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WD 2005/ 090276 PCT/ EP2005/ 050347 1 METHOD FOR

HYDROFORMYLATI NG OLEFI NS | N THE PRESENCE OF
WORMAOP2IHESPHORUS COVPOUNDS The present i nvent PET/EP2005/050347

relates to the use of novel organophosphorus conpounds

and netal 5 conplexes theredf in catalytic reactions

and to the hydrofornylation of olefins in the presence

of these corrpounds Hydr of ornyl ati on (known as the oxo

V r P
and hydrogen |@RGMQPWOW&CGMB§&@ DSo gl ve 10

t he al'dehyde havi ng one nore carbon atom Frequently,
the catalysts used in these reactions are conpounds of

t r
The PREPR biveMdPLFes R 10 S4BT AnEf pipadihobiifne Lhfififids and metl
complemel thareafith afalytdb@bdtions and tnthe hiydofortmylatibe of alefiny i the presence
wi th cobalt conmpounds, hydrofornylation with rhodi um
Ofﬂ¥§sﬁﬁﬂﬁbﬁﬁﬂs general |y offers the advantage of higher
selectivity under mlder reaction conditions and is
thus usually nore economically viable. In the
Hydrdfontiylatianafkadbya s thehysdr prioogss) tefiérs oo theaeagtioatesveshiantethylenically
onS|st of % odi.um and Ilgands avi ng phosphor us,
unsq‘ﬁtirﬁﬁﬂ FOMPSHNG PR HeRFdeIsRY ?ﬁe@fl@r Psﬁseffce of a catalyst to give

the 41641 }:%Q@lng gﬁé %H}E Yarbbi I%Flgl ﬁ@%gﬁl s@rlﬁed in these reactions
I gands AL &

usu y us Known exa
are cmm[mmndfdef framsinidnheeialsaseeurat8 tohs) pflﬂmﬂunbéﬁ: Table of the Elements,
phgsphi tes and phospho An overvi ew of
espeh Y Sogpanidsof gipdgim ap ?f?@fﬂéan be found in B.
CORNILS, W A. HERRVANN, "Applied Honbgeneous
Catalysis with Organonetal lic Conmpounds", Vol. 1&2,
In cufigaristei rdhehencatibsisYoitk, cabaBbconpainyls, CRydrbipahylatiod anth rhodium

(cobalt or _rhodi u%has its speC| fic advant ages.
COm%‘H’é‘ﬁ desigTad pHErs ﬁ‘é‘@&%@c% Afhet Felsativipy d’&@%‘t milder reaction

conﬂﬁ(gﬁse raﬁ@t L ¥1§15alf§y§ﬁo§'5rse en Lﬂ]lgnglagfe n%t %e E}'Hgdlﬁﬂl-catalyzed

more. Ii gands are used diuma
hydrbfdrmmny}h,p baaplekere which eonsiso e dshodium Sinfloginbs ehaving phosphorus,
hydrof ornyl ate a-olefins_at relatively | ow synthesis

mtw@s& ohpegst daror afemas. prefershlyral drivalep mhosnhgrig cpgpounds as ligands, are
us ?'ﬁ@&? v@rliﬁ%ﬂ(?%%rllﬂ: gﬂag éﬂ?ﬁgﬂlg éofhp% Tom %he!(}{l%get:s of the phosphines,

gand ern reqUIre
phoSphﬂéseaﬁEphdmh&ﬁ{eeCAn\bvbiymafi off ﬂ@dfoﬁ&ﬂiylzﬂﬂmtcﬁ' @lefis édvebe found in
comercially_desired n-al dehyde
B. CORNILS, W. AT HERRMANN, "Applied Homogeneous Catalysis with Organometallic

Compounds", Vol. 1&2, VCH, Weinheim, New York, 1996.

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 o-olefins at relatively low synthesis gas pressures. The phosphorus ligand
used is generally triphenylphosphine in excess, a high ligand/rhodium 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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30 product. In order to increase the economc

V] i]i it would be desirable to reduce the |igand
Woei@géﬁ"’%%h the same results. WD 2005/ 090276 PCT/EP2005/050347

PCT/ EP2005/ 050347 2 US 4,694,109 and US 4, 879, 416

rel ate to bisphosphine ligands and to their use in the

hydr of ornyl ati on of olefins at | ow synthesis gas
pressures. Particularly in the hydrofornylation of

US RIGYASI0O. atd OIS aQ7OMIE i8Rt R bipBSsphire BEIAS tanMi fo! 8Rir use in the
are achieved wwth " ligands of this type. 5 W 95/ 30680
hydwpéaowyidtion fodr tohefinsbiaiedowt syphesphime priesparmds Barticularly in  the
their.use in _catalysis, ..i.ncludi i n,.hydrof ornyl ati gn .
ydiogSTIARE. o akPhie et iyB Hhd Jieh it Sees bt ard achloved. with
ugmﬁg&ngggge_for exanple, in US 4,169, 861, US 4,201, 714
lo and 4,193,943 as ligands for hydrofornyl ations.

The di sadvant age of bi dentate phosphine |igands, I|ike

wop g5l BbRnuR dites RoeterSh B eany 2B 565 e m cataysis,
inclhdiS¥IBE KydAdfoRhAGESSREecticn  addi tion, their activity

generally decreases greatly in the case of relatively
| ong-chain olefins 15 and in the case of olefins

Ferrpgprtaised! BBRenPREnPE ERIarp<oe SFPIENS LS 168,861 Us 4,201,714
and 0601, PS54/ 4saldaRds BF hyRbRRGIRER. €f i ns having i nternal
doubl e "bonds,” but the selectivity for termnally

hydr of ormyl at ed conpounds is low. EP 0 155 508
The %%&%%{] Eglléﬁiﬁte? ;@gi)ﬁgéﬁ{ggg%éiﬁfgs és:ﬁ:ultls%éjd %‘g)ove, is the relatively
compMSHi&f Prdpta@ibh Ohifl rShRES 3R b¥ordhESAAMIQ! & Id8strihChrocesses. In

exanpl e 1 sobut ene. Rhodi um phosphi te conpl exes
additien,athyiz ectivity gepdrallf cleonghses igomatlpfin thenezae ob keddtively hoagichgin olefins

t erm nal i nt.er nal doub bonds to form
and s eg s baFRE Havr bR S0BRy| ared products, 25
wher eas branched ol efins having internal double bonds

are converted only to a slight degree. Wen these
Rhoginospientplespliter domateset ara suitabisi tatapstsrefonl the eimtdeoformylation of

t he ive rise tq catalys 0 enhanced activity, but .
brang st | PSS e e rorihclowe ¢ o (o alfs (elsgUvibhsfor  terminally
hyddb®rmy R8O inpounds is fow. EP 0 155 508 discloses the use of bisarylene-substituted
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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including the hydrolysis sensitivity of the phosphite

L - S unsatisfactory. The use of substpdPEPR005/050347
WO%{)@F@?{]PM s as reactants for the phosphite |igands,

as described in EP 0 214 622, or 30 EP 0 472 071,
al | oned consi derabl e inpr ovehents to be achieved. WO
2005/ 090276 PCT/ EP2005/ 050347 3 Rhodi um conpl exes of
these ligands are active hydrofornylation catalysts
Rhodii @medlefds s thddS ligdnd6ie 6Btve hydraformpatiey caipystsor a-olefins. US

4,885, 401 descri be pal ypho ife lLigands w{. ' . .
4,66%,661,) U 41748261 (and ﬁﬁs%ﬁ%ﬁﬁ?é{‘?é‘fﬂbé‘aﬂfr’]@%@i’f\&em@é&o& with which
Lth good selectivity (O rfidakdod selectivity to the terminall
O"c’l%@r d%’griﬂ'iﬂ gf%"ge'}:?r ot uc‘%es .CBFﬁer%g gl@%& 99%‘? ecb_ivtljtg nt at e 7
hydrbfRHEedOprolitiis. ThYDS F¥12,986s bideaeek ligandS of this type are also used (o
hydr of or nyl at e but adi ene. I n conparison to phosphine
hydiofayauybits byphdephi t e | i gands general |y feature higher

activities. In addition, their usually sinple and
I nexpensi ve preparation is advantageous. 10 Phosphorus

In cgﬁﬁﬂ%ﬁCQ pRbspHiR hemasprzptiteosghds peeralyafediure higher activities. In
enzoxazaphosphorinone type are well known in the
addikibb.etheit usually sweplehedipEspaRsivSRreParatian 1§ AANEEIONE  El em
2000, 162, 81- 218). Their syntheses and reactivities
with ketones, and also their conplexation to

PholdtRRS dribunt® bkl bakedidepboiphetinorkSardob@wexazaptivaplorinone type
onmpounds have not been used in_catal 5{_si S Peid@ger 62. 81
are Wiel) dmdwnriorthea btemsturs! (scecBigsphoas SulgBilisen Felat Jdlewy 2fido. 162, 81-
in,J. Fluyorine.Chem..1995 5- 7 ' . .
215 i R G TR Vi Hon S b e RRBP RS o ansiin
metSISt RORScHPEEr trinmethyl am ne catalysis. 20 However,

t he benzodi azaphosphori none derivatives were not used

in catalysis. Fei et al. describe, in Z Anorg. Alg.
Chem . 2000, 626 72 t

03 B | ligand tal
Howgver htggﬁhwupﬁlsg%%v an]% ;’\‘? Th apﬁeﬁz%mgé%ﬁ%é% for Ione . o8 mea
contpldes 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,
627-1 rom.u ex

38, ¢ Vi ]

' - t f
NedgierZo 'azd_ﬁﬁ‘f{g?p hot i ﬁoﬁ:g{{qjl gan se%-rﬁgg% Hin&Tds the, eaction o
benP&tiazdpRékphBrinone 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
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catal ysis. 30 Neda et al. describe, in Phosphorus
fur Silicon Relat. Elem 1996, 113, 287-294
WO%H)@Q?@ of benzoxazaphosphori nones, and i nvEQT/EB%@SNSOW
the reactivity of these systens, but not WO
2005/ 090276 PCT/ EP2005/ 05034# 4 in catalytic
reactions. Kuliev et al. investigated the reactivity
of chl or obenzoxazaphosphori nones. The results are
in catai@Fdad@shsi N Zh. Cbshch. Khim 1986, 56, 2797-8. The

conmpounds were not used in 5 catalysis. In Chem Ber.
1994, 127, 1579-86, Neda et al. report, inter alia,

2.2 -1(1, 1 .-bi phenyl )-2 2 = .
Ky 5t ot Spusietf SRl dnsah supmbrrmsashamlories. The results are
sumfRRBEE XA AR OKheld oK Him Neigeh s, bher-gsphas %ﬁ{peﬁn@sowefeuﬁ& used in
itself nor the gold conplex were used in catalysis.
catalysis6, 664, 427 describes a hydrofornyl ati on process in
whi ch specific bidentate phosphorus |igands which
have two trival ent phosphorus atons which are bonded
In Chen/Ber.at9dn 9XYREZ5ETINGGa RF aPrBNH, QXP 8RL | T2 UR1,97-BipRenyl)-2,2¢

are used. 15 I't” was ah object of tRe presént invention
dlylbls(owﬂblswzaxazaplmsph(Umpmcaﬁs thor complexdtionmpf agoldg Neither the

T T

activity to give aldehydes shall be enhanced and, in
the case of olefins having internal double bonds,
Us 6,66*1,4271 deseeibey htlwdmﬁmltyﬂmioﬂe[gbme lire sthilahi ¢pecifio bjdentate phosphorus

| deh h d. 20. |t has b
igad§, MR o PVC NG | STVAGRY, DAGPRFS: A | BRIhorarg) BPTde fo an
- i f th
o hyd?oMEnﬁxﬁéé‘&% h?élr)ox%h%hﬁ%&ﬁgﬁ ggeq;gb&es of the

general fornmula

It was an object of the present invention to provide an improved process for hydroformylating
olefins having at least one cthylenically unsaturated double bond. In the reaction of « 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

increased.

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

X

|
R3 y/P\Z _q
R4
(1)

which do not have two o-hydroxybenzamide groups proceed in the desired improved manner.
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yz R4 (1) 25 which do not have two

), - oxybenzam de groups proceed in the desired
Wdﬁ%&?@’é%‘mnner . WD 2005/ 090276 PCT/ EP2005/ 058$4/EP2005/050347
The present invention therefore provides a process for
hydr of ornyl ating ol efins, cofprising the reaction of
a nonool efin or a nonoolefmm xture having from2 to
25 carbon atons with a m xture of carbon nonoxi de and
The BteSefOBRchtibrl Mherefére PP6E8esO pRcBRIBf ﬁ?&‘r}z‘fo?ﬁ?ﬁlﬁﬂ%‘gfeﬂg, comprising
the general formula (1) or a corresponding co ex
the 1gaetiprorfcr wonealefin pet alosooikiig nusiuse Havimg f16mdX to 55 ¢abon atoms with

e TS RRESES it e B ot
genéhl Mitha@(enér %&%&ﬁ%&nﬁ’p@k‘%icﬁﬁ b8 thd?f metals of groups 4 to 10 of

unsubstituted aliphatic, alicyclic, aromatic,
the PrsiodicoBatderef the Elemongd al i phatic-al i cyclic, m xed
aliphatic-aromatic, heterocyclic, m xed
[ i£-heterocyclic hydrocarbon radical having 10
70 carbon atons, H, F, d, Br, 1, -CF3,
3 where j =0-9, -ORS, -CORS, -CO2R5,
53, -SRS, -SM2R5, -SORS, -SMBR5, -SBM
-NR5R8 - N=CR5R6, where R5 and R6 are the
sang, or different and are each as defined for R, and
MiB" an alkali netal, formally half an alkaline earth
metal ion, an ammoni um or phospganiun1ion, X, Y, Z
are each independently 0, NR7, S’ where R7 is as

whente ' n&d, ROy R:‘]1 , amthdy »re yhe zame erndiffefehit sindulrt acuehus |sybstituted or

uns@étgtu. tclgztl{pgxgt[ng :ailﬁr(aﬁp tf'apo?%ael\;\:@ Egtel%alhoan?at%, in?}gédcglllph\g@(i:-gﬂcyclic, mixed
aliphatic-aromatic, heterocyclic, mixed aliphatic-heterocyclic hydrocarbon radical having
from 1 to 70 carbon atoms, H, F, Cl, Br, I, -CFs, -CH,(CF,);,CF; where j = 0-9, -OR’, -COR?,
-COR’, -COM, -SiR%, -SR°, -SO,R®, -SOR’, -SOsR’, -SO;M, -SO,NR’R®, -NR°R®,

-N=CR’R®, where R® and R® are the same or different and are each as defined for R!, and M is

- Si

an alkali metal, formally half an alkaline earth 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

simultaneously O, with the proviso that when q has a radical which has a structural unit (6c)

R* (6¢)

where the R' to R* radicals are each as defined for formula (M, x', y', z' are each
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 g, and the a position serves as the attachment point,

x and x' must not simultaneously be N and

x must not be N when T is NR*’.
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RLTR2x1 R34Y1Pl.1l.aR4 (6c) where the RLto R4

' re each as defined for fornmula (1),
Wd;?ﬁ;?@ogggh 20 i ndependently 0, NR7, S, \/\her@'(‘ﬂyE¥3095/050347

as defined for q, T is an oxygen or an NR30 radical,
where R30 is as defined for & 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
NR3o WO 2005/ 090276 PCT/ EP2005/ 050347 6 In preferred
enbodi nents, d, Rg 3RS and R4 are each as defined
In pfftfmm@mb@hmbmn q,am‘l, RaIR’ andoﬁ% atehvach aslidefaled for haydrocarbon radicals,

subst.ituted w.th nber gar bon ato of
but 535541 et R At of Seborceis eb e | D, Rparicutar
fronaNeo BF are preferably each H, or an unsubstituted

al i phatic or aronmatic hydrocar bon radi cal having from
I to 25 car bon at ons. i s possible that two adj acent

MO‘FB‘@@& de ?33 rHF a’f?fngsaé@ %%Eg%l Eﬁﬂﬁggw@smg%émh@m &g aromatic

hy BB kéa,lcamﬁaﬁﬁgﬁbﬁniaﬁo% cafbonPhiGthé. C. M xed aromati c-
al i phatic or mXed heteroaromati c- al | phatic ring

system In a preferred heteroacyl phosphite of the

It IS&DS%]I[EZP%}%S : ha}ecgg ]3\2’? Iclg'a e E{_’th%al}y g{m acri ?(qﬂad?cséls together

forn$ H Assel S8ty oPlnshiB&te @ BROntAR| KdtrosohRGt Sffi Eﬁtﬁ:”hu aromatic-

aliphatic, alicyclic, aromatic, heteroaronat
allplmtlcwhaux@i hﬂtﬂ:rogmmaup-ahphmm ralgj spkta:tm c aromat i c,
heterocyclic, m xed aliphatic-heterocyclic hydrocar bon
radicals having from1 to 25 carbon atons, F, , Br,
I .
I Pt eI olhis o] 0 Rl S he 1%%3%%1%%%@%% aromatis
or hiiRERGENRERVhoth ardlu@RbRBtuted or substltuted by at least one radical selected from

aliphatic, alicyclic, aromatic, heteroaromatic, mixed aliphatic-alicyclic, mixed aliphatic-
aromatic, heterocyclic, mixed aliphatic-heterocyclic hydrocarbon radicals having from 1 to 25
carbon atoms, F, Cl, Br, I, -CFs, -CH(CF,);CF; where j = 0 — 9, -OR®, -COR’, -CO.R’,
-CO,M, -SiR%, -SR’, -SO,R’, -SOR?, -SO;R’, -SO;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 g 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, phosphine
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)
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'"'~-3~-3~2~->> where R5, R6 and M
s defined above. 20 In a further process
W%SZ@?’E" het er oacyl phosphite of the formul aPFiT)’EP%005/050347
used, whose g radical consists of the -WR radicals
where Wis a dival ent substitiuted or unsubstit uted
aliphatic, alicyclic, mxed aliphatic-alicyclic,
het erocyclic, mxed aliphatic-heterocyclic, aromati c,

het eroaromatic, m xed aliphatic-aronmatic hydrocarbon
radi cal having from1 to 50 carbon 25 atons, and the R

radi cal g%s - NR5R6, phosphite, phosphonite,
phos 2 i ng14 or heteroacyl phosphite or a
radi cy ‘ Fornal a (6¢), where R5 and R6 are the

sanme o and are as defined for Rl, but are

pr ¢féet ab rdepeident |y H, unsubsti tut ed

al i phatic andparqQmati ¢ hydrocarbon radi cal having from

1 to 25 tarbon atons. 30 In a heteroacyl gBbsphite of

8 fror gul g1 2 B o5

wheh 65201 ot Ry R Ry bR 5 ephon SR M o as cetined
for H@p&(ﬁﬁﬁ%l@%ﬁﬁn&(ﬁh&ﬁﬂ@%/m&Zm FubstiugedRé8 uf@.lb&ﬂ;ted aliphatic,

R12 Rl14 R8t RlI5 a n b (2) where R8 R9 R10, R
alicygiio, Rromafiy hqgoanO@atlﬁe %ﬁ% alphatie-pligyelie. mecbraélpé@wammanc

heteﬂﬁ:?]ra?cf Y& d t]g he%rrcgpfygﬁgﬂ &ogﬁ‘ﬁtﬂ} H[?ﬁicgi? e %&/)m 1 t% 50 carbon

ovalen | tu

atonasi, H;)R;ICEls:Br aIr; emt,u CHz(rﬁﬂz)?CEﬁwﬁl’qu 06— mmﬁ CORS -COR’, -CO,M,
%Ftlc %|I(¥R xed allg?hatgc ar o

-Sth@r ek e: SRR BrRe yRIRIR, INT)@BG% péare R’ and

R® %@cﬁ%@g@?&ﬂ%ﬁé %%ﬁ)@%‘?@\ﬂo ﬁkj?e%g 518)%5 ’d’ or ’bstlgtéd, aliphatic

and aﬁﬂﬁﬁc hy@0REBon rddiddM havingi fRES 1 to SRBarbo®@dinh;, andRSan alkali metal
- SOBM - SO2NR5R6, . - NRS5R6,. - N=CRSR6, where R5

ion, mﬂlmbalﬁﬁéa Healine ?%@éﬂ@ﬁh’@mwﬂ@@mfwomhemuﬂl ion.

nonoval ent substituted or unsubstituted, aliphatic 10
and aromati c hydrocarbon radicals having from1l to 25
t is =@RB®Y , SRR BIRA®, M0 bsS aatlicll K& iand B BAre as defined for R® and R® nis0

or 1 and the a and b positions serve as attachment points.
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 heteroacylphosphite of the formula (1) usable in the process, W has the definition
of the formula (3)

RZO R21

R18 ¢ R23
b 3)
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ion, formally half an alkaline earth netal ion,
ammuoni um or phosphoniumion. t is a CRI6R' Si Rl

WONRO5/ 0982 S radical. R6 and R 7 are as def | RQ&’E33005/050347
R5 and R6, nis O or | and the a and b positions
serve as attachnent points. B5 It is possible that two
adj acent R8 to R15 radicals together forma fused
substituted or wunsubstituted, aromatic,

wheRER &1 R& @IIRE, RAlhPIREY b, thgkﬁiﬁéj oPHIPRRNk ﬁn@hﬂe%@ﬁ b.ézdéﬁned for g,
m xed Retéroaromatic-aliphatic ring system

prefénablyhech hetepembeotly [ahnelpmaaieat etﬁbstlhned‘ or umduhst(t&t)ed uﬂ;phﬁt&: alicyclic,

aroneagb ¢ he r ocrggt%l gmlxe%?é(p &g }cy{: Ec}, Ir&%gd Ali ﬁ;{tg)-grgéatlc ahe‘cerocychc
e S b T € B 1.
Br, a€lF:asCHe(UFap@F S withg,= Opr e, e0R0) yCORAN-GCORED e@o@m -§iR’s, -SR’,

SOy YRS 507 HEM: S FRERSGROREE | dHOPREAE R st R are cach

mdegéﬁcféhﬁyl sfémkéd%%kﬂ H Hlohsﬁala{t' RltRfituted@ 6P flﬁishssﬁtuted, aliphatic and

eterocyclic, mxed alliphatic-heterocyclic
arormtntrhydmcbthon lraﬂcalsahésllrt@ﬁ’omg tbr26reatbohatdnis, and b3 aatatiali metal ion,

forma&}@alf a@@&%ln%é etg{: 3, %@pﬁs Wn%u?n §@2Rg %
- SOR5, - SABR5, -SGSM - SO2NR5R6, - NR5R6, - N=CR5R6,
where R5 and R6 are each independently selected from
The I, andonposétiems tin shebfermulas 2dnd3 semeudsstttathmhad pomits hthe Reradical and
and tj.c hydrocarbon radicals having from1 to 25
toz@%\l’%&a "gaﬁje) and Mis an alkali metal ion, fornmally
hal f an al kaline earth netal ion, ammoni um or
phos hon| umion. 10 The a and b positions in the
tis 4 GRMR' SR PRNINR'E ) uesS mm,nabdmam argioR Htase 4sodeffined Ror R’ and R®

radi cal and, to z as formyla (1
and the a an ab posguons serve as al%c ent prg)umts (1)

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.
In a further variant of the process according to the invention, in the case of the

heteroacylphosphites of the formula (1) which have a q radical with ~-W-R, the W may be a
radical of the formula (4)

LA

a b @

where u is a divalent group selected from radicals of the formulae (5a), (5b) and (5¢)
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is a CRI6R 7, SiR16R17, NR16, O or S radical, mhere

7 are as defined for R5 and R6 15 and
Woﬁﬁ’@%@ti ons serve as attachnent points. AHQ]HEP?Q“S/"S%“
IS possible that two adjacent Rs to R23 radicals
together forma fused substitluted or unsubstituted,
aromatic, heteroaromatic, aliphatic, m xed
aromatic-aliphatic or m xed heteroaronatic-aliphatic
ring system 20 In a further variant ofome,Qmocess
acgerdbdig to the ipeentiogzsin the case \of
er qacgfphosphite he fornula 1) i
with -WR the Wnay be a Wadi
(4 u 25 a B (® whereuis a
selected fromradicals of the fornmul ae (}
(5¢c) WD 2005/ 090276 PCT/ EP2005/ 050347 9 R26 25 R
26 R24 R R24R25 R24 R27(5ba b a M b (5a) (5B (5c)
in which R4, R25, R26 and R27 are the sanme or
different and are each as defined for q, 5 preferably
in VRAGH RPN AeBeRdeRid R*a af@ﬂﬂvéhﬁzn& ﬁffﬁ?édttéﬁﬁeé}e Qach as defined for q,
unsubstituted aliphatic, all cycﬁ aronat 1 cC,
preferablyraaah andepemiently medoxaiwabh&tmhsﬁ‘aitecbgmhnmbsmmé @liphatic, alicyclic,

aliphatic-araomatic, ,heterocycli.c,
m’mcp (eFQargrRats, aweql agP]FF}HTr s e aﬂah@crﬁawa@c heterocyclic,

mlxéd'CHEBhgné ﬁet%f?)c? hﬁiﬂx&&ﬁigﬁ 'rad'kal%@g ﬁ‘%:\%to 50 5@&? atoms, H, F, Cl,

Br, IG@PM -CH.@(R&B)}CFﬁﬂﬁh j= SOQF%&OR%QRS@RS SOV -SiR%;, -SR,
re nd R6
‘Soéégé\&%&gosw -583%/[,6 -0, -NR5 e—N CRSi 8 , Where R§ and R® are each

independently selected from H, monovalent substituted or unsubstituted, 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

posttions serve as attachment points for u.

Here too, 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¢):

o)
Q | R T

2
R28 n X)I n x) R x!

e Km/ ave o

(6a) (6b) (6¢c)
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10 i ndependently selected fromH, nonoval ent
Ors]%%w aﬁ d or unsubstituted, aliphatic and aromatic
w 28Bn radical s havi ng froml to 25 car b &% T{EB2Q05/050347
and Mis an alkali nmetal ion, formally half an
al kaline earth netal ion, amt®ni um or phosphoni umi on,
and the a and b positions serve as attachnent points
for u. 15 Here too, it is possible that two adjacent
whelPR™ 2 af2@il 88 of BFRIOR and BFcBadh (4R EchdHIRSEd defingd for R, but

or unsubstituted, aromatic, heteroaromatic, aliphatic,
prefptablyda anenenalent whsupstittied adiphatio @icyclic, aromatic, heteroaromatic, mixed

. het eroaromati.c-al | tic ri tem.ln a e .
iR SHEREH pimscss SBRae-ERirag, REFSPsye.. sBiyedy glpharic-heterocyelic
hydikcb6h eAificuls MViErbaS] B S dafSUnCAbmWirh B 0 601, ¥ BorR k=0or 1,1=

represents radicals of the general fornulag (6a), ( 6b)
0 orahand the)a p@BIt®rRETvesRE thel ditacRmes: wint. R' xR Ra, RWq, WPk, wand z are

T

(1), & &'t Pears Ahdh Rblcptnl&RRAOINRNG AiRrEREN dSHLERENHRY MYis an oxygen
as CLEfI ned for , but preferably a nmonoval ent
or ap MNRibsadi¢alwhereaR 1 phas defined |forcy,ah¢ 8 positiomedrives as the attachment point

e 6F 088 HIRRE e TR B BORL RSB EE b R a8t not be N when
Tisd@Phati c- heterocyclic hydrocarbon radicals having

from1l to 50 carbon atonms, in =0o0or 1, n =0 or 1, k
=0or 1,1=5 0 or 1 and the a position serves as the

attachnment point. 4Rl ' .+ R4, (, X and are,
In G Fotforvn st R actr Reraditais iy dogsther doratof ised Sbituted or
unsit3fhd Sadhfii6 2 HatAsarSBhfidledlipiRkic! NRixt@r Mehdticlhliphatttl or mixed

yl, z1 are each independently 0, NR7, S, where 'S
heteamiratedtiodipbhitic ring syktans an oxygen or an NR30 radi cal

where R30 is as defined for g, the a position serves

as the attachnment point and, in the case that Ris

The gfg%lo@éiel'%mﬂvﬁ%hg@ﬁéanBQ%eﬂﬁﬂﬂé& BABRUSY WaPfNxaRHeXmAY 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.

20

By (A)

o)
seSen
|
S/P\o
tBu

®)



10 T is NR30 In each case two adjacent R24 to R27

y together forma fused substitute
W%ﬁﬁ%‘&ﬂﬁ?ga aronmatic, heteroaromatic, ali p%&?‘ir/@,l)zoosmso-?’“

m xed aronatlc aliphatic or m xed

het er oaromatic-al i phatic ringlsystem 15 The fol |l owi ng
phosphite |igands nentioned bel ow by way of exanple
may be used in the process according to the

i nventi where Me is a nethyl group, 'Buis a
tert-b group and Ph is a phenyl group. O N tBu
N P! otBu(M OtBu S'PLOtBu (B) WO

200 090‘76 PCT/EP2005/050347 117 ON NPO\N I N

Owve tBu | Il / "Bu tBu _P/ P QO
' p

©

MeO (D)
OMe OMe
By I l Bu
O
N\

E)



OP\ OO- N\ / tBu MO MeO (D) OMe OMe tBu 4--( tBu

{ OP~-P-OOHNO tBu MO 5 MO (E)
W%ﬁﬁ’éﬁ?g%%ﬁ PCT/ EP2005/ 050347 12 OWe OMe tBE&’E{’Z‘?“S/“SOE"“

tBu tgu OO -PPi StBu MO MO (F) tBu tBu I (
tBu tBu tBu O\ OP-P-O \ 80

)

(G)

H)




tBu StBu / tBu (G tBu tBu tBu tBu tBu 0 O\ \ -
- hNO tBu tBu/ 5 tBu (H WD 2005/
WOE%’PEE@??Z)E/ 050347 13 tBu tBu tBu tBu tBu 09%_9&05;050347
P-OOtBu HNO tBu/ I tBu (J) tBu tBu COOV COOWE
tgu /OO -P\ P-OOPhN O {Bu / tBu

By '8y

By
{
Bu ] O
~
o—p( /P—O
O HN Q
' By
Bu
'B
u )]
By By
COOMe" *l *l ‘COOMe
1
Bu O O
N
o-p\/ /P—O
(e} PhN QO
t
tBU BU
‘BU K)

L)



tBu (K) tBu tBu tBu tBu tBu OO -P\ P-NPh OO O

woL s e, o

5 tBu (L) WD 2005/090276
0347 14 Ove Owe tBu tBu

t Bu - BCG/EP2905/050347

\ OO0 / tBu MO MO (M PhNO/P-O O COOMe
COOMe tBu O 14

O tBu tBu

M)

N)

)



tBu (NN Bu tBu tBu tBu tBu 0 O -PPNO tBu tBu 5

tBu (0) WD 2005/090276 PCT/ EP2005/ 050347 15 Owe Owe

2& 090278, tBu / tBu O OP OPN O O tBu REB/EPZMS/050347
\/ (P) O/ tBu OOP O P-Ny-- O ButBu tBu (Q

5 15

®)

Q

BU R)




I\ 1V / oteuol \ -P\ pOPANO tBu/ I

\ tBu tBu
W(%Syl\ﬁgég 5/ 090276 PCT/ EP2005/ 050347 16 | tBu O

o)
| \ tBu MeN - OtBu (S) But tBu t BET/EBS050347
\ O P-N P\ OMNO tBu - MeO MeO (T)

t Bu i Bu COOwe
COOe 0O OP~ P-O OPhNI®

(S)

(T)

L)
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5 (U WD 2005/090276 PCT/ EP2005/ 050347 17 iBu Bu

COOve COOMe O P-OPhN O tBu iBu COOve / / COOwe
WO 2085890876y MeN O (W 5 Het er oacyl phosphi t es BCTH/EB2005/050347

formula (1) can be prepared by a sequence of reactions

of phosphorus halides wth &fcohols, am nes, thiols,

carboxylic acids, carboxam des, thiocarboxylic acids,

(err)-hydroxyaryl carboxylic acids,

(err)-hydgpxyar y car boxamn des,

a- hydr ox arylthlocarboxyllc aC|ds

Y| ic acids, a-am noaryl carboxam des,

boxylic aC|ds

. ic acids, a 10
g%%ggeand/or_ _

Jen andIOﬁhﬁUIf oups. The basic procedure IS
Py .
{ed by way of/ eXanple using a route to

general formula (1): 15 In a first
st ep, eforrrula(]a) is reacted with a
phosphorus trihal Me/ P(Hal )3, for instance PC(¥) PBr3
and P13, preferably phosphorus trichloride PC 3,
W t hout base or in presence of a base which is used

in equngel ent 184 catal ytic amounts, to give the
(" 2005/ 090276 PCT/ EP2005/ 050347 18

5 conpound

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, «-hydroxyarylcarboxylic  acids, o-hydroxyarylcarboxamides,
o-hydroxyarylthiocarboxylic acids, o-aminoarylcarboxylic acids, o-aminoarylcarboxamides,
a-aminoarylthiocarboxylic acids, a-mercaptoarylcarboxylic acids, O
mercaptoarylcarboxamides and/or a-mercaptoarylthiocarboxylic acids, in which halogen
atoms on the phosphorus may be exchanged for oxygen, nitrogen and/or sulfur groups. The
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 PCl;, PBr; and PI;, 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
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the formula (Ib). RR ORR O RZ Rz MP(Hal)3 I \ R3

()\éH RB%HHaI R4 (la) 4 (Ib) 5 1n a second reaction
WO2005/090226 desi red het er oacyl phosphite of the P&HHEP3005/050347

(1) is obtained from the conmpound (Ib) by reaction

with an al cohol HO-q or withl&n am ne HN(R7)-g or with

a thiol HS-g without base or in the presence of a

base which is used in equivalent or catalytic

t RLO2 HO>q XHS-qor | (1) R3yllP\ Hal

the%ﬁl%‘%%@?‘m 10 (1b) The R to R4, R7 and x, y and g

radi cal s are each as al ready defined. Since the

al cohol s, am nes, thiols and carboxylic acid

derivatives Used &d their subsequent pr

frequengty in sol id form the reacgd ons lare

per f or ned alvent,gy T Elal sol vent s~ySetkaf e aprotic
sol vent s eact neit e|)3 wth the ol sl
carboxyl i ¢ aci dyderivafrvesFrnor

am nes, _i.hi el 570 2 ™ al
with thR phogphor ¥ conpounds. Suitable|solvents are,
for exanpl er* etrahydrofuran, ethers s&th % di et hyl
ether or MIBE (H8thyi tert-butyl ether) or{l ir omatic
hydr ocar bons such as toluene. 20 The reaction of
phosphorus halides wth al cohols, amnes, thiols or
In aGa¢dd@ddtion 36ip idelekiyal hetedacylpHompHirdifabe forfald d§ is obtained from
whi ch escapes as a result of heating or is bound b
the eerapapngddd biby geaction with an alcohol HO-q or with an amine I—IN(l{T)-q or with a

thiol HS-q without base or in the presence of a base which is used in equivalent or catalytic

amounts.

R" o©
R2 HO-q
X HS-gor
| —_— (1)
R® y/P\H : HN(R")-q
R4
{1b)

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

Since the aicohols, 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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WD 2005/ 090276 PCT/ EP2005/ 050347 19 equivalent or in
C Lytic anmounts. Exanpl es of bases are tertiar
Woaﬁ't(ﬁg@)éﬁ%h as triethylanine, pyridine or PCT/EP2005/050347
N- et hyl pyrrolidinone. In sone cases, it is also
sensible to convert the alcbhols to netal al koxides
before the reaction, for exanple by reaction with
sodi um hydride or butyllithium 5 The solvents used
equiVbisht RP UETMtBHRS bARLLE! | BkaWMIQ! of BRe® At0 SR P Cimines such as
_ preference is ‘given to solvents having a water
trietaylaming: pyridine oniNemetbyppgolpdinenenin some edses, abisyaldorsensible to convert

! 0.ppm. . The .water. coptent can_be determ ned,. for, .
the B3aRl 46 BRal AR BRfoGO s reteaiohn for cppenpite bk GFeRiRR with sodium
hyd§dortudhiih@n by distilling the solvent over a suitable

desi ccant or by passing the solvent through a
cartridge or colum filled, for exanple, with 4 A

The SBIEE8 0360 FBh S vem i uShgialh puier 808 oxEetelies. Prferppea s eiven 1o
solverd§ ‘hﬁvin'% fa Wasr &ffdht P RAL Do %(1) g%ﬁ:f, Whork %ré‘if‘gﬁaglﬁom 0 IioyZSO ppm.

tenperatures of from-20Cto 1 nor e erab
The axater conte@tCan be 0€rmined t foeexample dy the Kol dischertmethok:
invention, the nmetals of group 4, 5, 6, 7, 8, 9 or 10
of the Periodic Table of the El enents may be used.
The BYRER! @8 Wf dritld Eﬁ@%ﬁhﬂg&ﬁé Soln® obBOH biEb1CRRR &ﬁ or by passing the
iridium nickel,” palladium platinum 1ron, rutheni Hrﬁ
solvergthrgngh a hartmdgeror columpililedy for zrampie, withgsk molecinesieves.
nmetal used is nore preferably rhodium The catal yst
netals may be introduced into the reaction in the
The [s9ntResié s&pb pRefBlfabOpRLENCS: tein?)efaﬁﬁﬁsc 8f &roff -BOE1d!T50°C; in most
for exanple, rhodium carbonyl's, rhodiumnitrate,
cases,hib HaubeeoHbund thebe Wrfl@ Ak atlenfprcdvresof from —20°C to 110°C, more
acet yl acet t rhodi um acet at e, rhodi um oct anoat e
prefgpﬁyﬁLﬁp@Tﬂgﬁ%ﬂgﬁg%e are suitable. 25 The active
catal yst species forns under the reaction conditions
fromthe heteroacyl phosphite |igands of the fornul a
In thelproeesd acéredingttalths inveetiad, .the metde ofigdnpf 44rind, & i808,0ral0 of the

Perigdit 19AY gt e ants iy De Qe (1BGRBIRg o€ SusgblR metals are thodium, cobalt
iridi#R} FHoRAC YAIRRARR Yl o, YihBhn! LUARAS MR, AliATkenum and

to the reaction mxture I n ree 1orm tdg
tungstie. "Beet mbtpb tseddt aloré¢ aefarallalrhodiomc Ghptaxlyst metals maksr be mtroduced

.. optain.the actjve catal yst .
into tﬁ’e reaction mn %he {‘orm ota sa?tsyor complexes; in the case of rhodium, for example,

rhodium carbonyls, rhodium nitrate, rhodium chloride, Rh(CO),(acac) (acac =

acetylacetonate), rhodium acetate, rhodium 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
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30 species in situ. It is also possible to use a
h roacyl phosphite-netal conplex, which ri ses
WQi@Mﬁﬁentl oned het eroacyl phosphite | i gangg’mpilﬂ@/%%”
catal yst nmetal as a WD 2005/090276 PCT/ EP2005/ 050347
20 precursor for the actual @@talytically active
conpl ex. These heteroacyl phosphite-netal conpl exes
are prepared by reacting the appropriate catal yst
predﬁ%o@' fopf the" QUBA CathBtiddlly Bctik) %Hﬁ{lﬁe%l TR Rterbityifiosphite-metal
formof a chem cal Conpound wth
comppleixes @att:)prﬁmat@phy treacting ahel .apptopriateycdtyd duetal af @mmps 4 to 10 in

cler3l 0 6 5L BEECS A cfioa) EE Gl Wik regisphey bodphite ligand.
may bdARARtagd s WHRA %Efer&%y Pﬁ@spﬁft@ ﬁﬁéﬂd@%@ the BrhfB (1) are used in excess,

hydrof orfyl ation m xtu e process according t
so thitehdtereagylploaphifeuligands dré geaseist dsothet fnee Hepdrel matherhyldﬂﬁ‘drmylatlon
hg addition to the ligands of the formula (1) may be
10 Additional |igands present in the reaction
m xture may be phosphorus |igands, preferably
phosphi nes, bi sphosphites, phosphonites or
In tiphpropdss mc¢ceding Ex dnpineentivh, further lipgmls der the enetdlsatom used in addition

to ﬂ@:}}@ggﬂ &e&ﬁ?f%hgs@ﬂéﬂqggg;?‘f&s( m t ol yl ) phosphi ne,

tris(o- tolyl)phosphine,
tri s(p-nmet hoxyphenyl ) phosphi ne,
Additrang] figaidsepraydna i rilxp neotidn) phivsypd ey, be phosphorus ligands, preferably

Ph0$pﬁalh%§§ln§q%xl¥hl§ h| ne, %5{‘% %Gééﬁ?%yl phosphi ne, tri et hy

trlbenzylphosphlne tri-n-butyl phosphi ne,
tri-t-butyl phosphine. 20 phosphites: trinethyl
Examples plistah, liganﬂfmrbyl phosphite, tri-n-propyl phosphite,
-i-pro h|te tri but phosphi te i
pho:ipﬁ—zfne? bt nﬂﬁﬁ@ﬁ trﬁ(p-tq ylgm %Bﬁosmf -éoiyl)phosphme tris(o-
toly%)éﬁo% l%nﬁ,t g‘lbﬁs f%;ﬂ'llﬁglp’ll)iﬂds%un Shi | e@%ﬁeﬂﬂ@ﬁﬁﬁbﬁ&nyl)phosphme
tricycl‘ohs@ﬂphosphmny,l tﬂéyclnpﬂnl,'gdpd;qsbhmy,l t)m’qhhtﬁptphilﬁg tri(1-naphthyl)phosphine,
tris - but hyl phenyl ) sphite,

tribgnzylp ‘ibgP s%y‘)"b}:} ﬁ‘ﬁmbf“ée tehit-byhy ﬁﬁHP? es:
nmet hyl di et hoxyphosphi ne, phenyldlnethoxyphosphlne
phenyl di phenoxy- phosphi ne,

pho@hpbne n ::myetﬁjv‘l- dlhb@hlt[ap tﬁ&t}lqull %ﬂmxﬁﬂhpstnhﬁpfdpyhl’?osphﬁe tri-i-propyl
IV& | ereo in 1.C sQne of

phos %5% Sﬁ’g% tHadityl hhosphits. ngt-hmwyph%ma% rtrig@yqthylhexyl)

phogpﬂﬂé,c riphChyl NI Mte, 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-dibenz[c,e][1,2]Joxaphosphorin 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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atons. 30 Common phosphinite |ligands are
di phenyl ( phenoxy) phosphi ne and its di phenyl ( met hoxy) -
w ﬂ}ﬂ% and di phenyl (et hoxy) phosphi ne deri VRQWE§£0051050347
WD 2005/ 090276 PCT/ EP2005/ 050347 21 The
het er oacyl phosphi tes or het eEbacyl phosphite-netal
conpl exes nmay be used in processes for
hydrof ornyl ati ng ol efins, preferably having from2 to
25 carbon atons, nore preferably from6 to 12 and
nost preferably 8, 9, 10, 11 or 12 carbon atons, to
The dietepodciphosphites po hetergeipladsghiydem! coinpleresemap be uised in processes
iven here to, using ge (frlcl)acyl %hos hite caonpl exes
for Mydiotopmylating olefips, Ry [f”é? Bhawng Hemca i 2y SATH9RARRS gpore preferably
) h h o i _
oD ey s B ary 6 gt 4 7 kbR e, IPkxs the comesponding
aldeBydes. BRferercea$ giver herevtenssingeheherdaeyiphoyphite @smiplexes having metals of
m)i%ntgf netal of group 8 10 of the Periodic Table.
groypy f R YRGS phite |igand may be added at any
time in the reaction in order to keep the
concentration of free heteroacyl phosphite, i.e. not
Prefewocalingiven to aisirtghfromet b, 500ansl; prtferablyefraant e 20atmadend more

of e tal_in the reactjon mxture is preferably in
Pfef?fﬁefytkgﬁg‘é tp S8mpol Ogﬂm ipgentiys heigergcyphgsp EpamelF pf ngtal of group 8
. . t . .
of thd 96{%?&%?&{?[162 ProshPRRHAe X tsﬁkp{eg l1€%|§e%§§) el died O %% time in the

wei g reaction drof ornyl at
reactiem of orestodeep thenmchcvnttdtion bé filee heteancytbhdrphindg) iileesotabordinated to
the formula | or the correspondi ng netal conpl exes
the ragial, KON or ned by known nethods, as described, for
20 exanple, in J. FALBE, "New Syntheses w th Carbon
Monoxi de", Springer Verlag, Berlin, Heidel berg, New
The ¥ondentrpdges tBSmietal in hi 980)ion Mieturd ie braferalymo thedbsgde from 1 ppm to
| s/are rea\Jcited in the presence of the catalyst with a
100G,ppep prefestblinds Hiecrapge {rofing ARt 399pm, Sagrdyri thedotal weight of the
G havi ng one nore carbon atom 25 The
reac?lggg{{%gﬁétenper atures are preferably from40C to 180C
and preferentially from75C to 140C. The pressures

nder, whi ch the hydrofornyl ati gn proceeds are
The Ew TaRlafop IsRRtipns gerfermedpith the hgieroacyiphespiuies gf the formula I or

the %ﬁs@%@%{%ﬁ%&? %&816&93 fth B@li)erfglja%drw E{Eo&l‘?}l{e&oﬂgt Algec?egcribed, 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 (Hy/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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carbon nonoxide (H2/CO in the synthesis gas is

preferably from10/1 to 1/10 and preferentially from
WQL?”I’S(Q?(’W{ 30 The catalyst or the ligand i s BCIJEPRQS/050347

honogeneously in the hydrofornylation m xture WO

2005/ 090276 PCT/ EP2005/ 0503472 22 consi sting of

reactants (ol efins and synthesis gas) and products

(al dehydes, al cohols, high boilers fornmed in the

L T R T ——
boilews ifginted it ke Iire¢ess)o@pub¢ﬂtlgsaﬁ) boltes chabeudedwdititlonilly. ity .

5 They can therefore be renoved in a sinple manner
fromthe nore volatile reaction products. They are

O U PP R RO BB g v

Theyricaat ﬂreﬁoxefbeo’eﬁbwdsldwmnrp@e fnaoimer Zrdno tikbmoreaydbaile iﬁa@ﬁ@l products.
erm nal i nternal C=C doubl e bonds. Preferred
Thew& Jrientlysl l?n‘érﬂéﬁ ¢apmem oxgavis|seVeRs. such as
propene, 1-butene, 2-butene, 1-hexene, 1l-octene, and
also diners and trinmers of butene (isomer m xtures).
The Téwetanyscioo tar mpdrefoimylaticnars el¢fins fop miR thres0ott dlefB Ui ihedom 2 to 25
bat chwi se, Exanpl es of industrial designs are stirred

carbps gfoms Withieraag| arriptsmal & doyhle bprec&e me%rrect T$Befpats are generally
oo AF BRI 00 RP I REEHE" 3, ISR SBHSH Tl s an

trimdil @f beraé (isvn&anixbgeHf f ect ed continuously or in a
plurality of stages. The separation of the al dehyde

compounds formed and of the catalyst can be performed

[ d U yonat i . .
The BRGS0 PRI, SR RS iisso industeia
designiy dré) stirsdd tinks, Bhisble @olﬁ@lﬂs,tj@t 142718 redc®rs, SRR ractdY or loop reactors,
means,  of a distillation, by means of a falling-film

some giyybichmmay berin the formef batteries vad/or provided Withgntemals: ue
particul arly when the catal yst, dissolved in a
hi gh-boiling solvent, is renoved fromthe

The Iréa666n Reh Ibie ng@feple dﬂéﬁﬁﬁmuﬁ?%ﬂxﬁ@ﬁ%ﬁﬁbﬁ kt4gés. IOk %Epzﬁﬁhon of the
can be wused for further hydrofornylations. Wen | ower

aldelyydsfomponnds fesmad ped of tlpr':@@ém carbb@ peréormeg diytaeenmyventiqnal method
such' & 19 cgp %313 %’%%aéé)’ %hg@@a{lg {'c%g'lu et Elerfn lgalr?esf Iin industry, this

r'eac
can be done, for example, by means of a distillation, by means of a falling-film evaporator or

a thin-film evaporator. This is true particularly when the catalyst, dissolved in a high-boiling
solvent, is removed from the lower-boiling products. The removed 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', Rz, R3, 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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The present invention further provides processes for
carbonyl ati on, hydrocyanation, isonerization of
WORWS/MWO2% ani docar bonyl ation in the presenceP§&T/EP2005/050347
het er oacyl phosphines of the fornula (1) or conpl exes
thereof with metals of group834 to 10 of the Periodic
Table of the Elenents, where R, R2, R3, R4 and q are
the same or different and are each a substituted or 30
: . . L evold : __ s ;
fronp 108 78 shitdh St 10 10 o B CEP(CDAPTE Whgs -9, -OR”, -COR’,
-COgRI, prGdiNg; afi®Tgt 1SR, h8OBRYCYSORY, -S0:RED -SOsM, -SO,NR’R®, -NR°R®,
_alisphati c-heterogycl ic hydrogcarbon radical having WO . .
N=EBSR, disser Pk s Gessregusors Attcront and ges qach g vefinfBHR’, and M is

o el ol AL ASSAd o ono

ion, xS2REe eadhiGRGpen&HBIRE), NFSOSMyherS®C NRGREfine 8 IRGRE,
- N=CR5R6, where R5 and R6 are the sane or different
and are each as defined for R, and Mis an alkal
alpid on, pf ' t@l, i .
The R 0 SRR s B8 @ BLARE 0L e s
of compepaisdehtheyfofimuliR1) sprcifidief® R Hydrodsmaddtionespply nalogously to
R. The g, R, R, R3, R4, x, y and z radicals are
thesg g@ptioNst i ned as specified. The preferred variants of
compounds of the formula (1) specified for the
hydr of ornyl ati on apply anal ogously to these
The rega@ples wehichl fbllbheare xawpdedstowilusthatd tlel greseat tvendi@ @ dll examples,
toillustrate the present invention. In all exanples,

standard yrhjcak Jeehnelngyt wnden prodersiva rags rvasr erleyedy dhgasolvgats were dried
. S were dried over suitable
ove e3|@%gglggggg%ﬁggﬁ§%. 15 Exanple 1: Preparation of
ligand (D) OCH3 9~n OO OCCH3 NNP° Cr P-O OCH3 OCH3
(D al)J Preparation of the ClL phosphorus unit ((D)
Example 1: Preparation of ligand (D)

OCH; OCH; D)

a) Preparation of the Cl phosphorus unit (®)

=< @~
'OH PCl; 0

o N""'P/

N,
©/ H -2 Hel Cr \oi
| (@)

17.65ml of a 5315 M (represents molar, ie. 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 (93.79 mmol) of diphenylamine-2-carboxylic acid in toluene (80 ml). After
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OHPCI3 O 'P i NH- 2 HO O 20 ((D 17.65 m of a
5. 315M %represent s nolar, i.e. nol/l) standard
WOsHM03(099376f phosphorus trichloride in tol uen®@IEP2805/050347
mol ) are slowy added dropw se at roomtenperature to
a suspension of 20 g (93.7924mvol ) of
di phenyl am ne- 2-carboxylic acid in toluene (80 m).
After WD 2005/ 090276 PCT/ EP2005/ 050347 24 the PC13
e SO PRI TS oSS 30, T i

is stiresdoatr lhisuuempafahné uﬁﬁl hol firtief ggasvamidnisi dbserved Qﬁ)@ﬁfx\/ &ch), heated
(approx, 5 h under reflux for another 1

undefrreiipx | fop apef] errhb ﬂmdq fillorechicEhg Sltopsalerets washed ovih @et Himl of cold
toluEHe FIﬁE QOIII‘JHJSH Giifa esT Q% cﬁﬁé@l %ﬁ t(g albﬁ]@%t lﬁﬁielafe%uced _pressure and taken

concentrate ryness un pressur

up ih S0enl & diﬂﬂomrrﬁ:ﬂlaﬁb Eiftraﬁbﬁl&v@paﬁ”&bﬂl afithe sbiviehtr @idleﬂfbduced pressure
evaporatlon of the solvent under reduced pressure and
an, dﬂwg@l anypiAUBP [Vagiveb glvacise i Biepeqtioseopieally pare Cl-P compound (@)

i SR PSR B P TR B e 2Py omicn

513463 31P{' HI NMR (CD2C12) 8135.1 ppm 10 b)
Preparation of the hydroxyphosphite conpound (A) OCH3
O9CH O P-OOCCH3 OCH3 (A The compound (A) was

OCH3
ar.ed e cri n EP 1 675 and as descri bed
b) F %au@e?éf’r? Q%@g@nte O“’B"“%&ége, D. Rottger, C.
Kunze, A Iiﬁ;ngr Angew. Chem 2001, 113, 1739. 15 c¢)

Prepacry @\ of déﬁ
q X

OCH; OCH; )

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

c) Preparation of (D)

11.4 ml of a 0.32 M (molar) solution of #-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 ml). 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 extracted
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 Cs7HgsO190P2N = 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



11.4 m of a 0.32 M(nolar) solution of n-butyllithium

in hexane (3.653 mMmvl) are added at -20C with
WO005/09837@ 0 a sol ution of 2.721 g (3.653 mol PCI/EPEDS/050347

hydr oxyphosphite (A) in THE (36 m). The resulting

m xture i s added at roomtenperature slowy to a

solution of 1.014 g 20 (3.653 mml) of the conpound

((D) described under a) in THE (15 nml). The red-brown

Bty i ' , r.th e k$q€ I d
10050 o7 RUR DoBieh 188 & 24d e " A R 4 R HENESE 380
Jpp=S12.2 Hey] 1M LHahpxahs HHQpr.) . The mixture is filtered

and the filtercake is extracted wth diethyl ether

(50 mM). The extraction solution is stored at 5C for 1

[ et 1. he filtercake is washed with

Exaftible 3/ Prepakhflicér Al ied at 60C at 0.1 nbar for 2
OCH3593 g (44% . El enental analysis (Cale.
P2NoeH986. 08 g/ nol): C 68.73 (69.43), H
09 (6.28), N 1.48 (1.42) % FAB-M5:

744 (30%, 727 WD 2005/090276
K 25 (100% . 31P NWR (toluene-Dg): 8
22.2 Hz), 117.4 (d, Jpp= 5.5 Hz), 138.9
, 141.2 (d, Jpp= 5.5 Hz) ppm
eparation of lieand (E) OCH3 OCH3 /) O

: 5 \ O OO5 OCH3 OCCH3 (E) a) Preparation of
5 C - phoshhdras unit (f') OHPCI3 O NH2 _ 2 HO B
HNP Cl (F) 10

a) Preparation of Cl-phosphorus unit (T')

Q< Q=
OH PCls o

NH, - HN~..P’
-2 HCI \CI

@)

10
28.24 m! 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

15 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 residue is taken up in dichloromethane (80 ml), 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 substance formed is filtered off at ~15°C and then dried under reduced

20 pressure at room temperature. Yield: 7.76 g (26%) of spectroscopically pure Cl-P compound.
31pf'H} NMR (CD-Cly) & 135.1 ppm.

b) Preparation of the hydroxyphosphite compound (A)
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28.24 m of a 5.315 M standard sol ution of phosphorus

trichl orlde in toluene (145.84 mmol) are slowy added
WORMSM%927%t room tenperature to a suspension B&‘ZEP@051050347

(145. 83 mrol ) of anthranilic acid in toluene (105

m). After the PCl 3 addition2éhas ended, the m xture is

heated slowy to 90Cin a water bath. The m xture is

stirred at this tenperature until no further gas 15

For ﬁl\ééfqﬁ!r éfﬁ?}@%?l rg@tbﬁ:g weeigﬁ&%gﬁ@gén ue n% thgﬁ?ﬂmgﬁl per @t ant

is decanted fromthe oily residue and the toluene is
renmoved under reduced pressure. The residue is taken
©) Erspargtion @HEdr onet hane (80 n1) t he m'xture is filtered

4.1 £PE pbASoBRil A3 sH S i oo} 3¢ Seprlibateg ot ~20°C with

3.44fhnef a Qre/ st ﬁhhﬁdﬁeoﬁ/ﬁlbh@wltﬁwhstsm@ﬁlnia} MER dotutfon! dfethe dithium salt
off at -15C and then dried under reduced 20 pressure

thusgebtaipednis éqld;érérpgwe withe stiring . tp6a golptigypf df108 g (5.50 mmol) of the

com?%%%g & %ﬁ@ Xeﬁﬁﬁ e'EﬁF lg?% Bﬂfpﬁeé ﬁfnapgtlag ét;()';ﬁ teﬁ%%rature for 16 h,

the IYEURXKPRRS AR ©OIRAMRdindA) rédRPPREQPOZAS the resultmg residue is
PCT/ EP2005/ 050347 26 For the preparation of (A) see

extridtedl with boitmigiheraren(80 nd) syt dndg traces fof ( Aeark ipgaaat (¢ddpgnizable by the
sharp ghegpari JEeharri40 (Wi £ DA ) i GE URR R Eiod 28 diethyl eher
(50 it IThe gth%)[‘ éﬂraﬁlm%fon nira@d% Peiaﬁfei .g:ét(%b‘y oPYiyyt l$\*/,}1%leé{:%scoplcally

e solution o saI

pureohﬂﬁl tﬁ’eahailymsa(ﬂ:dled fatr 6ﬁw6fm01m e 209.99 g/nxjpl)t ® 698 qmsa} %1 3plHy

of 1.108 %n n‘i th compound é ) describ
NMR(fdp(dy): lrﬁ-ﬁé {280:m 36. 2=AH]e$ ppmi.r FARGMat e cH (40%, M) 727
(Odge)rrperature for 16 h, the mxture is concentrated to

ryness under r educed pressure and the resulting

residue is extracted with boiling hexane (80 ni)

unti | onIy traces of (A) are present (recognizable by
Example 3P signal at 140.7 ppmin

CD2C 2). The jesidue is extracted with diethyl ether

el |l ow, spectroscopically pure

s (calc. for C51H61010NP2 = 909. 99
6.81) % 31P{1H} NWR (CD2Cl12): 6
*2, 141.8 ppm FAB-Ms: el m 910 (40%

9
1%4"0-013
27 1_(¥00% .

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

b) Preparation of the hydroxyphosphite compound (%)
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15 Exanple 3: Preparation of ligand (HH O NP~ PO
i 90 a& Preparation of the d -phosphorus unit/élg[a
WO2905080276 phosphorus unit ((D) is prepared asPCT/EP2005/050347
descri bed under Exanple 1. b) Preparation of the
hydr oxyphosphi t e conpound (BE}7 WO 2005/ 090276
PCT/ EP2005/ 050347 27 | Ol P-O OH (E) The
conmpound (E) was prepared as described in EP 1 201 675
or as descryped in D. Selent, D. Hess, K -D. Wese,

D. Rottger, Y. Kunze, A. Boner, Angew. Chem 2001, 113,

1739. .4 g&-ati on of ligand (H) The preparation

i s ef fecl\gd a{ ogously to the synthesis of |igand

(D). Theg n was effected with 2.518 g (2.97

nol ) of ;_;1%_ X¥Xphosphite (E), an equi nol ar anount of
i t hium ed as a 0.32 Msolution in hexane,

(2.97 mmol ) of compound 10 ((D) in a total
THE After workup, 1.51 g (47% of theory)
ectroscopically

(%)

The compound (Z) was prepared as described in EP 1 201 675 or as described in D. Selent,
D. Hess, K.-D. Wiese, D. Réttger, C. Kunze, A. Bomer, Angew. 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
(®) 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 a light brown solid. Elemental analysis (calc. for
CeoHgoOgP2N = 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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pure ligand (H) are isolated in the formof a Iight
brown solid. Elenental analysis (calc. for
WORMSAHEEEN = 1090. 41 g/ nol ): C 76. 10 (76. 00) PCA/BPAMNS/050347
(8.23), N 1.31 (1.29) P 5.68 (5.68) 31P{'H NWR
(CD2C12): S 113.1, 116.0, 14287 ppm Cl-MS
(i sobutane): me 1090 (65% M), 832 (100% . 15
Exanpl e 4: Preparation of lieand (J) HNp;OP-OO0O
/

T e el S o) R fo UECyBlisi of (), Staning from
2. 418I"ge (8381417 hesbly of HySroxyPhasphite gc&nﬁde(%wa:ﬁ dqan&ﬂzr amount of
of hydroxyphosphite conpound &E an equi nol ar
”-b%ﬁwnowe As Bééy‘ff solutioRin heag% apd 03732 (R84 mpaelpef tha compound

o BRGS0 3 5 5 S, ooy o

spectiobcopitally pufe KgHAdo(Pf 1st1§lﬂéiéd/ )n e AL 0P a yellow solid. Elemental analysis
spectroscopically pure ligand (J) is isolated in the

(calg. Jﬂmcm‘HsaOgPeNl o081 ¢/mal):chsid i (T4l i %43 (845 N 1286 (1.38) P

G 4 4 (7 ), H
54 IR P6 TPUIG QW b T8 1k s Wity Pagio 4 i il me 1015
loq;?(:ggj 3.8, 140.0, 143.0 ppm EI-Ms nle
ax% gsa%)ll@o @gggfg(%% 440 (100%. to
Hydroforrryl ation Exanples 5 to 15 The hydrofornyl ation
ntsEvver rf? med in a 200 m autoclave from
AR =2 qui pped with a
Thy &1%?6&513/1 | cﬁﬁ'@r
c SRRSOk UL FEro AT £ B0ORY StochR i buddcter
Mallﬂh@m‘ @qulpmmgltb al pxcssmsmmhtanhm@l dexmvd, gas flewfmaten, qﬁargmg stirrer and

SR L SRl L GHEATL S AL e o o
[acaEI@lﬁmt] V@Ea?c + Rebystidtondie! Midn,! b@]ﬁ“&ﬁ%ﬁk@é{f 1 LS”(‘I*@:E) e)24b the catalyst

argon at nosphere:” for experinents ppm by nass
precufsor rodoluene H@revintwidueed) 180 4hervuoolavt ivmder Bwrargon atmosphere: for

expeémge AR ggiglﬁyhr&%p% GE glpm cglirﬂ n’qu 2 O{ %6\%&? Iﬁ:luﬂr{n g@l%goxw foro éxpemnents

with 28 ppm by mass of rhodium, 20 ml of a 0.604 mM solution; for experiments with 140

ppm by mass of thodium, 10 ml of a 6.04 mAf solution. Subsequently, the appropriate amount
of the phosphate compounds dissolved in toluene, generally 5 ligand equivalents per rhodium,
was added. Addition of further toluene adjusted the starting volume of the catalyst solution to
41 ml for the reaction with 1-octene and the n-octenes (= mixture of l-octene, 2-octene,
3-octene and 4-octene with approx. 3% 1-octene fraction) and to 51.5 ml for the reaction with
2-pentene. 15 ml of 1-octene or m-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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ppm by mass of rhodium 10 ml of a 6.04 nmM sol ution.
Subse uently the appropriate anount of the Bhozﬁhate
% di ssolved in tol uene, generally 5 | P2005/050347

equi vaI ents per rhodium 20 was added. Addition of

further toluene adjusted the2%tarting volunme of the

catal yst solution to 41 m for the reaction with

1-octene and the n-octenes (= m xture of 1-octene,

_ i t

On JuSEhERSS fheeprial mplnte, 250 §ifhetls chs PRALHY ol thorcascd t0 20 bar
(30 ot tor P-opentleael thkSolefinobasl adiztle The atadtionclasnesndutted. £ constant

m of entene were |i to the ressure
presfirg tlpaion PrRASS Gentialisr S8 Bronkhorst S NEBrNKI e the reaction

m&gf;%ﬁéﬁgl‘aﬁ ng;eﬁt A Sﬁglgét %@&%e}ﬁﬁ%ﬂ nt}l@%ﬂi%ﬁl’ﬁp@{vgs cooled to
ToOA tnEiratue, mnipeesswancbpur@cswnh heesh svihostingne 915 bach cafe 1 ml of the

Y SR R DR N
Qe vvlth n- octenes
wi ?3%’%0%30 c;éﬁ‘é)?%“g% byitls B E{Eﬁ%ﬁ‘?e 120C. WD

2005/ 090276 PCT/EP2005/050347 29 On attainnent of the
t he _synt hesi s ressure was

Table 127 o g BARTBIeS S IFolopata wich Leands D iE). (e

0 dde Th —
Ex. col“ﬁsétl%an éfgl?essg{rhe ( Iq)gfggk}joc pt\ﬁtﬁé)i fgﬁL )nf ?%I | er -Selectivity
No. f rom Brionkhor st [pplh]a Net her | ands) over the|fgpcti 0'[%]

RS QI’\QPI fie n—Tdhle 1 Aflter the exper| nment
5 ha@)expllr@ﬂten% h@sautcgﬁé@e wag l%cﬂoe@ to 5|7bom 973

% L URE mpr g and Wt onm—w
6 SR r| nig - bf‘fre]ngag% casbﬁ?ﬂ?ﬂ off Y%éﬁ ?eacti (%@m Xt ur9e17s5
7 VED)W t QdPéiMéhei maedi geely aftenzd e, 6tirrefzhad bepgg e
siifcheld off _diluted with 5|m ‘of pentané and
8 ar(ﬁ])yzedz-ﬁyteg% léﬂronrdﬁ?igraph) 130;6261@ 1: E(tk(}rpl es 1.1

h r-ryat-aiswth ards-+-B) \1"“ 1% \u
9 E)gm Li gdntdCEres iﬁ @%‘?l n: R “Fi &P %3[ bar] % Th] Yi &8
10 NrEg! el Btiedes N0 Yol 139 20 69 1- ene Zkgg,

TRED S0ig-Ohiles 140 9%3 5 (% b ene 1h05 700,

11 1Q®)50,|3-O6iehy .|34 15 700 100, 50, 3 44 84.0
12 |(HD) 1-Octene |28 7850 100, 50, 3 51 87.1
13 | 2-Pentene | 140 1570 120,20, 3 34 86.8
14 (D 1-Octene |28 7850 100, 50, 3 84 86.0
15 D 2-Pentene | 140 1570 120, 20, 3 100 65.9
16 |[X) 1-Octene {40 12613 120,20, 3 46.2 924

* Ligand/rhodium 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 rhodium 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 mM solution were used.
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7 (D) 2-Pentene 140 621 120, 20, 6 74 86.6 8 (D)

n- Oct enes 140 1570 130,20,6 40 81.1 9 (E) 1-Cctene 28
WO2005/008376 50, 3 87 85.3 10 (E) n-Octenes 140PCH/BP2005/050347

130, 20, 6 76 59.4 11 (H) 1-Octene 14 15 700 100, 50, 3

44 84.0 12 (H) 1-Cctene 28 3850 100,50,3 51 87.1 13

(J) 2-Pentene 140 1570 120, 20, 3 34 86.8 14 (J)

1- Oct ene 28 7850 100, 50, 3 84 86.0 15 (J) 2-Pentene

SO ey By 5 Sl RSB BT, Mo ot

compOurdd Gomlpaolatd \ie tbuanglvecrd Gddae Aydition @fnfukthéd @luene adjusted the
experl ment was perfornmed_in a 100 m_ autoclave from

tartgng mass i eriatyslisphitign &2 39 e domtdie meastion athdeqgtens, orghgn-octenes (=
t rs u F h

i Dy e
intraduoet] imo nlon presaiire piette. Aahadyytiesipeas pEsaire iof 1t1013JBﬁrew1th stirring

was introduced into the autoclave under an argon '
ao%t"ﬁﬁ’éﬁii%?@“ lags wapheatsd tRdRPC.wi t h 40 ppm by nass of

rhodium 3.1 m of a 0.734 nM solution were used. WO

2005/ 090276 PCT/ EP2005/ 050347 30 Subsequently, the
On aiaiimogaitiod tiee aEtiont temberature, ghe syrlepsis\iak @Rissurp Vas if@elisedto 20 bar

é&ﬂthe phosphite conmpound X di ssolved in tol uene were
and Jhe) oletinawas wdder. ofher Ireetieny Wap| coaductedpl sonstpnt rsessure (closed-loop

pres?&r@rrE pﬁ%ﬁn ?Po:fk?&s? %@lﬁ/ erl?n% tvar tﬁe co%?se oif t%e rukﬁon times

react ené or ten

speciﬁanbhlethe tallle OAfteN ehe &p@ﬁhﬁﬁﬁt@e%aﬂ @@hemethe aﬁﬂ)cﬂwefwas cooled to
1-octene or n-octenes were 5_ i ntroduced into the
100, IRBBEABIG drepmpressed and ymptied Buring thy sepstipn smplas waere taken,

e R e e S
terrperature the synthesis gas pressure was increased
0 bar and the olefin was added. The reaction was

At 188?%&&% EPMmpAralietPSHmeRt glyetise focingsadleqtiygp which is comparable, for
example, with Examples 1 and 2. In spite of the higher reaction temperature, the yield at

46.2% is significantly lower (Table 1).

SR

Comparative Example 17

Analogously to Experiments 5 and 6, Example Experiments 5b and 6b were performed with a
ligand of the formula 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



10 pressure regul ator from Bronkhorst, the

Net her| ands) over the course of the reactl on tines
WOHUSA%0226 i n the table. After the experinent PGRER005/050347

expired, the autoclave was cooled to room

tenperature, deconpressed anglenptied. During the

reacti on, sanples were taken, diluted with I nml of

pentane and anal yzed by gas chromatography. 15 At

LAENt gives rise to an

the%a%ge %cﬁ?\}]?e?ﬂp |ch§é?%‘%)§ggn%ar bl e, for exanple, wth

Exanpl es 1 ang InQMEte of the higher reaction

t enper at ur e, [ i fi

| ower (Tabl g PP061(X) 20

Conpar ati ve Anal ogously to Experinents 5
and 6, tﬁﬂSb and 6b were perforned
with a la Z. The preparation of

t hetgy gand Z ©an be ken, for exanple, from DE 100
I(g_?(an'pl es S5b pngy 6b, | ower n-selectivities
ed\ t hroughoyy than ipn WO 2005/ 090276

P ho5/ 060347 314 of use of the inventive
' Bu tBu 'Bu "Bu OO \ -P\ lo
Me@u OO 5 (2) Conpar ati ve exanpl es

MeO )

Table 2:I Comparative examples with ligand Z

Ex. |Ligand | Olefin Rh Olefin:Rh | T[°C],p[bar],tfh] | Yield n-Selectivity
No. [ppm] [*] [%0]
56 |Z 1-Octene |28 16 220 100, 50, 3 63.7 383
6b* |Z 1-Octene |14 31563 100, 50, 3 61.5 43.8

5 * Ligand/rhodium ratio = 10:1

Example 18: Preparation of ligand (M)

OMe
o (IS o
e
" o o’P_O

MeO OMe M)

10  a) Preparation of the P-Cl unit ()
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i5

20

25

Ex. Ligand Oefin Rh AefmRh T[C],p[bar],t[h] Yield
nSeIect|V|ty No. [ppm [A [X4 5b Z 1-COctene 28 16
WOZMYSA982760, " 3 63.7 38.3 6b* Z 1-Cctene 14 31PEHAERZANS/050347
50, 3 61.5 43.8 5 * Ligand/rhodiumratio =10:1
Exanpl e 18: Preparation of |I82and (M Ow OD-1/
Ok ~ NOO /PO OO MOOWw (M 10 a)
Preparation of the P-C wunit (Q) WO 2005/ 090276
CT/ EP2005/ 050347 32 PC 3 NQ _PC OOH- 2 HC
VO(Q 17.2 M of a 3 M solution (46.85 mvl) of
osphorus trichloride tol \otne are added dropw se
atNHoom t e Qk’»atu e Wlth S prl ng to a suspension of

K 99 cg}-l(46 Shemo sal ozylanilide in tol uene
xture is heated under

. Subsequently, t he)-

) for 5.5 h, filtere er cooling and
cofeentrated to dryness un¥s¥ reduced(Qyessure. The
product (0) thus obtained is approx. .95% pure
according to NWR spectroscopy findi ngs and was used as

7. zlqﬁfC?feg?g? C?‘ %S(ﬂﬂ%ﬂf y a recr ys’{ﬁlﬁ ? rpg] ér?%e?’nmc%megg are added

dropiwaeu @ eooﬁfl teinperafie 28itly sGARD of at hﬁ;pér)s)on 31 B 99 (46I8Rmmol) of

: 8 139,
sali ICD% d¢1: in toluene (4% mB Subsequently, the mixture is heated under reflux for 5.5 h,

filtered after cooling and concentrated to dryness under reduced pressure. The product (Q)
thus obtained is approx. 95% pure according to NMR spectroscopy findings and was used as
obtained for the further synthesis. The purity can be increased further by a recrystallization
from toluene. Yield: 12.23 g (93% of theory). *'P{'H} NMR (CD,Cl,):5 139.6 ppm.

b) Preparation of the hydroxyphosphite compound (A)
For the preparation of (A), see the information on the synthesis of ligand (D).

¢) Preparation of ligand (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 a 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 boiling
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: 223 g (55%). Elemental analysis (cale. for Cs;HgsO1oPoN =
986.08 g/mol): C 70.49 (69.43), H 6.64 (6.57), N 1.38 (1.42) %. *’P{’"H} NMR (CD.CL): §
112.2,113.8,115.2, 140.1, 141.4, 143.2 ppm.
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10 b) Preparation of the hydroxyphosphite conpound (A)
For the preparation of (A), see the information on the
WOIN05/02 25 ligand (D). c¢) Preparation of |P&dABPZeH5/050347
15 An eqU|nDIar amount of n-butyllithiumin the form
of a 0.32 Msolution in hexah® is added at -20C with
stirring to a solution of 3.065 g (4.114 mmol ) of the
hydr oxyphosphite (A) in THE (50 m). The mixture is
stirred for another 15 min, then allowed to warmto
roomtenperature, and the solution thus obtained at
Exagple $9:Ridparationcofdighnd i of 1.20 g (4.32 nmol,
approx. 5% excess) of the C -phosphorus conpound in

THE (20 m). warmng to roomtenperature, 20 the
i Xtu ,s AL 16 h and the solvent is renoved
un er . The remaining residue is

ted 3 x 20 nMl of hexane and then with

of boil |‘ wene. Concentration of the

\eoflltéfate a8y N1, addition of 25 m of hexane
and 3t oflage J at /5C for several days gives rise to a
bei gé [ade. The mixture is filtered, and the

preci prys washed with hexane (2 x 5 m) and dried
at batH pe+ature 60C in an oil 25 punp vacuum
Yield: 2.23°g (55% . Elenental analysis (cal L) for
C57H65010P2N = 986.08 g/nmol): C 70.49 (69.43), H 6.64
(6.57), N 1.38 (1.42) % 31P{1H NWR (CD2C12): 8
The picpardtiod ksdeffected khaldgoukhOtotigadd iM$, 143.2 ppm WO
2005/ 090276 PCT/ EP2005/ 050347 33 Exanple 19:
2.95Pep 482 mipel) @fth%lafd@m(}'@)w@hme KED(sePERagpi© 3)L4n eaiiiblar amount of

s T AT 0

o Sy PGS (0 A f o,
mixtyfe is |[geneeintrated to dryness the residue is stirred with hexane (65 ml) and filtered, and
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 CeoHgoOgP2N = 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,Cly): 6 112.4, 115.4, 141.9 ppm.

Example 20: Preparation of ligand (P)

OMe

0 o)
)
MeO OMe (P)

a) Preparation of the P-Cl unit (=)
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phosphorus conpound used for the synthesis of (M are
used. For workup, the reaction mxture is
WOIWSO0LM ed to dryness, the residue is stirrBEREPRI05/050347
hexane (65 m ) and filtered, and 10 the solvent is
renmoved under reduced pressus4&. Drying at bath
tenperature 60C in an oil- punp vacuumgives rise to
3.615 g (949% of the target conpound. El enental
analysigy(cal c. for C69HB9C6P2N = 1090.41 ggypol ): C
00), 8. 84 (8.23), NpI3¢ P 5.

22 Hegpar at | on o) g
-O OO0 MO Owe (P) a) Prpatr
the P-d unit (8.) WD 2005/090276 PCT/ EP2005/ 347 =)

34 OHc~~3 @G0 18.5 nil of a 3.747 Msolution (69. 44
nmol ) of phosphorus trichloride in toluene are added
18.54h08M %@@M%@Rﬁbh%@@ﬂ& AHEIE o m@ip%hfsftﬁeﬂoﬁ@e th toluene are added
suspensi on of 20.23 g (69.44 [) of 2"-"5
dropatisey ht- Mwmmrmﬂalsmmmg%cms&spmiﬂﬂ ofi20.2h gt(6P 4émenol) of 2'-

e, B0 e S o SoE S 3G e i e s subscquenty

heaté € G2 L $51Y B and REnddhA¥Rd t6 ﬁﬁ}n@kkeuﬁc%f ?ﬁi{lcé@ 8*@3%?{2 eTl:Le brown

up I n dichloromethane (60 nil After
residiigl foemed i is takmaynprmt dnthlmoiaethmnfd 6] rmﬁﬁuﬁhraanﬂ thee solvent is
ue,i s ol ved |n ol uene

resi

evaper%?%f[j e, Zeciopd prestire, packthe pyide létdeﬁs‘a'& Limy f‘bWa%%\‘féP%He (50 ml). The

crysﬁPYr?asé ?oriﬂe'dt reg od: st(?'@%hﬁg Wi 88)sGs tfﬂtehéall 88" Radttl with cold
dri e in an ol unp vacuum-at

tolumr@@ nd) andedr&@iGn afthoé!-purogl uaduutrhatbatiotehmeragude GEC | Bhe product thus
VR Yield; 13.18

Obta&%é&..sglls N@}tg?}g{ﬁ%{{oss%%ggoscopy Yield: 13. 18gg (%0% of theory) Elemental

analysis (calc. for CigH;sNO,PCl = 355.76 g/mol): C 64.48 (64.15), H 4.13 (4.25), N 3.89

(3.94), P 8.73 (8.71), C19.88 (9.97) %. *'P{'"H} NMR (CD,Cl): § 138.2, 139.4 ppm.

b) Preparation of the 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 ml of
a 0.32 M solution of »-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 (calc. for CgsH71NOyoP2 = 1064.20 g/mol): C 71.05 (71.11),
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analysis (calc. for CL9HI5NO2PC = 355.76 g/ rml) C
64. 48 864 15), H 4.13 (4.25), N389 (3.94), 73
WO005902T6 9. 83 (9.97) % 31P{1H} NVR (CD2C12) PCQ‘/EP2005!050347

138.2, 139.4 ppm 15 b) Preparation of the

hydroxyphosphite conpound (A}5 For the preparation of

(A), see the information on the synthesis of |igand

(D). c) Preparation of ligand (P) 20 The reaction is

19| 7. 3 0

o Trmnos 12 LAy 1559 A CRIS Ll s 1063 (18% 10, 783
(12%), 5453(85%) rmur(ﬁa)%) r?éR{alﬂe Nm@mlama 11347, 03.8, 1142, 115.6,

%’ 1 phasphor us conpound (E) After
116. hb39s%|1\‘}éﬂt Hate 1&8&1163§H43| m®ff under reduced

pressure, the syrupy residue is extracted first with

hot hexane (100 m) and then at roomtenperature wth
Exaimple ZhePreffration. of igand ¢®@ane filtrate is concentrated

by hal f and stored at room 25 tenperature for 3 days.

The pregipitate forged is filtered off, washed with

cold IOs ‘ dri ed at 60C under reduced
- ﬁ [ ] e

LIS S ¢

0 SSSh The regll t' solid is spectroscopically
| dentioca nied from hexane. Yield: 2.42 g
(55% . Ele€ ntaj’ analy is (calc. for CB3H/INOLOP2 =
1064. 2 I 1.05 (71.11), WO 2005/090276
PCT/ EP200 35 H7.01 (6.72), N1.42 (1.32) P
5.55 (5.82) Cl-M5 (isobutane): me 1064 (18% M),
783 (129 85%, 677 (60% . 31P{1H} Nl\/gb)
(CD2C12): S 112.2, 113.3, 113.8, 114.2, 115 116. 3,
139.8, 141.1, 141.6, 142.2, 143 0 143 6 ppm 5 Exanpl e

d
The fedition %%qr%%%? poh LA L9) Simal}of the By omRAFDEIE Ghel 1.6 ml of a

032N SRR b Bkl i (0 Timo dnd “ MGE of Yo By hosphors
comﬁ»mﬂh(Bp Haitially khakeoneynd thE)ligandi |Aﬁera§tﬁ'hﬁg Of¢! 16 h at room

to the ligand (M. After stlrrlng or room
temperature, the mixture 1s heated to 60°C for another 5 h, then the solvent is removed under

reduced pressure and the residue is taken up in hexane (60 ml) and filtered. Concentration 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 (calc. for
CysHgsNOgP, = 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%). 3'P{'H}
NMR (CD,Cl,): 8 112.6, 113.8, 118.9, 122.6, 142.2 ppm.

Hydroformylation Experiments 22 to 30
The experiments were preformed as above for ligands (D), (E), (}I) 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/rhodium ratio was always 5

(see Table 3 for results).
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tenperature the m xture is heated to 60C for another
then the solvent is renoved under reduced

WO&“@ﬁ@W@%nd the residue is taken up in hexanBCTGEP2A05/050347

and filtered. Concentration of the solution to half

the volunme and leaving it taéagtand at 5C overni ght

gives rise to a crystalline precipitate which is

filtered of f, washed with 10 m of cool ed hexane and
Confila QQ oggr reduced pressure. Yield: 3.05 g

mental analysis (calc. for

The C@)ﬁidﬁﬁmﬁﬁPZNsre 111fﬁﬂ)rﬁlﬁd gasvodeperied 7 db&@ (12 . O@hparktik: Fxample 16.

N 1.35 (1,20) % ~-.\NB i soputane): me 1168
Expf(rgg%t 32\t%“"358§@ tp gp/ggr ipg%lgi%o lgmlqegliso 2) 3@4%8 The yield for the
)2 Ny t| ongé];%ﬂél ment s 2 ¢ ligand X.

catal%%tgg%& ﬂié %‘ Eﬁ%’lm(ﬂ%n% or ny

Expdirﬁnéi:ﬁ)s TheanéXjde shove rekanpkes ewigh éitemake d-ca:senab av ahé @¢actant, in which
experi ments

and D For al
Selecm 0§f8(1 %@g %29 ﬁﬁ@ 850% &@ﬁn%% ?%?eﬂcnhﬁ-‘éfs‘il Urhestglfds aput 16.9%.
o EABRYT 181l S RRHRD O D on o
mter(ldeé-p'Eﬁiehe (Bxparimems2 tangl . 2090 bah0 highef d4Glectivities and significantly
PCT/ PZOO?/ 050347 36 Conparative Exanples 31 to 33
gher e kP Taleé)per f ormed as descri bed above for

Conpar ati ve Exanple 16.

Experinment 31 gives rise to

simlar selectivities to Experinents 22 and 28. The

Tably BeEgarhpies bfigydrefotraylytion with hgﬁzhi% (M)g(ar),otdylaﬁE@)e ri rre nt
han—w-th{

’)’)\

LS QIHhIfIPth'\I hi-gher t

SHefimBhs; EWV‘H)P&W] &3l wi { Kislht er pia

Ex. phlagandyietn 32 Eelectmty

No. n-octenes as the reactamt, in which sel%ktiviti¥ds of

22 81V (I ilg@eteneX)| 14061 83. f)%(( I2i()g31nd Y) ar& achi eMBidé The
viiel d | S about 1R 00/,\ al r\nnr‘nnrl son-theret o or

23 é)(%@pl e2 Bﬁ“@%et ﬁéol nvent ﬂ% 2Ior@ands M a% P in &On%
8 lt 1ner llc EHLl erT1e kE fl ITETI S

24 aﬁg 29)|, I- gaﬂl% hi g%er n- <e?(gct6f§/| ties apd signi félﬁ)cfant |y

25 higher piRdnthedse4 obt ai neh Chabl e 3) . g5 Tabl ej 5.0
Bxanpl g6s of hvrrnfnrmll'tlnn wit h |l i gahds. (M (L)

26 (|@$) anq 1(@9&3@(. 1&4@and OLeQ, 28, B ef i n: RI2ST[ O], p[Bak ],

27 ' e S ained 1576 1 7 ”120, 20, 6 3 65.9

28 |(P) 1-Octene | 1540 100, 20, 3 45 92.4

20 [(P) 1-Octene | 1550 80, 20, 6 55 97.1

30 (P 2-Pentene | 632 120, 20, 6 27 77.6

31 |[X 1-Octene |12 613 120,20, 3 46.2 92.4

32 |1(X) n-Octenes | 12 655 120, 20, 2,5 15.0 81.9

33 |(Y) n-Octenes | 12 161 120, 20, 3 16.9 83.9




No. [% [44 22 (M 1-Cctene 1556 100, 20, 3 62 94 6 23
(M 2-Pentene 630 120, 20, 6 86 80.9 24 (L) 1-Cctene
W01?199§/02@Z)7620 6 72 60.5 25 (L) 2-Pentene 664 3@@&12@05/050347
6 95 56.0 26 (0) 1-CQctene 1546 100, 20, 3 26 77.1 27
(0) 2-Pentene 1570 120, 20, % 3 65.9 28 (P) 1-Cctene
1540 100,20, 3 45 92.4 29 (P) 1-Qctene 1550 80, 20, 6
55 97.1 30 (P) 2-Pentene 632 120, 20, 6 27 77.6 31
(X) 1- Cctene 12 613 120,20, 3 46.2 92. 4 32 (X
,515.0 81.9 33 (V)
16.9 83.9 WO 2005/090276
Il /1 t-Bu O PP/ \ Ob
ation of lieand (A) O N tBu
n of the P-C unit ("P) O

()
)
'Bu
I
I/P\O
'Bu (A)
5
a) Preparation of the P-Cl unit (%)
0 0] O
PCI
@fLE : ~~©\)k MSGfLE
oy - 2 SN
N0 gy b]lH N
(¥a) P

10
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
15 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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Ol/ HPCI3 N | + NCOO-CO2 NH N P'Cl H2N (Ta) (W

10 The synthesis was perforned based on |I. Neda et
WO005/0902at ur f or sch. 49b, 1994, 788-800: 27.4PGT/EB2005/050347

m; 0.253 nol) of benzylam ne (99% were added

dropwi se within 20 mn with 3&tirring by neans of a

syringe to a solution of 30.2 g (0.153 nol) of

N- net hyl i sat oi ¢ anhydri de (90% in 300 M of dioxane

ﬁltel(eqrthl%qg}rx] %@ Tﬂet\l}krjlr:’ gﬁn&j eat %&?’1@#8@3‘“&?% 5rf§hlél thit %s discarded.

react m Xt ure was [rri
The aolbetewhs distiliéd sfftfesrpehatiltrate b mednd ofl vscuuf edider g&ttuced pressure.
the solution was cooled to room t enperat ure.

The Tosidue grasextragted witht12p anlrof disthd ether.x rpéoc@m% crystallizes at -21°C
E 4 red .t hrough a

aftelzag?fgg %ﬁ%ﬁ I?%Hm %Igt(?r tloa g’pr&eec gxi]tl ngpl}e'& ﬁ\gg W(‘)lﬂ‘l 50 ml of
penthieartd then \daied dAﬁaw@le@c-MS"hm $9 hMﬁnime/@m Bost, IM)edsmf(GO%) 106

fromthe filtrate by neans of vacuum under reduced
(1003p)essure. The residue was extracted with 120 m of

di ethyl ether. The product (Wa) crystallizes at -21 C

after storage for 24 hours. After filtration, the

Ina ?ﬁg%adqrslogps%éa:{keg}ag vvucrag\w 0b nEtQ) ot (rﬁ]) éldpmﬁ %3134 ﬁ!(i)'ﬁ/(o 1 mol) of

metlmlamm4a1(e6@w91vg@an (liﬁ)aﬂ@ of |dmed pdmg!ed 62559 .4 @dhl(eﬁﬁ mol) of

phospois Bjondt &2, aided ) s nlotinh Sty ey it Opghy remperature

ThisOfeabtidie thik@kdI 8N Qtirrbd Ut F0CE- b ) 43 BRn n&Joledofo rddin temperature.

phosphorus trichloride are added to the solution
Subssessitly, thedricthytmmmeniymathloraiens tfltepe off ané theTsnlwent of the filtrate is

e ek O i e Kb G
t f th 1
oo SO 11 1 408 5 0 o
toluedie): SpPAT® pps.uum  An orange viscous oil is fornmed (Y').
Analysis: GC-Ms: 28.35 min; nie 304 (100% M, 269
(100%, 199 (55%, 91 (1009 ; 31P{1H} NWR (d8-

¢) Preparation of ligand (A)

A solution of 5.8 g (0.028 mol) of 2,4-di-tert-butylphenol and 6 g (= 8.4 mi; 0.06 mol) of
triethylamine in 100 ml of toluene is added dropwise at -20°C to a solution of 8.6 g (0.1 mol)
of (*F) in 100 ml of toluene. After warming to room temperature within 14 h, the reaction
mixture is filtered, the solution of the filtrate is removed in an oil-pump vacuum and the

residue is recrystallized in acetonitrile. *'P{'H} NMR (dg-toluene): § 112.3 ppm.

Hydroformylation Examples 35 to 37
The hydroformylation experiments were performed in a 100 m! 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
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15 toluene): S 127.9 ppm c) Preparation of Iigand (A

A solution of 5.8 g (0.028 nol) of

WO20956902%r t - but y| phenol and 6 g (= 8.4 m; 0.BETAGP005/050347
of triethylamne in 100 m of toluene is added

dropwi se at -20C to a soluti3nh of 8.6 g (0.1 nol) 20

of (Y') in 100 nil of toluene. After warmng to room
tenperature within 14 h, the reaction mxture is

to 160"60%96% t@l? aéﬁﬁrﬂ&ﬂt%g tl?%detsﬂgd ;eakdlflj natxteglpef%turg qoociet%} as added via
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Nett&tlaiids?)’ ownd HMeﬁhﬁﬁxp&lﬁeﬁlt @in® hatl exgired} the mudcld¥e 3pak%ooled to
mass of rhodi um nonanoate in toluene and 4.50 g of

roona coRetatisndesomppesseshandgyirggss \gltbﬁrgongmcle pgseitaZ tnémﬁ thecautoclave
soluffi ot Q080G o0 hP o SR PEENE P! B eRiBerapty.

30 g Subsequently, the rhodium 30 |igand m xture was
ght to a pressure of 5-10 bar (target pressure 20
TablBér ﬁxgpplg@oﬁlydgtg‘prmﬂg@qrgm ﬂ)ri\)essur e 40 bar) with

T Y L T S

No. 100C ar 120C. [COpamd/RaitpMENt Of UiFRr d@SiafeHs hephbl PR [%)vity after
enperjature, 1-octene|was added|{via an HPLC punp and

t

the prlessure vas adjugted to the target pressure of 205 h[%]
bar or| 40 bar |by cl osed-|oop capt,rol. ring|the
d 10 okl
i

experijment run tine, sanples wefé™takep”dt fiked

35 1jpAer Valoutene TT$0,n6ACT I[Dln, @S comduct edigat congant 34.5
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admﬁgx i?/Jc\atéfﬁh C{mS 1@1}1 ﬁrf%%%fan@a%d ahal yzed g; gas
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40 %’Bhsd prBuganse (40,101 ]88 2043 - 1({5..2 Li gand/ Rh #0148 -

after 3 thrafter—5thafter 3% vty afte

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 1-octene is reacted,
gives risc 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 enhanced 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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5h[%9 [%4 [%4 35 (A) 1-Octene 40, 10/1 120, 20, 5 71
89 35.4 34.5 36 (A) n-Octenes 40, 10/1 120,20, 5 48

WO290349827%2. 3 37 (A) n-Butenes 40,10/ 1 120, 2BCTEERI05/050347

96 32.5 55.4 38 PPh3 1-Cctene 40, 10/1 120, 20, 3
54.7 - 47.3 39 PPh3 n-Cctemnés 40, 10/1 120,20, 3 4.3
- 29.7 - 40 PPh3 n-Butenes 40, 10/1 120,20, 3 65.2 -
40.9 - 10 Conparative Exanples 38 to 40 The

Clg;‘@%?e” ments were performed as descri bed above for

arative Exanple 16. Tri phenyl phosphi ne was used
as the ligand. Experiment 35, in which 1l-octene is

react ed, gl ves rise to _a_higher yield than
ydseferplyating lefing. CRBPTFDE The weactipy #fi@. mppoolefin or a

FRebRER Rl fayidh MSpf 2 25 EAB0n fid KL 3 miflBicof carbon

mohaxide dnd dpdragadin the Gosspadeadfl &/ Eet&é@@ﬂpﬁ@ﬂiltagﬁ thd |EEnera1 formula
{I eld with n-butenes as, the reactant (Experinment 37)

lg of pgATESRORRAINE FomRIeX Wil oRGprTBPEdnetRls X sEupsd te 10 of the Periodic
I 005/ 090276 PCT/ EP2005/ 050347 40

g@?ﬁg?h%)lmmﬁ%gocess for hydrofornylating ol efins,

conprising the reaction of a nonoolefin or a

nonool efln m xture having from2 to 25 carbon atons

R'mi xtQire of carbon 5 nonoxi de and hydrogen in

) Ok a corresponding conplex with one or
dls of groups 4 to 10 of the Periodic Table
eqprits, B190 R2 ~ X

(1)

where R!, R?, R®, R* and g 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 from 1 to 70 carbon atoms, H, F, Cl, Br, I, -CF3, -CHx(CF,),CF; where j = 0-9,
-OR’, -COR’, -COR’, -COM, -SiR’%;, -SR’, -SO;R’, -SOR’, -SO:R®, -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 q, and x, y, z are not simultaneously O, with the proviso that when q has a
radical which has a structural unit (6¢)
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R3YPzig R4 (1) 10 where R, R2, R3, R4 and q are
the same or different and are each a substituted or

WO2085/080276ut ed al i phatic, alicyclic, aronatic, PCT/EP2005/050347

het eroaromatic, m xed aliphatic-alicyclic, m xed
al i phatic-aromatic, heterocy4llic, m xed

al i phati c-heterocyclic hydrocarbon radical havi ng
froml to 70 carbon atons, H, F, d, Br, |, -CF3,

STRFEA Y i Wl 0080 (L e

inQERMRERG; O; NRSRG, wheh-RRERE, defihet ﬁyrg STangh Boygen @r b BIR* radical,
same of dlfferent and are each efined for RL, and

whewe Ryn isasidefinedyor q) andthe gwpsifion servesas thy attachmentawinth
1 osphoni umion, X, Yy, z
g?’é&ige(a{nﬁ epe"ﬁ%}emﬂgf% S, where R7 is as

ﬂ@iuSﬂ@aHeMu&ena“ﬁdNR3 y, Z are not si mul t aneously O,

with the proviso that when q has a 20 radical which
has a structural unit (6¢c) RI T :x1 a R4 (6c) WO

.%995{0‘8?5%%3@13?&@&@%%8&5{ 050347 41 where the Rl to R4

s are each as défined for formula (1), x1, y1,
eHaran@iRdéhthat ndependently 0, NR7, S, where R7 is as

defi ped fog_ T |s an ox%i%en or_,an NR30 radi cal,
thseRe RIORT.sRagmdeR] mad/or dF and didradialsafsms it fused substituted or

t [ must,.
SRR R AR, Yiondic i AR or mixo
h&&QaroaaauIrwpﬁatﬁﬁﬁ’;‘gSs gencl ai med in claiml,
characterized in that the R and R2, Rz and R3 and/ or

R3 and R4 radicals forma fused substituted or

. The process as claimed in claim 1 or 2,

characterized in that

the q radical consists of the W-R radicals where W is a divalent substituted or
unsubstituted aliphatic, alicyclic, mixed aliphatic-alicyelic, 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’R®, 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'.

. The process as claimed in claim 3,

characterized in that
W is a radical of the general formula (2)

10 13

R11 R12 R

RQ R14

RS t RS
a n )

where R®, R®, R?® R! R", R R and R" are the same or different and are each as
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10 unsubstituted aromatic, heteroaromatic, aliphatic,
m xed aromatic-aliphatic or m xed

WOREP P8I Wrat i c-al i phatic ring system 3. The PEESERAN05/050347

as claimed in claiml or 2, characterized in that 15
the q radical consists of th@!VVFzradicaIs where Wis
a divalent substituted or wunsubstituted aliphatic,
alicyclic, m xed al i phatic-alicyclic, heterocyclic,
gPhatic- heterocyclic, aromatic,
eteroaroﬁatlc m xed al i phatic-aromatic hydrocarbon
t dh mmmm‘ﬁg”t smﬁﬁk”; oIF60, Garrb®naditadand RMYakh® Rare cach as
di ¢ RSR6, . phosphi te,. . phosphonite,
6%3@53%& @d By §§“p(hf”hba'51fﬂ‘ﬁ@ta€ii BRO§itioRDEEYR ASeAtigshrpens points.
formula (6¢c), where R5 20 and R6 are the sanme or
different and are as defined for RL. 4. The process as

. Thaproeeksian climédinXlaimch)ar acteri zed in that Wis a

radi cal of the general formula (2) 25 Ro R13 11 12
ﬂ@raﬁthmwhﬂta t RI5anb (2) where R8 RY, Rio, R

T G vd™h %@Jf'%ﬁz@%?%% BO00s sty B AR %@sumted or

fumubﬁtuteﬂ asoniutid] halernatorkdtics Rliphati, RiGEY GroMificaliphatié or mixed
S radical, and R 6 and R17 are each as defined for R5
Bsteropgomagic-aliphgtic rmggystemhe a and b positions serve as
attachment points. 5 5. The process as clained in

claim4, characterized in that

. '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'RY, NR'%, O or S radical, and R'® and R'7 are each as

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

. 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,



in each case two adjacent RO to R15 radicals together
forma fused substituted or unsubstituted, aronatic,
WO 200U 76nat i c, al i phatic, nixed aronatic-al iIRSEEEP2003/050347
m xed heteroaromatic-aliphatic ring system 10 6. The
process as clainmed in claim43, characterized in that
Wis a radical of the general fornmula (3): R0 R21 R
22 R18t RR3is a b (3) where Rs, R19, R20, R21, R22
g% g ne[h(jipe sama or different and are each as
I ne is a divalent CR16R17, SiRl6R17,
WR&&rﬁ&MoStHeagénﬁalfonﬁﬁﬁ(mG and R17 are each as 20
defined for R5 and R6, n = 0 or | and the a and b
positions serve as attachnent points. 7. The process
as claiured in claim6, characterized in that in each
adj acent R 8 to R23 radicals together forma
ted or 25 unsubstituted, aromatic,
allphatic m xed aronati c- aliphatic or

pr&cess asgclained in one of clains 3 to 7,
2005/ 090276 PCT/ EP2005/ 050347 43 char acte I“zed in

5 that Wis a radical of the general fornula (4): u 4:
r
where u is a divalent group selected from radicals of the formulae (5a), (5b) and (5¢)
R25 R26
R24 R2® R R26 R24 R25
N W / H R24 RZ?
a b
a b
(52) (5b) (5¢)
10 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
15 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,

10. The process as claimed in one of claims 3 to 9,
20 characterized in that

R represents radicals of the general formulae (6a), (6b) and (6¢):
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ab (4 where uis a divalent group sel ected from
radi cals of the fornulae (5a), (5b) and (5c) _R25

WODRMROZ %05 Rt__~R27 Rea R27 b b (5a) (58F"Z’EB¥005I050347

11.

12.

13.

10 in which R24, R25, R26 and R21 are the sane or
di fferent and are each as defi4ned for R, and the a
and b positions serve as attachnent points. 9. The
process as clainmed in claim@8, characterized in that
adj acent R24 to R27% adicals together forma
bstituted or unsu ituted, aromatic, p1
omatic, aliphati i xed aromati c- allph
eroaromati c- ali )rl ng syst em?
ft’oce )Ialmadln e of dims 3 to 9,
ct}ag'acterlzed i n gt hat [

repregents radicals of 0 _P_ _a
dia (6a), 6 ﬁﬁ\(rﬁ : WO 2685/ 0"- 1
PCT/ 05/0 7 44 f/an x1)f R xi A2 s\

1 J1 aTw a P~Ia1Y TZ ktY/mZIKRR4
Y z (6a) (6b) (6¢c)

where R? and R? are the same or different and are each as defined for R,
X, y, z and W are each defined as specified and
m=0orl,n=0o0rl,k=0o0r1,1=00r1,

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 phosphorus ligands are present.

A process for carbonylation, hydrocyanation, isomerization of olefins or
amidocarbonylation in the presence of heteroacylphosphines of the formula (1) or metal
complexes thereof, 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 from 1 to 70 carbon atoms, H, F, Cl, Br, I, -CF;,
-CHa(CF,)CF; where j=0-9, -OR’, -COR’, -CO:R®, -CO.M, -SiR%;, -SR®, -SO,R®,
-SOR?, -SO3R’, -SO;M, -SO,NR’R®, -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 ion, formally half an

alkaline earth metal ion, an ammonium or phosphonium ion, x, v, z are each




(6a) (6b) (6€) where R28 and R29 are the sane or
' and are each as defined for R,

W(gh@&%@}é 6each defined as specified and m = OPJF¥/JEPZHO5/050347
=0or 1, k=0o0r 1, 1 =0 or 1, and the position a
serves as the attachment poi #6. 11. The process as
claimed in one of claims 1 to 10, 10 characterized in
that the nmetal of groups 4 to 10 of the Periodic Table
Iﬁdéﬂmdé;ﬂmomﬁf Isnw&-reaéﬂ i5 adidiedgaRI t  or ruthenium

. The process as clained in one of clains 1 to 11,
15 characterized in that further phosphorus |igands
are present. 13. A process for carbonyl ation,
hydr ocyanati on, isonerization of olefins or
am docar bonyl ation in the presence of
het er oacyl phosphi nes of the fornula (1) or netal 20
conpl exes thereof, where R, R2, R3, R4 and q are the
same or different and are each a substituted or
unsubstituted aliphatic, alicyclic, aromatic,
heteroaromatic, m xed aliphatic-alicyclic, m xed
al i phatic-aromatic, heterocyclic, m xed
al i phati c-heterocyclic hydrocarbon radical having
froml to 70 carbon atons, H F, d, Br, |, -CF3
-CH2(CF2) 1CF3 where j = 0-9, -ORS, -COBS, -CO2R5,
-C2M -SiR53, -SRS, -SM2R5, 25 -SORS, -SMR5, -SBM
- SO2NRSR6, - NR5R6, - N=CRSR6, where R5 and R6 are the
same or different and are each as defined for Rl, and
Mis an alkali netal ion, formally half an al kaline
earth nmetal ion, an ammoni um or phosphoniumion, X, VY,
z are each WD 2005/ 090276 PCT/ EP2005/ 050347 45
i ndependently 0, NR7, S, where R7 is as defined for
R .



