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BACKGROUND OF THE INVENTION
10 Phosphorus-based ligands are ubiquitous in catalysis and are used for a

number of commerically important chemical transformations. Phosphorus-based
ligands commonly encountered in catalysis include phosphines and phosphites.
These ligands include monophosphine and monophosphite ligands, which are
compounds that contain a singie phosphorus atom that serves as a donor to a
15  transition metal, and bisphosphine, bisphosphite, and bis(phosphorus) ligands ,
which contain two phosphorus donor atoms and normally form cyclic chelate
structures with transition metals.
An industrially important catalytic reaction using phosphorus-based
ligands of particular importance is olefin hydroformylation. Phosphite ligands are
20  particularly good ligands for these reactions. For example, US Patent 5,235,113
describes a hydroformylation process in which an organic bidentate ligand
containing two phosphorus atoms linked with an organic dihydroxyl bridging
group is used in a homogeneous hydroformylation catalyst system also
comprising rhodium. See-also Cuny et al,, J. Am. Chem. Soc., 1993, 115, 2066;
25  US Patents 4,769,498, 4,668,651; 4,885,401; 5,113,022; 5,059,710; 5,235,113;
5,264,616, 4,885,401, and published international applications W0Q-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 intemal 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
1
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i i sci bl e solyeRiheRlinteinatibhdl abpRetiohé WG 936383 lakid W@ 09146l and 004
EP 0864577 A2 and EP 0877029 A2. These prior art disclose side-chain
polymers containing multidentate phosphorus ligands as pendant groups.
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 contro] 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
2
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(2) a second polyhydric alcohol, and (3) an aromatic diol.
The carbonyl compound has the formula of (R'0;C)(OH)-Ar' -(OH)CO,R .0,
25 (R'0,C)o(OH)-AP-A%-Ar~(OH)(COR Y, (R'0,O)n( OH)-Ar"-Ar’(OH)(COR ")y, 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 polyhydric alcohol can be selected
from the group consisting of dialcohols, trialcohols, tetraalcohols, and combinations of two or
30 more thereof.
The first polyhydric alcohol has the formula selected from the group consisting of (HO),-A'-
(OH)y, (HO)-Ar-A-AP-(OH) , (HO),rAr'{(0)-A'(0)-Ar’~(OH),,, (HOYp-(A'-0)y-A-(OH)n,
(HO-A"),(OH)-Ar'-(OH)(A'-OH),, (HO-A"),(OH)-AP-AZ-AP(OH)(A-OH),,, (HO-A"),(OH)-Ar*-
AP-(OH)(A'-OH),,, (HO),, -AP-(0-A'),-0-Ar~(OH) ) (OH)- AP-AP~OH)y, (OH)y, -Ar*-AZ-Ar’-
35 (OH)m (HO)W-AP-A'-C(0)-0-A-0-C(0)-A-Ar*(OH),, (OH)-Ar'-(OH), and combinations of two or

more thereof.
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Each R3 is independently selected from the group consisting of Cy to Cy5
alkyl or cycloalkyl group, Cg to Cyq 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 j)resenﬂy 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
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Examples of the second carbonyl compounds that can be blended are
terephthalic acid, isophthalic acid, phthalic acid, dlmethyl isophthalate, dimethyl
phthalate, dimethy! 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 alcoho! has the formula disclosed in the above.

Examples of the first polyhydric alcohols include, but are not limited to,
those illustrated as follows.



conbi nati ons thereof. Exanples of suitable diesters or diacids include, but

are not linmted to those shown below 35 4 WD 01/21308 02R12&Rpdl ZQ4Apr i |

2004 PGRO#293025567 02R1 in which each Rl is independent pgTasbemssed from

the group consisting of hydrogen, C 1 to C 12 al kyl or cycl oal kyl group,

C6 to C20 aryl group, and—gonbj nations of t\gp or nore thereof. The ot her
be

positions on the aropgtd ng @ tituted with an al kyl
group, ether group, estek=group, oifbi nati ons t Neér Specific
exanpl es of suitable diesters or diacids include, but areOHot Ilimited to,

di al kyl 2,2'-dihydroxy| 1, 1' - bi napht hal-ene- 3, 3' - di car boxyl ate, di al kyl
2,2'-di hydroxyl -1 b|-henyl 3,3' di car boxyl at e,gH

2, 2" -di hydr oxy- bipﬂs ‘ ggyllc an _
2,2' -dj hydroxy-1,1 carboxyllc aci.d and 10 conbi nati ons
of two or nore thereof The car bonyl conpounds illustrated above can al so
be bl ended with one or nore second carbonyl conmpounds such as, for
exanples, (RL 20, - Ar (C2R1)m (R102C) m Al - 1) m

(RLO2C) m Art- Al -Art - ( 1)m (R m Art - 08~ O - Ar 2t coeR ) i
(R102C)m (Al-O P AHIO 15 a knations r nmore thereof.
Exanpl es of the second carbony ounds that cd Re ded are
terephthalic acid, isophthalic acid, phthalic acid, “di nethyl isophthal ate,
di rethyl phthal ate, dinethyl terephthalate. The first polyhydric al cohol

can be aromatic as in a phenol or aliphatic a#H 20 ig an al kyl al cohol and
can contain two aromatic al cohols, two aliphatiQ ohols, or one of each.
The al cohol has the forpg di gehoséH i n t he ay ampl es of the first
pol yhydric al cohol s jtre : e not |irdtey hose illustrated as
follows. 5 20 Aprif©2004=A\D 0¥ 1309 PCT/ USHS: HO

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 ClP(O-Al'z-Rz)z, where the Ar?
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.



OH OH OHH @ HO O her exanples of the first polyhydric al cohols are
hexa( et hyl ene glycol), 1, 3-propananediol, tetra(ethyl ene gl 2eapii 2004
1,4-cyclag%ﬁﬁ5§gkol, 2, 6- di hydroxynapht hal ene, or conbi ngtiopn Oﬂgﬂﬁmo or
nore t hereof. I'n addition to the polyhydric al cohols shown above,
conpounds containing three or E@re hydr oxy grgiips,_can be used. An exanple
of such conpound is 1, 3, 5-benzen y car boxyli'C d. The nononer can al so
be an ami ne selected fromthe gro nsisting Q i am nes, triam nes,
t et raani nes, and conbi nations of{t or nore thierepf. The 10 ami ne can be
primary or secondary aIiphaIi@Fﬁnine. Sone &talipl es are 1,6 hexanedi ani ne,
N, N' - di net hyl hexanedi am ne, 1,4tp arredi am ne, onbi nati ons of two or
nore thereof. The phosphochl oridi has the for of CIP(O Ar2-R2) 2,
where the Are groups can be unlipked or |inked ectly to each other or
with a group A2 and the 15 R2 qr?oup is prefer@ly ortho to the oxygen.
Exanpl es of phosphorochloridite include, but are not limted to, those
shown bel.ow. 6 20 April 2004 WO 01/21308 PCTI US00125567 i n which the other
positions on the aromatic ring, i«€x, para. orRfglLato the oxygen atom
can al so be substituted with al k ¢t her or est oups, or conbinations
of two or nore thereof. 5 Polyner n be progtic¢d by any neans known to
one skilled in the art. A proce
di scl osed above conprises (1) cdghtacting a € OR
under a condition sufficient %o produce an intler
the intermedi ate with phosphorochlgyTdite under
produce the conposition 10 disclosg
i nvention. The definition and scop ,
phosphochloridite are the sane as gse di scl osed above and, for the
i nterest of hrevity, the description of which is omtted herein. In the
first step of M méihrthe ether pesitionsiamthe ar0IAe (RE, If -SRI dBeta Bothe oxygen

atom, can also be substituted with alkyl, ether or ester groups, or combinations of

| conmpound and a nononer
e ate and (2) contacting
dition effective to
Enbodi ment of the

t he carhgnyl conpound, nononer, and

two or more thereof. ,
5 Polymer A can be produced by any means known to one skilled in the art.
A process that can be used for producing polymer A disclosed above comprises
(1) contacting a carbonyl compound and a monomer under a condition 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

I5  contacted with a monomer disclosed above to preduce 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  about2:1. 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

7



15 contacted with a nononer disclosed above to produce an internedi ate that
can be a polyester or a polyam de. The contacting can be caR0 Apdl 2008 with
any nol akye ai/z@0s of the nononmer to carbonyl conpound so | eogAzssotése7rati o
Is sufficient to produce the internediate. The ratio generally can be in

t he range of from ab =1 o rafgr abl yo:1 to
about 5:1, an&arﬁgréfl C(éir%’f) gr}déﬁﬁ;ﬁ%bgg{)&gbi&%&%&a(géﬁgég? {Aﬁgrﬁezrlgprf‘y t he
process ]E:an béR MU Pied 6002 RDih B 04 n-art-a%ded<COLR N {BA2Chi -AGui nol ar
amount of noneAeR 1L 1 1CO . hEO Al 15 e i Bhs OF
acid to react ?%Aal(?c))%gf?g?)‘(%r‘r)f“r’\g@ofg gﬁe(‘}hso)n%;sat q&?&&?’?’iﬁ@ cﬁlﬁltbgfaﬁlg?? vely,
the carbonyl ©bHReECEIRCBE conbi ned with a second or ot her carbonyl
conpounds sgli scl osedhakomactindddh bi endied examdeeanyooniditonsezdomglas the 20 Apri |

a1 A ARl AR ol ¥ ©
(RLO2C) m Ar e- AdchiteR 2 (GORI)r in (RIGAE) off from 2botAPOAC 1¢ Aoud80TECRRL) m -
(R102C) m - (Al QQf&aﬁéfaﬁa‘o?&?ﬁb)@ko 205 §968R1 DAl hl%gtﬁpc}‘?f'eré;WI%"d%rf]OE@er eof. 5

The contacti né’ can be carried out under an tion as long as the
condition is suodsriaay @rmssure thef eacaccemaodatedi tepsrasyre 1aRee; di ate.

Ceneral | y1pt  shffieledf@imedf bSsHRe mihiHeCtd dbolif B4 EAREE ThE cbhabfimdenalstORC t 0
about 450C, pref grablééabout 150C tgv abouhﬁgSOC, I and nost preferably 180C

to 270C,  und&RTEAPULReES anwith ap HiertSQiveRius t enperature range,
and for a 10 suffi qhemésultingéntefmaliattarl baiheh tenthcted bathta phbshisachiriditee

contacting can.al so, he arri out neat,or.wit.h an d.nert solvent, such as
tetragl yne. TﬁéS"LOé%%T??‘%"ﬁg" fowgtﬁ%gﬁlprg{egc Bg?ﬁptt}\ge ﬁlﬁ%rhc{‘]c et‘fe%l{aecgn %%hb%
phosphochl or i datred odt, stdesset) imbsaleentcuéivastoluere poteyrhpdiofurphosddiat e | i gand.
The contagtin | | £ i ' : S

t ol uene o?gt et% P ﬁdgg?lggﬁfﬁgﬁﬁ{}ﬁggff &gﬁ igfoggﬁgﬁcfﬁe %%@?‘?Sét?@nrﬁﬁf@% tehé? t he
producti on of cambe exyripdeitin ghe prageace oin base sweh as@apraenie hase; Ehe addition, t he
presence of a PR ré4lh iPfhe FmRABARE G sHRERmed e REFALIARNHCN Shagge resul ts
~in the formation of g sal t. for,rred$ n Ptra i ZI,n H%Q(;#Swtab_hge bases can
" be “or gani ¢ aniPA¥E CARESH BERRIC ARIRTSe %?"éﬁ Y& eﬁcfiégek?‘l FHRIDES. THRe |

:;..Eref elr a ed bﬁslqﬁefa:&ai Bﬁbméﬁdieété@ﬁ‘bme gfdﬁp&oﬁﬁstﬁi@dﬂtﬁbu@ianﬁné,butyl am ne, 20
. benzyl di yl.am n riet.hyl.am ng, .an Iyl [ I | .am-pe. The

“cont act | ggbcorl’&f‘ﬁ‘@ﬂ’e@%“ﬁllﬁé'ﬂg@@@ %.ngygo?pgo%{: ﬁlgia?%lhg'e 'l;lfe fr om about

- 50C to aboutcof@Oilg qunditenabi nchivewttempe@uroinatbe tangt @f Gonnakbutpd°C

preferably, - - 0d ° S aji¢ the
benper atur e r gﬁ%@g&?géﬁﬁ “profeBly BOM ROT &l I0-Ca RERORRAB 110 24
hour s. -30°C to 80°C, under any pressure that can accommodate the temperature range,
and for a sufficient time of about ! 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 PCl; 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.



25 The nolar ratio of the phosphochloridite to the al cohol group of the
internmedi ate, can range from about 10:1 to about 0.5:1, pref20 aptif20adout
1:1. Thewphisaedr ochl oridite can be prepared by contacti neCEUS@/25567

t enper ature between about -40C and 10C about one rml ar equival ent of PC 3

w th about two ml% ui val e tshof SUbE{‘fl t.ut ed nol in the, absence of a
base such as an ?'b&ﬁf’?f“!ﬁa & Phagphoroghigridiiy in'th |a PYeTRADER 1hE t hen
contact ed w t hdeairaletahaihtain eeipersmre i theoH0¥C ab E0Cahgaduriy thébm&l c base
to produce a p di e

replaced with 4538 ? Ometcgﬁdn fteb%"g) re%%ﬂé@%ﬂ)%ﬁgﬁ%ﬂ B%qfcﬁgﬁ %l?f noI t he
phosphor ochl orbbmqut;a%ng HEl mqaamxymprtwaaa@@emrmm thupk glmy.| 911@0&1slm| ng

about one rpl %m%%dte\ﬁﬁbﬁeﬁs%aﬁgﬁndg’\g RROM ofBiRe, WHiSK carbSovahent of
substi tuted bi E tEor substi tute Ildeneb §Elpn0| etvveen bout -40C

and 10Cin th @Pﬁ#ﬂﬂgﬁgadm@t & Eactiopy! Hieaydesrase v PS5 then
contacted wit hha'deﬁredptodmn Iedee\mAtéattBerefora tinn slee ienactionds condwntgbwite base

to produce a ﬂ%ﬁg@&{rgﬁpggp&hgy 4 ngauﬁ alion chlﬁff"%(‘)’ggﬂ{‘m Qﬁéeﬁéﬁggl

PCTI USOO 25567 or I ein manner,
it is desirabeection misiurg. 8000 mrfpélmdlmlesednemh@ammmem beoCcomplishedur i ng

t he base @ddlgy‘gal-kﬂ'dq,@n@gﬁh&hégqngﬁeggse results in the formation of an
i nsol ubl e salt g/ neutr, J|2| ng HC, ﬁége reacti n mxture can becone

a thick slurry. SUI:Iﬁw:Phe Riorhlor dite, FAn ShBFEBATRR B FARCH L ] Bthods good

mi Xi Rg of baseknowhits in mamﬁpﬁ)rlemﬁplbamnelmeth@d/ﬁwdlvaguéﬂmg%;i@l&enﬂlr agi ent S
in the reacti m xture,t ecre uct .
is desirable, é’rsélflb?sedes‘f al?ﬁ RDé’gyr"ée&fé%hg%’eiégoﬁifG% e 8 & S'Ijgous
stirring or othai0,2; Méﬁ)%:ﬁi%&and Potnaegf 4lg. iClem é880,3B50221heat from t he
reacti on nisxture.

acconpl i shmésd G‘Qﬂéq 1Irﬁg \gl? qL&nfla(lﬁtgggﬂ.fO&]% garl:’g;réd E%E&Pgﬁ chI oridite

can be prepar ePd: W}:%lp’\?%"fcétf?etb? d svRbies thertrrataentof HiiN-digkyl, the art, for .
exanpl e. One r&iMpHoipghéainvigiie HErpakivagwih @I Whahthe pHdspRorosilsfidias descri bed

WD9692565 and BUGIEE BrPAEEn enLierd B s pisie ﬁefgnéﬁgﬁ Bijplyes e
phosphor ochl ortredirtent ofiN-diddieylpliapphesphorarngidie dytiedtides withhHEIC The N, Ne
G ar y1 phosnor Sea M EDebidfark 4R8 Wiy B (P AURRS oo where RE4P 8 Gr o
cannot be pregaladikyhgrupdand eandefabtingudpareasting mheeelecrr ﬁé&tmﬁ pbenahvol ves
'EI_Ee Nt rNegB”g_ntvlvi‘ﬂ{ Lﬁq d{ﬁ Bb %etﬂbd%ﬁéﬂo(%ﬁ%@'i@ixﬁ@h&i hLddSfibedah '\?\2’9362’!%'@ HCL . )
The NN 20 i gy, By iosahg ama e s oL he Qs 2Ny 0xy)
diarylphosphoramidites may be prepared, for example, as described in Ter. 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.



to C4 al kyl group, and can be obtained by reacting phenol or substituted
phenol with (R9)2NPCl 2 by nethods known in the art, such as2@épdhr308dd i n
W962296 : Patent 5,710,306, and U.S. Patent 5, 821,
N, N- di al %?Dyéﬁ%yl phosphoram dites may be prepared, for ggtg’rnfgg@?sgsg
described in Tet. Letf., 25 1993, 34,6451; Synthesis, 1988, 2, 142-144, and
Aust. J Chem, 1991, "5\4, ,E3. Non limting gxanpl es Fpf tHe producgion of
the intermediate, {.e.p fol fester or pol yanilde, ¥

=N ONEt 3 HootHsRE- er VAR LCH>oRc ns

01/ 21308 O ( CH2M¢4
pol yam de phosphite
be adjusted accord ed or desire by adjusti onditi ons of the
process or the nole rbonyl conpound, nonomer yh. 10 Pol ymer A
can be conmbined with a Goup VIII netal to produce a catalyst conposition
A. -The term "netal " used herein refers to transition netal, transition
netal conpound, transition netal conplex, or conbinations thereof. The term
"Goup VIII" refers to the ACS version of the Periodic Table of the
El ements, 67th edition (1986-1987), CRC Hagdbook of Chegi and Physics,
Press, Boca 20 April 2004 PCTI USO0/ 25567, 1020, Apri | 2
PCTI US00/ 25567 Raton,l\ FLﬁ pr the catgl pqgsi tign 1
conmponent is allsoQrefgrred_to herfin as and. nery (¥ ogqp VI |
nmetal is conbi ol YHERGY sc| esed—abwyé t ek $EGH
catal yst. Pref e 111 nmetll s areyghodi um

- : | 2

polyester phosphite

-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 compdund, 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

10



S5iridium ruthenium platinum and conbinations of two or nore thereof.
The nost preferred is rhodium The Goup VIII netal is provi28éeri 2004he
form of awvomomposind, such as a hydride, halide, organic acpcr/esbd2s567
ketonate, inorganic acid salt, oxide, carbonyl conmpound, am ne conpound,

nbi ti f th f.. Pref d G V]|
conmpounds. ar o TRy 57 the SIS FHTRABHSR. s pRYBFScOmPRIeRb I AlsoRRSd
Rh(acac) (CO) 2 to[hﬂe(lfﬁ(@ﬁgm) ]2= Rh4(CO 12, Rh6(CO) 16, RhH( CO) (Ph3P) 3, f
Rh( QAc) ( CO) 2] 2, nat her eo
(“acac |5 hn acet vroneiyd Coup S0 nhSUIL, QRGBT Y o iy SRISed opy
1, 5- cycl ooct acﬁbeﬁ%fo rrpducephe d¢$§8d¢pﬂﬂbﬁylPre@umd@roupMﬁnmtals ate rhbuhumd be

ted that sth |44, 1 ted t
the above I sﬁgﬁfﬂ%%%'gghf%ﬂémﬁﬁﬂﬁp%@%a Rk ok ABRARRRGE Jod bl o0 10

hydr of or ny! at i RSFeTed s tBedigme phiederoyp & léd’f%wlalthﬁgfmoﬂaechm ques

wel | known i n dokigoand, su@tﬁasiﬁﬁjz‘dﬂdéeﬂalldceobrgﬁfﬁ@rﬁﬁih%alt l&t&@tegélog G880acid US -
Patent 3,907, 84k7;d:PJ 115 . 2066, hod, tm

conpounds t hatsag’o(ﬁ?éei ﬁa‘f"P‘éﬂﬁfa@P"%ﬂ‘i‘ &’F“B%ﬁ‘”ﬂ@mmdsﬂ‘l %’é‘%‘ﬂnﬁﬁf’nﬁ RETHP B5ent 20
mul ti dent at e phospivireed. Prefamed GrapeVHI preedl eompouriie uf&:l@.;(@b)ﬁﬁ@fﬂ@km Exanpl es

(oo 5( AP0 aI s SRR R ARG R éf&ﬁ% a0 GO
Rh( 2- et hyl hexafﬁtaé@@)lvs Rie{ CEO ngs RN CONEP isz 3t w(%cmzlzha%lﬁa(com]g armunt

of ‘transiti on AR ahbfohfordhh RMRHE (RIS gﬁaxambétsna@gmr ngSU' Lo can
be obtained w,th res ect to catal ’% st act|V|ty and protess_eco

used as a catal Is g acsby] group; ‘51 lat-cyd@qotads epﬁ@s‘ﬁ’fbori%uéphﬁﬂg’énd to
transition netgbup ehﬁmbérylt%ﬁﬁulb%efx{dt&ﬂ tabmaé Gloup VHI ﬁiéewboﬂa?&ﬂds aEHﬁJter abl y

f b t. Pol'y B
c (r)?nr:)nr i 2eg%epe‘§f s E}Y 219’5?59?/ é}f(q‘%r?’eﬁilf'%lﬁ] ﬁagb'ﬂ% ﬁg’ f]?cfdlé‘mlé’PF‘(H’Q 588 ( 2) a
second pol yhydnitablafar diyrdtoforamdat{si, cambapepatd or gémeratedeofdiiBtacan be :

ol ended i th ARl Gbi Rhobh i (i, 25 WARKELA 16N BabiB1 Ol 10 6530860/

which the arﬁi group can and ester
The | ocati on #HentG P pand & Amer Ehamt Sog| lalée Qﬁné 31 HRkodib@ r eact i on

with PCI3 wil Icoﬂ@buﬂceaﬁattc@n@nﬁﬁgamaa&zﬁmﬁewséa@ afdd BYDIRE PRREAL € phosphi tes.
35 Prefer d se ond Ll ohol Ela selected fromthe
group con st iyt "{% %i ‘gﬂ? ﬂfaﬁﬂr ePﬁqlf ‘R‘%‘ I%’F?é)}Pﬁ’%QAre (O A
1) p- O Are- (O—Dsuci(ﬁéjcncdlﬂdoc(lﬁi-i)compémhdsﬁme F1(dodg), (R4)(O—|) m - Ar e- A2-

11 20 April (gﬁ“ﬁd%@%‘%?@ﬁ%@aﬁ%@%@ﬁ%ﬁb&2 (o) m (RY).

Rh(0O2CCH3)p, Rh(2-ethylhexanoate), and combinations of two or more thereof.
The amount of transition metal can be any amount so long as favorable

25 | resuits 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 moie metal).

Polymer B comprises repeat units derived from (1) phosphorus trichloride,

30 (2) a second 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) ,, -Ar2-(0-
Alp-0-Ar2-(0H) ,(R%) , R4)(OH) -Ar2-Ar2-(OH) 1, (R4), (R4)(OH) , -Ar2-A2-
Ar2-(OH) py (R%), (R%) (HO) p, -Ar2-AL-C(0)-0-A1-0-C(0)-Al-Ar2-(OH) 1, RY),

11



(RA)(OHmAr | -(OHn(R4), and conbinations thereof; when R4 is not
hydrogen and |ocated ortho to the OH group, the other subst?9deAt2®4t ho to
t he OH gravp1/21308 hydrogen; each R4 is independently sel ectred/isoonssehe group
consi sting of hydrogen, 5 Cl to Cl12 al kyl or cycl oal kyl group, acetal,

ot O Byl RuER P g BB Pl AR B R 0 P

-Al1Z, and comandaddatadsortio to whee OH groups the dtberssubstiteent lrtlo tosthe OFRRD1p 4£CHO

-C(OR3, -C(O SR8, -C(ONRIR, 10 -OC(O R, OC(O)OR3 - N=CRLR,

- C(RL) =NRL, é?%g ORI -P(0(0R3)(0R3 -S(0) 2R3, - S(O R3

_C(O OO R3, - NR3GeeIRRY is ind thiRsdigcted-irom the Zreup consigBiept hydrogsn,

conet sti ngoof COTR Wq“??k fol e e, pkas 0TS SCOIROTE cgy oup
si st u

o e L sty eyl oo 1Sy SR, Lobed ik 9o

Cl12 al kyl or mlaq!emdloﬂt)dum(ome}t%(fﬁ)keﬁll@ and ERabinat{on2 BBtwdCer moreC20- aryl

group, -SiR3 -SOSflI;%S -S(OR3, -S(0O 2R3, perhaloalkyl, -CCONR3)(R3), -
Al CO2R3, -Al Ogﬁcr pol yhydri c al cohol can be ( rrArI R4-RA-Arl (OH) m

( OH) mAr 1- R4- Al- R4- /aachgmfﬁlOﬁf’ eGHB), n@t@)Bﬁs-G(O)S% -8R3,m&H(O)NRERbof 20 Al |
aryl groupg. apd (92%3 @fﬂ 3aNk.thlg\no 1 ﬁwlmlﬂéﬂ@ 1 esters,

et hers, acetals, ket %I ’scl.osed _in e I nveniion. can_pé substituted

with one or nB(Q)(QRf}}( bu§§0)zBPyS@983gr%@90(QD& I-NEPE0R?, al kyl ene

groups, et hersm@s:‘(@ymlRH@et@l SNOQMS aLEN crusmbiRHoes@siali ve second
polyhydrlc al cohol s ﬁé 5 1limted to, thogg gohwnlnthe
b

fol 1 owi ng formul as. ai‘? ??q“d%BHSE’T% 9 hEORRGINSISHES 9
OH HO HO OH Odiiétior cycloalykl group, Cg to Cyq aryl group.

15 When R4 is independently selected from the group consisting of C, to
C;5 alkyl or cycloalkyl group, acetal, ketal, -OR3, -COyR3, C; to Cyg aryl
group, -SiR3, -SO3R3, -S(O)R3, -S(0O),R3, perhaloalkyl, -C(O)NR3}R?), -
AICO,R3, -A10R3; the polyhydric alcohol can be (OH),Arl-R4-R4-Arl(OH),,,
(OH)p 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 ary] 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.

12



in which R and R4 are the sane as di scl osed above. The other positions on
the aromatic ring, preferably pars or neta to the oxygen at 8dApddP0dl so be
substi tutwwolvaizds al kyl, ether or ester groups. 5 Sone repperepiiaissere
exanples are 6, 6" -di hydroxy-4,4,4",7,7,7" - hexanet hyl

bi s-2,2'-spirochroman, 2,2'- dlaIIbelsphenoIA bu§phenoj A 4,4 -

(1- nethylethylldene)bls(z (1- nethylpropyl)phenol) 4, 4 -thiophenol, 4,4 -

di hydr oxydi phenyl sul f o 4 4 § *onylbls(%.

bi s(4- hydroxy-3 - nBi ~R4

2, 2" -di s(4-hydroxy-3- Iphenyl)prooane 4,4' 10 R 4
et hyl i denebi s( 2, 5- di " hyl phenol ), @H-propylidenebis(2,5-5inethylphenol),
4,4'-benzylidenebis(2,5-dinethylphenol), 4, 4" -ethyl i denebi s(2-isopropyl -
met hyl phenol ), and conbi nations of two or nore thereof. These second

pol yhydric al cohol s can be produced by those skilled in the art. For
exanpl e, the diacetal ca‘ be prepared by refluxing di(tri yl ol pr opane)
15 with salicyl al dehyde rences for
preparing acetal fromG
al cohol, see Tetrahedro ! ~1609;
Tetrahedron, 1990, 3315. 13 VO 01ﬁ?1308 20 i 2604  PCTIMR00125567

1, 3-bis(2- hyroxyphenoxy)propane was prepared by literature procedure, J.
Og. Chem, 48, 1983, 4867. 4, 4'-ethyI|deneb|s(2c5 di met hyl phenol ); 4,4'-
propylldenebls(z 5- dlnethylphenol)

4,4' - benzyl i denebi s(2, 5- dlnethylphen ; and.

4,4' - et hyl i denebi s(2-i sopropyl - 5- neKhyIp can q$ prepared according to
Bull. .Chem Soc. Jpn., of2, 3603 (198 d|t|on B the pol yhydric

al cohol s shown above orrpoqus aﬂc?n ng thr eee RN eEMQ groups
can be used. Repres{iii Ve EX nples are shown bé& 10 H in ch R4
are the sane as di sches ywove. The other positions on the as@matic ring,
preferably para or neta to the oxygen atom can al so be substituted with

al kyl, ether or ester groups. 15 The aronatic diol has the follow ng

formil a (J-QRS Rs \ / R5 R5 \ / Rs 20 whe -

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’-d1hydroxy—4 4,4°.7,7,7-
hexamethyl bis-2,2’-spirochroman, 2,2’-diallylbisphenolA, bisphenol A, 4,4’-
(1-methylethylidene)bis(2-(1-methylpropyl)phenol), 4,4’ -thiophenol, 4,4’-
dihydroxydiphenylsulfone, 4,4’-sulfonylbis(2-methylphenol), bis(4-hydroxy-3-
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; Ter. Lett., 1989, 1609; Tetrahedron, 1990, 3315.

13



saromatic diols €

each R4 is independently selected fromthe group consisting of hydrogen,

Cl to C12 al kyl or cycloal kyl group, acetal, ketal, -OR3, -CeRRPriZ®4% o C20
aryl growmpp1298R3, -102, -S03R3, -S(O) R3, -S(0) 2R3, - CHO rcrAisinR8s67- F,

-d, -CN, 14 20 April 2004 WD 01/ 21308 PCT/ USOQ 25567 - CF3,

C(O)N(RB)(RB , dhconblnatlons of t or rmrethereof le - C02R3,
-CHO, -C(OR3 3~be§( ¥JR¥yphenpisy) proee@mp@mpar e)mg'amre w@}@mf Or§=CRI1R1,

- O(RL) =NRL, -Ckdh.)48\108RUS6T: R(4Qe(HARddABRB), 5-dim S 440 R3,

O O R3, 1
c g( nbl) Sg i Z) ns BP pﬁ%’%‘?“%r cgm[eﬁér%g gee‘;af: ﬁbﬁ%y]ilge’%ehg%% ﬂﬁgﬁgﬁhif’éﬁ%ct ed from
t he group coremidst4’ Fﬂjhxﬁdeﬂdbm(a-l@:pzopya-lsIq;zémp]nphexycd) cal beyprepared pocofding o C20

aryl grou eagh 4 _gle dent Cl to Cl12 al kyl or
cycl oal kyI[3 (%9 CB'grznjos’ % @3'6@%@}85‘) (I)2R3 -C(O)R3 -CHO, -CN, -CF3, or
conbi nati ons of tvl@aéﬁlt%ﬁ‘éthetﬁﬁ‘é%@ﬂea’@ahﬁsF@WG‘@‘I}@n@%ﬁPCP‘JyﬂdFs H Cl to C12

“al kyl or cyclmtdfmhg]ﬁﬁseéan&% Ghasiotc groﬁ:?sdéﬁ%'u@@d'l@ﬁﬁe@htétﬂ@eﬁz{mﬂeﬁe
.thereof; and ea ndependently i's Cl to Cl12 al kyl or cycloal kyl, C6

to C20 aryl, i nati ons of two or nmore thereof. These aromatic
di ol s can be pﬁgpared by any neans known to those skilled in the art.
Exanpl es inclu gt i m tEy , 2,2'-di hydr @ey-3, 3' - OH

di met hoxy-5, 5' - dl.ef - bi phenyl Th-LHn be preday ed g the

r épar edra

procedur e des®'T PeaN AeHyRocheni skf 3,.,43008;

2,2 -ethylidenebis(4)6 20 dinet hyI phenol ) ich can bg p

to Bull. Chem $ &03;

3,3 -di met hox [

t he procedure %f ﬁ Ch| mHa 5. (

2,2' -di hydroxy- 1,71 - bi napht hal ene- 3, 3'R'di car boxyl ate wN

by the procedure described in Tetrahedron Lett., 19904g4l13%* 3,3%, 5,

“tetrnet hyl0- 2, 2' - bi phenol and 3,3',4,4',6,6"-hexanet hyl -2, 2' - bi pheéthol whi ch

can be prepared using the procedure described inJ. Og. Chem, 1963, 28,

1063; and 3,i8'widélmRare th2, s2ieds Hisdiosedatiogh.e Mt otitch postions mftheam,mdnie

" prepared usi n 3. These
g, DRt Rt il e R e ot i it ol - T30 a0l

. pol yani de desﬁikﬁlb@bﬂeﬂs@@f@fﬁ@ﬂpﬁaol ymer A These pol ymers cont al ni ng the

“aromatic @i ol s ‘canpiRearbmest diBl RAIMERNR fdhald nvent i on.

20 wherein: :
each R4 is independently selected from the group consisting of hydrogen,
C to Cy» alkyl or cycloalkyl group, acetal, ketal, -OR3, -CO,R3, C¢ to Cyq aryl
group, -SiR3, -NO,, -SO3R3, -S(O)R3, -S(0),R3, -CHO, -C(O)R3, -F, -C], -CN,

14



The solubilities of these polyneric phosphite |igands above generally
depend on the nol ecul ar wei ght of the polyner and degree of B0 Apdl?084. For

sol ubl e pebyneErIE system separation can therefore be donediyussbssetion.
Wth 35 insoluble polyneric systens, the catal yst can be placed in fixed

bed d 3 t ' t ly,
Che sl ubi | 1 Ta G g‘ PG, 07, phriohidi T RuB b idtefoat™ "o V!
reactants and i nsofi ﬂ@pﬂﬂ@bﬁ’ﬁ sc(cﬂﬁ?é; SR%&@E&‘NWQ@\G@)B@ carried
out hormgeneo_lg(t ()R?,ijj:@KIRhl RONRISLOMR!) EBEOIR! 28(ARORS)G1GY, WO

01/ 21308 PCT/ 5 al ar at ed’ by easy
means such as” &3% ﬁ&gﬁpo&?@}ééﬁﬁ d%ﬁ%@é;%mmcgé}ﬁ%f%oﬁ&ma

catal yst conpNéehbfion B when corrbl ned with a catalytically active netal
such as G oup h e n be the sape as 5 that above and

t he descripti C?xjgf mcﬁ’{ coglq) Hfﬁg Tt H’QF%& ‘interest of brevity. It
is presently prefesack®3 tlhmdemndymbr sefiedted fmnﬁlhc@douyccmsqstmgeﬁﬁll\mcw '
conprises (1), {r de and a second pol yhydric

al cohol underlﬁgmggﬁo}bmg%ﬁ@%?lé@ﬁﬁ@é@ r uce a osphor us-cont ai ni ng
pol ymer and 10 (2)eah B% andepergientiy il di e frfgc s RiG an
aromat i ¢ @i ol aryThor8eCOYRS | OO -SHOPECH] (t: oﬁe@xﬁﬁﬂamismmabﬁnﬁkeohol

and aromatic d|o are fhe sane as those disclosed above. In the first step
of the proces@rﬁ 'phosphor us-contai ning polynmer with P-Cl  bonds is

prepared. The pol ysueh RE imiepemiently ids@hur Ophdikyl aticyeloalapl, g tpG3pardd 15 by
treating one (g;ocog{blr%%hsv&]%tor%mg%? a about two nol ar equival ent of

reactive hydroxy grou the's pb é ydric al cohol in the absence of

an organi c base. fﬂhbﬂgmpcndwtlsmfdi@pw s alkgroricyelaalispl, Wistth Cap atydast two

equi val enss &fcoﬁlgg%gnssmbmq)'i,m&gqhe@e@npl e, an organic base to produce a
pol ymer cont al ni n phospharachloridite. t abl e bases are orgapjc am nes

di scl osed above. sopromatg dial wnc%erpru‘—‘%?@ﬁ%a%y msaRsEreM @ theseskiledange of
f rom about 4@&5}:&0 Bfm;iles iAblade, e hermaip liynitdaoyt2,2 2dibydroxp3it  10C, under a

o t1 e uhi oHERRaBE S EBar oy i i epnenp stcRat Rearreudadh' can be
bl ended wi t h [Soefuedesiriteddn PayBCRiS) P, 2l P88, 300802 25cthylidencbis(Bd- ar yl
g:lgugslt grwll'he rmhﬁ’ MJ’} %&%Qaﬁ%g pﬁ,a%?sa%ggﬁaﬁt%ﬁge@%’n %;ck)aﬁ) coﬁgs?d caﬁt Bgr
any ratio so 9336 é*s tqﬁ'@e‘ihaﬂ' 5 % dilydrexy-i d mbinaghibakeae whicheagbsduct i on of a
desired phospfiepated by the procedure of Recl. Trav. Chim. Pays. Bas., 1993, 112, 216;
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 inJ. 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 homogeneousiy to obtain high conversion. The
15



contai ning polyner. Wth or w thout bl endi ng with C12P(CAr3) and
CIP(OAr3)2, generally the nolar ratio of PO 3 to reactive -ZHApNI0P4 can

range fra@@pqsgs 30 10: 1 to about 1:3; preferably 1:2. Aceerdisogzds67 t he
i nvention, the phosphorus-containing polyner can be alternatively pr oduced

ool yhydri c APORST BBl G argRART B Bhachtisr St SR iod by

contacting t Hetrgnyneric phosphoram' dite with an acid such as, for 35

exanpl e, hydrochl ﬁ_gyg mer such
as, rrpfor eiarrpl e, %%‘f’?gaﬁﬁéy orogzh g %H@%Bﬂéaenera &hm“%‘,@ di al kyl
di chl or ophos sA@haisall nﬁt:tevqén@tahsqcb a@ﬁ@lﬁkﬂﬂ pgtalnThpmed ¢ peamsasd. Each

of the afkykhMhaBoNe SRIthE A8éH Xﬂoﬂofﬁhﬁ:ﬂ%‘&mﬂ&dlﬁfe@ﬁﬁfr@lliﬁﬁ&telesftefabom 10
carbon atons. 16 20 April 200 WO 01/ 21308 PCTI USOCQO 25567 The nol ecul ar

wei ght of th@’r%'é’sphorus cont ai ni ng polynmer can be nodified by further
contact with an afdpisgiresentdy pteférat that pdlymed is pmthlmedrbyaqmm whick! bonds.

can be carri Samatet N EP AR AR AR aB R FEeobt B Gie BGE, ' € @' ©
cont ai ni ng a uptersptunditiqy sdiiciemtte pma@phmhotusmewpmmymcmﬁal n| ng
phosphor gghl rﬁaﬁlﬁr% in the
presence?gf gﬁj@?@%é@%@%@ﬁ%ﬁ% Sufti ci en%a?qeéfggﬁu gbbsed in steps
(1) and (2) such tlhgdedinftionpades thsecond polxhyrlin aleghol and argmaticondi t i on
can i ncl ude @16]%@%%&%%5%5&'&%cloﬁémﬂﬁwef from about -50'C to about 150'C,
e o b etoors Bhdhe BaRstRa e edos Sori e eaRishs i i 0 °0C
sufficient pebbhdxhscpﬁ-eliarerb Thke pdlymencdneainial phdsphorachloridité careiEopttpazeld hour s.

The ol ai? r a &%e% Bgﬁ{olzﬁ' %hﬂ)ﬁh?ﬁ%ﬁ%ﬁ@%@ l%o 18 Qcﬁld@ﬁé(nt gt 10 so |ong

as ther |C|ent t I'on o esired phosphorus

15 cont ai ni ngequhﬁdroxwgeoumtm dlegemxdamlxhydan alpohplrintheabsencgofot from .
about 2:1 to, %ﬁ%as?: Zhe r&su’ltﬁlgr%ﬁkmﬂrl?flﬁhrtl%gteh Rétth ARQWE mRE4alvalllse of OH

groups in the aromatic djol and P-Cl bonds in the
phosphor us- c @z!i’??ﬁﬂ& T @ﬁﬁ%ﬂﬂ@lemgm%éa%?mﬁyseéaﬂ%@rsqrsﬁgma and B

~are usef ul | d h gfmrmmw Bible ®asddfare mgamtlafnaﬁ&dhsucgamabbveorm@unds in
e

e 2l e moraBice RO Gingeld st et oSt con” S 1O

contain abouQSPC;pre&lnainly atb&(it -0 tir abgran 1 0°6], mndaaral pressare thatwawl conpri si ng
car bon nonoxi ' t 0/ f ot ently
preferred t hgfd' gorﬁr%Bd%[Q %%{eﬂlp%% Jé"r? cfg f1 r o%lee%llpﬁgen&d%@ < which c# 6
about 1 minute to about 24 hours. The Cl3 can be blended with Cl,P(OAr3) and
CIP(OAr3), wherein A1 is a Cg to Coy4 aryl group in which the aryl group can be

25  substituted with alkyl, aryl, ether and ester.

-.a

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 Cl,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-dialky! 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 proup can contain 1 to about 20, preferably 1 to about 10 carbon atoms.
16



The reactant of the present process is an unsaturated organi c conpound 25
preferably 2 to about 20 carbon atons. Exanples of suitable 2napiin0asded

organi ¢ wooposegis i nclude, but are not limted to, |inearpctrarsol/nsk?
ol efinic hydrocarbons, for exanple, ethylene, propylene, 1-butene,

1- pentene, 1-hexengye gn%@&hgp%elgi}tggglg%ﬂgsap éw%ggg.gncge%oly&gﬁ&ﬁq)ecene 1

-hexadecene, 1 -octadecene anched term nal
ol efinic hydr@@é}rﬁf@lﬁyﬁlftb%r@R@ﬁbw@mmt@ﬁwlmmemaﬁmmeacwd but ene;

linear inter nplcmoeﬁs rrme &M@Hcf—lﬁ bPfhe phobonBXdiRirtng ﬁdlssmelawﬂh the _
t rans- 2- but ene, CIS - hex | t.rans octene, cis- and
trans- 3. oct eHemale gl phant ) 5%%&?@%*1&%%&1@0 aea RAET &

2, 3-di net hyl -éentiuuirgr@ho’a’phretgmymp ZHimutonteeting df the polymel eéhtqnemgene ter m nal
ol efinic hydgﬁ&@h@@eﬁmna@é & Jn?itic%sléax%a 9@899& mﬁgg&f&eﬁl e bf

exanpl e, octehes prepare dimeri zat 1 on ef'i ns,

for exanple, b3seidissioseshabovecy t(‘?ﬁ%ecaarbﬁué‘éﬂ”ﬁmsmﬁﬂrﬁnéﬂ)t%h&atﬁibre -

ol e i ¢ i&ﬁ%ﬁj‘ﬁﬁfédf‘g@ﬁ‘ﬁ@“&“‘% O‘a““’%ﬁf‘*’?ﬁ?&mﬁ& s

substituert s 2 and tgs n anepressdreahdtchbenzene. The

unsat ur at ed 05&3%0&%@9 pe?zﬁﬁr aerﬁf)f ?9 sﬁfﬁ&?eh f;éﬁo%%fmemﬁnﬁaﬁn lPe ore
ning ete su u

functi.onal groups con as ox ni trogen
or phosphor usaboekdmpinsts f@ﬁbftuﬁéééiohet eroat om subst i tut ed ethyl enically

unsat urated or gani ¢pee{ERR YA of dﬂ&hﬂ&@dm fbvﬁméﬂeﬁeaw-cﬁéa&l% angr%tm@o 18}1%6“ e,
ol eyl . al cohol, 3-pentengnitrile pent nemé{«,aqiesgpg)p pent enol ¢ acl

4- pent enoi ¢ a®  the ratipsis § 1°§nb@rﬁf€¢ﬁbg’€é’m cHeRr bsphorgsri tril e,
acrylic ag d ﬁﬁit:ﬁhﬁx,g pobiniet] The raiy genafaly canbhmyﬁr@eaﬁfrdm%bewl tcsnst hyl

h | | | |
o nat i ons BRU g dris e PofdraOpe hour RBLLER 3O wBSPY GRY peofban be
il lustrated adiof ad tlva -Chivaridy i1t the phpspliorisegentaiiiigg pay@EyboedH (CH2) a RS

OHC- (CH2) y+1+3-0 E n
CHECH (GLD) R - f‘?ﬁe S‘a@ﬂ%:ﬁ c%ﬁff@%ilu@m:i A a‘i’lﬁ@ﬁr@ ulg%fklpnﬁf ﬁkﬁ%ﬁ%}%@&ﬁ c@
unsaturated organic compounds in Wthh an aldehyde compound can be prepared.

20 - The term “fluid” refers to Liquid, gas, or combinations thereof. A fluid
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 hydrogen is used.

The reactant of the present process is an unsaturated organic compound

19
th

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, l1-octene,
1-nonene, 1-decene, I-tetradecene, i-hexadecene, 1-octadecene, 1-eicosene and
1-dodecene; branched terminal olefinic hydrocarbons, for example, isobutene and
30 2-methyi-1-butene; linear internal olefinic hydrocarbons, for example, cis- and
trans-2-butene, cis- and trans-2-hexene, cis- and trans-2-octene, cis- and trans-3-
octene; branched internal olefinic hydrocarbons, for example, 2,3-dimethyl-2-
butene, 2-methyl-2-butene and 2-methyl-2-pentene; terminal olefinic
hydrocarbons; internal olefinic hydrocarbon fnixtures; for example, octenes,
35  prepared by dimerization of butenes; cyclic olefins, for example, cyclohexene,
cyclooctene; and combinatins of two or more thereof,

17



l.may vary

20 Wierein R8 is H -CN, -CO2R], -C(ONRLIRL, -CHO -OR3, OH or

conbi nations of two or nmore thereof; y is an integer from 029 APril2004nd x
is an i nwager2zm@oom O to 12. Rl and R3 are the same as t heua/uleessssed
above Particularly preferred unsaturated organic corrpounds are
3-pentenenitrile, _3-pentenoic acid, 3-pentenal, all al cohol, and al kyl
3-pent enoat e, suchExanples tsnitabieolsiipie compounds al Sé’rl&"‘@é‘?rﬁ}oﬁ%tﬁ‘i‘t&ﬁ@t%ﬁ two or
nore thereof. mmsnhhmﬁ:ate@hsi&rhmgo liﬂéiucﬂﬁ lamml:&am Jiﬁd@&@&@imn process

starting with one of these conpounds a dvanta l(()?us |n t he
preparati on o‘fnaé"”&‘étb?ﬁ'} tugghsa @@&‘Fﬁ?ﬁ?ﬂ’@ﬁé‘&ﬁ “e@ng 53‘7:%‘81 ¢ acid,
6- am nocapr oni t r i | FheounsamiigeedCorganiclcompdrindram aBo e gobstsued withronsydron- 6

and/ or N/kon- 805 30T aBLACER Rl A NEMENLLONALAAAANAE dgihed ou

vvlthamxturnel nore u ounds

For exanpl e, orphospitosse fixamiples oéﬁwsmbetgpet@mﬁuhsméﬁdﬁthrleméalébnt ai ni ng

- 4-pentenenit rﬁdsﬁmﬁe@@ﬂgmc C&Bﬁo&}rdgmme \fuﬂﬁ%e‘ihyl%ﬂﬂ:rsrh%g%leﬁtés&lb h as the
correspondi ng Qner to t 2004 -~ WO 01/,21308 PC1/ US00/ 25567

e
ol F oo o atioh pArerestiies d rensritilsn ApPaicpal A58 AGRAREPIEEIDy 1 n-Che
present  procastyl ﬂ'-bentBndhtHj 7ajtesnl 1-4ll h@ymmleeaq:rybs ecit ektrsinethyl es

cont ai ni uriltie 0 Y, rqnyl at i on
Fenct on 10an Bl BEetRlioagd Nk MR mEb Sl bR aRORN B 00
according to E-Dmtcna},éﬂrptmmatandbernb@nﬁmﬁdm&smﬂlesﬂlerﬁblé bel ow. The
process of the invept re&sgaﬁ?@%&ﬁﬁaﬁe&wmm%ﬁ%mws known to one
skilled in the art s ch as or exanple, the one disclosed in US 10 Patent
4,769,498, disclosure of which is incorporated herein by reference.
General ly, 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 OC to 200C, preferably fromabout 50 to 150C, and nore
preferably from 85 to 110C. The pressutadysteympasityorf r om normal pressure to
5 _MPa, pref er aphy-(CH, X, FCH-OHY OH),; R\VPa—Fhe—presstre=i sQHas(GH - -Rtan
~al.so be equal to the donbi ned hydrogeH aaQo® car bon nonoxi de partlal
"'pressures1r5 However , Igxtr nert gases may al so be present i essure

r om nor mal Lhre to 15 MPa when inert gases ar%mg ent. The
..ol ar ratio of hydrogen to carbon nonoxide is generally between 10:1 and
~1:10, and preferably between 6:1 asnsk gt cdmpdbitidbie anount of tran5|t|on net al
- conpound is sel ectGid=CH-(CHY, -R& ve+a-b4{e———> OHC~(CH,),.,-R®
H,/CO

Formula II1 Formula IV

20  Wherein R8is H, -CN, -CO,R!, -C(O)NRIR!, -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-pentenoate, such as methyl

18
(v

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

18



results can be obtained with respect to cat alyst activity and process
econony. In general, the concentration of transition nmetal PHAPHE004acti on
medi um V\MQ;(JMIGQBnpri ses an unsaturated organi ¢ conpound, RBCTaISeN/35567
conposition, and solvent (if present), can be between 10 and 10, 000 ppm

and nore pref ejaplyiihat WaekydaOa AaaRbr Hot:1R met al .

The nolar ratio of the |g}gynd to Goﬁbpl%%%rppnﬁtal |§Hgg§t§1nq%eék%h

favorabl e r esufP<eSg-an be obtained with respect to catal yst activity and

desired al dehdye Sﬂheeppemeﬁemmﬂ%hh@ E@;Brbébnﬂﬁﬂﬁf}@ﬁr'eywr trﬂn?taﬁﬁés tillatto 100
e Ime

d f bl f h 30 Th
22I vgns ﬁ?ra;l bgdot'?frg?%nle&?rﬁr“@é‘d‘k‘é Fo%efoa’ﬁ’?gt‘gfl%#ao‘ﬁyﬁpﬁf‘ﬁwnﬁlﬁt i on reac'ta i on

itsel f, such aspehtenenitalet i Nng unsat ur at ed conpound t he al dehyde pr oduct

and/ or by-products. Tﬁl@%&ofﬁfﬁﬁjﬁtﬂnﬁp ?945¥g£go§dlflg 0 ﬁlxg%\feﬁ 193 Ean e ; ocgr bons

(for exanple, kerosen or cyc exane ers anple,
di phenyl ethe&SdGBCrtt@ﬂlbalﬁyfdrofuran) ketones (for exanpl e, acetone '

cycl ohexanone) . n tTﬁéﬁﬁcé@oﬁﬁm@h\%ﬁ%@éﬁlb@&%%n%%klaﬁ il PRR o] © O

benzonitrile), ti.C for exa ol.uene, zene, or xylene),
esters (for e%ﬁ‘ﬁp" ed fn.t WS\‘}%IF%?" ?feﬁ"a@&iﬁg}eﬁ'@ osed ll8nol (1) (Uni on
Car bi de), 16i neRdoart BOACOROB AiscladreconihioR id ﬁébrﬁo:@fedthéﬁbxﬁ)by P&fé&ncé her eof. 19

20 ril 2004 8 PCI/ 800/2 56 e h t|o cess can
be 'rb\ﬁn in solu °“eﬁaq%/r ?hjé F e °a£ “SHIEE © ZW%E"’P?V] 'I‘f{} Ig%l
carried out i rthc p@duetmof(aghﬁyem&iwdﬂ Rer guaefple, rtlssdtempempnre ammbcefromnge is

from about 509%9%@’@[’#20@&9?6&@%5 55 %@t@@'tofllsﬁ‘sﬂf‘ aa?;ﬁ'l’ﬁqge gpe?er%xﬂr\{]ﬁ]o% The

t enper at ure nust osen t'o maintain al eac tsand’

products in t O ¥ap°Gonkhsdressune mayyasy oghnarmappresaig todeMbla preferaidy  of

the catal yst. fi&g opaotd mh aTrh@g@Eﬁﬁé ROad £ANE rcaa HISS be eREN eStheQoRBilRdext ent
on the catal yst bei n | efi.nj c comp bei'ng used, and the

desired reactP8FPEe] d ﬁ%“ ’5‘88?’83? Ryt Hﬁ?ﬂ?eé "Y?G’Fr’ JOET}I2459Syma% i t i cal
and can conveaisoc pryschy tiermessatrounsy Gary @ont norind) prevkiae tdl' heMPaoslsdn i@er@nd

t t 1 t d
erpera ur 10, CaTaL BTSN AR ch BN ARG o 21
such as a tublheaﬁeqﬂe]é)ck@dl i%l@pﬂ@referab!er hepvepndi: Haed(bésure of air-sensitive

catal yst s gpo 02 frolﬂetéﬂlﬂ)tﬁtéftra?tsﬁﬁﬁﬁ‘ﬁ’é@ coffipoliid & RlectedBo st ithveganpd ef i ni c
di Juent, such as N2, He or Ar,

conmpound, CO and . H2 EI 0, V\%t h an desire
i s then passed®¥F&ayhe PtPfg"“ %‘Pd? DA 1P Satalyst agtivity gnd procass ecqromysin  The
reaction prodysgherahtiee gaoamatiby of rapsittbrahetabiarthé fsupdinsdiang pdichar
conveni ent 1y rSCOVELEM: BaGRRL dianid BEmbERHE Qeatslysl HSM0siRD, B SiVgEt! Y
(if present), can be between 10 and 10,000 ppm and more preferably between S0
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.

19



connected to a sanpling valve and can be anal yzed by gas chromat ography.
Al dehydi ¢ products, such as |linear and branched butyral dehyda®Apiit20ded
from hyskoofiezsogl ati on of propyl ene, can be quantitativel ycaapssoadsed and
anal yzed 20 -using a 30 M DB-Wax(r) capillary GC colum. EXAMPLES The

follow ng non-1Ii mﬂé}g’df‘gf?ﬂflgﬁﬁgﬁ r#tclg%rf% p' sioidtft'éﬁtoﬁ'ﬂ{ ﬁxe%gﬁa@gcess and

catal yst conpositions o _nv | / ercentages ar a nol e
basis, unl esWher thehpiefomaylaon seamgd out incthe xapgsl(s25) abeser the peefereddow, t he

unit for nul a'texaéefﬁﬁir@%g@is 58 BBhYSPLI0 WBHE 196¢C bR PRAABIGE RN ARE

expected formyl.a. 1: Preparatiopn of Polyester Derived Polyneric
Phosphite co a&ﬁ?%gﬁ f#leetsmpe AP Fh({j’F’bﬁ%gs@rlﬁﬁﬁﬁaéﬁlg?f@? pol yest er

A cat al yst5 sakattamsandsropiied &f e vayorwhasd, bgt Bwlengubhcpeveht Q2tefibativd tin - 30
tris(2-ethylh noat, t) ,[%nd Ouga:Ofél 6-thexang%lagl 0 %he hot éol ate in a
Csmall vial WtH & SHal | ﬁﬁ’&‘#éct. PRACIE PPSRWIR SoREE a0 XM o%e ur e
cont ai ni ng 5 the oftalysti beitgmyded, the olefinic compound being used, and the desired - -
2, 2" -di hydr oxysd: 1" 5:hi - ene: o 3 \ 0. mol es;
reference fo?x%crllgéé?tg't :Tgﬁ% E%kelﬁgﬁre,%\sr}\ﬁe %@E@gﬁc{%}@%@gﬁ a'%%%% and
Tetrahedron eayeuientlyiyofsompboyt 0.305toyl.8F MPag Thspaefswesnd sgmaperats® g of warm

cat al yst 190! WohfbinationWesst Bt 8E&Rnish adt’Mathtailtdat QUATAd raRess if helvagsnd
botton) flask connected to. a .di Stiel .| ati on head  and rgcel ver.wth a

[ h
precal i br at edPfEart S ecAElwst W(rijP ddptorg feagor Suasa ayies reagter, takigg hanol
started to dicatd tolavoid expbirgre of apaemitivecantgstodood fidB0he at AMaasebus

tenperature the, di hyl 2, 2'-dihydroxy-1,1.-bipapht hal ene-3,.3. 20 20 April
2004 WD 01/ | 7\ . The
iSpat B dsR el bht o bRk o asd HarAbns wiR Sar s

t enperat ur e whisienthsuchi asd¥-e &eent Amis then passedithougbtbmedetot whilecomatting r ef | ux
in the t of a . ] xt I [ for
bbout - an BourisSgelb e Hheseatioh prafiue ik heraftfHiou et (SRS chibefyce g 0
vacuum was t HERCQRYSnicBHY resonersd ibmcoehmg-tﬂae isaieefflye cap e disentlyl . The 5
pressure was &ﬁﬁ&&&ﬂo‘ﬁaﬁ%h@‘“ayveta@d%aﬁﬁé iith1 PXed byl das chRxdatddphpour s in

order to avojd bunping. e reagtion mxture S n, pol ynerized at 270C
Por 2 hour o ARrREE POl Sigh &7 g apd brenhed Bt gralds bR abiAned v

cool i ng, the hydssfoimoylativixdfirepylens car bt quaditaiviely sthavatedehdanslyggde for three
hours and,,t hep. cao ouf. Lt er ed. spectrum i ndi cat ed degree of
pol ymer i ?‘gt [ %@oaﬁﬁ%ﬁgdﬁ;ﬁkw%ggg%?gnﬂog pol yester 1 The pol yner prepared
in Exanple 1 was added to the phosph&ZXAMBEESite of o-cresol in the
presence of tri et | ARi1BRidg ndrlitieR, rephReRbatt b amAS iBhitdefhe 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

[ R0
L]

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

Len. , 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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overnight and then filtered. -The solvent was renoved to give the desired
polymer. 3'P{H} (121.4 MHz, CDC 3):..132.13, 131.7, 130.6, 130Apri208g 4,
127. 6 ppwo aB21Ba@anpl e | A Hydroforrryl ation of 3-Penteneni tPOTVES OB 45k7

pol yester 1 A stock solution was prepared by m xing 0.203 g of

Rh( CO) 2( acac) iﬁmﬁ#ﬂte I%Id a:ﬂ'&?%?%ﬁp ntﬁer uneraﬁﬁg eagé untcfr obenzene as

i nternal stan |on ef this

sol ution was Addesanediel artedgo rqﬂnecdn ﬂpﬂrfes olithe flask 0°@bn mimge was
appr oxi mat el yaowedfiteiiak ettabo@lanttote AlPthen B@&%%&ﬁlﬁl inas é&id fg
-~ CO' H2 and

pol yest er react or was seal ed re ed to 0.5
hoa e ot o5C TlPuPgaIan ezt Llo G of frdrsi Ehergnedio
pent eneni t5 i | preshiire eas lawered va-ydbhgaglaﬂ md{g:@.d:r the Hixt 9@l iats MIo'tdeﬂt@ oS-

fornyl val eron 0 I enenltrlle
Wi t Eypol yest e?%fai?gm;gﬁ%ooﬂ%&on cor‘?g]gplﬁg%’gg g@Wenem szmz(zgo ?
Rh( CO) 2( acac) Whije distilljng offmstiofaheii Srhexansisiolz évfter (zwimmalreastlammtdre 0:14

M in tol Uenew\é@&fﬁﬁc@@@ﬁﬁ@s‘zﬁl&'ac@fo)ﬁ@%thx‘ée@x@ﬁfs'aﬁ&ﬁ%cBbFe&aﬁc?hH&’e{Pn was
and enqug 05 M solution of

added to a g s-1ined re vessel
pol yest er \Agg“&gd;@ﬁ"tf"gn dg@ %IPQWTW“"M"M ate phosphite to Rh.
The reactm V\B&mbﬁdtgp_l@ﬁsmlrl zed to 0.45 MPa 1:1 30 CO H2 and heated to

95 C for 3 h . ct | d d l e of
he react i on m xi un B RS BepiRA i ERpBEleNDal AREE S e RS piRElcRafE T © ©
(ol e%) 2- penofarerdsokin|the preSepce oémmmmmnlmtcﬂ@cr@%menpmatmmtmdl e .
11.5% 5-for %ﬁi f@{ﬂS&&h k‘&a{%ﬁ gt s&wﬁﬁfz&\&sﬁébmo%&vém@sé&éaﬁmy}r[ek' e

linearity of

5-fornyl val erd {ﬂhﬁ\{%l 44@%2 @@C@arlréﬂéll B3l bﬁé@éeﬁ@ hydP 4 B¥R§Pemi on with
pogyistz erlds ﬁ| sol gE:t@ﬂibléQ!Alt ﬁg?rrﬁgnﬂsgugaﬁaﬁs@anénéﬂm@?ﬁ b gre]lap) (9 MV,
an i chloro [ g d Uiﬁm

prepared in a dryb&%oqwoé‘btfoﬂ%%%?pﬁr# ayi¥igg 0 3\56?5?%@ lf*tl ‘%a%ﬁg

gl ass-1i ned po‘és-q;antencmsﬂeltt Cgof hl2rdidgodbe2néps nﬂterﬁﬂ@&ndatﬂ)uﬁ)&ﬁ&hBOB
PETNSO0! 25567 ((BRPUBIKEPY6) Y- £ pE 0L Siufly Befal-R'S, BROSRRLL @ O
yest er :

rhodi um wi th or was reSU|ze 0045 MPa
psi 1.1 CO Hzpr&ﬁﬂnﬁéaisélcpm@lm%@pr@xu@tﬁm@r%eqmwéema@fchléﬁnmmhqsghﬂtee@ and

ChF oot og apht Canit vA ‘% Qe L e R R ST e P Sec
silica capil Iép?ﬂé t? %e‘?gh ‘G’%gwsﬁ 9?(5’ @BVWIP?P 1 hi ckness)
pur chased f romnlwesmeaaﬂméarﬁy 0££Idel&ﬁitls yedducud: %%, weldgbatgao 51% 1- undecene,

5% internal f'o%%?ve 188 i 31%3g3)at hyl undecanal, 0% dodecanal 71%

Example 1B: Hydroformylation of 3-Pentenenitrile with polyester 1
25 A solution containing 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 portion of this solution was added to a glass-lined pressure vesse] 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/Hj; 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. 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 produced: 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-
dichlorobenzenz (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



Exanpl e 1 D: Hydroformyl ation of Methyl 3-Pentenoate results with
polyester-1 10 In a drybox a sol ution containing nethyl - 3- pghfeid04 (0.5

M, Rh(woee)s® 2 (1.0 mV), and 1, 2-di chl orobenzene (i nt ecralsostsssdard,
0.14 M in toluene was prepared. A portion of this sol ution was added to a

| ass-1i ned n 0. 05
) e oo BRERRYLEYE el PO SrpUa AL Ikl AR (1.
react or was sﬂalre@towmalﬁdm‘dssmﬁzetd@@ﬁmswlﬁfOIHiamUlea@d tmd heat ed
to 95 Cfor 3shpysss pdis, ‘Tﬁ@Féa@nlf r\&%c d%é&’aln%%@%@suﬂ%r&% ed sanple
of the reaction m xture was anal yzed

onot o%@%g on an HP 5890A
Chr omat ogr apHegtion mixpyne pramalyzed by gps Flgg.rnotosaﬁphv OB ( 30 rret er s,

0. 3|2 mm | 55)1;;:190&510@& |mﬁﬁﬂﬂim£hﬁérffé&d%ﬂﬁacﬁ IﬂmdeMﬁﬁht f Id h ;
anal ysi s: nve en i nearg.i al dehydes
- produced: 930}?; Lﬁr’@ﬁi}mpgﬁ R%%%@Eﬁ%fgcm géﬁ/o g?arrpl e 2
Preparation chalysis(vtSt)enndecsas Yprlandecene, 586; interinl Erdevehes 23%xmethy! t he

phosphochl ori b ont ai ni ng phenol derived fromthe
reaction of s‘glldl cy?lalodgﬁogi@c%ﬁ&? fCB 25 pr opaned| oI was used 3 1 P (H }
(121.4 Mz, 5 £ Metind 3sPenignoateiry

ot T ﬁgﬂa it 8P Ao OBND. Bl e 21
was char ged (g%(ﬁ gﬂ) ﬁﬁ&&}é‘ggérz Q%WBQ%%@FE?W% S@B&%ﬁg Sdéf}ﬁlﬁt ed and

a solution c anhammwagp&p&éd gAgforfriy( 6Xthi2 selation wa? addedfto algl@dssdineld] or obenzene

Pressur {zod WTRLS A Ald é&u%@%fh%@&% of fREuckPECOEL Wil el BrgBC 07
stirring for 466 epuivalentpof bldfzmtew;:hgs toRht The rm@ro\faszaalﬁd,/pmssunimd 6

hours. Ajganphe, ms%ﬂavraiio‘d/amah@ﬁea&a%tggroc%}gmo'émhqqfesfeéda&»@&ga' yzed by
35C5C(m)le% 2- tenenitrile-0.3% lleronitrile 10.3% 3-pentenenitrile

0.8% 5-for rfypl?aa@i? Grpressuizsd ezd/a Sa@p)oe@ g dpaction miptuge H@ﬁ%é%ﬁdtt?y gas-
linearity of chedmistbytiphy aﬁedwnleﬂ;%%(:tﬁ%(ma@gf@htmm i PB-BFAP fused 31l1ca

5-fornyl val er on tril [ 4 1/,.213 00/ 25567
Bcanpl & 28: IV BLT PR s 5 BB 2 i RO e T
reacti on was framJWsS¢iantiica el analBisni 4166 cdnversiogi dﬂm%thyltﬁ?p@mamcaampr oxXi rrat el y

5 caul vabent Sidinhl A S BRREALSOL ARG E SR shor rARlrRSt o7 2

anal ysi s: Oo conver si on pentenenitri l'inearit dehydes
pr oduced: 92%8 gel ectivity to 5-fornylvaleronitrile: 72%

Exam le 2: Preparation of Polyester 2

Same procedure as with Example 1 except the phosphochioridite of the
acetal containing phenol derived from the reaction of salicylaldehyde and 1,3-
25  propanediol was used. 31P{H} (121.4 MHz, CDCls): 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 m] 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 inder vacuum. The

autoclave was pressurized with 0.45 Mpa psi CO/H(1:1), heated at 95°C under

vigorous stirring for 6 hours while flowing CO/H, at a rate of 20 mV/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 produeced: 92.6%; selectivity to S-formylvaleronitrile: 83.3%.
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Exanpl e 2C: Hydr of ormyl ation of Methyl 3-Pentenoate with Polyester 2 This
reaction was run as in Exanple 1D with the nodification that2QApgrii 2004

equi val e dent at e phosphite to Rh were used with p

aﬂal ySi swggg/élcég%ver sion of nethyl 3-pentenoate; linearity ﬁ?ﬁ%séydes 10
produced: 99% selectivit to met hyl 5- for IvaI erate _87%

Preparation of Pol hxample 2B: &lydsofamadat 1§ et ’ .
phosphochl ori di t e qﬁusrgadﬁaamaamnmm%g}e 1@1&{%&@9&% t@m 3): major
resonance at 129.98 ‘ng\] glp ones t 145. 131.3, 130.1, 129.8,
129. 2 ppm  15%PRAKIHACIS A capfy HFB idenfate oﬁﬁhﬂg t‘F’Bﬁt"é‘ﬁ@Hﬁ?@Wﬂé usi ng

Pol yester 3 ﬁblyssteleac@Ccmalws mamccaﬁ;etsmnlim n@enkﬁmnet nnéab@y gpdi fication

wih ol yost peideeirdfiled QoL i%cﬁvg?'&dik‘or%%ﬁ e

3-pent eneni tri | eExamnpledi aory dibEldethyd dtReattnoB® Withsldieestdr?i ty to

o Tormylval eroni {rihrefith W%Qnﬁecg Earifle 1 AAAYEY BRI, elfagzdecene

Exarrpl e 3:

usi ng Pol yester 3 box a so ut1 on contal nin ecene 5M

Rh( CO) 2( acac) Q@lum%enfsaaf&@n@w@ﬁmwdg&hz%wg umm;h palyestend 0.26 M
lln t ol :Jene Ve gnalPéi 1§l8a'yﬁﬁmvffsﬁﬁro¥%1ﬁﬂlyq)ﬁ ﬁeﬁteﬁo@t@'lﬁie?xgﬂr dfgﬁ%&ggﬁsﬁvg Ioeﬁt < of
ass-lin es sel .contai

gl dent at eﬁgh ﬁﬁli’sjfeéjet:é;?’%]&%‘fﬂyﬁ’ g@g%pﬁﬂg ;'@Fat J3%"’% reactor was seal ed,
pressurized to 0.45 Mpa 1:1 m:k%anﬂreDMﬁb@dfPaveﬁ&B‘ or 3 hours. The
reactor was cool edg eaction m xture
was anal yzed by gasgg%P%%gé %ﬁ%gﬁ'%glﬁﬁl—é?%epﬁﬁfpgﬂé}l%ﬁgp#wth a

DB- WAX phase Praphths) wa-vclasedag (0L MHmEDEE): mejentesonatdce3® nm | . D., 0. 25
mfilmthi cknmbs Bﬁh%ﬂﬁﬁﬁﬁm%ﬁ’é’é‘a?ﬂ@'%ﬁtj flts@ %ﬂzggza@ﬁ' s (w9

undecane, 50 7% cene g; 0% |nterna i ecene met hyl
undecanal1 0.4% deée pigrmy{ation of 3 Rentencn il SWLaf Met hyl
3- Pent enoat e usi nngﬁslrmbﬁIWaBnm'lﬁahﬁE&mptellfmwgﬁghdﬂmd@aﬂl fxanpl e 1RE
wi th the nodi e val ent s of .Dbi tate ite to
were used wi t%pﬁf%‘%m%&l%?%&uw i ggblgﬁ%tf’te sp}%tgot/a nv%?é'g%:ﬁwgg nmet hyl
3- pent enoat e; P@lb’ﬁ%@!'ri tG}C@ﬂalwlsleme@lonp%%memerﬁ%f 3qentepenitriley t o net hyl
5-fornylval er gh&ur 819/91d d rﬁ@tﬁdeh 8694 sel vty 18 3308 H&%@@ﬂ@é@l Exanpl e
4. Preparation of t% é’@p repara,t? on&% o yariigll -CcC
st ai nl ess“‘st eel aut c-*"—:"* B BHE aliog ol Ljge ing Rolyester 3

- Inadrybox a solunon conta1mng undecene (0.5 M), Rh(CO),(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 vesse!

containing approximately 5.5 equivalents of bidentate phosphite to rhodium with
polyester 3. The reactor was sealed, pressurized 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

]
h

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 1.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: Hvdroformylation of Methyl 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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charged with 3.05 g (21 mmol ) [ NN -dinet hyl -1, 6- hexanedi am ne, 2%
deionized 5 water, and 10.9 g (21 mol) di phenyl 2,2 -di hyd?%k"?f“ 04

1, 1" - bi nhoimabasne- 3, 3' dicar boxyl ate. The reactor contentmmm’zwrfged
with nitrogen. 2. The reactor was set to vent at 250 psig. The reactor was

heated to 200C over forty @ NUL S, f’ﬂ: Qraﬂ RBPF‘)&@ #RQC over sixty mnutes.

At 100 m nutes, the reactor spheric pressure
over 10 60 m hrgpa ' ; grature was i ncreased to 275C. The reactor was

hel d at one at mosphay ééeeaglgtea?&%ewe Qe cHEbY Witk JHBUIFe vl AT Ler
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o-cresol im tﬂrbtéﬁfh@d\/l/[)tg”g (Zlhﬁiﬂ%l/)' héifyl 29 Al dRagel, 1 Thitaptithdleres3 9as
filtered and Ive ved rota[li%{ g%ﬁﬂb hlonto glvethe desired
pol yneric phg'é’ %ﬂ L WP BEFEE LA 8RB or m  31P{ H) (202
MHz, CDCl3): nmj 02 Hhsmaatmevaatseﬂiﬁ&emt o250 phigafheecattor Wﬂysd!eetfedltcrryl ation of

3- Pentenenltrﬁé}e, P rﬁ)%‘lﬁ{qtéjseﬂgenkégted (?wate@ifé}k \[},a ent o {as in Exanple

| B with the roxwra bi dent at e
phosphite to F@Omem@ew@demmewwm qu t@@tmh?‘sqg%@@%"&?mverm on of
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capillary colum (30 rreters 25 mfrlmthi ckness) purchased
“from JW Sci enffiaiqféesoﬁ,m"&r‘i’él 9%| sPPnBZ% converS| on of methyl 3-pentenoate; 35
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Exanpl e 57 Prepara
approximately 6 equivalents of bidentate phosphite to Rh were used with

polyamide 1. GC analysis: 86% conversion of 3-pentenenitrile; linearity of
aldehydes produced: 40%,; selectivity to 5-formylvaleronitrile: 35%.
Example 4B: Hydroformylation of Methy] 3-Pentenoate with Polyamide 1
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-

]
Lh

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 depressﬁized 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 LD, 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 5-formylvalerate:
28%. '
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Preparation of diol Reaction of 3-(2-hydroxyphenyl)propionic acid with

1, 6-hexanediol. In a 100 ml rb flask was charged 16.447 g (@699'39914@ of
3-(2 5 hygpx¥Haeny! ) propionic acid, 20 ng of Fascat 4102 ﬂnlll%

(0.049 nole) o 1, 6- hexanedi ol . The m xture was heat ed at 5%% for
three hours to renove water The mxture was then heat ed at 275C for 70

m nutes and then the tenBgss pardtinpeofditanched ®olymerduse vacuum was
applied and t Ipge a}ﬁ;me{qud;re |ncreased to 260C for 20 m nut es. The m xture
was flash col idm C romatt &ggy T}g 20% et hyl acet at e/ hexane as

el uent. Thus obt ai A¥8° kS O¥¥P RIBRIPRIE RCiS, Wity £:6-he¥angdiadi Ina 1H nny

(500 Mz, CDCI18) mltb Alaglbowas cha2gdd 16.54795(0(099 Mble) of3-2( m 4H), 3.9 (t, 411),

B anched ol y i ieyfibroptonieaadiaoteg petater 4t sndbs e B Fmdd i (1 o
magneti ¢ sti r dérheyagedieh afhpouixnire wad he@ed gt 1510-2256€fhwothres Hoursabramovde, 2. 716
g of the diol Jaié?”%@%ﬁmr@%s @lﬁnfrﬂeat&ﬁ att?ﬂsue 70@&&%3@%&% Vi@é 3000' ed at

-30C and a pre-cool ed sol ution tri butylam ne I n 0C) of
tol uene was aSTRRFTRIEWaS lpwerdin80°G eHP‘é??"aS'iWP’r)as@ the reaction

m;j)(;t gri |7 ndi cmrmfmmreasfeasemammao&ﬁnﬁﬁa wmnnn&aret\busqza@uéluxfnﬁ was
adde :

bi napht ha ene g'fogl%%}%ye f%étoe/d f@?ﬂ%&%ﬁéhém? ByJuenty Thes ool Wy | est er
dervi ati ve; SQQSBOf&he detieedhpra®bist as oGl 'H 6m2 800z, TEDCRireH? (br s 21, |
1990, 413) a 2 | I oned
to-stand Zjverg(r?lsekﬂ'{jl4 géng(rgo‘t@ E\Bt@vx/afyé}r{j grrrkg\t/t{tl #Qh%‘gggﬂﬂwlt‘? %aadded
The yel | ow 25 f§o H (5.6 10 g) was collected. Solid state 31 P

magi c--angl e- Spt-dwfdﬁgnlﬂmrar(ché’a.p5%1 143 and 125 ppm This pol ymer was not

sol ubl e i Pentenenitrile with

CDC13 | e. BA
Br anched Ia(“?lﬁr %Pe’d‘F?BHR Spﬁ’e’?o? E%{émﬁlrl&gﬁﬁq‘aw A GegneisHEENRS r i | e
(0.5 M Rh( Cﬁhzﬁ‘gatwnh 0.908 gwf) phoaplebris 2icHiocide,@. Dlveg aLihe d{d] fitoai 4kve St andar d,

S tiad o o & 7aAE Tty OF iAdhe3SUaR AL ERAL Bl AP0 O Dbt BoRaSBER O S

added to a gl ass-Tined containi n
equi val ents off @i déﬁt}émlqshbgﬁmlt(émﬁ) ﬂﬁ@meumwaw@ dedaveria W Rmnllncanched

pol ymer 1. T r'i&{icnP FHYRS0ARRY) Q}?’thé){eﬁéﬁﬁrxhﬁcﬁﬁf:hgh&?eflasdfn p'lr ér&o@cé’% and

heated to 5 ir 3 hours The r eact was_ Cco ssurized and a
sanpl e of 24 he 162BRM; di thisdmixiuse was added | 7ee pl/dighenyl o2 cdibpdroxydlaphy. GC
ani'il yE is: 4T/a;mﬁmalawa 3 -aedaﬂscfj Xylté ip fxecﬁnfa.ﬂzf m&i % ﬂl'é@&itﬁﬂ‘l'e&l@r 7;’/0 0% a
nol e basis; |near|ty e r % nal ysi s nol e ¢
2-pent eneni t r AFYIAYVSoaee \‘/a‘?’é'r gﬂ%/'f’r‘?sqcp 1% 96§”§e?r‘?f’é' %‘%P’f’ Lefte 1899,
5- f or nyl val er 4h3)tandladd6idn2i?s.0 g4¥tx-omveylamine. oThe 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 CDCl;.
Example SA: Hydroformylation of 3-Pentenenitrile with Branched Polymer I
In a drybox, a solution containing 3-pentenenitrile (0.5 M), Rh(CO),(acac)
(9 mM), and 1,2-dichlorobenzene (internal standard, 0.14 M) in tetrahydrofuran
30  was prepared. A portion of this solution was added to a glass-lined pressure

vessel containing approximately 3 equivalents of bidentate phosphite to rhodium
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
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25 20 April 2004 WD 01/21308 PCT/ USOQ 25567 3-pentenenitrile; linearity of
al dehydes produced: 82% selectivity to 5-formylval eronitri RPaAPEH2H04
Exanpl e 380 0Hgts0df or nyl ati on of 3-Pentenenitrile wi th BrarR}eds®@assater | A
100 m autocl ave was charged with 0.9 g of branched polynerl. The 5

t ocl t. 0039 f Rh(CO) 2(acac
e ot T, 5 PP e dieadnert el e e 8A% SN, 1 oden under
vacuum  The &fbouylaslerontalepb@®suri zed with 0.45 MPa CO H2(1:1), heated at

ggc m“/“der vig %1?5# Hy ﬂ%fgﬁylﬁiolﬂoc}frﬁ%m?l §n§1£%'ﬂ?§ra99fl%j?opélggg hate of
mn for 6 hours

and anal yzed by 16 0 mhetteckyve wasnhargsd sithtG:9 g ef branched polymedniThei | e

12. 4% 3-pent Sﬁt@ﬂh@é%@e@c&%dm%zi%ﬁ%n%%h&hﬁﬂgbmb% o@&hg@ D)2, onyer sion
of 3- pentenem%1 {?_qe earit fE:. ehydes oduce % ‘SelecCtivity to
5-fornylval er8 ?13 e go M%W’&ﬁ@%ﬁ’“&?fm%

3- Pent enoat e Tht huthIan@bvedpreEkﬂrijz&Mtﬁ 015 MR SOTH atn)pmeam&ltm?cmd¢m

- Bxampl e 48 W Lok RIS AoE Bnn i illnlils BOLY Aol Syl BIGEER &

phosphite to Were use ranche n YSIST 97%

conver si on of 6heutsy|A @Ilp:éﬂmmwedlﬁroneﬁm@aﬁmfaﬂen@bme@dawymddyd 91%
sel ectivijy t@g@&ﬂ%) 521p@ﬁﬂé“}iéﬂﬁ=il@ﬁ§%va1%r%ﬂm@<@m% gentgﬁémﬁﬁéﬁ obpl ymer 2

20 Under an i sp ere K w neti.c stirrer was
charged with a@w B‘séﬁaia%u& {Orqoemralppeg -antfegugﬂ%ﬁmeamy of

6, 6" - di hydr oxyidéhytes p?odub@mm Rylkctbiityt8 Sompylvaledniirn74%. 20 nl THE and 20
m of toluene. The xtfjr coI eg to- 0 .-. eprecoale so ut i on

(-30C) of triethyla S &
stirred for 1.5 hours. 31 P{H} 25 (202 Nr¢gymerfl t he reaction mxture

I ndi cat ed maj or CLUre Was
added 0. 759 o I d:’fgf;sggé’c‘lﬁ_%ﬁv@agrﬂﬁéﬁﬁ FBahpicl it RS odchild? uf

bi napht hal ene 14 eguiv; e@é*r‘lfé&‘}?“&%*%l’%ﬂﬁhl&?ﬁﬂ’l% wersiused with bganshed polymsyiani ne.
The mixture MSmﬁl)fsisf m%d@mrs&m ofaﬂ@thrifBe rtérlob@} Baripsf@deiyidel

2 124y of yerrsarel 55 SEu R gtﬁi&“%ﬁ@%l ARG SBCS) ™ i o “peak a
133.0 ppm Exanpl e 6A: Hydr of oExampgle |6QBramf:he$l—@mﬁm trile with Branched
bi dont at ° phospht +2UEart it Bindsheré ARb Btk il findemeERERVED, 01
2- pent eneni t r Fhasgedwish@. 4} 3 1ecofhosnhiorss TI_I!QNQIJQ% 108 grafienrdihydrexyr4 207, 7-
5-fornyl val er paabdeithyd bis(2,3%pirochroman in 20 mi THF and 20 ml of toluene. The
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, CDCl;): major peak at 133.0 ppm.
Example GA: Hvdroformylation of 3-Pentenenitrile with Branched Polymer 2
Reaction was run as in Example 5A 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 S5-formylvaleronitrile: 29%.
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35 96% conversion of 3-pentenenitrile; linearity of al dehydes produced:
33% selectivity to 5-fornylvaleronitrile: 29% 26 20 April| 206@ut 2088
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h t h I 9 l e 14. 8%
g ng?eﬁgmf r?ﬁhgﬁ‘ %r}g %04”6%1’%’1%45’%8?%3@ Y%Fr'eg ﬂg‘fﬁeacgg%aé%f‘r"g’@’sr on of
3-pentenenitr |plr@su111mddar0 45 Mo lal démj[glemd hanmédT 661% hoed. €THel readtor t O
5-fornylval er ggﬂstc%ieﬁ a.n?%loé re aFidZ: saﬁqf’efo%rtﬁ‘é }eg&foﬁcmﬁgq%gﬁé argab%rggpar ation

of Diol deriv from D K{C and sa To arb
flask equi ppe®y\ias ﬁhfémmé%fa@tl)a é@ﬂﬂ%ﬁs@ohﬁ)@a&mj‘e@hM 8%, g of

di (trinet hyl oI3p¢éa£@r&ﬂim1elps%5sqoﬁﬁylsﬁbﬂo%&(?bqhwe%%% ﬁgrsﬁfl of 0l uene ‘and
1.5 g of oxaljc acid. .The mxtu S uxedcﬁf ourrs. The m xture
was cool ed, eqjtle; ﬁg@@ty OE?IF‘% e&H’deHF‘?de 20’?»@? 38‘6‘6?3'&91 sul fate. The
sol vent was seformghiatenohitriie: 62%. was di ssolved in a m ni num amount of :
et her. Hexane was 20 added to re | gl desired product. 3.2 g of

white solid was coIIected At ure chem cal
i oni zati on nASSEDAA ; ‘

459. 2. Prepar atlon waﬁpﬁ% \Rggwuisﬁg‘rd*)&“h%é‘%?@ 50 a ga&e%r e ééiarrpl e 5

except the di ove was reacted

ov
with PO 3 and%f %]Hg’ PreREtalft 8 pRbsahicsladelvds, 3109 mboidolugng and Mdig of eact ed
wi th di phenyl ox®i@4cidi mhdhﬁxm:relwhs reflRk&bfoRl b abene- ﬁae?mnﬁkrsarab@wla@t e.

Tri et hyl am ne € nni . _CDA3): sharp
resonance at %ﬁ#‘gﬁg%%ﬁ PR PE‘SSH&%E%"Q%‘*“%%‘E%‘(B % RIS e 7A H
droform | ati orﬁmvt:@&?drthenﬂnvasrdudselvmuhammumatﬁonmtb(ﬁethaﬂ Hesaoehave was
charged whgh Q4G Nefar Y % a a
Corutron S rﬁ%e afh g%ﬁ@e d% dg;l(l& Akt L9 m&%@g&'%?gol?e@%d
S {(atmospheric pressure chermcal 1omzat10n mass spectroscopy)
calculated for CogH3404: 458.55; found: 459.2.
Preparation of Polymer 3

Polymer 3 was prepared similar 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. 3P {H}
nmr (202.4 MHz, CDCls): 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 coniaining 0.035 g of Rh(CO)»{acac), 2 g of 1,2-
dichlorobenzene and 70 g of 3-pentenenitrile was loaded under vacuum. The
autociave 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%, valeronitrile 13%, 3-pentenenitrile 10%, 5-
formylvaleronitrile 69%. 89.4% conversion of 3-pentenenitrile; linearity of
27
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equi val ents of bi
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produced: 99% sel ec 87% Exanple 8:
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except dt he ﬂlgtélygstsam@xa@mleﬁ;]&l of\/kﬂéthl ytsaeﬂent&imate@lhﬁéaﬁ‘t% aﬂﬂ&&@r&d se |7 \tNaS
reacted wit en the resultant 0S oridite solution was
reacted with HPPR% ‘%/cbﬁ/h '%Bcr TRy PSRy, % ffng?l afene: ¥70%.
bi napht hal ene- 3, 3' - di car tErawipd¢ & PréparationefiRiiachiedPolyasenlsed as the base.
Th Y l.& l.at i on of
1'% e 0 s AR A i ol SR A B 0
ol e), brancWayussél ﬂiiérdloéfmm Fxaanple [/ syas reagtadgyith PChand ther U8 respltant 9 :
mol e), and T Ei.&omnmottﬁ%%a&m%wa fRkn Oanaihyatm&}q [2(1/1) for

htornar P rbiseherte Ra Heaburdefad rigkkpb e ngyﬂ%ﬁ%@%t&ﬁmﬁéﬁgpﬁsvﬁ e

~internal st an‘?f&?
~.Chr onpack CP—ISilyerﬁatudsm()BlBiermCIﬁC@Z mm | D) 98. 8% conver si on was

obt ai ned th 40. E Wt % f, (ii de : Im_l3 oct anal ,
6.2 Wt % of" Oct ane; 290 W O B
Hydr of or nyl ati on oA @Wﬁbéﬂhﬁﬁ@ﬁ(ﬁce@@ mﬂ, Bﬂlihuhn@ie]?bta}nhed ﬁ)lymer 3

(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/H5(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 Nony! 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/H(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%, 5-formylvaleronitrile 67.4%. 92%
conversion of 3-pentenenitrile; linearity of aldehydes produced: 94%; selectivity
to 5-formylvaleronitrile: 75.5%.
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CDdl 3. Prepaﬁ&?pgf catal yst from Br anchegﬂlgﬂﬁ%}é‘n@?hﬁ 15 B(]95{130 g of the

branched pol 41 and 456 ng of Rh(CO) 2(acac) were mxed in 10 ml of THE
and the insol ubl e cat alPysgaration ﬁ%t&@@ﬁ’dﬂﬁﬂlﬂﬂch@dt?blﬁ#ﬁnd vacuum dri ed.
Exanpl e I n se vm t.h Cat al yst
derived 18 ?omli% réﬁ{lggb&%&&ﬁp%%%q%’dgﬁg %E]g&q%%?ﬁ” meter,
15-i nch (37. ﬂ%oﬂ%a@c ﬁmﬁeblblemaéﬁtwaaﬁubmd,weﬂmﬂomﬂwmmndced in a

ni trogen-fil I@gu,_gﬁgﬁga box A pI ug of glass wool 'was placed in the bottom
end of the reactor, .fQ by, Q. 47 g of the catal st fromabove A

t her nocoupl e we e il REYHE a5 4 with Rhcatalys
reactor were sealed with net aI flaémmsﬁm@mm{ch@dpgﬁ,ﬁ;e@a was

20 -~ An empty 0.25-inch (0.64 cm) diameter, 15-inch (37.5 cm) long stainless
steel tubular reactor was placed in a nitrogen-filled giove 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 glove 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 Hj 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 catalyst. 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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25 renoved fromthe gl ove box and was connected to stainless steel reactor

feed lines. purged with nitrogen. The reactor was equi pped 9P Aaril2a8d- pass

line to NOWRIB® a flow of CO and H2 to be established RITWSH0RHEESNI Ng t he
inlet side of the reactor to the feed gases. The desired tenperature of

100C was established in EQE‘?m 1‘36}@t Yrepabitid @ P3Ridel st ube furnace
surroundi ng the reactor and flow rates of
CO and H2 feed gas%en#m'n?@enera%weem@améswlayéo warsple éraxeeptitke begi n

passing CO arpj2-kifaliysptehe! m&aalux@dastﬁeﬂio@wge : the mrocreéﬁchiéent
or

sanpl es were nal 0 nts unr eact ed
pr(r)rByI ene, ed'lpy“ﬁﬁ&t@/oéﬂﬁ?‘fggﬂ ﬁﬁ%‘ﬁ&%@f‘ re‘r‘?f&‘s]?’"ﬂfﬁ n3‘['3120'0C and at a
total pr e§sur@hxﬁr09y-69 -lbﬁmphfhakmyneﬁerhcﬂhy&ﬂem ﬂbﬁdf&e(bﬁncﬁtdpolﬁmler a 35

total of 93 \%%;Wl%ﬂﬁ]lw&%éé apﬁefm ﬂ{( e&) efﬁewm? e/

i sobutyral deh % an average p convers: on -65% 29
20 April 200 01/ 21308 PCT1U500/ 25567 Exam I e 10: Preparation of

Br anCPe?hPo;wzlfe;?jar&lchsfam&ﬁﬁl R Brache@ Po agred simlar to Exagﬁl e 6
exce e | repare e
‘phosghor ochl ori di tade‘w g&ﬁz’gﬂ}%ﬁ’ H%Eg%&gééﬁmﬁ‘%ﬂ{@(ﬁ%@ﬁ% Bi§Tvas

react ed it h mhpcpﬁmnw ml 2f ZHFand the insoluble catalyst was filtered, washed with THF .

di hydr oxy- 1 %!Iene 3,3 -dicarboxylate to make the branched
pol ymer. sopr opy et hyI am ne was_used as the base. The pol ynmer was
not sol ubl e | AXd !-“Lﬂ' = FIp ¥ sy iation fof Bropviema lig the Gasdthamk RdvkaBPdvstmer 5

0.494 g of the branched pol yner 5 @@gv&ﬁﬁoﬁmﬁﬁc}ﬁﬁ%@ac) were 10
mxed in 10 m of {HE and the insolUble ca ered, washed with
THE and vacuum dr @JEEWQWS&WOWWMPQA%GRW 35 ppitheaboven t he
Gas Phasé5swi tRh dhalgsttvedsysed. Hmpyxead/ CooHe Brapehedmie! Xitera btallde reaction

vas used, - Pr gyt ER M PAEE el HESER Bhiolp b R i BP Rgh it 5. 1 ne

average | i nealgputtﬁ(hmlh Wﬁmgémmﬂme@bdmdnbfhé%utyr al dehyde) was about

20, with an ayghagh P PMY&R% el %%&ﬁg%&mﬂi
Hydr of ormyl ation Q ent eneni on was

bt with d eduiyalenpof bidentastii te to Rh
with br aaohe(i)h@ﬂilﬂﬁ&é%m@%ﬁﬂalheﬂgﬁ% Sym&rSb Gg%sryaisomwcon%eﬂe%t&nem trile;

run as in Exanpl e@&%‘lﬁwﬁm@@&ml
i nearity of sel ac

I t
5-f or nyl val eégﬁn?‘#éf'@l p&ﬁ des pro ucédVIéSXA, selectivity to

5-formylvaleronitrile: 51%.
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-n-butylamine
was used as the base. The polymer was not soluble in CDCl5.

Preparatiop 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 m! 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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Exanpl e 11: Preparation of Branched Polymer 6 Branched pol ymer 6 was
prepared simlar to Exanple 6 except 6,6 25 20 Aprit 2004

di hydroxy-4,4,4",7,7, 7" -hexanmet hyl bi s-2, 2" - spi rochroman was used as the
diol to wmﬂpmue the phosphorochloridite. The resultant phospSewasd oridite
solution was reacted wth 2,2'-binaphthol to make t he branched pol ymer .
Tri-n butyl am C $ he pol y.oer . was uble in
CDCl 3. Prepar af+% Ri ? B Er el o819 8IS of t he
branched pol yner 6Raamiioﬁw'd's&uga9fn %m@mwwqmvﬂemdfbrﬂedt&cm of THE

Beanpl o 11 DR EFa i bt h#‘ﬁ&frﬂmrﬁﬁ R e

cat al yst Der3meﬂ¢1@m18rlmm%fd)fla&¢m PSOCBEed'h@%emchw tes. carri ed out

as in Exampl es.@&nﬁ‘y{%%nﬁnféﬁ Yopf the R catalyst from above was used.
Propyl ene!’ CO H2 4/ 4/ 4 ccl, m n._ f 1 70 horljlrs 40 m n.. Propyl ene/ CO H2

= 2/2/2 cc/mn. for additionafe NCAGEERYHETIS | | near/ branch ratio
g 2/ gl{g %g a::)(cj:e_/hyde/ Additiohylr te,sd@édd&aﬁb@ﬁﬁlﬂ&et&bﬁ 'I&@b%cml:?dl%rﬁ&@4 :/\0 I
i ent enenitrile
using Branche §%¥§%§é§d Ea(e%ﬁ%bc?%#%ﬁ@d{r éésﬂﬁﬁﬁk%ﬁbpgs% HtP aﬁﬁ‘?‘ﬁ 1.5 -
equi val ent of phsisperhiariditstand the segonchdioRls used for fnrtirer heseitip | Virediols useC _

anal ysi s: l(ﬁomqg&\é%&%gﬁsgje hs’ie&)gé}%@nenr trile; linearity of aldehydes
produced: 40% selectivity to 5 5-fornylvaleronitriie: 31% Exanples 12-18:
Branched Pol yners AHditional exanples are described in the table. The
branched pol ynmers Owere prepared as described in Exanple 5 or 6. The first
diol is used to prgd phosphochl oridite and the second d|oI is used

for further re_act ' di ol s used ¥n_thesel exanpl e isted H
bel ow. H diol 1 drea di ol H7/ ' r@ k'O H’ Q O 0/

o) ‘ A
@ ' diol 2 diot 3

diol 1
H
O
) PN YN
@0 diot 5 diol 6
| diol 4 '
15
H H

diol 9
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diol 8 31 diol 3 diol 6 diol 9 20 April 2004 WD 01/21308 PCT/ USQ0/ 25567
MeO O2Me OH diol 10 diol 11 The hydrofornyl ati on of 3-pent enef? &pil 2004
reacti on¥¥Qe¥d398un as in Exanpl e 5A except that the anoumCIEH0REET
specific polyner ligands shown in 5 Table | below. In the table, L/M
denotes noles of |igand/ nples of Rh; Conv. denotes conyersion; Set. refers
to selectivity to; gﬁgunﬁ Is. Table 1 : Hydrofornyl at{ on of

3- Pent eneni t r MeD(Exarpl @ bage,Mer st diol second diol L)M Cony. Set. Lin.
10 12 NEt3 diet 1 ¥ 5% 70% 81% 13 M di ol 2=di 0ol 8 1.5 96% 37% 43%
14 NEt 3 diol 4 diol : 4% 65% 154BICBU) 8,0 s ol @343 89% 46% 55%
16 NEt3 diol 3 di oyfF 1. 59%% 42% 47% 15 diol9 1.5 98% 39%
47% The hydr of or my et hyl 3- pent efloate reactions were run as in
exanple 4B with th cepH-9n that the anoupts of the specific pol yner
~ligands are shown in Table 2. 20 Exanpl e Base first diet second dial L/'M
Conv. 18 NEt3 diet 2 4PH0 10 4 95% 19 NEt3 dc'h@l.l:lr diol7 3 45% 25 20 N(Bu) 3
dint 6 diet 7 3 49% 21 N(Bu)3 diol 5 dint 7 4°61% 22 N(Bu)3 dint 5 diol 8
4 81% 23 N(Bu)3 diet 11 diet 7 4 74% 24 N(Bu)3 diolll diol8 4 77% Tabl e

2: Hydrof or nyl at i oThehyddBidhitlylafiolfen gReARhéhitrile reactions were run as in
Example 5A 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.

b

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

10 12 NEt; diol1 diol7 3 9% 0% 81%
13 NEt; diol2 diol 8 1.5 96% 37% 43%
14 NEt; diol4  diol7 15  99% 54% 65%
15 N(Bu); diol5 diol? 3 89% 46% 55%
16 NEt; diol3 dioll0 1.5 97% 42% 47%
15 17 NEt; diol6 diold 1.5 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: Hvdroformylation of Methyl 3-Pentenoate
Example base first diol _second diol _L/M__ Conv. _ Sel. Lin.
18 NEt; diol 2 dio] 10 4 95% 73% 81%
19 NEt; diol 1 diol 7 3 45% 58% 92%
25 20 N(Bu);  diol6 diol 7 3 49% 66% 81%
21 N(Bu); diol 5 diol 7 4 61% 68% 82%
22 N(Bu); diol 5 diol 8 4 81% 65% 82%
23 N(Bu);  diol 11 diol 7 4 74% T2% 86%
24 N(Bu);  diol 11 diol 8 4 77% 64% 79%
30 |
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30 Set.Lin_ 73%81% 58%92% 66%81% 68%82% 65%82% 72%86% 64% 9% 6%\820 ril
2004 CLAIMS 1. A conposition conprising a Goup VIIl netal meric
phosphite conposition wherein 5 said polyneric phosphite conp05|t|on S
selected fromthe group consisting of polyner A polyner B, and

conbi nati ons thereof; said polynmer A ﬁzﬂE' ses repeat units derived from
(1) a carbonyl conmpound, (2) a non =2nd (3) phosphochloridite; said
pol ymer B conpri ses repeat units derived from(1) phosphorus 10

trichloride, (2) %?%Odrl ¢ al cohol nd Q}?rb arlfl ar.ong ic diol; said
carbonyl conpound E{E’E@P@ﬁﬂsﬁg@%"&}ﬂp JREPLAAPUYMEEG 0o ) m( OH) -
Art- (Oﬂ(cozms)pmwcmﬁmmmreme A2- Ar2-(OH) (CO2R ) m

(RLO2C) g OF) - A7 2- AT i QbR 51 @R 0L A B ok 1R BT @ 15

t hereof ; said nononer e group consi polyhydrlc
al cohol , - anieesistag®f pelybian . ibehEner iFe red forbingtionssBerrek hi orldlte has- the

formula CIP(O Art - Rgalaﬁmec&brﬁmesPép%atq&@@agn%deﬁafﬁl(lm&ﬂbéﬁleach ot her,

directly linked to ot her 0 each other through group
A2: each Ar £ORBOWM, zﬁtaéﬂoﬁ%‘?ﬁ é]PE‘EﬁB Eﬂﬁ%‘i“ﬁﬁ’ ng of phenyl ene group,

bi phenyl ene group, &P pbliyies Becaynprisps rdpearapits hyﬂmaalefngnmppho gotbr@o i nati ons
consi st Mg BROTendlZt 0L ene group,  napredgPRREoBPSHRor ek natf one
t hereof ; eawmaf2 dis; i ndependently sel ected fromthe group consisting of
C(R) (R1) -, o5f carbo%l%}np’oun&s’ selecle@om the%(rgap con@ﬁﬂné:BFBil'aﬁbb Of@HPf
Arl-(OH)(CO,RD, (R102C)m(OH) ArZ-AZ.Ar2.(OH)(CORY),,
(R10,C),(OH)-Ar2-Ar2-(OH)(CO,R ), and combinations of two or more
15  thereof; "
said monomer is selected from the group consisting of polyhydric
alcohol, amine, and combinations thereof.
said phosphochloridite has the formula CIP(O-Ar2-R2), in which the
Ar? groups are unlinked to each other, directly linked to each other, or linked to
20  each other through group A
each Ar! is selected from the group consisting 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
25 phenylene group, naphthylene group, and combinations thereof ;
each A? is independently selected from the group consisting of
-CRDHR)-, -O-, -N(RY)-, -8-, -§(0),-, -S(0)-, and combinations of
two or more thereof;
each R! is independently selected from the group consisting of
30  hydrogen, C; to Cy, alkyl or cycloalkyl group, Cg to Cyq aryl group, and
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, -CO,R3, Cg¢ to
C,g aryl group, F, Cl, -NO,, -SO,R3, -CN, perhaloalkyl, -S(O)R3, -S(0),R3, -
35 CHO,
-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,
33



two or nore thereof; each Rl is independently selected from %h ﬁrou
consisting of 30 hydrogen, Cl to Cl12 al kyl or cycloal kyl gr ng\p %o 0
aryl grow® 018698 conbi nati ons of two or nore thereof; eacRCRUSPH25567

i nd dent | | t t i i to Cl12
alkyl or cycl oal kyl 3@@5%1&%%?‘?%‘2?%3@%%S@ﬁ%’égﬁ%c@ Laryl
aroup, F. O ~CORIENRISEIRE-N-ONR,pBEOKOBIRRS), -SE@BRASSORY) 2R3, 35 CHO,

-C( O R3, cycld(g%g@g@ms -A" Z, and conbinations of two or nore thereof; Zis
sel ected fromthe group.consisti of -C02R3, -CHO - R3, .33 . 20 ril
2004 WD 01/ 21308 PCTN%%@@QE%SWQ-%@@)’@%RB%&@E%@%ﬁznﬁhﬂéﬁi‘@)‘m, &

- OC( O OR35 - NE(ad )-Bmbinatichs8) Rt moreitiergsf\- O R, - P( O (OR3) (OR3),

-S(O 2R3, -S(OR3, - GO OC(O,R3, C02R3, -NR3C(O N(1t 1)RL, F, O, -NO2,
- S03R3, per hal oal kyl ﬁ-‘sé%ﬁﬁm&jﬁﬁﬂfﬁﬁons of two or nore thereof; Al

is a C1 to Gich Rkisjihderendertiypselectad HroRS thegroumepsisteg bf ¢ seCegalkyl drr om t he

I St L k! C20 I
ar up, ‘and oSHOrARY} EReb &b S i, oY Bt K9 L e 1

group, and conbi nati tere mis In ty a nunber in
the range of-from | eacom is mgependpnibpapuaber iptherange af Femtlofod-ai m 1 wherein

tsﬁi d pol >10Er3i s 2o Wxg{xﬁisitﬂﬁchcb&ﬁh@?togl‘lﬁlﬁpl wheﬁéhlf’e&aﬁbmsufé%)@ is ort ho to
e 0OX en. . CO, oS UI aCcor al.m 0 ereln sal nonomner
is a >|Sg| yhydPP}YEIeéF‘gp&Hth ¥ epngn :l%'taﬁze‘&g)ﬂdﬁﬁ‘%é%f?si@f’?‘?{%e"of di al cohol s,

trial cohols, tetBaalAcahopasitimndcadiny todliziant oo wheesinsaidmienobdeeisof . 15 4.
A ol al / : .. ; S

formi s sel oReRRSEHE M Seleb @ Borh AR Sl bonSistink s SKRNIE, MafBhEly, No° e
n212(0H) m ( tdyaaicahels( ayd-copbigatpnsef tWapfmere(thidped. ( Al- 0) pAl- (OH) m

(HO AL GH - A1 - (CHU Ao iR scbR Rl T - Ar L Aoiitin (O (A1 - O m

e ol S 7
- Are- Al - C( O) <ohsiiting-oE( QIOR-AAHRH)EHHO) ¢ AR ANArZ{OH) ,,, @0),;eBi(0xt i ons of-
Lo or more Yheiola ke, o) R Gh L oM,E HIEATTRHARS MR 1 el m
" OH)p, (HO-A),(OH)-Ar2-A2-Ar2-(OH)(Al-OH)p,, (HO-AD),(OH)-Ar2-Ar2- _
20 (OH)(Al-OH)y, (HO)y -Ar2-(0-A1),-0-Ar2-(OH)y, (OH)y-Ar2-Ar2-(OH)y,
' (OH)y, -Ar2-A2-Ar2-(OH),, (HO)y, -Ar2-A1-C(0)-0-Al-0-C(0)-Al-Ar2-(OH),
(OH)-Ar1-(OH), and combinations of two or more thereof;
A2, Ar!, Ar2, and m are the same as recited in Claim 1;
each Al is independently a C; to Cy, 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, héxa(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 accordihg to Claim 6 wherein said amine is selected
from the gfoup consisting of 1,6-hexadiamine, N,N’-dimetehylhexanediamine,
35 1,4-butanediamine, and combinations of two or more thereof.
8. ' A composition according to Claim 1 or2wherein said

carbonyl compound is selected from the group consisting of

34



each A 1 is independently a C1 to C 12 alkylene group; and 25 each p is

| ndependently a nunber in the range of froml-to 10. 5. A coi@pdgirit PG
accor di ngple@nfdegi M 4 wherein said pol yhydric al cohol is p@&,@ﬁuggﬁrom t he
group consisting of 1,3-propanangdiol, tetra(eth | ene .gl ycol)
1, 6- hexanedi ol, 1, 4-gycl oh ' 3
,.hexa(,et"hyl ene glyc 24 andPconmij ..ns ) g’ ta of. 30 6. A
conposition according t N\ai 2 vvherei Nn//s & TOT is an am ne

sel ected fromthe group ' of di am ne g5, tetraam nes, and
combi nations of two or @ 7. A conposition according to Claim 6
wherein said amne is s& efted m t he group consisting of

1, 6- hexadi ami ne, N_N -di neteh I hexa1 nedi am ne, 35_1, 4- but anedi ani ne, and

comhi nati ons @ﬂ@ﬁkb“@ﬁ“"%ﬂ‘@ isghe samedipesated inGlamdor ding to daim |
ore wherein sai d gcarhesm ﬁﬁm@awwdm t&@laﬁﬁB&%eﬁ‘di@Bﬁlﬁbﬁ'bﬂﬁ FepropoRsl Sti ng

“.of 34 WD.01/213Q08 2 2004 . PCTI Ijqations thereof;
and Rl is the‘s§§ﬁ‘§e‘g§A&‘e%Flg’é?i‘ |W“§ﬂsﬂ?3ﬁ§ggéﬁg[526; gtitll ‘on according to

C-aim t8 wer ]?nma;ﬂmhalema} B‘Sdlyhbo:qrimeMdlkyl EZ'Sélhy!dIbE}d-]f 1 ‘ebiphémyl-3;30up

consi sting o .

bi napht halgenedlgérg&hgl car’% ﬁ { v bgﬁl%}]%ll?b ~diarboxylic acid, 2,2'dihydroxy-

2, 2' - di hydr ox}l -binaphthylgha nghcaro‘vosyhc #hid amb@n}blaat@ns of two or more thereof.
2, 2" - di hydroxy- blmenmcoﬁ;pasmdh@aédam kd C acnciame Por di vavedeiarsyid

T i R o e i
car bonyl 1QGongsiestad @mﬁh%&@éacamlww@’(B z@ne-ﬁgb&féﬁmR msti&‘. Qb lno‘r‘f"plounds 10

sel ect ed fr.onyddsRIgL OGO Q]) .a}fl.;ag.&ﬂ.((:@ﬁé@ (-@@-EO).ml (ORK2C) m - Al -
coz O 2-
s e Sty Y R

. thereof: 11.. ﬂqeg@mpom tion accordl ng to.Cl.aim 10 Wherel n said second

. car bonyl 15 conpound |s sel ct ed omt r CO.I’]SI f t erepht hal i c
aci d, isophthali cﬂj }n@t Eﬁzﬂ’&t %ﬁ’ﬁf’%\ Xﬁt hyl
_pht hal at e}5di nmnpwndlesdpﬂed]ﬁbmﬁp giq@dbnhﬂmfétmph!hﬂimmd,lmphthaﬂt; and
_canbi nati ons n ding to Caim
. wgonbi nat Bhid #8nRlc SR SonbAGT REbnddte, b @IPARDALA GRRARY ! N9

wher ei n sai
tereph ate, 1 3 5-benzenetncarboxyhc acid, and combmanons of two or more

~ thereof. S
. 12. A composition accgrdi_ng to Claim 1 wherein said pqumer is
- 20 polymer B. ' o

.13 A composxtlon accordmg to Claun 1or 12 wherein sald aromatic diol has -

! formuia selected from the group c0n51stmg of . ‘ .

25 -
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13.. A conposition according to Claiml or 12 wherein said arg (12
has .a fornmula selected fromthe group consisting of 25 35 % 9945004
WO 01/ 213%® BEFIBSOO 25567 wherein each R4 is independent | §CTRISH2E67 f r om
the group consisting of hydrogen, Cl to Cl12 al kyl or cycl oal kyl group,
acetal , ketal , whéRS, COlR3 C6 5 to C0 aryl group, -Si R3, -NO2, -SOW
-S(OR3, -S(0O 2R3, - erhaloalk

- (O N(R3) (R3), -Alz an conbl n ngﬁgygﬁeg%g&n ﬁﬁ@pﬁ%’?éhﬁg °§ |s

i ndependent |y b)(ﬂfemﬂe&hftﬂ&mtﬂlﬂeﬂglmu@ioalhnbgmup ngcevdl, k€@aR RBR3, ALO),

AOR. -G By oPC(S@{N(R@Rl 555,58 0, “%ﬁeﬁb
C( RL) =NRL, Fglc%?é allz&y)l( 3%1 )C%o) OC(O)RS,
- NR3CORR3, -RRPpialo C( YR, 1817, g@i:msibmmns afitwo or |
conbi nations omotenBierebf:nore thereof; A 1 and R3 are the sanme as recited in
Caim1l; each R5 independently.is H .F 1 to C12 al kyl or. _cygl oal kyl
group, C6 to C20 aryl g helgsly §e&§§%omée RSN o rCO2REZ,  and
conbi nati ons ofHOwWo or nore thereof; 20 each R6 |ndependently is selected

L?SP”QﬁdQLSﬁE. ﬁSt”.S'OSt B Lo S ol kRS B it Lo, 20

is selected fri¥ Rz,roup consisting of HH C1 to Cl2 al kyI or cycl oal kyl,
C6 to C20 aryl, and c iR DAL NRDS_ &R 1§ LR-OIR IT0P. QIS@F RE .
conposition a f?}éﬂ ing to aim’l G(;(F{f er éi n@gé%) %ﬁ%&Ra’l cohol is
selected from group consisting of (R4)(HO mM - Are-Al- Ar2 (OH) M R4),

(R4) (HO m Ar e- (O Al) p--O(OIBE(@R?, —NRBEDQRQ RNRCOMINEIRY, 2, (CHLNG34) -
<R4><wm1rzsgfi@;2f¢g%%%§o of g 0. f
( R4) ( HO) m 0§ O Qrappne, thesgef, (Ra) (OH) m Ari -
(OH) m(R4), and conbi nadl ambRdéretthosame aveeitddie CGiaifn 1;A2, Arl, "‘Ar2,and mare
the same as recited in,G RRdependently is H, F, Cl, C, to Cy 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 conszstmg of H, C,
to C;, alky! or cycloalkyl, Cg to Coq aryl, and combinations of two or more
thereof; and ‘

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

25  thereof. ‘

14. A composition according to Claim 1 or 12wherein
said polyhydric alcohol is selected from the group consisting of
(R)(HO)y, -Ar2-Al-Ar2-(OH)y(RY), (R4 (HO)p-Ar-(0-A1),-0-Ar2-(OH)
C n®RY), R4(OH)-A-ARZ-OH)pRY), RY(OH)py-A2-A2-Ar2-(OH) (R,

30 (R“)(I—IO)m-Arz-A1-C(0)—0-A1-O-C(O)-AI-Arz-(OH)m RY, RYH(0OH),,-Arl-

(OH),(R4), 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 Cy, aklylene groups;
each R4 is the same as recited in Claim 1 3; and
35 p is a number ofl to 10.
15. A composition accord:ng to Claun 1 or 12wherein
said polyhydric alcohol is selected from the group consisting of
(OH)qArl-R4-R4-Arl(OH),, and (OH)pAr!-R4-AL-R4-Arl(OH),.;

Ar! and Al are the same as recited in Claim 14; and
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each Al is independently a C1 to Cl12 aklylene groups; each 4Ai S'ré?gg sane
as recited in daim1l13; and 35 p is a nunber of 1 to 10. 15. ition
according to Claim1 or 12 wherein said polyhydric al cohol is selected from
the groupVEQR31348 ng of (OH)MArl-R4-R4-Arl (OH)m and PCT/US00/25567
(OHMmArl -R4- Al - R4- Arl (OH) Art and Al are the sane as recited in C aim 14;
and 36 20 April 2004 wwbRT Bisbgeremlysdertabien thagroupsonsistingdeffentient | y

selected fro 1KY B! dI&ﬂ‘l%ll ,gg lciketﬁlo- 2. | cOR IkyI group,
acetal, ket aInCwOlQ(g %P y ta aR:y Oﬁ%oc@zw ﬁ? Q;%g -S(O) R3,
-S(0O 2R3, per ﬁ‘éﬂ“&ar$‘&/ PA] L-C Q ):conbi nat i ons
of two or norAlCABRApIAl Cﬂl%dcombmmmﬂtwomrnmm&cu’g to Cdaim1l or 12

bl aced such that , -heh SRRSSBAIHRE LS GIREBHoPF S BRI Ee SRroaPt A pLs
~ nonodent at e phesPHigrewpsaf said polyhpdriciaoohod teel pfacpd subhaieat, wﬁé’n said\ conposition

according to E'hsmrlc SlEohlod 1%&0&@'%&1\’?@5%0{3&&%&%@@&&3 ﬁl%lrﬁv@t ed fromthe
group consi stl &%p el6 -di'hydroxy-4, 4,4 , 7, 7" - hexanet hyl

bi s-2,2' -spir® y produceq. 5| | y| blsphenoIA bi sphenol A 4,4 -
(1-met hyl et hyl'i deme)bm&nﬁoknmtabwr&h RYCladenolds 1% éaid lyﬂp&%ol 4,4 -

di hydr oxydj phe ul f - sul fonyl bi s(2- | phenaof ) -, R

bi s{ 4- hyd?{’) E%L%é? ﬁ;ﬁ;ﬁ%ﬁQp)tgﬁgrppaggnmstm of g% H}ﬁ oxy—424 7,7,7°-

2,2 -dis(4- hyMexmlyetﬂylr’ms-hy.f—ppmtyfo)'mbﬁhdlaliﬂlb{bphé@m bisphenol A, 4,4’-

et hyl i denebi s > s

“propyl | deneb&gﬁﬂ@%m&mﬁ Jﬁlgﬂ)?%qf k rl} ﬁiyilpmpyl)phcnol), 4,4’-thiophenol, 4,4°-

4,4' -benzylid ﬁé’ﬂf@@ﬂl@ﬁwlﬁ@ ane] hieswbionylbis(%methylphenelhiist# hydeoxgSer opy| - 5-

met hyl phenol) medfyighendDsilfide 304 s YAk AmbR) iy pidpakie, A OH

15 ethylidenebis(2,5-dimethylphenot), 4,4’»-propylidenebis(i,s-dimethylphenol),

4,4’-benzylidenebis(2,5-dimethylphenol), 4,4’-ethylidenebis(2-isopropyl-5-
methylphenol),
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PCT/ USOQ 25567 OH and conbi nati ons of two or nore thereof. 19 A
conposition according to any of Clains 2 to 12 wherein said %A@"&%“VI I
metal is welogatssgl fromthe group consisting of Rh, Ir, Ru, pPrasiiikss?

conbi nations of two or nore thereof. 19. A conposition according to Claim
18 wherein said Goup VIIl netal is Rh. 2&* A CQ{T‘DOSItIOI’] according to
Claim 18 wherein said Gr p VLI metal 10 selected fromthe group

consi sting of rhg#i [ g ) @iganic .acid salt,
rhodi um ket orfir® Aodi um i n ganrt acid sa r o oxi de, rhodi um

car bonyl conpoun rhodi um am ne conpound, and &nbi nix#i ons of two or nore
t hereof. 21. AH@orrp05| tion acc&i ng to Caim18 wherein said Goup VIII
metal 15 is selected fromthe group consisting of Ir4(COI12, 1rSO4, RhC 3,
Rh(NO3) 3, Rh(acetate)3, Rh203, rhodi um bi s(carbonyl)acetyl acetonate,
(Rh(acetate)( 1,5- ,cyclooctadiene)]?2, Rh4(CO 12, Rh&CO) 16, RhH(CO)(PhSP)B
OH 38 20 Aprii 20%t WD 01121308 PCTI USOO 25567 [ Rh(

[ RhCl (1, 5-cycl ooctadRene) 2=\ and co
A conposition HETH @ aPhh 19
rhodi um bi s(car bonyT) acet ylace
contacting an unsaturated or§an| C corrpo the presence of a catal yst
conposition, with a fluid conprising carbory nonoxi de and hydrogen wherein
sai d catalyst conposition is recited in any of Clainms 1 to 22. 2 4. A
process according to Caim2 Qwherein said unsaturated organic 10 conpound
is selected fromthe group con N of nmethyl 3-pentenoate, nethyl 4-
pent enoat e, 3-pentenoic acid, © enitril eyy4-pentenenitrile,
3-pentenal, allypPH al cohol, an H ations gf two or nore.thereof. -2 5.
A process acc (g tgy Mn 2 wherein s aj/i){,a‘?anl c
conmpound is - entenoate. 15 26. A phkQcgss accordippgzfo Caim2 3
wherein said U turg ed organic conpound is sel ected H®omthe group .
consisting of 3-pentenenitrile, 4-

HO :
0] 0
S

and combinations of two or more thereof.
18, A composition according to any of Claims 2 to 1 2 wherein said
5  Group VIII metal is selected from the group consisting of Rh, Ir, Ru, Pt, and

22.-

combinations of two or more thereof. _ _
19. A composition according to Claim 18 wherein said Group VIII metal
is Rh.
20. A composition according to Claim 18 wherein said Group VIII metal
10 is selected from the group consisting of rhodium hydride, rhodium halide,
thodium organic acid salt, rhodium ketonate, thodium inorganic acid salt, rhodium
oxide, rthodium carbony! compound, rhodium amine compound, and combinations
of two or more thereof.
21. A composition according to Claim 18 wherein said Group VIII metal
15  is selected from the group consisting of Irs(CO), IrSO4, RhCl3, Rh(NO3)s,
Rh(acetate);, RhyOj3, rhodium bis(carbonyl)acetylacetonate, {Rh(acetate)( 1,5-
cyclooctadiene)]y, Rhy(CO) 2, Rhg(CO);6, RRH(CO)(PhsP)s,
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pentenenitrile, and conbinations thereof. 39 20 April 2004

WO 01/21308 ) PCT/US00/25567

10

15

[Rh(acetate)(CO); 5, [RRCI(1,5-cyclooctadiene)l,, and combinations ot two or
more thereof.

22. A composition according to Claim 18 wherein said Group VIII metal
is rhodium bis(carbonyl)acetylacetonate.

23. A process comprising contacting an unsaturated organic compound, in
the presence of a catalyst composition, with a fluid comprising carbon monoxide
and hydrogen wherein said catalyst composition is recited in any of Claims 1 to
22.

24. A process according to Claim 2 3 wherein said unsaturated organic
compound is selected from the group consisting of methyl 3-pentenoate, methyl 4-
pentenoate, 3-pentenoic acid, 3-pentenenitrile, 4-pentenenitrile, 3-pentenal, allyl
alcohol, and combinations of two or more thereof.

25. A process according to Claim 2 3wherein said unsaturated organic

- compound is methyl-3-pentenoate.

26. A process according to Claim 2 3wherein said unsaturated organic
compound is selected from the group consisting of 3-pentenenitrile, 4-
pentenenitrile, and combinations thereof.
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