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Phospho r kit ésé g«;ngy%uu%dus ip catalysis,

findi ng use for a nunber of
comefycTralr Ty Tportant chent cal transforjratt ons.  Pnosphorus 1 garnds

c oD {29 higeraational Applizatiop Numtat: a| y SPCI/USHHENATT R ﬂ%‘&l (B CA, :mdN BG.t mspean
(B), Wb . In ty LESeht at i %

organic (zz)rnmrEaIEQ Sbaf\/b no hos%&f‘r%;eﬁ%r? ﬁanophosphl te I'I gahds are corrpounds
whi ch %ont al n a 15 single phosphorus at pm whi.ch serves as a donor to a
met al | CBFSEIES ne, 2020 15 RizpgsPhi t g ’QWWW,MWDM@)M' i gands in
gener @l , contdarn two phosphorus ohor atons and normally formcyclic
chelale structures with transition netalg.

R (71) Applicant: E1. DU PO NEMOURS AND COMPANY
[US/US); 1007 Market Stect, Wilmingion, DE 19898 (US). | _ [err]
Two i pdustri al nportant catal ytic reaftions using phosphorus |igands of

parti G@é‘mﬁ ligg E.pS2 Andpve Anat i on and ol efin

hydr of or rry M&%@%ﬂ@ gg{%ﬁ are particularly good |Iigands for
both of t B:s,moﬁgraa ricnésmn iRbat,Mewark, DE 19711 §oS)X | exanpl e, the hydrocyanation of

et hyl R E Plh .transition netal conpl exes
with i I docunented in the prior

art. p mn,mamepmms)s 496, 215, 3} 631, 191, 3, 655, 723 and
3, 766 &57 g %{ﬂ‘ idn%lldu gvlgeg‘ges h Catalysis. 33, 1, 1985. 25
Bi denta e Qjﬁ%ﬁﬁ Iy ¢ 1 Keg@ shown to be useful in the

hydr o¢yanaWileinstwf DEWS#® ISef i ni ¢ and di ol efi ni c conpounds, as well as for ths

I sonefi zation of non-conjugated 2-al kyl -B-nonoal kenenitriles to 3- and/or
4-monpal kene linear nitriles. See, for e><arrp| e, U S. 5,512,695, US

(@]

5, 512 H696—and WO-5b4-4-659—PBi-dertat ‘ a.“dq heavre—al-se—been
shown | 8 TH H¥PROFARMYLATIGN.GF QL BRI SING ww’ég Bssﬁﬂ?%aowﬁv §&NBShat i on of
activ mdbﬁﬁ.hyl enically - unsat ur at ed corrpounds See, for. exarrpl e,
Baker %nd LI ngl e, J. Che Chem

1001, | e oo s ony d,go,.m mm@@ww =

93, 03B39. Bi dentate phosphite Ilgan s are al so useful




for al kene hydrofornylation reactions. For exanple, U S. 5.235,113

descri bes a hydr of ormyl ati on process in which an organic bidentate
| i gand contai ning two _ phosphorus atons |inked with an organic

di hydr oxyl bridgin roup is used in a honbgeneous hydr of or nyl ati on
cat al yst syst"’%%g fzgfgcorrpri sing rhodium This 5 patent deV§I8a1557
process for preparing al dehydes by hy fornyl ati on of : al keni cal |y
unsat urated organi ¢ conpounds, for exi@ | -octene or dinerized -
but adi ene, using the aboll¥DRGFARMYLAFIONQF QLEFNSJRIGhi te | i gands have

been di scl osed wi t SUPPORITED BIS(PHOSPHNORUSYLIGANMDSon of functionalized
ethylenically unsat urate q@&sn IW@i?ﬁ al., J. Am Chem Soc.,
1993, 115, 2066. These 10 - prﬁﬁ% X nstrate the utility of
bi sphosphi e | i gandbe invertipngegesally relates to the hydrofoppylption qfunsatyptedr art

syst e][ns repr gﬁﬁgahicccﬁﬁiﬁ&ﬁtﬁis&ﬁlizéngli@bbt@ed(bﬁ(ﬂidﬁﬁmﬁus) ligetids. In parﬁo]giar,ﬁhé fer from
significant dt o Pripa| . . i St of the

| i gand and thé’%’%ﬁ?ﬂ r,%la%ﬁé‘% {ﬁgé‘wé‘é%gﬁ’ g‘t%tel%?éfra%m Htelﬁér}gécu? f’é)r%gproduct S.

Typi cal | 'y t hi $is(phosphorus) Hgasds-by renmpvi ng the product and catal yst nixture
fromthe reaction zone and BACKGROUND OFTHEINEEBNTION on. Typi cal separation

pr ocedur egnai nvol v i i . | FOTES 6

distillat ?%n, andﬁbﬁg%{eraés:ﬁe%g%a# gtﬂgﬁihuﬁ ma‘faf,al%sfg’n 'lﬁdeih%lllsg fi%pi es tof some of

the catal yst, cemsrciallyigpostant phemical trapstormations. fh@?ﬁ%ﬁﬁg@ﬁ% | ost, For

instance, di stommahiyencateredinlcathlysie ingptude phasphinen(A, and phasphirdsi(Bg cat al yst

results in showd Wi HEAAHRENRIAR b Githihy ly gy, extraction
0SS oOf

-orga .
or phase separation 20, results 1pn sQne yst Tnto the product
phase. These F"?‘Zj‘&ﬁ}é&sp’élﬁﬁa?&%@ﬁ“pgm l‘%ﬁngsﬂf‘f’%'ﬁp%él WRIRREORIAB A and thus it
is inportaht singleehpsphonk atooswhish sarves ash domso a metal. Bisphosphimmmer ci al |y

vi abl e procesgjsphosphite, and bis(phS¥Phoras)HndsGn 3&Hei4E cbREinRWE Bh&ph&Hs cat al yst and
product separ . nsolaysbl e support.

tion is't ttach the catal yst .to an
Exanpl es of tﬁ?%m' sﬁgﬂ"WE f%@bﬁcg%me?”é‘? A I‘Va‘&@gﬂp?’b 2% nd general
references on this subject can be found in "Supported Metal
Conmpl exes", D. Reidel Publishing 1985, Acta ymer. 1996, 47, 1,
and Conprehensive Organonetal | i cll;Chem' stry, Pegganon Press, 1982,
Chapter 55. Specifically, nmonaghoSphi ne anckatondghosphite |igands attached
to solid supports are descgibed in these references and also in
Macr onol . Synp. 30 1994, 80, 241. Bi sphosphine |igands have al so been

attached to solid_supports, . and used for catalysis, as described in
for exanple U.S. Bwaipsusttglly impogippt catalytig eactions usingiphpgpfiprus ﬁ“%ﬁf and J.
Chem Soc., Chaivul@amportanct 8&@6lefihifydrotpmation amd olefin hydfipmylation.n t hese pri.or

atur o, B8 Sk BRI paeety ARl or KA Rt el o
Serial Rer exaBPiss e GRdocynting of sthylepisaliywssrureisd spmponnds BEing of ¢ he
probl ems assotassiten metal complexés with mbyddentateyphiosphiteligandois well util i zi ng
supported bi sighamRia iyt phibodt) Kee, for exanipRO UK. RALEH15,8,631 358 for
g/ OO ANEL 108,685,753 &id L156037, qp T sk AdvoRRES GRAIEES 31 b 188F 1 er e 11 om
several d2awbBidestaterhisphosphite ligands haye beemnshown te bawsefubinghe pot enti al . Anong
t he drawbackshydrb@anativniofithonoolefini¢ ariddiclefiie cahfoulily, ad wélPador g and poor
B L S
properties, etyronogikenelingsrnitsilosn dee ferexample dS. upiA695sUR ed 2§96 andy

WO 9514659. Bidentate phosphite ligands have also been shown to be

30 particularly useful ligands in the hydrocyanation of activated ethylenicaily
unsaturated compounds. See, for example, Baker, M. J., and Pringle, P. G.,
J. Chem. Soc., Chem. Commun., 1292, 1991; Baker ¢t al., J, Chem. Soc., Chem.

Commun., 803, 1991; WO 93,03839. Bidentate phosphite ligands are also useful




supported bi s(phosphorus) |igand system which overcones the problens and
deficiencies inherent in the prior art with respect to hydroformyation.

Q her obj ects and advantages of the present invention will becone
apparent to those skilled in the art upon reference to the detailed
descri pti on wbisgrbessier ei nafter 10 fol | ows. PCT/US99/11557
SUMVARY OF THE | NVENTI ON The present invention provides for

t he hydr of or mferaaliene hysirotormaylptign reactions. ([or pxamnkgy sl fpdd Ebidegeriies aand
chel ati ng bi shptvessiglation plotga moshictparcdrgdiiid hidemaeligand containib@ to SUpport .

et vy + BoqHBRObbns finlh ifloRl dt-5: BRYHERA bAtkil) ASus GATRL, Ned 19

pol ystyrene r anic
supported bi shpresisensyr ?rﬁ’é(ﬁé!mh% ﬁﬁéys;ﬁ“? alse eqraprising thodium. This
[err] 5  patarydekdiibes a process for preparing aldeh@iesbydwgrofongplatian dfr agnment  whi ch

binds a CPX2 '%Bée?%édp}&sérﬂﬁ g‘Elf:f)é?ﬂﬂirctcompm.rnds for examBIe l-oct:;F[;r difn , and 20

X is an al kox ary qr I's aryl oxi de
or aryl. 1ene,usq:g,g1e %‘f?cﬁa'takyétsé’é@&} yAdso, phosphyts Be structure
(3): d1sclosed with rhodium in the hydroformylation of functionalized et[zyfle:ﬁ]:ally

(3) ' r I Qsf whi ch
b s a ODX[ ok 'nrﬂrabtle% ot:omgounds eCusna etal, J. Adn! Ghedl Kol B8] 05f 038! m?'f(?ésa ey

X is an al Qo X n %q,rg,? les gF‘RW&BtF %@OLVEI’ ity %ﬁll)bsphmphxte ligands in catalysis.
3 While these prior art sjdtanss represeatsinirercialipeviable cagiydtd, thepf carryi ng

out I cat 3' yti C do suffer from s1gmﬁcant ?rawbacks Usinad rtﬁ@éé&@gf&? consxstm%)?ﬁhé s preferably
PRI e L s e Y T
conmprising r eas:dqnngy semayingcthe BrOdmmaMsemmelfspm!hs%moatze@b andrmpound wi t h
CO and H @51 ] peiforidity EPRRHGE Tipical sepRRNIn R6kedietinySile SRARARIWiItHM accordi ng
formdl & Q::ae solvent, distillation, and phase separations. In all of these examples
some of the catalyst, consisting of the ligand and/or the metal, is lost. For
instance, distillation of a volatile product from a non-volatile catalyst results in
- thermal degradation of the catalyst. Similarly, extraction or phase separation
20  results in some loss of catalyst into the product phase. These ligands and metals
are often very expensive and thus it is important to keep such losses to a minimum
for a commercially viable process.
One method to solve the problem of catalyst and product separation is to
attach the catalyst to an insoluble support. Examples of this approach have been
25  previously described, and general references on this subject can be found in
“Supported Metal Complexes”, D. Reidel Publishing, 1985, Acta Polymer. 1996,
47, 1, and Comprehensive Organometallic Chemistry, Pergamon Press, 1982,
Chapter 55. Specifically, monophosphine and monophosphite ligands attached to
solid supports are described in these references and also in Macromol. Symp.
30 1994, 80, 241. Bisphosphine ligands have also been attached to solid supports
and used for catalysis, as described in for example U.S. 5,432,289, J. Mol. Catal
A 1996, 112, 217, and J. Chem. Soc., Chem. Commun. 1996, 653. The solid
support in these prior art examples can be organic, e.g., a polymer resin, or
inorganic in nature.
35 Commonly assigned copending provisional application Serial
No. 60/054,003, filed July 29, 1997, overcomes many of the problems associated
with catalytic hydrocyanation by utilizing supported bis(phosphorus) ligands
coordinated to nicke! for hydrocyanation of olefins.




[err] '
(3) wher ei n: Q is any organic fragnment which

binds a OPX2 noiety to the support 10 (Sup);
X is an al ko aryl oxy, alkyl or aryl; and '
selected fr {9 éroup consi sting of rhodiumand iridium PCT’"%A&S-' "The

invention furthe rnBEeg%Acﬂ%ﬁ s§§2£m§ ﬁh%e Wé’aﬁé’iu?fe@é' f?oH {w?.%f driR

olefins conprisingr I'n conpougvmth CO-and
H2 15 in thMP@Q%E@CSW%WﬁéB?‘F@&l cé{“&PS'Q‘F desytbacisinotedin thecor di ng to
formula (3): lxteratureare metal leaching and poor reaction rates. In addition, the prioz &ft]

E)f’?] ds a CPXZ are oftenhnotreadl F}, amenable tdPrecisbtr I MR Higaldd agrrent whi ch

X is an aIﬁ<ox‘§P°"HP§H°&>P§°Pe§F°§5ﬁgo"r‘e°gP9‘Fsa’%ﬁ’rﬁﬁeﬂfém What is nee Pv‘lq s r hodi um

Thi s process suppored bis(phospherus)iigand systeini whictdovercomapthe p;dbm and

Al S0 di sl oscabeichnfePh 8RS W pricd %ﬁ?@sﬁp@érz:t&ﬁ}d?cffoﬁnl bggp r hodi um

bi sphosphite rofornyl a tlon ata st co 1I’ng react | n and H2 with a

r hodi um corrpo?m’é? t§ apd;ayaniages ’%“B’G‘Eﬂ?&r"(‘ é?e‘iﬁm:,"(aﬁ | i gand of
25 fornul a 1skilled in the art upon reference to the detailed description which heremaﬁetll
WO 99/ 628fp  follows [err] in

which Qis any organl c frag%m§%ﬁﬁgm%ﬂaﬁ phosphor us

The present invention provides for the hydroformylation of olefins
utilizing supported diols and chelating bis(phosphorus) ligands covalently bonded
to a support. Preferably, the support is an insoluble polymer such as a crosslinked

15  polystyrene resin or other organic polymer resin,
The supported bis(phosphorus) ligand has the structure (2):

Sup
]

Q
X,20” “OPX,

@

wherein:
Q is any organic fragment which binds a OPX;, moiety to the support
(Sup); and '
20 X is an alkoxy, aryloxy, alkyl, or aryl.
Preferably, X is aryloxide or aryl.
The supported catalyst composition has the structure (3):

Sup
|

0
o7 o

XLP\ _EX,

M | 3)

wherein: _
Q is any organic fragment which binds a OPX, moiety to the support
25 (Sup);
X is an alkoxy, aryloxy, alkyl or aryl; and



noieties to the support and X is al koxy, aryloxy, alkyl, or aryl, or

alternatively wherein the PX[err] noiety forns a ring and X err] is a
di (al koxy), di (aryl oxy), di (al kyl), or di(aryl).- I'n a preferred

enbodi nment, the supported ligand of 5 Forrmula (1) is further

char act er i zeWOR4625%i ng to Fornul a (4) PCT/US99/11557

[err] wherein: .. - the |inker i.S,.a

2,2' -di hydroxyl -1, 1' - Mﬁﬁa%ﬁ"ﬁ‘é‘f’ﬁﬁ@mbﬁpﬁﬂf’ﬂgcmmg out gtalync group;

the substituents R err] &mesfeymatiens.in the 3,3 positions of the

bi napht hal enex%@preferably aryloxide or aryl andM iiéjgﬂéi@ﬂbgmykh,aﬂl& 1504, 9¢ bRy f rom al kyl
group containing 2.to_. an aryl group,

. . . car ban.at ons
an al koxy group, a pgpw\lg&ye invention provides foralllydmf%na}?lsﬁ%prgceésar boal koxy
group, a car beemprisingyreagting an acyclir, mopgethylenically unsaturated compound with oup, a
triarylsilyl goomBH,Gh tHefpredbdcelofh sippofiédualyst composition accordingto at | east one
of the groupsfolﬁ[ngfard), and R err] are covalently attached to a 15
support (Sup), ) X is an al koxy, aryloxy, alkyl, or aryl,

or alternatively the PX err] noiety fornms a ring and
Xerr] is a di(alkoxy), di(aryloxy), 3up di (al kyl), or
di (aryl). DETAI LED DESCRI PTI OF THE PREFERRED EMBODI MENTS 20

A primary aimof this invention is te”pravide an inproved hydroformnyl ation
reaction utilizing the catal ysts cox{(blLentLlJX% attached to an insol uble
I

support, descri bed in copendi ng?cerfioRl y assi gned provi si onal
application Serial No. 60/054,003, filed July 29, 1997. e advant ages
of this process are: These catal ysts arc insoluble
and non-vol at whereinal | owi ng r eady separation fromthe
reaction nmedium by fil i I : use in
fixed bed, flowthr oug(#s?&é%g‘{é%@é ﬁ%%‘?ﬁ‘é@?‘%g‘r“?iocflﬁzd“%‘l‘?‘yg‘%‘sheﬁ‘ﬁ?’é’gﬁ

carrier st@eams. 5 (Sup); The chel ati ng arrangenent of donor atons

gives catal ysts with Xisanalkoxy, aryloxy, alkyleerasyl,abdl | y practical activity and
selectivity. In parti Mk&m&@ﬁgmthe%o% ?istingofrhé‘d?ﬁk%c?ﬁidﬁﬁ??” bed herein
S.

. ¢O! :
are based on bi sphgsphite | n ] C ] , 1t is known
that sol uble deriv "\’/@“@)‘Pb‘g‘gi’?@?f&v tf%“b\ﬁ yrofprmyiatiop.af prognatic
i mproved r eacolefims compeising redcting apatyolic aopmtio viefin vumppindsyith GR and Bands. 10
The chel ajg ngi_n&fxéﬁ’r@&ﬁé@dﬁasﬁ%pd?@ﬂ@ital%t%ﬁp&sﬁfdﬁ!a&&nﬂiﬂg?o fonata &) onger
| i gand-nmetal interaction and thus greatly mnimzes the potential for

T
Q
o~ \?
XLP\M _PX;
3
wherein: .
Q is any organic fragment which binds a OPX; moiety to the support
(Sup);
X is an alkoxy, aryloxy, alkyl or aryl; and
20 M is rhodium.

This process may be run in either the liquid or vapor phase. _
Also disclosed is a process for the preparation of a supported rhodium
bisphosphite hydroformylation catalyst comprising reacting CO and H, with a
rhodium compound in the presence of a supported bis(phosphorus) ligand of
25 formula 1



met al | eachi ng. It is possible to nethodically alter the
spaci ng between the chel ati ng atons, the steric

envi ronnment of these atons, and the electronic 15 properties
of the donor atons, thereby offering precise control of

| i gand coor dWOSI62835 properties; this in turn allows signifiReHPSI1S57
opportunity to optim ze catal yst perforgance. : The chem cal
environnment in the i mediate vicinityothe '
catalytically active site is uniformthkoughout the solid support matri Xx.

20 The catal yst t efatr e as a "single site" type of
catal yst, as _ ogggsegj/to anﬁxeznsenbl e of different

catal ysts. The supported bi k(phosphorus) | i gands descri bed
herein generally formthe catal yst when conbined with a catalytically

active nmetal. The ineshith Qrigasuenganit &dgment whichetimdsytsd tWoophosphengepar at e phase
fromthe reactl ome (pdht! Q) cP ngﬁ&'ﬂ?aﬁé&Pf RES 1@5\%:% orparngmag%ay The

reacti on nedi um nay be_C not

BEN
interfere wit Wheni @5?599‘!‘?‘%‘}' T3 18 xznlﬁérdéélﬂ“”‘yéf ﬁ’é)?‘)ﬁé) gaseous, e.g.,

an i ner ax(ﬂhyl) |uerd1(gry$) dinck eferred smbadimemnthe sepporipd Hghmdtos .
DESCRI PTI QN Ok R fdder characten d 'ﬁ:chfl%Uc@lFBMmﬁi'u ysolid material may be
used as a support |n t e context inventi'on as long as it neets

the followng criteria: The na&grlal i s insoluble in organic,

aqueous, or inorganic solvents. Organi ¢ pol ynmer supports

are acceptable in this regard b generally need to

be crosslinked. Inorganic supports, -~ net al oxi des

(silicas, etc.) are generally insolubld in e solvents and al so 35

may be used as supports. ‘ Xort contains reactive sites

whi ch can be used for the coval attachnment of organic.

fragnents containing a diol gro bel ow) or
a protected diol group. 6

The reactive sites are isolated to prevent aédltlonal crosslinking during

further chem cal transformations. 4 The reactive sites are

exposed to the reaction nmedium Wth a pol ymer resin

support this wheeihi eved through the use of resins which 5

swell in a reaction s [ I M/trans ort

of the reaction rredl u%h%/ﬁé%r q]wtaﬁe?;lf&f\%dib{jﬂi lybﬂﬁﬁlﬁb!ﬁe&%rﬂhing tgr m-:

"solid support" or "supp&®P:(sup) refers to a naterlal havi ng a

rigid or sem-rigid suhé subsntud:nts:R-; exhRgimthe B,3¢ positions o€ the \bartaphthalened cont ai n

functi onajg ty whi ch covaippitishy ghdulefe SIGRIRMU Sy prblifechiiiliAg d her eof
Such 10 t I g t | ud f
o orystyrene - 1Beapinaips, %w@s@ﬁﬁ%‘ﬁé{p‘égﬁﬂ ahioty”

exanpl e, pol ystyrene
pol yet hyl enegl ycol suppogtap, asachballodycgreup, a carboanyioby 853“91 anigele and t he

l'i ke. Such supports will gjupf @ﬁ.ﬁ}ygﬂ @f@,pt Bpu{ag(y[gng[ beads,
pell ets, disks, or oth onven

used. 15 The Jt[5a80PE SEee i v.aﬁﬁﬁq.awa%‘?ﬁaa%% dfgy Y be

functi onald zed pol y(styr&MPprt (Sup); resins. Other suitable pol ymsrs i ncl ude
pol yol ef i ns, pol yacr ylxaisem,alkoxy, aryloxy, alkyl, or aryl, or alternatively the PX

moiety forms a ring and X; is a di(alkoxy), di(aryloxy),

di(alkyl), or di(aryl).
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
20 A primary aim of this invention is to provide an improved hydroformylation

reaction utilizing the catalysts covalently attached to an insoluble support,
described in copending commonly assigned provisional application Serial
No. 60/054,003, filed July 29, 1997. The advantages of this process are:



pol ynet hacryl ates, and copol yners thereof that nmeet the general criteria
descri bed above. Specifically, poly(styrene) resins commonly used for
solid phase synthesis have been used. These particular resins are
crosslinked with froml to 10 wt % 20 di vi nyl benzene. The styrene

noi eti es arewQW¥eISuted in the para or neta positions. PCT/BR9( 1377
portion of the styrenelhes: atalyst aar msalubie drid nohediatitey plloeahg yeadesul ting in

function al group |Oa%ﬂﬂﬁxoﬁffroﬁpﬂfz%bt'i@ﬂﬁécﬂun@b;ﬁh&ugnQr&fﬂ@*ln?caH?Brgram of

resin, al t hough u
DESCRI PTI ON AND PREI% ARES %l_@ cgélmay througﬁreg.ctors using eRhcr liquid or gas phaseg ppPORTED
D ALS The agamrsifeatnm s invention are achieved by construction of

a chelatingsligand e Thecﬁélﬂtﬂ{g%faﬁ nmwnéﬁ:mglm%ws@vﬁmpport (Sup),

preferably a polyner su h| S procedure
i nvol ves the preparati® ﬁpnﬁc'%{lycﬁr%ﬁ"c F8th fvangselccé%\spél é’rﬂaﬁ %f e hed to an
i nsol ubl e support as ehelgiss ddseribedibereinase baskd owbisphosghite hsandacmmbech

Lerr] 0 wher ei n,jt ﬁutaommaﬁs%ﬁmcsaehbaww ot bml?stwnp@igﬁxﬁcaem usedt t
erein, means any iety to
the support. For exarrpfn ?éiggcq"mmws ag’g%%g‘f"vf Pv‘frrnborﬂ%ﬁh‘%sgh’%d on at ons,
in additi oMto het et oakhgiehe &tmgwrraegemcpwfgiemratoms resujs jpemuchusiongdie | i ke. Q
may additionally cont aigand-mt ineratiof il Rss Gkl ndifinfiidiaie potential for

7 ,leagﬁ;’gl ester. amde, amne, imne, etc., and
conbi nati ons thereof al so_contain saturated or unsaturated
car bon- car bon bonds® @ﬁﬂ?ssthle toametndically alter the spaging-hotwecadhe chelating The

nunber of atons presentoms)theseric emsodament of ¢ess Adms, abd the\sfecebhieoi eties 5

of the diojgis gener aI hﬁgb ﬁgdgﬁrpﬁhw&emgyw %g’rechEmng any nunber

and arrangerrent dc timate mation of a chel ating
ring is _accept aljiaan ingfign P@G‘W‘E&?rﬂ&?’nl‘%m?l PYS Henifieat . These at ons
may be carbon or oph@tunity toooyinszecdatadyst pecfogreamcand ni trogen. The at ons.

may further conprisg %%Qﬂénﬂcﬂenvuonﬂfenﬁ)ﬁ%élﬁmﬁhfa%%éiﬁﬁyoiitﬂ@ latter of which
may be saturated or uns

preparation of materi gptgfyﬁfa?léggfm séte? ‘FB‘%FB%“WSP‘H&%”MBWPW&“%%
skilled in2Qhe art. Trikegntalysdoarcforrmptsians iingle sited typeaf catalyststsep or nul tiple

reaction steps. Prefergp Mﬁ%&nﬁl@oﬁ&ﬁ&@nt%ﬁé\spf oceed in high yield,

hi gh sel ect iyl t X | onduc For
exgrrpl e, Can J 15 ﬁl éﬁpenr??: ‘%ﬁ@g"% f?\'jg%mggg%cgp?do%?n?ﬁ Pf? t?‘% of the
material of fo¢aelysswhemcombined withpcatayticalsactivemetat STheresuitingisuprortedn st eps
from i nexpensi sutalysd feenk alsépafibetbhiase fford fhe reaction Medihsl, readthhg subberhes, iand S

deocr 00 44 oyl ALl i SRR vy RS 1 (1
supported anal ’éf(}%?fer{fm | %@%ereapmﬂxwweafortw B EP§ARET. S€uBPOr t ed
inert carrier gas and gaseous reactants and products.
~ DESCRIPTION OF THE SUPPORT
Virtually any solid material may be used as a support in the context of this
30 invention as long as it meets the following criteria:
e The material is insoluble in organic, aqueous, or inorganic solvents.
Organic polymer supports are acceptable in this regard but they
generally need to be crosslinked. Inorganic supports, such as metal
oxides (silicas, etc.) are generally insoluble in these solvents and also
35 may be used as supports.
e The support contains reactive sites which can be used for the covalent
attachment of organic fragments containing a diol group (as described
below) or a protected diol group.



20 benzal dehyde pol -CHO, prepared by the nethod described in [err] Polym
Sci . 1975, 13, 1951 and J. Polym Sci., Polym Lett. 1965, 3, 505,
with pentaerythritol gives pol yner - supported diol SD1. The anal ogous
reacti on of sol ubl e, non-pol yner - supported benzal dehyde with

pent aer yt hri VO19%85%escribed in Org. Syn. Vol 38, 65. PGR/PROALST vel vy,
reaction of pol yrrer-SL_Lpport_ed,aI deg?/ge ol - CHO wi .t h a(i“ ethyl, 25 tartrate,
fol l owed by reduct? onlhejreagye iigs R &so Q perveny Sfdifianal cropsisking dudngol s SD2,
3, 4. SD3 is descri befdrther chemiCxlgransfbranations1 997, 62, 3126. The anal ogous
reactions Of o t N3l Gres 1O Bz RRLYIRAe RERIA Rt OWRAYNAS are

descri bed in Helv. Chloin . Acta tg.‘983, 66,%:;88 nl(xj J. %& em 1993,
58, 6182. Supported AlORMSEAesin support this s aelieyedt %‘@ﬁ CJise SHsHas whigh e
prepared by nethods fswetdn a readtionGhlyent®o &s.spffRfently peroks to allow1@8port1978- 1985;
Indian J. Chem 1995, ,3tHeactiod hedidMdhiclgithe B8fymer matrix, 1985, 118, 3588- 3619.

O her exanpl es %3?@?%5@%@% zwli‘nomg,olsg%nge&rsmamaténra?&sv'gn%ranat|ons, and

representative s i
[err] rigid or semi-rigid surface which eent3in or can be derivatized to contain

functionality which covalently links a compound to the surface thereof. Such

10  materials are well known in the art and include, by way of example, polystyrene
supports, polyacrylamide supports, polyethyleneglycol supports, metal oxides
such as silica, and the like. Such supports will preferably take the form of small
beads, pellets, disks, or other conventional forms, although other forms may be
used.

15 The supports described in this application are functionalized poly(styrene)
resins. Other suitable polymers include polyolefins, polyacrylates,
polymethacrylates, and copolymers thereof that meet the general criteria described
above. Specifically, poly(styrene) resins commonly used for solid phase S)"nthesis
have been used. These particular resins are crosslinked with from 1 to 10 wt %

20  divinylbenzene. The styrene moieties are substituted in the para or meta positions. -
Only a portion of the styrene moieties are substituted, typically resulting in
functional group loadings of approximately 0.2 to 2.0 mmole per gram of resin, .
although this value may be higher or lower.

DESCRIPTION AND PREPARATION OF
25 SUPPORTED DIOLS .
The aims of this invention are achieved by construction of a chelating ligand
covalently bonded to an insoluble support (Sup), preferably a polymer support
(Pol). The first step of this procedure involves the preparation of a diol group
covalently attached to an insoluble support as exemplified by the following
30 structure:

7N

HO OH

(1)

wherein, Sup represents the insoluble support. As used herein, Q means any
organic fragment which binds the diol moiety to the support. For example, Q may
consist of from 2 to 50 carbon atoms, in addition to heteroatoms such as nitrogen,
oxygen, and the like. Q may additionally contain functional groups such as ether,

7



[err] DESCRI PTI ON AND PREPARATI ON OF

POLYMER- SUPPORTED BI S( PHOSPHORUS) LI GANDS 5 The pol yner - support ed

bi s(phosphorus) |igands nmay be prepared by a vari ety of methods known
in the art, for exanple, see descriptions in WO 93, 03839: U. S

4,769, 498 amb 496554, 668, 651. | n general, the transformati B/USIISS] hyo yes
the reaction of a phosphorus halide, typically but not limted to chloride,
wi th the diol ataalf kutd)) dstef) alnideg amind Hminehas pimdraomblmatibibahdreef. Igemany conpound
of 10 the ty P I I = Nnahi X B ' yl oxi de,
al kyl, aryl, gﬁa CXIL!.EB S‘%\l&[é&g& E“S%ﬁ@x‘rbﬁ’é}eg‘]ﬁg‘gg%“é’? ug lﬁém%%%gl{ usef ul

for the preseSYMM§HEdti on are t hose where Y = d; X = al koxi de,

aryl oxi de, al kyl , T nuntbet of aomos presentlin Qldnd ugedaa separate thX twa@Hoaoietdésn f rom 1

to 50 carbgn %‘f'm;}olﬁstgefl@rmlﬂi ﬁecﬂgtbi:t%?ﬂi')(mPMBﬁ{dﬁghany nddfJePEQAL OB such as
oxygen, nifrogen, halo gnct onal 15 groups

en, .an 't ke, and al so
such as et her &mangepg &QQF@?{}'@&W&‘@Q%&%@%*& URG ARES. The groups X

may or nay notacdeptablenautefemed mmbenis@yte biatomst Theseatoms miyecbeRdtbonor et y may

forma D@ rafiich SKEIRAS dxyB&Vank RitRg . (FHelaibisdRdy fufthrRbibAY AGhin di (al kyl)
or di(aryl). Ma osggl nes}ggnd di aryl chl or ophosphi nes

ny ., di | chl.or pph
are commer ci alf ‘%fﬁé‘?‘?c&ﬁ?’gj,’e "temeF“c Y 158 SHWASE PR B EY ks known in the
art, for dRanpfamatid. Am Chem Soc. 20 1994, 116, 9869.
The hre, Of or CexanopeliRiion St BEERAS SRR L IBN N HeBldIBoRARese | CROWN 11
Syn. 1966, 8, Skijed iy the “%?ETG’,‘%G&‘Z"‘MBPEY? °5&i%én‘§‘°&ﬁg%°f i’@‘g‘ﬁ’}e 535, 221. For
exanpl e, the reagten stepsoPrefered msthodeare those which presesddn hightyidld high | de gi ves
1,1 ' - bi phenykelgtidity hire/inBAHRASN bi-dit Siinipfd th Gondddt. For exampPl§ Cagakt i on of these

chl or ophogphorys r e ] terial.of Eorpul a 1 t he presence
of a baseigi vets% @?ﬂe?’%ﬂ%"%ﬁ?ﬂe& eﬁ%"ﬁ F‘Foog gﬁot}‘%t%r)‘a? om"%}ﬂf?r‘]éd_ exenplified
by the struct Thesyfhesi§ occurs in two reaction steps from inexpensive materials and in high Pol

10 yield. ViiérenaferilsdeRribed inthis ddehiichatd adeer prébustxanpl es may be

prepared by Sie[(?ol'tgci in the litefah@ 'St 1T fe Q30 sBRKdoGR G CRIA hiEpifhbct ures are

al so shown belGW. . .
supported analogues. For instance, reaction of the polymer-supported

20  benzaldehyde pol-CHO, prepared by the method described in J. Polym. Sci.1975,
13,1951 and J. Polym. Sci., Polym. Lett. 1965, 3, 505, with pentaerythritol gives
polymer-supported diol SD1. The analogous reaction of soluble, non-polymer
supported benzaldehyde with pentaerythritol is described in Org. Syn. Vol 38, 65.
Alternatively, reaction of polymer-supported aldehyde pol-CHO with diethyl

25 tartrate, followed by reduction, leads to the class of polymer-supported diols SD2,
3,4. SD3 is described in J. Org. Chem., 1997, 62, 3126. The analogous reactions
of the soluble, non-polymer supported compounds are described in Helv. Chim.
Acta 1983, 66, 2308 and J. Org. Chem. 1993, 58, 6182. Supported alkylene-
bridged bisaryl alcohols can be prepared by methods found in J. Chem. Soc.,

30  Perkinl, 1980, 1978-198S; Indian J. Chem. 1995, 34B, 6-11, and Chem. Ber.
1985,77/8,3588-3619. Other examples may be prepared by known organic
transformations, and representative structures are shown below.

0 oH
pol-@-( >< pol cuz—o/\(\on
o oH OH
sp1 SD6



[err] 50 The transition nmetal cataysts which are a subject of

this invention are 0 wherein Q and X are
as defdined above.Mis a transition nmet al capabl e of carrying defi ned
by the fornul awehesrssHel ow [err] ei t her di spl ace gHﬁ

catalyic reaction,or take an active part in the catalytic % égggﬁgam um

CR,0H The zero- vaI ent
, can be 15 prepared or.
the art, as descri bed,

and platinum the nost preferred being. rhodiym
rhodi um conpounds, suitable for hyg A
generated according to techni q'Ef’els

for exanple, WO 95 30680, U.S. 3, 90 547, Jdugow. Chem Soc., 115,
2066,
sp2, 3, 4
. 0
pol CH,0C
sps, 12
0
po CRH0(CHy) 10
s07, 8, 9
; 02CH2—©-—(:CH2p01 CONHCHpol
QOL QL
ceg QO
sp11 sp10



1993. Zero-val ent rhodi um conpounds that contain |igands which can be

di spl aced by the organophosporus |'igands are a preferred source of

zer o-val ent rhodi um Exanpl es of such preferred zero-val ent rhodi um
conpounds ar aypsge2gss RN(CO [err] (acetylacetonate) and =~ percgon ccn
Rhi(CO[err](Clerr]Herr] COCHCOt-Clerr]Herr]), Rh[err]O[errf,r % .
Rh[err] (CO[err], Rh[er CO Larr], Rn(O[err] GCHLe err], and -

Rh( 2- et hyl hexanoate). R . supported o
this respect. D OF CATALYTIC
OF MONOOLEFI NI C COVPOUND: o The preseny’I nv@iti on al so provi des
a process for hydrofornylg{.i 10 conpri gbng-f eacting an acyclic,

nonoet hyl eni cal | y unsat ufat ed d with a soyrce of COand H2 in
the presence of a cataly, Ion fornmed by . support ed
rhodi um cat al ysts descri pusl y and depi gt by Formul a 3.

Representative ethyl enic g gt urated conpagu ! h are useful in

the process of this invention_are shown in Fornmul aal, 1l or V, and the 15
correspondi ng term nal al desf?%le conmpounds pr oduc®d®are illustrated by
Formula I, IV or VI, respectively, wherein |ike reference characters have
same  meaning. DESCRIPTION AND PREPARATION OF Cat al yst
ggfpnals;t : on POLYMER-SUPPORTED BIS(PHOSPHORUS L{)(;:AN% H2

[err] 5 The polymer—stxg?qrqed bis(phosphorus) ligands may be prepared by a

Rlerr] is H ietycomethbddkmowh jin the apifof xamples sdeydescriptions in y is

[t eger of 1 oM Uerclgnsha BioephoRs balie, bplcally but notligted 1 chlidey "
12 with the diol to form P-O bonds. The phosphorus halide may be any compound of

10  the type PY,X3.,, where Y = halide, X = alkoxide, aryloxide, alkyl, aryl, and
n=3, 2, or 1. The phosphorus halides most useful for the present invention are
those where Y = Cl; X = alkoxide, aryloxide, alkyl, or aryl; and n = 1. The group
X may contain from 1 to 50 carbon atoms. It may also optionally contain
heteroatoms such as oxygen, nitrogen, halogen, and the like, and also functional

15  groups such as ethers, alcohols, esters, amides, as well as others. The groups X
may or may not be linked to form a cyclic structure. The PX, moiety may form a
ring and X, may be a di(alkoxide), di(aryloxide), di(alkyl) or di(aryl). Many
dialkylchlorophosphines and diarylchlorophosphines are commercially available,
or may be prepared by methods known in the art, for example, J. Am. Chem. Soc.

20 1994, 116, 9869. Phosphorochloridites, may be prepared by a variety of methods
known in the art, for example, see descriptions in Polymer 1992, 33, 161; Inorg.
Syn. 1966, 8, 68; U.S. 5,210,260; Z Anorg. Allg. Chem. 1986, 535, 221. For
example, the reaction of 2,2'-biphenol with phosphorus trichloride gives
1,1'-biphenyl-2,2'-diylphosphorochloridite.

25 The reaction of these chlorophosphorus reagents with a material of
Formula 1 in the presence of a base gives a polymer-supported bis(phosphorus)
ligand exemplified by the structure shown:

an integer Of}@?%),o "U.§.4,769,498 d U.S. 4,668,651 1A BehetdlSHE trafidforthation 12 when
err &rr. ﬂuo

Pol
|

Q
X,P0”  “OPX,

@

10



CHO | lerr]

\ Rlerr] is an al kyl, aryl, aral kyl, al karyl, 6r fused
aromatic group of up to - 20 carbon atonms; R6 nmay further be branched
or linear; Ro6WO®/628580 contain het er oat ons such as 0, ptr/usoiidsy

The nonconj ugaivheredS wnd Qare aldefiliat dboye. Ndtherdxafniples amly lbg prspasidbyaimiter 5 -
starting mater| ’#‘%ﬁ aﬁd{*e%ﬂk&tﬂtﬂl!ﬁ@ﬁéhﬂgsirgﬁi gﬁm%ﬂ‘ﬁéﬁ rated organic
conmpounds w&%% al %il!gr’\g rom?2 to approxi nat gPy 3 car‘lg'on atons. The .
nonool efi ns propyl ene, 1 -butene, 2-butene, nethyl 3-pentenoate,
met hyl 4-pent enoat e, 3-pentenenitrile, and 4-pentefenitri j,zp’are

especially preferred. Ag _rmo nmatt e en/t he\ jonconj ugat ed
acyclic ali phatp|°c \NOg hfﬁﬂgnl cal unPgétur§t°Ied {0 ZconRou are used in
accordance with this tnvention, uS™o about 10% by wei ght %gf, t he

nonoet hyl eni cal | y unsaturated conpound may be present in the formdf a
conj ugated isoner, which itself may under gorjopds of ornmyl ation. As used

her ei n, the term "pente (rilgd intended to be identical with
"cyanobut ene". Suitabl e pol 2 conpound8 =+ icl CREe unsubsti t ut ed
hydrocarbons as well as 15 [

S™edghsh,t uted with groups which do

not attack the catal yst, such as cyano. TRese unsat ur at ed conpounds

i ncl ude nonoet hyl eni cal |y unsat urat ed.. paunds centaining from2 to
30 carbons such as A& ene, loropyl ene ol -HOE

hexene- 2, et c. P°honyonjfigat 80 “s+ERN (cally of ur at’ed pounds

Is such as 3- pgnigene

27 and ethylenicafly uny

substituents such as, f{ exanpl e,
| nt eger of up txgeo g

may al so be

ester group such as nethyl pent-= e. Pr ef &

nonconj ugat ed | i near al kenes, nonconjugated |linear 25 alkenenitriles,

nonconj ugat ed | i near al ken. NMbﬁg@gg%ﬁ%ﬁnd
per fl uoroal kyl ethyl enes. % Ererreg su Tcl ude s?'i:s and

4-pentenenitrile, :

Cerr]Flers] C"hmffhéhinsiﬂﬁﬂhﬂalzcﬂﬂysts which dreta@uBjégt.of this inventionare The

preferred pro ' ?ﬁdﬂé@!ﬂ I al dehydes, |inear dial dehyde 30
'ddéﬁhédﬂf%ﬁglca gﬂ W '

al kyl enes, linear a yde eésters, and

3- (perfluoroal kyl) propi oal dehyde. Most preferred products are

n- but yr al dehyde, net hyl 5-forny|va|eratﬁPPZ-phenyl- pr opi onal dehyde,
and 5-cyanoval er al dehyde. 0 13
The reaction conditions of the hydrOLEfﬁﬁTEtion process according to.this

such as allene; and SU sti;(q,%
4-pentenenitrile, nethyl péh

conpounds havi ng perfl uorogj
Cerr]Flerr][err], where zxjps—3#

(=l

invention arc in general the same as,jised a conventional process.
descri bed, for exanmple. in U S 244692498, which is incorporated
herein by reference and wll be ()

wherein Q and X are as defined above. M is a transition metal capable of carrying
out catalytic transformations. M may additionally contain labile ligands which are
either displaced during the catalytic reaction, or take an active part in the catalytic
10  transformation. Any of the transition metals may be considered in this regard.
The preferred metals are those comprising groups 8, 9, and 10 of the Periodic
Table. The preferred metals for hydroformylation are thodium, cobalt, iridium,
palladium and platinum, the most preferred being rhodium.
The zero-valent rhodium compounds, suitable for hydroformylation, can be
15 prepared or generated according to techniques well known in the art, as described,
for example, WO 95 30680, U.S. 3,907,847, and J. Amer. Chem. Soc., 115, 2066,

11



dependent on the particular starting cthylcnically unsaturated organic
conpound. 5 For exanple. the tenperature can be fromroomtenperature to
200[ err] C, preferably fromb50- 1 20C. The pressure may vary from

at nospheri c Qf@ ;& to 20 MPa, preferably fromO0. 1 cﬁﬁ%??lésl\éga and
nore preferab 5?? ( . P R as - > equal
to the conbi nel.9 'y%%pgg,gﬁmgﬁla&ggﬂf%énﬁgr%dnso@ﬁt en&nqiiiﬁ%g'ﬂ’(@ﬁ‘fmgﬂ‘essure. Extra
inert gases maispiasomkby theipsganpphosparus lignadsere g preferradsowrce ofizero-vglgntogen to |
gar bon ménoxi dﬂodiﬁngmahplekyf@eﬁp&mea@grrhwdenﬁmddihmtdbnibamd_d&rfé er abl ycI _
etween 6 to r conmpound i s
not speci all y%}h?%&?m%?et?nsat%ﬁq %P\%q)ﬁﬂgeaeggcg{éF@gﬁs%ﬂ&kt ‘favorabl e
results caf b&Rha(GQhindhs(F@herRPEEHs), andRi3-sthylhexanpate)y Rhodium and
econony. | n geasported ohb&bﬁﬁ)ﬁﬂ?alsbaéhﬁai@ﬁﬁﬁa%vm in the reaction nediumis

15 bet veen 1 aady bt B30 PRR I P i GBS S ITREMEEN00R, PP

cal cul at ed ]

mul ti dent at e phosphorus | i gMONQOEEFINICICOMBOUNDS specially |imted,
Wth Teshect Lo atal Papun ienddlsg AN folcePl hdreRiPRtion, . Tati o 20
Wi resp Lo cat.a .activity an ehyde selegtivity. - s ratio
general | y?ﬁs To %ﬁ%@%"@%@%ﬁ%ﬁ%‘f%ﬂ%lﬂ’? %B%WMUA%I‘FN es of
l'igand to sourpapfde0 gnd He dmthy presence of a catalyst Thmpesitinncforméd bptheent i s not
critical provigpdrtedithoditiny eutdlystSdederibed Prdvidiilyiaall dégficted by Fofmilasy st .

reactant and produﬁ. Th&'% I gﬁlta‘cﬁsy betl"% xture of .reactant.g,. such as
the starting unsatUrated .onﬁ‘é “arhesy é%fﬂ@pﬂmﬁﬁ”@fci;aﬁﬁﬁyf?ﬁﬁ%-products.
25  Sui t abl ethggracess of this inveationsare shawndd Forrawla . dHieo Vs andithe as ker osene,

m neral 01§ Otorrespondiny/etiifsbaidiflydetonfpoinds\#btudsd A& AlRBN kLA BY her
tetrahydrofurﬁ aﬁ &'%ﬂ@ﬁ' . h kei’lﬁggﬁ such, as m&*ﬁij%lf et hyl ketone
and cycl ohexahong, * ' ? eHively, wherein life reterenee chareiers BVMend
benzonitril e, MG}WPKt i cs such as tol uene, benzene and xyl ene, esters

such as nethyl val erate and caprol act one, di nethyl formam de, and 30
sul fones such as tetramethyl enesul f one. cdtayseacti og may al so be conduct ed

W th _ reactants and products in_ tlcemgastidnrase. || Preferably,
when a |iquid re&8si GHz pebPthlr (B2 UsBY —theTeactt oFCniSBely+e+i-8*
agi tated, such as by stirring or shaking®0 B2 For the vapor phase

hydrof ornyl ation, the PPEMfrkd tenperature range i sFE%ulg Idm about
50[err]C to about 180[err]C, nost preferably from80[err]Cto 130[err]C.
The tenperature nust be chosen sofas to naintain all of the reactants
and products in t he vapor phase, but | ow enough to prevent
deterioration of the catal yst. Theeq:Cata;ﬁ:?;arti cuﬁar preferred tenperature
depends sonewhat on the cat St amgosidddn t he ol efinic conpound
bei ng reacted and theg%eglgr_@hg)r"eggtmt_e'."’l'héc'dﬁéw’mi'ﬁé

14 Preseuha srnot paffi dalarly gritisgl, and can
conveniently be fromabout 101.3 to 1013 kPa. The pressure and
tenperature conbi ngti on nust be chosen so that all reactants and
products remain iﬁ”q’teFFénvapor phase. The supported rhodi um

catal ysts of Fornul a 3R&isH; ONi CObR3; of perflecroalkyly 5  tubul ar reactors, and

a gaseouggol ef i ni c conpeitintegerbfo tg19pYy! ene, CO, and Herr] is

passed continuously over_the solid catalysts. ratures sufficiently
high to mai nt ai n*tHE" fg?ﬁﬁqfﬂd‘"%f"@%? gﬁﬁaﬁsé orpertlyproalyly. ¢ i o
products in the vapor phisandntegerof 1to 12 wheiCRf is@Nnmdoxi de, H err] and/or the
ol efinic starti ngré&gd gky1al s can be delivered

12



as a neat vapor or as a preheated solution in a solvent, such as
acetonitrile or 10 toluene. Under atnospheric pressure, using nitrogen or

ot her inert gas as carrier. Nitrogen is preferred because of its | ow
cost. The reagd oducts are liquid at roomtenpera re
conveniently ?%%%é%d by cool i ng. E'%EJSMS% -
EXAVPLES The following non-limting exanples €8t her _
illustrate the inventiqQn. PB4CE35 per cent ages are by wei gh Rﬁ'}nl ess

ot herwi se not ed. catalyst composition

[err] Ej o> .
Supported diol SD1ge 10. Zc@ & pent aeryt ol was dissol ved
in the m ni num am)unt of di mret hyl sul f oxi de, &Ad then tol uene was
added until the sol utiYon becane slightly cl oudy. vi8.9 g of the

pol ymer - suppor t ed benzaldehyde resin (prepared by 20 oxidatioh of

Merrifield s reS| N REENES i alRb&1f (ﬁgggg\gg Co. ,
M | waukee, , tsTymar tﬁbor J{r ro&gﬁeggﬁﬁ and) and a

few crystals o? Bafl’B‘I'EF@Wés PHinean; Ry ey “M’é’ #Whensi on was
brought to refhuxroatmdmtshehascm,d@,rmdl?e was passed t hrough a bed of nol ecul ar

si eves |N_a SeHOhécofit Jt@ﬁc%hcb iafic. b ltidal @E\él%sgﬁr{t&f‘cuon Tl ask.

After 12 h the 25, suspensm oomtenp yre and the resin
was i sol at et b§tamng matgrjalg ysg ‘SAH‘FEW’W&’S ﬁﬁnw SH‘P’B“W‘H&‘ 8
NaHCJ err], Nbaﬂtamiagﬁdnemdmpmxhnatelysochfbena&mm'lhamodomleﬂnsmder vacuum

I[sr r ]OI—I}l_| %}\/R3?Me%?,11) ? %@%ﬁ"yﬂ{?’l?—% car’g,]eﬂ?imﬁnt??a? MA\SO%:IGEI[C{er r]);

65.3, 30 63. FPeRigpemitrile, 5-3?9%611@13@?%38?@%@# nary
carbon) , in aﬂdttérg wheri the pohooninpated acych&)ﬂld;iﬁaﬁclmomuhylerﬁ@lhym

15 0

[err] 10 é&%ﬁgﬁé %sed in accordance »gll% %)hésr xtneg\tfm, a{ltﬁ g{ut fOA by weight 1.0

g of resi n- supPiche menasthyleniegily pasaturated compeund,m erpzesmma%@mofa 0.97 g
PPh2Cl was addsshjupatdiseaserywhith itdelfimaynmderdothydroformylthtips. Ab assdisereininvas

the term “pentenenitrile” is intended to be identical with “cyanobutene”. Suitable
unsaturated compounds inciude unsubstituted hydrocarbons as well as '
15 hydrocarbons substituted with groups which do not attack the catalyst, such as
cyano. These unsaturated compounds include monoethylenically unsaturated .
compounds containing from 2 to 30 carbons such as ethylene, propylene,
butene-1, pentene-2, hexene-2, etc.; nonconjugated diethylenically unsaturated
compounds such as allene; and substituted compounds such as 3-pentenenitrile,
20  4-pentenenitrile, methyl pent-3-enoate; and ethylenically unsaturated compounds
baving perfluoroalkyl substituents such as, for example, C,F2,, where z is an
integer of up to 20. The monoethylenically unsaturated compounds may also be
conjugated to an ester group such as méthyl pent-2-enoate.
Preferred are nonconjugated linear alkenes, nonconjugated linear
25  alkenenitriles, nonconjugated linear alkenoates, linear alk-2-enoates and
perfluoroalkyl ethylenes. Most preferred substrates include 3- and
4-pentenenitrile, alkyl 2-, 3-, and 4-pentenoates, and C,F,,,1CH=CH, (where z is
1to 12).
The preferred products are terminal alkanealdehydes, linear dialdehyde
30 alkylenes, linear aliphatic aldehyde esters, and 3-(perfluoroalkyl)propioaldehyde.
Most preferred products are n-butyraldehyde, methyl 5-formylvalerate, 2-phenyl-
propionaldehyde, and 5-cyanovaleraldehyde.
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filtered, washed with 5 x 10 nL pentane and then dried under vacuum 5
MAS [err]C{[err]H NWR (CDCl[err]): [err] 102.7 (acetal carbon); 70.3 (ring

CCH err]); 70.0, 68.3 (axial, equatorial CHerr]©OP), in addition to
pol ymer backbone and ring resonances. MAS [err] P(| err I I—%SNI\/R
(CDCl[err]) :Wo3%6283%5 ppm

[err] ported Ligand SL2 10 a
manner sinil ar tdhEX‘é‘ﬁﬂ?’bcﬁd“’?“W‘dh‘Eﬂ‘)dS@g%%“%l?é‘i?&??dé‘ﬂ’“ihﬁg tohig :
pyridine. 4. dingemion hrclin'geduirg) igrgpine 25 @sed dh y tpiverjphalrpoacodsoddschitied, 060 Wt %
solution in amp‘c lltﬂ?'%el 75@5986‘%%1 lgirng&}%rﬁﬁd hé}@i% b&‘?@fweﬁde dgjlﬂlf)éy was

stirred overnig esi n _was ?] 5 nL of
50/ 50% CH2Cl 24gpentcaten the Rasficuarstarting °‘H>§°‘Pﬁ_a ES&H%%C %fﬁﬂ“‘f F%?P%W -ed under
vacuum 15  For example. the temperaturc can be from roofXédvpir&iurg to 200°C, preferably .

err ° a;?lmﬁﬁ In
Ei m]rmer si i Jrom 50- 1°%xc The pressu\fg’may v } e Hegggl‘;%#?gféii:a
pyri di ne, andprﬁé‘ﬁﬁ?t mgplé 9 R/r @IaBgWﬁcHF erably from 0.2 1o T MPa. The
bi s(2-i sopr oppressreris tah g ngheayd! tpthosombined hydrogen and carbon monoxide
16 partial ré?,glﬂé Opﬂhﬁhér@ bdses I'nQy B&b&@i& phesentadee phofdk ?Hi’iW'o? e. Af t er
stirring ver ht t he ; Lctween ‘ @W faath
50/ 50 pyr le ngy/dg Pé%‘é?’b‘{%?f’“} dgis %‘ES‘CWLY f)b ﬂﬁ\%ﬂ oaml PfS ?{?ff Yy dr i ed
under vacuum between6to i and 1 t8@. | denti cal experinent was performed using a 2%
di vi nyl benzene Crigamoum ofrﬁddnk,eéoxﬁ;ﬁﬁhansswp Eihll BmBédy BuSsiepinkigd | i gand
EI)_(iM%L E 5 le?ec{e]d PS Lh t fa]v l_pablgcx;c%%l]fl S rtJe obtame Wi respect to catalyst activity
and economy. In general, the concentration of rhodium in the reaction medium is
15 between 10 and 10,000 ppm and more preferably between 50-500 ppm, calculated
as the free metal.
The molar ratio of multidentate phosphorus ligand to rhodium is not
specially limited, but is optionally selected so that favorable results can be
obtained with respect to catalyst activity and aldehyde selectivity.- This ratio
20 generally is from about 0.5 to 100 and preferably from 1 to 10 (moles of ligand to
moles of metal).
" The choice of solvent is not critical provided the solvent is not detrimental to
catalyst, reactant and product. The solvent may be a mixture of reactants, such as
the starting unsaturated compound, the aldehyde product and/or by-products.
25  Suitable soivents include saturated hydrocarbons such as kerosene, mineral oil or
cyclohexane, ethers such as diphenyl ether tetrahydrofuran or a polyglycol,
ketones such as methyl ethyl ketone and cyclohexanone, nitriles such as
methylglutaronitrile and benzonitrile, aromatics such as toluene, benzene and
xylene, esters such as methyl valerate and caprolactone, dimethylformamide, and
30 sulfones such as tetramethylenesulfone. The reaction may also be conducted with
reactants and products in the gas phase.
Preferably, when a liquid reaction medium is used, the reaction mixture is
agitated, such as by stirring or shaking.
For the vapor phase hydroformylation, the preferred temperature range is
35 from about 50°C to about 180°C, most preferably from 80°C to 130°C. The
temperature must be chosen so as to maintain all of the rcactants and products in
the vapor phase, but low enough to prevent deterioration of the catalyst. The
particular preferred temperature depends somewhat on the catalyst being used, the
olefinic compound being reacted and the desired reaction rate. The operating
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[err] 8.0 g of polyner-supported benzal dehyde resin (1 %
di vi nyl benzene cross- linked), 3.3 g diethyltartrate, and a few
crystals of p-toluenesulfonic acid were 10 conbined in 50 nL toluene. The
m xture was refluxed for 18 h, with the condensed vapors passing

t hrough a beWO8%63887 ecul ar si eves before returning to PERUSHALST i on

flask. The resmwa.s co e one (4 x
15 m), CH[erP c"}ai cﬁﬁsah#ecagﬁ% V(“E"’%{E ﬁf’jﬂai’%lﬁgﬁgé‘[t%”] Cllerr]
before vacuum! 13 kPa 9pwgsure1=51d tqrwcratwembmeoramuwseh@m gcthatjall conpl et e
| oss of al dehydetakis ehdproduttblremtinfithe vapor phase. An identical experinent

o er uo| T shabed Wbl Kl s Fdhfla 3 arc oypRlfloficl bV 1 280 resin

with an identical ar e
EXAMPLE 6 5  tubular reactors, and a gaseous olefinic compoungl 5.1 propylene, CO, and H, is

[err] passed continuously over the solid catalysts at temperaturcs sufficiently high to

Supported Di o of Exanpl e
5 was suspendeé1 i E‘Sdtaﬁf_ﬂgiﬁatﬁ]a}s%ﬂén%y ex'%ﬂwég 8%& ?‘qhgt‘g%; ©11.4 nL of
a 3.0 Msol ution &b «mawsrdefﬂzan or Eoneﬁmwa!éwaé?atqm&scaw deliyeisni se. The
m xt ur e was was andt vapor aaadatpeelipstedidolition in a solvancutihasackenitrétdoi 0 60[ err] C

After 8? Eh}‘?ue‘iﬂ: Xt &é?- a{%% fefd 'pF‘cgeré’ a&bgﬁ &o@ex@@:dotﬁé}%lm rt gasa caQH{?”C hed with

aqueous H e pro uct ration,

Herr]0 (3 x Nirages is pref E’F‘\Egﬂlsﬂi“s‘c%l fsgoyfepst. Jhﬁf"ﬁ?‘él“rﬂf? dugtsiesliqud gt 15 1)

and finally 2foom temperanraimdeack convemenl]Rrec@/drlezhby Sbliog.cm [err]; conplete |oss
of the ester band at 1730 cm[err] EXAMPLES

17 An ntica onduct ed usi ng 2%
cross-1inked resinigfollowing BP‘?/ m&maemﬁ é‘é‘ggr‘hgﬁq?t ?W"%‘W"Pd i cal
i nfrared $pecpercentages are by weight, unless otherwise noted. EXAMPLE 7
EXAMPLE 1
@ C(CHOH), —OH
poi C—H = > pol
H M—OH

Supported diol SD1

10.2 g of pentaerythritol was dissolved in the minimum amount of
dimethy! sulfoxide, and then toluene was added until the solution became slightly
cloudy. 18.9 g of the polymer-supported benzaldehyde resin (prepared by

20  oxidation of Merrifield’s resin commercially available from Aldrich Chemical
Co., Milwaukee, WI, or Polymer Laboratories, Ltd., Shropshire, England) and a
few crystals of p-toluenesulfonic acid were then added. The suspension was
brought to reflux and the condensate was passed through a bed of molecular sieves
in a Soxhlet extractor before returning to the reaction flask. After 12 h the

25  suspension was cooled to room temperature and the resin was isolated by
filtration. After washing with warm 0.5% aq NaHCO5, MeOH, and then hexane
the resin was dricd under vacuum.

IR: O-H at 3400 cm™}; complete loss of C=0 at 1701 cm-l,
MAS IBC{!H} NMR (CDCl3): 5 102.7 (acetal carbon); 70.7 (ring OCH,); 65.3,

30  63.7 (axial, equatorial CHyOH); 39.6 (quaternary carbon) , in addition to polymer
backbone and ring resonances.

15



[err] Supported Ligand SL6 5.374
g of supported diol SD2 was suspended in 50 nL toluene and 15 nL 5
pyricline. 8.04 g, 1,1'-biphenyl-2,2"-diyl phosphorochl-oridite (50 wt % soln

in t ol uene) was added dropw se. The m xture was heat ed overni ght at
60[ err] C. TH¥O09%62855r oduct was filtered, washed with pyri di¥e/YPNIHAL m ),
diethyl ether (3 x 15 nL), and hexane (1 5 nm) before vacuum dryi ng.
| R conplete loss of OH at 3400 cniXAMPLEQ [err] PNVR (CDCl[err]): 153
ppm EXAMPLE 8 [err]

Resi n- supported di ol SD2 (5.0 9) was suspended( in a pyridine/tol uene
(3/1) mxture. 3.82 bi s(2-/ -meCRy| 6heny| ) phosphorochloridite
was t hen added dr qynh gtirn{ng at rO@R,I=pPRJ at ur e. After

several hours the 15 resin angh washed "wi th pyridine (4 x 25

m.), diethyl ether (2 x 25 m_) and penpx,pe (2 x 25 nmL) before vacuum
dryi ng. | R conplete |oss of Qa

1.0 g of resin-supported diol SD1 was suspended in 15 mL pyridine.
0.97 g PPh,Cl was added dropwise with stirring. After 2.5 days the resin was
filtered, washed with 5 x 10 mL pentane and then dried under vacuum.

5 MAS I3C{IH} NMR (CDCl;): & 102.7 (acetal carbon); 70.3 (ring OCH,); 70.0,
68.3 (axial, equatorial CH,OP), in addition to polymer backbone and ring
resonances.

MAS 31p{1H} NMR (CDCL): 114, 116 ppm.
~ EXAMPLE

X 5 @

10 In a manner similar to Example 2, 2.0 g of SD1 was suspended in 15 mL
pyridine. 4.4 g of l,l'-biphenyI-2,2'-diylphosphorochloridite (50 wt % solution in
toluene) was added dropwise. The resulting slurry was stirred overnight. The
resin was filtered, washed with 2 x 15 mL of 50/50% CH,Cl,/pentane, then 3 x
15 mL pentane, and then dried under vacuum.

Supported Ligand SL2

15 EXAMPLE 4
P, CH(CH 3),
CHj 5

Supported Ligand SL3-1

In a manner similar to Example 2, 2.0 g of SD1 was suspended in 15 mL
pyridine, and 44 mL of a 0.2 M solution of bis(2-isopropyl-5-methylphenyl)phos-
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[err] [err]
[err] Support ed

D ol SD5 0.525 g of the resin-supported benzyl al cohol was
suspended in 15 nL - THF and then treated with 0.23 6 g of the
sul f oxyl - pr oWeI9425Hi napht hol aci d chl ori de shown. ThePCT/US9/11557

sul f oxyl - pr ot ect ed, bi.napht acid ride ared b 5 oxidati ve
coupling of 2 p&f&f?ﬁ'[”ﬂﬂ?““\%f‘t‘ﬂ"?"%f‘ ‘%‘ \pﬁfﬂ g B? 8"‘?’5‘#’0‘%6“{5’5/
treat ment wi t hwasHiliored] washedwithid x Whrefse()/ﬁﬂb a)‘ryf!m/mtanertber!a?nelmu known to

t hose sklﬂeh@ﬁie lafd fifBlydied uwldee vabuiinlr € Was stirred for 1 day at room
tenperature and th%ﬂ qpe. da ats4§ (lgm%s‘ TR, L q/ac\t’\? on was guenched
wi t h H20/ met hanol ifgntical ¢ paﬁ{" pas performed using 8 200 QIR RERE Srosdhe,

acetone, mét hdinktd resinsepportde sive sepporediligrad $63-20ef ore 10  vacuum dryi ng.
| R 0-H at 3430pgylend;): @54 §smC=0 at 1729 cm[err]

EXAMPLE 10

[err] The resi n-suppor D5 (1.80 g) was suspended in
15 mL of THF along with 1 nL of pyridine and270 of 1h

' -bi phenyl -2,2"' -diy spICbro- 15 ridite %s uel2Fh

t ol uene). The m,'gu‘s MSE&E& i

19

"co Et

8.0 g of polymer-supported benzaldehyde resin (1% divinylbenzene cross-
linked), 3.3 g diethyltartrate, and a few crystals of p-toluenesulfonic acid were
10 combined in 50 mL toluene. The mixture was refluxed for 18 h, with the
condensed vapors passing through a bed of molecular sieves before returning to
the reaction flask. The resin was collected by filtration, washed with acetone (4 x
15 mL), CH,Cl, (4 x 15 mL), hexane (2 x 15 mL), and CH,Cl; before vacuum
drying.
15 IR: -CO,Et at 1730 cm-!; complete loss of aldehyde C=0 at 1701 cm-!.
An identical experiment was conducted using 2% cross-linked resin to
give a derivatized resin with an identical infrared spectrum.

EXAMPL
o COoEL . o CROH
i) 4 ChH3MgBr
o .."'Cozgt 2) H30 [o] .."CRZOH
R = CH3
Supported Diol SD2

7.3 g polymer-supported diester of Example 5 was suspended in 100 mL

20 dry THF and then cooled to 0°C. 11.4 mL of a 3.0 M solution of CH;MgBr in

diethy) ether was added dropwise. The mixture was warmed to room temperature

and then heated to 60°C. After 3.5 h the mixture was cooled to 0°C and then

quenched with aqueous HCl. The product was collected by filtration, washed with

H,0 (3 x 15 mL), acetone (3 x 15 mL), and diethy! ether (2 x 15 mL), and finally
25  vacuum dried.

IR: O-H at 3400 cm-!; complete loss of the ester band at 1730 cm-1.
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50[err] C before filtration. The product was washed with CHerr]C[err], (3 x
5 n). THF (3 x5mn). toluene (3 x 5 nL), and pcntane (2 x 5 n),
bef ore vacuum dryi ng. | R showed nearly conplete-loss of 0-H at ca.
3400 cnferr]. [err]P{[err]H) MAS NMR (CDCl[err]): broad resonances at
[err] 144.2 vemoorck8S8. 8, in addition 5 to an uni dent i fi ePTHVYIST at 6
: .%gr r8] An identical experiment was conductcdsxtlsmﬁo. )" cxa)s%-}xglfedéf%n to

Thi s suppor t eckivh adcrixlizeg respavidarpidentical lnff@féﬁéﬂeempr ocedure in Can. J.
Chem, 1973, 51, 3756. 18.8 g of MerBXAMELE 7resin was suspended in 50 nL of
sol ket al containing 4.70 g of the sodiumsalt of sol ketal. The m xture was
stirred 10 overnight at 80[err]C. The internedi ate ketg as col |l ected by
filtration, and then washed wit er (3 x 20 rrL) et one (3 x 20
mL), and hexane (3 x 20 X2C 0-C at 11, 1249cm 1.

[err]C([err] H MAS
The supported ket al %aéggnm on®in %00 & of dioxane. 15
containing a small amount of 10% aq m xture vvas red over ni ght
at room t enperature. R&rQHp was accorrpl i shed by fi at i on and t hen

washing with wat er, aceton I—gm?%fl‘?re vacuum dryi ng. | R
(KBr): Loss of): CG0-C al 1156- 1248 cm[ ormati on of O-H at 3430

cnerr]. [err]C{[err]H MAS NMR (CDCl[err]): [err]
74.2,72.2,71. 6, 64. 8;3748 ofsutirerteshdielSpbweshswspende in5@nin toheang and 15 mL

EXANPLE (:;2 L5 yridine. 8.04 g 1,1'-biphenyl-2,2'-Gi§1 )édhbsphorochlondltc (50 wt % soln in I -
upported Lig gl resin
was suspende d%InngeTé wlﬁ_addted cﬁquxse The %u vgais%até&@/eﬁﬂémg{ 3(?’9! %
1, 1' - bi phenyl -pzoclzwt‘avsﬁlﬁms!swﬁ&eéwb@yném@)( bpmid, digtiyd jether Grx 15mEid| uene)
was added dr opind dexané 05 aldetsefddy vdculmndryig. pyridine. The resulting m xture
was IR: complete loss of O-H at 3400 cm-1. 20

10 3P NMR (CDCl3): 153 ppm.

EXAMPLE 8
CR,OPX, ACHa) =
pol—-< >——<O:r PX,= P
0™ "'CR,OPX,
R =CH, CH, ,
Supported Ligand SL7

Resin-supported diol SD2 (5.0 g) was suspended in a pyridine/toluene
(3/1) mixture. 3.82 g bis(2-isopropyl-5-methylphenyl)phosphorochioridite was
then added dropwise with stirring at room temperature. After several hours the
15  resin was filtered and washed with pyridine (4 x 25 mL), diethyl ether
(2 x 25 mL), and pentane (2 x 25 mL) before vacuum drying.
IR: complete loss of O-H band.
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WD 99/ 62855 stirred at roomtenperaturc for 3 days. The product was

isolated by filtration and then washed wi th successive portions of
CH err] CN. CH[err]CI [err] and pcntanc. The pr oduct vvas t hen vacuum
dri ed. di sappearance of 0-H at 3430 cm 1. 11,(§§

[err] H HNAéV?\IK#?K I [err]): [err] 144.4, 138.3, in add|t| 3%%5%7
conponent s between [err]25-7. g :

EXAMPLE 13 [er’l’)quﬂ'm

oPX2 Supported ligand SL15

1.40 g of the resin-sup ted di ol SD6 uspended in 15 nL of THF
and then treated wiPP a@ &H?_O",‘Z-phe‘?ﬂr@mfg‘bﬂﬁ ite and 1 nL of
10 pyridine. The resulting m xture was stirredd days at room

t enper at ur e. The gy oduct was—|tered, wwmgHed wih [err](Jerr],
tol uene, and pentane, dnd then dri ed under | R (KBr):
di sappear ance of 0-H@® s[err]. . [err] P{

MASNMR(CDCl1[ err]): [erd p8. 2. 15

EXAMPLE 14 o=s’ [err] H*H

[err] o Supported gana SLI 6

1.40 g of supported diol $D6 was su ed |r915 m. of THF and
then treated with 1.53 g 0 pol CH,0C

bi s(2-i sopropyl - 5- nethylphenyl)phosphorochl 1 dit a t ol uene

solution) and 1 nL of pyridine. The m xture was s |rr 3 days at
roomtenperature. The product was filtered, washegq.wi -
CH err]CN, and 20 . pentane before vacuum drying.
di sappearance of 0-H at 3430 cm[err]. [err]P{[e
(CDCl[err]): [err] 131.0, 128.6, in addi tion t SuB

conponents in the ranges [err] 134-127 and 8 25-0. EI enent al anal ysi s:

81.44% C, 7. 83% Ho,535 @9¥aHR resin-supported benzyl alcohol was suspended in 15 mL
21 THF and then treated with 0.236 g of the sulfoxyl-protected binaphthol acid
chloride shown. The sulfoxyl-protected binaphthol acid chloride was prepared by
5  oxidative coupling of 2-naphthol with 2-hydroxy-3-naphthoic acid followed by
treatment with thionyl chloride. These transformations are well known to those
skilled in the art. The mixture was stirred for 1 day at room temperature and then
one day at 45°C. The reaction was quenched with HyO/methanol, filtered, and the
resin washed with toluene, acetone, methanol, water, acetone, and hexane before
10  vacuum drying.
IR: O-H at 3430 cm-!, ester C=O at 1729 cm!.
EXAMPLE 10

pol CH,O
X,PO

Supported ngand SL12
The resin-supported diol SD5 (1.80 g) was suspended in 15 mL of THF

" along with 1 mL of pyridine and 2.70 g of 1,1'-biphenyl-2,2'-diylphosphoro-
15  chloridite (50 wt % solution in toluene). The mixture was stirred overnight at
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EXAMPLE 15 0 [err]

[err] Exanple 15-1, x = 3, Supported diol SD7
2.33 g of the binaphthol ester shown (x = 3) was dissolved in DMF. 0.39 g
(2.7 equiv) of NaH was added to give gas evolution and an orange sol ution.
After 5 P45t room tenperature the sol ution was treRCIUSWALST. O g

of Merrifield. si.n (4.8 | CH2Cl ). The m xture was stirred
over ni ght at @@F&‘H’%ﬁ&?ﬂ@ The P’%E‘lﬂ”csi‘}‘?thde‘gﬁﬁhq}hgzi@élsdﬂbb THF filtration.
and then wash@d inih i@8encks O, mL), and mono(2es 5 Fil, befark vacvem dpghexane

ligg grt(e C% g/i nggmd%d H@ﬂytwmpletelossbﬁo(#ﬂﬁfcal. @4&0@615“5-].)1 3421 gnd 32t23d(g_+?,SD8
=0) . | i anpl e 15- = upported dio

In a simlar r’r’g?{ldngAg.WRéCBFI%)hgmﬂﬁ?xﬁé%ﬁPﬁﬁlat Prﬁf%éﬂ%l]”(ge in-adgditiomy 94 ¢

NaH, and & 6 g apunijentifieflicemponsnyas§ild.8were reacted in 30 nL of DWF. After

heating at 80[err] C overnight the ggaMpes) i sol ated and rinsed by the

met hod descri bed above. 15 IR (KBr, cm1): 3583, 3419 and 3223 (0-H),
1674 (C>0). NaO/Y\ Exanpl e 15-3., x = 2, Supported di ol
SD9 Thi s resi prepared and isolated simlarly from1.20 g
of the bi napht hol non %er (x =2),.0.22 g,of NaH, and 2.4 g of
Merrifield s PAGHECI ——R (KB poldHero]) Y 3245 Hik - oH
EXAVPLE 16 Ho NN _ o-EfLr flioxane oH

[err] o _ SL
17-22 The folldw ng is a general exanple for the synthesis of
this class of support ed bi s@ppmsetlidiockD6i gands and cat al ysts. Exanpl es
of supported |igands and catal ysts prepared by this generic route are

provided in Tabl e This supported diol was prepared by the literature procedure in Can. J. 22

Chem., 1973, 51, 3756. 18.8 g of Merrifield resin was suspended in 50 mL of

solketal containing 4.70 g of the sodium salt of solketal. The mixture was stirred
10  overnight at 80°C. The intermediate ketal was collected by filtration, and then

washed with water (3 x 20 mL), acetone (3 x 20 mL), and hexane (3 x 20 mL).

IR (KBr): C-O-Cat 1151, 1211, 1249 cm-!.

13C{!H} MAS NMR (CDCl;): §110.1, 75.5, 74.6, 71.6, 67.7.

The supported ketal was deprotected by suspension in 200 mL of dioxane

15 = containing a small amount of 10% aq HCl. The mixture was stirred overnight at

room temperature. Workup was accomplished by filtration and then washing with

water, acetone, and THF before vacuum drying. :

IR: (KBr): Loss of ): C-O-C at 1156-1249 cm-!; formation of O-H at 3430 cm-1.

13C{1H} MAS NMR (CDCl;): §74.2, 72.2, 71.6, 64.8, in addition to polymer
20 resonances.

EXAMPLE 12

polCH 2‘0/\(\0sz ° @

PX,= P

Supported Ligand SL14
1.185 g of the supported diol resin SD6 was suspended in 15 mL of THF.

1.8 g of 1,1'-biphenyl-2,2'"-diylphosphorochloridite (50 wt % solution in toluene)
was added dropwise. followed by 1.0 mL of pyridine. The resulting mixturc was
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Example 16- 1. x 4, X. 1,1 '-biphenoxy. - The

bi napht hol - supportcd resin SD8 from Exanple 15-2 (2.0 g) was

. suspended in 10 nmL of THF;, 3 nL, of pyridine and 2.5 g of a 50 wt %

sol ution of 1, 1" - bi phenyl -2, 2" - di yl phosphorochloridite in tol uene
were then advwe®p/s28sfe 5  vell ow re5| n decol ori zed i medi atRFHUSHALSH xt ure
was stirred overnight at room erature and tIJ wor ked up by
filtration antirgdaHiopg WERRertu; fpr :?/\ﬁ"‘lyﬁ EB?P"& pyrg was isolate %PQFﬁh@HH a&ént ane.” The
| i ght yel | ow therppashed dith isgraessivElportibns mb@HgIE’Ne@Huﬁid.emd pentanc. VEheuum

TABLE | producE% 24 BkF vacuum dri¥d. Supported Ligand
Code henoxy SL18

18-3 xR ('5312124%!? Wﬁ“@ﬁ@g?cﬂﬁbm 2 SL19 18- 4
X=4 1, 2-heiipf ¢hadASRYMR (CDCl3): 3 1448 D38.31 0n addition to minor components
EXAVPLE 17 perween 3 25-7. o [err]

The sul f oxyl - protected bi napht hol wl de shown in Exanple 30 15
(5.9 g, 15 mmol) was dissolved in 2dry DMF. The conmercial ly
avai | abl e benzyl amine resin (6.1 g, 6 mml) and then diisopropyl ethyl

am ne (DI EA) (26 nipolCi), ‘gl)g ture was agitated on
a Rot ovap over night with excl on of T \ (4 mL, 220 mmol) was
added to the reaction m xture and {he enS|on was rotated for
another 3 h. The resin was 20 ‘*W%‘T“é’d’g%ét:ig wi th DVF thoroughly, then
with CHerr]C[err]) and hexanes bef ore vacuum drying. | R(KBr): OH and
NH at 3422 cm 1 (4o gefthStesin-sapforted Hiol SD6 was saspestizd n 1 and.cbf THIF 1652
cmferr]. and then treated with 0.75 g 1,2-phenylenephosphorochloridite and 1 mL &3

10 pyridine. The resulting mixture was stirred for three days at room temperature.
The product was filtered, washed with CH,Cl,, toluene, and pentane, and then
dried under vacuum.

IR (KBr): disappearance of O-H at 3430 cm-l.
3IP{1H} MAS NMR (CDCl;): 3 144.2, 138.2.

15 EXAMPLE 14
CH(CH,),
polCH 2‘0/\(\09& pxz pfo
OPX,
CHy |,
Supported Ligand SL16

1.40 g of supported diol resin SD6 was suspended in 15 mL of THF and

then treated with 1.53 g of bis(2-isopropyl-5-methylphenyl)phosphorochloridite

(as a toluene solution) and 1 mL of pyridine. The mixture was stirred for 3 days at

room temperature. The product was filtered, washed with CH,Cl,, CH3CN, and
20 pentane before vacuum drying.

IR (KBr): disappearance of O-H at 3430 cml.

31p{1H} MAS NMR (CDCL): § 131.0, 128.6, in addition to several minor

components in the ranges 3 134-127 and § 25-0.

Elemental analysis: 81.44% C, 7.83% H, 3.09% P.
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[err] Supported Ligand SL23

DEA (1.7 m, 10 mmpl) was added to the suspension containing the resin-
supported diol SD10 (1.33 g,1.0 mmol), 2.0 g (4.0 mol) of

1,1 - bi phenyl -2, 2" - di yl phosphorochloridite (50% wei ght in tol uene)
and 10 m oWOdP4286H| uene. The 5 resulting nmixture was vor FEX¥E5¥ oom
t enperature overni ght. The brown product was filtered, washed with
toluene, DMF, CHerr]Cl[err], hexdiAaMBbB1Sacuum dried to lead to a
fluffy solid. |R(KBr): NH at 3433 cm[err] (n), amde at 1659
cmerr](s) El egrent al Anal ysis: C% 83. 27, 6.61, N% 1906, P% 2.12 10
EXAMPLE 19 norch,)0-C 1) 2.5-3 equiv NaH, DMF ﬂo&‘-@cwomm oG
Supported Ligand SL24 +hi-s—--gand prepar e '@"@3 to

the same procedur eH&s 2) pol @\n 618 using 1.46 g
)_

bi s(2-i sopropyl - 5- net phodphorochl oridite.

heqy | _
NH at 3431 cm[err] ( !@ 1e3)&40°1666 cnferr] (s). 15 E errri'eont ysi s
C% 84.01, H% 7.07, N% M25P% 1. 53 _
24

Example 15-1, x =3, Supported diol SD7
2.33 g of the binaphthol ester shown (x = 3) was dissolved in DMF. 0.39 g
(2.7 equiv) of NaH was added to give gas evolution and an orange solution. After
5 20 min at room temperature the solution was treated with 4.0 g of Merrifield’s -
resin (4.8 mmol CH;Cl). The mixture was stirred overnight at 98°C. The
resulting resin was isolated by filtration and then washed with 95% EtOH,
acetone, THF, toluene, and hexane before drying under vacuum.
IR (KBr, cm-!): 3441 and 3223 (O-H), 1685 (C=0).
10 Example 15-2, x = 4, Supported diol SD8
In a similar manner, 5.83 g of the binaphthol monoester (x=4),0.94 g
NaH, and 9.6 g of Merrifield’s resin were reacted in 30 mL of DMF. After
heating at 80°C overnight the resin was isolated and rinsed by the method
described above. '
15 IR (KBr, cml): 3583, 3419 and 3223 (O-H), 1674 (C=0).
Example 15-3 ., x = 2, Supported diol SD9
This resin was prepared and isolated similarly from 1.20 g of the
binaphthol monoester (x = 2), 0.22 g of NaH, and 2.4 g of Merrifield’s resin.
IR (KBr, enmr!): 3451, 1690 (C=0).
20 EXAMPLE 16

ol 0
pol-@-CH,O(CH,)xo ¢ @ @ pol-@-CHzowH,)xo ¢

HO Py X,P

“00

SL 17-22

The following is a general example for the synthesis of this class of
supported bis(phosphite) ligands and catalysts. Examples of supported ligands
and catalysts prepared by this generic route are provided in Table 1.
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EXAMPLE 20 _ [err]

Supported Ligand SL25 ' Thi s product was synthesized foll ow ng
t he procedure described for Exanpl e 18 using 1.34 g of

bi s(2-isoprg henyl ) phosphorochloridite and the sane anounts of
the resin, ﬁ%%oé?ﬁﬁ toluene. 5 IR (KBr): NH at 3432 cmiHVIAY? ani de
? 5613656 cml (s) EIE a}6 ‘Anal ysks C% p%‘125 H% 6. 97, N% 1. 30, PO’o
[err] The &Fhwhmmppomcbdunsme'm Ebauple dF-2HR AP vas 18 was

fol l owed usi Sfbpended iP10'hB offrHF43 mIDA ﬂame %&2 8¢ SHASMMPASSIEESSr 10 IR
o o 18 ik o o it MR 21 Al y31 5
25 S yellow resin decolorized lmmcdlatc!y. "The mixture was stirred overnight at room

tempcrature and then worked up by filtration and washing the resin with pyridine,

THF, and pentane. The light yellow supported ligand SI.17 was dried under

vacuum.
TABLE |
Example X X2 Supported Ligand Code
18-2 x=3  1,1'-biphenoxy SL18
183 x=3  1,2-phenylenedioxy SL19
18-4 x=4  1,2-phenylenedioxy SL20
10
EXAMPLE 17

0 O H 1
/ \ N CH2~®-—po
H H :

SD10
Supported diol SD10

The sulfoxyl-protected binaphthol acid chloride shown in Example 30

15 (5.9 g, 15 mmol) was dissolved in 150 mL of dry DMF. The commercially
available benzyl amine resin (6.1 g, 6 mmol) and then diisopropy! ethyl amine
(DIEA) (26 mL, 150 mmol) were added. The mixture was agitated on a Rotovap
over night with exclusion of air, Water (4 mL, 220 mmol) was added to the

_ reaction mixture and the suspension was rotated for another 3 h. The resin was

20 filtered, washed with DMF thoroughly, then with CH,Cl, and hexanes before
vacuum drying. IR(KBr): OH and NH at 3422 cm~! (br) and 3535 cm-!
(shoulder), amide at 1652 cm-1.
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EXAMPLE 22 [err]

Supported Ligand SL27 This |igand was synt hesi zed according to
t he sane procedure as that for Exanpl e 18 using '698.ng (4.0 mmol ) . of

1, 2- phenyl enephosphor ochl oridite. IR (KBr): NH at 3437 cm 1 , am de
at 1667 cmWOP¥285%5  E| enental Anal ysis: C% 82. 24, 11% 6. 2BCTNS8M15YG -pos
2.54 X E!rEEANPLE 23 :

[err] The sanme procedt MBLEJIS: hed in Exanpl e 44 was enpl oyed
with 1 0g (6.9 mmol) of conmercially avail able Wang resin, 8.2 g
(20.7 mmol) of the sul f oxw 6tgct ed bi napht hol acid chloride shown

in Exanple 30, and 36 m of 10 = IR (KBr): OH at 3443
cnferr] (br) ester at 1678 cni &
NHCH;@-poI
/ \O

Supported Ligand SL23

DIEA (1.7 ml, 10 mmol) was added to the suspension containing the resin-
supported diol SD10 (1.33 g,1.0 mmol), 2.0 g (4.0 mmol) of 1,1'-biphenyl-2,2*
diylphosphorochloridite (50% weight in toluene) and 10 ml of dry toluene. The

5 resulting mixture was vortexed at room temperature overnight. The brown
product was filtered, washed with toluene, DMF, CH,Cl,, hexanes and vacuum
dried to lead to a fluffy solid.

IR(KBr): NH at 3433 cm-! (m), amide at 1659 em1(s)
Elemental Analysis: C% 83.27, H% 6.61, N% 1.06, P% 2.12
10 E PLE 19

5 & gl v
B T

Supported Ligand SL24

This ligand was prepared according to the same procedure as that of
Example 18 using 1.46 g (4.0 mmol) of bis(2-isopropyl-5-methylphenyl)-
phosphorochloridite.
IR (KBr): NH at 3431 cm-! (m), amide at 1666 cm™! (s).
15 Elemental Analysis: C% 84.01, H% 7.07, N% 1.25, P% 1.53
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26 . EXAMPLE 24

[err] Supported Ligand SL28

Thi s product was obtained follow ng the same procedure described for
Exanpl e 18 usigg %/6 7.9 (1.0 nmmol) of resin-supported diol SDI 1, 2 g of

1, 1' - bi phenyl - 2| gk §/I phosphorochloridite (50% wei ght in tol 4.0
nmmol), 5 1.7 mM (10 mmol) of DIEA and 15 ml of anhydrous tﬁgﬁg.’mss’
IR (KBr): 1743 cm1 (vs), 1680 cm1 ( 1 - ~nEl emental Anal ysis: C% 86. 34,
Ho 7. 00, P% 0. 77 ERAMPLE 20 EXAVPLE 25

[err] Thi s conpound was nade according to the procedure
described for 10 Exanple 18 usi 2.g (1.0 mmol ) of supported di ol
SD11, 884ng (4.0 mmol) of t hg=hlF0odi phenyl phosphine, 1.7 m (10
mol ) and 15 m of tol uene. =4 j

NR/(RB : 1744 gm1 (n), 1680 cm1 (s)
El enental Anal ysis: C% 86.55, H% 6./ 0o P2 "39":—@—01

31 T

Supported Ligand SI.25

o This product was synthesized following the procedure described for
ample 18 using 1.34 g of bis(2-isopropylphenyl)phosphorochlon'dite and the
Same amounts of the resin, DIEA and toluene.

5 IR(XBr): NH at 3432 ¢! (s), amide at 1656 cm-! (s)

Elemental Analysis: C% 83.25, H% 6.97, N% 1.30,P% 1.56
XAMPLE 21

/\
Ph,P  PPh,
Supported Ligand SL26

The same procedure described for Example 18 was followed usin
0.718 ml (4 mmol) of chlorodiphenylphosphine. °

10 IR (KBr): NH at 3422 cm-1 (s), amide at 1656 cm

1(s)
Elemental Analysis: C% 85.94, H% 6.57, N%

1.28,P% 2.0}
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27 WO 99/ 62855 [err]

[err] The sane procedure described for Exanple 18 was fol | owed
using 2.17 g (1.0 mmol) of the resin SDI 1, 1.46 g-(4.0 mmol) of
bi s(2-i sopropyl - 5- net hyl - - phenyl ) phosphorochloridite, 1.7 m (10 muol)

of DI EA and MO2883 toluene. 5 IR(KBr): 1744 cm1 (vs), PEBWSBHIIEr]-(m)
El enental Analysis: C%85.49, H» 7.04, P%O0. 64 :

EXAMPLE 27 [err] EXvweMBhBR2pr ocedur e descri bed for Exanple
18 was followed using 2.17 g (1.0 nmmol ) of supported diol SDI 1, 1.34 g
(4.0 mmol ) of bis(2-isopropyl phgryl /10 phosphorochloridite, 1.7 m (10
nmmol ) of DI EA and 15 nl of tol ugng. ‘ IR (KBr): 1722 cm1 (w), 1678
cnierr] (m El emental Anal y§T 3+~4C% 86. 51, H% 7.12, P%O0. 42

0 Q NHC"'z—@-pol

/ o\
o——P

0]

P\
! 9
@’o @

Supported Ligand SL27

This ligand was synthesized according to the same procedure as that for -
Example 18 using 698 mg (4.0 mmol) of 1,2-phenylenephosphorochloridite.
IR (XBr): NH at 3437 cm-1 (m), amide at 1667 cm-! (s)
5 Elemental Analysis: C% 82.24, H% 6.26, N% 1.19, P% 2.54

EXAMPLE 23
c O OCH
H H .

sp11
Supported Diol SD11

The same procedure described in Example 44 was employed with 10 g
(6.9 mmol) of commercially available Wang resin, 8.2 g (20.7 mmol) of the

sulfoxyl-protected binaphthol acid chloride shown in Example 30, and 36 ml of
10 DIEA.

IR (KBr): OH at 3443 cm-! (br) ester at 1678 cm-! (s)
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28 [err]

This |igand was nmade foll owi ng sane procedure described for Exanple 18
from2.17 g (1.0 nmol) of the supported diol SDI 1, 1.41 g (4.0 mmol) of

bi s(I - napht phorochloridite, 1.7 m (10 mmol) of DI 4 of

5 tol uenewéwa(g%R (KBr): 1726 cnferr]. (m, 1674 crr{errigiet(-i\?’v?g”;llssgﬂ i

El enental Analysis: C%84.97, H%8.23, P%O0.55 '

EXAMPLE 29 EXAMPLERAr | , The sane -
procedure described for Exanple 18 was followed using 2.17 g 10 (1.0 nmol)
of the resin-supported diol $B§ 884 nmg (4.0 mmol) of '
1, 2- phenyl enephosphor ochl ori d‘f

v

e V.7 mM (10 nmol) of D EA and 14 m of
t ol uene. | R (KBr): 1726 @ (m, 1674 cnerr] (w El emrent al
Anal ysis: C%85.35, H%6.57. Pgy = OCH2< >-OCH ol
2
/ \©O |
0-'P P—-O
O o
Supported Ligand SL28

This product was obtained following the same procedure described for -
Example 18 using 2.17 g (1.0 mmol) of resin-supported diol SD11, 2 g of
1,1'-biphenyl-2,2'-diylphosphorochloridite (50% weight in toluene, 4.0 mmol),
5 1.7 ml (10 mmol) of DIEA and 15 ml of anhydrous toluene.
IR (KBr): 1743 cm-1 (vs), 1680 cm*! (m).
Elemental Analysis: C% 86.34, H% 7.00, P% 0.77
EXAMPLE 25

Oq\o

ocwz-Q-ocuz-@—pol
Phf  PPh,

Supported Ligand SL29

This compound was made according to the procedure described for
10 Example 18 using 2.17 g (1.0 mmol) ofsupported diol SD11, 884 mg (4.0 mmol)
of the chlorodiphenylphosphine, 1.7 mi (10 mmol) and 15 ml of toluene.
IR (KBr): 1744 ¢m-1 (m), 1680 cm-! (s)
Elemental Analysis: C% 86.55, H% 6.85, P% 0.59
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29 WD 99/ 62855 EXAMPLE 30

[err] The ligand was prepared follow ng the sanme procedure
descri bed for Exarrple 1 8 using 1.17 g (1.0 nmol) of supportcd di ol
SD5, 2 0@6me|g in tol uene) (4.0 mmol) of

1, 1" - bi phenﬂo?’@ 33di yl phosphorochloridite, 1.7 mi 5 (10 REDUFIIORSSD EA
and 10 m of toluene. IR (KBr): 1742 cm([err] (vs), 1680 cm| (m

El emental Analysis:. C% 84.69, HWEXAMPIRR6o 1.03

EXAMPLE 31 [err] The sane
procedure described for Exampphe g was followed using 1.17 g 10 (1.0 mmol)
of supported diol SD5, 884 mml) of CIPPh2, 1.7 ml (10 nmol ) of
DI EA and 10 m of tol uene. R(XBr ) : 1741 cnt | (vs)

O OCHz pol
/
p
[ ]
2

The samc procedure described for Example 18 was followed using 2.17 g
- (1.0 mmol) of the resin SD11, 1.46 g (4.0 mmol) of bis(2-isopropyl-5-methy)-
phenyl)phosphorochloridite, 1.7 ml (10 mmol) of DIEA and 15 ml of toluene.
5 IR(KBr): 1744 cm! (vs), 1680 cm-1 (m)
Elemental Analysis: C% 85.49, H% 7.04, P% 0.64
EXAMPLE 27

Supponed Lxgand SL30

Supported Ligand SL31

The same procedure described for Example 18 was followed using 2.17 g
(l -0 mmol) of supported diol SD11, 1.34 g (4.0 mmol) of bis(2-isopropylphenyl)- .
10 phosphorochloridite, 1.7 ml (10 mmol) of DIEA and 15 m! of toluene.
IR (KBr): 1722 eml (w), 1678 cm-! (m)
Elemental Analysis: C% 86.51, H% 7.12, P% 0.42
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El emrental Analysis: C%85.45, H®%6.74, P%1.14

30 : EXAMPLE 32

[err] Supported Ligand SL36

Thi s product was synthesized according to the sane procedure as that for
Exanpl e 18 WiQ9%/628¥ 2.35 g (2.0 mvl) of the resin supportec8CHUSI¥HEY 2 91

g (8.0 mmol ) of bis(2-isopropyl-5-nethyl phenyl)phosphorochloridite,
3.4mM 5 (10 mol) of DI EA and éMMEIeE_Zgol uene. IR (KBr): 1741 -
cmr (vs), 1684 cml (w) El emental Analysis: C% 84.62, H%6.92, P%
0.79 EXAMPLE 33

0 ({ 3 OCHz-D—OCHz-@—pol

8T TR

Supported Ligand SL32

This ligand was made following same procedure described for Example 18
from 2.17 g (1.0 mmol) of the supported diol SD11, 1.41 g ( 4.0 mmol) of
bis(1-naphthyl)phosphorochloridite, 1.7 ml (10 mmol) of DIEA and 14 ml of

5 toluene. '
IR (KBr): 1726 cm! (), 1674 cm-! (w)
Elemental Analysis: C% 84.97, H% 8.23, P% 0.55
E LE 29

Supported Ligand SL33

The same procedure described for Example 18 was followed using 2.17 g
10 (1.0 mmol) of the resin-supported diol SD11, 884 mg (4.0 mmol) of
1,2-phenylenephosphorochloridite, 1.7 ml (10 mmol) of DIEA and 14 ml of |
toluene.
IR (KBr): 1726 cm-! (m), 1674 cm-} (w)
Elemental Analysis: C% 85.35, H% 6.57, P% 0.51
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SD13 SD14 [ ERR] -

The resin-supported benzal dehyde described in Exanplc 1 (407 ng, 10 0.5
rnnol ), 2-naphthol (576 ng, 2 mmol), glacial acetic acid (5 m), CHCL3

(1 m) and hydrochloric acid (0.5 mM) were mxed with a vortexer for 5
days. The woO9/288%8luct was filtered, washed with aqueous THREIUSPMIEHen- THF

t horoughly before vacuum dryi r'l();( .

31 EXAMPLE 30 EXAMPLE 34 . :

[ ERR] The sanme procedure described for Exanple 18 was fol |l owed
using 2.17 g (2.0 mol) o ed diol SDI3, 2.91 g (8.0 mml) of

bi s(2-i sopropyl - 5- nmet hyl
of DDEA and 10 ml of 5 t ol ue

gosphorochloridite, 3.4 m (10 mol)
El emental Anal ysis: C% 90.40, H%

7.26, P%O0.61 EXAMPLE 35
[err] o 0 CO,CH, pol
4 A
0 o]

Supported Ligand SL34

The ligand was prepared following the same procedure described for
Example 18 using 1.17 g (1.0 mmol) of supported diol SDS5, 2 g (50% weight in
toluene) (4.0 mmol) of 1,1'-biphenyl-2,2'-diylphosphorochloridite, 1.7 ml
5 (10 mmol) of DIEA and 10 ml of toluene.
IR (KBr): 1742 cm-1 (vs), 1680 em-! (m)
Elemental Analysis:. C% 84.69, H% 6.51, P% 1.03
EXAMPLE 31

/O ({ g OCH;@——poI

PPh, PPh,
Supported Ligand SL35

The same procedure described for Example 18 was followed using 1.17 g
10 (1.0 mmol) of supported diol SDS5, 884 mg (4.0 mmotl) of CIPPh,, 1.7 ml
(10 mmol) of DIEA and 10 ml of toluene.
IR (KBr): 1741 cm’! (vs)
Elemental Analysis: C% 85.45, H% 6.74, P% 1.14
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[err] Supported Ligand 38

The same procedure described for Exanple 18 was followed using 2.17 g

(2.0 nmmol) of the resin SD 13, 2.69 g (8.0 mml) of bis(2-isopropyl phenyl) -
10 phosphorochloridite, 3.4 m (10 mmol) of DI EA and 10 m_ of e.

El enent al Awai 9952855 C% 90. 10, H% 7. 15, P% 0. 48 "CT’US"S)“%EP

32 wW EXAMPLE: 36

0 0 EXAM

[err] The |igand was pr epar ed accor d| ng to the procedure
descri bed for Exanpl e 18 fropgmR. ¥ (2.0 mol) of resin SDI3, 2 g of

oridite (50 wt % solution in
of DI and 20 M of tol uene.

DI

@

1,1 -bi phenyl-2,2"- di yl phos
toluene, 8.0 mol), 3.4 mM 5 (

|

This product was synthesized according to the same procedure as that for
Example 18 was from 2.35 g (2.0 mmol) of the resin supported diol SD5, 2.91 g
(8.0 mmol) of bis(2-isopropyl-5-methylpheny!)phosphorochloridite, 3.4 ml
5 (10 mmol) of DIEA and 20 m! of toluene.
IR (KBr): 1741 cm-! (vs), 1684 cm*! (w)
Elemental Analysis: C% 84.62, H% 6.92, P% 0.79
| EXAMPLE 33

sD13 SD14
Supported Diol SD13

Supported Lxgand SL36

The resin-supported benzaldehyde described in Examplc 1 (407 mg,
10 0.5 mmol), 2-naphthol (576 mg, 2 mmol), glacial acetic acid (5 ml), CHCL,
(1 ml) and hydrochloric acid (0.5 ml) were mixed with a vortexer for 5 days. The
product was filtered, washed with aqueous THF, and then THF thoroughly before
vacuum drying.
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El emental Analysis: C¥o 90.28, H%6.97, P%O0.54

EXAMPLE 37 [err]
[err] The sane procedure described for Exanple 18 was fol | oned
using 1.09 g (1.0 mol ) of resin SD13, 0.7 g (4.0 mol ) of
1, 2- pheny| eVe@®sa3pisor ochl oridite. 10 1.7 m (10 nmol) of DPEHUSRAAFSIO -
of tol uene. El enental Analysis: C%89.82, H®©6.35 P%1.19
33 EXAMPLE 34 [err] Thi s
product was obtai ned according to the same procedure described for
poi

Supported Ligand SL37

The same procedure described for Example 18 was followed using 2.17 g
(2.0 mmol) of supported diol SD13, 2.91 g (8.0 mmol) of bis(2-isopropyl-5-
methylphenyl)phosphorochloridite, 3.4 ml (10 mmol) of DIEA and 10 ml of
5 toluene.
Elemental Analysis: C% 50.40, H% 7.26, P% 0.61

EXAMPLE 35

Supported Ligand 38

The same procedure described for Examplc 18 was followed using 2.17 g
(2.0 mmol) of the resin SD13, 2.69 g (8.0 mmol) of bis(2-isopropylphenyl)-
10  phosphorochloridite, 3.4 m1 (10 mmol) of DIEA and 10 ml of toluene.
Elemental Analysis: C% 90.10, H% 7.15, P% 0.48
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Exanple 18 using 2.17 g (2.0 mmol ) of resin SDI 3 1.77 g (8.0 mmol) of

PPh2Cl , 3.4 mM (10 nmmol ) of DIEA, and 10 ml of toluene. 5 El enent al
Anal ysis: C% 89.90, H% 7.46, pC 0.81 _
EXAMPLE 39 [err] The sane

procedure deWOEWES for Exanple 18 was fol l owed using 2.17 JCTUSMIBSY -
nmmol ) of resin SD13, 2.82 g (8.0 rnnol) of bis(1-naphthyl)phosphoro-
chloridite, 3.4 m (10 mol) of DI BEXAMBLEBG6n of toluene. 10 El enental
Anal ysis: C% 90.34, H% 7.38, P%O0.43 '

34 pol EXAMPLE 40

[err]

Supported Ligand SL39

The ligand was prepared according to the procedure described for
Example 18 from 2.17 g (2.0 mmol) of resin SD13, 2 g of 1,1"-biphenyl-2,2'-
diylphosphorochloridite (50 wt % solution in toluene, 8.0 mmol), 3.4 ml
5 (10 mmol) of DIEA, and 20 m] of toluene.
Elemental Analysis: C% 90.28, H% 6.97, P% 0.54

EXAMPLE 37

Supported Ligand SL40

The same procedure described for Example 18 was followed using 1.09 g
(1.0 mmol) of resin SD13, 0.7 g (4.0 mmol) of 1,2-phenylenephosphorochloridite,
10 1.7 ml (10 mmol) of DIEA, and 10 m! of toluene.
Elemental Analysis: C% 89.82, H% 6.35, P% 1.19
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The sanme procedure described for Exanple 18 was followed using 1.79 g
(1.35 mol ) of supported diol resin SDIO, 1.9 g (5.4 mmol) of

bi s(I - napht hyl ) - phosphorochloridite, 2.3 mM (10 mmol) of DIEA and 15
m of toluene. 5 IR (KBr): NH at 3436 cm] (m, amde at 1668 cm' (s)

El enent al AYAD 942855 C% 83. 99, H% 6.65, N% 1.22, P% 1.60 PCT/USONLSST -
EXAMPLE 41 [err] The
same procedure descri bed for ExanpEZAMPLARI8 f ol | owed using 2.35 g (2.0
mol ) of the supported diol resin SD5, 2.69 g (8.0 mml) of 10

bi s(2-i sopropyl phenyl ) phosphorochl ori digple, 3.4 m (10 mml) of DI EA and 20
m of tol uene. IR (KBr): 173&.cm1l1 (s), 1676 cm1 (s)

El emental Analysis: C%83.78, H% 6. 49 0 1.00

35 7

PhaP PPh,
Supported Ligand SL 41

This product was obtained according to the same procedure described for
Example 18 using 2.17 g (2.0 mmol) of resin SD13, 1.77 g (8.0 mmol) of PPhyCl,
3.4 ml (10 mmol) of DIEA, and 10 ml of foluene.
5 Elemental Analysis: C% 89.90, H% 7.46, P% 0.81
' EXAMPLE 39

N = 1-naphthyi

\
(NO),P P(ON),
Supported Ligand SL42

The same procedure described for Example 18 was followed using 2.17 g
(2.0 mmol) of resin SD13, 2.82 g (8.0 mmol) of bis(1-naphthyl)phosphoro-
chloridite, 3.4 ml (10 mmol) of DIEA, and 20 ml of toluene.
10  Elemental Analysis: C% 90.34, H% 7.38, P% 0.43
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[err] The sane procedure described for Exanple 18 was

followed using 2.35 g (2.0 mmol) of resin SD5, 2.69 g (8.0 nmol) of

1, 2-pheny| enephosphorochl oridite, 3.4 mM (10 mol ) of DI EA and 20 m nof
t ol uene. 1739cm I (s), 1656cm 1 (s) El ement al [,SienCY0

83. 00, e 6. ‘&gwg?}ﬁ EXANPLéEié%ﬂ/ﬁss.l :
[err] The sane procedure described for Exanple 18 was foll ovved
using 2.35 g (2.0 nmmol) of resiEXSMPLEM®B?2 g (8.0 mmol) of

bi s(I - napht hyl ) phosphoro- 10 chloridite, 3.4 rri (10 mmol ) of DI EA, and 20
m of toluenc. IR (KB, ¥/R9 cm1 (vs), 1681 cm1 (m El ement al
Anal ysis: C% 84.38, H11% % § % 1. 25 EXAVMPLE
44 [err]1{ )~ ) OP( ON) 2

Terr] This supp® S“'R:]h"g"L S red foll owing the
sanme procedure 15 describ 4 \'oExa ?’l o= P (BR&

bi s(I - napht hyl ) phosphorrop® or i eiong, and supported di ol SD6.

i 0,
§I6ement al Anal ysb\z 9901@62232521 85. %pok%hg&n@%? 39; P%0.96
The same procedure described for Example 18 was followed using 1.79 g
(1.35 mmol) of supported diol resin SD10, 1.9 g (5.4 mmol) of bis(1-naphthyl)-
phosphorochloridite, 2.3 m! (10 mmol) of DIEA, and 15 ml of toluene.
5 IR (KBr): NH at 3436 cm"! (m), amide at 1668 cm-! (s)
Elemental Analysis: C% 83.99, H% 6.65, N% 1.22, P% 1.60
EXAMPLE 41

00 oC @—pol
/ \O CH

Q: P P P
2 2
Supported Ligand SL44

The same procedure described for Example 18 was followed using' 235¢g
(2.0 mmol) of the supported diol resin SD5, 2.69 g (8.0 mmol) of
10  bis(2-isopropylphenyl)phosphorochloridite, 3.4 ml (10 mmol) of DIEA, and 20 ml
of toluene.
IR (KBr): 1738 cm-! (s), 1676 cm-! (s)
Elemental Analysis: C% 83.78, H% 6.49, P% 1.00
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EXAMPLE 45 Supported Diol SD 4
2. 4-Di met hyl phenol (6.95 ml. 57.6 nmmol) and the resin-supported
benzal dehyde described in Exanple 1 (5.85 g, 7.2 mol) were added to an ice
5 col d aqueous sul furic acid solution (1-2SO4: 15 m; H20 12 m). The _
reaction wo9s285ure was shaken until no starting nateri aPCHEP9BESErved in

the IR spectrum (several days). The resin was collected by filtration,
washed with aqueous acet one, HF, and thoroughly with THF

bef ore vacuum drying. JR ( KBr¥ X L 41;“3,444 cm (br, s). 10

EXAMPLE 46 [err] Thi s

rocedure described for Exanpl e
d diol SDI4, 6.3 g (50% wei ght

yl -2, 2'=di yl phosphorochloridite, 5.5
ag ;@ ol El enental Analysis: C%

l'i gand was prepared according t
18 using 1.5 g (3.15 muol) of s
in toluene, 12.6 mmol) of 1,1

m of D EA and 15 mi of anhy@irgu

85.33, H%7.11, P%1.94 EXAMPLE 47
[err] Thi s supp gpllgP s prepared according to the
procedure descri bed f npl e ing 1.5 g (3.15 mmol) of
supported diol SD14, 4.2 g 37

Supported Ligand SL45

The same procedure described for Example 18 was followed using 2.35 g
(2.0 mmol) of resin SDS$, 2.69 g (8.0 mmol) of 1,2-phenylenephosphorochloridite,
3.4 ml (10 mmol) of DIEA and 20 mi of toluene.
5 IR(KBr): 1739 cm-1 (s), 1656 cm-1 (s)
Elemental Analysis: C% 83.00, H% 6.26, P% 1.70
EXAMPLE 43

0o 0 d OCH;@—poI N = 1-naphthyl

/N
{ON)P P(ON);
Supported Ligand SL46

The same procedure described for Example 18 was followed using 2.35 g
(2.0 mmol) of resin SDS5, 2.82 g (8.0 mmol) of bis(-naphthyl)phosphoro-
10  chloridite, 3.4 ml (10 mmol) of DIEA, and 20 mi of toluenc.
IR (KBr): 1739 cm-1 (vs), 1681 cm-! (m)
Elemental Analysis: C% 84.38, H% 6.94, P% 1.25
EXAMPLE 44

|-—< >—c 0
po H-07" op(on), N = 1-naphthyl

OP(ON),
Supported Ligand SL48

This supported bis(phosphite) was prepared following the same procedure
15  described in Example 12 using bis(1-naphthyl)phosphorochloridite and supported
diol SD6.
Elemental Analysis: C% 85.81, 85.99; H% 7.16; 7.39; P% 0.96
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(12.6 mmol ) of bis(2-isopropyl phenyl)phosphorochloridite. 5.5 m of D EA

and 15 m of anhydrous tol uenc. El enental Anal ysis: C¥85.80, 11%
7.67, P% 2.56 EXAMPLE 48
pol Supported Ligand SL54 5

Thi s | i gand wa¥/6388par ed according to the procedure descri REF/Y§I11557
Exanple 18 using 1.5 g (3.15 mol) of resin SD14, 4.4 g (12.6 mol ) of
bi s(I - napht hyl ) phosphor ochl ori di t eEXAMPLH 45Hf DI EA and 15 nl of anhydrous

t ol uene. El emental Anal ysi ssuppdet&bbRA#sDpIB0 7. 25, P% 1. 91 10
EXAMPLE 49 . c Jerr Thi s
supported |igand M%D’megﬁ'}frhgﬁ‘ﬂéggﬂn&‘i 5r;lgé ?’8’0%)%d8}c685é%ﬁ?pé’l’5%%cri bed I n

Exanpl e 18 ubenrgldehieglegcaibadinfingmpleof (88, 1.23pmal) wergadgded oandea nnol ) of
Cl PPh2, 555 gbidafuddubéulfiid adid solutiod (104619 wdl; HoD USRE). The reacEbement al
égal ysts: C%m%zmreSWas]SNgf?eZ uRf nops%gréngl Zlatcrial was observed in the IR spectrum
(several days). The resin was collected by filtration, washed with aqueous
acetone, aqueous THF, and thoroughly with THF before vacuum drying. IR
(KBr): OH at 3444 cm-! (br, s).
10 EXAMPLE 46

pol

Supported Ligand SL51

This ligand was prepared according to the procedure described for
Example 18 using 1.5 g (3.15 mmol) of supported diol SD14, 6.3 g (50% weight
in toluene, 12.6 mmol) of 1,1'-biphenyl-2,2'-diylphosphorochloridite, 5.5 mi of
DIEA and 15 m! of anhydrous toluene.
15 Elemental Analysis: C% 85.33, H% 7.11, P% 1.94
EXAMPLE 47

pol
o] o]
l4 \
©  HO)
2 2
Supported Ligand SL52

This supported ligand was prepared according to the procedure described
for Example 18 using 1.5 g (3.15 mmol) of supported diol SD14,4.2 ¢
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[err] This supported |igand was prepared according to the

procedure descri bed in Exanple 18 using 1.5 g (3.15 mvol) of supported
diol SD 4, 2.2 ¢ (12.6 mol) of 1,2-phenyl enephosphorochloridite, 5.5
m of DIEA, and 15 ml of 5  anhydrous tol uene. El ement al Anal ysi s:
C% 84. 16, HWO993855PQ 2. 41 PCT/USORISSRPLE 5 1
[err] This |igand was prepared accordi ng to-the procedure
described in Iﬁ 1d n, 3.88:
(12.6 mol) %'z%m%grmk’g(%??#ﬁﬂf}n%’nJ'?"?‘*ﬂo‘{h foSRotER 553 d WEASE% of DI BA
and 15 m of AhRYaF yihydrous tolyehe. ene! El ement aI Anal ysis: C% 84.45, H %
.7.09, P% 3. 09Elemental Analysis: C%85.80, H% 7.67, P% 2.56 39

EXAMPLE 48

pol

e\j©
@ o P'o' O\P o @
( \ ()2

Supported Ligand SL54

5 This ligand was prepared according to the procedure described in
Example 18 using 1.5 g (3.15 mmol) of resin SD14, 4.4 g (12.6 mmol) of
bis(1-naphthyl)phosphorochloridite, 5.5 ml of DIEA and 15 ml of anhydrous

toluene.
Elemental Analysis: C% 85.94, H% 7.25, P% 1.91
10 _ EXAMPLE 49
pol
I Y
Ph,P PPh,
Supported Ligand SL55

This supported ligand was prepared accbrding to the procedure described
in Example 18 using 1.5 g (3.15 mmol) of resin SD14, 2.8 g (12.6 mmol) of
CIPPh,, 5.5 ml of DIEA and 15 m] of anhydrous toluene.

Elemental Analysis: C% 87.65, H% 7.57, P% 2.17
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[err] This |igand was prepared according to the procedure
described in Exanple 18 using 1.5 g (3.15 mol) of the supported diol
SDi 4, 3.88 g (12.6 mmol) of

bi s(2, 3-di net hyl)ohenyl)phosphorochl oridite, 5.5 m of D EA _and 5 m
of anhydr ousWP3PES El enental Anal ysis: C%84. 97, I—P/J’?"Pﬁ”“ﬂ%"z 98
EXAMPLE 53 [err]

This |igand was prepared accordi ng M’-’-Mgocedure described in

Exanple 18 using 1.5 g (3.15 nnol) ofthe resin SDI4,4.23 g (12.6 mol ) of
10 bis(2,3,5-trinethyl phenyl)phosphorhl oridite, 5.5 m of DIEA and 15
m of- anhydr ous t ol uene. | epgt @l Anal ysis: C% 84.65, H®% 7.62,
P% 2. 70

O o)
o-F; i
g ‘O
Supported Ligand SL56

This supported ligand was prepared according to the procedure described
in Example 18 using 1.5 g (3.15 mmol) of supported diol SD14,2.2 g
(12.6 mmol) of 1,2-phenylenephosphorochloridite, 5.5 ml of DIEA, and 15 ml of
5 anhydrous toluene.
Elemental Analysis: C% 84.16, H% 7.24, P% 2.41

EXAMPLE 51

pol

©©©

o

Oy (Q

Supported ngand SL57

This ligand was prepared according to the procedure described in
Example 18 using 1.5 g (3.15 mmol) of the resin, 3.88 g (12.6 mmol) of
10  bis(2-ethylphenyl)phosphorachloridite, 5.5 ml of DIEA and 15 mi of anhydrous
toluene.
Elemental Analysis: C% 84.45, H% 7.09, P% 3.09
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40 [err]

This |igand was prepared accordi ng to the procedure described in

Exanple 18 using 1.5 g (3.15 mmol) of the resin SD14, 4.60 g (12.6 Mml) of
bi s( 2- tertbutylphenyl)phosphorochlorldlte 5.5 mM of DIEA and 15 ml of 5

anhydr ous t WQR9/$asss El enental Anal ysis: C% 85.83, H% 7PEHUS33IST 40
EXAMPLE 55 [err]

This ligand was prepared accordi ng g ]I;Legﬁocedure described in

Exanple 18 using 1.5 g (3.15 mml) sin SD14, 4959(126rnrm|)
of the 10 corresponding

bi s(2-tertbutyl - 4- net hyl phenyl ) phospho{®chloridite, 5.5 m of Dl EA and
15 mM of anhydrous tol uene. El png Anal ysis: C% 86.19, H% 7.80, P%

2.19 XAMPLE 56 The

following is a general procedure f paration of supported 15
rhodi um cat al ysts using the suppor Nds described in previous

exanpl es. ~ Information jn Tabl ep?2 shows enerality of this
procedure. The #ate sup\ac( gand (a anount
corresponding to A

Supported Ligand SL58

This ligand was prepared according to the procedure described in
Example 18 using 1.5 g (3.15 mmol) of the supported diol SD14, 3.88 g
(12.6 mmol) of bis(2,3-dimethylphenyl)phosphorochloridite, 5.5 ml of DIEA, and
5 15 ml of anhydrous toluene.
Elemental Analysis: C% 84.97, H% 7.16, P% 2.98

EXAMPLE 53

pol

0

o )

Supported Ligand SL59

This ligand was prepared according to the procedure described in
Example 18 using 1.5 g (3.15 mmol) of the resin SD14, 4.23 g (12.6 mmol) of
10  bis(2,3,5-trimethylphenyl)phosphorochloridite, 5.5 ml of DIEA, and 15 ml of
anhydrous toluene. '
Elemental Analysis: C% 84.65, H% 7.62, P% 2.70
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e ——

0.116-0.0116 mmmol e of contai ned bi s(phosphite) groups) is slurried into 5

mL of 41 WD 99/ 62855
dry, dcoxygenated toluenc. Rhn(COJerr](acac) (3 ng,0.0 116 mmol, P/ Rh=2-20)
S added and gas evolution is noted as CO is displaced. The tol uene
super nat ant wo 9orézg8snNs col orl ess as the Rh(CO) 2(acac) beconPeTiusgsdass7ont o
t he support beads. The reuslting slurry is useful as obtained for
catalytic reactions. 5 On RoeMEBBSE bel ow | have sinply listed all
t he Iigands which correlated with Leo Manzer's hydroformyl ation
exanpl es, so that appropriate infop&n the prep of each rhodiumligand
can be pl aced thereon.. TABLE 2
Supported Rh(CO) 2(acac) Catal ysts Pfe d via Exanpl e 54
Exanpl e Supported Liga Se0 Supported Catal yst 1D
56-1 SCl 56- 2
SL3 3 SL6
SC3 56-4 sS4
56-5 : o )SCS 56- 6
SLI 5 ' ' - 2 SL16
SC7 56-8 SCS
56-9 SL18 : SC9 56-10
SLI 9 sl o Supported Ligand S6Q | SL20
SC11 56-12 SL23 ' SC12
56-13 This ligand @jap prepared according to the procedurgdssgribed in 56- 14
SL25 Example 18 using 1.5&1%15 mmol) of the resi®$D 14 4.60 g (12.6 mmol) of SL26
gg_l?7 bis(2-t§r§b_njfﬁphen)éll)_%sphorochloriditc, 5.581|ﬂ.|207f DIEA ag&i? ml of gg_l? 8
SL29 5  anhydrous toluene.5C1 8 ' 56-19 SL30
SC19 Elemefthl Akhlysis: C% 85.83, H% 7.68, P%I 4Dl SC20
56-21 SL32 SC21 56- 22
SL33 SC22 EXAMPLES 6- 23 ' . SL34
SC23 56- 24 SL35 SC24
56- 25 SL36 pol - SC25 56- 26
SL37 SC26 56- 27 SL38
o ©©©
O O
1 \
(@p’ 0"
2 2
Supported Ligand SL61

This ligand was prepared according to the procedure described in
Example 18 using 1.5 g (3.15 mmol) of the resin SD14, 4.95 g (12.6 mmol) of the
10 corresponding bis(2-tertbutyl-4-methylphenyl)phosphorochloridite, 5.5 ml of
DIEA and 15 m! of anhydrous toluene.
Elemental Analysis: C% 86.19, H% 7.80, P% 2.19
EXAMPLE 56
. The following is a general procedure for the preparation of supported
15  rhodium catalysts using the supported ligands described in previous cxamples.
Information in Table 2 shows the generality of this procedure,
The appropriate supported ligand (a amount corresponding to
0.116-0.0116 mmole of contained bis(phosphite) groups) is slurried into 5 mL of
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42 Exanpl e Supported Ligand Used

Supported Catalyst ID 56- 28 : SL39

SC28 56- 29 - SL40 SC29
56- 30 SL41 SC30 56- 31
SL42 WO 99/62855 - SC31 56- 32 PCT/US99/11557 SL.43
SC32 56- 33 SL44 : SC33
56-34 dry, deoxygenated?blhenc. Rh(CO),(acac) (3 mg 0.0t16 n%ﬂpm:z_zo) is 56- 35
SL46 added 12538 . . 5b- 3 SL4s8
SC36 e zg)g_ggﬁevo ution is noted as CO is displaced, The toluene supernatant SC37
56- 38 turns colorless as thg Bh(CO)x(acac) becomes loaded onto tB€8Hport beads. The 56- 39
SL54 reuslting;lur?' is usefub 8s obtained for catalytiscl:}'@acﬁgns. géii
ggf‘gz 5 4 (¢ Tablebslow I have simply listed 211 the ligands,which o6, 43
SL58 correlated with LegsMpmzer’s hydroformylatig@ cxpmples, so that SLS9
SC44 approprfitéinfo on the prep of each rhodiumlfgand can be placed th . SCAS
56- 46 SL61 fgind can be placed thereon,.

acetyl acetonate EXAMPLE 57

Propvl ene Hvdrofornyl ati on with Suppcdi®8kB2Rhodi um Catal ysts 5 The
resin supported |igand sapmnddRa@ioyaciPCaalyeh fedREviAB kNS s Rh( CO) 2(acac)

| oaded material, prepared as_desgrrbed Tn Exampte—56. _The anmount of

Rh( CO) 2acac X : 1Ligand st o or + o FuPpentsd CalIYStID  char ged was

targeted at a 1:1 of3édhel ate |igand t&2r hodium The reastior vessel was

charged to 100 psi (4289 X 10+5 Pa) wgtsh 40 psi (2. 75 Xd,Of[err] Pa) of
propyl ene” 10 and Ggﬁpsi (4.13 X 10+5 Pa) of a 1:1 ratio of H2 to CO

Typical'ly the reactiOR was run f | hour. At the ¥id of the run the
reactor is depressur¥#ed and an al i qubi2 of di but yl 84her i s added as an
internal standard. ®sg liquid is analggzed by gas cégsomat ogr aphy to
give the yields of pgeducts. As used %?%OW in Table 3, S Conparative
exanpl es-are designated by letters an h3P = tri phenyl C;?hosphl te, 15 and
DDl = 56-7 SL16 435C7

56-8 SL17 Scs

56-9 SL18 e

56-10 SL19 SC10

56-11 © sL20 sci1

56-12 SL23 sC12

56-13 SL24 SC13

56-14 SL25 SCl4

56-15 SL26 SC15

56-16 sL27 SC16

56-17 SL28 sc17

56-18 : SL29 scis

56-19 SL30 SC19

56-20 SL31 SC20

56-21 SL32 Sc21

56-22 SL33 SC22

56-23 SL34 SC23

56-24 SL35 SC24

56-25 SL36 SC25

56-26 SL37 SC26

56-27 SL38 SC27
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[err] I - BA or | BA = isobutyral del yde n- BAL or BAL =

nor mal butyral dehyde TON = Turnovers, i.e. noles of product/noles
of rhodi unf hour TABLE 3
Pr oDyl ene Hvdrfomyl ation i - BA
Sol,  n- BAL W&r99/62855 TON Exanpl e X Li gand Catl’mf&E”lllSﬂ %
% (1 BA+BAL) A Ph2P( CH2) 2PPh2 563
43. 7 6.7 B DPI 19.6
80. 4 3711. 4 Rgmple F\Egllpponcd Ligand Used Supported Catalyst 1D 52
94. 8 586—5 Bt +4—9
85.1 1770. 4 E28 DPI SL39 Sca8 2.8
97. 2 130.8 $6-29 Ph3P sL40 SC29 39.7
60. 3 397.1 Ph3P 48. 2
3 SC30
51. 8 202, 4 ﬁ” phap A ? 46. 3
53. 7 2.4 %Al SL55  Su2 scap SC 63. 5
36.5 75. 4 %8522 SL54  su43 SC39 scs2 21A
78. 6 433.6 §In3 SIA3 a4 SC32 gc33 15.8
84.2 1082. 7 573: SL61 SC46 53.7
46. 3 100. 7 SL6Q  SL45 Sc45 SC34 59. 6
40. 4 71.7 56/356 SL59 sL46 SC44 8C3s 62. 2
37.8 102.5 &gl SL58  gi48 SCA3 gcag 36.2
-63. 8 203.7 57-8. SL58 SC43 49.7
50. 3 90.6 ¥7A79 sL57 Skl sca2 SC37 39.0
61.0 153. 0 %3810 SL57 SLs2 SC42 SC38 42. 7
57.3 129.6 &lholl SL52  gis4 SC38 sc30 74.7
25.3 69. 4 7-12 SLSI SC37 68.1
31.9 126. 6 5?5 sL56  SLSS scay S0 42.6
57A 560.5 56-41 SL56 SC41
56-42 SL57 SC42
. 56-43 SL53 SC43
56-44 SL59 : SC44
56-45 SL60 ' SC4s
56-46 SL61 SC46
acac = acetylacetonate
EXAMPLE 57
Propylene Hydroformylation with Supported Rhodium Catalysts
5 The resin supported ligand and Rhodium were charged as the

Rh(CO);(acac) loaded material, prepared as described in Example 56. The
amount of Rh(CO),acac added was 3 mg. The amount of supported ligand
charged was targeted at a 1:1 of chelate ligand to rhodium. The reactor vessel was
charged to 100 psi (6.89 X 10*5 Pa) with 40 psi (2.75 X 10*3 Pa) of propylene

10 and 60 psi (4.13 X 10%5 Pa) of a 1:1 ratio of Hy to CO. Typically the reaction was
run for 1 hour. At the end of the run the reactor is depressurized and an aliquot of
dibutylcthei' is added as an internal standard. The liquid is analyzed by gas
chromatography to give the yields of products. As used below in Table 3,
Comparative examples are designated by letters and Ph;P = triphenyl phosphite,

15 andDDI=
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44 WO 99/ 62855
Sel, n-BAL Sel, TON Exanpl ¢ Li gand Cat al yst
0§ 1BA+BAL) 57-14 SL43 40.5
1058. 7 Shwvdoose2855 SL4AS 30.4
984. 6 57-16 SL44 58. 1 ams’%ﬁ.g{f-
322.7 57-17 SL41 33.2. 66. 8
481. 9 57-18 SL40 62. 3 37.7
114.7 57-19 SL. 39 54. 4 45. 6
952.1 57-20 SL37 19. 1 80.9
1206.6 57-21 SL38 31.9 '68. 1
1604.2 57-22 SL36 4 79.6
2158.7 57-23 SL35 1 71.9
1066.7 . 57-24 SL34 .0 28.0
20.8 57-25 SL28 31.0
13.1 57-26 SL31 49. 6
42.8 57-27 SL30 . 38.7
30.4 57-28 SL29 60.0 40.0
45.0 57-29 SL33 18. 6 81. 4
225.2  57-30 SL32 49.5 50. 5
51.7 57-31 SR or IBA = isobutyraldeifdk? 54.0 46.0
10.9 57-32 SLé BAL = norrmal hvd 52.5 47.5
7.5 57-33 Si» or = nom: chyde 98. 1 1.9
16.5 57-34 A4 = Turnovers, i.e. moles3Fproduct/moles ofrhediGm/hour 0.0 .
15.1 57-35 SL23 SC12 100. 0 0.0
11.3 57-36 SL42 TAGRE 3 50. 6 49A
153.2  57-37 SL46 Propylenc Hpfedamviation  44. 3 55. 7
283.8 57-38 SL48 scqgmsa mgiégﬂ 54.9
129.7 57-39 5o S16 - Livend Cataly§C7 GB:%;.ZS_
2080. 2 57-40 SC5 ;
3.6 57-41 A g 20 PhP(CH)PPhy scl | 563 46, 43" #J 6
98.8 57-42 B SL19 DPI SCIO 196 64364 3711135. 5
72.1 57-43 ¢ SL17 ppy SC8 s2 335 258636 5
387.1 57-44 SL18 SC9 55 0 45.0
57.9 57-56 SLe DM SC3 149 3685l 1770¢3 5
111. 4 SL3 E SL3 DP1 SC2 28 261D 130.873. 1
916 oyoe T Srieme S 7 thg el
8.3 57-60 G gL1p PhP sc4 482 7.813 294 1
1450. 3 H PhsP 463 45 53.7 24

57-1 SLSS SC40 63.5 36.5 754

57-2 SL54 SC39 214 78.6 433.6

57-3 S1LA3 SC32 15.8 84.2 1082.7

57-4 SL61 SC46 53.7 463 100.7

57-5 SL60 SC4s 59.6 40.4 1.7

57-6 SLsS SC44 622 37.8 102.5

5727 SLs58 SC43 362 63.8 203.7

57-8 SLs8 SC43 49.7 50.3 90.6

57-9 SLS7 SC42 390 61.0 153.0

57-10 SL57 SC42 427 573 1296

57-1} SL52 SC38 74.7 253 694

57-12 SL51 SC37 68.1 '3 1.9 126.6

57-13 SLS6 SC41 42.6 574 560.5




EXAMPLE 58 Pronyl ene Hydrofornyl ati on - Vanor
Phase An enpty 0.64 cmdianeter, 37.5 cm | ong stainless steel
tubular reactor 5 was placed in a nitrogen-fillcd glove box. A plug of
gl ass wool din the bottom end of the reactor, followed by
t he amount and type of catalyst shown in Tabl e 4. ThePE€HUSIYS57I n.
each case was pre-mxed with glass beads to dilute it within the
reactor. A thernocouple was inserted into the top of the reactor. Both
ends of the react or were seal ed with net aBAfsel t | #gsL seand t heggpeact or was
removed 10 ‘ faplpst conmected t o st ai nlg@asegiyeel reactor

feed |ines purgleti SL43\Mth nltro The gpgact or sgnas eqyj,pped Wth a

by-pass line tg.gllowgfgar a flow o and H2 to be éstablished
bef ore openi ng t%e inlet side of t ceureact 4to f el %Bgpses. The

desired terrper%lt re OFL“fOO[err]C wiS3est ablsg-shed i41.9 he reagtor by means

of a split tub¥-furnasetisurroundi ngcsbhe reagsor. Vign the gp§| red fl ow
a vaI ve was turned on -

rates of CO 15s7.13and KjZof eed gases d bee chi eved
and H2 ove? t he gﬁ?al yst3%7peri odilthl |y, at times

to begin paSS|5qggCO s
shown in Tabl € The3%Ract or SC2&f f | uemt4 sanplass wer e 9smpl yzed by gas
chr omat ogr aphy?7f28r t h&8.3@nount s of sczs unlige;act ed ggpopyl epgee | i Nnear and

branched buyr alzdehydeg 1g |-§'s 53 4 t80 I58 gmg(e a![I run ?td
an pr y en cept as note

1000C, with f g; of ALgc each of 356

and at a tot aI pr essutd®of 100 psi¥y2s 20fpbl e #98hows 2158y gr ans of
catal yst and t5Fe3 wei gHss percent ofscphosphoggas in gagh 1066 cat al yst used.
to

The nol e rati gs20f Ry shown in Tabje 4 the rgﬁl 0S use
conpl ex Rh toeagch casILQ{yst froma sol uti on of Rh¢&Ret onyl Ddet onate) (CO) 2,
bef ore sever aI finsing tines with3H uene €& r enpdb0 unconplzaxed Rh. Fi nal

Rh/ P 25  rat P83 sholildl have beensciwose t aso@. 5. Thgs TON hrggunbers shown in

Table 4 were s727 cahsul ated to rs@gr esent t3he m)gg; of propyl ene reacted
per mole of Rg.per hqysy Exgap' e é "y using PR di spersed on
D bar 40.0 450 . . 46

57-29 SL33 sc22 18.6 81.4 2252

57-30 SL32 sC21 49.5 50.5 517

5731 ©  SL25 SC14 54.0 46.0 109

57-32 SL24 SCi13 52.5 475 7.5

57-33 SL27 SCl1s 98.1 19 16.5

5734 SL26 SC15 100.0 0.0 15.1

57-35 SL23 sci2 100.0 0.0 1.3

57-36 SL42 sc3! 50.6 494 1532

57-37 SL46 SC3s 43 55.7 283.8

57-38 SLAS SC36 45.1 54.9 129.7

57-39 SL16 sc7 313 68.7 2080.2

57-40 SL14 scs 52.2 473 3.6

57-41 SL20 sct1 46.4 53.6 98.8

57-42 SL19 5C10 64.5 35.5 72.1

57-43 SL17 scs 335 66.5 387.1

57-44 SLi18 SC9 55.0 45.0 57.9

57-56 SL6 , sc3 36.5 63.5 1114

SL3 SL3 _ sc2 269 73.1 264.8

57-58 SL2 sCi 34.2 65.8 131.6

57-59 SL1S . Scé 56.8 43.2 83

57-60 SL12 sca 7.9 92.1 1450.3
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[err] [err]

WO 99/62855 PCT/US99/11557

EXAMPLE 58
Propylene Hyvdroformylation - Vapor Phase
An empty 0.64 cm diameter, 37.5 cm long stainless steel tubular reactor
5  was placed in a nitrogen-filled glove box. A plug of glass wool was placed in the
bottom end of the reactor, followed by- the amount and type of catalyst shown in
Table 4. The catalyst in each case was pre-mixed with glass beads to dilute it
within the reactor. A thermocouple was inserted into the top of the reactor. Both
ends of the reactor were sealed with metal fittings, and the reactor was removed
10  from the glove box and was connected to stainless steel reactor feed lines purged
with nitrogen. The reactor was equipped with a by-pass line to allow for a flow of
CO and H, to be established before opening the inlet side of the reactor to feed |
gases. The desired temperature of 100°C was established in the reactor by means
of a split tube furnace surrounding the reactor. When the desired flow rates of CO
15 and H, feed gases had been achieved, a valve was turned on to begin passing CO
and H, over the catalyst. Periodically, at times shown in Table 4. The reactor
effluent samples were analyzed by gas chromatography for the amounts of
unreacted propylene, linear and branched buyraldehyde. '
Examples 58-1 to 58-6 were all run at 100°C, with feeds of 4 cc each of
20 CO, H, and propylene, except as noted, and at a total pressure of 100 psig. _
Table 4 shows the grams of catalyst and the weight percent of phosphorus meach
catalyst used. The mole ratios of Rh/P shown in Tablc 4 are the ratios used to
complex Rh to each catalyst from a solution of Rh(acetonylacetonate) (CO),,
before several rinsing times with toluene to remove uncomplexed Rh. Final Rh/P
25  ratios should have been close to 0.5. The TON/hr numbers shown in Table 4 were
calculated to represent the moles of propylene reacted per mole of Rh per hour.
Example 58-6 was run using DP1 dispersed on carbon.
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EXAMPLE 59 Preparation of a- Supported Di ssubstitut ed

Bi napht hol [err]
[err] A mxture of 50 g (60 mml) of Merrifield resin
(pol CH2CA) wo9es288s- di hydr oxy-1, "' - bi napht bal ene- 3, 3' - di car osisoonsi d

(33.7 g), potassium 5 car bonat e %E:@}Zﬂhi@nd DMF (350 ml) "was heated at
90C with stirring for 8 hrs. T .theresmlchangedfromvvmte

to green-yel |l ow. The ni Preparatione fed LIsngs Binaphthol fi | t ered, washed
wi th H20, DMF, and acetone, and then thoroughly dried in the air to
give the desired praoduct IR ddBr, crm[err]): VS), co cn 3676 (vs). 10
Enabl emment refer ¢ hi-s synt hesi s: ¢~ Hi é F C. L.,
David, M, Carrea gr boni, B. and Saul f Tet r ahedr on
Lett., 1997, 38( 29) S ONOH polCHéClz- G RAZF OHG| v. Chim Acta
1973, 56, 1476-1482. _—

OH K»CO3

Supported Diol SD14

A mixture of 50 g (60 mmol) of Merrifield resin (polCH,Cl)

2,2'-dihydroxy-1,1"-binaphthalene-3,3'-dicarboxylic acid (33.7 g), potassium
5 carbonate (12.4 g) and DMF (350 ml) was heated at 90°C with stirring for 8 hrs.
The color of the resin changed from white to green-yellow. The mixture was
diluted with water, filtered, washed with H20, DMF, and acetone, and then
thoroughly dried in the air to give the desired product. IR (KBr, cm-1): 1712 (vs),
1676 (vs). ' :
10 Enablement references for this synthesis:

1. Hetet, C. L., David, M., Carreaux, F., Carboni, B. and Sauleay, A.,
Tetrahedron Lett., 1997, 38(29), 5153-5156.

2. Gisin, B. F. Helv. Chim. Acta 1973, 56, 1476-1482.
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Preparation of Supported Diols SD15 and SDI 6. Supported diol SD14 (5
g) was swollen in 50 m of anhydrous DMF. ,|'-Carbonyl diim dazol e

(689 ng) was wodweisssThe m xture was shaken overni ght. The r efdruséosissy
filtered, and-washed with DW (3x) to give diol SDIS. IR (KBr, cml):
1772 (s), 1720 5 (s). Next, DVF (25 nl) and i-PrOH (1.6 nl) were added.
The m xture was shaken overnighty then filje Weashedradi t h DVF (1 3X),

acetone (3x) and dried in t he a|| to g| ve bd di ol SD16, which
I's the desired supported unsyrme _Le™NgPOR,, |R (KBr, cml):
1762 (s), 1713 (V§,)port1_<63ﬁ1(§é£¢)+ Eﬁabl emept reference: 10
Bodanszky, M, Bodanszky, A. in Pr |ce A Reptige®Synt hesi s”
Springer-Verlag, Berlin Heidelberg, 1994, p. 1% I~

‘EXAMPLE 60 Preparati on of a Supported Ahosedhi-ie) Jusi ng
Supported Diol SD 6 Supported-diol SD16 (1.8 Q) swollen in
15 M of anhydrous toluene. IS Bis(2-isopropyl pippsryéd phospisor ochloridite
(1.48 g) and then DIEA (1.1 m) were added. The suspension was shaken

overnight. The resin was collected by | | tyati@pm,mashed with tol uene
(3x), DWF (3x), THF (3x), hexanes and the In the air to give
the supported bi s(phosphl te) (SL62) as \ ags. El enental

Anal ysis: P=0.99 wt.% Ther :@uprt (0 bré¥( phosphite) |igands
shown in the Table bel Om Plol 1By epdl eghi nja sjowi | ar manner.

Supported Diol SD16

Preparation of Supported Diols SD15 and SD16. Supported diol SD14
(5 g) was swollen in 50 ml of anhydrous DMF. 1,1'-Carbonyldiimidazoie
(689 mg) was added. The mixture was shaken overnight. The resin was filtered,
and washed with DMF (3x) to give diol SD15. IR (XBr, con-l): 1772 (s), 1720
5 (s). Next, DMF (25 ml) and i-PrOH (1.6 ml) were added. The mixture was
shaken overnight, then filtered, washed with DMF (3x), acetone (3x) and dried in
the air to give supported diol SD16, which is the desired supported unsymmetrical
diester diol. IR (KBr, cm-1): 1762 (s), 1713 (vs), 1676 (vs).
Enablement reference:
10 Bodanszky, M., Bodanszky, A. in “The Practice of Peptide Synthesis”
Springer-Verlag, Berlin Heidelberg, 1994, p. 122.
EXAMPLE 60
" Preparation of a Supported Bis(Phosphite) using Supported Diol SD
Supported diol SD16 (1.8 g) was swollen in 15 ml of anhydrous toluene.
15  Bis(2-isopropylphenyl)phosphorochloridite (1.48 g) and then DIEA (1.1 ml) were
added. The suspension was shaken overnight. The resin was collected by
filtration, washed with toluene (3x), DMF (3x), THF (3x), hexanes and then dried
in the air to give the supported bis(phosphite) (SL62) as white beads. Elemental
Analysis: P=0.99 wt. %.
20 The supported bis(phosphite) ligands shown in the Table below were
prepared in a similar manner. '
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52 TABLE 5 Support ed
bi s(phosphite') Iigands derived from SDI 6 [err] Exanple
Support ed Anal ysi s NO. X Ligand I D
W P 60-1 k Pr-5- MeC6H3 SL63 ,

' 60-2  O- 2-8%9-9??“@@6% SL64 ). pgrosiiés
0- 24- Mj2C6H3 SL65 .40 604  0-2, 35- Me3C6H2
SL66 1.03 60- 5 0- 2- SL67
1.31 Supported bis(phosphite) ligands derived SD1

Example Supported Analysis
No. X Ligand ID wt% P
60-1  O-2-iPr-5-MeCgHj SL63 0.72

- 60-2  0-2-OMe-4-MeCgH, SL64 149
60-3  0-2,4-MeyCgH; SL65 1.40
60-4  0-2,3,5-Me3CgH, SL66 1.03
60-5  0-2-EtCgHy SL67 131
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53 Cxanpl e Support ed

Anal ysi s No. X Ligand ID

w 9% 60- 6 O 2, 3- MeC6H3 SL68

1.0 60- 7 O | - napht hyl SL69

1.07 wO@9Y/62855 (OCBHS SL70 PCT/US99/11857
1.20 60-9 1, 2- phenyl enedi oxy SL71.

1.64 60-10 O 3- MeC6H4 SL72 _

1.29 @Xamhple COHHS Supported SL7 Analysis

1.67 60ND.2 O 2- MeCKHA Ligand ID SL74wt % P

0.81 . Oosglg A MBERT SL68 SC75 9

0. 88 60-14 O 2-tBuA- NeC6H3 SL76

1. 02 6?05 Ol-peplhheny - 2, 2' - di oSKA9 sL77 107

1.02 60-8  OC¢H; EA0PLE 61 1.20

Hydrof ormvl ati ogp.@f NBLbhehyids enoate 5 g7 A 25 glass lined
pressure vessel S C ﬁ{wg% I\Q“ 5 nm of a solution g})‘sr?t aining 11.4 ¢
(100 mmol ) et A193- 5% Hae, 0.068 g (0.%%nol) of 1.28h( CO) 2( acac),
and 1 .00 g of 60dfiradigtiagne (internal GC staSiddrd) in 100 mis7 t ol uene.

1.0 equiv (0.2¢pw!) G)ﬁ_msy‘ﬁer-supported bisiahosphi te wag @I so added
: "

to the vessel. r igand to Rh (P:Rh = 2). The pressure
vessel was 10 6@2%3‘#’8‘%‘%} by purging w W th ni troQéﬁ (tw ce) and
then with 1:1 63#2 O-2-tBy-tMeH; The vesseSLAas then pred€rized to 0.5 M
CO and heat ed 5@.1300¢,1'.bipheﬂgq.gjz--gqg*§ ation fgry72 hours. Thgggeat was shut

of f and the pressure vessel was allowed to cool to room tenperature.
The excess gases were vented and t MPL %tioducts wer e anal yzed by gas
chr omat ogr aphy on a 30 M DB- Wax| er r GC columm. The results

are shown in the Table bellSydroformylation of Meth 1 Penienoate
TABLE 6 5 A 25 mL glass lined pressuidbiebyt] was dRaned with 5enk bBL3olution

Y oo T B & kining 11.4 8 (100 m’i’i"ﬁé"é’?."’t”“’”ﬁ% CDVEEs 02 mmol o XATR S L
Exanpl e %@2@31"7? G&Cﬂ 40P &8, te“ﬁ‘ie.cg’,‘e (internal GC stanglard) in 100mL. (g

26. 1 tolugae. 11.0 equiv (0.2 mn@l)ad polymer-support&@Fhigphosphite was alS@added
8.5 15. 8 to the vessel. Thblratio of ligand to Rh WaOB(P:Rh = 2). The piéssire vessel":\!);%g“s 88. 9
19-% 10 freed from air by Qiring first with nitrogap (yice) and then with K 1£0/H, — Cos 4
10. 2 8. 3(twice). The vessglwas then pressurized 81 %9 MPa CO and hea@d t6100°C 88.0
7.5 8. 5 with agitation for 2 hours. The heat was shut off and the pressure vessel was '
allowed to cool to room temperature. The excess gases were vented and the
products were analyzed by gas chromatography on a 30 M DB-Wax® capillary
15 GCcolumn. The results are shown in the Table below:
TABLES6
Methyl 3-Pentenoate (M3P) Hydroformylation
Supported
Example Ligand ID M3P Conversion Linearity, % % MV % M2P
Comparative
Example no P ligand used 417 393 0.6 26.1
61-1 SL62 95.8 52.9 8.5 15.8
61-2 SL63 97.0 88.9 10.6 72
61-3 SL67 974 86.2 1L1 5.5
61-4 SL68 98.0 854 10.2 83
61-5 SL&9 93.5 88.0 1.5 8.5
61-6 _SL7t 17.9 53.1 0.5 4.6
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61-6 SL71 17.9 53.1 0.5 4.6

54 Supponed Exanpl e

Ligand I D MBP Conver si on linearity. % % W % M2P "61-7
SL72 97.5 62.1 7.4 5.6 61-8
S174 | VOB9W62855 60. 3 8.7 10. 6 PCT/¢SP/HISST -
SL75 67.0 54.3 3.7 14. 7 61-10
SL76 40. 9 63.0 2.2 10. 7 61-11
SL64 96. 7 Supported5 7. 2 4.7 3.7 61-12
SL65 @Xample Ligand ID62. M3P Conversion ___ Rindarity, % 5% Mv %M22P 61-13
SL66 9%1.% stz 75.1 975 12.51 2.3 44 56 61-14
SL70 .92.8 65. 2 6.? 9.9 W =

met hyl val erate; SW8P = met h§™2- pent erf8dt e 03 8.7 106
EXAMPLE 62 5 61-9 HydBlgBor nyl at i68A of 3- Pef3enenitri B2 andidet hyl

4- Pent enoat e 61-10 Swipgort ed rhgdi um cat ajaysts are psepar gy by
treatlngasuspensmn of th supported liggnd in toluene wth

Rh( CO) 2(acac) so 813 to gi veg'a“P/Rh rat Fg of 10: 1?7@ hgﬁresulz‘tl ng

rhodi um | oaded sépidort is tBdh activatsdd by treab2dent at 980C and.s 75
psi H2/CO (1:1) gpi3 | h befqrsg coolinggso room tgnperaturqzsThe rgsul ting
10 activated catglyst thu bt ai ned swtabl for catalytic
hydr of onnyl at i ona fl Su7d The suj ted r hotfium cat al %/éts pr9e9par ed
accordi ng t o MNi=smethyoeletates M2P = methy} &-pemgenpateor 3PN hydr of or nyl at i on
catalysis in the follow ng manner. To a suspensi on of the supported
catalyst in toluene (5 m_ 200 panRh@m_i P/ Rh) i's added sufficient
3PN to gl\se I M sgl ] oA at200C 15 under
75 psi of CO H2. AfTer ' oJe ' s rature,
vented, and the s ' A" BrCR#E thm&sweﬁﬁgnngﬁ%mt ogr aphy
on a Quapirogted B&xﬁa@tdl\heae ytnthdu(mo)z(aiheseas tegive s PRbaataiofiidei.zed i n

Table A and . calgqactive for
the hydr of or The resufiBg Yhddfimi-1dali&l & '\Iﬁf;ﬁiﬁém&&vﬁﬁtﬁ&&ﬁﬁ&ﬂ% ?ragrrin SPN

| af
hydr of or ny! at %3@9#?%8’”#'{‘5’@ B g&rgomtempﬁ%?@ﬁ si“éunﬁsol ated by
filtratid®, watmcalaiylatﬁmﬂ Qbémeedanwmbbrfommmdmfmylauonanot her 5 nL of

toluene. To this phephrell 880 tol (RisProcBdiite I M
sol ution (20Q The react en_heéat to 950C under
75 psi of  OOMTER U &?R? gg‘w b Leigp Sy e EloMSE BRI ofbB e at ur e
vented, and 38spensien afshresupparted catalystin delmene S sid 20dppm Rbd 10/ PRI is

chr omat ogr aptaudmuﬁiceﬁamewg?t%al M sdhtitn! IThe Yeatoh isr’tﬁen hekR8® 9PEul ts are

summar | Zelg up%&%%sx%f Aﬁpr%ﬂﬁlrmon C(?Pr@g g)ﬁ)gl 1%|peera he supported

cat al yst s~ of 'S rhvent1 of remel n *ective for the
hydr of or ny! atveripd apd the supernatant is decanted and analyzed by gas chromatography ona

Quadrex-23 Capillary column. These results are summarized in Table A and
show that the catalysts of this invention are active for the hydroformylation of
3PN.

20 The catalyst from 3PN hydroformylation described in the p_revious
paragraph is isolated by filtration, washed with toluene and then suspended in
another 5 mL of toluene. To this suspension is added sufficient M4P to give a
1 M solution (200 ppm Rh, 10/1 P/Rh). The reactor is then heated to 95°C under
75 psi of CO/H,. After 2 h the reactor is cooled to room temperature, vented, and

25  the supemnatant is decanted and analyzed by gas chromatography on a Quadrex-23
Capillary column. These results are summarized in Table B, which shows that

. upon recycle the supported catalysts of this invention remain highly active and
selective for the hydroformylation of M4P.
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55 TABLE A S
Hydr of onnyl ation of 3-Pentenenitrile Exanple Support ed Conver si on
Sel ectivity Linearity Reducti on ) Li gand %
% % % 62-1 SL51 21.1 29.0
36.9 WOPIIa8SE . o SLS2 25. 8 PCT/HS9/11557
20.9 11.2 62-3 SL39 69. 6 22.5
26. 3 5.9 62-4 SL54 TABLEA 1.0 29.6
34.0 13. ]_ 62-5 H fe lation of 3-Penten i 37.3
61.1 Bxafuple 62- Gupported Steéhdersion Selecthdly O  Linearity  Reduflonl
46. 4 ON3. 62- 7 Ligand SLS3, % 2.8 % 8. 3
34.9 19¢4); 62-8 g g1 SL59, 29014.5 369 3
19. 7 12,1 62-9 SL3? 19. 2 ‘ %g 7
58. 3 05%% 62- 105152 stx% 146955 g 209 133 3
53.7 0.6-362-11 sL39 SL6D6 235.1 26.3 2392
28. 2 11624 62- 12554 S 20618- 1 340 .8
43. 8 8 ], 62-13 SL63 %19 4‘2?.1‘0
63.0 17. %> 62-14 SL&>! 3789 7 611 3963
49. 7 1262446 62- 155L44 SEBH 28.120.2 464 6.9
57.7 0. .7 62- 16 s1.53 SL4g 2831. 6 340 3502
54. 0 5. %_8 62-17 SLS9 SL36 26. 8 23. 3
53. 7 0.%° 62-18 SL 173g o 197 1313
47. 3 0.6-9 62- 19 SL32 SL#R2 38%1. 4 58.3 3005
47.1 0.69-10 62- 20 sL36 SL5els 2330.1  s37 4491
45. 9 62-2 SL55 18.1 21.8
43. 8 s%i’q' 62- 2215"“’ sL 237, 82 ib2g
42.9 2%242 g o FLSS Sl&o 21821.3 438 8.B.9
37.9 0.62-13 62- 24 sL63 SL&le 4705.6 630 183 3
22. 4 Q294 SLe2 s BLE B
Hydr of or nyl ati on of Met hl'f 4- Pent e9h7oat e Exa”’? §uioported124
Conver si on 6&d} ect | visi/%/’- Linrity Re#licti on ¥a. 0.0 i gand
% 6%16 SL46 % 316 % 6232b 54.0SLSI 56 100
74.5 8%2.97 sids 7 62- 25, S 53,7 99. 3%6--*“-“‘-* 90. 6
92.9 2. ]62 ?2- 27 SL39 8.9 ) 74.9 -iw- 78. 2
2.2 62-28 1% g4 SLSS 021 13390 5 473 ok L4 3.5
62-29 SI62-39 SL38 88.0 s14 050.57 47.1 98.3 o0 2.6
62- 30 Sleh.40 sLs7 74.5 101 ¥y 6 459 97.6 54 3.0
62-31 5'51531 SLS5 73.9 18.1 %(.58' 3 43.8 87.8 8.1 1.7
62-22 SL77 114 328 429 23.5
62-23 SLA40 213 8.9 37.9 0.0
62-24 SLS1 5.6 93 2.4 0.0
TABLE B
Hydroformylation of Methyl 4-Pentenoate
Example Supported Conversion Selectivity Linearity Reduction
No. Ligand % % % . %
62-25 SLS1 100 74.5 82.9 1.7
62-26 SLs52 99.3 90.6 92.9 2.1
62-27 SL39 98.9 74.9 7382 22
62-28 SLs4 96.1 905 93,7 3.5
62-29 SL43 88.0 95.7 98.3 2.6
62-30 SL44 74.5 - 94.6 97.6 3.0
62-31 SLs3 73.9 36.3 87.8 1.7
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56 Exanpl e Support ed Conversion  Selectivity

Linearity Reducti on No. Li gand - % %
% % 62- 32 SLS9 67.5 " 95.3

98.0 2.7 62- 33 SL32 36.7 96. 6
98.9 .2, 62- 34 SL36 19.7 .4
100. 0 W oyeznss 62- 35 SL60 g o PSS ¢
100. 0 0 62- 36 SL55 15. 2 - 61.7
61.7 0 EXAMPLE 63

Hydr of or nv| at i MRl St §%‘fﬂ§" 5 Conversion A SBCY o) JdeaTY nefPWivBsure vessel
was char ged wi-tN%5 i nh‘ﬂ-—sehﬁ-—;—eﬁ-————eé-n%m—m—n%-@—@é%—é—(—@.—z nmol ) of
Rh( CO) 2(acac), 639 wt %Stsyrene, &hél 1. 00 g9IoI 980t r ade@dne (i nternal
CC standard) in,3190 nlL tspiuene. 1397equiv (Qg.8 mMmol )ogaf 2.4

pol yrrer-supported bi sphgosphite was_al so add toth sse he ratio of

| i gand t §2Bh was PP Rh = 2? The prgggure vég(y‘g reed fromair
by purging firse310  wisLéP ni t rogéﬁ;J(tvvi ce)1@fAd therdd@® t h 1. 10 CO H2
(twice). The vegsgl was gihen 1spressurigedd to 108 4si CO¢2 (1: 1) and
heated to 100[err]C with agitation for 2 hours. The heat was shut off
and the pressure vessel was all oweg)dﬁdﬁqé)&to room tenperature. The
excess gases were vented and the pT‘O‘d‘U‘Ct‘S"Were anal yzed by gas

chr omat ography on a 30 M DB- f | um. The results are 15

shown in the Tabl e pebvglass lined pressure vessel was charged with 5 mL of asolution ~ TABLE C

) "%Wﬁﬁm%%*‘%é@z@*ﬁ%wﬁ‘? SR

63- 1 tetradecang(iptenal GC standard) in 104 md. toluene equiv 0 2 mgpl) 0
63-2 polymer-sippbited bisphosphite was alsd @dded to the vessel. The ratid3&f ligand
gg:z to Rh was =2). ’l‘heprcssur'eJe% was freed from air by p Yn%ﬁrst
63-5 10  with nitroggn{fgvice) and then with 1:1 2 (twice). The vessel wasdaen

Al though par t presshriued eortifiish€0H (0f1) tikheated s@ h0°Crwitrdgitetiorhfey 2 hingre.n

descri bed in m%; gﬂatrwraﬁke%& ﬁrQQessélWahbwé@to%QﬁB%&Hd by those
skilled in the

t hat I nvention,lS ca e o ou
nodi fi cat i onsemBHRYLS @FFW%we”veqﬂﬁﬁﬁdﬁ?fﬁﬁwawaﬁﬁrt| ng from
the spirit orchaswngrapblyoataﬁﬂlmmﬂe‘ﬂan@cam&:yGchlmnﬁmstﬂﬂoteerence shoul d

be nade t g5t hgoRRBFMETELIEbALWE, rather than to the f oregoi ng
speci fication, as indicating the scope of the invention.
ST TABLEC
Styrene Hydroformylation with Supported Bis(phosphite)Rhodium Catal
Example No. Supported Ligand Conversion (%) Linearity (%6)

63-1 SL70 100 84

63-2 SL71 _ 100 85

63-3 SL72 ' 100 73

63-4 SL67 100 75

63-5 SL66 50 69

Although particular embodiments of the present invention have been -
described in the foregoing description, it will be understood by those skilled in the
20  art that the invention is capable of numerous modifications, substitutions and
rearrangements without departing from the spirit or essential attributes of the
invention. Reference should be made to the appended claims, rather than to the
foregoing specification, as indicating the scope of the invention.
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WD 99/ 62855 ' -
PCT/ US99111557 d ai ns: 1. A hydrofornylation process

conprising rcacting an acyclic, nonoet hyl eni cal | y unsat ur at ed
conmpound with COand IH 2 in the presence of a supported catal yst
conposi ti onwkPeessng to fornmula (3): PCT/US99/11557

[err] (3) 5 wher ei n: _ Q
is any organlélajnréagment whi ch binds a OPX2 noiety to the support

(Sup); X is an al koxy, aryloxy, alkyl or aryl; and

Mis rhodium 10 ! A hydmfm“yl%m“m@efﬁ‘@@@%mbfca@"& amagycli§er ei n t he support
i s a functi onabacetlenically usameandccoppoviiewitli €O and Hz in the presence of 8. The

process of C with up to 20

car bon atons. ﬁk@&d%k@ﬂ&"ﬁﬁ@ﬂg&ﬁgﬁd{ gé)f%r&“éat I'm 1 wherein the PX2 noiety
fornms a ring and X2 is a di(al koxy), di(aryloxy), di(alkyl), or

di (aryl). 5. The process gFPClaim 1 wherein the reactants are
in a liquid phase. 6. The Qrocess of Claim1l wherein the
reactants are in the vapor phase. 7. The process of Claim1l

wherein the acyclic, nonoethyl eni calx unsat urated conpound has from 2
to 30 carbon atons. af%a/prf)cess of Claim?7 wherein the
acyclic, nonoethylenically unsat urated conpound is propﬁ’)ane.

9. The process of Caim1l wherein the acyclic, nonoethylenically

unsat urat éd owlmesintnd is an internally ethylenically unsaturated compound

wth 25 4 to 20 car aim?9
mgl E?x t n?&%? §{1
wherein the acyclic, non ﬁ échfr?: ?n wh1chbm3jl%éaat Grat e gf)anlﬁg‘g is a

3-pentenenitrile, 3-pent BiC aci d, a C-C6 al kyl 3-pentenoate ester
conmpound, or a Cl-Cé6 X]!kgznalhoawemykxxaaalleyleswr'amd)rrpound 11. The
process of daim 10 wWiekehdanidne al kyl pentenoate ester 30 conpounds are
met hyl Bentenoate or nethyl 4-pentenoate. 12. A process
according’to Caim1 wherein the ratio of acyclic, nonoet hyl eni cal | y
unsat ur at ed conpodnd$he process@f Glaiingl whareiedhe suppart GOMLOGBNalized

58 organic polymer resin.
3. The process of Claim 1 wherein X is an aryloxy or aryl with up to.. .
20 carbon atoms. o
15 4. The process of Claim 1 wherein the PX, moiety forms a ring and X2
is a di(alkoxy), di(aryloxy), di(alkyl), or di(aryl).
5. The process of Claim 1 wherein the reactants are in a liquid phase.
6. The process of Claim 1 wherein the reactants are in the vapor phase.
7. The process of Claim 1 wherein the acyclic, monoethylenically
20  unsaturated compound has from 2 to 30 carbon atoms.
8. The process of Claim 7 wherein the acyclic, monoethylenically
unsaturated compound is propylene.
9. The process of Claim 1 wherein the acyclic, monoethylenically
unsaturated compound is an internally ethylenicaily unsaturated compound with
25 4 to 20 carbon atoms. |
10. The process of Claim 9 wherein the acyclic, monocethylenically
unsaturated compound is a 3-pentenenitrile, 3-pentenoic acid, a C;-Cg alkyl
3-pentenoate ester compound, or a C;-Cg alkyl 4-pentenoate ester compound.
11.  The process of Claim 10 wherein the alkyl pentenoate ester
30 compounds are methyl 3-pentenoate or methyl 4-pentenoate.
12. A process according to Claim 1 wherein the ratio of acyclic,
monoethylenically unsaturated compounds to rhodium is between 1 to 100,000,

-

R A A
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t he phosphorus to rhodiumratio is between 1 to 20, the tenperature is
bet ween 50[err]C to 15[err] C, the total pressure is between 0.1 to
10 MPa, and the carbon nonoxi de and hydrogen are in a rati o between
0.1 to 10. 13. A hydrofornyl ati on process conpri si ng reacting
an acyclic woowatsss 5 ol ef mi c conpound wi th CO and H er PCI{U$PYHEST -
presence of a supported catal yst conposi tion according to formula
(3): the phosphorus to rhodium ratio is between 1 to 20, the t{mpqqmrc is between

(3) V\frwelza 150°C, the total pressure is be@véeh (Do [U BEFA| 6nd thaeameh Whi ch bi nds
a OPX2 noiety to Sup); 10

e
X is an al kox‘§)°“°é %éyg‘i}awyﬁf%‘?aéﬁ‘&?#‘“ﬁ?ao 10 10. ( Mis rhodi um
14. The process of3. CAdiydrofarmpiptioniprocessconppiing reaptingantagyrlici aserasticz ed

organi c pg yrméﬁﬂi@&nipoundmm CO and H,lin thelftesepcestasapsiinte@icatalistl 3 wherein X is
an aryl oxy or ?}%X W) t§> 0]r§1|3 gﬁocar bon at ons. 16. The
process of ad% ig erelﬁ itn 5?2( ety fornms a ring and X2 is a
di (al koxy), diaryloxy), di(alkyl), or di(aryl). 17. The process
of Caim 13 wherein the reactants are BFwa |iquid phase. 18.

The process of Claim13 wherein the regctants are in the vapor 20 phase.
19. The process of Claim 13 wherein drﬁe\wcycl Ic aromatic olefinic

conpound contains from6 to 30 carb l}, grs 20. The process of
Claim 19 wherein the acyclic aromati E\gl/e tnic conpound | s styrene.
25 21. A process according to Caim 13 wherein the rat i@ of acyclic,

nonoet hyl eni cal | y unsaturated conpounds to rhodiumis between | to 100, 000,
t he phosphor ughéréin:r hodiumratio is between 1 to 10, the tenperature is

and the carbon  Gahiy gt Bl bR SRR LR S8 W RR el © 10, 07

10. 30 22. A proc@§8)§for the preparation of a supported rhodi um

bi sphosphitt e hydrieéirmalkestyabrytory clkyd by &dyl;@adrpr i si ng reacting CO and H2
with a rhodi um Wﬂgnl n the presence of a supported

bi s(phosphorus) | | ganlgpi

59 The process of Claun 13 wherein the support is a functionalized

organic polymer resin.
15. The process of Claim 13 wherein X is an aryloxy or aryl with up to
1S 20 carbon atoms. |
16. The process of Claim 13 wherein the PX, moiety forms a ring and
X, is a di(alkoxy), diaryloxy), di(alkyl), or di(aryl).
17. The process of Claim 13 wherein the reactants are in a liquid phase.
18. The process of Claim 13 wherein the reactants are in the vapor

20 phase.

19. The process of Claim 13 wherein the acyclic aromatic olefinic
compound contains from 6 to 30 carbon atoms.

20. The process of Claim 19 wherein the acyclic aromatic olefinic
compound is styrene.

25 21. A process according to Claim 13 wherein the ratio of acyclic,
monoethylenically unsaturated compounds to rhodium is between 1 to 100,000,
the phosphorus to rhodium ratio is between 1 to 10, the temperature is between
0°C to 120°C, the total pressure is between 0.1 to 20 MPa, and the carbon
monoxide and hydrogen are in a ratio between 0.1 to 10.

30 22. A process for the preparation of a supported rhodium bisphosphite
hydroformylation catalyst comprising reacting CO and H, with a rhodium
compound in the presence of a supported bis(phosphorus) ligand of formula 1
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[err] in which Qis any organic fragnment which binds the two
phosphorus noieties to the support and X is al koxy, aryloxy, alkyl,

or aryl, or alternatively wherein the PX2 noiety forns a ring and X2
iIs a dl(al koxy), di(aryloxy), di(alkyl), or di (aryl). 2

A process MW‘GﬁSﬁg to Claim22 where the supported Ilgano"gf’"s”mss" Forrrul a
(1) is further characterized according to Formula (4) .

oPX2 [err]

4 wher ei n: tBaplinker Qis a

2, 2' -di hydroxyl -1, 1' - bi napht hal ene bridgi ng group;

10 the substituents Ry&] and Rlerr] in the 3,3 positions

of the binaphthal ene XZP-O O-PKsi dgi ng group are selected from -
al kyl group containing 2 to 1 10 carbon atons, an aryl
group, an al koxy group, an aryl oxy group, a-

car boal koxy a carboar [0) 4

group, a tr |"gf”§}°8 iQ {5120y OFgAG! fl&%"ﬁ?‘ﬁﬁ'ﬁ@ Ibéﬂ%f" E}re t@'rpﬂﬁsphfg‘s moieties to at

| east one ofthe suppert andX iRplsexy], anvloxyRplkyl jorard, enalterratively whereiz fed to a
support (Supj, mone fonnsarlngandszéal B(adxF), laimy,lo@oydlgmyx), etkyl, or aryl,

or alternatlvl |ety ormsarlng and X2
i's adl(al kg*(%ﬂ) dltaryloxy) (1aII %‘rp or di(aryl).
20 24. AzﬁroA@s@ceas:mmmng‘chm%awhqetlm@pmrﬁﬁdtmenae erature is in
the r%ﬁﬁuﬁ@t)ﬁ?@:rﬁeﬁﬂﬁhﬁ@rﬁwﬂr@ﬂﬂddeﬂlae@wres in the range
0.1-3.4 MPa. 25. A process according to Caim24 wherein the
r hodi um compound i s di ssolved in a leI vent which is a good swelling
sol vent for the support. OO . 60

OPX,

o
Rg
4
wherein:

the linker Q is a 2,2"-dihydroxyl-1,1'-binaphthalene bridging

group;

10 the substituents R—, and Rg in the 3,3' positions of the binaphthalene
bridging group are selected from alkyl group containing 2 to
10 carbon atoms, an aryl group, an alkoxy group, an aryloxy
group, a carboalkdxy group, a carboaryloxy group, a nitrile
group, a triarylsilyl group, or trialkylsilyl group;

15 at least one of the groups R; and Ry are covalently attached to a
support (Sup);

X is an alkoxy, aryloxy, alkyl, or aryl, or alternatively the PX,
moiety forms a ring and X, is a di(alkoxy), di(aryloxy),
di(alkyl), or di(aryl).

20 24. A process according to Claim 22 wherein the temperature is in the
- range 25-120°C and CO and H, partial pressures in the range 0.1-3.4 MPa.
25. A process according to Claim 24 wherein the rhodium compound is
dissolved in a solvent which is a good swelling solvent for the support.
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26. A process according to Claim22 wherein the support |
27. A process according to Claim22 wherein the
is a crosslinked polystyrene resin. 5 28,

pol ymer resin.
or gani ¢ pol yner

A hydr of or,
character |‘%§1’%&

which Ris

resin

polymer resin.
27. A process according to Claim 22 wherein the organic polymer resin

is a crosslinked polystyrene resin.

gsgn catal yst conposition according to C ai
nthat Rlerr] and R err] are carboal koxyl

RS CIAME AT SR Cn gt AR | &

is an organ[‘é o

ffipanss o r iy

5 28. A hydrofotmylation catalyst composition according to Claim 23,
' characterized in that R! and R2 are carboalkoxy! groups, CO-O-R, in which R is

a Cy-Cyq alkyl or a Cg-Cyg aryl.
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