohs gl i) AElont

4,874, 884 , be
chosen to |g§%gg )2% the c%gﬁwa gg;fﬁf(ff%ﬂ&i&%&(}g magﬂbelst\g%n
Preferred protdedrieC iiaXQJﬁé:‘éﬁl@ l@f&&'gp 3037 E@Z éﬁf I%ﬁ‘ém and
(C6H5) 3SnX, BITE) ﬁc@mblegﬂaﬁatd&%ﬂuﬂrerdégaﬁb&mw The nole ratio of
ronoter to an f fr t. 1:1 to
Pbout - 1060, ﬁﬁ&éﬁ%iﬁ%&?%@ rhap5 fRESRendh pdd i 5 1
‘enbodi ment ofn€heCohyamt $rftly), anqbntgaasmetaﬂmtcomnmm (Suﬂbi;l@d RAE1pr oduci ng
conposi tion ﬁ)ﬂ(ﬁ?‘%% ewﬁé?@Rr Iﬁ]k%rﬂ%r &gﬁg' 'T'E?atéxﬁ Cs'%bé%@fy'

COITpOUI’ld Wi t er a COI’I t uce an
i nt er medi at edespdd qszp%wwucrfgmwtwﬁ% eﬁm@iom‘:% r?hB%s‘BWEFF‘E?éﬁI oridite

under a congielch@aiytiRldcf¢iky ¥Etht QatRlysckyeRni. h&eféﬁa@pﬁjutdta@ inbhede ©&®d, i n the

car bony | UCorR0R eSS A B O TS or B SFBCBHESQarY as

t hose di scl o&&H 5RO, dhe mdloratiphd prometeewtGrofip VIBH endtalyran bhen thesangept i on of

whi ch 1150 6¢ £60n 386 1 «d ol So0d.{ ShefBLBR Mhut 166 B AGGPS0,12_car bory|

conmpound di s tacte nononer di sc osed above to

‘produce an int er ndgFeEBEtehe A cpbodimenbpl/ibe inventen. 3 PRRAcyRRLRAN behe
cont act | Ng CadedlFer srafndifg cétpositidA AtloTed sove @bmPrisks (D)‘cdntutuﬁg aorrer to

car bon onmpound.so | on the ratio kS su

Bt or modsar coetiie! ampRL b oromich Spdet aispalich Sctef: BiPaUER BB L. 0. 1. 1
to about 10intermedefecarsliRy caritauing@hsinternediatsovith phospharochlomdits yndef ar abl vy
about 1:1 tog, R?c}b;ef?ecgwe %&8&@&' e E&ﬁ &E%%&l&@@ iP@ie $4t'ehfddRMn WM t h

ei ther an excess or eqU|nD nonomer to carbonyl conpound..
The ratio of okbadveptono ester and acid to reactlve al cohol or amine of 1:1

is nost pref erredThe&éﬁxﬁﬁ@x@hﬂdlﬁ:lo)ée omecsmbbﬂrtyﬂnpawmmmmmnbe combi ned

th b d dd { |
exanpl ectlbf PHEPLUBEHANIESPEARY b oRIBUR Ao ey e oLs MBS 00 ted to
(RLO2C) m Ar t bie@IER,Ri} mmnpmb):hmis cérmﬁl_h)emn RL
oY,OmAr2, Al- A 1
) M Ar rt &%%ﬁ%pm anér@%é?spg Garbohyd Qampbc‘;unﬁascﬁ“sgd L8 1R m

(RlCJZC)m(Al O p- onbi nat | two or. nore thereof.
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),
(R102C)-A-(CORY) (R105C)-Ar2-Al-Ar2-(CO,R 1), (R10,C)p,-Ar2-

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

of two or more thereof.

13



13 WO 01/21684 .19 March 2004 PCT/ US00/ 25568 The contacting can be carried

out under any condition as long as the .condition is sufficigEnh®e8hf ect
the prgas Q#tof t he internediate. Generally it |nclulgl(el§m§n[ erature in
t he range of6 rom about 100C to about 450C, preferably a

350C, and nost preferably 180C to 270C 5 under any pressure that can
accommodat e the tenperature ran of about 1
nmnute to about T&‘&%ﬁﬁ?‘éﬂg"?ﬁé’e g‘ﬁ{eg Eanygéﬂé:lfg&r)ﬁ%‘gg%goug%neat or With
an inert smbnﬁnbnmmﬂﬁﬁcamtt@effmﬂwmodmmtﬁm mtermediateerGengralydt can be then

d o h I
cont act ed uhiild » RSARR AL AhbOb ofl dplhpsar xRt sxcbor m Lhe pol yreric

atio of t I or e to the
al cohol gr cugfesbly ahou tﬁ%eﬁeabettéSO‘t%ﬁnﬁmpfﬁr}eﬁB&b@?ﬁH 2Ji6Lt(1£3 about
0.5:1, prefigniddypredtieithad cdn a&hﬁ:nwﬁh&ptm It@ﬁisd:mdratnge cad foea pr epar ed by

C t o about _

Kk | | ed
o e KR S sl el 5 Y o Eo P ARl B RBAR! "9, 7L 2

about two maeateqmmmemSolﬁmsuMScﬁaglmd phenol in the absence of an
organi ¢ base. ThgJeslitdd ArA0kitlBR bk terl QREPRRY Wi th at |east two

equi val ents of a as an organi c base to _produce a

phosphor oc ithesphorechloridie dlisclosedsehpyeite faraythe rp@twn%mapt@wm hgaed. diben
subst i ygt edrP BB IR'p 1! Ed&lﬁrﬁﬂte%médlé&ﬁﬂ amtﬁnnémtérhedl_ate
phosphor ochloridite is I ar%g/ reg: m. | n aI |y m xi ng one nol ar
equi val ent C@Ff%fﬁquW%B%ttOE lﬁﬁ)eseﬁtﬁ I r‘é‘hﬁ' t-of substitut ed

bi phenol or SUbSIhdeo@pim@édh&drkﬁit&ft&bbsp@mﬂd bybat)«/memtsédnownteoﬁﬁ and 10C in
o eh oo flleal o A7 Dk oRARPlg, B Cork ettt Ao Bttt Byl MR o2t ed

wi th at an or ga 0 produce
phosphor oc hmm@ dird £0°C/rermplaegpi vaientof EGihwithsbpeciognolar @envaterttﬁe above

manner o {4,000 ARAhLAIn i aBRhE 6 dh HRERE AL Thd iesillife sBGord 10C

range (JU t1on. base resujts_ in the

n i on
f ormati on ottgxeraﬁeateémtb@t lsas{ sy eﬂ'é)‘f"#@ﬂ"s 039 ?‘F’ |35 AP QLBARS P3SEER r eact i on
m Xt ure canprgglgg bifdsphbrédhidiidite! YWhepthb sabstituted phe:fcﬂm:e&qah@dpmﬁbl ens in

G adi ent S | FOFHIE %te?lfslrp?%tﬁﬁwsg e R T

desir ed pr oglwibsly btepasedifronoinitéaily, mixiveg afeanelar teq'atvalbhteofrﬁfélg witrabpat conduct ed

L 0T O St L felor SINEHn BB b QY HIRIREE MOVl of
heat fr' t HE MPEREYN'S to_the reqwre SLe]rature range
can be accobngaghmw -40°C and 10°C in the absence of an organic base. & 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 slurr_y. Such a slurry
can create problems in achieving good mixing of base which is important in
avoiding temperature gradients in the reaction mixture which can decrease yield of
30  the desired protiuct. ‘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



.by wel | -known techniques in the art. The phosphorochloridite is reacted
with the internedi ate pol yester or 35 polyamde. If |ess t4 Itcnr2%84

equi va t he organi c base were utilized in prepar
: phosph(b)f(?)&c 1ggr“i dite, additional organic base is added td’(ﬂ%ﬁ?ﬂﬁ?sﬁe t ot al

equi val ents of organic base utilized in the process to at |east three. The
14 WO 01/ 21684 19 March 2004 PCT/ US00/ 25568 contacting can be carried out,
i f desired, cPRagingsay bp carsigd Ru if desired de 2 8P VeRtrh g3IobYSHE QR under a

condi tion s dhy@iofiran hﬂdd?fafc@ﬁﬂxtlbh Sufficit e éffsnt die Iirhductmﬂ mfdsi ti on. The
contacting is carrie n.-the pres f T of base
results in CREPPBYMht cgn%glc[%rq odf?'f‘gdngle p?i‘%%ﬁ fat qﬂk’wéﬂf’? able 5
bases are oofbasecesaits nelbﬁf@ypaonalfhyalpf@ﬂ‘@dﬂﬂdleaﬁdlwg yBH’_{WHES The nost
preferred bases.arg érﬁésamrﬁg E%ﬁl@ﬁx&@ﬁh@a&%ﬁ! e THothéWt y1 ari ne,

[

benzyl di net hy am ne, triet I SOpra ine, and
. combi nat i onrefered hasesre Fﬁi?‘éeq ﬁ@i"é@? grogaé:ﬁng ﬁ frcl ude a

; emper az ure Ph%dgﬁ’fﬂ?mm fieth{ Taatmea idissp r?ﬁﬁlﬁaelﬁgrlaihmu,t mﬁ%ﬁblmfb}i@ J ?b L %y
pressure t h8 N '38’&?3&?8%‘: %‘ﬁg’qg?éﬁp é'?Lur%g a%%m ég&é 3‘ '?lg%nggsgf ficient
ti me of aboditorabwuhtf0ECtoakdw d60%2 prcferably abme-@é@& abeu 10A°@raadar i ng t he

| i gandsps ngéryblf‘nﬁiy“ﬁ e%oendnéelaﬂggesg&emcﬁ@@&bmmem Sui t abl e

bases are t as” those di scfose r ug) orochloridite can
be prepar edtWe@%tH@r% ARrior pisuifcient ot af’B“‘a paiyte, f é%‘&ﬁg‘ﬂ OWSne net hod
i nvol ves treati nghehasalssd W prepdakdhe Sigafisds gawsdly adgdions Bad yotable 1992,
33, 161; Inor 260; Z. Anorqg.
Aug. | Chem "lgﬁéeglcgggmegﬂn %Wg?'?kt aesesp?f(?i%?] ?ﬁ%%ecfg %ig%gﬁﬁg? "be prepared
in good yield frdie pRapBprochieridite tan beprepaed by othey arefhalstkinewnringharent  of
N, N-di akkyl .20 h NN- di al kyl

| an8Y! 2 Or LB AR R iﬁ%ﬁe?%gdt*ﬁgwh fisls Wil ¢ sucl B i al ky

di aryl phosp orm aryl oxy. ere R9' is a Ct

to C4 al kyldespribaghin Belamerad 99 33bi &l :daeren mé 261§ §8p é@?m@?‘?%ubstu tuted
phenol - wi t h wO%z)Q@ﬂ’&BZZ bMaP?m@dsrhmoma §34,lm21art, such as di sclosed in

WO 9622968, US \gﬁql}#’l , 306, .and- US ltD ent 5.821 33 ld e N, N-di al kyl
25 di aryl phosphor FB@OS@ o6 05%&55%‘8 g?Bfepg’i? AR BROC WL, i hed i n
Tet. Lett. PClj,QEBpre&d;eﬂ&&ihodSmnbhesﬂs trea@@dit of N ¥4ltalkyld, and Aust. J
Chem , 891’d1 phgs%%omfrl\fﬁw%éérma{lbmgfml %CNNtchglk‘?f oduction of the

i nt er nedrat &,°1
dmrylphosphoramxdxtc is of the form (R?"),NP(aryloxy), where R%" isa C; to C4
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.



or polyam de, are shown below. 15 1 9 March 2004 WO 01121684 O (CH2

HOX(CH2) 60H n NEt 3 PCTI US00125568 pol yester phosphite N-(CHZ dﬁg% 5ZD )
ove can

pol yani de phosphite The nol ecul ar wei ght of the polynmer depic

be adX® léﬁ 6843ccording to need or desire by adjusting tHMIEWAAFBBons of the.
process or the noles of carbonyl conpound, nonomer, or both. 10 According
to the fourth enbodi nent of the invention, conp05|t|on Bis produced by a
process whi ch conph (1) contactlng pho phorus: 1 oride wijth a
second polyhydr'c a ; i &
phosphorus- gRata
pol ymer with an

: O i b ’
Orover aodHHH cont: 88: PO, nt ai ni ng
V7, X

tion and scope of the s yhydri ¢ sal coho

and aronmatic . di e sanme as those discl oseX In *the first
step of the process, a phosphorus cont ai ni ng pol ymer (a pol uneri c
phosphorochloridite) with P-d bonds is prepared. The pol ymer 5 contai ni ng
phosphorochloridite can be prepared by treating one nolar equi.val ent of
PCI3 with about two nolar equivalents of reactive hydroxy group of the
second -pol yhydri'c al cohol in the absencegof an organig baseR e resulting
solution is then treated with at |east, tw_eguival s [of B yani c base
to produce a pon D ?rldi TR &

Font ai ning phesphs @

or gani c anln-s.\ BC i) 10 prleferred are4/{j al kyl af§ né hg. nost
preferred beape ' E=o(C {2 t he—grotp—consistThgrof "65F§¥ i ne;
benzyl di met hyl anf thyl amine, andyg, - N

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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~di i sopropyl met hyl ami ne. The condition can include a tenperature in the
range of from about -400C to about 25C, preferably about ‘?é)lglgr ThCQO%QOUt
10C, under a ressure that can accommpdate the tenperature, AT F0
sufficiWROIBB4 od of tine 15 which can be about 1 m nut ePc'UUaMSB&Q4 hours.
The PC13 can be blended with C 2P(0Ar3) and CIP(QAr3)2 wherein Ara is a C6
to C20 aryl group in which the aryl group can be substituted with al kyl,
aryl, ether and e¥hedefinitien ansl stope ef the sesondipobiindriasicoolem gramatict o t he

al cohol can E’i%lé@fhéﬁﬂe%s%ﬁose'd?é’b%é&a&h% ratlo is sufficient to effect the
Bl endi ng wi Ch_ 1o AT SRl iionses SHOSR PR gInRPUNEH Gr ot 6 of PC13
to reacti vg @ﬂrﬁﬁ@ﬁﬁ&sg:ﬁmchl%ﬁﬁﬁe)f\wmé{nghmds ﬂsqudpatrai anwpoljtmar, preferably
1:2. Accoydi t o or us-
cont ai ni m" é’g‘ﬂs%‘@r 0&‘%3 H/mﬁ’ g%gec b bfk Pmsatr%ﬂ O%R

d)

O I)

con
N, N- di al kyI OQBijlwﬂi ahoupmmhtaraqmahcetswf régctivreh @thﬁmpploﬁﬁmep@l@ cohol

to produce aph) ;Vdrfcrdleomgﬁﬁgb B&ﬁb@bﬁ&é@h&:@%ﬁ bpheGeHIAed idMatiddig pol ymeric

"phosphoram dite Wth an exa ‘hydrochloric_acid to
produce the‘hﬁﬁgﬁémg‘—%&ﬁaﬁ ‘F‘Norfgl“b‘@ﬂ%? %’lftrﬁa‘ﬁ% bafiede F‘@Ob’éfl‘eyrrerl c
phosphor ochl ggrit&lhing.ph kethlatidigey Siiitaie Ohstls layd orgmbhmhmah@spém dite

Kk 30 II t b Each pf | .k

cont ai n 1 ¢ oFrelsta Gakybumiaes fhe S0 PR HAT Sarst Aol et i hg o
t he fourth ocorfslstmgo’éuitmtylamnte bénzyh!ancﬁlyhnnmmethmmrmlaed:ul ar wei ght of

t he phosphorgéop%ﬂh&h VIR et [oa%amuhi geddte%;segwmﬁferﬁ%}t&ct wi th

an aromatic reac unr eacte

-contacting offommboptrd§ffate Maﬁ?%mwfﬁ@ boaBowir207Ctie abort 19Perendesadi ol can
‘be carried owesmﬂﬁt @an%ﬂ&hido@ﬂte&h’éfeh@bﬁﬂret@dﬁbﬂﬁuﬁﬁcﬁnpﬁédﬁmfftﬁﬂé\t ai ni ng

Bhobphor bt i BHCH R b 360 TuaEle Beids VS | HEPCEF B Bl dReamity 11y an
aromati ¢ di oCLP§OAaDRNE CIB@AIR) whereiprims dna €646 Canatyl gemipdn vddeh thehe

addi tion of 0, I ormed by neutrali zing
HCl . Pref er%?&boqlgzgﬁ g?%dﬂgpgdgﬁ ‘%Rgm l%lEéé%grcalﬁlglegth eferred are

trial kyl ami nes. Thbe molsraty ek phosphprasgichlogide $3000F AW AHP 8 p
consi sting ofonk =k e patia 18 sugficienthie effttdhapiodyuttion ofa desiredplospaciuse, and

000" OBy e AT W R OA st ot 21 o
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
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

RS
U

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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a tenperature i.n the range of from about -500C to about 150C preferabl y
about 400C to about 100C, and nost preferably -30C to 80C,

pressure that can accommodate the tenperature, and for a su%ﬂ Cl ent per| od

of tiYOUAEH can 10 be about 1 minute to about 24 holRGI/USHE856B| ar ratio

of aromatic diol to unreacted P-Cl can be any ratio so long as the ratio
Is sufficient to effect the production of a desired phosphqrus- contai ning
pol ymer . Tiveth 2n sompsindialiis sardemowdnithe prgeence pfan efsaricdascandiit 2; 1 to

about 10: 1ad8fiRhfdale/redklduh thelfomatién bfa mﬁ&mﬁé&f)?hﬁﬁﬁh tH@lbout equal
nol e of O—|15 in the .aronatic, diol,,and.th t he
phosphor us- EE%FESE?E-?F@ are-oreanic amipes,, Ksgecially BrEfRs, aafcbmgﬂcg Q’Fsh odi nent
of the invendst @fefexaecpbmem stleeted émni the grogecbrisistiog ghtribatytanineyind

conver sgonsogflz%lg t%?lggl t}% }H%%sa&@&ls%gwgﬁg‘%lﬁﬁﬁ{p Sltﬁ-a sgentially of,

or consf st e presence conposi tion, an
unsat ur at edase yarsed s @tmhkgamtatﬁdaﬂﬁyurr@g@‘ﬁh@ﬂaﬂhdéondzb@n earvinplyde | ui d

under a co S fnfx telr e&f%cﬁﬁgg&ﬁ%@’@totzfﬂoh?lfld@@r BieferiBl§ ab&at al yst
conposi tion ca % S that d| | é econd e d| ment  of
the invent i-8A°C ﬁ@bquérlppq Bt H'OSEB’FF%'%" &2} T BBIEASURARR £ | ui d

cont ai ni ng cah@uéorimbaate A t%(mbaﬁme,rwﬁe‘ous acfﬁcﬁﬁt périadsiftintecwhiokcai n are
hydroc natlon agﬂ |so r| za bg@ Hydrocyanation is a process in which an
unsatu tec}’ Hﬂngtﬁ P 8%anple, an olefinis converted to a
nitrile. The uns’ﬁhmmataedatmrcg'ammammpbmdﬂwmir%ﬂl yamlmalaftraﬁea@lon@ne doubl e
O o bP! € AL, it QeI P rfec P pRERICEEABEY d2eifed pRBMEn@0 car bon at oms.

Exanpl es Sui unsaturate ani¢c co ude but areée not
limted to cqntfw@xagppbmrna‘be@at@rgqﬁ!ie@llwmbwH@ﬁgngarqfrfw@kw 1tgt hyl ene, ~

propyl ene, Jwohbi@ne rciemwaﬁ&ﬁmInlibeﬁﬁeﬁtqnefene@mﬂ@ooukeq\fanm@eoﬂeﬂecene D

1-t et radecene; 1-hexadecen ne a - dodecene;
branchgg egrﬂPPl%‘In ?@ﬂ"?ﬁ“&%&?’gﬁé&r%gﬁi ggf‘&r h%? ﬁ lﬁ?ﬂgne and
2- et hyl -I -flyeebe bsedear i nternal ol efinic 35 hydr ocar bons for exanpl e,

cis- and trans- ZAQé'c% gto(tﬂe smtﬁ%&ﬁoﬁﬂg&t%ifﬁ@ﬁﬁ?ﬁmoﬁ'§%r0@é§gﬂ{d’t@5}§53 oct ene,
cis- and trans- ranc Internal ole drocar bons, for
exampl e, 2, @edumtamcmue@éonwwypmlm &I@Pamsszcags‘womrﬁm 21684 19
March 2004 JpGikt Li3BRAARSHSorBRinbix of?cna&ehﬂgl en thegpradenad oftl @kdlypitc

hy drocarbons i n{ernal "ol efini.c hydrocar
Y 20 composgt?on, an unsaturatcd orga¥19c compoumq 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-

18



~di ol efins

.m xtures; for exanple, octenes, prepared by dinerization of butenes; cyclic

ol efins, for exanple, cyclohexene, cyclooctene; olefins co

quoro Q&? for exanple, 3,3,4,4,5,5,6;6,6-nonafl uoro- P&ﬂg%%9%004
or exanpl e, 5 butadiene, 1, 3-pentadiene, 1, 2GT&R0025%SRe,

1, 3- hexadi ene, 1, 4-hexadi ene, 1, 5- hexadiene 1,3-cyc|ohexadiene,

1, 4- cyclohexadlene 1, 5- cyclooctadlene and conbi nations of two or nore

t her eof . Examgthyk2peniene;tempiinal elefiniaihydmsambons ingeranlglefinic hydtecarhas

substit ut ed mpirhs; 61:'61' Sisldl baleRes, Py ? PaRAAy bﬂaeﬂﬁ?ugogh&gﬂéégg%@gggef inic
u y

conpounds ¢ n r.ona ubst I t

al pha- net hyI@F@'F% P&r Fﬁ%ﬁ?’é‘hé‘fy ??Fée’l?néjlﬁgﬁsr%&“?dplﬂg Hi%a@@%ound can
al so be subsfor examuleyvd,3,H,400)% 6 6(6-nomafmofar ek amepdiolgfias) fior @@niphd, Ni Ng a

het er oat am slgdle o) anpl es of

t hese hetgeroatomlgetsr[!)?i(]?(‘:'?ﬂawﬁl§ {Hﬁchtaﬁieh%,l v %ﬂe{lgﬁafgd?ag eé'ﬁﬁi%é corrpounds
i ncl ude vi nyhexadiens,|L.bexriohexadieny |1, orxciahexaditnsy |5 3clapeiadions and

3- pent eneni t(fdnll[ﬁnat{bnpaflf\ﬁﬁ&r}h{)felth&eoﬁ pentenoi c acid, 4-pentenoic acid,
met hyl 3-penteno cr onltrl lic |d e ters acrylate :
net hacrylic acid ‘}ltj ?ﬂ"gﬂ"é‘f‘gs UQ?WOS%\?‘%}PX‘&%OMI and
conbi nat i onswiﬂﬁamumammbhgdmhﬁbemgro'ﬁbemhmm}ﬁnm comipauhds Caftaifithg be
carriedgut, . f WA such as a

1001 arl RomEAOI A BB AL Al G 2uplnB SBRLE HERRGeRRED 25 2

react or Wlth an unsaturate

if any to form a Fheanspyrated Q@gemecowlmg@na&spémsuhmnuadnwmmnm| ally
combi ned Wi toRtifdticRaER rﬂoﬁtatiﬂné‘é'h@!c}&h?orm s&&luﬁsee fy?@r’l“”s nitlio ehS
I ot

preferred that  HCN i s ded. s y&% o the m ér c rrponents
‘have been cSRBPIRIgUS I—&g‘P{F‘Q (5) F%}Eteio&wnbéu G‘H &l liquid or as a
vapor to 25 ursaturasaicdrgaric cd&apamdalmceﬁctea\tm)ﬂenethylceﬁfenqﬁmﬂyll dlet@dldi¢ used as

t he sounge r . &SP L& 5 Anat.her suitable
t echni qug |§I g,:N”al?‘iﬁ?éﬁte Erﬂvefégﬁg[‘eq?wpisﬁﬁ ‘2??8“2‘?1\% %181 vent to be
used, and fé@@hbbi-nerttﬁ@amwsqwmm amhpeudastansdm:uhml gacplal oMy to the

reaction im Xhuihgory R0aclEsti9] Akt Pl bl 0 38N to catalyst
can be vari ed fr(;?n ?ic t0u§t 10: a@riy 16000: 1 taﬁTﬁleﬁﬁ‘ngrﬁaar ratio of HCN to

catal yst gerforhipajiopgo R)"fi’r‘?réﬁorF ‘?FF out 10:1 to 100, 000: 1, preferably
100:1 to 5, 000: 1Tﬁedrydaodgamrmnpa@wsﬁtmmtcah&damcwmm@b9|eﬁ idgon, such

wh t t h t
s when e g\ R 1SR B BIRLRLLED S0P cbort o
5,000: 1, HCMompositipa) a}lﬂtsolvﬁneifeanartlb)form hEeacthaohixoue. nmHytitogen cpandds t at ed, for
L1 onuy C2h bt AP Lom SRR ot SofBanl: 1P BN Bl hewksgoer ed by

conventional_ tech
15 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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19 19 March 2004 WO 01/21684 PCTI USOQ 25568 as, for exanple, by
distillation. The reaction can be run either batchw se or i1rg9 ,ﬁamggabgnuous )
manner. The &ydrocyanation can be carried out with or without a vent .
The XPUEHE84 it used, can be liquid at the reaction t RGRYSIOZFWSand
pressure and inert 5 towards the unsaturated conmpound and the catal yst.
Sui tabl e sol vents include hydrocarbons such as benzene, xylene, or

conbi nat i opg hhstaHie, tHidKNIRLISHCThéfactidi danbedun bitharbatchie orihr i | es such
as acetonitrile, benzonitrile, adiponitrile, or conbinations of two or
nor e t her eGPMHIBHYS IRy at ed conpound to be hydrocyanated can itself
serve as the solTterydrddysiatioy amabe camriechontavidvobwitheutra solivent.0Tlut i n gas
phase. The t. -2 ' 2ufe ' i; t he
particul ar ngég aff;uggaebééﬁ? ‘ﬁgi‘g‘éé‘?‘ gﬁﬁg&ﬁgfr}hr%%rar .un? rgsrsg%%ﬁ{ac%%ound bei ng
used anfl t ewarde ierungaturates compnoyad pyd the gatghisht dpiadloiolyssinebsle o 200C can

be uzed, tb@?rdi:&%ﬁs ?.fch@@b&&e&é@@ld@@ %oﬂmmgd:\er&ﬁ; Ahemsspéieds C plr FSSUL e
can be sati sf act,or reyd n ut -t r.esent  _i.nvenkiopns. . eral t he
oressur o ofSTgHoREnATHE e irs et Arptafif Bpontte AitoRRmie AR, o2 1S -
preferred. chinhiratiops eSswrarsnorapherenf] Theoasanmratedrcomposnd tabe be used, if
desired, bilapyaBRORh skt SR 1R R0RBAAIHIRHOLIBEENY catpillhdeRhabl y ot

justify the”increased cost such operations. 20 The tinme required can be
i n thelPangst BxgasPhatea few seconds to many hours such as 2 seconds to 24
hours, dependi ngrRrexbit@empérhiusd isadepadont tb aeefamskiene bhaokk paficdper ati on. The

preferred unsaturated organic.can have e far : CH=CR9,
CI—I:CI—I-(CI—I2)°>Q‘-‘a§|S ,elw%&fﬁ%ﬂ%ﬂ?ﬁ%ﬁﬁe@?ﬁ“&%@e‘%“ﬁo%. hati ons of two
or nore t helesiodd riate. \MoratallRStemperaR@esofdram e2b Crigslfdfidean by used. the C 1 to C3~
al kyl , or iw’ orepkfd s Ho CN, CO2R11, perfluoroal kyl grou
havi ng | t%Q%out Egeggéiag%&gég%s 9'i_s an integer of 0. to 12; x i-s an

i nt egerSof 0 t o Atmaspbericrpressies gan beispirsfactry FRRFATYIRE W G Preskati s an i nt eger
of 1 to 12 jphafienRERntsl{the pafduR of fronSaeht 0M5GdAbantky atatosphyeésoal Kyl

000D, 9. o3k 0y Pl il o BAEAREL I RBOIE gl ot U o
conbi nat i ortg ®éd tifidesired bt eny betefiofhat fiap be bhiainadghenebyrmtoutd priobably
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,),-R19, CH3-(CHZ)},—CH=CH-(CH_—,_)X-R10, 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 .
The unsaturated compound can be acyclic, aliphatic, branched, aromatic-
containing, or combinations of two or more thereof. Non-limiting examples of

1
Un

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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-nonet hyl eni cal l.y unsat urated conpounds are shown in Fornulas | or I1l, and
the corresponding terminal nitrile conpounds produced are {d ushisabed by
For mul o di2iéss or |V, respectively, wherein like referengqsdighaghers have
-same meaning. 20 ... . WD 01/ 21684 cat al yst
conposition CH3-(CH2)y CH-CH (CH2) -R "Lewis Acid pronoter 19 March 2004
PCT/ USOQ 25568 NC- (CH2) y++.3-R o0 HCN 5 catal yst conposition CH=CH (CH2) x-R
1 NC (CH2) X1-2-R' Formula'| Lew s dA\CI Ccapalpstebmposidonul a 11 HCN For nul a
1l Formul a | VCHChbRgr@HRCRHOH H,- ®he s.a.nre_as_dJ_sc.Los.ed..amﬁze(C}EagmLRéo of
the unsaturated conpounds include, but are not I|m ed to, wunsaturated

or gani ¢ conpounds containing from2 to w T30 carbon atons.
3-Pentenenitrile and 4-pentenenitrile are e ially preferred. Wen
nonconj ugat ed acyclic aliphatic nonoethyl enically unsaturated conpounds are
15 used, up to about 10% by wei ght of the nonoethylenically unsaturated
conpound can be present in the form of a conj ugated isoner, -which itself

" may undergo hydrocyanation. For exa when 3-pentenenitrile is used, as
nuch as, 10% by wei ght ther gof mycmﬁt%ﬂp@lmtrlle As usegio herein,.
the term "pent e(ﬁléﬂq:lglr(%)x“Rl s i nt ended—to—be—denti cAICHHRcRanobut ene”) .
Sui tabl e unsat ur at Bermsdmbounds 20y Lyg i@ phopsetbst i t ut ed Kpardedk bons as
wel | as @ydrocar bons substituted WlthH@NOUpS whi ch do not attack the
catal yst,” such as cyano. These unsaturated conpounds include, but are not
limted to, nonoethylenically unsaturated conmpounds containing from2 to
30 carbons such as ethyl ene, propylene, butene- 1, pentene-2, hexene-2,
.and conbi nati ons oFonwda BF nore therof; 25 nonconj ugat edFdrretlthVenl cally

:-upsat ur a]toed SR %Bﬁ‘@@§s§;?%m@§§&\s+lg&%ab§¥‘95t't“t ed conpounds such as

3- pentenenltrl eneni thyl pent-3-enoate, and
Examples of the unsaturated compoun s include, but are not limited to,

unsaturated organic compounds eontammg from 2 to approx1mately 30 carbon
aterns. 3-Pentenenitrile and 4-pentenenitrile are especialiy preferred. When
nonconjugated acyclic aliphatic monoethylenically 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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conbi nations of two or nore therof; and ethylenically unsaturat ed conpounds

havi ng perfl uoroal kyl substituents such as, for exanple, \gggae zZis
g)

an int egler of up to 20. The nonoet hyl eni caIIy unsat ur at ed conpou S ‘can
al so #3%%onj ugated to an ester group such as net hylPGRER0/2556h0at e.
Exanpl es of preferred unsaturated conpounds are |inear al kenes, |inear

al kenenitriles, linear al kenoates, |inear alk-2-enoates, perfluoroal kyl
et hyl enes, unsatgratdriompatindmimchide 8vand4-pmiepertitide, alifyl 2£3amplles of t he nost

referred ed
Compounds {TSriag g ?%X@fpjdmeng?@%. A R iR &
4- pentenoatf‘é%mm%e@? +t. CH=CH2 (where z is I to 12), ‘and conbi nati ons of
t}Nﬁ or n?relthemin 1&@@13& fé?fedﬁ?&ﬁi@fs&fr@fe{rﬁﬁhd%ﬁdhﬁiﬁ%l?rﬁrﬁaﬁrm nalt :
al kanenjtriles ear iC enes i near _a atlLc.cyanoesters,
e S PgAkTIeat, fnsi ol R SRR, oL eReRh e RR Griengest ers.
Most pref ex:omblqmodmoftsvoeorena:dltbnnf t Miobteprefeared prodicts pemnaiiadndtrile, e; .
CZF2z+] CH2 | nor e
$Bhe ‘éﬁ'&? el €, 2@@%%&9*2 iftd ?%ﬂd QSmB idHs

t hereof. The ro ess theZ vent on can be carried’out In e presence of
one or loﬂﬁﬂF‘éOLW%ﬂlﬁiﬁoﬂ pronoters that affect both the act|V| ty and the

Zel eft l V:jtybOf the p r&%sﬁbﬂﬁltte 1%&&%%@&&?%@&&!@&&%@%@? t hat ‘ed
i scl og abov anation c o.be carri conj ugat e
ol of 1 IOy Fipre Lot Bipraiee s althectall e aeh iy pafine Srestiig batent , “hot
present. Exaapisesysedm. Thmpmaitadsdieeiamsasmhmtdmcmsa@aﬁavam about 4 to about
15, preferably t 3- butadlene
cis and trans- chﬁeégﬂ%g%e%% a(%lé)stﬁea %ﬁfa‘ééng%%%ugsw%nd

conbi nat i ongnmgatr—d/ol@msm}u@mm‘éptom@mlaaf:@mlly 80t peespric | Examplesioéf erred by-

reason of bBﬁuﬁ&@H%[éﬁn@'coﬁtﬁH@ﬁ% ﬁ&ﬁeabbﬂt4fbeaﬂéhpﬂ9%éf&@b8(f4 toABi ARt rile. Th
fol l ow ng Formul a aﬁ? fe suit mﬁgtatlve starting 20

conj ugé? ed 2EMT §4e8.as HC’F"&P!H‘E’I ]a§ \Via 1engy giy an ﬁﬂ"sr HCi%#W product s
obt ai ned f p<ms-1 Bpaumadmnmcamnuﬂmmr@dzmam%eﬁsﬂﬁ&alwm

1, 3 butadi el M) ore R U5 Ein SARL SRt ThpBthel T e WSRERSERE V- 19

or aC to
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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NC -~/ 7 CNCNVII VIII I X 3PN 4PN 2M3BN i n which 3PN denot es
3-pentenenitrile, 4PN is 4-pentenenitrile, and 2M3BN is 2- ﬂf&%ﬁb g
-butenenitrile. The contacting of a conjugated olefin and a ﬁ i ni ng
fluid M¥A0M31684arried out the same as that disclosed abouerudweessdi ng to
the seventh enbodi nent of the invention, an isomerization process is
provi ded. The isonerization conprisées, consists essentially of, or 30
consi'st of cwis@n‘tei'ilagttmmllednb’zlamﬂlen Lewis Acidii$ genelatly aoneqeirdd Pothe Whi ch are

di scl osed t { d

Condi +1 on_ sufiTadtizatin ERARHECGIAF R P fesdhobC pERSE RoLEReq 01 ©

i someri ze t héo.a-Rlkn,3-mpnoplkerenitriles; 3-alkegpenifridesy enenmabinations theresduilhed for t he
i somer i zat i oglk. eE?émﬁhséa@Be prothal vy ﬁéhmbyﬁhﬁéd pr88esh a&!:ﬂd% aﬂ&% ofif € not.

limted 0, 2- nono itriles, eneni.tril
Combi mat | s ACRBENS Profees oy ‘E"eﬁ\y‘iﬂ"ﬁf"f‘?‘i‘?’bpfe&?fsﬁ“% BiisRlatng s alkeay!
hydr ocyanat i aitribs. Besisordészkios esh bdammedaout&uhstammlly sindils cpidii@ssasof t he

‘hydrocyanat i qe. <@ %&e%mg%(i@%%t %lgg?l a?l al kenyl nitrile. The

i sonerization can ecarrle y simlar conditions as

di scl osed above i For xampias baliaihdmanealicoenitile used as theatapling material in
- 2-al kyl - 3- ”Dﬂitai‘sgﬁeﬁfﬁtioh'df thelfbchtRa cm?csﬁft%roﬁ fi¢ h?@rto? nd ionl F a ddfefi

i soneriz g Log% i nvention can resuit gh[n cyanatl on of a

di ol ef an HCQsege cé’ﬁ&%‘:‘ﬁ?“' %r?éhﬁffraB ahisysoptcher Thielefinil e sour ces.

The ol efi ni cddoblblbenbhﬂﬁeamlk)ha amabdwéneamf agg&d&smmﬂgﬁﬁwﬁ%ﬁs t he
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When the starting nitrile is 2-methyl-3-butenenitrile, the isomerization
20  products are those shown in Formulas VII and VIIL
The isomerization 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 isonerization process of this invention can be carried out, for
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hours- such as- 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 o
A catalyst solution was prepared by warming 0.1 g Fascat 4102 (butyltin 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



.2 seconds to about 24 hours, depending on the particul ar conditions and
nmet hod of operation. The nolar ratio of 2-al kyl -3-nonoal kepe r#
catalyst is generally greater than 1:1, usually in the ran@ 59 0§60ut
5:1 toWOgo0RE84, preferably 100:1 20 to 5,000:1, for a lh@pggmggsﬁontl nuous
operation. EXAMPLES The following non-limting, representative exanples
“illustrate the process and catalyst conpositions of this invention. All

‘part's, propogty 1@;% ther wi se
i ndi cat ed. I%{‘gg%ﬁt;wglagmlg%efcﬁe 2 ?(%?I%lw n?:jwalrlg?g u?gbl\%a&gegsj;d unl ess

ot herwi se noflisarbogy all dissplypdy én"ieéﬁnﬁ?‘"a‘b'é? Vras thep ingxeased ynilghg ner i ¢
phf,sph |t te Z 0 m;ﬁahmﬂaitloma@k&meﬂaﬁ it m:ertwafﬁle mp&&°CPr mamtué&nn&f 4102

pol yest er St 4SO war mn as

Coutyrcin & Afidvel S3eappir b a BouTinadihiy® bR B gt SR8 (he hot
plate in & sl?all pumipaiacwuint wasthes laplbliedrtaglmlll offftte G@b&stll,ﬁ}hcmsdlbbp'fhewar m A

m xture cont gfcgélﬂg wﬁ.%ﬂ)v%fr d n?leJY to 4 gover th|e next two lboué%m ord rio.

2,2 -di hydro I na ene- rbox

ref er ence foPV‘H @’Bﬁhpﬁ’ﬁgr CT%aéBOIBm“ﬂHic B@'dmenz%a 27HEC fgva?bwers h

Tet r?hedr onI wihélt distilli oé&lo$)he 26-@1&:@&1@2;01. B.fiee ¥6d1RiY e r8attiod miRtGe gf war m
catal yst solutio ce mcro un

bot Lo 11 asi ot Ses B8 i Sfncenf dripis bt SR colé dpd R

pre-cal i b¥ at MR anditaied drgreael of palyniegization toibech. nagnetical ly urtil rret hanol
started to distillb, %glfangﬁgp%%l?ggg@rlature was about 180C 24 19 March 2004 WO

01/ 21684 PCT/ USO0 erature the dinet

2, 2" - di hydr oxy-1, ﬂ‘hcﬁPlWﬁ’&bR‘ieﬂigP‘é%Ewlﬁ 1 wasadded 3a @F@hﬁwc’&?"hlo&%@ol ved) .
T ]g:l t enper ath of &-cve6! in e prestateateidthy inihe ih@luehe 6 The xikeed Ghs ﬁidrﬁardt ed ]E I0

reflux in the to e was to reflux
for about an H%—H‘r%hg?fﬁhsﬁ%ﬁit ‘Eﬁ%%%%w\ﬁgexﬁ? EUQI%‘V tBﬁgF?{fgepog’Wll punp
vacuum wes t ABHHBpRRl.4dMia @PEL):1132d8f 11ha 18RedS0.5, B3héxTddpmh.. The
pressure wasg %ﬂgfeq(i& Vﬁ?&io@;}aﬁ%éﬁ&ﬁlébrﬂ@ﬁﬁﬂoﬂvﬁésm& DGt Etestepq hours in

order to avol actlon Lfre was thenﬁ y rlzed at 270C
for 2 'hours whi éeHﬂ’f%’fqnquFﬁ’@ &F 1158 YSB?O?WY%PWB% flingAf t er

cool i ng, the008agtsfRHi(COR),U0E4 nimsl)te D30T gbf\polesibl (ﬂ42)1fnnaﬁefone for three

hours and th |l ed and fi.ltered N n t ree of
pory?rerl sati gfrg:ielt-nt%?e[@o i eqt'nvalentg the ul} formﬁ \ﬁ:lg%%o?ﬂ]e potymers 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

25



Preparation of polyester 1 The polyner prepared in Exanple 1 was added to
t he phosphorochloridite of o-cresol in the presence of tri I n
toluene. The m xture was stirred overnight and then filtered. e sol vent
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product di spropimediadiwasasednal yzed by GC 25 19 March 2004 V\D 01121684.

PCT/ US00/ 25p68, 18 hAg Hgax%aﬁmahaﬁh@dps%nﬁﬂmmmmpogﬁeamrd The 3PN 2MBBN
'S an

ratio was 3-88 afrer 50 a our. s 0oC ation of 3,
4 Pentenenitril eT(l;%S%n@R})OCC‘ilEBa%“ng eg‘é&}'@ olySpler 2 zfsd'igf: n (0.0030
mmol Ni), and 13Hydﬂf mmmnwwamawnezmaslsrshaww fhat 64%0& thestaitingnC12) wer e
added t7cb i{lCﬂ had lt)ee%dcom&{]cdqo u?éﬁlyﬂén?é%%mu:ﬁég aﬁéraj hd@s (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.

26
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-cooled to -20C and 125 | of a solution of HCN, t-3PN, and
2- et hoxyethyl "ether (0.396 nmol HCN, 0.99 nmm of t-3PN) vvqgméjgﬁggoa'he

vi al V‘@é{ﬁ&f&sﬂd and set aside for 24 hours at roomte
reaction mxture was diluted with ethyl ether and then?ﬁ{o‘@ M’fﬁﬁssstrl bution

anal yzed by GC using 2-ethoxyethyl ether 10 as an internal standard.
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react or contéﬂl@.&&’ @ Initrogen 2 The reactor was set to vent
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for forty-five,m uhes. TS QP RRal 1Y 8o A M e il R0 2555

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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3. After cooling, the solid product, 10 g, was renoved Preparation
of pol yam de 1 The pol yam de from above was reacted with thqg March 2004

phosphw&&wl%l dite of o-cresol in toluene with triet h*gig}s@e as t?le base.
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mireased toég%%%ijﬁo b‘fz)gﬁﬁhs}éﬁtﬁw% :he %R%étf?%uaggo H@mﬁﬁ nzw{:ee

chr omat ogr ap#isad i thegriglo hetvisd o(as seajed ﬁ@éteéfeé)atf‘w’%@%éﬂ@“&% féf‘ﬁfeant Thus
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CDC13): 7.2 (b

4H), 2.6 (t ,arm;le p@fﬁlg? dlétslbeﬂ?n myzHébia‘ﬁfé%t va OQHE?%%%H g)m?érzaﬁgh((afj

pol ymer 1 Unsigidagd Anslysis alﬁcsmanharﬁ 7% of @2 swrting HONabdd bdenltoaveraagitet i ¢

stirrer was \ GRATAGA ORI RARIPRAL Y6 i Aldkgle, 2. 716 g of the

di ol from ab®¥ ene _ was cooled at -30C and a
pre-cool ed sol ut i ban@eizefon afi2-methyt3rbuleneaittite (AH3HN)( 130 6] oba celdl uene was

added oveq asd‘lﬁti J?a ol Ogtzmm@%h&dalex%%ﬁﬁlé}(o@ﬁ%hftial)zmmlj%’r@a&deldon

m xture I ndicate r resogance at 62 m. ,To méhure was added
1.725 g of diofnedf] egataéyst&mw § BIEpare: |ab°vem W?lﬁﬁaséﬁ%leéan eed at boxyl at e
and addi ti onai5°2 ﬁr g (niml&sr | Flie readtivh aiixtiee wBﬂEhengﬁbleW&ﬁd dilhtedddethel st and

el | ow soi | doT: s PN e paat vy e el gt BRe 30880 (0P 1 g
NMR (121.5 Mm@malhﬂﬂmdard:i ThQBPN&MBBN 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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and |sonerization with Branched Polyner 1 Preparation of qgatgdsbop®- 059 ¢
of branched polyner 1 was wei ghed into each of 3 reaction vials equl pped
with s%’fn‘t“ﬁ’ﬁ%@éps. 200 gl:of THE were added to each vi aPCHN§0X37868sanpl e
shaken. 320-1 of a freshly nade solution containing 5 0.015 mmol N (COD) 2
i'n toluene were added to each vial. Hydrocyanation of butadi ene: One of the
cat al yst samgitaglapiisnaFiecmianoy evas siscdoamnidht and-tRaCilserdd. 286hed with a

sol ution of  hutadi ene i I%FB 14Qive 20f243, SOl uti on
of HCN in vé%gﬁﬂ??‘%f‘e%%%‘gﬁﬁ%? d r{earyg‘%ggﬁgg t%le vzlog % The vi al
was seal ed @fgehewiseldd.at!Pe3t} mmor (2024 CREA By major peakadéh-0Preool i ng to

-20C, the reaGhisNs NI Hydt&ydasioh BNl eriatbn Restitbwidtii@hchednd the product
di stributi orﬁﬁf?%?d% GCY, aglgi nst valeronitrile as an internal standard.
Anal ysi s>sh&R&Eeat 71. 7% of the starting HCN had been converted to

usef ul pent eneni tPreh@suion af tdalpst: VY62 \Evanvhed polHler afwasrwdthaling,

| [ [ f.2- hyl - 3- bul i i : ‘15
sl ut1 on contal Bl ﬁ&%Méﬂagﬁaﬁ’f@ﬁ?‘ﬁ‘r’”@h%?éﬁe&ﬁ?%&‘m WBIREERIS e
to one of t keckwirhhybthesamplesbaksnegad aliobdboshly made sointionmaE33mgl ed and

heat ed at . [ 35 I R ] smen cool ed and
neated & ét%f;@piﬁ%{rﬁ%% Efliﬁgéne (18 5 HERGLND et ¥ddéd fo WA Jile

r.=T roduct distrjbution was anal yzed GC usi ng
val eronilfrile as Id}’ﬂm?)rﬂ"é’r’%?-P bagadiensy .nq#éE%WQWBNPfeétﬂré’%ﬁéyﬁ after
3 hr |S 20 HyeHsaeyhedab i-m?(lgénd&% pPena edsieri?m of butadiSnelinRdluen(0e925 mirioé
catalyst s es par oV e co 10 - a :
sol ution of aE#—i@:i\f"“d Pi-(g'%al\ff%fﬁﬁ‘%fp f%&ﬁ%&g&hﬁgﬁ%@ @ﬁ‘g"*m?héﬁ‘rf 0.99 nmol
t-3PN) was addedito thigll Thé vial wat sealedrandfplatadirva hot-tdevk reactonsst atmol  ZnC12)
vere added {gebherel dinple WiiGeila M 33RAkOMIERY LIl @284 hour's at

roomtenperature.” The reaction 25 m xture was dil Léﬁeed tHiﬁ%th ] ether and
the proddct Thestepstingmixiurs W5 yicadilgipddrethylsthey apd HB'Q%F 13M8r as an
i nt ter nal ft apdRAd bATRE Hgdisst Sﬂ@t@ﬁdri%?paﬁtfﬂﬁ? SthndardieARKIgsishgwed 4 based
b HON. ) Thelngoheirh afies e FIEY P Boemiaie s fe Pt engitiB el ¢ 57
Prepar at i on «ff 3/Bi/aMIBN waso Dypirkafte? 33@utsnder an inert atnosphere, a 250 m rb
LAk w th @ TRONgLl ki W £haeREH ok /Say 2100l oppaaphor us
bi 5. 2, 2.24p! Fsstitiaomennaning SV andvagoniis 03 el MIBRS wete added

to one of the catalyst samples prepared above. The vial was sealed and placed in 2

hot block reactor set at 125°C. The sample was removed after 3.0 hours, cooled
and diluted in ethyl ether. The product distribution was analyzed by GC using
valeronitrile as an internal standard. The 3PN/2M3BN ratio was 0.8 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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The m xture was cooled to -30C and a pre-cool ed solution (-30C) of
triethylarnine (0.800 g) in 20 m of toluene. The slurry was ndrem pesy f or
1.5 ho% n 3t Pf H (202MHz) nnr of the reaction mxture indicated a
maj or resonance at 161.8 and 161.7 ppm To this m xtur FGHEYSUEENE 0. 790 ¢
of diphenyl- 2,2'- dihydroxy- 1, 1 '-binaphthal ene-3,3'-dicarboxylate and
additional 0.700 g of 28 19 March 2004 O 01/ 21684 PCT/ US00/ 25568
triethylar n|cneled1ne3%a"draeprm0£3ﬂ|sm%@n&ﬁ@r f ghiriethylpring (0809 ghined, washed

with 2t itzzlaIMMﬂmﬁéne Wﬁ@la&geldv shasy WaseNeet ﬁ% 3ot hdakePedoidd ©n to
ive el l.ow.sol i ¢ maj or
peak at 133 30%pnlS ﬂam@ewiﬁfdpiﬁf@nﬁﬁ 8 3RO BT Rocul 1t s
wi t h Br anc hdudplenbbipyepare CbyPe@péing toif G;B Birimethglphstol v8in@Sbe Ltepdtuter anched

ol ymer R ¥ n I h eptum
Cape 200 4 PropiR el ptisd Rl 20T SREELAC W oF nhe i PO, L. 300
- of a freshl Vi Ofa8. 863 madﬁltl@gilwoom qfcmgﬂwlarwnqwng 19 mbofiEHE. 2015 ol
Ni) were adqgginir® we@Ghmdd abemﬂg@h EIHRA YiHRAdd, WAsIRI Wi gﬁ ﬂmQ&? nte the
catal yst sanp l}ie @ %are % ove was cool ed { B'Eﬁf%c Btn hg

_sol ution of SBtHeEY mayed P’J@ﬁ@'?‘@?@%’oﬁﬁﬁﬁwe P W ‘F%‘%ol ution
of HCN i n va@lPr{dR}idms (2602 4QMBBOCIG1L): HE)r peak et 1 36 dnd broddepeuk al . The vi al

was seaII%d 81?'9'37%3’ d in a hot-block reactor set at 80C. The sanpl e was
removed "afte Hours and quenched by cool i ng to -20C. 15 The reaction

m xture was then elymdr St ri buti on

anal yzed by GC aé&%eﬁ be'&b&ﬂrleé ﬁ‘sﬂsta.'lé"lﬁrHﬁhtﬁﬁbt?ﬁelﬂ;@.E U@H?}FSI S

showed that 84. 8% of arti been conve

n
pentenenitril es (Iﬁ.gérpﬁyangfm@pﬁggglsﬁ? waqalysisshowed that 81. ﬁ%tﬁfsthe PEBEr i zat i on

of 2-net hyl -BcHHaaRem converted ¢ YA peniepnitriled aflerCirs (A 3PB/2MB BN
cont ai ni g 2VBBN a aleronitrile (0.930 mmol 2MBBN) were added to one of

the cat daPystf a@%ﬁﬁfgg%repar ed above. The vial was sealed and placed in a
.hot bl ock react orIsmtrzmzzah:lﬂQ-ma?hﬂ S-dnpene niteide)r dmalysct shbtved titat thehour s,

cooled and i { product distribution was analyzed
by GC using va/?eronl %M lfﬁgﬁér%ggﬁgl standard. The 3PN 2M3BN rati o was

0.8 after 3 hrs. Hudiagmngdipnnhsidodtensnesitnlepdmalysisishewed that 25 4%ppfjthe One of
that catal yss&artzﬁ PRhteRerRirRRAhea Q¥fvrRa t&aﬁh@ﬂ% product 063 Qﬂﬂyxéﬁ%aked)f a

mrt I quBN) ‘W%C dgiglélcleglt?vxty to tﬁe ﬂr?e&?%ﬁ% 1son?ér u?ars 9&00 96 nmmol HCN, 0.99

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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-13 L of a solution of ZnCl2 in 3PN (0.0067 mmol ZnC 2) were added to the
vial. The vial was seal ed and set aside for 24 hours at ro@mWmi@RBEHAL Ure.
The reﬁﬁ' 6 O mxture was diluted with ethyl ether and the é)roduct

di stribution analyzed by GC using 2-ethoxyethyl ether ZETAROWESE nal
standard. Analysis showed that 1.8% of the starting pentenenitriles had
been conver tRadyhydridialtiohoi:| e product (5.0%vyield based on HCN). The
selectivity to the linear ADN i somer was 90.0% Exanple 6: Preparation of
Branched Pol ynmer\ 3 35 Under an inert atnosphere, a 250 ml rb flask with a
magneti c stirrer/wag e s trizchloride, 0.769
g of 2,2 -bi 8 @ : : - £ and 20 nl of
t ol uene. The m xtore 7 21684 PCT/ Ue8 25 68- cool ed
to -30C and a pre-cool ¢d soI utlon (- BOC) of 4riethyl am K& i
m of toluene was added. The slurry was stirred for 3 hours
to -30C. To this m xture was added 0.406 g of :

3,3 ,4,4',6,6 exaget hyl -2, 2" - bi phenol (gjjepared by coupling of
2,3,5-tri rret henl using the Ili erature 5 procedure for

3,3 ,5 5 -te 02T R ~Diptrens! Kgeding, J. Og. Chem, 1963
28, 1063) and d|t| onal 0.700 g of r| eam ne with 10 m of THF . The
m xture was stirred overni ghi# and then f™%€red, washed wt
tetrahydrofuran. The solvent was renoved by rotary eva f gi ve
1.449 g of an off white solid. 31P {H) nnr (202.4 Mz, "o j ory peak
at 136. 05, and brggd peak at 10 134.76 ppm Hydrocyantion ano == i
usi ng Branchgg Iyner 3 Used the sanmefprocedures as in Exanpl e I
~branched pol 3. Wof but adi Anal ysi s shgwed ¢
81. 3% of the 'ngy H n €6n useful pentenenifril@d
after 3 hrs (the 3PNQM3BN 15 pati o was soneri zati on of
2-met hyl -3-butene nitrile): Analysis sho d that the 3PN 2MBBN ratio was
19.2 after 3 hours. Hydrocyanation of 3,4 Pentenenitrile: Analysis showed
that 25.4% of the startl ng pentenen tri heen converted to digitrile
product (63.5%yi QCti yi t;oﬂo t near

< on HCN) F
@ Inthere : dbl e 1 the 4ol Yerf ¢
epar ed |f|® gre he pol ¥

i somer was 9¢
ohol 1-8 awg, one of
aromatic dial AE E.}<arrples 7- and 13-14"il'lu

phosphi te was
rate tthe inportance of

control of polymer 8 9
5
Aromatic diols:
HO OH
i OH i ‘ OHi E
H H )
A B c
Meo,c HO OH coMe pho,c HO OH co,ph HO OH
i j i i i j i ,:v 0.(CH,)
F
10 "al]
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nor phol ogy on catal yst activity and selectivity. 25 30 WD 01/ 21684
PoI yhydrlc alcohol: HOIl 7 5 Aromatic diols: 4 OH HO 6 OH 8gHghieh 2608 I\/bOZC
1%3020 HO OH CO2Ph D 10 E C 19 March 2004 PCT/USO0/ 25568 OH HO 0

0 HO (CH2) 31 WD 01/21684 19 March 2004 PCT/

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 NEt; were added ,resulting in a gel. 15 m! 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.

|73
8]



Table 1: Selectivity and activity of several catalysts conprising polymeric
phosphite ligands in the hydrocyanati on of butadi ene and t 418 March 2004
pentenenitrile, and the isonerization of 2-nmethyl-3-butenenitrile
.Exanpl edi ol bri dgeBD hydr ocyanati on3PN hydr ocyanati onl sonerization yield a)
3PN 2MByi el da) Sel ectivity3PN 2MBBN 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] c¢)1D68.2 1.550.8 87.117.17 12 c, 9)1E74.0 0.849.5
83.61.57 13.c, 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 19.563.3 918.72 19 c)7A86.0 2.750.8
95. 515. 47 20 ¢)7C86.5 1.312.0 94.716. )8D84.5 2.531.25 89.918.28 5 a)
Yield in % based on HCN. b) Hydrocyanation and i sonerization procedure
anal ogous to that in Exanple 1A, c) Hydrocyanation and isonerization
procedure anal ogous.to that in-Exanple 4A. d) 770 ng-1 were added to 412 ngy
PC13 in a mxture of 30 ml toluene and 20 M THF 10 at -30C. 800 ny NEt3
in20m tol uene at 130CApoipmeniciesmpition e iBing repeanuaitsidezized figmA and 700
NEt3 in 1Q, i 650 NEt3 in
gy %ﬂ&éﬁaﬁéﬁ%&}nd‘@a alnfiflofer Qﬁﬂo&ﬁlﬁ%&ﬂbmcﬁ% gy

5 mM THF wer and 769 glnlePTH at -30C over
‘a periodl1@f 10 nm nut @@ereg,nﬁqx WPOWQPGWBH@Hh%ﬁBB formuly sslected S thg i n a - 30C

freezer. 3635@ oﬁglign@gsgfqmoge la@uiefCosRY Ling in a get. 15 m THF
wer e added 1 4%5 Sol h { t H20,
then wi'th ac Bo(ﬁéc)n@%‘ﬁl‘# I&ﬁgf’e% h@% %@"rﬁ?{:’i?}* Xw&“@ cool ed
to -30C and adﬁhbﬁlatmrxsfldﬁwmg)rlﬁfb‘ratm«:bf 769 mg 1 in 20 mM of THF at -30C. The
slurry was cool ed aft 5 : wer e added.
The solution was filt eécdng%@ %’“%“SS% teegq.{/fnﬁfﬁﬁ#&ﬂ) ngﬂuﬂfbﬁ
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. 9?0-N£€C(Rf1) ég@j:gqmud@mi)sgn omn )QOR (ORY, LHO)sRE Ver e
ot of uone. WM BTGl ONE oL, e o 5 1803 o at od by

addi ti on of -SE3RN, . CNLhm@éomhnMsMMongm&&eﬁblﬂG\l 32 19 March 2004

(> & car bonyl " conpothgie R RS i RAcEAR, LI RER e ol polisibg . 110"
wher ei n $ai mf@rtb@mlaﬂgdwpgxni@hmg@uﬂeqs@ Bab aryk stoupi and combinations 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&(GH)mC(mMRHOPHmﬂ (OHY(ARPH),, S-, - S(O) 2-,
.ﬁ’éé’éendiﬂfﬁm“fi“f@”ﬁ%%t @é{? @FQSPL% “”Sferﬁ'y&ﬁgéﬂ &' to
al kyl gr oup HO-AD G4 gro(gm? ®5Deonbi nat | ons
of two or nOBH}R2ERF2(OH),y,, (OH)y-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

34



“Wherein each R2 is independently selected fromthe group consisting of
hydrogen, Cl to Cl12 al kyl or cycl oal kyl group, acetal, ketabmMaréiRBoos CO2R3,
COto C20 aryl group, F, d, -N®, -SO03R3, -CN, perhal oal kyl, -S(O R3,
-S(O 2R3, -CHO, -C(OR3, cyclic ether, -Al1Z, and conbi nations of two or 35
nore thereof, wherein Al iga Clj..to Cl12 al kyl eng'__g)roug,, wherein Z is

sel ected fromthe gRoyR conél st@ng of - %2 AC(O R3,, -C(O SR3,

-SR3, -C(O NR1R1, -OC(O¥R3¢ - OC(HQ 2R33 iz hl) RU, -C(R1)

NRL, .-C(R1)=NORI, -P ' -C(O OC( O R3,

NRBCOZRB, NR3C( O N( RI ) R conbi nati ons of
3 i $ i ndependent | y sel ected fromthe

/
group consi sting 5 of Of - kyl or cycloal kyl group, C6 to C20 aryl
group, end c i f 1 Adin ndependently a
nunber in thgﬁpgﬁg{gﬁ%ﬂa?ér%rgﬁreﬁp and%ﬂ&th kl-th%,grrﬁ{ég%%cgn accr?c}'lra%ll lrllg to Caiml
wherein R in CIP(O-Ar2 10 R2)2 is ortho to the oxygen attached to

phOSphOfUS 3. A conppsi tA gém @éiﬁ&fﬁ&cﬂﬂhﬁ@to@l@inﬂ'wﬂ&éﬁ@hﬂ cafbotlyPO! yhydr| c
al cohol s the for Ia sel lt) fromth ﬁ?lrou consi sting of

(HO 1™ (OI%"Hi‘P"“t‘ Fom, 1C/GTOUR R WAr 2- (O) - At- (O - Ar2- (OH) m
15 (HO) m ( AL-dRiRyIAl, 2'(dilxj)dirm W41 -Bin ﬂiaﬂené@}&'-ﬁ%l{oﬁ ta€d;) m

R S St (o

Are- A2- Ar 2- (M’Mlhydmmwmw}ﬂd@:ar&)ﬁluﬁcﬁ(,q A l-Ar2-(OHm
(OH)-Art-(OH) of in Art,
Are, A2, and 2rh2 ,gélqurﬁgyggﬁh agmhgglg’?egll n &%c%q%n& e?@%tﬁmesach IOQi S
mdependel@tlynarﬁdilermﬁ Cl2 al kyl ene group; and wherein each p is

i ndependent|y” a nunber in the range of from1 to 10. 25 4. A conposition
according to Caiml V\/nerel n sai,d pol yhydric alcohol is sel ected fromthe
group consi sti ng of B 3- ¢k BRlAmEHE GPipOsitian FRMPHSPE Espeat ugity deriyed fn

1, 6- hexanedi q Ho h&)ﬁ@hﬁ&h&*ﬁi&qﬁlcqpo%rﬁrdtmr ritall@Mmdl, and
hexa( et hyl ene ge#/ sﬁlﬁ_e gr}% conbi naitl ons of two %ﬁ%ﬁgther eof an30 5. A
48 ti gt

conmposi ti on aim1 wherein-said mononer is
i
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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*an am.ne selected fromthe group consisting of 1,6-hexadi am ne,

N, N' - di net hyhexanedi am ne, |, 4-butanedi am ne, and conbi nat Homgarch 2004 or

. nmore thereof. 35 6. A conposition according to Claim1 wherein said
“carbonyl conpound is selected fromthe group consisting of 34 19 March 2004

L and conbi nati ons t hereof ng .each the s ecited.in Claiml.
7. A conposi tion acc%hwwaﬁbag]‘%ﬂﬁ‘fawﬁ%geﬁe %‘Eﬁ%ﬂ% consistifgnound i s
sel ected f rmﬁﬂ%gm@pt&@ﬁélﬁﬁldﬂﬁyﬂﬁﬂﬁﬂ , Cg to Cyq aryl group, and

h |carboxylate di al kyl

2,2' -di hydro al e
2,2 - di hydro?&%!‘b EﬁtPnSBfE‘H‘gﬂ’i/Fw@e rechar boxyl at e,
2, 2' -di hydr oxy- bi phewhéreid, éach Rl"aanidemnldenﬂ)eaﬂ&dzted from the group consisting

2,2"-dih f
e o TR SRS 2
derived fronC6 (ol%mbyhup,usSIR i dﬂOQ,r rSﬁ_v,R}s mmﬁ@)z h, (2) '
pol yhydric al b, b \%{erel dfligd Oryh dﬂf(gb)aﬂiﬁ Q7S POERABT AR

according to sal al Cohol 'I's sel ect ed fromthe
group con&s?f‘ﬁ@%’ﬂm{r&ff(f (HOmArt-A -Art-(OH) n(R4) .20 (RA)(HO m

Are-(O A )p-O Art - (Whdelnhis se(dafe\i(%mﬁrauﬁm( % R3, -CHO,
@)

O e R A Lo,

g of two or nore

thereof ; wheng+QRIFRY) @(RI)MHMIWMD -R1,5 @E)(QRP)(ORH, t-BEOQRALP

B 0 g, S RCHGER O, A CORCEPHRRE RO R eI oroue,

Ar2 is indepeSQiRd |- SZIﬁehdacmmﬂmﬁummdﬂtwog)rmqneﬂmrmf;stl ng of phenyl enc

group, naphthylene . : IS
1ndependently a Cl tg%’ﬂ%gﬂ‘ %QE;I? ene édd%ﬁ&%%%ﬁ%ﬁé?‘h“@i@ﬁhﬁﬁs‘?fﬁ“@

i ndependént | 9f @etothzedkﬁrcmw@lhelkgkggpp,d’gﬂgi%i% growp, ang @mlipatjons _ -
-N(R1) -, ‘S‘thefegf‘;o) 2-, -S(O-, and conbinations of two or nore thereof;

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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‘35 19 .March 2004 wherein each R1L is indépendently selected fromthe group
consisting of hydrogen, C 1 to Cl2 al kyl or cycloal kyl gragpjar€io20m C20
aryl group, and conbinations of two or nore thereof, wherein each R4 is
i ndependently sel ect ed fromthe group consisting 5 of hydrogen, Cl to Cl2

al kyl or cycl oal kyl up acet% ketg# % .aryl
group, -SiR3, -NO®2, - PR ace %E@aﬁn&% polyhy, P{g?co - CN,

per hal oal kyl , sel@@@m(tﬁ:ﬂ)e(ﬁﬁ)lpcemisﬁngmlﬂd conbi nations of two or m)re

T T et e R R

C(RL)=NRI , - bmh enol fo( bysp -S(0) 2R3, -S(O)R3,

-C(O OC(O)5R3 44 %ﬁ(, <S03R3, -CN, and
conbi.nat i onsr#) rm;ﬂqa %NI%\%ﬁéP prylféhc%aggzl S i ndependent |y
. selected fro f‘ﬁ@”%ﬂbﬁ > Aghdi lfone; 0 C12 al kyl or cycl oal kyl
Prdependent |y, m"‘ﬂm”‘i’?’“‘m‘hﬁﬂ%’é"”“%SWP%‘E??Y'ﬁ“‘%ﬂ@g%‘S“WF%‘?ﬂ Sach plis
|ndependentlyzg,‘5|%ﬁ ‘?’W%‘HE‘MW 0PN 1 "to 26 10; or (b) the group

| \mnsn sting ﬁf4,4’?ﬂlylﬁeﬁeﬁé(2ﬁ4flﬂeﬂ(memand ;’@ﬁyﬂitﬂﬁﬂebﬁiz Mlﬂé&@lph?ﬁbl)m e of

erein gac e romthe group consisting 0
“phenyl engﬁgroﬁ%, éon%%&ggﬁg@d;%%@e’ﬁ thyl ene group, binaphthylene group,
and conbi nat|‘b‘ﬁsetbj'lldemdm(ﬂ-lmrep)tl%mﬂnyiphmmﬂ),e| n each Al is independently a

Cl-to Cl2 al kyl ene group; and wherein each R4 is independently selected
fromthe group consisting of CHaQ_&£12 alkyl or cycloal kyl. group, acetal,

ketal, -OR3, -Q0 , 06 to C20 _30 group, -SiR3, -SO03R%—-,-S(O RS,
-S(O) 2R3, per al £ C(O 3 - A1C02R3; - ALOR3gand_conbi nati ons
of two or nor ereof /40.0A ¢to 5|t|on -|_pgto Clal pin the

al cohol pl aced stich that,

| ocation of the OH%Foups 1'd pol yhyo
3, m)ndﬁ%nt ate

when sai d pol yhydric 35 al colol is contacted\w
phosphites are not predonm nately produced.

O
O .
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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. 3619 March 2004 11. ' A conposition according to Caim8 said polyhydric
al cohol is selected fromthe group .consisting of 19 March 2004

6, 6' -di hydroxy-4,4,4"' 7,7, 7" -hexamet hyl bis-2,2"-spirochronan,

» 2,2" -diallyl bi sphenol A, bi sphenol A, 5 4,4'-(1-nethyl ethylidene)bis(2-(1
met hyl propyl ) phenol ), 4, 4'-thiophenol, 4,4"'-dihydroxydi phenyl sul fone,

4, 4" -sul fonyl bi s(2-net hyl phenol ), biR€4-h¥9Joxy-3,-nethylphenyl)sulfide,
2, 2" - di s(4- hydr oxy- 3- net hyl phenyj).pr opane _H

4, 4' - et hyl i denebi s( 2, 5-di nmet hylyphengi ),
4, 4' -propyl i denebi s(2, 5- di net R

4, 4' -benzyl.i.denebi s(2, 5-di et hyl j

4,4'-ethy|idenebis(2-isopropég-'- ' 0 OH 15 and conbi nati ons of
two or nore thereof. 12. A cBnposiLi oR®ag€ording G aim 8 wherein said
aromatic djol has the fornula sel &ted from fRie group consisting of y HH

20 R0 R 37 Mﬁlﬁﬂatﬁ;@n@%fﬁz%ﬁzm&ﬂfi&e&fmbi nati ons of two or” nore thereof,

wherein each R4 1I's 1 ndepen / sel ectéd fromthé group consisting of
hydrogen, C 1 to C. 1whepipgackRasndepandentlygelssisd o the EroyngopsistiogRs,
-Q02R3, 5 %oflwd&%%n,ac to Of,C41Ry] or SvEidalkylNebup, a8 RBstal; SORFRCO5X,0) 2R3,
-CHO, - O -F, -d, -ON..3CF3.. - O Fgé n¢l, combi nat i ons
of two n&g@ CretrdbsrouRhz Ry '@023%@@]&' @)ﬁrgz)rﬁ({ﬁéégr'& Jconsi sting of
- C02R3, - CHOC(O)RROFR3.Cl; LX) SBB3, -REIN(RGRO) N1, and EtinEions-oBG¢®) OR3, 10
- N=CR1R1, C&%F?@él :C(R1)=N-O-R1, -P(O (OR3)(OR3), -S(O 2R3, -S(O R3,
-C(OOC(OR3, - ?& -NRBC(ONR RL, F, d, -NXR :

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(O)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;

0

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  two or more thereof; ‘

_ wherein each R5 is independently selected from the group consisting
of H, F, Cl, C;toCy; alkyl, C; to C;; cycloalkyl, Cg to Cyq 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,
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.-S03R3, -CN, and combinations of two or nore thereof; wherein each R3 is

i ndependent|y selected fromthe group consisting of Cl to1&hred ko4 or
cycl oal kyl group, C6 to C20 aryl group, and conbinatons of 15 two or nore
‘t hereof ; wherein each R5 is independently selected fromthe group

consi sting

of H F, d, Cl to Cl12 alkyl, Cl to Cl12 cycloalkyl, C6 to C20

aryl, t ;1 OR3, f m%&%ﬁs@, ﬂﬁ{,@)ﬁﬁﬁR% cpﬁ%@, zingmo{(fﬁﬁmimili, }&?ﬁfﬂi,mblﬁ:.lm, of two or
nor e ereor,; . ereln C I,ncgepe en . 1S el e I e r Ou
ORI oA sty PHeRibtn, in, " Sufitiend PR AmEOCP )

and conbi nat ithersof6f two or nore thereof; and wherein each R7 independently
Is selected fromthe group consisting -of H C1 to Cl2 alkyl, C1 to Cl12

consi sting

cycl oal kyl ,

C6 to C20 aryl, and _conbinations_of two or npre thereof. 25

13. A conposi tion acddr di‘hgompositien areprding to Glpir 14 wherem said Lawis acidispr i si ng
at | €ast one ggleoield Mdn theRbd) Co'iﬂisﬁﬁg 86 zihE ehlokife, cadmitin EKIBHAS it Of

i ckel, I 1 adi I d, f. t : th f . 30 14.
A Compost 1| oSy GIORGIBPTBN ol CoPEaSha PRLFOTENRHIRS PRVaPT MORCeeghe  Low
aci d whi ch i sndiX isselegdifione thieroumsicarsisting afiCRgS 04, ICHL CdixB04Nd in which

t he el ement
selected fro

%Eéﬁgjﬁdw%g@ghgiq%ggggwoo& ng&gmg tallic conmpound is

grodp consrstin scandrdam t1tanium vanadi um

chrom uml1038 19 March 2004 nmanganese, iron, cobalt, copper, zinc, boron,

al ui num YUt um - 21i6e0nd ffcess ol @PLoRiGIY TeatbBHM cifipokiiE Witk 111

and conbi nations of two or ' nore t

ere 15. A conpQsltion according to

d ai m 14 wherdnANABErde pErduse gp infermediale) and (R)roplaghng sad gitermediate witha; ng of
zi nc chl.ori dephosgtebmctioriditd ori de, iron chloride, -triphenyl boron,

( C6H5) 3SnX,

and conbinati.ons..of .two, or nore.thereof: . and X LS | ect ed
fromthe group consi s)@?eﬁanéfldéﬁ‘ébgfﬁl, °ﬁ%§€ﬁl§§t§‘e%ﬂ¥é‘?‘§éﬂﬁ°‘éﬁ ©
conbi nat i16ns grbup eamsistingof R 1N (DH)-ArD-(QB)(COBIYgess conpri sing. (a)

contacting a

b, | ' di ate,
Snd () cant AR D G B B R B
sai d car bonylcontignbions ofitee eraoredhengPf sel ected fromthe

20

25

30

35

wherein said monomer is selected from the group consisting of
polyhydric alcohols, amines, and combinations thereof;

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
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-,
-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
of hydrogen, C, to C, alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3,
Cg to Cyq aryl group, F, Cl, -NO,, -SO3R3, -CN, perhaloalkyl, -S(O)R3,

39



+ 15 'group consisting of (RL02C)n{COH)-Art-(OH) (CO2R1) m

(R102C) n{OH) - Ar 2- A2- Ar 2- (OH) (CO2R1) m (Rt 02C) m - Ar 2- Ar t - ( CA8Riagron 2004
conbi nati ons of two or nore thereof; wherein said nononer is selected from
“the group consisting of polyhydric al cohols, am nes, and conbi nations
.thereof; 20 wherein said phosphorochloridite has the fornula selected from

the group coi¢ORRPNECHD, CCROBAcliv2)igr, tAlkZ, And comiinptionisfGEPEO- Art - R2) 2
are unli nkedlfH % b ot her directly linked to each other, or linked to
each other throug r’ou A2; wherein each Art is, sel ect ed framthe group

“consisting of phenyl 'érh@remz%lsgﬁl?etﬁd mﬂ@m‘&@n&ﬁw @R hyi@He: group, .
bi napht hyl enec@y) Raﬁ,c @)9R3 crm@ nEfOYNR O3, M HORBeof ; wherein each

o oup.  napht HyTER Bk é@%ﬁ*ﬁlcoﬁﬂﬁﬁaﬁ-ﬁrﬁ ﬁ@@ﬁ@?‘% @ﬂ%?,efg( Y aerected
fromthe gr oaﬂi()@hhsﬁ(ﬂ)@@(@)l{i CNRICORRY; ;NRAC(O)NERIRY( R, IQl; -NOS; , - S(O) 2-,
-8(0)-, dnd p@orﬁdeéméﬁam% SPRNS gl ABkRbzolter ol n cach R i

|ndependentl ¢ Ohe’st I'hg 'of hydrogen, Cl to Cl12
al kyl or cyci oal kyI whenain, ACG at tO;ZU aligllengrigpenp; and combi nati ons of two

or nore thereof; e group
consi st {1&3 35 of hy%'ﬁ!ﬂjalneeaalpRR?S hﬁgﬁéﬁﬁ&ﬂ%&@%&iﬁ&?h@a é‘é‘f’gﬁgg acet al ,

ket al , Coirs)2 of-gytoeikyd iEpeuny o Gﬁbcy Oupmé mé@@ﬂs? - CN,
per haI oal kyl thereS@‘Q)nB3 39 19 I\/arch 2004 S(O)2R3 - CHO, C(O)R3 cyclic

et her, -AlZ, and conbh nﬁ rmre %her R f

sel ected fromthe gr 8Ol E‘c'is B‘Fn €83 Raumbey 18 the ‘é("fsm
-SR3, -C(O NRLRL, -OC(OR3, -OC(OOR3, 5 -N=C(R1) Rl C(Rl) NRl
-C(R1)=N-O-R1, -P(O Ol B3n2
_NR3C02R3, NR3C(O) N( WF&(P‘W&(EC”%‘R%%@@%W %%n%?ﬁ%t)?ons of
two or nbf¥e iskwﬁmdﬁ;hwﬁwgmatta&hed@p&mgﬂlm Cl12 al kyl ene group; wherein
each-R3 is independently selected fromthe group consisting 10 of Cl to

C12 al kyl or.cycl oal kgl gr oup, C6 to C20 aryl group, and conbinations
t hereof ; and wher ei nl%ach prodess aosarsirsiocHeiny 16 Wharepesaid polyhydricange of from

1to 2 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)(Al-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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17.' A process according to Claim16 wherein R2 in CIP(O-Are-R2)2 15 is
ortho to the oxygen att.ached to phosphorus. 18. A process aoagirdhagod o -

. Claim 16 wherein. said polyhydric alcohol has the formula selected fromthe
"group consisting of (HOmMAL(OHm (HONMAr2-Al-Ar2-(CHm-(HO m-

(10 A2) i Cr) S iy Pngpind s At senbistions 9 0. o

(HO A" ) m( OH) margtherébf{ OH) (Al -OHm (HO nmAr2- (O Al) p-O Ar2-(OHm
(OHymMr2-Ar2-(OHm (OH) mAr2-A2-Ar2-(OHm- (HOmAr2-A 1-C(O -0 A
"1-0C(O-AL -Ar2-(OHm, (OH-At-(OH), and 25 conbinations of two or
nmore thereof ; wherei2d. ArA protes accoxdingan Claim By whedein ssahearbenyleci ted in
“Claim - 16; Ny LSl . Cl to Cl12 al kyl ene group;
and _,whergi nwggl ﬁ@ﬁ%@&@?gﬁ%‘h%@ﬂ’g&g‘gﬁn@#ﬁn the range of from1 to
10. 30 19. -A process according to Caim 16 wherein said polyhydric al cohol
is selected fromthegsgroupconsd ¢ di ol , tetra(ethyl ene
glycol), 1,6- hexaneli dr ggppripht hal ene,
hexa( et hyl ene gl yeol), , : ereof. 35 20. A
process according to OY in said p g¥d am ne sel ected
fromthe group consisti xadi am ne, 40 19 March 2004 =

"N, N - di et hyl hexanedi a anedi am ne, and conbi nati ons- of two or
more thereof. 21. A process according to Caim 16 wherein said carbonyl 5
compound is @ed @@n@aamqnﬁrﬂwrn@f;_gmbm&h%hgitm satip asmregiteddn €laishdf.nat i ons
.thereof; and each Rl is the sane as recited in"Caim16. 10 22. A process
e eolal o e o o A prodess according fo Claim 16 Whereln said catbonyl <0 | O™

2, 2" - di hydr oxphpdunli is béleapd from the groupFonslbesy dOXy| ate,  dial kyl-

2 2y ondd o b BRSBTS Rkt

2, 2" - di hydr osliaiky! 2,2 diryaipdacyht | 1 DjjBiengll-3,4M-disashokylateci d, and conbi nations of

Luo  or ITOre) hAGiiffoxybiphdyRS °ARABHGRE dkigg to any of Clains 16 to 22
15 2,2’-dihydroxy-1,1’-binaphthyl-3,3’-dicarboxylic acid, and combinations of two '

or more thereof.

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 gcid to
produce a phosphorus-containing polymer and (c) contacting said phosphorus-
containing polymer with an aromatic diol.
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“-contactiing in step (1) is carried out at a tenperature in the range of from
about 20 100C to about .450C, said contacting in step (2) i3908reh edoput at-
‘a tenperature in the range of from about -50C to about 150C, and the ratio
of said phosphorochloridite to the al cohol .group of said internediate is
in the range of fro bqut 10:1 to,.abou

conprising (a) cont aglgg g‘ﬂfﬁ‘i‘@s B?COH'E@F&WZS(}VI‘“%BW& PQYBHE%F éS‘Pl}H\ydrl c

al cohol to pr deketeeted frgmysphor us- cont ai ni ng pol yner and (b) contacting said
phosphor us- cont ai ni ng polymer with an aromatic diol. 25: A process
conprising (a) contacting an N, N-di al kyl 30 di chl or ophosphoram dite with a
pol yhydric al cohol to(q:)r%dlgmpampastyngaoﬁ(& Y ptat-ah A Zt?(é)HIMR Mont act i ng

d | Iatl 4 2_(0O
Shosphor 46 co %ZE% e T A OOt R RO A A O )
cont ai ni ng po t*ﬁf 81(9@9:11 bl . 41 19 March 2004 26. A process
.according to RYMOFR- MeAia_lQ”( .@.g{lgglc(qu«gl_%m( H'?OEK“)' s selected from(a)
th Ar2- Al - Ar2-( S
- ( R?l) ?rHoo;JPn E\?Sﬁ%ﬁéﬁ?xp %1&)‘ hg{ﬂri‘)z mgt( QURPPE ﬂ(l@r—%( R4)
(R4) (OH) m Ar 2 A2- Ar 2- {(kedetr( ﬁﬂl Arl RAinaEndemtly sodctdd(fdm @fe/%roup cons:stmg

tuo or ol REC6A CARBFISTeaRbie. S17 t Can RleBABh EOPPGI D fr om t he

group consi st na‘;glth)ﬂ&wcgmﬂﬁ Ty oA otneaplitisheneqironty ,amﬁdﬁntbmat(b%ﬁ dfitpbenyl ene

group, C 10 t r ?.pht hyl ene group, C20 to CAO bi napht hyl ene group, and
conbi nations 0 WO nor e thgzreof wherein each Ar2 is independently
sel ected fromthe grwbpremhsﬁtr ms;mdgpen@entll)osdlﬁb&ddimmﬂie@reu}gccmsmmg:lo to

C40 napht hyl e . 'W.

[ ndepeP\dent I yegcgi&ego QIBﬁngHuﬁaébq oup ojr\rj:'}qm‘?eﬁggg}c ’ |°2ntﬁ%ependent |y
sel ect ed' #3 ontherret; group consisting of C( R1) ( Rl) -0-, -N(R1)-, -S-,

-S(0 2-, -S(O-, andwherhi éh%hlﬁ@ﬂ&ﬂ%péﬂﬁ@nﬂya Efm@&ﬁé groap) wher ei n each

1S dependent |y, sohegt edchom Eweee%@%aﬁwé%?%@ SheSoub i iRons of
two or nore tbEr@EIYRI), -O-, -NR!)-, -S-, -5(0),-, -S(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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: wherein each R4 is independently selected fromthe group consisting of
hydrogen, Cl to Cl12 al kyl or cycl oal kyl group, acetal, ket abMar€iR3004 CO2R3,
25 Cl to C20 aryl group, -SiR3, -NO2, -SO3R3, -S(OR3, -S(O 2R3, -G 10,
-C(OR3, F, d, -CN, perhaloal kyl, -C(ONR3)(R3), -AlZ, and conbi nati ons
of two or nore thereof wherein Z is selected fromthe group consisting
of -CO2R3, -CHO, : e @ERNRBto - OC( O) OR3,
30 - N=C(R1) R @lﬁgﬁiem—’ Ql‘? e@%@a%(&ms)(d%) 7800 2Ra,

_S(O) R3, C(t§jc9aO)R3 _NR3COPR3, -NRBC(ON(R )R, F, _NO2, - SO3R3,
-CN, and conbinations of two or nore thereof; wher ei n each R3 is

i ndependent |y sel ect romthe group 12 al kyl or
cycl oal kyl group, Cd%gt}{‘t%’ual"wg L?E(iagﬁlﬂ‘if ﬁblﬁa&' g#é[ t her eof ;

wher ei nelach(OH),Arl RlepbRAehd (§HR;nunber in the range of froml to 2; and

42 19 March 2004 wh th f
from1 to 10: or (byF fg‘“%?‘émééﬁ‘é%@tg?ﬁ‘ﬁggﬁ%gﬁ oUW Caymand s

"(OH) mAr | - R4- At - R4- Arwiqemmpc & isdndepsndenlyelected fron e SeRCORSISRE | t ed i n
Caimo:. andofr/@%% tlg aﬁ?gar Eséclaaikmﬂﬁ@emtﬁaalsebaet e@b R—’OFE%% (ﬂf oup

consi sting %&Bé3 é{(%% O@&Sgéf’ $e %q&gﬁe_@gw 3,

-COPR3, Cl t¥yeoup.aRk

per hal Oaid<y|-,Alfﬁz@?l\l@mflmdcd:ﬁbméﬁ&ﬂlﬁmwooﬁ\irﬁ%ﬂﬁm&fconbl nations of two
or nore thereof. 27. A process according to Caim25 wherein the |ocation
of the OH4 groups of said polyhydric alcohol are placed such that, when
~said polyhydric al &holA psocessrcacidon w@lmmwhemnthdéwmuomomgﬁﬂl tes are

not predom ngﬁoﬁfnsyofjsgx o@ﬁ%ﬁga cgﬁolzgeﬁfag&?sﬁﬁhi‘ﬁﬁ%ﬂéx{Eﬁ sﬂ nhm 25 wherein

sai d pol yhydTi ohol™ I's. se ect romthe group cons
6, 6' - di hydr oslgohe! i centapted with Blsamenpgantate pbosp nessegﬁ F%‘dﬁ?@ﬂ%lﬂatello
2,2 -di aj4 ylp,b aidegnol A, bi sphenol A,
4,4' - (I -nmet hyl et hyli dene) bi s(2- (1 -nethyl propyl) phenol), 4,4'-thiophenol,
4, 4' - di hydr oxydi phenyl sul fone, 4, 4" -sul fonyl bi s(2-net hyl phenol ),
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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bi s(4- hydroxy- 3, - met hyl phenyl ) sul fide, 2,2

- di s(4- hydr oxy- 3- net hyl phenyl ) propane, 25 19 March 2004

- 4,4 -ethyl i denebi s(2, 5-di net hyl phenol ),

4, 4" - propyl i denebi s( 2, 5- di net hyl phenol )r .

4, 4' -penzyl i denebi s( 2, 5-di net hyl phenol ), '

4, 4" -ethylidenebigs{ 2-i sopropyl -5~ | phenol ), 43 19 Mar 2004 OH and

conbi nati ons @ Wo re theyeo 29. A process according to CI aim 25
wherein said @ S
consi sting of and

el ected fronft he\g

i ndependently sel ected fromthe group €ons i of dr ogeny
al kyl- group, Cl to Cl.2 cycl“al kyl group, ketal, -OR3, -CO02R3, Cl
to C20 aryl group, -SiR3, -NO2, -SO03R3, -S(OR3,015 -S(0 2R3, -CHGQ
-C(OR3, -F, “d, -CN, -CF3, -C(ONR3)(R3), -AlZ, and conbinations of two
or nore thereof; wherein Z i s sel ect ed fromthe group consi sting of
-Q02R3, -CHO, -C(OR3, -C(O3 83, -C(ONR RIL, -OC(OR3, -0C(O OR3,
-N=CRIRI, -CIR1)=NRl, -C(R1)= P(O) (OR3)QR3), -S(0) 2R3, 44 19 March
2004 - S(O)R3 R3 R3IGT2RF - NR3 RI F.oJ NO2, -SO3R3,

G mor e fhereof@&%chi S
i ndependent | ectd fromthe group consist¥ig of O Y 2 al kyl or
cycl oal kyl group, ClOto C20 aryl group,: and conbinatons of 5 two or nore
t hereof; wherein each R5 is independently selected fromthe group
conS|st| ng Qﬁdéﬁ' tinat or cycloalkyl, C to C20 aryl,
-OR3, -CO2R3, ¥ nz;%nso%&ﬁéﬁ?ﬂ:@g and conbi nations of two or nore
t her eof ; wher el n each R6 i ndependently is selected fromthe ‘group :
consi stirmg- 10 of H 261 AQrédeds atdoydingto Cmﬁhaalxmekemﬁﬁdhfmﬁaﬁ aryl, and
conbi nati ons and wher ach R7 i ndependent ly is
sel ect ed fro?{rlnIlﬂ'@v@?goﬁgwgﬁgﬁcgaie‘%ﬂ"%?gﬂupamf ! f(; al kyl or cycloalkyl, ©6

to C20 aryl, and conbinations of two or

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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» nore thereof. 15 30. A process conprising an unsaturated conpound with a
-fluid conprising hydrogen cyanide in the presence of a catalysth 2004
conposition recited in any one of Clains 13 to 15. 20 31. A process

" .according to Caim30 wherein said unsaturated conpound has 2 to about 30
carbon atons per nolecule and is selected fromthe fornula of

R8CH=CH CH=GSI0)RICHEP)TCHIVR3, RIR3CORS, (-DRAC(OINRIRGHE,( CH2NOR O, and

combi nat i ons_gf.r3! VEN nd BokfbiddtBhE8f twotor titie Biitledf® are each independently
sel ected from the’ group .consi Si | %)q% al kyl , and .conbi nati ons

1ng, of -H, Cl t

thereof; RLO is sel é&%nﬁﬂmﬁénﬁp&e&fnﬂxﬁéﬁfé mghe BroupOnising) 1

per fl-uor oal Mcmm?ahgyb{@cloaﬂ@lgmwcgﬁ CR'abylErédp, aid cafibinatoibonat i ons of
two or re thereof;, 30,y is an integer of 0 to 12; x is an integer of O
to-12 if R OHOLTOTRYSEOL’ of perfluoroalkyl: x is an integer of 1 to 12
if Rio is -CN, and RihersinsaiheR? dndependently sglecied fronrthe gtaupgonsisti t o C12

al kyl or cy akk r t fY, u n PiMati.ons of two

R e R bRt ais

or nore thereof’. 3 ocess accordir efein said _
unsat ur at.ed “(QMbUREQ.s-EN eknang eunbinMiong PtHy ebMErSFEtof but adi ene,
3- Pﬁnf enenit { ile, t 45v1k9eii?]/elﬁagk€9ﬂtépe1m&§tryi§aa&ét&d &bng; tthgidh‘ﬂdoﬁsFiﬁ?fgt enoat e,
nmet hyl 4-pentenagate, . ne - pe a a onbi,nati ons.of two or nore
t her eof i033_0f}i1§$1&8é§g ab‘(ﬁ;ﬁw yﬁ’;t?ﬁ %h&@?ﬁ%@@%‘?ﬁ“@f‘? Af ¥o¥npound, in
5 the presenmnereahereofcaidl yst conposition, with a fluid conprising hydrogen
cyani de to produce a ,2-al kyl,- noal .k LtrlLe: cQont: I ng said
2-al kyl - 3- nonoal ker}’vetheir{,ll I:_a%cgl%’?nﬁe@einﬁaﬁ@??a%l%{{:&ggﬁggg%Pc?ugncg\ﬂé{gtﬁg n said
catal yst cofffbdittodh; iabkyt eceychulkyh Goip (pendsand cambénatens of W@ or10 34. A
process accq@gljfg_geri& Claim 33 wherein said diolefinic conpound is

1 .

but adi er}%.' process according to Claim 33 wherein said 2-al kyl -3-
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,
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« nonoal kenenitrile is 2-nmethyl-3-butenenitrile. 36. A process conprising
.cont’act i ng a 2-al kyl -3-nonoal kenenitrile. with a catalyst qgmmashboen .
recited in any one of Clains 13 to 15. 37. A process according to Caim 36

" ‘wherein sai,d 2-al kyl -3- 20 nonoal kenenitrile is 2-methyl-3-butenenitrile.

46
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4-pentenenitrile, methyl 3-pentenoate, methyl 4-pentenoate, methyl 2-pentenoate,
and combinations of two or more thereof.

3. A process comprising (a) contacting a diolefinic compound, in
the presence of a catalyst composition, with a fluid comprising hydrogen cyanide
to produce a 2-alkyl-3-monoalkenenitrile; and (b) contacting said 2-alkyl-3-

“monoalkenenitrile with said catalyst composition wherein said catalyst

composition is recited in any one of claims 13 to 15.
34. A process accordmg to Clalm 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.

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-

monoalkenenitrile is 2-methyl-3-butenenitrile.
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