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21 Novenber 2006 WO 2005/090276 PCT/ EP2005/ 050347 9% November 2006

~ METHOD FOR HYDROFORMYLATI NG CLEFI NS I N THE PRESENCE OF
WOERDSEYROEPHORUS COVPOUNDS The present i nvent PQT/EP2005/050347
relates to the use of novel organophosphorus conpounds
and netal 5 conplexes thereof in catalytic reactions
and to the hydrofornylation of olefins in the presence
of these corrpounds. Hydroforrryl ation (known as the oxo

and hydrogen IOH@&NMSPH(H(U@CWPWDSO gl ve 10
t he al dehyde having Gne nore carbon atom Frequently,
the catalysts used in these reactions are conpounds of

e SRR SRR eflae it o SUERLAO AT olntingnions hareioids and meta

conplxd tHerabTh BdtalgBbdRattions Bnd @18 hy8RforiP1dtidR of 8lcfhny # e presence
wi th cobalt conpounds, hydrofornylation with rhodi um

of thoge sompeindds general |y offers the advantage of higher
selectivity under mlder reaction conditions and is
thus usually nore economically viable. In the
Hydrbfodthpiaticn{iaowasd thdyes Ffd&és&y kefirs @6 theGeARIoR HREwedR o ethylenically
conS| st of rhod| um and |gands haV| ng -phosphorus,
m@ﬂgr o) pgcsc;fce of a catalyst to give

the Efd %e%‘n ga%%%gge%%{bﬁgﬁtgé nﬁr?g&%p&,r g)r%g "fed in these reactions
are C@ﬁpﬁmﬂd of taasitidh el BeSacus 8 tED Bf"ﬂl‘ém&lﬁﬂﬁ Tad@: of the Elements,

phosphi tes and phosphonites. An overvi ew of

espaeially spmpaymdstat éhpdé#mép‘éﬂf@akan be found in B,
CORNILS, W A. HERRVANN, "Applied Hoaneneous
Catalysis with Organonetal lic Con'pounds Vol . 1 &2,

In odGipariiéri nb ehen cabiéyisYoth, cdRROEconmydinds, CRfRbMEhylaN&t Sth rhodium
(cobalt or rhodium has its SpeCIfI c a vant ages.

compeprdidersally oHers e pdwamtasecel digher éﬁlgetwm G‘Gd@‘t milder reaction
conﬁ’ti&flse ra%ﬁt rscqfu?é Xﬁgar]gy Shtng.gE e%ﬁgﬁuc%%lgn%agfe aﬂodn%%-ecatalyzed

ands use di'um a

hydﬁolfornijidmiphp hompreme which eomisyEdrholium NP 0SB datidg phosphorus,
hydrofornyl ate a-olefins at relatively |ow synthesis

nitrqges op pXyEsn desor aferas,prefemhbyrafdrivale @aosphgr@a cpapounds as ligands, are
sl IEEA sl HAREON P REAE foSEA8SRom Bl e prosphines,

phoéphae:eaﬁcb p‘lnnilinphglﬁteechg\/d%milgﬁ qu:if ﬂ@dfoﬁ@ﬁiyﬂ@i&ntdf dJéfi daiebe found in
B. CORESTW! AY e RN AN, At o
Compounds", Vol. 1&2, VCH, Weinheim, New York, 1996.

Homogeneous Catalysis with Organometallic

Every catalyst system (cobalt or rhodium) has its specific advantages. Depending on the
feedstock and target product, different catalyst systems consisting of metal and one or more
ligands are used. When rhodium and triphenylphosphine are employed, it is possible to
hydroformylate c-olefins at relatively low synthesis gas pressures. The phosphorus ligand
used is generally triphenylphosphine in excess, a high ligand/thodium ratio being required in
order to increase the selectivity of the reaction to give the commercially desired n-aldehyde
product. In order to increase the economic viability, it would be desirable to reduce the ligand

excess with the same results.
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viability, it would be desirable to reduce the |igan
W@ 2005/8%0376h t he same results. 21 Novenber 200@PCTHRP2005/050347
2005/ 090276 PCT/ EP2005/ 050347 2 US 4,694,109 and US
4,879,416 rel ate to bi sphosphzne ligands and to their
use in the hydrofornylation of olefins at |ow
synthesis gas pressures. Particularly in the
h & O r n high activities i gh
US''4,) . . i
ny’l%g’fé eéq%ﬂ %1\8/11EI % |4;837%¢1§ gégfhf: Z‘\%b R fﬂmef :ﬁég‘?fgsm@g‘{ Fl[i“eg‘ use in the
hydryfoemylatiD 85/ SRARO desioni baattesist pas Biedfibat Particularly in  the
cﬁ%gsphl ne ligands and their use in catalysis,
hydrofermylation iof BRgRFne; Bighackivitiss andaligh gk selectivities are achieved with
i p@w ri dged bi sphosphi nes are disclosed, for
gaé)ﬁ(éaﬁp e, ?‘% US 4, 169, 861, US 4,201,714 10 and US
4,193,943 as ligands for hydrofornylations. The
di vant age of bi dentate phosphine |igands, |ike .
wQ ﬁ%?gm%? caeribes o\ther, éldtea@Per ghesphips| Jeands pHi beiredse in catalysis,
; | .G Jces the economic viability of
mcﬁgﬁﬁﬁgéﬁgpfbpr %’feiggées% n addition, their activity
general ly decreases greatly in the case of relatively

| ong-chain olefins 15 and in the case of_ olefins
Feryog qﬁm&#@w psplEeh e Wsslesed. for s¥rTRkeBIgD HIHPIR61 cUS 4,201,714

dqoER| | m”ﬁ' - for the
o hydr’g %’rg?‘r%/ a?%%ﬂé%?%%?gnc !le%l%%?efi ns having internal

doubl e bonds, but the selectivity for termnally

hydr of or nyl ated conpounds is |low.  EP 0O 155 508 . )
TheplisdV88e of didraiite, pspbineyipds JiFsdbota e above, i the relatively

conRBEBSSENLIER sk SO ISR ALAABy o it proseses I
addigionnthierr activity gemwenllyRivortases opdutiy (ih itheecase BP ketaBaly long-chain olefins

catal yze the hydrof ornyl ati on of |inear ol efins having
andf’éh‘ﬁcﬁ% OIIOA‘?@S%“HY@EH(‘;F e hogddis to form

predom nantly term nally hydrofornylated products, 25

wher eas branched ol efins having internal doubl e bonds

Rhodnen-gomephdsphito moynplaxes @t i gihbldecsiests Vibentht higskoformylation of
nsjtion nmetal center

; di
T R N
hydéoRSimyldt&d LoRpdiabd & RN EP 155 135858 ltﬁ/esllse%\f%s%fﬁene—subsﬁtuted

for reasons
monophosphites in the rhodium-catalyzed hydroformylation of sterically hindered olefins, for

example isobutene.

Rhodium-phosphite complexes catalyze the hydroformylation of linear olefins having terminal
and internal double bonds to form predominantly terminally hydroformylated products,
whereas branched olefins having internal double bonds are converted only to a slight degree.
When these phosphites coordinate to a transition metal center, they give rise to catalysts of
enhanced activity, but the lifetime performance of these catalyst systems, for reasons
including the hydrolysis sensitivity of the phosphite ligands, is unsatisfactory. The use of
substituted bisaryldiols as reactants for the phosphite ligands, as described in EP 0 214 622 or
EP 0 472 071, allowed considerable improvements to be achieved.
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i gands, _Ls unsatisfactory. The use of substj|

W%@ﬂ@ﬂ“&?@l s as reactants for the phosphite Ilbgg{n 3,005“)50347
as described in EP 0 214 622 or 30 EP 0 472 071,
al | oned consi derable i n’prover?ents to be achieved. 21
Novenber 2006 WO 2005/ 090276 PCT/ EP2005/ 050347 3
Rhodi um conpl exes of these ligands are active

Rhd2%igh QbRbBkEALF ARsE BiAY SteSachioe hdrof@inylution d&alysts for o-olefins. US
4,668,651, US 4,748,261 and US 4, 885, 401 _descri be

4,668065pHES ph74826]i guh diS i.885.40i describe prbphesphite Jgagyls gvith which
-but ; b ted with d LV i .

c-ofefasy R alsE) TYOEHGART SP ryraras 30 a3 Sebtih 6 e tominally

hydﬁyfgxé&td%%@ fsor(gﬂdéf%.ni@m EB9RD0S Kidentdit Sighndeeofathis ¥bé are also used to

us hydr of or nyl at e but adi ene. I n conparison to

hydpdfoap¥latedutadgaeds, phosphite |igands generally feature
hi gher activities. In addition, their usually sinple

and i nexpensive preparation is advantageous. 10

In é%lﬂgéﬂgﬁf WS plRpRak Tdandd] phdiphite NgAids FEARNIOS Patiré Bizher activities. In
n

a benzoxazaphosphori none type . are well known in the

additicng theirmseallyssimplelod phespenshaUirenaraton|is abiHniRgeods. El em
2000, 162, 81- 218). Their syntheses and reactivities
with ketones, and also their conplexation to

PhdspEétEs thiPourdicfiBe batRdResHobMRenoddan benrexazaplssphorinone type
conmpounds have not been used in catalysis, neither as

are [Wejlakndsvmior the diteratuzd (sce Bhpspbamis Suklag §ilicpn felat gllem: 20€0, 162, 81-
in.3. Fluorine Chem..1995 5.7 QL .
21 PR a Fan il a8y o wansiion

metBl ReRsdHpEgr trinethyl amne catalysis. 20 However,
the benzodi azaphosphorinone derivatives were not used

in catalysis. Fei et al. describe, in Z Anorg. Aug.

| Ch 2000, 62 63-17 . i.S. .
FopF et BAVCH Gyt e SITE ks e o, o o ot

comletes. and conpl exation to Pt conpl exes. There was no
report of use in catalysis. 25 Borkenhagen et al.
report, in Z Naturforsch. B Chem Sci. 1996, 51,

627- 1638, _chroni R Vi ) ;
Ne%ze ngtogﬂ'el 'az%&“‘iﬁ‘%‘%pﬂl%ﬂrﬁo%g I gan se%Thlggse’ C'J(rnlr’rpgar?r S ﬂ&%r g action of
bepz6diaziphosphbrinone derivatives with fluorinated ketones under trimethylamine catalysis.

However, the benzodiazaphosphorinone derivatives were not used in catalysis.

Fei et al. describe, in Z. Anorg. Allg. Chem. 2000, 626, 1763-1772 the synthesis of
bisphosphorus ligands having benzodiazaphosphorinone units and complexation to Pt

complexes. There was no report of use in catalysis.

Borkenhagen et al. report, in Z. Naturforsch. B Chem. Sci. 1996, 51, 1627-1638, chromium
complexes having benzodiazaphosphorinone ligands. These compounds were not used in

catalysis,

Neda et al. describe, in Phosphorus, Sulfur Silicon Relat. Elem. 1996, 113, 287-294, the

synthesis of benzoxazaphosphorinones, and investigate the reactivity of these systems, but not



catalysis. 30 Neda et al. describe, in Phosphorus,
Sulfur Silicon Relat. Elem 1996, 113, 287-294, th&! November2006

WO20000902760f benzoxazaphosphori nones, and i nveRECTHRR2005/050347
the reactivity of these systens, but not 21 Novenber
2006 WD 2005/ 090276 PCT/ EP2095/ 050347 4 in catalytic
reactions. Kuliev et al. investigated the reactivity
of chl or obenzoxazaphosphori nones. The results are

ded8Bnkn Zh. Gobshch. Khim 1986, 56, 2797-8. The
conpounds were not used in 5 catalysis. In Chem Ber.
1994, 127, 1579-86, Neda et al. report, inter alia,

2 -[(1,1 -hi nyl)-2,2 - .
Kuﬁ?‘y Fbe]s &Wﬂ%ﬁ@@@ﬁf@%ﬁﬁﬁkﬂﬁ%@%@p@@mm The results are
s e¥@l ZANOBEhBO KimNg bk €1e56, 1107 p nd -
itself nor the gold corrNngeg %r@asﬁﬁn%@%%%fﬁt used in
5 catalwis, 664, 427 describes a hydrofornyl ation process in
whi ch specific bidentate phosphorus |igands which
have two trival ent phosphorus atons which are bonded

" In CRerABerd 1094 oy hepzgg ﬁ%}aoét A #&)ﬁ?{g%&i&? %Elé,'n%“zfjm 3 Bifheny-2,2°-

_are used. 15 It was an object o e prese ent*o
diylbis(prolbisbenzexazaphosphednguescesds ther complenftivnmofaigbldy Neither the
l.efins havin | east .qne ef hyl eni cal ly unsat ur at ed
phofpiiaste Sopmind fsclt per ogeld Compis vere imgatalypife
10 activity to give al dehydes shall be enhanced and, in
the case of olefins having internal double bonds,

US 66164,42f edegeriliey iat ydaefdrmylatiorepioosss lir othith specific litstRate phosphorus
increased. 20.1t has been

- ] | dehyd hall b

tigah RN 8 LS T ViR, PRgenbarn o B oo powed o an
ot-hi . ; ' t
B o R

15 It was an object of the present invention to provide an improved process for hydroformylating
olefins having at Ieast one cthylenically unsaturated double bond. In the reaction of o olefins,
the activity to give aldehydes shall be enhanced and, in the case of olefins having internal
double bonds, both the activity and the regioselectivity to give terminal aldehydes shall be

in

increased.

20
It has been found that, surprisingly, hydroformylations of olefins in the presence of
heteroacylphosphites of the general formula (1)

)

25 which do not have two a-hydroxybenzamide groups proceed in the desired improved manner.




)z R4 (1) 25 which do not have two 21 November 2006
igdro benzam de groups proceed in the desired
Manner. 21 Novenber 2006 WO 2005/ 09ATHEP2005/050347
PCT/ EP2005/ 050347 5 The present invention therefore
provi des a process for hydrof®rnylating ol efins,
conprising the reaction of a nonoolefin or a
nonool efin m xture having from2 to 25 carbon atons

I dr n the ..
T bSent A ot e lorc Boba TR Ry Mol BER i Comprising
the freactivh af @ Moroolefinao rarmmmﬂnrtgmamhﬁﬁg wchhz @NE5 Bdrbon atoms with
nor e s of gr. ups to 10 of 5 the Periodic Table
gfe &y goxe en h&drvgenﬂs the gresence pf 2 hmwylmlosphﬂe of the
d
ge“Ef‘*;c [5FRL) 87 o inBndig cBARR it bl ol ptils B froups 4 10 10 of
5 the?bnmd&cﬂ'ab],eoﬁthnrﬁl&memsheteroarorrat| c, mxed
aliphatic-alicyclic, mxed aliphatic-aromatic,
het & ocy ic, mxed aliphatic-heterocyclic hydrocar bon
R2r adi flaving 10 from1l to 70 carbon atons, H F, d,
% -CH2(CF2) CF3 where j = 0-9, -ORS, -CO?S,
M -SiR53, -SRS, -SO2R5, -SOR5, -SQO3R5,
L -NRSR6, -N-CR5R6, where R5 and R6
are the Same or different and are each as defined for
R, Rind Mis an al kal i metal, formally half an
al kaI [ ne earth nmetal ion, an amg?n um or phosphoni um
i on, z are each |ndepend tly 0, NR7, S, where
wherg R's B %geflkn@ddfanam theasaime , ory di fferent eanﬂohreléach a substituted or
rovi so that when

0
unsielHu AGlAB izl cromielie e reariRates By edralippatic-alicyelic, mixed

aliphatic-aromatic, heterocyclic, mixed aliphatic-heterocyclic hydrocarbon radical having
10 from I to 70 carbon atoms, H, F, Cl, Br, I, -CFs, -CHx(CF,);CF3 where j = 0-9, -OR®, ~COR’,
-COR’, -COM, -SiR%, -SR’, -SO;R’, -SOR’, -SO;R’, -SO:M, -SO,NRR’, -NRR®,
-N=CR5R6, where R® and R® are the same or different and are each as defined for R', and M is

-

an alkali metal, formally half an alkaline carth metal ion, an ammonium or phosphonium ion,
X, ¥, Z are each independently O, NR’, S, where R’ is as defined for q, and X, y, z are not
15 simultaneously O, with the proviso that when q has a radical which has a structural unit (6c)

¥

R3 1’P\Z1/a
y (60)

where the R' to R* radicals are each as defined for formula (M), x', y', z' are each
20 independently O, NR, S, where R’ is as defined for g, T is an oxygen or an NR*® radical,

where R* is as defined for q, and the a position serves as the attachment point,

x and x' must not simuftaneously be N and

x must not be N when T is NR*?,
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Rz xlI 11P~ ~. a R3 4 4 (6C) where the R1 to R4 21 November 2006
yl

ézalcals are each as defined for fornmula (1), x1,
WO2085/09076n 20 i ndependently 0, NR7, S, wher @CI/EP2005/050347

as defined for q, T is an oxygen or an NR3o radical,
where R30 is as defined for g6 and the a position
serves as the attachnent point, x and x1 nust not
simul taneously be N and x nmust not be Nwhen T is
NR30. 21 Novenber 2006 WO 2005/090276
PCT/ EP2005/ 050347 6_ In referred enbodi nents, q, R,
In meefered embodiRents; g, BAART, BS adé R negledchias ﬂyﬂﬁddcfaf bBgdrocarbon radicals,

but . the radicals are_unsubstituted wth_a
bmﬁﬁ%ﬁg E‘%f“‘%ﬁ’?“*b‘l%ﬁ‘@?@ﬁ&‘h& nyrpbstof cargomatoms,ef frgrt | éq,$0yin particular
frothriog@2s, to 25. 5 Moreover, R5, R6 and R7 are preferably
each H, or an unsubstitut ed aliphatic or aromatic
hydrocarbon radical having froml| to 25 carbon atons.

Mofgovi JERE" 984 R ergrelfi 510 Ho gbemamsubrgiish Avghatie or aromati
hydtatafibnSdisdliHatihg Gofl 1 WE305bdd 4tb dﬁ@' aromati c,

het erocaromatic, aliphatic, m xed aromati c- allphatlc
or m xed heteroaromatlc al i phatic ring system In a

It i rcu531 e gngt F’g { %‘%ﬁ%ﬁ{ gphoﬁo E#I gxgﬁét,tﬁsand%wf{"' %mé ]I'24) radlcals together

forxﬁ %tfﬁidé%ﬁﬁﬁhﬂe@ Or Wiubktitafe abifRS hdibrdhRehaBk, @bﬂ%ﬁd hﬂﬁ&fjaroma’ac-

at | east one radical selected from 15 alfphatic
allphmfctgtdnﬂ{ed heterpatompatic-aiphaticoingysteinc, i xed
al i phatic-alicyclic, mxed aliphatic aronmati c,
het erocyclic, m xed aliphatic-heterocyclic hydrocarbon

In a{;&dﬁ_’eﬁ(i:'g% hﬁ@@@% ;;mre &f the éﬁf?xgn}w anban qgﬁ&ea is Eele(%&ggﬁx aromatics -
or hf:@@ggnaucs ©Cpigh are spmbgntutegm; submtﬁlsby aSemSone B@BfEbselected from
ahphgg,?’ '\ﬂhcyé%z Na'?gn%gﬁc, yc'?esrggfomaac nm:c%l5 Iéﬁiq:ahat:rc-al1cychc:, mixed aliphatic-

aromatic, heterocyclic, mixed aliphatic-heterocyclic hydrocarbon radicals having from 1 to 25

carbon atoms, F, Cl, Br, I, -CFs, -CHy(CF,);CF; where j = 0 — 9, -OR®, -COR®, -CO.R’,

-COzM, -SiR%, -SR’, -SO;R%, -SOR?, -SO:R®, -S0:M, -SO;NR°R®, -NR°R®, or -N=CR°R®,

where R®, R® and M are each as defined above.

In a further process variant, a heteroacylphosphite of the formula (1) is used, whose q radical
consists of the -W-R radicals where W is a divalent substituted or unsubstituted aliphatic,
alicyclic, mixed aliphatic-alicyclic, heterocyclic, mixed aliphatic-heterocyclic, aromatic,
heteroaromatic, mixed aliphatic-aromatic hydrocarbon radical having from 1 to 50 carbon
atoms, and the R radical is an -OR’, -NR’R®, phosphite, phosphonite, phosphinite, phosphiné
or heteroacylphosphite or a radical of the formula (6¢), where R® and R® are the same or
different and are as defined for R, but are preferably each independently H, unsubstituted
aliphatic and aromatic hydrocarbon radical having from 1 to 25 carbon atoms.

In a heteroacylphosphite of the formula (1) used with preference, which has a q radical with
-W-R, W is-a radical of the formula (2)



where R5, R6 and M are each as defined above. 20 '?ﬁa\\lovemberzow

further process variant, a heteroacyl phosphite of e
W@@ﬂﬂifﬂ%’%ﬁ) is used, whose g radical consi st PCI/EPRO05/050347

-WR radicals where Wis a divalent substituted or

unsubstituted aliphatic, alizyclic, m xed

al i phatic-alicyclic, heterocyclic, m xed

al i phatic-heterocyclic, aromatic, heteroaronatic,

m xed al i phatic-aromatic hydrocarbon radi cal having

from1l to 50 carbon 25 atons, and the R radical is an

-ORS, - NR3R6 phospHi te, phosphonite, phosphinite,
pho%ghi ng et er oagyd phosphite or a radical of the
for »-R5 and R6 are the sane or

differg 5 defined for R, but are

pr efer ably sgrdent |y H, unsubstituted
al i phati ¢ and/arojmati c hydrocarbon radi cal having from
1 to 25 @arbon atlnms. 30 In a heteroacyl p@dsphi te of

b3 S U 40,05 ST AR 5 B o
for 2j] prefepibhe Ea&oﬁﬁe%é{ﬂ:&g@ a/ A8 ARNP CIbERALD Bt AR@dfthtuled aliphatic,
RIZ a b (2 RI, RLO

.R10 R73 ::cllx:: d ) a% wher e RS, , :
alicpelic, parpmatic.3 hetguogromaticr Mixed e aliphaticalieyclic, dnikéd rdiphatic-aromatic,

e efined .faqr .g, preferably eac
hergHieye At mERR W AR ASheOhte HieeBbRrElith b fom 1 10 50 carbon
atortif)SHPE! CL Brell -aiFs, plELICE,)EFawig)jct 0C, 9ICRPALEORS, -CO,R’, -COM,
[ hatlc-allcycll m xed

_hetergaro iC xed ,
S-SR EOoBs R - SOSRDt SPa0dy SORRRE B R, NACRIRS, where R and

6 ali PYoly ' ocar bhon_radi.cal s havin .
R it SRRl el ARl fodt i AR LA Refor e, aiphati
and -afciR4ticAR)}dotbowiridicdls Faving fr8m 1-t03S, cartloBRms; &t 8bis an alkali metal
. -C -Si R53, - SRS, -SO2R5, -SOBS, -SMBR5, - SBM
mﬂaf%zem:zén& an_alirading carthmeirbivg, amimeri@RY phosphogivay oneach

i ndependently selected fromH, nonoval ent substituted
or unsubstituted, aliphatic 10 and aromatic

tis AYR' WA HRFRIGNR'E| © oh8\hdigal R End RiDard5s dafiRaToPROMEI RS, n is 0
andg Mis an alkali netal ion, formally half an

or L.angd the grandbypasifions serve poattachmaphoits-or  phosphoni um i on.
t is a CRI6R17, SSR6R 7, NR16, O or Sradical. R 6
and R7 are as defined for RS and R6, nis O

It is possible that two adjacent R® to RY radicals together form a fused substituted or

unsubstituted, aromatic, heteroaromatic, aliphatic, mixed aromatic-aliphatic or mixed

heteroaromatic-aliphatic ring system.

In a further heteroacylphqsphite of the formula (1) usable in the process, W has the definition
of the formula (3)

R20 R21
R 19 t R22
R1 3 t R23
a b

3)



or i and the a and b positions serve as attachnent

$Oi nts. 15 It is possible that two adjacent R8 to I%ilSNovemberZOOG
WO 2080¥8902760get her form a fused substituted or PCT/EP2005/050347

unsubstituted, aromatic, heteroaromatic, aliphatic,

m xed aromatic-aliphatic or ngxed

het eroaronmati c-aliphatic ring system 20 In a further

het er oacyl phosphite of the formula (1) usable in the

egsio hagi ke Bniti f r_oyl
ORI, MRS, Rk ol BT i e o
pre@@didy e DASRhASAR7H niondy iR GObtREBB 47 ulisubstirited Mphatic, alicyclic,
ng, R20, R21,. R22 %2% R23 are the same or different .
aromghC-ahedeTaaromaie. g H’hﬁﬂ?'ﬁﬁﬁyc%r@f@ﬁa%@a%mmh% heterocyclic,
it SASPEAALEL AERASKSL SO AR et ] 1 50 caonioms 1.7,

5 Br,Het-€FaBCTCFmwitdj &l 6 phayt HaR%I-CORS| FCORA, x€M,M, -SiR%;, -SR®,
SR ERGR LR S, SORTEREC ER, ERs wheww Ricpnd R are cach
ind Rty Sleltel e " fovalgt. Spipttec) e aliphatic and
arom@ie hydre@iriRsGadic8RBavinSERRG] fo- 25CRhon MAahiand MoisdM alkali metal ion,
i P R e B S

10 or unsubstituted, aliphatic and aronatic hydrocarbon
radicals having from1 to 25 carbon atons, and Mis an
Theatt #ad b positions indhg formolaes dnd heerve svatachméntpeirtato the R radical and
¢ netal .ion ﬁ: ni um or phosphoniumion. 10 The a and b
0265%?05’%1%( ‘the fornmulae 2 and 3 serve as attachnent
points to the Rradical and to z as per fornula (1).
ot is,GaWCR3$BA}7, SiRL6R17, NR'6, 0 or S radical, where
tis ROR &d, $W7Rar, VRS, Qeof Sredicslowhes Rihend®R'’ are as defined for R® and R®

15  and the a and b positions serve as attachment points.

Again, it is possible that two adjacent R'® to R radicals together form a fused substituted or
unsubstituted, aromatic, heteroaromatic, aliphatic, mixed aromatic-aliphatic or mixed

heteroaromatic-aliphatic ring system.

20
In a further variant of the process according to the invention, in the case of the
heteroacyiphosphites of the formula (1) which have a q radical with —~W-R, the W may be a
radical of the formula (4)
u
25 a b “4)

where u is a divalent group selected from radicals of the formulae (5a), (5b) and (5¢)
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&znts Again, it is possible that two adjacent Rs to
WR2905/800%78 s t oget her form a fused substit ut edPGF/EP2005/0650347
unsubstituted, aromatic, heteroaromatic, aliphatic,
m xed aromatic-aliphatic or n$xed
het eroaronmati c-aliphatic ring system 20 In a further
vari ant of the process according to the invention, in
the case of the heteroacyl phosphites ofod he ieprnul a
igh have a qg=adicalpagith -WR t y be a
@27t he for a u 25ab(4)/ ereuisa
group sel ectled from radi caR&t the frul ae
%Sb) and (5c) 21 Mpbvenber 2006 805/ 090276
0051050347 9 R25 R26 'R24 R25 R26 |R2l7 R24 R25
R24 R27 b ab b (5a) (5b) (5c) in whi CHR%(24, R25,
R26 and (&)1 are the sane @sb)different and argsgpch as
defined for q, 5 preferably each independently a
nonoval ent substituted or unsubstituted aliphatic,
4 25 tpa, i '
e el ™t TR QP Mdren Ul cach as dfined for g

prefesﬁ;béy em:}tlczhdq;endentbyeﬁn:ﬁhb\ﬁﬂm Isﬁbdmaited ot uﬁéﬂb@ututed aliphatic, alicyclic,
oﬁ:ar bon radicals having from1 t o 50 carbon at ons,
roaropatic, jmixedradiphatig=plicyris, j regd \liphatjc-aromatic, dheterocyclic,

o B i B, B 5 T o 7.

Br, iheCEs, REHla(ergcm evithaih oée 9,MOR e nOORS) memse;:cegivﬁ LOIR’;, -SR®,
a stitute stitut al | atic

-s03R", SRS Tsthk® ,h%p%ﬁw ml\‘}i"uﬁg %ﬁ%ﬁqf%@p@ dRS are each

indGRARDAY AL Eed Hdth M SnddBvabdtelibsARER of Qfbsubstituted, aliphatic and

aromatic hydrocarbon radicals having from 1 to 25 carbon atoms, and M is an alkali metal ion,

formally half an alkaline earth metal ion, ammonium or phosphonium ion, and the a and b

positions serve as attachment points for u.

Here 100, it is possible that two adjacent R** to R* radicals together form a fused substituted
or unsubstituted, aromatic, heteroaromatic, aliphatic, mixed aromatic-aliphatic or mixed

heteroaromatic-aliphatic ring system.

In a heteroacylphosphite of the formula (1) used with preference, which has a q radical with
-W-R, R represents radicals of the general formulae (6a), (6b) and (6¢):

Q 1
| R T

R28 A x)l n x)1 RS X!
W

29 a P. a P _a
iRV ve N e, RO Y
y m z k m k R4

(6a) (6b) (60)




formally half an al kaline earth netal ion, ammoni U Yovember 2006
éhosphonl umion, and the a and b positions serve as
20809376 points for u. 15 Here too, it is pERETAPR005/050347
that two adjacent R24 to R27 radicals together forma
fused substituted or unsubstigtuted, aromati c,
heteroaromatic, aliphatic, m xed aronmatic-aliphatic or
m xed heteroaromatic-aliphatic ring system In a
tRe® QAE BeP f 1
wh%’rée of en?:{e 5o %Aﬁh aog déﬂ"é}gnt Idé%la &c‘l %de%%&%n% B dﬁ'med for R*, but
prefeealﬂyasaembﬁo\ram mktﬂysﬁﬁtddhﬂqﬁleﬁ@rzﬁicyélw AkdnRRic( ﬁéf)aroafcﬁﬁe)tlc mixed
nd (6c¢); T  2xi. nx}~RR8x~ni i [W
%c-ﬂh‘afch@nsv mpixpd., aliphatiggramaticp-beterocyrlfe, (maixed ( em;haperdayterocychc
0 7 ER, 1050347 10 =
hydegkalNGAREYs RRtNs stk PR J0el Sl PP B AP B kG0 or 11
5 0 of mdaaelm@pbmmaserdes‘asrtael aftsohndSint péint. R'pREFFEY Rblcy W, x, vy and z are

| Li ph I i
eac ngﬁéqu 2 %ns}pﬁé?iéqlij alaci gﬁg{eﬁge %n':'t‘?e Egtl’;lﬁ?ql;ﬁlat%g‘gl a deéiy@ql fag, the formula

O0.3'Y Ehal e Agh BB &, NI SARAER! TepdUefB80 iy 15 an omvgen

or dur}RT° ]racﬂloalﬁﬂle@aRB%B aatlemed for g, tHe @fpodition servés akrth& atuiehment point
) 1 and the a position serves as
andyin e ﬁﬁssﬁ'flat.s%ﬁsrﬁrp X find X st gt sipwltaggously by @ﬂdamuszt ngf be N when
10 TiSap defined as SpeCIerd and where the R to R4
ra icals are each as defined for the fornula (1), x1,
, zt are each independently 0, NR7, S, where R7 is

o GRS, 8, 2 A o sl o o o
e R i i
hetdrearbinatiealiplibfic fing sy=e8.0

15
The following phosphite ligands mentioned below by way of example may be used in the
process according to the invention, where Me is a methyl group, ‘Bu is a tert-butyl group and

Ph is a phenyl group.

By

20 Bu (A)

9]
selen
|
3 0F
By

B)



In each case two adj acent R24 to R27 radicals ma
toget her forma fusJed substituted or unsubstitu%/e&,1 November 2006
WQRB0HPPR76het er oaronatic, aliphatic, mxed  PCI/EP2005/050347
aromatic-aliphatic or m xed heteroaromatic-aliphatic
ring system 15 The follow nglphosphite |igands
nmentioned bel ow by way of exanple may be used in the
process according to the invention, where Me is a
met hyl QUpP, 'Bu is a tert-butyl group and Ph is a
phenyl . O LNtBu iP'O\ 20 tBu (A) OtBu O
SIIP'O PBu (B) 21 Novenber 2006 WO 2005/090276
1050347 11 ON iP-~-ON / O\ (O OQOw Ow
t Bu

©

MeO (D)

)




-POP\ OtBO- N\ / MOf uMO(D O O tB
(J tBu tBuOO- OP P-OOHNO tBu MO MO(EjOvember2006
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WO 2008020%76r 2006 WD 2005/ 090276 PCT/ EP2005/ 0PESWEPLH05/050347

Ok OV tBu / tBu tBu O 0O\ -PA Pi= O MO u MO tBuU

tBu tBu tBu tBu ~-0 O- OP RZO OS O tBu tBu / |

tBu (G

(&)




tBu tBu tBu tBu tBu O 0O\ -PA Pr-OOitBu PhNO t
5 tBu 21 Novenber 2006 WD 2005/ 090276 21 November 2006
W@@Wﬁﬂ%/ 050347 13 tBu tBu tBu tBu tBu b @CTAEP2P05/050347
POtBu HNO tBu O 1\ / tBu tBu tBu COOwvw COOWw
tgu OO\ OP P-O OPhN tBU3/ tBu | tBu (K tBu
tBu tBu tBu

Q)

By (K)

1)




tBu OO \ -P\ PEPh NOOOtBul / \ tBu s tB u)

November 2006 WO 2005/ 090276 PCT/ EP2005/ 050347 1422'1"'°"e"‘b‘;’f2006

WORBAFNR0Y76, tBu tBu 0 O OP P-NO tBu - MRCVEPRO0S/050347
PAN O- P-O COOMe COOMe tBu O OP\ O O tBul /
tBu tBu tBu tBu tBu tBu 14

M)

0)




tgu OO -PA PN OOO tBtBu 5 tBu ~O 21 Novenb
2006 WD 2005/ 090276 PCT/ EP2005] 050347 )15 ave. ove 21govember 2006
WORMS/09RT6b O P-N O OO I\/EO tBu Ove \ / (P)PC’f)EII’2005/050347
"Bu OO OPP-N OO'Buu'Bu (Q 51\ 1\ /O
O \ OP\ p- 0 PhN tBu / tBystBu (R

®)
By 0 0 >L
O—P\/ “p—y
tBLI O tBl.!
'Bu Q)

(L
By
/0 0\
0—R P—Q
o /
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,-O0 P-N MeN O (W 5 Heteroacyi phosphites of th
formula (1) can be prepared by a sequence of react ?gnlgovemberzoos

WOR00PBAN60or us hal i des with al cohol's, anmi nes, ROT/BPLN05/050347
car boxylic acids, carboxam des, thiocarboxylic acids,
a- hydr oxyaryl carboxyl i c aci dgy
a- hydr oxyar yl car boxam des,

a- hydr oxyaryl t hi ocar boxyli c aci ds,

a- am noargl carbqgxyl i c aci ds, a-am noaryl carboxani des,
a- ani noar%ﬁ hi oé%boxyl i c acids,

a- nmer cap atboxylic acids, ato

i am des and/ or

a- mer cant o2y gcar boxylic acids, in which hal ogen

@P8ME on Tt he phdsphdr@@Meamy be exchanged for oxygen,

| trogencand/ or gsul fur groups. The basic procedure is

["ust Pat ed by mé¥L96 exanpl e using a route to

pounds of t g genexal. formula (1): 15 In a first

Not the qormul a (la) is reacted with a
s trihal pge\P(Hal )3, for instance PCl3, PBr3
, prefer ‘,@, osphorus trichloride PC13,

wi t hout base or iN_gresence of a base which i gyysed

in equivalent or catalytic anmounts, to give the

conpound of 21 Novenber 2006 WO 2005/090276

PCT/ EP2QQ5/ 050347 18 the formula (1b). RLO R1 0 Rz

RZ M PN yHR3 yi Hal R4 (1a) R4 (1b) 5 1In a

second-xgact Lew, step, the desired heteroacyl phosphite

Qaryl

of t is obtained from the conpound (Ib)
, k~an_al cohol HO-q or with an am ne
co ) -1 h &OPMesl HS-q without base or in the
presenae of ad\:)ase whi S used in equival ent or
catalytic /P--N
MeN 0
(W)

Heteroacylphosphites of the formula (1) can be prepared by a sequence of reactions of
phosphorus halides with alcohols, amines, thiols, carboxylic acids, carboxamides,
thiocarboxylic  acids, a-hydroxyarylcarboxylic acids, o-hydroxyarylcarboxamides,
o-hydroxyarylthiocarboxylic acids, a—aminoarylcarboxylic acids, a-aminoarylcarboxamides,
o-aminoarylthiocarboxylic acids, a-mercaptoarylcarboxylic acids, O~
mercaptoarylcarboxamides and/or o-mercaptoarylthiocarboxylic acids, in which halogen
atoms on the phosphorus may be exchanged for oxygen, nitrogen and/or sulfur groups. '{hé
basic procedure is illustrated by way of example using a route to compounds of the general
formula (1):

In a first step, a compound of the formula (1a) is reacted with a phosphorus trihalide P(Hal),
for instance PCls, PBr; and PJ;, preferably phosphorus trichloride PCls, without base or in

presence of a base which is used in equivalent or catalytic amounts, to give the compound of



amounts. R0 R2 HOq X HS-q or (1) R3 y-P-Hal HYeR \vorobar 2006

)-q R4 10 (1b) The RL to R4, R7 and x, y and q
WOD3/898274r e each as al ready defined. Since tRCT/EP2005/050347
al cohols, am nes, thiols and carboxylic acid
derivatives used and their sylgsequent 15 products are
frequently in solid form the reactions are generally
performed in solvents. The solvents used are aprotic
v, whi ch react neither with the al cohol s,
thegrér?nllnﬁlgg,t t)hi ols or carboxylic acid derivatives nor
W th the phosphorus conpounds. Suitable solvents are,
for exanple, tetrahydrofuran, ethers such as diethyl
ether or MIBER{netdyl tert-butyl ether) ROr &
hydroca%ons such jas toI uene. 20 The re ctiof of
Ry .

phospho W] é_@ﬁhol s, a S or
car boxylic |p deri vatl 3 or m hyd hal i[de

whi ch esgag a result of heatipg P: OWFH\BZ
added bes 1 21 Wovenber 2006 2005/ 090¥76 4

PCT/ EP2005/ 059847 19 equivalent or in ggtalytic
amounts. Exanpl é®of bases are tertiary anis such as
triethylam ne, pyridine or N-nethylpyrrolidinone. In
sonme cases, it is also sensible to convert the

5 In AoORDIcsCHdh 18, Whe dMslrex h&@ﬁa&ﬁﬁﬁsﬁm eh&th@ ?&}duw(l) fiO8btained from

19

15

20

exanpl e by reaction with sodi'um drid
the [somppynd (ib) by reactine vgth arealcehal iwqmrswlﬂben\aenge HN(R")-q or with a

tich R o s R i GPieg S8 SR8 B i B e e o sy

am&@s. ppm nore preferably fromO to 250 ppm

R'" o
K2 HO-q
X HS—q or
| (43
R y/P\Ha' HN(R")-g
R4
{1b)

The R! to R* R” and x, y and q radicals are each as already defined.

Since the alcohols, amines, thiols and carboxylic acid derivatives used and their subsequent
products are frequently in solid form, the reactions are generally performed in solvents. The
solvents used are aprotic solvents which react neither with the alcohols, amines, thiols or
carboxylic acid derivatives nor with the phosphorus compounds. Suitable solvents are, for
example, tetrahydrofuran, ethers such as diethyl ether or MTBE (methyl tert-butyl ether) or

aromatic hydrocarbons such as toluene.

The reaction of phosphorus halides with alcohols, amines, thiols or carboxylic acid derivatives

form hydrogen halide which escapes as a result of heating or is bound by added bases in
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The water content can be determ ned, for exanple, November 2006

the Karl Fischer nethod. 10 The solvent can be drié
WQ2085/899276i ng t he sol vent over a suitabl e desiRCBMP2005/050347
by passing the solvent through a cartridge or colum
filled, for exanple, with 4 A9nol ecul ar sieves. The
synthesis steps preferably proceed at tenperatures of
from-80C to 150C; in nbst cases, it has been found

eq!.ﬁl‘%.(l)%ﬁ ?rlsoﬁéuhaitél pre%‘ﬁ ‘ﬁ%s[ y ataﬁélrorﬁrfgéa‘%g %‘rﬁ %’gtc ﬁrt@]%es such  as

triefybmeng, ;gzndmechmg-rrteﬂayﬂﬂ)eroihﬁitﬁﬁé i18 BomE ReselER o #lsdéensible to convert
or 10 of the Peri odi c Tabl e of

roup, 4, 5, , . 1,.8
the (o Hlcinoital HpideS el s Eappions Tor cxumRla By creaeionl With sodium
hy(ﬁﬁgof igifucobal t, iridium nickel, palladium

pl ati nu i ron, r ut heni um osm um chr oni um

nol ybdenum and 20 tungsten. The nmetal used is nore

Th ﬁﬁferabl rho%ﬁum The catg,lyst metal s may be L
m‘i‘%ﬁt veRe sybstaatialy Watsr-1and xygen-Bee; qupferpnes is given to
f
SRR s e, ¢ sl s SHRA ot 250 po.
TheRmgtGGodieat ear) be detarmined, fox ekathpleciyothaKeyl, Fxsdheﬂnuﬁbd.

acetate, rhodi um octanoate or rhodi um nonanoate are
suitable. 25 The active catal yst species fornms under

The! fvenf st bORri&P Hfsh § Q%Ik%tﬁ%v@teﬁ §hi @&R%?:R*Hr r]p::lssmg the

| 1 gands of the ftor he ca
solvehethtyugh afcartriggeatn aoh;mmﬁliai, lﬁmeptbmbyadmtﬂ drA molecular sieves.

het er oacyl phosphite conplex is forned on contact with

synthesi s gas. The heteroacyl phosphites and further

Thel $;0BHRES 8% RBAMIE Prdcled Q@te e aPﬁZ&S LGodc® t(% r1§§°C; in most

form together w tth™t he cata a sal
casesoitiiaekycn fonnd telbe usafulototwedri at kmnmum:e of foal Y20°C30 110°C, more

is al so possible to use a
PMﬂ%%EE?gzﬁﬁq%ﬁ%ggﬂ)te nmetal conpl ex, which conprises
t he abovenenti oned heteroacyl phosphite |igands and the
catal yst netal as a 21 Novenber 2006 WO 2005/090276

In tﬁ@i’l‘mmaﬂﬁmﬁe(jﬂvmﬂmtﬂm anetdle of tgmpad;t 528, 7, 8, 9 or 10 of the

e o e SR i s o o

mdzhﬁ@%ldkﬁg Eitﬁﬁﬁfﬁl@ﬁﬁuhﬁt Borf Fhih aaﬁtpb % égTo‘tyﬂd%nm and

ement formor I'nt
tung@@nplihm metal wiped i endre tpmfexahlylrbdthph The czitalgstmdetalk tmayrbyintroduced

o LR L ok P60 S0 BEOFPI ot R o campt

rhodi@h e QfsoryRNOsRidikg | m&ae ds rlﬁ'ﬂﬁmﬁ’ r QARRe ASRhEONGER) (acac =
ligand in the hydrofornyla
acetylacetonate), rhodium acetate, rhodlum octanoate or rhodium nonanoate are suitable.

The active catalyst species forms under the reaction conditions from the heteroacylphosphite .

ligands of the formula (1) and the catalyst metal. In the hydroformylation, a carbonyl hydride-
heteroacylphosphite complex is formed on contact with synthesis gas. The
heteroacylphosphites and further ligands may be added to the reaction mixture in free form
together with the catalyst metal (as a salt or complex), in order to obtain the active catalyst
species in situ. It is also possible to use a heteroacylphosphite-metal complex, which

comprises the abovementioned heteroacylphosphite ligands and the catalyst metal as a



10

15

20

23

30

m xture. In the process according to the inventi on.?" November 2006

further ligands for the netal atomused in additio
WO20050%027ands of the fornmula (1) may be used.PCGD/EP2005/050347
Addi tional ligands present in the reaction m xture may

be phosphorus |igands, prefergbly phosphines,
bi sphosphi tes, phosphonites or phosphinites. Exanples
of such Iigands are: 15 phosphi nes:

pre ’-E‘J.S‘%JE %&%" oa)% % | nelaﬁ§ rﬁc@?%yc%qgﬁ ;) E’hﬁgph?tﬁrgacylphosphxte-metal

corﬁplbﬁe(sparﬁeﬁrbpafb@ b NiehotiHg0 hdpfi?ﬁ)pnate catalyst metal of groups 4 to 10 in
tris( g di net hyl am no henyl osphi ne,

clemental fors oty thetfoup rf & éhemlpal@ymp@p@deh dhokss¢rderylphosphite ligand. It

ma% g% vak )‘ﬂ%@ﬁ%&ﬁ%ﬂ&{ﬁc&fpﬁﬁ%ﬁﬂﬁ Il%ﬁ%(gshqftﬁeef erula (1) are used in excess,

S0 tHat heteboaicylphbphid iligends2éte [Hesefi bd @ frbé B the hydroformylation
.phosphite, triethyl phosphite, tri-n-propyl phosphite,
i -propyl phosphite, tri-n-butyl phosphite,
tri-i-butyl phosphite, tri-t-butyl phosphite,
tris(2-ethyl hexyl) phosphite, triphenyl phosphite,
In the pﬁicﬂssﬂacdord(ngbtbtt}ié pivesityon, findies Bighdds, for the metal atom used in addition
s(2-t-but - et hoxyphenyl ) phosphite,
tot{;qizga(ngs Pf@ﬁté’{‘mlﬂa('@ﬁm beivsedl ) phosphi te,
tris(p-cresyl) phosphite. 25 phosphonites:
met hyl di et hoxyphosphi ne, phenyl di net hoxyphosphi ne,
Adchhem@tlllgandlnepmsw inhthe pbdctién mixture may be phosphorus ligands, preferably

henpx benz[c, e] [ 1, 2] oxaphosphori n and
Phoa%‘ﬂ{’ é@@%r@&spli“ﬁ“ﬁ%f’w osplaniesor al | of the
hydrogen atons have been replaced by al kyl and/or aryl
radi cal s or halogen atons. 30 Conmon phosphinite

Exdrn;{ljﬁmfsueiibgaﬂﬂpﬂmyl (phenoxy) phosphine and its

h I th h
phogg 5y IGDRHBIR e HP Ry DRiepes,  pisGmaolehpkasphine,  tristo-

B T T ——

mcynén’rmkglphsspm brizyclepehiylphgzphiee sisiethylphesphine, trl(l—naphthyl)phosphme
preferabl y having from2 t

forr Iatl g ol efins,
wibgslgho SEDRRG (B ANREhoRlERe 6 10 12 and
nost preferably 8, 9, 10, 11 or 12 carbon atons, to
gi ve the corresponding 5 al dehydes. Preference i’s

phogphrtesr teimethyyb phbsphjteh ettiethgh pHoppitep hirt e payh | hseshite, tri-i-propyl
phosp%te n%_ utyll phosph1te tri-i-butyl phosphite, tri-t-butyl phosphite, tris(2-ethylhexyl)
phosphite, triphenyl phosphite, tris(2,4-di-t-butylphenyl) phosphite, tris(2-t-butyl-4-
methoxyphenyl) phosphite, tris(2-t-butyl-4-methylphenyl) phosphite, tris(p-cresyl) phosphite.

phosphonites: methyldiethoxyphosphine, phenyldimethoxyphosphine, phenyldiphenoxy-
phosphine, 2-phenoxy-2H-dibenzfc,e][1,2)oxaphosphorin and derivatives thereof in which
some or all of the hydrogen atoms have been replaced by alkyl and/or aryl radicals or halogen

atoms.

Common phosphinite ligands are diphenyl(phenoxy)phosphine and its diphenyl(methoxy)-
phosphine and diphenyl(ethoxy)phosphine derivatives.
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group 8 as the catalyst precursor. Preference is g'&’éeﬁovemberZOOG

to using from1l to 500 nol, preferably from1l to 2
WO2D0EHAM276re preferably from2 to 50 nol of tHET/EP2005/050347
i nventive heteroacyl phosphite per nole of netal of
group 8 10 of the Periodic Hable. Fresh
het er oacyl phosphite |igand nay be added at any tine in
the reaction in order to keep the concentrati on of
free heteroacyl phosphite, i.e. not coordinated to the
metal , constant. The concentration of the netal in the
The' Béterloh®/iphshitts r e tepdRYPheDhite-nfbtdl RBnIpRAGS sl YD dsed M brocesses
to 15 1000 ppm preferably’in the range from5 ppmto
for bydropymmylating sdefor, preferatdy hvingiftpm 206 26hwrbonesems,omore preferably

1 X} U The .hvd r [ reactions, perfornmed wth \
froff o s G RIS Y B2 Tt 7 e 77 bl 3R 1 B e soresponding
aldeydese PRTORhEis Fovedl hefO térefcyihoRHifeofRpkxRY having metals of

known met hods, as described, for 0 exanple, in J.
growpf py-thecpgalystpriecresares wi t h Car bon Monoxi de”, Spri nger
Verl ag, Berlin, Heidelberg, New York, pages 95 if.,

(1980). The ol efin conmpound(s) is/are reacted in the

Prefer@renis @ivth fohesisd fidhy 31to$00hmal, Hretbiabs BbmCP1@ M0kl and more
synthesi s gas) toégl_ve the al dehydes having one nore
pre ot 2o S02motfdhe wyentiverhetcsopsEiphosphite perrmole of metal of group 8

ranl 0] C referenti al from . .
of BEFERR, YAk A0 bl RubFafe PGl okl s A tme in e
readtipdl i@ bdeyd Récpahe PorRefeARNVTEreR hefeedadPblodphRe)it, h& 3BRlinated to
bar jas synthesis gas and preferably from 10 to 64 bar.
the metalgopstAnt; at i 0 bet ween hydrogen and carbon nonoxi de
(H2/CO in the synthesis gas is preferably from 10/1
to 1/10 and preferentially from1/1 to 2/1. 30 The

Theashednyratiowof the endtal G thd reactidh Soumsid pmfmmgrﬁ@ﬂm%ei ffom 1 ppm to
t he hydrofornyl ati on nmi xture 21 Novenber 2006 ]
1009 ppmy prerzely pethesrange Sroo5d prm (2 B000pAs ibgsedren te total weight of the

. 35'%&5’ (ol efins and synthesis gas) and products
reac?‘.\gfl ehydées, alcohols, high boilers forned in the

process). Optionally, a solvent can be used

dditionally. OMng to their_relatively high nolecular
Th prmylafionrepctions poriomessowits e heisreadyiphosmdtites iof theyformula I or

the corresponding metal complexes can be performed by known methods, as described, for
example, in J. FALBE, "New Syntheses with Carbon Monoxide", Springer Verlag, Berlin,
Heidelberg, New York, pages 95 ff., (1980). The olefin compound(s) is/are reacted in the
presence of the catalyst with a mixture of CO and H, (synthesis gas) to give the aldehydes

having one more carbon atom.

The reaction temperatures are preferably from 40°C to 180°C and preferentially from 75°C to
140°C. The pressures under which the hydroformylation proceeds are preferably from 1 to 300
bar as synthesis gas and preferably from 10 to 64 bar. The molar ratio between hydrogen and
carbon monoxide (H»/CO) in the synthesis gas is preferably from 10/1 to 1/10 and
preferentially from 1/1 to 2/1.

The catalyst or the ligand is dissolved homogeneously in the hydroformylation mixture
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5 They can therefore be renoved in a sinple mamnerg1 November 2006

fromthe nore volatile reaction products. They ar
W@Quanns/e9e2vl y sol uble in the comon organi ¢ SoOIRETEP2005/050347

The reactants for the hydrofornylation are ol efins or

m xtures of olefins having frmem 2 to 25 carbon atons

with terminal or internal C=C double bonds. Preferred

reactants are generally 10 a-ol efins such as propene,

cofslh 9 Sl e 0S50S LSRR e eor, i

boileysiopthed mfdaapmessy WptioRalbe hiseeRtaR BB ki iidiion

bat chwi se. Exanpl es of i ndustrial desi gns are stirred
tanks, bubbl e colums, jet nozzle reactors, tubular

OwEBHRriBEeh PRSI i B PRt P e o ot
Thejhenthgefordbe feibved i€ hlsRfipIe tnamaat ﬁ&ﬂ%hﬁbr@{folhtge Zi'eagtlon products,
plurality of stages. The ‘separation of the ehy

They sapedfieisntiosokihie imidic cémmion organid spiventsan be per f or med
by a conventional nethod such as fractionation,
extraction, nanofiltration with appropriate menbr anes.

The madtaets $irthe hiidrofor@9la6ian aReol&MkiCor ﬁ&hu@% Efas lm(zmr% from 2 to 25

means of a distillation, by neans of a falling-f

caﬂél@a%}@ﬂﬁfvﬂ tgrmingl thtﬁrmll (e aplle doods. Préfemed seactants are generally

o oAl 3 o8 A, bl b, A s imrs

mﬁemmbl(isaﬂep@g&%g)s The renoved catal yst sol ution
can be wused for further hydrofornylations. Wen | owner

ol efins are used (e.g. propene, butene pentene), it

e By R bh Bl t 3 GniciB D Balies, Jofeink of induseia

desighy ﬁﬂa@ﬁn'@cl ke BabPle CEREHBSief ﬂfzzfe%il%ﬂ @bl eactors or loop reactors,
hydr oc anatl on, isomerization of olefins or

somg Banbes mttheformrfibateriss edior provided with internals.
het er oacyl phosphi nes of the fornula (1) or conpl exes
thereof with nmetals of groups 4 to 10 of the Periodic

The Tidtion Gan theeefidel@ravntifiuodsiescinR pluRdity B8 stafdk. amnd sgpsﬁét?on of the
the same or different and are each a substltut ed or

aldehyde epsepavnds raveil ghd of ehe taaltalrsy chr be penfernediby, a convent:lonal method

ok HEEAE, e AT o bl o s,

can Bk ﬂ@ﬁ@‘fﬁﬁeﬁﬁfpﬂ 09 méahgom/ dfsﬁmi dvanorato
R R B D O . B P dvaporator or

a thinrfgln qvaperaje. Thisiis true patticulatly when the caglyst) dissobred, in a high-boiling
solvé% Mﬂ"ﬁ% Ioi‘:\r}er-l_ioi%hg ’prf)ﬁg’. Tilg%?m?bved catalyst solution can be
used for further hydroformylations. When lower olefins are used (e.g. propene, butene,

pentene), it is also possible to discharge the products from the reactor via the gas phase.

The present invention further provides processes for carbonylation, hydrocyanation,
isomerization of olefins or amidocarbonylation in the presence of heteroacylphosphines of the
formula (1) or complexes thereof with metals of groups 4 to 10 of the Periodic Table of the
Elements, where R', R%, R?, R* and q are the same or different and are each a substituted or
unsubstituted aliphatic, alicyclic, aromatic, heteroaromatic, mixed aliphatic-alicyclic, mixed
aliphatic-aromatic, heterocyclic, mixed aliphatic-heterocyclic hydrocarbon radical having
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-C02R5, -CA2M -Si R53, -SRS, -SM2R5, -SORS5, - SQBRS% November 2006

-S03M - SO2NRSR6, - NRSR6, -N=CR5R6, where R5 and
WQ2e03/020296me or different and are each as def iPEEREPQ005/050347
R, and Mis ‘an alkali netal ion, formally half an
al kaline earth netal ion, anjgmmoni um or phosphoni um
5 ion, X, y, z are each independently 0, NR7, S, where
is as defined for R Theq,R‘,RZ R3, R4, x,y

icals ar h
fw% ol SinRod E30 B TR I CRRER i i - -OR’, -COR’,
-ccméon-{:‘ogm f.gir} heshy digd. R MsOR? OtS@;wl YSOMA QGOLRRIR®, -NRR’,
s khese r actl ns. 10 The exanpl es which fol [ow are
N‘GR Bndedere & iand BS erethe saxmaoquhﬁ’mnt andme eachas defimeddfot RY, and M is

anor O{T&C%§ Ve 3‘%—5"3%22&530 fie t‘*ﬂ*ﬁgﬂggﬁ?%%ﬁ%ﬁvﬁ@w iog ghosphonium

ion,0% 8 z 8¢ chetbindestegem tNRbe Wh@re%"% a&éefﬁ%ém@' 1
Preparation of Ilan 3 N_ VO O PO
OCH3 OCH3 (D) a) Prepar atl on of the CI phosphor us

[ % N H - Nl pCl...2 D .
Thelf Ry, R Sodiesls ik bich Sefigrd  Proiged e ppeterred variants
of &ipetadd o ﬂiwfdrﬁmaogl)l%b@éiﬂ&!) Fo4Sthe I @yl&tRonl dpply analogously to
toluene (93.79 mmol) are slowly added dropw se "at roon%

thesegpastipBt ure to a suspension of 20 g (93.79 mol) of
di phenyl am ne-2-carboxylic acid in toluene (80 ni).
After 21 Novenber 2006 WD 2005/ 090276

TheRGAMpRBGAEEH BARAY are intended to illustrate the present invention. In all examples,
standard Schlenk technology under protective gas was employed. The solvents were dried

over suitable desiccants before use.

Example 1: Preparation of licand

®

a) Preparation of the Cl phosphorus unit (B)

OH PCl; o

- 4

N, - N~p
©/ H | 2 HCl (:r ol o

17.65ml of a 5315 M (represents molar, i.e. mol/l) standard solution of phosphorus
trichloride in toluene (93.79 mmol) are slowly added dropwise at room temperature to a

suspension of 20 g (93.7% mmol) of diphenylamine-2-carboxylic acid in toluene (80 ml). After
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24 the PCI3 addition has ended, the m xture is he
slowmly to 90C in a water bath. The m xture is sti ?ﬁg@dovemberZOOG
WQR005080276nperature until no further gas evol WETYEP2005/050347
observed (approx. 5 h), heated wunder reflux for
another 1 h and filtered. Thesfiltercake is washed
wth 2 x 10 Ml of cold toluene. The conbi ned
filtrates are concentrated to dryness under reduced

. d taken 5 in 60 f dichi t hane. .
e BTy g e st Phsmigfcs 5 e stobuve o SOl aseh oy The mitue
is sFe8 SY {fs tednsbrating! Wil nB fBALSI das BUGIBti&?rpi—‘sUéﬂ%ﬂr'cH ftglgﬂr&? 5b), heated

to the spectroscopically pure Cl-P conpound (
undeh eefluwx far gfnothed drik and filteredwithe \filteropke ixywiashed Yivith @ x 10 ml of cold

18, 619%) . P{1H} NWVR 2) 8135 1 io b
ol ot bt BB eneRb IS g Pevsiyand taken
® pr_epa} g}lalacs desét?l?@géd in EP 1#%%32% andwggg‘étéd?%:?éle%gﬁipmssme

and| dryiDg i1Beh eilipumplracites givetiseDo thal spsetrosBopicdilytiyes C1-B.compound ()

. Kunze, A .B6rner, Angew. Chem_2 11 739..4,15. ¢
in the Sy off# S?rgaﬁf-&sm TPy HaR. Yebt 38 0 Ma’??{‘ff} NHR (CD.Ch)
5133_3I jon of n-butyllithiumin hexane (3.653 nmol) are

a at -20Cwth stirring to a solution of 2.721 g

(3.653 mmol ) of the hydroxyphosphite (A) in THE (36

). The resuylting mxture is added at room

b) &Pﬁ%\“ﬁpefgleiwéwxyph%p@fw%%m 1.014 g 20 (3.653

nmol ) of thgcggn'pound ((D) described under a) in THE

(15 \. ere‘gégrown solution is stirred for 4 b,

v

the sof vy [ por at ed under reduced pressure and
the res 'esidueis stirred with hexane (60 m).
The m xt bltered and the filtercake is

et W thl®i ethyl ether (50 ml). The extraction

g stored at 5C for 1 day and filtered, and
M| TErvake is washed with hexane (1 x 8 m) and
ed o 60C at 0.1 nmbar for 2 h. Yield:

The compound (A) was prepared as described in EP 1 201 675 and as described in D. Selent,
D. Hess, K.-D. Wiese, D. Réttger, C. Kunze, A. Bmer, Angew. Chem. 2001, 113, 1739.

¢) Preparation of (D)

11.4 ml of a 0.32 M (molar) solution of n-butyllithium in hexane (3.653 mmol) are added at
-20°C with stirring to a solution of 2.721 g (3.653 mmol) of the hydroxyphosphite (A) in THF
(36 mi). The resulting mixture is added at room temperature slowly to a solution of 1.014 g
(3.653 mmol) of the compound (®) described under a) in THF (15 ml). The red-brown
solution is stirred for 4 h, the solvent is evaporated under reduced pressure and the resulting
residue is stirred with hexane (60 ml). The mixture is filtered and the filtercake is exfracted
with diethyl ether (50 ml). The extraction solution is stored at 5°C for 1 day and filtered, and
the filtercake is washed with hexane (1 x 8 ml) and dried at 60°C at 0.1 mbar for 2 h. Yield:
1.593 g (44%). Elemental analysis (calc. for Cs7;HgsO1oP2N = 986.08 g/mol): C 68.73 (69.43),
H 6.76 (6.64), P 6.09 (6.28), N 1.48 (1.42) %. FAB-MS: m/e 985 (4%, M), 744 (30%), 727
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29

25 1.593 g (44% . Elenmental analysis (calc. for
C57HG5010P2N = 986.08 g/mol): C 68.73 (69.43), H &1jiovember 2006
WQ 083902766 09 (6.28), N 1.48 (1.42) % FAB- MRCTEF2005/050347
985 (4% M4), 744 (30%, 727 21 November 2006 WO
2005/ 090276 PCT/ EP2005/ 050343525 (100% . 31P NVR
(toluene-D8): & 114.9 (d, Jpp= 22.2 Hz), 117.4 (d,
Jpp= 5.5 M), 138 9 (4, Jpp= 22.2 o), 1412 (d Jpp=

Pr

10pial"E RR oyl B 45 G &2 2 ) 4 e saé;e) 1389 (&
Jep2 22 Prrenarati 53 horus unit (r) \ O O0-p OH
wr Cl:%r}ﬁ'9 - WF&LHN P\ 10 28.24 m of a 5.315 M

standard sol uti on of phosphorus trichloride in toluene
e S| PAbY added dropwi se at room
: ' —sersrendi on of 20 g (145.83 nmol) of
anthranlllc amngun toluene (105 m). After the PC13
oéH,t he mxture is heated slowy to

enp atuKb u no further gas 15 evolution is

rved gapp.ox h) and heated under reflux for
apotoer O h. Subsequently, the supernatant is
the oily residue and the toluene is
el reduced pressure. The residue is taken
I_%rorrethane (80 M), the mxture is filtered

Q< Q¢
OH PCl; o

NH, - HN~p’
-2 HCI \

Y

- 28.24 ml of a 5.315 M standard solution of phosphorus trichloride in toluene (145.84 mmol)

are slowly added dropwise at room temperature to a suspension of 20 g (145.83 mmol) of
anthranilic acid in toluene (105 ml). After the PCl; addition has ended, the mixture is heated
slowly to 90°C in a water bath. The mixture is stirred at this temperature until no further gas
evolution is observed (approx. 5 h) and heated under reflux for another 1 h. Subsequently, the
supernatant is decanted from the oily residue and the toluene is removed under reduced
pressure. The restdue is taken up in dichloromethane (80 mi), the mixture is filtered and the
solution is concentrated to 50% of the starting volume. After storing at 5°C for 3 days, the fine
crystalline yellow snbstance formed is filtered off at ~15°C and then dried under reduced
pressure at room temperature. Yield: 7.76 g (26%) of spectroscopically pure Cl-P compound.
3p¢'H} NMR (CD,Ch) 5 135.1 ppm.

b} Preparation of the hydroxyphosphite compound (A)




solution is concentrated to 50% of the starting

volunme. After storing at 5C for 3 days, the fine 21 November 2006
W 2805/00276e yel | ow substance formed is filter ®CTWEP2685/050347

-15C and then dried under reduced 20 pressure at room

tenperature. Yield: 7.76 g (269 of spectroscopically

pure C -P conpound. 31P{'H NWR (CD2C12) & 135.1 ppm

b) Prepar ation of the hydroxyphosphite conpound (A) 21

20 00 /09 276 PCT/ ERP2Q05 347
For MR SERER Rl AL TR sfe 56 30 T8 yPTHRTIO PR BB D) e

synthesis of the ligand (D). <c¢) Preparation of (E)
4.1 g of hydroxyphosphite (A) (5.50 nmol) in THE (53
c) Rte)ﬁa@tlendéﬁi)otonat ed at -20Cwith 5 3.44 nl of a 1.6

o1 i 5 D A o v

5 3 4zwni e atd meauﬁ&l af gmuwm@ﬂg@gs 39 1)3 The: s%%t{aggéﬁnﬁhgfhmm salt

compound escr | nder In THE
thusAﬁbtemeétls add&dgdmpmaaomth estmmgaibua solimon b6 1008 g (650 mmol) of the

o e ] 5 e e 11
the RAkhutd % ?cﬁfé@ﬁi?atédggb fﬂg):%éé%% der ﬂﬂfu}f P&Qﬁ.ﬁ% & () rRliffing residue is

present ecogni z e to's orus
extractexdh atithtoilink(hexagen(80inil) Mﬂy traddzef (&}Sard lpfeseﬁt (recognizable by the
extracted with diethyl ether 50 m ). The ether
10 s atp.nhpmhoalﬁ signabat M- 7 padn (DS alhe @s@u@wm&%m@ diethy! ether

(50 ¥ R EP AL RTORBIL 0BG, B2 G5 oFAGEliRl spectppcopicaly

puré’/(soiﬁﬂFf{ mwys;s\malo( ER2Ch B OGNRA 8- M9.9PHn]): P36.92, (634)1%3 SIpHy
pm B-N5:. el m 910 540% I\/f 727 1009% . 15 anp

NME. (PGl 2 1h001 24D difi2q 3918 oo EABRME. 010 (Mg, 727

(lo(ﬁy)epar ation of the d - phosphorus unit (b)

15

Example 3: Preparation of licand

a) Preparation of the Cl-phosphorus unit (@)
20  The Cl-phosphorus unit () is prepared as described under Example 1.

b) Preparation of the hydroxyphosphite compound (%)
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15

20 The d -phosphorus unit ((b) is prepared as

descri bed under Exanple 1. b) Preparation of the 21 November 2006
WO 200586802r6sphi t e conpound (E) 21 Novenber 200@CTVEP2005/050347

2005/ 090276 PCT/ EP2005/ 050347 27 O P-O 90OH O The

conpound (E) was prepared aspgescribed in EP 1 201 675

or as described in D. Selent, D. Hess, K -D. Wese,

D. Rottger, C. Kunze, A. Bomer, Angew. Chem 2001, 113,

1739. 5 c) preparation of ligand (H) The preparation
s effect ed énal ogously to the synthesis of Iigand

; - was effected with 2.518 g (2.97

phosphite (E), an equi nolar anount of
sed as a 0.32 Msolution in hexane,
==Q7..mol ) of conmpound to ((0) in a total

of a light brown solid. Elenental analysis
C69H8906P2N = 1090.41 g/nmol): C 76.10
H 8.46 (8.23), N 1.31 (1.29) P 5.68 (5.68)
NMR (CD2C1 2): 8 113.1, 116 0, 141£§ ppm
Cl-M5 (isobutane): me 1090 (65% . 832 ({%bn
Exanpl e 4: Preparation of |igand (J) HNI P° O P- O O O
21 Novenber 2006 WD 2005/090276 PCT/ EP2005/ 050347 28
The Tosponag £ pwanprepardd we dksepibed e ERf1If Zﬁit &1 amasl degeritsddyin D, Selent,

D. Hes B D A0S Rorher, Ckunzs, K. Bitfer, Angow. Chem. 2001, 113, 1739.

¢) Preparation of ligand (H)

The preparation is effected analogously to the synthesis of ligand (D). The reaction was
effected with 2.518 g (2.97 mmol) of hydroxyphosphite (), an equimolar amount of
n-butyllithium, used as a 0.32 M solution in hexane, and 0.825 g (2.97 mmol) of compound
(D) in a total of 50 ml of THF. After workup, 1.51 g (47% of theory) of the spectroscopically
pure ligand (H) are isolated in the form of 2 light brown solid. Elemental analysis (calc. for
CeoHgoOgP,N = 1090.41 g/mol): C 76.10 (76.00), H 8.46 (8.23), N 1.31 (1.29) P 5.68 (5.68)
%. *'P{'H} NMR (CD,CL): § 113.1, 116.0, 141.7 ppm. CI-MS (isobutane): m/e 1090 (65%,
M), 832 (100%).

Example 4: Preparation of ligand (J)

)
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2.418 g (2.847 mmol ) of hydroxyphosphite conpound )
an equi nol ar anount of n-butyllithium used as O. gg I‘ﬁ?vemberzooe
WQaDeF/0276n hexane, and 0.573 g (2.847 nmmol) FECTAP2005/050347
compound (F) used for the synthesis of (E) in a total
of 55 m of THF, 0.837 g (29%gof theory) of the 5
spectroscopically pure ligand (J) is isolated in the
formof a yellow solid. Elenmental analysis (cafe. for

P2N = 1014 31 . C 74 86 (74.860), 43 .

e GeRBR e Gty cfolRd ol ' Sipdiebigot i Starting from
_ 4T 19¢5 . 0 Y ST

2411%3%@%7313/?10% )%f hs::%g 33/3 , 44%0?%%(% (?fig}m BlguifRolal Snount of

n-byiyHithinoy ngddeasi0ci? Beahpion n bexave, bod 01553 ny(@1847 anmal) af ike Rompound

ex I Ments were formed, i 0 aut ocl ave fraom
(I gﬁ%ﬁ@s&fﬁ ,syntlﬁyéﬁang@ﬁfn gdﬂ%ﬂga? W%t"% Tﬁjﬂ?, 0.337 g (29% of theory) of the
eftf &ﬁrylw'r@i'gé;{é isHSMLAE 1 L , ' :
P sti??fgr and |ol ess{jj?e pI %@tgtl%. gr t g%ygérﬁoﬁg'ﬁ‘?@,ng&al analysis
(calehior Qi Ha®cPN s0l(1di3drggmol): CHBESGI(T4.60)) HeS. AD(BMSS N 1.26 (1.38) P

( ac_= acetyl acetonate anion, COD =

544 B PO 2P U MRG0 Q08 w185 4758« TS5, A8 oumose tiMs: e 1015
13%0hHE 83 i ed into the autoclave under an
( é’rgoz at :gg:g%?ig?glt o@ experinments with |4 ppm by nass
of rhodium 10 m of a 0.604 nM sol ution; for
experi mepts.. Wt 8 ppm by mass of rhodium 20 m of

8 =570 g tody, experinments with 140 ppm by
The/W@FofBmyINsH Meferi i

eSu bsequ ey;t Iy, &ﬁpﬁgﬁgﬁﬁ‘ggﬁi%{fg@ﬁ%% %@g#ﬁ ta%(gh% A8 sfﬁ%nz}\tBeuddeberg’

Mannhaise, equipped wath| a/pressure-maintaining dedos zas iAlgvdene_Etéxg ﬁﬁ?ging stitrer and
. itjon o

e%ui v.aItFn gﬁr r hodi um tgo V\]Iil[i% added. 1 of
Prespufi BTG 1% R XRFTHRTEY the dollqvdpg safitiopt gfahestumppia the form of
[acaleRh@UE}] AL by lhRtoriite Hﬁi?fé,o cooe cgﬁg&u’i—?gé%% as the catalyst

-octene and the n-octenes m Xt ur
precprsot tie rteluens oot énteodavetl dnto dhe matoslavh vadpy ax .ar@h atmosphere: for

R DN W ——
with28 8hmbyP@BdsCorrhyfiug, ?Rgﬁl%?%()%g%&? sbiifion:PHP §)?1¢é%§naents with 140

pi pette; the mass of been deter
ppmidesf masstedishiodiuiy £) mé et b &19gen MsoRfioh Bubssqently tospherite amount

b urgi ng with.synthesi.s gas (CJO = 1:1), the ]
of the SRl ChpprouAds digsetv méoqgiﬂﬁ ﬁ%’&%yéd_égaﬁﬁ E3vplents per rhodium,
was hdded3 Abiticn 33 ffer 1Qhenk RfistA%Ghe WatthoVohinid HEtné st solution to

rpm to the follow ng tehperatures: “a) experinen
41 mylj fon the seactor with) G)_(Qctenb )and?dbe mi-onggtes (i mixture aft Boedne, 2-octene,
3-0¢ e%g %hd 4%%&% with s&)rplroqf g%lﬂcttege E‘.::i el)rlllt 5?1? to 5112? n%l for the reaction with
2-pentene. 15 ml of 1-octene or r-octenes or 4.5 ml of 2-pentene were introduced into the
pressure pipette; the mass of the olefin had been determined beforehand. After exchange of

the argon atmosphere by purging with synthesis gas (CO/H; = 1:1), the autoclave was heated
at a synthesis gas pressure of 11-13 bar (33 bar for 1-octene) with stirring (1500 rpm) to the
following temperatures:

a) experiments with 1-octene: 100°C,

b) experiments with n-octenes: 130°C,

¢) experiments with 2-pentene: 120°C.
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On attai nment of the reaction tenperature, the
WQ@APHB2I6gas pressure was increased to 20 baPCT/EP2005/050347
bar for 1-octene) and the ol efin was added. The
reacti on was conducted at comgtant pressure
(cl osed-1oop pressure controller from Bronkhorst, the
Net her | ands) over the reaction tinmes specified in
i.red
On-gﬁtﬁlgg ave \/\/agéag%g&? te %Htlg@e@% nﬁtﬁgm gagtp%sgure Wwds mcreased to 20 bar

(SOdImrdmprlemaﬁ) and thelrolieth wat Rddédd OIheV\tehﬁuﬁlt Whs icBducted at constant
eachf 1 mM of the reaction mxtures was w t hdrawn

pressyra(glogedstappressprerqoatraller irem Bropkhpesb the Wetheramls) pyer the reaction

S O T e ——
roow teinpbiagae diecdri)ressefhnd f:i:igediﬁﬂh %onﬁi&ith ttirfiagl dn GheH d ¢a§e 1 ml of the
e

Rh(]eflnRhT[C] p[ bar], t[h] Yi -Sel ectivit
reat{tlﬁarﬂlmfw WRS/VI gra'(vg aftergthy gtityer gl begp swgcly@l off, diluted

8 e B 2 L

140 1570 130,20,6 40 81.1 9 (E) 1-Cctene 28 7850 100,

0 oot 140 1570 130, 20, 6 76
Tabg‘b 41 X@W%O&Y&ﬁé’f%xaﬂsg%aWS@ B Ghapd(® 12
5

ignnd TOR “ TR IR R, AT et 51 | ﬁd‘i- oc{ Lfiglectivity
sz 7850 100, 50|[ppm§4| 86.0 15 (J) 2- Pent enps40 1504
14 3100659116 (X} 1.10ctene 40 121613 120

3 2()mb 4‘1'90?2“34 280 * @ﬁeand/ r[AB8i WPratio|F0: 1 |97.3

* ar atq} =16 Ty | f mytatomn Xpet et
6 was ‘per | %)pr?r:e [ nﬁa 1 5géﬁautcépgf§é)’ rom Paﬁ; equi J%e%l
7 (D) 2-Pentene | 140 621 120, 20, 6 74 86.6
8 (D) n-Octenes | 140 1570 130,20, 6 40 81.1
9 &) 1-Octene |28 7850 100, 50,3 87 853
10 |(B) n-Octenes | 140 1570 130, 20, 6 76 59.4
11 {(H) 1-Octene |14 15 700 100, 50, 3 44 84.0
12 () 1-Octene |28 7850 100, 50, 3 51 87.1
13 1 2-Pentene | 140 1570 120,20, 3 34 86.8
4 D 1-Octene |28 7850 100, 50, 3 84 86.0
15 (M 2-Pentene | 140 1570 120, 20,3 100 65.9
16 [X) 1-Octene {40 12 613 120, 20,3 46.2 924

* Ligand/thodinm ratio = 10:1

Comparative Example 16
The hydroformylation experiment was performed in a 100 ml autoclave from Parr equipped

with pressure-maintaining device, gas flow meter, stirrer and pressure pipette. For the

- experiments, a solution of the rthodium in the form of rhodium nonanoate as a catalyst

precursor in toluene was introduced into the autoclave under an argon atmosphere: for

experiments with 40 ppm by mass of rhodium, 3.1 ml of a 0.734 md/ solution were used.



10

15

20

wi th pressure-nmaintaining device, gas flow neter, 2t1 November 2006

stirrer and pressure pipette. For the 15 experinents,
WQ 2005/09925%6 of the rhodiumin the form of rhodiROE/EP2005/050347
nonanoate as a catal yst precursor in toluene was
I ntroduced into the autocl avggunder an argon
at nosphere: for experinents with 40 ppm by mass of
r hodi um 3 1 mM of a 0.734 nM solution were used. 21

2005/ 76 PCTI EP 005/ 050347 30
Sudgg seq en %propﬁg nggtligaﬁ Ayalgpts per 1 of the phosphite
congﬂjmuﬂaxedib@hfbﬁr inf M@Hnu Mvére Adagd.PRAGaRBLt & ﬁﬁ&@%ﬁﬁl%adjusted the

di ssolved in toluene were added. Addition of fur

Staltlsg maseofe watnbigt soltiongp 20tg fioy theereaction wittel -oetend grsthe r-octenes (=
for, the reaction 1-octene or the
n ofs eﬁggt&? ’?29%3 CureS g ang { -gpfgne ZEggt‘gogoct%“%B{ grfistenes were

intredsted -igt the @ressei@ pdfe. h‘t%éﬁnﬂﬁsﬁr%aﬁ TRERRET WEL $bar with stirring
i ntroduced into the pressurée pipette. At a synthesis ‘

(106 epny) theaytaslaye was hetedtr I28P€h stirring (1000 rpm),
the autocl ave was heated to 120C. On attai nnent of the
reaction tenperature, the synthesis gas pressure was

On anginmantest the raStidiptfempenurt e 8lifthdsis 8 prSEle Yvas tGeased to 20 bar
'gactl n was conduct ed at constant pressure
and vE§pdded Bhe senghien ey ioadueted abepBitan Kivessate, (closed-loop

I t f the reaction. tine
eyt g R R
specifigd ireche tabl. Alfied Cheaweperiagent ﬁﬁiee]ﬂadt gn’é@,otlib autoclave was cooled to

t enper ature, deconpressed and _enptie During the

TOOI I RPRRIres Q?Fﬁmesﬁﬁi éﬂd srapticd. Bhuring dbe weaction, samplés were taken,

it F pl B8 pEE BT I R BRRIARY, [ o

n- sel ectivity which is conparable, for exanple, with

% les | and 2. In spite of the higher reaction
At D050 ibs comparafiye exacEmenh givesises, ancr-seleqtivity odviah i3 comparable, for

€ C:@‘re%gvrl%t ?%zléﬁgé’s)l a.}::ﬂ £ _}9 sBite G the Bigh® Pe%ct%Ptegn;)erature the yield at

46.2% is significantly lower (Table 1).

OO

SR

Comparative Example 17

Analogously to Experiments 5 and 6, Example Experiments 5b and 6b were petformed with a
ligand of the formmula Z. The preparation of the ligand Z can be taken, for example, from
DE 100 53 272. In Examples 5b and 6b, lower n-selectivities are observed throughout than in



Anal ogously to Experinents 5 and 6, Exanple
Experinents 5b and 6b were perforned with a Iigan51o”ovember2006
WO R03/6902M6a Z. The preparation of the |igand 2CBEPR005/050347
taken, for exanple, from DE 100 53 272. |In Exanpl es
S5b and 6b, |ower n-selectivitijes are observed
t hroughout than in 21 Novenber 2006 WO 2005/090276
PCT/ EP2005/ 050347 31 the case of use of the inventive
|, S ble 2). .. 'Bu tBu tBu 0 O -PP-Oi
thcé%%?tg'ﬁfggtﬁ eﬂﬁﬁﬁ%ﬁ%}e 2: Conparative exanpl es
with ligand ZOlte LidpMe O efin Rh Aefin:Rh
T C], p[ bar], t[h] Yield n-Selectivity No. [PPM [%A
$6 220 100,50,3 63.7 38.3 6b* Z
$03 61.5 43.8 5 *
O+, Exanpl e 18: Preparation of
~~ NO OO OAP-O MO OWe

2)

Table 2: Comparative examples with ligand Z

Ex. |Ligand [Olefin |[Rh  |Olefin:Rh |T[°Clplbarl.ifh] | Yield  |n-Selectivily
No. [ppm} [%%] [%0]
5b |Z 1-Octene |28 16220 100,50, 3 63.7 383
6b* |Z 1-Octene |14 |31 563 100, 50, 3 61.5 438

5 ¥ Ligand/thodium ratio = 10:1

Example 18: Preparation of lisand

™

10  a) Preparation of the P-Cl unit (Q)
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21 Novenber 2006 WD 2005/090276 PCT/ EP2005/ 050347

NHPCl- 3NPC OOH- 2 HJ OV (ci) 17.2 m ?ﬁ'm’embe’zooe
WQ2005/0202G6ut i on (46.85 mMmol ) of phosphorus tr ipele/EPR0e5/050347

in toluene are added dropw se at roomtenperature

with stirring to a suspensiogaof 9.99 g (46.85 mmol)

of 5 salizylanilide in toluene (42 m ). Subsequently,

the m xture is heated under reflux for 5.5 h,

iltered after cooling d concentrated to dryness

er reduced pressure product (0) thus obtained
approx. 95% pure ac I ng ¢o NVR spectroscopy
fi ngs an&®Ckas used as |ned for the further
nt hegi SW creased further by a
stal I 1ZatT on fromto Yield: 12.23 g (93%
o ory). 31P{1H} NMR ( 2) S 139.6 ppm 10 b)
Pr ration of the hydroxy sphite c ound (A) For
the preparation of (A), see the |nfor ion on the

synthesis of ligand (D). «¢) Preparat| on of ligand (M

1735 3 405 TR TR ) Al VRAB, e e

drolsmsé lakt NomOtetpeinite| Wfth Oftirdnd 86 L séspersich .99 gf(zﬂs 8§ mmol) of
dr oxyphosphite (A) in THE (50 m). The m xtu
Sal@{ guilidecing toluegs (A2al). Sgbmuﬁnﬂomm raixhusodsiheaded mnder reflux for 5.5 h,

sl S e A il i o

thus&ﬂa%ﬁéﬂ is2YproxX 98%Pur®hecbifin trbsto ﬁﬁﬂﬂﬁgaﬁt{‘ﬁgs used as

THEtép . After warmng to room enperat ure
obtajned: for the Burdber symdhabsisoThe putityaea hehimoaedtthérsby 2 mepresthllization

fronf (FiRae: Bt 1728 PR of eon. 2P U MAAE ST 1305 mmer
50 m of boiling toluene. Concentration of the
toluene filtrate by half, addition of 25 nml of hexane

b) %mplaraiﬁmd‘ghehydxoﬂ@bbsphweumpahndmys gives rise to a
pr.eci pltate The m xture is filtered, and the
FOI]?F Daration of (4), mgh%wfmﬁoa@n&mﬁwsas of igand4BY dri ed
at bath tenperature 60C in an oil 25 punp vacuum
Yield: 2.23 g (55% . Elenental analysis (calc. for

c) PreparbtiamOatiRhG €M)

An equimolar amount of n-butyllithium in the form of a 0.32 M solution in hexane is added at
-20°C with stirring to a solution of 3.065 g (4.114 mmol) of the hydroxyphosphite (A) in THF
(50 ml). The mixture is stirred for another 15 min, then allowed to warm to room temperature,
and the solution thus obtained at 0°C is added to 2 solution of 1.20 g (4.32 mmol, approx. 5%
excess) of the Cl-phosphorus compound in THF (20 ml). After warming to room temperature,
the mixture is stirred for 16 h and the solvent is removed under reduced pressure. The
remaining residue is extracted first with 3 x 20 ml of hexane and then with 50 ml of boiﬁng
toluene. Concentration of the toluene filtrate by half, addition of 25 ml of hexane and storage
at 5°C for several days gives rise to a beige precipitate. The mixture is filtered, and the
precipitate is washed with hexane (2 x 5 ml) and dried at bath temperature 60°C in an oil-
pump vacuum. Yield: 2.23 g (55%). Elemental analysis (cale. for Cs7HgsO1oP,N =
986.08 g/mol): C 70.49 (69.43), H 6.64 (6.57), N 1.38 (1.42) %. 3'P{'H} NMR (CD,CL,): &
112.2,113.8,115.2, 140.1, 141.4, 143.2 ppm.



986.08 g/nmol): C 70.49 (69.43), H6.64 (6.57), N lo8Riovember 2006

(1.42) % 31P{1H} NWR (CD2CI2): 8 112.2, 113.8,
WQ2005090276. 1, 141.4, 143.2 ppm; 21 Novenber PEIGEPREDS/050347
2005/ 090276 PCTI EP2005/ 050347 33 Exanple 19:
Preparation of ligand (L) O33/\ NO p P~eP-O0O 5
The preparation is effected anal ogously to ligand (M.
2.957 g (3.482 mmol ) of the hydroxyphosphite (E) (see
Exanpl e 3), an equinolar anount of n-butyllithiumin
the formof a 0.32 Msolution and 1.015 g (3.656 mmol)
Exambple 18: Prepapiii@pobligaadqbhpound used for the synthesis
of (M are used. For workup, the reaction mxture is
concentrated to Yyness, the residue is stirred with
hexane tered, and 10 the solvent is

remnpve d gucefl pressure. Drying at bath

Rra oC I’ ap oil- punp vacuumgives rise to
ANo1B. g (949 g ar get conpound. El enent al
an

C69Hg9O6PZN = 1090.41 g/nol): C
75.68_(46.00), M 8.21 (8.23), N1.30 (1.29) P 5.20

6 N} NVR (CDzCl2): 8 112.4, 115.4, 141.9
ppm 15%YExampTe 20: Preparation of ligand (P) Ow O
P O Cd( P- I~ MeO Ot (P) O

5 The preparation is effected analogously to ligand (M).
2.957 g (3.482 mmol) of the hydroxyphosphite (Z) (see Example 3), an equimolar amount of
n-butyllithium in the form of a 0.32M solution and 1.015g (3.656 mmol) of the Cl-
phosphorus compound used for the synthesis of (M) are used. For workup, the reaction
mixture is concentrated to dryness, the residue is stirred with hexane (65 ml) and filtered, and

10 the solvent is removed under reduced pressure. Drying at bath temperature 60°C in an oil-
pump vacuum gives rise to 3.615 g (94%) of the target compound. Elemental analysis (calc.
for CeoHgoOsP2N = 1090.41 g/mol): C 75.68 (76.00), H 8.21 (8.23), N 1.30 (1.29) P 5.20
(5.68) %. *'P{'H} NMR (CD,Cl): & 112.4, 115.4, 141.9 ppm.

15 Example 20: Preparation of licand

®)

* a) Preparation of the P-Cl unit ()
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a) Preparation of the P-C unit (E) 21 Novenber 209%[\&0vember2006

WO 2005/ 090276 PCT/ EP2005/ 050347 34 COH O ' Cl
WE2005/0%2360i - 2 HO 06 (E) 18.5 m of a 31’12&7/1%:117(2005/050347
solution (69.44 mmol) of phosphorus trichloride in
tol uene are added dropw se @4 roomtenperature wth
stirring to a suspension of 20.23 g (69.44 mol) of 2
5 et hyl - 3- hydr oxynapht hal ene- 2- carboxanilide in

ol O mM). The mxture is subseque l'y gfheat ed

] ux for 5 nd concent FaRgd [?fness under
educdd pNessyre. g Bro res rTE(NIS faken
' t he

b M dchlp ONEt hapgygp0 nl). A atl
solventQ's gfpor at ed under reduced pres@ur
residue is di solved in warmtoluene (50 m).
crystal mass forned at 5C after storage for several

days is filtered off, washed with cold 10 tol uene (10

3l 15 0 SO D QFRBMIL $Rlit o on e i
dropuise abyoduh/Respaetreowithpyirring ®l 4l suspdnsién gf (6. Q%gO(f69 44 mmol) of 2'-

ety ey Xy e g B ricyin ol oee, (0P The iy sisgpobsequently
heafed- lﬂﬂ):r re!flu§ 485 ﬁaanﬁ]doncéjh% tedto (%y%@ B{( de ucec]l":q é*@? The brown

é S 138.2, 139 parati o
resi b}quf@m;qdh@s ke aupc mrphm}mi'o(néyhaﬁe) r(60 h:fi) pAﬁaaﬁat‘atmn, alie soivent is

A he i nf i f d
ovapgpted Siferise ot aege gbd ety By v%'%in PR 19157 G0 mD. The

r fs
BB A1 B el S B o e v

tolugner{I0yhD) iand dried imarhaikpmap (vécl@Batnivath )enthtdre £0°Q. The product thus
1 hosph d (E
obidigid &) o pttens "B smresbPPBAVRE (HIGE (P8 ebieory). Blementl
SRS e OO ST, SRR L L . N s
3. %p mma(&m) @19.88 Ehe7)8e X APE H INMRIOD,CH): @IBSGZWIBQH%m

by half and stored at room 25 tenperature for 3 days.
The precipitate forned is filtered off, washed with

b) ﬁ%bg‘aﬁ&i(gﬂﬁe hydroxyphosphite compound (A)
For the preparation of (A), see the information on the synthesis of ligand (D).

¢) Preparation of ligand (P)

The reaction is performed with 3.078 g (4.133 mmol) of the hydroxyphosphite (A), 12.9 m] of
a 0.32 M solution of n-butyllithium in hexane (4.133 mmol) and 1.47 g (4.133 mmol) of the
Cl-phosphorus compound (Z). After the solvent has been distilled off under reduced pressure,
the syrupy residue is extracted first with hot hexane (100 ml) and then at room temperature
with toluene (40 ml). The hexane filtrate is concentrated by half and stored at room
temperature for 3 days. The precipitate formed is filtered off, washed with cold hexane
(10 ml) and dried at 60°C under reduced pressure. The toluene filtrate is concentrated to
dryness. The resulting solid is spectroscopically identical to that obtained from hexane. Yield:
2.42 g (55%). Elemental analysis (cale. for Cg3H71NOyoP; = 1064.20 g/mol); C 71,05 (71.11),
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15

290

(10 M) and dried at 60C under reduced pressure. TﬁfNovemberZOOG
toluene filtrate is concentrated to dryness. The
WO 200809033650l i d i s spectroscopical ly i denti calPCREPRSOS/050347
obt ai ned from hexane. Yield: 2.42 g (55% . Elenental
anal ysis (Cale. for C63H71NO3®P2 = 1064.20 g/nol): C
71.05 (71.11), 21 Novenber 2006 WD 2005/090276
PCT/ EP2005/ 050347 35 H 7.01 (6.72), N 1.42 (1.32) P

H 79138 BN a2 1 P85 BB s (RRua S ke o6 bk a0, 783
(12%9;@61(25%),867171(50%) Ap g, NUEB( (&3261%452112&15@3 1113,1@ 1342, 115.6,
141.1,141.6, 142.2,143.0, 1 ppm 5 Exanpl’e

116@113$$,ewéplatmbﬁ,wz,.lgwdlmpp@ 61P0(0)  The
reaction is perfornmed with 3.144 g (3.7 mol) of the
hydr oxyphosphite (E), 11.6 ml of a 0.32 Msolution of
Example 2y Prephiration ¢f hoxdfe)(3. 7 nmol ) and 1.316 g of the
d - phosphorus to conpoun (E), initially anal ogously
totheI| and (M .\After stirring for 16 h at room
je fAxtung is heated to 60C for another

t enperat
o@ renoved under reduced

@@ urg and thebree is taken up in hexane (60 m)

and”"fi0" s ed. CopcepdTskion of the solution to half

t he vol umedand g’eaving 'it to stand at 5C overni ght

gi ves r+ ystalline precipitate which is

filtered hed with 10 mM of cool ed hexane and

dried at 19 60Q under reduced pressure. Yield: 3.05 g

(71% of t yY. Elenental analysis (calc. )
C75HO5NO6P2 = 1168.52 g/nol): C 77.30 (77. 09?(5 H 8.52
(8.19), N1.35 (1.20) % CI-M5 (isobutane): me 1168

M 2 833 (849, 731 (819
The S%é%  derforet MR ARG w@})sofl@g hrorphosphite (E),0l 1.6 il of a
0321 % DO LG8 03] ACHHTEDE oo
compdii)nd (), , initid)ly aamelogdusly ftorthalligan@ XPey i At stirid® 8 16th at room
04 mM solution of the rhodiumstarting conpound

teml%?é?t%feu@@dmm% isr 1@@&86@ i6RCC for anpther 5 by thep tha spjvamtisssrempved under
reduff_&ﬁﬁf kbgief i es 15 aedh Yk %Eia%e%mﬂ W Ritded. GoSSentration of

the solution to half the volume and leaving it to stand at 5°C overnight gives rise to a
crystalline precipitate which is filtered off, washed with 10 ml of cooled hexane and dried at
60°C under reduced pressure. Yield: 3.05 g (71% of theory). Elemental analysis (cale. for
Ci5sHgsNOgP; = 1168.52 g/mol): C 77.30 (77.09), H 8.52 (8.19), N 1.35 (1.20) %. CI-MS
(isobutane): m/e 1168 (30%, M"), 850 (51%), 833 (84%), 731 (81%), 441 (100%). *'P{'H}
NMR (CDCh): 8 112.6, 113.8, 118.9, 122.6, 142.2 ppm.

Hyvdrofermylatien Experiments 22 to 30
The experiments were preformed as above for ligands (D), (B), (H) and (J). For all

experiments, 10 ml of the 6.04 mM solution of the rhodium starting compound were used,
corresponding to about 140 ppm by mass of rhodium. The ligand/thodium ratio was always 5
(see Table 3 for results).
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21 Novenber 2006 WO 2005/090276 PCT/ EP2005/ 050347283 ovember 2006
Conparative Exanples 31 to 33 The experinents were
WOMSN99236 as descri bed above for Conparative ECAWRP2005/050347
16. Experinment 31 gives rise to simlar selectivities
"to Experinments 22 and 28. Thggyield for the catalyst
wth the ligand M (Experinment 22) is significantly
hi gher than with the ligand X. 5 Experinments 32 and 33
D j LNternal n-octenes as the reactant,

Fies of 81.9 (ligand X) and 83. 9%

The( kkgaiigentd Wére perifbrencdd as Th&ciibed Gbbee ABPUCohPardflive E:fmple 16.
conparison thereto, for exanple, with the inventive
Expprigggpidd sivemdserto; similpreselestivitien fo Bxpariments 22 anch28. The yield for the

- a i S - b vh. - -
caiasE SR oA 31 TEn il 22T, B b B iy e tiemnd X
Experinents 89 dnfab3 %h&!_-exl@l{p_i%ﬁ%ﬂh JitesBHRdc@Mefas the reactant, in which

hydrofornmyl ation with [igands & , (L), (0) and (P)
selegtivitios) ofRcP digand X end 83 A¥RMigep % eved.[ Hie yeldlisiabout 16.9%.

- LVILY (o] P 1l-Ccte 15 100, 20,
In ofSy B3B8 et for SRammplt o 8 s PaSBEMERA P 0l bt of the
interhaO2tRineent SEXpdiddent? 03 dnd729)0 Both hithet ln)sefecliCifies nad G¢hificantly
. 120,20, 6 95 56,0 26 (0) 1-Cctene 1546 100, 20, 3 26
higheryiglds ave ghfgined @ahledle 1570 120, 20, 6 3 65.9 28 (P)

| -Octene 1540 100, 20, 3 45 92.4 29 (P) |-COctene 1550

80,20,6 55 97.1 30 (P) 2-Pentene 632 120,20,6 27 77.6

Tabla B: EXample®of RytkobemPlhion #ith figands (86, @.)D)4nd ?) (X
n 5 120....20 81.9 "33 (Y)

Ex. nllagnehiaieln10:] lor b, 3 TTEIploal,dbl | Yicd " |nSclectivity
No. [%] [%]
22 M) 1-Octene | 1556 100, 20, 3 62 046
23 M) 2-Pentene | 630 120, 20,6 86 80.9
24 (3] 1-Cctene 1523 100, 20, 6 72 60.5
25 L 2-Pentene { 664 120,20, 6 95 56.0
26 (O) 1-Octene {1546 100, 20, 3 26 77.1
27 (O) 2-Pentene | 1570 120,20, 6 3 65.9
28 [P |1-Octene |1540 100, 20, 3 45 92.4
29 () 1-Octene | 1550 80, 20, 6 55 97.1
30 ® 2-Pentene | 632 120,20, 6 - 427 77.6
31 .4 1-Octene {12613 120,20, 3 46.2 924
32 1K n-Octenes | 12 655 120,20, 2,5 15.0 81.9
33 (Y)' n-Octenes [ 12 161 120, 20, 3 16.9 839
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21 November 2006 WO 2005/090276 PCT/ EP2005/ 050347
Bu-t | \ / I t BuO PP/ \ m Exanple 34: 27 November 2006
WOR2340927en of liaand (A) O\ tBu NP~O\ tBuPCAYEP2005/050347
a) Preparation of the P-d unit (P) o ~o0o Yo OI/ [/ 1
HPClg N + NBCO COp NH N P3€1 H2N (Ta) 10 The
synthesis was perfornmed based on |I. Neda et al., Z
Nat urforsch. 49b, 1994, 788-800: 27.4 g (28 m; 0.253
nol ) of benzyl gam ne (99% were added dropwi se within
mn wth irring bg means of a syringe to a
Zsi%l" 0 720 .?éé'rml) of N-net hyl i sat oi ¢
300 m of dioxane (dried) in a
Ateplk~t ube. _The resulting reaction 15
atedyto 7MWC With stirring and kept at
5. Overnight, the solution
ure. Thereafter, the entire

Zlol\bvenber 2006

)
Example 34: Preparation of livand (A
O
t
ﬂ" Bu
/P\O
i tay @)

a) Preparation of the P-Cl unit (%)

0 0 ; 0 ;
(0] N PCls N
dL Lt T d o= @fi
T’ S0 pn T2 TH N™

|
(Ya) (")

The synthesis was performed based on 1. Neda et al., Z. Naturforsch. 49b, 1994, 788-800:

27.4 g (28 ml; 0.253 mol) of benzylamine (99%) were added dropwise within 20 min with
stirring by means of a syringe to a solution of 30.2 g (0.153 mol) of N-methylisatoic anhydride
(90%) in 300 ml of dioxane (dried) in a with 500 ml Schlenk tube. The resulting reaction
mixture was heated to 70°C with stirring and kept at this temperature for 8 hours. Overnight,

the solution was cooled to room temperature. Thereafter, the entire reaction mixture was
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a frit. The very mnor black precipitate (particles)

WO 2005094276t was di scarded. The sol vent was diPQT/EP200S/050347
off fromthe filtrate by neans of vacuum under reduced
pressure. The residue was exgracted with 120 m of
di ethyl ether. The product ('Pa) crystallizes at -21 C
after storage for 24 hours. After filtration, the

. hed twice. wih 50. f 5 ntane.and .
i O lant o, AP S o BE bk BBl Bt BE0S B p00 disearded
TheMolvent s (Bdiilfed oEOfrom(the Gitrate b9 1Aeddy 0 e ullfler reduced pressure.
Schl enk tube, 12.1 g (0.05 nol) of ('Pa) and 10.1 ¢

The(resjdyg yag extracted Withof20 mi ofdiethyloethare Tl prodict §¥h)erystallizes at -21°C
7 f ied tql.ue 6.9 4.4 m 0. 05 nol ) of
aficf Gibgfle ir 24 hSks! RefeE Mo, o, il he (yst Bph itn 50 mi of
Bhnewhy tiRmdd e Analyisy GELMSo o] e o]
I:.enr eaction mxture i sssti r]?deSdQZ}SBg%, Pg% QE@I(%O)g’nm’hlgg (60%), 106_
(10%6bl ed to roomtenperature. Subsequently, the

triethylamoniumchloride is filtered off and the
solvent of the filtrate is distilled off in an

I a0 o . R
SPLTD oms (BClanaSpE t 3(1 Lp) 01m o
triethylpmums arg Kgvlved 190 17558k of Adried] Ogledne. FAPE' (4.4 MYR (0.05 mol) of

- .15 tol.yene):,. 8. 127.9 m reparatiop of
Phoépﬁggﬁémeﬂfnie gg:]) qﬁdp%%o %Jﬁ)lgaog Sg%”‘gz%‘ FoR§tangly at room temperature.
This? rébeflon trikhr® US YWhRRE N 7@0d iR §nl( Emlstlfénnédolegl- 8P r88h ) temperature.

of triethylamne in 100 m of toluene is added
Subgaquenifys cheptriettipbmmoninmsdilorideots filfer®l &ff gnd Ghelsolwdny of A filtrate is
.of (]S ) i 100 M of toluene. After warnmng to room
sl in i, o1- Q28 Frputin. AR QTRAES ik B nfopREH 619 Analpsls: GC-MS:
28.351 il 304G 069! Wi o ' 1S bs'??-VB 1 NMR (dy-

an oil - purrph(eacuU%41 ’ng“? 1e ’eg?%ggﬁi&g grle(clryso “al FI{ ;gd (ds
toluéne): e B2 7Thhppmi | e. 31P{' H NWVR (ds-toluene): 8 112.3

ppnt Hvdrofornvl ati on Exanples 35 to 37 25 The

hydr of ornyl ati on experinents were perforned in a 100

c)P aﬁﬁ{,@gﬁz%dlgg{m?m Parr equi pped wth

pr essur e- al ni ng device, gas flow neter, paddle

A sdution of Sebhg (PIRREnmipf 22-JiSexy-batylphenslohnid 6@n(=08.4 i35 .0%mol) of
. mass_of ~rhodi um nonanoate in toluene and 4.50 of
wietSplarding.in JA0 a1 oF Slenton BYIeRARENIRe ot Jaria 4 Aoliiion of bEgA0.1 moD)
£ 0 1 i N t n, ai. .

of (4738 100 tfnd AR WL RELRHE SSE R AL e st
mixtife i. filferod,etheadlutipn doftthe fikesle Usvemoved in an oil-pump vacuum and the
residue is recrystallized in acetonitrile. *'P{'H} NMR (ds-toluene): & 112.3 ppm.

Hydroformylation Examples 35 to 37

The hydroformylation experiments were performed in a 100 mi autoclave from Parr equipped
with pressure-maintaining device, gas flow meter, paddle stirrer and HPLC pump. 2.55 g of a
solution of 0.357% by mass of rhodium nonanoate in toluene and 4.50 g of a solution of
2.204% by mass of ligand (A) in toluene were introduced into the autoclave under an argon
atmosphere. The amount of toluene was supplemented to 30 g. Subsequently, the rhodium-
ligand mixture was brought to a pressure of 5-10 bar (target pressure 20 bar) or 10-15 bar
(target pressure 40 bar) with stirring (1000 rpm) with synthesis gas (1:1 CO/H2), and heated

WD 2005/ 090276 PCT/ EP2005/ 050347 38 filtered thr o'équovember 2006
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30 ligand m xture was brought to a pressure of 5-1
bar (target pressure 20 bar) or 10-15 bar (target 91 November 2006

WOReeH002760 bar) with stirring (1000 rpm w t PCT/EP2005/050347

synthesis gas (1:1 CO H2), and heated 21 Novenber 2006
WD 2005/ 090276 PCTI EP2005/ 058847 39 to 100C or 120C.
On attai nnment of the desired reaction tenperature,
1-octene was added via an HPLC punp and the pressure

to 146 BEIHRESOn Batgind 6 e 5N Rnreengty 1-Ritete warpdded via
an MPDE, pusiy iidethe iRésBule Sk adibsidd %6e itath & prddstire of A Pbar or 40 bar by

reacti on was conducted at constant pressure (pressure

closeddenpaeantrol. rPwningr halerperimentiriie tdnd\sahples aveds Jakewaefixéd intervals.

B R T e
Nethsla¢)) W5 Br 086e thebxpadfeftafifie ﬁac?ef%iregi tnqefbgl];oclave was cooled to

autocl ave solution was adm xed wth 0.

TOOTH teraprraiyee, dpepmpressd aall pyrgedwith largomaImepchshse. 0.2 af lof the: autoclave

soloff s SRt A O3 R it M fhatgha Y pap eo¥Sibtography

n-Sel ectivity n-Selecti- o. Ligand/Rh 1[h] after 3 h
after 5 h after 3 h [% vity aft 5h[%4 [9% [Vol 35

Tablenl Examples o€ hydyoforgylationwith@db 71 89 35.4 34.5 36 (A

ol Aa P 720 A A QA0 N0 27 ( A\

Bx. il o o RRIoRs), TG Cd pipirly Yisht 5
No.1; Cctepe 40, 10fghnd/R. 3 54.7 4r3h
0,3 4.3

i_eIiiL ' ;@-ﬁ?c‘t@ity n-Selecti-

_ BH3 REXS B PRF|vity after]
40, 101 120, 20, . 9.7 40 Phi -Butenes 40] 10/1
1p0,20[ 3 65.2 |0.9 - 10 Conparatijve Exanples 3B to 40 [Sh[%]
The experimentjs were gerforned i@f]desc pyed apove for

G

bnpar pti ve Exanpl e 1. Tri phe phosphttne was used
35 aEAyhelLd)@aﬁed-:;@qMI MEW, 265 | fypwhi chigh- oCt eRg 41 S 34.5
rpacted _givels rise tlo a highel yield]|than
36 Gifar rt@areneexAdpi08 39120, 26, X he U8nvent [Ade | i gddd. In 1323
37 (A) n-Butenes M0, 10/1 [120,20,5 (38 06 32.5 55.4
38 [PPhs [1-Octene [40,10/1 [120,20,3  [54.7 - 47.3 -
39 PPh: In-Octenes @40, 10/1 [120, 20,3 4.3 - 29.7 -
40 [PPhs ln—Butenes 40, 10/1  1120,20,3  [65.2 - 40.9 -

Comparative Examples 38 to 40

The experiments were performed as described above for Comparative Example 16,

Triphenylphosphine was used as the ligand. Experiment 35, in which I-octene is reacted,

gives rise to a higher yield than Comparative Example 38 with the inventive ligand. In

Experiment 36 in which n-octenes are reacted, both the yield and the n-selectivity are

significantly enbanced compared to Comparative Experiment 39. The yield with n-butenes as

the reactant (Experiment 37) is significantly enhanced compared to Experiment 40 (Table 4).
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the yield and the n-selectivity are significantly
Woe2oseMa76 onpar ed to Conparative Experinent 39CTIRP2005/050347
yield with n-butenes as the reactant (Experinment 37)
is significantly enhanced cogpared to Experinent 40
(Table 4). 21 Novenber 2006 WD 20051090276
PCT/ EP2005/ 050347 40 dCdains: 1. A process for
cl hydrofornylating ol efins, conprising the reaction of a
—%ﬁool efin or a nonoolefin mxture having from2 to
25 carbon atons with a m xture of carbon 5 nonoxide
and hydrogen in the presence of a heteroacyl phosphite
1. &% pravessgfondydrofeummylating ¢lefing reomprising chp oerttion of anmbacolefin or a

ShofRR Bl Rt feote:d i/, BRoon o wirky aqmjetpre of carbon
5 inforoRiclabll hylesh e thePresclits of PheibaIShdiphiicor hE o3 formula

or different and are each a substitute
imespanding| doptpde with ahé erymbreonetals ofgtaups 4 to 10 of the Periodic

@

I Qar tic, mxed aliphatic-alicyclic, mxed
Q?f’%ﬁgﬁeg@g%ﬂ’ﬁu c, heterocyclic, mxed
al i phati c-heterocyclic hydrocarbon radical having
froml to 70 carbon atons, H F, d, Br, |, -CF3,
-CH2( ORY)j @F3 where j = 0-9, 15 -ORS, -CORS, - CO2RS,

i Bp3, -SRS, -SO2RS, -SOBS, -SMR5, -SBM

R5R6, - N=CRSR6, where RS and e are the
sane lent and are each as defined for R, and
35S cakP~neral, formally half an alkaline earth
net al , nmoni um or phosphoniumion, X, y, z
are eakh independently 0, NR-, S, where R7 is as
defined for q, and x, y, z are not(ﬁi mul t aneously O,
wWith the proviso that when q has a

10
where R!, R%, R®, R* and q are the same or different and are each a substituted or
unsubstituted aliphatic, alicyclic, aromatic, heteroaromatic, mixed aliphatic-alicyclic,
mixed aliphatic-aromatic, heterocyclic, mixed aliphatic-heterocyclic hydrocatbon radical
having from 1 to 70 carbon atoms, H, F, Cl, Bz, I, -CF;, -CHy(CF;);CF; where j =0-9,

15 -OR?, -COR’, -COR®, -CO:M, -SiR%, -SR’, -SO,R®, -SOR’, -SOsR’, -SO:M,
-SOzNRSRG, -NR'R®, -N=CR’R®, where R® and R® are the same or different and are each
as defined for R', and M is an alkali metal, formally half an alkaline earth metal ion, an
ammonium or phosphonium ion, x, y, Z are each independently O, NR’, S, where R’ is as

defined for g, and X, y, z are not simultaneously O, with the proviso that when g has a

20 radical which has a structural unit (6¢)
RV T
2
R g
!
R3 v \21,a
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20 radi cal which has a structural unit (6c) R T
R3 y11P-z1-a R4 (6c) 21 November 2006 WD 2005/ 0943 70vember 2006
WH0S9N206/ 050347 41 where the RL to R4 radi PAITYER2ZE05/050347
each as defined for formula (1), x1, y1, zl are each
~independently 0, NR7, S, whegg R7 is as defined for q,
T is an oxygen or an NR30 radical, where R30 is as
defined for q, and the a position serves as the

i hN L 1 1, Mus Q | pul t anequs| y jbe
A RERS 80Kl B8, Sy Lol G BYRLTBUSL 7S e o
findepesdends O NS dwhere ®7d 58 defined Bar @ atis bh dR¢kehdr BRAR?® radical,
Rl;and R2, R2 and R3 and/or R3 and R4 radicals
R"fin gedefingd or ¢, and thearposition seryehas the attashiment point,
XL sy G GHOBRROTY b NFhphatic, mixed .
aromati c-al 1 phatic or “m xe het eroaronmati c-al i phatic

i ngst apsbeNwizn TisevpPocess as clainmed in claim1 or
2, characterized in that 1s the g radical consists of
the WR radicals where Wis a divalent substituted or

Ld ALt [ ¢, alicyclic, m xed
2. gﬁ?gﬁat ?%Aéﬁ?q’é‘glc’;?‘?@%gﬁ erocycli.c, m xed aliphatic-

leharectedzecl in ¢hatar omat i ¢, het eroaromatic, m xed

| i phatic-gropatic_hydrocarbon radical having from1
ﬁ%? %o g Bm%at%ggaﬁ@é/onﬁpmd al%idc@alucai%fmmg, faspdremgstituted or

QR p j 0 i i te,. phosphine .ok . .
%t eroacy %%%%gﬁ’u gtgig’%&tnﬁagﬂf égﬁfbeﬁa’ %gf:‘%b %W%ﬁla% or mixed
holdrdaforaatie-dlipbatieuiey ofstethi.f f erent and are as defi ned

for R 4. The process as clained in claim 3,
characterized in that

3. The process as claimed in claim 1 or 2,

characterized in that

the g radical consisis of the W-R radicals where W is a divalent substituted or
unsubstituted aliphatic, alicyelic, mixed aliphatic-alicyclic, heterocyclic, mixed aliphatic-
heterocyclic, aromatic, heteroaromatic, mixed aliphatic-aromatic hydrocarbon radical
having from 1 to 50 carbon atoms, and the R radical is -OR’, NR°RS, phosphite,
phosphonite, phosphinite, phosphine or heteroacylphosphite of the formula (6¢), where R’
and R® are the same or different and are as defined for R'.

4. The process as claimed in claim 3,
characterized in that
W is a radical of the general formula (2)

10 13
R R11 R12 R
RQ R14
RB t R15
a nop

where R%, R%, R, RY, R™2, R, R™ and R' are the same or different and are each as

)
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Wis a radical of the general formula (2) 25 R10

RO R11 Riz Rl4 ~| RRa b (2) where R8, R9, RIO. Fﬁ,]'?Nm’embe"zoos
WOR0D5/090276 R14 and R15 are the sanme or differ eRCTARP2005/050347

are each as 21 Novenber 2006 WD 2005/090276

PCT/ EP2005/ 050347 42 definegpfor R, t is a divalent

CR16R 7, Si R1I6R17, NR16, O or S radical, and R16 and

R17 are each as defined for RS and R6, n = 0 or | and

8.1 tb positions serve as attachnent points. 5 5.

e process as clainmed in claim4, characterized in

thata divaleacORERSE SIRFRAYINREND HOStAAICHD ah P ®'€8h$ RV are each as
together forma fused substituted or unsubstituted,

- SeBred for R’ ped Br.aur 89nd innd thel 4 aaddr positions serve as attachment points.
aromatic-aliphatic or mxed heteroaromatic-aliphatic
ring system to 6. The process as clained in claim4,

5. Ahaparksy dstbdmedid da@m ¥V is a radical of the general
formula (3):. R0 RR1 RI9t RR2 R18 t R23 15 a b (3)

fhrpeienized in fh,  R20, R21, R22 and R23 are the same or
g Thad Ble 1?&98' a%ja%e&aﬁh t8 SRﬁe:.faldl%gfg {ogtraﬂlerR'form a fused substituted or
unsubstituted, aromatic, heteroaromatic, aliphatic, mixed aromatic-aliphatic or mixed

heteroaromatic-aliphatic ring system.

6. The process as claimed in claim 4,
characterized in that
W is a radical of the general formula (3):

b &)

where R', R", R?, R*, R and R® are the same or different and are each as defined for
Rl
t is a divalent CR'°R", SiR'R'7, NR', O or S radical, and R and R" are each as

defined for R® and R®, n=0 or 1 and the a and b positions serve as attachment points.

7. The process as claimed in claim 6,
characterized in that
in each case two adjacent R'® to R* radicals together form a fused substituted or
unsubstituted, aromatic, heteroaromatic, aliphatic, mixed aromatic-aliphatic or mixed

heteroaromatic-aliphatic ring system.

8. The process as claimed in one of claims 3 to 7,



t is a divalent CRI6R 7, Si RI6R17 NR16 O or S radi
and R16 and R17 are each as 20 defined for RS and%&é‘dovemberZOOG
n=0or 1 and the a and b positions serve as
attachnment points. 7. The process as clainmed in claim
6, characterized in that im3each case two adjacent
R's to R23 radicals together forma fused substituted
or 25 unsubstituted, aromatic, heteroaromatic,
éHaegrhaized in thaked aromati c-al i phatic or m xed
het eroaromatic-al i phatic ring system 8. The process
Wsis@radiptlwfithe gomerabforoubd ¢4 3 to 7, 21 Novenber 2006
43 characterized in that Wis a radical of the general
formula (4): wuab (4 5 where uis a divalent group
sel ect &4 from radi cals of the formulae (5a), (5b) and
P8 R26 R 2 4 RRZ R6 R27 RR4 ~ R24 Vb R25 b
@ (5c) 10 in which R4, R25, R26 and R27

W different and are each as defined for

a and b positions serve as attachnent

poants. 9.p The process as clained in clai m%
characterized in that is two adjacent RMto ﬁ27
radical s together forma fused substituted or

b het hat
LR %ﬁéﬁm@%ﬁa S trorm HLGniof e G D), () and (50)

al i phatic ring system 20 , R3S R26
R25 R26 R24 R25
\r }/ T_..._.—..( R24 R27
a b
a b
(5a) (5b) (5¢c)

in which R*, R?, R* and R are the same or different and are each as defined for R},

and the a and b positions serve as attachment points.

9. The process as claimed in claim 8,
characterized in that
two adjacent R* to R radicals together form a fused substituted or unsubstituted,
aromatic, heteroaromatic, aliphatic, mixed aromatic-aliphatic or mixed heteroaromatic-

aliphatic ring system.
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process as clained in one of clains 3 to 9, 20 ovember 2006
chpoagierized in that. R represents radicals of the
()Zggﬁiral formul ae (6a), (6b) and (6¢c): R T Res An.)~
n/~aR ~ RY R-Za4 m-~Z)k R3 4 Y1/P~1/a
(6a) (6b) (6¢c) 25 where R28 and R29 are the sane or
different and are each as defined for R, x, y, z and
W are each defined as specified and
mFOor 1, n=0or 1, k=Cor 1, NOor 1, : 21 November 2006 45 O
and the position a serves as the attachnent point.
11. The process as clainmed in one of clainms 1 to 10,
characterized in that the nmetal of groups 4 to 10 of
the Periodic Table is rhodium platinum palladium
5 cobalt or ruthenium 12. The process as clained in
one of clains 1 to 11, characterized in that further
phosphorus |igands are present.

10
15
10. The process as cl'aimed in one of claims 3 to 9,
20 characterized in that .
R represents radicals of the general formulae (6a), (6b) and (6¢):
R T
2
n x n R x!
b
N
1 1
Y, P\f o N P\c o
4
R
(6a) (6b) (6c)
25

where R?® and R® are the same or different and are each as defined for RY,

X, ¥, zand W are each defined as specified and
m=0orl,n=00rL,k=0orl,I=00rl,




11.

12.

21 November 2006

45 ©

and the position a serves as the attachment point.

The process as claimed in one of claims 1 to 10,
characterized in that
the metal of groups 4 to 10 of the Periodic Table is rhodium, platinum, palladium, cobalt

or ruthenium.

The process as claimed in one of claims 1 to 11,
characterized in that |
further phosphorns ligands are present.



