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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. Itis 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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catalyst wnl? substantlaltly re%uced loss during a catalytic reaction or separation of
product from the catalyst. An object of the present invention is, therefore, to
25  provide such a composition and to provide processes for making and for using the
composition. ' '
An advantage of the invention composition is that varying the molecular
weight and degree of branching can control the solubility of the composition.
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 embodiment of the invention, a composition is
35 provided. The composition is selected from the group consisting of
composition A, composition B, and combinations thereof. Composition A

comprises repeat units derived from (1) a carbonyl compound, (2) 2 monomer, and
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conposi wosAes4conposi tion B, and conbinations thereof
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The process comprises contacting, in the presence of a catalyst disclosed in the
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25  second embodiment of the invention, an unsaturated organic compound with a
hydrogen cyanide-containing fluid under a condition sufficient to produce a
nitrile.
According to a seventh embodiment of the invention, a process is
provided. The process comprises contacting a nitrile with the catalyst disclosed in.
30  the second embodiment of the invehtion to produce linear 3-alkenenitrile. -
DETAILED DESCRIPTION OF THE INVENTION
The polymeric phosphite compositions disclosed in the invention are also
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
35  units derived from (1) a carbonyl compound, (2) a monomer, and
(3) phosphorchloridite.
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Each Al is independently selected from the group consisting of C; to Cy5

alkylene groups.
Each A2 is independenﬂy selected from the group consisting of
25  -CRD(RY)-, -O-, -NRI)-, -S-, -S(0);-, -S(0)-, and combinations of two or more
thereof.
' Each R! is independently selected from the group consisting of hydrogen,
C; to C, alkyl or cycloalkyl group, Cg to Cy aryl group, and combinations of
two or more thereof.
30 Each R2? is independently selected from the group consisting of hydrogen,
C, to Cy5 alkyl or cycloalkyl group, acetal having 2 to about 20 carbon atoms,
ketal having 2 to about 20 carbon atoms, -OR3, -CO,R3, Cg to Cy aryl group, F,
Cl, -NOZ, -SO4R3, -CN, perhaloalkyl having 1 to about 12 carbon atoms,
-S(O)R3, -S(0),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(0)SR3, -SR3, -C(O)NRIR],
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hydrogen, C; to C;; alkyl or cycloalkyl group, Cg to C, aryl group, and
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20  combinations thereof.
limited to, dialkyl 2,2'-dihydroxyl-1,1'-binaphthalene-3,3'-dicarboxylate, dialkyl -
2,2’-dihydroxyl-1,1’-biphenyl-3,3’~dicarboxylate, 2,2’ -dihydroxy-biphenyl-3,3°-
25 combinations of two or more thereof. |
The diesters or diacids illustrated above can also be blended with one or
(CO,RY),, (R10,0)p, -Al-(COsRY)y, (R10,0),, -Ar2-Al-Ar2(CO,R Y,
(R10,C)y, -Ar2-(0)-Al(0)-Ar2-(CO;R ), (R10,C)yy -(A1-0)p-A‘-(COzR‘ )
Examples of the second carbonyl compounds that can be blended are
terephthalic acid, isophthalic acid, phthalic acid, dimethyl isophthalate, dxmethyl

of from1l to
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consi sting of &R P{ecfe’%ﬂfaé%%gw ?%éral‘%ﬁ?r@r &fbs % to 20
sui tabl e di edheses @WD@PI%Y ds i ncI ude, but are not I|imted to, dialkyl
2, 2' - di hydr oxy- bi ph8n9t 3,30- dRcarboxy! i BG4S d O
be bl ended with one or car bonyl uch as, for
-(Al-O p Al- (C2R1)m _ 30 and conbinations of two or nore thereof. Exanples,
combinations of two or more thereof. The other positions on the aromatic rings
Specific examples of suitable diesters or diacids include, but are not
dicarboxylic acid, 2,2’-dihydroxy-1,1°-binaphthyl-3,3’-dicarboxylic acid and -
more second carbony! compounds such as, for examples, (R10,C),, -Ar!-
30 and combinations of two or more thereof.
phthalate dimethy! terephthalate.



t er epht I sophthalic acid, phthalic acid, dinet | al at e,
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nore thereof. In addition to the polyhydric al cohols shown above, conpounds

containing three or nore . Ips can be used. An exanple is 1,3, 5-
benzenetri carboxylic ag< y By can gmfgane sel ected
fromthe group consi sting \e $, triamnes, tetr { hes, and

conbi nations of two or more thereof. The amine can be pringHdy or secondary

ali phatic am ne. Some exanples are 1,6- hexanedi am ne,

N, N - di net hyl hexanedi am ne, 1, 4 but anedi am ne, andgnconbi nations of two or
nore thereof. 20 Th : \ 'déﬁe has fdarmul a selected fromthe
group consisting of CIRLD Are- , Where the Are groups can be unlinked
or linked directly or with group A2 and the R2 group is preferably ortho

to the oxygen. 6 WO 01/21684 PCT/ USOQO 25568 Exanpl is of
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Other examples of polyhydric alcohols are hexa(ethylene glycol), 1,3-

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

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

15 The monomer can also be an amine selected from the group consisting of
diamines, triamines, tetraamines, and combinations of two or more thereof. The
amine can be primary or secondary aliphatic amine. Some examples 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 R2 group is preferably ortho to the oxygen.



shown bef@yy I CE-- G-R O1/ O RR2I- 71 C-f~ Cl 5in
whi ch the otﬁ‘uer positions on the aromatic ring, i.e., pangTfHS”%?Sésto the -
oxygen atom can also be substituted with alkyl, ether or ester groups, or
conmbi nati ons of t or, ereof . . sition B ¢ Sl e eat units
derived from (1) p#f\%%?%fiof%oﬁ% oledg%?&?%e’ Qu{;aé.sgﬂtgﬁ% ‘;ﬁ’y al cohol ,
and (3) an arshapwnibelo.ol . Phosphorus 10 trichloride (PCL13) can be bl ended
with C2P(OAr3) or CIP(OAr3)2 wherein Ara is a C6 to C24 aryl group in

whi ch the aryl group can be su ted with &R aryl, ether, ester, or
combi nations of two or nore there The | ocatio t he OH groups shoul d
be pl aced such that the interac ' #A h PCl3 will not lead to
predoni nate formation of nongdentate 15 ph Preferred second

pol yhydric al cohol has the for Ia el ect ed from Lhe group consisting of
(RA)(HOmAre-Al -Are-(OH)m(R4) ,0 :
(RAY(OHmArt-Are-(OHmM R4), (R4) ' m Are- A2-
(R4) (HO mMAr2-Al-C(0)-O A -OC(Q AI-Are-(C]—I) 1), 20
(R)(OHm-Arl-(OHmMR4), and nmbi nati ons of two or nore thereof; when R4
is not hydrogen and |ocated ortho to the OH group, the other substituent
ortho to the OH group is hydrogen, Each R4 igzi ndependently selected from
t he group consi sting of hydroge [‘ 1 to Cl2 al RgT~r cycl oal kyl group,
acetal having 2 to about 20 carbsg-atons, 7 WO 04/ 24684 PCT/ USOQ 25568
ketal having 2 to about 20 carbon 2R3, C6 to C20 aryl
group, -SiR3, N2, -SO03R3, -S(OQ S(O)2 HO, -C(OR3, F, d, -CN,
per hal oal kyl having 1 to abo—g2 carbon at (O NR3)(R3), -AlZ, and
conbi nati ons of two or nore thenreo Each Zo' R3, -CHO -C(O Rg3,
-C(O SR3, -SR3, -C(ONR R1,

R4)

5 in which the other posifions 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. _

Composition B comprises repeat units derived from (1) phosPhorus
tnchlonde (2) a second polyhydric alcohol, and (3) an aromatic diol. Phosphorus

10 trichloride (PCl;) can be blended with Cl,P(OAr3) or CIP(OAr3), wherein Ar3 is -
a C¢ to 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 predoininate formation of monodentate

15  phosphites.

Preferred second polyhydric alcohol has the formula selected from the
group consisting of (R*)(HO),-Ar2-Al-Ar2-(OH),(R%), (R4)(HO),,-Ar-(0-
Al)p'O'Arz'(OH)m(R4): (R*)(OH)-Ar2-Ar2-(OH)y(R%), (R*)(OH)p-Ar?-A2-
ArZ-(OH)p(R%), (R*)(HO)-Ar2-A1-C(0)-0-Al-0-C(0)-Al-Ar2-(OH)p(RY),

20 (RY)(OH),-Ar!-(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,

C; to Cy, alkyl or cycloalkyl group, acetal having 2 to about 20 carbon atoms,

7



- OC( O) R3,wo P7tfek4R3, - N=CR1R1, -C(RL) NRL R)=N-O Rl ,g,gga@ OR3

-S(O 2R3, -S(OR3, -C(O OO R3, NR%%OOZR?, C(NR%,C(C))NRlRlPCJi.)/‘,(U@h ( >

fSOBR?h -CN, or conbinati ons thereof. Each R3 is |ndependently sel ect ed

romthe group consistin Cl2 cl

to C20 aryl grksigh aéﬂ%?c% H‘a%qlfﬂﬁg"‘l?ﬁ??’é '2) éhzﬁg (?% (?R?eaﬁ%l groﬁjg &

(szslcfag;fagy}‘rgp Iggg3g I , S$(0YB3pIS(0),R3t CHOLL(QIRRVH, Gy €€, Cl to c12

ou

_SiR3, -S03R3,P é’g{l@ avi goﬁ%%bwpgfﬁfkﬁ%@?ﬁe@(dm%@ﬁawz gy t he

second pol yhydcombmhtumsmlftwanrbmre(meymfAr LR4-R4-Arl (OH)m or 15

ffﬂjgﬁ” RAc AL RA- AR e Ga0e - CHDL SS@RALIC(O)SRESH NO(BINRIRE, al cohol s
e, but are no |mt £ 10, ng fornulas. 8

VO 01/ 21684 PCOCEDB? 25H8)O83, ﬁi=¢alh§ ﬂﬁw (E@‘ '%%wlﬂa O HO/-\ /

IO|: (m IRghO R? aﬁlﬁ @j{Ol(%&O}@)HCS(D){RHCS(C@wJ“@(Q)@@(@R@NRI%O%]W JHO 3 { H Ra

r

e e RBE T s SRR T B BB S0 e

subst: tuted with aEﬁqH R3 mlhdependemlytsetec@dcﬁm thegreqmonszspnggéﬁu a0 Oy

exanpl es

bi s-2, 2 ro%lg?’l P{Xﬂ’r ﬁé}'gxgm 1¢ %C% %rgr %11825 Ebgiﬁtcgﬁ'}bma 102\5 thirez?;f

met hyl et hyI i dene) bi When®R* mdeye §y|sylpﬁe@§1o;nﬁm,gmuptqwa§meﬁ C t4><2uz

di hydr oxydi ph
d 53(14_ ﬁ%r'of?ye@ y%k@ toACR) D¥iohp SdcRtalliety] WFSNAD,R3, Cg to Cyg
2, 2" - di s(4- byd®dk gtoyp é eﬁ |§ ﬁﬁami(o)mm ~CEINR3I)R3), -ALCO.R3, or -

et hyl i denebi s( 216Rdi ﬂniets&sdnahﬁwy)inc Alcbhelama by I(OHQ,geﬂmld(@RMil(f@H)ﬂydnphenol ),
15 (OH)pAr!-R4-Al-R4-Arl(OH)p,. '
Some representative second polyhydric alcohols include, but are not
limited to, those shown in the following formulas.



4, 4" - betv@ bi/2468%bi s( 2, 5- di net hyl phenol ), and S00/25568

4,4" -ethylidenebi s(2-isopropyl -5- nethyl phenol). These, polyﬁjgrlc al cohol s~
can be produced by those skilled in the art. For exanple t he diacetal can
be prepared by refluxing di(trinmethyl ol propane) th gp salicylal dehyde
with oxalic acid as catal yst, - ref erences for prepdri pg, acetal  from
acid catalyzed reagiig A g ' ey ahedron, 9
0/ AO0R Tet. Let 1989, 41609;
Tetrahedron, 1090, Mroxyphenoxy)prdbane s prepared. by a
literature procedure J. Og. Chem, 48, 1983, 4867.

4,4" -ethylidenebis(2,5-dinethyl phenol); 4,4'- propylldenebls(z 5-

di et hyl phenol ); 4,4' - benzyl|deneb|s(2 5-di et hyl phenol); and 4,4" 5

et hyl i denebi s( 2- |soproqy - met hyl phenol ) can be prepared) according to
Bull. Chem Soc. Jpn.,\62, 3603 (1989). In addition to t ol yhydric

WO 01/ 21684 PCT/ US

al cohol s shown abovgI ont ai ni three or nor @ ph&paoldc groups
can be used. Repres Rt OH ar bel ow. 10HO HO CH
HORa RaRA RRR4\ I / 4Ra | 4 OH in

which R4 are the sane as discl osed above. Th her~ posi tions on the
aromatic ring, preferably para or neta to the ygen atom can al so be
substituted with 15 al kyl, ether or ester groups. The aromatic diol has the

following fornula 4 Ho o Ré 4 HRHR O O- RA55 RR5\ / RS R5 \ / RS
RS RS RS RS RS RS RS RS _
OH

G e

HO

OH H\‘I) R
8] O
S
C}—{OXO%O HO‘O \Q—OH
R4

in which R and R4 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'-
hexamethyl bis-2,2’-spirochroman, 2,2’-djallylbisphenolA, bisphenol A, 4,4’-(1-
methylethylidene)bis(2-(1-methylpropyl)phenol), 4,4’-thiophenol, 4,4’-
dihydrbxydiphenylsulfone 4,4’-sulfonylbis(2-methylphenol), 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-d1methylphenol),
4,4’ -benzylidenebis(2,5-dimethylphenol), and 4,4’ -ethylidenebis(2-isopropyl-5-
methylphenol). _ 5
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 Tetrahedron,



R~ RRA RER5 R RER5 R 20 wherein R4 i
di scl ose g’ ovéﬂ4 10 WD 01/ 21684 PCTI US00/ 25568 each R5 ?%é‘ﬁﬁﬁ'@%g@ent |y
selected fromthe group consisting of HH F, d, C1 to Cl2 al kyl or

.ot oo ook A o, S R B 151 300, %

al kyl- or cycl aslrlyyphefiéxyt)propait wiyprepardd bpd literaturerptocedise,af GrgoCham. m)r e

et a1 CRofYhoRoRe MOl LRI LA

to C20 aryl at’ ons nor e arorraic dIO|S

can be prepar edimsshydphenobahd’-kenmytidenebis(d S elimkthylpbgnol);randided’ar t . Exanpl es
| ud but
i ot hoky- &, 5 iy thebis(® sgto %’f" %?"*‘Tyjﬁ*é“&ﬁ“ﬁ’be Brebprelidccording fo g tne

pr ocedur e desc@hmeﬁqc‘nfmh 2@ ¥, 27, 1988, 3008;
2,2' -ethylidenebi S(Hrﬁdltiﬂmttﬁé’gl‘f?’&l&almﬁoﬁ‘slﬁ%dbﬁv@rcﬁi%b&ﬂhsaccor ding to

BuII Chem Soc. Jpn

3, 3" - di net hoxycozxtazmna.thrya PHRproP i BEQURE R bnesednRenresemtative sxa@plesed by
t he procedure £t siRpehbdloav. Chim Pays. Bas., 1993, 112, 216; 15 di phenyl

2, 2" -di hydicoxy- 1, 1' - bi napht hal ene- 3, 3" - dicarboxylate whi ch can be pr epar ed
by t he proceduraodescrlbed In Tetrahggron Lett., 1990, 413; 3,3',5,5" -
tetrnet hyl -2, 2" - bijphgnol_~apd, 3' , 4, 4" Y&7Q -h- anﬂihyl -HO '-blphenohmmhlch
can be preparqg S -roedurgg & i
1063; and 3, 3'-dinetl - di hydroxydTr pkemy .
prepared using th procedure descri hed ™n SyntheS|s
These aromatic di be-R ncor por at
and pol yam de da gliove. Thesgopolgmers containi ng=:(e arvmatic diols
can be used in conpbsitiond of the invgntion. The solud‘l} thse
conposi tion or polyneric phosphite ligands 25 disclosedakgve \geperally
depend on the nol ecul ar wei ght of the polynmer and degﬁ@e il br ang
sol ubl e polyneric system separation can therefore be done by extraction.
VVth i nsol ubl e polyneric systens, the catal yst can be placed

in which R4 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
15  alkyl, ether or ester groups.
The aromatic diol has the following formula

. R5 Rs
S
20 R

wherein
R4 is the same as disclosed above;

10



in fixedydedsigsy separated by filtration froma reaction m xture.
Alternatively, the . solubility of the polyner can. be.adiGlV¥926368pe
soluble in the reactants and 30 insoluble in the products. Thus, the

reacti on can be capfl J ) E I n..hi.gh c ,on. The
pol ymeric catal yst E%égﬁiﬁ%gé\&%gﬁ%gg?g{égg&g& etgg }o%lﬁggﬁ%géﬁﬁg’ggcant ation
or filtrationCi€wm dkypricyclonlkys &sdad e @i iORhtCOsRY, hE(OIRPeAEHON; t he .
conpositions cHi S@Fﬁ%ﬁdc@hgﬂﬁﬁmmowmraﬁﬁré@ﬁt h.a Goup VIII netal and,

optionally, a 35 Lew s,acid t ad a cat t coppgsition. The term
"Group V111" refer?\%}ﬁﬁﬂgepgﬂ @éﬁ#@%ﬁz%@%wa aﬁ‘ﬁa@ﬁ@@ﬁoaﬂ’ﬂe :

El enent s, %57t imdedhintbinations 986vd 8Bmpre the¥€ofiandbook of Chemi stry and Physi cs,
Press, Boca Raton, 4 .03 6 PCT 556 "Group
VI11 neial”7used i?ld?%’%e lﬁﬁe\}’é’%;?%‘éfﬁ’qégin Cldlj“s’(\)o‘?% gﬂ‘&? %’o"%é%ﬁ%l’grsch t"&ﬁ -
conpound or Gusigemhingtionsphtwe ormbrethereefieral |y, a Group VIII conpound is
conbined with a p%ﬂéﬁh&héf&'cﬁ%@mﬁbg&?&ebphﬁﬂ%ﬁﬁm OQﬁ &UAlegSL-
Anong: the Goup, VI1I1 _conpounds, a nickel 5 Ctonpound., a co a,? compound, or
a pal | adi um c’é‘ﬁb‘bﬁﬁ‘rdE?‘%‘“B‘F‘éf’t?f‘fdéd‘?ut,&r‘?ﬂ%tll@“@dﬁp%% néthydromy3ed’preferred. A -
zero-val @@t ndigdetoxgByPadin@tindl] AibiphayRnt Whith d:anﬂabgiefﬁﬂﬂ ethgdhep! aced by

th I is th t .pref d f V, tal .. -val ent
i ckol | Lompountae st ekt n R RE R o 1088, 00k, B2 s B eenit b ronn 1
the art such dimetliyiptieosl avhich ¢48 18, pt@ByaliaccodigXo, Bl Chem 84, 4., 1989,

3, 847, 959 andg3; ,21204: Uch_ @ds | hC conpounds
are N (COD) g&(?”%?%g’i%ﬁ 1‘?‘?.935’%‘??3{2‘28’?‘2%% ?gnéﬁ{ﬁp}{:‘%?’fﬁ%"%&s}g? C2HA),
both of whi crrepared kntharproeedureoftacl Trgr. &t Paps) Bas..did93] B 2h0;ckel
conpounds) scandipke pzr,biuaﬂ@dwyhl,ﬁ’-siﬂ%rﬁhﬂaae-ﬁge&‘barbb@m@Wﬁc@éaﬁlaFéOUf ce of
zero-val ent nickel jn . the reactjon. Suitabl I val en 15 nickel conpounds
i ncl ude corrpchﬁ%%#’yfbﬁé’r? HR SW@‘W%Z?@,? LUSELEY ‘[9(?93 E%r%@&@ﬁht? or
acet yl acet onaermethiyl-2 2bépheadlumidiig3’ #g€16,8 -hexanethgl-pRt -diphehsirwlilycdrdes

nmetal alumn ' ol iz K [ I nt al ni ckel,
preferabluy n%&%ﬁiﬁs@?g {E%\/_\Aﬁélceglé}r%ybdle?\%’ye \kflvi’l?leaoar'ghgﬁgm'égg@e’ﬁ’g afy t,las )
descri bed i n 3L.&-dimethil-232° ghilzydroxydiphenglmeshane yhie equepacesd wsingtheo- 20

val ent niggkel proddatredBReribedah SynMbsad, 1081 21egsl can be any ampunt so long as
favorable results_can be obtained with respect to catal yst activity and

process econony, & aRemetic diols, canbeingarporaed 1p g pelymer as Huthepplyestent i o of -

phosphor us | i gdp@lyatidé desofibéd sbdverThise@olyaions J:c)htaiﬁiﬁg thearofatie afopt 111 to

about 100:1, preferapbly from.25 t.1:1.to about 20:1 (nol es phosphorus
per nol e met aa.?%e used 1n°composItion B Me imvention.

The solubilities of these composition or polymeric phosphite ligands

25  disclosed above generally depend on the molecular weight of the polymer and
degree of branching. For soluble polyineric 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. Alternatively, 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 polymerié 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 VII” refers to the
ACS version of the Periodic Table of the Elements, 67th edition (1986-1987),
CRC Handbook of Chemistry and Physics, Press, Boca Raton, Florida. The term

11



. Al aryoeioess. arylene groups, alkyl groups, alkylene greriRgefiesers.
et hers, ‘acetals, and ketals disclosed in the invention can be su%stltuted-

with one or nore aryl groups, arylene groups, alkyl groups, alkylene
groups, ethers«®akEVHl metieuaddin the thvistichl can a3 fEfée te Grags VII oetaf t he
second enbodi nent of the inveYnﬁi ongﬁan ft‘}f‘t_her conprise one or nore Lew s
acid pronot er s SOFREIRY PLETOYR, PPty and the selectivity of the
catal yst system TheGeuneeaiiy, eiGroam VEE campowedt iszombined witlya pelymes disclosed

conmpound i n whigch the . ' ast %Egio | fr.om
“scandium ti tar?i%m‘ﬁ Q\Pafﬁg%rﬁ% Sgg(?gérﬁ%'rgnts %:rééﬁ%s%@ﬁ?rwg, C bgfl §§ a?%%k%ﬂ
copper, zin6, Hompoundlagebaligpmpeund, orp palladiemicomponnd s nisterrad) Aorekalm

cadm um rheni fnd ;ﬁno@iﬁ%h@& AngekoldRedtBEI] compBundZérntaningn
CuC12, CuC1l, Cu CF3) 2, Co

gndighnd
. 12, C012, Felt, FeCl3 2 Fell?2 2, 12
WO 01/ 21684 PCHhaisenbogip cegbtihﬁ( or is theangst PFF"E?%& SQUTGS ?%S &ﬂmmz,
ScCL3, AlCl3, (fEhll Zedd ShRnt nickadbipdhhdslcan (HegrepaidoirinehtedRic2didiy to -
PhAI C12, Red 5, ZrCl4, Nbd.,5, VC13, . , "
Er (C3SCF3) 3, veEPERpayR i Upaptsithias dipfl {5206 Sria pL 0 S Adek:
further ded0ri 5847,959RdS3, 908, £2(1. T80 s8@, referred zawoyatam nigkgl corpranngdsate These
i ncl ude netal J S / %fﬁm S0, HAOH 2tk | C
conmpounds (sucf{%ééé’g&? @gm‘%&éﬁ%{%&@énﬁ% Rab{?ewherg @i égg%@g%| or
aryl group). USfmhiemarekngyn ig#he artiescri bes how synergi stic conmbi nations of
pr onot er; c?n bedc hogﬁé}nmvém(‘dimﬁl néﬂd(?zpczﬁﬂ%@nﬁ bﬁlzb@&zdné[blitzlyd Wﬁthtaftel_lédmtgﬁﬂ ést
system Preferred pronoters 1nclu e J an
( 0BH5) 3SnX, magén‘§<t°§eéﬁ%§c%§°“€ﬁ%‘g?ﬁé‘s‘éé?m&‘8‘ef 66%85‘%"@%%{" ?H‘g‘%?lé&g&‘t io of
pronot er tasG augkeVcbmpomidslindade dempountihef thafigenulaNi Yy sviersb6us halide, t o
about 1000: 1, preferabl R : t Q. . |4 the third
enbodi nent of tcf?gbqqgéz?‘liélr%ﬁ%c%?%ag%sgulﬁ%get%ggﬁn%ggé%asg@gﬂifdggﬁ?oduCi ng
conposi tion A dicsehysisidds, anselalemingm bydrides,metalalinds. ligNa. Boorddr-bony!
conpound W th a%l g ﬁicldélgﬁfe_féaa? stk ?B\v&lﬂ,f\_i/héﬁ &Mbihd WithdUakgefated
I nternmedi ate an 2 -contlag I.n @ﬁ | g%eqr:fgsgl ate with g@os&horgchl oridite
under a condi tGaySsaseleperikedip Rt o 14 TBROKi SORICE QL ACTOR t he
first enbodigmrenale®hidkBe | nvention. The definition and scope of the
car bonyl compound, noner., .a 20..pho [ el LR RRe aS
t Hose di scl osed abO\r/rghﬂaﬂB‘,’mftS?g‘Pﬂsén‘i?%F%%ig?no%{gn%érlgé}#?s‘,’ai%qﬁeaggaescr I'Btion of
whi ch is omitt edsiitsroanbe obtainddewith respect teegatalystianavigy 9cess eeenosaiy |
conpound di scl q i | WFphosH d@apove to
produce an int e‘?ﬁr%‘d‘?%@eégfl ﬁgﬁal)ggn%%h%’%éﬁo}%r% oEBh%?&sQ%_ﬂ ®
transition metal generally. can be from about 1:1 to about 100:1, preferably from
25  about 1:1 to about 20:1 (moles phosphorus per mole metal).
_ 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, titanium, vanadium, chromium, manganese, iron, cobalt,
35  copper, zinc, boron, aluminum, yttrium, zirconium, niobium, molybdenurm,
cadmium, thenium and tin. Examples include ZnBry, Znl3, ZnCly, ZnSO4,
CuCl,, CuCl, Cu(03SCF3)2, CoCly, Coly, Felp, FeCls, FeCl,, FeClo(THF),,
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a pol yeweovmese pol yam de. The contacting can be carrieg, rﬁ‘)ﬁ any
nolar ratio 25 of the nononmer to carbonyl conpound .so |ong as tﬁe atio is’
sufficient to produce the internediate. The ratio generally can be in the

range of fro t Bk 1 ef bl b -~ to about
5: 1g and nor é éﬁ@#_gﬁ)gbﬁdﬁﬁc 3’%@%3&%[3%12’?%? Cg gquH ‘%ld rocessucan
be carried o(ﬁsH\lﬁjAl@Lt(weerb)m&l?és@lz@ﬂCl FBAYRRs R smlmﬂbﬁlsovclmnoner to
car bonyl CO”@?@HdMoBEY@IE'Qd@fz,L%I?tEx‘(@ %F%?t‘%(@@l@ , nd(g,," eacti ve

I hol h b |
SRR LA U IR T AR “Vﬁ; o eareon

dis fl gs edsba?pmemsam%;z lqpamemsrahRdleg gtM 35hemecgzﬁas|1?txldeqﬁétbpsmh (seFRouUNds.

i ncl ude ut ,a
(RLO2C) m Al- %&@R@?iﬁ’ ‘%{3‘;% S" “’?ﬁﬁl ‘i‘iﬁgﬂ% Stq%&‘bﬁ%ﬂﬁ% 235

(0) - Al - (O - AReSHUXITF3) andREB ®B&M$Aﬁa®ypoﬁdry(@mm)mPawdt@6mSMt|ons

of Lo or MORRHREIEN! erbisdQ-ANIZARRE Q26000506 figRLACt I g can

be carried ou I on as as ron 1s sufficient
to effect th@epatabu@tacnwtbﬂf ﬂan@aﬁahtsb?yrs’@m refen@ peoraoters includ¢ GdClades a

t t ab, |
agggfr?S%UCetFéC Shfn(.'? ”E (Q'fs) RAF(CHPYISH0 Aheroxabop SégQﬁ:{ Ceg{ unbgtra?ba%y

nost, preferab 1
pressure t ha &?sﬁq%mtt‘ﬁ’é’ tpé%%tF%lftoL#‘ up &O{gé“eté]rﬁfnf An the range i ci ent
time of abOUbfﬂofﬁiaBUﬁtel 1 e st 10001 rmefemblmiucDmsmhbdwsoan be carried

ith : ... Ih |
Phtermadi ate can SRR ‘o Ik U nbiithetof & KURKOT aptitest fRLedn ) e
above to f orwsedtfer protiycing c@nmmmmclqsghﬁhpvethmpﬂiﬁ (hptentagtiagiao of . t he

phosphor pehl arpélivy eoﬁ,goﬁﬁzﬁwﬁh Q HMRondt Ahder qfcohénﬁoh gﬁﬁ"cﬁﬁm@ﬁr@du&%ﬂ range
fromabout 10:1 tg preferrably ab

phosphor ochl| Bisrae @tecaé}‘? (gbc‘iﬂ%‘é‘gé’&‘; Blermp a??é’g Bﬁemlg%wmmm ed.in

the art. Forceandaian effective prrbda‘deld‘igcaﬁp(mtidnrdiﬁ@éd irethedirviepibodhnett - 40C
and i OC one {]Ttgl ar eﬁw val ent of PC13 with about two nol ar equival ents 15
of substitut® %n the absence of an organi ¢ base. The resulting

solution is then"ﬂw definddomindnscape pthe carborylsquipowd monogfer,sandase such as-

an or gamyg %Pﬁ&ocmaﬁﬂw&e%ﬁm&pﬁ%&e latserolseh Aidve Wh@ ot the iseRet 4+t Ut ed
phenol s are Yeplaced W th. substitut :B?eno or substituted '

al kyl i denebi sHERhe d ?Sﬁﬁpmgig‘ﬁ}b‘%l?rﬂ % s sinilarly prepared from -
initially m xing hithe fipdtate eﬁme@besss afartoByBeostpdund disclosedatwve um)l ar

oo won anoufortaHi it ihethtl Bigtosl VR AT N LAGREMARIBICL | ¢ g
solution is a peimestcraataqmlymmde aThe @amctmwgarebpﬁarmémtwdf angrmolagetioc base
1O produge  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 esterand 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 (R10,C)y,-Arl-(CO,R1),,
(R10,C)-A{COR ), (R102C)p-Ar2-Al-Ar2-(COR Dy, (R102C)py-AR2-

35 (0)-Al-(0)-Ar2(CO,RD),, (Rl02C)m-(A1—O)p-A1-(COle)m, and combinations
of two or more thereof.
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phosphwaml;dleu dite. Wen prepari ng the phosphorochl or i dp¢rUKeV/Iskey above
manner, it is 25 inportant to nmaintain tenperature in the -40C and 10C
range duri ng the base addition. The addition of base results in the

formation of ,2n '“%‘e%@lhﬁﬁﬁ &anfEHdﬁﬁ%S dhéiﬁuﬂlééﬂdt@ﬂdoﬁﬁiﬂ@nugongtds&hd eaction

m xture can becone ‘a thic r uch .a s at s in
achi evi ng goo@ORdilipH %nfﬁgggtéo\gﬁygtﬁhqgr@}}f}m%f’rﬁ{ }rﬁe g‘f"’g‘? e‘ﬁ)eé%e ature
gradients in Emude@&%mge:amwime ratge f froanalshaxt 1 604 to/abelitid $°C, 30 t he

desi red product n e 0 [ conduct ed
wWith vi gorou?‘%ff‘iai’b’l %@“ﬁ%mﬁz %tr}t%gt ! binn%[ gall?’#of\%vgg @?f?&ga?g%vm of
heat . from §he undeamlyipressniexthatroan a@eubrnpdate thettemperatjue r@ﬁe,t@ﬁ]:fe?%it ure range
can be acconpl hﬁﬂ She e Jfalb%)utgﬁmmé REAHEPS Rours, TAE carithetinkt@n be carn?c)aéi

phosphor ochl or e I'S Teac he i nt er nedi ate pol yester or
pol yani de. |f outseatohwithtanripert &dmniéu@h@%te‘mg ¥YWE- or gani c base were utilized

in preparing the pﬂ‘&%@&f?ﬁﬁgﬂﬁ&ﬁiediaieecan%édhéﬂéﬁiﬂéctézrﬂnnac base is added to
bring the total equival ents_of organic t%ase utilized in tﬂﬁ%ﬁga&ge to at

| east three. Phesphoraghlarditeisslosedabaysie foms B POLYRFICPHAH ried
out, if desir egolad ratid of Hedbploi6dhiGiditetb ukisicotio] graipr dfythis nftermediats)der a
condi 1 ?RgsFifcéﬁ}%%aﬁoﬁaﬁﬂéﬁ‘ibHét*c‘»%b@gt@ﬂ% Btk EA 05 o of base
results in the for ﬁﬂ{dmspﬁoreclﬂmidltefaanrbq;réwemmmzamgnb@ntosmtabI e 5
bases are orga n sp J,@gg} The nost
preferred baség“lffflén?éela&:te e?&nﬁ!e ﬁ%%@%ﬁg{gﬁﬁg‘?éﬁrﬁgﬂoﬁa tribut am ne,
benzyl di net hyl-408Ghand 1 09Coteymalar n@wdemtsxfgﬁcapw RYY tei melar eqyavalents

conbi nati qgs r %@ﬂ@l NTl5ed@ lﬂﬁﬁ bslBtigh i
t enper at u?g in tﬁﬂééﬁth&gHH*o‘?uth%S&aé‘ngatacfPﬁho thl’s‘put 15?)C é%r eféralgl y

about -40C to th@b’ilj@atquﬂ‘ a&l‘?ﬁ“fﬂ"ﬁﬂ%‘t‘”ﬁf‘@f ,aéqucg,su ?6&“9@ Hher any
pressure { hat gaduRGGREERbRochIde. twnaematsummamghenmefmmdwﬂf i ci ent

[N G TR N

Sui t abl e basessijmilaxly brbpsmmfrm itithadlyemiking dnesmdlan bguiwalentfdCl; with about

phosphoro ioridit % 15 art,
for exarrpl rwg?.xhe nbjaefergl fau Sﬁglt& blﬁfé}ﬁ% F%%ﬂﬁﬁgﬁﬁﬁﬂ%ﬁhehgol%ﬁiﬁnol
déscribed in Fbmqubouw@zc aa@lo‘i%mthp wce of/#p orgauig basge. Ef@re sylfing

5, 210, 260; gﬁ%ﬁqgﬁeﬂ%a?ed%ﬂf &t leabliveb eduliviients 884n orgalic bastho prtiicet he
phosphorochioridite ca be prepared in good yield from PClI3, the
preferred met HoRNOSPRAIP gnil‘FFe treatnent of N, N-dialkyl 20

di aryl phosphor am d | Whefl @rapeafihg thephosphorddBloriditedn the\atabve kapher, it is

25  important to maintain temperature in the -40°C and 10°C range during the base
addition. The addition of base results in the formation of an insoluble salt formed
by neutralizing HCI, the reaction mixture can become a thick slurry. Such a slurry
can create problems in achieving good mixing of base which is important in
avoiding temperature gradients in the reaction mixture which can decrease yield of

30 the desired product. It is important, therefore, that the reaction be conducted with
vigorous stirring or other agitation to allow effective removal of heat from the
reaction mixture. Cooling to the required temperature range can be accomplished
by well-known techniques in the art.

The phosphorochloridite is reacted with the intermediate polyester or

35 polyamide. If less 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
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di aryl piwosphessam dite is of the form (RO ) 2NP(aryl oxy) 2 )g? 5%{) sacC
to C4 alkyl group, and can be obtained by reacting phenol or su | tuted -

phenol with (R9 ) 2NPC12 by met hods known in the art, such as disclosed in

VO 9622968, co tacti%]%aﬁ Pé Car%gd ggt if oaeggecp §n E Q#I%Ht sécthﬁ]tbﬁZege Jhe N, N dial kyl

25 di aryl phos as®lescribed in
.Tet. Lett. tetrhmﬁlmumg coms}mphe lglenw@‘fecfzthe pmziumqn ofthdAust . J Chem,

1991, 44, 23&m J¥stfbnl "I'T!etdoﬂﬁc ﬁ%ﬁfedﬁm lme Bfe@.éx&tdf%a% meadm ldition

i nter medi at e, ol ya are shown S
01/ 21684 Pcr?fijyeereésg%@ the for H@f y e‘ébﬁ( Eﬂ%ahﬁmgﬂﬁ Slmab}e 0-(CH2 2
0- (CH2) 5/ Bﬁéﬁaﬁfbkgﬁﬁﬁd ﬁﬁmﬁélOEﬂi&biaHy pfﬁfer%’arthﬂllkyan{rﬁHZTBe nfost- 21 +1
11-(C 2 | tt?35 am Eﬁ h@) ar .wei ght of the
pol ymer dep.%‘%"&fc a8 agea#et%e‘fej\ig?rﬂ % °“%8%‘b*?%‘ﬁ‘ﬁé’ “3?@8‘&‘"& desire by
adj ust i ng t hieenzpidiinethplamind, tmdtbylpmnmedssopromrhneﬁryilamne ahd cmbmagdmscorrpound_,_
nononer , r ntion,
conposi t | on E rjng)orguce %Qcﬁ 901{(13%%%%{1&0]%&’4‘?{%9{[}' ses ?1&? é;éclffl ng
phosphor us tﬁ@@fﬂbgﬁﬁ -d0°Gta abouhl SEonte ?fé‘l’ly@@litl'éo 41 ectbont @ra%ﬂ condi-tion .

suffici et tRoRRERESIA mve&stoP@&mdepmﬁressa& tA&Y eéﬁaecmoéa%éﬁﬁont acting .
t he phosphor us-cont ai ni ng

PCT/ US00/ 2556B"Perpfiise eRDef ot a#&cxsewee of Sl T gl lﬁb?‘gi%? S ai o gﬁgl
and aronatic di oThebae ubel ingrEpasing tligands Sgenaeally atltydeous and soluble
in the reaction medium. Suitable bases are the same as those disclosed above.
The phosphorochloridite can be prepared by other methods known in the
15  art, for example. One method involves treating phenols with PCl;, such as
described in Polymer,1992; 33, 161; Inorg. Syn. 1996, 8, 68; US 5,210,260,
WO 9622968 and Z Anorg. Allg. Chem. 1986, 535, 221.
When the phosphorochloridite cannot be prepared in good yield from
PCl3, the preferred method involves the treatment of N,N-dialkyl
20  diarylphosphoramidite derivatives with HCl. The N,N-dialkyl
diarylphosphoramidite is of the form (R’ )ZNP(aryloxy)z where R isa Cj 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 Tet. 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.
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In the fiwgle ;‘ﬂ@ of the process, a phospﬁor us-cont ai ni ng q,% %
i 13 %?ﬁm

pol uneri ¢ phosphorochlaridite) with P-Cl bonds is prepared
cont ai ni ng phosphorochloridite can be prepared by treating one nolar
equi valent. of PCl3 with gbout two nol ar equiyval ents of reactive hydroxy
group of the second ydpi c al cohol in the} absencefof }h or gani q base. .
- The resulting sol utjon p pen treated with af | edgt tooeqy
organi ¢ base to Me@DdyTS y q
bases are organi c amyags. Y
nost preferred basessa} cted fromthe group ¢
~tributylam ne, benzyld | am ne, triethylamne, a
di i sopropyl net hyl am ne. The condition can include a tenperature in the
range of from about -400C to about 25C, preferably about -200C to about 1
OTC, under a pressure that can acconmodate the tenperature, and for a
sufficient period of tine 15 which can be about 1 mnute to about 24 hours.

_ ¥-{ChlJexf dH(@h)Jut abl e
gpeci al | y~+o—preferfed ars T&l iyl ami neg. The

The PCI 3 can be blended with. Cl 2P( OAr3) ang Cl P( OArS erei is a
C6 to C20 aryl- group ch the aryl gr uﬁ‘ ut

al kyl, aryl, ether an(g\ \é\% o The am—P{) g phos hlordzde to
t he al cohol can beanyl so Iogas t\h ' su ' tJp_effeqt
t he production xS rae phid ? gim'r T Wl B?(CHz)KT
wi t hout bl endin Ar 3) ClP( QRe3) 2, general |y I ar ratjio

of PCI3 to reacti ve @ ipS can r'ange from about 10:1 J
preferably 1:2. According~to the fifth enbodi nent of the,inve
" phosphorus- contai ning polyner can be alternatively pr88{?(8§‘8f@§}’ @rtuet acting
an N, N-di al kyl 25 dichl orgphosphoramdite with the second pol yhydric

al cohol to produce 2 ﬂ'l\l ynﬁr c phosphor ami fit el fol | oweh ontacting the
pol ymeri ¢ phosphoffam 2wt h a\NéV\pf\sAD'sl_rI] als ‘ . Y hydroghl oric
~acid to produce Pithe, 3

exanpl e, pol yneric pRQd ( \

di chl or ophosphor am .@- k 30 to one skilled in t} /—0an be u3ed.
Each of the al kyl growp ca cont.ain 1 to about 20, P4 sly 1 to about
10 carbon atons. According to the fourth or fifth enbodi nent of the
invention, the nolecular weight of the phosphorus-containing polyner can
‘be nodified by further contact with an aromatic diol that will react with
unreacted P-C bonds. 35 The contacting of the phosphorus-containing

pol ymer with the aromatic diol can be carrigd out under condiRQn
_phosphi t obp. L
'ﬁoridit 1 1 684
) 2

sufficient to produce,a pql yner containing
contacting of the pol \rer jtopt ai ni ng pirespbe
-Ii.‘—(CH —_— 2 —{-— T‘(CH;)QT
NEt; n

PCT/ US00/ 25568 "
~h

5 | _ polyamide phosphite

gchl ori d-l-t—e-.-—eenerlly

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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wi th an diol.is carried out in the presence of an or anlc base
The c}é{)lon o‘f base results in the formation of asa,ltﬁ%‘i’“%’ﬂ

neut raI izing HCl. Preferred bases are organic am nes. Especially preferred
are trial kylam ne nost pref d bas sel.ected from t.he group
consi sting of tri ﬁ{}?‘iﬁw ?;rt ‘Fﬁ%?ﬂ@?%%%}c %‘?Mﬂ?‘; FREC  and

di i sopropyl nmlh}yérathermme%fthoserdfsntosedJMeJ s used such that all generated
HCl is neutralize t he range
of from about -508’8‘@Iﬁr ggg‘%@’é&%@ %b%% ‘botgg#mﬁg%%“(gbout 100C,

and nost pr efrolemenc P@@Qfgcmmltﬂmﬁrpﬁl %@s‘ﬁptepmdt Thezm ymerormodat e t he

t enper at ure, &aeuﬁlﬂ H&fobﬁl'oﬂafte&ﬁ{lbé)ﬂeﬁ%{red by BeMtgOheGARar dfhivferpOOUt 1
m nute to about é he m)ar th o aro |c diol to unreacted
P-d can be aﬂf)? qlawl 3?8“‘1"8@@“0 é%e‘i"ﬁ FIts ?fg'e?%t“? Y &xoun of the pecend ¢ he

pr odgct i ont gf o@}@ﬂﬁb@&dhﬂhﬁmsa&e af@ﬁbagaai)di@saOMérﬁ@ulﬁﬁ eolrugfmis genter c'itl gy
can be in a 0 abou refera abou

It is nost pr ’b&%ﬁé)‘fvﬁg?t @6%3?” §HW§%]CWSI°£%Pr@fC S%Pp duge 2 H‘%@“gr omatic -
di ol and t he denfinihg phissphorothlerigite sPiitablesbasesdre prganiy anpines/ rigspetiallyised.

Accor di ngt 0 &%rré& é#e*}r@i?gﬁfﬁlﬁ'é%”‘?rhg &s?ﬁrei’é?%’eﬁﬁia%&%?el@&@&ﬁéﬁ the oy an be

used in orgam e ¢o Onversi ons focess ca mpri se,
consi st essersohsisting Qﬁ‘trlbwlmh% |b9nzsd¢n@6rydmmpr@eﬂwylamme apdesence of a

catal yst 20 Cc@iem%b}meﬂlyréﬂme NERé Uotifsch Qmdaduge &eamme%m fAngy ¥ ogen
cyani de- containing flui"d under_a con I tion Su}c%%a rodu € anitrite

wherein the from b r4Q6 930 227 Ce B ‘B%bll’ Rhout H’é‘t éd in the
second enbodipi@siire thit chit @cdomitsdatethe teéiyseratareirand fou adifficent bemgﬁsfnmé qui d,

or DOth. (81 il thn t?eaﬂ{]oﬁi Phﬂ&t@'{’q"éﬁou}ﬂ RouhOTHE bEN ccaﬁ%e% 11488 Gy 2>

II'lustratéd herein ar rocyanation is

a process in QW(QAI Aa%)wheméc?rra aﬁaﬁh(&saﬂr‘l@o‘m@r‘r’ﬂu@ﬂl&n ol efin
S convertqu; &rﬂésﬁbstﬁl%dm 24rod eefail &tegonpound general Iy has

at | east one ul ref erabl 2 to
about 20 carbon at °B<'§Hgl° Bg 0SB 0%?%9?1?%'%%%‘%&?5%@1??&&%6 %’ryg"&ﬂ
conpounds i ndéonglss therdtiods suffficient fordffeetithe productiernof & desiredphospherfusni ¢ -
hydr ocar Bgns, Y. ne,

1- hexene%l 38{'ene llgﬁren@sgfkgg@gﬁgﬁlgﬁﬂ%émﬁaw@ﬁ%exa eceﬁ% 1-
oct adecene, Beutreliy heanelacratio 08 BEhiaaeacive OH amouns.can range Slost st
hydr ocar bons,jp: 1frarabsmarrp4,ﬁeferambuaene and 2-methyl- | -butene; |inear

s ho oransr s viskertine &6 AR st Rt SEBE Sisnhich A RS S oot e
branched i nt eofitaining dlymercanbedilenmativeln produced bk eontdating an N,N-dialkyl
2, 3-di rrehg y! dlchtl)orop osphg it R &N p%%yanc alcohol to produce a

polymeric phosphoramidite followed by contacting the polymeric

phosphoramidite with an acid such as, for example, hydrochloric acid to produce

-

the phosphorus-cotaining polymer such as, for example,polymeric
phosphorochloridite. Generally any N, N-dialky! dichlorophosphoramidite known

30 to one skilled in the art can be used. Each of the alkyl group can contain 1 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 polymer 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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18 WO O CT/ US00/ 25568 net hyl - 2- pentene term nal
V0 OLydiRted PERls fses

hydr oca Internal olefimc hydrocarbon m xtures; for éxanplé
oct enes, prepared by di meri zati on of butenes; cyclic ol efi ns, for exanple,

cycl ohexene, ﬁt A m&%{'aﬁﬁe&eﬂhﬁhﬁ%ﬁ?é&u%&%a@m&%ef@neexarrple

3,3,4,4,5,5, 6, uoro exene; NS &r exa ?utadlene
1, 3- pent adi en@ddition.of dasexesatsdn the formationipkasalt formed by agy

hexadi ene, 1, q}rgﬁéﬁgggggg@%@&%m@aﬂn@éc Iggbg;);ﬂg} ?@&neaa'ieﬁ-my}ﬂﬁﬁﬁgll The and
conbi nati ons of two or her eof %’ﬁ“ sui t.abl f.i nL. c conpounds
al so i ncl ude tm‘éﬁé&“‘sf% Qsﬁférﬁsekﬁﬁeﬁ n&?ﬂ?‘ﬂﬁ%ﬂ’@& H%&?B‘g’é&ﬂﬁﬂl T oup,

i ncl udi ng ?' ﬁfﬂe h edtRlamise, &m&;&mriimgandl&h@pr@yhmmanﬁn&)ssléfﬁumt such as
styrene, a t zene at ur.at ed_or i C
co?/rpound caﬁ ;Q%‘sﬁéeiﬁ@tﬂﬁ??&? a{% ﬁﬁglsd}mﬁ#&e ﬁg‘ﬁ&?}" 2 6‘?8’%&‘@
containing a rwﬁampeﬁhnahn theahngesofdkory @ebout sH09QIto, about t HPEN prederablyabphior us.
compounds i ncl"aiiC th Fg1et sogRymd s befilh 40 ENori C unddpa Bt f 0211 ©
3- pent eneni t ridag acmmnd@n@m tempkrature,-3pd formsifficicot nlenmquémfewbm casi d,

met hyl  3- ggnt ed%ga%ﬁtlﬁﬁﬁd%?@h&{dtb@hoﬁ&ry' ic acid esters, nethyl acrylate,

met hacrylic acid esters net haeryl ate, acralein, allyl alcohol and
conbi nati ons of tmThﬁmﬁ{?F@tm@wﬂathﬁél toyarencies PGl 6on be adoatio sq fonge

car “ted Out ] fdarth@iﬁﬁtﬁné &tifﬁgiénﬁﬁadfﬂbbg&e%mcﬁll@u&ﬁlbf@ﬂés@reﬂ?ﬁa& Sphosusch as a .
-reactor w an unsat ur e oun I ven
if any to forrﬁoém}“é‘&%ﬂ’f’s' i'g‘ﬁ 10 V’@ ﬁxiﬁéfhﬁ“&é acHJ ‘f?éﬁ Fﬁ‘?‘grza]lo{

conbi ned wit h aboheto: c‘,gbrpfunaiﬂy abdud lfbrhnslhestlprefenedathat-bhmntequal imole DEOH
preferred ,that I | I onents
have beenltsco rk% Iﬁp@ %%élgdgaygﬁflg%%g’ﬁbgh&d‘ﬂtﬁe@ ﬁ%@kgs IC]UI or as a
vapor to 25 ttwlyman:bevm As an alternative, a cyanohydrin can be used as

the source of HON. Ag&fding?6 ﬂ@%@'e&bchﬁx&?@%ﬁﬂ{e 1§v<§x‘§x§n7a2€mcé§§(?ﬁii%ﬁn§é'i table
technique is to charge the vess wth the cat sflths sol vent to be
*t

used, and feed!356iHOKZARICFREHOYR P@H’eﬁsé‘?%dﬁﬁ’ff PIREQSSERANPIES t he

reaction m xt Ltfcﬁhsxsﬁébs&iﬁhllmﬂf?dr doﬂﬁlstmf@bnuaﬁleg,m tequesencpoflnchtdlgstcat al yst
can be varj.ed from .about about 10000:; %%DI ar rat,io of HCN to

catalyst qSersammipsition, o prsarpE ofRi sotrona Sty desieyhfink? Lo
100:'1 to ' 5, Onﬁﬁxtaimngd}uxéumiﬂmmondlpen sufficient 1orpradmramtlﬂ@uélemﬂm i on, such

as when USIN9 Gudil#eUmBGi6RLAl ¥oihe'ARE as Hat gﬂahééd i8the ?ecgh@%ﬁ[)ocﬂ BReT L1 on

of catal yst can prefera 100:1 to
5,000: 1, HCN tef tbggrgqey’g@n The term “fluid” can be gas, hquld or both Any fl u1

containing about 1 to 100 % HCN can be used.
25 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, 1-decene, 1-tetradecene, 1-hexadecene, 1-
octadecene, 1-eicosene and 1-dodecene; branched terminal olefinic hydrocarbons,
for example, isobutene and 2-methyl-1-butene; linear internal olefinic
35 hydrocarbons, for example, cis- and trans-2-butene, cis- and trans-2-hexene, cis-
and trans-2-octene, cis- and trans-3-octene; branched internal olefinic -
hydrocarbons, for example, 2,3-dimethyl-2-butene, 2-methyl-2-butene and 2-
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Preferajlg/erdibgy reaction mxture is agitated, for exarrpl$ by stirring or -
shaki ng. The reaction product can be recovered by conven FE °’?§§E’hni‘ques )
such 19 WD 01/ 21684 PCTI USOQ 25568 as, for exanple, by distillation. The

reaction can_be run either bat .Se pr,in continu .nmanner. The
hydr ocyanat i 8??%35' 'Efé‘ted’ﬁrﬁepﬁﬁ‘agglfmhwct %%Pcﬂﬁqlﬁd&;e"éﬁ??ﬂwﬂ;%m%ol vent, -
i f used, cannlirtutdspfore@xahplehecterescirepared byimuezization of tohtgmee;sglie and i nert
5 towards th e - B vent s
nct ude. nydr SeiRp bk bebie, ERAURHe A3HIdoplent ok Touaidty AlbrBedRakr
ethers such & exampleaByidhbd Srtah orpptiuorn;lthaxens; dinlefinsaforgwamplei trile, .
benz?ni t {3 ljebuﬁﬂi'eﬁé),(rjli,s*-béﬂtﬁdiex%& é,@ﬁeﬂﬁ'daaielt | P,Bﬂmeﬁéc%i&ﬂér) le"-hé?EBerné,h‘,t%lri] eof . | Thet
unsat urated gompeund, ;0 he, - rocyanat.ed c i t.S serve as the sol vent.
Hydr ocyanat i g??‘r%gﬁ?e’a‘é'(‘}ya@?‘éﬁ}’ep ’g'f CIBE‘?’“&{‘]?“%&ﬁ %%‘E’tad%ﬂ@ aadact '
t enper at ur e cémbiapndoTtwd or moeethefsofi ext ent on the particular catalyst
bei ng used, the parti _ t . nd behn sed the desired
rate. Normally, t gﬁ%‘@ﬁ%% §{seu§{3§$ ##@%gg?ﬁﬁg%@gigﬂg%‘é‘% tﬁ%seLF?E%gu&eﬁe range
of 0C to 150@ithanmpsasurafedrhydrbcarbongrons piviyding plefinic ¢ompoundsiventating f act ory
for carryj ng ' Wolg) ] of from
aHordallE sRUERRAL %%hagﬁ%%@bggﬂfgﬁggg@%g@ﬁnﬁgr Ene

about 0.05 to abou 0 at nospheres : preferred. Higher
pressures, up to The peraturaied ergapisicompoynd casalspshesubstituiedwithone sut  any

benef i t fj hat nitspa/tfuheﬁ&%l gionpﬂct:dxhﬁhﬂl@womﬁlrbﬁ?m alehlk vxygat smﬂﬁ{)ﬁi{rygéfﬁ o
i ncreased cost_,of suc erati N ‘tine required can be in the range
of froma f et RIOSBRAIUS.¢ Wﬁﬁ?ﬁ &gﬁ?%%e?ﬁ%ﬁmﬁ?@%g‘gﬁ@%agﬁ hours, -
dependi ng onussaturated drganicaomponnidstinclnde wimgtl methfpbetherpfethyd olhiepoleylThe o
preferreg un g 1L 4530 N2V E L he - Of, : CR9, _
Gric (i) R B ARl iR Fperfboblt @i sl 0T o
or nore t her mgthyl 3-panpteroptacrienitte, aceylisaeid asterc petlud aeylate,H a Cl to C3

al kyl', or copinagllie asidletefsCRlethyRifetatryhte kol R 241 alcomfiTahluor oal kyl group
having 1 to about "20 carbon atoqr_}ﬁ;@é is an integer "of 0 to 12; xis an
i nteger of ocqrabmationsof twa or moraiheredbri1 or perfluoroal kyl; xis an integer.

of 1 to 12 where Riéhydioéyanationtprbdcss can bécdriedtiit, fok kydmple, Wyehafghky| group,
can be Aol Taable Rl Bion % pReRr At P iR bompolti, ARSI S0t nat Tons.
of two or nocampdsdionpénd Sdbvent,iifrany todomx amgsiction mixturep dbiduggenrvyaride y '
unsat urated comRaHRdey 36RbHEE With| dthdiUompofishtd toForrh e mAtte! BRowever, it
is preferred that HCN is added slowly to the mixture after other components have
been combined. Hydrogen 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.
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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correspo rm naI nitrile compounds produced are illu
Wi RS

For nul as respectively, wherein |like referenc ers have
same neani ng. 20 V\D 01/21684 PCT/US00/ 25568 catal yst conposition

CH3- (CH2) y- CH=CH- (CH2) X R.0 NC- (CH2) R 0 y+x+3 Lew s'i:@}tdprorr;oter HCN .
catal yst conpesifor exngie; s disyiiationRThe rgactionpan b FRIVISE Pring oy s
Acid pronoter . Ht'liﬂﬂélu§rﬂa!r1nel5 HCN Forrmula 111 Formula IV 10 wherein R10 is

t he sane as drs osed ove. Exanpl es he, u u i ncl ude,
" but are not lini tem&ygrwe%&qﬂn&?agefirﬁ'&h° tw@ﬁ %@éﬁp%%ﬁ?%?nﬁﬂé from 2
to approxi nat gbjesQifaned@an batliouki atShmad:tmnamnpcnanEe andipeespaarhinetti ri | e
are especi referred.. We 2Jo) y
oy il U o RGO S St

nonoet hyl e poun s are by
wei ght of the hydmomtbloyk mmrhmmsmlmpé@m@wa ere% eré@rsp%“é%éﬁt in the

formof a conj celGtrile) ARAShitrily, ddfonafiR, bpn. For
exanpl e, when tg%gg%ﬂr%ﬁﬁﬁl: \émﬁggsuésﬁgﬁ%gs rruté as, 10% %ﬂé‘\é\gr ght thereof

may be 2-pent @nmbmatmn@o mowwth%rﬁ%ﬁ et"H’éabrlEart‘?ﬂ Frile" is

intended to bayiiRphhded can a1 seM@ne the ehesh).. Hﬁduobydﬂaaom pamalso be eatried
conpounds 20 |nclude nsubsti tuted. hydrocarbons as well as hydrocarbons

substitut 48 wi m%ars ~ which do not attack the catal yst, such as cyano.
These unsaturated Tienxactrtempertire dedepbudentitos eeptain extenteaun thgpartlcular

oot Y] e <oty Bl i o aﬁem@rgﬂmarawdwdfbe&@@ea anBhecar bons

such as et hyl eh ropyl ene ent ene ne- 2,
conbi nati ons afesiresbrate: Nemmeallyh temperatynss g ﬁ@@nﬁﬁé&t%@%&é@ﬁiﬂeé’ﬁ? e y

unsat ur at ed cq?pégwcstgqrm@@bg;n Weng@rbstrtut ed. corrpounds such as
3-pentenenitri 4

entenenitri entz 3-enoat e, . an corrbr nati ons
of two or lfore t herAWROsR %F‘%P‘l"rﬁ“éﬁ?ad’;%%?‘ﬁfﬁ@ﬁVuﬁoéfwlg%%B@ﬁ3§eseﬂavr ng
per f | uor oal kylinGetitiohi U@Biaﬂy&h&l?remre biroraabont! 005 1GZBRRE10Q ampherzs is an
i nt eger of up noet al so
be 30 conj ugaé@r?zt dolﬂﬁggglpre F%wm%ﬁhﬂ%gééne?h‘w ﬁﬁ% -enoate @a | es
of preferred mbmrlﬁdmiedobm@nmbsndﬁéhatméﬁm efebY iecayld probably
al keneni tril e%otkﬂsﬁ?f{he%&%&%ﬁtcgﬁ oflshélﬁ@ﬂerﬁiohs.z enoates, perfluoroal kyl

et hyl enes,
Y _ 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 R8CH=CH-

CH=CRS, CH=CH-(CH,),-R10, CH3-(CH,),-CH=CH- -(CH,),-R10, and
25  combinations of two or more thereof in which R8 and R? are each independently
H, a C; to Cs alkyl, or combinations thereof; R10 is H, CN, CO,R1!,
perfluoroalkyl 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,R! or perfluoroalkyl; x is an integer
of 1 to 12 where R10 is CN; and R!! is C; to Cy, alkyl or cycloalkyl group, Cg4 to
30  C,q aryl 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
monethylenically unsaturated compounds are shown in Formulas I or II1, and the
corresponding terminal nitrile compounds produced are illustrated by Formulas II

35 orIV, respectively, wherein like reference characters have same meaning.
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and conwoetiiesys of two or nore thereof. Exanpl es of theé;a?ﬁsogﬁ%%grred 21
. WO 01/ 21684 PCTI USOQ 25568 unsaturated conpounds include 3- an
4-pentenenitrile; alkyl 2-, 3-, and 4-pentenoates, and CZF2Z+l CH=CH2
(where z is | to 12), and conbinations of tw or nore thereof. Exanples of
the preferred products are term nal Rg kaneatlysticompositibmear 5
. di cyanoal kyl en€¥;-(CHy}a€HaOHptCH e RCyanaesters » NC-(CH2),,,.5-R'°
3-(perfluoroal kyl )propionitrile, and cqnbi.nati.ons of two or nore YTier of .
Most preferred products are adiponitril &®W g%jrgmf? Dnoval erat e,
CZF2z+| CH2CH2CN, where z is 1 to 12, and conbhhtions of two or nore
thereof. The process of the invention can be carried out in the presence of
one or 10 nore Lewis acid pronoters that affect:both the activity and the
selectivity of the catalyst system The pronoter is the sane as that
di scl osed above. Hydrocyanation can also be carried out with a conjugated
olefin. Wth conjugated ol efins, achtlysscompaditipnonoter is general |y not
present. Exanpl &H=CH-(Cth) R At ed olefi-rs—containing f NEWGHZLL,-R% 0. about
15, preferably 4 tdfdrutal bon 15 atagig %P&Emﬂfm for exanpFesmula B- but adi ene,
an 3@3 S- ,ej

cis and trans-2, 4- hexadi enes, cis - pent adi enes, and

conbi nati 8ns of two or nore thereof. lene i's especially preferred by
reason of its comrercial inportance in the production of adiponitrile. The
following Formulas V and VI illustrate suitable representative starting 20
conj ugat ed ol efi ns;FaamldXI nul as VI, VIII, and | X represksinuldBy products
obt ai ned, I)rom 1, 3- %éad- ene and Hé:l\l 2=CH CH=CH2 R8CH=CH CH=CHR9

1, 3- but adPend¥hgrep R'2 15 the sampe o dislpsedalo¥® R and R9, independently, is H.
or adCI to C3 al kyBxamphs of'lthdﬂﬁ‘siafuratéd d8nhpovints ianﬁde,&fliﬂafH%NgZihﬁﬁN to N whi ch
3PN denotes 3-pentenenitrile APN is 4- ngnitrile. ~AMBBN is 2-
rethyl -3 - but BRI it poinpclinds sonnb@ R 3k hbprofindy a8 Bn °

HCN- cont ai ni ratprhs. J3-Bentamenitzile analr4-pertensnitrileraze espeeially prefierreddiWhérnsed above..
According to nbheorg\ggs@é& Jeyeﬁré)%gjhaﬁ@hoﬁaemﬁembawkhﬁ&te@&mﬁ&mg hgation
process |§ provided. The’isonmeriz tlfotpl con'gr Ses., .consists fssentlally of ,
or 1 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™). Suitéblé unsaturated compounds-

20  include unsubstituted hydrocarbons as well as hydrocarbons substituted with
groups, which do not attack the catalyst, such as cyano. These unsaturated
compounds include, but are not limited to, monoethyl_énically unsaﬁxrated
compounds containing from 2 to 30 carbons such as ethylene, propylene,
‘butene-l, 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 u;isaturated compounds
having perfluoroalkyl substituents such as, for example, C,F2,+1, where zis an
integer of up to 20. The monoethylenically unsaturated compounds can also be

30 conjugated to an ester group such as methyl pent-2—ehoate.
Examples of pi'eferred unsaturated compounds are linear alkenes, linear
alkenenitriles, linear alkenoates, linear élk-2-enoates,' perfluoroalkyl ethylenes,
and combinations of two or more thereof. Examples of the most preferred
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- hydrocyanatlo

30 conmﬁb'ﬁ 1g@ntacting an alkenyl nitrile with the conpqsigipsseghi ch
are dis In the first and second enbodi nents of the i1 nvention, under

a condition sufficient 22 V\D 01/ 21684 PCT/ USOCO 25568 to isonerize the

al kenyl nitrile. Lew s Acid enera rgthe
i somer i zat i on DIERHAISALOMPAUL ‘PQ‘BE 52 ?‘fé%d'n'y?ﬁten?rl as mgl ua’e %ut are not
limted to, Z-pehtenbatss,rand @ FhanCHFCH (wdierez il kiondh andicombinaions of
conbi nati ons heregmre&ggeo aI kenyl nitrile can be produced by the
€SS

I'scl osed above or 5 a conti I’ILII(OUS pr. oc?ss of the
- hydrocyanat i on pro&smﬂﬂstqf&ﬁpfﬁfﬁmedﬁﬁblcisr?ée Ikapgnitrilese lineate i soner

| zation ¢ bﬁ cgﬁﬁ(;dll%qeﬁgét hﬁéépﬁﬁﬁl{hhb%ghﬂbe?zﬂefs Bc”(be&maﬂialhy@p%;ﬁ@utrﬂe s@osed
e

b t t
2-al Kyl -3 monGbmkinaaR 94 4 dTgaere A05rph OFLAFTIRBE RERUPls a7 pdiponil

| soneri zati on afdy] Sll?ahmﬁtboﬁzfczén(]}ﬁﬂ}l{;_tCN rehere bés hywli2)ayd cembimtiofis a
diolefin 10 di.scl osed ove.or can cone from any ot her avail abl e sources.
The ol efinic @50HP BIE‘GFFH Wofhe 2- al kyl - 3-nmonoal kenenitriles used as the
starting material s The prodess ofthedmvention can g cartiedoutrin e presencenfone dre

conj ugat e tothetrL r

2-al kyl - ?ﬂvn&qrﬁé‘ﬁg % Pegrgo c}%fﬁﬂta ggegﬁggﬂgraggﬁw %ﬁ@?%}gct?% %ﬂtt?aack t he
catal yst, for cemlanspﬂ{stenanﬁhhawlls;t@m&ﬂ@rm as 1d€5t°51§13‘§/a GYe 15 starting

2-al kyl - 3-monoal ke ah%itfo c%ta?édl)efcraﬁ"’écﬁodt%ﬁ:&@dd?@@t@idlaﬁ wmi udi ng
any addi ti onal subgﬁuﬁ%ﬁ on ng Met c

butenenitrile 1s especial
i nportant in CPW@%HP@&IR&“F&L%‘V‘S%%BWI‘NWW‘ége‘ﬁr n‘?té’ﬁ‘?%gtegé "e‘y‘?f triles
i ncl ude 2- et hybnRgated bBifme |cbﬁt|ailﬁng’:1ﬁdm2hbbﬁm)§d abdub 13, pnefiatablyi 4 @ 10/mbort he

tarti tril LEril
roducts e ootk o H L SOkl B SO TEAILIT 20
process of t hitearissly3peitadicnesnatrbcanabinatichs ofitwo pomorethareof.cButadicne i m)spher ic
pressure and %B@%Weﬁgﬂ%ﬁho [ Eashh of 1§ cSRRERIA impdlancdAther6dRiiBRloy 1 n the

range of 60-1 ress re1s not critical,” however, "and can be above
or. bel ow at erSiphmmtulepressure I f desired. Any of the 25 conventlonal bat ch

?L conti nuoEs f'?W”I}[fHe%ﬁ SWIESF o136/ MSEVT ﬁldsfi@té suilialilhﬁepkesﬁnlﬂadve ﬁﬂ&@g or in
e vapor ase (wi pec at.ivel y,vol at i

but eneni t # IeCPQJé.’SPﬁHP dr%ﬁ'f‘““??én\hz'n - S%f&t&f)p n%‘f react or nay
bf o:‘ any rrec&mnszhﬂtrd)m l@dumﬂmnedeﬁN e5| stanlfi gaterl al, andI i's usua: Lly

of glass or an iner £ RPgfRY Si l ver, go

pl ati num stainl ess ste gﬁl\g—l ?%/m , Hastel ?r?ﬁ etc. The process can
be carried out in the absedckb@ﬂdlﬁnﬁthe pr esence of a solvent or diluent.

~ Any solvent or diluent that is |V1ert to or nondestruwgti ve of the catalyst

can be used, 'however. Suit S cI ude, . but a e..no imted to,
25" wherein each one oaibl{éa dQl@/ in epen ently,disH ora CI 0Cs altk i

o

v VIII IX
3PN 4PN 2M3BN

in which 3PN denotes 3-pentenenitrile, 4PN is 4-pentenenitrile, and 2M3BN is 2-
methyl-3—butenenitrilé.

The contacting of a conjugated olefin and 2 HCN-containing 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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al i phat | r_aromati c hydrocarbons (hexane, cycl ohexane, benzene), ethers
35 (diepﬁ§ $r, tetrahydrofuran, dioxane, glycol di netPGIVUSIDRERES :
anisole), esters (ethyl acetate, nethyl benzoate, THF), nitriles
(acetonitrile, benzonitrile), or_ conmbinations of two or nore thereof. 23

VO 01/ 21684 Peisemgrizesbesaiienyl nifbileo Jiewis Asisl is gonarallyaotrequireddor thebl e i n

or de[ t;) ret ﬁfsﬁ'm@fiidﬁ%hl ERaMpRS of sﬁﬁtab!thl@én lhﬁnl‘é@ln%lﬂd‘ét butl/é?éiﬁ)ét%ﬁ&géd’ an b

i nert at nospher ni t.ro a r can be
used if deslort@dsg{k %%éh%gﬁ gmgfleq 3334 ng‘ﬂae %58?’??% cﬁ[‘%l yst -
t hr ough' oxi daalkenyl nfirilelvan be@kcglucecbhpt}gmydmcymn ipaddeys dm:dxmkiabobeor wher eas
e faore B, Faqrithh Bk bPe 36 kneR] phitesd bR IRFREIREMIEAN®

products are re | ve uous

procedure, thutrdet ihvzspn@anatmcancbeﬁmé@ms}fbstam@lymmgor@ymm| na .
conpletely | |&1§Blgseglag§@eﬁggéﬁ§drg an{,ﬁmpﬁacéggso be in a nobile non-flow ng
liquid state Iin a sem-va atlon be in a_ 10

fi xed-bed state |nF%f566WP@n§1a§ﬁi'l "PP Kﬁgevgﬂsmﬁﬁéga&tsﬁm&mﬁﬁn alfpe tine
required for thb%on&ﬁaﬁidrzatth@mvemmm résulifbdma ithe I8y dpdoyahdtionl of laql@efin Of
conver5| or

K nitrile ear

o Kenent tD; D atisqi e B3R on Sl o ALRBSr A TE kiebest SR slflic |
operation at dombierbandrip thed-sikel-3-gemenkkehepitridayuisedas the btangfgmauenmlshman .
the range of ‘e ol thBileRuof abnoPbftinh GtedyS S L Bddioridl, ©3,' "
hours, dependiyate grpuph&ujiahle stemnarZ %Mﬂ@ﬁelkmﬂntqsm alsp cagpgraaps on. The
mol ar ratio %gt?d@:{dfxﬁ?cl?nﬁpeaal Kteﬂﬁrékﬁrhbieeaﬂdﬂlx)&@?ﬁloygbup SP&%g%ﬂ?'ltW 3
oref er abl! 3 | oearing Sy 3% b@zﬁ@m&ﬂgywﬁe R0 S Lo eAiHD a@nif»p@f%d%
EXAMPLES Themﬁr(aldﬂmonﬂgubﬂhuﬂmﬂn 2-Methyl3epneseaittiktis vspeebauyrﬁxh ortartinistrate -
bropor L1 one, Bnaroinedi acRERaR, 'oBetePtsstotfye i belloe St RG St ea. 11
each exanpl e butmmﬁlefaodﬂenwmj q@bmmmée was used unI ess ot herwi se noted.
o oresol as { ZP%r e B IS e R o P Lt Fon s
prepar ed 28y EPFHIRATD] sﬁs%&%wgggﬁ&o{'f tris(2- 30 ethyl hexanoate))
and 10 g of 1, 6- hemmadnaizaﬁanpmeémftmh&tvenmm@nwnedlcﬂit fetth a snall
magnet. The Sgilarlrjﬁaieogt %%sp 2Rt p%gurpe ax'f‘d Q?a)ﬁgllféx%pe%gtrﬂ;eaih el%nge Jr of

10-200°C, preferably 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 ﬂ_ow'procedures may be used either in the liquid
phase or in the vapor phase (with respect to the relatively volatile 2-methyl-3-
butenenitrile reactant and linear pentenenitrile products):_. The reactor may be of
any mechanically and chemically resistant material, and is usually of glass or an
inert metal or alloy, e.g., nickel, copper, silver, gold, platinum, stamless 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, benzehe), ethers

35  (diethyl ether, tetrahydrofuran, dioxane, glycol dimethyl ether, anisole), esters
(ethyl acetate, methyl benzoate, THF), nitriles (acetonitrile, benzonitrile), or
combinations of two or more thereof.
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di met hyl di hydroxy-1, 1' blnaphthalene 3,3 -dicarboxylate (0.0123

mol es; %?’é? 18%e for preparation: see J. Am Chem Soc., PEHEB00/2586895 and
Tetrahedron Lett. , 1990, 413), 2.6 g of 1, 6-hexanedi ol and 1.75 g of warm
catal yst solution 35 - was placed in a 25 nd croware 1-neck.rp (round
botton) flask conneéﬂ’é&o’éléizé“g envaropmegt iS&?SlF?e’éﬂl%gg'rtgégmx‘%qvﬁ a

pre-cal i brat eOHéa@zwduaﬁ Méa@alm AR c6idinigly, @ incragmeisphat, /g Unitiogentaé hanol

started to disti I%?S; t8 aﬁ{%}lt éxs%&‘ﬁ‘g?%?qlﬂtatl’}?e&p%nsevgglgs%o%lwA'

PCT/ USOQ 2556 8PT&HT
2,2 -di hydroxypribpdr'uohloﬁ&wmal'ﬁlymhoﬁglsbxxdam boxyl ate had all dissolved).

The tenperature Wa;-ﬁ{lﬁgk#ﬁ%ﬁﬁ,@e?@g Sﬁéhhérl# Rshvolatife, Q\ﬁféi’é&?ﬂ}eoi ngt 5ed to

reflux in fhe top m xt uré toreflux
for about an Houeneaitrile ncactaniand she hnsan penterenifrilgprafngss aqspspliaeuelysrota@ﬂq punp

bressure vas. Pﬁg&o@ﬁgﬁve?‘* O et Lhe Nttty hare
order to avoi®® V\E‘GWHF%@’S %@?E%Pﬁeﬁﬁly ﬂ?rln‘%fi ST 'I?Bn%p‘iﬂ“ﬂ%l?ezl@& at 270C
for-I 2 hou { S Wﬁbbl&b ﬁhxﬁﬂlenonlmlﬁd fstafmﬁtal s@ﬁuivb@rhhﬁsd@emmm ot Lttnﬁfythe][m a . '
cool i ng, r re [ e acetone for three
hour s gnd 1t hente’ée egcftipﬁ vg\,\ggnalﬁfﬁiﬁ/%p%§5%at ggiaggéree of

pol ynmeri zation to b'ﬂlffitlmé‘rrslmeeltfonﬂlemﬁonmizymmwss'fmgbtpml a/prectiqal tgyak ed in
Exanpl e 1 was addgde.L Pt&efop%lgrfgllﬁ 28 Il oGk eRdni@il E IS HRar hlﬁeﬁéﬁ‘ﬁ ild €Sence

of triethylamne in tolu mxtufe was stirre overni then
filtered. The isderandentipon thetomneraturegi yeacting 1ge SPE@tonat lym,er temperagyie( H)

(121.4 Mz, COfchaially FadhiieB a e inkBn Operdilh &2 H@r fompetdiu, o Exarpl e
1 A: Hydr S]gyanatlon and. | soneri @ esul é)ester paration

of "cat al ya, - AR (FBSt QR RHTE oa, b s ek oL DY SCheBR p 12580 SHTRE( o) 2
(0.14 mol ) tR ﬁbcaﬁd’stg abbutiza hess, eieper(cﬁhgldn theplarthlar boniitions andahethpdibf e
equi val ent s; é}) It formul a wei ght of the polyners were 20 determ ned
based on the edpec ed formula) in 4.568 g tol uene, Hydrocyanatlon of

but adi ene: 74 gI ofThMO%W@@%R -alkyk3-manoglkermitrijotorataly sipgenrrgllywer e

added to 2 re lis i ol ed
o <200 and 120 hr B O e P T Ry oo

a solution of
and 280 | 4% éossgqq?ﬂ éﬂrebatsla%enmme%mﬂmntol uene 25 (0.925 nmol BD)
were added to each vial. The vials weBXAM®RLES and placed in a hot-block

reactor set at 80C. les were.removed after 1, hou
quenched by cool i ngmegmfﬁ@g Hopslipit, gfﬁ’f@ﬁesﬁptf{‘ﬁ???%@?s ity Hhe ﬁﬁﬂi?%easu n
ethyl ether aaal datadyspcomipatitiohssdfithis imventiomnAllyars] mypdﬂibmgandlst
val eronitrile | . haye 7 and 68. 7%
of the starti rf?e'i?—% gﬁg%t%ﬂg&gﬁé ﬁl:Ilinve&{" @H@ﬁ{&l §| pe% %%%%P@ ges (the
3-pentenerddtri ﬂ%gowmgz:rmduyq wasgused unless otherwise noted.

Ex ample 1: Preparation of polyester derived polymeric phosphite containing

o-cresol as terminal groups
Preparation of polyester
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 solution was kept warm. A mixture containing 5 g of
dimethyl 2,2’-dihydroxy-1,1’-binaphthalene-3,3’-dicarboxylate (0.0123 mmoles;
reference for preparation; see J. Am. Chem. Soc., 1954, 76,296 and Tetrahedron
Lett. , 1990, 413), 2.6 g of 1,6-hexanediol and 1.75 g of warm catalyst solution
35 - 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 until methanol started to distill off (the temperature was about 180°C
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butenenitrile ratio was 1.1) after 1.5 and 3 hours respectively.

| someri YA918368 2_ et hyl -3-butene nitrile (2M3BN): 82 APCHIUSHHNZSS&HOU e
catal yst solution (0.0021 mvl Ni) were added to 2 reaction vials fitted
with septumcaps. 130 gi of a cold solution containing 2M3BN and

val eronitril et %ic(lﬁeﬂ@@ratumthemaﬁd)yl 22 i-dihydrbxg- I, U’ -wagphtivilere-3,37he vial s were

T K et A
di stribution Iv@rbemadi’salz@tgrtgym@sﬂwa thexapigfahes faskn2?01630 Ihe sEsaire was ng _

val eroni tril e)ig328 1d ik T8 abouPafRd and ﬁﬁn@BM@%ﬁl}{nr\?&' ad’tﬁﬁ?;ﬁ{)@?ﬁ ef E gr 4

1.5 hrs and 5 0 after 3 hour t1 of 3,4 Pent ene
PN): 116 P off Hémabweumc‘aﬁsarﬁ%@@lsﬁ i &6& e%ntb%’e?eﬁ%rbﬁ -hepgnediphgThe | of a
sol ution of m&elwasaml‘éd@@rym&ﬂymlmﬁm;gl&)erwﬂemﬁdeﬂoﬁ@ irondesdo fitted
Hon, £ 3o N DBt oyt ok e e RReh 302l ol BBy e

, t- , was
added. The v wdhlev&hsnlhwzﬁdnmsndf thetl, 6-hsqade;iubb rAfdet cooling tint reactinmrhixtgrer at ur e:
The reaction Jyox 8‘%@&1 &Jn&'td%qc&gﬁélfo %@é’h%lﬂF Wik e gik% AR,

u et hox

di stribution ana yze s ng et her as an | nternal
st andar d10 an&YM &lgd@#sdéegrﬁﬁafp@mmaémﬁ%be §t arting pentenenitriles  had
been converted t o pyég tfdn'cﬂ‘ vesteel (88.1 %yl el d based on HCN.) The

selectivity to th 1'SQ ration of
Pol yest er y Sane ﬁrhﬁ eé’pé?aﬂﬁ%tlg%réﬂﬁfﬂ]z EX?% ?ﬂi‘g?‘@étﬁl oridite
of the 15 aoéba:lresobntthe presencelof midthylaminedn tdluema t'ﬁe migaré wan stirted

I | al dehy; t
and | somer .ezatg;@lg?#"?f%%?ﬁsn%‘%%“@“*ﬁ%‘rlﬁ%%sf@ﬁ%%%%[%@tﬁ’ﬁm% e ] N
with pol yést &t Pﬂ*h\ﬁgld‘sk‘blz CR¢do t3ahhtlBbd, 510-6U34¢, 43R4, 170 perhs showed -
that 54% of g_enﬁleaml A9 drodd mid@bh hRdIsoaRAzARAY ReLAE with PSI9Esr 1

es afje

pent enenitri

3 h th
| soneri zati on of 24 ﬁﬁé‘ﬁ’ {’a’gu c&hséeﬁqaltﬁlyg%ogﬂgpy\@pgr%#a aghlgg t he
3PN/ 2MBBN raolos9\mwacem5 (®14 Briv) oD, 3%@@:@:@1 ODindlof -

Egm ZR:R: : ; : :bgds ﬁ?%b%ﬁgﬁtéélﬁé%n%? df&‘rﬁnt?lﬁdl"f’ e pr ngeﬁoqv %&g@ryl el d based
on HCN. ) 2frhe determineil bpsegl onghe experied dorm g tolygne.02. 4% Exanple 3:
Preparation of polmarédandtion s Rakene 04 ‘M Bﬂﬂ))é&ﬁbﬁ’é?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 pl of a solution of butadiene (BD) in toluene
25  (0.925 mmol BD) were added to each vial. The vials were sealed and placed in a

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 distributioh 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-
butenenitrile ratio was 1.1) after 1.5 and 3 hours respectively.

Isomerization of 2-methyl-3-butene nitrile (2M3BN): 82 ul 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 diluted in ethyl ether. The product distribution was analyzed by GC
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1. A75-¢cc stal nl ess steel autocl ave'equ:i pped with a gl as s 30
charged WO 81/23684 5 g (21 mmol) N, N -di nethyl -1, 6- hexanedi a%cﬁléﬁﬁlﬁgsgg@

dei oni zed water, and 10.9 g (21 mmol ) di phenyl
2, 2" - di hydr oxy, 1gnvat1é}oﬂf?1@1'étag%$ﬁ@m§1 Sardaat CRAOIPNIMIBN Hito #2888 feANt ENt S

were purged w't e reactor was set to vent at 250 psig. The
reactor was helaﬁhtsatIﬁSEQ)mﬁr&/WYr orty mnutes, then heated to 240C over

si xty hmnut es. At 3;;,;,9 cmaﬁg;,gfg 4tm%,@,lamm(3mm)sum Maﬁ”ﬂlieaahwed 'élo

at nospheric ressure OV.ET nut | t n ed to
SvBe PThe + enceeaythaalutien (0.2050 Bo ﬁéw@”gea; o ik ;éiﬁ’?lorty five
m nutes. 26 VQoQ)bG?lﬁﬁél }B@E’a’d‘&é&ﬂa a Sial fiftedwitbackptum ca:ph ialdvas
roduct, 10 g, e | om

P bove vas + e eAD AL i SRR R ¢ ord, b2 ARbxllEde OM
triethyl am ne @396hamobhHEN, 129 minol ¢3BN)avas addede B vislgvasealnd and petent
remved by T Otak &Y RALAS PP NS 11E3kictn Rl s Aot o The

pol ymer was sot

0

resonance at I18Bylethgrrand Mmﬂ@tmmWWﬁﬁ‘i by PG sing ?’Gﬂ%ﬁ?‘iﬁé{ etheryj g

exanpl e weg Caésrdn% gﬁ&l st mﬁl ﬁrsho%@mgss% @Btht Staftiip HonenkAitriltd but
ro

wi th pol yam de 1. ﬂ!y cy anatlon t hat 29% of

the starting mwel@a&%mdégﬁ%? B"t&gg’gtﬁy‘maﬁ?ﬁe‘mw&hﬁfter 3 hrs

(the 3PN 2'\/BBl\belécﬁmt? d\ﬂ}%lﬁ}eZBADl\as&miﬁiWasﬂf?ZWoanched Pol ymer | 15

Preparati on of_di ol 100 m Ip ask was charged 16.447 g (0.099 nol e)
o Elyes?

of 3-(2- hydro%%@ﬁ%)ﬁ?%?t&ﬂ 0 my of Fascat 4102 and 5.840 g
(0.049 nole) of 1, Sahepervedirelas witheExaimpeil exoept theqhosphogechlartliexgithe or

e nOUTE | Pate TR Hieno LGV oM ot ROf sR3iaRSke &IPESLOr 70

m nutes an ure was owere C House vacuum was
appl i ed and t hproparadperveasmsed.i ncr eased to 260C for 20 minutes. The mixture

was flash col Uﬁ;eam%@_r__ &foéﬁmﬁdoﬂﬁﬁmﬁoﬁﬁﬁfz&mﬂﬁpaybsm@t ate) in hexane
as eluent. Thu ﬁlgedwas xﬂlgﬁ Sﬂl}}!lﬂ% %z]a%an oil. 1H
nnr (500 Mz, CDCL3)he samepyogedur g 7% 3.9 (t,
4H), 2.85 (t, 4H), Zhfirdcvandtidn.of buﬁﬂzenZS Amalysistshowed ﬂla( $4%ifithe Seattipar at i on
of Branc heﬂ) poi—l@ﬁﬁadl been converted to useful pentenenitriles after 3 hours (the 3PN/2M3BN
' ratio was 0.56).
Isomerization of 2-methyl-3-butene nitrile: Analysis showed that the
3PN/2M3BN ratio was 16.2 after 3 hours.
Hydrocyanation of 3,4 Pentenemtrtle 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%.
Example 3: Preparaﬁon of polyamide 1
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, 30 g deionized
water, and 10.9 g (21 mmol) diphenyl 2,2’-dihydroxy-1,1 ’-binaphthalene-3,3’-
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 sixty 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.

Hr
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Under aa,d‘{lﬁzgl%?“at nosphere, a 100 ml rb flask with a magnetic stirrer was
charged W 900 g of phosphorus trichloride, 2.716 g SFT{USRYZHER from
above and 10 ml of toluene. The m xture was cooled at -30C and a

pre-cool ed sol uti of t.ri-p-butylamnedn 20 m ‘} 0C) of toluene was
added over a fift erﬁﬁ?’n‘i‘i’f’ ng; %ﬁi@gpro@ﬁs{eﬂg,(\%mg edgf the reaction

m xt ure indi cat ed Rreparjation ofp@pemice Iat 162 ppm - To this nixture was added
1.725 g of . di phenyh. gl Ve oY : - pere ! boxyl at e
and additional 2. gllhgergygyzdﬂllﬂé ﬁr}S ut Ig_ﬁlvia%gad%ﬁgaﬁggﬁkg%ﬁgﬁ%%@h%gfstand
over ni ght . Seneresed iy todyengyath Eigthytamine as thedasm Themixtgs wea filtsredend The

(oR 8 et S oot 3 i e e

: 7) n m -, : anpl e
ST RS et s MG
catal yst: 0. @doresdnahceatd32d ppmhyner 1 was wei ghed into each of 3

reaction viahs. . eaul ppee: W : lem ; | of THE were added to each’
vial and the‘%a%g{y%&&@%&% 0 Clgoq?ar%j?gﬁy made sol ution containing 5
0.015 nmol Ni ( COD)This examplejwascamdedoutdsing the saseeproo¢dires asyinl Ezampledtid on of

but adi enggy O%ﬁt@fthgﬂﬁlaﬁﬂ&@i.yﬂ sanpl es prepared above. was cooled to -20C .
and 280 | of a soluti’on of butadiene in toluene (0.925 nmol BD), and 120 L

of a solution of Horegyanafiasofduiqaiqng: Amatysts shaprd tek@9%atdhe sartiag t o t he

vial. The vi #CNhsd best cavertsll toetfalpaiterfiGiks after 3l (the 3RN/AV3BNLO quench
by cooling to :20C %53 reaction mxture was then diluted in ethylether
and the 'prodﬁ?:tfo‘ﬁ?ng‘ Tbut i on anal yzed by GC against valeronitrile-as an
i nternal st &ixedmplt 4: ABranylsedPdimert t hat 71. 7% of the starting HCN had been

convertedsto usef jiriles (ratio of 3PN 2MBBN was 1.36) after 3
hour s. I:g%rreri zat #g#‘}c})?}@?éﬁ@%l -3-butene nitrile (2MBBN): 130 gl of a cold

15 sol uti-on cont ailmpA§0 eNBBilask was ehaegedrli6i447| 2=(0(999B80leheind-(22VBBN) wer e

added to ongy@ fc &Ad0a#g Bf R4t 02BRY S \l Ay eal ed
and heat ed a?y ‘?5 C ng?bl%.bgﬁhcour S. hge ieaﬁblﬁgo& .xfs sﬁg%\e/\(/g\gu?hlmen cof(s)l ed and
e at /B2 o T

diluted in edifyhexanediol Themixhyre s pe e5 HQNSs 1o FFRVEGT usi ng;
valheroni- tril evates. The niiﬁm?adthehheaiedatlﬁﬂéf&%xﬁibﬂﬁﬁlandﬂienthﬁsf 0. ;]17 after
3 hrs. 2Q,Hydro ti0 , t iLtril e 4 . PN) e of the
cat al ystQOsag%ﬁlé%&g%e‘%%gpg e%eéé(\’/éogg’g lié\%?é‘%éq%n W%%@péﬁgbaﬂgégl of a
sol ution of Hdperature3Adteaseddo 260Chiox 26 mipiites t Thermixture $éGis flash col@sin 0. 99 nmol
t-3PN) was a Qk: ' e 6 | ZnCl2)
wer e added tgﬁﬁ’g“é‘“’ﬁ%&d%ﬁ‘g zeﬂagbmgge@gg%gﬁﬁ%ﬁg%?y%?%%gf é-rh H}QT‘A)f hour s at
r oom t enper aebtained yras %% of tha desiredipreductasancotli 1Hnmg (A4 MhaCHCLX her and
the product ¢ixs@r§,2H) 6195 4maUMF, G B, 480, 3.9 (t, 4H), 2.85 (t, 4H), 2.6 (t, 4H), 1.45
25  (m, 4H), 1.2 (m, 4H). | | |
Preparation of Branched polymer 1

=

Under an inert atmosphere, a 100 mi b 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. 31P{H} (202Mhz) of the reaction mixture indicated a major resonance at
162 ppm. To this 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 3!P magic-
angle-spinning NMR (121.5 Mhz): 143 and 125 ppm.
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using 2- hyl ether as an |nternal standard Anal ysi hat
23. 4% of’ w‘?‘ﬁ@ig{ dart | ng pentenenitriles had been converted f%f/glgﬁﬁg?‘%ﬁ e
product (64.6% yield based on HCN.) The selectivity to the |inear ADN
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val eroni tri wer e de \% e@?e Vi s seal ed
and placed in mmofnh@ea&alwsaﬁ@meswpaa% abme TlFT'Ré‘ HAHF é‘d after
3 hours and quenedrefbriBy) KARS.| THe ie@cn&pﬁaxtﬂ& v:fatsehéxﬁmldddmdrmmwmeags t hen
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starting HCN hﬁﬂeﬂﬁeﬂﬂmmmldmb%N/MBleopmMenﬂethm;s (ratio of
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The vial was sealed and set aside for 24 hours at room temperature. The reaction
25  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 pentenénitriles 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 rb flask with a magnetic stirrer was
charged with 0.412 g of phosphorus trichloride, 1.105 g of 6,6’-dihydroxy-
4,44’ 77,7 -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 ml of toluene. The slurry was stirred for 1.5 hours.
35 3 1P{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’-
dihydroxy-1,1’-binaphthalene-3,3’-dicarboxylate and additional 0.700 g of
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valeronjtrile as an internal standard. The 3PN 2MBBN ratio was 0.8 after 3
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converted t oofSENHMPBNtwaaf Draflecs hadrser 3 hrs (the 3PN 2MBBN 15 rati o was

14. 3 | t 3 Al d t hat
the ) 3PN 2NBEN i tizail ks Rl S e il id 8 Bf‘faﬁ‘?tb' §5tphgneg "
Pent enen?0r i lselutlmabl}tsmm&M&BH amﬂazalemnm% &93tom;mo ZM?’BN)gvep@adcbdem triles
had been conygpiegk he c&lhl}ké ablpfesiratid ab(>6§ %Mhﬂvﬁs RapA%nd gﬁc&{‘m"éc'\') The

) S T ko A3 s S
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 Hydrocyanation 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

35 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 ml THF and 20 ml of toluene. The mixture was
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prepared fromone of the pol yhydric aI cohol 1-8 and one of aromatic diol
A-E ExBRIE68 9 and 13-14 illustrate the inportance of BEHUSHN25568

pol ymer norphol ogy on catal yst activity: and sel ecti vi ty. 25 30 WO 01/21684
PCT/ USOQ 25568 Pol yhydric al cohol: HO CH HO CH 12HOOKHI3H \'1 OH
4 HO OH O O 5cdeledstoHB0TC hnd-@pfd—bdol@—sdln}ion—(-z)"C) ' of trietBylamins (r&90e)iic di ol s:

HO OH OH OH k HO
01 (o 0 (G Al A, T SRR e Fisipd Beudpd, 2,
and activity of3086ydiothisanixsirg svas added)-#86 g 9f B $ifEi6i & -henampthyl-@.2'1 gands in
the hydr ocyanapipRenddi(piephred b§RBuiitt 6f233,5-trimethylphenol using the literature

5 procedure for 3,3°,5,5 -tetramethyl-2,2’-biphenol: W.W. Kaeding, J. Org. Chem.,
1963, 28, 1063) and additional 0.700 g of triethylamine with 10 m! of THF. The
mixture was stirred overnight and then filtered, washed with tetrahydrofuran. The
solvent was removed by rotary evaporation to give 1.449 g of an off white solid.
31P {H} nmr (202.4 MHz, CDCl3): major peak at 136.05, and broad peak at

10 13476 ppm.
Hydrocyantion and Isomerization using Branched Polymer 3
Used the same procedures as in Example 1A but with branched polymer 3.
Hydrocyanation of butadiene: Analysis showed that 81.3% of the starting
HCN had been converted to useful pentenenitriles after 3 hrs (the 3PN/2M3BN
15 ratio was 14.3). .
Isomerization of 2-methyl-3-butene nitrile): Analysis showed that the
3PN/2M3BN ratio was 19.2 after 3 hours .
Hydrocyanation of 3,4 Pentenenitrile: Analysis showed that 25.4% of the
starting pentenenitriles had been converted to dinitrile product (63.5% yield based
20  on HCN). The selectivity to the linear ADN isomer was 94.0%.
In the representative examples in Table 1 the polymeric phosphite was
prepared from one of the polyhydric alcohol 1-8 and one of aromatic diol A-E.
Examples 7-9 and 13-14 illustrate the importance of control of polymer

morphology on catalyst activity and selectivity.
25 _ _ _
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pentenenitrile, and the isonerization of 2-nmethyl-3-butenenitrile Exanple,
di ol bWQgu2¥B# hydr ocvanati on 3PN hydrocvanati on | somer iEAH/VN/2556Bel d a)
3PN 2M3 ylelda) Selectivity 3PNN2M3BN to ADN 7 b, d) 1 A 29.5 0.9 66.5
88.8 11.66 1911&41«&10769195908861169 9¢, f) 1 A77.18.2 63.0
89.7 26.39 1%03’1832007502807528 11 c) 1 D68.2 1.5 50.8 87.1
17.17 12 c, 9) hy 1. E70.1 1.0 67.0
88.4 2.82 14 c) : : A 31.5 59.5
92.8 21.01 MO 4. , . H.3825385
94.4 1.51 18 c) \e=£A . : .
95.5 .15.47 20c)7C8651312094716 :
89.9 .18.28 5 a) Yield in % based on HCN. b} Hydrocyanatl on\-af
isorrerization procedure anal ogous to that in Exanple A c) Hy¥ra »
and isonerization procedure anal ogous to that in Exanple 4A. g) 7 g |
wer e added t ¢#4 Y 30 M toluene and 20 n

at -30C. 800 \y \Et fhe _at __RQC were added. Stirred
Added 363 ng Ayand ngy i i
filtration. e)OB50 ng NEt3 ig S ezadded to 412
| in 15 M THF at -30C over a period of 10 mnutes. 3 m TH er ea€dded
and the slurry cooled in a -30C freezer. 363 ng A and B99 1@ & wepe
added, resulting in a gel. 15 mM THF were added 15 and the s
filtered. Sol] e washed with hot 20, then with acetone, G
THF. f) 650 5 m THF were gooled to -30C and adde
PC13 and 76 ensl urry was coOl ed/af t
addition. 363 ng The solution was filtered
and solids washed with THF. Th& 20 pol yriQ THF soluble. g) 412 ng PCl13
and 769 ng 1 in 20 m toluené and 20 mM THF were cooled to -30C in a
freezer. 800 ny NEt3 in 20 m toluene were gdded and the mi xture cooled to .

R cage cRESts oGRS

E 74.0 0.8,49.5 83.6 1.57 13 c,

7
5
Aromatic diols:
OH
HO
A B c
OH HO OH HO OH
MeOz HO 002Me PhO,C CO,Ph 0.CH,)
F
10
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790 ng E_and 700 ng NEt3 were added. The m xture was flltere
BfYuct

THF and "W

was di ssol ved
8.7 g tol uene

g N(nBu)3, and

d, washed with
recovered by removal of the sol vent. BETAUSO 256989 g |
in 17 g toluene. 900 ng of PCl3 were added. Sg N(nBu)3 in
1356 90%£§ctm -a3d Gc rﬁg SEdGekat Qath1P@s Bombridif pélyﬁ?ezxcg E 2.6
1%&?1 € 9gddFartalibn OF khtddiens had £-8d.

product was isol at ed ﬂ&ite% trille O4hdoth za ¢1{M29~hieﬂ'l}'16ﬂd.ltmhhl‘fg thh
CH3CN. 32 WD 01/21684 "1 (L1111 IIIIII et it 1 (il PCT/ US00/ 25568
CL CLAIMS Wyat—Ts Tt Lf Ol YMELT C GAl 0|t|oncorrpir Sin .
repeat units ddpfample {doh |(Arydeg an 0 %Jéﬂﬁ% SO L
phosphor ochl orli di te whereijn 5 sdiyitlddr b@BN/2 glckﬂ) ha&8el¢dtrvitiy o BRINEM3BN
sel ected from|the grodyp consistijng of (R Q2C) %AM( C2R1) m
R102C) n( OH) - Arf2--A2-Ar-2 R-A—REB26-mTAFe—Are—{-c2RHr-and
conbi nations df 7% or ﬂeéf sdl.g rmnorrerGGL% sel &8&&d  r orhltbfe
group consi stifnge gfe p¢ I cohpégs, n and ?y@l nat i gns
t hereof, said pﬁ%sp of 378}?28 t he formJIa sel ected fro t he S6roup
consi sting of |Cl®&A Al d7Are grbdps in CHO Ar2-8¥%2 fare nkdd
to each ot herj, qlbb)ect B9 peach @yher, or Joinked tgg.pach ot heog
t hrough group |A2 act | ected fromthe gr con I nig of to
C40 phenyl ene 1'1*) S)I‘OL éé bi phggyl en r@t}g 3273{) o 17
napht hyl ene gr oup.c 82 i748pht hy0.8ne gr oup¥9 %nd cc&:Btﬁn i ons.50f tvro
or nore theredf; . h ndent sel ect rom the, grioup ,
consi sting of C613 A 2§qgroupf MC 10 %ng{) naph hyl ne grgup
and conbi nat i dnsl&ﬁ)ere 8381 ected2from |t heéd3gy oup 07(3n'é| st i nd 7d§1
-(R) (R, -G-, ;5R 699( O 2-31.5S(Of, sam contyonat i fons gfgt wo
or nore theredf; each endentl selected fromthe Igr u
consi sting of h}éf o: 43| kyl oup jor | oal k%QP grioup, 21 to
C20 aryl group, and c s3ggf twp er norie t3gey eof ; gdagrh [R2 i 551
i ndependent |y |sel up consisting 5 hy en, C o C
12 al kyl or cycl 62? g%% ke{b;'}?, - ?6%:%)2%%&(%6 to1 ar \fl
group, F, d, N(DQC) 864r hal .4l kyl ,| - S0® R3, -95(5) 2R3, 15@70,
-C(OR3, cyclilc ?E sggnbi naitﬁons f twQy or nyyyey t ereq%;m Al
isaCltoClg3 a err ’ ’ ) ) )
o 21°0) 84.5 2.5 31.25 89.9 18.28
5
a) Yield in % based on HCN.
b) Hydrocyanation and isomerization procedure analogous to that in Example 1A.
¢) 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 mi THF
10 at -30°C. 800 mg NEt3 in 20 ml toluene at -30°C were added. Stirred 60 hrs. Added
363 mg A and 700 mg NEt3 in 10 ml THF. Product was isolated by filtration.
e) 650 mgNEt3 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]l THF were added
15 and the solution filtered. Solids were washed wnth 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 PCl3 and
769 mg 1 in 20 m! 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.
£) 412 mg PCl3 and 769 mg 1 in 20 ml toluene and 20 m] THF were cooled to -30°C
in a freezer. 800 mg NEt3 in 20 ml toluene were added and the mixture cooled to -30°C.
790 mg E and 700 mg NEt3 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 PCl3 were added. 5g

N(nBu)3 in 8.7 g toluene were cooled to -30°C and added to the mixture. 1.727gE,26 g
N(nBu)3, and 20 ml toluene were added and the mixture stirred. The product was isolated
by addition of CH3CN, filtration and washing with CH3CN.
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Zis selected from it i ng of- -CO2R3, -CHO, -C(OR3, 30
“a g Sabided cHMMIMIMNL “cc o oo vl ramamasa 2o
_NR3CO2R3, -NRBC(O)N(RI)RL, F, O, N®, -S03R3, -CN, and conbinations of
two or nore thereof; each R3 is indepEbAWS|y sel ected fromthe group
consisting o Ct;lLs tl%me%‘ri Cl12 al kyl or cycloal kyl group, C6 to C20 aryl
group, -and co o 0ns f'hereof; and each mis independently a nunber in
the range of fromll Acpalymedgcompaitioniesyprising] tepeatunits g@:i&emi{cm (D=11 IN -
PCT/ US00/ 255 - i ' wherein R2 in
O e onoi ok B s et
iti Bie G/aPRYY COBY e : REMSISIHZ & _
ggw(ﬁildr: cnauc ) wH?%t@OH)@O}Ri?m '_ gacmm{)sjlﬁm,gz@frzdi al cohol s, :
A composi ?awéxgﬁnz&%‘i@?@a ?#%;X%;%%ﬁ%inﬁﬁfiq Gmpidics o ryngtmor
al cohol has theeeofor mul a sel ected fromthe g'roup consi sting of
(HOm (AL O b AL (Y erREA S St R Py 6 pdsdyaet (< m
( HO- A1) n{H) aleplmlpamipes, and caphipsiong thereat, |
A -C(O - O Al Se3SEtieg SR CIHOATRE ) the i Bigups pHAP(Oxe-RDasre ulinksdtoor ¢ wo
or rcr:(or)ﬁ therwh§%WdirMyﬁ§Mto aﬁﬁnmrﬁnﬁdﬁo&a@otﬁermg@dodp%ha aim1;
15 Alisi . ' ' IS
LS o et nCPEMIAY el el KHBREG LR ORGP |

accor di nt t ogroupj GyxtoWiyebiphenylgneigroup,/Cyde iCao arphthyene grouplapdo€dof rom t he.

group consi SpinBghiiNlere grolh ORARBMabs s8Wo er%&%fe‘?@of?' ycol ), .
1, 6- hexanedi oﬁ . 1,4-cyclo ex,agec e 2, l(j}--.dl %dr%yna ht hal ene,
hexa(et hyl ene 20 gl yeashyAT” &g %@8%%* fied Srom Hhs gsoumeAnsisiRgPEGe 10 6. A
conposi ti on @ggphietiylege gfoupl € MolC whapkthplenapbuppaginmbisativns therdofie sel ect ed
fromthe group consi gbi - I{,ﬁx% L am ne.. l ol hyhe di_am ne,
1, 4- but.anedi am ne, a%dlgg%l %lter(li;ffolq?)ns. &ﬁfg\%{g%trmgg}r\leqkt ?@?L‘op’ iﬁl@f; A '
conposi t2bn 86 eHQpn oS- ang combinationspf1we or Brofhthersof sai d
' each R is independently selected from the group consisting of
hydrogen, C; to C,5 alkyl group or cycloalkyl group, Cg to Cyq aryl group, and
combinations of two or more thereof; -

each R? is independently selected from the group consisting of _
25  hydrogen, C; to Cy, alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3, Cg
to Cyy aryl group, F, Cl, -NO,, -SO3R3, -CN, perhaloalkyl, -S(O)R3, -S(O),R3,
-CHO, -C(O)R3, cyélic ether, -A1Z, and combinations of two or more thereof;
AlisaC;toCyy alkylene group;
Z is selected from the group consisting of -CO,R3, -CHO, -C(O)R3,
30 -C(O)SR3, -SR3, -C(O)NRIR1, -OC(O)R3, -OC(O)OR3, -N=C(R)R1, -
C(RD=NRI, -C(R=N-0-R1, -P(O)(OR3)(OR3), -S(O),R3, -S(O)R3, -
C(O)OC(O)R3, -NR3CO,R3, -NR3C(O)N(RHRL, F, Cl, -NO,, -SO3R3, -CN, and
combinations of two or more thereof;, '
each R3 is independently selected from the group consisting of C; to
35 Cj, alkyl or cycloalkyl group, Cg to Cy aryl group, and combinations thereof;
and _
each m is independently a number in the range of from 1 to 2.
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car bonyl dis sel ectﬁ m consi sting of, & 2 02R1
2 02R1 \3’??0'{1@8%| nations th mll’ I‘ulllfmjﬂ'ﬂl I's the sane as rem%g
Claim1. 30 8. A conposition®actordiry t"o Caim7 vvherel n said car bonyI

conpound is selected fromth § AR2_R2\.
di al ky12, 2' - di hydroz Ppos Oﬁaafp‘;b?%ﬁ ene- éh’gpwgl rgglr l:}t)t(g Ardl%l)%iﬁ

2, 2" - di hydroxycbr{liqtbthbpp 1ed'to pipsphensxy | at e,

2, 2" -di hydr oxy- bi ph ny i o?Q%vhe?éh%bjﬂ
1, 1' - bi napht hyl S djlbxc%?-@ ﬁﬁbﬁg&s‘g@?ﬁﬁh;ﬁ@&m i Q?fdfromensa

mai nat |toc{3$l QK} | or
thereof. 34 m@xhﬂmcq of al¢qted fram the EroupicopsiFng qfidiglpetio %aéfﬁl 25568
C '—b'V' SI 9. A Cféﬁ’ﬁélébﬁdl@%na%ﬁbﬁitaﬂensiatmxbreﬁoratmrm 1 tob8 wher ei n sa;I d
car bonyl conpound | ended wi on r.e secongd_carbon unds
sel ectgd franthe gaouﬁ‘c@b‘?ﬂoﬁ’é‘f’f‘ﬁﬁc%&“gﬁi%wf AP’ESI(V ?%5 f‘%ﬁg‘% m - Al-
g%g g m §§1 8@6@1;51%1; lﬂtegbrrﬂmlﬁsélaéﬁd?frbm the BiOPComsisttugof FOW-A{ PH2 5
A 1C S t mor e

t her eof m 10. A@%é&ﬁﬁlo‘%‘%@ Oy 5%%{[%(6? 98%%{230 %flgbg"%- Ol’ll- -
carbonyl  conpAd{®H)s, &é@e‘&)ﬁ@ﬂ)—dﬁ? {OH) @y o) g FED-2! Dm@Ié}AtzeAmhal iC

i d, h h I
aci |sopﬂ)t ig?ﬁw\aqg Irctgkﬂﬂh} qoqglgrz ﬂ,tzu@jm(ku(ﬁqp Uf{ aI,@lz Q_KB} hy

pht hal at e, Aé" henze yl aC|

conbi natlons 0P-4 Qirl) AF+(O ITﬁ_kn Q}erw g’:‘é
conprising r epgalcwjlcb%ldgrcamﬂ-mr(oﬁm (095 pRC(0H), tandcdmhmimm 62)

pol yhydric al cohol , and 3).an aromatic diol. 12. A conposition according
to O aimill whBYRPHDEH th ‘ﬁnyhydrl c alcohol 15 is selected fromthe group
consi sting of dial cohalrk A AZ] aradhmlass the same as mhcrl'm,Chhﬂl conbi nati ons of

two or nor & t her eof . ég'ch,f‘ gqlg%ggﬁ&ehﬁ?ﬁ@l r@li ”91 gFPd ?glfd wherein said.

pol yhydric al cohol 1S Select
(R4) (HO) m Ar 2- Al - Ar 2- (m}nmr(smagepenctenﬂ H@)nhqrzl errmg)‘:p &om biq ) n( R4) |
(R4) (OH) m Ar 2- Ar 2- (@H)y{( %;t iRr 4% héfesr daid HoTyRAdric &b HO m

Ar2-A1-CCO-CGA ]l -OGCO-A 1- Ar2: R4 R4 mAr ] - 4), and
canbi nat |C£)n)s ofs SFWG“’Grﬁ %‘5??%?%?5&“%8&(3 P?'é’“?‘iié‘eoﬁ%‘ﬁ&f‘éﬁ S%_%]g%"g):t ed
from the group) dwsiasédialg] dicyciahexyldiot 256-dibydroxiypiiniyallerechepa(atlylene

napht hyl eng, grof"y@bl) iRy Mu%ﬂ?omu&mm%ﬁhég& conbi nations of two or nore

thereof 6. A composition according to Claim 1 wherein said monomer is an
amine selected from the group consisting of 1,6-hexadiamine, N,N’-
dimethyhexanediamine, 1,4-butanediamine, and combinations of two or more
- thereof.
25 7. A composition according to any of claims 1 to 6 wherein said
carbonyl compound is selected from the group consisting of

H oA H A

and combinations thereof; and each R! is the same as recited in Claim 1.

30 8. A composition according to Claim 7 wherein said carbonyl compound
is selected from the group consisting of dialkyl 2,2'-dihydroxyl-1,1'-
binaphthalene-3,3'-dicarboxylate, dialkyl 2,2’-dihydroxyl-1,1’-biphenyl-3,3’-
dicarboxylate, 2,2’-dihydroxy-biphenyl-3,3’-dicarboxylic acid, 2,2’-dihydroxy-

* 1,1°-binaphthyl-3,3’-dicarboxylic acid and combinations of two or more thereof.
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each Ar2 is Jd.ndependentil t he ' i sti f phenyl
group, n?p%@qq‘ene grodmmﬁmmumm)ns t%;?ggffogzgﬁ;ﬂ& 530/255%)8 S e,
i ndependently a Cl to Cl12 &kl yl e_He_ E)roup; each A2 is independently sel ected
150+ and conbihart BaPetion shsoRhid el a1 ¥AbekiingEd hgcpentiont |y
sel ect Fg }‘r@mhohﬁl aprapgund o iblendednwitioone onmonsgesondCarbooylGrenptiukgs or -
cycl oal ky Qél@k‘lﬂdﬁ@ﬁ;flﬁ_g%@:&ﬁ%ﬂstiﬂt‘@f‘(ﬂil @? -RPU(@GL,?(“)O“ RID,¢)0.AQL NOre
t hereof; 35 each,R4 | ndépendent I(% Bd fr hem’g C)B‘ ti fo
hydr ogen, (€028 g 10k -5 &y A B4 PR ge Rt Sop A s ™ "
SRR T I R X T TN A I v s (M T
PCT/ US00/ 25%“'0%3 "ON, perhal oal kyl -C(ON(R3)(R3), -AlZ, and
conbli nations of 0ao Aocomposition dveomdirg toZJfl\iaim 9 ethercireshid sezond harbonydup
Cone .09 b By 4 B gl o Ul O O
-S(O) 2R3, - 8¢i0) pighalic wid)dpoethyRsophthalgeciirsthylpitelaendmetyl, F, O, -N2, -
SO03Rs3, \ I Natsl : ; it |
i_ndepenég]:t lt?%ﬁgé‘?bgﬁgr%%%rﬁgn%%ﬁhggﬁgieasx{dglﬁgﬂﬂééatxgﬁiéqu%go (g ré%real kyl or
cycl oal kyl &F%Eﬂf Cl to C20 aryl group, and conbinations thereof, 10 each
dependent Iy 5 mamer e e e B oo tion
i J . . . ... A.conposi ti on
accor di ng t(SY)CBE}Qthof? WEP ﬁﬁ’ QSP%YB%‘{IM%%'O% aﬁf&%}?&@‘?’&a%%ﬁl@gggd fromthe
group consi stind2of A ddmgoSijomEcterihgRd-Chailn| OHyvheraimdsaid polyhydric alcohol :
(OH) mAr | = R4- Al e ]is?stg@ e | Ly Claim13;
and eac%5 R41%A§'selé!3f1&§§§er§193népp ‘;‘é\ééé ec éﬁkfi %‘?ﬁh@%’e grgﬁ%@’?g%gsﬁéséth?%g of Call'mto C
12 al kyl or compbingtionsof tyeumoratheredf, ketal, - OR3, - CO02R3, C6 to C20 aryl
group, - Si R3, -1903R3compesfdonhccordintd REainPEX Whéreinl d4id polyHsiaak Md38I R3) .
-Al(I)2R3_, -.20_A OR3 and conbi natio Wo oy hor g re 1;. 15. A
conposi tion? -E:‘i‘}F‘tlﬁlifFfﬁntﬂé?%P‘é?ﬁ?’f&snﬂgﬁakﬁmbﬁ'ﬁrt‘ﬁe"{‘ot( Rk  the OH
groups of sERE(AON-AB(OA b, ito?-(GHS,RA(RA(OHD - A eir?-(BEDRRY) d
pol yhydshc ahieaa) Iz GRnARKIGS, k! @5H0) mrRdan @)% AesRKd)ss.ar e not
Ar2-(OH),, (R%), R4)(OH),-Ar!-(OH),(R4), and combinations of two or more :
thereof; '

each Ar! is independently selected from the group consisting of
phenylene group, biphenylene group, naphthylene group, binaphthylene group,
25  and combinations of two or more thereof; f '
each Ar? is iﬁdependently selected from the group consisting of
phenylene group, naphthylene group, and combinations thereof;
each Al is independently a C; to C;, aklylene group;
each A? is independently selected from the group consisting of
30 -CRHRD)-, -OQ, -NRD-, -S-, -8(0)5-, -S(0)-, and combinations of
two or more thereof;
each R! is independently selected from the group consisting of
hydrogen, C, to Cj, alkyl or cycloalkyl group, C¢ to Cyq aryl group, and
combinations of two or more thereof;
35 each R4 is independently selected from the group consisting of
hydrogen, C; to C;5 alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO5R3, C¢ to
Cyg aryl group, -SiR3, -NO,, -SO3R3, -S(O)R3, -S(0),R3, -CHO, -C(O)R3, F, CI,
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predonin duced. Ellillm Uﬂ mon according to 4, or
15 said g‘t(ﬂ)%ygrl c alco " ” om the group conglll:stl n%%(g?sl

6, 6' -di hydroxy-4,4,4',7,7,7 - hexanmet hyl bis-2,2"-spirochroman,

2, 2" -diallyl bi h ;8 {l?ﬁf{iﬁ R3f}-A17 (ahd combinations of two
met hyl et hyl i de(?lig) g%'l?alz(gl’rrg pr)g‘py ") phenol )com4m 1-t hi ophe(r)lrollnore4 4' -

di hydr oxydi phéh?y? uI fone, 4,4 -suI f onyl bi s( 2- net hyl phenol ),
bi s(4-hydroxy-3, 30 ngtigytleted flonsthk igrdlf, consisting of-C02R3 -CHO, -C(O)R3,

2,2' -dis(4-hyd Y pr, ;

et hyl i denebi 2(3 {@é&%n@‘;n3h %@W@ PLORS ‘bc?goc}g PSR R et hyl phenol ),
4,4' -benzysi denebi s( 2-6(Fd]l)ﬂHRﬁy-IQ(Ré)=rm-p-RlL -B(@(OWD(Q%M(@I;E% sS:(@r)B?)yl 5-
nmet hyl phenol 36 WO O I 1 I

BT Usb0) 2a565 o L M SAGTHREORS “ai GRS DR GONROREE L%

OH HO O-~0 1 S&sRACCNyapdcombinationsabtvwsronmeredhergd ¢ t hereof . 17. A
conposi tion accordi nge&éhﬁ-“i/s 183e;@h&é sl:ibcfeﬁ fﬂcﬁnﬂﬁ%’r@hﬂ‘ccﬁéis@in %f@fl qyatic
diol has the fornula se a&;% romt e r consi stin RO OH
R4&A RO O R4 §1Rslk>'h9r?y°i gF?‘ﬁsC\lt? a‘iié SE¥P, ‘i%‘gl%a@s f%° RS RS R7
Rﬁ H- 0f (O 1)) Rﬁ RES R5 Bgclﬁﬁ 15{ﬁxd8|'p“endkﬁtlﬁadumbaﬂmmrthé tamge offrotiAbtoo2; amdr e f

t hereof ; eac isin ende sel e hsting o
hydrogen, C 1 to Cl12 5 ?lsdp é%ﬁykévj groﬁlg?ﬂer "QCF% qp,%b'- CRSg
-C02R3, Co6 to -

14. A composition according to Claim 13 wherein
said polyhydric alcohol is selected from the group consisting of
15 (OH),Arl-R4-R4-Ar!(OH),, and (OH),Arl-R4-A1-R4-Ar!(OH),p;
Arl and A! are the same as recited in Claim 13; and
each R4 is independently selected from the group consisting of Cy to
C5 alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3, Cg to Cyy aryl group, -
SiR3, -SO;3R3, -S(0)R3, -S(0O),R3, perhaloalkyl, -C(O)N(R3)(R3), -AICO,R3, -

20  AlOR3 and combinations of two or more thereof.

15. A composition according to Claim 13 or 14 wherein the location of
the OH groups of said polyhydric alcohol are placed such that, when said
polyhydric alcohol is contacted with PCl3, monodentate phosphites are not
predominately produced.

25 16. A composition according to Claim 13, 14, or 15 said polyhydric
alcohol is selected from the group consisting of 6,6’-dihydroxy-4,4,4’,7,7,7°-
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-methylphenol), bis(4-hydroxy-3,-

30 methylphenyl)sulfide, 2,2’-dis(4-hydroxy-3-methylphenyl)propane, 4,4’-
ethylidenebis(2,5-dimethylphenol), 4,4’ -propylidenebis(2,5-dimethyiphenol),
4,4’ -benzylidenebis(2,5-dimethylphenol), 4,4’ -ethylidenebis(2-isopropyl-5-
methylphenol),
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C20 ar ylw@omeigss - Si R3, : NO2, - SO3R3, Aﬂmmm ],gitgz R3, -F,
ad, -CN, 15 -CF3, C(O)N( R3)(R3) m ﬁmllons 0 9%059%” ‘nore
thereof Z i s sel ected fromthe group cdnsfsting ofs - ®2R3, -CHO, -C(O R3,

C(O SR3, - C(O)NR' RL -GIPQER, -O0(O) ORS, N=CRIRQ - O(R)=NRL
- C(R1) =N- 0- ) (OR3) @ (O R3, -C(O O¥-QR3, 37 WO
01/ 21684 | || 1111¢P PCT/ LTS00/ Z6568 * .C L M S

- NR3CO2R3, O R oNC2, o8N, and copbi na s of two
or nore thereof each R3 is”ijndependent |y f e,&g SUB
consi sting of Cl to C 12 alkyl or cycl oal ky p;, C6 to 0 aryl group,

and conbi natons of two or - 5 nore thereof; each &5 is independently
selected fromthe group consisting of HH F, d,"C 1 to Cl2 alkyl, C1lto
Cl2 cycloalkyl, C6 to C20 ary@, -OR3, -CO2R3, - C(OR3, -CHO -CN, -CF3,
and conbi nations of two or no t\nereof ; each R6 independently is sel ected

fromthe group consisting of @4 C O to C 1RHal kyl, C1 to C 12

cycl oal kyl, C6 oa C20 aryl, a ations_of tvvo or t hereof; and
each R7 indepesent |y Nt from t he .@ arone? @ H C1 to
Cl2 al kyl, C, cycl oal kyI C6 to C20 { and co pr+at i ons of two
or nore ther 1%, 18. A conposition according to any H3t daims 1 to 17
further conprisi ng at | east one Goup VIIl netal selected fromthe group

consi sting of ni ckel | adi u obalt, and conbinations of two or note
t hereof . 19.2% 85%@%‘9??8#”&%6?%?@&’?#0 aim 18 further conprising at =
| east one Levm slaciAl compeditiorsaczordimptogapiof Claims dind 16 wherejiseidret al | i c
compoundsi N 28 &) hllShé kM seflotciidhn UGG LnsfeRHRGHNT. OF

organonetal I'IT ¢ conpoun cte fromt 2 roup c sisting of scandium

titanium vanadium chrom um nmanganese, onyg cobalt, cqpper, zinc,

boron, alum num yttrium zirconium ni otR im gl ybdenurg cadm um

rhenium tin, angyco | nat v}{)ns‘lof two or norg—(thereof. 20. A

conmposi tion accor d\ng § i piss S\ i n@ Rel ected from
t he group consi CYCL,

Cu( GBSCF3) 2, R FeCl2

10 and combinations of two or more thereof;,
each R4 is independently selected from the group consisting of

hydrogen, C; to Cy, alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3, C¢ to
Cyp aryl group, -SiR3, -NOy, -SO3R3, -S(O)R3, -S(0);R3, -CHO, -C(O)R3, -F, -
Cl, -CN, ' :

15 -CF3, -C(O)N(R3)(R3), -A!Z, and combinations of two or more
thereof;
Z is selected from the group consisting of -CO,R3, -CHO, -C(O)R3, -C(O)SR3, -

R3, -C(O)NRIR!, -OC(O)R3, -OC(O)OR3, -N=CRIR!, -C(R)=NR],

-C(R1)=N-O-R1, -P(O)(OR3)(OR3), -S(O);R3, -S(O)R3, -C(O)OC(O)R3,
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Ti Cl4(te uran)2, Ti G Pr)3, MCi12,

(C8HL7) A R@Qﬁ%%mn 2A1C1|m1mxu[l“3mmmﬂlmr (phenyl ) 2Al Cl p&g 2 30
ReCl5, ZrCl4, NbCl5, VC13, CrCt2,-M¥15 YC13, CdCl2, Lad 3, Er(CBSCF3)3
Yb( Q20CF3) 3, - S Tl s B S6HR) 50,206 605 BN S corllations of

conbi nati ons of and 2" ect ro e group

consi sting of tv&SHere Bef#GBH5SC8, ( C6H5) 3BCN, and conbi natlons of two or
more thereof. 35 21. 3R épeﬁu&a%él@&@aﬁo%ﬁleagrmg&nﬁﬁﬁﬁgbﬂcm d

Lewis acid is selecte romthe group”consi sting | chl orjde, cadm um .
chlori de i ronclphlkmlr%m’dqaﬂ%’ﬂm&\‘ﬂ Hotvhz0 ATHEIY B@‘Wé c°§ﬁ’dfmé@?ﬂﬂ fA%Pi%Bns of
two or nores t hgeofhe e%% WO 01/21684 1101111111111 I ~I Il Viii 1111

PCT/ USOQ' 25568 ¢ L M d. X is eI ected from ou si si, pg of
CF3SCB, CH3CBH3SCRB, em&ﬁ@@ﬂepa ntly Seiefist fom f "E‘Fsﬁ% of B ot
22. A process cwmlﬁ,l dllyl, Cptﬁﬁgcbym@aﬁqdﬁﬂigmr@io arglypORAGCA,RE, & mononer
to produce an t a ate with a b
phosphor chl ori & @ggwﬁné Egglrtg‘p nétri‘#ﬁ{%oun gﬂl@t&%gg%%;f_’rml a selected
fromthe group consi sbaath h]deﬂtﬂeﬁt)m(s@bl)ect&cllf (eDegRIonsiting of H, Cy

Corbi nat 1 ol ol ¢ Her” e Cit R G e S o e

group consi sti Hg’rQ)th_emlf})mlﬁdri c alcohols, amnes, and conbinations thereof;
sai d phosphorochl ori di pgHRBind naeﬁtwis%el%&leeﬁogdt}fer ’% sﬁflﬁngfH C,
Thee

consi sting of C1P(O: Are- | n CLP( O e unlinked
to each otherto @lz@kﬂbﬁz%@@o"yﬂ?%‘é{bﬁf ar’ér"‘“? ngt W‘%géﬁw%f’ﬁer |
t hrough group fwre #ereddich Arl is sel ect ed fromthe group consi sting of

bhenylene gL oub.  Hlgbh Qe BordIAAB LY LE BFifls 148 17 R ARRREPLERG

group, and™Combi nati-on ereo each

i ndependent | y stleastioed Grouprvme!l%l@dpﬂééﬁ@hsthﬁrggomconpﬁéwpﬁw&@r oup,

napht hyl ene gr gL pgt,o ordBo3héreosel ected fromt he
group consisti 01}&& R1) { R1) -
canbi nati ons of twd orArﬁﬂ’%P‘ISH&“éHF‘“d ﬂc%&m} fs m%’é)ﬁ%fﬂ%? g@%‘l‘séef""ed from

the group cons L&Mmmvmdmlmgmgm@ donhpbuﬁdbi o:gahmnemhocgmmhayﬂ gr oup,
% to C20 g5V G GHRe cfifibnt SPER 13H-A cHipoi of brglRbRctallf BRpound is

selected from the group consisting of scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, copper, zinc, boron, aluminum, yttrium, zirconium,
niobium, molybdenum, cadmium, rhemum, tin, and combinations of two or more
thereof '

25 20 A composition according to Claim 19 wherein said Lew1s acid is
selected from the group consisting of ZnBry, Znly, ZnCly, ZnSOy, CuCly, CuCl,
Cu(O3SCF3)2, CoClz, Col,, FeIz, FeCl3, FeCly(tetrahydrofuran),, FeCl,,
T1Cl4(tetrahydrofuran)2, TiCly, TiCls, CITi(OiPr)3, MnCly, ScCls, AlICl;,
(C8H17)A1C12, (C8H17)2A1Cl (iso-C4Hg),AICl, (phenyl),AICl, phenylAICl,,

30 ReCls, ZrCly, NbCls, VCl3, CrCly, MoCls, YCl3, CdCly, LaCls, Er(O35CF;)3,
Yb(0,CCFj3)3, SmCl3, TaCls, CdCl,, B(CgHs)3, and (CgHs)3SnX, and
combinations of two or more thereof; and X is selected from the group consisting
of CF3S0;, CH3CgH5SO3, (CgHs)3BCN, and combinations of two or more
thereof.

35 21. A composition according to Claim 20 wherein said Lewis acid is
selected from the group consisting of zinc chloride, cadmium chloride, iron
chloride, triphenylboron, (C¢gHs)3;SnX, and combinations of two or more thereof;
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25 eachwiddirziesgande en romthe group cons
hydr ogen, Cl:yl ?sg C1F2) al mﬂ”wlﬂ Ebogi’w/ group, gaceltoal kg?gl ﬂwgg(gs C02R3,
C6 to C20 aryl group, F, -SOSRS - CN, perhal oal kyI -S(O R3,

-S(O 2R3, - t ft
rmﬁe)thereof 156&8%%%?88%?’? CQSSISH F Iagt?’?\lnel ]fqa§ nSRB? - CIV-\% o
-C(O R3, 30(C Q)ISQBT andSRBnbingti NﬁMOrm@@(t@ymf OC(O)OR3 N=C(R )R,

g(( gl) )q:(Ng)l ks’ %s Qoﬁhns%g g&‘ éo%éilﬁ& g%lrbonﬁ(c%%nd wﬁﬁ@rﬁﬁw er to 04 _
conbi nat i ons PETduEsan Brermsdiate ﬁ@r(&bFont%qnglsél dntermediage @1’@1 &l kyl ene gr oup; 35

each R3 i% lPH@s?ﬁBféﬁrﬂrid&teWe%iﬁed fromthe group consisting of ClL to Cl12
al kyl or cyc rrbl nat i ons t hereof;

to C20
and 39 ND 01/ 21684 | ift FREPRY |“1°?‘¥PPP“‘§/$?%‘F?‘{OUP"H"?“1°&F PRI -ORP 25568 C L M
S each mis. cmmlsﬂngmtﬂéﬁhkﬂ)zC)g,(OH)#ml-(OH)(G@ZRla,gg&l%C),ﬁ(@ﬂ)lAr?eAZ-ArZS A
wh t
Phe oxygen alHAEGAR i IRIbEC HEPAR- AR By el Somllicieb? rhS oy B, o,

23 wherei n stieeofpononer is a 5 pol yhydric al cohol selected fromthe group

consi stiqng of dial COE&Q& fnonbineA]sGelReded front ﬁferg?&hﬁdbh@ilsﬁngz 2l 'cngzi 325 of .
. or erein

two or nore ther a‘ﬁa ocess according to Caim?22,

sai d pol yhydpice °§Iaé‘8ﬂ??r &W‘I’f@at}%\sﬁ%ﬁr%o sel ected fromthe group consisting

?{«5 Ho% XEAS (Hm ¢ I%Sﬁhz(eroéh}oﬁﬂ?e b herforid) saee,gea f(6h A groG - Ar e- (O m
m Ft

1y O - A . Roriyine OF BB R Py e i i PAOLAR R g o Eﬁh}% (Hom

Are- (O AL P ea@h/mher( diréctly link@Honeack other -of tihkad to(c@tl) other throd@hgroup AH)

HO m A Al- C( O

((:on‘zalmna{l%ons ofC( %wo %ﬂ%%ﬁ} ere@tglﬁ%@wﬁsﬁg%@éﬂ% r%?ag’é t he sane

as recited i hipiemylenegroup, @gphihyleng grqund@pmh&éme;gr@p@@d gormhimationedfene

group; and ewoﬂnbﬁm&ggpendently a nunber in the range of from1l to 10.

cei'cet od from tho.qr B8 ATBISPOEAOTSD SHted OB MeBRHRAOTISEES 9 ot hyl ene
glycol ), 20pHenyidne xeoups haphthylent-gryup, ahé xambiatidns tRer€ofili hydr oxynapht hal ene,
hexa(ethyj ene gl ycohb ;o Qcl<aHpdth Y 4885 cRsistitl oPLCEYR 1J-"BLHRY)-,
-S-, -S(0),-, -S(0)-, and combinations of two or more thereof;
each R! is independently selected from the group consisting of
hydrogen, C, to C;, alkyl or cycloalky! group, Cg to Cyq aryl group, and
combinations of two or more thereof,
25 each R2 is independently selected from the group consisting of
hydrogen, C; to C;, alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3, C;
to Cyq aryl group, F, Cl, -NO,, -SO3R3, -CN, perhaloalkyl, -S(O)R3, -S(O),R3, -
CHO, -C(O)R3, cyclic ether, -A1Z, and combinations of two or more thereof;
_ Z is selected from the group consisting of -CO,R3, -CHO, -C(O)R3,
30 -C(O)SR3, -SR3, -C(O)NRIR!, -OC(O)R3, -OC(O)OR3, -N=C(R)R1,
-C(R1)=NR!, -C(R1)=N-0-R1, -P(O)(OR3)(OR3), -S(O),R3, -S(O)R3,
-C(0)OC(O)R3, -NR3CO,R3, -NR3C(0)N(RDRL, F, Cl, -NO,, -SO3R3, -CN, and
combinations of two or more thereof,
Al is a C! to C12 alkylene group;
35 each R3 is independently selected from the group consisting of C; to
C)- alkyl or cycloalkyl group, C4 to Cy aryl group, and combinations thereof;,
and '
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27. . A WRigssaccor di ng ’] ll Hlltl " Etml n sai d nononerpEFUSRISsaN Ne
sel ected fromthe group co ¢ y 6flexadi am ne, N, N -
di met hyl hexanedi am ne, 1, 4-but anedi am ne, and conbi nati ons of two or nore

25 thereof. 28. A procgse nffsGRd 'ﬁ&eﬂﬁb&iﬂlﬁirﬂﬁgeﬂﬁmﬂower ein said
[

carbonyl conpound_js selected from consikst | 02R1 R 02
02R, 30 and conbi?—é;\t igngoqepﬁachgfd?n%{? gﬂ%eﬁénﬁén%@??'géé 1?ed in
Claim22. 29. oihpriociesoxyaenattached to ph@phomis28 wherei n sai d car bonyl :
conpound is selected from.th L §b R I i

22" - di hydr oxyl - S g Pobess dkegidiitg Gn 22 oF %%,3@‘1‘%“2?5 Tyl e

2, 2' - di hydbox\olyhydricsigehehsalectedfromithe,21o8R poasisting of shalcopyls trialeohels g4 |

Frrerer rerrrl i L MS
! o)kt

i d, .. .
2, 2" - di hydr oxy- 1, 125-bi*?&:i’ff?ﬂeﬁ%/i“icgl,"gll‘gctﬁ&@%Bax%ﬁ’i°62%3‘fbﬁméﬁaa‘gé’ﬁﬁ'#lxg??ons of
;[/\hwe)r gir nms);?dt Eﬂé &%%h?eﬁﬁeg o @ga?ae&ﬁgm{jmé gg:_u?(moasisting‘o c )%Aﬁxomngound
531 A procedtioehrani e FGtm el i AP A28 e EIOT I P o
D S e
, ) - mebhwlal -

pht ﬁal ate, di M&‘ﬁp@}@?‘ééﬁpﬁéi‘%(8%)%-§26§93§ {b?-k )E'éﬁgg {%gt(glcli&(?,p and
~ conbi nat i ons. dP-AMKOFD N EOE)mt Avesr A (OH),, @H)ner“ﬂﬁd’eieéé Qb dHYmrd%any of
Claims 22 to 341 g?gﬂls@.jcg{oggmm{mg

| (F9LAP-(OR), afid 6ebinadoibf at a

tenperature in th ange of frfom about )fb’OC to about 450C, said contacting
in step (2) i VORINYE gofyt a tenperature in the range of from about
-50C to abgut 150C; ang, ke, Adtdnd mbresthe carphiasiebiteddialClaim @25 e to the
al cohol group of said intgrnediate i i r f 0 bout 10:1 to
about 15 0.5:1. 33. %ﬁr‘*oaaé%‘*eas%dﬁgifﬁg%@g%cﬁ??l}%ﬁ?g%‘{&3}.“2 sai d
contacting in step (1)each p isindepentlecotly aaumber ivtherangeptfiom 1 trelG.ange of

from180C to 2700 é.orAeb%’c':éEs&ctcg}.rgggéﬁ)@ﬁilﬁ%%he?éngﬁﬂr Iyp§@tid aRBRSISt i NG i N

step (2) is carried out "at a rature in the ran of ‘from-30C to
about 80C for seissted fromithe group sonsiving of 1g3-preparanediol, etFa(ethylens glycolai d
phosphor ocly orj gifegaredidINE4alycRRSansdiol 2,62 dihg diostyhapheialexd] Réxa(dthyledout 1: 1,
and said process I s car r%ﬁg_g%ut i n the r&; eﬁgnc of an organic base. 34. A
process conpr i&lm}),@aﬁce PP%%P%%’ e e‘t?m yhydric al cohol to
27. A process according to Claim 22 wherein said monomer is said amine :
selected from the group consisting of 1,6-hexadiamine, N,N’- _
dimethylhexanediamine, 1,4-butanediamine, and combinations of two or more
25  thereof.
28. A process according to any of Claims 22 to 27 wherein said carbonyl

compound is selected from the group consisting of

R'0, Hc') ﬁ OR! R0, I-E) ﬁ OR'
aSy

30  and combinations thereof; and each R! is the same as recited in Claim 22.
29. A process according to Claim 28 wherein said carbonyl compound is
selected from the group consisting of dialkyl 2,2'-dihydroxyl-1,1'-binaphthalene-
3,3'-dicarboxylate, dialkyl 2,2’-dihydroxyl-1,1’-biphenyl-3,3’-dicarboxylate, 2,2°-
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producaveopylzmphorus ﬁ"%“g I'Mkllﬁr and (b) contact i per/BsiorksiROSPhOr US

25 cont ai ni ng pol yrrer diol. 35. A process conprising (a)
contacting an N, N-d| aI kyl i chl orophosphoram dite with a pol yhydric

al cohol to prapkie EWIEU’%c&B&@MB%ﬂWEQ?-Hﬂxydf&Q’ K Pubiasgttng-353L d

pol yneric pho h@{;ﬁ?{? ﬁ" an ac %. ﬁ}ﬁf phosphorus cont ai ni ng
pol yner and- (‘@) ﬁdr’f‘é‘ §87“8 &W&&fwfs i ng pol ymer with an
arormatic diol. 3630. AﬁppnmeassacenrdmgdoagybﬁCIaﬁmsﬂiBﬂZQ)wh&EW\tmtmbo@;hl d - -
pol yhydric @9@& sting of dialcohols, .
trial cohol s, acoﬁ;%?ﬁ%%ssol%ﬁeﬁ%&dadg |na |ons 8 or nore thereof. 37 A
process abcor di n@k o!’cpmcms:ascqcﬂmgéc Flam ﬁhwherpmsmmmﬂ@rmm i S

sel ected frorgmgusld RUBleeRATont the raIp c&%ﬁijmeﬁhﬁmﬁéa&aa alfé( R4),

2533 E g% m 2; %_Cs(élzpéhall?%ﬁlﬂ d’(“Rgm t%@ﬁ'ﬁ&‘ﬁ?% Oﬂ’g]'{'ﬁfaﬁ’ Fi*n%%f‘?(l 1| Fﬁ Iy |.

11 1111 PCTI WsephtRaaed1,3]5-BénZenetricarboxylic acid, and combinations of two or more

(R4) (HO) ni ArﬁlaeA O-CA-OCO-A-Art-(OHn (R4), (R4)(OHmMAI-

(OH M R4), hbi nati ons of two or nore thereof; each Arl is

i ndependéﬁt |y sel3xt ¢dprocesmacénadigg dupncoffciayns 212;;10031 Wherein saida@npicting| ene -

group, Cl2 tg.?g%péﬁ lpbsﬁzhsﬁﬁatg&&u Berafure h th@raﬁ?gof’ﬁﬁﬂlta{h\‘»hﬁﬂﬁwé gr oup, €20

to C40 binap e _group |na I ons or nore thereof; each

Are is inde p@h@nérﬂtSDg’/Css@vb%qwupg #nstem E2) s earped onfat 3 temperatireds therangg
phenyl ene gr w&onﬁi&ut 50RE Q0 aecahtlbmcermdmﬂmﬁo oﬁBdid phodphoRchlrigité fer eof ;-

C oot | DCHSORA Bk Dbt SR LFLn R SLPomSB80 8) oabput o
-N(R) -, 15S- 0.5:8(O 2-, -S(O) and corrblnatlons of two or rmrethereof
cach Rl 1s | ndepondeil b g&mﬁft&e&ﬁm%gaﬂsﬁﬁ@m&ﬁa&nggp(*ﬂygr ogen, C

1to C12 alkyl or cyc a
conbi nati ons cetfnedmt@tratﬁmperat\mne@ﬁranss of from 180°Cdo;2 @BAHl y sel ect ed

fromthe gr Otlﬁnﬁﬂféﬁlt)%bbﬁ@@ourﬂqﬁﬂﬂ(wﬁtactu@ ih step (D) ik%aﬁriehﬂut a@ra cycl oal kyl
000D, 208 ol ket LA i o R il g g
- C( O N( R3) ( R2% hoursl; Zhe mmtid of saith phospﬂlomhhhditm the alvohel groep effaid 20 Zis
sel ected fro r?ltgxlﬁ?ed%tg Wabol'f: h s&ddrkgldogroce@ ?s'%%medthm ﬂl%gsg?ce of an
organic base.

34. A process comprising (a) contacting PCl3 with a polyhydric alcohol to .

produce a phosphorus-containing polymer and (b) contacting said phosphorus-
25  containing polymer with an aromatic diol. : '

35. A process comprising (a) contacting an N,N-dialkyl
dichlorophosphorami'dite with a polyhydric alcohol to produce a polymeric
phosphoramidite, (b) contacting said polymeric phosphoramidite with an acid to
produce a phosphorus-contalmng polymer and (c) contacting said phosphorus—

30  containing polymer with an aromatic diol.

36. A process according to Claim 34 or 35 wherein said polyhydric
alcohol is selected from the group consisting of dialcohols, trialcohols,
tetraalcohols, and combinations of two or more thereof.

37. A process according to Claim 36 wherein

35 said polyhydric alcohol is selected from the group consisting of
(RAY(HO)-Ar2-AL-AR-(OH) 1y (R4), (R4YHO)y-Ar2-(0-Al),-0-Ar-(OH) (R4),
(R4)(OH)p,-Ar2-Ar2-(OH)y(RY), R)(OH)-Ar2-AZ-Ar2-(OH),(RY),
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- OSR3 -SR3 ONR' O OR3, -N=C(R =NR1,

; g(( R)l) N9 @21 8“P(C(O) % OR3) Illl!ﬂﬂlﬂ!!glgﬂm )S( OR3, - C(C( og dfﬁ?ﬁ&zss

- NR3SCO2R3, - NESC( ONR) Rl ] -SO03R3, -CN, and conbi nations of

two or nore ther R3|si n \ eghed f t he ,group

consi sting of f&)ﬂ'éo)nﬁ: ;Pa >-GrA 'E&gl 576K (E%) g% )@Qg) I ,

?nd Cgﬂ?l nzzit [ o[ dH§ Wﬁoﬁndc@ﬁ%aﬁam?%\g;epmmggg?a nuréber in th; rg:]ggzm
rom 0 an eac 1i;ndependen gﬂgcp thégroru 3 ﬁ?igt?x‘? Jo iom

to 10. 38. A proces asgcé’r% ik ar éeé q d%

al cohol is sel €g} plﬂ:rfyllme\grhm gllguxpCQ@bwhsnylng: grbup,(@ul)ttmﬂqb nﬁpht&em 1(OH) m

and (OF) mArd - Rz - R4, éré‘;@@,{qm kAl andLEmbBASATEE @ difirk Brbdy: O al m

14; and eac group consisting of C1
to C12 alkyl or cyc|g@qhk/yx lgr pendg@%xsnlect%bﬁamthempcomo f€qtor 0 C20

aryl group, - §0 éhe@ erre%i’ % & 6),§RaphtiiyiédedrSup, 208 RamBlaki¥hs thereof;
19°P¢

-C(O N(R3) (R3 t f ot th f.
42 WD 01/2(168)4 | 1111 <39 Mﬂ ‘i"ﬁd"y al‘Ebﬁ"némlf%Tyﬁﬁ%ﬁfU\fS%cf r25??86 C Erﬁ/los

39. A process accordi ngadmAZ:isandepEﬂdmly&Slemtedrfmmﬂtdgrompecatsnsung of the OH

ggf)yﬁidﬂ cf&g?cggwh?’grdg@?}ls@? giwﬁ(ﬁg afge%r(g S&Pit dI\Qoosp 0enssozgre not

predoni nat el y tvwe odumoesithe®ofi0. A process according to Caim37, 38, or 39
wher el Sal 0 oW AT Eagk ERfiflepende bese%eedfffoﬁmﬂe@o QuRisRAPSE St ng of

6, 6' - di hydr oxy-4 1s-2 -spl rochroman;
2,2 -dial |yl bi bﬁr@gm 1 BiGprald or gycl Qﬁxlay 1 graup, Cg to Cyg aryl group, an
met hyl et hyl i dee&}lmngﬁgngdﬁmtdayﬁ&éq&yé henol ), 4,4'-thiophenol, 4,4"-
di hydr oxydj phenyl sul f one ul f t hyl phenol ), . .
bi o 4- hyr By 3 10 reEH EhiGpRsperentyeiseied Hom the BRoit eduisising of
2, 2' - di s(4- hydhpdipgeh, rﬁqttb)(llghﬂ(w o} pycderdked grelypd ' acetal, ketal, -OR3, -CO5R3, C; to
et hyl i denebi s( 5- gﬁiﬁy bl 3S( B enol ),
4, 4" -benzyl i den mg" di rret’fm Ai %@k g’ﬁ@?tﬂdené%é s .§o§¢§§y| -5-
met hyl phenol ), @Ii,p@@oalbyb- ( -A Zaﬁné)w “)atlmﬁo 0 or more
thereof;
20 Z is selected from the group consisting of -CO,R3, -CHO, -C(O)R3,
-C(0O)SR3, -SR3, -C(O)NRIR1, -OC(O)R3, -OC(0)OR3, -N=C(RIR1, -
C(R)=NR!, -C(R!)=N-0O-R1, -P(O)(OR3)(OR3), -S(O),R3, -S(O)R3, -
C(O)OC(O)R3, -NR3CO,R3, -NR3C(O)N(RDRL, F, Cl, -NO,, -SO3R3 -CN, and
combinations of two or more thereof;

25 each R3 is independently selected from the group consisting of C; to
C,, alkyl or cycloalkyl group, Cq to Cyq aryl group, and combinations thereof;
' each m is independently a number in the range of from 1 to 2; and -
each p is independently a number in the range of from 1 to 10.
38. A process according to Claim 36 wherein
30 said polyhydric alcohol is selected from the group consisting of
(OH), Ar!-R4-R4-Ar}(OH),, and (OH),Ar!-R4-A1-R4-Arl(OH),,;
Arl and Al are the same as recited in Claim 14; and
each R4 is independently selected from the group consisting of C, to
C,, alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3, C; to Cyy aryl group, -
35  SiR3, -SO3R3, -S(O)R3, -S(0),R3, perhaloalkyl, -C(O)N(R3)(R3), -A1CO,R3, -
A!OR3 and combinations of two or more thereof.
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O Ol _~ %60 and conbi nations_of two or nore .
thereopvoi'l-lin% process a umm"ﬂu“mmlf d ai ms 34- 40 RGTAY90A5%68 d

aromatic diol has the fornufa 'sel®ct’ed*fromthe group consisting of 20 H

R RS 43 w0 ou Zbadt POPPSstIBad TR 8 TR [l PR, o

R6 .H 4 R | igrdupslof saift polyhydiis akRsheiareplarm! sugh th ¥dfict wo or nor'e
her ool caclyBhol 3 chAMERETHEINGY AShESh Cél{daﬁhﬁéa%egﬁ&lpﬁedb%ﬁmsryl g of

hydrogen yl' grou 2 cycl oal kyl' group, acetal,
ket al , CR3 preduceipR3, Cl1 to C20 aryI group, -SiR3, -NO2, -SO03R3, -S(O)RB,

- SETJS) ZRS’ 5- CHOf tﬁo) ABroceds.accdrling t f@ﬂ‘.lamﬂ:ﬁ 38; ﬁﬂ%&sﬁl(saﬂ)polyhﬁrﬂﬁc and
conbi nat i ons re ereo Sgl ec up
consi sti ng ofa? &Sﬁle@g&% 6‘ %ég é&gd&)& O‘glﬁgg?o - OC( O R3,
- S(C(O)O)2 SSRB Smemah yl bidQ 2’@@3&@1@&@ 2, T diallylbisghemo] A, by (wlﬂ&)"( GFG) N
- S03Re, - o, TRV e e Ty ESEyHobEhoD), HEREMRGL b, o PR
i ndependent | ydilsyirexydighenylsuiforiee 447 -suifordpisCsmethylpbenad, i?l&(‘érhyci_rsxrﬁlﬂ al kyI
or cycl O%bkylm&fxﬂﬁﬂeny%salﬁﬁg, 204144y 6 BHB-mARFpRFDpRPRAE) 2,91 - two or :
ethylidenebis(2,5-dimethylphenol), 4,4’-propylidenebis(2,5-dimethylphenol),
4,4’ -benzylidenebis(2,5-dimethylphenol), 4,4’-ethylidenebis(2-isopropyl-5-

methylphenol),
| HO. (o)
OH .
5 o) o OH J\/\)
. 0] HO
6)
0]
SOz
¢ J\/\)HO @0\/\/"@
o _
15 - o
and combinations of two or more thereof.
41. A process according to any of Claims 34-40 wherein said aromatic
diol has the formula selected from the group consisting of
20 '

43



nor e therggf. h R5 is independently selected fromthe gro consi sting
of H F, \9&01/2%?9,[0 Cl2 al kyl or cycloal kyl, C6 to C20 aryIPC 25564 PR3,
-C(OR3, - -CF3, and conbinations of two or nore thereof; 20 each

R6 i ndepend fromtheg Qup conS|st|ng of H C1 to C 12
al kyl or cygmmuﬂ“‘ﬁmu 0 aryl g ns of two or nore

t hereof; and+each R7 % ndepé&ndently |s se oG the group consisting of
H Cl to Cl2 al kyl or cycloal kylIR~C& g{ed conbi nati ons of two
or nore 25 thereof. 42. A process cg urated conpound with a
fluid conprising hydrogen cyanide of a catal yst
conposition recited in any of RPai ns/ 18 RE A process according to
Claim 42 vvherel n 30 said unsat urated Rf’orrpo

d hq@ﬁé t® about 30 carbon

at ons per | ecul e ected fromthe fornula of R8CH=CH CH=CR9,
CH=CH (CH2) X F@Pg Bi%“ E{W @ﬁf R10, and conbinations of two or

nmore thereof; 44 V\D 01da2hm4s lndbpdtddenﬂly kdld:dtéd frotn-the gioup lconsibting dfl

the ;’f’gﬁﬁiﬁg. fydrogets, &y 1 &, SikpNEolR 16 CETRSEBOME ot Al SR8, 1 O
i s sel ect ed3f r ofAQ2RE, Gu @uﬁz@:wégwpn@%? -Nozﬁfﬁoﬁ?z@(i))m P S(0)R3r HRy1

group having | Bougt _ r 3O r nore
thereof; y is a%ﬁgﬁ%gg;’;égfgg {%FB XI sR?rqﬂlf]tﬂgze?ﬁ%F%&&fanmél% is H,
I

CO2R11, or perfP x is an integer of I to 12 if R1O is CN, and
R11 is sel ected fromtmlswemadmwgraﬂp@dns@hn @f@t?zRél kyHOooICPR3,

| oal kyl C6 t
Chereof  4a. R procesCQNIEL SR ¢ %’*&k&%@ﬁ ﬁ@gﬁé&%@@
compound i1 selC&RNHeWR om the gr oup consi sting of but adi ene,
3- t tril 4- t hyl
2 pentonoat e, ot hwl_ b GERDERLDER] PO RN OB RS SOOI o o
t hereof. 15 45. C@)épé@él& 'U&%ﬁﬂzgﬁrr@iﬁw(odmf&btﬁ,@ A @Y, 68QERAI-EN; encbounid,

in the presencRnbinatioffbfiwcér merEAGESS0N, With a fluid conprising

hydr ogen cyanide to
¥ g y each R3 is independently selected from the group consisting of C; to

15 C;5 alkyl or cycloalkyl group, C; to Cyg aryl group, and combinatons of two or

more thereof;

each RY is independently selected from the group consisting of H, F,
Cl, C; to Cy; alkyl or cycloalkyl, Cg to Cyg aryl, -OR3, -CO,R3, -C(O)R3, -CHO,
-CN, -CF3, and combinations of two or more thereof;

20 each RS independently is selected from the group consisting of H, C;
to Cy5 alkyl or cycloalkyl, Cg to Cyg aryl, and combinations of two or more
thereof; and

each R7 independently is selected from the group consisting of H, C;
to Cy5 alkyl or cycloalkyl, Cg to Cyq aryl, and combinations of two or more

25  thereof.

42. A process comprising an unsaturated compound with a fluid
comprising hydrogen cyanide in the presence of a catalyst composition recited in
any of Claims 18 to 21.

43. A process according to Claim 42 wherein

30 said unsaturated compound has 2 to about 30 carbon atoms per
molecule and is selected from the formula of R8CH=CH-CH=CR?, CH=CH-
(CH,),-R10, CH3-(CHp)y- CH=CH-(CH,),-R19, and combinations of two or more
thereof;
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pr oduc ey o2 fskY! 3mnotﬂlmanluMmmﬂId (b) contacti ng. dlﬂ @ kyl-3-
nonoal kenenitrile with s osition wherein sai ca% al yst ~

conposition is recited in *clhins 18-71. 720 46. A process according to Caim

45 wherein said diol gfs . é cordi ng.
to daim 45 erein ggljic;%{ Qgeguqu p%ndé?k'l %Elgﬁféts rﬁerﬂgﬂlle?Mpo& mSiStA

2- et hyl - &h&nite Ga| ‘H‘d cﬂ ’8’6‘8‘3% Wgrl sing contacting a

2-al kyl - 3 m)noal kenemR 101 keﬁaemdtfmmthezg-onpt@ismmgwnmm U@Rlﬂem ted in
d ains 18-21. PhOSEsSHA%E 48 wher ei 2z al kyl - 3-
nonoal kenem PF&&?W% pﬁlgﬂ 0{) t%ﬁg{@{ ?ﬂfﬁ‘g‘ atgils, an Stfbirilofs of two

or more thereof

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 if R10 is CN; and

R11 is selected from the group consisting of C; to C;, alkyl or

10  cycloalkyl group, Cg to C,q aryl group, and combinations of two or more thereof .
44. A process according to Claim 43 wherein said unsaturated compound

is selected from the group consisting of butadiene, 3-pentenenitrile, 4-
pentenenitrile, methyl 3-pentenoate, methyl 4-pentenoate, methyl 2—pentenoate
and combinations of two or more thereof.

15 45. 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 claims 18-21. _

20 46. A process according to Claim 45 wherein said diolefinic compound is
butadiene.

47. A process according to Claim 45 wherein said 2-alkyl-3-
monoalkenenitrile is 2-methyl-3-butenenitrile.
48. A process comprising contacting a 2-alkyl-3-monoalkenenitrile with a

25  catalyst composition recited in Claims 18-21.

49. A process according to Claim 48 wherein said 2-alkyl-3-
monoalkenenitrile is 2-methyl-3-butenenitrile.
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