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(54) Title: HYDROFORMYL ATION OF UNSATURATED COMPOUNDS USING POLYMERIC PHOSPHITE LIGANDS

(57) Abstract: A composition and a process for using the composition in hydroformylation of unsaturated organic compounds are

dxscloscd. The composition comprises a Group VI metal and a phosphite-containing polymer having repeat units degived from (1)
a carbony! compound. 2 monomer, and phosphochloridite; (2) phosphorus trichloride, a polyhydric alcohol, and an aromatic diol;
or (3) combinations of (I} and (2). The process comprises contacting an unsaturated compound, in the presence of the composition

disclosed herein, with a fluid comprising bydrogen.




FIELD OF THE INVENTION This invention relates to a process for the
preparation of al dehydes by 5 hydrofornylation of unsaturat &aAprig{ifidc
conmpounddvo At213e8 presence of a Goup VIII netal and sel ectBuI/sdopsssri c
phosphite ligands. The invention also relates to conposition of selected

hydr of or myl ati on lys i C ohOSohlte | i gands and
G oup VIII mtal@% Metla O Sl = AEOIUNDRISING | gands

are ubiquitous in catalysis BO@Y&HERHSPHIGSFI—H&TELFIWSM comerically
i mportant chemcal transformati BSr e 3P | i gands conmmonl y
encountered in catal ysis include=pfosth E’a arret phites. These |igands
i ncl ude nonophosphifes aventemebdiestpta frecdss fariesprepdration of Adehydegpinunds t hat

contain a sin transition

met al , andgbl gl rc% QQ&E ﬁﬁ%%??{ér &8@1@%@(@%&:&5 us‘l‘)9 ?I %%nds ,  Wwhich

contain two p F1E PRSP syEhd ipv @
3& %Falr@dsale@ p&ﬂwn phe l;nerlmami Ehg inveritional

eact 3Le3s.““nt‘g‘aﬁdé?%’?‘B?“‘““’%“@m’“m"ﬁ”‘h@“ﬂ. R e s ol ef i

hydr of or nyl at i ﬁﬂ%@'ﬁﬁ Pgafgaé‘zﬁlﬁa% ‘2@1 %ﬁpﬁl cularly good |igands for

these reactions. For exanpl AUKCFPHDENDB INGENGION bes a

hydrof or mypat | o Prifegsmorkllilal Giafih £L Rk §9tta§;sx| 3 ,gg%,ﬁjsng?ogﬂﬁ S'UB' s

two phosphorus atons an or gani c
used i n a hondWEREDAECHpALBEBHPertaB Fhencal srsms @tymuem aPlsqsphmwpaaegu ng

rhodium See- Qi dsQH?ﬂm@ﬁi %‘ncou:ﬁered\'iﬂ ca@l?ﬁk m%ﬁﬁie h&%es 5. 25 US.
Patents 4, 769, % 5,059 78\&@:5 235 113;

5, 264, 616 4, ,S%&%n ‘bcll?rff‘ ’B%‘i“ﬁfa‘PP S%Hb zands. shichars A~ 9303839
and WO A- 9518@88ipouhljsckhaf conmaph atsmgte pifospiessesomtial servieg a9s damdrao Bi dent at e

bhasphor oS atis/iy (Gat, i oot RREHNSOURA, A EhoBof BERASHY ot ene
bri dgi ng groupNhIQTP@M@depmsph@r@siqnatétnmsaﬂémlw ndcwhlec@elamer art :

referenced theittresStPaheMormbtafs, 641 descrl bes |igands containing
substituents such as esters or ketones on the 3,3'- positions of the

2, 2' - di hydr oxyl - | , A8 Bidustrally smeerans cqtg lﬁ@eaﬁP%BsmSHQq’FﬁhpﬁﬁﬂB? provi de
r easonabl y gocligaﬁ&i eytartiduilar ﬂﬂpoﬁh@cehydreﬁhmyﬂbﬂf ﬁtldhf Phobghiftdlgagliedbns to

SO TN N e e e L
product (s) fr @icsttrﬁzes e dydtofemydatibn Ppriogess dn whmhlan@rmmrbldemtate ligandh an
i mmi sci bl e solyaniniAg ndd fhddphails 3bms finked Wi drfanic 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



| 20 April 2004 WD 01/21308 PCT/ US00/ 25567 difficult to recover the

catal yst and ligand quantitatively. For instance, distill ati2hApof2084

vol ati | ewmorzaeés from a non-vol atile catal yst results in POEAISAS/25567
degradation of the catalyst. Simlarly, extraction results in sone |oss of

catal yst into the product hase. ,For .extyact. ld | ke .t.o be able
to tune the scﬁ‘f@ﬁ\lﬁﬂ Vc%‘fer e~ %ﬁﬁséﬁﬂd gg?inﬁjacﬂl %Jgtl%ﬁ@%gnﬁ%rwcaevglﬁ t%slaét Toi 1 ty
in the productofpivaktile fodweat fionya nds-velatilerratalss resaltsin tliermal degrgdaivpefisi ve
and thus it igd .a Plods 'ang;g

comercially \%/tlléa eg/%'r gg%%%}%gﬁga&n}ggﬁgéﬁgégf vg t(f?é; romnéén&% cc}atutcél yst

A A pr.opl X

and product = s@paseatbosfxirastion, ongrwenl like o beablg tpsing Be splubiiSopitbe digaeppor t .
Exanpl es of t hih§ cARRGOR st QoR8R1y inl e RFRIGEOpHEkY. TIRSETibARM andRtbtgener al
references on this subject can b(f found.in " Sypﬁ%rted%t al Oo&jgl.exes", D.
_ Reidel Publ i sRFoften \ea% expepsixe paf fips it 1s impoggnt tokeep SUChARSSSS o R

Or ganonet al | | doiGheomsiereiallyRaéstdapreeddr ess, 1982, 553; J. of Mdl. Catal. A
. 104, 1995, 17-85 a Iof , ‘
nmonophosphi ne and %ﬁg\%ﬁégﬁ sf?é%\'l gﬂﬁager%t% ? gac gé@%%pgo%ﬂ?@e%ﬁ@%ﬂb}égﬂs are
described in tane@ethpeatelyehf@@gn.msﬁlxe;bgﬁéwﬁn@xmng&ﬁaéwmr@ﬁcg@ab@ n

attached yg S%'réﬁot?s%p@é%Eﬁ&cﬁﬁﬂd cg&@@'aﬁr@fereﬁaés%xﬁis%ubjea cHesE fhld@dni n for
exanple US 5,432, 289 | . t al 199 7, Soc. ,

Chem  Conmun ??“H%@F‘Mé‘éﬂ\@‘?’ﬁﬁle§6$’i B. éﬁﬁ%ﬁé‘{bhﬁwgﬁe@é ’b?tgg” Sly‘iqietr ng g%rp | es

can be organi4q, 1;6Cémpreher3dleyDigandsmstallic Chemistoy, Pergation Prezat 1982,5520).

Pol ymer - support | tide t h or liga regpared by a
vari ety of netqﬁg’g’é'r@?fgthﬁ’ m‘?tlﬁgg’aﬁgygédejﬁ@go%g?ce@f"w328&@5 and -4, 668, 651
and publ i she®pecifiealhya tiomophosphineiand manoghosphiesligadoattashied o 9406146 and EP
0864577 an VI i AT L 48 ' pol ynmers
cont ai ni ﬁgsmﬁ? ﬁ%’é—%%zzft;g%gﬂg%p E?ﬁsgqu%afégg%sé %%p%gﬁﬁgﬂ?@&ﬁﬁgﬁé@%%%?ﬁe
present i nventaftathed o splicesipaans #rst used Sorrataly i 2¢ deseaRadig oty of  the .
%ﬁt al yst by pneysd3naspt m{mgf.of, lrm,orf99s,m7:9m?mtcaieﬁ- 194'>~<g,a¢_mlaanm_At1 _hegstelh ves.
There is an ingreasing,ne evel op a catalytic process in whic e
1 oss of catal 'E'fﬂmg;&%t ggan @?fhs S EIE,(Q'{ ﬁ?ssfﬂ‘&?fﬁa’fﬂ@e%ﬁ%% separati on
_ _(ﬁf OIpr](c)duct I_romgmﬁ?)d)(e.g,alajlymb: refin, abiperganiofin hiters. nvention is to p{ ovide a
ydr of or ation e varyi ng
t he nol e(r:ngpar vie g%c’?%ﬁ% ﬁ@@%@eﬁg#%%&t%%m??%ﬁ%%nﬁ%%gf Bft: h%p é%?l,lljgl ity of
the catal yst oeriposifimeshods kngwmtie thegary apreddePetents He/6P 498 aud 4668651 pad t he
catal yst conpPwubliiien ifRfhaliSnal APpIdatBhs B Y303839AE WD Y06 48rangxanpl e,

filtration. Qébeé%%gjﬁ%lsan%% (%%%% 39 rhese 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



of the present invention will becone apparent as the invention is nore
fully 35 disclosed bel ow SUMVARY OF THE | NVENTI ON According to a first
enbodi ment of the invention, a process is provided. The proegericeygari ses
contacting, in the presence of a catalyst, an unsaturated 2 20 ril 2004
organi ¢ conpound with a fluid containing hydrogen and carbon nonoxi de under

a condi t i Qpahird bédySuMith 4 MiddoREAEE hiRogh SeNy@en MWRRKRE hdsd dndidn@lifsikntl S
sel ected fromthe %r?lu%d{{:onsis,tin of cat It%/?st A, catalyst B, agd
combi nat i dHEFORYrEPREfehyesythereipspid sl spieded Somho grpunaopystiRgetaptalysi & pol yrer A
that co mﬁ%}gfa?, 51@15 mh binbtﬁahi ther€ls Crt@ghst hrc@ﬁipliﬁsba a G@roap VIDMth aﬁ@ﬁmj&iﬂﬂe GLthzst/ IZ? | a
nononer, an 0Ss ocC or Ite. talys conpri se oup
met al and CB‘G‘P%Q?PE’BPW}F vgﬂgfﬁgﬂlg@garbogﬁgppgug}%(gg ‘B‘E’P’i“?feﬁi‘ﬁﬁﬁom (1)
R hos pg_er U%hbsfph@dﬁloﬁﬂii:eg atalyd)B @nmbeé?xﬁédpwmlnmm d, poBitdr B ShichBondred¥pest Bi ol .
ccorai ng to .second_enpoodl nent. .of. the | entl , . a ositron s
provi ded tﬂﬁ%f%ﬁm%pq‘gsf%’ﬂﬁﬁc@?qq@ &H%ﬂ%\{%ﬂﬁ %%%%%@%P?ﬁ%@ri c
cogposin{)i on selm&xﬁﬂgfdm&ﬂmwml tofmmA fleStidn] oot oﬂi&nywwq%dﬂﬁollzmder B, |
and conpi nat1 ons er ; the_ po r conpri ses, repea units erive
from (1) ?@H‘?%ﬁwé‘f"“&%%@ﬁﬁ@d ? @1334 tﬁaﬂw,cmamﬂme%ﬁe?@ﬁ'ﬁ%@ﬂﬂBWOBPi dite; and
the ﬁf)l yngbnﬁt;'ﬁg)mblyﬁles' | ?},@QQQ@EB,:&M &oﬁrlllﬂﬁﬁ("nrﬁﬁﬂref)it 08 bdlher Phros: pﬁmd_ ﬂdlﬁeat u'&lits y
tric ari ae,. po rrc alc ol, an n ar. f1c 0 cgcordl ng
to an&heﬁ%@é@ﬁl}@%&?ww%ﬁ?a P‘H‘éc}néer’iaé‘%?ﬂwlﬁ‘@ﬂ’?%‘%’b‘?&‘?éjé 05‘/8?‘?5% si ng
cont act i NGoRAPrises1SHdattindé Gehv@ BRI Pphesphpasiiichlorids, (R)upoRheEe Bléchol hndA 3t al yst
conposition, w %_h a fluid 15 conprising carbon nonoxi de and hydrogen
wher ei n s& W28} yst conposition is recited as described above. DETAILED
DESCRI PTI ON OF AldclrdinDhdEivdthéMspEtief 06 inyerion, thepd 10 piiptildder iR 0&hirsdp i S al so
referred to herein as |igand, The Iigag%é suitable for use in_thﬁ, rocess
s ey :

of the i nFEHETBRIHIE PFEFICLOTRTAOT qBee Pl COmROg gy Mikauig

r epeat1sunichmpikiiol H®6h MmbAIde d)d IBdOaEeHen saidERelys dompodiondis feoied B describedl ( 3)
phosphorochl oridite. The nononer is selected fromthe group consisting of a
first pol yA9%ric al cohol, an amine, and conbinations thereof. Polyner B

conpri ses repeat units dpETXEEN DESCRIENIONCEIHEMNVENTIONh! oride, (2) a

S R bR P Bkl TR coPound
(R 2C) M Qb f3rud2inAtiedrdcelslof GORREn)iBh art FolERE)AEDIpdlyAEr B. AfoBmieON)coamd ) m

Coed” Hlr el e e fein i ERbEHLaPTPER A Rono il e AT BRI g ¢ wo
or nore hyreeopdmeitipaed anBE gloly consifl shy/fitst polyaydeie Bloshol; anarbige, 8@l ect ed
o e O Pt TSt B2k £ b SRR e il SR ) el GG, N
(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.



30 nore thereof. The first polyhydric al cohol has the fornmula selected from
the group consisting of (HO,,; A- (OHm (HOmMAr-A -Ar-(O2p April 2088 m Al12
(O-A-(Gvoaertp®)m (HO. (A -OpA - (O‘Dm ' PCTfU500/25567
(HOA )M OH)-Ar'-(011) (A -OH),n, (HOA )M OH) Arz A2 Ar40H) (A

(HO A )t % A2 412 A0 (e b (O AR, 86 Sy (O m
(HO m Are- A - @faip; Opto-Ciy GibenlensgrotpH to(@d)naphﬂlﬂe@-lgmuanﬁzmwrﬂmnat i ons
of two or I‘bgl %ﬂﬁg}@g{} roﬁfzﬂld%ﬁiblma%@:ﬂéloftgg %tg | USO0/ 25567 Each

Arl is selecte consi stihn pheny| ene group, C

12 to C40 bi pheny| Eaeh dayldeeermntlbsm@ﬂhﬁsmhygm C@flﬁﬁﬁﬁig%'@&

bi napht hyl ¢ne pg&Ridhe g%‘d‘ip R @ ﬁ@ﬂ&ymnetgwl;pran@%xﬁbﬁmh@mqﬁere@ch Art i's
i ndependent | y sel e%ﬂ ram,t he ‘%B& e st ng of ﬁ g § Ehenyl ene
oroune"eeT0 Y o Cuo Tl I RatREnas R IeE R TR D et ag S0 C1 Rheh N 1S

i ndependent | yas@le‘netgﬁﬂ:pﬁrom t he group con3| sting of Cl1 to Cl2 alkylene

h A2 d d | f -
T o APt S48 R L0

nore 10 therélﬁkl)(Eb)cm RN(RY)- ;ﬁd,e§é(alie,rrs §)-sandeesehingtionsof teo gr wars
consi sting tlgk)‘éUngen C1to Cl2 alkyl or cycloal kyl group, C6 to C20
aryl group, conbi nailons of two or nore thereof. Each [

|
i ndependent | y sel e&eelyRt isgadensadeptlysstectsddrom thepgrgpp 0‘1@1%‘9&%%5&%98@5 to Cl2

al kyl or cycl ggliky,, @koLet cysRalkst Qgt’C bgreup 2 dwanibiintiahoss, ket al
having 2 to agg}ut é%) 'k?rboya'atokg,ru;girm%:(agJ &ﬁg o to C20 aryl group, F,
C, -NO2, -SO3MROrmefg f&Phal oal kyl having 1 to about 12 carbon atomns,

- S( OR3, - S( O 2R3, Ea@iRY? is d€)dndentty sdléatedfrbar tha@vouygedhsistinglobut 10 car bon

el cctod 19 om PAEBRGH 1 Griduop A GrtotiRpdlouty i m@?@()&;ﬁgﬁ% ) SR3

-SR3, -C(O NRlRl ¢arb@THOIRS ket.ath;(v@)mo aboyt @1@1&)0{1 atomR) §
-C(R1) =N- O Rl ﬁ?ﬁ(&%ﬁé CB30:1 - 3- Sﬁ\@)ﬂ%’ﬁhaloalﬁ@a%(go Ez’s?abc%%

- NR3CO7R3, - NRS -SGSRB per hal oal ky .~ -CN, and
conbi nati ons of2 £4HOBAORSy o thereof

-S(O)R3, -S(0)R3, -CHO, —C(O)R3, cyclic ether having 2 to about 10 carbon
20  atoms, -Al!Z, and combinations of two or more thereof;
each Z is selected from the group consisting of -CO,R3, -CHO, -C(O)R3,
-C(0)SR3, -SR3, -C(O)NRIR!, -OC(0O)R3, -OC(O)OR3, -N=CR!R1, -
C(RH=NR!, -C(R1)=N-0O-R1, -P(0)(OR3)(OR?), -S(0),R3, -S(O)R3, -
C(O)YOC(O)R3,
25  -NR3CO,R3, -NR3C(O)NRIR!, F, Cl, -NO,, -SO3R3, perhaloalkyl, -CN, and
combinations of two or more thereof;,
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:



Each R3 is independently selected fromthe group consisting of Cl to Cl2

al kyl or cycloal kyl group, C6 to C20 aryl group, and conbi naZ® Apdl 200dr eof .
Each m i sWpHte3éhdent|y a nunber in the range of from 1l t PQXUSGRsSHACh p is
i ndependently a nunber in the range of from1 to 10. The presently
preferred carbonyl cogpound$i are}'gi esters, diaci dslf or Hconbi nati ons
thereof. Exanples of Rs@iQabl@ di‘¢st eps. @ 8l@s] ds o nclQde, g 1 are not
limted to those shown 7~ WO 01/ 21306 o~ H:g‘pril 2004
PCT/ US00125567 02R1 in @

/ selgcted fromthe

o C12 alk yctoal kyl group, C6 to
C20 aryl group, and conit¥ng two or nore thereof. The other
positions on the aromatic rings can also be 5 substituted with an al kyl
group, ether drwijcheash B! igjindegendentlycseldviaddtim tise grhep emfsistinGpébirdrogen,

exanpl es of syt ' LAaG | pcl t,.ar L 'tedto,‘
ol Ryl 22 S droduayFy! Qe ShRe) 63 10 05 B5Pgron) ool pllhatont B LT 10
2, 2' - di hydr oxyWo or morg,thsreefy Thesother ppsitigns 9 Hhgarematic rings can also be -
31 g - gl Eygﬁoxwuﬁﬁtiﬁlﬁ&gwﬁﬁlaﬁt@}]kyll @gcﬁlg,r Qﬂﬁﬂérbﬁp,%@i:eﬂgroup,_ carcombinlaéions tnl%z_reof.t _

, 2" -di roxy-1, 1'-bi.pa - L -di car box .C .acCl n conbl nat i1 ons
of two o%/ m)r%al/ thglsgf)g:iiiﬁ éﬁ%%dﬁ?&ﬁé&élp?laﬁ%@?&ﬂnm can al so
be bl ended wi timiteddo,aii ,2-dilpdyoxlyl gt Homaphtimbtene &, Fdicasbodylas, difliy]
(R1020) m A - AL AT st 2 SRS s Ot bipbegledys
(RL02C) m ( Al- djqarbexylicespdhid. rdibpdranyt leloriinankthydis shicarbaxydie agigrandt her eof .
Exanpl es ob t hembrafswh SFAvBR Ylors i¥RQYNds that can be bl ended are
i et hyl - pht hal ai 31 RmRETPrwERb s Latorsas pst b Flamies R 078 eonol
can be aronat inmrasec',nndaarphnsdabnmbumisis}nbhas,d‘omcanﬁﬂbsi R kAdl- al cohol and
can contain t maj cohol hphat | G . al,qohal one of each.
The al cohol h SO?‘E?w%?ﬂ@mﬁk‘?&%ﬁ%‘ﬁ@%@&& Eggn(gjloe?sleé‘r"the first
pol yhydric al é8H@mrAEHE0eA -H-AaT-C AR Dy R IQeC)indAT-0)p-AL-(COR 1Y,

15 and combinations of two or more thereof.

Examples of the second carbonyl compounds that can be blended are
terephthalic acid, isophthalic acid, phthalic acid, dimethyl 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.



those illustrated as follows. 5 20 April 2004 WD 01/21309 PCT/ US00/ 25567
HO HO OH OH OH H QH HO Ot her exanpl es of the first pol yhydri 20 &pdici¥s are
hexa( et hywicemesisycol ), 1, 3- propananedi ol , tetra(ethyl enepgrysed/dsse?

1, 4-cycl ohexanedi ol , 2, 6- di hydroxynapht hal ene, or conbi nations of two or
nore thereof. 5 In additiqQ to t he_pol yhydri | cohol s shown above,
conmpounds  contai ni nggo can be used. An exanple
of such conmpound is 1, 3\& e nononer can al so
be an am ne selected fromthe group consi sting of dlanl ¥, triamnes,
tetraam nes, and conbi nations of two or- nore thereof. The 10 anine can be
primary or secondary al|chat|c anm ne. Sone exanpl are 1,6 hexanedi am ne,
N, N' - di met hyl hexangdi g/ @ apedi am neo.a conbi nations of two or
nore thereof. The pPhogy gfte has the fornula of CIP(O Ar2-R2)2,
where the Are groups can be unlinked or linked directly to each other or
wth a group A2 and the 15 R2 group is preferably ortho to the oxygen.
Exanpl es of phosphor o ridite include, but ar limted to, those

004 WD 0=2308 PCHPU 5567 ifff'whi ch the ot her
positions on the aHO LAy, . |@. or et oxygen atom
can al so be substituted witH alk)y, ether or est&® Jro or conbi nati ons
of two or nore thereof. 5 Polymer A can be produced by any neans known to
one skilled in the art. A process that can be used for producing polymer A
di scl osed above conprises (1) contacting a cafbonyl yconpound and a nononer
under a condition sufficient ('.5'HC

HOH

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.



to produce an internediate and (2) contécting the internediate with
phosphorochl oridite under a condition effective to produce tR2@ApdR04ition
10 di scl Oﬁ’ﬁﬂll he first enbodi ment of the invention. Th ‘gle;.{]' Ivki QN and
scope of t el'zzzg% onyl conpound, nononmer, and phosphochl o‘ra]? I ééda!%lztrSéeﬁ(.?t he
same as those discl osed above aRgI, for the intlg{_est of brevity, the

description of which is omtted h. In the step of the process, a
th

car bonyl conpound di scl osed above ¥s_A5 contacte th a nmononer discl osed
above to produce an internediaté? can be & pofyester or a pol yanide.
The contacting can be carried® Wit h any ﬁﬁf%r rptio of the nononer to
car bonyl conpound so long as th 27 i S suffb i to produce the
internediate. The ratio generally § be in the r of fromabout 0.1:1
to about 10:1, preferably about @ 571 to about J: and nost preferably
about 1:1 to 20 about 2:1. CGenerr@lly the proces®S can be carried out with

ei ther an excess of nononer or equinolar anount of nononer to carbonyl
conpound.. The ratio of reactive ester or acid to reactive al cohol or amne
of one is nost preferred. Alternagfely, the c&hrQor conpound can be
conbined with a second or other i scl osed above.
Addi ti onal exanples of the second 20 Apri l O 01/ 21308

PCT/ USOQ 25567 car bonyl conpounds, not limted to (RLO,Cm
-Art-(C2R1)n8 (Rl 020)m'A'-(002§1)m ( - Al- Ar 2- (C02R1) m
(RLO20)m - Ar2- (0)-A - (O -ArefTRRR) m (R102C)in -0)p Al-(C2R1)m and
combi nations of two or nore therg 5\ The contac Yy can be carried out
under any condition as long as the ghdition is '
production of the internediate. 5 i igkcl udes a tenperature in the
range of from about 100C to about ¥5QL, preferably about 150C to about
350C, and nost preferably 180C to 270C, .under any pressure that can
accomodat e t Hé Vhishihe athgr positignseon the aromsfic singJ.cs(PRiE QfiBgHE tQ thewxygembout 1
mnute to aboutordZdahaisbdbe shbRiteed adldlng, &Bdt orker R6upssaf dninMidnsBeat or
with an inert solvent such.as tetraglynme. The resulting internedi ate can be
then cont act ed¥Riof 5 B¥Ebhochl oridite discl osed above to formthe

pol yneri c fhosphi t @olymyand canlbeprodoteaidiy ang niexns kmowicaroneallilledtin thefardesi r ed,

in a solvent s I [ b 0 L1 on
sufficient to Ajeﬁ{}’é:% %ﬁ'ﬁgﬁggga‘%&f?’gh{oﬁ%gé&é{%&ﬁ ?cll%s%.l %%3‘% é(g’é f8cting can
be carried out(l)¢pniastingnesbany compeubdsed s monomsr wndenz genditiorbadBciemhe

addi tion 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



of base results in the formation of a salt fornmed by neutralizing HC .
Sui tabl e bases can be organic am nes. Especially preferred 20 épril 2004
trial kyl & 0psi308The nost preferred bases are sel ected fr eoritseogsseup
consisting of tributylam ne, 20 benzyl di methyl am ne, triethylam ne, and

di i sopropyl net h t enperature
in the range o?r%f’?ﬂn%%%@om %%%P ?g%éarg tﬁﬂ@@%@ ef*e %b&ll@ﬁlsmﬁoc to
about 100C, afR!OnsDi-Af€€0rRDLy (RIO0)G-AF-8HAT( ElhR anyRIPeSEurAT?t hat  can
acconmodat e t enpa! 1 d for.cg. .auf t t 1

T nute to abofﬂ?’ R R B O L s R By s eRbinaons
the al cohol grRbtHP o medhereeh er nedi ate, can range from about 10:1 to about

0.5:1, preferably eriheubntactmgcaf[hecm@abbmmhwmid&mmnoﬁ@mepar ed by
ey e
in the absencm@ﬂdeaabaspﬁraumhnalm lange Gﬁrmghwtd%%@eo aﬁ'drué%@%ﬁll t| ng -

sol ution can féxjaﬁl?a%gﬁ'tt 5@@0% éﬂf%ﬁ f?a?éﬁl V\% et & Pfge@ base such

as an organi c *base ce a pho |te en the substltuted
phenol s are rapfieiceay Wﬁsﬁlﬁe #l?b@%ﬂ qcaﬂ@m@ﬁtsﬁ%@mmfa@mmget apcte

al kyl i dengi sRigRRLt tilndf RS B heiheeMibo@ I£hARE The Shiffabid danpil@Pe ed from
initially contacti about one pol ar eﬂw Vﬁ| ent of PC3 with about one

nol ar 35 equi @%ﬁpgbqaeaggrbgqtb%p@gqg FISRETHSP 23 Fetgly®is ¢ ut ed

al kyl i denebi 5phenorrhbeésaﬂel@ intehnediate éﬂﬂ)ﬁﬂndn toitacted Wt aqﬂmeﬂmhtnfndam
organi ¢ base

. t { ed tt
equi val ent s ofdlsﬁﬁ)ﬁﬁ‘ggbovﬁ I?:%nﬁ)ﬁoth%p@?gjﬁhﬁg g‘ée on ‘chébeu Co\g’kacﬁng bad 681 110
phosphor ochl orcaxtied ent, 8f @Biréd)in & s@Oe suM@ﬂthﬂSGBteﬁﬁsrdltUﬁw padB2 When
h bl
i ni ai ot Enp P AR PR SAERHE0 ftbhine Brolfdt NG BRRRNor,| ThoorbRBNE T B0

base dition.
The addition ¢inbacaTiedawin the presenes o7 base Sesh asranrgams bmbi"ee addition or ned

by neutralizi ngpkClresliti®n e F6h-28n B 4 5hlE foriRA HYeReFRiAng HCIkSEhapE Y. Such a
slurry 5 can create problems in agn evi B’g géod m Xxi aﬁ‘é’iae?bas whi ch can be
“inportant in iCAP AE OTZAMS SFHRGS, & SEFCRIYRTPETed afsiE 0gh HSEPOfe t hat
::..Cﬁn deﬁr ease }ﬂrﬁ'&ﬁed)f)asci dge seleqed AOmphe dttub cohsistig efasbugbingnet her ef or e,

. that the aci nducted W ih. vigor 'rr' ot-Rer agitation
"to allow 2‘5 ﬁH’ - %ﬁggtan}lﬁ)%ﬁ'ﬁ?ﬂgyosp@@é? 9511?1{1 ur@fé Cooling to
“the di scl osed cbaﬂaptmgctamﬂmon&agmchah abanamnmintbhe@gelﬁﬁlwl slegdut -6
techni ques | Bt 50°C BrBABSRBBENGC ) diduf B0-RS afl RRA! Sidiehiablgh vari ety

of other nmetho
-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.
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

I
h

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.



known to in the art, for exanple. One nethod involves treating phenols with
PO 3, such as described in Polynmer, 1992, 33, 161; Inorg. SyBRO ApSIa®048, 68;
U S. 5, 2w0 028008 \W9622968 and Z Anorg. Allg. Chem 1986, B3BUS®2556715 When
t he phosphorochl oridite cannot be prepared in good yield from P 3, the

preferred nethod i | ves the

di aryl phosphor ani d| e’b%rFP%HgT&/‘ ﬁ%ﬁ qg'gm LhFﬁggYﬂfBg‘H’ﬁBr‘B@hl oridite
cannot be prepdusmablttmgmndmyteﬁipéra‘tmnmﬂ’@-gm(rhmjngeﬂim@tth@ﬁaﬂanvol ves
the treatnent e

The N, N 20 di aafd(lé Nd?%e?é@ @ﬁsoﬁdc??%kr/ﬁs IP%}ERHQ{‘O q{’ﬁ &ﬂllhk%%]fgﬁgfary oxy) 2
where R9 is a bzyneut:r @@Hﬂlfhegﬂagu@maﬁurmbs@maﬁw@simw S@dtﬂlngyphenol
or substit ut eccaphened rowkﬁblﬂﬁﬁﬁélﬂ?%é’od%ﬁﬁ% 1'&%}0?{' ipSuch as
descrihed in W9622968 S. Paten; E 710 U S Pate t 821 378.
The N, N-di al kyar"‘" %?Wﬁﬁagﬁﬁadmwtt %reﬁﬁtgprb‘al &ap dygrase sk, as
descri bed i n Tiht dedired produ2t 11 BMRsirdble, GU&raforsyindt Memtloh%&on&;ctédﬁl@ttﬁ44 and

Aust, ) CemiJ 3% g 838ner Ml 1 410 RUATRL AR ot R BERCHELT o1 o

t he i nternediat are 9 WO
01/ 21308 O ( mammmmwlmtts ﬂmﬂlyfdgaedrterphmwm rapgcqndiaceomptished n 5

pol yam de l@homélgkﬂ'&,@nﬁgﬂlﬁﬁﬁgs%%ght of the polyner depicted above can
be adj usted accorgé_l to need qQr desjre by igi‘lustl ng the conditions of the

process or the ol ek PEPSRIRFBIGRIe ExmbroRFRRAredBY ArYTELY Of OISt Methods Pol ymer A
can be conbi nadaowntth uﬁth@raﬁyﬂ)r\ékéxhplﬁeme rhéth¢d DEdbes aeathigadheAdls wARNPOSI ti on

A. The term" use | ers | I on
nmet al compoun lﬁ’r%ﬁl%ﬁ‘?e&ﬁ%?gitlﬁlﬁo gﬁ é a@n%foﬁ%t‘g%n@ 6hg’r ?J éThe term
"Goup VIII" rfeiki)r%ﬁOt W@?@ZRGEMZSAWgMHg ehePed PRGIS35,12M. e of the
El ements, ;s When the phosphorochloridite cannot be prepared in good yield from
PCls, the preferred method involves the treatment of N,N-diatkyl

diarylphosphoramidite derivatives with HCl. When the phosphorochloridite

cannot be prepared in good yield from PCl,, the preferred method involves the
treatment of N,N-dialkyl diarylphosphoramidite derivatives with HCL. The N,N-

20 dialkyl diarylphosphoramidite is of the form (R%),NP(aryloxy), where R% is a C;
to C4 alkyl group, and can be obtained by reacting phenol or substituted phenol
with (R%),NPCI, by methods known in the art, such as described in W(09622968,
U.S. Patent 5,710,306, and U.S. Patent 5,821,378. The N,N-dialkyl
diarylphosphoramidites may be prepared, for example, as described in 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.



67th edition (1986-1987), CRC Handbook of Chem stry and Physics, Press,
Boca 20 April 2004 PCTI US00/ 25567 10 20 April 2004 WD 01/ 22_@68ri| 2004

PCTI US00/ ton, FL. For the catalyst conposition,

corrponent‘%rlég%ll sﬁg referred to herein as a Ii gand. GCener alhfc %“Gp VI
metal is conbined wt ol ymer di scl osed above to produce the desired
cat al yst. Preferred(ER Il nmetals are rhgdium S5Hriddum rutheni um
pl ati num and cont) nat; pf two or nore thgreof.Q prefefred is
rhodi um The G Y e aPMes  progeHded i n OOH > such
as a hydride, hali ds Nari ¢ aci d—salkt—sket nate ‘ c acid |salt,
oxi de, carbonyl cong i ne conpound, or conbi ng f two Orn nore

thereof. Preferred & oup ™| 1 netal conpounds are |
RhC13, Rh(N03)3, Rh(0OAc)3, Rh203, Rh(acac)(CO 2, [Rh(QAc)(COD)] 2=
Rh4( CO) 12, Rh6(CO) 16, RhH(CO) (Ph3P)3, [Rh(OAc)(CO 2]2, [RCI(COD)]2, and
conbi nations of two or nore thereof ("acac" is an acetyl acetonate group;
"OAc" is an acetyl group; "COD' is 1,5-cycl ooctadiene; and "Ph" is a phenyl
group). However, it should be noted that thg Goup VI tal &ppounds are
not 15 necessarily |imted to the above Irst onpo rﬁe g um
conpounds, surtabl eL\( ﬂ1rofor pﬁ §e pr etr§ %eeat ed
according to tecnr gues) -!1 | kno t
in WD 95 3068 R 0Yek 7 -aﬁd-—J——An‘e? ~ .
QL at conthin Irgﬁ,ﬂpls whi cll can ke
the present 20 rrul : » phosphite |igands, are a pref
rhodi um Exanpl es o preferred rhodi um corrpounds Are R
'Rh(CO) 2( CAHO000HCO t - CAH9), Rh203, Rh4(CO) 12, Rh6( CO) PBYSSERACHRY
Rh( 2- et hyl hexanoat e), and_conbi nati ons of two or nore thereof. The anount
of transition netal c"!\n bg any am)unt so fong[ as favofabl 25 resblts can
be obtained with rg cat a zﬁ/\aﬁ\w\nty and @rocesg efonony, | when
used as a catal 9 <r %" the nol ar *gha U's{cH to
transition netal can be f+em-about [:1 to 1 ;
S v 1 (nol es phosphorus per /TS matal ). Poiyner B
- conprises repeat uni ved from (1) phosphorus ide, 30 (2) a
_second pol yhydric al cohol, and (3) an aromatic diol. The PC13 can be

1993. Rhodi um co

-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 compeund, 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



bl ended with C12P(QAr3) or CIP(QAr3)2 wherein Ara is C6 to C4 aryl in
which the aryl group can be substituted with alkyl, aryl, efAdwribh2@dester.
The | ocatwomimf3os he OH groups is preferably placed such the¢TAhen/Is8aCct i on
with PC3 will not Iead to predom nate formati on of nonodent ate phosphites.

f d | cohol. .has,the f I I ed f th
ar oUp. cons st | OB Lt R ALY SheBRRREPS. e P FRERAPTRA) SO o- (O A
1)p-OAre-(C]—l)torh(3Rn')ase(lﬁgh)1¢lC]—l) mArt-Are-(OH) mR4), (R4)(OH m-Are-A2-

11 20 apti | 2004 VBEOITEGOBCYRERICtabi TP A SR Ray . aina

conbi nati ons tabeveisfprodurenhddesired n@talyrsycﬁ’r@ijﬂnd Gaoup VHE atetals aretrhoditm, t he OH
group, the ot (i BhbAibieNblaAhbi CadPeddiintddnglo PHfy bimaltytqér%gf“ngh Sp6d RL 1S

i ndependent |y se] ect ed Foup_consistin o Cl2
al kyl or cyc|d%£FilE§rF rbeg Macﬂte TouR M IH) metalgrprovidgdirsh aof ac20 aryI
group, -SiR3, cobgdund, Sﬁﬁiﬁahé&@e%hd‘e%@a&@%md sg’f@ietcn@feolﬁgaxﬁc adll

Alz,. and conhi nat i or nore

hal oal ky] R3 .
Chereof . ach 3 GRHIM Crpsound e ompyeylsptsominptons of yapa R 10
00O R3, - OC(rreMtBreof NPEstRA] Gr @RI hillal copblinds Ihlrd)}rRCO)lz, RS0 { OR3) (OR3),

g(()?R(ZBRs (gﬁc%éﬁb%%}@ ﬁ (Wm%@‘g%?ﬁ?)ga ected from
the group con&i}a@‘abvo‘ﬁh@c@)t@M@O)&Tﬂsyha ROVl @Dyl [RRGBODIB, t 0 C20

aryl grou 1 | onsi sting
o c1’to Tcrz Kooy ?‘ﬁ?&??ﬁ%ﬁﬁiﬁﬁéﬁg Y R o6 T

C20 aryl grou S‘? %ace tadienepand  Hhe s & phenyl
i on v s e gaiabotyern et
r r r r
'E\?/;) or g tﬁlg?%sg)&%ep(tg ab@?’%ﬁﬁ?d campp gﬂé um&PR'&PP oups,
al kyl ene gr oupvitahds farhy drofenfdatsgn, asebapspaed or gateadtad ahcstdmgttd in the

i nvention can @?%H%&%‘i‘ﬁ&{é A2 Gs QEscrilPd ?maerxmn[p 3?%‘%&?6 gr oups,
al kyl groups, al ene grou hers, eésters Some
representat i véj%gétéﬁd} , aaaqlé 43["@’0@?@ Sorel Uée206ﬁ,|t19%3r eRhQiiluInZS linited

to, those s hO%n’ipBuﬁd@tht%h@Yﬂ ghride! WhicBan be displaced by the present

20 multidentate phosphite ligands, are a preferred source of rhodium. Examples of
such preferred rhodium compounds are Rh(CO)> (acac),
Rh(CO)2(C4H9COCHCO-1-C4Hg), Rhp03, Rhyg(CO)12, Rhg(CO)16,
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



12 20 April 2004 WD 01/21308 PCT/ US00/ 25567 HO HO OH OH HO HO CH CH OH i n
which Rl and R4 are the same as disclosed above. The ot her pé8ApRrib#¥4on t he
aronmat i cwao egriapg ef erably pars or neta to the oxygen at ompOramseatsse? be
substituted wth alkyl, ether or ester groups. 5 Sone representative

cram) €2 a1 SaR AL ond b PR Yo ogpyose

(1- met hyl et hyland doveajddi m‘(hb—t() Ihm@Hrgrbtm,aiwd:thtp‘rwbﬁitylgntm;tho totthe OFhgmop js 4, 4' -

di hydr oxydi ph%g c%#ef one, -sul fonyl bis(2-nmet hyl phenol ),
bi s(4- hydr oxy- phe I )sul fide,.-
2,2" -di s(4- hydroxy-€30 Rpengdenty slemied framghe group consisting of hydrogen,

it le Lgﬁge?: Zenebl d rw:gwdrrb@em@iw F} ‘a@é@ﬁ)ﬂetaﬂje-w sd:@ é@\(b%l ghelnol)
y 4 TR, G0, kot SR LR i

met hyl phenol ) ar_wé}n%;o
pol yhydric al mmr$emm1p¥@(®N®3)®3)t Wieaﬁd(cdmhdandmsbﬁavo ar toreFor -
exanpl e, the 34] can be prepared by refl uxi ng d| (trimethyl ol propane)
15 with salic hde with oxalic acid as catal For references for

preparing acet al fraanhacs &@ﬂ%l—@ﬂéﬁ-@@)&% SHOYFR nSBﬂ’ dEHPISRARY an

| cohol 9O n= ! .qrl 09;
'zli'ef(r)aﬁedron 1@8%6??% Q@aﬂaéﬁ 5] tﬁi 8@ A}gﬁl f((l){O)ZBQPC-'I&'@US%lZSSG?

1, 3- bi s( 2- hyr oR{QXO XWS) pLrEHOSK procedure, J.
Og. Chem, ARIR3EYE Bf@ﬂ F4:14-N@5h;do3d€ne@m£r%oﬁrumaﬁsﬁm&menol) 4,4" -

h Zpy'b'eﬁESF.b hiﬁﬁbf’ i SRS e epied g the group consising of C to i
4,4 -ethyli demﬂ&ylaﬁ 2ydleaipkiapyip, Crethykptigrnip) can be prepared according to

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



Bull. Chem Soc. Jpn., 62, 3603 (1989). In addition to the polyhydric

al cohol s shown above, conpounds containing three or nore phédéplic2Zidoups
can be uswwroiRepmgesent ati ve exanples are shown bel ow. 10 gdi/usowvddserh R4
are the sane as discl osed above. The other positions on the aromatic ring,
preferably para or meta to the oxygen atom can gso be,l substituted with

al kyl, ether or ester groups. 15 The aronatic dio hasR the fol |l ow ng

forrmla(J QRS Rs \ / R5—R5 R34 ndent |y
C o

sel ected fromthe gRbo

cycl oal kyl group, acets ' COZRB C6 to @0 ar) group,
-SiR3, -102, -SO03R3, H@(O)RS -S(O)ZRQH CHO, -C(OR3, -F, -d, -CN, 14 20
April 2004 WO 01/21308 PCT/ USOQ 25567 -CF3, -C(O N(R3)(R3), -AlZ and
conbi nations of two or nore thereof; Zis -C02R3, -CHO -C(OR3, -C(O) SR3,
-SR3, -C(ONR R1, -0OC(O R3, OC(O)CRB -N=CR1R1, -C(R1)=M
-C(RI)=N-0-RI, -P(O)(O?SWO?S) -S(O)2R3 -S(O R3, C(O))R3
- NR3BCO2R3, R3

23
two or nore thereof; HS ) ' 3 @ glected fro
consisting of C1 to C12 0.2 group;
each R5 independently is H F, d, R4 to Cl2 cycl oa'l*?yl, C6 to C20

10 aryl, -OR3, -CQ02R3, -C(O R3, CHO -CN, -CF3, lbr conbi nations of two or
nor e thereof each R6 i'ndependently is H Cl to%12 al kyl or cycl oal kyl ,
C6 to C20 aryI or conbi nati ons of @ nore thereof; and each R7

| ndependent |y i-’s H Cl to Cl2 al kyl cl oal kyl, C6 to C20 aryl, 15 or
conbi nati ons of two or nore thereof OThe & omatic diols can be prepared

by any neans known to tmose skill ed rt. Ex | es include, but are
O

not limted to, 2,2'- hydroesy
o) HO

HO '
OH _ Rr*
O O
H S
o &) 0O 0o OH
R4

in which R! and R4 are the same as disclosed above. The other positions on the

aromatic ring, preferably para or meta to the oxygen atom, can also be substituted
with alkyl, ether or ester groups.

5 - Some representative examples are 6 6’-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.
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s.al cohol under

di met hoxy-5,5"' -di net hyl -1, 1' - bi phenyl ene whi ch can be prepared using the
procedure described in Phytochemi stry, 27, 1988, 3008; 20 Aprit 2004

2,2' -et hwodersbd s(4, 6 20 di met hyl phenol ) whi ch can be pr emareshoasssor di ng
to Bull. Chem Soc. Jpn., 1989 62 3603;

3, 3" -di met hox di hydr ox blnaphthal ne whi ch can be repared by
t he procedurelyéﬁi Sg?eevmxw OXEdﬁmanwwreB%re %yedgeamﬂeroce%eaf &rghenyl

2, 2" - di hydr ox@hel. 148, heaapmmalmeryﬁd&ebw(mr@m fitenaty 440-can be prepar ed

by t he procedure Tetr ahed ett. 5'
t et r met hyl - %f‘%ﬂé‘?‘]ﬁ(?%aﬂﬁle?ygheﬁ&i J% q{%éisa&'d??h %’P @mol V\:hl ch
3823 be Sr egaanddt éﬁs&th;dul:ehebmzﬂéﬂmm. pyé-Sdnsbhyiﬁhmtl)Ih ninr]]be phe%red:hmmrh dmggm 28,
an |p enyl net hane whi ch can, be
pr epar ed u5| n%"l{ h%%ce@b 2 g'gg%gf nt hesis, 1981, 2, 143. These
‘aromatic diols car\{ﬂli’é@tm}@ﬁ@rmﬂ)éﬂdﬂﬁa’&oww akovencqmpoysdsyest er 30 and
pol yam de des&m&aﬂ @6y 6r thé¥e pReANTRIrorhs chHBEAsQD| REFEENEONE 3kdthpes t he
,aromatic dIO|S an ﬁuse m%olyfnéggﬁlgaof thelnveﬁ?lon The solubilities
of these pol yite R2Bhi t e | i gands above generally depend on the
nol ecul ar wei g of the pol ymer and degree of branching. For soluble
pol yneric syste tlgn can t HtQefore be done by traction. th 35
i nsol ubl'e pol yne 5, the cat a zm~pEHpl aced i 3
i T S j Al t el g
solubility of the poI yrrer can be adj ust ot t 0 bg solufie T
and insol uble i gis. Thus, i
honbgeneousl y, ) [ I gh conversj
PCT/ US00/ 2556 ggt al yst Han
as decantation or filtrafion. PolymerR‘B can al so form
conposition B when conbined with a catalytically actjye 1%
~Goup VIO netal - The netal can be the sane as 5 that above andOl'ﬂ he
description of which is omtted herein for the interest of brevity. It is
present |y pr ehevhigd Rt theshsers dBclosedatoste.c FHe bjhea ppsitemse thh armmatic
“conprises (1)4 el d@".a 21 ARy hydric
ﬁg}%bl?%%t}gaﬁwfcﬁﬁ%&%’%&pro uce agop oﬁﬁﬁg{rﬁg&s cont ai ni ng
. pol ymer and 1akylgtheroitealer 8198P% he phosphor us- cont ai ni ng pol ymer with an

“aromatic idi ol . Therwtafbmhtid &bl RdhS £ fddh@lassecond pol yhydric al cohol
“and aromatic diol are the sane as those discl osed above.

WO 01/ 21308
."eans such

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



In the first step of the process, a phosphorus-containing polynmer with P-C
bonds is prepared. The pol ynmer contai ni ng phosphorochl ori di t 20 éarl 2084

prepar ed wdoi/bigog reat i ng one nol ar equi val ent of PCl3 wi t lpcaingset 28350 nol ar
equi val ent of reactive hydroxy groups in the second pol yhydric al cohol in

e absence ofgran.cRANAE gkﬁa%azfM%érﬁﬁlﬂkﬁdrﬁ%ﬁ%ﬁhﬁ&Hhére‘bf*e” treat ed

wth at | east t\R/b '€, an organic

base to produce a iR @:I'IQI(Q@BS pRER)IRSs T, FF(QNRIR SHEENRE, bases

e e smomoR e et et rouiotee,,
Cemer e 1 RS at oAkt <A D S I

tenperature, Wod, for a sufficient per| od of time which can be about 1

m nute to abo 4 n be Dbl e ed vvrth Cl12P( OAr 3) and

Cl P( QAr 3) 2 \Ah?bé& m 4", coglq)&a %\Pwnoé?glf %h whi ch t he aryl group

can be 25 subst it utach Rdiis hldapdﬂﬂlbntl)ase}dbctcdefrhmthargnblqmcmmstif[g]ef fipltalCipati o of

phosphorus tr | Qr, any ratio so long as the.
A1y e Bal ) o ALE R Lo BT

ratio is sufficlent 6f a desired phosphor us-
cont ai ni ng pol ynereach/r%frpdﬁpewepﬂw oF-rle Cade Gz # kﬂl@ﬁ@’dﬂﬂg‘y 0 Cy

Cl P(OAr 3)1d) ;ﬁ?ﬁeﬁ)ﬁﬂ rzo%h@ -POIR3, LeHR -ON, REF 3 of BormBiaetidnsf téwvbloghePs can
range from ab ut t'o about 1:3; preferably 1: 2. According to the

i nventi on, Hgsphor us-contai ning pol yner can be alternatively produced
by contacti ng an MdechlRAlindeperntiently o dpB prp@py alkyldiricecloutkyh Gghe C5ganind
pol yhydri c algr cﬁﬁ-iblﬁaﬂoﬂ&qﬁ%eor%oqglﬂ}ég@qf' &Kphosphor amdite followed by

contacting the t"Wth an acid such as, for 35

exanpl e, hydrochl oﬁathéencgpmﬂ%pﬂbmﬁeCt ﬁecmrdkﬂrmwslodwhﬂgrtﬂ@zperﬂner such

as, for gxarml&nmaﬁgggéﬁwghgeﬁmgwwforr dite. Generally any N, N-dialkyl
dlchlorophosphoranlldlte ne skrII din the art can be used. Each

of the alkyl groul? eé%roeeﬂrglq%saant RIBRATed by any,mepns known to theseshillgd 10
carbon at ons. inkke 20 Emmﬂlcﬁﬁelﬁde\wtﬁrﬂlﬁlﬁﬂﬁteﬁ@a'lmmw 3fhe nol ecul ar

wei ght of the,.phgs rdds t ai ni oI YR C modi f.i ed further
contact with %fﬁ.‘cg}(’gﬁt#bd @Vﬁmd?’ﬁmg? ‘é‘(g{c ﬁe BFRPated ustne bonds.
The contacti ng’ooédurmsgibﬁdphé’hwcwﬂsw,rmmg%ﬂ)I39ﬁ83;r2\3/|’ -Eﬂuyhdmebm(‘hﬁat i ¢ diol

can be cajyi ﬁi& vﬂrcﬁ%ﬂ’bﬁ: 'p?t%afé&fafcb&'d totB)dlpt?} C§oca.é9r9 Yo®y S
containing a roup. Ihe contactin mer it &l nf ng
ohos phor ochl oé’:r ammt o3, a s oL S hensphiDalens BUNGARS DR | h
presence of s&bﬂm&@k@ﬁa&ewwel TRl UremePdysbBas, 1998, b2, 0sed in steps

(1) and (2) Sc&l C enyi] tZﬁrhydroxy-l 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



generated HCl1 can be neutralized. The condition can include a tenperature
in the range of fromabout -50'C to about 150'C, preferabl y2&Bpat200400C to
about 10w fAki3@nd nost preferably, -30*C to 80' C under apprassusset hat can
acconmodat e the terrperature and for a sufficient peri od of time which can
be about | pute. o ou S. h nol ar _rati t|c diol to
dnr eacted P BBt AR tho fie B 3 nrat By By Haep S R BRE B e 1o

ef fect the prfdgatin.on of a desired phosphorus 15 contai ni ng pol yner. The

ratio generally cagy, Pfg\ellﬁcal}ﬂgls %}ﬂf H@l@%&%@%ﬁﬂhm% vt %Oﬂm%t\ﬂﬁlg

nost preferred that out equa romatic di oI and
the P-C bon@tﬂmlcﬁﬂba%‘@s‘}jﬁélr%@hééﬁf@leHbHE&lyﬂfb? mﬁ@ G@ellfthQ’ﬁ%mt%& al yst

conposi ti 9ns i ABGvSaritl Bie deiriptioh OF whith i¥RAIRIIerah fritkdin@fest ynsat ur at ed
organlc conp%Fnds i n. which an al dehyde conpound can be prepared. 20 'Me

term"fluid %Sf®rs to Iiquid, gas, or combinations thereof A fluid
conprising hydr ogdmsqaasendyipmfmahhmtpdlyma B ioprbdud2 bytatpyotesgehich Si m | ar | y

a fluid.comrisi.n | 0 % CO.

Y i prescRpipie Al PR RROHPriGRARRLE spo B bobRydRalandP oy >

The react ant wﬂertaquﬂwes\lfﬁgtmgsmduseamhmammnﬁmmggdymcr andnpound 25

preferab mw nsat ur at ed

oo 18 ”*”ﬁgégﬁﬁﬁ;ﬁ%ﬁ% £t sppadBO YA @}“Eg%a%é%‘aﬁ'

ol efinic hydrocar B

1hpengene 1ﬂk@mg§,&ﬁ@%medﬂsc}o@gmmg 1 degege -tetradﬁcene 1 I

- hexadecene ecene ei cosene odecene ranc rm na

ol efi ni ¢ hydrocar ﬁB?E S&Ftegfgwﬁlpéocm%@tiﬁf’m%@n pﬂ]& ﬁ?’ E:Eut ene;

|tl near 2| l;t ter rbahds)i!s@ﬁ-ap’arii ?mmgfnﬁwmmﬁmg phus;:hppg;e?lomdﬁe ;Jarinil prepared _ |
rans- 2- Byt ene . flidz AR ARG, WliSaoRhd BRPcAnpRLATE. Cls- an

P il ons’

trans- 3- "Octe€ t'erna rocar xanpl e,
2, 3-di net hyl Jf@acub@uhm@xygrmhyHlezscmndawéylmduczlmb@hylthezab@@m@ﬁen t ermi nal .

ol efinic hydy %9&@8 fl"hb'?&s%'itﬁ?g' sofltRlnli8 tHen ReaeQ GAIRA Teadl MlolqBivalchRY

exanpl e, octen 35 repared y di meri zation of butenes; cycllc ol ef i ns,
for exanple, 9 76, 1or EXample.AnRTEanis hase 16 REIINSE # AQLYEET EQRSaiBIEnpr o

t Ihe ][ eof . 17 oﬁﬂbréclhl?&ﬂﬂte l\@lﬁwe%m&rf&’g'éﬂsaﬁﬁﬁ@%ﬂdiwﬂwves Taé suitable
oL s ot R RS Ml AU 210
" substit uent 5ea, prsfmbdyabmt aomma’mmhyﬂ"ﬂ, yndare jacﬂsm&lmqtlcbmnzene. The
unsat urat ed QLGARLGIGQTROMAbeFATe MR FoPs setlih pHoathe Wt WREE c 4 be

about 1 minute to about 24 hours. The PCl; can be blended with C1,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.
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



5 nore functional groups containing a heteroatom such as oxygen, sulfur,
nitrogen or phosphorus. Exanpl es of these heteroatom substi2ubpd 2004

et hyl eni amdbyz139msat ur at ed organi ¢ conpounds i ncl ude vi nylpcrrisoyksset her,
nmet hyl ol eate, oleyl alcohol, 3-pentenenitrile, 4-pentenenitrile,

3- pent enoi ¢ aci d, pﬁmé%ﬁ%g,epg%gfmﬁ@hﬁﬁ T’% - RB6aLEN &hﬁnet%aq’ ten-1-al,

acrylonitrile, acrylic_ acid este acry crylic aC|d
esters, net hymOFLﬁiqﬁlat&rf}lrth%réon@emt@Marmqnwdwdrﬂ@é MeIl reactawite Hergadted

4- pentenal apaCicsynEs. "Bhd @nsactihg bihe PhosiMk oﬁlst&ﬂfaﬁﬁﬁ polf@ePivRk @s of the

nvent oncanbe llustra edasfoll ca st .conposi ti,on

ICH\?/, (C;—|2)y &E&F‘El’aq%ﬁ e ggped ¥ ftSﬂH;Z/‘/ “éﬁ%‘ﬁff’h‘ﬂﬁ%l?‘ﬂﬁa%m all

cat al yst conpositdinmg aptoehhie@ria)p. - He: eontac{mgbﬁh(eﬁb@)ﬂéraerfhnmlgﬂ CO For mul a

11 Formul a l%ﬁc?sghwgﬁlﬁh&t&zth% omegﬁ lel%%L cam kﬁ?preseggp? 12 an d1

or conbinatio two or IS an |nte

X is an i ntegeasefdissigsed @bpvelﬁufﬁuerarbasmnéae@s@dq@ stepprbl agdm@geh ﬁiaéélllosed
gbovet Parti fuéfl{e}éted)m ﬁﬁ%@&%ﬁ&éﬁr altlféd:oattiﬁaﬂ:cﬁl meRBOH RASp | eﬁ{tﬁ.re in }ae ol
pentenenitrile e &~ aci ena co and al ky
3- pent enoat e, raggéﬁfgg&@p 'Sb Gk @“ﬂ)‘éi@_@ﬁgﬁf era@ﬁ&L%‘érﬁf? agﬂ‘ét of two or
nor e t herkof . 1007€, bnmmstlaéfdﬂibhdewf’@mdﬁ)ﬁﬁqndarzqrreniuﬁeyhatthmpresent process

starting W|th n i n the
preparation of° g%éjglgdrag éfenr%%%%ékgér‘rieﬁoﬁg{;‘éﬁ%cf gm%%\fgmé’%gﬁglgg%ygl c acid,
6- am nocapronﬁhmﬂllelllaﬁteé@iﬂﬁ?ﬁm%élpws which are precursors for Nylon-6
and/or Nylon-6,6. $fle HerPaRFSSRoRALE 881 tJ\)éﬁéHcteﬁrP-@h?aQHéaaﬂ PRiFY ohgd out
with a mxtur;e%ﬁ_‘hat co rlses t %@ m)ég unsia aura%qffd or anl c conpounds.
For exanpl e Béﬂt%‘ﬁé fei} o &Lt the preductipn of 3, desirgd RsPBOTESMt ai ni ng

4- pentene!(rjﬂ t r¢dx@amﬁ@qmmer tﬂherz{hd SeneRillylcan bk & the rang s?gflrg%gabbgsﬁlb 2@0?352 2$
correspondi ng_,3-1i

ces! red 11 nestoout dambis mort B TreaRaritol sidlriole MFOHT kOl hEROMASR e

present procéskand the P- Cl bonds in the phosphorus-containing pelymer be used.

The catalyst compositions A and B are useful for the hydroformylation of
unsaturated organic compounds in which 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



The 3-pentenenitrile may be present in mxtures containing inpurities that
do not interfere with the hydrofornylation reaction. An exanf &piil2094

2- pent ensvo v12i368 The hydrof ornyl ati on process accordi ng trPecTriss0R2586ENt | ON
can be perfornmed as described bel ow The process of the invention can be
carried out by any neans known to one skilled in the art such as, for
exanpl e, the one dixamesef spiahlsolefinipgomppundsaby indgde those pebstiriedt whi ch
i's incorporatggh B@ﬁﬁda&r@%dh?’ér%éﬁﬁ&? rouf: Hﬁﬁﬁhﬁble&hﬁccﬁﬁﬁﬁﬁ%c&ﬁﬁﬁnﬁ% carried
out under any condition suffiicient %o GELH%Ct t#‘tle rodugt OE) of a desired
al dehyde. For2eagmpliesubsiuentsyphassFRe: alphe YO “CAH &by e ge200cC,
preferably from abDht ufs@tutatedlar@énic antpomikieap alzd deabbstithted mithSmnetod 110C. The
pressure y varv. f r el . 0.1to
D VPa.  The pridie fradit GO coRafRiLh Rodfbaibulsich B Gsgeft toliud bl

hydr ogen and @rahosphomisn danwlesf thiess heserestom-abstitutgdestbylenisslly a i nert gases

- may al so be R{eeeRid odghfic ROBPSUAS ifBRide iyl ndetiRyD B 'MEthil Sleate! @le%lo 15 MPa
when inert gases, are pres_ent on

. The nola atio of hydrogén tp c
nonoxi de is gfﬁ?@}‘)él3'Eent%%]€n4'fﬁ?tﬁneéﬂﬁ{e’i5?6‘,“8?1‘8 i‘ljef*&]%gmlct?& en 6:1
and 1:2. 20 Thethgppaitemdatd, 7aittnt i-gliDadtelodltrikkpagrolicacid estesl, aetind so t hat

favor abl resulits c be..obt.ai ned w r .al 1lwity and
process glgonoquqlaﬁehm%%g%pcé??ﬁte & rSt'Sﬁ%Qh??%?ﬁ%t%% c@?%ﬁ’s%ﬁ 8%8%’7% al in the
reaction medi3tpentenl chpersenshrand eembinationsaf twea e those herdod. conpound, a
catal yst composi ti-pg, ﬂg@sgp*h%q%nﬁéﬁéanpg&ﬁﬁm&edQsafangﬁ,‘ bet ween 10 and

10, 000 ppm and nore preferably between 50 25 and 1000 ppm cal cul ated as
free metal. The nolar ratio of the ligand to Goup VIII netal is selected
so that favorable results can be obtained with respect to catal yst
activity and desired aldehdye selectivity. This ratio generally is from
about 1 to 100 and preferably from1 to 20 (noles phosphorus per nole
metal). 30 The solvent may be the m xtcatabysotompasiti@nt s of t he -
hydr of or nyl at | QH,-(CH: t@]@ﬁCHt(&{zjx,R%ueh—&s—Hﬁe—sf&ﬁ*ng()HﬁS&t@%; 8
~canmpound, the al dehy product and/ orHRy€products. O her suitable solvents
“include turat ed hydrocarpons (for exanple, kerosene, mgeral, oil, or
..cyclohexgﬁe), et hersp‘f?%‘ﬁagxanpl e, di phenyl ether or tetrgﬂwg ran),
..ketones (for exanple, acetone, cyclohexanone), nitriles 35 (for exanple,
~acetonitrile, adiponitrile or bengzmalyktrdohspbsitishonati cs (for exanpl e,
“tol uene, benzene, CH=GHHOIB), -REst-ers—{For—exarpre, ORI CHyRL R L e,
caprol actone), Texanol (r) (Union Iqayr(b(bde), di et hyl f or mam de, or

conbi nationis of two orFrmrlﬁ Ihereof.
, ormula II

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
3-pentenoate, and combinations of two or more thereof. The linear aldehyde

18
(v

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



19 20 April 2004 WO 01/21308 PCT/ US00/ 25567 The hydrof ornyl ati on process
can be run in solution or in the gas phase. Wien the hydr of 8@ Apritead04n i s
carried oWO0misese vapor (gas) phase, the preferred tenpebParasensasrge is
from about 50C to about 180C, nost preferably fromabout 90C to 110C. The

tenperat ure Migkirb®1ifHeRBRR. Afi mﬁ%&ﬂﬂe&%m}@%@te” 0@:@ ﬁna“d

products in the vapor phas€, but |ow enou to prevent
the catal yst. PFR€Sparticul ar preferred tenperature depends to sone extent

gn thg cat al %/st beTt® yéﬂ@henitﬁl‘éxﬂé}eﬁd en@mmsb@tﬂﬁlt Fnﬁek%wet |
esire reactjon r n ssure i s, no icularly critica
and can conv %&W &'&ﬁ?ﬁ%%ﬂt r%y%@gn{@ctjmmAmgé glﬁés pressure and
tenperaturé 102-penrhnananleon nmust be chosen so as to nmintain reactants and

products in the vapg %}g{(léhcgfﬁégpesgg%c% ‘%to the i 0RHAG, LA I 6 RoRRET T

such as a tubul ar reac care d exposure
catal ysts to G@deﬁ%?heﬂlbéb&ﬁ-r A gaseous mixture of the desired olefinic

conpound, - CO and Hﬁh@éreées 86 thb iVRMG S S kantid dIf &ﬁhn@fén tofe or Ar,
is then passed th[c.ﬁ a é}qe reactor. whil e, cant act| n t e cata yst The
Skilleg 1

reacti on prodU¥¥ EFt1FY 23, fop pxample. thsame & and are
conveni entiQy riesay 4risd 408, diﬁﬂ)dsluftgof\ﬁlﬂeh fsHaed ra&fdfﬂek@ﬁ\by?ﬁ'&cﬁéb directly

ted t d b db h h
N ey ¢ produaiecay, PR eaR B <At 5y BER AR Bondud RichiclhRdS Bk o
from hydr of orthy pexdietiorodf aplesipsd @dehydeafobexagple) the empertyre sapbe fiored and -
anal yzed 20 - Uit @é@OM@E}rM@&(} fﬁ&ﬂ%&ﬁt‘%@’m% | Ay reﬁfggé\éﬁ’ﬂnﬁ e
Imtin t

foll ow ng non- sentdtive exanples 11 ustra 0cess and
catal yst conpos e dHE fo{etﬂ@SWﬁ\f@#)tY?éYlﬁ'Om norpal preauag)iesS MPa, mfeaabh)l e

basi s, unkessahber wisePROTREprebire B hs 4 fiffe, Q4AURb B3 ehlO3 86 ﬂﬁeenﬁﬁ{eaw the
unit formila 2 Lthe O|%/TTEI’S were determ néd based on the
expect ed f or miP: OEEQ%H%F%F @ g’ﬁg BEFalPreTsusssy CXPT: BEF3 1PEH BASASYRAN i ¢
Phosphite contﬂsabamemnt chegwedsumsmaevary fiaim gmm@prd%smpw BS Mia wlienfi@iéry est er
A catal yst sol r ltin
tris(2-ethylh anoat en? ‘gﬂ%@%ﬂar lP%loV\@fg{p dp‘%%ﬁé‘él o Eﬁl%? %mﬁ%%tzge%fb’%’i% in a
smal | vial  wikehween #ndn]ab‘?)@!l prferably| hetwesm Gabendé@t warm A ni xture
contal ningesS ¢ Of "FHe"@ﬁdiM{ of transmon metal compound is selected so that favorable
2,2' -di hydroxy-1 b ht glee 3 -dic rbox | ate ( mol es;
reference for Bl §P%1 i Bﬁw‘% resRRF! 15a v1tyfgggroc7g; eS9ROMYd
Tet rahedron  general, the concentration of transition metal in the reaction medium, which
comprises an unsaturated organic compound, a catalyst composition, and solvent
(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.
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Lett. , 1990, 413), 2.6 g of 1,6-hexanediol and 1.75 g of warm catal yst
solution 35 was placed in a 25 ml nmicroware 1-neck rb (round2®ApsldPP4f | ask
connect ewd a/a3osdi stillati on head and receiver.with a precaTnsetsser heati ng
mantle while stirring magnetically until nethanol started to distill off

(2t ge g?mgig;ure V,ﬁﬁebl na&ﬁ{lﬁgﬁene% ggg %bégﬂﬂjﬁ fd{i’fgﬁzﬁ?m%lgggkl%%%
PCTI USOQ 2556 m&@ﬁwémfpmséamw&mmdu%m theayporfa@)pb@ﬁpeﬂlammfmdas t hen

i ncreased untiefypéiafire ﬂan@e T&e&&ﬂ%b@ﬂ S(Pmbtaﬁ&ttlgoq’@frhb@f i-e!'i'ertaﬁl? iR atfur t he
flask (2200 é TA@J al | oned F}ﬁc:) reflux for about n_hour and then
I

house vacuum¥kS '&Hﬂ%eFaéﬂfe mist, pe chOsRR S at ipgRaRw dhefthennlied to
d: S \t/v: N ofsi1 trb&tﬁﬁ@ﬁsdsprbdﬁcthﬁxﬂlﬂﬁdp@{ phaﬂ'd",lbuﬂoﬁfegﬁ)&glﬂﬁ) pyasenit g&@ﬁ@dtmer yTh
slo to e next,two L.n_or t avol I N e
Feact]on m xtREGAlt, aRE g et Rplofratid Bood 1 RCHIBL TS, 1T g
of f nost of tthecaalgstteigundidothe olifines cmmmiumd@pinghsed @ad theadesivedkt ure  was
efl uxed wi t hegabioR'ra! TAE hOENL Blesh Bl 86 gb&&.?m%ﬂ? ciftedl 6@ ehed and

filtered. I H nnr ectru nerization to be 6. 10
Pr epar at i on &IORW% qm‘ﬁb@“b%ﬂ?hﬁﬂa} Miar élalelme%@ﬂﬂéemmmgreadded to

t he phosplor %hfbﬁﬂzﬁ'i‘oh@nus@f)e eh&deB £ las tdmbinfaiR FRASARGANA hrddukb 8t W He in
t ol uene. The xtu e.was stirred overnlr%ht and . .then filtered. The sol vent

was renoved t givss catalyst sxlopdndiniaa reacorsygh asptyoulangeactorteking) -
&33 1? 13|1 7(.:211‘6113Q;cvﬁlﬁcif ekpOsitre oIBﬁ-séxrml@caEa.lﬂﬁﬂo Q frEmaﬂw& | A\ asemlls
rororny atIDPLH_O nt e eln trile wt ﬁt toc sol,uti on was

REIENTIEN; SO LB, ok BT sah | o0

prenar o by S e bt T o SR T

vol une: 0 Ofhy ned

pressur quessrﬁé% Catﬁﬁfaaﬂc%g“g‘ﬁﬂﬁ’gﬁﬁﬁ‘ﬁa&%éweg E gﬁﬁl v%?ent S eg?&kﬁ%gﬁbat e

phosphi t e t o 29cqnysBicnHy vcomersa by €epking. 1Them%ctwe%®v@nt capbe éé@nthrd

pr elssurl zed (t)/danﬁeo'tie%nwasa&lp]}m ng'él?atna'&ﬁnbfﬁﬁﬂfileal cﬁx@fna%% | d

anal ysiI s rstrQn O ntene ri |n a

o otheed. 47RIERIAES Broghess stush@? B AR DiAnche bty eaiehy de oPapipd %’:ﬂ%

J(I;Igﬁ { g:‘ (r)”r nyl athygmfoﬁnyﬁaﬂﬂﬁmﬁmgpykm .lcen be qharmmd(tzlflast s)up?rgtegfanm%) afglly zattr?ldo n

' D’%r ob"g a%]?/il frle3 ef ca?m a(ﬁgh to

1, 2-di chl ene in toluene was prepared in
a drybox. A-portion of thIS solutloﬁgﬁﬁﬂzbﬂﬂed to a glass-lined pressure
vessel and  enoughnf ioRoRidindi-ERlitg, Miprabntifly Soiiled iMaR @A pthdeg 91 ve 2

equi val ents of
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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bi dent ate phosphite to Rh. The reactor was seal ed, pressurized to 0.45 MPa
1:1 30 COH2 and heated to 95 C for .3 hours. The reactor was2¢éeiietf04nd
depressuive@ai2ziasgl a sanple of the reaction m xture was an@crasde/ssegas
chronot ography. GC analysis (nole% 2-pentenenitrile 2.5% valeronitrile

20. 3% 3-pent | L0 . 29 | LWLEkl.e: 9 1% conver si on
of 3-Qpent gnenlg?rgﬁogylak%]ag;a}% cﬁiéblvggj ﬁ%ﬁé@é@%?%@gﬁ@%ﬂ% %Igﬁé%t Ivity to
5- f or nyl val er dfriaxapediolsiared s reflokrip itke topof thecflask (R20RGH r Bieonimramiasn wi t h
pOleiStzerd_' ﬁaﬁ&biﬂio%ﬂﬁ@ﬁr%%@ﬁt%ﬁ%ﬂ?ﬁ&?aﬁﬂﬁ@n fh8use %uu%ﬁ%ﬁ?@é\gé@ m,
and 1, 2- dichl.orobenzene (interna ndar . i uep

prepared in akﬂﬁym.v"cﬁ siad a@Pﬁ?‘ﬂ oﬁg{ﬁ[ ﬁ%ﬂlﬁ?"\l;%%s 1y ol The

gl ass-linedl ppessue svas bosatd cankhiviy 14 Zin M dver tHe n2R0vo WorOih/oPde3 88

_ _ o the | |
hodium wi (h B pil i e RRMAR OB M b BSOS 05 e

psi 1:1 CO H2Whild distiflingioff mosoEthe b,6-I8xhrndicel. Aftes coaling: the reastion ndxted and

depressui zed a4 refSBAWif zsfmrmcefoﬁa@érimembﬁs%sﬂ%%oaraawcﬁﬁﬁeeg. gas
chronot ography, .on _an HP 6890 5 Chromatograph. vm_thtoa‘v%g-V\AX phase fused
C ¥ 25

silica capil | 2P WESPETHI Hslicaiadsegree of Patymarization m filmthickness)
pur chased]( r oRrepiyatioh efibblivester IGC anal ysi s(wt % : undecane, 1% 1-undecene,

5% int I d % t hyl. d I %, . dod I %.. Ex le 1
2y o el U e R Rt TR SRR e R RSBt T
a drybox a sobliecmiokiorbaprsmge aftrivgiylaninenn erloaee The niixiye wasititedac) ( CO). 2
(1.0 M), andoverdigf &t MERBRBEEN Thi SOLEHNAs BAB0NAL Giveind fledthd pBiymdc0! Uene
rtron _of this solution was added to ass-lﬁeg

was prepared. ﬁ ti a
pressur o vessHP A 18Rz DRIl 321313017, JaD $ebibrI1308, 65 Gppmas added

to Igi \ée ¥ 6 equi V@kﬁéﬁls 19\fc: I;l{%dﬂ@v%hﬂ&ﬁti@ﬂ ?ﬁ ?@eh@nérﬁtrﬁ@witﬁ@lﬁeﬁ@ﬁ or W?:Sf 5
seal ed, pressurize to. 0. a W t 1. a fo or
hours. The reactor g‘\/\%gc'k vhBioavarcREyt RLEipe (- 4n & 03 ﬁ@Izza‘-‘é?)s ?ig g :
reacti on m xt of 2peatsnemtly, Zetig bf/ 1 .gadichicivbemmzhe gs mpdryal gtandard HPtdhBD0 A
Chr omat ogr aph gm?B f - S ol :apl e neters,
0.32 nm |.D., (té‘i'aggolm ] ?@Z@Iﬁc‘ﬁﬁgslgé nglﬁi gﬁgggy% %{nqé 3 Sé)égggsn@ ic. GC
anal ysis: 419presiereisehrosiainig Approgimpiely @rbequévalents of ideatate phasphitd wehydes
pr oduce?; 2(93‘V¥hogﬁIx§wﬁthdIyesI& lmgh‘éacgfrfv%wﬁlpﬁé%ﬁ&edlﬂ 8.‘%9 I\Iﬁx@ﬁ?' teh2:
r r XVI anple 1 exce e
pngSLchf)gr iogp{gz éggk%ecgat%%gg fgr fﬁgnrlsj. %Cas ysis: 91% crggversion of 3- P
pentenenitrile; linearity of aldehydes produced: 47%; selectivity to 5-
formylvaleronitrile: 38%.
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



acetal containing phenol derived fromthe reaction of salicylal dehyde and
1,3- 25 propanediol was used. 3 1 P (H} (121.4 MHz, CDd 3):20Apd#r2004

resonancwoag12if@. 8 ppm ot her resonances at 147.5, 147.2, pt3Riséor2ssei. 1,
130.5, 130.2, 130.0, 129.4 ppm Exanpl e 2A: Hydr of or nyl ation of

3- Pent t wi.th 0.8
3Pt enen PO 5L g e ARt 0,8 9
0.04 g of Rn(Ti@)reqcserawys scaled, m‘f:ssmlzezl td Déﬁlepﬂ'dzbﬁf@fH@dndbeajedato

3- t t d d
w Lh 045 ot pe Ry oS T e b at%dmﬁfesﬁﬂmﬁaﬁﬁﬁ@%%@?ﬁér%éf 6

hours while frpfeﬁnpngmmrwa&@naéﬂeatbégaﬁclzemmosrﬁphyparan 887%. A sanple was
removed fsomct}k}ema@%ﬁparma{am -O/ ATO Bhase Fidd ailivk L4 ﬂa@')'cohﬁﬁn {na&lr@%

e o Samctb’rfk@?ﬁo 3%{9?3 %gﬁsgljﬁ}‘{‘ﬁ I8iyneari ty of

- 5-fornyl val er
al dehydes pr cakalysid(wi92): 68decamd, 884; ilwirklycene, Bofintemdl vadaenes 23% meth&B. 3% 22

20 Apri l ZQOAm]d Q%@&l%ﬁgecgﬂilr}@om 25567 Exanple 2B: Hydrofornylation of
r .

3- Pent eneni t Ttly S lEef%ctlon was run as |n Exarrpl e 1B

with the nodi £xan 1 By grvdationeof Meghyd 306 AteTES th pelpess

ghosp{]l tagto R Rh wﬁf@ bwdﬂ% fneer I%E?ﬂf&ﬁgéﬁ 9;1@7% CO”"ertS' on of
pent eneni %}( %g.iz 1& X H}% uce % Sﬁ/gg Ivity tO

5-f or nyl val erfgHpeFi( 3“]%56 I Wﬁ@ﬁ g

3- Pent enoat e tohutie Wai prepired. A poHiorsof thzGblution was added tew dlassHirrdp! e ID with

e oo Coth Rk Wt ofs RGN RO G1 ARG OO OO Tt

linearity of f’atwawdmts mf)bxﬁwdtméldSpmg% Rbe[The reagior ywas seated, Ipp¢ssurized

5-Tornyl gl engleis r&ise(mmﬁx P@@/ﬁq 3nd Héa%a%@tslmopﬁ HoRksY eﬂfe‘%%:a&o

procedure as wtgaga@ 1 excépt the Egﬁsphoch oridite o P- napht hol was
used. 31P{H} Ools epreggeng a“ﬁﬁJSQPP]Fé’ aﬁ%%loamx&%“@a%m%hm% nor
Ongs ?t 14|5 %hro’k@dto@rapﬁﬁenimm%fﬁ Giﬁ@mﬂtogﬂiﬁih viith ZR@IBFAPFhsed silica

Hydr o or ny atlo Pe |tr e TlsreaC|on was
run as in ExacﬁB'I 8”1%’%“{‘3%‘? cﬁ%grallz ?10?%&%5%5%?’%% tpéﬁr

equi val ent s &omﬂﬁémlamtéiqglﬁ&pmlyﬁ tﬁmpnmzsmmﬁeuethykhpemmmter 3. &C

anal ysi sippco gﬁgﬁfe oQf 4 rity of
al dehydes prg)l uce o, @{g%wgﬁﬁ%??}fge&tﬁqgﬁl va erjo{r-\ﬁn Na‘l&g%G%

Example 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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20 Exanpl e 3B: Hydr of ormyl ati on of Undecene using Polyester 3 a drybox
a sol ution containing undecene (0.5 M, Rh(CO 2(acac) (9 nMOAQWCEOM

1, 2-di chlypp@peispgne (internal standard, 0.26 M in tol uengYass Egﬁ%?ared A
portion of this solution was added to a glass-lined pressure vesse

cont ai ni ng approxinately 5.5 equival ents of bidentate phosphite to rhodi um
with 25 pol yest er Bxammle 2Bs flvdsformpdation-of3iPentenenitrile wishipolyesterts Mpa 1: 1

CO' H2 and heated tItmsQééEn‘bﬁ Fwa@nhpwiﬁ Exddifle"19R61R &hé’!ﬂ%di?f&%cﬁfjthéﬁd
depressui zed and a. sa eaction m xture was anal yzed by gas

of
chr onot ogr aph#PRFR*EH 5 @8‘9‘6"‘1‘3’@5 PBL@F@@@&HHSRH“F fio Rhperewisedstiti e f used
sili (r:]a Cgpl | @bweaedmrmC(aﬁﬁlyﬁet%%conv@rsﬁﬂldfTBl- en&nenﬁ'ﬂ%ﬂlﬁéafn'tﬂ' 81(') t gl%;:kness)
urchased fro
E)undeceneg g’oﬁ‘%‘%@ 2}3 dﬁ'é c%‘ﬂ%gi %E%%"‘H@%%?Pnﬁﬂ@e?g% 0. 4%
dodecanal 58. 3% ERammglie : : Rdpdsemr@at e usi ng

Pol yester 3 Thi s ‘}%dc‘ﬁﬁ %% ﬁxlwtﬁh Bmffcgndﬂ‘ﬁla dification

that 4.6 equivalents o ent ate p osp were use h pol yester-

3. GC 35 anafhpssquuvalents,of bidratats phesph lterfeﬂlw rg ugeshwith palvester 2.n68&r i ty  of
al dehydes pr@ﬂld—_l 66849/ 8nvEioR BF métt nféﬁéiwliuéaﬁ@rdﬁﬂldfe%&&ésate 79% 23

20 i 0.1/ 08 PCT] USO0 Prepafati on of Poly
am 3\2“1 epBF F%rrl] %fﬁSe%Wéenf / 7%“8%"%‘?%%%% steel autocl ave
equi pped with a gl ass sl eeveExaamie EhBrepedtivh bhPAyederd (21 nmol ) 0 g (21

I NN' - di net hyl .00 .Z g .
nmol ) ::hrrgheﬁyl 2 Zgﬁggﬁﬁgr%%gk Q‘g?’ltﬁ%x ﬁ%plh{' cgftqh%g%osghgﬂp%cﬂgeg%gl ate. The
react or conteﬁt@Phiélﬂ]eWWSgéd '\H{Hﬁl (m?tMH}eﬁlDfﬂg) TiegonTestmanee atas set to vent
at 250 psig. Theog ﬁﬁfﬁtvﬂfhfﬁﬁﬁrbﬁ‘?a?%é? R R 9f1t2)92§5aﬁ}ﬂt es, then

heat ed to, 240C ove nu es . pr essure was
reduced to at nosphlef : 13 at ure was

i ncreased to 275C. TﬁiaeezcaaﬁWnnmlﬂiIEb(ﬁnpte lB)ﬁﬁhalidmaaﬂﬁ%ﬁ@orﬁﬂﬁﬁm and 275C
Feroved. " pr egRltar Ry Skl of BRCARR mpb o R a2 250, e
wi th the Phospolyes¢o:r |@l‘i3taeala5$rs ahversiome 86t qonvttr@llou@ﬁé-nmtmemmlei hyl am ne as
the base. Thelifiatc!beal dEsi ﬁrB&Ec%Q 80%, sa@&w%@ltas%nﬁﬁmﬁdmye QoRr Y
evaporat I%] to give Etxam ﬁ dro?ormmfaatlon of Undecene using Polyester 3
In a drybox a solution containing undecene (0.5 M), Rh(CO),(acac)
(9 mM), and 1,2-dichlorobenzene (internal standard, 0.26 M) in toluene was

prepared. 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

]
h

heated to 95°C for 3 hours. The reactor was cooled and depressuized and a sample
of the reaction mixture was analyzed by gas chromotography on an HP 6890
Chromatograph with a DB-WAX phase fused silica capillary column (30 meters,
0.32 mm LD., 0.25 pm film thickness) purchased from JW Scientific. GC
30 analysis (Wt%): undecane, 0.7%; 1-undecene, 3.6%,; internal undecenes 36.9%,
methyl undecanal, 0.4%; dodecanal 58.3%.
Example 3C: Hydroformylation of 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%.

23



phosphite. The polymer was soluble in chloroform 31P{H (202 MHz, CDCl 3
maj or resonance at 132.1 ppm Exanpl e 4A: Hydrofornylation 020 April 2004

3- Pent ensvo 01771868 Wit h Pol yam de 1 20- This reaction was rROT/ESN0i2656Exanpl e
| B with.the nodification that approximtely 6 equival ents of bidentate
phosphite to Rh were used WIEtxh Po,;{y .gl%ti&no%ol lgesi s: 86% conversi on of
3- pentenenltrlle Imeanty-v@ga‘%-d'eg%es—prmrg%ﬂ‘%g% selectivity to

5-f or nyl val er Brepanatibe of Belvamideanpl e 4B: Hydr of ornyl ati on of Met hyl

3-Pentenoate Wi th POy 0ga; tL.- ﬁt@mfegu \;@&M'a@aﬁ%ﬁ%@é@h@g

met hyl - 3- pentenoate 0,49 rglgp
1, 2- di chl or obeh#s A8 EHAl rgmana\am duaetbx -hexanedigming, A0 pisieniredras

prepared. A p%fet%dﬂb St@(ﬁ ﬁﬁioﬂﬁd;ﬁﬁbdwa Zafdd@dr&@—nl’glbrﬁsmdléﬂb%‘SU’N essure
vessel containin 0 U|valents i dentate phosphite to
bodi um i h TSRVRRTIRE: The frrapntoal Vet putett S iBol&l Meq Lo 30 0. 45
MPa with 1:1 CO H22afﬂie repatoe avas GetOb @ehtat 2350 Ipsigr %eTMtaremtlmatedm cool ed
and depreSSU| r angl yzed by. gas
chr onot ogr aphy on an %ﬁes&heﬁ%%gﬁ?ﬁ%@@@d‘&ﬂ yﬁ% Pﬁ ed silica
capi | | ary col lthmiiBgesaBiedpastonpressupvas mducm} to StPeSPhens PISFIKNI@YSE) pur chased

from JW Sgd engg mﬁutemékﬁﬁmeﬁza@ﬁ&@x&a% oms<ef, TR oswREREROat e; 35
linearity of al dehydes producedq: 340%‘(3‘@1' e%bew ty to nethyl

5-f or myl val er @eatmosphgre sigamgndd7p7C UPOILB08 PCTI USOQ 25567

Exanpl e 5: Preparagj wﬁeaf;ocﬂﬁ@nﬁfe%lﬂq)lrmn 10 g, Ragpaig@iedon of di ol Reaction
of 3-(2-hydrogyphe rqloncacid with 1,6-hexanediol. Ina 100 mM rb
fl ask was cha 9 nole) of 3-(2 5 hydroxyphenyl) propionic
acid, 20 ny of Fas&'hepdlyﬁhm@ﬁloxﬁ aBd e yagf rattéd witl thy pldsphaciderndiseanfedi ol . The

t { t
mxture v t ForEfLBloheh: FEBELRUIRCE AR, i INE wal B Bea alt |
was | ower ed tthezsgb@t nekm)yed brcetary syaporapph tegive e desised pelimerat ur e
increased to cﬂyﬁ%% sJiﬁElerﬁléﬁféfcﬁ"om$*f’FHF @m&'ﬁ“cb@l
uent. Thus obt a| ned was

" chromat ogr aph d u5| ng 20% eé£¥ acet at e/ hexane as e
'9.95 g of theTAEEiTeOAARGERY AL 1PN 0i 1. 1H nnr (500 Mhz, CDA3): 7.2 (br

-s, 2H), 6.95 (m Ekhhples A Hdrofbiray]atich 61 3-Pédtdnenitrildwith Polvébllide 2. 6 (t,
4D L 4526 m 4H, T'ii.iszreac(tirg}l \AAr'alg:Drun as in Example 1B with the modification that
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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Preparati on of Branched Polymer 1 15 Under an inert at rmsphere a 100 m rb
flask with a magnetic stirrer was charged with 0.900 g of pB@4pRlIe4

trichl origg. 646 g of the diol fromabove and 10 nml of he
m xt ure mﬁ?oé%gl ed at -30C and a pre-cool ed solution of t%&lﬂgl@ﬁgsﬂ_am ne

in 20 M (-30C) of toluene was added over a 15 mnute period. 31P{H)
(202Wnz) of the reaction HX3npE ) ncpfBrapghed Polbvmendnce at 20 162 ppm

To this mxturpec@wadg%ll 725 of d| phenyl - 2,2'-di hydroxy-1, 1" -
0

bi napht hal ene- I car |a pared anal ogous]y_ to the nethyl ester
derviative; see J. R&aft %ﬁ%ﬁ@f&gﬁw)%mg%aawrﬂéim%en%WL ka. |

1990, 413) and0asdb flasinats chdg mwmme%vh;wm-@z The gel was allowed

i dded.
05 B o SOTBRRINE Rl Bipd STPLES A0 9510, Gl 47
magi c- angl e- s itnhéxagedik THeIRXNERvaR hedmd%a!aW(ﬂ) -2258CipnthréEHionrsgorameve Was not
sol ubl e I'n CDGhgr %emlkﬁué&as hbéﬂmeéte§9@dﬁbcqa ﬁmﬁuf?e%fag.afa@eﬁ'thé' le wth

Branched Polyner | In.a drybox ytion_ containin pentenenitrile
(0.5 M), Rnh(CHBREREE)Waslgwemgd 10 200°G., HOWie P B1B 5% A0 ed@nditee nal st andar d,

Od é4dM in tewna;iseyﬂufémmaseaeo W&B"(ch@ﬂ@rnﬁﬂuteé\ Wﬂéhﬁﬂﬁreﬁilas_tﬁﬂsﬁ ciﬂmngt i on was
added to [ESSUlo nt ai ni n xi nat.e

equi val en ? E%P{fi‘%%%ﬁh%dgﬁ /1’5 ac Wg"g?faﬁ??e We‘% u?/\?rrt?tﬂn Withed

pol ymer 1. Th&.%5exefitbe dedspeedL@das m@ks mdSQ(bNES, @BC13) 17.2 (2@ 22), and
heated to 95C r T r t e and a
ea 611 &4212%?@ ), reeg! ! o, vass yze ﬂs%ﬂgg)eg SRR Z¢d

sanpl e of the reacti t ure”was y ‘gas t aphy. GC
anal ysi s: 949%Bofilkr si on; sel ectivity to b5- forrryl val eronitrile: 67%on a

nol e basis; | p@fﬁfw oefBrg{Cﬂg@pgﬁgwpnoduced 82% GC analysis: (nmole %
2-pentene21.tr| % va eronltrl Z (?% ﬁ entenenitrile 5. 7%
5-fornyl vat eronitri c%@‘?%tagﬂ BWV% Q9 gyl %am@?l%@@f“’@b

01/ 21308 PCT/ ciatg¥ith D. B 0peof thoeplidros thmhlohua,emm goﬁ&eﬂidl(ﬂb)iﬁﬁﬁw@r oduced:

82% selectiv 3 lyal
Hydr of or ny! at %%a/nl%& 1 ﬁ@&%@g}?t@?{pﬂé Wa% ﬁgoér anc%O?%ch Hrg-copled'&olf&an n
aut ocl ave was OEWiandutylaming in 20 ng (610°6) afiohisae wsydéadl Ovcfl' é5 Fisute ocl ave was
evacuat ed and péicR| Py H m ek LadRe
1, 2-di chl (; %ene 3, of 3-p n%‘enendlghtx(ra;r e was % gﬁ?}esoﬁ vacuum
The aut oc BPIHr 4@ sth%slrli"é&“ﬁn“faﬁ a ipbenyi-3,2° ‘%‘éﬁ@@watl 95C under
vi gorous sti rbirﬂﬁhﬁﬁén@BDMﬁ@rWidyl@e (ﬂr%&lﬂm@ggkﬂsiﬁfto the nadtRyl@bter0 N/ mn
for derviative; see J. Am. Chem. Soc., 1954, 76,296 and Tetrahedron Lett. , 1990,

413) and additional 2.0 g of tri-n-butylamine. The gel was allowed to stand

overnight. Some solvent was removed and acetonitrile was added. The yellow

25  solid (5.610 g) was collected. Solid state 31P magic-angle-spinning NMR
(121.5Mhz): 143 and 125 ppm. This polymer was not soluble in CDCl;.
Example SA: Hydroformylation of 3-Pentenenitrile with Branched Polymer |
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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6 hours. A, sanpl e was renoved fromthe reactor after 6 hours and anal yzed

by 10 GC (mole%: 2-pentenenitrile 2.1 % valeronitrile 12.49April 2004

3- pent enawOW01R13885. 2% 5-fornylvaleronitrile 68.5% 95% RITB3I285670f

3-pentenenitrile; linearity of al dehydes produced: 86% selectivity to

5-fornylvalerqnitrile % Exa tlon of Met hyl

3- Pent enoat e Wirth e%?%%ﬁﬂﬁg‘ale%| ‘{fpﬁbﬁhlgefg’%%‘i (rgéé"cts 5RO r un as in

Exanpl e 4B wi tHotndvalesnitrika6V#4n that 1.6 equival ents of bidentate

phosphite to Ry Me/g @eglv\e’l'c;fgrrmﬁ %ho% P TE - I @ﬁéd’?b et %
ety

conversi on of - penternoat © 91%

selectivity to net I!‘l\yloQ?nF Briaglrvewes cherged 9150. Baﬁbtaécmmlmeﬂemol ymer 2
(Z:garugg Sr Wa{] hl a@6tlatd MW&ﬁgﬁed &1@5%1%%{1 %agﬁalhgggo 0B gSoi‘ R'RGO?}(&&@ bigrer was
6,6 -di hydr ox9f h?%thaﬂ?wb%&?aﬁﬂ%ﬁg of épsntsn@ﬂpkow]]eﬁ%f% Yndenpyacuumr e ang 20
E’d of \ t 0:c ueneThd hetoclave tvas presasizedwited. 45(1V1PB(IO/H§(CI B, ]ﬁB’aﬁﬂ(ml%lﬁC ffldett | on
: 300) of tri SLyrry was -
stirred for 9%8#61% Lgslﬂ%lfgg &?9?33}315(%’ %Oﬁ I%?ee‘gfczt A % ure
i ndi cat ed a nhjhorrsy s sample wasrem®/ed groanthe rqa@mraﬂgrﬁrhoma andhasalydedthyr e was
added 0. 789 9ggf gﬁ’dl@%?nyjpem%ngmfrﬂé by 9%, Q%ﬂl‘.rolntﬁle 12, 4%b3-pentenemtnle 2%,

bi napht hal ene di.car pq e and additjon triet am ne.
The nixture MQH@EIWF@&“E%%% Gho> mnVﬁ@ﬁnpgﬁtpea@aem%égﬂw%tqu

t et r ahydr of ur aldehytdee prcﬁiabeca%maeaﬁn@\t@e fbmylﬁﬂaromtﬂleawoat ion to give
2.124 g of yellow selid., 31p 9 : orak at
133. 0. ppm Exanpl e GRS Tydrofofm O1T-Of - '
Pol ymer 2 Reaction was run as in Exarrplm_rbht Wlth 1.5 eqw val ent of

bi dent at e; 5 phosphi ti'ﬁls rQaﬁBP‘ﬁ%MésﬁP@&%p%%ygﬁﬁem m@@f@%x%’ﬁia? (erI e 9%

2-pent eneni t rile % va enenitri

5-fornyl val eréﬁuqqm‘lakenzsw Aigentate peosphighipdiis vers va? with branchedpel meel
linearity of aighydes qapxpmebmxﬁ&f’&ethﬁ@ pﬁitéribhicyhﬁ@nty of aldehydes

5-fornyl val eroni.tri 6. 20 00 308 PCT/ USOO/ 25567
Exam | e 6B:’ PB?A’%}I %ﬁé r@e&hYle%quWv ? °Br anched Pol yner 2
In a drybox, a solution contai B Mle#Smeleh@rﬂdlxmgle?.(O 5 M, of Rh(CO)
2(acac) (3 MV, %beqn Q%ﬂﬁ’ir in
tetrahydr%} uran wagﬂlgre arg%ggh\&&gg}grg “t rﬁgk%u%ﬁl ccgtmgd to a
gl ass- 5 ||neahq5geé%‘yuh8 Mawphem&ﬁmwoaéﬂpﬂdﬂﬁmf@@ -dhydioxy-4146his of
bi dent at e hexamethyl bis-2,2-spirochroman in 20 m! 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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phosphite to rhodiumw th branched polymer 2. The reactor was seal ed,
pressurized to 0.45 MPa 1:1 CO H2 and heated to 95C for 3 ho@® Aprin2no4
reactor WEMEYBed and depressuized and a sanpl e of the r@atrisowasExt ure
was anal yzed by gas chronotogr aphy GC anal ysis: (nole % valeronitrile
14. 8% 10 3-pen S . ) 1 >

conver si on of Q STTE UGS Sk e E2%
selectivity to 5- fbﬁ@rvb@t,@rsohnmn|Cba!auﬁig’/3-pﬁnemqnitale7(0 SFMQMR&(CON of
Pol ymer 3 Pr eq 57@3 Rxﬁ\/[f‘a.?n{ll@%bl‘ﬂ@ﬂ:b&zgﬁé Bhfchdah GEhdbr O prppgne) and

sallcylaldeh ask tar kK ondenser wer e
added 11.12 g yArQiEran AsRreRArest- ofb@ﬁéwn of thig solytieyr waspadded teaiglassde, 300 nd

of tol uenesandinkd pregswe ve@%ﬁl:dnﬁaxﬂﬁi fﬂiﬁnﬁtbpytwc@thf&deﬁ%for 16

hourrs. The m oI ed. er, brine, dried over
sodi um sul f at & B%Pét \gg % bfﬁﬂ%@é’(ﬁ edpqcth,é’gasaf:aggc& ved in a

m ni mum amunmr@BumdddDO%Mﬁ’tad I/\EQ/HQamdmmtbdtto 95 @ Cor s lttﬁlm 'mbtreﬁdﬁ@- desired
product. 3.2 t MY 58l her| C ,pressure
chem cal i oni gaéétgl 8%"’?%%@%?%? r oscag‘18 S%bﬁdq éIAlP%n %0 ﬁ'ﬁ"} ﬂ58 55;

f ound: 459. 2. bprgégah@mqiﬂgr@phpéryn@alyss P&mlﬁ%)valmnm la‘b&%ed simlar to

Exanpl e 5]1@xC8pentdiRniHiR) 1. {;%Omf&%wal %ﬁxﬁ&&%l@ﬁd%‘%% fom above was
reacted with P 3 and. nt_lg g the r 5 t gsdohorochl gﬁrﬂlbrtle sol uti on was
L~

reacted with &I neemthg sprodu 62%; selectivity to

bi napht hal ene Szfoﬁhylinatcamhmdyi 82%. Tr| et hyl am ne was used as the base. 31P
(H nnir (202.4 MHz, CDd 3): sharl 7r_ sgnance . 145. 6 and a broad
resonance at 135 4 ppm 30 . 'on of ‘
3- Pent eneni t r Erepagt deth 0.9 g

of pol ymeys3. The auf o equ)ﬁ:E)I \gﬁ@%ﬁf?‘mc&&%ﬁs&}%&@#&u&ﬁ'ﬂé‘gf0 035

oropenzene an

g of Rh(CO) 2(acac
3-pentenenitr (5“%@%‘ } Eﬁm’dnb@?s g gt ealicyladehy de 10l0ge] #\;eluvmmﬁrle%g@fu zed
with 0.45 MPao@idiid.: The nliemiedasicRRh mdsmiﬁs vngsofhmewabebéle& for 6

hours while f ara urs Asarrple was
renmoved fromt reag? %ng f’%‘?e é“%@ﬂ?‘i"‘é‘ﬁﬁ tﬁ‘es
2-pentenenitr il'¢re9V€21%nd\,th¢ el ovastdissblyed Bv4 n‘@mpnm ametmttof ether. ZIIG)&%&n&was
fornyl val g onbiddd € RAitR oftfpe 90 | fq3- 5 Gl e ljnearity of
27 56 aor 1 28 i olPlE ) %g@g@gg?ﬁ BHHHSB Wab Eoticte’
CI MS (atmospheric pressure chemical ionization mass spectroscopy):
calculated for Cy¢H4404: 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



al dehydes produced: 94% selectivity to 5-fornylvaleronitrile: 79% A5 g
sanpl e was taken fromthe autoclave after 6 hours. The sol ut 2@APHRRPO4

conpl et eWO 0h2x3d®eneous. Upon standi ng a white precipitat @TIUSAERSSEXanpl e
7B: Hydroforrryl ation of 3-Pentenenitrile with Polymer 3 5 Reaction was run

as in Exarrp ﬂég PWdthéio/S)@ﬂuéeY?c i9 t0$ f%ﬁﬁ ?ré&ml@h%f}hi}x o Rh with

pol ymer 3. cohversi o neni tri earity of

al dehydes pr o%mré@l wag biken Gemdbe pwtoelgve after élmmyﬂxeeﬂobxt@mwwdomplml%
Exanple 7C HyslhofHesws. aﬁﬁoﬁ%tﬁﬁldg%m{e&eaﬁﬁﬁ@@&%e% with Polyner -3 10 This

reaction was run as in he rmdlflgatlon hat 4.9
equi val ents of bi dexample7By flationof 3-Pentenemitrils Polymertd oC

ana|dYSI3 96% COﬂVRé@dtmﬂvﬁfsnﬂ’ﬁﬁshWExlﬁmpwﬁ.@BWﬁh 3|eq&ﬁalei§idf&ﬂt€|ehyges |
pr oduce 99%, se It y erate % Exanple
Preparation hcgpgﬁ%f?e%h 19%%%8%%??% 10095 | ar to Exanple 6
except the di b-lpelfmenﬂ:mﬁlaﬂmbmt? of akishydseprodiﬁbmi 456%; seleotivilkanpl e 7 was

reacted with resul t ant phosphorochl oridite solution was
E"E&ﬁnﬂvzﬁe&gﬁ@ Ao

reacted with di ydroxy 1,1 -
bi napht hal ene- 3, g of Me

1 Gt e wey hmfaﬂtgﬁ“g@‘iﬁ“m‘ G Ry B, %xﬁ&?%mﬁ%%gﬁ&{ ?‘3 2 boglgf
mol e), branch (?qBWP&H@rO?g}/ {"iaFFsRWﬁFEﬂ‘@)toé{’é'é”%Pm s ugeds Gy, 5
mol e), and Tifa{Rid 96% cowpersimpsfatethy] 3- ndlﬁfé?hné@ﬁy phaldetlydesy H2( 1/ 1) for

1 hour. Butyl_ether b to the mxture as the
i nt er nal Stan@g%&&ﬁf@&ﬁ?&@@%%l E’g %57 ©as Chromat ograph with
Chronpack CP-SIL 8 colu &: e atn:md ranclﬁaﬂ gr/er si on was

obtained mth 40.8 f ctanal,
6.2 :Nt % of Cct ane, Th\é /a%on%&y%;nﬁ%ﬂ&%gﬁxglﬁjﬁsgxnégb t/ﬁzggxol%rq'}ﬁigé{;p P

Hydr of or nyl at W@Shusﬁi Fhpdinl &@mﬁ¥wn1@7wa§ﬁquimﬁchﬁﬂﬂrtb¢n the ragiltent s an
exanpl e of a Hd%ﬁ%ﬂé&h@n&i@és%wﬁh we rdddeed Wit HighehyY €, 2mmﬁ%@hﬁﬁged Wi th

. 0.9 g of bra 3/ he .aut cl_cl a\é Yvas evacuat edﬁg g ,@%I ution

- cont ai ni ng 0 q‘&‘%? eIgllfr %f?‘%%ﬂﬁtf -%5 OBy lamine was et 25585 basse Thed 70 g of

~.3-penteneni t rpdly:mwwﬁﬂadelﬂlbw"tdﬂl)@igcuum The autocl ave was pressurized
wi.th 0. 45 dVPa CQJ &%:1 .beat ed %% n8r t\3/|ru Stl ing for 6 hours
‘while fl oW ng COH—at—a-ta f 5 SAPr e was
rémoved 35 fromthémecautothﬂ‘GQﬁ(z’@a@fﬁJm, @eﬁmanad)ly)zbmnbbzeml]{/mt 29 :

2 Pgmrgg: r d(%}rxllﬁth%bll%) (onaf 4 -OORL 198 g, 3.9 HimoreR 2l TR0 thh S Heared
C under 100 psi of CO/HQ(II 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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conversion of 3-pentenenitrile; linearity of al dehydes produced: 94%
selectivity to 5-formylvaleronitrile: 75.5% 28 20 April 202¢Apa) Z0D421308
PCl YUSOQ 25567 Exanpl e 8C. Hydrofornylation of Methl-3-pentenoate with

Br anched + 3 This reaction was run as in Exanple 4 -t

nmodi fi cat‘?dggh%l at 2.3 equivalents of bidentate phosphite ?g\ﬁ‘ﬂ#aovﬁlﬁv
branched polymer 3 were used, 5 GC analysis: 96% conversion of nethyl
3-pentenocat e; | i FESPES orHydraformylation of Methvi-3-pentenpateavith-Brapched t 0 et hyl
S-fornylvalerate: 76% Examle 9: Prapdfaédn of Branched Pol yner 4
Branched pol yner was DEe ar ed si{{ngéar tlo gxagéhg 6. c%otalg‘he 2, 2-

bi s(4- hydr oxy- 3- me @feﬁgéﬁmﬁﬁ Xample 4B yigtthe moditicationdhay epare the 10
phosphor.ochl 02-B giivalents ef bidenthte ghosphite spRb mdthi Hrandhed pelyssdr Btwers uydls r eact ed
with 3,35 5, §¢c- s = . . or ol ymer.
NN Dii sospr oép§/:Ia}elf.ﬂ(%’gg/}Ie:g?n6 drai)gbl\}\gesrﬁ%%gfdﬁ g@?ﬁgé I&gﬁs%@%g&%cﬂ%efﬁgﬁgﬁs not

" soluble in desusedpPEpaselectiyiy i meghykSnfommpdvyaleratsm7Panched Pol ymer 4 15

0.430 g of the branched %@%&@f@aﬁe@% et@acac) were m-xed in
10 M of THE and the_i.ngol e catal yst was. Tl re shed with THE and-
vacuum dri ed. Exa °"§§P°ﬁ§)&r s P&fﬁdoﬁlrﬂﬂ?r@%;%&tmfﬂ@?&s Phase

wi th Rh Cat albis(d-hydexiydentethypieii jpnagand was hyeiers the 2] fnprepieyhd). 25- i nch

0. 64 di _iach i .st eel _t ubyl t

wns ol aongC} HEEkHorochRridie) Fﬁ%&sgﬁnt%@kh%%ﬁ&oiﬂ%hﬁég Shugion ¥ sl Willy o/ aced

in the bottom-&nud oetrampethyle 2 t-biphngod fo makeithp pranched polymet.ny,Ncat al yst from

above. A t NeTDRMGBHPRUYINIE SRS L84 dsThObdsECThE Bolnct Was hEAKIMIc in BOLD ends
an

of the reacto¢ gsre sealed with netal fittings, the reactor was 25
removed from R 3yl ove box and was connected to stainless steel reactor

feed lines. purged w tPhepardtion@€Rh chtadyst fo6it Branyias \ d with a by-pass
line to | o : Vv 0f and H be lL,she ef or.e eni ng the
inlet si g o:‘%%%eg ‘?fetg%:k’%ﬁc gpggﬁréer% co 4t95§§%%9te§%@§2§qcfi cfv?rgﬁb‘ﬁ?cg re of

100C was est d mkefddIF and the inselubleoratalysy wae &ilteredf washegd|with THFamfiur nace
surroundi ng tRemikatsPr. Wen the desired 30 tenperature and flow rates of
CO and H2 fee ases .h een achi evF]d, a valve was turned to begin

passing CO an&X 2 0 a of as Rh Catalyst
derived from Branched Polymer 4
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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ef fl uent sarrpl es were anal yzed by gas chromatography for the amounts of
unreact ed propyl ene, linear and branched butyral dehyde. The 2UAPH2D04t 100C
and at aWQeA3H essure of 0.69 MPa. Propylene/ CO H2 = XHQUM2S00R£56M n.
After a 35 total of 93 hours, the average l'i near/ branch ratio

(n-butyral dehyde/ i sobugygq A Byrafintd pAR LAY age propyl ene
conversi on of -65% 29 20 Apri WO 3 P 0500/ 25567 Exam | e
10: Preparation of BP&IFF@HE%YW@H‘E?P@PWB@@#@}%@E&Wﬂmﬁ@CM@mrepar ed

tSI mlar to tEmmalEzﬂlyﬁnmﬁﬁItAWE udePastha oy tdp l?ﬂ@'ﬂi& pHdsPoY oélﬁ@‘r’lih dt Pe di al
0 prepare roc resu osphorochloridite

sol 5t i gn was hﬁeggi"@%ﬂgjﬂ?%pﬁ? ﬁ@ﬂ?ﬁm @T\émo%was readled whth ﬁ'xeny %g

di hydr oxy- 51 ﬁlh}ﬂrnaphﬂﬁ-doﬁxaphﬂﬁlcﬁe—w edicdrbonylait & makende drirdehedpalnabed

pol ymer.. Nﬂﬁpwﬂﬁwwﬁ%@%&% l?ﬁ'foli)g?[ﬁg Theth,' mer was

~not soluble in 3. "Preéparation rom Branc Wner 5
0.494 g of t HePbhanched pol ymer 5 and 456 of Rh('CO) 2(acac) vvere 10

¢H>éed '3 10 IFrex@ééatle‘E)fER]dcdtﬁl sﬂf?&ﬁlmﬁkdhe&% tst was f:cltperedl V\/ashedtwth
and vacuum dr i 0 %g fo ia i on..0 epylene in the
Gas Phase with Rh dc‘z%ﬁgé&’n%&@cﬁﬁﬂow ﬁgﬁé% ﬁgr 2@cagp wereact i on

was carril@d owmixedsn l@m‘E)oﬁ'rFﬂIFemﬂAhemembie(ha%ysy vaik fillsedpasked with BAF cat al yst
was used. Pragp ylvg %’%dHZ = 2/2/2 cc/ mn. After a total of 46 hours, the
average |inear ranc atio (n butyr al dehyde/ |sobutyr aI dehyde) was about
20, with an aW¥aE TOLOTRY I8 311 haspivith R

Hydr of or ny| atlon of 3 Pentenenltrl |d§H§éd’lﬂm§I’E : gplg n;{é;%r 5 Reactlon was
run as in Exanple RA but, with 2 equivaleni Ol phosphite to Rh

with branched pol reggtiopvag j it a@@@’@é‘lﬂ)‘é?é\“éﬁqﬁﬁ 363 ﬁfeﬁhﬁéb@ﬁ?l trile;
| i nearity5of R cedlystesaspised| UP®Pyiea80COSHDE eCl/2/Ri deymi® After a total of

Br anchad. pol viedioui i el 1R BrefeR o (s R B" Bl RiGs o™ ©
di hydr oxy- 4, 4baut 20, Wlmanmﬁmgemmpylhwc@pﬁérsxsppfeﬁﬂi%orran was used as the

diol to prep@&grgbcr&g@mg&&e@ﬂgﬁdng#ftsepﬁnﬁlenfnqgus ;@aﬁa&am @[IR&*B" oridite

sol ution was
Tri-n butyl anine ReRStQRWas B astia Byample Svh butywith dwquinalenheft bidesttaip| e | n

CDCI 3. 20  phosphite to Rh with branched polymer 5. GC analysis: 92% conversion of
' 3-pentenenitrile; linearity of aldehydes pfoduced: 68%); 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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Preparation of Rh catalyst from Branched Polynmer 6 30 0.487g of the
branched pol ynmer 6 and 0.456 g of Rh(CO) 2(acac) were mixed ppApdi 2d040f THE
and the insoluble catalyst was filtered, washed with THE and vacuum dri ed.
Exanpl e Wb od213dgdroforrn | ation of Pr opyI ene in the Gas Phepeswiisks7Rh

catal yst Derived from Branched Pol yner 6 35 The reaction was carried out

as in Exanple é}A )
Propyl ene! CO=tz~=ar=+4 : BANE g -
= 2/2/2 cc/min. foRczumBntwasrrah aQih Exmqﬂe SIﬁmt wwthrlaﬁgeqm\balemaf ledhitaech ratio

01 21506 Per HEEEAR R TAGE pYORGP B HC draysistRortobMnion 8o (1) 1 o
usi ng Br anchedrPPaiepeniiils linkarytdf atdohpdesipaeduged:i #0%xselgstivitbe but with 1.5

equi val ents of s denatenfiRsMks e and Rh with . branched polymer 6. CC
anal ysis: 60% conversion of _3- plrét e e| tr | le; lLinearity of aldehydes

" produced: 40% selectivity t&X8 SIANCAeGPOlVMEES 3104 Exanpl es 12-18:

Branched Pol yners Addmbnﬂrta:hn-@l’e%rﬁﬁé @acﬂlﬁéﬁ ﬂQﬁ@ﬁbl&ﬁ%b%r&hﬁeerﬁersThe

branched poly i n |l e 5. 0r The first
diol is used gg{e}r%ﬁlﬁérf %E’ﬁ%e%l&g%% or?r S.gh ﬁ%ﬁgwﬁ%%tﬁd’"éﬁa& fs used
for further rnlmph@hlormg a@d(ﬂnessqqgmﬂdloil_ﬁ used fon daenther ecaatiph. cBheadielshsst ed
bel ow Hd olmjthgge%aﬂp%afgpgmybéj&gl 2 diol 5 HO diol 8 31 diol 3 diol 6

d AR
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@ - diol 2 diol 3
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| é'o oo/ d
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diol 7 dxol 8
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20 April 2004 WO 01/21308 PCT/ US0O0/ 25567 MeO 2Me OH diol 10 diol 11 The
hydrof ormyl ati on of 3-pentenenitrile reactions were run as if0ApAGMe 5A
except t WM& O0Y280%nmounts of the specific polymer |igands sRENUISON2E6Tabl e |
below. In the table, L/ Mdenotes noles of |igand/ noles of Rh; Conv.
denot es conversion; set. refers to selectivity to; and Lin. is. Table 1 :
Hydr of ornyl ati on of }g\ Peryi'[eneni trile Exanple base first diol second diol
L/ M Cony. Set Md0OX B,Mieet 1 diol 7 3 95% 70% B1% 13 NEt3 diol2
diol 8 1.5 96% 37% 33 Kt 3 diol4d diol7 Q9% 549465% 15 N(Bu)3 diol5
diol7 3 89% 46% 5 [ 5,9 7904 &15 17 NEt 3 diol
6 diol9 1.5 98% 39% 3- pent enoat e
reactions were ru anpl e 4B with Yhe exception that the anounts of
t he specific poly 6 able 2. 20 Exanple base first
. diet second dial L/IMCgnv. 18 NEt3 diet 27diol 10 4 95% 19 NEt3 dioll
diol7 3 45% 25 20 N(BuWig@int 6 diet 7 3 49% Cﬁﬁj( Bu)3 diol 5 dint 74 61%
22 N(Bu)3 dint 5 diol 8 4 81% 23 N(Bu)3 diet et 7 4 74% 24 N(Bu)3
diolll diol8 4 77% Tabl e 2: Hydrofornylation of Methyl 3-Pentenoate 30

Set . Li n_ 73%81% 58%8&kgdroformylation of 3-pentenenitrile 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.

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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66%81% 68%B2% 65%B2% 72%86% 64%79% 32 20 April 2004 CLAIMS 1 conposi tion
conprising a Goup VIII nmetal and a polyneric phosphite conﬁ%ép 1%
wherein 5 said polynmeric phosphite conposition is selected fromthe group
consi sting of polymer A, polymer B, and conbi nations thereof; said polyner

A conprises repeat units derived frog;iz a carbonyl conpound, (2) a
nmononer, and (3) phosphochloridite; | ymer B conprises repeat units
derived from (1) phosphor us 10 trichlori de (2) a poI yhydric al cohol, and

(3) an aromatic di salq carbon S&d SF %cte fromthe gr oup
consi sting of (RECR ?ﬂ"i‘ﬁ%s éb"(% ctal and a polymerl

(R1020) n(%ﬁph@sfpmtg\zempaslﬁﬁ-&vba@;ﬂ? )ym (R102C) n( OH) - Ar 2->A.rt- (OH) (C2R1) m
and combgnall ons of shifBoRimdifolhitlUihEaLiion ¥ RIS fegro ected rom
t her eof sai aoxpﬁhﬁwwg@nlqureﬁ pelymags B, lah‘éc‘?lébl;ﬁﬁm@S@@G@Art R2)2 in which the
At groups are unl i GhigolndaCiiles replht ik kil il Ly ther, or

linked to 20 each ther t hr ou 0 S selecte “from the
group consi SPFRYENE (DHEROPURL: g‘ﬁo@épg‘?ﬁ?ﬁ%ﬂ% 1@ﬂe gr oup, naphthyl ene group,
bi napht hyl ene gr oupsaidpdlyemiB duaiprisesTepéat unie deivedtten { Dehesglionmach Art-is
I ndependent elected fromthe group cansi s | ene group,
napht hy? ne%@%‘?’ and conbi nati ons the 2 yhé(g'g mﬁﬁ@s&%i%ndent ly -’

sel ect ed fr eromdtie dgglpup consisting of C(Rt ) ( R1)-, -0-, -N(R1)-, - S—

- - | f
;lﬁé%iggegtyFﬁ’i“ﬁb@ﬂ?@%ﬁmﬁﬁfﬁéﬁe&%ﬁf Sﬁg‘gﬁkﬁf éﬁﬁﬁya@?}g@‘ﬂ CLto c12

(R10,C),(OH)-Ar2-Ar2-(OH)(CO,R ), and combinations of two or more
15  thereof; "

"".K

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



conmbi nations of two or nore thereof; each R2 is independently_selected from
the group consisting of hydrogen, C 1 to Cl2 al kyl or cyclo ‘P@T“&O&up,
acetal , We&x@R13080R3, -C02R3, C6 to C20 aryl group, F, O PCTNSR0255603R3,

- CN, hal oal kyl , - 3 g : ' , -A Z,
and cngHr)i ﬁag ?on)s/ of tsé\:@ g% 3%5%8@5‘?@5?1@%2&5@9%%%%@)@%%&{: E«gﬁ Ej?g{;p
consi sting of-CRI2RB, -ARE=N-OR),RB(0)(@B3)(0R3).AS(PR20840)RAD- 01/ 21308

PCT/ USOQ 255 , -SRC(ONRL)R, -OC(OR3, -0OC(OOR3, -N=C(R1)R,
_C(Rl):Nthfi;Vc(?&%:@ C( O N(R1) oc( O oc( O C(R1)

C(O O O) R, Nmm2§§%§%3%§$§ﬁ%bﬁ& N 23%5@655@653}9&9@%16al kyl, -

5 CN, andscoriynabicombimtiohy\ef thic dfdidre theégof ; Al is a C 1 to Cl2 aklylene
cted fromthe group consisting of Cl to

group; each R3 is in&@pengfgtl sélf{e [

C12 al kyl or cycl oatkyf 2gridtip 12 86YtE° & Paryl group, and comnbi nati ons

t her eof ; and eectlcR? in indegendistkyrseientet from thergoeup consisting of6géo Gfy dlkporl to 2.
10 2. A conmpqQsjh.l resli t | Ln.:sal 3 r is polyner

A and the RESPERD @%ﬁ%f%%%év%ﬁ‘fﬁ’ odAEREGR el WP 3%

conposi tion accor di n§2¢homas didapendgptipa ppaber in thesaasephBamrl 102.a  pol yhydric
al cohol ggl ected fx oM ¢diBp@itRINhcEQHAsgSHiC18inP] wherdif 8418 pSlymieriil cohol s, -

Lot real coliol . 200 SRS 01, O U 00 B80S, LIEE ok L. 2 composi Lion
sel ected from t he 3gr dugompositRinsictorgirgf to(Cdmi At 2 Wiidyein sdidiB)onoBi? {L4H) m
R YA L A Aot iy
( HO- A" ) m( OH) t¢traglcahols2and coppbinatioms-piiwd exanenc-thereof O Al)p O Art-(OH m
(gr_l)em AIAE tcl:(Sé‘; 2 C}( 2_043 &é@&ﬁtﬁ rz%%?&%jl@t%-dl% m r I( H@ )vUBcreign nbi nati on f
two or more thereof; S ,P"Q%blyfiri%]ég;%l%s Fé??é%@‘ﬁ?ﬁﬁlggi%c’% g?‘{ﬁadai InOCIS aiom
1; each A 1 cossistingeifedOR;- -(@H),1 (HO) -A2-al-itP-¢OH) gy @I0),,¢08-(Q% each p
s 1 ndependent;l 2 PYBIS,,, (05,1241 259% Lo, 3 THo-A%) 1O -arl(Omal-
© OH)p, (HO-A!);(OH)-Ar2-A2-Ar2-(OH)(Al-OH)y, (HO-A1)(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
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5. A conposit i on according to Cdaim4 wherein said polyhydric alcohol is
select ed from t he gI’OUp consisting of 1, 3- propananedl ol , tet2aferihi®ihe

gl ycol) ,w fgxanedi ol , 1, 4-cycl ohexanediol, 2, 6-di hydrmﬁggggl ene,
hexa( et hyPene gl ycol), an g_:onbl nat i ons of tvvo or. nor,e thereof. 30 6. A

conposi tion accor di P‘o to C or 2 wherqzl n saHd is an am ne
~selected- fromthe g or; GiOR aﬁ‘t ER, Ql am nesCo4rRdt r aam nes, and
conbi nati ons of two or ' [ [
wherein said amine is s& ‘
1, 6- hexadi am ne,” N, N - dj anedi am ne, 1, 4-but anedi am ne, and
conbi nati.ons of two or . . 8. ‘A conposition according to Caiml:
ore wherein said carbonyl conpoung! is selected fromthe group consi sting
of 34 WD 01/ 2ndeembinatigns thepepdiand seeitgdip €#Bilnat i ons t her eof ;

, «'énd RI 8| \?mt he sang. aSAE@ﬁpbﬁﬁomﬁc&hﬁh@lo]{llmﬁSWH&rﬁgﬁ?@%bth A1 cafpeEd Ny to

T alm erein S car pon CO r e group -
consi sting ofSGFiEf F%?P“&'?‘Eg&?ﬂ g‘?’&ﬁwoﬁd‘ S@i‘fﬂ? droxyl 1, -

bi-napht halSenebifagithadenad, Medivirhvxeylatd] dlb]llcyl 2,2"-dihydroxyl-1,1-biphenyl-3,3-

2, 2" - di hydroxy, £ 8?“‘2 0 >

2, 2" -di hydr ox L:%%mg?é%tg ?’g '?{%5' rtb% ?%gééiléé%gﬂfacddﬁz'dm

1, 1' - bi napht hi//,u ~Bingph yk%ﬁbdwywmﬁywa@dmw%w Q;fmewshmo or e

thereof. -1lo. A Clerpomcbtx@Bsﬁ@ﬁqe@hrﬂﬁggw O aligim 11 o 22wumih@ma sai d

- carbonyl 'co d i1s blen € or _nore sec car bon npounds” 10
celectca fron ¥ F%Bm&ﬂ%ée"!% g isiiop feradls fngf’x’éé Om - Al
(C2R1) m ! tmléhqagmnpzo CRpR )(nO) r2-
(CO2RI)m (R AU, Ahrz-s&mzm O Rﬂlﬂn Qnttbicyg,upehﬁophlr(mm- mor e
t her eof : 11 lg)zgé @g{gi n%or'-@ﬂ% % ﬁr {é I1d second
. carbonyi . ¥ Flow 5008 ol ioRGohs o o8P O WP nt ha i o
. acid, i sopht hﬁ{et&f a01 d, phthalic-.acid,. dinethyl i sophthal ate, dimethyl .
_phthal ate, dineth re hth at e 3; 5 henzenetr i.carhoxyl | . and
conmbi nations of two o% FrSRest Dﬁégg?fgjm g19 ! w sﬂﬁsﬁ%‘%’%&ﬁw d][o Caim
I - wher ei ntSai dompbduymigs selectedipol thewroup. coﬂ;ﬁishngoofctcmphthalm md,asm:bﬁadlmg to
Caiml or 12, 4866h0icRid @i isGptthdhiecethyl phthalate, dimethyl
: terephthalate, 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

of

- 20 polymer B.
.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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.a formula selected fromthe group consisting of 25 35 20 Apr b P?Aq%V\D
01/21308 PCT/ USOQ 25567 wherein each R4 is independently sel é200 $9%m t he

group con¥ios@12i380f hydrogen, Cl to C12 al kyl or cycl oal k§CTHISOURSS6BCEt Al |
ketal, -OR3, -COLR3, C6 5to CZO aryl group, -SiR3, -NO2, -SON -S(O R3,
-S(0O 2R3 CHQVhélﬁ(IO) R3, - F, -d, -CN, perhaloalkyl, -C(ONR3)(R3), -Al1Z,

and conbi nati ons of t e endentl .sel ect ed from
t he group consisting \(/)\% H&ﬁ%ﬁ&pkﬁ%ﬂﬁyfﬁleéé%f El p %&

gg 3 Ng%g R1, hmmélatg@z@m cycléqé:l@mpm a@(tﬂlkctNRlOR—”p((RDikﬁ\l—(Q R,
:NR3 O NR 2 %63 Eﬁ ¢orntbi na?’l on(s )of two or
nor ec'g h)er (eof ) éfa I?thék’@nfyllie qQﬁ@@s}@ St Edandrpombamahoms oE oI5
|ndependently m8reHhedeof:Cl, Cl1 to Cl12 al kyl or cycl oal kyl group, C6 to 20

aryl group, -OR3, -Q0 Ego CF3, and o] |nat ons of
two or nore thereof; %3%138%6&%&?%05@ &efrﬂ“F@elgg W%‘&gpgb -gr oup
consisting of ®HOC 1 to Cl12 al kyl or cycloalkyl, C6 to C20 aryl, and

conbi nati qps of two or E@féﬂ}@f, d e i el ected
fromthe group con5| s |cr'{850f’ E tsoﬁélﬁémw%rgﬁgmr%hyc}@%o C20 .
aryl, and conmbNratR , of two or nmore 25 thereof 14. A conposition

ding to d 1 ] | | ected f
el (S e o g o s 1o

(R4) (HO m Are- Yp-OAre-(OH) m(R4), (R4)(OH) mAr2- Ar2(G-|)m(R4)
(R4) (OH) m Ar 2- A2- Ar 2- (-ODMOBMHR3ZONR3CO,R3, -NR3C(0)N(R12R1 F, Cl, NO

E 84—3 ( HCR))Af;nlér t aﬁ%ﬂ%ﬁ% Al O i %‘&O_?’F&rti RFFOL; Ri?Ar 1, Ar é\ :amd m ar e
the same as recited i mt}ualhﬂ.cethesmneasrecuedmClalml '
each RS independently is H, F, Cl, C; to C5 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 C, alkyl or cycloalkyl Cg to Cop aryl and combinations of two or more
25  thereof.

14. A composition according to Claim 1 or 12wherein

I.D'

said polyhydric alcohol is selected from the group consisting of
(RY(HO)y, -Ar2-Al-Ar2-(OH)(R4), (RHYHO)y-Ar2-(0-A1),-0-Ar2-(OH)
C n®RY), R4(OH)-A-ARZ-OH)pRY), RY(OH)py-A2-A2-Ar2-(OH) (R,
30 (RY(HO)y-AR-Al-C(0)-0-A1-0-C(0)-Al-Ar2-(OH)y, (R), (R4Y(OH)yy-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 ﬂw@rwﬂ@ﬂwlwﬁ ang) i eswbionylbis(Amethyiphenalh histh-ydeoxsder opy| - 5-

met hyl phenol') medyighendDEilfidd 304 ds YAk AmkE) iy pidpakie, A Y -

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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OH PCT/ USQQ 25567 OH and conbi nations of two or nore thereof2 % '0@8
conposition according to any of Clains 2 to 12 wherein said % SV N
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 208 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, © Neni tril eon4-Pentenenitrile,

3-pentenal, allybH al cohol

, , Rnd, ations of two or or 2 t hereof. -2 5.
A process acc (g tgy M 2 wherein sd ' -- an| C
conpound is - ent enoat e. :

22.-

o) . HO
HO '
o) D]
O O
S
R X oo

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
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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15 26. A process according to Claim2 3 wherein said unsaturﬁgd .igoggni o
conmpound is selected fromthe group consisting of 3-pentenen Piles V2
pent eneniW@01/8130nd conbi nati ons thereof. 39 PCT/US00/25567

[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.

5 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
10 compound is selected from the group consisting of methyl 3-pentenocate, 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.
15 - 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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