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5,264,616; 4,885,401; and published international applications WO-A-9303839
and WO-A-9518089. _
Hydroformylation processes involving organic bidentate ligands
containing two trivalent phosphorus atoms, in which the two phosphorous atoms
30 are linked with a 2,2’-dihydroxyl-1,1’-binaphthalene bridging group, are described
in US Patent 5,874,641 and the prior art referenced therein. US Patent 5,874,641
describes ligands containing substituents such as esters or ketones on the 3,3’-
positions of the 2,2°-dihydroxyl-1,1’-binaphthalene bridging group. Such ligands
provide reasonably good selectivity in the hydroformylation of internal olefins to
35 terminal aldehydes. _
Recovery of the ligand and catalyst is important for a successful process.
Typical separation procedures to remove the product(s) from the catalyst and

ligand involve extraction with an immiscible solvent or distillation. It is usually
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Recovery of the ligand, and catalyst is inportant for a successful process.
Typi cal” separation procedures to rempve the product(s) fromthe catalyst
and ligand involve extraction with an inmm scible solvent or distillation.
It is usuaWOPLHMD 01/ 21308 PCT/ US00/ 25567 difficult to PECEREY2He
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25 The present invention involves another approach to improving recovery of
the catalyst by providing polymeric forms of the bidentate ligands themselves.
There is an increasing need to develop a catalytic process in which the loss
of catalyst composition can be substantially reduced during separation of product
from the catalyst. An object of the invention is to provide a hydroformylation.
30 process. An advantage of the invention is that varying the molecular weight and
degree of branching can control the solubility of the catalyst composition.
Another advantage of the invention is that the catalyst composition can be
substantially recovered by, for example, filtration. Other objects and advantages
of the present invention will become apparent as the invention is more fully
35  disclosed below.

SUMMARY OF THE INVENTION
According to a first embodiment of the invention, a process is provided.

The process comprises contacting, in the presence of a catalyst, an unsaturated
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Anot her advantage of the invention is that the catalyst conposition can be
substantially recovered by, for exanple, filtration. Qther objects and
advant ages of the present invention will becone apparent as the invention
is nore WO#21B di scl osed bel ow. SUMVARY OF THE | NVENTPONUSRN2556di ng to a
first enmbodi nent of the invention, a process is provided. The process
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corrpoungqg( ZPSQ'%CﬁEOhEFQE% lilIbf?]"ag‘e{l]lorochi oridite. The nononer is
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combinations thereof. Polymer B comprises repeat units derived from
(1) phosphorus trichloride, (2) a second polyhydric alcohol, and (3) an aromatic
diol.

25 The carbonyl compound has the formula of (R10,C),,(OH)-Arl-
(OH)(CO2R Dy, (R10,C)n(OH)-Ar2-A2-Ar2-(OH)CO2R Dy, (R10,C) o (OH)-
Ar2-Ar2-(OH)(CO,R1),,, and combinations of two or more thereof;

The term polyhydric alcohol” used herein refers to, unless otherwise
indicated, a molecule having two or more hydroxyl groups. Generally a

30  polyhydric alcohol can be selected from the group consisting of dialcohols,
trialcohols, tetraalcohols, and combinations of two or more thereof.

The first polyhydric alcohol has the formula selected from the group
consisting of (HO),,-Al-(OH)p, (HO)y-Ar2-Al-Ar2-(OH) 1y, (HO)p-Ar?-(0)-
A1-(0)-Ar2-(OH)y, (HO)y-(A1-0)p-Al-(OH)p,, (HO-A),(OH)-Arl(OH)(A!-

35  OH)p, (HO-AD),,(OH)-Ar2-A2-Ar2-(OH)(A!-OH),,, (HO-AD),(OH)-Ar2-Ar2-
(OH)(A1-OH)y,, (HO)y, -Ar?~(0-A1)y-0-Ar2-(OH)py, (OH)p-Ar2-Ar2(OH)p,
(OH), -Ar2-A2-Ar2-(OH)y,, (HO)p, -Ar2-A1-C(0)-0-Al-0-C(0)-Al-Ar2-(OH)yy,
(OH)-Ar!-(OH), and combinations of two or more thereof.
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The term "pol yhydric al cohol” used herein refers to, unless otherw se

i hdi cat'ed, a nol ecul e having two or nmore hydroxyl groups. Generally a 30
pol yhydri c al cohol can be sel ected fromthe group consi stl n of d| aI cohol s,
trial cohol WO @1&8308al cohol s, “and conbi nati ons of tWwd or . The
first polyhydric al cohol has the formula sel ect ed fromthe group

consi sting of (HO)rrEééhAﬂi)ssaledmcsmﬁie?gr&h donzislifgHf Cg to (Fpphendiene ( O) -
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- Ar nd ,conbi natj ons. 0 nor e
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phenyl ene gr oup, ClEatloAerindhpptmmymactgifmrpthmGuR@n&m tiene

group, C20 to @@@Qt hyl ene group, and conbi nati ons of two or nore
t hereof . Each | S pendent | y sel ect fromthe Oull? ﬂtg_n5| sting of C6
to C40 5 phenyl ene B3 1s indepgndegtiy sefected;from,th "eﬁ@“%?‘g’éﬁﬁ &Hd conbi nati ons

t her eof . Each ALRIKRY) BPIREAL-BY, -S©)9¢ t80){ ambedniténationsigf toonginmiré ng of Cl
to Cl2 k%)l er{ﬁ ups. Each A2 is independently sel ected fromthe group
consi sting “of %?(gor%( Rﬁ% -0-; N(R1) - S-, -S(O02-, -S(O-, and

conbi nations of two isdndergndently selpcted-fiom ta ZrPup $onsis tghefdydrogenel ect ed
fromthe group goRe ?mkpgomycﬂam?pgeﬁp , Ce®d Chpargllgrodp, eyl corhbinyiidns aF Ky | |
group, C6 to C20l a ou and conbinations of two or nore thereof. Each
R2 is |ndependéﬁ’f’l°§/x‘>°§qq%8{°§% fromthe group consisting of 15 hydrogen, Cl
to C12 al kyl or cy c|Each Ry lis ipdepepdenslyseletted fronnidhe Zroup cobsisting2sf car bon at onrs,
ketal havi 0 aryl
group, F, glg WBQP&%QCSQER?% ﬁi&%ﬂ@ aa%?%% t%%ﬁbugz car bon
atons, - S(O) R3, 20 subpp pems, Eﬂgi‘ &gél L ‘E’t‘ﬂ H 9(9@2%(3 bout 10
carbon 20 atorrsoczoﬂdril grenp, E,00hi-N@b; <SQ3R8§ -GNyopedhaloalicyd havieg ¢d6 abasich Z is

selectedfromtligc n5|st|ng of -CO2R3, -CHO, -C(OR3, -C(O SR3,
g(R?Ii' )= El-( 8 gﬁl R- )(in(;F Nzcél(egep@avmg ?t& aL\Iout 10 carbon

20 atoms, -A Z,and combmatlons of two or more thereof;
| each Z is selected from the group consisting of -CO,R3, -CHO, -C(O)R3,
-C(O)SR3, -SR3, -C(O)NRIR!, -OC(O)R3, -OC(O)OR3, -N=CRIR], -
C(R1)=NR}, -C(R})=N-0-R1, -P(O)(OR3)(OR3), -S(O),R3, -S(O)R3, -
C(O)OC(O)R3,
25 -NR3CO,R3, -NR3C(O)NRIRL, F, Cl, -NO,, -SO3R3, perhaloalkyl, -CN, and
combinations of two or more thereof;
Each R3 is independently selected from the group consisting of C; to Cy5
alkyl or cycloalkyl group, Cg4 to Cy aryl group, and combinations thereof.
Each m is independently a number in the range of from 1 to 2.
30 Each p is independently a number in the range of from 1 to 10.
The presently preferred carbonyl compounds are diesters, diacids, or
combinations thereof.
Examples of suitable diesters or diacids include, but are not limited to

those shown below:
35



C(OOC(OR3, 25 -NR3BCOZ2R3, NRBC(ONRIRI, F, d, -NO2, ;-S03R3, perhal oal kyl,
-CN, and conbinations of two or nore thereof; Each R3 is independently '

selected_fromthe group consisting of C1 to Cl2 alkyl I kyl group,
C6 to CZBV%‘PW”& oup, and conbi nations thereof. Each m éT'%ﬁ@@g%lﬁdently a

nunber in the range of from1l teg 2. 30 Each p .S i ngdependently a nunber in
the range of from 1ghg A0. [The resent]y rbonyl conpounds are
di esters, diacids, or oCOR| t abl e di esters
or diacids incl ude but @ bel ow. 35 4 WO

01/ 21308 PCT/ US00/ 25567 ewef) RL is independently
sel ected fromthe group » of hydrogen, C 1 to C 12 al kyl or

cycl oal kyl group, C6 to group, and conbinations of two or nore

thereof. The ﬁt»hﬁéh 0B R Ixaﬂaepeﬂddnh séléchstiEftdng thel gidlfp coasistitlgS¥ hpdrofen

bstituted th nb t
thereo - Spett 1 Ginaluti oRloaiSLerppe ot Con By LFSE mdlbetinason 6P [0 "
are not | i mitwebrmpre thergiokyThe other positions on the aromatic rings can also be
2,2' -dihydy Owastilmtéd v@mﬁramyhgba Qthér érou% eSteF SO, lof EGmbidlatiink Hereof.

2,2'-di hyd | - h I t

TR I ke ol o ol

2,2' -di hydr oxlgmnmofhalkmlp’mwuydmml-l,dﬁbmpbﬁmgch&é 3étdwbaxbdaﬂ§,(ﬁlaibdbi nati ons
of LY‘énSred”b’F S e A A e B
exanpl es, ?@?‘?ﬁyhf’ F‘d’M’J XY &Epﬁﬁw gg%ﬁ%fﬁh"(aﬁ% aG‘EC)

Ar2- AI-ArH)(CK&fBi:)ampnscifRWG)ZE)mremMeeﬂO) Al-(O-Ar2-(C2R1)m (R102C)m
(AL-O p- Al- (CO2RL)yqe cgn%oamoﬁlgm(aegidseaéd movem o mmweﬁtﬁ%e oExanpl es

of the second carbon at. ca terephthalic

acid, isopht H&Pﬁeée%ﬁﬂm ﬁ%@?@“’&%?"d‘ aﬂlr}??'ee{xﬁ’ﬂ’l%? ﬂ%a(baf &, di et hyl
pht hal at e, dicmzny)m,mkejﬂ);nml Gﬂ(a,gRl];,be(HlOﬁ@],n-M—z}hW?-(@Oﬁibﬂhol can be

aromatic as i LA BIORRRL(CD, d@: AINE: | and can
contain tw a o?ﬁ " al (c({?A g)ptwo ar ﬁ‘a 2 lthol s‘Y @gﬁg "f each. The
al cohol hbs t‘WQ“PE‘PWﬂ?%PS §‘8‘P8’s‘€ﬂ“’|ﬂ??r? e above Exanpl es of the first

~pol yhydri ¢ al coholExamples ofithe séuohd earbortyb torhpovndsttiatican be blended are

terephthalic acid, isophthalic acid, phthahc acid, dimethyl lsophthalate dimethyl
phthalate, dimethyl terephthalate.
The first polyhydric alcohol can be aromatic as in a phenol or aliphatic as
20  inan alkyl alcohol and can contain two aromatic alcohols, two aliphatic alcohols,
or one of each. The alcohol has the formula disclosed in the above.
Examples of the first polyhydric alcohols include, but are not limited to,
those illustrated as follows.

o




those illustrated as follows. 5 WO 01/21308 PCT/ US00/ 25567 HO OHH H H HO
T"OHHHO'~H OH1 ~ HOher exanples of the first pol yhydric al cohols
are hexa(ethylene glycol), 1,3-propananediol, tetra(ethy] I Ggl ),
1, 4-cycl ol¥éQaHEEM| , 2, 6- dihydroxynapht hal ene, or conbi ngﬁl'g’ﬁ@’%g two or
nore thereof. 5 In addition to the polyhydric al cohols shown above,

conpounds containing thrg =ydr oxy o ups can be used. An exanple
of such conpound is HO3; &- b R 4 boxyl i The mononer can al so
be an am ne sel ected from ' p—consi sting of di a , triam nes,

tetraam nes, and conbinations of two or nore thereof. The 10 am ne can be -

primary or secondary aliphatic am ne. Sone exanpl are 1,6 hexanedi am ne,
NN - di met hyl hexanedi am , 4- bFEanedi am ne, yand T conbi nations of two or
more thereof. The phesT ' ®s the | la of CIP(O Ar2-R2)2,
where the Are groups camn be unlTnked or linked directly to each other or

wth a group A2 and the 15 R2 group is preferably ortho to the oxygen.
Exanpl es of phosphorochl Q |d| te include, but are I|m ted to, those
shown bel ow. 6 WO 01 CTI US00 Y6667 k2'|q HoR RI R oO-
ci

Other examples of the first polyhydric alcohols are hexa(ethylene glycol),
1,3-propananediol, tetra(ethylene glycol), 1,4-cyclohexanediol, 2,6-
dihydroxynaphthalene, or combinations of two or more thereof.

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

The monomer can also be an amine selected from the group consisting of
diamines, triamines, tetraamines, and combinations of two or more thereof. The

10  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.

The phosphochloridite has the formula of CIP(O-Ar2-R2),, where the Ar2
groups can be unlinked or linked directly to each other or with a group A2 and the

15 R2 group is preferably ortho to the oxygen.

Examples of phosphorochloridite include, but are not limited to, those

shown below.



IO O/ R in which the other positions on the aromatic ring, i.e., pare or
neta to the oxygen atom can also be substituted with al kyl, ether or
ester groups, or conbinations of two or nore thereof. 5 Polyner A can be
pr oduced wg omtgosneans known to one skilled in the art. PGT{ISOU25867 t hat can
be used for producing polynmer A disclosed above conprises (1) contacting a
car bonyl conpound and a nononer r a condRiyerysufficient to produce an
i nternmedi ate and. (2) contacting the Ji t h phosphorochloridite
under a condition effective toQirdduce the C @O tion 10 di'sclosed in the
first enbodi ment of the invepty ' and scope of the carbonyl
conpound, nononer, and phosph ¢ sane as those disclosed
above and, for the interest of i ty, the™dq ption of which is
omtted herein. In the first st t he proceg a carbonyl conpound

di scl osed above is 15 contactegzwi th a nONONMRE di scl osed above to pr oduce
an internediate that can be a polyester or a polyam de. The contacting can
be carried out with any nolar ratio of the nonomer to carbonyl conpound so
long as the ratio is sufficient A/ produce Rhe AQternediate. The ratio
generally can be in the range o om about O. fo about 10:1,
preferably about 0.5:1 to about 5§ '
about 2:1. Cenerally the proces P
of nononer or equi nol ar anngﬂ“ of nnnonerC \' bonyl conpound. The ratio
of reactive ester or acid t grypm [

preferred. Alternatively, the
second or other carbonyl conmpounss/Ai scl osed

g be conbined with a
Above. Additional exanples of
onyl conpounds i ncl ude, but
are not limted to (RLO2C)m -Arl - R‘)m (RIO2ZO)m A -(C2RI)m (R102C) m

Art-A-Art-( tﬁ&g}% ggsltﬁ{@xeafogah@bné@)e %ofmmoégerpzc)m

-(Al-O p- Al - ( nat.| WO Or nore J eQ The
contacting caﬂi‘”ﬂe"a& %ea'%ewtqém&ﬁﬁﬁye%ﬁaﬁt?f@rp% qrﬁﬂ’@g%“?‘ﬁé’ condi tion
I s suffici enttwowreaidretherebfie . producti on of the internedi at e. Generally it

| ncl udes 3t eTPer ol feralodhie of M@B{Mt&% e @t arf 50C.
pr ef er abl ;3/5 about ?Boy 3 at‘ lp%@g%wm nost I 180C, to 270C,
A process that can be used for producing polymer A dlsc ose e comprises

(1) contacting a carbonyl compound and a monomer under a condmon sufficient

to produce an intermediate and (2) contacting the intermediate with

phosphorochloridite under a condition effective to produce the composition
10  disclosed in the first embodiment of the invention.

The definition and scope of the carbonyl compound, monomer, and
phosphochloridite are the same as those disclosed above and, for the interest of
brevity, the description of which is omitted herein.

In the first step of the process, a carbonyl compound disclosed above is

15 contacted with a monomer disclosed above to produce an intermediate that can be
a polyester or a polyamide. The contacting can be carried out with any molar ratio
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 most preferably about 1:1 to

20 about 2:1. Generally the process can be carried out with either an excess of
monomer or equimolar amount of monomer to carbonyl compound. The ratio of
reactive ester or acid to reactive alcohol or amine of one is most preferred.

Alternatively, the carbonyl compound can be combined with a second or
other carbonyl compounds disclosed above. Additional examples of the second
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under any pressure that can accommpdate the tenperature range, and for a 10
suffici'ent tinme of about | mnute to about 24 hours. The contacting can
also be carried out neat or with an inert solvent such as Eﬁ'} ag%/ The
resul ti ng WRRH88i ate can.be then contacted with .a phospRGEH8¥d

di scl osed above to formthe polyneric phosphite |igand. The contacting can
be carried outcartiohybesipounts include, b@ﬂmmtlmu@ﬂt%lﬁu&z%néf 14CQB iy dr of ur an

ggdegsﬁt I1gnco_r|1_rc1t£{tlc St Cébﬁf) t(nl@{(f ecArzt,heA?I 19 ,r(Rbd) Che-Ar2- - base
sucr:rﬁ as an orga(ﬂ)tA é’&‘b%ﬁ&g af‘&fa%r) &ga&‘? 3{]@)‘!' mgg?ﬁ% % on of
a salt fornmed ftwewt maketheregf. HCl . Suit abl e bases can be organi c am nes.

Especi al I'y pref er r edpglgniabrindl o beBad @&out%@e%?%omﬁl’i&f&%@aﬁﬁées are

sel ected fromthe group nsistin 8’5 J& ‘ﬁ ol

benzyl di net hy| #enAion is FRERHG 30.¢ %%?J?ﬂggp‘y%? e eperallyie
contacting conditludés axempérambe idtherangeateiron abomtmO"CheabmH@@e"(bf fr om about

-50C to about ﬁ%g’f)fdblyg%eé[ffs%bb% %%P§5Wéo&éﬂ?%§fe'férab1l99@°

pref erabl y, undéer an ress can accommgate t he
t enper at ur e rangdaawrmewt@tsm&w@atsme@w%@ae, mdfora to about 24

hours. 25 The nRifdierd: dniedfaboutNeniRtie SBAB6WRI2aMotlist ETHeGohiacting calalsb bgr oup of
the internedi ate, can ran

to about 0.5:1, preferably
about 1:1. TheCaiRsGhBrase Wﬁi‘?ﬁf"tegsffg'ﬁmbg@db ‘é’?gZH“%y contacting at a
tenperature bet ween %amltwmemmmnmcmmﬂlmﬁmwnd@ PC13

W th about absVeiey %Mép&%m@ﬂpﬁﬁds{aﬁfﬁikaﬂ@m conthctiR€caleence of a
base such as an organi ¢ base SO can pe then
contacted with ‘@Emfdéﬁ’é't‘ W%qw%v%ﬁ ?Fgé’é‘@g% ﬁg‘%ﬁn fBani c base

to produce B p%ﬂhﬁh@ﬁfﬁcﬁm Wieffect thé/bedudthﬂ of thesbmpoditiah. [Frerohacting:
repl aced vi th SURSEIchiE S BuRbRAAGlnt ofblHRSE L HEEh o bhdoPRAERRENC!

phosphor ochl ori (fmte can be si m pre Lnit] al ntact i ng
about one nol arOféI!fﬁﬁW&Fl@rWﬂfoOmilSnﬂﬁ HB‘PdW“RB]F’dngg eé‘&?gbl ent of
sugst i tuted Ei plﬁhgéwdan% ofgahfetandingse Espdckalyiptsfaredll A tialiglantiaes\cfie masbout - 40C
and 10Cin the a o oF:] 2. [, .' t|on|s t hen
contacted with Hf tsenggg?sefeﬁgsglaﬂ?cgg?rg&? E'%*‘p I&ﬁs{lgé h&glaﬁﬁlx ’or gani ¢ base
to produce2 Mmmﬁdnﬂhylmm@ldlmmsﬂmﬂwm 29467 \Wen
preparing the Wﬁﬂé&ﬁﬁi&h‘c@ﬁhﬁlﬂd@a& e?a&\é%m% e.of fom dbodE30*@bl e to

T TS s et i, A0S O, S 7
by neutrali zi ng-3BIECLto 20%€, umkcanyquessunetthatsammomwdm the temperktusd xangsy. Such a
slurry and for a sufficient time of about 1 minute to about 24 hours.
25 The molar ratio of the phosphochloridite to the alcohol group of the
intermediate, can range from about 10:1 to about 0.5:1, preferably about 1:1.
The phosphorochloridite can be prepared by contacting at a temperature
between about -40°C and 10°C about one molar equivalent of PCl3 with about
two molar equivalents of substituted phenol in the absence of a base such as an
30  organic base. The resulting solution can be then contacted with at least two
equivalents of a base such as an organic base to produce a phosphorochloridite.
When the substituted phenols are replaced with substituted biphenol or substituted
alkylidenebisphenol, the phosphorochloridite can be similarly prepared from-
initially contacting about one molar equivalent of PCl3 with about one molar
35  equivalent of substituted biphenol or substituted alkylidenebisphenol between
about -40°C and 10°C in the absence of an organic base. The resulting solution is
then contacted with at least two equivalents of a base such as an organic base to
produce a phosphorochloridite.
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5 can create problens in achieving good m xi ng of base, which can be
important in avoiding tenperature gradients in the reaction m xture that
can decrease yield of the desired product. It is desir EI t her ef ore,

t hat theW‘é‘?}éﬁ?Bn be conducted with vigorous stirring % T’i’?ﬁ’@ss gitation
to allow effective renoval of heat fromthe reaction mxture. Cooling to
the di scl osed tenpWhei preparingtheploaphdpechivtiditerin the disovve niindryitveel | - known

techni ques ingd 53&1&‘&%&{%&@EB&EMB'&A@@&&%F%%M%&% bRy @ variety

of other metho for exanple nvol ves

treating phenglditian The addition of &?He%‘ysﬂﬁgﬁquﬂé@qq{apﬁs%‘@k“ﬁ@? 33, 161;
Inorg. Syn. 19PkeutrBlizit@@HCY) the reaction hilx@ifekian BOORRAGTEK aleryZ Sudn@sigery Al | g.

Chem 1986, 5 e al repared in
good vyi el dsfr%% '%%O&Fﬁm&h rg%g&fe o%&m Vol veseé?ﬁggpgﬁeﬂ{agr}elﬁt of

N, N- di al kyl mosdwwmsrpmwmw@m%m heandecreqgggicld

phosphor ochl ofhe dédired pfoder it i desiableptherdford) 0 thd rtictibnlbd mau&éatauh t he

preferred nmethod in oIve e

G ar y1 phosphoP GiPH Fr s ik eghdeefad ity ftechd¥eRiof Y et frogs he

di aryl phosphoremonlmlﬁmr% Qﬁdl!laéo ﬁéﬂwplew)@wmlrwr@hhmmmsheé ad to
C4 al kyl gy ougy @Rk &l thedrtby reacting phenol or substituted

henol th (‘RO) 2NP th t ch as d bed
D05692060 ( )%@#913%9‘?%%@5 e repared oy Faribly of % ngfipal Sc” ' 00 1
N, N-di al kyl khoa\ngtophthspttdoamnloaﬁmetbﬂd qnwdpemmatmg dlenebsamhl e, as
descri bed 'n ré%‘l subhd described 1093 m%1591253i 16&%}5&6% 1996)8868;2.5.142- 144,

and Aust. s of 'the production
@@ %‘? @229%&‘@ ﬂgqrg %&emleshom bel ow. 9 WO

of the inter
01/ 21308 ECT/ USOO/WEﬁﬁﬂiepmpMcmmmdz:}mﬂ:@:@p}Hed inghodiyieldifrdm04 2 } o-(C

[2, ][ ﬂjg N NEUSCE, the pleftinéd Setlod iR ldirdatinddr BE NIN-Giaky1 } 2 +1 (CHz 2

diarylphosphoramidite derivatives with HCl. When the phosphorochloridite
cannot be prepared in good yield from PClj3, the preferred method involves the
treatment of N,N-dialkyl diarylphosphoramidite derivatives with HCl. The N,N-

20 dialkyl diarylphosphoramidite is of the form (R%);NP(aryloxy), where R%isa C; -
to C4 alkyl group, and can be obtained by reacting phenol or substituted phenol
with (R9),NPCl, by methods known in the art, such as described in W09622968,
U.S. Patent 5,710,306, and U.S. Patent 5,821,378. The N,N-dialkyl
diarylphosphoramidites may be prepared, for example, as described in Tet. Lett.,

25 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.

-1
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NEt3 n 5 pol yam de phosphi.te The nol ecul ar wei ght of the pol ynmer depicted
above can be adjusted according to need or desire by adjusting the
conditions of the process or the noles of carbonyl conpound, nononer, or
bot h. 10 Pwtomn2a308 can be:conbined with a Goup VIl netalPQIUSHPRHBETe a
catal yst conposition A. The term"netal" used herein refers to transition
nmetal, transition nmetrl 3pnpound transitionr netal I or

conbi nations thereag. tefm "Goup VIII" ACS ver|si on of

t he Periodic Table : [ ‘ Handbook
of Chem stry and Phy ﬂﬂbess, Boca / 7 Raton,
FL. For the catal yst /CQ tion, the polyner o % al so referred
to herein as a |igand aIIy, a Goup VIII netR \ bined with a

pol ymer di scl osed above to produce the desired catalyst Preferred G oup
VIIl metals are rhodium 5 iridium ruthenium platinum and conbinations
of two or nore thereof. The nost preferred is rhodium The Goup VIII
netal is provided in the formof a conpound such as a hydride, halide,
organic acid salt, ketonate, inorganic aci salt, oxrd car brgul
Rh(NO3) 3, Rh( QAc)

conpound, am ne conpoyund, or conbi nations o r
et af! orrpounds
D K (acac C%H
Rh6( CO) 16, RhH(L

of two or more ther \af/ (™)
acetyl group; "COD' 1,

gac |s n acetui;tacetonat gro r
@ ycI ooctadi ene; and "Ph" is a ‘ﬂ group) .

However, it should be not€d that the Goup VIII netal e not 15
necessarily limted to the above |isted corrpounds Th% ?%Eg?iﬂ%?ggémounds
sui tabl e for hydrofornyl atjon, can be pr or gener at ed accor |ng to
techni ques wel | knq r‘K P art , for

30680, US Patent d m S&. 066 993
Rhodi um conpound®° a| n Ir*‘bands é‘Ef*z

present 20 nul ti dent g diphi te TTgands, s a prekérred source of
rrhodi um Exanpl es of \_#4 pref erred rhodr um conpo @ @ Rh(CO) 2"(acac),
Rh( CO) 2( CAH9COCHCO t - C4H9), Rh203, Rh4(CO 12, Rh6(CO 16, — Rn(02CCHI) 2,
Rh( 2- et hyl hexanoate), and conbi nations of two or nore thereof. The anount
of transition netal can be any anobunt so |long as favorable

5 polyamide phosphite

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

10 Polymer A can be combined with a Group VIII metal to produce a catalyst
composition A. The term “metal” used herein refers to transition metal, transition
metal compound, transition metal complex, or combinations thereof. The term
“Group VIII” refers to the ACS version of the Periodic Table of the Elements,
67th edition (1986-1987), CRC Handbook of Chemistry and Physics, Press, Boca
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25 results can be obtained with respect to catalyst activity and process
econony, when used as a catalyst. In general, the nolar ratio of

phosphorus ligand to transition netal generally can be t 1:1to
about 10W0P1/2 gﬁ"éf erably from about 1:1 to about 20:1 ('Féf’@ga"%g% phorus per
nole netal). Polymer B conprises repeat units derived from (1) phosphorus

trichloride, Réth,(EL) Ibrﬂ&@amlysmmmpoyidon,cheapdymalcpmambn( Balsareferredat i ¢ di ol .
The PC13 canv\ﬁ eﬂ qi th C12P(QAr3) or ClP(OArS)Z vvherel n Arais C6 to
iC t he

C24 aryl in b bst , I

et her and ester. 1<I}F€‘e¥agga¥¢6’??98}iﬁ peial g 5 sql;'ﬂ% Rﬂ? Iacgzlysuch
t hat OIt h;a {eaCﬁb'ooato produee H@:Idasmdlchtamt Rrehded Grqnpéﬁﬁnnems arefrhmdmh; on of
nonodent a [ X e th
formula s rr{l)% 'fl1r§5plg)*"(')l up cons“ﬁﬁ‘?l ng W%{Qfgﬁg}ﬂewhﬁ{e&?@i« 2-(e0H)
m(R4), (R4) (mﬁerrndlsxxh@d:m Gpoup VifImetalyis proyided in thedrmafip m Ar2 Art- (OH)
M R4), (R4)( Q‘&n d\%ﬁ’ch%'a d, Ghlldelorg Bﬁ& acid Mi),kétbi@ke Aforganic acid

“Art-At-C(O R4 8, PCT/ US00/
(R4)(a4)mAr|sal‘c9%5"P%%@ e%wér %f’?‘é‘%&p Sﬁ\’/}g‘”&%‘ig‘%ég %% not hydfﬁggﬁ
and | ocat ed omotedhereoft H’Bafmdgiromvmmtabcmousdﬁ:mﬂm@m,&mm to the OH
rou |s h
e R, T,
S(O)R3,

ketal , -
-S(O 2R3 CH(a,d coﬁbm)am)s off twdCbr, more @éreod| l(“apm”haarmbﬂy;abetonam g))oup,RB) ( R3)

- AlZ and co P RL

_C(OR3, -C(O i Q@%fwl &?Ig)&q 5'%# e“ee%&] : %Fzﬁsp& NECRIRL RL,
“C(R1) =NR1, -&xpvp)) Howeyerit sho °“P PYuds are not

- (0 00 Qs necbisa&{ilphimdted to maasa(v@)uslaa Iaampdﬁmdé:l Theﬂmumsm@m;ds, CN or

conbi nations ¢ th

consi sting of u%gﬁl??&ha%%‘f&v\?%ukﬁﬁ?§§%@@&4%€f§*ﬁ%§*@gﬂ%&&o 2yl ghoup.
15 Wen R4 |ste¢m§§szwa!ém\w@éh%% R@e&m B HRPIBPERD. of Cl to

Cl2 al kyl or gs®heal ¥907,88704a0d,J. 26ek. arhemmacalus 2068, 199CRR}iwR6 to C20 aryl |,

ALOORR3, > Al oﬁ?%%ﬁﬁ% ‘hat%g%iugéndgg %ﬁﬁ(f&"c an %’Zﬂw t it S%P)RZI ( /Iif |) E 533 m
(OH) mAv | -3%- Anrmhdemtpp@sphatebean % Atsi aefedpd sayreeofh xempiesafof . 20 Al
aryl groups, sk pffdredriiddsin mmdgmmoy(mgne groups, esters, '
Rh(CO)2(C4HgCOCHCO-1-C4Ho), Rhp03, Rhy(CO)12, Rhg(CO)16:
Rh(0O7CCH3)2, Rh(2-ethylhexanoate), and combinations of two or more thereof.
The amount of transition metal can be any amount so long as favorable
25  results can be obtained with respect to catalyst activity and process economy,
when used as a catalyst. In general, the molar ratio of phosphorus ligand to
transition metal generally can be from about 1:1 to about 100:1, preferably from
about 1:1 to about 20:1 (moles phosphorus per mole metal).
Polymer B comprises repeat units derived from (1) phosphorus trichloride,
30 (2) asecond polyhydric alcohol, and (3)_an aromatic diol. The PCl; can be
blended with Cl,P(OAr3) or CIP(OAr3), wherein Ar3 is Cg to Cy4 aryl in which
the aryl group can be substituted with alkyl, aryl, ether and ester.
The location of the OH groups is preferably placed such that the reaction
with PCl; will not lead to predominate formation of monodentate phosphites.
35 Preferred second polyhydric alcohol has the formula selected from the
group consisting of (R4)(HO)y, -Ar2-Al-Ar2-(OH) ,(R%), (R*) (HO) p, -Ar?-(0-
Al)p"o'Arz'(OH) m(R4) s (R4)(0H) m‘Ar2 -Ar2 -(OH) m(R4), (R4)(OH) m -Ar2-A2-
Ar2-(OH) ;, R%), (R%) (HO) , -Ar2-A1-C(0)-0-A1-0-C(0)-A!-Ar2-(OH) ,, RY),
11



ethers, acetals, and ketal.s disclosed in the invention can be substituted
with one or nore aryl groups, arylene groups, alkyl groups, alkylene
groups, ethers, esters, acetals, and ketals. Sonme representative second
pol yhydri cweleas1e8s i ncl ude,; but are not 25 liniited to, tPGIIBOYESEN in the
followi ng fornmulas. 12 WD 01/21308 PCT/USOOL25567 R4 R R4/ 1 4 HOOH R
4 HOOHR4 O d‘E@)(@.EgQ-‘Arl(t/O@I anfcbinbinatiorStheréof; when K3 is not hydrdgenH R4
CPO0O ~_ 4-~0 Y i n Lch Rl S
di scl osed above‘?ndgﬂcea e&q@pt% i@%"é‘p%me?ﬁ'gsug?%gn% ‘?gﬁéﬁntg‘%ﬁféﬁ‘% igbl y para
or neta to the kydrogen; atom can also be substituted wth alkyl, ether or
gs E;e r.d_g LOS ps. 5 52 m?eaEg Rg ‘fs?ﬁxﬁ&;%hﬂé&ﬁly?ﬁfé!l%% ﬁ%nfzi&xe group consisting of hydrogen,
, 6' -di hydroxy-4,4,4", , (- nme | S- ST n,
2,2' -dial | ylbi séh%émelklﬂi"éﬁﬁ‘élﬂaﬁ&m ,s4“°-etai e, ‘O3, "E6K2 Bto o
(1- met hyl et hyl i stghggobp SR, INOe; 180;R?,0 sSIO)RMeBORHR3 4CHO - ORB FoCl, -4, 4' -
di hydr oxydi phenyd;s % 4' Y g (2~ RS0 bt
bi s( 4- hydr oxy- Sékh%&{%y p aé'?ﬁln )Cé(gwgﬂflﬁg(k ﬂ A i,aHEE_&M&H of two or more
2, 2" -di s(4- hydr®gsgeB- net hyl phenyl ) propane, 4,4' 10
zt zyl ibdenelb! s(2, 5- didmlgmi# IL)cn@,-éf)(ombp&dO)Sﬁhe_SRé,(-z:@N%m hyl phelnoIS) :
, 4' - benzy ene 3 Op X iR al N Y 20 $32-1sopropyl - 5-
met hyl phenoﬁj, mgﬁbpg%ﬂa 3 @%ég%’o?%rgﬁhe(#@gfhﬁ%&é second
pol yhydri ¢ al cotROHORIHOBA), pBEMRBS(GIRY, hGQOQ(PDR%dNRﬁCQIzB3, art. For
exanpl e, the di 2E@ED)NRIRDE, 1ENOLISOYRT, eENWY ddthbitialibhs thBrebt! Ol pr opane)
each R3 is independently selected from the group consisting of Cy to C;,
alkyl or cycloalykl group, Cg4 to Cyq aryl group.
15 When R# is independently selected from the group consisting of C; to
C;, alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3, Cgq to Cyg aryl
group, -SiR3, -SO3R3, -S(O)R3, -S(0),R3, perhaloalkyl, -C(O)N(R3)R3), -
AlCO,R3, -AIOR3; the polyhydric alcohol can be (OH),Arl-R4-R4-Arl(OH),,,,
(OH),Arl-R4-A1-R4-Arl(OH),,, or combinations of two or more thereof.
20 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.
Some representative second polyhydric alcohols include, but are not
25  limited to, those shown in the following formulas.
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15 with salicyl al dehyde with oxalic acid as catal yst..For references for
preparing acetal fromacid catal yzed reaction of an al dehyde and an

al cohol , _see trahedron, 1996, 14599; Tet. Lett., 198 ’

Tet r ahed V0L ”I@J’go 3315. 13 WO 01/21308 PCT/ USO0/ 255673CT']J§9°%5567

1, 3-bi s(2- hyroxyphenoxy)propane was prepared by,a literature procedure, J.
Crg Chem , 48, 1983, 4867. 4, 4'-ethyI|deneb|s'* 5- &i'net hyl phenol ) ; 4, 4'
propyl|deneb|s(2 5-di ne QDA

4, 4' -benzyl i denebi g%
4, 4" -ethyl i denebi s( 2- )54 re ;
5 Bull. Chem Soc. Hh., 62, 3603 (0989) In addition to
al cohol s shown above, conpounds containing three or nore phenolic groups
can be used. Representative exanples are shown below. HO OH HO OH HO OH R
\RA R4\ I RA R4\ (- R4 \' / R\ HO- HO R4 OHRg \ / 1 R4 HOR4
10 OH in which R4 are R‘he sane as di scl osed above. TheNather positions on
the aromatic ring, pre y/8Rre or a to the oxyggn §tomy can al so be
substituted with aHRy @ @ HoH 15 The roma di ol has
the followng fornula 4 H AR HO O R5 Rs Rs
5RRR R5RSR5R RR R5 R5 R R7 Re

)

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

10  ethylidenebis(2,5-dimethylphenol), 4,4’-propylidenebis(2,5-dimethylphenol),
4.4*-benzylidenebis(2,5-dimethylphenol), 4,4’-ethylidenebis(2-isopropyl-5-
methylphenol), and combinations of two or more thereof.

These second polyhydric alcohols can be produced by those skilled in the
art. For example, the diacetal can be prepared by refluxing di(trimethylolpropane)

15  with salicylaldehyde with oxalic acid as catalyst. For references for preparing
acetal from acid catalyzed reaction of an aldehyde and an alcohol, see
Tetrahedron, 1996, 14599; Tet. Lett., 1989, 1609; Tetrahedron, 1990, 3315.
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RR5 R5S RR5 RS 20 wherein: each R4 is independently selected fromthe

giroup consisting of hydrogen, Cl to Cl12 alkyl or cycloal kyl group, acetal,

ketal, -OR3, -CO02R3, C6 to C20 aryl group, -SiR3, -NO2, (O)RS

_S(O 2R3, YRR O R3, -F,  -d, -CN, 14 WD 01121308 P&ﬁ%égg‘}"z"

- CF3, C(O)N(RB)(RB) -AZ and conbinations of two or nore thereof; le

- CO2R3, CHO 1,684 prépadeifbi R lliteratify gobé&dpre, J@i(gO)O?S
)R3

[0 0O RS, R&?%c@zplgg Eﬁ%@g %fg&gb(@*%@ Ak o o
conbi nat i ons opropylidenebisf3 Sedime nOl)é&éhbwﬂléeﬂehﬁgp%ﬁ@ﬁ‘hﬂ@h%@%eét ed from
the group Consmat 1u§ikeﬂis(2-€;b§mp91-5-meﬂgnpuéﬁslbeﬁim el decorfigit® C20

aryl group;_ea @I n nde Cl to C12 al kyl or

cycl oal kyl .3 51"6 @g‘l‘g(}&ﬁy& 5g@4§9 )cost _C(OR3, -CHO, -CN, -CF3, or
conbi nati ons of tmdrmddnvneoﬂmlpelyhmdncmlsmowndbqwmwmlydﬂ s H Clto C12
al kyl or cyclo rﬁéﬂm )gr&li’ e zad.i Eptesd re

t hereof ; and eg6 R7 EiﬁLeé&rﬂ%gnt fﬂdlzc H sCl to eC(?LZRaI kyflm%ﬁyc {)Egl kyl, C6
to C20 aryl, 315 shpwn 'T"natlons of two or nore thereof. These aromatic

di ol s can be prEIBared by any neans known to those skilled in the art.
Exanpl es i ncl ud arnhllmté’@t 2,2" -di hydr ggy- 3, 3" -

di met hoxy-5, 5' - di ; D

procedure descrifbed Ty ®theni stRY, «3008 .4 R*

2,2 -ethylidenebis(4, 6 20 dlnethylphenol) |ch can be prepareg accordi ng
to Bull . Chem vﬁ 89, 62, ;

3, 3' - di net hoxyggs i R oxy-1, 1" - hinagg t hal ene whi ch prepared by
the procedure of Rg raed Chim 4, Bas., 1993, di phenyl
2,2' -di hydroxy-1, 1' blnaphthalene 3,3 -dlcarboxylate 3 geR* pr epar ed

by t he pro;r‘(gdure described in Tetrahedron Lett., 19900 415 3,35y 5" 25
t et r net hyl 2' - bi phenol and 3,3 ,4,4',6,6' _hexaret hyl -2, 2' - bi pﬁenol whi ch

Co 2 LA 1 OGRS TBIE e it sy oF U R0° 25
prepared usi ngnngs@refwéqumpé%@rthq)@sygmatswﬁm@&besybmt@wnh% These
aromati c di ol salkpl)ethér drieseF @of. €d in a polyner as in the polyester

15 The aromatic diol has the following formula

20  wherein:
each R4 is independently selected from the group consisting of hydrogen,
C; to Cy5 alkyl or cycloalky! group, acetal, ketal, -OR3, -CO,R3, Cg to Cyq aryl
group, -SiR3, -NO,, -SO3R3, -S(O)R3, -S(0),R3, -CHO, -C(O)R3, -F, -Cl, -CN,

14



30 and pol yam de described above for polyner A These. polyners containing
the aromatic diols can be used in polyner B of the invention. The

solubilities of these polyneric phosphite |igands above I depend
on the nPOME3 wei ght of the pol ymer and degree of brgﬁﬁ’ﬂg({?é.sgéor

sol ubl e polyneric system separation can therefore be done by extraction.
Wth 35 i nsok@fﬂ,ecmaﬁ%, A} Z; andrompinationsof tvya or mes thexead] aced in i xed

Pﬁds or Separ at edz iyCO R3] OHO,00(G)REMCOISRES L SRD-CIOMNRIRL, 'GC(W@L ively,

e solubilit e r n a tedAt ' 4N t he
reactants anﬁ?@%bﬂ%ﬁ%‘ﬁqﬁg(ﬁf}éﬂﬁg’ﬁwﬁﬁgﬁa@h?@@@:@t@%an be carried
out hormogeneeX(O)R3 eSOMRAI-A( OMh vAIRSCOR3, TNRGONB B, B,1G0 8

PCT/ USOO/gSS@bz_poI yneric catal yst can then be separated by easy neans such
o forma catal yst

as decantatiopnr, filtration.. Polymer B can als

conposi tion BSQﬁign‘ ribf GOSIPiRgHPRs tw@é’trwrfl?ﬁqqiy active netal such as

G oup VIII netal.esth®3rieinikpendentlyseletted fronethe group cohsistingtofh tail, t he
description ' ' ' Ry he interest of brevity. It is
presently pr gﬁ%ir/\ér;ye%}alt EQEP%JS? X @%gpyﬁrggﬂlgéed Bﬁ a process whgﬁh
conprises (1) contash® Mﬁﬁggﬁd?ﬁgptg’&lt% izidkgege 1‘%@9 Wét2phydri c

al cohol  10nda¥yl,a0RSNIC,RINCEONRE| CHOL-ON) -OF ) dricombingtions gff toows noeet ai ni ng
pol ymer and %hoﬁé[’ ) contacting the phosphorus-containing polynmer with an
aromatic diol. e definition and_scope of the second_ pol dlzdri ¢ al cohol

h
and aromatic di o¢a°h|Réi@d?ﬁef@&#b'i&ﬂpné%glmlgﬂl%§l§‘d°agﬁ’é\ﬁéﬁ%l 08 first ste
of the procegseontbifdtiofPfivdor fors therebfgndol ynmer with P-C  bonds is o

prepared. The pol copt ai ni ro I.di repared 15 b
treating one nol a&%_&i"'&?%ﬂtﬁgsg&%%&%ﬁgﬂ%&fﬂl(&%a@%@%tﬁal ent of
react i ve 1fiy dposombinatiopsof tvoton moresthereef. pol yhydri c al cohol in the absence of
an organi c base. TH&e afosfatit Hiolkd:afi Bk piepared by aky ek kaeweth thbdeltkilled| east two

ol yrrer —cont i iF A ERFRRBHBR BN PURFE R it o apy SIHARAELF 2" o1 gani o am nes
di scl osed abdimethokyed, olimethyli-1.1 chipkenplene which cambe prapasednsingthe¢ n t he range of
from about - ARALHIOIABIED in 2 ci@hﬁ%%mlws@?m 2,2%(?@&%6&3@4—]6- 10C, ;Jnder,
el od oP0t i AEBeIEmaL HHISE cas seprepged Fepi o B i, 08 < 1989 0 50 5 .
be bl ended wb2}3603:25% alimgthoxyd 2’ -dihpdroky-3)1>-binapltbaleneyhich eanbecs to C24 aryl -
group in whi gRntRe b the!prébie@utd of RECLav Thim vk Bds S 1999, 112,218y 1 , aryl,. ether
and ester. diphenyl 2,2’-dihydroxy-1,1’-binaphthalene-3,3’-dicarboxylate which can be
prepared by the procedure described in Tetrahedron Lett., 1990, 413; 3,3°,5,5°-
25 tetrmethyl-2,2’-biphenol and 3,3’,4,4°,6,6’-hexamethyl-2,2’-biphenol which can
be prepared using the procedure described in J. Org. Chem., 1963, 28, 1063; and
3,3’-dimethyl-2,2’-dihydroxydiphenylmethane which can be prepared using the
procedure described in Synthesis, 1981, 2, 143.
These aromatic diols can be incorporated in a polymer as in the polyester
30 and polyamide described above for polymer A. These polymers containing the
aromatic diols can be used in polymer B of the invention.
The solubilities of these polymeric phosphite ligands above generally
depend on the molecular weight of the polymer and degree of branching. For
soluble polymeric system, separation can therefore be done by extraction. With
35  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 insotuble in the products. Thus,

the reaction can be carried out homogeneously to obtain high conversion. The
15




The nol ar ratio of phospharus trichloride to the al cohol can be any ratio
so long as the ratio is sufficient to effect the production of a desired
phosphorus- containing polyner. Wth or without blending with C12P( OAr 3)

and C1P(OawepR21308jeneral |y the nolar ratio of PCI3.to reaBETEY gr oups
can range from about 30 10:1 to about 1:3; preferably 1:2. According to the
I nventi on, Wemmwmmmhmasmmbwchabﬂ&mmﬁmet y produced

by contacti ng gﬁ'@ N-d| al kyl dichl orophosphoranidite wth the second
pol yhydric alc %o produce a polyneric phosphoramdite foI | qwed by
contacting the pol yRelymer Brasgisrformiagatalysygomposition B wheg sombined witha 35

exarrp:ce hydro?ygg]%dag %@tiwﬁixﬁ&al%ﬁmr?}l vmh}fwhm‘huﬁleﬁbé@lbelmsml\?sgerl iu?:h
as, or exanple orid i al ky
di chl or ophosphtyg %/?‘é‘{tbﬁggﬁ‘f ‘8 (ﬁocl'g?}}’rsl o ﬂrFCfG%gFoé%% 1)célfaemge#\lused Each
of the al kyl lyewugp can contain 1 to about 20, preferably 1 to about 10
carbon atons. %WB Jh d‘mehg doidcevivhibh of the
phosphor us- cont al ni ng rgﬁkﬁﬁg}) |eéls furt p?% nic':}i@:(9 VYIath an
aromatic di ol eqvaprisgs (1 c?@a‘a{ng EF“BB B%l ¥ Behacting of
t he phosphor usukdeph aérditich smﬁﬂiojémlo pmaﬁcetalmosmnmmmgolmer dnd carried

out under |t|o ining a
phosphite 8? @ gﬁgaé}%%sﬁ& sf-&fl an’ﬁg%faﬁ‘g‘r con%gérﬁlﬁlﬁgg%ﬁ .g
phosphor ochl ori di teThﬁ derﬁnaw ﬁmpéfﬂleéFCO@QE?OBBY%ﬂl‘fO@G darematic e
presence of a giapse tikl HflcQs Bbsefisdlesedqbbve. Ci ent base can be used in steps

(1) and (2) such that, al.l engrated HC .,ca be n ndi tion
can include a tenpgﬁﬂ{lﬁbgtftﬁp?ﬁ ep?ogﬁﬁéeagl}o éﬁééé%q&erwng 150C,
preferably abohﬁndsdmepaecab'ﬂmmb@nelmmmhnmrqshbﬂéﬁewe prq@@dt o 80C
under a pregsupe Lih?l% oﬁéﬂxola’x‘ Uﬁgﬂ%ff?ci;f\ﬁnﬂi EBH&?WMBEI ecﬁﬁi&hléx@bfa
sufficient peri og an abou 24 hours.
The nol ar ratlﬁaﬁfveapryﬂﬁ’é?' |gE°‘QFEﬂ Becﬂﬂ‘rig%l&c’)]@%‘clgkg‘ I.’?‘rhtlo so
long as the raﬁgmcbasesa‘ﬂlklresuhmgsbmnmifsehdnﬂda'@dmxﬂmdﬂastctwowmlaaldmsi red
phosphorus 15 geptdk M%B%wae,}asrgaafc'basas Rddabe ypa?ﬂepsonwmhge range

of from about nost efe t equal
mol e of OH gr opkesphoroghieridites Suitable bages,are 8%“1"'&?5“?‘5 isc OV

phosphor us2gongaiditiohGan dlchidera thapsisiact in Tecrange ofifiost aboatydosC to aboat A and B
i an's LB A VO S i RS
liquid, gas, oaccemmdn@tthmslp@mm@d oF, afspl Whieh $8d§ can
contai n about Lbdu®1 aMinutt tolabdub4 b OFHe PGl aad Wﬂlbhdedmth CL,P(OAr3) and
CIP(OAr3), wherein Ar3 is a Cg to Cy4 aryl group in which the aryl group can be
25  substituted with alkyl, aryl, ether and ester.
The molar ratio of phosphorus trichloride to the alcohol can be any ratio so
long as the ratio is sufficient to effect the production of a desired phosphorus-
containing polymer. With or without blending with ClL,P(OAr3) and CIP(OAr3),,
generally the molar ratio of PCl; to reactive -OH groups can range from about
30 10:1 to about 1:3; preferably 1:2.
According to the invention, the phosphorus-containing polymer can be
alternatively produced by contacting an N,N-dialkyl dichlorophosphoramidite
with the second polyhydric alcohol to produce a polymeric phosphoramidite
followed by contacting the polymeric phosphoramidite with an acid such as, for
35 example, hydrochloric acid to produce the phosphorus-cotaining polymer such as,
for example,polymeric phosphorochloridite. Generally any N, N-dialkyl
dichlorophosphoramidite known 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.
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fluid conprising carbon nonoxi de can contain about. | to about 100 % CO It
is. presently preferred that a 1:1 ratio of CO and hydrogen is used. The
reactant _of the present process is an unsaturated organjc ¢9 ound 25
pref er ab™P @AW apout 20 carbon atons. Exanples of suitabl¥ ‘ﬂ;ﬁgiﬁur at ed
organi ¢ conmpounds_include, but are not limted to, linear term nal

ol efi ni ¢ hydr ocar Bbagolecylas weightafithe phosphorusreentajsingpplnes can bg)t ene,

| - pent ene, | nhwiifisdey firties comact withmnneseatic-dikt dan @il teacttwitnagecrde, |

- hexadecene, e e hed t erm nal

olefimc hydlﬁo(cz%tbr Oé;’]‘gﬂfec'amc&n df%) ﬁﬁgp}%g%écoémg%%%%ﬁ?&hﬁﬁgl -| - but ene;

| i near i nt er segmaticdijal ﬁ%bqu a conglition,syffgieat tomr%ducamolymer

:rans g bsttereentaﬁin‘gupkasbhitégit%%pi{‘fiemmnf n bﬁmepaglm&fam&uﬁn ctene, c: s- and
rans- oct ene; erna i ni Lbpns xanpl e,

2, 3-di net hyI gmﬁ%v#g} %%cgngﬁﬁxgecﬁ%l? nﬁ‘ freﬁgrhcfgﬁ rrPer m nal

ol efinic hydtﬂmcmabOMt %llfﬁallenfd?aeffmwé upgddngt@m@bmdwmsuphéhat all or

exanpl e, oct Qﬁe?am@ﬁcpéﬁﬂﬁﬁﬁﬁhzb&e&'ﬂ&rdoﬁ&hbﬂ&ﬂﬁclm@@ erafiY&inlthe Ol ef i ns,

for exanpl e, exe of t or nore
t hereof. 17 ?E’ Ggmg’(ﬁf gg@uc ‘ﬁ%‘ﬁggb f"a‘fh 8 ol ef i nic
conmpounddoal ﬂﬁOﬂG;athesttprﬂfs‘eblsuBQ‘tG tqﬁoéﬁmd&rlapmssumﬂm eanat ed hydr ocar bon

group, incl U%&wﬁkltﬁeﬁm &W&H&f&a@mﬁhf&maef&hewéhwubst i tuent
such as styre n& rene and allyl benzene. The unsaturated
or gani ¢ corrp& AR} pute fasapo ituted with one or 5 nore functional

groups cont ai ni ngTheinelaerauatoﬁaqonmuaﬂlohmtquagde-@whﬁhtanmms:gkeng or
phosphor us. @(@lgpé&sis Qiﬁi&gﬂ %ﬁ%ﬁj’ hBYd eni caI |y

unsat urated organj ¢ conpounds I.nclu Vi n ol eat e,
ol eyl al éohswﬂalslnseﬁkymnﬁerrfmgewﬁa ﬁ%mﬁ?

hy
ﬁl?qé‘ﬁé Igo aci d,
4- pent enoi ¢ abou 1:2. it imolst (leferred thatativet eqﬁalcmdﬂenfOHzgrcumm;He(ammaucl e,

acrylic acidy t " esters, nethyl .
met hacryl at e, ﬁ’g%ﬁ grn@b%‘{i '%l%%ﬁ{oﬁs@ c§ t%nar‘&b@§%t enal , and

conbi nati ons of t%%%?@?%&%ﬁmﬁ Fi?%'é ar the hydrpforpylaten ofn can be
i'llustrated ansatupdtbduorganic admpounts moﬁpdsmﬂdnhymm&mw&dﬁ(dma X R8

o Tt G Bt ol B B cnbidariofiShitel ' BERPOST L1 o1
comprising hydrogen can contain about 1 to about 100 % hydrogen. Similarly, a

fluid comprising carbon monoxide can contain about 1 to about 100 % CO. Itis
presently preferred that a 1:1 ratio of CO and hydrogeh is used.
The reactant of the present process is an unsaturated organic compound

25  preferably 2 to about 20 carbon atoms. Examples 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

30 2-methyl-1-butene; linear internal olefinic hydfocarb_ons, 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-methyl-2-pentene; terminal olefinic
hydrocarbons; internal olefinic hydrocarbon mixtures; for example, octenes,

35 prepared by dimerization of butenes; cyclic olefins, for example, cyclohexene,
cyclooctene; and combinatins of two or more thereof.
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Formula 1ll1 Formula I'V. 20 Wherein RB is H -CN, -CO2R1, -C(ONR R, -CHO
-OR3, OH, or conbinations of two or nore thereof; y is an integer fromO
to 12; and x is an integer fromO to 12. Rl and R3 are the_sa t hose
di scl osed WOWRII8 t i cul arly preferred unsaturated organi Ecgﬁﬁﬁ@ff%%s are
3-pentenenitrile, 3-pentenoic acid, 3-pentenal, allyl alcohol, and al kyl

3-pentenoate, such ﬁ%{;{m Jqﬁgﬁaeﬂﬁek ssale@ﬂxcﬁﬁamoaaédb@ﬁﬁteaf two or
I nedr

nore thereof. The | € Co @pﬁ%ﬁ@qﬁﬂﬁﬁ %hegre% p{(ﬁgess

starting with
preparation of a@ax@ﬁﬁfi@hxﬂa@ﬁmam suﬁeasmeﬂeyhlplmmcmma}wne&ndmlﬂbmmm c acid,

6- am nocapronitrile n#Uuﬁ RS acTey londlt ON- 6
and/or Nyl on-6, 6. 368%%% procesg of ¢ ngﬁlﬁo Hggﬁgiﬁvﬁtﬁgnﬁr“ ed out
with a mxt8ir emorefunctionalgrupscoptaining 2 hgtsreatomssich AS PEXECHy > 89%8fhounds.
For exanpl e, 3r§1ﬁ‘i§ 1R976y) | Exairiptes ofi thelichepsremamisubstingedrethylemieallyont ai ni ng

4-pentenenitril.e,. y = ypn as t he
correspondi ng %%%‘f %&PEQ&M%E%%@&E%&]%g@ thg)g": red |inear
al dehyde, a ni alcglnté, perntenspistile, 4-pentenenitrileB-penteneiq apid, A-peRtenejc agident

Proce_StS_- Theh3{:{a @ fitehdatd, 9;6&&)‘1 lbﬂ wms&ﬂﬂe,laarymmareﬁersmamm ni ng N

i mpurities a .er ar t tion. An
exanpl e i s1 h\a‘frlyﬁlfgcl ‘?‘% oar?{;mb%l;ﬁ)lc%lgg g%gogrdl ng to
the invention 6qnenbaalp®p¢Menah@nda®nbiB§manﬁﬂVMIWW process of the

i nvention can be cafhd fidedddbf the itVRHtisHE@A be KN@Hsted s follow. Skil ed in the art
such as, for exanple, the one disclosed in US 10 Patent 4, 769, 498,

di scl osure of which is incorporated herein by reference. Generally, the
process can be carried out under any condition sufficient to effect the
production of a desired al dehyde. For exanple, the tenperature can be from
about 0C to 200C,.preferably fromabout 50 to 150C, and nore preferably
from 85 to 110C. The pressure na vsarWtF]WB‘rFPH@Pﬂﬁ?n_pre I‘%ﬁ, 7[}@
preferably 15 f Cohn(GH)tGHSCREGHInRe prlgz{rél e1s, as aéﬁ#@& w350 be
equal to the conbined hydrogen and car noxide partial pressures.
However, efsra inert gesmdalmy also be present; the pressEoremtely vary from
normal pressure to 15 MPa when inert gases are present. The nolar ratio of

hydrogen to carbon nonoxide is genertgl Xoml&%tlt\l/\&en 10:1 and 1:10, and

preferably between & =Cﬁ%ﬁbxgk » OHC-(CH,),.,-R®
H,/CO

Formula ITI : Formula IV

20  Wherein R8is H, -CN, -CO5R!, -C(O)NR!R!, -CHO, -OR3, OH, or combinations
of two or more thereof y is an integer from 0 to 12; and x is an integer from 0 to
12. R! and R3 are the same as those disclosed above

Particularly preferred unsaturated organic compounds are 3-pentenenitrile,
3-pentenoic acid, 3-pentenal, allyl alcohol, and alkyl 3-pentencate, such as methyl

25  3-pentenoate, and combinations of two or more thereof. The linear aldehyde
compound prepared by the present process starting with one of these compounds
can be used advantageously in the preparation of e-caprolactam,
hexamethylenediamine, 6-aminocaproic acid, 6-aminocapronitrile or adipic acid,
which are precursors for Nylon-6 and/or Nylon-6,6.

30 The process of the invention also can be carried out with a mixture that
comprises two or more unsaturated organic compounds. For example,
3-pentenenitrile can be present in a mixture containing 4-pentenenitrile. Because
the 4-isomer reacts in a similar fashion as the corresponding 3-isomer to the
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20 The anmount of transition nmetal conpound is selected so that favorable
results can be obtained with respect to catalyst activity and process
econony. In eneral, the concentration of transition netal in.the reaction
medi um R0 i ses an unsaturated organi ¢ conpounGCTHSMNASHT o

conposition, and sol vent if present), can be between 10 and 10,000 ppm
and nore pr efdssiasd §negeal . 9anizwreofdsonroncanbeusesditectivindbe present ee et al .
The nol ar ratﬂ roceaf. t he I|gand to Goup VIII netal is selected so.that

favorabl e results be obt.al. ned thr spec, to cat al st acti |ty and
Gosi v o0 Cal dehdye TRDRIPRIGIOSRY B b E RBERbris oAb B BhpiSia | 70 100

and preferabldonmlmcﬁﬁewuhmwmmeMQMm Avegxampleds net al ). 30 The
solvent may bg cHieikur e of reactants of the hydrofornylation reaction

itself, such ag t tarting unsaturated the al oduct

and/ or by- product .e@ﬁ@?wg’glaf%?@cgssﬁ Ffﬁ%gnﬁl‘)’r’rﬁ Wt’é‘ﬁf’%ﬂba"t&gw ocar bons

(for exarrplasdlesumbedehﬁowm neral oil, or cycl ohexane), ethers (for exanpl e,

di phenyl et her or f,one,
lHé?eiH?mc %Qﬁﬁd GhOS t&?ﬁx@%ﬁﬁ

cycl ohexanone), exa ., acetonl ponltrlle or

benzonltrlIe)°n°z:“tl'ikb‘ﬁ%&ﬂf!!%*“(‘fi aeiawaepe,moeeﬁecoseéh& H8e, or xylene),
esters (fur @Mh669m%bloméefﬁhﬁh1mrﬁrﬁedmahbyr%ﬁm|(r) (Uni on.

Car bi de), net o) L t hereof. 19
WO 01/21308 %gé%g%s%be{?nﬁe %Etrf}q{/# I on pr %@’isige%tgﬁ run in

sol ution or |thepmdu@wgoﬁhdmwdwﬁehvdshﬁonmkoﬁmmww%ﬁvmed out in

t he vapor (g%bumesszoampﬁf&iw fr6l ab&t&fsb% 2402Cearidanere reierampmoabout 50C

t o about 180% m)fg] E gﬁlerab from abou Cto 15% The erature
nust be chosel &' 45 'Ha%ﬁry mt’}?em FresUE ucts in the
vapor phaise, ﬁnmOlldw2m@msmwmam&mmeanﬂt@fhem madal yst. The
parti cul ar pr Eﬁﬁx& &%b%ﬁﬁédékﬁeﬁﬁﬂﬁﬂﬂéssﬁﬁs SHGWe@i‘teﬁﬁ‘& ineA gaéegﬁza‘}at al yst

bei ng used, oIe I ni bei used, reaction
D e s g e SRtk P A B e g 1 B i
conveni ently gagesfarmwbmﬂ:‘he@ndmaMmmydmmcamnmnezs@msegeaﬁdllx enperature .

10 conbi nat i QA t100%n8 199EihdSRefBRblDetiieR 6ai dad1eaCct ant s and products in

t he vapor_ phase. i ven catal.yst | oaded, .i nt.o uch as a
tubul ar r¥act or, t@ﬁgﬁ‘g 3 %W?}‘%d’ B'g‘ﬁ lﬁ%ﬁﬁ&ﬂ'm’%e catal ysts
to 02 fromthfesuitsmh@mmdummmpcwpsamwsnmevmwesﬂqwmmjc Imonpound; CO

and H2, alon emrahﬂﬁ%&sﬁaﬁo%fudﬁélﬁtﬁmmﬁu%re&umeehﬁmow% is then
passed t hrou thé reactor while contacti,n ?airé'i{]ﬁtihe cat aIy The reaction

products ar e CGMRERSS AR \INPaRERLe orpanic BB’HP?"é‘ﬁp gompggition, and solvent
(if present), can be between 10 and 10,000 ppm and more preferably between 50

25 and 1000 ppm, calculated as free metal.

The molar ratio of the ligand to Group VIII metal is selected so that
favorable results can be obtained with respect to catalyst activity and desired
aldehdye selectivity. This ratio generally is from about 1 to 100 and preferably
from 1 to 20 (moles phosphorus per mole metal).

30 The solvent may be the mixture of reactants of the hydroformylation
reaction itself, such as the starting unsaturated compound, the aldehyde product
and/or by-products. Other suitable solvents include saturated hydrocarbons (for
example, kerosene, mineral oil, or cyclohexane), ethers (for example, diphenyl
ether or tetrahydrofuran), ketones (for example, acetone, cyclohexanone), nitriles

35  (for example, acetonitrile, adiponitrile or benzonitrile), aromatics (for example,
toluene, benzene, or xylene), esters (for example, methyl valerate, caprolactone),
Texanol® (Union Carbide), dimethylformamide, or combinationis of two or more
thereof.
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are conveniently recovered by cooling. The reactor effluent can be directly
connected to a sanpling val ve and can be analyzed by gas chromat ography.
Al dehydi ¢ products, such as |inear and branched butyral deh\édes obt ai ned
from hydr@Ddi@1a&t i on of propyl ene, can be quantitativel FCIBSAWV2H¥I and
anal yzed 20 using a 30 M DB-Wax(r) capillary GC colum. EXAMPLES The
fol | owi ng non-1i m t Thghydreformgletidroprovess earchrgrha & solutiontor &t the gaephpsocess and
cat al yst conpo nol e

y PO en A firotbith atidh's BirkiPf out th hle%ﬁmgsggﬁée%@ aamole

basis, unless erw'se note @tng escr bed ei{oﬂ ,
unit fornula senReEtERTange iy fiemgh ?‘ihﬂgr%" ut TP BEeteralx droghatont:
eﬁpecaed f or mulggeC &ﬂmemeteﬂrpematnwurbwhoﬂnlsyasmnmm albef tho| yneri c
Phosphi te centainj - yest er
A catal yst Sol GPFBASELPE %ﬁ#%@éxﬁmg‘&h 5 Bugh Bl BeforsBll Y71
tris(2-ethyl heofithezawlypt. aﬂnpmmglaopree mmme&epqs\dStwmmxtque in a
smal | vial ‘M f&ta?}ﬁbémﬁ'ﬁ&ﬂeﬁle olEfficTopbinitibelSusk@ Rhd MRy deksirdd M Xt ure

0

containing 5

-di hydr oxy- 1, 1"“8‘?\%1 fﬂflgngméng;pmgﬁug%w}gm?&ﬂ(@n&ﬁ@m es; reference
for preparati ommm&nﬂy Byrfrofdhebout (5H01. to 11005V Pa. TH;eaﬁéssamandmmmon Lett.

, 1990, 413 . Of: s Iution
35 was pl azzlgd |c§mgm§{§°An¥l§ﬂ%€)éﬁ6V\k/§?g& riﬁl‘-’él:ha%lﬁ?roun ttore#s%ﬂhgtsv connect ed
to a distillarhess Hesivensgatalystisdpaded IW?Hea&tOﬁeréElhﬁ%ﬁ“ plarreacion fakipenant | e
while stirringcaagaedid 6 ohﬁebﬂhtkeﬁﬁﬁivb&ﬂﬁlysﬁtcﬂogﬁdxﬂ gle(iﬁﬁtAgése@.fsf (the
t enper at ure was_.about i ch tenmperat une, t
2 0 G hy i oy TR of tegesired Pl S0mbGRC R o Fia: s W st o 7
di carboxyl at e ldilvens) suckiassNp Heeat)Ar, fsﬁhemmmémw&mhwhlh eaptactingd. unti |
the 1, 6-hgxaneg Qtal Gﬁia'[‘ﬁ@x@a&ién mﬁwg&mryqaumfatwmfek@%nﬁ@&%) The

mxture was all owe t.oﬂrefl ux gr a out n hotu o Q%F e vacuum was
gradual |y appl iPEFonveRisnty feqoxersd by coo W&bﬁﬁ?‘% () of f the
excess 1, 6- hexamcmdtoa'km;ﬂmgweb@anécmﬂnabmdeld’gaelcbromamwo 4 nmm Hg

over the next tAjge ] odtﬂtsoilﬂﬁﬁsfxﬁharﬁcﬂbrgn& ts}ﬁmeﬂ s oB@fieli #onf1l Xt U €
was t hen polyrrerlz whi l.e di sti aoff st of the

lagnp e q
1, 6- hexanedi ol hygifesmylagign P E;mPYﬁ%ﬂ:P%‘h g e d with 25
m of acet@oe fuﬁhghBDMDB;Wa@’&apilMy@Ccohtmd and filtered. 1 H nmr

spectrum i nd| cated degree of pol yneri p© be 6. 10 Preparation of
pol yest er The pol )i_hrrer Prepar ed. in was added to the
phosphor chI oridite Thefollowing non-limiting, representative examples illustrate the process

and catalyst compositions of this invention. All percentages are on a mole basis,
unless otherwise noted. For all the examples described below, the unit formula
25  weight of the polymers were determined based on the expected formula.
Example 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

30 tris(2-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 precalibrated heating mantle while stirring
magnetically until methanol started to distill off (the temperature was about 180°C
at which temperature the dimethyl 2,2’-dihydroxy-1,1’-binaphthalene-3,3-
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of o-cresol in the presence of' triethylamne in toluene. The m xture was

stirred overni ght and then filtered. The solvent was renoved to give the

desi red oI 31p{H (121.4 MHz, CDC13): 132.13,

131. 7, 13 '12?885 130. 4, 127. 6 ppm 15 Exanple | A Hydr fVISAEDn of

3-Pentenenitrile with noivester 1 A stock sol ution was prepared by m xing

0.203 g of Rld(m)ﬂ’xﬂatﬁdm} all dizsolveg). The temperaturewasi ther inereased gntif thy

rlﬂ)Z dlAchl 0{0 tﬁ?&sta&&&fd}éﬂuﬁhmaﬁéfmeﬂhﬂd(QM) F‘h@fn@hufé@}a@ne 400 |
porti | on was ass- | i ssure vesse

cont ai ni ng a&B Wﬁf@f’&f Eﬂlﬂ%?@g‘ggndlb‘*“sﬁ'% gjﬁpg fo 20

r hodi um wi t hFpﬂlpympmcuumwa:ﬁbenmb@dﬂodm&ltzféﬂlbemesqohéé@sﬁnﬂ d Ehs 0.52 MPa

1:1 CO'H3 afﬁ%ﬂﬁ@%ﬁl&kﬁ%ﬁ&ﬁiﬁ@%ﬁﬂ %ﬁﬁ@h&@hﬁoha&%mw% sion of 3-

pentenenitril | near i of “al dehyde ed tjvity to 5-
5/% ﬁ?wﬁ&é %Y’Hfﬁ"ﬁ% ¢:(=fc ‘Pf'fnenltrlle

f or nyl val eror‘ﬁ"‘?‘fi PRPIg
wi t h pol yest evhile difilliagofif most of\the dséelexanedipl.3ABervioelieg; ltherrsame(l tiguie) ,

rh(100) 2 acachy G Qeifinvith 23 24 oia&fogb?(gltmwﬂ&ﬂ;méﬁ Soflaial Akk@adar d, 0. 14

M |ntoluenq was prepared 1n. a ortion of this solution was
addedtoaglﬁm*?m%“m H B‘Tﬂof a 0.05 M sol ution of
pol yest enol \Pespamiosdf polyesievd 2 equi vaI ents of bidentate phosphite to Rh.
The reactor was s ¢ akiPle ?ygé% g_&?&ﬂ% pd heated to
95 C for 3 hours. ﬁ%g&iymg{céﬁ vvalé CQO eg resspi‘l arrlﬁ a sanpl e of
the reacti onofp-erespldn fhepreseagepf @EF“W“‘Q‘&%%‘H Pﬁ)t Aye wegstied | vsi s

(ol ey 2- perab@:mtiﬂdlth@ﬁteié& mlseWanlviaSrémVMtcBgiye&e[demedlpBIytﬁerl | e

11. 5% 5-for ;zvﬁ\tgeqﬁpgum 'cg> gd %8 1140190%33@@ P4 1BPEBACT (111 e |

linearity sefectr’
5-f or nyl &l er oni t Exdmple knHydroformylation ofi3- nenidls vathpolyestenl ny| ati on with

pol yester 1 A sol Wtdisuk Sﬁﬂbﬁwas mm@cmﬁ@gm@ £ m&éﬁeaa)g (9 MV,
and 1, 2- dichl grobenz%:% Q ta éjnazgﬁj asQntgm goli\? was
0 a

prepared in I'S so at’ion was

gl ass-1i ned mmgdmev@ﬁsdl) Acmrtmnmfﬂgs sojutinn was/added(g aIB@W limgdy 25567
appr oxi mat el rdiaire G cahieing approfintedy 3 5qubaless of bidéimate phsiphis i ¢

Pod” heat 20+ ghoke B pofenttl THe gt gl Seiet peSSlbd oBa MRS o7 0O
a sanpl e of tQQH,andbeatedrat 35 for 2howrs. G anglysis) %%myerémeﬁ& ography on an-

HP 6890 S5 Chronel gk i}né%%f%l Bagesfouseibevily 63- capi | [ary col um
(30 neters, 25 mfilmthickness) purchased fromJW

Scientific. &myi r FE?\;?/?% undecane 1% 1-undecene, 5% i nternal
undecenes 23% neE le 1B: Hydroform Jation of 3-Pentenenitrile with polyester 1

25 A solution contammg 3-pentenenitrile (0.5 M), Rh(CO),(acac) (0.9 mM),
and 1,2-dichlorobenzene (internal standard, 0.14 M) in toluene was prepared in a
drybox. A poftion of this solution was added to a glass-lined pressure vessel and
enough of a 0.05 M solution of polyester 1 was added to give 2 equivalents of
bidentate phosphite to Rh. The reactor was sealed, pressurized to 0.45 MPa 1:1

30 CO/H,and heated to 95 °C for 3 hours. The reactor was cooled an_d depressuized
and a sample of the reaction mixture was analyzed by gas chromotography. GC
analysis (mole%) 2-pentenenitrile 2.5%, valeronitrile 20.3%, 3-pentenenitrile
11.5%, 5-formylvaleronitrile 58.8%. 91% conversion of 3-pentenenitrile; linearity
of aldehydes producedf 56%; selectivity to 5-formylvaleronitrile: 44%.

35 Example 1C; Undecene hydroformylation with polyester 1

A solution containing undecene (0.5 M), Rh(CO),(acac) (9 mM), and 1,2-
dichlorobenzene (internal standard, 0.26 M) in toluene was prepared in a drybox.

A portion of this solution was added to a glass-lined pressure vessel containing
21




undecanal , 0% dodecanal 71 % Exanple 1 D. Hydrofornylation of Mt hyl

3- Pentenoate results with polyester 1 10 In a drybox a sol ution contai ning
nmet hyl - 3-pentenoate (0.5 M, Rh(acac)(CO2 (1.0 r’rM and

1, 2-di chl OVOW¥RB#he (internatl standard, 0.14 M ins tol ueRETREY AT pared. A
portlon of this solution was added to a gl ass- lined pressure vessel and
enough of a sohppro:umat;ly i)é Iegmsalemts of Bid@aaté phosphitetd mgv«gﬁh\mlyeateﬁl

equi val ents of Thl danbAkes RER m}bgs&liea 16%0.45 M, gs£ 24 1CO,

/H%ﬁ
re rized 15 heat.ed 95 C 3 hours.
e Teactor vad" %%533&%%&9?@5%%%@5&3 eptESHrb Ak ﬁawelergéh on
m xture was anedayﬂmﬂnngmsanﬂlyzadb?ggsmmomgraphymmehromat ograph

with a DB- FEAP %01&} pﬁh%oa%ng

0.25 pmfil m t %%ﬂ Vgir%(lzﬁ ase A)?P%ar#%@lhént 1 .C ﬁﬁﬁmy S 41%

conver si on of spipveshased frogs T Seieafie sC Eyoduced 93%

sel ectivity tomyﬂ( hﬁddéﬁﬂlé{a?/@ﬂaﬁxeecenJS% nﬁmmhﬂe&neﬂmaﬁahylon of

Pol yester 2 Sarre Qp;rd%d%c%ﬁ Exanpl e | except the phosphochloridite

of the acetal"ﬂ o erlvedfromthe reactlon of

sal i cyl al dehydeExample Q : flzvd 3-Pentgnoate ! ESior,

%12):1?;“? resonﬁm Béxéeo?u&n%mfumg’haéthﬂesa &ﬂ&mlaﬁ(ets 7 5, 147. I2 t
.4, .1, D ornvl ation

of 3- Pent eneni ﬁ&"%‘ﬂm (égl"‘%@gtagﬁi 12 ‘i%ﬂ?fﬁ'?%ﬁ“?f nﬁl\? I@ﬂé&g Y with

0.8 g of pol yesiluane 3vas prepared: Acpoatian of ks selution/weas addeditoaglass-lined ut i on

containing 0.0 ngsu?évéé’mg@ siasauﬁbxmf oﬂye.&exdl(obsmmaeé&o 0 g of
3_ pent eneni t r| E‘;'QYJRQ ?g er va?1 aut ocl ave %Esgﬁgr ess&rl zed
with 0.45 Ma f 5 ot bidentgie phosp. 5? getorwas seae P g for

hours whil é5f1 tmﬁ@MB@’vﬁm ki CO/Hatand béateddo 85 PGifor X lopurs 'thuca;:tor/wasarrpl e was
removed fromt @olé td& regéﬁfea aﬁda geaﬁﬁe?&%&zﬁsmmwaéwea

2- pent eneni tr| 3%W§P§§%?2ﬁgh¥: ‘icﬁear:ty of

ero
5-f or nyl val er oﬁli"PFP'F W*Q@%’c{ﬁ%@
al dehydes pr oduspiltiry 88lufutdy(36 mietees, 0132 tnym 1.0.,50.250umfilmahiekmess)tpurchesed83. 3% 22

V0 01/ 21305 PCREiSPkeRafe, o i 436 SILBLRLTHERY | PBoflaonc

3-Penteneni tr IS reaction Exanpl e 1B
Wi th € ho. A 1 HaeAFHLF A9ely s mpRssd- AV PEICTVE th Bl A-Sray alewiti, o o

phosphite to Ri8%ere used with polyester 2. GC anal ysis: 97% conversion of
3-pentenenitrile; linearity cﬁcxam le 2: Preparation of Polyester 2
Same procedure as with Example 1 except the phosphochloridite of the

acetal containing phenol derived from the reaction of salicylaldehyde and 1,3-
25  propanediol was used. 3!P{H} (121.4 MHz, CDCl;): major resonance at
129.8 ppm, other resonances at 147.5, 147.2, 133.4, 131.1, 130.5, 130.2, 130.0,
129.4 ppm.
Example 2A: Hydroformylation of 3-Pentenenitrile with polyester 2
A 100 ml autoclave was charged with 0.8 g of polyester 2. The autoclave
30 was evacuated and a solution containing 0.04 g of Rh{CO),(acac), 2 g of
1,2-dichlorobenzene and 70 g of 3-pentenenitrile was loaded under vacuum. The
autoclave was pressurized with 0.45 Mpa psi CO/Hy(1:1), heated at 95°C under
vigorous stirring for 6 hours while flowing CO/H, at a rate of 20 ml/min for
6 hours. A sample was removed from the reactor after 6 hours and analyzed by
35 GC (mole%): 2-pentenenitrile 0.3%, valeronitrile 10.3%, 3-pentenenitrile 0.8%,
5-formylvaleronitrile 82%. 99% conversion of 3-pentenenitrile; linearity of
aldehydes produced: 92.6%; selectivity to 5-formylvaleronitrile: 83.3%.
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5 al dehydes produced: 92% selectivity to 5-fornylvaleronitrile: 72% __
Exanpl e 2C. Hydrofornvl ati on of Methyl 3-Pentenoate with Polyester 2° This
reaction was run as in Exanple 1 Dwth the nodification that 4.6

equi val emo012130Bi dent at e phosphite to Rh were used w t hPEDUSLs% 2. GC
anal ysis: 84% conversion of nethyl 3-pentenoate; linearity of aldehydes 10

produced. 99% - Sehgg/ phy M}Qnoébfﬂ!’%&&hﬁfe%ﬁig%ie%erzExa”}[f” e
reparation of PoLyester e excep e
phosphochl oridite ¥sr°"}§“°’|‘|3’ﬁ§1f“|'iég “(/)g’éa"ﬁ’i @“@Wﬁﬁ—ﬁ‘ ggg‘ oRtAt “CcDC13) . mmj or
resonance at approfRinthfely frequivalentsiof bidentateephosphitas Rh viedd ued 18, 1, 129. 8, 129. 2
pom 15 Exar '5@3@*2“@émﬁﬁﬁ?ﬁ*ﬂ"ﬁ'ﬁ&&fﬁ“gé‘ﬂﬁﬁ'a‘ﬁlf‘%ﬁﬁ”?hi?' yeste
appr oxi mafel yldshydes produesd &%fsemcm@mtaéefo were used with
pol yester 3. CCExambe9C H :of Meéthyl GrRentenome with Polyesteteneni tri | e;

linearity of alde des ?éOducedﬁf%ofg/ﬂmﬁﬁ{JﬁgWx%tﬂé’mWﬁg t{gortmfl val eronitrile:

66% 20 Exanple 3 ecene using I'yéster 3 In a
drybox a sol wt6cqm\@msanfmd¢gtatfrpbmnetq 1 werg)usedwiticpylyestar 2¢0C (9 mv), and
1, 2td'0h| ?r?%‘ﬁﬂiﬂ‘%%wﬂ%ﬁ%oﬁ%ﬁgt Fentdhode; liflleah ty dfalddRyies Was prlepared- A
portion q IS.S e | pressure vesse
contalnlﬂg 5%?%&?#3#@¥fdg%§' %ﬁ g%%gﬂgfa%Fg%nfg?e phosphite to rhodi um
with 25 polyester 3. The ruﬁrgi— reparation steriyy i zed to 0.45 Mpa 1:1

CA H2 and heat edghge lJf‘@xJeﬁ@tﬁEBﬁosbﬁ&hR;?lﬁit@gf and
depressui zed and, a sa @@ _ (E-'r t| ﬂm/m tyre was anal yzed by gas
9

chr onot ograprﬁynﬂﬁhth&hwi"ﬁjlsﬁ MAPOrEIOPARGRE shase fused
silica capil IlagySQﬁnuﬁmmﬂﬁrammm59 0)3132, 131, 129.8, 1292%ppmin f i | m t hi ckness)

pur chaseqf rom i GeloiA o S MGG S PLterb i s POYGERIS, 0. 726

1- undecené, 3.6% 0. 4%
dodecanal 58. 3% E%&MWBU“WGFHW%{%&WF %B‘ibﬁ% °§%F9éntenoate usi ng

Pol yester 3 aﬂiioﬁlmyﬁIeQﬂﬁvMﬂﬁsbﬁbid@ﬁteph&platqlethﬁmeﬂhwﬁlhe modi fi cati on

that 4.6 equiy t W|th pol yester .
3 GC 35 an z?l ym ) aﬂél £} &h@erﬁgml% &ﬁ)v&@mﬁl&f eﬁé'iﬁﬂle y

al dehydes pregiggfal %Cgsség@‘?v?‘?/?’ ng"Wé yH9|Spt§ ﬁ?’ﬁ?%‘gfl ér ! ;g%of 23
WO 01/ 21308 PCT/ USEXariplei3B: ; dne using edter:3
Preparation of Poly Qa}y@& a solution contalmng undecene (0 5 M), Rh(CO)z(acac)

' (9 mM), and 1,2-dichlorobenzene (internal standard, 0.26 M) in toluene was
prepared. A portion of this solution was added to a glass-lined pressure vessel
containing approxixhately 5.5 equivalents of bidentate phosphite to thodium with

25 polyester 3. The reactor was sealed, pressurizéd to 0.45 Mpa 1:1 CO/H, and
heated to 95°C for 3 hours. The reactor was cooled and depressuized and a sample
of the reaction mixture was analyzed by gas chromotography on an HP 6890
Chromatograph with a DB-WAX phase fused silica capillary column (30 meters,
0.32 mm 1L.D., 0.25 pm film thickness) purchased from JW Scientific. GC
30 analysis (Wt%): undecane, 0.7%; 1-undecene, 3.6%; internal undecenes 36.9%,
methyl undecanal, 0.4%; dodecanal 58.3%.
Example 3C: Hydroformylation of Methy] 3-Pentenoate using Polyester 3
This reaction was run as in Example 1D with the modification that
4.6 equivalents of bidentate phosphite to Rh were used with polyester 3. GC
35 analysis: 56% conversion of methyl 3-pentenoate; linearity of aldehydes
produced: 97%; selectivity to methyl 5-formylvalerate: 79%.
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1. A 75-cc stainless steel autoclave equipped with a glass sl eeve was
charged'vm'th 3.05 g (21 mmol ) N, N -di net hyl -1, 6- hexanedi am ne, 30 g

dei onized 5 water, and 10.9 g (21 mmol) di phenyl

2, 2" - di hyd™W9@121308 _ pi napht haI ene- 3, 3" di carboxyl ate. The RIAOYPSEhnt ent s
were purged with nitrogen. 2. The reactor was set to vent at 250 psig. The
reactor was heated to 200C Gummplect: pAricna vhipidelleat ed to 240C over
sixty mnutes. gt &Q%nrﬂf% t,,the reactor pressure vvas reduced to

at nospheric pre tes while tenperatyre was increased to
275C. The reactor wak ‘%gﬁﬁcém‘??ﬁﬁ}eﬂtaﬁﬁﬁbﬁ%?%“@?@&ﬂﬁh PeVeWeS forty-five

mnutes. 3. Aftehargedbity805 ¢ (23 ruabl) W,N1-dithettiyl-1,5hexancdiamine BO\g&lhomzed

Pr epar ati on of I ' I ,r v th the
phosphochi ot ci Faes A HE9 § e B2 > M ARE1 OanliRRIGO 1
base. The ni xt udiearhemyldte.| Thetearterrantents avesopurges: witlhewiroges. by rot ary
evaporation to give 2 hEned@ckdrarhs Bt thaﬁzs(l%ﬁigsmietr@acto?hﬁsmémr was

soluble in chlo P{ H) sonance at 132.1
ppm Exanpl e 4Aé&)l—§' tg&vﬁ"é"t' ﬁ‘%%‘*"ﬁ@%@ﬁ%ﬂeﬁ “?"ﬁ |vanmide 1 20
This reacti on wH# mmntea,sthe na&maprpdsare]v&swddced toatmosphéniacpressore dvent

appr oxi mat &g/ 66 Ye%'vﬁﬁlkgeé@éer&fé%%&eag R954cE iR ALt AELds }#I neaW th

pol yam de 1. na ySi s conversion o pentenenitrile rity of
al dehydes pr odu@@&mmfe%%f’@ﬁF@Bf%Wf%WF‘W&Fer onitrile: 35% Exanple
4B: Hvdrof or nyl at i ors. cAfidviebblirg, thefselid prodadtc10ng, was Rehgvedi de 1 25 In a drybox
a solution cont ntenoate (0.49 M, Rh(CO) 2(acac) (8.6
m), and 1, 2- d|1§1 ezt amdeloleernal standard, 0.14 .

tetrahydrof uran was TPheaolamide from gbavegrasseactedivathsbe plos Ohh%'ldéﬁdéd to a

gl gss£ L ! neﬁhprﬁﬁﬁfme?wfe%@wﬁ%tﬂ%'lﬁxhﬁﬁaaw nme%muﬁeaafmﬂérwwt S| 0;
identate phosphite to rhodium i a eactor was seal e

pressurized to 5‘8 oK regpave anlb?'ﬁoﬁlyfvﬁ%'ﬁ}élmglﬂéwﬁ W‘{P@gﬂeﬂor 3 hours.

The reactor wasphosphited The polythepwessolublein @lmofarmér‘rﬁ{lé} @02 Mz, @Ck):on

m Xture was anaﬁ,xﬁgfgs&%n&ag 13§iprpgﬁot ography on an HP 5890A Chr onmat ogr aph

with a DB- FFAP fused sil |£ H&:{ . col 30, ters 103 |.D.,
1]

0.25 pmfilmthick efres is: 62%
conversi on 2if et hyl Tis pectioarvasran asib ExampbrlBtvylﬂoﬂleamddinpdesthat oduced: 34%
selectivity to jptdythatery6XqiWaleats O Bidentatephdiphité toih felbd® RithCT/ USCO 25567
polyamide 1. GC analysis: 86% conversion of 3-pentenenitrile; linearity of
aldehydes produced: 40%; selectivity to 5-formylvaleronitrile: 35%.
Example 4B: Hydroformylation of Methyl 3-Pentenoate with Polyamide 1
25 In a drybox a solution containing methyl-3-pentenoate (0.49 M), Rh(CO)-
o(acac) (8.6 mM), and 1,2-dichlorobenzene (internal standard, 0.14 M) in
tetrahydrofuran was prepared. A portion of this solution was added to a glass-
lined pressure vessel containing approximately 2.4 equivalents of bidentate
phosphite to rhodium with polyamide 1. The reactor was sealed, pressurized to
30  0.45 MPa with 1:1 CO/H; and heated to 95°C for 3 hours. The reactor was cooled
and depressuized and a sample of the reaction mixture was analyzed by gas
chromotography on an HP 5890A Chromatograph with a DB-FFAP fused silica
capillary column (30 meters, 0.32 mm L.D., 0.25 um film thickness) purchased
from JW Scientific. GC analysis: 62% conversion of methyl 3-pentenoate;
35  linearity of aldehydes produced: 34%; selectivity to methyl S-formylvalerate
28%.

24



Exanpl e 5: - Preparation of Branched Polyner 1 Preparation of diol Reaction
of 3-(2-hydroxyphenyl)propionic acidwith 1,6-hexanediol. Ina 100 ni rb

fl ask was charged 16.447 g (0.099 nole) of 3-(2 5 hydroxyphenyl) propionic
acid, 20wgoaieBascat 4102 and 5.840 g (0.049 nole) of PCTESHEEIMedi ol. The
m xture was heated at 170-225C for three hours to renove water. The

m xture was then heated ) ' the tenperature
was | owered to 200C. Eg %ﬁ%nﬂﬁ%‘%@#&emerature
i ncreased to m nutes. The m xture was flash colum 10

chr omat ogr aphed uslleagnﬂﬂif@e(ﬂﬂlyﬂroagﬁtcnylﬁdrbpmqecldmthlll,éhexanéﬂmlslmﬁ)t ai ned was
9.95 g of thgld?q&llh e&tz tdege%lﬁfsﬁowhz’ CDC13): 7.2 (br

. 2 { 2.6 (t,
ZH) ?45 (m lwn;oxynhegyl)zrﬁ?wmq)acld Qs-‘H&P Fasest 4 gﬁ’e%(i(‘#%%%%?) of 1z(3 Under

an inert atnogehetatediol. T mikturdowds iestd w 1170-2257CG fn direchaurs torrehowas char ged

with 0.900 g g teemgmwmmeg{eaq%?cg&@gg@awgmtﬂeﬂhefrom above _and

10 mM of tol uen Xture was pre-cool ed sol ution
of tri-n-but yrmpsrare wasiowered to 2000. Hpuse ypetmrwonappliedied theer a 15 ninute

period. 31P{hkm aressadtd%oremmmmstmmkmwasmmomor resonance

at 20 16 p o.th & e(;‘h
2,2 dlhyzl‘(?o 3‘3‘7‘“!"% W%{" %%%? (f%?:‘zez% eﬁateire &F &% anal ogous!
Lo the met hyl928 ofthe desires Brodues as seail ) 1H §&93p1@§brs,216) 296 and
Tetrahedron L@M (m, 4H3, 6P (m, 4433 9wdHchbst(t,ma,lz @41, 045 (w0 4H; bot y! ani ne.

The gel was gﬁﬁd to stand overnight. Sone solvent was renoved and
acetonitrile Wa dded The yeI | ow 25 solid (5:610 g) was collected. Solid
st ate 31P nadirepasatiy Brrnohed ®1 (121.5Mhz): 143 and 125 ppm This

Penonitrioe with s @“*ﬁ“h&‘mﬁ’“" ;& 10021 B Bk il i W%‘ﬁ*d‘n i ning.
cont ai ni ng

3- pentenemtr‘ihl""g"‘?3 tg%%?)gglﬂ(%(’gﬁf’é?% ?%naﬁ&n‘%é °3ﬁ‘25f BV6 obenzene

(internal st amdad0el oftoluenk) Themmizxture slay deadéd atadl dewepse MaobﬁonA portion

of this sol utjraR MRARIAAAE th 3PmP(-9HRG B¢ tohRREWRS SRIBY bPer ¥AS TRt ONt @i Ni Ng

approximately 3 dent ate | hos ite.to rhodium were used
with br anche@eﬁefqﬂn§¥ﬁgab?$@‘z ﬁ:HJcatﬁflgmﬂrlrisgaax{cgat% psi 1:1
CaO H2 andzohealt&(iapmo Tohis ndxtufe \haudded 75 g efadlphmyMQ dihylimatydid

depressuri zeg, %glgﬁgg’gl ﬁlﬁgﬁﬂf‘cgﬁ%ﬁ OalSpdis ﬁtﬂ@ﬁeﬂ”lﬂa&sﬁ&e‘j by gas 35

chronntograph SI'S ectivit
5-f or myl val erdSFHiative] sse 641'%@]??”%1 D1 ]@Sﬁvasérz?g ap& é‘ﬁ‘?’feflﬁf’”oé”a’l 1980y des
produced: 413) and additional 2.0 g of tri-n-butylamine. The gel was allowed to stand

overnight. Some solvent was removed and acetonitrile was added. The yellow
25  solid (5.610 g) was collected. Solid state 31P magic-angle-spinning NMR
(121.5Mhz): 143 and 125 ppm. This polymer was not soluble in CDCl3. -
Example 5A: Hydroformylation of 3-Pentenenitrile with Branched Polymer 1
In a drybox, a solution containing 3-pentenenitrile (0.5 M), Rh(CO)s(acac)
(9 mM), and 1,2-dichlorobenzene (internal standard, 0.14 M) in tetrahydrofuran
30 wasprepared. A pottion of this solution was added to a glass-lined pressure
vessel containing approximately 3 equivalents of bidentate phosphite to rhodinm
were used with branched polymer 1. The reactor was sealed, pressurized to 65 psi
1:1 CO/H, and heated to 95°C for 3 hours. The reactor was cooled and
depressurized and a sample of the reaction mixture was analyzed by gas
35 chromotography. GC analysis: 94% conversion; selectivity to
5-formylvaleronitrile: 67% on a mole basis; linearity of aldehydes produced:
82%. GC analysis: (mole %) 2-pentenenitrile 0.2%, valeronitrile 17.5%,
3-pentenenitrile 5.7%, 5-formylvaleronitrile 63.2%. 94% conversion of
25




82% GC analysis: (nole % 2 pentenenltrl I e 0. 2% valeronitrile 17.5%
3-pentenenitrile 5.7% 5-fornylvaleronitri e 63.2% 94% conversion of 25 WO
01/ 21308 PCT/ US0D0/ 25567 3-pentenenitrile; ‘linearity of al oduced:
82% sel ecMOMRP%®o 5-fornylvaleronitnle: 67% Exanple 5|§.9§'még&§559{
Hvdr of ormyl ati on of 3-Pentenenitrile with Branched Polynmer 1 . A 100 nml
autocl ave was gqfeh&ﬁ&nﬂdlé hm@m&yafﬂ&elbﬂwme&cszmahmv’fﬂyeo5 aut ocl ave was
evacuat ed and %ﬁ? t|on @)’n ng 0.039 g of R1(QO 2(acac); 2 g of

1, 2-di chl or obe ) 3- pentenenl tr| le was | oaded under vacuum
The autocl ave WeE : : af3-Renterenitrile with Branghed Rolymer lo5C under

vigorous stirri n f(A[l(ﬁ) lzwe'“}agcﬁdr \ﬁﬁl@)’g'ﬂb%cl@edrp%é&l&i he n1 /'mn

f 6 h A I
anal yzed by 169€ aﬁw“r@%@%@ﬁeéﬂ@m pomeags Do g R oBeS 18" 4o,

3-pent eneni tri lof 1,‘2-cﬁéhlorobedzanemld\iaIgmfémmmnem&%ww@aw%ndmumno n of

3-pentenenitril 3 y to
5-fornyl val er or#lt rai:o@ﬁ@%ﬂ%}’pr%(sun&dg;ﬁméﬁﬁ Q/I{g (1 1) Med%?bﬁ%ﬁﬁ%f
3- Pent enoat e Wivigpreys 0’@5?‘9 ilg flqwing PE%5s in

Exanpl e 4B wi t I§ Holass. nshinipleahs emovébfrorh tife reapionafier6 heurs bndarbyzedibye

phosphite 4 e ) A TRYEY 09 7%
conver si on gf Rrb(}“ﬁﬁfie‘?? % et%%g%ﬁ@lc &gﬂa?%ﬁfﬁ@%ﬁhé %d‘ﬁ rig uchgd 91 %
selectivity to5 rrnxllv stonmlﬁﬁﬂ\ﬁa@ &%é@anﬁ}mteee%mlﬁﬂlaﬁ%ﬁw Pol ymer 2
20 Under an i neldehpdespaidacsde 86%; &E&nnikyfom-fohayﬁvalmmmn mnetuc stirrer was

charged with 0.412 g_E‘g % 31%: 0 g
6, 6' -di hydroxy-4,4,7 Lm e flbﬂ&h 15 PeLQe?:oQte% E and 20
M of toluene. The mxture was cool ed tBolvElCland a precool ed sol ution

(-300) of tsiet hyl amhidgeaction $@9n@)as ifExdn, 4Bfwmah¢lﬁﬁmﬁcmtnaturry was

stirred for 1. our s 1R 20 . VHz

i ndicated a maﬁo eqpég.})eﬁ Oéi’l_%f'%% %’é‘ﬁ&’ 'ef;‘l’gd %Hn[@ﬂ ﬂoﬁﬁ%ure was
added 0.790 g &¥C analysisn 7% conyersigh Wmeﬁg(y}peq;enoate lmeanty of aldehydes

bi napht hal ene- $rsiucél: ogl%)ggu&a;i@t@ﬂﬁ % @t‘&ﬁ@mﬁﬂlerﬁte79@%g of triethylam ne.

The mixture was stirred overnight iy l.tered, washed with
tetrahydrofuran. The sol vent B L aaciv otary~ evaporation to give
2.124 g of 2¢el | ow s&lndgtaanQrpatBEismhd)e,nﬂﬁommmskwﬂ;amsysummm peak at

é gli% r0ne Pprzn Eﬁ;g%ﬁ‘%ﬁ‘ bMds @lo® bl%ébﬁ&rh?ﬂicﬁfonae Fiemsegrkﬁm & Ldityr &tyhh:l; BW?nc][led
bi dg nt at e exame’ch\l\kﬁns-iJ E—splrociu'oman urlr% d 2\8' f]foluen g "tha ent o
mixture was cooled to -30°C and a precooled solution (-30°C) of triethylamine
(0.800 g) in 20 ml of toluene. The slurry was stirred for 1.5 hours. 31P{H}
25 (202 MHz) 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 triethylamine. The
mixture was stirred overnight and then filtered, washed with tetrahydrofuran. The
solvent was removed by rotary evaporation to give 2.124 g of yellow solid. 31P
30 {H} nmr(202.4 MHz, CDCl3): major peak at 133.0 ppm.
Example 6A: Hydroformylation of 3-Pentenenitrile with Branched Polymer 2
Reaction was run as in Example SA but with 1.5 equivalent of bidentate
phosphite to Rh with branched polymer 2. GC analysis: (mole %) 2-pentenenitrile
1.0%, valeronitrile 12.6%, 3-pentenenitrile 4.2%, 5-formylvaleronitrile 27.4%.
35 96% conversion of 3-pentenenitrile; linearity of aldehydes produced: 33%;
selectivity to 5-formylvaleronitrile: 29%.
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phosphite to Rh with branched polynmer 2. GC analysis: (nole %
2-pentenenitrile 1.0% valeronitrile 12.6% 3-pentenenitrile 4.2%
S-fornylvaleropitrile 27.4% 35 96% conversion of 3-pen

| i neari t§v ‘fmé#}’aehydes produced: 33% selectivity to EE‘Q&%‘}/{S&%
5-fornylvaleronitrile: 29% 26 V\D 01/ 21308 PCT/ USOO/ 25567 Exanpl e 6B:
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was, prepar ed(acﬂF)ifﬁl?’tni‘M?raBTl 1¢2r-ﬁl inferaal 53 %I%MQF%\SS 5 lined
pressure vesseétahy mmemmmlehyf&saqhnummaddedtod)gldsnt ate
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reactor was Rheshite tarhadiymivith branched pelymer2. S Ehadreee ¢baction. nixture
was anal yzed r&)ﬁm&%&t&d}llwmaqgr eom a:ﬁtﬁeaa@tm%forxme Phe retoer oni tril e

14 0% 10 3 NSRRI i Pebeff s A8 il e s B2 6204

sel ecti vi ty tborgaschrgmnsﬁgmh:erﬁﬁmalysrse (mQIP%) Mﬁ!ptrde ¥4.8%; epar ati on of

Eg: IyrcnelraI 9 h%gﬁeh%lbx_lﬁ_&zléﬁ sg% ?{foﬂﬁ’lbﬂ&&uﬁ'ﬂ@ﬂl Be( oy dhterkion 6f opane) and
Saded) 11, 55 S TpieremRUR, ipbutty ERARU TR ot Gt PBRRARIBL) ) Senvae. 200
of toluene arﬁetfoﬂmﬂvgjemmmbx&%c acid. The mixture-was refluxed for. 16
hourrs. The m xture was coohggn le 7epREHatidn(df PORIRF3 brine, and dried over
sodi um sul f ate. 'I;he slcﬁ s rly'e and e ol | s] di .S oI ved in a

m ni num anourEERFALAN L degived from Di(mmethylalgropanel) and.salicy 5t the desired
product. 13.2 of TWrbélasloéqmbpadimthtalDeanSmdccondﬁ@brwe@édaddslpiﬁgofc pressure

chem cal |on| e 1 B el 458. 55;
found: 459. 2 a§| gn, fmlf%fl') _ Syadeﬁ%ec ?&S\/ggtgﬂr&% ar 335495%1 lar to
Exanpl e 5 ex@&pi Thegnixpyre, N’éﬂdf%lé/%’é“‘ FO¢%m above was
reacted with vﬁﬁﬁe’ﬂmﬂdwhd&emnhhenddmdﬁmmmmﬂfamﬂmhbhemMe sol ution was .
reacted with 9%9&‘3% i iPwasHifY e mhindmim amount of ether. Hexane was

?wapgw%ene ox¥l at EWIE’@%F%R?; ng‘t’hvi%ffgﬂéed a3 th Oggse 31P
. resonance at APCIMS (qmﬁsphaﬁc ﬁ:essupi chemival lepizatidnonasy Ismctroscomf) ' ]
3- Pent eneni t rebchialthi'er EQHYIGS: 438.55; found: 459.2.

Preparation of Polymer 3 :

Polymer 3 was prepared sumlar to Example 5 except the diol from above
25 was used. The diol from above was reacted with PCl; and then the resultant

phosphorochloridite solution was reacted with diphenyl- 2,2’-dihydroxy-1,1"-

binaphthalene-3,3’-dicarboxylate. Triethylamine was used as the base. 31P {H}

nmr (202.4 MHz, CDCl3): sharp resonance at 145.6 and a broad resonance at

135.4 ppm.

30 Example 7A: Hydroformylation of 3-Pentenenitrile with Polymer 3
- A 100 ml autoclave was charged with 0.9 g of polymer 3. The autoclave

was evacuated and a solution containing 0.035 g of Rh(CO),(acac), 2 g of 1,2-
dichlorobenzene and 70 g of 3-pentenenitrile was loaded under vacuum. The
autoclave was pressurized with 0.45 MPa CO/H2(1:1), heated at 95°C under

35  vigorous stirring for 6 hours while flowing CO/H; at a rate of 20 ml/min for
6 hours. A sample was removed from the reactor after 6 hours and analyzed by
GC (mole %) 2-pentenenitrile, 2%,'va1eronitrile 13%, 3-pentenenitrile 10%, 5-
formylvaleronitrile 69%. 89.4% conversion of 3-pentenenitrile; linearity of

: 27
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A 100 m autoclave was charged wuth 0 9 g of poI ymer 3. The autoclave was
evacuat ed and a sol ution containing 0.035 g.of Rh(CO) 2(acac), 2 g of 1, 2-
di chl orobenzene and 70 g of 3-pentenenitrile was | oaded under vacuum The
aut ocl ave WAIBIWEsyrized with 0.45 MPa CO H2(1:1), heat e®CHUSINESbhder 35
vigorous stirring for 6. hours while flowwng COH2 at a rate of 20 M/ mn

for 6 hours. AakiRRydes prRltcdde 98 estlektivity folSefonapivalefonifilee 179%. h@ﬂl’gs and
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polymer 3. GC a ver sl pentenenitrile; linearity of
al dehydes pr oddcfermylyaegonitdlecdi%yity to 5-fornyl val er on| trile: 81 %

Exanpl e 7C. HvdrofEx 1 C:0Hy&bfoMa vl anf B artendatetwitpd] ﬁ&r33 10 This

reaction run as e va.t hat

equi val ent of bi deMtrgacgﬁlg Hn@sf'}) ﬁfﬂﬁ @%@9&? é% ethﬂsed GC
anal ysi s: 96% ddhaquivalents qﬂbxdtmtamnhos:hgem Bhwth@olquxéavdr@ ysedf G& dehydes
produced: 99% aﬁﬁ&ﬁ&t96%Ednkﬁldﬁfﬁhémﬁsfﬁéhﬁﬁbétéhﬂkﬁh? of 8dékydexanmpl e 8:

Preparation of Br 15 T reatlon simlar to Exanple 6
except the di olpr‘?d?"ﬁ‘?dq%%j %"t‘?"ty\’i%lg‘eﬁ’ggg'f V\@%m Exanpl e 7 was
reacted with PC13 andthenE 1éiaga b gk RPolyvhen3 dit e sol uti on was
reacted w i di phen

bi napht hal e?e 3,3 g‘hcar oxy‘?ate 4¥E*ax%ﬁ&6excepﬁngdvéoslﬁl?s%ﬁxmsp %e base.
The pol ymer wa&syerd &romyExamples7 wagreastediith PEl; and then h 5Fﬁ§W| on of
1-Cctene with Bh hmdlﬂBﬁHMsohﬂmmwatsmetedﬁmMﬁKB)xﬂ-aaad)h@awxg 1,0- 012

%: 2;, gagn‘?nﬁ% 4 é'3§ dﬁ%@?@d&plﬂlgﬁ%ﬁﬂl@n J‘Xaggﬁpm ‘?ﬁaég;gm%ll 1) for

1 hour. Butyl @PW&“E@S@W@“ 19192: le) was added into the m xture as the
i nternal spgndard ®RsmpleBATHEOTGMVERiOR B MR (Brafeled BolvaigaBogr aph with

G ST e ST P e e
(insoluble) (26 mg), 1-Octene (98 mg, 0.9 mmole), and THF(0.5 ml) was heated at
80°C under 100 psi of CO/H»(1/1) for 1 hour. Butyl ether (2.6 mg, 0.02 mmole)
was added into the mixture as the internal standard and the mixture was analyzed

25 by Gas Chromatograph with Chrompack CP-SIL 8 column(30 m x 0.32 mm ID).
98.8% conversion was obtained with 40.8 wt% of Nonyl aldehyde, 1.3 wt% of
2-Methyl-1-octanal, 6.2 wt% of Octane, and 29.0 wt% of Octene isomers.

Example 8B: Hydroformylation of 3-Pentenenitrile with Branched Polymer 3
This is an example of an insoluble catalyst. A 100 ml autoclave was

30 charged with 0.9 g of branched polymer 3. The autoclave was evacuated and a
solution containing 0.035 g of Rh(CO),(acac), 2 g of 1,2-dichlorobenzene and
70 g of 3-pentenenitrile was loaded under vacuum. The autoclave was pressurized
with 0.45 MPa CO/Hy(1:1), heated at 95°C under vigorous stirring for 6 hours
while flowing CO/H, at a rate of 20 ml/min for 6 hours. A sample was removed

35 from the reactor after 6 hours and analyzed by GC (mole%): 2-pentenenitrile,
2.4%, valeronitrile 16%, 3-pentenenitrile 8%, S-formylvaleronitrile 67.4%. 92%
conversion of 3-pentenenitrile; linearity of aldehydes produced: 94%; selectivity
to S-formylvaleronitrile: 75.5%.
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2-Methyl-1 -octanal, 6.2 wN o of Cctane, and 29.0 wt % of QOctene isoners.
Exanpl e 8B: Hvdroform/I ation of 3-Pentenenitrile with Branched Pol ymer 3
This is an exanple of an insoluble catalyst. A 100 ml autoclave was 30
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solution containing 0.035 g of Rh(CO) 2(acac), 2 g of 1,2-dichlorobenzene
and 70 g of 3- peBkmnAO8Cs Hybrof@mylationl 6fiMeth _ile_sﬂmmwwcl ave was
pressurized wth 0.45 MPa CO H2(1: ]9882 %t ed at.95C under vigorous
stirring for 6 hours while flow ng a rate of 20 m/rain for 6
hours. A sanple mé@smqwawnfas&ﬁwlﬁ%mtbﬁhw?@ﬁcmnélmts and anal yzed
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produced: 1091@1 a}]lbxga&ey ’fh@réﬁitﬁ%k)h&g&&&éﬂl&rrcﬁde%ﬁhgnwazﬁﬁwﬁﬁgpl e 9
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Preparati on was epared sim|l ar
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to Exanple 6
as the diol mlmmpﬂmyMeMspisebqshhﬂashl'ﬁtamblmmvﬁbaorsekxbﬂéiant

phosphor ochl i@l t e soI ution was reacted with '

3,3',5,5 -tettandt hyl -2, 2' - bi phneol to make the brnched pol ymer. N, N-

Dii sopr opyl et hyl am ne ,»'.'” aionofRh catalystffom Branche pi3et was not soluble in
CDC13. PrleparoaBO(grbfdfeBEm&edpdlymérzfattﬂms&muﬂmm(m)rwéei:ﬁxéllﬂSO g of the

and e i naolEES Sﬁf?ﬁaﬂy??e%é“’%‘ o PPl BRAEL YRR B PHEAR 2t i oo,

Exanpl e 9A: Ppeiuss driedy Iatlon of Propyl ene |n the Gas Phase with Rh Catal yst
derived from BxamysléeA: B

15-inch (37.5 cnm Iong stal nI essdeﬁ n]iﬁg'ﬂl:l‘?e'alfo Jrgr vvas placed ina
nitrogen-filled gl ove box. g‘g— | aced in the bottom
‘end of tRE react omm@%@ch@ gm) diawetes,  &-inch (37.5 cm) long stainless

steel tubular reactor was placed in a nitrogen-filled glovg box. A plug of glass
wool was placed in the bottom end of the reactor, followed by 0.47 g of the -
catalyst from above. A thermocouple was inserted into the top of the reactor.
Both ends of the reactor were sealed with metal fittings, and the reactor was

25 removed from the gldVé box and was connected to stainless steel reactor feed lines
purged with nitrogen. The reactor was equipped with a by-pass line to allow for a
flow of CO and H, to be established before opening the inlet side of the reactor to
the feed gases. The desired temperature of 100°C was established in the reactor
by means of a split tube furnace surrounding the reactor. When the desired

30 temperature and flow rates of CO and H, feed gases had been achieved, a valve
was turned to begin paSsing CO and H, over the catalysi. Periodically, reactor
effluent samples were analyzed by gas chromatography for the amounts of
unreacted propylene, linear and branched butyraldehyde. The run was at 100°C
and at a total pressure of 0.69 MPa. Propylene/ CO/ H2 =2/2/2 cc/ min. Aftera

35 total of 93 hours, the average linear/ branch ratio ( n-butyraldehyde/
isobutyraldehyde) was ~ 7.3, with an average propylene conversion of ~65%.
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catal yst from above. A thernocoupl e -was inserted into the top of the
réeactor. Both ends of the reactor were sealed with netal fittings, and the
reactor was 25 renoved fromthe gl ove box-and was connect %3&%&‘? E’pl ess
steel reac™Q02838 |ines purged with nitrogen. The reactdF1 '%53 | pped
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except the 102, Znigdbdin 10/l ST the BSubIE RataFy/St WabHlttked, whehel WERTHE t he

phosphor ochl ori d| te cg_l resul t ant phosphorochl ori di te sol uti on was
reacted with di®B
di hydroxy-1, 1' - bxe

DA droforatylation BIop i e with BRh-catalus
pol ymer. N N-Di sopropyl et hyI am ne W@ﬁv&%g&&m r 5T he poI ymer was
not soluble in ) Pre‘Parauon 0 % rom tﬁ Pol yrrer 5
0493 5 of “t he br andREERUR e gt it e ERgpole T4 pieey ﬁg b Grange’ |
m xed in 1as5m lecaﬂj&tmsiu&eﬂehopsbhdlﬂ@ﬁh%mwmn Arﬁletxetomjpfwashed wrth
THE and vacuu @fmﬁ n the
Gas Phase V\nthmggllbcai glrelgr\//eg(?nﬁ%%@% Oé ynmer 5 T gﬁ?gvaa?:tlon
was carried outabewt20 W&M‘Y’“@“@R’W t°°’€7’°%°’b°f6‘15 te above 15 Rh cat al yst
was used. PropyExaaple TOB: Rionaf 3rHentendfitride usind BtaathedfP durs, the

average |inear/ bra'%é@ctfoﬁt&a@r&paﬂi hﬂ%ﬂﬁ/ @@@{Mﬁ{%@% was about

20, with an average p ene conver5|
Hydroforrryl29t| tstﬁﬁmmm d polymsrdy & analysisy Wrrsenorfieacuon was
run as in EX&WBLI&nfeﬁerh&ﬂthkﬁht? of aldehydeeprodadedd 68 $eddctivitPtophosphite to Rh

wi th branched @%o%(lalgrom%e?%kys Is: 92% conversi on of
Example 11: Preparation of Branched Polymer 6
Branched polymer 6 was prepared similar to Example 6 except 6,6-
25 dihydroxy-4,4,4’,7,7,7’-hexamethylbis-2,2’-spirochroman was used as the diol to
prepare the phosphorochloridite. The resultant phosphorochloridite solution was
reacted with 2,2’-binaphthol to make the branched polymer. Tri-z-butylamine

LLLLLL

was used as the base. The polymer was not soluble in CDCl3.
Preparation of Rh catalyst from Branched Polymer 6

30 0.487g of the branched polymer 6 and 0.456 g of Rh(CO),(acac) were
mixed in 10 ml of THF and the insoluble catalyst was filtered, washed with THF

and vacuum dried.

Example 11A: Hydroformylation of Propylene in the Gas Phase with Rh catalyst

Derived from Branched Polymer 6
35 The reaction was carried out as in Example 9A except 0.46 g of the Rh

catalyst from above was used. Propylene/ CO/ H, = 4/4/4 cc/ min. for 70 hours,
40 min. Propylene/ CO/ H2 =2/2/2 cc/min. for additional 23 hours. The average

linear/ branch ratio (n-butyraldehyde/ isobutyraldehyde) was about 1.6.
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3-pentenenitrile; linearity of aldehydes produced: 68% selectivity to .
S-fornylvaleronitrile: 51% Exanple 11: Preparation of Branched Pol ynmer 6
Br anched pol rrer 6 was prepared simlar to Exanple 6 ex t 6.6 25

di hydropr 12198 7 7 7' -hexanet hyl bi s-2, 2' - spi r ochr oman® Qﬁgsq%zé‘ﬁ"as t he
diol to pr epare t he phosphor ochl or| dite. The resul tant phosphor ochloridite
sol ution was Exas G3LGis @ebr pol yner .

Tri-n-butyl am ne _ v ble in

CDCI 3. Preparati onm? ﬁ‘gcat a%@?@gﬁ ranc c}y%&Fm 29%8&%{%879 of the

br anched pol yphospliteand Ry withebrariched pel °%Pm°1iﬂf 10 M of THE
and the i nsol Wbmmiuakymeaﬂqsofﬁldhhﬁkg mahqd’/oy\selémiﬁkj&o and vacuum dri ed.

Exanmple 1 drof o . at | f Propylene in the Gas Phase with Rh
cat al yst 5% ;ra!)eﬁlw e éo PoI nmer 35 The lreactl on was carried out as

in Exanpl e 9A except 0.46 gExsmples]13:i8 in above was used.
Propyl ene/ CO H2 Edd‘i{idﬂafleﬁﬁ{ ld?'afbdeﬁ&ibeaﬁltﬂ@thbl‘e; Thé Brafbhbd polypieed ene/ CO° H2

=2/2/2 cc/mn. for a aI 2 a linear/ br nch ratio
(n- but yr al deh}EREPPEs &f sw?%eé §°5gb§'l"é'%%g§6“ﬁﬂle
PCT/ US00/ 2556ﬂlosﬂmahlph¢teland|§ae sqvohdaﬁdnm}sedfwdhﬂhﬂr rehction t'Emtmls nsede usi ng

Branched Rp Befidd LaMid@Pheldty as in Exanple S5A but with 1.5
equi val ent of b| ent at'e phosphite and Rh with branched polynmer 6. GC
anal ysis:; 60% conv#rsi on of 3-pentenenitrile; linearity of al dehydes

pr oduced: 40% sel@cti vi ty to 5 5-fornylvaleronitrile: 31% Exanples 12-18:
Branched Pol es AddAt ie H# exanpl e are described in the tabl e. The branched
polymers were pr i by \ H i i

used to prepare t phos hochj.0 ' '_s NG e

further reaction. The dio used O i e exanples are |ist&s

OOHH I [/ \ \ / Odiol 2 diol 3 diol 3
. o | diol 2
- 2 : :

dioH is

diol 1
H\
O
O,o. "%:z \22— 08 *: o
diol § diol 6
1!1
diol 4
15 - H
d
oo
diol 9
diol 7 diol 8
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1 diol 1 H\OO0OC OH H-\/ 0C  diol5 diol 6 diol 4 15 HH d H% aH

HOO.H\ / ~ ~diol 9 diol 7 diol 8 31 WD 01/21308 PCT/ US00/ 25567 Me02
o2Me flI/)k\ HOH diol | Odiol i | The hydrofornylation of 3-pentenenitrile
reacti ons WOM218 as in Exanpl e 5A except that the amouRCS/USPVRHRY

specific polyner ligands shown in 5 Table 1 below. In the table, L/'M

denot es nol es of Iigqge/m) s of Rh; Conv. denotes conyersion; Sel. refers

to selectivity to; and\Lin/d is, Table 1. Hydrofornmnyl atipn of

3- Pent eneni t ri | MeOp& amf? eQpaseOtMEst di ol fi /M Cony. Sel. Lin.
0l..8 1.5 96% 37%

10 12 NEt3 diol 1 di 7T 3\ o

43% 14 NEt 3 di ol 99% 54% 65% { H di 017 3 89% 46%
55% 16 NEt3 di ol 97% 42% 47% A diol 6 diol9 1.5 98%
39% 47% The hydr of of methyl 3-pentenoate reactions were run as
in exanple 4B with the exception that the Anounts of the specific pol yner
| i gands are shown in Tgblile@ 2. 20 Table 2: I—|yd[_li%{1()_|rrryl ation of Methyl

3- Pent enoat e

The hydrofbnnylation of 3-pentenenitrile reactions were run as in
Example SA except that the amounts of the specific polymer ligands shown in
5  Table 1 below. In the table, L/M denotes moles of ligand/moles of Rh; Conv.
denotes conversion; Sel. refers to selectivity to; and Lin. is.

Table 1: Hydroformylation of 3-Pentenenitrile
Example base firstdiol seconddiol I/M Conv. Sel. Lin.

10 12 NEt; dioll diol7 3 95% 70% 81%
13 NEt; diol2 diol8 15 9%% 37% 43%
14 NEt; diol4 diol7 1.5 99% 54% 65%
15 N(Bu); diol5 diol7 3 89% 46% 55%
16 - NEt; diol3  dioll0 1.5 9% 42% 47%
15 17 NEt; diol6 diol9 15 98% 39% 47%

The hydroformylation of methyl 3-pentenoate reactions were run as in
example 4B with the exception that the amounts of the specific polymer ligands

are shown in Table 2,
20

Table 2: Hydroformylation of Methyl 3-Pentenoate
Example base firstdiol seconddiol I/M Conv. Sel Lin.

18 NEt3 diol 2 diol 10 4 95% 73% 81%

19 NEt; diol 1 diol 7 3 45% 5S8% 92%
25 20 N(Bu); diol6 diol 7 3 49% 66% 81%

21 N(Bu); diol5 diol 7 4 61% 68% 82%

22 NBu); diol5 diol 8 4 81% 65% 82%

23 N(Bu); diolll diol 7 4 4% 72% 86%

24 NBu); diolll diol 8 4 7% 64% 79%
30
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Exanpl e base first diol second diol L/MConv. Sel. Lin. 18 NEt3 diol 2
diol 10 4 95% 73% 81% 19 NEt3 diol | diol 7 3 45% 58% 92% 25 20 N(Bu)3

diol 6 di 49% 66% 81% 21 N(Bu)3 diol 5 diol 7 4 6

N( Bu) 3 d.@P‘%”%ﬁ’% 8 4 819% 65% 82% 23 N(Bu)3 diol 11 d.%‘i/’gg"ﬁ’%/o 72% 86%
24 N(Bu)3 diol 11 diol 8 4 77% 649 32 WD 01/ 21308 PCT/ USOQ 25567
CLAIM S What whatisziaiméiiss: 1. A conpositi on corrprl sing a Group VITT netal

and a pol yneric tgpéngagg,k | ¢ phosphite
conposition is sel ectégx&rﬁxﬁogf#@%lg&%ﬁ 2 co SI stl ng o yrrer A, pol ynmer B,
and conbi nat i Bhesphitecomppsitien whereiny ner A conpri ses repeat units derived from
(1) a carbpnyl comm@oly@&hc@ha@hnmmmhﬁnﬁﬁselqnhdﬁﬂmﬂhlgmwd|te said

| B h 10
triehlori de, {95 5&%“@“@8@? m%**’?%"’i’%‘haa?&on& ic diol; said
car bonyl corrpound |s SQ’éIP@ tsdsAxedsirom §)g¥carhenyb o) n( oH) -
Ar1- (OH) (C02 Bﬁcﬁr& aﬁ!ﬂb)"p’hoé}ﬂﬁcﬂﬁhﬂxmm) m
R102C Ar2- Ar2-
Eher eo12 i ?5_0 sa|r d n{)négfgrg}’fyén%g 3%3$W%§%%gu coﬁlts)%? gﬁg
pol yhydri 10 atrichloritie, (2 pelyhydricialeohabiand (3)angra 1, sai d phosphochl oridite

has the for My &dngt %%s&l@cﬁ@frsﬂﬂtﬁ&gouﬁ@sﬁb@gmﬁ(ka ﬁ,[(biﬂ)ked to
each ot he

S?gﬂpokgerzodé%@hi’?ézl@%i}‘e@z%wﬂﬁ Qﬁ'ﬁéﬁbﬂ@'@ﬁt Bri ngof phenyl one
group, bi phe@vogﬁ);n(@l-bwz-m&ﬂhﬂ)@lbké)ngmdpomblnnm {weermeogeoup, and

conbi nati ons reof: WO Or nore t hereof; each Are | s | ndependently sel ected
conbi nat ﬂsni”tp hE?QE} S Bl RS B S i SRR SEPIRED: (27 o
consi sting ofalcohol, amine, and combinations thereof.
said phosphochloridite has the formula CIP(O-Ar2-R2), in which the
Ar2 groups are unlinked to each other, directly linked to each other, or linked to
each other through group A2;

20 each Ar! is selected from the group consmtmg of phenylene group,
biphenylene group, naphthylene group, binaphthylene group, and combinations of
two or more thereof;

each Ar? is independently selected from the group consisting of
phenylene group, naphthylene group, and combinations thereof ;

25 each A2 is independently selected from the group consisting of

-CRDHRY)-, -0-, -N(R)-, -S-, -8(0);-, -8(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

30 combinations of two or more thereof;

_ each R2 is independently selected from the group consisting of
hydrogen, C; to Cy5 alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO4R3, Cg
to Cyq aryl group, F, Cl, -NO,, -SO3R3, -CN, perhaloalkyl, -S(O)R3, -S(O),R3,
-CHO,

35 -C(O)R3, cyclic ether, -AlZ, and combinations of two or more
thereof;

Z is selected from the group consisting of -CO,R3, -CHO, -C(O)R3,

s (RN RRAD O
M s *




-C(R1)(R1)-, -0-, N(R1)-, S -S(O 2-, -_SfO)-, and conbi nations of two or
nor e thereof each Rl is independently selected fromthe group consisting

of hydrogen, C 1 to Cl12 al kyl or cycl oal kyl group, C6 to roup,
and 30 coWSi%a1Mns of two or nore thereof: each R2 is |ﬁ§§&gﬁ%h?7g

sel ected fromthe gr ou,cc(gqslﬁ?r ssR.lmogg(leﬂdt(DO@)Rich(O)GRQ NE=CERDRE,

7 e, - LoorBRIERE o R POQRNED. SRRSO, 9580 G rs

cyclic ether, CA@)_QCGQK conbi natlons of two or nore ther eof: Zis selected
fromthe group consi stmms(g(ﬁ ,ﬁ;cp RBIpemanoanéylll 11 111
33 L n W O%n:c@? PCT/{.)JSOO/ r&oﬁs@a O)N(’R‘)Rt -0C( O R3,

- 0C( O) ORR, ’ORI -P(O) (OR3) (OR3) ,

-S(O) 2R3, -S(O) R, C(@)‘quualdme:m NR3C(O N(RI)RI,F, O, N,

- SO3R3, perhal 4 ertdon md ’HQJr:P [ reof ; Al
isacClto C12 ylrgr%de rouptl eacflegRS |§k Og%ﬁ; ée Cg for?omthe
group consi sti ﬁl)ceﬁlkﬂlgr?‘ﬂ’@ﬁ?gilml%ﬁ’“l” &8{\;’13 aeg to C20 aryl
group, and conbi nati oneachhmisandqpemdﬂyeaninnbermﬁlelrm@m@ﬁdmﬁtqﬂ a nunber in

t he range froml sto ﬁa@g olnwﬁ%F (daim1l wherein
sai d pol ymceip poly nﬁéfcog:p%g{ﬁénaﬁ% I n %(:%d%&yn%é)z Is ortho to
t he oxygen. 3. PNY@W&@@‘H"S# £Eeupin GIR( RFﬁThB o the ¥ n sai d nmononer
is a polyhydric al GohAIcoa@bﬁﬁbxeﬁbcbfd&rgtblmmﬁmm whersinshid igorotnes! isai cohol S,

t | cohol and 15 4.
Arlzgm?)gs?t ;son é’?@ ?@A Cﬁp‘fquﬁl a @%@l ré?&dp%ﬁ?\}%ﬁn |°\rg{alsag| %B‘ﬁa{ﬁgﬁ{n ’C aI cohol
has the fornul aet@elcebqls)andrsmbmmongpﬁw orgugre thergofig of (HO M Al -(OH)m  (HO
m Are- Al - Ang- (OH) my. (WQ@oBipodifien 4ddbrdin to (CRlim'Y, 2; &GHvhtreinHO m (Al - O p

A -(Om (HO AL m(OH) (c e ected from the. gro
e L ATy T O
- Ar 2- A2- Ar 2- ( OAIO)NARNOH) 4 (O, (ﬂl@)).,%wdo@mcm-ﬂbmm Aﬂboochl
OH)y, (HO-A1),(OH)-Ar2-A2-Ar2-(OH)(A-OH)p, (HO-A1)(OH)-Ar2-Ar2-
20 (OH)(A!-OH)p, (HO)p, -Ar2-(0-Al1),-0-Ar2-(OH)y, (OH)y-Ar2-Ar2-(OH)p,
(OH)y, -Ar2-A2-Ar2-(OH),,, (HO),, -Ar2-A1-C(0)-0-A1-0-C(0)-A1-Ar2-(OH),,,
(OH)-Ar!-(OH), and combinations of two or more thereof; .
A2, Arl, Ar2, and m are the same as recited in Claim 1;
each Al is independently a C; to C;, alkylene group; and

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

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

30 6. A composition according to Claim 1 or 2 wherein said monomer is an
amine selected from the group consisting of diamines, triamines, tetraamines, and
combinations of two or more thereof.

7. A composition according to Claim 6 wherein said amine is selected
from the group consisting of 1,6-hexadiamine, N,N’-dimetehylhexanediamine,

35 1,4-butanediamine, and combinations of two or more thereof.

8. - A composition according to any of Claims 1 to 7 wherein said
carbonyl compound is selected from the group consisting of

QLTI



(OH)-Ar | -(OH), and conbinations of two or nore thereof; A2, Arl, Are, and
in are the sane as recited in Claim1;, each A is independently a Cl to

Cl2 al kyl ene qroup and 25 each p is independently a nupg,ﬁ{s@we range of

from1l t Y2 A conposition according to Caim4 vvhe pol yhydri c
al cohol is sel ected,frombhe gfloup consi §t| ng ld)f 1.1- propananed| ol ,

¢ (J
tetra(ethyl ene gl ycBI92% 1.05-htxanedir! , R, , do
2, 6- di hydr oxynapht hal eng ! ene gly, i nations of two
or nore thereof. 30 6. ] 3 on accor diNQg m 1 or 2 wherein said

nononer is an amne s the group consisting of diam nes,
triam nes, tetraam nes, nations of two or nore thereof. 7. A

conposi tion ac ord to Clalm erein said ne,i.s .sel ected fromthe
group consi st g tignsithereqt; ‘Hﬁ\%shﬁsﬂ"eﬁﬂ?@?e?ﬂ ﬁf’é‘?alnedl anine, 35
1, 4- but anedi ami ne10 amdcompmmmmconkngjbalmm%whmneardhmbemﬂ coapound

conposi Ejl on qggg&%& on$istHglBF dikliy? ms% caaboEy:VI "o

conpound is select r rou tln

01?21308 ﬁdlhﬁ@@hﬁ%ﬁ%m ’g’iﬁ%@k@ gWEfylcé %é‘t"-?i)gégt her eof ; and

51 vx/ln s the sandicatboxyiats, 2 2%dihydfOkpbiphényl-B(B’-dicathoxplicsacid, 2,2’ -dihydrody-ng t? d ai][n

erein sai (5 9%8%’ ﬁ‘ﬂaﬂ G%ec sisting o

di al kyl 2,2 lgll WOxy}-s% gpngccg%‘rpﬁ%ﬁhgﬁé Jn‘it? r;g;?g?ggmggegp di al kgl

2,2 dlhdroxI-II k‘?‘l‘%ﬁ

2,2' -di hzdr o&ﬁonylfmmpbuﬁ i3 bleddexbwittoone dr enoze sedpndcatbonyll dopthoonds-

tlhl b} nalraht heélectdd ﬁomcthsg:robpxoﬁsisgngsmtlego)mca&b{i OO4RY §(mfoznpg -At- nor e .
ereo 0 erein sai

car bonyl nr@?ﬁgﬁ?%?%;dé?;éa&czo‘% A%Q%d%ﬁ%ﬁog?ﬁn c boné@)@ﬁrrpounds 10

sel ected fror(CQnBI)gf @@ﬁdﬁs@s‘t@hgﬁ (CQRY M@pwombmt(wmrqmozqm Al -

(CO2R ) m (Rjt% fn - Are- Al- Ar2- (CO2R1) m  (R102C)m -Art- (O -Ai - (O - Ar2-

(2R )M (RL m (A1 O p. AL( COR2R1) m__and, conbi_nat.i ons of tvvo or nore

thereof. 12. A colpo<tormaRsitier accarding to Slaymot 1 wherein said secand earbonyb cond
carbonyl 1515 ceaippandis sélectabiremn tieckréuposonsistinggrf tergphtielie haitl] isgphdfalit er epht hal i ¢

bt hal ater %“r ol %E?WAE%P%%- P BRIl ol and
conbi nati ons teeprk eteicarbxylic acid, an com mauons © Or more
thereof. .
13. A composition according to Claim 1 wherein said polymer is
20 polymerB.
14. A composition accordmg to Claim 13 wherein said aromatic diol has
the formula selected from the group consisting of

H

o R
R R-" Bl pr Bl pw

R p X F

R° R° R r°
25

* c L M - *
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13. A conposition according to Claim1l wherein said polynmer is 20 pol yner
B. 14. A conposition according to Caim13 wherein said aronmatic diol has
the formula selected fromthe group consisting of 4 H RHOC R4 R4 Hp a
RI RS/ \ WO&288 \ /| RR5 R5 R5 R5 RR R5 R5 R5 RR R5 AIETAS00B%6R; Rg
HOOHR 41 I-R 11111121271112211121111211111TH RS RS 5 RS 55 35 WO
01121308 PCT/ USHb#rins 67  wherein each R4 is independently sel ected fromthe
group consisting of hwdéws.éﬁsmﬁépehdbnﬁjz%elaétwﬁoﬁnhegfﬂup&bmnr@rdfup, acetal ,

£ BT T
and comnbi nat¥ ont® Gig arvkerewp; - e-N%r'§@ﬁR3 Z-S(@)R%ad%(@:&ae ,s (@Wed from
tg(eo?rN(()lezp) %Om;I-thgSBN perﬁQBEiﬁyl CON %?{3?’) R, C(clgl) N%ﬁ QR =N-O-RI,
_P(O) (OR3) (OR3)™ ?5?%’?3, h S(O)R3 _C(0) OC( O R3, - NRBCO2R3,

-NR3C(O N(RI ) RI, F, d ,Z isN@iependently mﬁGMeMQomsishngomef two or

nore thereof; Ab d R3 are the sane as recited i'n Caim1; each R5
| ndependentl |s H F, t | oal k to C20
aryl group, !} RS(OIR& (QES,R%@.@, ‘%@%a& @}SR% g@Rﬁs
two or nore theNeO(R.l)RQ each R6 independently is sel ect ed fromthe group
consisting of H C1 _c@iy=NRI,-CR)=N-O-R!, -P(OYOR3)OR3), -S(O),R?, -

S(O)R3,

-C(0)OC(O)R3, -NR3CO,R3, -NR3C(O)NRDR!, F, Cl, -NO,, -

15 SO4R3, -CN, and combinations of two or more thereof;

Al and R3 are the same as recited in Claim 1;

each R3 independently is H, F, Cl, C; to C;, alkyl or cycloalkyl
group, Cg to Cyq aryl group, -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 Cy, alkyl or cycloalkyl, Cg to Cy aryl, and combinations of two or more
thereof; and

each R7 independently is selected from the group consisting of H, C
to C,5 alkyl or cycloalkyl, Cg to Cyq aryl, and combinations of two or more

25  thereof.

15. A composition according to Claim 13 or 14 wherein
said polyhydric alcohol is selected from the group consisting of
RYHO)y, -Ar2-Al-Ar2-(OH)(R4), RHHO)y-Ar2-(0-Al),-0-Ar2-(OH)
mR), R OH)y-Ar2-Ar2-(OH),(RY), (R*)(OH)py-Ar2-A2-Ar2-(OH),(RY),

30 (R¥)Y(HO)y-Ar2-Al-C(0)-0-Al-0-C(0)-Al-Ar2-(OH)y, (R4), R4)(OH)yy-Ar!l-
(OH),(R%), and combinations of two or more thereof:

A2, Arl, Ar2,and m are the same as recited in Claim 1;

each Al is independently a C; to C;, aklylene groups;
each R4 is the same as recited in Claim 14; and

35 p is anumber of 1 to 10.
16. A composition according to Claim 13 or 14 wherein
said polyhydric alcohol is selected from the group consisting of
(OH), Arl-R4-R4-Ar!(OH),, and (OH)p,Arl-R4-A1-R4-Arl(OH),,;

Ar! and A! are the same as recited in Claim 15; and

36
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to Cl12 al kyl or cycloalkyl, C6 to C20 aryl, and conbinations of two or nore
t hereof ; and each R7 independently is selected fromthe group consisting of
H ClL to Cl2 alkyl or cycloalkyl, C6 to C20 aryl, and canbi nations of two
or nore MOPKEBMHF 15 A conposition according to O ai ACTFBY2RY wherein

A 2- A0~ Ay e ( Ot e Ragich Rl Rdegeocaity st FomhepBup g afictto (RO (PO
( R4) ((OH) mAr 2.Chg 2HyDbi) ayciedlky] grodp, (aCkflnketat, ~OR3 ACO,REHT 1RG0, arg0
Egﬁg E(H%;” Ar ﬁg’ﬂg%@ D4R3, %@f?;é&oﬁm;ﬂeﬂd}gﬂk@ﬁf&:(o e /2*” -

, a onwl ns, o or e ereor ; , ri, I 2, an m are
the sane as S d"ir‘&?]lb 3?47?01@1&%88%0 0704 TNOfR Eg?rdently a Cl to Cl12
akl yl ene groups; 17easltomgosition deeordingtto Ghirn a5 ot biiwhereinltlas locatidn oind 35 p is a

number of 1 40 dfddfs oflaff h{iéﬁf%mr oB8cf g $daor 14 wher el n
card ol vy o 2 192, - une
|

sane as reci hpdombhatelpprotdded. and 36 EELEED LEEri v e e il

WO 01/ 21308 PCT/ lngOO{&%ort%ggm %g rgégltésdaﬂg??’g%?ﬁw s\é_}dﬁﬁlgg&hgg fromthe

group consi sting or “cycloaf acetal, ketal,
COR3, - Ot R3aleal isseleztpd fioy the gwup consisting of 6,6 cdilwiroxyst.&p3.7.7.5( 0) 2R3,

per hal ﬁa| kY:c hexggcg)ymg\m’%ﬁgchmrﬁﬁa%%iahylﬂspmm!Biipg@ﬁbkp?g’i-ags of tvvﬁ or
nmor e t hereof, GONRASkt i on accor 0 i of 4» erein the
| ocation of (]t'ﬁ’é’f‘]béisﬂgrh fﬂfngblg?'(kg}eglygd? ﬁ?‘?o ’g’?égﬁ%mgo}’e‘{’%faced such that,
when said pdihyrpdydiphenlylsulfieric, 4.4 -adtonylbisGeameibyiphenol)abis@@dhydxmt3at e

phosphi t es ah&l‘?@ﬂhenﬁfsﬁmgjZ}?t&gl-hﬂli&ﬁ%@ﬁﬂeﬂ)ﬂﬁlenﬁ)ﬁeﬁﬁﬁﬁion according to
Claim15, 16, of 17 sagi d..pol ri.c, ,10 al cohal. el ected fromthe group
consi sti kg ofth ,‘@HS’UF&fd‘PE‘QﬁE’,X?}"b’ ?’f',?Wyﬁ‘?eﬁéﬂsa(h%f%la&yfpﬁemfl »

bi s-2, 2' - spi 4@bemylideneBis2,5-dimathylphbicd), HeirethplidanebisBdsapropxl-54, 4' -

(1- net hyl et h#&k@«?‘;ﬂﬁ (;15 s(2-(1-met hyl propyl ) phenol), 4,4'-thiophenol,  4,4"-
di hydr oxydi phenyl'sul t Gne, 4, 4' - sulfenytbtst2=methytphenol ),

bi s(4- hydroxy-3- nethyl phenyl)sul fid

2,2' -di s(4-hydroxy-3-net hyl phenyl )‘ ﬁlHWi“l;ﬂ‘m! “ l!“

*
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15 et hyl i denebi s( 2, 5-di net hyl.phenol ), 4,4

propylldenebls(z 5-di et hyl phenol ),

4, 4" -benzyl i denebi s( 2, 5-di net hyl phenol ), 4 4'4ethyI|deneb|s(2 i sopropyl -
met hyl phenoMPR 0121308 37 \WD 01121308 PCT/ US00/ 25567 Ra Rl / POR/USHBR5567THO

-bill, R Ra HOO-lRaOOHOLO—l\O?aI;IONllllllIIIJI 11111 0 101 L
O—|OO—|HO O—|HO/RaOOHO/YSO—| 4- ~RR’and rlonbi nations of two or
nmore thereof. 19. { accor di ng t oyaRy_x aims 1 to 18 wherein
said 5 Goup W eck fro f ‘@ PHting of Rh, Ir,
Ru, Pt, and conbi atf ° nmor e t hereof gt 200\A conposi tion
according to C aiHp 19 wherein saod G oup VIII netal iR Rh. 21. A
conposition according to Claim20 wherein said Goup VIII netal 10 is

selected fromthe group consisting of rhodi um hydride, rhodi um halide,
rhodi um organi c acid salt, rhodiumketonate, rhodiunginorganic acid salt,
rhodi um oxi de, rhod*um car bonyl conpound, rhodi um aM.ng conpound, and
conbi nati ons of twog o\ e={ her eof . A conposi tgonlaccording to Caim
19 wherein said u@

‘ @ shgcted fro @
, = R (ace a ;
bi s(_Qar_an;LL)_acﬂtgLLaQel onat e, F{ Rh(acet at'e cycl 00 adl ene)] 2,

of 1r4(C0O 12, IrSO4 (N03)3,
rll RhH(CO)(PhSP)S 38
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and combinations of two or more thereof.
19. A composition according to any of Claims 1 to 18 wherein said
5  Group VIII metal is selected from the group consisting of Rh, Ir, Ru, Pt, and
combinations of two or more thereof.
20. A composition according to Claim 19 wherein said Group VIII metal
is Rh.
21. A composition according to Claim 20 wherein said Group VIII metal
10  is selected from the group consisting of rhodium hydride, rhodium halide, _
rhodium organic acid salt, rhodium ketonate, rhodium inorganic acid salt, rhodium
oxide, rhodium carbonyl compound, rhodium amine compound, and combinations
of two or more thereof.
22. A composition according to Claim 19 wherein said Group VIII metal
15  is selected from the group consisting of Ir4(CO);5,, IrSO4, RhCl3, Rh(NO3);,
Rh(acetate)s, RhyO3, rhodium bis(carbonyl)acetylacetonate, {Rh(acetate)( 1,5-
cyclooctadiene)]p, Rhy(CO);2, Rhg(CO);6, REH(CO)(Ph3P);,
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WO 01/ 21308 PCT/ US00/ 25567 [Rh(acetate)(CO) 2] 2, .
[ RCI (1, 5-cycl ooct adi ene)]2 and conbi nations of two or nore thereof 23.

A conposi_t cording to Claim 22 wherein said G oup Sé

r hodi um Mé?@?@onyl ) acet yl acetonate 5 24. A process CX’%*USW# cont acting
an unsat ur at eRixaceateXCORig, RRi(C(1,3-cycldotadisne)}e asdconibizations atitwe br
conposition, ‘M&@ﬂﬁrefafu' d conprising carbon m)nOX| de and hydrogen V\/nerei n

sai d catalyst co ion is.recited in ai g to

process accordi ng ‘&I"Sﬁnﬁ?%@? ’inﬁt%gﬁﬂgag Fb?&b&m“ Xﬁﬁé" corrpound
is selected fﬁmdlhmby(mbnrgbmtﬂaamgataf et hyI 3 pentenoate met hyl 4-
pent enoat e 3-pen rﬁﬂ&'ﬂh%

3-pent enal ; > al |yl tzgal%%ﬁ&ﬁéscton%naﬁgrm nat | ns o Fﬁﬂrr'fe;zr;uentl e‘?el%f 26. A
process accor therRgeseneect aicatplyat cpmpedtion, svitha fiwd ﬁ‘t@%ﬁ?‘&?@"@ n«‘?deéorrpound is

met hyl - 3- pent eidRydeogeh Whdrkin fidéaba Rt ompaitiotiswcited iRy of CHinWteoei N sai d
unsat ur at ed o??anl c conpound is selected fromthe group consisting of

3-pentenenitr : entenenitrile, and conbinations thereof. 1111111
FEELEL L RS prqcessm@rdlggtoCla1m24where1nsa1dunsaturatedorgamc

10  compound is selected from the group consisting of methyl 3-pentenoate, methy! 4-
pentenoate, 3-pentenoic acid, 3-pentenenitrile, 4-pentenenitrile, 3-pentenal, allyl

alcohol, and combinations of two or more thereof.
26. A process according to Claim 24 wherein said unsaturated organic
compound is methyl-3-pentenoate.
15 27. A process according to Claim 24 wherein said unsaturated organic
compound is selected from the group consisting of 3-pentenenitrile, 4-
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