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The present invention relates to bisphosphites of the

f ofand ghd 4 oﬂLEFtLé)CGSS for preparing them %%&/%%20%3%%1‘2248

t hese bi sphosphites in catalytic reactio _
reacti on between al kenes (ol efins), carbon nonoxide
10 and hydrogen in the presence of a catalyst to form

aI eiprdasHiRd NY; SHE4S0ER C3Y ;QQQ%t 1 efecred 1o 4
Bi hydr of oraérgyl aJtL?ond oxorpr cess I%Praﬁcsllotl on AELAl < by
c O&“Gt@l}ﬁwll of the Periodic Table of the

El ements, in particular conpounds of rhodiumand of 15

f tl ed as catalysts in these
gg“cet %%aég%gr‘? %Jfg?lﬁfr%ag ?”tﬁwlalfﬁ%gt?h lishirgehdtas| L the

offberrslllahéi,aob/aptt@g@s@f fhkgb&l’epa@hh@l ttﬁle@cﬂ%ﬂ&;@qe busl;? of
(] C non1cs c ared to the use of coba

CE#%IeyFH%%%§ %l SIAG T SERTIARE pr ef er abl y

20 trlvalent phosphorus conpounds as |ligands are

usual |r)éacl%§%gl 'Hét%%?’l %l&é%{ea% y?&?%o rgé)Of 0Ly llﬁdartl fohoxide

Known _ | i gands are or exa S from
cF‘&Qse%Y%lfOGJ%‘ho%haﬁé@ (W@E@M@e@)f phospglilnittesto form
phﬂ)&@h?ﬁletse&a@hlﬂ @&@H@ﬂee%ax%&@%%&ﬁ’efé”%% %cpeto as

t .in_the hydr of lati on of olefins may ound
afl ééﬂﬁﬂ@y lgnHERg&%% RFCpessh appl TedR$prbeenedustal
Cabapysnds wift hGﬂa@@n(vmaléf ctﬁgnu@mdfdj,c Vohp1d&82f the
V] L.nhej York 1996 an

%me%eé eir.m %lgﬁong? PeHE fing \ﬁﬂE ri’@}élgﬁ"rlﬁ@@r of
Vepbagt 30 2006, f:e@qmenltby Masedi ass Bed:meazly@ml in these

I I foarnyl at on;
SP@QtLt‘;:EiEc%ﬁéE y ﬁ?&rofggglg?gtggh?%%ggﬁh 1}%(:1% Y agene ally
gﬁ?ﬁ%r &t i BAvantagei ngér Poedeand aVANVLlEEUV\ENd P.thus

"mm@gBﬁebéSteQaE@b)ﬁ%hﬁcsumpﬂﬂéﬂw the ALk’ of cobalt
Sc;or ﬂ%tézooéomplexes comprising rhodium and preferably
trivalent phosphorus compounds as ligands are usually
used in rhodium-catalysed hydroformylation. Known
ligands are, for example, those from the classes of
phosphanes (phosphines), phosphinites, phosphonites and
phosphites. A good overview of the art in the
hydroformylation of olefins may be found in CORNILS,
B., HERRMANN, W. A., “Applied Homogeneous Catalysis
with Organometallic Compounds” , Vol. 1&2, VCH,
Weinheim, New York 1996 und in WIESE, K.-D., OBST, D.,
in: Top. Organomet. Chem. Vol. 18, Springer Verlag
2006, edited by Matthias Beller, and specifically for
rhodium-catalysed hydroformylation: VAN LEEUWEN, P.,
CLAVER, C. “Rhodium catalyzed  hydroformylation”,
Springer 2000 and VAN LEEUWEN, P. “Homogeneous
Catalysis: Understanding the Art”, Springer 2005.

The choice of catalyst system (cobalt or rhodium and
suitable 1ligands) is in each case dependent on the

substrate selected and the desired target compound.
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35 The choi ce of catal yst system (cobalt or rhodi um
and suitable ligands) is in each case dependent on
the substrate selected and the desired target

CROPRYDE/ 0¥¥52008/ 071508 PCT/ EP2007/ 062248r /202 0362248
exanpl es are given bel ow. Theg nost frequently enployed

ligand is triphenyl- phosphane, if desired in a

VabRE - sRLMPL s f 9F& §1edHCBAI on: by substitution wth
pol ar groups, which has to be used in a large

ligand/rhodiumratio in order to hydro- fornylate
aried ef mastw thelhlght 3¢l eekiplickiedt o ltieamdnalis  triphenyl-

al dehydes, i.e. to.n-al dehydes, ,at co atively lo
A 1o GeRh e T Janat - SRACPhE: Fog Hpduced
the shydrofornyhavioh pblelkefirnspat Wwowchy ke sios bgasised
pr.essur e ] ; eégqp e, in , 694, _
a% %é §%§%%,4g§§%6é?g§?§%§@0 |sé+o§é§_ ‘geésé%%fﬂﬁ?ro
bt efent baee pRosplaRasl | ghiks hitghc sl et viteactborkgrminal
| 1Ch ie- s hy dr @f or pyl a1 onidigagdd onse ThempateMvely low
docunents US 4, 169,861, US 4,201,714 and 4,193,@&3
dRsTFTBEST errocene- bri dged bi sphosphanes as | i gands
for hydrofornylation. 20 Monophosphites, too, are

bl e .| i gands.f.or at al ysed

i1 t.he rhodiu y .
ﬁ%ﬂﬁ%)%ﬁgaﬁa.ion169a89§nchéﬁugle?&ﬁglrhavﬂﬁﬁaint%?nalthe
doubt ef romdiss t adbei bfat cdelfawms sedtectlowt ysfothehés gas
terddnaldy Bydr ofrmshated ¢ ds whi chsaneegos 10
A%%nﬁ%?g des%re P 6§%§5 %%5 ggggg?ibes the uséof ' -°°
Achr yiSené- 8Bstibut O notR3 g pHiteed cisgst hehe use  of
ot niacat neshchdhdr of Rfdpd At 119N Qfatalytic reactions,
including hydroformylation reactions. The patent
documents US 4,169,861, US 4,201,714 and US 4,193,943
describe ferrocene-bridged bisphosphanes as ligands for

hydroformylation.

Monophosphites, too, are suitable 1ligands for the
rhodium-catalysed hydroformylation of branched olefins
having internal double bonds, albeit at a low
selectivity for the terminally hydroformylated
compounds which are normally desired. EP 0 155 508
describes the wuse of Dbisarylene-substituted mono-
phosphites in the rhodium-catalysed hydroformylation of

sterically hindered olefins, e.g. isobutene.

Rhodium-bisphosphite complexes catalyse the
hydroformylation of linear olefins having terminal and
internal double bonds to give predominantly terminal
aldehydes, but selectivities of greater than 95% are
unusual. Such phosphites are generally very hydrolysis-
labile. The wuse of substituted bisaryl diols as
starting materials for phosphite 1ligands produced
considerable improvements, as described in EP 0 214 622
or EP 0 472 071.
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sterically hindered olefins, e.g. isobutene. 30
Rhodi um bi sphosphite conpl exes catal yse the
hydr of ornmyl ati on of |inear ol efins having term nal and

| wbepnak/doubbe bonds to give predom nanpty/tes B NAd622438

al dehydes, but selectivities pf greater than 95% are

unusual . Such phosphites are generally very hydrol ysis

35 | abil e. The use of substituted bisaryl diols as
artln naterlals for phosphite |igands produced

CBASHUEHEDI EeFﬁﬁF%‘iFé’rrer?trs SYOSFRE e d S BPW 214  the
GQQtabFCEEaDyééa 071.hﬁ&?dﬂHﬁMﬁmﬁﬁﬂﬂ&LPCT/E83661b662248are
co subseguent, r.eactions ,in {
¥5¥8§8§Q%1§§d Eg%ropggﬁy atlgn gegg o ar %kanes or of
h@ﬁd@@ﬁ@%@loho fakcohstanceand oi@¢m©512@ta¢mane% atouble

o}f)oé?iél dWéje:‘latth%] CJQQOHEJ.%#ST}PrEéat 0?03016%5/5 and

bonds. he latter 1s utilized

and 2%6%@%«‘1@0453 4Gt de? PEepPERBE HbIG Tty |ysomerize
| SQEBrhZE  diMeldal t@l kr.ea{mn{@lt%n@f&%s %f RS of an

ans ac ite nd and t
LR II@“%‘E?% %of #at%ﬂ hichen detmigptly  hydro-
nfatdphyuesthEE 01422 O07d fdeacmlheﬁeﬂydmﬁtngﬁqu472 071

ﬁ%%%é§{bégmxﬂédeQt aC%i hltg Ca%ah%gés #W] tklsﬁﬁ%sﬁﬁlte

I soneri zati on Iti1es
caer bttt vi vihdshi ndiselay didfady nybaneohzaf iof2- dtane.t ies

Fwemsaerghésza seTRid-zatii-qr o eact Lo h?rd}:%f%?fﬁﬁtliagﬁén of

un desi rabl e since, conversely, termna
ORGP t oFPHEERHA é#ﬁéheslSQW$ﬁl¥%%10matF@ﬁCEéPﬁg is

tétﬁné&lﬁﬁé@dymr@e@alﬁaybl@r esshabl e spsev&€ssel P Cl assnifnal
ds mh ch dpes not brlng abgut 2? Gégyerlzatloqé_th
S o SRR pHOUBTALAT 1 SPonust BERF | BOGersy 6, VB (Ehe
e'ltataier |bE1(ﬁ§Emh€ELtrher1noc2ﬁ056nlda’ZLl}69&Qfe GO0 1 & - St eines .
was converted by neans of these into
A class of 1ligands which does not bring about
isomerization comprises the phosphabarrelenes described
by B. Breit et al. in Chem. Eur. J. 2006, 12, 6930-
6939. 2-Octene was converted by means of these into
2-methyloctanal and 2-ethylheptanal with virtually no
isomerization and with a regioselectivity of only
62:38. The hydroformylation of terminal olefins was not

described there.

However, the terminally hydroformylated products are
generally desired. Thus, for example, plasticizers
(e.g. phthalates) obtained from alcohols produced by
terminal hydroformylation of olefins and subsequent
hydrogenation display more favourable properties when
used in plastics (e.g. in PVC), for instance in respect
of the elasticity, than do plasticizers based on

branched aldehydes.

The hydroformylation of compounds having a plurality of

double bonds wusually also requires nonisomerizing,
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2-nmet hyl octanal and 2-ethyl heptanal with virtually no
i sonerization and with a regioselectivity of only 25
62: 38. The hydrofornyl ation of term nal ol efins was

nab 2desgbi7hedst here. However, the ternipah)ypsgo
hydr of ornyl ated products are , generally des*red %4062248

for exanple, plasticizers 30 (e.g. phthal ates)

Oﬁﬁéhm9d feamcalicehol s quoduced by tgrgkpal v oprain  a
édrofor Iatlon of olefins and subsequent

4P6GERGt i 4R HvéﬁPﬁ})nﬂF@dPS§ourable properties when
used in plastics (e.g. in PVC), for instance in
r elast|C|t t.han ast | |zers based
E%Bg%ég ﬁchgg‘gldéﬁyaes ?ﬁéuﬂygﬁégg Flon Gralysts
cdﬁpgum}dsdha\w PO ptz adity of vckmjbtbeb@f\dﬁe uswaldbfect

O reguir SO 008/071

PC%/EP%%b?/%EEé?%?Z Q§Q%étquy sé%ecplve ggtaﬁ%%%%gq%Flve
opdephesrlbbEqi dwar@%cwb@@h(ummmg pewduct .terminal
Prpeesdhag, fLomt he orthdté’%Ph§Ph°§ﬂﬂiﬁl% Caiaé‘héiégjsecé e.

descrlbef n EP O 472 071, it was therefore an

of STHE™D e@%ﬂ?ofﬂQEK%?BﬁoPo16?@@P6etQIﬁéﬁﬁéﬁdﬁé having a
bih sphosphiste +4ganps ama Cﬁa@t@é@l@?i% fg@aé@gra&gryﬂ Rale a
0]

rof.ornyl ation of t bl e nds,
oK AP aPa PRy I D end i He 5 a1 deHy adethag: Rgnds
zﬁhﬁuldgprﬁfésabﬁauhg hmdroﬁmrmyhéaeaywnthfe{abbyy high
SO cti y. rm.nal
g%ﬁ?% b%ér)]%\%é sgﬁ%#ﬁ%{?‘g £8abl %% F%I f’%f’o?%ltgt ed19ands
V#EFPEC AT y tRi ghhen/dinention. SFQ@ﬂJtlltﬂernneéerahéy have a

hugpﬁgspm. dl@@ﬁ@ﬁsstQEQQHQKngtEQnth@héé@“”ﬁééﬂklbed in
ﬁgp 4 ,freferably have a 15 hi gher hydrol ysis

1919 4Han those described in EP 0 472 071. It
has surpr|S|neg been found that this object is
It has surprisingly been found that this object is
achieved by bisphosphite ligands of the formula I

1
R R2

—Z 0 R3
8 \ ‘ R4 I
P

P Y.

where

X = a divalent substituted or unsubstituted bisalkylene
or bisarylene radical which may contain one or more
hetercatom(s),

Y = a divalent substituted or unsubstituted bisarylene
or bisalkylene radical which may contain one or more
heteroatom(s),

Z = oxygen or NRB,

R', R®’, R’, R* are identical or different, substituted or
unsubstituted, linked, unlinked, fused or unfused aryl
or heterocaryl radicals

and R® = hydrogen or a substituted or unsubstituted
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achi eved by bi sphosphite |igands of the formula I 20
RLRZ; OR3 | R4 where X = a divalent substituted
or unsubstituted bisal kylene 25 or bisaryl ene radica

hC Y, in one or nore heteroato =
g??a?@ﬁ?/gﬁggpgtuted or unsyq§pjtuted biggfé %%%67%962248
bi sal kyl ene radi cal which may contain one or nore
h at 3 = OXY r , , R
e dart ool ar e Terin PRI MY e e BE moxe
uR§tBEEREaTMEd) -1 i nked, unlinked, fused or unfused aryl
or heteroaryl radicals and RO = hydrogen or a
supstituted or unsubstituted WO 2008/ 071508 ,
PERFEP20PHTESS48  5TIRFRYFOBr  ar WCPAGES Yhi c PRy des
cbhtsahnsphetes abrehehébemaakom(s). The present
i nvention accordingly provides 5 bisphosphites of the
forrulal RIL kR2 X,.;,OR3 R4 0 YOO where 10 X =
a dival ent substituted gr gnsubstituted bisal kyl ene
or bisaryl ene radical ,,Ch may al so contain
heterfatons,
(il

O

R4 I

\ b e b

O \O/\O/ o0

where

X = a divalent substituted or unsubstituted bisalkylene

or bisarylene radical which may also contain
heteroatoms,

Y = a divalent substituted or unsubstituted bisarylene
or bisalkylene radical,

7Z = oxygen or NR?®,

R*, R?*, R?®, R® are identical or different, substituted or
unsubstituted, linked, unlinked, fused or unfused aryl
or heteroaryl radicals

and R’ = hydrogen or a substituted or unsubstituted
alkyl or aryl radical,

and also metal complexes which have such a bisphosphite
of the formula I as ligand.

The present invention likewise provides a process for

preparing the bisphosphites of the formula I.

In addition, the present invention provides for the use
of a bisphosphite of the formula I or a metal complex
containing a bisphosphite of the formula I in catalytic

reactions, in particular in hydroformylation.

The compounds according to the invention have the
following advantages: compared to the ligands described
in EP 0 472 071, the bisphosphites of the invention
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Y = a divalent substituted or unsubstituted bisaryl ene
or bisal kylene radical, 15 Z = oxygen or NR9, Rl, R2,
R3, R4 are identical or different, substituted or

upsubsbilutedosl i nked, unlinked, fused oscrnissash Afddoas
or heteroaryl radicals and R} = hydrogen or a

substituted or unsubstituted 20 alkyl or aryl

ré@bﬁ@by apd ab50 MELAl coaPlexes bl ehehavghstich, &y ag
bi sphosphite of the fornula |I as ligand. The present
i AVEREEBN Rk eWYS&OpPETYdeS 1810pr oddlss FBtitizs, terminal

pgepanéngbbﬁ@s bi sphospiitESohy 1deed ogmgl;}%aw : téhe’lect ively
addition, .the prese i nventi on pr.ovi de r e

o e pr e RRAPt BRGR e R M e ey A e tea
ceheni miatg ly stiiss phrosplidd SfotmheHeor hidands i According to
c I i 301 t ;o ar t-_cul i .
nh2 YhvEar 20al €261 LE0S, RS by Bl e, ths, terminal
i A9t ¢ on PrIVEs t heearf ol bewi ngyadeaarmygestedonpairtdd t duiigh

the1bigapdsy, descr thed nydr- &G4 4l deheo1efinsg which
bi sphosphites of the inventi.on 2008/ 071508
PERT P20t/ b6 22AdeTneg  JRBAI ayt 8rPHRAT sorfPYZR | ofponds.

agl tythyt Whehy usethd@s cdngantdsen s hyetiafior md=at | @Rrdihal
additjon, term nal bdo?;lble onds ar.e hydr.of or nyl_at ed

G LE S BPBERT velty PN WETCICERNAR CAEUM S BOrE Mentn 22
v et | y mindfferct ed Thewheheeatabhyst sdpulotkicedbdrrdam are
t ' a j e |k i 0 [ .
T R e e e TR o RS
HyE o 0F mitedled A 5P hitgit icsel deritlienpone t hahe ligands
hysk of o1y | @6 1 ORe Of npbet 188 WhkshayhaveiBat Behpterngl in
and ternj nal doubl e bonds. 10 ternativély, the

RSt ¢ MR T MFETO L1 e bonds can be

hydr of ornyl at ed sel ectively in an

The bisphosphites of the invention and a process for
preparing them and also their use are described by way
of example below, without the invention being
restricted to these illustrative embodiments. If
ranges, general formulae or classes of compounds are
referred to below, these are intended to encompass not
only the corresponding ranges or groups of compounds
which are explicitly mentioned but also all subranges
and subgroups of compounds which can be obtained by
taking out individual values (ranges) or compounds. If
documents are cited in the present description, their
contents are fully incorporated by reference into the

disclosure content of the present text.

The bisphosphite of the invention has the formula I,
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olefin mxture. The term nal double bonds are
termnally hydrofornylated highly selectively, i.e.
with a high n/iso ratio. Furthernore, the |igands 15

ageo he invention display a high stability,
ﬁS 8595983?3 St owar ds aqueous hydrolys%§ﬂ’ 007/d62248
blsphosphltes of the inventidn-and a process for
pre aring themand al so their use are described by way
% ©exanpl e bel ow, wi thout the invention being

r Bstr actedratlenthesd stliltustedatdr e rerdiedi ireidest Hﬁsalkylene

e or asses of conpounds ar
g?erred &o%%%% Egd gge é&%éh ded ¥ céﬁfhsgrfuﬂore
oh$ye¥©@t@@ﬁ$éspondlng ranges or groups of conpounds

2p whichyare &Pl EGhit ye OB 'BQeQng Es@l%gtghlb sarylene
WA bé

subranges and subgroups o npoun i ch can

ob¥ aPried sy L eP&kFﬁﬁj%%%llWHP@@dm@H’vﬁpaéleraﬁ§Es?rom©re

q&m@@ﬂﬂgsomté) docunents are cited in the present

qgscrlptlon iy contents are fully incorporated by
Fereme i o Yhe 30 disclosure content of the

mes&it RExtR* Ehe Hicephasphi e dfi frkedntveriicet ihased or

t%%%@?%@w% E%?/ E%?gé%éizzf#seﬁ 1%2}15’59(55‘10”3’1

(ﬂxnﬂﬁﬁﬁr@@nxﬁlquxmﬁkﬁ unsubstituted bisal kyl ene or
higar yPene K ?@&%@En“hbfheﬁa%uBQEEegBeanQHpruggﬁgstltuted

het er.oat on('s di val ent substituted or
t PEut®Ed bi $afjrene Wirclhi BavkyFere iadpeal i ohre

TRt AFH BdrN(HNE Dhe MB:EicRekerdat ®¥(S)r*, RrR*, R, X or Y

may, for example, be substituted by at least one

radical selected from among aliphatic, alicyclic,
aromatic, heteroaromatic, mixed aliphatic-alicyclic,
mixed aliphatic-aromatic, heterocyclic, mixed

aliphatic-heterocyclic hydrocarbon radicals having from
1 to 50 carbon atoms, F, C1, Br, I, -CF3,
- (CHz); (CF2)sCF; where i = 0-9 and j = 0-9, -8SiR?%,,
-8i (OR*)3, -SiR**(OR*),, -SiR?,0R?!, -0SiR*;, -08i (OR?!),,
-0SiR** (OR*),, -0SiR*',0R?!, -OR®, -COR®, -CO,R'®, -CO,M,
-SO,RY, -SOR, -SOsRY, -S0;M, -SO,NR¥R?®, -NRYR?® or
-N=CR*R?*°, where R*®, R?*® and R¥ are selected
independently from among H, monovalent substituted or
unsubstituted aliphatic and aromatic hydrocarbon
radicals having from 1 to 25 carbon atoms but R?*! = H is
excluded and M is an alkali metal ion, formally half an
alkaline earth metal ion, an ammonium dion or a
phosphonium ion. Preferred substituents, in particular
for the radicals X and Y, are tert-butyl and methoxy
groups. The radicals R', R?, R’, R' are preferably
unsubstituted phenyl radicals. Such radicals can, for
example, be radicals as are present in the formulae I-
1, I-2 or I-3,
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Z = oxygen or NR9, Rl, R2, R3, R4 are identical or
different, substituted or 10 unsubstituted, |inked,
unl i nked, fused or unfused aryl or heteroaryl

radi cal = hydrogen or a substituted, or
uﬁguggpg{ﬁggaggalkyl or aryl radical which MiR?2 Toh M348
one or nore heteroaton(s)“.8Tﬁe radicals Rl, R2, RS,

R4, RO, X or Y 15 g be substituted by

at | east one radig¢ anong al i phati c,

alicyclic, aromat m xed
al i phatic-alicycli -aromati c,
Ter cyclic, mxed 3 rocyclic
hydr odar bon radi cal s hawviag from 20 1 to 50 carbon
_ at@Ts, R, ,GI/,Y\QrO,g),,P CCF3, | - (CH2) (CF2) jCF3 where i
= 0-9 and®] = 099 -SSR -Si (OR21) 3, -SiR21
(OR21) 2, -Si R212073 | i (OR21) 3,
-0Si RR21 (OR21) 2, [ 9, -COR19,

- CO2R19, -CO2M

- SO2NR19R20, -NR 1

R20 and R21 are sel ected i ndeperRdently from anong H-1

nonoval ent substitdfed or~ unsubstituted aliphatic and
' ahs having from1l to 25

JOBR19, - SG3M

al kali et al
metal ion, R or a phosphoni um i on.
Preferred sybstitu ih particular for the

radi cals X g -butyl and net hoxy groups.

The_rzadi cal eferably

subgti tut ed phenyl Ny radi cals can, for
3% ex l e, [ as afne presgnt in the fornul ae
I<TIT'I\26;w’lxg% 7 PCY/ EP2007/ 062248 -
8 \ /1

X

| : :
Q I-3

where the radicals Q can be, for example, identical or
different and each be CH,, CR’R'®, CHR?’, 0O, NH or NR®,
where R® and RY can be identical or different and have

the meanings given above for R®.

In the bisphosphite of the invention, the radical X can

be, in particular, a radical Xa,
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X~2Z21~ 1 0OI-1 X-~, 00i 00-,P \lI-2 QXZ
OO I p O 11QI-3 where the radlcals Q can be,
for exanple, identical or 5 different and each be

G5R9, 0, NH or NR9, wher e
be |598??éaF or different and have theaﬁggﬁﬁ%gégﬁﬁgg ¢ 48
above for . In the blsphos ite of the invention,

t he radH@aI X can R°10 be, in particular, a radical Xa,
WO 2008/ p71508 PCTf EP2007/062248 - 9 R6 RS R7 R8

anot her, substituted or

c, b5 alicyclic, aromatic,
aliphatic alicyclic, mxed
kocyclic, m xed

|.i c hydrocarbon radicals

| Xa

The radicals R®, R®, R7, R® can be, independently of one
another, substituted or unsubstituted aliphatic,
alicyclic, aromatic, hetercaromatic, mixed aliphatic-
alicyclic, mixed aliphatic-aromatic, heterocyclic,
mixed aliphatic-heterocyclic hydrocarbon radicals
having from 1 to 50 carbon atoms or H, F, Cl, Br, I,
-CF3, - (CH,)i(CF,)4CF; where i = 0-9 and j = 0-9, -SiR?%';,
-S1i (OR?*') 3, -8SiR** (OR*'),, -SiR*';0R?', -0SiR%*;, -0Si (OR?).,
-0SiR*' (OR*'),, -0SiR*',0R*', -OR', -COR'®, -CO,R'®, -CO.M,
-SO;R'?, -SORY, -SOsR', -SOsM, -SO,NRY@R?°, -NR'®R?° or
~N=CRR?°, where, R, R?*° and R?* are selected
independently from among H, monovalent substituted or
unsubstituted aliphatic and aromatic hydrocarbon
radicals having from 1 to 25 carbon atoms but R*' = H is
excluded and M is an alkali metal ion, formally half an
alkaline earth metal ion, an ammonium ion or a
phosphonium ion. The radicals R°, R°, R’, R® may, for
example, be substituted by one or more radicals
selected from among aliphatic, alicyclic, aromatic,
hetercaromatic, mixed aliphatic-alicyclic, mixed
aliphatic-aromatic, heterocyclic, mixed aliphatic-
heterocyclic hydrocarbon radicals having from 1 to 50
carbon atoms, F, Cl, Br, I, -CF3;, -(CH;);(CF;)CF; where
i = 0-9 and j = 0-9, -SiR%*;, -8i(OR?*'),;, -SiR?'(0OR?),,
-SiR*,0R*', -0SiR%';, -08i(OR?');, -0SiR*'(OR?'),,
-0SiR**,0R**, -OR', -COR, -CO,R'®, -CO,M, -SO,R'®, -SOR'?,
-SOsR™, -8S03M, -SO,NR™R?*®, -NR™R?® or -N=CRY@R?°, where
RY, R?®, R** and M can have the above meanings. In the
case of the radical Xa, the radicals R° to R® are
preferably hydrogen, alkoxy groups, in particular

methoxy groups or tert-butyl groups. The radicals R®> and
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having from1 to 50 carbon atons or H F, d, Br, I,
-CF3, - (CH2) i (CF2) CF3 where i = 0-9 and j = 0-9,
-SiR213, 10 -Si (OR21) 3, -SiR21 (OR21) 2, -SiR21 21

B 0581 Peds, comd, o coorie, - CCOM 2B E 24

- SOR19, -SQBR19, -SCBM -SOZF\IPQlQRZO -NR 19R20 or
7 ad _R21 ar & seI ct ed
mdependg%t% %C?%%%%gg %ggm%nm&}g e %T ntlcal
1Batnwibst iitrut edchl icplsat.i oPeaumicarlmmt pceﬁydeocar bsn 9lven
radi Gales P@c‘!’i@glé rem 1,40 25 kf@f H@yb%o%]s =dd/or
al ka met a

is excluded and Mis an i on, for
hele apdigpksl Rnearé%rfé Deemgl Heaty - DAY YAmEs euma:- on or
a phosphonl umion. The radicals R5, R6, R7, RB may,

for 2 e. substituted by one or nnre radi cal s

e P B 1 PEitre e e Car i erably
heﬁeeohymanél @admcm&d sabisphatitedalbiyc yeldicalm ®éd, r?*', RrR¥
(1;l Bhﬁt” c- “%g%@t 'tﬁe etde clyclﬁlc %gxedRﬁl |aolgiaté4c- cag be

erocycllc drocarbon Tadi cal § Vi ng from 1" to
zsd@at boal atcm’rsdl EfeCkntBr substmed PCHYN(EED)L tTRSRd ,

\-A@SI Eed' un%%k@ﬁd_dsl] flpseqd %Bzgé he‘%'e %) r?é:dlcals
WS{ ) U SBBF‘R@TGFR §<2r thw@mmﬁ are the

'@@é-@ituéﬁiglg, me@@&Mne‘cﬁO%Blfg th§cm§dlcag13@119 to R*?

- SABM - 9R20 -NR19 R20 wh 9,

R TR N R s e e gﬁ%?ﬁngas%?ngwmcal
Cassplodsplhet eadi cale Xapnkelke tadiwalcsh RX t asR8amar esthylene
pf&%féé?' guﬂggﬁegﬁgd gk/k%;;% qra%%%lg %;pafﬁtcm . apd R

r ou e’ radi‘ca
amtlvulz@m 7a%bs 1?3(:’%!@13 7/@262@4531% LI el ®id ame R

rach ced' s R7-aRd B8sar ecphef ehabtychdenti cal

The divalent radical Y in the bisphosphite of the
invention can preferably be a substituted or
unsubstituted bisphenyl radical or bisnaphthyl radical.
Possible substituents can be the abovementioned
substituents. The radical Y is preferably selected from
among the bisphenoxy radicals of the formulae IIa to
IId

% 5
~ ~
ITa
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pairwi se in each case. Particular preference is given
to the radicals R5 and R6 bei ng net hoxy groups and/ or
the radicals R7 and R8 being tert-butyl groups. 5 In

t e of the invention, x is |y
é@ﬁ $%§£P$Zd§%%l substltutedlﬁg radlcang%%&%%%%j/ﬁ§¥}48
and R4'" , where the radical R2' , R3'" and R4. can
or different, substltuted or

, unllnked or fused aryl or
Possi bl e substituents for the

radi cals RL e the substituents nentioned

for the rg g . Particularly preferred

bi sphqsphi i gal bisphosphites, i.e.

[ S ene 15 radi cal substituted
‘'‘and R4 with the

radical s R2sahd R2' , R3 and R3' and R4

and R4. irmieach case pei ng identical. The dival grt
radical Y in the bisphosphite of the 20 invention can
preferably be€~s ed or unsubstituted

bi sphenyl ht hyl radical. Possible
ent i oned  substituents.

be identica
unsubstitu
het er oar yl

by the

bi sphe grrylae Ilato 25 11d Ila
WO 2008/ Q7 OS 06 - 11 OQAS 55 11D
04 ~S" 1| | Iy /o o\ IId
:QL ITc
\o o/

3{0 03{‘ IId

or bisnaphthoxy radicals of the formula III

2{0 03§
- ~
IIT

which can be present in racemic, atropisomerically

enriched or atropisomerically pure form.

Particularly preferred bisphosphites according to the
invention are the bisphosphites of the formulae Ia to
Ic below, with Ic being able to be prepared and used as

racemate or in atropisomerically enriched or
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or bisnaphthoxy radicals of the formula Il O O\ 2L

Il  which can be present in racemc

atropisonerically enriched or atropisonerically pure
fﬁé”boé@/@’ﬂ%b%“' arly preferred bi sphosplid &85007/062248
according to the invention e the bi sphosphites of

the fornmulae la to Ic below, with Ic being able to be

p : a te or in atropisonerically
LS, ot o

enri 508 PCT/ EP2007/ 062248 - 12
atropi sonerically pure form OO 0-'00P-01/ OO
~-0~-0 P 000, P- ~O0Ilb 500L O IC The
bi sphosphites|of thel i nvention display a high
hydrol ysis gtabil i and are therefore particularly
10 syit The use of
enant S , shit es enabl es the
hydr of/o j Séfe ' [ qut as an asymetric

§ PCT/ EP2007/ 062248 -

hyd C pt
ho

ﬁ/ > i%@

sphitesé9f ’ ' ntion are suitable

Ta

Ib

Ic

The bisphosphites of the invention display a high
hydrolysis stability and are therefore particularly
suitable for use as ligands. The use of
enantiomerically pure bisphosphites enables the
hydroformylation to be carried out as an asymmetric

hydroformylation.
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for conplexing netals of Goup 4, 5, 6, 7, 8 9 or 10
of the Periodic Table of the Elenents. A phosphite 5
nmet al conpl ex according to the invention is therefore

char nthat it contains a netg
5ﬁ@6§6§§/%;fgo%r 10 of the Periodic Table(§E%%?Bﬂyd%2248

El ements and one or nore bi sphosphites according to
the invention. The conpl exes can contain one or nore
10 phosphite |igands and, if desired, further |igands.
EXaspbespbpsaii Eal ef nbhal ¢ nyeatirsdiong sobalkle ligands
lfbﬁ'@ﬂhpmbﬁkﬁb nﬁ%bﬂ%mdﬂnefﬁéﬁlmunk | 10N, 7 rug hepi ym 10

g1un1 chron1an1 nol bden m ngsten. The netal

tHE pheEpRfte- et #p Dtsventi GRqsPhiige-

prh@ff&l abbmpﬂbadlaunoxpﬂlﬂgadtumth@a Ci(teslfentpi@tl ﬁ]lslmtherefore
cq@a{t O ru en|¥ﬂg The:blsg h|tes |
i AVENTT on or T he net & 8f % HE anve(ﬁ% SROERN 4/
b, uged 7n cat albysos, i oZO phethmimdmm h?ebﬂ;gen@bu$he
C@ié‘x‘né(%&é E&‘féh&%?r%%r@hﬁﬁsﬁ%ﬁg metal § 0L Fi¢ 5% the

e resultin exes can be u
cﬂamwly%%%nform@dreomﬁb?mﬁat Feh, €arnbBeayl apnen, or more

rb%@éﬁﬁi@@'QﬂqﬁﬁﬂkhY@h@' CY§na&é§Dré§aCtﬂ&¥Eher ligands.
partlcular referencE eékéo 25 rhodi ym cobd4§§

MEKEP e Hal PAdi G ER &Fln r A RenFORATIR car PpeLt.
;ﬁﬁidrmhﬂrhychWan@ageewidhn plﬁtlﬁmﬁphmﬁphit&&uﬁénium,

t he lnventlon or t he X of e
B e TP B SRR ElinoflaRl  BRE perad, in

cﬁh@lephnsphptefeﬁabﬂy(ﬁompkﬁxnsofhaVﬂwg fioneRtion50 is

r 3 is ar |
g?%ferably fr%#ﬁfﬁﬁ aQ%Y%%BQ€EryEQS§§?|C%Qarl§ﬁh, cbbalt

PefBEni 8- 9, 10, 11 or 12, carbon 35 atons.
Preference is given to using a netal conplex having

r{wdlqglgéhggp i%egs nEta%ﬂéjtghventlon or the wmetal
complexes of the invention can be used in catalysis, in
particular in homogeneous catalysis. Particularly when
using metals of Group 8, 9 or 10, the resulting metal
complexes can be used as catalysts for Thydro-
formylation, carbonylation, hydrogenation and hydro-

cyanation reactions; particular preference is given to

rhodium, cobalt, nickel, palladium, platinum and
ruthenium.
It can be particularly advantageous for the

bisphosphites of the invention or the metal complexes
of the invention to be used 1in the <catalytic
hydroformylation of olefins, preferably of olefins
having from 2 to 50 carbon atoms, preferably from 3 to
25, particularly preferably from 6 to 12 and very
particularly preferably 8, 9, 10, 11 or 12, carbon
atoms. Preference 1is given to using a metal complex
having rhodium or cobalt as metal in the
hydroformylation. The molar ratio of metal, preferably

a metal of Group 8, to bisphosphite in the reaction
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hydrof ornyl ation. The nolar ratio of netal, preferably
a netal of Goup 8, to bisphosphite in the reaction WO
2008/ 071508 PCT/ EP2007/ 062248 - 14 mixture of the

hydrobof pyyaspon is preferably from1:1 dTOElpz'%Q)Oz/%zms
nmore preferably from1:1 to 1, 200 and partlcul arly

preferably from1l:2 to 1:50. The presence of the
bhsphesphite ok g 6]%%'?&3)1%%1%% fI@%LéQéPQbW %rEFAel 1

reaction m xture can be achi eved by maans of a nol ar
r®i ol 6F0fet alO¥® bPEpRBEPRALY e 6FOT: >1:1 pa&fti dulk&r y and

ps&f e abl yriy > rey\lseabwo@lrum s usesl assoat ghyspresence

rr(g%ajﬁ pﬁrtlig1 h% % hcatal tic actgfwtlis cag

be* obb&i REGPIA=PRyHFOR at%‘f?f} i DhsTTeGt 4 PEPE N

wthe h reeritdion  mheduven atech bb&ph@cslphé*tr@d a(h;/or m\eagst wf a

the cjﬂnvent lt‘i'% (%fpl +an ast onl %E O% 1:91
a &re ence D B

[ sonrerl z&t1 0N activi and

tleimtxralll@llolbblmr@ﬁmobsbhndl @i gh 15 proportion of

i near products and are therefore particularly

suitable for the selective termnal hydrofornyl ation
direr MAREALUBI e¥§ n&isePheds caatalystheneidkd Pgrticularly

h‘ﬂﬁk@ford'éﬂta@ﬁid”'e ta@;rﬂmﬁaddle@hef [SESH fe|b%Ct|‘b®t)één|§@1 in

I n_m Xtures or co ounas avin erm na

R e AT T DorseCol THE 1 e FhERY LT dBBCE. boAaE=in

rred Ninng arar geligpunaphectedacdbedtagal tyst tiet aliaveanion
t I ot . [ . he

BBy T oL B L8y Pl sofGIRL REES, bB:il8ey ana

carlpbaly| Brefhvdnaem fprr aegniphddidankeis dponrids and a high

SHIA(agac) ofacag = Acet ylagetopat @hg ol UMcherefore
acetate _ or rhod| um car box %Iat es, for exanple rhodium

RaTigat@rLyTheSHeEphéecati@y st t@ﬁecu%%l%t‘rlve terminal
it ysf Stéth_ﬁaf_OEﬂ%@lh@Qm'ﬁH’@ can also be

horgeneons

blaRhasps e L gands, accardi ng, Lo, 1 he; LYENtien and ey
in olefin mixtures or compounds having terminal and
internal double bonds, with the internal double bonds

remaining largely unaffected.

The catalyst metals can be used in the form of salts or
complexes, in the case of rhodium as, for example,
rhodium carbonyls, rhodium nitrate, rhodium chloride,
Rh(CO),(acac) (acac = acetylacetonate), rhodium acetate

or rhodium carboxylates, for example rhodium octanoate.

The active catalyst species for homogeneous catalysis
is formed from the bisphosphite ligands according to
the invention and the catalyst metal under reaction
conditions. During the hydroformylation, contact of the
bisphosphite ligand of the invention and the catalyst
metal with synthesis gas presumably forms a carbonyl
hydrido phosphite complex as active catalyst species.
The bisphosphites and, if desired, further ligands can
be added in free form together with the catalyst metal

(as salt or complex) to the reaction mixture in order
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conditions. During the hydrofornylation, contact of
the bisphosphite ligand of the invention and the
catalyst netal with synthesis gas presunmably forns a

b d h hi t I '
e Ay T B Sphospni Lee and o312 daN Y 224¢

further | i gands can be added™in free forn1together

EnHieank st el Losssals fracoml o0 st he 1o

PETEEP200H 0GR 8 to 15useo genephpephhecaveigek complex

Cé&éb¥§in$p90&&s itheST tUnvlhtli®n al §R1PRSSI bbLcd MhdiIse the
e-metal conplex ~according to the invention

RPORSBORE SPRES T s SHRANE | driga SspRBEphiRe catalyst

| hgeals and diecaiad YFordS gRkal a@ﬁu@l ecH SRy theive
actual cat aI I C a%l ve

I
o SERhef e ne bbb Eet B pnd AT R F o hPEB Lo = ey ipfgPaTed
t e ceaCE$pgnmhqgmmﬁmﬁgpnndmngucaﬂaIi@Mp&etéltofl@rdups
f dat i
LEFLoGT I FRECEEH, SeTmouAt, Qe g LT OR e
|W@<ﬁ@ttmn FEesk Bl sphbkphinte eehradindy o theand of the
| PNeBLE PBncan be added to the reaction at any point

intime, for exanple to keep the concentration of
free Iigand constant. 15 The concentration of the

hmef@éhi B it cspd theONa Bt &1 81 € tiop @@%lt IJ_(ij;t:vIeaj’tlIcﬁh tdag% be
oformylation nixture, is refera rom
A o TUERE ERr By Khlls St anly BERBSpoBr Sty Spromratble
ppon hyeprasise t oo30On ppat byn nes sfre? 0l besetl omdtent ot al
wei ght of the reaction m xture. The hydrofornylation

reactions carried out using the blSEhOSphlteS of the
|Th%n@%@\e@?r%@%o@fe§b@nm?ﬁgl et hecappicéios sdithae,

Cﬁ’&“ﬁ&'r@ﬂéu?&ﬁor ghngthe kﬂ?%o@érﬂ‘@@ﬁ@@%n agixture, is
desc %_ fgr exanple Ne

pre era rom ppm by mass to 1000 ppm by mass and
more preferably from 5 ppm by mass to 300 ppm by mass,

based on the total weight of the reaction mixture.

The hydroformylation reactions carried out using the
bisphosphites of the invention or the corresponding
metal complexes can be carried out according to known
methods, as described, for example, in J. FALBE, "New
Syntheses with Carbon Monoxide", Springer Verlag,
Berlin, Heidelberg, New York, page 95 ff£., (1980). The
olefin compounds are here reacted with a mixture of CO
and H,; (synthesis gas) in the presence of the catalyst

to form the aldehydes having one more carbon atom.

The reaction temperatures for a hydroformylation
process in which the bisphosphites or phosphite-metal
complexes of the invention can be used are preferably
from 40° to 180°C, more preferably from 75°C to 140°C
and particularly preferably from 90 to 120°C. The
pressure under which the hydroformylation is carried

out is preferably from 1 to 300 bar and more preferably
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Synt heses wi th Carbon Monoxi de", Springer Verl ag,
Berlin, Heidel berg, New York, page 95 ff., (1980)
The ol efin conpounds are here reacted with a m xture

C? ??g%gg?ésynthe5|s gas) in the presen (ﬁﬁ§5304/5%2248

0 formthe al dehydes having nor e
carbon atom The reaction tenperatures for a

h¥goﬁf95n¥la%uogaﬁpﬁgge§ nﬁﬁe¥@%C%ﬁéheTQES&EQEmeQ%io of

osphi fe-rie e inventron can
ubEdragen ptefezrabby BENOxHAR40HI/SABOC thsr esynthesis gas

pigfeﬁ§9k¥rgﬁ99]7§§bﬁo l@ ¢ anrd pant CYR | Yoarticularly

preferab X from90 to The pressure under which

tﬁéeﬁ9€?% Br kyPat I oA F@ %é?rled out is preferably

from1l to 300 bar and nore preferably WO 2008/ 071508

PCT/ EP2007/ 062248 .rom to 64 bar of.

sYRENeSTR AR fHe ﬁ@larngﬁpg}gPe h?ﬂ?%@%ﬁp?%t%afganthe

nbioxhteoh H2ECQrd fre rtadid s ymbthesesegasly | §ipseleedbliy the
om10/1 to 1 n tic . pr f :

g Tl Mkl ohiindLahrRery etBeiale

bl s phbsphI taarcof synehesm?oerm@h iegidprefedapty (aldehydes,

hQﬂPQﬁB?QUS|%ydb%%@d€%%'rﬁéfﬁéthQEOfQﬂﬂylabk@@ess, in

m xture conprising startlng materials (olefins and

spathéSksagashiahd pPadaEes - (alldenyidedreto alstofisrss or
byopieduct Sm:"f;éﬂdl’%ds I n atdae/o@r 0cessbillNzepar tésmbdindd gh or
boilers $5 L s or .solvent m xtures
AREPBrt ?%b???z% %5%%%% %%n% ¢ U3Fdmoters can
addltlonally be used. 15 Oning to their relatively
hb\gbn %C u!;}@éll\!\elr%qt ’ OJ]tvl'é bh%@ﬂo%ﬁh' tc‘?flaq;f %Q? ht, the

i hventi on have a I'ow v ey can therefore
eassbRosehsepar atfed:hﬁflflvgﬁtm@ hepice ollavi M@latility.

reRcy| Qi Pr eAUst Sordheys ., Subl | §d@ntd tveq SQIEUDl rb  the
customar organi c sol vents.
more volatile reaction products. They are sufficiently

soluble in customary organic solvents.

The starting materials for the hydroformylation can be
organic compounds, in particular olefins or mixtures of
olefins, preferably olefins having from 2 to 50, more
preferably from 3 to 25, carbon atoms, in particular
olefins having one or more terminal or internal C=C
double bonds. They can have a 1linear, branched or
cyclic structure. Examples are propene, l-butene, cis-
2-butene, trans-2-butene, isobutene, butadiene,
mixtures of Cs-olefins; Cs-olefins such as 1-pentene,
2-pentene, 2-methyl-1-butene, 2-methyl-2-butene,
3-methyl-1-butene, Cg-olefins such as 1-hexene,
2-hexene, 3-hexene, the (s-olefin mixture obtained in
the dimerization of propene (dipropene); C;-olefins such
as l-heptene, further n-heptenes, 2-methyl-1l-hexene,
3-methyl-1-hexene; Cg-olefins such as 1l-octene, further
n-octenes, 2-methylheptenes, 3-methylheptenes,
5-methyl-2-heptene, 6-methyl-2-heptene, 2-ethyl-

1-hexene, the isomeric Cg-olefin mixture obtained in the
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20 The starting materials for the hydrofornylation can
be organic conpounds, in particular olefins or
m xtures of olefins, preferably olefins having from2

tQ059005259%g85eferably from3 to 25, cag dﬁﬁ?oéib48

articu ol efins havi ng ﬁne or nore tern1n
|nternal C=C doubl e bonds. * ey can have a li near,

2@@H%9§9a9£onc %“E%E%{égt%5§bugéﬁg?le%iaéfe {QP€88ch as

buti ene, trans i sobut ene,
butadiene, ni Xiurté®enf CANOREREASS, C5- ol EMSTNBIRTF enes .

13pﬁQEﬁP§®c§QngsPe%%%nQb %1@§E9Nhn1x$ﬂ5§n8btalned in the
but ene 3-met hyl - I - but ene, olefl%s such

a§r1mﬁés<é%lonzoﬁeme@ hé&%@r%%ebe brsPlftins such
magt unhedebtakped Qnethg}@ dLafer:ezlat;l Oﬂlﬁiolwa@ﬁne such as

C7-o0l ef c1- f h
O HEOABREEEs o ndihy | CHoRLREAB, “BERGURE: Mt o the
OBebkemEﬂ$zsu¢hnaSOﬁ qprememefuvthemher1uxmmﬂumzatlon of
t hyl
b&?% ¥% 29%§9§éro§e§8 g¥h9?9§gﬁgﬁ?eheclb fﬁns such as
1nh@ﬁén@de@ﬁ@e$soﬁhmﬂﬂ@i&@ﬁeSPﬁhn@ﬁuﬂehéﬁﬁé?ﬁééeﬁm the
t@ —@@e%99§/QZ§§Q§ePGEE%P%QQ?/9@2%§§a te@?amerlzatlon. of

di freri zation of butenes (di butene) , C9-ol efins such
aRUtenABNERBETRRFERBE) n2RENERES, B Sfdith i isdtdires Prepared
3pyret HAciRNesi Adte dD- obef | Ity e nbtranged dif fidheent

trinerizatioon of propen t cno f .

SheRBer e i detnds 85 B8en, (L ety | 50N Perihe) ¢ if
sdiehiasd naﬂbdeceae§araheoﬁ121@k@f|ﬁnmcxn@mg olteaviimed an
'Pdéﬂ@lcéftr@ﬂErlgfﬁifgk'Of ffLgREne té@%bon. atoms, by

trimeri zati on of ut'enes tetrapro ene or tributene),
Glasoibiapbosuchtass hikeriageperedbleltoorer wlefiats or

as1dr hexadegenes %Pgdége§1@3ﬂ|Pﬁbahgkxtybﬁséﬁt@yhﬂhe81s
in the tetraner|za i on of butenes tetrabuten%? a%%mble

A% 8FePi Alrfkiares ﬁpgﬁgﬁgdcompou ds having

bonds which are obtained by oligomerization of ethene
or are obtainable via metathesis reactions or
telomerization reactions, e.g. methyl octa-2,7-dienyl

ether.

Preferred starting materials are in general o-olefins
such as propene, 1l-butene, 1l-hexene or l-octene, dimers
or trimers of butene (dibutene, di-n-butene,
diisobutene, tributene) and also methyl octa-2,7-dienyl

ether.

It can be advantageous for compounds having stabilizing
properties, in particular stabilizing properties in
respect of the stability of the ligands or the catalyst

complex to be present in the hydroformylation reaction

mixture. Such compounds which can be used as
stabilizers are, for example, sterically hindered
amines as are described, for example, in

WO 2005/039762, in particular sterically hindered

secondary amines as are described, for example, in
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by cool i gonerization of ol efins having different
nunbers of carbon atons (preferably from2 to 4) if
desired after separation into fractions having an 15

iﬁ@”é??@?o@iséé”i!ar number of carbon atgis/ EBh007,/062248
distillatron. It is Ilkemn§§l%053|ble to use olefins

or olefin mxtures produce y Fi scher-Tropsch

syptheshsosagg, ahgp ol efins or organi c conpounds
havi ng C- C doubl e bonds which are obtained by

ol i gonerization of ethene 20 or are obtainable via

mehat heatsfbeagl hONSNOkant BeORBIrZal @Mtr eReitioN®usly or
e.g. nEtth o%ta-z 7-dienyl .e her..P%efer eg.‘starctingi
6P 4 S ar o EFATGAREr alota. of RFTRST 126 sGEROGENentS | are
psopene; irchukére, Hublekeneodnmhsoct e, ndepkes re@rctors,
triners _of  butene (dikhutene i.-n-b e :
S SRR e ey T ut SREh . deFoires mepg of which can be
ocdac2Fd dietydr eroerde@owlth chmt genabvant ageous for
conpounds having stabilizing properties, in
particul ar stabilizing properties in respect of the
stladi Feegt 4Pt Aen| PgaRasTordt RECcafaly SLNENHIEgs ¥ 10
bendr @sentnoird t Bea¥dr of a1y Isig=01 tieact ben the Xtalid@hyde
Such conpoupds MQICh cag be %sid s 35 z}abilize%s t b
S APPYRAR N EAPTRS QPR FESI FHCRTKGEr 47 & hESTaSaPrEt ©Y
descrebedent bonexanphmethod. WOTRAB5/ 088762, bien effected
particul a erj.cally hinder ry _ am. :
R R L) by oeghemette” Forr 500800 ) FE0y T R don,
RCT/EP2007/ 062P48evapegatDE 19r 2605-1042 464m Fy@porator.
hyedy Of ormy 3t on ﬁéﬂt?@uQQE!’L%e_d WHin CORMNUOMSEY1 RSt is
bat chwi sé. Exanpl es of indusirial enbodi nent ,areéFQ
SIFRPERL G@s96Fs 2hubbPELEGRGRNSY | &t DAgRzPE1f 48Tt Sits,vent
t £them r eBet Qlovedi- HoRQR nkeastdlisct SOMehef cehibtirscamdietion
which has been separated off can be used for further
hydroformylations. When lower olefins (e.g. propene,
butene, pentene) are used, discharge of the products

from the reactor via the gas phase is also possible.

The bisphosphites of the invention can be prepared by a
sequence of reactions of phosphorus halides with
alcohols, in which halogen atoms on the phosphorus are
replaced by oxygen groups. A suitable synthesis route

igs described below.

Thus, the Dbisphosphite of the invention can, for
example, be obtained by means of a process which
comprises the following steps
1) reaction of a diol Aa or an alcohol amine Ab
with phosphorus trihalide to form an
intermediate A,
2) reaction of a tetraarylethanediol Ca, which can
bear i1dentical or different, substituted or
unsubstituted, linked or unlinked, fused ox

unfused aryl or heterocaryl radicals, with
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cascaded and/or provided with internals. The reaction
can be carried out as a single stage or in 10 one or
nore stages. The separation of the al dehyde conpounds

fwgr@%bgng%gﬁécatalyst can be carried %%h%%@2d%7/062248

conventional nethod. This can be effected
industrially by means of, for exanple, a distillation,

a falli nght;lsbrrb%@p@&%%ﬁ i &t ik Iahml%\e@%reatlgre c,
15 This applies particularly when the cat al

i's
sepafat edeert 188 £LsAlR i o $1nec i igh-BoPF | W%Binvéntdlol

\fNr] omht Eesbg\t@r fbehl bng 1@1&@??@6§at§h3 @altgalf yst f sol ution
ic as been separated,o can be use or, further

hydr &f or AyP&ETGRs. %ﬁ %Pﬁverl%?%¥T% 1% g. Borofie ﬂ%

20 but enentpenténeyreara used, Cdlwmh@mgewaé ther used in
products frogrth tor via the gas phase is al so
pOSSIb|e “The®pi § ﬁgspﬁltes of the invention can be
prepared by a sequence of reactions of phosphorus

th%lé @n b @h&oa%§s wtwmca@ @@Jo%g)%r%tsor@l%llde

orus are replaced by oxygeR groups.
§Eﬂtab@% s?ﬁFﬁé@ﬂs Ot e %%ﬁQR%%Wl%@d 6@Pomﬂomﬁﬁ§se an

ﬂ@c&lhﬁézmbeswL %@e@f thechnveat hf@ﬂaﬁ@ﬁge&@é \fﬁ@ the diols
exanpl e e . optaln ns .o a roces 1 C
ftror iBRvs (3R f Gt vvl':lt%e aglp‘? i&? n%/éjlr a&he

Qifn taenr e dhictod @nt@ebébrempthdphnsphepss10nlﬁal|de Bmd/or
f rman, inter 2 2} o gt
é%%& ééﬁ%q&%. %o ﬁg%ea?jﬁi %orrﬁspondlng

t traar§ﬁe?hane dent
digtfal egplt subisitdh ui ed Wdren ungapéﬂit utiddy Fhakadosphorus

%¥£H3%¥hefu§ﬁdﬂwisLW%%Segoar df3h5¥¥é§0§ﬁ%hrltles, in
radical's, with WD 2008/071508 CT/ EP2007/ 06224

MRSSTHOHAT t ATHANS dEMB IBARTRS nilditeditaes crhich  are

relatively difficult to separate off, are formed in the
reaction but instead salts which are relatively
sparingly soluble in the reaction medium and can thus
be separated off easily, e.g. by filtration, are
formed. In addition, this intermediate step makes the
use of nucleophilic bases possible. As metal compound,
it is possible to use, for example, sodium hydride,
methyllithium or butyllithium. As phosphorus trihalide,
it is possible to use, for example, PCl;, PBr; and PI;.
Preference is given to using phosphorus trichloride

(PCl;) as phosphorus trihalide.

It can be advantageous to carry out the reaction with
phosphorus trihalide in the presence of a base. The use
of a suitable base enables the hydrogen halide formed
in the reaction of the phosphorus halides to be
scavenged or catalysed. A tertiary amine is preferably
used as base. Tertiary amines which can be used are,
for example, triethylamine, pyridine or N-butyl-
dimethylamine. To scavenge the hydrogen halide formed,
preference is given to using at least such an amount of

base that the hydrogen halide formed can be scavenged
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3) reaction of the internediate A or Cwth a diol Ba
to forman internediate B and 4) reaction of the
intermediate B with the 5 internediate A or C which

"\@8 E%Bme?ﬁgg process step 3)_. Thecgelpa '%o%h%oo(}‘7e)ooh6e2248

1ol S™W phosphorus trihalide
out directly or can corrpri'sez%n' 10 internedi ate step.
{%O e advant ageous for the dials Aa, Ba, Ca, and
t m% %OY amine Ab and/or the internmediate Cto be
reacted in steps 1), 2), 3) and/or 4) with a rretal

ngd,t.0 r | g |
compund,io {60! ferssanents el el B e
tﬁ%qut1hosﬁ§llélfiohézlheder¢mm¢m$ esrei prefamrebdyl acrarrled
aghiiei Ry dr achlairide AgPUbltles Whigh afes Lelgiively se,

difficult to separate off, are formed in the reaction

T | RERURHE s aPPE RACe A e et W i@R yreaphr PRgper with
siheibl @licbhbhe r aﬁ&ﬁl owlﬁadl Lﬁn@ndpgggphhggszo Rfpounds .

S r d of f eas| ily, filtrati f or nmed.
Isﬁpl:t 3”? or?ojt"h(ﬁ3 ﬁmagﬁmd,fg e StEpP kese’?%%rs as
miict Eophi Iew(helmase’sepnehy@tefué&nnet’l&tl? consmouvuﬂBE l(tmdtsfnyl

P&éﬁd or exa dr|
met qu} |th| um or ]{))ut y(?a‘T(it |O‘jﬁrﬁtS osp o7 usfmS such  as

tYe e, 25 it is possible to use, for exanple,

PC13, PBr3 and P13. Preference is given to using
osphortus trichloride (PCl3) as phosphorus
ehafsP IENLE chfCHe MR agestse PO 1arPy olRTY hdargely

rm ieh whtér 3ﬁdpm§»@w uprdidiadridge id %hee@r £8€eRNe8 ng
el?l The use sui tabe ase en

dﬁfogen hat 1°de’ f%r“ﬁ%%er FORHERT 636t F 6T 5%0 ppm by
p‘ﬁﬂ@ﬂohopagthaml@e@yt opbefesab\lgngéﬂomr Tattad y%ﬂb pbm by

tWBldd ar@h@%{@ef %&’ﬁ@éﬁé aply gg@ §§m§§ée bzeag'te%med

am nes whi ch can be used are

¥ &y K@diln & L ssherineEhsd -N- but yI -

If drying of the solvents used is necessary, it can be
effected by distillation of the solvent over a suitable
desiccant or by passing the solvent through a cartridge
or column filled, for example, with molecular sieve
4 A.

The process steps for preparing the bisphosphites in
the process of the invention are preferably carried out
at a temperature of from -80°C to 150°C, preferably
from -20°C to 110°C and particularly preferably from
0°C to 80°cC.

The four substeps of the process are shown by way of
example below. In this embodiment of the process of the
invention, a diol Aa is firstly reacted with phosphorus

trichloride to form the intermediate A.



10

15

20

di met hyl am ne. To scavenge the hydrogen halide forned,

preference is given to using at |east such an anount

of base that the hydrogen halide formed can be

SFEV fh R 2008/ 071508 PCT/ EP2007/ 062248 /5p22@7 /062248

conpletely. Since the diols,jused and their reaction

products are frequently sol1d, the reactions are

prqjﬁrably c I|ed 5 oq} (n a sol vent. As solvents, it

|ﬁ p055|bLe—EE£&ser Xr exaiffil e, aprotic solvents

whicgly react neither wit “the al cohols nor with the

phosphorus conpounds. Suitable solvents are, for

exanpl e, ethers such as ,diethyl ether,

tetrahydrofuran (THF) or ATBE (methyl 10 tert-butyl

ether) or aromatic hydrocarbons such as toluene. The

solve ts used _shoul.d pr ra be ver arge e

Eg?agxgegﬁ§5%ﬁl g g%éreﬂ%% |sCanéWt égﬁ%¥ pbE %ave

snbvbetSdbavﬁnglawwaﬂerthand&nﬂ dfrdor onin® poesedlppwwtep
ma u 5

QM, §%hr8§5%e§ g%%%y <§%§ﬁﬂ$%¥ %ﬁ%ﬂ%ﬁofﬂ%@ Do PRBLRY the

d@QQ@hﬁkﬂﬂhO$ﬂh1ﬂﬁEQKarl Fi scher method. 20 If drying

of the solvents used is necessary, it can be effected

by dihstillation of the solventpover a suitable

dge3icoant or Qy assing the vept through a

car{ridge Bum filled, for le, with

no| ecul ar sieve 4 A 25 The Ss steps for

fRepabithg t he bi sphosphites Rndsthe process of the

invention are preferably carried out at a tenperature

of from-80C to 150C, preferably from-20C to 110C

and particularly preferably frogl 30 0C to 80C

The intermediate A 1is reacted with a diol Ba to form

the monophosphite B.

O O
/N HO-Y-OH
x__p—cl ~ X[ P—0-Y-OH
O O
A B
Intermediate B is subsequently reacted with

intermediate C to form the desired bisphosphite D.

2 2
/O\ R O\ /O\ /O R
X P—O-Y-OH + P—Ci - X p_o._Y_O__p\
\O/ 3 O/ N O/ o 3
B C D

This synthetic route is only one of many and merely
illustrates the basic procedure. It 1is also possible,
for example, for C firstly to be reacted with HO-Y-OH
(Ba) and A subsequently to be added. In the case of
symmetrical bisphosphites, i.e. when X = R'R’C-CR’R*, the
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The four substeps of the process are shown by way of
exanpl e below. In this enbodi nent of the process of
the invention, a diol Aa is fi rstlyhreacted with
S trichloride to formthe i i
8@?Zggg?g§1%§g8PCT/EP2007/96$%4§ - 21 §§ff€%?@§i§bé§248
XOHXYVPC AAtetraaryfethanediol Ca, \é\hi Ichfcan
b a [ ti it h il f.rom
t%gogrggge%ig% gs;inatr%] %% %g@réeg%egﬂ V\Ilgpﬁ %t)\oscﬁﬁlorlﬁls cach
t FRERI BEi dembdnedr it fee #bABhal ophosphite C. 2 Rl Z
RfF ROHPC3 RO P-CI OR3 RAOHR3 14 C 10 The
intermediate Ais reacted with a diol Ba to form the
fophES AT Ee TRNHOYR OHBR /R5C9&SD PEptle Xnention,
| PeQLY-fbsfbBe 46 higées n@dbBt Ba Bot-Sasupsegusnt hyine ab.

reacted with internediate Cto formthe desired
bisphogpgite DD 2RLRL2 OOXCP-OY-OH+ RP-C X~

P-OYOP-R ORBRACE OORI R3 BCD20 This
synthegic route is only one of many and nerely Aa
NHR®
X\
OH Ab

If the compound used is a diol Aa, the radical X is
preferably a divalent substituted or unsubstituted bis-
alkylene or bisarylene radical. Possible substituents
on the bisalkylene or bisarylene radicals can be the

substituents mentioned for formula T.

As diol Aa in the process of the invention, preference
is given to using a compound in which the radical X is,

in particular, a radical Xa.

R6 RS

R” RS

Xa

The radicals R>, R®, R7, R® can be, independently of one
another, substituted or ~unsubstituted aliphatic,
alicyclic, aromatic, heterocaromatic, mixed aliphatic-
alicyclic, mixed aliphatic-aromatic, heterocyclic,
mixed aliphatic-heterocyclic hydrocarbon radicals
having from 1 to 50 carbon atoms or H, F, Cl, Br, I,
-CF3, -(CH.);(CF,);CF; where i = 0-9 and j = 0-9, -SiR%%,
-Si (OR**);, -SiR* (OR*'),, -SiR?',0R?*, -0SiR?!;, -0Si (OR?'),,
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illustrates the basic procedure. It is also possible,

for exanple, for Cfirstly to be reacted with HO Y-CH

(Ba) and A subsequently to be added. In the case of

S ' Lsphosphites, i.e. when X = R

K e 56Bar09800 BeT! ER200Y] 062948 )?2%%%73);52248

steps 1) and 2) and al so 3) %%d“4) can |n eagh caﬁe

be gogh dlln 0 £p Eglng copgpound i n,t
pro%ess o?‘ He |R§%ﬁ{ '5 | i's poBi bl & $BRuse aCOM.

df 802344, or- Wlﬁlcomﬂ)ﬂ%ﬁ) ne SalM, @b)NRl(BkFOAa NNHRQOXor
" QiL ARl 1 f the conpound el t he

radical X'is pre era ly a g|valen? su stltu%
uhsderendemielly bifsomal kydrmeHor nsirsarajllearie Bablstatuted or

F’t@ﬁé}u@é@lﬁh@@&' tue $ha o t he, i sal kyl.ene or h drocar on

bIS Iene radi cals can be the substituents %
+RI1BATIng 5T gl oF 0 ARS | faFhRen preeBS S8t Rhe= H is

|emzcemcu@cm afd aﬁeignaﬁ al&aliVRBthO YShNY Far&RMRQURAE 1IN an
t he radlc % i,n particular, a radical Xa.
\g‘#% ﬁ viELAhnntosn | a0 X LR YR tals RS, @
Rﬂ}om}orﬁ&mamohe Thﬁjepeﬁtﬂealbymﬁf «fie ﬂnotfl{?ermay, for
arorra%ltéﬂ ed, or Hﬂ%g@ﬂlﬂ:%ed g’d aa[rlzat'f gligyelicyyscan

het er oaromati c, hat T e
selected from among allphatlc, allcycllc, aromatic,

elected

hetercaromatic, mixed aliphatic-alicyclic, mixed
aliphatic-aromatic, heterocyclic, mixed aliphatic-

heterocyclic hydrocarbon radicals having from 1 to 50

carbon atoms, F, Cl, Br, I, -CFs, - (CHz) ; (CF;) CF3; where
i = 0~9 and j = 0-9, -SiR*;, -8i(OR?');, -SiR*'(OR?),,
-SirR*,0R?, -08iR?,, -081i (OR?Y),, -08iR*! (OR?Y) ,,

-08iR*,0R?*', -OR', -COR, -CO,RY®, -CO,M, -SO,R*®, -SOR™?,
-SO;RY, -80;M, -SO,NR™R?°, -NR™R?® or -N=CRY¥R?°, where
R*, R?*°, R? and M can have the above meanings. In the
case of the fadical Xa, the radicals R® to R® are
preferably hydrogen, alkoxy groups, in particular
methoxy groups or tert-butyl groups. The radicals R® and
R® and the radicals R’ and R® are preferably identical
pairwise in each case. Particular preference is given
to the radicals R® and RS being methoxy groups and/or

the radicals R’ and R® being tert-butyl groups.

It can be advantageous to use a diol Aa in which X is
preferably an ethylene radical substituted by radicals
RY, R*, R¥ and R* where the radicals R', R*, R¥ and
R* can be identical or different, substituted or
unsubstituted, aryl radicals. Possible substituents for
the radicals RY to R* are the substituents mentioned
for the radicals R' to R*. If a diol Ca having the
radicals R' to R* and a diol Aa in which X is an
ethylene radical substituted by the radicals RY, R?,

R* and R* are used and the radicals R* and R', R? and
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25 alicyclic, mxed aliphatic-aromatic, heterocyclic,
m xed al i phatic-heterocyclic hydrocarbon radicals
having from1 to 50 carbon atorrs or H F, d, Br, I,

2)j CF3 where i 0-9 andg
@éo%éwis%%@n 3, -Si _(0?21) 2, @&0%042062248
-0Si R2s, - (OR21) 3, WD 2 / 071508
PCY/ ER2 2 42% i R2L c
}g Rg %1%01@2 %ﬁd R*“&nd’ lgB &5R 99?%(])8)55%/1 as_esoléilgfézlcal
- SORYGNELSHIRAY blssda@mphls*.@e NFRECRIDL INRAQ RE NGy 1+ ALVIGEEROT

IR2Y, wer&n@&nﬁ%fan@halfamwal echedor Ic, can be
epen H, rnonoval ent substituted

nt | m anong r
@%%@51 t‘ﬁ%e&n Ilicﬁﬁﬁg CLYE ardifat PEORTT of ?Bﬁnl? and
r:apll@ﬁl 3) hand ng) feam int ea?2h caskobeatombibetd R21 cartied

excl uded a an aI r I
h%llnf é 9 a“%g ed ri&I%ngo 1'%10l!élrgr)ﬁ{]rson]ig‘%mglmc%n}ﬁa are
aldeplm)scpdzmm um i on. The rad| cal s R5 R6, R7, R8 may,
for 10 exanple, be substituted by at |east one radical
sel ected from anong aliphatic, alicyclic, aromatic,

He® er&ee bnaid L -G xetBal i pHdt i d-sal iIRGFRATRLE nibfeduse, in

aﬂ)é:@@}?&hPaﬁr OaBb1 S, 11:19%&@%)’(31'169 dﬁé%@' FrENAEHT-Y is a
het er oc% ecﬁ(l: Prgdr ocar bon r adi cabs havi ng from1 t

15008 HESUEStIgRted PP CRa R ene
whed £cal, = @r8famdbjly= 029, b—lSlpRIéh&,xy SI of ORBlsnZphthoxy

-S Si 0R2 - OSi .

St ks P SHRRIREL R e 8 SRk s
-gO2RIGed dpM fogeeRa 9T - -mgrencsmmglysmmo geing a
NRI 2@ Nﬁ%g&o IOJdlé\ElCRig@QZ W@ 20 RIQ, &hg the

R21 and M can_have the above neanings. In the case of
thesphRfiehl radi cathe hadikal ot %Iaartep et erably
hydr ogen, al koxy groups, in particular nethoxy groups
or tert-butyl groups. The radicals R5 and R6 and the
radicals R7 and R8 are preferably identical 25

| ase. Particular preference is given

% .
- ~ IIa

}“:O O\g\ ITb

% .
- ~ TIc
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to the radicals R5 and R6 bei ng net hoxy groups and/or
the radicals R7 and R8 being tert-butyl groups. It can
be advant ageous to use a diol Aa in which Xis 30
pref enahl t hyl ene radi cal substitut

W% %o%%/b7@%o%nd Ra' wher e Ege radlCalsﬁggpﬁpi@@#F@é§248
and R4' can be identical or different, substituted or
unsubstltufédb aryl raqfe/ls Possi bl e substituents
for the radigdals R' tg R4. are the substituents
mentioned 35 flor the rgdicals R to R4. If a diol Ca
having the Q R4 and a diol Aa in which X
is an eth bstituted by the radicals

R, . R3 and the radicals RlL and
R, and W2 508 PEY/ EP2007/ 062248 - 24 R2"

a symetric IO according to the |nvent|on
e.g. a co nd of the ﬁéfnula la or Ic, can be
prepared. As indicated above, the process steps Hﬁdand
5 2) or 3) and 4) can in each case be conbi ned or
carried out together when the starting conpounds Aa

apd G saE@hthgentiLBlca1ds & obnEOs¥r@h Bak T iith iSacemic,

possi bl e to,use, in 10 particular, diols in_which the
d?@ﬁPEhPmﬁéaFééiyYepglﬁheguﬁgt?PB?anﬁ?rﬁﬁéh%gtP?ﬁ?eﬁorm
blsarylene or bisalkylene radical, preferably a

ynapht hoxy radical. Possible

be tRNe substituents nentioned for

arence/is given to using a 15 diol Ba

s¢l ected from anong the bi sphenyl
ae llatolid/y O QA ha

R
~
III1.
As tetraarylethanediol Ca,
R%\\x
——OH
R3,/7--———OH

R4 Ca

it is possible to use tetraarylethanediols which have
substituted or unsubstituted, linked, unlinked or fused
aryl or heteroaryl radicals R' to R*. The radicals R' to
R* can be identical or different. Possible aryl radicals
are, for example, phenyl radicals, naphthyl radicals.
The radicals R' to R® can also be linked or fused with
one another, e.g. 9-fluorenyl radicals, phenanthryl

radicals, xanthenyl radicals and heteroaromatics.
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/500 201 Ib 2~1 1 ¢ WO 2008/071508
PCT/ EP2007/ 062248 25 0 0 0 QA |l Id or bisnaphthyl
radicals of the formula Il in racemc

epan i y enriched or enantionerig %%UU
@?n?bggEPZ§$bﬁl As tetra§r¥éethaned|ol é%zg i%?§3$48
R3 OH 10 R4 Ca it is possible to use
tetraaryl et hanedi ol s whi ch have substituted or

unsubstituted, |inked, unlinked or fused aryl or
hBERFORPYFEr ddf cAllyeR]l £0 RUE1iTThe DEAGIOPAINECRI t Or 15 aRMzO-

clanngeon deftd a3l o e i &Eer@{g B@ﬁ?lblleacﬁrd’allsf agbCalet ra-
are, ex ngé henyl als hyl radical s.
Tﬂﬁy}ﬁﬁﬁﬁﬁ?g C§W %e PFHE@&tH?nFﬁse&WNtthe
oned asQl Ber R'e. gx>9 m%uobgnyhh@adn@gmggpp@@ﬂanthéyb the
rag%cgli, xgnthe g % g@%ug froaronatlcs WO
20087 071508 PCIY %B% 0 %54% % “Preference is

gi ven to using benzopi nacol or benzo- pi naco

2?% t'f:]litl%%l%lrétggalggfgéll rﬁ_qj %lasc {'18” ochess of the

aned ssible su stltuen
invention without restricting its scope, which 1is

defined by the description and the claims.

Examples

All preparations were carried out by means of standard
Schlenk vessel techniques using argon (argon 5.0, Linde
AG) as protective gas. Tetrahydrofuran and toluene were
dried over potassium (THF) or sodium (toluene) before
use. NMR spectra were recorded using a Bruker ARX 400,
and elemental analyses were carried out using a LECO

CHNS 932.

Example 1: Synthesis of 1l-chloro-3,3,4,4-tetraphenyl-
phospholane (C-1)

c-1

A 0.768 molar solution of phosphorus trichloride
(Aldrich, 99%) in tetrahydrofuran (10.7 ml; 8.22 mmol)
was added dropwise to a suspension of 1.878 g
(5.12 mmol) of benzopinacol (Acros, 98%) in 30 ml of
tetrahydrofuran (Sigma-Aldrich, 99.9%) at -40°C while
stirring and a solution of 1.56 g (15.4 mmol) of
triethylamine (Aldrich, AR) in 4 ml of tetrahydrofuran

was subsequently added dropwise, resulting in formation
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5 radicals RlL to R4 or the benzopi nacol are the
substituents nentioned for formula I. The foll ow ng
exanples illustrate the process of the invention

h heting it cope, which i '
e agsel FA0ET NG the o p%@ Bl of SR TR D208

preparations were carried out by neans of standard

Schl en e [ Si ar ;

R o R S U e
t ol Leved wepewagni 68 &¢eR peiresptmreTAR drssddilfred for
(5ghﬂﬁﬂ@kﬁg§§ZﬁgurgsecmhmFgﬁa@erﬁ WFB&nhQ§OWQ§d fUsliftred
a Bruker .. and el enental anal yses were carrje
o’Eﬁlr‘a‘égliﬁgaaGﬁE%@tC?IR% §%§%23t§5&|%81:dr§ﬁ% si'd of at
1z chiiesp- Bo3, 4, 4- hetiraphehyl viphosphalcanelueCuias R-aBlen up
1.0 C 25 T ar solution of ph har
tchgPéPFBS l%(l%l gﬁﬁcﬂ%%)s? noterr aWja}gr %SﬁF%ﬁ%?l&hfough
nd ; G8. ZZ irmpl Yhe wasladded drespwisamnteduspeaddi obayf and
1 2 jﬁqgl e in , % ob
3%§]_gn$e%?el(nf51e%ra y rd%)f% a% %%’%{m?%ﬁgsgéﬁpggg.%ﬁ%@gt@ and
-4QC whike £3¢ & iINqUtRy afeie Vet Por208 1986 QI Bhepry,

D] duDited i &4 hyd aridge (Adieh), AR i hiBhef viscous
t et rahydr.of ur an V\fs subsequent | y added drog i

: W se
rESEREE N0 £ o hid | ORR VR BB08/ H7AGREValent 6£%oluene.
PCTA 52007/ 062248 -NMR21CsDf) & wollusi.aauppenl our | ess
precipitate. The m xture was allowed to warmto room
tenperature and was stirred for a further 5 hours.
Tentkesisonf Pxture was filtered

~ ™~

@)

0]

D-1

4 mmol of a solution of n-butyllithium (Aldrich) in
8 ml of hexane (Riedel-de-Haén, 97%) were added
dropwise to 0.717 g (2 mmol) of the compound 2,2'-
bis (6-tert-butyl-1-hydroxy-4-methoxyphenyl) (prepared
by the method described by - F. R. Hewgill and
D. G. Hewitt in Journal of the Chemical Society C,
1967, 8, 726-730) in tetrahydrofuran (Riedel-de-Haén,
Chromasolv) (8 ml) at -20°C while stirring. The mixture
was stirred at -20°C for 20 minutes, subsequently
warmed to room temperature and a solution of 1.90 g
(4.4 mmol) of C-1 in tetrahydrofuran (16 ml) was then
added dropwise. After stirring overnight at 25°C, the

solvent was removed at 10" mbar. The product obtained
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through a & frit and the filtrate was dried at 40C at

5 20 nbar for 1.5 hours. The viscous residue was taken
up in toluene (15 M) . This solution was filtered
thoopghs /@7 Go8rit, the filtrate was evaporateh@t/dr248
mbar and subsequently dried,at_a bath tenperature of
40C and 10-1 nbar for 2 hours. This gave 2.32 g (90%

o&aéheQEYrré@ C@i@H|a4@dm§S ol uehpuadductyifed de-Haén,
VISCOUS qui.d which still con

a
eagr 14l ent{lEsreq) d8fe theatarySbe O@lﬁ%ﬁa}?rm%a&ﬂeﬁshed
Swt B 78cd44eppm Tﬁéﬂf&&tﬁaﬁésDbEtaiﬁe@ Delre 'Orgnt@ated
/I 00 41nnnl of_a s% ution of, n- butgll th&yn1gAd95géh)for

i3° 8% BPhedit (R%edé S Ra added
2D doopwi s&heo 7ilF gb@@1m&ﬂ)waﬁ thbenommnun@ 222ml of

béé%ﬁoﬁf£ Pgt %%%?F% ggxﬁaé EE&EP é&ﬂﬁ&gng¥éfly

I—l@KA‘Hl ian gbaaﬁalsce)lfutﬂr@ndwf@m care%%%¢ et ;Qr’c cogdpng, g D-1

Cﬁ =d 801 chhed et rehydiuaf uranc fRbgdel ridesHaen; hes remalnlng
romasolv) (8 m) at -20C while stirrin Th& m>u
g@&éﬁ | ours

m%%1§?¥Fr¥asaFak2GCqﬂﬁ 30 R Hut2_d LPibs
\/@5 ﬁvetsou@ognt@mp;srcafutﬁeaadrgesotu}bswn@é 1. 90
1 in rofuran ) th
Egdggp%% q&ftegbg @ﬁ%g ernlé%? %% 2@%& QP:NMR
305@@IMEmt %Bsgrenﬁved at 320- &LnbaB Hhe praaucﬁs, 6 H) ,
taj ned 008/ 9Y15Q8 gRCE BER2QQ/7/ 48 . - S
% @%eg %§f1%40§n87 @8 89S§n§ &%& @6%§ 6. 955% MAS(m, 4
99). 7% ; 0$T7t%?eémané ﬁhe regild 38n(ﬁhe1@rﬁ§ mé§57 (d, g
washeds ¥ th gt okweney ke fgltrates ohtai ned weres) ppm.
concent r at ed
Elementa analysis (calc. for Cq4HggOgP2 =
1147.29 g/mol): C 77.00 (77.47); H 5.66 (5.97); P 5.82

(5.40)%

Example 2: Synthesis of A-1

A-1

Al was prepared from 2,2 -bis(6-tert-butyl-1-hydroxy-
4-methoxyphenyl) (prepared by the method described by
F. R. Hewgill and D. G. Hewitt in Journal of the
Chemical Society C, 1967, 8, 726-730) by the method
reported in EP 1 209 164.

Synthesis of B-2
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15

at 10-1 nbar and the residue was dried at 40C for 5 2
hours. The solid obtained was taken up in 32 m of
acetonitrile (Riedel-de-Haen, 99.9% and heated
biibebbys/yntisbsa clear sol ution was prespot/E&M007/062248
cooling, D1 precipitated. bt was filtered off and

t he renainlﬁ% sol vent was taken off at 40C and 10-1

nbar for 3 Brs 10 to give 1.9 g (82% of the target

subst ance. { - NVR (C6D6 202 MHz) : 8 = 145.62
ppnbth-NMQ coD6) : S =1.39 (s, 18 H),
3.32 88 (m 7 H), 6.89-6.94 (m 7

4 H, 7.04-7.09 (m 8 H), 7.21-7.30
J 15 =7.5 H, 4 H, 7.65 (d, J =
‘ppm 2Bl emental analysis (calc. for
1147.29 g/nol): C 77.00 (77.47); H 5.66
82 (B.40)% 20 Exanple 2: Synthesis of

P\ C1 A1 A was prepared from

reni cal SOC|ety
eported in EP 1

B-2 was prepared from A-1 by the method described in
EP 1 209 164 (Example 2).

Synthesis of D-2

OCH; OCHj3 D-2

n-Butyllithium (2.014 mmol) in hexane (4 ml) was added
dropwise while stirring to a solution of B-2 (1.5 g;
2.014 mmol) in THF (8 ml) which had been cooled to
-20°C. 20 minutes after the addition was complete, the
mixture was brought to room temperature and a solution
of 2-chloro-4,4',5,5'-tetraphenyl-1,3,2-dioxaphospholane
(c-1) (0.868 g; 2.014 mmol) in THF (8 ml) was slowly

added dropwise. The mixture was stirred at room
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25

O P. OOHOCH3 OCH3 B-2 B-2 was prepared fromA-1 by
the nmethod described in EP 1 209 164 (Exanple 2). 5
Synthesis of D2 H3CO H3CO/ \ \ / \ o OP / O O

Qi R B-208 n-But yl i t hi um (2. 014 nmoldr faphexane2248
(4 M) was added 10 dropwi sgywhile stirring to a
solution of B-2 (1.5 ¢g; 2.014 mmol) in THE (8 m)

V%é;jrﬁg%bf&ﬂlf@eﬂoﬁolw Qﬁbers - Z20&. s%@v@inlﬂUtv%Gs aﬁﬁéﬁ tagoved
additi on was conpl et e, m xture was. brought t
Hom 4% Hat 55“ €a §8F&f1}18n waP R

Ccﬁl mbar4aﬂd §uﬁset1&éhafmesyhrtga Fidihoxaghesghdl3@nel) .

14 n E
Bl UG, SR e R s o
mmm@m/mm@ﬁﬁﬁEF@@W(ﬂO@QZﬂ% O°C 2 h).

tﬁ{@%%ﬁ%e Péd cbowa% EB?r?@!ﬂV%tl‘Y\’a%Ot Pr@n &@%Vﬁcimg
at 40 nbar a resi due was dried at 40C and 10-1

rﬂja?tca”rﬂd:%eque’ﬁ]ﬂ#? st FEREEHTR t h Wasl ueneteBeim )in @
Atder; ddtddat | orheherfiterabie avas %\r@pomueararwlaﬁdwe was
yRIAE SOHLS ot aned ves. drled pl 10 M0 (406 Fe
bribd ng . caget oni404 | @moThi=s MKt W wasostor edf | praduct.
el aerater, thep filtered and thesbibtep gake. Was 73 61
(73.80); H 6.99 (6.72); P 5.46 (5.44)%. >'P-NMR (CD,Cl,)
§ 135.4 (4, Jpp = 38.9 Hz); 142.9 ppm (d, Jpp = 38.9 Hz).
IH-NMR (CD,Cl,) & 1.26; 1.28; 1.38; 1.46 (4x s, each 9
H); 3.48; 3.81; 3.82; 3.86 (4x s, each 3 H); 6.42 (m, 1
H); 6.69 (m, 1 H); 6.78 (m, 1 H); 6.94-7.10 (m, 18 H);
7.19-7.25 (m, 5 H); 7.61 (m, 2 H) ppm.

Example 3: Synthesis of D-3

D-3

Triethylamine (0.992 g; 9.81 mmol) was firstly added at
room temperature to a suspension of rac-1,1'-
bi(2-naphthol) (0.891 g, 3.113 mmol, Aldrich, 99%) in
18 ml of toluene and a solution of <C-1 (2.951 g;
6.85 mmol) in 26 ml of toluene was then added at 0°C
while stirring. The mixture was stirred at 0°C for
another 45 minutes and then at 80°C for 16 hours. The

product obtained was filtered, the solvent was removed
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washed with ice-cold acetonitrile. Drying at 10-1 nbar
10 gave 1.6 g (1.404 mol = 70% of theory) of product.
Anal ysis (calc. for CrOH76010P2 = 1139.31 g/mol): C

i 6lood /8N H 6.99 (6.72); P 5.46 (Pc4dE¥nodyPolivBas
(CD2C12) S 135.4 (d, JPP =38.9 Hz); 142.9 ppm (d, J2
= 38.9 Hz). 1H NWR (CDQC12) 5,1.26; 1.28; 1.38; 1.46

(4x §O 885h Ankd He %e@&du% &Jas 3s82rr8d8&i(tdx 80 ml of

each 3 69

HpO L Tty 76‘161(mflﬂ&’f'@lﬂﬁe'jz 7 2ER anS (TM@ %)lzigcf(aéf (m7as
Z2Hp cFlFHﬁseﬁzl(_afmﬂeﬁ lﬁlgﬁ)‘lm hesssoat Dr&sidfe' /DWELMd Ras

et 1he 92 9 8
f%r]?Jsﬁql )f”‘tad'SdSec{]é at™ %‘g] %ﬁ ra urge P8t é g@p)éc’ﬁlg%%ﬁugptly
riege vy <t &1 1hii e napﬂndmol) a(C@t&mltgfll& 113 Ymedld: 2.684 g
/I m | ue sol gt f

SEF Yy P8 R ReRE i S ro e Wkt her O
dHddebOaP2 0C \Mﬂ7ISels4t|9r/rIﬁlqild The 7rﬁ S63ur & BRag 33tii r Fled4 - 69
aty OGforp @npt hey Ab i rupegmandebiren)at 826, 5opphod

hours. ‘The product obt ai ned was fil tered t he sol vent
was renmoved WO 2008/ 071508 PCT/ EP2007/ 062248 31 at
Ak 4Hple angl: t heompatrdugveas hgtirbfedmyilehid@ nexpleriments

toluene and filtfere The, f

&F&ﬁ&;’&fn‘{%é&ﬁ'gq? ;a/""g'\ell:ﬂs]couser eés?%g a%b:\tbgélsnlelc?and D-4
drfieed letsBECmENd €l 0-DF drbatesfaribedhodrs &¥d 0 472 071 was
S@&]Seg&egdﬁ %ﬁc 5cc§r§‘§a(ﬁ’§€ﬁ9é' 264 oM Aget %%tt‘h'els%s of D-4

496 mmol ; "80% of theory). Analysis
(v@ﬁccafrcrrledcm%zo@vz a 1095had @GRty g3 that of

(#89. #3)52 B 6911 examples using the known ligand D-4
serve merely for comparison and are therefore not

according to the invention.

~N» o
O—p~ —

The hydroformylation was carried out in a 200 ml
autoclave from Premex Reactor AG, Lengau, Switzerland,
equipped with a pressure regulator to maintain a
constant pressure, gas flow measurement, sparging
stirrer and pressure pipette. To carry out the
experiments, the following solutions of rhodium in the
form of [(acac)Rh(COD)] (acac = acetylacetonate anion;
COD = 1,5-cyclooctadiene) (OMG AG & Co. KG, Hanau, DE)
as catalyst precursor in toluene were placed under an
argon atmosphere in the autoclave: for experiments

using 38.4 ppm by mass of rhodium: 10 ml of a
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(4.87); P 6.03 (5.76)% 31P-NMR (CD2C12) S 140.5 ppm
10 Exanple 4: Conparative hydrofornylation experimnments
using ligands D-1, D-2, D3 and conparative ligand D4

The bhsphesphbse D-4 described in EP 0 42 /@Hboway 062248
sel ected as conparative |ligapd. The synthesis of D4

was carried out by a nethod analogous to that of 15 EP

014724q{illf%o1§%a§81§§18§|ngokh%xb@Q%ﬁehtga%@1@g496 ppm
serve nerely for npari son aW% are therefore no

aeXor RRG tdIQherhﬁ@eﬂ?ron &F-od P HleOIar
’2‘%%11&%1'12? The hagp%pfﬂutatl afowas Cafr i Q(Hleoutphd’sspﬁllte
ut.,ocl aye fra React L g
SoPTBerrdnd S e BT pad W o Dr 4S0FEST BhuraraypLente
naf nflaigand ponsequivptessurd, gasiflow weaswudmequently
Sg&‘ég&”%ﬁé ShiLheh LSS £l BELLEY 10 SBaLEY oAUlias

eXper | owi ng Sol ut1on I um
|@d1hetedotﬂ1®1 W%abﬁc?@ﬁé@ﬁpm]O@aé@éther tOluene 15 ml

Pt xhece&e@%e AN AN 1 LR T drd- €81 09t @dignel chOMEse

Hanau, DE) as_catal yst precur
tbmué“ﬁelweﬂe Whessd Masfernad B8SBr §6RCATBHS haﬂe&%rﬁhand
tw@r@ug@ehame inf ajheewgmezoosmpstﬂe 38f4eppmepy avestent
i um 071508 :
ﬁ%efﬂﬁ’élzfzfg‘osphfzrel %4%?%‘%% W PR PYPEER PP SRS
expendeaents (39 e 6 ppon (B9 . ABE) of ﬁh@dh rhel @udoadfave

o 31 QLLLLED! A ig0l utLeD, . ThE aPREABG s’z‘gﬁoam’%t Ofche

e phosphi conpound |sso in tolue
g@mperanyunseeqymaceﬁe@ §npfedqty ARED Rt equEVALBRELSF as

rHedi yme Was sybseust | Yor a final pressure of 50 bar,

b) 12 bar for a final pressure of 20 bar and c) 7 bar
for a final pressure of 10 bar. After the reaction
temperature had been reached, the synthesis gas
pressure was 1increased to a) 48 bar for a final
pressure of 50 bar, b) 19 bar for a final pressure of
20 bar and c¢) 9.5 bar for a final pressure of 10 bar
and the olefin (mixture) indicated in each case in
Table 1 was injected by means of an overpressure of
about 3 bar set in the pressure pipette. The reaction
was carried out at a constant pressure of 50 or 20 or
10 bar (pressure regulator from Bronkhorst, NL) for a
reaction time of 4 hours in each case. After the
reaction time had elapsed, the autoclave was cooled to
room temperature, vented while stirring and flushed
with argon. 1 ml in each case of the reaction mixtures
was taken off immediately after the stirrer had been
switched off, diluted with 5 ml of pentane and analysed
by gas chromatography.

GC-DATEN: HP 5890 Series II plus, PONA, 50 m x 0.2 mm X
0.5 pm; gquantitative determination of residual olefin
and aldehyde using the solvent toluene as internal

standard.
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15

added. The initial volunme of the catalyst solution was
adjusted to 41 m by addition of further toluene. 15

m of the olefin or olefin mxture indicated in each

ca 820E§A§%9§§81 whose nass had been dep@frgmech7 /062248
before , were placed_ip the pressure pipette.

After replacenent of the argon atnnsphere by fl ushing
with synthesis gas (Linde, H2 (99.999% :CO (99.997%

= 1:1), the autoclave was heated while stlrrlng (1500

r Bapleolt heiveanpehat uresuihrdi caf edthp eedfiseafialysed

SM{}HB%%b:@m?@ﬁt15np6§531u'b@:t%§1ea) (R30ah,f ass fingentene,
pressure 12 bar for fi'nal pressure of

0
2BTBRENENJABIRY S&§+tF%PSa Pl Sy Prn diggrure of
Abteenthe mmmah(Nhaéen@erabmpeshadoheeasre&@ﬁs&ihd&e in

synt is.g pressure increased to a) 48 bar for
aﬁgiﬂgﬁ gé g?%SSEFémB?e%o bg? E%) 19 bar for a fina
pressure of 20 bar and c) 9.5 bar for a fina
PERSSUAE; Ol o0 LAy anfl thefl el (I Ems) g reled in
i n"each case In a was 1 nj ect e neans

o%Br pr €38updlofforandint @Y®é@f§éWY1ﬂt%%% Bfe@sGWéene Low

PLBELLEsidhE heaghiORaZa WES tGal rd&@r@"tm:@lt@ec@lstlaﬂtthe
pressure of 50 or 20 or 10 bar ressure regul ator

f FBAFBr oRkhor < PeREFREor 0% eac?t e I HFhFs oV
I msﬁaéblﬁaSEOnAﬁteﬁthg, mﬁadtel origh rervadsdlcagsgrhint to

th I t d
WRPPELaBR YR TRaC PR ERL b SRTH TR G 4 Y 2 o
caséeotlthYreaoﬁngntﬂsxtmh@s pMQPQﬂﬂ«gmcﬁdf termlﬂally
' j had b i tched off,
hﬁpﬁ?gg&g#¥%ggggrsh gcsLiLrer ha een switched o

of pentane and anal ysed by gas
chromat ogr aphy. 35 GC- DATEN: HP 5890 Series Il plus,
PONA, 50 mx 0.2 mmx 0.5 m quantitative
determination of residual olefin and al dehyde using
the solvent toluene as internal standard.



WO 2008/ 071508 PCT/ EP2007/ 062248 - 33 Table 1 gives
the results of the rhodiumcatal ysed hydrofornylation

of 1-octene (Al drich, 98%, 2-pentene, propene (ABCR
CW§+EBQQ§0799%@ anq an isomer mxture of pr oot BNes/ 062248
whi ch has a conposition as_dggcribed in DE 100 53

272, Exanples 9 to 19. In addition, Table 1 shows the
résbleslr epypdreformyl EPion4gf pFaimipaltped internal

hydrof ornmyl ation_of . 2. buten Low 10 conversions in
t%gegégg’o?xPﬁglgg ERe ﬁ?g SF% or in the case of
2-pentene and 2-butene indicate |low isonerization
activity while high conversions point to

Li-congiwer abl e {Htlesi r|kbPenfd gherP z a9 bre et (e | |-
ganl‘?']dsld _aéi‘%llavﬂet y | ':gﬁ;ﬁ"@}t e§hkﬁ§uﬁ{,\%5’%“ on_of tenmnal [y, 15se1ec-

of or nyl at ea 'subsirate. 08/ 071508

PCT|{ EP2007/ 062248 -| 34 Tabhl e 1: |Hydrof or mibatl oricof

termnal and internal ol efiins, experinment al reSJtts
[ 9| fld

Li - | Sub- Rh Ligand/ [Temp. Sol vent |Pres- Con- n-

ST A
ty

P UNE[ Tl SUNE,yer iTspkdts [HArT HaoON oo
D-111-Cctene 38.415 120 Tolluene b0 86

04 [0

N A

AalEN OQ

D-209 |IDthrect Gife. 88,8 5 100 |To0 uelBoBem® Y0 D /0 94
1 Tal ioan (oXs) D4 1 Nt o
D-35 1 H0 OfgiEne | B0 D4 85 D 1 |h00ct oS 5350 T8 uenel83

rana 29 ATE 100
U wTrre =AY ~ LU

N
=“U

D-4°U P Blrdhes TedLiengs 96 SHgy T0rieien«YU]dd (194> S |55

n-Cctenes 96 10 120 |Toluene{l0 7 89 D4 niOctenes 96

D-15 130 cdiene |20 54 B3 D1 |22@PeniBsieudfe 5|20 T@E uene|99

2014 99
D-2 n-Octenes |96 5 120 Toluene |20 19 77
D-3 n-Octenes |96 iO 120 Toluene |10 7 89
D-4 n-Octenes |96 5 120 Toluene |20 54 33
D-1 2-Pentene |96 5 120 Toluene |20 14 99
D-1 2-Pentene |96 2 120 Toluene |20 14 99
D-4 2-Pentene |96 5 120 Toluene |20 86 60
D-4 2-Pentene |96 2 120 Toluene |20 80 60
D-4% |[2-Butene |90 4.8 90 Texanol® (25 52 31
D-1° |Propene 40 5 90 Toluene (20 84 97
D-4° |Propene |90 4.1 70 Texanol® [30 81 91

10

15

@ taken from EP 0 472 071 (Example 9, Table 6, entry 3).
> taken from EP 0 472 071 (Example 3).
¢ in the presence of 0.0636 g of Tinuvin S (Ciba);

conversion and selectivity after 5 h.

As can be seen from Table 1, all 1ligands displayed
gimilar activities and selectivities in the
hydroformylation of the terminal olefin, with D-1
achieving selectivities Thigher than any achieved
hitherto. However, gignificant differences were
apparent in the case of the octene mixture and in the

case of the reaction of 2-pentene: while D1-D3 left the




D-1 2-Pentene 96 2 120 Toluene 20 14 99 D4 2-Pentene
96 5 120 Toluene 20 86 60 D-4 2-Pentene 96 2 120
Toluene 20 80 60 D-4a 2-Butene 90 4.8 90 Texanol (r)

5 ropene 40 5 90 Tol uene 2 294

é8§%§892%9§70 Texanol 30 §1 91 a tag%n frcﬁﬁé;fb6 °
472 071 (Exanple 9, Table 6, entry 3). 5 b taken from

071 l e inqt senge 0636 gy
o%n eﬁﬂ%ln Sdégﬁégp k%%hver5|oﬁ%%naﬁselecfﬁilty dfte q; ©
SchmpAsatanebe sebsthnom Tabl-¢ 1, dldprlatpshds Slgnlflcant
d%éBhﬁ% 18n8' midarn agti Vi tigs angv§aleﬁeéav'tlbefs 'rhlgh
| ation of ‘the terminal olefin, wt

a@ﬁn‘é@rﬁgoga ect&G\ntﬂe% ht§Rer afsh any a@hrpé%&ne >t

5 haBBEEEQn,FDﬂﬂyeﬂxwﬁlg@uébeanﬁtde%fetﬁnQﬂ&ameaee of D-4
apparent in_the ca f the octene % i g?
1BA3iCE 61 e reaberln TR etone. WHFRE TBE- 08 deraes
t hes WDo20@8/. 0 Thb 08h CIL EP20 02062248 n -D36 wiaAt erseal, the
doub# bonds Iargel gnaff te omparalbVe,.q +
stbs gncqugpcﬁspléye S|§g|f?% ﬁ%ﬁxﬂg%ne?%ga%¥ Ao ©
attpentyneaweeel@eﬁgedObVYﬁﬁgﬁd @@ﬁ@eﬁsﬂ@mﬁqﬁyﬁ%|Qf 99%.

10 ﬁ ca88i 0% of; pe@b%%klsbﬂ 5,444 tipnopdhe law substrate
ectivities in the case of D4 |nd|cate that a
p%rﬁ@nﬁi:éﬁt@ﬁ bERfchE¥PErdeRy d&Y 1 SRasslGGrdd toh torfe "the
owgén&iaae c¥benybr lcwpplusedr the isvwehtiefounts
(140) of 2-pentene isonerized to 1-pentene were
hydrofornylated with a linearity of 99% 10 In
aggatpda, onpgdrednrmyihtpropent amstbybstocita-2,7- -dienyl
15 dggﬁg§tgﬁ65§zthe superior n/iso-selectivity of the
and or catal yst conplex of the invention. Exanple
5: Hydrof ornyl ati on of met hyl octa-2, 7-di enyl
///A\\\,//”\\\J///\\\v///\\\ e MODE
Methyl octa-2,7-dienyl ether (MODE) is a compound
20 having a terminal double bond and an internal double
bond. In this example, the terminal double bond is to
be selectively hydroformylated while the internal
double bond should remain largely unaffected. The
hydroformylation was carried out as described in
25 Example 4.
Table 2: Hydroformylation of MODE, parameters and
experimental results
Li- | Sub- Rh Ligand/ | Temp. | Solvent | Pres- | Con- | n-
gand | strate | [ppm] | rhodium | [°C] sure |ver- |Selec-
[bar] | sion | tivity
[%] [%]
D-1 MODE 40 5 100 Toluene | 50 82 95
30

In contrast, no uniform product was obtained when the
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15 ether (MODE) O MODE Methyl octa-2,7-dienyl ether
(MODE) is a conmpound 20 having a term nal doubl e bond
and an internal double bond. In this exanple, the

tes b pgk /Goubbe bond is to be selectivelyr/Ep2007/062248
hydrofornyl ated while the infernal double bond shoul d
remain | argely unaffected. The hydrofornylation was

CabhbEHa e aSc §§1ﬁﬂ1@edni41 25 Exarpd e & TEable 22 o071,

Hydrof ormyl ati on 'of MODE, paraneters and experinentgl
re8LFR s 15 -NFubaCRATELGENC TEND. 1SNISEACPr 6438 ChRSS- A
{g;@@@?tstm@keuképnﬁfﬁ?aﬂﬂﬂﬂd(jabduﬁ Ve % Sbyermass of
ar ion tivit 9 9 D-1. MODE 40 5 Q Tol yene
5 '%%tB%XY%QPTZ'%%%}rasﬁ%sno SHFﬁépﬁéproduce wa?lfl
ot abnéthahen tilee Wn260840715G8 BCT¢ EB2007£062248y -more
3 ati 0 crd 1.0 ER 0. 472 .
Ogi%gggﬁf%hkkégno acgggagﬁétgggtﬁgﬁgﬁﬁg%ﬁ 8%?“%3318 not
wedordingriodulte Mxyereiennt ai ni ng about 50% by mass
of 9-nmethoxynon-7-enal was obtained. The phosphite 5
according to the invention is.thus significantly nore
SEFRER 1§ eb t HARAT Y 2hFpaFaPitEt¥ubst ance which is not
a@p@gﬂa Flr'hcﬂg td(i)f t0 Ia%ei n&lemp?aﬁﬁ Ezmmtetﬁj Hﬁﬂr ehygi Scase in
S [lity 1 . 05 of the conpound indicat
é%%%i%a%éw?% l%a%?gg3cﬁ%§ ?hsgggﬁegaég giggo?gé%r&ﬁ;fene
m F bfkale- bobuene® -RMK aypandram 3 vRsNVR gpeated unmlfasg of
Cég%EQGQ1 %ﬁoﬁg gﬁgﬁﬁgfyaﬁénﬂgplwegg %ﬁBb%ﬁh@ﬁEi% added

re subSequently _ .
and the mixture was shaken vigorously for 1 minute. The

Osphite

mixture was allowed to stand at room temperature and a
31p_NMR spectrum was recorded firstly after 2 hours and

then again after 6 days.

Table 3: Hydrolysis tests

Ligand Time *Ip_NMR-spectroscopic purity of
[h] ligand
D-1 0] > 99 %
D- 2 > 99 %
D-1 144 > 99 %
D-2 0 > 95 %
D-2 2 > 95 %
D-2 144 > 95 %
D-4 0 > 99 %
- 2 < 5 %
D-4 144 < 1 %°

2 gubstance no longer detectable, complete decomposition

Table 3 shows that the phosphites according to the
invention display a significantly increased hydrolysis

stability compared to the comparative phosphite D-4



and the m xture was shaken vigorously for 1 m nute.

The 15 m xture was allowed to stand at room

tenperature and a 31P-NWR spectrum was recorded
fwe%bmabb@soa hours and then again afp@f,/ S8y 8/062248
Table 3: Hydrolysis tests _29-,Ligand Tinme

31P- NVR- spectroscopic purity of [h] ligand D-1 0 > 99
/%:le £p>0997% 0702, 1 IAdch 99 2 QcedRni%hg Db 2 jobe
> %D—2144>95%D-40>99%D-42<§%
Hﬂvgn‘il% a substance no | onger detectable, conpl ete
deconposition Table 3 shows that the phosphites
according to the invention display a significantly

i ncreased hydrolysis 25 stability conpared to the
conparative phosphite D-4 WO 2008/ 071508

PCT/ EP2007/ 062248 - 37 fromEP 0 472 071, which is

not according to the invention. WO 2008/ 071508

PCT/ EP2007/ 062248 - 38 Cdains 1. A bisphosphite of

the forrulal RRZ Z OR3
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Il RA1 1 iPO YOPLO 5 where X = a dival ent substituted

or

unsubstituted bisal kylene or bisarylene radica

whi ch may contain 10 one or nore heteroatonm(s), Y = a

dhy

bi sa

a%§€$/§yp§éétuted or unsubstituted bigaf MR 0062248

ene radical which r contain one or nore

heteroaton(s) , Z = oxygen ongRQ, R, R, R3, R4 are
i¢emimeal or different, substituted or 15
unsubstituted, |inked, unlinked or fused aryl or

het eroaryl radicals and RO = hydro%gn or a

shibsth HERBPRUMSUST iR P

r aryl radical

whi ch nmay contain one or nore heteroaton(s). 20 2. A
bi sphosphite accordi nggtto claim 1, characterized in

that X is a radical Xa,
| Xa 25 where the rad
indefgzendently of o

subgtituted aliphgtic,
hat erearomat i,c, n xgd al
phat i ro i€, heterocyclic, nmixed aliphatic WO

alq

R5 R7 1 / \ Re nnnr Nw I
als R5, R6, R7, R8 can be,

andt her R substituted or

ic4clic1 aromati c,

{ phatic-alicyclic, m xed

2008/ 071508 PCT/'EP2007/ 062248 - 39 heterocyclic
hydr ocar bon radi cals having from1l to 50 carbon atons

or

H F, O, Br, |, -CF3, -(CH2)i (CF2) jCF3 where i

= 0-9,and j,=_0-9, .-SIR213, -SI. .(OR21) 3, -Si R21._.
(e t758 U5 ro oo T CRR) @RISR Porpiy oicured
- OSi R2sallBR2&ne? or O8isRAZERE] , radiRi®] wEDRI9may contain

2.

one or more heteroatom(s), Y = a divalent
substituted or unsubstituted bisarylene or
bisalkylene radical which may contain one or more
heterocatom(s), Z = oxygen or NR®, R', R?® R?, R® are
identical or different, gubstituted or
unsubstituted, linked, unlinked or fused aryl or
heterocaryl radicals and R’ =  hydrogen or a
substituted or unsubstituted alkyl or aryl radical

which may contain one or more heteroatom(s).

A bisphosphite according to claim 1, characterized

in that X is a radical Xa,

R R®

R’ Re

Xa

where the radicals R°, R®, R’, R® <can |Dbe,
independently of one  another, substituted or
unsubstituted aliphatic, alicyclic, aromatic,
heterocaromatic, mixed aliphatic-alicyclic, mixed

aliphatic-aromatic, heterocyclic, mixed aliphatic-
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-CO2R19, -CO2M -502819, -SOR19, -SOBR19, -SMM
- S2NR19R20, -NR19R2 or - N=CR 9R21where, R19, R20 and
R21 are sel ected independently from anong H,

RHOYRd &nd7 st i tuted or unsubstituted p@ﬂ/mtdm/og(@z%
and aromatic hydrocar bon radigal s having from1l to

carbon atons but R21 = His excluded and Mis an

al kahje r tak,ch 98, H§Hf§ﬂiﬂbﬁ?l£aéﬂc§igahb@@ﬁ§“ﬂfbm to

metal ion, an ammmoni umion or_a phosphoni um ion. 15 3.
A bi SPho<IHHAE ack?®F ng®Fo &lrai i1, charabferiZed 143
t hat -Xcis) Ars) hyk enedadical substrd ut ed dw t hesir?,,

nccor arg 86 aﬁﬁ e e er et 20 TRCHhaE X i s

an et—bﬁllem@z]r)a,dl calS iRibseRT Ut £d- b§1iRHeORF: dHQER% R:CORY

R2. 19and W t e r adi 5 Rl _ 1R
and RE R3 a F%%d %3& and R4§8ﬂz ‘each g%\§e b5|2sn%3M

|dent-»S@aNR192% 5. MRJBR s phNEERERE Oor dvigre o By d?qe and
of Chalnsa%etoseﬁe Qﬁfaciﬁﬁéﬁgﬁdéﬂtiyatf&Qﬂlrth

R1, R2, R4 are unsubstituted phenyl, radicals.
A bi @eﬁegﬁﬁﬁpé aReBPET RYteS % S S e et 1atl&Ph§(§lc
S5, chanach®nized lmydf@éafrbdns sebeeted fhra@/mr@mﬂ’bg)m 1 to

blsphsno%radl al s %ﬁ%ft 1; %L Iae || %é’ (51 an% ig an
0 47

O MalkeliO nt2G | idn, orfcbinaialp/hthakij readi zBksl ofe t karth
fornﬂ%@ahlkon, an ammonium ion or a phosphonium ion.

3. A bisphosphite according to claim 1, characterized
in that X is an ethylene radical substituted by the

radicals R, R?, R®* and RY

4. A bisphosphite according to claim 3, characterized
in that X is an ethylene radical substituted by the
radicals RY, R?, R® and RY, with the radicals R!
and R*, R? and R?, R® and R* and R* and R* in each

case being identical.

5. A bisphosphite according to any one of claims 1 to
4, characterized in that the radicals R', R?, R?), R*

are unsubstituted phenyl radicals.

6. A bisphosphite according to any one of claims 1 to
5, characterized in that Y is selected from among

bisphenoxy radicals of the formulae IIa to IId
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5111 7. A phosphite-netal conplex containing a netal

of Goup 4, 5, 6, 7, 8 9 or 10 of the Periodic Table

of the Elenents and one or nore bisphosphites 10
aRc o b HPotOs @y one of claims 1 to 6. WRRGES/QA7YDRB248
PCT/EP2007/062248 - 41 8, 4 phosphite-netal conpl ex
according to claim7, characterized in that the neta

is rhodium |{palladiu ni ckel , platinum cobalt or

rut henium—519_  The_uge of a bi sphosphite of any of
clainms 1 to et al conpl ex according to claim?7
or 8 in catz The use according to claim?9,

characteri the catalysis is a
honbgeneous 3 . The use according to claim
9 or TRE Q_that the catal yzed reaction
is the ol efins. 15 12. The use

according tofclaim 1l chafacterized in that a netal
conpl ex hawjvg rhodi ubngr cobalt as rmetal is used in
hydroforny ion. 20 18. The use according to adfbone
of clainms 11 g -racterlzed in that the nol ar

rati o of 3 i gphosphite in the reaction
mxture is :9p0. 25 14. A process for

pr epary [ [ to any one of

cl ai ns NY that it conprises the

follgwing steps 1) react) on of/f a~diol Aa or an al coho
am ne Ab alide to forman 30

Lt b phosphor ri [
i nt er medi a}M}g_:k), ng‘\;{
IIc

o o)

%" k2
d ~ TId

.or bisnaphthoxy radicals of the formula III

%{O 03§
~
d III

7. A phosphite-metal complex containing a metal of
Group 4, 5, 6, 7, 8, 9 or 10 of the Periodic Table
of the Elements and one or more bisphosphites

according to any one of claims 1 to 6.
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2) reaction of a tetraaryl ethanedi ol Ca, which can
bear identical or different, substituted or
unsubstituted, |inked or unlinked, fused or unfused

awyl 2ovshetesoaryl radicals, with 35 phospivEREI07/062248
trihalide to forman internegiate C, 3) reaction of
the intermediate A or Cwith a diol Ba to form an

i -Bt“ﬁr nﬁdi%@s;ga%%-ﬁé%aéga@d/m;gf ;agggigﬂg@gnedb atelBm 7,
wth t 15 P P 7 4 - 42 .
internﬁgﬁﬁﬁggﬁ?b?eé wﬁthq&ﬁgznogh%se@eFﬁl préceggrodium,
step 3pallsdivmprotekslacpbadingmt occbalm ¢4, ruthenium.
characterized in 5 that the diols Aa, Ba, Ca or the

al cohol amne Ab and/or the internediate Cis/are

react e@hgnuseepd al)bisphoshiyrl/of apywefhcdagmsall to 6

compoupd 0 FOfM LRRpERKT exRANdiNg nebalc1saht Michg in
is then reacted w th the phosphorus trihalide. 10 16.

A proc&d523¥edfding to claim 15, characterized in

that sodi um hydride, methyllithiumor butyllithium is

used as, netal compound. 15 17. rocess ,according t .
aigreai?eoh%g?ﬁ CALE T S0 T@?E@hgrac?%?¥§%EF¥$%eé? 1n
t hat theatetbti catadybispheosphbousgénedasi detabysis.
carried out in the presence of a base. 20 18. A

process according to claim 17, characterized in that
altertTheyussi medoydiged s ghgdn 9 or 10, characterized

in that the catalyzed reaction is the

hydroformylation of olefins.

12. The use according to claim 11, characterized in
that a metal complex having rhodium or cobalt as

metal is used in hydroformylation.

13. The use according to any one of claims 11 and 12,
characterized in that the molar ratio of metal to
bisphosphite in the reaction mixture is from 1:1

to 1:500.

14. A process for preparing a bisphosphite according
to any one of claims 1 to 6, characterized in that
it comprises the following steps
1) reaction of a diol Aa or an alcochol amine Ab

with phosphorus trihalide to form an
intermediate A,

2) reaction of a tetraarylethanediol Ca, which can
bear identical or different, substituted or
unsubstituted, linked or unlinked, fused or
unfused aryl or heterocaryl ©radicals, with
phosphorus trihalide to form an intermediate C,

3) reaction of the intermediate A or C with a diol
Ba to form an intermediate B and

4) reaction of the intermediate B with the
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15.

1s6.

17.

18.

- 42 -

intermediate A or € which was not used in

process step 3).

A process according to claim 14, characterized in
that the diols &Aa, Ba, Ca or the alcohol amine Ab
and/or the intermediate C is/are reacted in steps
1), 2), 3) and/or 4) with a metal compound to form
the corresponding metal salt which is then reacted

with the phosphorus trihalide.

A process according to claim 15, characterized in
that sodium hydride, methyllithium or butyllithium

is used as metal compound.

A process according to at least one of claims 14
to 16, characterized in that the reaction with
phosphorus trihalide is carried out in ' the

presence of a base.

A process according to claim 17, characterized in

that a tertiary amine is used as base.



