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This application clainms the benefit of priority of

Provi sional Application No. 60/750,733 filed Decenber

15, 2005, which is incorporated herein by reference.

Field of the Invention [0021 The present invention

rel ates to new phosphorous |igands and, their

applications in hydrofornylation and rel ated

reactions: More particularly, the present invention

relates to transition netal conpl exes having chel ating
TEIRABHOSHIORYS LIGHENRS FORCATALY HeHYDIROIFORMYLATION
Tet raphosphor us | {68885 M e ti ng nodes can
enhance coordi naéi ng a #F?ilgEAPgﬁbﬁsgnsi tion netal s
such as Rh and Ni, and thus enhance selectivities of

Cros§ RefirifideGo ReRitbd APplicatita transition

met al - tetraphosphorus conpl exes according to the
PIIes BNtTHINNSYNCcAtN Mifhis URE betefi®f pAbAty Yo Brovifional Application No.

6o/ S oA S Ry by AR e R Bt | ons

. l.sonmeri zation-fornyl ati on, and
F'ddli%ir}%g'?ﬁ?ﬁgﬁ'gtwhyl ation. Background of the Invention
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lhas been the |argest honpgeneous catal ytic process In )
applipatigns tip yhydgefpanylprion aud pelpted ofpagiinmnds Msre aiagtismpals th gpresent
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multlelgﬁlgr%{ng_ St 1 te“@g)@s%}ogbse S V&l&l‘hing@fil aﬂp% pmodes can enhance
coort?ﬁﬂtﬁﬁtaibmtky fdr&rdnbiﬁle:_&l &ndwmmgg RH_SandE‘N%] BREEILY chAFHRE salbétivities

r..co rcial_, appli.cation. spite the extensive .

of cqalyis FRBETon THE RBHHION e ol et raisg to the
presesatlC imesti@ASkre DosefulShad | caalystkasih meliydrabbimgatidnl) e risgmerization-

there -still .r LN ndament-al and pr.acti cal .obl ens
rwerddifgic, hobERROR TR Rl P FRde B TR s

isomgédaten-formiylation,aand hydnogminppethydationi n cat al ytic
- reactions. Highly efficient selective catalysts wll
Backgrowng of dhelnygntign cheni cal s to be produced in an

O AT Bl SRR S TS B! U e
homdgeisit lchtalytib peucessoin iirdistry ONMuné than 16H0llion Poesdsadfasdehydes and
alcoh%gﬁ%; ggﬂf{@(zgg%é’(peg uec’%(g bZ\T‘A’e\R%e% pey gi}ggggch,%g,%i, € 'Pd, Rh, Ru
and IPER$dISBONBHO4 Ry 86 se psxcessed, @dhithiag highpsebectinigy ¢ YinetbYroducts is
extreﬁlleiy l%ghgét%mdnﬂkérgﬂl Q;;p?ﬁgtf’o%esl)é@@{tg thg%§égsi9cp in@?&%&t‘f&} by both
academic and industrial groups such as BASF, Dow, Shell and Eastman, among others, there
still remain fundamental and practical problems regarding selectivity. New concepts for
controlling selectivities are very important in catalytic reactions. Highly efficient selective
catalysts will allow some bulky chemicals to be produced in an environmentally sound

manner under milder conditions.

[004] Cobalt catalysts (e.g., HCo(COQ)4) dominated industrial hydroformylation until
rhodium catalysts (e.g., HRh(CO),(PPhs); ) were introduced in earlier 1970’s. In 2004, it is



triaryl phosphi ne catal ysts. Achieving high
regi oselectivity to linear aldehydes is critical for
whyarofsssayl ati on and rel ated reacti ons. The rPCI/UB200¢047766

al dehydes are converted to al cohols, carboxylic acids

or other derivatives, which are used as plasticizers,

detergents, surfactants, solvents, lubricants and

chem cal internediates. [005] Schene 1 bel ow shows the

di ssoci ati on of a Rh catal yzed hydrof ornyl ati on
estimageiathatsipproRh@elgd75% of il kydrédorrhiyl@idn pioceds€Gvérh -bekedRPhBodium

v BT SN, AP RSO Mty B o e
hydréiPhn@atiqn R {e@@@] remttemsu cBesssulting aldphsides atei goavérted tofalcohols,
carbd&@?& g@ig BF Qﬁkéd&%ﬁog chhﬁ'é upeede lQﬁ&E@rso Getu&%mlé EXrfactants,

covery o ruett at Uni on Carbi de and Boot h
solvemts, bypriggnts {“Nafthet‘wl isamegiatephodi um wi t h excess
phosgplne qand can lead to forn1ng active, selectjve
&t a

Blow chews the dssopption gbg Rippatalieadslydroformylation
cmﬂﬁnosphlnes is due to the facil e Rh-PPh3 dissoci ation
In the catalytic systemas illustrated by Scheme 1.
Loss of PPh3 from HRh(CO) (PPh3)2 results in nore
active, but I|esq regioselectije hydrofornylation,

catalystsl ‘and |C. In the coqner0|al process, -yp to
an Ezgcinkg_e%cess=££=PPb3—PamRh4|s uses=t 0085Sh-6-H

high I'inedr:brarjch selectivitly ratio, i.e., ‘up|to
17: 1, for ePlae hydr of or nyl at i &Rh=0f 1- hexene. Comgerci a
hydiof ornyl at | -of  praRrylens dasivdeen run highlyhctize. 400

fol d sexdiesstayft PPh3 to Rh with a |inear: br ant¥hselectve
sel ectiviAy ratio of .8-9:1 beBng achi eved. [007f

Rh/ PPh3 catal yz ???TEF lation is the key for

meki ng all oxo 5308 opylene is the | argest

si ngl e al kene hydrofornylated to produce

but Ialdeh de, which can rogenated to produce

U] Theofucgssi .cg@alewal%ﬂ% IREG DAL stehaplgey has been
base(}l bR the H&y @Fﬁg@d}?bﬁ Priiddt eftQJxﬁerCﬁbhwanH E&gﬁﬂ? QJmorf $iethat the use of

ar gest si n uct ce ro

oGy HiEh x5t RRRE L4 5ed 15 rtiipg e Rptte igkctBrmy tation
catalysisialThy nEﬁHﬁir&dcdﬂstphosp’hnM@léZ@ﬁb? iothS&%le Rh-PPh; dissociation in the

PCT/ US2006 6 haI c anh
cataiGiC pREF B A e B PRI o R 8P R d 1BRREGErpy gosuts in
moret a}:txhq_e,d:plt Iq;ss Ir%xos&jdctlm‘ﬂh)@irmfdenxjhmt ¢e¢zgy$$)Btand|ﬁi In the commercial
proccf:s's,elw tg laﬁ ‘820 fold excess of PPh; to Rh is used to assure high linear:branch selectivity
ratio, i.e., up to 17:1, for the hydroformylation of 1-hexene. Commercial hydroformylation
of propylene has been run with a 400 fold excess of PPh; to Rh with a linear:branch

selectivity ratio of 8-9:1 being achieved.

[007] Rh/PPh; catalyzed hydroformy]atié)n is the key for making all oxo alcohols.
Propylene is the largest single alkene hydroformylated to produce butylaldehyde, which can
be hydrogenated to produce butanol, or dimerized by an aldol condensation and then
hydrogenated to form 2-ethyl-l1-hexanol, the largest single product produced by

hydroformylation (over 5 billion Ibs a year). 2-ethyl-I-hexanol is usually reacted with



[008] In the hydrofornylation process, it is critica
to get cheaper feed stocks for starting nmaterials.
wo-o0078%36pl e, internal higher al kenes (SHOP al RemnES3006/047766

such as 3-octenes are desirable for converting the

al kenes to linear aldehydes. Direct use of raffinate

Il (a mxture of n-butenes/butanes) and 1-butene and

2-butene m xtures are useful for hydrofornylation.

For hydrofornyl ation of n-al kenes, it is inportant to
phthaist aihydfidegyke prodeee diadlet gbthiali¢ estersHpelr @f orsay laatplasticigérs to keep
poly?ih&yéhhcgid%gaﬁ%Fl9§ st shasisgguent reduction can lead to
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usﬁféS] l‘ﬂsthélhty@fd'i@ltrﬁ}*{ﬁld'n%b@e%s i0 1s|bd:rEtibﬁpfd g&tadheaptdifbdll f6cks for
atl o
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are dRirgdlé FScderting! praniledass tNlindaphenidRe.S . Dirdtt ke of raffinate 1I (a

and m i sonmerj zati on - hydrofo ation rocesses
mix 7| SSHEAFYRER r 3o BH 00 GiLIE TR Qs o doetul for
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startinga neieriabsn fommoararrué«tsalay@n@lyﬂéteés deUEItb‘D et@ncépg,m—pﬁgmerlzatmn and -
hydrbfo?xﬂpﬁﬁ&h bﬂ)%eslsbg %lsomgﬂatlﬁ AR BmbBled Rt gﬁ@é&ﬁﬁﬁy towards

Xant phos by Prof., Leeuwen (University. of

termm%e@#@a#r argepHFRRIS Vi eminimized undesisalle hgweenig, reasgions and
mini&fid %Bﬁmern@ﬁ[dﬁh@ﬁvdrcﬁb@hjhgatmcfnﬁ:@[l@dsseI che, Synthesis

2001, 1, 1-36); and UC-44 by Union Carbide. These
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andFgffg&r?Q?gE%g%Bﬁs¥¥$%ﬁg%@og%§ﬁ§%gf?§%k§? 1- hexene has

been observed. Casey and van Leeuwen proposed tha

part of regioselectivity in the Rh-catal yzed
nylation is due to netal bigghosphing,h
ound 4@0 degree | S forned i.e.n e Biite
ang eAhypetfiesrs”

PPh, PPh, ~ tBu
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By using these ligands, a typical 400 fold excess of PPhs has been reduced to a 5 fold excess
of chelating phosphines. This new generation of chelating phosphines has led to high

linear:branched ratios as well as to higher catalytic activities. For example, a linear to branch



RRH HI "~ "gyp Chelating Bi sphosphine { a-~,\PPh3
-Rh," -Rh"" | ~p Reducing the use of excess PPh3 |
WEORW3/0G35C0 Bite angle (P-Rh-P): 120 degree [POWL0$2006/047766

Despite that a nunber of chiral bisphosphorus |igands

bei ng-used as catal ysts for hydrofornylation and

related reactions, the highly selective, active

phosphorus |igands for hydrofornylation still remain

an area of strong research interest. However, because
ratio0df T(RE20: ﬁifslsbjadrafdrmylatibn p;lﬁdslﬁdxbmehasf b@m diervBi- CQasey and van

coor di nat m.for | evi _
Leeof R et P oo R RN BN Bin RO BiRiormyapipys due v
metad)blsphresppmo@ucasglp rapond d@do dmeisoﬂomql, x.éaﬁthlelBase ®fgle hypothesis”
as -llﬂptd;ﬁ ligands with multi-chel ating coordination

es | s attract ive. The tetraphosphorous |igands of
the present invention, because of their coordinating
abi | i ti es through gulti-chel ating coordi nati on nodes,

| ead® hi,ghly regi ossl ed‘t ive transidion d

I|gand”cat|al | yeed hydr\aforﬁw tion anéﬁk&1 'Jghog%ng

" react Rh{.o provi de'hi near Regucipg Gaehof excas POIS
t han thosel pl"%'t?l ously obtm ned Al so, the symmetric

nature of These |'i gpidsgixbROWS 120 dgREe | i gands to be
prepared easily. Summary of the Invention [0011] In
the present invention, we i.ntroduce a variety of

hosphor us Ilgands e A with mJItl-cheI ating
iﬂﬂa h2e5PER thah gawmper pf Ffugat( B*&P@thw begnds beiggechas catalysts

for hg&@ﬁﬂhﬂaitxbﬂ ﬁndihileltéd te@&;on&’ tie NightylselectiveRactvEPhosph¥ru$ Iands for
hydrg@mrfgjﬁﬁg%l Etlllg wlq—ﬁﬁ élreg % %égga\r(esea)éch mEc)erest I%owever,Ybe\gause of the
dissociation of phosphines from the Rh-CO coordination, is a problem for achieving high
regioselectivity, that is high linear to branch ratios of the products produced. Developing
families of phosphorus ligands with multi-chelating coordination modes is attractive. The
tetraphosphorous ligands of the present invention, because of their coordinating abilities
through multi-chelating coordination modes, lead to highly regioéelective transition in metal-
ligand catalyzed hydroformylation and related reactions. to provide high linear to branch
ratios than those previously obtained. Also, the symmetric nature of these ligands allows

these ligands to be prepared easily.
Summary of the Invention

[0011] In the present invention, we introduce a variety of tetraphosphorus ligands
(Type A} with multi-chelating coordination modes as illustrated . below to enhance

coordination abilities:
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4 WO 2007/ 078859 PCT/ US2006/ 047766 where Mis a netal
sel ected fromthe group consisting of Fe, Zn, M, Co,
W@07AIRSSNI , Pt, Pd, Rh, Ru and Ir; X is sel er€BUSINGMT7766
the group consisting of 0, NH NR and CH2; Y is
selected fromthe group consisting of Ar, OAr and
pyrrole; Ris an organic group and Ar is an aryl
group. Type A ligand is a tetraphosphorous |igand of
the present invention. Type Bligand is a
wherd M shrospthbsetastedl fraparict. gréwp ¢dnkistig aftied ZhaVonCo,te Ag, Ni, Pt, Pd,
Rh, FI et r hﬁsp Qe%clfl %r&ﬁ%dgrr%o%gons%)tmggﬁ I\IH ll\ﬁ{agl{di Cflﬁu Y lS selected
ahce’coor

[e30]0) r
from alhn gnoup @snmmgezfs"xm RRAr andspyirosp Roisuem drzagan erOQJiFynpé /’B) is an aryl

P. 4

srouL Py 4R ARG TG ks b piesrbrehon Ty gand i
a bisphpppleorg)s llgamé g tllusfa:ﬁecl belpwg theeetrapbhzphpnvgrligend (Typend) has at
least (fa‘p%h@llitn‘?é cb&%u%% erﬂédésn%egﬁﬂag& c@&hﬁﬁﬁ@n tBfities whereas the

coor |nat|n?BGJF it es of (?an S W thout najor
bisphesphiegits ligrngd r&)ma&aﬁmaﬁsém ceranly: PigdnBs.  Det ai | ed

Description of the Invention [OOlg] The gresent

: Y

i nvent i rect étd~t o LBt rapho | i gand%\ P
havi n chel ati ng ordi pation deg, t e_used
catal ysts* fjor hya_bfqégy ation and r .ated reactio \>b
The tra V@& met al p ahysts pr red”mslng t he Ko
tetraphosphorous Ilgands of the present invention are
hi ghl y active and regi osel ecti ve. The tet r aphosphor ous
Com%ak%@?vﬁg ng{-rpaﬂ SLRF%SP gﬂxts hg:(a:{a/ g?yqeog) t %TX tgabefl%m%qyf?ﬂﬁsphorus

ligand? (Kb X3 of th@ presént mvemtidn- maﬁ@;{)'ﬂjeo&ﬂﬁ&gatmg abilities of ligands

thhopgar{#) gg}% %4&%&@0%%9&95 fh ut edlAr m ?]gd ?)A?r e,
Detaﬁgﬁgm éﬁﬂwo@@he ﬁQ@BH(nSOSH SOZ NHR, PO'\’Z PQAr 2 or

IS an a substituted al kyl,
[0012] The present invention is directed to tetraphosphorous ligands having multi-

chelating coordination modes to used as catalysts for hydroformylation and related reactions.
The transition metal catalysts prepared using the tetraphosphorous ligands of the present
invention are highly active and regioselective. The tetraphosphorous ligands of the present

invention have the following generic structure:



aryl or substituted aryl and Ar is an aryl; X -X4 are,

i ndependently, R Ar, OR QAr, pyrrole or substituted
w@yeororssso where R is an al kyl, substituted al kKpCT/US2096/047766

or substituted aryl and Ar is an aryl; and Y1, Y 3,

Y2, Y2, Y3, Y3, Y4, Y 4, are, independently, R Ar,

OR, OQAr, pyrrole or substituted pyrrole, where Ris

an al kyl, substituted al kyl, aryl or substituted aryl

and Ar is an aryl, or where R Ar, OR QAr, pyrrole
whewmitdi, gulst in ah@a e rinddpendently] HnRed rygubbtitated 2 @R, t@Ar, COOEL,

N T

haliEASEOR. SO Oﬁ&*rgmor %Rg Bl pNRF] NeherdiRSE ?‘{’ st SHERHRE alky)

exa
aryl anepbstitad ary] o141 ls'ﬂh@rflehvéiMamg mdepﬁmeméx & Ar OR OAr, pyrrole

or sJHsﬁﬁ&ediim‘}‘jé ml;e l@fns Jnh;ﬁlgl néﬁ%mth@a aleIY afyl Gr §ubs(1ﬁxtéﬂ Dyand Ar is

an apyhaangd Yo, X' & 20Y z,(jﬁg Y' N4 KlR arﬂsmer@ﬁenm)@r %é}%r pyrrole or
subshﬁlt@fbﬁ}dfé’ lwheSd/RS$ hrt Mkﬂds@)lstkm{ed all@'l )ébleﬁ- sﬁi&hﬁitéd dJ'Sfﬁ.d]d Arisan

aryl and Ar is an ar
s bR A e gfffPlfr‘ st SHB%FW# Pyra?'ﬁlaré ligkdor it fsaroon to

carbdh fophd, SHESNH] NFe@narQ| ,ThORubstihited rdsps would ifol¥ds, for example,
halide or two of a, b, ¢, d, i, j,
“Wﬂwgggﬁyﬁé%%§§q?dg§%bﬁe a cyclic fused ring or an
ex{@ndgdhe foltowdng dlusﬂrzngs, a filsesnebddiment @i theel ikyention:
substituted al kyl, "aryl or substituted aryl and Ar is

an aryl. [0014] cond enbodl t off the invention

IS |Ilustrate i/ 07 :
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wherein X is O, CH,, NH, NR, NSO;R or NSO,Ar, where R is an alkyl, substituted alkyl,
aryl or substituted aryl and Ar is an aryl; and a, b ¢, d, i, j, k, 1, m and n are, independently, H,
alkyl, aryl, substituted alkyl, substituted aryl, OR, OAr, SiRs;, CF3;, COOR, SO;R, SO;H,

POR,, halide or two of a, b, ¢, d, i, j, k, I, m and n can be a cyclic fused ring or an extended

aromatic ring, where R is an alkyl, substituted alkyl, aryl or substituted aryl and Ar is an aryl.

[0014] A second embodiment of the invention is illustrated below:



XXgyp- N b NfPA. 1 n Nf ma N <c¢debc wherein X
is 0, CH2, NH, NR NSOzR or NSQ2Ar, where Ris an
wa@bdoylo78ssubsti tuted al kyl, aryl or substitut eBCHI$1006/047766
and Ar is an aryl; and a, b, ¢, d, e, f, i, j, k, 1, m
and n are, independently. H, alkyl, aryl, substituted
al kyl, substituted. aryl, OR QAr, SIiR3, COOR SO3R,
S0314, POR2, halide or two of a, b, ¢, d, e, f, i, j,
k, 1, mand n can be a cyclic fused ring or an
ext ended aronatic ring, where RIS ard al kyl ,
substituted al kyl, ary subst £ aryI and Ar is
an aryl. [0015] A thir { e he icnvention is
i |lustrated bel ow cH fa =(d ePi / c
XX\ kal X a b. bdJC siegl mae a
e bdb CC wer [ 2R or

NSQ2Ar, where R is anf al kyI aryl
or substltut ed aryl and Aryisza aryl; and a, b, C d,
e, i, j, k, 1, mand ' | , 4 al kyl,
aryl, substituted, a , Utred BTWL,_/OR, OAr,
SiR3, CF3, COOR, S f N A , or
two of a, b, c, d, & i,\] n can be a

cyclic.fused ring or an, )
PCT/ US2006/ 047766 ext ended®ar omat i ¢ r|°ng where R-i's
whezein 3 sy 0, CEhbDEL INRNS@b K pt NS@eAt, varers Rbis taint alityd dsubstithted alkyl,

‘ arylagldswstltuted aryl; and Ar is an aryl; and a, b, ¢, d, e, f, i, j, k, I, m and n are,
independently, H, alkyl, aryl, substituted alkyl, substituted. aryl, OR, OAr, SiR3;, COOR,
SO;R, SO3H, PORy, halide or two of a, b, ¢, d, e, f, i, J. k, I, m and n can be a cyclic fused
ring or an extended aromatic ring, where R is an alkyl, substituted alkyl, aryl or substituted

aryl and Ar is an aryl.

[0015] A third embodiment of the invention is illustrated below:

wherein X is O, CH,, NH, NR, NSOzR or NSO,Ar, where R is an alkyl, substituted alkyl,
aryl or substituted aryl and Ar is an aryl; and a, b, ¢, d, €, i, j, k, 1, m and n are, independently,
H, alkyl, aryl, substituted alkyl, substituted aryl, OR, OAr, SiR3, CF;, COOR, SOsR, SOs3H,
PORy, halide, NRy, or two of a, b, ¢, d, e, i, j, k, I, m and n can be a cyclic fused ring or an



is an aryl. [0016] A fourth enbodi nent of the

invention is illustrated below Cf edb{ 9\ / Yd
wo2@7ies®P J ¢ ki / a-b f h XX 9-" b 9 CcPCHUS2086/07766
hdPhmae ~, ftYIl b e9c f wherein Xis O,

CH2, NH, NR, NSO2R or NSQ2Ar, where R is an al kyl, -
substituted alkyl, aryl or substituted aryl and Ar is
an aryl; Y is a carbon-carbon bond, 0, CH2, NH or NR
where R is an al kyl, substituted al kyl, aryl or
exterfild® Soniatit ethgawlitre Ralthnaalltyd, sibiteted alkgE pen de sibsyitutediryl and Ar
) aIFyI, aryl, substituted al kyl, substituted aryl, OR
San@Al SiR3, CF3, COOR, SMBR, SMBH, POR2, halide, NR2,
0108 )g‘%oﬁthte??ﬁbdﬁﬁéht%?th% \}ﬁye%{ibl&sfiﬁﬁ?&eﬁlbgg)v@r an
extended aronatic ring, ere i's an al kyl,
substituted al kyl, aryl or substituted aryl and Ar is
an aryl. [0017] A fifth enbodinent of the invention is
illustrated below. €8 WD 2007/ 078889 PCT/ US2006/ 047766
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wherein X is O, CHz, NH, NR, NSO:R or NSOAr, where R is an alkyl, substituted alkyl,
ary.l or substituted aryl and Ar is an aryl; Y is a carbon-carbon bond, O, CH;, NH or NR,
where R.is an alkyl, substituted alkyl, aryl or substituted aryl; and a to n are; independently,
H, alkyl, aryl, substituted alkyl, substituted aryl, OR, OAr, SiRs, CF3, COOR, SO3R, SO3H,
POR;, halide, NRj, or two of a to n tan be a cyclic fused ring or an extended aromatic ring,

where R is an alkyl, substituted alkyl, aryl or substituted aryl and Ar is an aryl.

[0017] A fifth embodiment of the invention is illustrated below:



a dXXbbb caXx~ac dOP~-1I np\l e\OMO

Oed a#eabdbCwerein Xis 0, CH2, NH NR
wOS02878850r NSQ2Ar, where R is an al kyl, substPeTiUS06/047766

al kyl, aryl-or substituted aryl and Ar is an_ aryl;

and a, b, ¢, d, e, i, j, k, 1, mand n 'are,

i ndependently, H, alkyl, aryl, substituted al kyl,

substituted aryl, OR QAr, SiR3, CF3, COOR SR

SBH, POR2, halide, NR2, or two of a, b, c, d, e, i

j, k, 1, mand n can g)e @ cyclicc flused ring or an
extended aromatic rin &/ ah al kyl,
substituted al kyl, a¢ subs uted aryl and Ar is
an aryl. [0018] si xt hl ersbodi gentOof t%he gnvention is
i|lustrated bk B d a h gd ~\ f 11|

P~ OP\k \ I/
in P,OIl mo01°f

CO /1
ddf) . xh a# cp 9

" wherein X is @, CH,, NH, NR, NSO;R, ‘or NSO,Ar, where R is an alkyl, substituted alkyl,
i aryl-or substituted aryl and Ar is an aryl; and a, b, ¢, d, ¢, i, j, k, I, m and n are, independently,
H, -alkyl,- aryl, substituted alkyl, substituted aryl, OR, OAr, SiRs, CF;, COOR, SOsR, SOsH,
POR,, halide, NR,, or two of a, b, ¢, d, e, i, j, k, I, m and n can be a cyclic fused ring or an
extended aromatic ring, where R is an alkyl, substituted alkyl, aryl or substituted aryl and Ar

is an aryl.

[0018] A sixth embodiment of the invention is illustrated below:




9 WD 2007/ 078859 PCT/ US2006/ 047766 wherein X is O,

CH2, NH, NR, NSC2R or NSQ2Ar, where R is an al kyl,
waenmsrgssd ed al kyl, aryl or substituted aryl BemUS2006/647766

an aryl; and a to n are, independently, H, alkyl,

aryl, substituted al kyl, substituted aryl, OR QAr,

SiR3, CF3, COOR, SR, SG8H, POR2, halide, NR2, or

two of a to n can be a cyclic fused ring or an

extended aromatic ring, where Ris an alkyl,
whensembth's 1t G, AHYNR, HEQLR or NSihairi whereR & 1 allpld syystifuged alkyl,

a La1nQt e r

arvt 3 sibinued U5l 0 R0 1°aTaBI 0o p A6 IEE g BRARRIETRL Bt an
subsn@mdtalbﬂssuqsmm]arﬂxﬁﬁpl@g §iRat ﬁ@sst@@gpﬁ@s%:h‘@ﬁﬂrb PORz’ halide,

NRg, +rgc%do§f Ob 1 Of eraeccﬁnE fds@&' ﬁﬂg '09 Qn szﬂen@e@ Argﬁlﬁtxc ﬁl’lge where R is an

lustrated bel ow
alkypmp\gqumtw alkyftarylmr su@t@ated I3"3N| qndNApls\ aq a:p'l de_npd @§ng eoare not

r 9.
hydrgk%gaatlgﬁis%s?ﬁfiﬁ%% OgadNI;I Sar p rgﬁaﬁlﬁi NZ 2}%{}&% cﬁzlywc re%tc@;

[0019] Examples of the tetraphosphorus ligands of the present invention (L1 to L91)

are illustrated below:

Et

rote Gro)

Et

-\35/ EQ (& O f;;)

ez

COOEt _ D ﬂ
(Q(N) /P(N?l CN'E‘S O Z’ S‘N@

SOy, Py
N R R N
— 2 EtOOC U @

L6, L7
R =CH3, tBu

Z

L1

(
g

L4

‘U

LS
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NRRN PL OP CNObON) 2 O2 COOEt EtOOC OO CN, O
OPN P C NNPPN2P NR\ RN EtOOC L5 L6, L7
W@R26070%859 t Bu 10 WD 2007/ 078859 PCT/ US2006/ 0AFTHES2006/07766
tBu tBu N\ P~~O O- PON -P---_p p_-,P, N '~ PN 3~
ONP.~O OPN ON.P--OO NNOBu tBu N L8 L9 Qt02C
CREt NNO d N/~~cN"OpP\N- KO OPN 1P OO

PNP="-O0O PN NEQRCOC®REt NNC N 11 L1QLIi

0O CH3 | QNN\ OW--1 | OPN,DOP N\ CNpb
O,.ptbgOP'l\bNNN‘\INCI-B'/ 2 L13 78R\
/ N\ N Ell;gtBu tBu<_Nj

]
{ —_
- La o -0
Ot~ LoD O ol Lo
N = N X
O oS D1 'O

N N_ tBu By N

W W J

L12 L13

11



11 WD 2007/ 078859 PCT/ US2006/ 047766 N NN N % - N P\
PIN % N~PPOI OPNOOOOQO\ / O-P-N NNPNN N'P
wo 20020885914 n - | N/N, N_ NI \ N P. P P&FUSN06/047766
P HH P\ N/ H H NAP PAN=CNP,NNPN ~/. NI N
- NNL17 L16 PPNf +\ NP PAN 22 NONPPMNM NN
P~ N 11 1 -.- 2 L18 L19 12 WD 2007/078859
PCT/ US2006/ 047766 Cy Cy Ph Ph P~ O O P~CY Ph"P10O
O P'Ph ¢y

12



P.CY Ph, OO -Ph C,PPOCQ Ph Ph CY¥ C&y L20 L21 ~Bu
l i Bu Ar Ar t8u'P~, OI / OGBu Ar" PI, Ol /| O1 Ar

WO BW70@B8® . tBu Arm.O O Ar PP tBu tBu Ar APCIL/BS2006/047766

L22-L32 tBu CF3 FF - MtBu / Ow A =\ 1/ \ | F
tBu CF3 F F Me tBu OCH3 CH3 N(CH3)2 NF QAr CAr O\
\ 0O\ AO P 101 / O PIOAr P\ P-b O ArO P O 0, POAr

f Or Or OOp~1 ~P\ L35-L37 OO0 tBu tBu tBu L34
Ar - tBu\ /OCH3 \ / 13 WD 2007/078859
PCT/ U82006/ 047766 g’ Cy Cy
h B O o P~c
on p\o O o F’\Ph cy” O y
Cy. .0 O._..Cy
Ph\P,O O Op-Ph 'c':; O Zy
Ph Ph y
L20 L21
e sBu }BU
'i‘r 1 ,P\ O O’P\lB
Ao O o ™ar e ’
tBu, O O. _tBu
Arl_ O O. _A S O k4
' L4 O e ' > " tBu {Bu
Ar . Ar
<. L22-L32
_ . CFs
%f} @ {2 Q
’ ’ CF3

—Qi}—ocra3 —@—cn-is —@—N(CH3)2 —(\N__/> —@—F

X OAr OAr
o) _ 1! K
le; - ArO” O 07 TOAr
P P
~ O v
0 o]
Ej ArO\":,O O O\",,OAr
OAr OAr
S
O P/@ L35-L37
O\Iij o tBu tBu tBu
L34 . A= _® ’@“‘B“ —OOCHS
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/| 00Paol i PoPaol i o0 PO P~OI o0l-1li=cl oo
~OOP,0 L38 L39 tBu MOOWw tBu/ \ tBu tBu / tBu

wWoOBWNMIBS tBu O/ \ OP~ '"Ow tBu P.0 tBu O RT/I5S2006/047766
O Co OtBu tBu tBu tBu tBu tBu tBu O P \P.OB\ MO
OP~-OP.OOW OtBu OO \ / tBu tBu tBu tBu \ / tBu

t Bu
tBu MO Ove L40 L41 tBu tBu Me Me / \ Si Me3 Me3Si

E~<<" OO tBu/ \ o\ PotBu ~- \ P\oC( PM M
Sive OOw3Si M Me Si(Ve3 0OM3S - O 1QI 0O

\P ON®)

42 L43
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L42 L43 14 WD 2007/ 078859 PCT/ US2006/ 047766 tBu tBu
/' \ / \ tButBu/\ OO/ \ OORP, tBu Ol " OtBu -
WO BW70Bss9t Bu tBu tBu O\ 'BU :1-11 1 1\ 6f- :RAT/USHING/ITI66
0 "o tBu tBu tBu tBu L44 L45 0. \0 ol~ x I/ O x-
O Ox X OPIl ~Plo\/ pP e 0 XX/ L46-L53
L54 X = H SiM3, Br, 1, COOEt, CF3, Ph,. substituted
aryl 15 WD 2007/ 078859 PCT/ US2006/ 047766 tau tau 1 \
ea R R \ 00O 0- pOl i CtBuJR OI i tau C
tau 0, Otau R Oi OR R PI1 \P-O:R ' | \P-O

L54

1.46-1.53
X =H, SiMe;, Br, I, COOEt, CF;, Ph, substituted aryl

15



yoOYYOY 00\ ORN'"PP-ONAP\ P O0OI-_O.
YR \O~-Oy OO/ OR /0l \ "O0OP1-1y \PN
WQ@2005/03882 P OO0/ NR 1 O OYyy O y Y Y pSRURBRG047766
L63-L69 Y =Br, Mg, iPr, tBu R=H, alkyl, aryl, Y =

Br, Me, iPr, tBu 16 WD 2007/ 078859 PCT/ U82006/047766
Cy C Ph Ph"P Ph., P~Ph Cy Ph'P Cyr p.CY Ph, Pp h
PCi C PhPhCyL70 L71 tau tau Ar Ar tau,

tau P-Ar taup PtBu Ar

o ¢
<
J &
o}

L56-L58

L59-L62 L63-L69

Y = Br, Me, iPr, tBu R'=H, alkyl, aryl, Y = Br, Me, iPr, tBu

16



Ar-. P-t i P, au tau Ar -
M CF3 ~/ Ow Ar = OCCH3 \

WEER70788HMB /| N(CH3)2 N/ F F/ QAr OAr p O PCBUR006047766
i tiil: P,OA ArQ -OAr P OAr 2 OAr \ O L83-L85
O\ tau tau tau L8 Ar =\ / \ / tau\ / OCCH3 17 WO
2007/ 078859 PCT/ US2006/ 047766 01 0 SI OP PLO O1P P

OO \ \ L86 L87 tBu tBu tBu tBu MeO tBu tBu Owe

Cy Cy
Ph Fh P .
l|3 P< Cy/ Cy
PH” Ph
C ~Cy
Phe, p PN e O )
] Cy
Ph

Ar L72-1L80 L81 tau tau
[ ot-/, tau tBu F F Me
/

L72-L80 : L8t .
R . u
- Me . CF 1Bu
Ar = —@—OCH;; O -
. tBu
tBu
M
R F ° CFs _
F F

_OAr

(J
o5

tBu tBu
L82

tBu -
- 2 T oo

OAr . -QAF
R (o] ! - P
(o] : ‘Q ArO’P O OAr
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O0- MO/ tBu O PLOtBu OP P.0O OW tBu - tBu
tBtBu tBu tBu tBu tBu tBu Qo 1 Pr-OMOV\ . / g- - P,O
WO 2@0Wp7886BU t Bu tBu tBu tBu MeO OVe i Bu L83 LBOI/UBBO6/047766
tBu Si M3 M3Si M M/ '\ -/ OO tBu PP OtBu CP
I i P. M Me SiMe~3 Me3Si r Me Me  Si Me3 Me3Si t Bu
O P-OPI P-O Ot, tBu O SiMe3 Me3Si Me M tBu tBu

L90 L91 [0020] In a hydrofornylation or rel ated
reaction, the transition netal- tetraphosphorous
ing a tran
transition

'B“ L91

[0020] In a hydroformylation or related reaction, the transition metal-
tetraphosphorous ligand complex is prepared by mixing a transition metal salt with the
ligand. The transition metal salt is a salt of a transition metal selected from the group
consisting of Fe, Zn, Mn, Co, Cu, Ag, Ni, Pt, Pd, Rh, Ru and Ir. Examples of the transition
metal salts are FeXs, Fe(OTf)s, Fe(OAc)s, Mn(OAc);, Mn(OTf);, MnXs, Zn(OTf),
Co(OAc), AgX, Ag(OTH), Ag(OTh):, AgOAc, PiCl,, HoPtCls, Pda(DBA);, Pd(OAc),,

18



WD 2007/ 078859 PCT/ US2006/ 047766 PdC1l2( RCN) 2,
(Pd(allyl)d)2, Pd(PR3)4, (Rh(NBD)2)X, (Rh(NBD)C)2,

W@ RwOCByLCl) 2, (Rh(COD)2) X, Rh(acac) (CO) 2, PCT/US2006/047766
Rh( et hyl ene) 2(acac), (Rh(ethylene)2Cl)2, RhCl (PPh3) 3,
Rh( CO) 2Cl2a RuH( CO) 2( PPh3) 2, Ru( Ar) X2,
Ru( Ar) X2(PPh3) 3, Ru(COD) (COT), Ru(COD)(COm) X,
RuX2(cynmen), Ru(COD)," RuCl2(COD), (Ru(COD)2)X,
RuX2(PN), RuCl2(=CHR) (PR 3)2, Ru(ArH)C12,

Pdcié’g(@@)( 4 H:y)g) Faep i, NBRARED)HX, ( (RENBD)Z)X, (Rh(COD)Cl)z

)?Rqéﬁm(;:?)z, @(3%6%&85%W@ylene )2 RhCI(PPhs)s,

Rh((C(NzC&l |y RuR(ZO)IPREED) 2 RulB)X6,ac aBp@n)FTI(REARL ) 4.Ru(COD)(COT),

ke M G e S i S

RuCARGHRIPRE)Y | Ru@rH)SLARu(@O)(rgetbalfyg) QIENBR);CliS @(NBD))X,

GO B SR BEfe) Bl o380 BN i
NiXRHOHaHIOE-2OGPD): DR Q:6caninr BEPiRadi ¥iacaOpBnil MeReOs, wherein
eachG %h@%’:ﬁsogxh%déﬁg' SQQI eH%ro(ﬁy eoé?&gsppédﬂsfsﬁlgg ofr ﬁﬁylnclr)grﬂr @r is an

is placed 1 n utoc ave that |
aryl ng"PPbgéW“anc?(sl§b§e&%‘ﬂ'9’}l°‘bha‘|‘°@eﬁs Fa @@‘an@THZSbFa CF380;,

' B(cgiymhggx 5C10fBrtd?Q Tt s et BBALisgaitti=ci6621-ofth, NDB is

ea 0 ni pul ati o in the exanpl e set forth

"O’bB‘éHag %e‘?%s ’f)‘é’f@?f’f’ﬁ’é'be”r? ﬁ“‘g%ﬁﬁ 1§ GYERRET PR redhisBk isgiaced in
an alteélag: thbwis gargdd Sadhlnérdgeh andnibgetpendlyl Hiargeddvith ODUAB&L,.

were dried and distilled from sodi um benzophenone -

ketyl under ni t Bpykesis dithddtepbosphath Ligande was

distilled from CaH2. Methanol was distilled from M

unt¥R1hadlr erpetionsCendimanipHatinnat g thepleyampls prir fosthnbelow were
pcrfél-ﬁieHQanvhftHgla& #1198 |gloQ/gb&2§10usﬁgg sﬁﬁ@mi ScHénk té’ghglq%gg THF and

MR were recorded Br uker 0, AM 300,

toluwwe%éﬂ%dp@@t digited &om soémrb%rwoph%ﬁw k@ylvwnder mtrwne é\dethylene

~chlofifle RREUBAMEY frb@l ChH,! WRth&iol dae Ml tr&nmgmuh&rtmgen Column
sol vent resona

dard
chroRIbARLY WA OB it AL R0, 2 B bR el G 31P

) NME/“BBe recf)ﬂredlola -Hrka W PHROEAM-GD, aiﬂalAdﬂKSBGNa@eaﬂfnﬁdt&ﬁ Q]Ptemtcal
| wett - kard 890 chroma chira

st S5 ek i S S g7 O L R R B e Feonanc as
the iVgtrat sﬁMar$OM3:$negmmwggrra<mwad ¢0O ERATOR miasd dpevtrargeter MS 9/50°

for &wgpda{de ﬁ%%;useéct %Paﬁyla% p}&g% Z&id AU AL L% 6890 gas

structure To a so ‘
chromiatograpdly ppingaibjrphespiiainn eolgmna. ARG a@lBizgyvay earfiedEof MoatersTM
600 SrdmWeprapdged dropwi se triethyl amne 1n and ‘a

solution of.tetraol (I mol,. 0.218 g) in THE (5 nL) at

rL owgatpme Ffowise p%@&dlﬁ@ Iwa‘é‘@?zecﬁtbni)}ﬂlﬂﬁ:klé@ qiigmm\%gﬁﬂaet Bructure
| NAS

L1. EHW%%@S?%‘C@EMB’ Oymhosghawéﬁmwr B‘W@dﬂﬂé‘%@ﬁﬁ‘i‘lﬂé”as added
dropWass tREBPRAGAE 1ALCAAH SButibaNnofdeirachl(0immd, 0G18 Pk @APF (5 mL) at
rooni/fe;m;%lrjaégr% E) r;é?ttgpf(?vgg rs%!?w’lzce:% fgC%%‘\*]/‘g _rt]% g%gé&%p G.;PWG}I/I\(crsl}Ifoem, 0.;
Isakskon,eR hyl ong.nChdnCl 1982) £5 S4essd, hiat odrodipyadiyah@dpliine was prepared
according van der Slot, S. C.; Duran, J.; Luten, J.; Kamer, P. C. J.; van Leeuwen, P. W. N. M.
Organometallics 2002, 21, 3873-3883. Triethylamine-HCI salts were formed immediately

after the addition. The reaction mixture was stirred for 6h at room temperature. The
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after the addition. The reaction m xture was stirred
for 6h at roomtenperature. The 19 WO 2007/078859
WO EBOD6/ 047766 triethylam neHO salts werBCT/O82006/047766
filtered off and the solvent was renoved under vacuum
The crude product was purified by flash chromatography
on basic al um num oxide eluted w th hexane/ Et OAc/ NEt 3
(6:1:0.01) to produce ligand LI (0.31 g, 369 as a
air-stable colorless solid. "H NW (300 Hz, CDCl12) S
triethyB@iinet HCP bhltsIwer8. tBerHfi)tere® offSandrhe 28kint Was2Emoned under vacuum.

156 IS, s 8 oo by e o

withl aeﬂanleiﬂtg)Acmlﬂta 16: 130P) NwRprodupg Higan€E 29.38 6.036%8). aHRMEr-stable
c . ah 86y f

SAE DSk SR 3 oty £ .
16H); MMBI(%RA % GDGlalth 13- %6 Jrrl%ﬂjﬁb‘éll Ond3!-tidad gelf &, 118.1,
115te3;€(<§;l fﬁ$h957ph95U§12’v'ﬂ@ﬁdr)vifda(nlgsgﬁ?%ggg;( étg?% %}@%SQE&) caled. for
Caaldaol %4&1}4}1*@8%?%‘& Eﬁq?“glg67 A%%lo| uene). The mi xture was

t d f 5 t 0 [, 1.56 nmL

' vas added T ol B“M,Qay Egvéaq%ém%y S5 558 | nt ernal
- auﬁ&&?&g 2%%{‘ Sllfj a%/ rena 1c SF rrmgj;a} Qv%?ﬁ:tx%rigrf gx ﬁtrq;ngsphorus
ligandh Mepremarmam ﬁncbrsumcaemtel ) umdr gédng) ard Ktﬂ!aé@)(lﬁa))) (1 pmol,
0.1 ﬁﬂ.d(ffw% rﬁ% s%"ﬂft on IIT 'f@%ﬁl% Oﬁle%ﬁtdi‘@%aé Q%d t%? @ﬁ‘xﬁg Il"f?enlé) ch'ene (10

aut ocl-ave was -coo

mmﬂ)atléﬁ r&hhww@dsﬁ é%lsqweé by\ggans 4081 gl)yps vl@tp@aé%mam aThe reaction

mixWBé way eRhittA et RPadociIRe TiRAGEIORe 'W&Stﬂﬁrrged“@ﬁh nitrogen for three
i medi ately analy The remar kabl e

4
i U BHAGREID] THEEASith S Gt PR | Gty The Abtostave was then

heafe@td PQUIQIPih OLAHY. A%gmtﬂtHelaufoﬁrathdﬁ G&Qécﬂh‘i i8y hater @hd the pressure
nstr a I N

styrene, 1-oct.ene d .
oSt R Lol 1A /o CpIBRE 60 2 T FBr SO R ety
analyped oiCevi ng nore than 2:1 ratio of linear to -

branched products when conpared to bi sphosphorous -

| i 4e0¥d3 Toe rtehwmrimble regiwselestingtiesagsing aan tnpit shalating J@trphosphorus
: hgaﬁ LY qgf’\g:&dgﬂfg la&orh)f gtﬂg'ﬁ%ﬁ\égcgeg% aﬁl(ph%?g%ralllé de{-nQr?sﬂgt%d in Table

Nymlajtyo shyyangt is @qufﬁ@larﬁyb;tmgqur highlpymg mere tthan 2:1 ratio of linear to
brarkahé@h?mne& quﬁed b&ﬂp&ied J %&?h@ﬁﬁor-gn§ HeGRE! bp&ne prior_art such as

condi t1ons included acac)
xan{phessgiy UFé*éct%Fhowr\eWpTab!a?t hythe w @trﬁe*rosmhcnem Heapds §fype A) such

as &I ¥ @Bre@lfﬂ:ﬁde Wdroﬂ?ﬁ%ﬁtnbﬁﬂ%hﬁcﬁ tHafthé& Qiri%r taR@bisphosphorous lxgand
anas

rhEhS SPRORRROUE 45005 A, WAL ERCLELINEL o e, estin

temﬁé}aﬁlret 8es ffobilshhes@hiMath i fagdsandlB. These results indicate that
tetratpggﬁ)gﬁgsegt I V t YN }11\4 tmultl){zﬁglaﬁng Scotcnl:]de natlonglggnSt [ e‘fgg&' tt%d increase
coordinating abilities of bisphosphine ligands. The regioselectivity with Type A is the

highest reported to date.
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WD 2007/ 078859 PCT/ US2006/ 047766 Table 1:

Regi osel ective Hydroformul ati on of Al kenes Li gand
wapovearssss Branched ratio CN O O N Styrene i PODUSI6/047766

1-hexene / CN.P.O OP.NJ 5:1 372:1 382:1 Type A (LI)

O N O.PN-"11.5:174:181:1 OO p.NJ N Type B The

results of hydrofornylation of 2-hexene and 2-octene

usi ng the tetraphosphorus Iigand (Type A) vs

bi sphosphorus |igand (Type B) to produce an al dehyde

are sunmar i z€eThthe | ORegioseletéid Hy@rofdrmulkgibh @f AZkenes 11

which fol Jow, "n:i" is the rapjo ofs | LReas, al dehyde to
br anch@d™ al dehyde an-d#@);"_a_s—t—u-m-ev-eﬁ—;-eqaensy

(turnpwyer perygatal yst per hour). The tetraphosphorus
|'i ganth t he“present invention produce higher "n:i"
ragﬁb o@f@]oswhls 2. Rt s
of dr of g | atton of 2-Hexene and 2-Cctene

Subsitmbe aﬁ@ri me % el d-of n3*Linear TOFZ{h)

Al deh el e@i vity (mol.h)-1 27hexene tetraphos 1
17.0%80.6 988% 1. 7x10 2-hexene tetraphos 12 59. 9%

56 98.2#M9A3BR10 2-hexene bi sphos 1 20.7% 15 93. 8%
2.1x10 Zi/‘t‘gexene bi sphos 12 68.2% 13.5 93.1% 0.57 xIO0

2-oct tetraphos 1 15.1%51.7 98.1% 1.5 x103 .

2-oct bpd-¢BtAphos 12 77, 2% 38 9744% 0. 64 U03si1’

2- oct Bﬁos 1 23.0%10.1 91% T:3 _x 00 2-octene
bi sph 1 23% 5.5 84.6% 0. 70 x10 21 WO 2007/078859

i
.
PCT/ US200@p47766

Type B

The results of hydroformylation of 2-hexene and 2-octene using the tetraphosphorus ligand
- (Type A) vs bisphosphorus ligand (Type B) to produce an aldehyde are summarized below in
Table 2. In Tables 2 to 11 which follow, “n:i” is the ratio of linear aldehyde to branched
"The

n:1” ratios than

aldehyde and “TOF” is turnover frequency (turnover per catalyst per hour).

tetraphosphorus ligands of the present invention produce higher

bisphosphorus ligands.

Table 2: Results of Hydroformylation of 2-Hexene and 2-Octene

Substrate Ligand Time Yield-of n:i Linear TOF
(h) Aldehyde Selectivity | (mol.h)’
2-hexene | tetraphos 1 17.0% 80.6 - 98.8% 1.7x10°
2-hexene | tetraphos 12 59.9% 56 98.2% 0.50x10°
2-hexene | bisphos 1 20.7% 15 93.8% 2.1x10°
2-hexene | bisphos 12 68.2% 13.5 93.1% 0.57 x10°
2-octene | tetraphos 1 15.1% 51.7 98.1% 1.5 x10°
2-octene | tetraphos 12 77.2% 38 97.4% 0.64 x10°
2-octene | bisphos 1 23.0% 10.1 91% 2.3 x10°
2-octene | bisphos 12 84.3% 5.5 84.6% 0.70 x10°
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The hydrofornylation conditions were S/C = 10000, [Rnh]
is 0.69 mM (for 2-hexene) and 0.57 nM (for 2-octene),
wWohr@ansRh ratio is 3:1, reaction tenperature PCI/USDEG/047766
COH2 is 5/5 atm toluene is the solvent, and decane
is the internal standard. [0025] Table 3 bel ow shows
the results of hydrofornylation of 1-hexene and
1l-octene wusing the tetraphosphorus ligand (Type A) vs
bi sphosphorus ligand (Type B) to produce an al dehyde
The BYdrafotyi§a@ib® cbdifbhsOReteeSICt + ooooquahplsso 6RasMl tfsr Dhexene) and

i.an of,  1- Hex and ct e Subst Lat
0.57 s el e en 7S 5 30, Py v BRSSO P o is 7
atm, toluére)is medehyﬂealﬁiadee@rta iy tlteylnt(smal stimdatd. 1- hexene
te 1 2938299, 7% 607X
e{d;oggﬂ‘gaible? 6102' ggét}@desﬁﬁs h)ﬁll foé‘ﬁy%ggn 6}’ pﬁélgféﬂg and l-octene
using iephosphbsph@nB% H0d §TAR. 8Yy ¥ bidphatplpraRligand (Tyhe ke producc an
7% 4.4 x10 .12.4% 1|-octene
a'de'{‘)’ledtég’ggﬁ’é’%r°?g’8§0(%°§§%az°?§5 7% 6.9 x103 15.3% 1-octene
tetraphos 2 83.6% 369 99.7% 4.2 x10 15.1% 1-octene
bi sphosy aﬂ)le%g ﬁe&xﬁﬁofﬁiﬁﬁo%ﬁﬁaﬁorﬁéﬂ I]-Ig)/@nelmgqt@ﬁgne

bi sphos 69% 69 10. 7% The reaction _
SubgteAtei| t rldﬁ@d g Einae 1 (YO@‘G o R dbhcesntla‘f‘F"én ' aﬂ@FZnMIS"me”zat“m
Li qand/ Bh_ratli o ¢ [#ldehyde { Selectivitygnemol iy 1o ;o

1-hepene ) tatraphos o udne |i $72e $aP§2ni, %?f/"deuér?é‘lps t hel8.7%"

1-he & T N@lraphok ﬁaqrd (80081 | I@@oﬁwr@m 30007 18.4%.

reactlion 1 s ahl v [dependeht tthe reactyt

1-hexsneli|t ibésrbos [Tydi cal Peiet i oﬁoéo ldl?q s 72’. X107 | 122%

1-howehe JO@HEPhod 110aRd Tetgalzeof all 93 9T [absyfv3, ar4an$>i’tl oNi2.4%

net al concentratilon of about 02tnn7 reaction

1-ogtgnpgpdrigiraphesils 100¢, 6480t he 3/dagt i T/ %i np 695,"10?"h R3%

1-o8BRd T €GafHds [ €3CT I 0T33G9RdI T 3@RS,| Tde7%01 | aw N’ 15.1%

experli nents ve_ héen carriled out wi-th

1-ogtghs dpisepeiorus 1l i gartd- Pl ). /A3 evi Yeheed| By e |" n: i 10%

T-obehd OS visphdaAD] €2 Z|a8 69 (heve a wwbalapuidaliodnd 10.7%

signiificant iinprovenent inlthe ampunt of linear

- aLdehyde produced using a t et raphosphorus |igand of
The rEiRtiIPK 86RTHiorsNBAN II)’DO&SRBmaﬂ&ﬁfhthﬂ 1$JSiZﬂQ\/IaLxgand/Rh ratio is 3:1,

e NV R S

standdr@and to netal ratios. As shown in Table 4,
increasing the ligand netal ratio slightly decreased
t hE00R6hEhe hydrofoah@ati@nrenttiongs highlyhdapdndenhen Hiegaariion gonditions.

Typiqglt %Lct{oﬂt cl,ogkdﬁmgp |alfeI §/%,n't] b(yooafu%% Sielal Catio of about 3, transition metal .

regi osel ect1 vi
concentration of about 0. 2 to 0. 7mM reactlon temperature is 100°C, and the reaction time is

12h. To optimize the reaction conditions, the following experiments have been carried out
with tetraphosphorus ligand (IL1). As evidenced by the “n:i” ratios in Tables 2 and 3, there a
substantial and significant improvement in the amount of linear aldehyde produced using a

tetraphosphorus ligand of the present invention as opposed to using a bisphosphorus ligand.
Ligand to Metal Ratio

[0027] The hydroformylation was first carried out with different ligand to metal
ratios. As shown in Table 4, increasing the ligand metal ratio slightly decreased the reaction

rate. On the other hand, the ligand to metal ratio significantly affects the regioselectivity. At
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WO 2007/ 078859 PCT/ US2006/ 047766 | ower ratios, |ow
regi osel ectivity were observed. A mninmumligand to
woredoal7asads i o of 2 is essential to achi eve hi ghCT/US2006/047766
regi osel ectivity, which allows the tetraphosphorus
ligand to be coordinated in a multi-coordination
node. Further increasing the ligand to netal ratio did
~not significantly inprove the regioselectivity. Table
4. hydroforoylation of 2-octepne with different |igand .
lowep ggtid. |o8Y g REIRTHY D R GUESTYEL. | Arginpimpin g 4 gl fato of 2 is
esseifidll ag tackievy highFfegios¢ledtivity? which7 dlloAé thel tetr@Bhosdhiotus] Hgahd to be
7% 1.8 x.103.. 2:1 43,4 97.7% 1.5 .x1" 4: 1 4 o
- coordugfina BuisiSonangichatote’ ihnditrerfidm? Bepl o gidet o o ot
significagbyeinwrove/tig=regegectRityconcent ati on -is 0.57 nM
tenperature is 100C, COH2 is 10/10 atm reaction tine
Tablg 4. hysdrofopnylatien ef2-edieneswith/differenhligand ngpsal astéo wséng ligand L1.
LRGEERGT standar gy The TepHELSSdiabai AP € 4 PHPErT mat
presence of two of free phosphorus 1igands
t eliZaphosphor us 39%and i s i nptki%nt for acRil&l®ng high
regijosel ectivity7(n:i goes frgynel. 92 to 17; §)1oTable 5
bel ow shows sim|ar results wiith 2- hexene as the
. suBstrate. . Tabl®%. Hydrof or¥yi%tion of 21Ae&¥Bne with
di #fierent |igandggetal ratjo awgng |igand Wsxié¥ Rh

2.2x 10 1:1 42 97.7%1.9 x 103 2:1 68.5 98.6% 1.9 -
The xddeBon 4oidifiOns3 sOEktato ik. Brctdhtd JAEaCI000NREOAACENRIVA: is 0.57 mM,

"~ . Substr.ate_j - hexe S/ C=10000, ..Rh,.concentatiopn is '
oG EE 1OD Ko VR L P PO SO G E ahtPdigent, and
decaad Iy thedaetriabntabdand [The Irdsults @i Teble 4 showhthaspleseand of amd of free
e | " r re. T r, EN Tabl .
oo §RAES g ol e SRl SR Vel SRR ) LA i
regidselgetindty (miitgoes fiomt 202 apH@gphdiabks § befawdshiows isimpidartrasuts with 2-

Leying high regioselectivity (n:i goes from
he"e&‘gg‘%@‘tgg{‘%’?g Tenperature 23 WD 2007/ 078859
PCT/ US2006/ 047766 [0028] The reaction tenperature

Tabl@sS TyRk ¥ inyRatloRYof . HeRerle ity BiEFAE TYAndloh A ratfSushiiAAnd L1.

L/Rh ratio n:i Linear Selectivity TOF[h™]
1:2 12.7 92.7% 2.2x10°
1:1 : 42 97.7% 1.9 x10°
2:1 68.5 98.6% 1.9 x10°

4:1 - 70.3 98.6% 1.8x10°

Reaction conditions: substrate is 2-hexene, S/C=10000, Rh concentation is 0.69mM, .reaction
temperature is 100°C, CO/Hz is10/10 atm, reaction time is 1h, toluene is the solvent, and
decane is the internal standard. The results in Table 5 show that presence of two of free
phosphorus ]iéands with the tetraphosphorus ligand is important for achieving high
regioselectivity (n:i goes from 12.7 to 42).

Temperature
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in Tables 6 and 7 below, at |ow tenperature, though

hi gh regi osel ectivity was observed, the reaction rate
wo®70TeRs9 To facilitate the ol efin isomerizat i PCI/ESIH06/047766

hydr of ormyl ati on, high tenperature (100C) is

preferred to achieve high reaction rate as well as

acceptable regioselectivity. Table 6.

Hydrof ornyl ation of 2-octene at different tenperature

u5| and LI T Chn i near .Sel ectivit

P TR A S ferreranpe 3is0 play sy RE5 Foa T o emaiegion. s shown
in 'BaleB 6 a]J607 H809,7at986v temfiecdtO, th80gh! High reglo&%oﬁvi?y »h6 3bserved, the

5 0 . 3 Re ti.0n._con
reac@%g te ?s loéx/ ‘9 ’lf_))oC %aecﬂiéfg %ﬁadéem%zaglgrh éig% %gfifogor{mylatlon high
temgerafnncwlclm"g‘.and/mhferrad ito acs.hleﬁ’(c 1higloQektZians rat@/akOwell ms acceptable
reglg&q&hl‘, time is Ih, toluene is the solvent, and

ecane 1s the inter naI standard. Table 7.

Tabld/sll Sfyafdtiind1atn &fz o%téae zsednﬁre@ht Qm@ﬁﬁﬁﬁa tusing npﬁmf? .Lx‘r{deI]JI

usina Rh-1i nr-md LI i i_near el ecti vi "

143 °%4. 3 96% 4. 4510 120 wear Seestivity x 103 TORHG 168. 1

9810 1. 7 X103 8§35 114 997 19 g 9PXI03 00 LI o 09 4%
0. 67x103 Reaction cond|t| ons: su )strate is 2 exene,
s/ ¢290000, Rh codléntation is%98%onM  Li gdrtixh ratio
is 1901, COH2 is 40/ 10 atm repgij on tine i kiv? .
toluene is the sol vent and decane s the.internal
stattard. Pressuf&’ [0029] Th& 8@ H2 t ot al OgFsksure -
al séo i nfl uences the reacti on. ogeoshi gh pressuugio*both -
. _ g
the pressure generally results in higher reaction .
Reactiire canditipegi mnraetisvnmyten@esrce-am)o@ Rhe c@dehtdtion is 0.57mM,

ST e T S T B, KOO BB, o
decapngriythguioternd) gtanddsd r egi osel ect i vi ty i mpr oved furt her.

The results from_the hydrofornylation of 2-octene and

2- hexene are shown in Tables 8 and 9.
Table 7. Hydroformylation of 2-hexene at different temperature using Rh-ligand L1

T°C T n:i Linear Selectivity TOF[h]
140 24.3 96 % 4.4x10°
120 49.5 98% 2.8 x10°
100 68.1 98.6% 1.7 x10°
80 114 99.1% 0.99x10°
60 ; 179 - 99.4% ' 0.67x10°

Reaction conditions: substrate is 2-hexene, S/C=10000, Rh concentation is 0.69mM,
Ligand/Rh ratio is 3:1, CO/H; is 10/10 atm, reaction time is 1h, toluene is the solvent, and

decane is the internal standard.
Pressure

[0029] The CO/H2 total pressure also influences the reaction. At high pressure, both
reaction rate and regioselectivity were low. Lowering the pressure generally results in higher

reaction rate and regioselectivity. Decreasing the CO/H, pressure from 10/10 atm to 5/5 atm
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Tabl e 8. Hydrofornyl ation of 2-octene at different

pressure using ligand LI CO H2 Pressure n:i Linear
w®edogorssyd ty TOF[h" ] 30/30 atm 24.3 96% 0. 31RADUS2006/047766

20/ 20 atm 30 96.8% 0.51 x103 10/10 atm 46 98% 1.6

x103 5/5 atm51.7 98.1% 1. 5x] 03 Reacti on.

conditions: substrate is 2-octene, S/ C=10000, Rh

concentation Is 0.57mM Ligand/Rh ratio is 3:1,
did B@tla&fah%é’]thteetg%cq{oﬁ ee\rerl?f mll giuaghggﬁ%éfogae&h% 'x'ni)rc!vgd further. The
resudts Sqoithel hydﬂ‘afﬂr@ygtlowm-@ﬁemmda&-hmnaameh@ne irgTables 8 and 9.

di fferent pressure_ using f({;jand LI CO H2 Pressure n:i
Table §; Hydreforpylation 9§/2*v@qlqwat differey pragsuae Hiing ligamsiglboy,

COEEPresbure 2U7 20U atyfy — 98. 8 1 jflar ShckivityX1US T PH\] atm
681 08 /0% 1.7 %103 5/5 atm 80 6 98 8% 1 7x

REZOEMN conditi éhd: substrat 96% 2- hexene0-38Kt¥10000,
Bb/2oqpagent ation isp 0. 69nM* Lbgand/ Rh rati @5'1&1@ 1,

r tion tenperature is 100C, reactlontlrrE|s h,

lgfﬁéﬁg is the ¥ vent, and d&tne is the |6n’E]é’r nal

skanhar d. Reactien7ti ne [0030hg The reacti om &gk al so

N

Tabl es 10 and 11 below, t-he |onger the reaction tine,

Reattion Icomﬁﬁortshesubetgateself 2otlewd, th s/c=ﬁooar)]d;eRh am?deﬂtﬁf@aSQ 0.57mM,
rea on tine fro 12 8h o Sl i

Uit G Bk et itnbes = |ty st o Rlutotpers s e
solvelatt aldystaneds thehisteepansirdf decr eased -

regiosel ectivity. 25 WO 2007/ 078859 PCT/ USZOO6/ 047766

Tabl e 10 Hydrofornyl ati on of 2-octene at different
Tablej Gy Xﬂﬂfﬁgn}'lh@@h&hnenmah@ffémt messum usingriigBed &4t i vity

CO P = I pt- 7 98 ?ﬂr I
98105 2 8x103 1.4x103 6 41 .7 X 94x103
B0/3881t97. 4% 7. 7x398 0. 64x103 9&3%27. 7 96. SOMBXIR103
90A0%d03 - 58.8 - 98.3% 1.3 x103
10/10 atm 68.1 98.6% 1.7 x10°.
5/5 atm © 80.6 98.8% 1.7x10°

Reaction conditions: substrate is 2-hexene, S/C=10000, Rh concentation is 0.69mM,
Ligand/Rh ratio is 3:1, reaction temperature is 100°C, reaction time is 1h, toluene is the

solvent, and decane is the internal standard.
Reaction time

[0030] The reaction time also affects the hydroformylation selectivity. As sEOWn in
Tables 10 and 11 below, the longer the reaction time, the lower the regioselectivity. Further
an increase in the reaction time from 12h to 18h only slightly improved the turnover number

(TON), i.e. turnover per catalyst, at the expense of decreased regioselectivity.



Reaction conditions: substrate is 2-octene, S/ C=10000,
Rh concentation is 0.57tM Ligand/Rh ratio is 3:1,

WO e@ai7ssno t enperature is. 100C, COH2 is 5/5 ap@r/US2006/047766
toluene is. the solvent, and decane is the interna
standard. Table 11. Hydrofornyl ati on of 2-hexene at
different tinme using ligand LI Tine (h) n:i Linear
Selectivity TON TOF (h ) 1 80.6 98.8% 1. 7x10 1.7x10 2

ekl ko %@%@ogg%‘g?%g%gﬁggfeﬁgg 6%6§§n€f§%%f%1*9é031%

’nn&(ﬂx10310 37&&@8r$ﬂaﬂhﬂgn coﬁﬁﬂﬂlons 1KUbeDate IS

Li gand ' d' 1 nper: is 100C,

@O H2 5835/ 5 at n98.1%l uene | 2.8468° sol veAtlohnd decane
hs t he ﬁ gt er nal §;@pdard [qp;}kpkul §£J§3|nvent|on
as been described Wi th reférehce to several preferred
Enbodi n¥hts, it 9B4%ont enpl atBdot hat V&64d03 :

gl terathgns and gpgtflcat|OQ§FPBereof yﬁ$hozbécone
di ng of

the preceding detailed description. It is therefore

Reabde RARaHbNAt subBigarl Oi!sl QVUc{ége 38@1@@6’0 CRal EBndRRtation is 0.57mM,

interpreted as including all -such alterations and

. LigapsRRh m{f@t Isohid> gractieq femparaipns isnk00tG. €04 isi P35 it delyppe is. the -
solveht, hiti Gecand ¥ E12lih@Fhal #6ndM4.2007/ 078859
PCT/ US2006/ 047766 _\Wat is clainmed is: 1. A
phosphorous |igand having the followng forrmula: ki
Table 11. \HytBofbiraytationRE. 2-hexedle afi difkGenf titne Wéthg ligatd DY / Ya 12

Timjéll(h) ¥ 2n:iY' 4 Linegr Srglectivity TON TOF (h™)
1 80.6 98.8% 1.7x10° 1.7x10°
2 71.9 98.6% 2.4 x10° 1.2 x10°
6 63 98.4% . 55x10° 0.92x10°
12 56 98.2% 6.0x10° 0.5x10°
18 51.9 98.1% 6.7x10° 0.37x10°

Reaction conditions: substrate is 2-hexene, S/C=10000, Rh concentation is 0.69mM,
Ligand/Rh ratio is 3:1, reaction temperature is 100°C, CO/H, is 5/5 atm, toluene is the

solvent, and decane is the internal standard.

[0031] While this invention has been described with reference to several preferred
embodiments, it is contemplated that various ‘alterations and modifications thereof will
bécome apparent to those skilled in the art upon a reading of the preceding detailed
description. It is therefore intended .that the following appended claims be interpreted as
including all such alterations and modifications as fall within the true spirit and scope of this

invention.
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wherein i, j, k, 1, mand n are, independently, H R
Ar, substituted Ar, OR QAr, COCEt, halide, SO2R

wEaBH7SE2NHR, POR2, POAr2 or NR2, where R i s BOT/abiogé/047766
substituted al kyl, aryl or substituted aryl and Ar is
an aryl; X1-X4 are, independently, R Ar, OR OQOAr,
pyrrole or substituted pyrrole, where Ris an al kyl,
substituted al kyl, aryl or substituted aryl and Ar is

nd Y1, Y‘1 Y2, Y2, Y3, Y3, Y4, Y' 4, are,

Wh&nd@%‘élr? e%tly, R Ar, (P OQAr, pyrrole or substltuted
pyrrole, where Ris an al kyl', substituted al kyl, aryl
or 1subsl;4 H&ﬁﬂ;réﬁs)digaﬁ@ﬁa\/’ﬁg Ihe fSbwiRg WrmufdF wher e R,
Ar, pyrrole and substituted pyrrole are
Ilnked with a carbon to carbon bond, CH2, NH, NR or
O 2. The phosphorous |igandjaccording to claiml1,
wherein the I|gand has the f ol |l owi ng structure: b a J
d C N (ckib) R Q( 2_A 'aYd X. Cnab
wherein X is 0, CH2'1 | ? NSO2Ar, where R
is an al kyl, substl/tFut ed 3 ar 3. Or substltut ed
aryl and Ar is ahharyl Xiand b 2§ad TV i, k, 1, m
and n are, mdepgndentl -27 V\D 2907/ 078859

PCT/ US2006/ 04776 \aiglfy > ’I/t uted al kyl,
substituted aryl, OR QAr , CF3| COOR, SOBR,
SBH, POR2, halide ¥ {wO~Q b, ¥, d, i, j, k, 1,

m and n can be a cycl |é fused ring or an extended
aromatic ring, where Ris annal kyl, substituted al kyl,
aryl or substituted aryl and Ar is an aryl. 3. The

whemlw qhn DUS aha Q.aanéi a@&&ﬁ&iérm HORC Al Mbdituieh %etfk tdﬂ&r COOEt,
% has fo ovmn structure: c b e d
haluieN 6)2&, ﬁDkH $ sz—HN l?p % Ap> or NRy, where R is an alkyl substltuted alkyl,

aryl or substituted aryl and Ar is an aryl; X,-X4 are, independently, R, Ar, OR, QAr, pyrrole
or substituted pyrrole, where R is an alkyl, substituted alkyl, aryl or substituted aryl and Ar is
an aryl; and Y1, Y'i, Y2, Y'2, Y3, Y's, Ya, Y's, are, independently, R, Ar, OR, OAr, pyrrole or
substituted pyrrole, where R is an alkyl, substituted alkyl, aryl or substituted aryl-and Ar is an
aryl, or where R, Ar, OR, OAr, pyrrole and substituted pyrrole are linked with a carbon to
carbon bond, CH>, NH, NR or O.

2. The phosphorous ligand’ according to claim 1, wherein the ligand has the
. .
S )ek® j d__/~
k i -
P AT
d 2 X X~ y 2
L ) 2
- X<
(b / N)’P | O P\<N N j
— 3 n = )
¢ m a b

wherein X is O, CH;, NH, NR, NSO;R or NSO,Ar, where R is an alkyl, substituted alkyl,
aryl or substituted aryl and Ar is an aryl; and a, bc d, 1, j, k, |, m and n are, independently, H,

following structure:
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faf ax XI1-IPr-Ne b NP~1n, ec werein Xis

0, CH2, NH, NR, NSC2R or NSQ2Ar, where R is an al kyl,
waensnrgsss ed al kyl, aryl or substi t ut ed aryl Bomufe006/647766

an aryl; and a, b, c, d, e, f, i, j, k, 1, mand n

are, independently, H, alkyl, aryl, subst ituted

al kyl, substituted aryl, OR OAr, Si R3 COOR, SOBR,

SBH, POR2,- halide or two of a, b, d e, f, i, j,

alkyt;aré].’h a@&%ﬁﬁ%%@?g s??sﬁlgutg V\;n] ey:,l gO l'l%)eAdr,‘51 ﬁ] ,’r CBBR, SOsR, SOsH,

PO%UMMbltomt\ecl o_lﬁ_h,kwq d.gig 51k, brm sud s tcat be e@yolwrfykedam dAranj extended

aron?a%c V\Lnér véf}q%e ﬁqg %P ?h‘(gis gh%g&%ﬂé%ilkﬁ?{}?nl c%\%mﬁ%%ﬂg%g r& an% 1@11 idlan aryl,
- 2§ WO %QQ%Q?&%@%S R%AM%Z&Q%Q% 7(§§m ‘1‘1 G«h&efa ﬁledn %ﬁfj has the

follo)«lagﬁruocure dpnPemaed a e bbdc CV\,herein

Xis 0, CH2: NH NR NSOZR or NSO2@Ar, where Ris an
al kyl ,

wherein X is O, CH;, NH, NR, NSO;R or NSO:Ar, where R is an alkyl, substituted alkyl,
aryl or substituted aryl and Ar is an aryl; and a, b, ¢, d, e, f, i, j, k, I, m and n are,
independently, H, alkyl, aryl, substituted alkyl, substituted aryl, OR, OAr, SiRs, COOR,
SOsR, SOsH, PORg, halide or two of a, b, ¢, d, ¢, £, i, j, k, |, m and n can be a cyclic fused
ring or an extended aromatic ring, where R is an alkyl, substituted alkyl, aryl or substituted

aryl and Ar is an aryl.

4, The phosphorous ligand according to claim 1, wherein the ligand has the
following structure:

8-



aryl or substituted aryl; and Ar is an aryl; and a, b,
c, d, e i, j, k, 1, mand n are, independently, H,
w@bdoylo78ssy yl , substituted al kyl, substituted arPgl/USIORG/047766

OAr, SiR3, CF3, COOR, S8R, SO3H, POR2, halide, NR2,

or two of a, b, c¢c, d, e, i, j, k, I, mand n can be a
cyclic fused ring or an extended aronmatic ring, where
Ris an al-kyl, substituted al kyl, aryl or substituted
aryl and Ar is an aryl. 5. The Qhogphorous |i gand

I
according to claim 1l y=wkerein,t igand has the
follow ng structure ebeodb & Yyd Y aePC
Pj - kL/ ahb f@8hXX;9.b X% d PnaPh
m-\ Ye b d Per Sy O 2007/ 0 c

PCT/ US2006/ 047768

) ,VNH, NR, NSO2R
or NSQRAr, whefe

ubstituted al kyl,
aryl or substitutbe%l aryl is an agyl; Y is a

car bon- car bonCkpgtidy D, @ NB~ __fhere Ris an
al kyl , substit k)jl L YN OF o@ ifted aryl;
and a to n aré, iIndep nd:’entl , "H, RIRy Y aryl,

substituted al kyl® _substituted & R, (QAr, SiR3,
POR2, h "®NR2, or-two of a
to n can be a cyel| sad ring o . ext ended
aromatic ring, : ¢ c

H i s©ah

wherein X is O, CH,, NH, NR, NSO;R or NSO»AT, where R is an alkyl, substituted alkyl,
aryl or' sul;stitutcd aryl; and Ar is an aryl; and‘a, b, ¢, d, e i j, k, I, m and n are,
indepéndently, H, alkyl, aryl, substituted alkyl, substituted aryl, OR, OAr, SiR;, CF;, COOR,
SO;R, SOsH, POR;, halide, NR;, or two of a, b, ¢, d, €, i, j, k, I, m and n can be a cyclic
fused ring or an extended aromatic ring, where R is an alkyl, substituted alkyl, aryl or

substituted aryl and Ar is an aryl.

5. The phosphorous ligand according to claim 1, wherein the ligand has the

following structure:
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where R is an al kyl, substituted al kyl, aryl or
substituted aryl and Ar is an aryl. 6. The phosphorous

wo c@anmssazcording to claiml, wherein the |i gapdI/ng®06/047766
the following structure: cb bdOOa. eaae b
D, POOc, ekeOc dXXabb c~X11 X4/d d
P\'mn\OeOOea~eae b~ db d. Cc
wherein X | NSO2R,  or NSOZAr

wherginz ‘SapkﬂH?-’ %b&“ﬁ Td?@eﬁ ar k&ﬁPzAr avere By lssaab%lfxlt ﬂtbéfatutcd alkyl,

aryR61y tubstittteAraryISardiNA Ry ar agidy @& a Rarb6n-cékbof bohd, O, CK,, NH or NR,

m and nde ently,
e o i sy RYFRA SR e ebbosfyr ri 3o ngregndependentl.
H, gkJ, amstfﬁﬁiﬁ&all@%hbsnt@%yl QR @1, SR CRyy COOR, B3R, SO5H,
PO?fj hggde ’Nr%g gLt two of ‘J;é )t( ré I%a e%e 4 F%cﬁrlﬁtf}q%aﬁrrmﬁbo% a8 ec¥eé1d?gc ?rgmatlc ring,
whern Raik kiy kikyk athhstlttttut @&ylahlkwr,suastwted)aryhm‘mls«tn isahedlaryl

and Ar is an aryl. 7. The phosphorous |igand

according to claim1, wherein the ligand has the

follow ng structure: 30 WO 2007/ 078859

PCTY: USZ(S'%@/ m}ﬂggou:bhgarfd geegrdingapp claim 1, wherein the ligand has the

following structure:

wherein X is O, CH;, NH, NR, NSO,R, or NSO,Ar, where R is an alkyl, substituted alkyl,
aryl or substituted aryl and Aris an aryl;and a, b, ¢, d, ¢, i, j, k, I, m and n are, independently,
H, alkyl, aryl, substituted alkyl, substituted aryl, OR, OAr, SiR;, CF3, COOR, SO3R, SO3H,
POR,, halide, NR;, or two of a, b, ¢, d, e, i, j, k, I, m and n can be a cyclic fused ring or an
extended aromatic ring, where R is an alkyl, substituted alkyl, aryl or suB;tituted aryl and Ar

is an aryl.

7. The phosphorous ligand according to claim 1, wherein the ligand has the

following structure:
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wherein X is O, CH,, NH, NR, NSO;R or NSO»Ar, where R is an alkyl, substituied alkyl,
aryl or substituted aryl and Ar is an aryl; and a to n are, independently, H, alkyl, aryl,
substituted alkyl, substituted aryl, OR, OAr, SiR;, CF;, COOR, SO3R, SO3H, POR,, halide,

NR3, or two of a to n can be a cyclic fused ring or an extended aromatic ring, where R is an

alkyl, substituted alkyl, aryl or substituted aryl and Ar is an aryl.

8.

The phosphorous ligand according to claim 1, wherein the ligand has the

following structure:

9.

A catalyst comprising a ligand in claims 1 to 8 and a transition metal salt,

wherein the metal of said metal salt is selected from the group consisting of: Fe, Zn, Mn, Co,
Cu, Ag, Ni, Pt, Pd, Rh, Ru and Ir.



10. The catalyst of claim9, wherein said transition

netal salt is selected fromthe group consisting of
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13. The method of claim 12, wherein the reaction is a hydroformylation reaction. -
14. A method of using the catalyst in a hydroformylation reaction, the catalyst

comprising a ligand of claim 8 and a transition metal salt selected from the group consisting
of (Rh(COD)CI)2, (Rh(COD)2)X, Rh(acac)(CO),, and RuH(CO)2(PPhs),.
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