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BACKGROUND OF THE INVENTION

Phosphorus-based ligands are ubiquitous in catalysis
and are used for a number of commercially important
chemical transformations. Phosphorus-based ligands

20 'cdmmonly used in catalysis include phosphines and

| phosphites. These ligands include wmonophosphine and
monophosphite ligands, which are compounds that contain a

~ single phosphorus atom that serves as a donor to a

transition metal, and bisphosphine, bisphosphite, and

25 Dbis(phosphorus) ligands, which contain two phosphorus
donor atoms and normally form cyclic chelate structures
with transition metals.

An industrially important catalytic reaction using
phosphorus-based ligands is olefin hydroformylation.

30 Phosphite ligands are particularly ‘good ligands for these
"+ reactions. For .example, U.S. Patent 5,235,113 describes’
a hydroformylation process in which an organic bidentate
ligand containing two phosphorus atoms linked with an
organic dihydroxyl bridging group is used in a
35 homogeneocus hydroformylation catalyst system also _
comprising rhodium. This patent describes a process for



conprising rhodium Thi's patent describes a process for WO 01/21627

PCT/ USOQ 25122 preparing al dehydes by hydrofornylation of eth en| cally
unsat ur at P W2A4&di ¢ conpounds, for exanple 1-octene or FHTIHSHP.

but adi ene, using the above catal yst system The use of phosphite Ilgands
wi th rhodi um has been 5 disclosed in the hydrofornylation of

functi onal | pedpatimy|£itidey bRShydrStthylaBROHNEE . eti8d drilca@ignpl e  Cuny

t al 9 0 9, 498,

% 665, 651, ImBERGR P ropptSombdiha 9y Meyan SOk B BE S e
4,885, 401; SHECTOZSR HYSEENLNt BFHRY | ital2DIYB| Féh%jrib‘h% SAFTE0B839, and
W09518089. mdrﬂé@rmlmdmlpeommMm d@lhy rRgA Dt Stk £ bebsndent ate |igands
contai ni a9 a0eB1 OB |G UHL Ay BK%korBY HUIRD 67 SUR-AN I R0 al aryl groups

beari ng 15 heteroat om_substi uent S escri be rrmn Pat ent
Appl i cat i oneBRY ISty AnsafygrEed r ¢RIRAUNGS - pr%%%s%% S¥ARANE ng or gani ¢
bi dent at e | Fyandst cohtaidi lﬂgl t Gbenmy | Sad entl9PResPhDr UB06&GL GNES,. i n which the

two phospho o) i nke 2
2.2 - di hydrbgeén@é ﬁéﬁng‘ﬁﬁt A reey! Etf]l.dqﬁ 885,808, 513,022, oy in s

Patent 5, 87%: éi& ?;Eh‘?i' t-:h@3}§|796?'a?t25‘1"é]ér'eﬁé‘ d4t %594911 35 pat ent
5,874, 620 dpsbiidiesd drtgamesional aapphigaaubati twesss3&mh arl esters or
ketones on {Bes3sgeg positions of the 25 2,2' -di hydroxyl -1, 1' - bi napht hal ene

bri dgi ng group. H§agbfofmgﬂa%rpw%éesésaﬁmbﬂmggeeg ﬁﬂ-eCt'V' ty in the
hydr of or nyl Etl on_of inter olefins to term nal des. Al though sone

of these prPdIeRIFCSSEENES) ROBFREP IR A ATePRFAF | IW ¥latalysts, there
remai ns a nkrtldging anoew modetefhiwal \axrydagabyps berwmiclg eve even greater

commer cisl Rpeterbdedm sNbsebieehtofatdliced P8B! OR dSridh Patent
Application DE 19717359 Al.
Hydroformylation processes inveolving organic

bidentate ligands containing two trivalent phosphorus
atoms, in which the two phosphorous atoms are linked with

20 a 2,2'-dihydroxyl-1,1'-binaphthalene bridging group, are
described in U.S. Patent 5,874,641 and the prior art
referenced therein. TU.S. Patent 5,874,641 describes
ligands containing substituents such as esters or ketones
on the 3,3'-positions of the

25 2,2'-dihydroxyl-1,1'-binaphthalene bridging group. Such
ligands provide reasonably good selectivity in the
hydroformylation of internal olefins to terminal
aldehydes.

Although some of these prior art systems involve

30 commercially viable catalysts, there remains a need for
even more effective catalyts to achieve even greater
commercial potential. 2An object of this invention is to
provide such improved catalysts for hydroformylation.



provi de such inproved catal ysts for hydroformnylation. 2 WO 01/21627

PCT/ US00/ 25122 SUMVARY OF THE | NVENTI ON I n one aspect, J%%s&{/%?ﬁnt

i nventi on W8O0K2¥§3cess for converting a C2 to C20 acycli

nonoet hyl enically wunsaturated conpound to its corresponding termnal 5

al dehyde, conprising reacting the conpound with CO and H2 in the presence
of a Goup VIII transition netgsimerYy @F THRaENVENEYOMI| ti dentate phosphite

ligand of the follow ng formul z ~ Rz

ae I,11 or 11l: R2 2, Rz Ra Ra % R
g R R R R~ Ra O'® §8¢\a9PS5Ftr,y the) pregentpingentign 16 3 BROFEESRI%R3 O O Ra .
R Nz~ Ra R &inve&rifRngf a 2, 1 IC,J acycR2c WRindet¥lRRitaRlyl ~ R2 O R2 O1/
2 R R PPQOARZatea compound to its corresponding terminal
5 aldehyde, comprising reacting the compound with CO and Hp
in the presence of a Group VIII transition metal and at
least one multidentate phosphite ligand of the following

formulae I,II or III:

10
wherein:
each R! independently is C, to C,, alkyl, C, to C,
15 aryl, F, Cl, -COR*, -OR', or -R’Z, provided that at
least one R! is -R%Z;
each R® independently is H, F, Cl, C, to C,, alkyl, C,
to C,, aryl, -OR*, -COR*, -C(O)R', -CHO, -CN, or -
CF;;

20 each R® independently is C, to C,, alkylene;



RR R R Rl R

C20 aryl, -OR4,

2 11l " wherein: each R independently is Cl to Cl12 al kyl,
C. to C0 15 aryl, F, d, -CO2R4, -OR4, or -R3Z, provided that at
one R isWQ#R123ach R2 independently is H F, O, C1 tFEBURA  C  to

-C02R4, -C(O R4, -CHO -CN, or - CF3; 20 each R3

I ndependently is Cl1L to Cl0 al kylene; 3 WD 01/21627 PCT/ US00/ 25122

i ndependent |y | aeh RO {ldepiiddehtoy & ¢0t620,, aly)l &aa) &is,

-CHO, -(OQ R4,

-S (0) R4, -C (GRADCE &F RAOR' NRACHZR4C (ON

| east

each R4

- C02R4,

-C (Q.SR4, -SR4, -C (O NRSRe, -OC (O R4, -CC (0 OR4,
-N=CR5R6, 5 -C(Rs)2NR’/ -C (R5) =N O RS, -Rglg) (OR4) (OR4) , -S (O 2R4,

i ndependent |y is Clcte) ERé allod (09k* C.-daqofofs, amdcr’#Q) each RS

| ndependently is H, to €12 alkyl . or ¢C6_ Q dy 5 6
independgntly i s HTC%)t‘g‘RCJLz'Cg‘P’k?T”,‘ SR G- o) @’b’g%’;' ng@pé{ di val ent
bridgi ng group of tHEKRE mF40) 0RO, R-FF CORF, O-URITAORYRR’s oR8 \ \ / R8
or RB Ra R8\ / Ra-¢8;, Re R8 Re R8 R8 R8 R8 15

10

each R* independently is C, to C,, alkyl or C; to G,
aryl;

each R® independently is H, C, to C,, alkyl, or C, to
C,, aryl;

each R® independently is H, C, to C,, alkyl, or C, to
C, aryl;

Q is a divalent bridging group of the formula:

15

20

wherein:

each R’ independently is H, F, Cl, C, to C,, alkyl, C,
to C,, aryl, -OR*, -CO,R', -C(O)R*, -C(R®)=N-O-Rf%, -
CHO, -CN, -CF,, -C(R°)=NR®, -NR°R® or -R®Z; and

each R® is H, F, Cl, C, to C,, alkyl, C, to C,, aryl, -
OR*, -CO,R*, -C(O)R', -CN, or -CF,.

The term “aryl” is meant to denote an organic radical

which is derived from an aromatic hydrocarbon by removal

of one atom. Suitable aryl radicals are, for example,

25 phenyl, benzyl, naphthyl, binaphthyl, and anthracenyl.

The terms “alkyl” and “alkylene” are meant to denote both

straight and branched groups.

(OPIRRERG;SRF - CN;, each R4



wherein: each R independently is H F, d, Cl to Cit2 alkyl, C to C20
aryl, -OR4, -CO2R4, -C (O R4, -C(R5) =N-O-R6, - CHO, -CN, -CF31 - C(R5)
=NR6, - NRoWE OY#162R37: and 20 each RBis H F, O, Cl to REEBUSIRSIEZ 6 to
C20 aryl, - OR4, -CO2R4, -C(OW -CN, or -CF3. The term"aryl" is neant to
denote an organic radical which is derived froman aromatic hydrocarbon by
renoval of one qhoahoﬁuéiaé)é}féc%r,yhhiadiﬁaér&iaﬁle?rwid@gafw &he25 phenyl,

benzyl, naphthyl, binaphthyl , apd anthracenyl.. e terns "al kyl" and

"al kyl ene” a?gx‘ﬁ%aﬁf?ﬁ%& 2%’5 ePBBTR™ & r&igﬁ%fisaﬂ’a‘slb?aatﬁ&ﬁgﬁ groups. 4 WO
01/ 21627 PCT£o8pO?d5IgE madeghberheframpect, this invention provides for the
aﬁovef mul ti ient a}AﬁyDBQSEﬂ%t&)dﬁd}&ﬂgana@%ﬁﬁfcﬁaﬂiﬁr méprwsdtlﬂam&d dgade
therefro of _t e.li optiona y he attache to a

sol ubl e g}f i Eés;o?u%?gﬁ?%e%t\é %bg%g‘%dfe ,&r{leer%arsrblf’é?ﬁ ' ElArlfl ieﬁcsa(')“PtE}SI 8 i nert
support is MRripseluble dagrh gwPPethdis Meariféeldot yemjinede resin

E(éggglr (I;EI_?H\]Yfaﬂ@rii&mleizéd PBL A ey +&rte Q&%!IhCabm@#%)ﬂ])ﬂ)y ailrQiDEEf% LED ]
, s~ l.nventl on provides a process for the
o AT I L .

preparation “of ter Hi gh catal yst perfornmance
(selectivity and/or activity). The advantages of the present process are

particul goly prorpeercepvbesckiericn lo¥atentNventron Nt ernal |y

nonoet hyl eni cal | % unsaturated conpound. Preparing term nal al dehydes
starting from i APeFnEFYSPEHFoPERYELCH? cAIRNPCGHSafBY bR RESHFE@RdSTUSi ng
previ ously kobwredwidradf edldghpdeswinloddghesagahestalderformantés i n noderate

selectivily tgeisduinaly ahapbydase: aQ,50merhy dadanalleanoff chhe double bond
and/or lower catalyticC activi tg. An addi.ti onal advantage of_the
present process are particularly pronounced when the
15 reactant is an internally monoethylenically unsaturated
compound. Preparing terminal aldehydes starting from
internally monoethylenically unsaturated compounds using
previously known hydroformylation processes generally
results in moderate selectivity to terminal aldehydes,
20 some hydrogenation of the double bond and/or lower
catalytic activity. An additional advantage of the
process according to the present invention is that the
linearity [terminal aldehydes/(terminal + branched
aldehydes)] is high, facilitating the isolation of the
25 desired terminal aldehyde from a mixture of terminal and
branched aldehydes.

The catalyst compositions useful in the processes of
the invention comprise selected multidentate phosphite
ligands and a Group VIII transition metal, which is

30 provided in the form of a chemical compound.

The multidentate phosphite ligand is of the

formulae I,II or III:



process accordi ng to thé present invention is that the linearity [term nal
aldehydesagégrnln + branched al dehydes)] is high, facilitating the

i sol ation #7275 desired terninal al dehyde froma m & 0515 i nal
and branched al dehydes. The catal yst conpositions useful in the processes

of the invention conprise selected nultidentate phosphite Iigands and a
Goup VIII transigtion netal, whi,ch is 30 pI’OVI ded in the formof a chem cal
compound. T t itlent at ekxphgsphi te I|)g f |§ of the, formulae I, or
I'11: 5 WD 01/ 21 PCT/USOO/ R221 " R2 RRx/RIRZRzz R2 \

OOX~I 1 R#

R R x R R 7 J EEQinRR ' R}P"Rp{ﬁ

p- 4 p R2 Ra oR'
Rz
2 & R R*

ﬁZoRxRI 2 R R

5 III

wherein:
each R' independently is C, to C,, alkyl, C, to G,
aryl, F, Cl, -CO,R*, -OR', or -R®Z, provided that at
10 least one R! is -R%z;
each R’ independently is H, F, Cl, C, to C,, alkyl, C,
to C,, aryl, -OR?, -CO,R*, -C(O)R?, -CHO, -CN, or -
CF,; '
each R’ independently is C, to C,, alkylene;
15 each R' independently is C, to C,, alkyl or C, to Cao
aryl;
each Z is -CO,R*, -CHO, -C(O)R*, -C(0)SR*, -SR*,
-C(O)NR°R®, -OC(O)R*, -OC(O)OR*, -N=CR°RS,
-C(R®)=NR°, -C(R®)=N-O-R°, -P(0) (OR*) (OR"),
20 -S(0),R*, -S(O)R*, -C(O)OC(O)R*, -NR°CO,R*,
-NR*C(O)NR’R®, or -CN;



R2 5 111 wherein: each Rl independently is Cl to Cl12 alkyl, C6 to C20
aryl, F, d, -CO2R4, -OR4, or -R3Z, provided that at 10 |east one Rl is
_R3Z: each™@&MZM3&pendently is H, F, O, ClL to Cl2 al ky| PCEUSO0RY2300 aryl,
-OR4, -CO2R4, C(OR41 -CHO, -CN, or - CF3 ; each R3 independently is Cl to
Cl10 al kyl ene; 15 each R4 independently is C1 to Cl12 alkyl or C6 to C20
aryl; each Z is <goRRa! Tﬁégendgﬁg 43:5 €3 %h1icy3Rbr ¢ Gd NRSR6, -OC
(O R4 -OC (O O N=CR5R6, ﬁ tg %B(Récy&-N-O @%)(O) (OR4)
(OR) . 20 S(O 2RV OR -C(O) OC(O) R4, -NRAC2R4, -NR C (O _
NR5R6, or -CN; 6S@ChOR] ArgEpepdentiBnonsi 28, tench HlkNﬁdeQEn@seﬁpl y is Cl to
C' alkyl or C6 to @0 awyiyl; each RS |ndependently is H ClLto CL2 al kyl,

or C6 to oC20 ar i L dent y to ClZ aIkyI or C.

to C20 atyl; % g g\%ﬁ{%‘% ‘%élpnlgrL gfrjoh:b kG ({j’ne rl’m?a ¥0lo0RT R7
OO0 R7 8 8 R8 Re orCzaaRarls Rs Rs 8 Rs 8 Re R8 Re Rs wherein: 10 each R7

i ndependently isgHisFa @vaXeht erfddind kitouof the BOrmidd:. -OR4, - CO2R4,
-C(OR, -C(R5) =NOR6, - CHO -CN, -CF3, -C (R5) =NrR6, -NR5R6 or -R3z
and

wherein:
10 each R’ independently is H, F, Cl, C, to C,, alkyl, C,
to C,, aryl, -OR*, -CO,R', -C(O)R*, -C(R’)=N-O-R%, -
CHO, -CN, -CF,, -C(R®)=NR°, -NR°R® or -R®Z; and
each R® is H, F, Cl, C, to C,, alkyl, C, to C,, aryl,
OR*, -CO,R*, -C(O)R', -CN, or -CF,.
15 Preferred multidentate phosphite ligands are of the

following formula I:

2
R
R:
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O

2
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each RBis H F, d, CI to Cl2 alkyl, C6 to C20 aryl, , - CO2R4,
-C(OR4, -CN, or CF3 15 Preferred mJItldentate phosph s are of
the fol IROH§Ebrmula l: | R RZ RR1RILREO02 0 &E'fmgo%?l%gz V"QP
RRO0RR zRLRL( R RR 7 W 01/21627 PCTIUS00/ 25122 wherein: each
R1 i ndependently is -R3Z; each R2 independently is H F, O, Cl to Cl2
alkyl, C6 to GiRedeyh; -OR4, -CO2R4, -C (0) R4, -CHO -CN, or - 5 CF3;

each R3 i ndepen 10y I each z i ndependent ly is
-C02R4, - %ERIX l%dg} %g %5%6}'%/ e&E(O OC (O _OR4, -N=CR5R6, or
_ C (R5) —NR6 . eagh R dndepppdeRttY s dyi A Fou%: 5P CheatbYhul% R7 0 0
R7 8 8 RR Ra RRﬂaadgaar@a RaoRg R&oO,R*', -C(O)R*, -CHO, -CN, or -
5 : CF,;
each R® independently is C, to C, alkylene;
each Z independently is -CO,R*, -CHO, -C(O}R*,
-C(O)NR°R®, -OC(O)R*, -OC(O)OR*, -N=CR°R®, or

-C(R®) =NR%;
10 Q is a divalent bridging group of the formula:
R’ o) 0 R’

wherein:
each R’ independently is -CO,R*, -C(O)R*,
-C(R®)=N-0-R®, -CHO, -CN, or -C(R°)=N(R°); and
15 each R® independently is H, F, Cl, C, to C,, alkyl, C,
to C,, aryl, -OR*, -CO,R*, -C(O)R*, -CN, or -CF,.

The multidentate phosphite ligands of the present
invention can be prepared by using a process in which a
phosphorochloridite is reacted with a divalent bridging

20 group. The phosphorochloridite can be prepared by
treating at a temperature between about -40°C and 10°C one
molar equivalent of PCl, with about two molar equivalents
of substituted phenol in the absence of an organic base.
The resulting solution is then treated with at least two

25 equivalents of an organic base to produce a
phosphorochloridite. When the substituted phenols are
replaced with substituted biphenol or substituted
alkylidenebisphenol, the phosphorochloridite is similarly
prepared from initially mixing one molar equivalent of

30 PCl, with about one molar equivalent of substituted



wherei n: each R7 independently is -CO2R4, -C(O R4, -C(R5)=N0-R6, -CHQ

-CN, or -C @5}% =N (R6) ; and 15 each R8 independently is H F O, C to
Cl2 al kyl ,WeAU267 o0 aryl, -OR4, - CO2R4, - C(O) R4, -CN, HV/USSHSS122 T

nmul ti dentate phosphite |igands of the present invention.can be prepared by
using a process in which a phosphorochloridite is reacted wth a dival ent

bridging 2@ighewe1 dReshbasPhaieec Bl Ryl diditeridpHatol’ BRS&G Ribdukeat i ng at
a tenperaturg bgt “E&“lq%%o”}l EﬁO%baréd %Og one _nol ar, ng val,ﬁ,gt of PC13 with
about two moldreFitvhl ent?d TBF aRTSEFSt Of o (SRS R¥PRe abi¥ence of an

organi ¢ bas&esulitangesaluthen sl Fhiepntreatdrbvittheatetieadt tvet | east two 25

equi val ent s Rfuidalendanbe HASErdaRipr BASS R griympBopochl oridite. Wien the
substi tutsed p%hen?l%?og{_lﬁorr Péeaced with substituted biphenol or substituted

. . QS L . C . L.
al kyl i defnebi sphgno € phosSphorochloridite is simlarl prepared from
initially mxi nd'hae RasParisguthalrhaspbpraohbenlitie Anabbet akere nol ar
qui val ent d@i‘aﬁh@?ﬁ EEUisdiT]&x\AQankalﬁifnd%C{H ld%&@g%&@ﬁe 1131' Ft!h%nmh or o
substitute yl i i no t n about_ . . an .n .the absence
of an or gani@ %a%%‘?ef}ﬁg ?gré%f t‘#“ﬁ‘g%?\gﬁﬁ i%%sel & q%ﬁgflr‘e eeaa%vélt %t | east
two equi valodnbgsef raaudkgain chsaferratinmdifc@naissphdskrh@adéhl oridite.
Wien pr gpar isegmeBenphasphes Dictinar Hdl | and) tHee rakev gon Crmﬂaﬁfr,e ichni S ]
i nportant t nt ai e e - an uring the
base additi%ﬁ%@ﬁegagﬁ%@?gsﬁf 0 :baégcégsuﬁ]tu;}%%ngg ?qie%]?%arérreaﬁ% (;%rl?qg an
i nsol ubl e sdRt 2¢BieBiRB PIRA Trindl PZiPRFHERICRndSt HBPRER A ni xture can
becone a thiagialitgr yemmeedtares Girtad et iGr edlee rpaobl @irmnixtmrachi evi ng good

m xing of b%%@cﬂhggg ééc}égggwyagﬁdigf the desired product. It is

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

20 At a temperature range between -40°C and 70°C, the
phosphorochloridite is reacted with about a half molar
equivalent of the divalent bridging group. If less than
three equivalents of the organic base were utilized in
preparing the phosphorochloridite, additional organic

25 Dbase is added to bring the total equivalents of organic
base utilized in the process to at least three.

The base used in preparing the multidentate phosphite
ligands should be anhydrous and soluble in the reaction
medium. Suitable bases are organic amines. Especially

30 preferred are trialkylamines. The most preferred bases
are selected from the group consisting of tributylamine,
benzyldimethylamine, triethylamine, and
diigsopropylmethylamine.

The phosphorochloridites can be prepared by a variety

35 of other methods known in the art. One method involves
treating phenols with PCl,, such as described in, Polymer

1992, 33, 16l1l; Inorganic Syntheses, 1966, 8, 68; U.S.



avoi ding tenperature gradients in the reaction nmixture which can decrease

yi el d of {yed product. It is 15 inportant, therefore, that the
reaction [}gggﬂﬁﬁ%]gt ed with vigorous stirring or other a’@‘F’E’HW'aﬂZ% o allow

effective renoval of heat fromthe reaction m xture. Cooling to the
required tenperature range can be acconplished by well-known techniques in

the art. 20c4Lc8:REPCE A & dANARDE! WBEDyS 10T I8N0 Al | B¢,

phosphorochloridite is reacted wth about a half “nolar equival ent of the
di val ent brisdgi,ng2group. If less than three equivalents of the organic

base were utilizgg] RhePpRBEhSELIKIONRAEBNOEE Bd direparaddihi onal
organic 25 base IS added tq hring the t%tiral equj valents .of organic Dbase
Teshieh 5P

utilized i n9oRE FiELBsETD Bitlsr o5l RIR R HORFVSF 5PEparing t he
mul ti densat erehasphtt ef NiNmahidd kylodidrptphospitrenddand sol uble in the

reaction W%@r&%cﬁ%éapi& hpses ahe R1§a@iLu@l nes. Especially 30

preferred are trial kyl am nes,, The ymgt Rre%erre%ﬁ@% ) Pf?re fel ected from

the group cHerFtPhgEBROTFRINA 4f RE, tRBT di 3[35 R&’ 2 ri et hyl ani ne,

and di i sopmiyerenst hid anicheto Theaphpd pirovwrhlaodi danele cebtdsaesy dyared by a

{reat ng phasa sy BB o e e 1% 2;23 161
uch as desgribed in,. e : ;

Inorganiqusm s?‘n‘i@%dn 8‘:,%‘96@,’:%0. guc %%"ff@fg H%%%%% 22 Pat ent

No. 5,210, 260;S.aRdtZnt ARCTYR, 3WFLganGhErs, BOSHt 55881,228. Then t he

D of orred M o R R RS e e e parporaa dedt (he

reatnment of N, Ia
gi aryl phosplsSPERLE t @So‘g‘??%&’le\?es Wi &ﬁtH ?téme 1%?%@#3&%1’
di aryl phosphgraBedike 1s8®f 4 hadbonmu(RapdNise yloaxyhém., 1991,

15 44, 233.

The multidentate phosphite ligand does not have to be
pure to be used in the process of the present invention;
it can contain some monodentate phosphites as impurities.

Multidentate phosphite ligands wmay be supported on

20 soluble or insoluble inert supports. Polymer-supported
multidentate phosphorus ligands may be prepared by a
variety of methods known in the art. See WO09303839, U.S.
Patents 4,769,498 and 4,668,651, and W09%06146. In
general, the preparation involves the reaction of a

25 phosphorus halide, typically but not limited to,
chloride, with a diol to form P-O bonds. A
representative example is shown below.

10



where R is a Cl to C4 al kyl group, and can be obtained by reacting phenol
or substituted phenol wth (R )2NPC12 by 10 net hods known in the art, such
as described in W9622968, U.S. Patent 5,710,306, and U.S. Patent

5, 821, 378. wne121687N- di al kyl di aryl phosphorami dites may b&CEHUSPASER, for
exanpl e, as described in Tet. Lett., 1993, 34,6451; Synthesis, 1988, 2,
142-144, and Aust. J. Chem, 1991, 15 44, 233. The nultidentate phosphite
| i gand does not have to be pure to be used in the process of the present
invention; it can contain sonme nonodentate phgsphites as inpurities. .
Mul ti dentate phosphite |igands nmay be support -@ 50l ubl e or insoluble

inert supports. Polyner-supported nultidentat us ligands may be
prepared by a /Y3 W9303839, U. S.
Patents 4, 769 gral , pphe
preparatlon i N}O i de./ typically but
not limted a” e, % a ghsal to I B A representative
exanple is sho bel 18\&? 1/ 21621 P OO’gGl ol base OBI /O OO
RR~00 R ';RINFOOGP HHODT b B R diol,pl / / R Rl
phosphor us ha}Izlde/ "Rol " lldenot es t he sat‘ubl Rproi scd/u%} ' t support. R
and R are as defindd afove. Aegpeel filc extml e/of jan ghs@l ypl e inert
support is 5 Merrifield' s reS|nP(a t|oe ys¥yreéne resin
diol O

phosphorus halide

“Pol” denotes the soluble or insocluble inert support.
R' and R’ are as defined above.
A specific example of an insoluble inert support is
5 Merrifield's resin (a functionalized polystyrene resin
available from Aldrich Chemical Company). The above diol
may be prepared by first partial esterification of 2,2'-
dihydroxyl-1,1'-binaphthalene-3,3'-dicarboxylic acid with
Merrifield's resin, followed by esterification of the
10 resulting ester/acid diol intermediate. The
esterification conditions are well known to those skilled
in the art of organic synthesis.
The invention also provides for certain multidentate
phosphite ligands and catalyst compositions made
15 therefrom. In particular, these include the ligands of
Formula I, II or III and the combination of a ligand of
Formula I, II or III with a Group VIII transition metal
compound. Preferred Group VIII transition metals are
rhodium, cobalt, iridium, palladium and platinum, the
20 most preferred being rhodium. The Group VIII metal is
provided in the form of a compound, such as a hydride,
halide, organic acid salt, ketonate, inorganic acid salt,
oxide, carbonyl compound or amine compound. Preferred
Group VIII metal compounds are Ir,(CO),,, IrSO,, RhCl,,

11



avail able from Al drich Chemi cal Conpany). The above di ol may be prepared
by first partial esterification of 2,2"- dihydroxyl -

1' - bi napht'W@P¥HE3, 3' - di carboxylic acid with Merrifi eI FEYIH?2 £ o1 | oned
by esterification of the 10 resulting ester/acid diol internediate. The
esterification conditions are well known to those skilled in the art of

organic SynkHQﬁ®$3,TﬁR(®mmt Rngmaal RIQ(qu=Mi (des, f orm@rki(aopyi §, | dent ate

phosphite | yst I.ONS fr

parti cul ar, kﬂhg%él? ngﬁ g&é‘i n spt'rl 3F0?EHFOAL([§ &ﬁ% g’r' %F’}d and the
conbi nati on [ahca(cmg)am (wheréum ntalcacr ig Iaror'aCIeIthrlaFehOJaaG gyeud;| |
transition a eg Preferragéi V | Eg_agg on rretaals are
rhodi um cob Hl aﬁ1 %%ISF%%’IRJ R atl amy -th oSt ng erred

bei ng rhedi UP!h” Es;e aGpﬁuayyl rougmt al HoSzevpfpvwlaﬁhduld e hatauoth@t conmpound,
such as a hggrl de, halide, organic a ‘?ﬁg sal t, ketonate, irnorganl c acid
salt, oxid&PecEFEERYYITh dCOPPERTR FSPSinBeCRr et ed G oup VI 1|

met al conpoamﬂstadetcb rehg GBove, lLisBeH, chuporddsi]l Woe (Othedsay PCT/ US00125122

Rh (NOB) 3, A8, Juiaid B8R § r@f&rrr(y@@klan,[@n( E:) é;ﬁga)d 1 2, Rho
c 15 i e Ph3
ERh)Cl(CCD)] ?gf ﬂ%@ E?‘f‘uﬁ]fc%?@gdll aﬁoa'&%ef%ﬁ oW&%l(]-J( " is an

acetyl gﬁoup;rt"CEEdees;cxll,Hﬁdoy(fbuoeKambm.e ina W@ 55"%686’5 a phenyl group) .

However, it ysBoubgeber NOtRM 8hat ahfes G apy VidhenTebak. comppunds are not
necessarily limted to ‘the ‘above Ii st ed conpounds. The' rhodi um conpounds,

sui t abl e foRORGdr b3 ny|Riddimm eampoends dimte dovtagenkigands atdehdi ng to

t echni ques | .. kn I in WO 95
30680, U.S. e ’é’%t‘e%\%jo#etéﬁs’y Hethheqd: 4RAR dgﬁgaté%ig%&mzeoeses 1993,
Rhodi um conpégnadst#%e %d?ﬁefeﬁrﬂigﬁﬁ%c%\/rﬂfcﬁhoééﬁmbe Erampiese®hy the
present 15ul shdhnpaéfeia® phidddum compounds are Rh(CO) 5 (acac),

Rh(CO) 5 (C4HgCOCHCO-t-C4Hg) , Rh03, Rhg (CO)12, Rhg(CO)ig,
Rh(03CCH3) 3, and Rh(2-ethylhexanoate).

The reactant of the present process is a
monoethylenically unsaturated organic compound having at

20 1least one ¥ C=CE bond in the molecule and preferably 2 to
20 carbon atoms. Examples of suitable ethylenically
unsaturated organic compounds are linear terminal

. olefinic hydrocarbons, for example, ethylene, propylene,
1-butene, l-pentene, 1l-hexene, l-octene,

25 1-nonene, l-decene, l-tetradecene, l-hexadecene,
l-octadecene, l-eicosene and l-dodecene; branched
terminal olefinic hydrocarbons, for example, isobutene
and 2-methyl-l-butene; linear internal olefinic
hydrocarbons, for example, cis- and trans-2-butene, cis-

30 and trans-2-hexene, cis- and trans-2-octene, cis- and
trans-3-octene; branched internal olefinic hydrocarbons,
for example, 2,3-dimethyl-2-butene, 2-methyl-2-butene and
2-methyl-2-pentene; terminal olefinic hydrocarbons;
internal olefinic hydrocarbon mixtures; for example,

35 octenes, prepared by dimerization of butenes.

Examples of suitable olefinic compounds include those

substituted with an unsaturated hydrocarbon group,

12



| i gands are a preferred source of rhodium Exanples of 15 such preferred

rhodi um co are Rh(CO 2 (acac), Rh(CO 2(C4HICOCH Rh203,
Rh4( CO) 12, ‘qﬁﬁg’? 16, Rh(02CCH3)2, and Rh(2-ethyl hexan%@%ﬁe react ant

of the present process is a nonoethylenically unsaturated organi c conpound
having at 20 |least one i A C=C~ bond in the nolecule and preferably 2 to 20
carbon at onincExdnmpd eslafimsid tcabbourddydartadali hy ahnsedmgtdiced or gani c

conpounds a@ﬁbgtm@aéné eélmmaés st%sﬁéma@ﬁmd&%ﬁwgvfgrer{eo ar<anpl e,
et hyl ene, pr38¥ ene, but ene, 1-pentene, 1-hexenhe octene, 25 1-nonene,

1- decene, Qﬂ’éﬁ%?ﬁa 1- hexadecene, 1-octadecene, 1-eicosene and
1- dodecene; braerﬂIepedthVéemmll}oluﬂaamlcatgdircmmmbcns;)mpoun@mmlbe

| sobut eng gagsele@:&mlmubtan%ner an@afuﬂaa&eﬁafl %P&f‘ﬁé fuo%taﬁx%gcar bons,

for exanple, cis- rans- 2- butene, cis rans- 2- hexene, ~ci s- and

trans- 2- oct @nﬁet%}’%at%f?rd SYGH, RS- gx%?%nesullgflﬁncﬂéﬁr‘?grﬁ‘bﬂ?al ol efinic
hydr ocar bonphosphorexan@@amples- df netdgd h2tbubeahen-A:bastiltplced- but ene and

2-met hyl - 2- pg @@ﬁlcatﬁynua@atq&stwl&r&mrcoeaﬁ ShSds ix{ktl%rd@ablﬂyff' ni c
hydr ocar bon m epared by dinerization of

r for _exa 0 r
but enes. ﬁég %@%l %F’é’qg?g??ﬁ?c 38%306?18511? cldide those substituted
with anlﬁnsaeutam@mth;ndmc&m@ntgmmm:nﬂz WO 01/21627 PCTI USOCQ 25122 :

i ncl udi ng Ogeﬁéﬂt&m@d84cggﬁ@éﬁl® a@Rqarp@@by L substituent such as

styrene, ha rret I styrene enically
unsat ur at ed o?ﬁlé actoerfpguﬁ&ngﬁﬂabe ])':‘»/1 gu if?gﬂjf’ed "1‘%‘0 gr nor e
functi onal gevypeniduritls. niacgylachatid ssttems, suethyls atm:wg.em e,sul fur,
nitrogen or mpheseRArs adisaBBtess PinddigaenbehséOpiLue, Sehst i t ut ed

et hyl enwal Ig nsat ur at ed organi ¢ conpounds i nclude vinyl

The invention is especially directed to
hydroformylation processes in which a linear aldehyde
compound is prepared starting from internal
monoethylenically unsaturated organic compounds with 2 to

20 20 carbon atoms.

Preferred monoethylenically unsaturated compounds
that are useful in the process of this invention are
shown in Formulas IV and VI, and the corresponding
terminal aldehyde compounds produced are illustrated by

25 PFormulas V and VII, respectively.

10 H,/CO
CI-I;- (CHz)y- CH=CH- (CH;) X_R OHC - (CHz) y’x+3'R1a
catalyst
Formula IV ¥ Formula V
. H,/CoO
CH;=CH- (CH,) x-R* OHC- (CHz) xuz-R®
Formula VI catalyst Formula VII

13




nmethyl ether, methyl oleate, oleyl alcohol, 3 10 pentenenitrile,

4-pentenepj t 1] g& 3-pent enoi ¢ acid, 4-pentenoic acid, 'FE&Rﬁéfno/zsxzz
3- pent enog} eo,l}2 -Z)ent enal, allyl alcohol, 7-octen-I-al, “acrylonitrile,

acrylic acid esters, nethyl acrylate, nethacrylic acid esters, methyl
rnet hacryl ate, and 15 acrolein. The invention is especially directed to
hydr of or nyIvateirednpr ocesses in which a |inear al dehyde conpound is prepared

starting fromintgrnal »mreet bybgi cat o) mitrat Waioed -ergaYL opgnpounds
wWth 2 to 20 20 carbon atons. Preferred oethyl eni cal |y unsaturated
conpounds that afe*fis®?ut?iS¥héTBFo e%%nf#' this invention are shown in
Formul as |V and Vk, iangntintegem dxponbli hg 12erni nal al dehyde conpounds

produceg are ill ugtratsedn@Yr2arEOL8UAESi neARGYEl., respectively. H2/CO
Formil a v 1) GOF DALY PSS9 0 el FOp SRS RP B8MM a w1 cat al yst
For mul a VI lunse3uy@ted/ o16a7i PCHMES0DAs5ape 3 viprntanenRtrideH -CN, - CO2R5,
-C (O NRSREpen@dRoicORcid Prafdialkyli 3-pént&tieaed, foiem QstRedidyl X IS an
I nt eger fr%rpo o] %2' 5 Rﬂ RS an a§§e r asode(;c in d abo¥e Particularly
preferred iMESPTEFCRSRoet YT eHiFEEF § uﬁgg?u?aped‘ oa?ﬁﬁﬁ% e3r®bunds are
3- pent dflenithe presedtppneesrd ctagitdnsandthl fye & dwsencareourndgeh as net hyl
3- pent enoatgy TheukbRCAEvAURBAR1GOFROLAE FERARIBY of ¢-
caprolactam, hexamethylenediamine,
6-aminocaproic acid, 6é-aminocapronitrile or adipic acid,
which are precursors for Nylon-6 and/or Nylon-6,6.
15 The 3-pentenenitrile may be present in mixtures
containing 4-pentenenitrile. Similarly, when alkyl
3-pentenocate or 3-pentenoic acid is the reactant used in
the present process, mixtures containing alkyl
4-pentencate or 4-pentenoic acid, respectively, may be
20 present. Because the 4- isomers of these compounds react
in a gimilar fashion as their corresponding
3-isomers to the desired linear aldehyde, a mixture of
isomers can be used directly in the present process.
Hydroformylation of these 3- and 4-isomer can be carried
25 out in the presence of 2-igomers. Impurities can be
present as long as they do not interfere with the
reaction.
The hydroformylation process according to the
invention can be performed as described below.
30 The reaction conditions of the hydroformylation
process are, in general, the same as those used in a
conventional process, described for example in U.S.
Patent 4,769,498, and will be dependent on the particular
starting monoethylenically unsaturated organic compound.
35 For example, the temperature can be from ambient
temperature to 200°C, preferably from about 50 to 150°C,
and more preferably from 85°¢ to 110°C. The pressure may

14



10 the present process starting with one of these conpounds can be used

advant ageo&g(*%mié@l# he preparation of s- caprol actam heXQQW%Iﬁgdii am ne,

6- am nocap d, 6-am nocapronitrile or adipic acid, Fe
precursors for Nylon-6 and/or Nylon-6,6. 15 The 3-pentenenitrile may be
present in mxtures containing 4-pentenenitrile. Simlarly, when al kyl
3- pent enoat evary Fyppennenont preskurse tthe S5rBMBat gntefiesratbliyn frbweo pr esent

process, m XtYrLmmont andi pPedbld id- BENLERYH € Yuad- E‘an}ﬁeoi ¢ acid,
respectively, W’y be 2% Bresent Because the, 4- isoners of these conpounds .
react in a SYPRIMS AYSHPIR™ 220 HEAHPOR PPESHHIRIIRAF 143 s BREFSIYSR t he desi r ed

| i near al deﬁmvax,mextgaeinért ioTeEY gayanlode hesqoregenegt tiei n the present
process. 5 HygrafQnny hat 99r9fff&@§qu%\h1aﬁge§é%§é)r@ 1%61&1:9%% ried 25 out

in the presence of 2-iSoners. | urlg es fan e . present as ng as they do
not interferdSut FAERE 3FERYTUTT THEhYPALIF FahARCERYPFE8®_ stAccording to
t he i nvent iarisan roaogédé of sregeresraddychebeckhalocow ad8 Theoy eant i on

condi tions gfydha e sbewoah ad ioundprogess are, in general, the same as
t hose used i'n a conventiongltgrocess, descri bed for_exanple in U S
e

Patent 4, 769, 498 PR WY © PRI "SIt ORI diSase18E5RE ng
monoet hyl0enisaltdhatufexpurbl @ dregujdsi cavobpoebithings Wothexespia; tche

t enper at ur e Gam kel LeELaB) edtla ﬁz%@%%aéé&%rﬁfp. 2QQCgeneph el ably from about
50 to 150C, and nore.preferably from85 to 1 . Thé pressure may 14 WO
01/ 21627 PCﬁWf@Eégn ?/grvaf%dﬁlﬁ’& Wﬁ?agr’ébgzgﬁerteﬁc l‘Rﬁ’a",‘e‘%‘r"é"f erably
fromO0.1 tds deeweeNh0prrd sif.@00s ppasand rudre pegderabby t betwesanbi ned
hydrogen andsagion 000 Ngph decPardliadbdPaESErELE e aiowever, extra inert gases
may alSque presfﬁg;mgfy% ratio of phosphorus ligand to transition

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

0.5 to 100 and preferably from 1 to 20 (moles phosphorus

20 per mole metal).

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

25 hydrocarbons (for example, kerosene, mineral oil, or
cyclohexane), ethers (for example, diphenyl ether or
tetrahydrofuran), ketones (for example, acetone,
cyclohexanone), nitriles (for example, acetonitrile,
adiponitrile or benzonitrile), aromatics (for example,

30 toluene, benzene, or Xylene), esters (for example, methyl
valerate, caprolactone), Texa_nolo (Union Carbide), or

dimethylformamide.

EXAMPLES

35
The following non-limiting examples further
illustrate the invention. All percentages are on a mole
basis, unless otherwise noted.
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5 pressure may vary fromnormal pressure to 15 MPa when inert gases are
present. The nolar ratio of hydrogen to carbon nonoxi de_ .l ally

bet ween 18C044371: 10, and preferably between 6:1 and %Fgamgﬁéﬁgnount of
transition netal conpound is selected 10 so that favorable results can be
obtained with respect to catalyst activity and process econony. In
general, the concentration of transition netal in the reaction nedium is
bet ween 10 and 10, 000 ppm and nDreE?éﬁﬁﬁé?EIy between 50 and 1000 ppm
.calculated as free netal. 15 The ar 1o of phosphorus ligand to
transition netal is selecte esults can be obtained
Wth respect to catalyst activity and desired al dehdye selectivity. This
ratio generally is fromabout 0.5 to 100 and eferably from1l to 20

(nol es phosphorus 20 per nole netal) SQ nt may be the m xture of
reactants of the hydrofoynylation re on i PS8 f, such as the starting
unsat urated conpound, t al gehyde produck andlor by-products. O her

sui tabl e sol vents incl ude %atur at ed geii

ons (for exanple,
kerosene, mneral oil, or cycl oheX 3 for exanple, diphenyl

ether or tetrahydrofuran) %Qeg acetone, cycl ohexanone),
nitriles (for exanple, ace trig’e, 2 or benzonitrile),
aromatics (for exanple, 30 tolueq?, o] xyl ene), esters (for
exanple, methyl valerate, afne o(r) (Union Carbide), or

di et hyl f or mam de. EXAMPLES he(;ollbmjng°no -limting exanples further
illustrate the invention. A

ot herwi se noted. 15

Ligand 1

5 Isopropyl 2-hydroxyphenylacetate was prepared using
the procedure described in J. Amer. Chem. Soc., 70, 1948,

1930. To a flask were added 10 g of 2-hydroxy
phenylacetic acid, 99 mL of isopropancl and 9.9 mL of
concentrated sulfuric acid. The mixture was refluxed for
10 5.5 hrs, poured into 400 mL of ice and extracted with 3 x
100 mL of ether. The organic layer was washed with 100
mL of aqueous solution of sodium bicarbonate (saturated).
The organic fraction was dried over sodium gulfate and
the solvent removed by rotary evaporation. The residue
15 was flash chromatographed on silica gel eluted with 10%
ethyl acetate/hexane to give 9.227 g of the desired
product as a white solid. ‘H NMR (300 Mhz, 8§, CDCl,):

7.16 (m, 1H), 7.08 (dd, 1H), 6.%2 (dd, 1H), 6.80 (m, 1H),
5.04 (septet, J = 6.2 Hz, 1H), 3.60 (s, 2H), 1.25 (4, 6.2
20 Hz, 6H).

The above phenol (4.8 g) was dissolved in 100 mL
diethyl ether, and cooled to -40°C in a nitrogen purged
glove box. Triethylamine (3.0 g) was added, followed by
the addition of 2.1 g of diethyl phosphoramidous

16



WO 01/ 21627 PCT/ US00/ 25122 ' EXAMPLE 1 Synthesis of Ligand 1 0 0 o\ O 'O
0 I o 0 ~oo0f / Ligand 1 5 Isopropyl 2-hydroxyphenyl acet ate was
prepared u¥AHY2182he procedure described in J. Aner. ChenPCHURY2HY 1948,
1930. To a flask were added 10 g of 2-hydroxy phenylacetic acid, 99 nL of

| sopropanol and 9.9 nL of concentrated sulfuric acid. The m xture was

refl Uxedfford18hﬁo:5i&H.S, upeu additidn wmtaﬁliﬂﬁom;@maa?éed wth 3 X
100 nL of et The, or ganj ) S  t 00 aqueous

sol ution of gg%lll“%ﬁn c|iec'ar SJREF% %{%1 %?i}ta\g%) ESQI?%%_ orllg:]haenirggfLVFgcc’?i on was dried,
over sodi um BiXFEre WA stiggedory ofAon &epPegabyre ofak PrevapBrati on. The '

resi due 15 Wegenh | 85 SRIOBRERIE borelikb@a (gehtel e With 10% ethyl
acet at e/ hexane to%a/e 9, 227 g g t he desired product as a white solid.
¥s)

"'H NVR (300m#R3E2 Py) Johng Mapvidle) fprpy) og They Fitfyats. @3S (dd, 1H),
6.80 (M 1H)conderdratsehtiet yvadus o Xiddd SHB, g3(B6%) of 2Hp, 1.25 (d, 6.2
20 Hz, 6H). : di i Jzh . di et hyl
cther. and coorEaRRiRieRRboapothld R Eeoott il | Ilnll . O Pyl

Cin anitrogen purged glove ri et hyl am ne
(3.0 g) was atHet PHBI | owed by the addition of 2.1 g of diethyl

phosphor am dous TBe Vib&xid ZGREPhBEIMLSHUPTE2AS . di ghl was diissdieordaddi ti on of
di et hyl Hﬁosfﬁmidﬁﬁnﬁp%§hydrous ether and cooled to
-40°C. To the stirring amidite solution was added 23 mL
of pre-cooled 1M HCl solution in ether via an addition
funnel. Upon addition, white precipitate formed. The
mixture was stirred for 10 minutes, and cooled back to -
15 40°C for 2 hours. The resulting slurry was filtered over
a pad of Celite®, and concentrated in vacuo to yield 5.1
g of the corresponding phosphorochloridite. *P NMR
(toluene) : 162.1 ppm.
The above phésphorochloridite (5.12 g, 11 mmol) was
20 dissolved in cold ether (30 mL) and cooled to -30°C.
To this was added di-o-tolyl 2,2'-dihydroxyl-1,1'-

binaphthalene—3,35—dicarboxylate {(2g, 3.61 mmol) while
stirring, followed by dropwise addition of triethylamine
solution (1.1g in 5 wmL ether}). After the addition, the

25 mixture was stirred at room temperature for 15 minutes,
then left standing at -30°C overnight to yield a white
slurry. The product was filtered through a pad of
neutral alumina, and the filtrate was concentrated in
vacuo to give a waxy white solid. This solid was washed

30 with hexanes to yield 2.0 g of white powder. *'P NMR
(toluene) : major resonance at 129.4 ppm, along with minor
peaks at 127.1, 131.3 ppm.
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dichloride, a white precipitate formed. The reaction mxture was stirred
at roomtenperature for one hour, then filtered over a pad of Celite(r)
(filter aMPO/ABATuf actured by Johns Manville Corp.). ThePGT/YPEIE2 was
concentrated in vacuo to yield 5.8 g (9620 of the ' correspondi ng
phosphorous am dite. 31P NMR (toluene): 141.7 ppm The above phosphorous
amdite (5.8 g) was dissolved 10 gahP0s Ma anhydrous ether and cooled to
-40C. To the stifri,ng.anm djte sol %log wa d of prde-cool ed 1M
P oA HTHE RS whit e

HCL solution in &t

preci pitate fornmed. ThARhodiumbdsiagrisony . , and cool ed
back to 15 40C for 2 hours. The resulting slurry was filtered over a pad
of Celite(r), and cangcentrated jn vacug to yield 5. g of the

correspoﬁdi ng p%bs%ﬁé’rctd‘(?ﬁl GPPHER 1S e ORME gft%’r%ﬁt)% P694% 8pm The above
phosphor ochlodr irietlaunsbig (earbbhydo ke tpbacepriites okvgdot noxxtalk et her (30
nL) and coolkeentBroBOfzend O(ddiisit¥@siaRddesthdlird- Loky o2y 2of di hydroxyl -1, 1
bi napht hal ene- 3h§3I - di cerb xyl at e %{2__‘& 3,61 m%ﬁi) v,vhbl e “stirring, foll owed
by dropwi se aBartEBREOFTHT AR PafFHe2 d FATST MEPg3i% S nl ether). After
t he additi oAmbeéy286®mAxRur tomesxctiangeetdesin r Gasaklgnpasatyre for 15

m nut espn t . ding .at - 30 er ni ovyi.eld a white slurry.
The pr odbct R%gb?{af:%éxﬁgﬁrﬁ%&&g Vglgagi/%fma’ﬁgﬂc:;gf%gl }6¥n FRpm #Rf ¢ he
filtrate wa¥aashcERrraf cuinuresyafhe rosip wasy nemeyedhby ef siratickhi s sol i d
\(Nasl wash)ed 3Qawthd Bexatvsn tlQ;aiiie@ fn€o O 0h of miaheoe;omranélPkNNR 197 1
t ol uene): r . m Qn th_m nor eaks at .1,
131. 3 ppm ﬁh%do‘(ﬁ%g‘g’%eﬁ%ﬁﬁsuéggﬁgﬁ%zun%&%?ﬁ Qﬁa witn £

mixture of CO and H, under flowing CO/H, at a rate of 20

15 mL/min at 95°C for 6 hours. A sample was removed from the
reactor after 6 hours and analyzed by gas chromatography
using an HP 5890A Chromatograph with a Quadrex 23 fused
silica capillary column (30 meters, 0.32 mm I.D., 0.25 um
film thickness) purchased from the Quadrex Corporation.

20 GC analysis: (mole%):
2-pentenenitrile 2.13%, valeronitrile 8.1%, 3-
pentenenitrile 8%, 5-formylvaleronitrile 70.2%.

% Conversion is the percentage of 3- and
4- pentenenitrile which is converted to products.

25 % Selectivity® is the percentage of the product mixture
that is comprised of 5-formylvaleronitrile, and
$ linearity$ is the percentage the aldehyde products that
is comprised of 5-formylvaleronitrile. Conversion of
pentenenitriles: 92%; selectivity to

30 s5-formylvaleronitrile: 78% on a mole basis; linearity of
aldehydes produced: 87%.
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Hvdrof ornmvl ati on of 3-Pentenenitrile with Ligand 1/Rhodium

bi s(carbonyl )acetyl acetonate 5 A solution containing 1.09 g of Ligand 1,
0. 040 g owomhagtlum bi s(carbonyl) acetyl acetonate, 2 g OFCRWS0p@s122

di chl orobenzene (GC internal standard) and 70 g of 3-pentenenitrile was
m xed and stirred with 3 g of Anberlyst(r) A-21 ion-exchange resin (weakly
basic, 10 nmacroreticular resin avaié:%%aggﬂ‘[ﬁ\uf actured by Rohm and Haas)
for 15 minutes. The resin was reno tratlon and the sol ution

| oaded i nto a B8P FALG : ' hg under
0.45 MPa with a 1:1 rﬁnﬁdﬁamoblﬁﬁmbﬁazuadgyléémmw H2 at a rate of
20 15 mL/mn at 95C for 6 hours. A sanple was renoved fromthe reactor
after 6 hours and anal yzed by gas chronat og raE usi ng an HP 5890A

Chr onat ogr aph wi ¥k 3 VYR ¥283PFeR¥Pd & ISOLYt £aR| FIAA ndeouRathEd neters,
0.32 mm | . D3 gerdendatef i( b 0% i) cI«mhmpmecdsmmyﬂneﬁetpEa@wH@e
Corporat! on. 3 20wy, 20akY S| 5:adilGMbenzehEn e Lhi LEaga

val eronitril e penteneni tril val eronl |‘I e 70. 2%
Conversi ons 94 M ﬁé‘r tehierr ofp Porkignof pteffﬁseﬁé’ﬁPFFPPewﬁli‘?‘iiqu
converted taxgprodlass-1l2hed Bedsatireyiveyses di groughnbage o6Litiorproduct

m xtur e 1! Nale iehC9BELECH Hs Snf Qﬁ”ﬁbi&éﬁé%é ddRa pO0givdipgarity is the
percentage t é %gro uct I'S conprise

5-f or nyl val &%ﬁvﬁlﬁp nvkgand r'F &P Bent@i‘?erﬁetaﬂt%s""a%ﬁ/&a]seé?'ectl vity to
30 5-fornyl vadeaxsouriized| eo FSF ¢Paawibheabasi syixtureantt @0 oind &#,dehydes
produced: " 81a 1800400423637 RETHURGNLED e BXAUBLE L HYGlr myl at i on

of Met hyl 3- P tenoat e t nd car bon acetyl acet onat e
y <:{~I epressurv'\f'leed %% a samp % trne re ctlon ture y

15 was analyzed by gas chromatography on an HP 5890A
Chromatograph with a DB-FFAP fused silica capillary
column (30 meters, 0.32 mm I.D., 0.25 um film thickness)
purchased from JW Scientific. GC analysis: {(mole %)
methyl-2-pentencate 5.6%, methyl valerate 1.7%, methyl-3-

20 pentenoate 28.3%, methyl-5-formylvalerate 62.2%.
Conversion of methyl pentenoates: 71%; selectivity to
methyl-5S-formylvalerate: 88% on a mole basis; linearity
of aldehydes produced: 98%.
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5 1n a drybox was prepared a solution containing nethyl 3-pentenoate (0.5
M, rhodiumis(carbonyl)acetylacetonate (1.0 mM, and 1, 2-dichl orobenzene
(internal WAUAMATd, 0.14 M in tol uene. A portion of tRCIUSHMIHI20n was
added to a glass-lined pressure vessel and enough of a solution 10 of the
ligand (0.05 M in toluene was added to give 4.6 equivalents of Ligand 1
to Rh. The reactor was sealed, presgaMpiges to 0.45 MPa with a 1:1 mxture
of CO and H2 and heated to 95C for ;3 hours. The reactor was cooled and
depressurized, and a sanple = i 2ure 15 was anal yzed by gas
chr omat ogr aphy on an HP 5890A Chronmat ogr aph mnth,a DB- FFAP fused silica
capillary colum (30 neters, 0.32 nm|I.D., 0. sum filmthickness)
purchased from JW Sci efftyjfig€C. GC anal ysi g _ (nole 9% nethyl - 2- pent enoat e
5.6% nethyl valerate 1.7% nethyl-3 20 pe'ten 28. 3%

met hyl -5-fornyl valerate 6272% Conyve | pentenoates: 71%
selectivity to nethyl-5-f | yal erad ;.Qﬂon le basis; linearity of
al dehydes produced: 98% OYy-2 .27 PC?/US 22 EXAMPLE 2 Synthesis
of Ligand 2 0 M NO M OO M F ' PO Oro OM O M M
-0 0 ° o
| O\Me ° Ee

Me —0 °

Ligand 2
5 The phosphorochloridite of methyl 3-(2-

hydroxyphenyl) proprionate was prepared from PCl, in
toluene with triethylamine as base at -30°C. 3P NMR of
the reaction mixture: 162.8 ppm. To this mixture was
added dimethyl 2,2'-dihydroxyl-1,1'-binaphthalene-3,3'-
10 dicarboxylate and more triethylamine. The mixture was
filtered through Celite® and the solvent removed by

rotary evaporation. The residue was dissolved in toluene
and passed through basic alumina with toluene. The
solvent was removed and the residue passed through silica
15 gel with toluene and then tetrahydrofuran. Solvent was
removed from the tetrahydrofuran fraction and the residue
vacuum dried. *P {H} NMR (202.4 MHz, CDCl,): major
resonance at 131.0 ppm with minor other resonances at
147.0 and 131.4 ppm.
20
EXAMPLE 2A

Hydroformylation of 3-Pentenenitrile with Ligand 2
/Rhodium bis (carbonyl)acetvlacetonate

25 A solution containing 0.018 g of rhodium
bis{carbonyl)acetylacetonate, 3.7 equivalents of Ligand 2
to Rh, 1 g of ortho-dichlorobenzene and 30 g of
3-pentenenitrile was loaded into a 100 mL autoclave and

20



Ligand 2 5 The phosphorochloridite of nethyl 3-(2-

hydr oxyphenyl ) propri onate was prepared from PC13 in tow&
triethyl alWae12i62hase at -30C. 311p NVR of the reactio ure 162. 8

ppm To this m xture was added di et hyl
2, 2" -di hydroxyl -1, 1" - bi napht hal ene-3,3" 10 di carboxylate and nore
triethyl am n%eaIQ@ m%ﬁltlu\'}:@gd{@ﬁls fs't'ﬂ:?i.l@@ dd@erugh4€ehipi efioh and :bhe sol vent

renoved by rqtar éFevgpﬁ%atl ‘ﬁhelr |og,li|(;i /Ig ?‘s_ogvggté nd ol uene and
C wetito

passed thr ouﬁ‘r’rxﬁﬁ uene was renoved and the:
resi due passegprbxoughely|3CAlYBigent 3% tferu%n@‘&?ﬁj fhenTeaEFARydr of ur an.

Sol vent was vfa%nassﬂeér&mt&@ﬂe%@ﬁ@mxddpfaﬂara saaplé oot aulk t he residue
vacuum dri_ed.

oo th B nSESERER PLAOHSCRE AL LA (OLSF %?*ﬁ*‘at‘“ﬁ%@é%%&m ’

Hvdr of or nv| a#PoA88DA3Ceenatraiaphi Wathi 3 HRuadyeFd 23 fv*

bi s(carbonyl }\agetiyhagetonaie 2o Aetels] i B @i al Di. ngo m@m glafn r hodi um
bi s(car bonyl ) Iac t onat.e u I 1 g of
or t ho- di chi ortg‘ﬁgkggﬁi a%%r%se% %rgg %%%t@gem Fe Was "foo g;é'Rhnto a 100
mL aut ocl ave amdyE@SV\O(ml?l‘GZ? P@FF%B@W%-]?—?ZP’ ﬁeat%%ll%ﬁqrﬁ‘t\?l §tous
stirring jgnder 405453 Mpantéhdhidrlilek 706X} \B-EcainyClatatonX wilid e f | owi ng

COHz at a r%ée Qf appr oxi naf ¢ eloé ggn (%le)cf?tle%Snggr S US4 +Ihe reactor

was cool ed a aépressurl Z€e reactjon m xture was
anal yzed by ¢as Sc Fponal vykensmitailen SEP BFONOERr BABH Dy rHgitamitY a Quadr ex
23 fused siliggaalaapihéarpranlosm ¢39.meters, 0.32 mMmm1.D., 0.25 umfilm
t hi ckness) purchased fromthe Quadrex Corporati on. CC

15 EXAMPLE 2B

Hydroformylation of Methyl 3-Pentenoate with Ligand

2/Rhodium bis (carbonyl)acetylacetonate

Reaction was run as in example 1B, but with 4.6
20 equivalents of Ligand 2 to Rh. GC analysis: (mole %)
methyl-2-pentenocate 6.4%, methyl valerate 3.2%, methyl-
3-pentenoate 21.2%, methyl 5-formylvalerate 66.4%.
Conversion of methyl pentenoates: 79%; selectivity to
methyl 5-formylvalerate: 84% on a mole basis; linearity
25 of aldehydes produced: 96%.
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analysis: (nole % 2-pentenenitrile 3.6% valeronitrilel 10 5.4 %
3-pentenenitrile 7.5% 5-fornylvaleronitrile 53.5% Conversion of

pent eneni tYQP¥H6279204 sel ectivity to 5-formyl val eronit rfCEUS8RYHNn a nol e
basis; linearity of aldehydes produced: 73% 15 EXAMPLE 2B

Hydr of ornvl ati on of Methyl 3-Pentenoate with Licrand 2/Rhodium

bi s(carbonyl ) acetvl acetonate Reactiggavpgs sun as in exanple 1B, but with
4.6 20 equival ents of Ligand 2st%th" GC. anal sd's: (nmole 99

net hyl - 2- pentenoate 6. 4% et : thyl - 3-pentenoate 21.2%
met hyl 5-fornylval erate 66.4% Conversion of nmgthyl pentenoates: 79%
selectivity to nmethyl 5-fornylvaler .~ 84%pom a nol e basis; linearity 25
of al dehydes produced: 96% 21 WO O 627 PCI/ US00/ 25122 EXAMPLE 3
Synthesis of Licrand 3 me\e °/ O O Me,, 0 O'000O0 \ O0\NIT /T OO
O O/ M M -0 Ligand 5 The sa RLéeed #s exanple 2 was foll owed,
but with di-o-tolyl 2,2'-di/hydrop 1' - pf napht hal ene-3, 3' - di carboxyl ate

i nstead of dinethyl 2,2'- \OXY

Ligand 3

The same procedure as example 2 was followed, but
with di-o-tolyl 2,2'-dihydroxyl-1,1'-binaphthalene-3,3'-
dicarboxylate instead of dimethyl 2,2'-dihydroxyl-1,1'-
binaphthalene-3,3'-dicarboxylate. *P {H} nmr (202.4 MHz,

10 CDCl,}: major resonance at 129.4 ppm with minor resonances
at 148.3 and 131.4 ppm

EXAMPLE 3A
Hydroformylation of 3-Pentenenitrile with Ligand 3

15 /Rhodium bis (carbonvl)acetylacetonate

Reaction was run as in example 2A, but with 3.7
equivalents of Ligand 3 to Rh for 5 hours. GC analysis:
(mole%) 2-pentenenitrile 1.8%, valeronitrile 18.0%, 3-

20 pentenenitrile 4.0%, 5-formylvaleronitrile 60.5%.
Conversion of pentenenitriles: 96%; selectivity to 5-
formylvaleronitrile: 63% on a mole basis; linearity of
aldehydes produced: 81%.
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bi napht hal ene- 3, 3' -di carboxyl ate. 31P {H} nm (202.4 WMHz, 10 CDC13): nmmjor
resonance at 129.4 ppmw th m nor resonances at 148.3 and 131.4 ppm
EXAVPLE 3/ AWOMHRRDr nyl ati on of 3-Pentenenitrile with Li RGEHREOY2513E5 | Rhodi um
bi s(carbonvl)acetyl acetonate Reaction was run as in exanple 2A, but with
3.7 equivalents of Ligand 3 to Rh for 5 hours. GC analysis: (nole%
2-pentenenitrile 1.8% valeronitrilgal@rf%p3- 20 pentenenitrile 4.0%
5-fornyl val eroHi Q. Co ' f enit| 96%
selectivity to* Sumia Sime apQndarity of
al dehydes produced: 81/F NObA)S [ O ¥ BlcelBt ilofyf: AMPLE 3B
Hydr of ornyl ati on of Methyl -3-Pentenoate with Liaand 3 /Rhodi um

bi s(car b0£yl )ace}t%l acetonate 5 Reacfion was run as in exanple 1B, but wth
4.6 equidal ent sSREPCHPATRSITHE B, 16X s?Er%%l“@% 4-fet hyl :
2- pent enoat eedu 34 lamgishpf Lagandit®e tb B% ne€hghaldsigentmodat®e) 36. 9% net hyl

T 10 et hy e B e are T L oF al dehy des
- : 0 X
pr oduced: 96%“%%%'géyrf?%tgy‘{s%éffoﬂnﬁgﬁﬂf%am) §fOE OP,0 0Z0 0 o~

P.OO Conversion of methyl pentenoates: 62%; selectivity to

10 methyl 5-formylvalerate: 88% on a mole basis; linearity
of aldehydes produced: 96%.

E PLE 4
Synthesis of ILigand 4

15 Ligand 4

With stirring under dry nitrogen, 2,2'-dihydroxy-
1,1'-binaphthalene-3,3'-dicarboxylic acid (8.42 g, 22.5
mmol) was dissolved in dry tetrahydrofuran (500 mL) then

20 cooled to -78°C with a dry ice/acetone bath.
Phenyllithium (100 mL of 1.8 M in 70/30
cyclohexane/ether, 0.18 mol) was added dropwise, then the
solution was allowed to warm to ambient temperature.
After stirring overnight, deionized water (50 mlL) was

25 slowly added to the reaction solution at 0°C. With
vigorous stirring, 1 M hydrochloric acid was added

23



COO0 OY 15 Ligand 4 Wth stirring under dry nitrogen, 2,2'-dihydroxy-
|, 1' - bi napht hal ene-3, 3' -di carboxylic acid (8.42 g, 22.5 mml3 was
di ssol ved™oP13#67t et r ahydr of uran (500 nL) then 20 cool E&TASW2ER with a
dry icel/acetone bath. Phenyllithium (100 nmL of 1.8 Min 70/30 _
cycl ohexane/ ether, 0.18 nol) was added dropwi se, then the solution was
al | oned t oawepwike aibienihd am&elrrapua@e dbéﬁ(‘jatn%r S&Ebﬁélf‘ga@i/&. gl (lgﬁ{, oc
dei oni zed water ( S o] ed, t e_reaction solution a '
Wth vigor oEZ'st?g?r!r’%g?%%“iw%ﬁ‘ﬁ Fo%%o‘??%‘egciwgt\%\lagaéﬁﬁeﬁl %3 171 WO
01/21627 PEFPRSBDPTB1P¥nNR o fkesedtned | OYere MAgnesiphagel fRtcmmndst rongl y
aci di ¢ (pHevapdyatdie Origarnirangbasesidse W&‘dﬁg@d\ﬂsbbl\h@aeinl $ha separatory
funnel, cth ' i u te.a .evaporat e e orange
resi duesmggfgg#§%€%§%| n g %ﬂg%gréﬁﬁgﬁ%ﬁe@ gﬁglggu?eed ffj]fﬁ%'ugh a silica
gel plug. ThRecBRBEYLFH1TatE Fagasveneptired @ vdeyfeld2 2 2' - _
di hydr oxy- dihydborpphf hedieitph taawhf(pmnwilsalmgﬁ)(néﬁél%@m)y%ld @w solid
(10.5 gnm. h r loorj dite of isopropy - :
hydroxypheﬁ’%??g‘rgi %%??%ng{&;'s.\i\ggqgre.pared as described in exanple 1. 31P NWR
(tol uene): S 16Fhep phosphayeehlaridite. ofj happrtrilerfe-(3-3' - bi s( phenyl ket one)
was added hgdibeyppaogphariegh ieﬁhﬁétﬂa@fpﬂ@ﬁfﬁl’eﬂpﬁb aeé%rilbeq in ol ou
hydr oxyphenyl | opriQ [ he esence o Q fkrie am ne, follow ng
the pr ocedﬁr%?"g%‘tel ]lt')‘nedislialErlll\s?R e&é’#‘b’F@giiol‘%rel &’%i géﬁ%yéfg’?}iﬁ'ﬁl\/l? (t ol uene)
:8 127 (nhjivaphtifBerfer N@');-bis (phenylketone) was added to the

phosphorochloridite of isopropyl 3-(2-

hydroxyphenyl)prioprionate in the presence of

15 triethylamine, following the procedure outlined in
example 1 to yield Ligand 4. *P NMR (toluene):§ 127
(major), 123 {(minor).
EXAMPLE 42

Hydroformylation of 3-Pentenenitrile with Ligand 4
20 /Rhodium bis (carbonyl)acetylacetonate

In a drybox was prepared a solution containing 3-
pentenenitrile (0.5 M), rhodium
bis (carbonyl) acetylacetonate (0.85 mM), and 1,2-

25 dichlorobenzene (internal standard, 0.14 M) in toluene.
A portion of this solution was added to a glass-lined
pressure vessel and enough of a solution of the ligand
{(0.05 M) in toluene was added to give 2.9 equivalents of
Ligand 4 to Rh. The reactor was sealed, pressurized to

30 0.45 MPa with a 1:1 mixture of CO and 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 chromatography on an HP 5890A Gas
Chromatograph with a Quadrex 23 fused silica capillary

35 column (30 meters, 0.32 mm I.D., 0.25 um film thickness)
purchased from the Quadrex Corporation. GC analysis:
(mole%) 2-pentenenitrile 7.2%, valeronitrile 9.9%, 3-



EXAMPLE 4A Hvdrofornyl ati on of 3-Pentenenitrile wth Ligand 4 20 /Rhodi um
bi s(carbonyl )acetyl acetonate In a drybox was prepared a ' cont ai ni ng
3- penten PWIF?gy(O. 5 M, rhodium bis(carbonyl)acetyl f?::g.kdéﬁ)gggn(o. 85 mv),
and 1,2 25 dichl orobenzene (internal standard, 0.14 M in toluene. A
portion of this solution was added to a glass-lined pressure vessel and
enough of ap&sldHdmrofiet be. 1% gandorn@lialddonitidleucnesnas added to give
2.9 equival gnt . LI Rh.. e ct | ed,c Pressurized to
30 0. 45 I\/Pa&\’/\rllnfehr%félL I fggﬁg?é?%&oﬁ?@é&zghdﬁﬁ% a%c% e\ﬁtggt‘%g?t gg 5950 for 3 hours..
The react or EQRRy lvgdleganakallee piads Stir PzBALe HRPIF isdAPPETLFY tHe reacti on

m Xt ur e wasalddgmidezeprbyugas: cduamat ogr aphy on an HP 5890A Gas
Chronatqgraph with a Quadrex 23 fused silica capillary 35 columm (30
meters, '0.32 mm1[.D., 0.25 umfilmthickness) purchased fromthe Quadrex

Corporation. GC analysis: (nol eREERMELE: @nenitrile 7.2% valeronitrile
9.9% 3- 24 WO 01/21627 PCT/ Bg0thesild >f pegandeditrile 24. 7%
5-fornylval eronitrile 53.6% Conversion of pentenenitriles: 78%
selectivity to 5- fornylvaleronitrile: 72%on_a nole basis; linearity of

al dehydes produced: 90% 5 EXAMPLE 5 Synt §I's of Lij gand 5 Ma M 0O /
Ove 0

Ligand 5

10
The reaction was carried out in an inert atmosphere.

In a 100 mL flask was added 0.206 g of phosphorus
trichloride and 16 g of toluene. The mixture was cooled
to -30°C and 0.499 g of methyl 2-hydroxyphenyl acetate

15 was added. To this cooled solution was added dropwise
0.400 g of triethylamine in 8 g of toluene which had been
cooled to -30°C. After addition of the triethylamine,
0.605 g of dimethyl 2,2'-dihydroxyl-1,1'-binaphthalene-
3,3'-dicarboxylate was added along with 0.300 g of

20 triethylamine. The mixture was stirred overnight,

filtered over Celite® (Johns Manville Coxrp.), and solvent

removed by rotary evaporation. A thick yellow oil (1.274
g) was obtained. **P {H} NMR (202.4 MHz, CDCl;) indicated
a mixture: 145.8, 130.9, 130.4, 129.4, 129.0 ppm. Matrix

25 Assisted Laser Desorption Ionization Mass Spectroscopy
(MALDI MS): found M' + Na: 1144.5; calculated for C,H;,0,,P,
+ Na: 1145.2

25



Ove noo O Ligand 5 10 The reaction was carried out in an inert

at nosphere. In a 100 nL flask was added 0.206 g of phosphorus trichloride
and 16 g YOS $Ene. The nixture was cooled to -30C and U292t net hyl
2- hydr oxyphenyl acetate 15 was added. To this cool ed sol ution was added
dropwise 0.400 g of triethylamne in 8 g of toluene which had been cooled
to -30C. After addition of the trEgaMpiRnsMme, O0.605 g of di nethyl

2, 2" -di hydr oxyl oF QR4 3 _Bept ol ded along with
0.300. g of 20 %I%f%(t)ﬁ [ an] ,:Eelwl_%ge?n %ﬁ?%rgémlgglg?g@éﬁo%??ﬁﬂht, filtered
over Celite(r) (Joh rerr RiSjEegroonyaacelivigsetongkgved by rotary
evaporation. Athick yellowoil (1.274 ) was obtained. 31P {H) NWR (202.4

Mz, 13) i ndg i re, 14 0,9, }égo , L4, 129.0 ppm
Mat r i >C<:D§5 Assi,g%%étﬁ%se?gaaggg %? o]gln %S%mfégi %)%' SsS vé'pter%t?s?'gscopy ( MALDI

MB) : foun@TVRIREES 190 4L3gana, 1% frafBd Foramadaiksa dpole+sNa2- 1145. 2 25 WO
01/ 21627 PEENYSHEen2si2le TFNPlvialeikohiderbleormdsgt sopeatedeletiEnenitrile
with Li gand; SeRhadiedpndi 1 1aCgt vhacet .Reaction was run as

i n exanpl ecﬁd}A?’/ but . wi trp%%f%re%ﬁir&v@é%{gn?% '(b)? Li (Ea{)?ilygggtléaqRﬁE GC anal ysi s:
(nmol e %) 2PHERPERERFLITT & B 6% SIECEABRFY 52 7. 9% 3-pentenenitrile

21. 7% 18- f dlompintabéevonitrile 6 79%%mnCannel s ikmsiaf; lpeshenepidfil es: 86%

sel ectivityilRnyadl HRbaYESR eysgnitrile: 79%on a nole basis; linearity of
al dehydes produced: 950. EXAMPLE 5B

EXAMPLE 5B
Hydroformylation of Methvl-3-Pentenoate with Ligand

15 5/Rhodium bis (carbonyl)acetylacetonate

Reaction was run as in example 1B, but with 4.6
equivalents of Ligand 5 to Rh. GC analysis: (mole %)
methyl 2-pentenocate 6.8%, methyl valerate 3.4%, methyl 3-

20 pentenoate 17.4%, methyl 5-formylvalerate 70.1%.
Conversion of methyl pentenoates: 82%; selectivity to
methyl 5-formylvalerate: 85% on a mole basis; linearity
of aldehydes produced: 97%.

25 EXAMPLE 6
Synthesis of Ligand 6

0, o,le

T 0;\/%
p =0 °
¢ o I
e Ligand 6

4- (2~-Hydroxyphenyl)butyric acid (1g, 5.55 mmol) was
dissolved in 20 mL anhydrous methanol, and 5 mL sulfuric
30 acid. The mixture was heated to reflux for 6 hours.



Hvdr of or nvl

bi s(car bon %I )acet | acetonate Reaction was run as in exaﬂlﬁﬁoﬁ%nput wth
y

4.6 equiva
2- pent enoat

ation of Methyl-3-Pentenoate with Ligand 15 5/ Rhodi um

Of/212% i gand 5 to Rh. GC anal ysis: (nmole ¢

e 6.8% nethyl valerate 3.4% nethyl 3- 20 pentenoate 17.4%

met hyl 5-fornylval erate 70. 1% Conversion of nethyl pentenoates:

sel ecti vi t yateer nefundusSwbekay) valBr @t ef 86¢hph 4 (i e basis;

82%

linearity

of

al dehydes of oS i 128 EXNRLS GpeuALCS % SimLigerl 6 O P 0 e o

~ O01lp

(g, 5.55 nkoP3 {fos 21ﬁ|'s§ol49eélt1 n2*§0 i 8 anhy d §I'
sulfuric 30.s€i th, B9, nnxnuremmaxﬂheated to reflux for 6 hours.

(t, 2H, 2.
di chl ori de

10

15

20

25

30

35

ate was

§ib ey lohaephorani deus ycnlogida o %—ﬁr’?bfdié"(m y

a3 ﬂﬁécfé$¥ﬂéﬂE9ﬁ 142 ppm. The resulting phosphorous
amidite was treated with 1M HCl as described for example
1, to yield the corresponding phosphorchloridite. 3p NMR
(toluene) : 162 ppm. The phosphorochloridite was then
reacted with di-o-tolyl 2,2'-dihydroxyl-1,1'-
binaphthalene-3,3'-dicarboxylate in the same manner as
described for example 1, to yield ligand 6. NMR indicated

a mixture. %P NMR (toluene): 130.7, 131.2, 131.8;
resonances were about the same intensity.
EXAMPLE 6A

Hydroformylation of 3-Pentenenitrile with Ligand 6
/Rhodium bis (carbonvl)acetylacetonate

Reaction was run as in example 4A, but with 2.9
equivalents of Ligand 6 to Rh. GC analysis: {mole%)
2-pentenenitrile 2.6%, valeronitrile 10.0%,
3-pentenenitrile 26.3%, 5-formylvaleronitrile 49.6%.
Conversion of pentenenitriles: 74%; selectivity to
5-formylvaleronitrile: 68% on a mole basis; linearity of
aldehydes produced: 82%.

EXAMPLE 6B

Hydroformylation of Methyl 3-pentenoate with Ligand
6 /Rhodium bis (carbonyl) acetylacetonate

Reaction was run as in example 1B, but with 4.6
equivalents of Ligand 6 to Rh. GC analysis: (mole %)
methyl 2-pentenocate 4.6%, methyl valerate 1.7%, methyl-3-
pentenoate 49.5%, methyl 5-formylvalerate 41.8%.
Conversion of methyl pentenoates: 49%; selectivity to

27

92 (q, 2H)

2 dro égutyrlc acid

26 WO

01/21627 PCT/ U \
hydr oxyp enyl )S@Qﬁ}?}z‘g (£ %Egﬁ'ﬁ)"ﬂft%%te wad BeffcdEtheh 4-(2
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exanple 1, to give the correspondi ng phosphorous amdite. 31P NWR

(tol uene) pm The resulting phosphorous anmdite vas tre dwth 1M
HCl as de?&?@é@ for exanple 10 1, to yield the correspd’ {%ao/%nez
phosphorchloridite. 31p NVR (toluene): 162 ppm “The phosphorochloridite
was then reacted with di-o-tolyl 2,2'-dihydroxyl-1,1"-

bi napht hal ewe:i®/13'5-diorayboayemite i BsthensaneoTarsasisas 1ideaeitped for
exampl e 1, 40 Migahy dggggggd@ceé\w@d,ndl cated 15 a mi xture. 31P NWR
(toluene): 130.7, 131.2, 131.8; resonances were about the sanme intensity.
EXAMPLE 6A Hydr of or nyl ati on of 3-Pentenenitrile with Ligand 6 /Rhodium

bi s(carbonvl)acetvl acetonate 20 REAAMPDR &@ms run as in exanple 4A, but wth
2.9 equsival ent Mtﬁ:ﬁ Q,fRI&ndggengLM 51.1 dhodipent enenitrile

2.6% valeronltrl Fytval eronitrile
: t|V|ty to

49.6% 25 Conversion of e
5-fornylvaleronitrile: 68% on a nole basi S; I inearity of al dehydes
produced: 82% feglaramd abhRih MBI, dpent enoat e wi th

Li gand 6/Rh ium b| géwgonvl cetv acetonate Reaction S run as in
exanpl e 1B,“5FESHet bigfearhpml )eqss YRRCeBPakml ysis: (nol e

% 35 et hyﬂ0 QSpGMﬂeneadelAZﬁ%Ch”J:@u:h;aénzemeraitrﬁ:elrn'é% steh8ytd 3- pentenoate

49.5% et fyhaSwh onayL yBh @il € a8 hodt on CORVaL ARk BRINL pealenoat es:
49% sel ectl vi ty Lo 2{.\WD.01/ 21627 PCT/ 5122 t y or nyl val er at e:

85% on a mol%e “hderEs" “ﬁ%%rﬁ”fefsu&F LA ) p?r”(?dﬁ@eﬂ 9890 1YBINPLE 6C

of the llgand (0.05 M) in toluene was added to give 5.5
equivalents of Ligand 6 to Rh. The reactor was sealed,
15 pressurized to 0.45 MPa with a 1:1 mixture of CO and 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 chromatography on an HP 5890A Gas
Chromatograph with a DB-Wax fused silica capillary column
20 (30 meters, 0.32 mm I.D., 0.25 um film thickness)
purchased from J&W Scientific Company. GC analysis: (mole
%) undecane (1.8%),
l-undecene (3.7%), internal undecenes (52.8%),
methylundecanal (0.2%), dodecanal (41.4%). Conversion of
25 undecenes: 58%; selectivity to dodecanal: 97% on a mole
basis; linearity of aldehydes produced: 99.5%.
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5 Hydrofornvlati on of Undecene with Ligand 6/ Rhodi um
bis(carbo‘%J)acetvlacetonate In a drybox was prepared a sol ution

cont ai ni ng"@ #he (0.5 M, rhodi um bi s(carbonyl )acetyl PONINARE 10 (0.85
mV), and 1, 2-di chl orobenzene (internal standard, 0.14 M in toluene. A
portion of this solution was added to a glass-lined pressure vessel and
enough of a solution of the ligand (0.05 M in toluene was added to give
5.5 equivalents of Ligand 6 to Rh ctor was seal ed, 15 pressurized
to 0.45 MPa vvithallrrixture of anﬁﬁ@ and heated to 95C for 3 hours.
The reactor was cooled and sarrpl e of the reaction

m xture was anal yzed by gas chronatography on an HP 5890A Gas

Chr omat ograph with a DB-Wax fused silica c kary colum 20 (30 neters,
0.32 mMm I .D., 0.25 umfilmthickness) purc d fromJ&W Scientific
Conmpany. GC anal ysi s: (rml e % undecane ({.8%, 1-undecene (3.70),

i nternal undecenes (5% , methylundecana) (0.2%, dodecanal (41.4%.
Conversion of 25 undecengs: 58% s Iect|V| o dodecanal : 97% on a nole
basis; linearity of al dehydes prody 28 WO 01/ 21627

PCT/ US00/ 25122 ~ EXANPLE 7 Synthe5|' gand 7 OM 0 MBMwWwOOOPOOO

OO0 O M
' 0

(]

o

=

0 (o]
Me/
Ligand 7

Methyl 4- (2-Hydroxyphenyl)butyrate was converted to
the corresponding phosphorochloridite as described for
example 6. The phosphochloridite was reacted with
3,3',4,4',6,6"'-hexamethyl-2,2"'-biphenol, following the
procedure described for example 1, to give ligand 7. NMR
indicated a mixture. *P NMR (toluene): 131, 136, 137;
resonances were about the same intensity.

EXAMPLE 7A
5 Hydroformylation of 3-Pentenenitrile with Ligand 7

/Rhodium bis (carbonyl)acetylacetonate

Reaction was run as in example 4A, but with 5.7
equivalents of Ligand 7 to Rh. GC analysis: (mole%)

10 2-pentenenitrile 2.2%, valeronitrile 10.0%,
3-pentenenitrile 35.4%, 5-formylvaleronitrile 36.6%.
Conversion of pentenenitriles: 64%; selectivity to
S-formylvaleronitrile: 57% on a mole basis; linearity of
aldehydes produced: 70%.
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O'0" nme Ligand 7 Methyl 4-(2-Hydroxyphenyl)butyrate was converted to the
correspondi n hosphorochl oridite as described for exa e
phosphochmgﬂiﬁ)‘izé was reacted with ‘Rerfisbionst}
3,31,4,4",6, 6" -hexanet hyl -2, 2' - bi phenol, follow ng the procedure described
for exanple 1, to give ligand 7. NVR indicated a m xture. 31P NMR
(toluene): 131, 136, 137, resonarEX®PMergBabout the sane intensity.

EXANPLE 7A S Hygnelociu add .o OF HePept eeilieblge it bt gandg [ Rhodium
bi s(carbonvl)a [ TQh was run as I n exanpl e , but with
5.7 equival ents of LiZdBRgdiunbis(caybonyd)scetylacguquate 10

2-pentenenitrile 2.2% valeronitrile 10.0% 3-pentenenitrile 35.4%

S rormylyal er OnphhLt ford GrdlorurCABVERSLLAOle RENT BUENLLER £56 04%
selectivity to, ~5-formylvaleronitrile: 5/%on a pole basis; linearity of

al dehydes pPE@LYRIEntRORE 24950701/ 2A68r PEPRVSERFIS 120 NSERXIPLE 7B

Hydr of or ny| pehednadt debt BB ; 3spkatehaite twi bthyyyand 7/ Rhodi um

bi s(car bonvk) t.e B i s U0 i s | e 1B, but with
4.6 equi va%eﬁttgéﬁ%if@%%%% '76563%2% C"(;Hr}\fg%glsgﬁ'o?fnr%t 1361\':I>§;mg|§fentenoat es: 650;
sel ecti vi t y2idehpdes Prosucsta P38l erate: 650 on a nole basis; linearity of
al dehyd#® produced: 93t. 10 EXAMPLE 8 Synthesis of Ligand 8 C1 O Me

EXAMPLE 8
Synthesis of Ligand 8

D]

Me\ (o] (o}
o 0
o]
0@
o) <IN
|
NS
(o}
0 |
o) : Me
o~
Me—0 cl
Ligand 8
15 Methyl 2-hydroxyphenyl acetate was reacted with

diethylphosphoramidous dichloride as described in example
1, to yield the corresponding phosphorous amidite. **P
NMR (toluene): 137 ppm. The phosphorous amidite was
treated with 1M HCl solution as described in example 1,

20 to yield the corresponding phosphorochloridite. 3P NMR
(toluene): 158 ppm. The chloridite was then reacted with
bis(4-chloro-2-methylphenyl) -2,2'~-dihydroxyl-1,1"'-
binaphthalene-3,3'-dicarboxylate as described in example
1, to yield Ligand 8. 3P NMR (toluene): 127 (major),

25 128, 131.

30



O MBMwWOOOO 0 / O1 ~0 Q*r1JcJ O M Me-0 O )aci Ligand 8 15 Met hyl

2- hydr oxyphenyl acetate was reacted with dlethylphosphoran1dous di chl ori de

as descri b¥P4R1@%anple 1, to yield the correspondi ng pREYBMIRYEE anidite.

31P NMWR (toluene): 137 ppm The phosphorous amdite was treated with 1M

HC1 solution as described in exanple 1, 20 to yield the corresponding

phosphorochloridite. 31P NWR (tquBﬂﬁWmElﬁﬂ ppm The chloridite was then

reacted with bi ] : !

binaphthalene 3,
Li gand 8. 31P NWR ( o Fareey Bpelygacy 2

PCT/ US00/ 25122 EXAMPLE 8A Fwdrofornylatlon of 3 Pentenenltrlle w th Liaand

8 /Rhodi&m bi s( ) t.y]. acet egGt i s in exanple

40, Dut vith 5. oReaaoiyl B LR 2oL PR, | B BB 1S (T 00

2- pent eneni t BEVEVRLengs of ddgand, $ I‘EP R0y CC3apRbYEHEN| (MOLRE) 13. 5%

5-fornyl val ep operitedenifi8% 2. ﬁhnveﬂrﬂnmmlutlpengenenltr|Ies 86%

selectivit lyak ereqi t4i S linearity of

y sg%%xﬁe&déué Wipyagal gt epl td] %&m H%e%a{wp fi‘:ﬂ!ﬁl% R3%63: y

al dehydes pro SIS O
Conversion of pentenenltrlles 86%; select1v1ty to

10 5-formylvaleronitrile: 81% on a mole basis; linearity of
aldehydes produced: 92%.

EXAMPLE 9
Synthesis of Ligand 9

Ligand 9

Diethylamine (58.5 g) and dihydrocoumarin (20.0 g)
were refluxed for 4 hours. Excess diethylamine was
removed in vacuo to leave 34.0 g of N,N-diethyl-3-(2-
hydroxyphenyl) propionamide. *H NMR (CDC1,): 7.26-7.03
(m, 2H), 6.91 {(dd4, 1H), 6.81 (td, 1H}), 3.37 (guartet,
2H), 3.26 (guartet, 2H), 2.95 (m, 2H), 2.71 (m, 2H), 1.10
(quartet, 6H).

In a nitrogen purged glove box, N,N-diethyl-3-(2-
hydroxyphenyl) propionamide (5.0 g) was dissolved in 110
mL anhydrous THF (tetrahydrofuran), and cooled to -30°C.
To this was added diethylphosphoramidous dichloride (1.97
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NN~~10 NOO olikllk 0O~.00 0% o WO 1N,. Ligand 9 D ethylam ne
(98.5 g) and di hydrocoumarin (20.0 g0 were refluxed for 4 hours. Excess

di et hyl an013&7 renoved in vacuo to | eave 34.0 g of NRGIHS8¥IH32- 3- ( 2-
hydr oxyphenyl) propionam de. 'H NVR (CDC1l3): 7.26-7.03 (m 2H), 6.91 (dd,
1H), 6.81 (td, 1H), 3.37 (quartet, 2H), 3.26 (quartet, 2H), 2.95 (m 2H),

2.71 2 g 1 o] X
N N df?thyl ), fé@lo&aa'%ﬁ Qiropﬁe'i*)se LBafe [od T %ng%gs%gé d}’zgségfve din 110

hydr 0x |onam
nL anhydr ou§§THE TRERHEN '%’Eﬁ’dﬁ%rgﬁgrr ﬂda'&dﬁ?%(“teﬂ‘ % Bure P % was added
di et hyl phos phionsssdotisenlikdftoritde 307C FPr32 WouD4E/ 2TEL AreR@ILBE0/ 25122  g),

fol loned by gl @avisg,20didd an 19k Lal Shbyam then%éhgm The mxture was

stirred at roomtenperature for 10 mnute at -30C for 2 hours.
The resul ti sgncentrated re wisds fiLtgred @wercoe:r]sanonﬁlnbl ite(r),

concent r at e@hbapnbﬁbds%r&icghaéf. P*Eaemr [(]ewﬁém&)ng 1}l|10§pBBi(h§2>U§n§’éﬁ \?via tse- 31P
i 550l ved | RG2S nPPORRAT S EmIAREF 4R Dol BT £ SPRBPTTH (5 Wt 1 v ng
ami di te sol gohyAreus ekhkki antl woodedpre- cdiFed T HE stsiginingon i n et her
via an addi tngbitgnselut idpaaddiaie@N11 ml of pre-cooled 1M HC1
solution in ether via an addition funnel. Upon addition,
white precipitate formed. The mixture was stirred for 10
minutes, and cooled back to -40°C for 1 hours. The
resulting slurry was filtered over a pad of Celite®, and
concentrated in vacuo to yield 3.1 g of the corresponding
phosphorochloridite. 3P NMR (toluene): 157.9 ppm. The
chloridite was then reacted with di-o-tolyl 2,2'-

dihydroxyl-1,1'-binaphthalene-3,3'-dicarboxylate as
described in example 1, to yield Ligand 9. 3P NMR
(toluene): 132 (major), 134 (minor), 148 (minorx).

EXAMPLE 9A

Hydroformylation of 3-Pentenenitrile with Tiigand 9
/Rhodium bis (carbonyl) acetylacetonate

5 Reaction was run as in example 4A, but with 10
equivalents of Ligand 9 to Rh. GC analysis: (mole%)
2-pentenenitrile 1.2%, valeronitrile 7.9%,
3-pentenenitrile 21.3%, 5-formylvaleronitrile 57.4%.
Conversion of pentenenitriles: 76%; selectivity to

10 5-formylvaleronitrile: 75% on a mole basis; linearity of
aldehydes produced: 86%.
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white precipitate forned. The m xture was stirred for 10 mnutes, and
cool ed back to -40C for 1 hours. The resulting slurry was filtered over a
pad of Cel Woeq12)627and concentrated in vacuo to yield 3. RCHUSA028132
correspondi ng phosphorochloridite. 31P NVR (tol uene): 157.9 ppm The
chloridite was then reacted with di-o-tolyl 2,2 - dihydroxyl -

1' - bi napht hal ene- 3, 3' - di car boxyl at epRgvpldiesy i bed in exanple 1, to yield
Ligand 9. 3LP NMR (tol uene) 0ej or )., 134 mnor), 148 (mnor).
EXAMPLE 9A Hydr of ornvl ati on ofS t th Ligand 9 /Rhodium

bi s(carbonyl)acetyl acetonate 5 Re{j#&n was run as in exanple 4A, but with
10 equivalents of Ligand 9 to Rh. GSyanalysis: (nmole% 2-pentenenitrile
1.2% valeronitrile 7.9% 3- pef Mitrile 21.3% 5-fornylvaleronitrile
57.4% Conversion of pentenenil : ectivity to 10
5-fornylvaleronitrile: 75%on a rml ® bay of al dehydes
produced: 86% 32 WO 01/ 2162 i N L, Synt hesi s of
Ligand 10 MeO N I . i I M'-PA,O D i 5 The procedure of
exanple 2 was followed, except £4733 [ et hyl - 2, 21- bi phenol was
used instead of dinethyl 2,2'-dilpyg bi_napht haI ene-3, 3" -

di carboxylate . 31P {H} NWR (202. 4" MHZ . or resonance at 133.4
ppm w th m nor resonances at 141.9, #

Ligand 10
5 The procedure of example 2 was followed, except
3,3',5,5'-tetramethyl-2,2'-biphenol was used instead of
dimethyl 2,2'-dihydroxyl-1,1'-binaphthalene-3,3'-
dicarboxylate. *P {H} NMR(202.4 MHz, CDCl,): major
resonance at 133.4 ppm with minor resonances at 141.9,
10 133.6, 130.6 ppm.

EXAMPLE 10A

Hydroformylation of Methyl 3-Pentenoate with Ligand 10
/Rhodium big{carbonyl)acetylacetonate

15 Reaction was run as in example 1B, but with 4.6
equivalents of Ligand 10 to Rh. GC analysis: (mole %)
methyl 2-pentenoate 6.8%, methyl valerate 3.3%, methyl 3-
pentenoate 44.4%, methyl 5-formylvalerate 42.4%.
Conversion of methyl pentenocates: 55%; selectivity to

20 methyl S5-formylvalerate: 78% on a mole basis; linearity
of aldehydes produced: 95%.
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10 133.6, 130.6 ppm EXAMPLE 10A Hydrofornyl ation of Methyl

wth ngand
as in exaﬁ%

3- Pent enoat e

10 /Rhodlun1bls(carbonyl)acetylacetonate 15 F@actaﬁgtfas run

BT byt with 4.6 equi val ents of Ligand 10PGCTUS8lY

analysis: (nmole %9 nmethyl 2-pentenoate 6.8% nethyl valerate 3.3%
3- pentenoate 44.4% nethyl 5-fornylvalerate 42.4% Conversion of nethyl
55% selectivity to Zﬁxnnphylyﬁ fornylval erate: 78% on a nole
basis; linearity of al dehyd £ d331W0 01/ 21627 PCT/ US00/ 25122
EXAMPLE 11 Synthesis of Ligand 11 0O M OMwOQ 0 I 1 OQPOiIPOfo
\' OO0O--MROM M-05 Ligand 11 "MR' denotes Merrifield s resin

pent enoat es:

(0.6 mmol)
esterificat

acid with Merrifield sMeesi

was pl aced

C1P[ OC6H4- 2-

di i sopropyl

10

15

20

25

of the polynmer supported diol prepated by parti al

met hyl

0.757 g

ion of 2,2'-dihydroxyl-1, 1'/bN\napt RaPene- 3, 3' 10 di carboxylic

in 15 nmL of n ydrous tolueneo fo‘Iomed by 0.983 g of

ethylam ne (3.6

Me—0

Ligand 11

“MR” denotes Merrifield's resin. 0.757 g (0.6 mmol)

of the polymer supported diol prepared by partial
esterification of 2,2'-dihydroxyl-1,1'-binapthalene-3,3'-
dicarboxylic acid with Merrifield's resin, followed by

esterification with o-cresol, was placed in 15 mL of

anhydrous toluene, followed by 0.983 g of ClP[OCH,-2-
(CH,) ,CO,CH,], (2.4 mmol) and 0.465 g of
diisopropylethylamine (3.6 mmol). After shaking
overnight, the resin changed from orange to light vellow.
The supported ligand was collected by filtration and
washed with toluene (20 mL), tetrahydrofuran (20 mL), and
CH,Cl, (20 mL) before drying under vacuum; Elemental
analysis: 1.74 - 1.97 wt % P; IR (KBr): 1736 cm™ (vs).

A portion.of the supported ligand was treated with
excess Ni(COD),, followed by about 0.1 MPa of carbon
monoxide to give the supported complex P,Ni(CO), (P,
denotes the supported ligand). The infrared spectrum of
this material shows, in addition to an ester band at 1730
cem™?, strong bands at 2045 and 1996 cm™, consistent with
formation of the desired dicarbonyl species. A very weak

band at 2084 cm™ indicates formation of a trace amount of
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15 overnight, the resin changed fromorange to light yellow The supported
| i gand was collected by filtration and washed with toluene (20 ni),

t et r ahydr oW@9#216220 nl), and CH2C12 (20 nl) before dryi RgTu$t8@$12%acuum

El emental analysis: 1.74 - 1.97 wt %P; IR (KBr) : 1736 cm" (vs) 20 A
portion of the supported ligand was treated with excess N (COD)21 foll owed
by about 0. 1a|\§)1§3 rmmﬂ(cwn%le@@ego et H@eHPROT L el fRIRLEX

P2Ni (CO 2 (P2 s th Qorted Ilgand) The infrared Spectrumof this
materi al shdWg*°R g& gr‘i gan ester band at 1730 25 cmil, strong bands
at 2045 and 1996 cm 1, consistent with formation of the desired dicarbonyl
species. A very weak band at 2084Emﬂ;_,§1 Rdipcat es formation of a trace
anount of V\Q_IO&IZ 6 i .(CO.3 speC| es,

where P dsenot RoRbphospite S E L EANPER I A
Hydroforrrylatlon of 3-43 oNPLE (¢ (3
bi s(car bonyl ) acet yl acetonate In a drybox was prepar ed a solution containing

3-pentenenitrile r hodi um 10 bi s a ) acet yl acetonate (0.85
o and 1 Dt ER et 1% PR BRI AR S ot uene. A
portion of thipendenenisaidas (Gckidn it e‘hadl’gmass | i ned pressure vessel
contai nityw S%i% «Hﬂrw‘onygqubaﬁirﬂ&@;dhfatbl gangs It 0 sRA. The react or was

seal ed, 15 pf é%ggg%n?gﬁé/\ee tgrnal.rﬁéar\{ﬁth a 1121 xture of CO and H2

and heat ed td or_ 3 -hour Bt & i cbdi ed and
depressuri zé@,l%m -a Sappreien qfhéhipegetnbirmividsupddadstamal yzed by gas
chr omat Ograﬂﬂ)és@llaﬁhedFBréﬁﬁ% Ghiseeat eghedinmid It .3 Qdadfex 23 fused silica

20 capi | | ary SOLITULA0HR] Sldg Ar38aMRh | fhne Gededll [hhMeddlif£KNESS)
pur chased fro @adr ex rporati
pressurized to between 0. 45 MPa w1th a 1:1 mixture of CO

and H, and heated to between 95°C for 3 hours. The
reactor was cooled and depressurized, and a sample of the
reaction mixture was analyzed by gas chromatography on an
HP 5890A Chromatograph with a Quadrex 23 fused silica

20 capillary column (30 meters, 0.32 mm I.D., 0.25 um £ilm
thickness) purchased from the Quadrex Corporation. GC
analysgis: GC analysis: (mole%) 2-pentenenitrile 4.7%,
valeronitrile 13.6%,
3-pentenenitrile 23.3%, 5-formylvaleronitrile 46.3%.

25 Conversion of pentenenitriles: 77%; selectivity to
5~formylvaleronitrile: 60% on a mole basis; linearity of

aldehydes produced: 79%.

EXAMPLE 11B

30 Hydroformylation of Methyl 3-Pentenoate with Ligand 11
/Rhodium bis (carbonyl)acetylacetonate

In a drybox was prepared a sclution containing
methyl-3-pentenoate (0.5 M), rhodium
35 bis(carbonyl)acetylacetonate (1.0 mM), and
1,2-dichlorobenzene (intermal standard, 0.14 M) in
toluene. A portion of this solution was added to a
glasg-lined pressure vessel containing 4.9 molar
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anal ysis: GC analysis: (nole% 2-pentenenitrile 4.7% valeronitrile 13.6%
3-pentenenitrile 23.3% 5-f ornylvaleronitrile 46.3% 25 Conversion of
pent eneni tYPPHA6277704 selectivity to 5-fornyl val eronit rFFEYSO8R3EHn a nol e
basis; linearity of aldehydes produced: 79% EXAMPLE 11B 30

Hydr of ormyl ati on of Methyl 3-Pentenoate with Ligand 11 /Rhodium

bi tsgl ciar gonylé@ﬁeiaweaxzet eﬁﬁt/i&gérm al_ldrtbbghby\@ﬁe pfcﬁe&ﬁ:&f:? wastsglleyié?,n C;—‘mt ?ilni)ng
met hyl - 3- pe : : ium s(carbon cetyl acetonate (1.
mv), and 151%%%%%ﬁ3r gbgﬁzeoh%g(l n grlﬁgl s a%d&’r’&t,u’%/i f% %? ??\g Hol uene. A
portion of 3% heaitgdi 6A RBS 488ecd heurs. Jihessebiched presmaled essel

iin: ai gih ngTza@Jmsauriasdv\&@a/azJs@a.meca;/fuggglﬁdéé&aoneq%%a}@rﬁs of 1Li19and

: o) ) S ressurized to Q. a W a 1:

M xture of %agﬁ%% ZBY\gﬁ%Sh@g%og‘?fiﬁoggéggyf oi %nﬂ%ﬁjrs%?%?\he reactor was cool ed
and depr esShHCFEEoIRAR A s LBoFFARefneedtsoiaa xepidlamg 5 anal yzed by
gfals. chr omat ngﬂ&llﬂﬁy (Gln ﬁétd(!PsS&ﬁ?é mﬁhgog{i; ngiﬁ)%n{/\ﬁf%ﬁggt%;?g{gs{ E_seg )
silica capi [S.e:0. m 1. D._ 0. um fiI'mthickness
pur chased frﬂél%rg\%fégi g%f%@.%%gﬁgﬁﬁsiég TS (BRERYTL 2- pent enoat e
2.7, % net heS R lePaPeRBeRogt aret-h}l - Betby bevalarsdice 078% 30Ge i hnyd -
5-forrry|hmial @ream:enﬂ:atéi%vs.ibn\xﬁtsiyanso‘foﬂﬁrméléi%&tefaagams: 24‘%])c Sﬂje(r:]t ijvi ty
to nethy . 1 A9 e i S, Linearit of al dehydes
pr oduced: 9%&?’%?%&\/@fé&%@l§#ﬁe gyglr')l%%'ey s"’oisel}faﬁgﬁﬁ%t%z'fo 13, and 14

Li gands 12, "£Ehving-i9rpeterlsraser edasorex cralsedapds; Lingamityl i n exanpl e
11. Char act efi z2dtiebpddatproduced: 93%.

15 E PLES 12,13,14
Synthesis of Ligands 12, 13, and 14

Ligands 12, 13, and 14 were prepared as described for
Ligand 11 in example 11. Characterization data is

20 provided in Table 1. ¥ MR¥ in the structures below
refers to Merrifield's resin.
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20 provided in Table 1. R MRA in the structures bel ow refers to
Merrifield s resin. 36 WO 01/21627 PCT/ USOCQO 25122 Tabl e

Char act er i W&x418#2bat a for pol ymer-bound |igands Exanpl ePg"B%Pﬂ/aﬂﬁruct ure
El emental IR Analysis (KBr, (w -~cml) P) 12 12 2.03 1736 (vs) 0O
OCH2MR >-040 1 0/ VO 02 P10 F12 CO2CH3 C02CH3 13 13 1.76 1734 V V KOO

(vs) 0 0 OCrigdRe=(1) @h%zﬁb@eiﬁza%l‘oﬂ Da@@Z@bB HEXAES- - bbﬂ:né‘h@&aﬂd@o 1734

(vs) C (--9—0-O0-0cH2MR o --v-_ CCRCH XAMPLES
12A- 14A 5 ReE¥AFBAE V\é‘r"gaf‘n as in éfiﬁﬁ?‘ enlits dfe sumarized,
in Table 2, in which CONY (conversion) (Wt % (KBr,
cm™)
P)
12 12 2.03 1736
(vs)
)—0 0L 04 OCH,MR
P P
IC§°T O
2 2
coQCHs CO,CH,
13 13 1.76 1734
o P OCHMR
c§ £ %ol
CO,CH, CO,CH,
14 14 1.80 1734
50 OCHMR
% £ Pz
CO,CH, CO,CH,

EXAMPLES 12A-14A

Reactions were run as in example 11A. The results
are summarized in Table 2, in which 3 CONVE (conversion)
is the percentage of 3 and 4 pentenenitrile which is
converted to products, ¥ SELE (selectivity) is the

10 percentage of the product mixture that is comprised of 5-
formylvaleronitrile, and % LIN® (linearity) is the
percentage the aldehyde products that is comprised of 5-

formylvaleronitrile.
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is the percentage of 3 and 4 pentenenitrile which is converted to
products, R SEL (selectivity) is the 10 percentage of the_product m xture
that is c&ﬂ)?%@é of 5- formylvaleronitrile, and t LI NKPﬁT?IF?g%(ﬁl%@) is the
per cent age t he al dehyde products that is conprised of 5-
fornylvaleronitrile. 37 WD 01/ 21627 PCT/ US00/ 25122 Table 2.

3- Pent eneni tTable Blydr 3f Pemydredn ianriRes Hy o f Smy pR)ivAERBOURS £#4:9ands
Exanpl e Li gapf JidehVrofha H NankeA 12 65.5 64.2 77.3 13A 13 64.7 59.2 71.9
14A 14 86.7°57°6 73.8 5 E aI\/PLES 12B- 14B The |igands were prepared as
above. Reactions using nethyl 3-pentenocate as reactant were run as in
Exanple 10 11B. Resulfggs a3 Rahte 3 :&W— 3- Pent enoat e
Hydr of ormyl ati on Results %Eanplr'ef%ng%and E?N\’/ SEZELLI 2B 12 54.8 81.2 93.3
13B 13 68.9 82.5 93.4 1d8n14 55. 4AB0. 3 928505 162 ZOWARATI VE EXAVPLE 1
Synthesis of Ligand 15 D30 o o-pfO"' o lsi‘lg)gmd&.,g,_S2 ,}gg

14A 14 86.7 57.6 73.8

EXAMPLES 12B-14B

The ligands were prepared as above. Reactions using
methyl 3-pentenocate as reactant were run as in Example
10 11B. Results are in Table 3.

Table 3. Methyl 3-Pentenoate Hydroformylation Results

Example Ligand CONV SEL LIN

12B 12 54.8 81.2 93.3
13B 13 68.9 82.5 93.4
14B 14 55.4 80.3 92.0

15
COMPARATIVE EXAMPLE 1
Synthesis of Ligand 15

Ligand 15
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WO 01/ 21627 PCT/ US00/ 25122 2- Hydr oxy-i sobutyrophenone was prepared from
phenol follow ng the procedure described in Canadi an Journal of Chem stry,
31, 1956, WOPL2IH 5 sol ution of 2-hydroxy- i sobutyrophenth@UP9&12242 2 mol )
in trifluroacetic acid S (14 g, 122 mmol) was slowy added triethylsilane
(26.8 mmol). The solution was stirred at roomtenperature for 6 hours.

Saturated sodi UWQbHyvaf@Qﬁaiéi:b‘iﬁtly&bpﬁBn&@é @cbdy}e EQeahﬁrcsr@%;Heln%ﬁ m xture,
fol |l oned by {Iﬁ et vveredse a at.ed he agueou yer was
extracted witf ‘f’)mézf%e 8c8 AV Fg ﬁ\gr a’é ‘%’f‘(ﬁ‘%g UTHET e over
magnesi um Sut'fzézhﬁstmd 3uonaessra$:eﬂ The aCeyUer T &5f al- hy\&@&xyh stilled
under vacuum (about 3 x 10"4 MPa, 75C) . The distillate was washed with

pot assi um hyﬁ?%}%‘fﬁérOWFoﬁzgf ot? TRy ARdFFHoreRoRFdFoReRA chl ori de 15

sol ution,5 antiexd r a2 amold) t haet sibswlyTleeldetiheriéyeisd laner €26 0grbi ned, dried’

over magnesi ul f negnt at

2-1 sobutyl ph@ﬂaf 1aﬁr%Nl\s/%& tlgg srﬂt‘%%ag gf&%" ]t% I—é}g f%té

6.7 (d, 1H)® ROWbr Saturspgd so U(“HMEFB-’bmia@e (gelufpn wag added o0 6H)

The above phtecmodhe( Qa8 tdpnvasxties,ol ficdd owad 25y bt hedi.et itk Bayers and cool ed

to -40C in ‘% aPEEgegng %}@/%@%usﬁa;émaaﬁe%rg@a@ﬁ ‘992@@5 added,
y e addi ous

fol | owed t| on of of diet hosphor. am
di chl ori Y -addi ﬁgﬁ?l‘aljeaﬁﬁgﬁspﬁﬁﬁh%?'&lh{ S dr&FéhPﬁ?:F de, a white
precipitat e rﬁagneeaiumTlsalfeaet la auncenceared. stTher edude maveri=nper at ure

for one houryag tﬁeghfmgaeﬁﬁdep\«eercmpaqbeat Gpld Le@lo)ys MBae Fiidyrate was
concentrated .in v.acug to yield SQ% ogf trhe 0 .correspondi ng
phorphorousH?ﬁd’li}"tsé'r éiﬁel\lﬂﬁt"@ﬂ\ﬁ‘i‘g)’” 3B HHMTT 585%‘3 ©phosphor ous
am dite (1. Ocqgbubian,difedbbwed by raddB tibnaohyhyrdnegyeat kbiloainde cool ed to -40C.
To the g irddngiym, dohe st HdARdn'Rd 8l ovher adagd aclePly ffefy €-
were combined, dried over magnesium sulfate, and
concentrated to give 1.0 g (55%) of 2-isobutylphenol. 'H
NMR (300 Mhz, §, CDCl,): 7.0 (m, 2H), 6.8 (t, 1H), 6.7 (4,
1H), 4.6 (br. s, 1H), 2.4 (4, 2H), 1.9 (s, 1H), 0.9 (4,
20 6H).
The above phenol (0.78 g) was dissolved in 25 mL
diethyl ether, and cooled to -40°C in a nitrogen purged
glove box. Triethylamine (0.68 g) was added, followed by
the addition of 0.45 g of diethylphosphoramidous
25 dichloride. Upon addition of diethylphosphoramidous
dichloride, a white precipitate formed. The reaction
mixture was stirred at room temperature for one hour,
then filtered over a pad of Celite®. The filtrate was
concentrated in vacuo to yield 1.0 g (97%) of the
30 corresponding phorphorous amidite. *'P NMR(toluene): 136
ppm. The above phosphorous amidite (1.0 g) was dissolved
in 25 mL anhydrous ether and cooled to -40°C. To the
stirring amidite solution was slowly added 5.0 mL of pre-
cooled 1M HCl solution in ether. Upon addition, white
35 precipitate formed. The mixture wasg stirred for 10
minutes, and cooled back to -40°C for 2 hours. The
resulting slurry was filtered over a pad of Celite®, and
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cooled 1M HCl1 solution in ether. Upon addition, white 35 precipitate
formed. The m xture was stirred for 10 mnutes, and cooggg gﬂ§%PEo -40C
for 2 hourWOOURK27 resulting slurry was filtered over a pad™ s Fte(r),

and 39 WD 01/21627 PCTI USOQ 25122 concentrated i.n vacuo to yield 0.85 g of
the correspondi ng phosphorochloridite. 31P NVR (toluene): 161 PPM The
above phosphesnedttrdtid dnwvasacueacsd eglialid 0 .d6- g-ob tid yl

2,2 -di hydro i.casBo oLy ylam ne in
the sane nanﬁé%régéodégcr?@ng%gggggg%bdi% tOQyI Rflgan ) qulP NIVR
(toluene): 1P®M™9 ppm 10 COVPARATI VE EXAMPLE 1A FNdrofornyIatlon of
3-Penteneni tri | eThet Abbive rgittphvirockhogi At divk(sC aehobyll) dieh Wiaast onat e
Reacti on s_run as in exanple 4A but with Ligand 15 15. Conversion of

3- pent enehi t FPTEL 2334~ QﬁQYWgPF¥tt§ tCJb%?ﬁRBFHﬁgﬁﬁ?ete%itriIe: 64% on a nol e
basis; i neadwayrmxylaslt@eIayldeSrpe‘Ohhubatﬁ.nda% tROMVRARA iavineirXApPLE 1B 20
Hydr of or ny| a&éQ@r%ed\feftJIyLexﬁ g0t eNQatye Mgt Ribhgangs 154p piodi um

bi s(carbonvl ) ac cet ate eaction was run~as in exanple 1B, but with
4.6 eqU|vaIéﬁ?§ %H d°1BPPo Rh. GC analysis: (nole % 25 nethyl

2- pentenoate 5.5% nethyl valerate 1.5% nethyl 3- pentenoate 46.7% nethyl

S-fornyl ygl erate 43.3% ConvesmphofvePerhABERi X1 1 es: 83% selectivity to
met hyl 5-formylval erate. 78% on_a nol e basl, s [_ﬁearlty of . al gehydes
produced: 96% M%&Mﬁ#%ﬁ%%%&ﬂ@#@—%ﬁgsphi te

| i gands of the present R by | Jo prdonyl ) 5 2 onE L group is R3Z
provi de high selectivities in the

Reaction was run as in example 4A, but with Ligand
15 15. Conversion of 3-pentenenitrile: 73%; selectivity to
5-formylvaleronitrile: 64% on a mole basis; linearity of
aldehydes produced: 73%.

COMPARATIVE EXAMPLE 1B

20 Hydroformylation of Methyl 3-Pentenocate with Ligand 15/
Rhodium bis (carbonvl)acetylacetonate

Reaction was run as in example 1B, but with 4.6
equivalents of Ligand 15 to Rh. GC analysis: (mole %)

25 methyl 2-pentenocate 5.5%, methyl valerate 1.5%, methyl 3-
pentenocate 46.7%, methyl 5-formylvalerate 43.3%.
Conversion of pentenenitriles: 83%; selectivity to methyl
E-formylvalerate: 78% on a mole basis; linearity of
aldehydes produced: 96%.

30 In contrast to the prior art, multidentate phosphite
ligands of the present invention in which at least one R?!
group is R?Z provide high selectivities in the
hydroformylation of 3-pentenenitrile. A comparison of
the performance of comparative example Ligand 15 with

35 that of sterically similar Ligand 1 (a ligand of the
present invention) shows that the selectivity in

3-pentenenitrile hydroformylation is 14% higher for
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hydr of ornmyl ati on of 3-pentenenitrile. A conparison of the performance of
conparative exanple Ligand 15 with 35 that of sterically simlar Ligand 1
(a |igand W07 pr esent invention) shows that the sel eEfY'T’W‘l“?spﬁ
3-pentenenitrile hydrofornylation is 14% hi gher for 40 WO 01/21627

PCT/ US00/ 25122 Ligand 1. Simlarly, Ligand 1 performed better in methyl-

3- penlt enﬁat .l &glaoifpr gaézhﬂalgry,tl %oa/aahaelh sfs@xrﬂolti%thybé?@épgﬁgﬁemwfr alt ' Vet
exanpl e Ligan eadin i gher. sel ectivit) -fornyl val erate.
41 WD 0112162F°BETPOR0D/ Or{Rﬁ(}ﬁpf%‘ CERAVERS T‘.:e’i\y‘bafojd'é’ess for converting
a C2 to Cepameyeobbes qempruahivenesanple risgsndr dbedleadipmune 0% ts 5
correspondi mggheynkapéctd whally &g, scesbhySidl@raeacti ng the conpound with CO
and H2 in the presence of a Goup VIII transition nmetal and at |east one
mul ti dentate phosphite ligand of the fornulae I,1l or 11l1: 10 R2 Ra R2 R2Z
/ RIR1L2 R R 2RRe R 0O0OARO. O\ -4 2R R p-Q RRI ORT \ 0\
\'RR Ri 11 RRRR R 0+rR RRLR 2R
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l Il RIRRR 2RaR R 1D\VI1 2~-Q/ R RPPI\pkOR R112
RR RRR _R2 15 |1l wherein: each Rl independently is al kyl, C6
to C20 aWﬁo,l’z}—‘,”CI, -C02R4, -OR4, or -R3Z, provided thghlggw%ézleast one
R is -R3z;, 42 11011111211211121121111211211101 * CL MS WD 01/21627

PCT/ US00125122 each R2 independently is H F, O, Cl to Cl2 alkyl, C6 to

C23 aryl, -6BAT ISRENIMEN O) R4, -CHO -CN, or - CF3; each R3 independently
is CLto CO alkylene; 5 each R4 independently is Cl1L to Cl2 alkyl or C6 to
C20 aryl; each Zis -CO2R4, -CHO -C(OR4, -C(OSR 4, -SR4, -C (O NR5RG,
-OC (O R4, 1~-OCH @rocrss fireCRERGTrtEngRE) C=NR6 C.c BERBYEM 0- R6, -P(0O) (OR4)

(OR4) , -S(0) 2Rdionob@hyBe) 811y Gris@rufhe £ coipoudRtE02RE, - NRAC (O

grR ;/:?6’ 05 - CN, c%afcrrésgonliggg pt?enxdm%.r};[ally al.laelrcl:)]idé ,O ccc:almzpz;ailslg.%lg %raaggix:[lé) C20

the compound with CO and Hy in the presence of a
Group VIII transition metal and at least one
multidentate phosphite ligand of the formulae I,II or

III:
10
Rz 2 2
2 1 1 R R .
R R R o2 R R = F .
2 o] R 0, O :
R 0 RZ \P’Q\ /0 2
R2 —Q R : \ R
/P P 2
0 1 2 QO 0 R
[o} R’ R?
R2 1 1 O 2
X e R R R
R2 R R R? ®
R2
I II
P/Q\
R
15 ITI
wherein:
each R' independently is C, to C,, alkyl, C, to C,,
aryl, F, Cl, -CO,R*, -OR*, or -R’Z, provided that at
20 least one R! is -R%Z;
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each R5 independently is H C to Cl2 alkyl, or C6 to 15 C20 aryl; each R6
I ndependently is H C, to Cl2 alkyl, or C6 to C20 aryl PCT/&;& d| val ent
bridgi ng §f@WR1 the fornula: R7 01 R7T R7 p OR7 Ra or

/ Ra Ra\ / RA Ra Ra Ra Ra Ra Ra Ra Ra 20 wherein: each R |ndependently
isH F d, ClLto C32 alkyl, C6 to C20 aryl, -OR4, -CO2R4, -C(OR4, -C
(R5) =N-0- R6c1 - CEQch- RN ind Enclie&i}R@s =\RE, ei\lREch6terc12251k3F§3,2;csan? ;aach
Re is H F , Cl to Cl2 a y 0_ s - , ~&P2R4, -C (O R4,
-CN, or CF3. 43 {170 Fra 281 ~~||E§f‘§;2 ﬁr c%g'lvl s&\%g%l/zlaz?

PCT/ USOQ 25122 2. Cke process of claiml |n which the ligand is of

formula | Wnerei eacﬁaﬁh 1Raebaﬂa@mu$erﬂé ¥, itso d?;’:élk?aeheRZ i ndependent I y i S
H F, d, to C12 r O)R' -CHO,
-CN, or 5CF3 egéﬁh Bgﬂ% ‘%&/ C?:lé/% C%%ﬁyl%y% “eath
i ndependently is -@GERZF - CHO, _C(O)RI -C (0) NR5Re, o' (O R4, -QOC (0)
OR4, -N=CR 5 R% @pchlf i& (d@m‘*,:l\llaﬁo,thm‘di vak@mR‘bri-slgﬁ,ng group of the
formula:  R7 0 17 R (jxRer¢, -oc(0)R!, -OC(O)OR', -N=CRR’,

¥C(R°) =NR®, -C(R®)=N-0-R°, -P(0) (OR’} (OR"), -S(O),R%,

10 -S{(0)R*, -C{0)OC(O)R*, -NR*CO,R*, -NR‘C(O)NR°R®, or
~-CN;
each R* independently is C, to C,, alkyl or C, to C,
aryl;
each R® independently is H, C, to C,, alkyl, or C, to
15 C,, aryl;
each R° independently is H, C, to C,, alkyl, or C, to
Cpo aryl;

Q is a divalent bridging group of the formula:

20
wherein:
each R’ independently is H, F, Cl, C, to C;, alkyl, C
to C,, aryl, -OR', -CO,R*, -C(O)R%,
-C(R®) =N-O-R®, -CHO, -CN, -CF,, -C(R®)=NR°, -NR°R’ or
25 -R’Z; and
each R® is H, F, Cl, C, to C,, alkyl, C; to C, aryl,
-OR*, -CO,R*, -C(O)R*, -CN, or CF,.

s ) ) O
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RR RR38 aRBR Re RB RBR8 each R independently is -CO2R4, -C(O R4 ,
-C(R5)=N-0-R6, -CHO, -CN, or -C (R5) =N (R6) ; and 15 each R8 independently
is H F, &OU@635 C12 alkyl, C6 to C20 aryl, OR, -COXM&AUSOR2RPR, . CN,
or -CF3. 3. The process of claim2 in which each R2 is H each R3 is Cl to
C3 al kyl ene; and each Z is -CO2R4. 20 4. The process of claim3 in which
the Goup Vi) fThansidédess Bt allaim selechady o wgaﬁaowo ofconsi sting of
r hodi um cobalt,fi rrimgliaur’g “ﬁlaelrleadi_um and platinum 25 5. The process of
claim4 in which™the netal™ 18 **iddi um 6. The process of claim5 in which
the rhodiumis aelded R andhperdentlsf i RO um hydri de, halide, organic 44
CL MhIItII] OII "J:?M@ W14i3468dn8GH 14500 25122 cacid sal &,, acefy) aget onat e,
inorgani  acid salt,. ~OX Ce n npo 20T ne nmpound. 7. e
process ocsf claim Gttlonc\?\?h:agﬁlt hgégﬁo)ékaf(#i’s'g%e%' 58%' the'f SFm of rhodi um
bi s(car bonyl ) ket on&Fei 8. The process of claim7 in which the acyclic
nonoet hyl eni cal | ga¢sRt dhaépendOIBHNG ics t3-eaieprstd ril e, 3-pentenoic

acid, alkyl 10 3- € -pentenal., 9..The pr s of claim8 in
which the [i gandg?%?g%n larh%eg)%ﬁlggh:iyl ¥ 10@#‘% '§P§Ce§§(§fﬁf‘l aim9 in which
the support is -C(O)NR°R®, -OC(O)R*, -OC(O)OR*, -N=CR°R®, or

10 -C (R®) =NR*;
. Q is a divalent bridging group of the formula:

each R’ independently is -CO,R*, -C(O)R%,
-C(R?) =N-0-R®, -CHO, -CN, or -C(R®)=N(R°); and
15 each R’ independently is H, F, Cl, C, to C,, alkyl, C,
to G, aryl, ORf, -CO,R*, -C(O)R*, -CN, or -CF,.

3. The process of claim 2 in which each R? is H; each R®
is C, to C, alkylene; and each Z is -CO,R'.
20
4. The process of claim 3 in which the Group VIII
transition metal is selected from the group
consisting of rhodium, cobalt, iridium, palladium,
and platinum.
25
5. The process of claim 4 in which the metal is rhodium.
6. The process of claim 5 in which the rhodium is added

in the form of a rhodium hydride, halide, organic

KT O A A



pol ystyrene resin. 11. A nultidentat
Il or 11l: 20RR 2 21 RL R RR2
O

phosphite ligand of the fornul ae I,

R3 Rz 2 2\ R Rz 0%
Q IO R RFVOHR2TR 2 /| OQL R2 z Rz%lelRRlﬂfTﬁs@ZQ RRR
RRz 21 Il I11i(WUilWki ¢ L M 45 WD 01/21627 PCT[US00/ 25122 2 R R
R RRRR 02 R1~-Q R200R RRIRR R 11l wherein: each
Rl i ndependent | yatsd Galty GE2tglkyétorEhd,0i630ganic acid salt,

oxide, carbonyl compound, or amine compound.

e
2
O
5

7. The process of claim é in which the rhodium is added
5 in the form of rhodium bis (carbonyl)ketonate.

8. The process of claim 7 in which the acyclic
monoethylenically unsaturated compound is
3-pentenenitrile, 3-pentenoic acid, alkyl

10 3-pentenocate, or 3-pentenal.
9. The process of claim 8 in which the ligand is on a
support.

15 10. The process of claim 9 in which the support is

polystyrene resin.

11. A multidentate phosphite ligand of the formulae I, II
or III:

20

HIllIl\ \\\I\\ |||\\ l\l\l l\ \II\
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5 aryl, F, d, -CO2R4, -OR4, or -R3Z, provided that at |east one Rl is
- R3z; each R2 |ndependently isH F d, d to Cl2 al ky dg@ gﬁ C20 aryl,
_OR4, - OOYRAIZI8 O)R4, -CHO, -CN, or - CF3: 10 each R3 Independently is Cl
to C10 al kyl ene; each R4 independently is Cl to Cl12 alkyl or C6 to C20
aryl; each Zis -CO2R4, -CHO -C(OR4, -C(OSW -SR4, -C (O NR5R6, -CC
(O R4, -OC (O OR4, -N=CRGR6, 15 C (R5) =NR6, -C (R5) =N-O-R6, -P (0)
(CR4) (O”4) , -s(OZ2R, R4, -C ( Of (O R4, -NRACORR4,
-NR4AC(0) NR5R6, or -CN; 8aelf R i ndependep s ClL to Cl2 alkyl or C to
C20 aryl; 20 each R5 indeps atly is I to C12 alkyl, or C6 to C20
aryl ; each R mdependenlly (S \—| Cl%o X_al kyl, or C6 to C20 aryl ;
11111112112111HJ1 1111! . pR WD 017 21627 PCT/ US00/ 25122 Qis
‘a divalent bridging group’y RLOOR7R/ I ORRs RS R 8 -
R8 or Rs Re Rs ° /| Ra _R RS Rs & Rs wherein: 5 each R7
i ndependently is H, F, 8, ¢ n |, C to C20 aryl, -OR4, -CO2R4,
-C(O R4, -C (R5) =N-O RS, ®CH® -cv7-| 3R C (R5) =NR6, “NR5R6 or - R3z;
and each R8is H F, O, Cl to Cl2 alkyl®® C6 to C20 aryl, -OR4, -CO2R4,
(O R4, -CN, or -CF,. 10 12. The*Fultidentate phosphite Iigand of claimii
in

wherein:
each R' independently is C, to C,, alkyl, C4 to C,,

5 aryl, F, Cl, -CO,R*, -OR*, or -R’Z, provided that at

least one R! is -R%Z; :

each R? independently is H, F, Cl, C, to C,, alkyl, C,
to C,, aryl, -OR*, -CO,R*, -C(O)R*, -CHO, -CN, or -
Cr,;

10 each R® independently is C, to C,, alkylene;

each R*' independently is C, to C,, alkyl or C, to C,
aryl;

each Z is -CO,R', -CHO, -C(O)R*, -C(O)SR*, -SR*,
-C{O)NR°R®, -OC{O)R‘, -OC(O)OR‘, -N=CR°R®,

15 &C (R®) =NR®, -C(R°)=N-0-R°®, -P{0) (OR*) (OR'),
-5(0),R*, -S(O)R*, -C(0)OC(O)R*, -NR‘CO,R‘,
-NR'C(O)NR°R®, or -CN;

each R' independently is C, to C,, alkyl or C, to G,
aryl;

20 each R® independently is H, C, to C,, alkyl, or C, to
C,, aryl;

each R° independently is H, C, to C,, alkyl, or C, to
C,, aryl;

* € L M § x
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which the ligand is of fornula | wherein: each Rl independently is -R3Z
each R2 independently is H F, d, Cl to Cl12 alkyl, C6 to C20 aryl, -OR4,
-CO2R4, -VOMRI2T o - CN, or - 15 CF3; each R3 indeper&MS23 ¥ c1 to &4
al kyl ene; each Z independently is -CO2R4, -CHO -C(OR4, -C (0) NR5RG6,
-OC (0) R4, -OC (0) O4, -N=CR5R6, or -C(R5)=NR6 20 Qis a divalent
bridgi ng group o tbeaf aivalait HRid0iAgRfrd JE tRe Fori®Re Rs Rs Rs Rs
47 * CL N S WD 01/21627 PCTI US00125122 wherein: each R independently is
-CO2R4, -C (O R4, -C(RS) =NORG, -CHO, -CN, or -C (RS) =N (R6) ; and ]
each Re independently is H F, d, Cl to Cl2 alkyl, C 5 to C20 aryl, OR4,
-CQ2R4, -C (0) R4, -CN, or -CF3. 13. The tidgntate p(gosphbte | i gand of
claim1l2 in which each R2]is H each R3 i , \yl erile; each Z is
-C02R4. 10 14. £v cat | yst orrprﬂ'vsi ng a G eup n ngtal and a
mul ti dent ate phosphi/te |igand/sel ected f¥o ¢

formul ae I,Ikeor

aR\ O ~47i0 R R
R® R* R° FR° R R g R
wherein:

5 each R’ independently is H, F, Cl, C, to C,, alkyl, C,

to C,, aryl, -OR‘, -CO,R*, -C(O)R*, -C(R®)=N-O-R%, -
CHO, -CN, -CF,, -C(R®)=NR®°, -NR°R® or -R’Z; and
each R® igs H, F, Cl, C, to G, alkyl, C, to C,, aryl,
-OR*, -CO,R*, -C(O)R*, -CN, or -CF,.
10 12. The multidentate phosphite ligand of claim 11 in
which the ligand is of formula I wherein:
each R' independently is -R%Z;
each R® independently is H, F, Cl, C, to C,, alkyl, C,
to C,, aryl, -OR*, -CO,R*, -C(O)})R*, -CHO, -CN, or -
15 CF,;
each R’ independently is C, to C, alkylene;
each Z independently is -CO,R*, -CHO, -C(O)R*,
-C(O)NR®R®, -OC(O)R*, -OC(O)OR*?, -N=CR°R%, or
-C (R®) =NR®
20 Q is a divalent bridging group of the formula:

* c L L] S *
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RP R\ pg2R 0, 2! O\\ RRO\RRRRRR RR R RR
RR151 IlL RRRLRR RRL | ~1R R ;I /loR R2P4~PR2,6£})0R2 2 Rl
RRLR2 ROWHET |\ | j1~ I1~~111 1Il ~ Mec.s. * YEPIID1627

PCT/ US00/ 25122 wherein: each Rl independently is C, to Cl2 alkyl, C6 to
C20 aryl, F, d, -CO2R4, -OR4, or -R3Z, provided that at least one Rl is
-R3Z; 5 each R2 whéeppndently is H F, O, Cl to C .2 alkyl, C6 to C20

aryl, -O4, -CO2R4 - -GN, _ » CF3;.each R3 independently is
Cl to CLO al kyl e%%‘?hé’%%’%"?rﬁ%ejpgaelﬁdéﬁt|38/6%Rs'01§{%’e’%12 alkyl or 06 to C20
-C(R®)=N-0-R*, -CHO, -CN, or -C(R®)=N(R®); and
each R® independently is H, F, Cl, C, to C,, alkyl, C,

5 to C, aryl, OR®, -CO,R*, -C(O)R', -CN, or -CF,.

13. The multidentate phosphite ligand of claim 12 in
which each R? is H; each R® is C, to C, alkylene; each
7 is -CO,R%.
10
14. A catalyst comprising a Group VIII transition metal
and a multidentate phosphite ligand selected from the
group represented by the formulae I,II or III:

15

ot
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10 aryl ; each Zis -CO2R4, -CHO, -C(QR4, -C (O SR4, -SR4, -C (O NR5Re,
-OC (O R4, -OC (O OR4, -N=CR5R6, -C (R5) =NR6, -C (R5) (O
(OR4) (ORAYOMPISY ) oR4 -S(OR4 . -C (O OC (O R4, -N Cdgl_?g?(%}”ls NRAC
(0) NR5Re, or -CN; each R4 independently is Cl to C12 alkyl or C6 to C20
aryl; each R5 independently is H Cl to C12 alkyl, or C6 to C20 aryl ; 20
each R6 i ndependgidrtasirn:s H ClL to Cl2 alkyl, or C6 to C20 aryl Qis a

di val ent bridgin p I c @ggOﬁleTcth Ra R8 R8 or
Re / IT3l a RRe % IB%%% rlT,ulng wher ei 1 aleaié R |nde endently is H,.

F, d, ClL to Cl2 aPkyl; ©6 L 6930 aP§I' oXoRl 2. BFSRAded ¥
-C(Rs)=N-0-R, CHDsastNone GE3is- 'R5) —NR5 -NR5R6 or - R3Z; and each Re is

Er o Q 011&21%&1?4 ‘l’d%%gndé’&l?gs d;/216271bgg/uséo%g1\2/\é B
$

The cat aI yst conpo&Pt P@naﬁf cl aﬂ% 17 ‘?23 '\/\hlccl‘?)FhE 159Fand“Ms 8F Fornul a I
wherein: each Rl cag;ependently Is -R3Z; each R2 independently is H F, O,

C, to C12 al kyl, 325 ﬁQ d%&b(:'l 31 OR4, toCEZRélk QIQR4 -CHO -CN, or -
CF3; each R3 |ndeepen s Cl to C, 2l Ky gne 1k Zc Qdegendently S
-CO2R4, -CHO -@&39 42 independently 1is C, to 2 @ y

10 aryl;
each Z is -CO,R*, -CHO, -C(O)R*, -C(O)SR*, -SR‘,
-C(0)NR°R®, -OC(O)R!, -OC(O)OR*, -N=CR°R®,
-C(R%) =NR¢, -C(R®)=N-0-Rf, -P(0O) (OR*) (OR'),
-s(0),R*, -S(O)R*, -C(0)OC(O)R*, -NR'CO.R%,

15 -NR‘C (O) NR°R®, or -CN;
each R* independently is C, to C;, alkyl or Cs to C,
aryl;
each R° independently is H, C, to C,, alkyl, or C; to
C,, aryl;
20 each R° independently is H, C, to C;, alkyl, or C, to
C,, aryl;

Q ie a divalent bridging group of the formula:

25 wherein:
each R’ independently is H, F, Cl, C, to C;, alkyl, C
to C,, aryl, -OR*, -CO,R*, -C(O)R*, -C(R®)=N-O-R°, -
CHO, -CN, -CF,, -C(R®)=NR®, -NR°R® or -R%Z; and
each R® is H, F, Cl, C, to C;, alkyl, C, to C,, aryl,
30 -OR*, -CO,R*, -C(O)R?, -CN, or CF,.
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C (O
i

(RS5)
H F, d, C

N- O RG,

O NR5R6, -OC (O R4, -OC (O OR4, -N=CR5R, or 10 -C (R9) ;
dging group of the formula: R R 0 O @ ~ RR 8

%%lﬁg(’r»mherel n: each R7 independently is -CO2 E%QUS 6}%2 15 -C

-CHO, -CN, or -C (R5) =N (R6) ; and each R8 independently is

to Cl12 alkyl, C6 to C20 aryl, OR4, -CO2R4, -C(O R4, ,
-CF3 . 16. THhe.Tiwt alayeilysbnpompesidricnf of| alaid5l4 ninvwhdleheahdd R2 20 is H;

each R3 is Cl tpidahdliyigneoraaeh iw&rel(;pzm 17. The catal yst

conposi tion of cl 116 is selected fromthe group
consi sting of Z%a%ﬁrBd ﬁ]deg%%‘;ﬁfrp:ly rllsdr%rﬁa pal | adi um and plati num

The catal yst coe@eliR’i sndeperdenthyldsi H, whi cBlt Hg taefal allsyhazli um
ii 1111550 1111~¢bl b 4a¥@1011é§¥627c8<f€f/ USOR9)381220rd 9. - chhe ozatal yst
conposition of cl % m T8 in which’'the Thodiumis'in the formof a rhodi um

hydri de, halide, anlc acid salt, acetylacetonate, inorganic acid

oxi de, car bonylemﬂbumddemndﬂnm wrrﬁou:md C,5alkyl®Enelhe cat al yst

conposi tion of &hanm L%deh ewaéﬁ@]_%»hfs redkum.icgiol N-&@) «or m of rhodi um

bi s(car bonyl ) acet y| agetonate. (4|1l léé!cl»)lolR ., _N=CR°R®, or

10
15

le.
20

17.
25

18.

-C(R®) =NR®;
Q is a divalent bridging group of the formula:

wherein:
each R’ independently is -CO,R*, -C(O)R’,
-C(R%) =N-0-Rf, -CHO, -CN, or -C(R°)=N(R®); and
each R’ independently is H, F, Cl, C, to C,, alkyl, C,
to C,, aryl, OR*, -CO,R‘, -C(O)R*, -CN, or -CF,.

The catalyst composition of claim 15 in which each R?
is H; each R® is C, to C, alkylene; each Z is
-CO,R*.

The catalyst composition of claim 16 in which the
metal is selected from the group consisting of
rhodium, cobalt, iridium, palladium, and platinum.

The catalyst composition of claim 17 in which the
metal is rhodium.
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The catalyst composition of claim 18 in which the
rhodium is in the form of a rhodium hydride, halide,
organic acid salt, acetylacetonate, inorganic acid
salt, oxide, carbonyl compound, or amine compound.

The catalyst composition of claim 19 in which the
rhodium is in the form of rhodium

bis (carbonyl)acetylacetonate.
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