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frequently predom nates over the isoal dehyde and, owing to the
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vate t
phosphorus con al n O% J’ 8g8$ﬁ)s en§§acbh%%p’tﬁ és S’b‘[ﬂi’@r}ﬁonl tes,
phosphlteg ftee@ Pj’hBEﬁ‘Fﬁﬂ URRGT ﬁ%‘fﬁﬁ@éﬁbéﬁé@ PrEssumest
wi despr@ aéltl?Jg?d’i?G@daFelpP%@aénltrear én the gmesghospbf nestalgsys. Catalysts
tri phenyl peed Hrien€oanBh sulf,omal, edd or Pt compounds or complexes which
may be modified by N- or P-containing ligands to influence the
activity and/or selectivity. The hydroformylation reaction
results in formation of mixtures of isomeric aldehydes because CO
25 can add onto either of the two carbon atoms of a double bond. In
addition, double bond isomerization can also occur. In these
isomeric mixtures, the n-aldehyde frequently predominates over
the isoaldehyde and, owing to the significantly greater
industrial importance of the n-aldehydes, optimization of the
30 hydroformylation catalysts to achieve a greater n-selectivity is
sought.

It is known that phosphorus-costaining ligands can be used in the
low-pressure rhodium-catalyzed hydroformylation to stabilize

35 and/or activate the catalyst metal. Examples of suitable
phosphorus-containing ligands are phosphines, phosphinites,
phosphonites, phosphites, phosphoramidites, phospholes and
phosphabenzenes. The most widespread ligands at present are
triarylphosphines, e.g. triphenylphosphine and sulfonated

40 triphenylphosphine, since these have sufficient stability under
the reaction conditions. However, these ligands have the
disadvantage that, in general, only very high ligand excesses
give satisfactory yields, in particular of linear aldehydes. On
the other hand, chelating phosphites give high yields of linear

45 aldehydes even at generally very low ligand excesses, but these
ligands have the disadvantage of a low stability which, combined
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20 in Tet }?%\%%O&?&?tﬁBPtg?%,r‘\FdlaBﬁﬁl%, hyerosilyptafelomspplyneggmatdnd, i n Chem
Ber. 124, *}AFEIFPESPR, (FUTE) cormbird and aktateseis hehehkatoyntiseabs of
bi s(di pheeyiqsneeghbrodxaipelest é8 biss atbcamead! b RNt agbHedE afhdkan,
di benzot hi bplieise aadt ket heRR1RAs €Y nHLESHLAES syHifestsCat éh%eﬁggigﬁpounds

in catal ysf ilte Qﬁicﬁie:?é:_rdnt}%QOrgélgﬁ%d\éﬂgﬁ.gg%e Oljhotdp.gr?le conpounas are
their multistage synthesis and, once agal n, angl'e of bite which is

ating rhodium In Oganonetallics 1995, 14, page
308111, -vilh TIEERENCeh LAELegg, Uit o syt hewiges o7 1CHE APA3).
phosph#fekn FESEaNBAT MurhetdsEs , agohumee A6, nib ecll eaged THief r( 1996 )aand
cocat al ysims Ghemi hBer | ol@4pr esgar &703fdi(0ep T} ataered BYdsDf ldBékabi OphOf
a- ol ef i nssynthesis of bis(diphenylphosphino) chelates based on anthracene,
dibenzofuran, dibenzothiophene and xanthene parent molecules. The
use of these compounds in catalysis is not described.
25 Disadvantages of these compounds are their multistage synthesis
and, once again, the angle of bite which is unfavorable for
chelating rhodium.

In Organometallics 1995, 14, page 3081ff, van Leeuwen et al.

30 describe the synthesis of chelating phosphines based on xanthene
as parent molecule and their use as cocatalysts in the
low-pressure rhodium-catalyzed hydroformylation of a-olefins.
Disadvantages of these ligands are the complicated synthesis of
the parent xanthene structure and the necessity of using

35 sensitive organometallic compounds in the synthesis.
Hydroformylation processes using catalysts on the basis of these
ligands are therefore economically disadvantageous.

The catalytic hydrocyanation of olefins for the preparation of
40 nitriles likewise has great industrial importance.

"Applied Homogeneous Catalysis with Organometallic Compounds”,
volume 1, VCH Weinheim, page 465ff, describes the heterogeneously
and homogeneously catalyzed addition of hydrogen cyanide onto

45 olefins in general terms. Catalysts used are, in particular,
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conpl exes ese |1 gan erably “Be easy to prepare 25 and/ or
their con?lexes shoul d be very stable under the reaction conditions of the
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group VIII so as to provide novel catalysts based on these metal
complexes. These ligands should preferably be easy to prepare
25 and/or their complexes should be very stable under the reaction
conditions of the reactions to be catalyzed. The catalysts should
preferably be suitable for hydroformylation, hydrocyanation or
carbonylation and have a good catalytic activity.

30 We have found that this object is achieved by compounds of
phosphorus, of arsenic and of antimony based on diaryl-fused
bicyclo[2.2.n] structures which are suitable as ligands for
transition metal complexes of metals of transition group VIII.

35 The present invention accordingly provides compounds of the
formula I

R! R3
Al
40 R2 >x R4
\AZ/
yl Y2
(1)

45 where



bi cyclo[2.2.n] structures which are suitable as ligands for transition

metal conygoyeessdznetals of transition group VIII. 35 The present
i nvention accordingly provides conpounds of the formula | 40 Y1 (1) y2 R4

45 where 0050/51831 4 Al and A2 are each, independently of one another, B,
-N, P or CR5, where R5 is hydrogen, gl kyl, cycloal kyl, aryl or heteroaryl,
Xis 0, S,;NRa, qr, a_divalent Qri d in% group, where Ra is 5 hydrogen,
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tert-butyl,

et hyl, pr |y, i opyls, .n-butyl, .2-butyl, _sec-butyl,
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1, 1- di met hyl ph¥ ‘J,enrz,aékﬁnéf}fﬁhoallbw ,anylat Bykprvpyalogenex§EIE22- hexyl

- met hyl pent yalkBlens—tEl Bonttyli f 1donasdbhyientytro, hlkodyaetindyiuboy!
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2-di met hyl baing, %y%‘ldh[@%f')dxb‘&?hz 30 1,1, 2-trimethylpropyl,

2, 2-trimethyl propyl, 1-ethylbutyl, 2-ethylbutyl, 1-ethyl-2-nethylpropyl,

heptyl’Fg¥t¥ﬂ¥v%Lrposes of the present invention, the expression ’alkyl’
encompasses both straight-chain and branched alkyl groups.

20 Preference is given to straight-chain or branched C;-Cg-alkyl
groups, more preferably C;-Cg¢-alkyl groups and particularly
preferably C;-C4-alkyl groups. Examples of alkyl groups are, in
particular, methyl, ethyl, propyl, isopropyl, n-butyl, 2-butyl,
sec-butyl, tert-butyl, n-pentyl, 2-pentyl, 2-methylbutyl,

25 3-methylbutyl, 1,2-dimethylpropyl, 1,l-dimethylpropyl,
2,2-dimethylpropyl, l-ethylpropyl, n-hexyl, 2-hexyl,
2-methylpentyl, 3-methylpentyl, 4-methylpentyl,
1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3~-dimethylbutyl,
1,1-dimethylbutyl, 2,2-dimethylbutyl, 3,3-dimethylbutyl,

30 1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl, l-ethylbutyl,
2-ethylbutyl, l-ethyl-2-methylpropyl, n-heptyl, 2-heptyl,
3-heptyl, 2-ethylpentyl, l-propylbutyl, octyl.

2

1,
2,
1,
n

Cycloalkyl is preferably a Cs-C;-cycloalkyl group such as
35 cyclopentyl, cyclohexyl or cycloheptyl.

If the cycloalkyl group is substituted, it preferably has 1, 2,
3, 4 or 5, in particular 1, 2 or 3, substituents selected from
among alkyl, alkoxy and halogen.

40
Aryl is preferably phenyl, tolyl, xylyl, mesityl, naphthyl,
anthracenyl, phenanthrenyl or naphthacenyl, in particular phenyl
or naphthyl.

45 Substituted aryl radicals preferably have 1, 2, 3, 4 or 5, in
particular 1, 2 or 3, substituents selected from among alkyl,
alkoxy, carboxyl, carboxylate, trifluoromethyl, -S503H, sulfonate,



3-heptyl, 2- ethylpentyl, 1-propyl butyl, octyl. Cycloalkyl is preferably a
.C5-Cr- CyCqu(*( Pup such as 35 cyclopentyl, cycl ohexyl or cycl oheptyl.
If the cyc ky]l group is substituted, it preferably has 1, 2, 3, 4 or 5,
in particular 1, 2 or 3, substituents sel ected from anong al kyl, al koxy
-and hal ogen. 40 Aryl is preferably phenyl, tolyl, xylyl, nesityl, naphthyl,
anthracenyl henant hrenyl or napht hz§ceny| I n partlcul ar phenyl or
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parti cul asum$t2tu1red3,arsmbsadiqﬁnus pehext abriopagnghong al kyl, al koxy,
carboxyl, carboxylate, trifluoronethyl, -SO38H, sulfonate, 0050/51831 5
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N, N- di eth | am no, N, N-di propyl am no, N-dllsopropyl am no,

N, N- di - n- Bi¢ ?I}éﬁﬁ Rsen\s AL akove rosard s atknldi eyeiasiyyl and myylor
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pr ef er abl yadid¢aia.i ne, chlorine and brom ne. For the purposes of the present
i nvent iagn, car boxyl ate is 25 pref erably a derivative of a carboxylic acid

function, ﬁglﬁd aQe"E*?* Oiﬁyka&fm Cl%;nggxyl ic ester function
or a carb ni q_1 'L:inctl on I C era gl/ 2ar box I|c ester
functi on. hyePlyRe- fI‘B '&BﬁﬁP% ’éé’?’er%’ SQBEFCRYk aR
N-di-n-butylamino, N,N-di-t~ butylamlno, N,N- dlcyclohexylamlno
or N,N-diphenylamino.
20
Halogen is fluorine, chlorine, bromine or iodine, preferably
fluorine, chlorine and bromine.

For the purposes of the present invention, carboxylate is
25 preferably a derivative of a carboxylic acid function, in
particular a metal carboxylate, a carboxylic ester function or a
carboxamide function, particularly preferably a carboxylic ester
function. These include, for example, esters of C;-Cs-alkanols
such as methanol, ethanol, n-propanol, isopropanol, n-butanol,
30 sec-butanol or tert-butanol.

Al and A? are preferably selected from among N and CR3. If RS is
alkyl, cycloalkyl, aryl or hetaryl, these radicals can have at
least one substituent. Preferred substituents of the radicals RS

35 are polar (hydrophilic) groups. The polar groups are preferably
selected from among COORK, COO-M*, SO3Rk, S03-M*, NE3E4, NE3E4ES5+X-,
ORf, SRf, (CHRICH;0)xRk and (CH,CH,;N(E3))xRX, where Rk, E3, E4 and ES5
are each identical or different radicals selected from among
hydrogen, alkyl, cycloalkyl and aryl; Rl is hydrogen, methyl or

40 ethyl; M* is a cation such as Li*, Na*, K+, NH4*; X- is an anion
such as Cl- or Br-, and x is an integer from 1 to 120.

If R’ is a polymeric support which may be bound via a spacer
group, then the support is preferably selected from among styrene
45 homopolymers and copolymers, in particular styrene-divinylbenzene
copolymers (Merrifield resins), polyamides, aminomethylated
polystyrene resins, etc. Suitable spacers include alkylene chains



such as net hanol, ethanol, n-propanol, isopropanol, n-butanol, 30
.sec-butangosg/srs3z butanol. Al and A2 are preferably selected from anong N
and CR5. If R5 is alkyl, cycloalkyl, aryl or hetaryl, these radicals can
have at | east one substituent. Preferred substituents of the radicals R5

35 are pol ar (hydrophilic) groups pol ar groups are preferably
Rk, S03- M+, NE3E4, NE3E4E5+X-, ORf,
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a spacer rqu t refera sel e among styrene
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copol ymeré1 poI yam des am norret hyl ated pol ystyrene
resins, etc. Suitabl e spacers include al kyI ene chai ns 0050/51831 6 which
maybe i nt gtramd f bye opree far amd y er adivedjsacent a heigy @apbhoBphetioh agddmp, iS5,
NRx, wher @aRKitwldy dadgenls abkhe E¥en@BAHRORT, miokk)rTNe @kEy{gDg,chains

may al so beasrf UBSL bR GhQUES SHG0RS) , e and/ or " am no groups. 51n a
preferred enbod |rretr(1t m)qRiS I's hyd(roggr(r or) su rgtlétut ed or unsubstituted

Cl- C8-al k 2 are preferably radicals containing a phosphorus
atom in % Oa'b%rptall g a‘?a‘rhadllc?gﬁge%qe’{b&é’ PEr AR ANIPRERY ag’(ld%) R7, P9OR6)

(OR7), OPRGR7CYSRPTRB)IRT 2aHY TP(NEREYOERY)  wiviedr @aRcbeard dRE, atwo each, .
i ndepeni@ent | y tbfeormibmdthents adddylctedcycomalropnly, adkyl, awychehexpn/ yI whi ch
may bear one, akwo, c&lkb&yt,heeel&,m@tlbkyeng,_syls,eJyechggoéérpm anong al kyI
fyc} loﬁ)l:glmet hi‘f“.’(flu&ldﬁ'@ﬂﬂylcyﬁi% E% y J; C@Jrrbo)gg Tate,
SL: f onat e, NE%? dc'mffﬁ %ene %5 fi E A‘F Fdeﬁﬂq @al a’Eﬁ
di fferent and8fRt ’s"eﬁle(?treﬂlﬁ%‘rﬁ“&rrﬁﬁa %ﬁf?(yqﬂ%eéyélf%l%wgaﬂak}&yl or R6
and R72Poget he¥cipalkwlhenghasphoods atom and, if present, the oxygen
aton(s) to whRthandche&y amqaﬁhaxndltmrtheiﬁ%osbborus atom and, if present,
the oxygen atom(s) to which they are bound form a 5- to
8-membered heterocycle which may additionally be fused with
one, two or three cycloalkyl, aryl and/or heteroaryl rings,
25 where the fused-on groups may each bear, independently of one
another, one, two, three or four substituents selected from
among alkyl, alkoxy, halogen, nitro, cyano, carboxyl
carboxylate and -SO3H, sulfonate, NE!E2 and alkylene-NE!E2 and
where the heterocycle may additionally contain one or two
30 heteroatoms(s) selected from among N, O and S.

The bridging group X is preferably a divalent bridging group
having from 1 to 15 atoms in the chain between the flanking
bonds.

35
X is preferably a C;-Cjg-alkylene bridge which may contain one,
two, three or four double bonds and/or may bear one, two, three
or four substituents selected from among alkyl, alkoxy, halogen,
nitro, cyano, carboxyl, carboxylate, cycloalkyl and aryl, where

40 the aryl substituent may additionally bear one, two or three
substituents selected from among alkyl, alkoxy, halogen,
trifluoromethyl, -SO3H, sulfonate, NE!E2, alkylene-NE!E2, nitro,
alkoxycarbonyl and cyano, and/or the alkylene bridge X may be
interrupted by one, two or three nonadjacent, substituted or

45 unsubstituted heteroatoms, and/or the alkylene bridge X may be
fused with one, two or three aryl and/or heteroaryl rings, where
the fused-on aryl and heteroaryl groups may each bear one, two or



8- menbered heterocycle which may additionally be fused with one, two or
.three cyclooséysi18aryl and/or heteroaryl rings, 25 where the fused-on
groups may each bear, independently of one another, one, two, three or
four substituents selected from anong al kyl, al koxy, hal ogen, nitro,
.cyano, carboxyl carboxylate and -SO03H, sulfonate, NE1E2 and al kyl ene- NE1E2

and Wneret t he Qe%eéog%clte ma% addj ti onal I%ncont ain one or two 30

het er oat ons(S) Serdet e ofif ?fb‘?fdi NroB anens abwd  peYeRpadYdroapyX i s

pr ef er abl W XOH¥vafertopkoRyr ndr grBtp  aR¥Yi nep¥agsm 1trbf I romerbyin t he

chai n bet w&&aHi heukfansitengnibondsyadb, Xcarsbaxydf, eaibbdyy@arGbngl)- wi kel ene

bri dge whiaski mayytemé-aMIEDNehertWp} dnfd 8@ Miy feunadaubb £ hands rapddar may

bear ones dnd@oarbhe&en AkyhousysHhsikiyhugpt sr5£! ected from anong al kyl',
al koxy, halogen, nitro, cyano, carboxyl, carboxylate, cycloal kyl and aryl,

where 40 the aryl sukstituent. dditional ly bear one, two or three
subst i tueh{?’s‘f §8¥é%?t§éf’foﬁ?ﬁﬁb%§yaaral¥ypfeg?m ahSr el kyiene |kigdeget hyl |
-S03H, sul"dRBy edepgrEing gpithemuukErEQf eaxhan atahkoxis dusedywismd cyano,
and/ or the& airkyl arel bringgeaxday dam hianéely upt edobys onehstiwleqtst hr ee
nloEaFu aucoegte_,lgaubg{fﬁdﬁ Edloa? dbcyans st bhuked het eLest HFre B/ 0; the

al kyl ene Rnisdgst Xy Revifu (oJal- TN r,three ar ngd/.or

het er oaryl, pi.ngs, %{g%rtg y%%g%/sd%%%gﬁ gg%flae&éq%gt g%ojgnrty r%Pgﬁgsblfm]Y each
bear one, ‘two or 5 EB5TT AT (PSS ERLEY i ARTERPEtERT et ed from anong

al kyl, cycl oal kyl, aryl, al koxy, cycloal koxy, aryloxy, acyl, hal ogen,
trifluor or?t‘-?f’-h?l’?ed‘-%@ﬂy%u‘ﬁ dihe gadiatel® X @renpreterdoyy benakkexycar bonyl
NELE2 15améphtkglento- NEl Bartivhdae Bénaemk EXuved-be belesdnecalings shid ferent 5
and are epebfaryly wgabetltedoranile The bddbcaln drtiRdibtcpl@r by

f bl ' ] | Clh, t f
pref er abl yuBstie (i uh 88E P IGe am¥hy it ﬁ??ﬁ’l‘gb H%(}rléggﬁvﬁg@g{,l? > 3

carbon at u thd1end a
or 4 substgg?f%;gﬁté’l SEWecatqgal??%ﬁ&élr‘?ohgg’\;{llrwo,r BGEPSR IBAET8nd substi t ut ed
or unsub§taft’]ﬁ’f5éff PXYGHHR VY Ic 2RI 8¥RES o FASEG-92 Rarhthadspes axe 1, 2 or
3 unsul?® Praferrlly snsybstite@dherehaee o theeringethioh asyhst of the
radi cal s Ruae@-qr eingi/abl yn bidre €needron Ihimgphihhah&nesaden 1papt bW Arin
benzene. buseilewlabanaeng, rdN3hedbBbstituents specified above for the
fused-on benzene rings. These substituents are then preferably
alkyl or alkoxycarbonyl. Alkyl as substituent on the fused-on
25 aryls is preferably C;-C4-alkyl and in particular methyl,
isopropyl or tert-butyl. Alkoxy is preferably C;-Cs-alkoxy and in
particular methoxy. Alkoxycarbonyl is preferably
C1-C4-alkoxycarbonyl. Halogen is particularly preferably fluorine
or chlorine.
30
If the alkylene bridge of the radical X is interrupted by 1, 2 or
3 unsubstituted or substituted heterocatoms, the heteroatoms are
preferably selected from among O, S and NR!7, where R!7 is alkyl,
cycloalkyl or Aryl.
35
If the alkylene bridge of the radical X is substituted, it has 1,
2, 3 or 4 substituents which is/are preferably selected from
among alkyl, cycloalkyl and aryl, where the aryl substituent may
additionally bear 1, 2 or 3 substituents selected from among
40 alkyl, alkoxy, halogen, -SO3H, sulfonate, NE!E2, alkylene-NE!E?,
trifluoromethyl, nitro, alkoxycarbonyl and cyano. The
substituents of the alkylene bridge X are preferably selected
from among methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, phenyl, p-(C1-C4-alkyl)phenyl, preferably
45 p-methylphenyl, p-(C;-C4-alkoxy)phenyl, preferably



preferably unsubstituted or have 1, 2 or 3, in particular 1 or 2,
.Substituerggseapgeied fromanong al kyl, al koxy, hal ogen, SO03H, sul fonat e,
NELE2, al kyl ene-NElI E2, trifluoromethyl, nitro, carboxyl, alkoxycarbonyl
and cyano. Fused-on napht hal enes are 20 preferably unsubstituted or have,
-in the ring which is not fused-on angd/or in the fused-on ring, in each
tase 1, 2 or 3, in articular 1 or _Z, of the substituents specified above
for the PREHIRY dnePriatRPhenyd s cPsednnablye Rrgh leronhieanl prasicer abl y

al kyl or @I-kﬁ;(%lmwhylnhkwl-as substituent on the fused-on 25 aryls is
preferably Cl-C4-alkyl and in particular nmethyl, |sopropyl or tert-butyl.

ﬁ:toxy Iséar gllef@ﬁ&ﬂtefﬁleﬁﬂo@im gndsi nd??frutsbﬁubf‘r dge, o
oxycar s r ar rtularly
pref er a%l ﬂ?f & I%ﬁ @ g%ké'rlle% EF ?‘ég (I?rk ene'ﬁ% gge (ﬂndt é %t adi cal
Xisinte ru é 2 gpicals Xs Bg‘fljt'utze'd of sﬁb%‘ik?stt&ftélnh%t er oat ons,
the heter 85t ?r"se%r oy ABPRY AW hYde| BERBY, MBFORNBAGLE-PSoRNY, NRIutydher e

R17 is al kpfrbutyiel dgirkybubyl Ahallog8s and talkydbkytarienyli.dge of the radical
X is substituted, it has 1, 2, 3 or 4 substituents which is/are preferably

sel ect ggb f[hoﬁéixfﬁmﬂﬁ- @E%Yérr&i’@g\%@hﬂf&n@nq( al ylsela\é\féog tr' %Suggt' ltllielnt
may addi r u s selecte romam)g al ky
al koxy, £ ggen 4 ogecgh fo Lglna<'513t %i ElEél%Zﬁeg:bkyl ene- NEl E2, trifluoronethyl,

nitro, aI koxycar bonyl and cyano. The substituents of the al kyI ene bridge X
are preferably selected fromanong methyl, ethyl, n-@®gpyl, Rsopropyl,

n-butyl, sec-butyl, tert-butyl, phenyl, p-(Cl-C4-aIkyI) |, preferably
45 p- mashyl phenyl, p-(Cl- C4- al koxy) pheny® rably_QO 831 8

p- nethoxyphﬁgyl ghabophe@yl ps ef erabl y hl or opheh R1!
p-trifluoro yl | . In\a preferred € iment, X is nf used

Cl- C3- alkylgﬁﬁﬁlrgggg? 5 wh C2- and kyl ene bridg may contain a
doubl e bond. I'n particular, the radicals ave 1, 2, 3 0 substituents

sel ected from gnong nethyl (zethyl, n-propyi.3jso-propyl, (azhayyl,
sec-bufPl, tert-butyl, hal ogen and al kyl oxycar bonyl .

8
| ?%/Rg E@ Rg R_\[10 R? R10

(I1.5) (II.6) (I1.7)
RS RI R10 R1! R? Ri1o
30
R12 R14 R12
R13 R13
35 (II.8) (I1.9)
RS R?
%
40 / \
(II.10)

where
45



10 In a further preferred enbodinment, X is selected fromanong radicals of
.the formilggsd/s1lgsp I1.10 15 20 25 RB R8' RO R9" (Il1.1) (11.5) 30 35 R8

RO 40 where RO R10 (11.6) (11.3) R11 R11 (I11.4) RO R10 R11 (11.7) 45

0050/51831 9 Zis 0, S or NR16, where R16 is al kyl, cycloal kyl or aryl, or
-Z is a Cl-C3-al kyl ene bridge which ngy contain a double 5 bond and/or bear

an al kyl , cycloabk é or bstltuent where the aryl substituent may

bear one, tht &8 §@%st| &fit s speC|f|ed for aryl, or z is a

C2- C3- al kyI ené {)r%Sd Gex¥hi cvsloaliydrenpad by 0, S 10 or NR16 , R8, R8',

R9, R9', R10, R11, R12, R13, R14 and R15 are each, independently of one

anot her hydr ogen, 1alaky11,-C§.3a:ﬂkqabh¢I brldajeykthahk@gy cditla@ger, a3l

slulkf onatseb NEbERd &kd%drleB%aNEérE?alk% tE&é%‘Zﬂ‘Q‘-ﬁwy!’r}’f ds'.x{b%’tlt};e%

al koxycar bon r r

forrru?/ae Il yhhigi:lfr%% 9 checrmlltRé Reay r?(ﬁ'gpeﬁ‘d‘én?q ﬁ‘(’ﬂeeone anot her

hydr ogen or uents spec 1ed for ary ’

or Z is a C;-Cz-alkylene bridge which is interrupted by O, S
10 or NRI16,

R8, R8’, RY, R’ RI0, Rll, R12, R13, R4 and R!5 are each,
independently of one another, hydrogen, alkyl, cycloalkyl,
aryl, alkoxy, halogen, SO3;H, sulfonate, NEIEZ, alkylene-NE!EZ?,

15 trifluoromethyl, nitro, alkoxycarbonyl, carboxyl or cyano.

X is preferably a radical of the formulae II.1 or ITX.2, where RS
and R? are, independently of one another hydrogen or
Ci1-C4-alkoxycarbonyl, in particular COOEt. Particularly

20 preferably, R8 and R% are both hydrogen.

X is preferably a radical of the formula II.3, where R® and RY
are, independently of one another, hydrogen or C1-C4~alkyl.

25 In the formula I, it is preferred that one of the radicals Y! and
Y2 or both the radicals Y! and Y2 are selected from among radicals
of the formulae PR6R7, P(ORS)R7, P(ORS)(OR7), OPR6R7, OP(OR6)R7 and
OP(OR®) (OR7) in which R6 and R’ are selected from among
Ci1-Ce-alkyl, in particular ethyl, n-propyl, isopropyl and

30 tert-butyl, Cs-Cj-cycloalkyl, in particular cyclohexyl, aryl, in
particular phenyl and hetaryl, in particular pyrrolyl, pyrazolyl,
imidazolyl, indolyl and carbazolyl.

In the formula I, preference is given to one of the radicals Y! or

35 Y2 or both radicals Y¥! and Y2 being selected from among radicals
of the formulae PR6R7, P(OR®)R7, P(ORS)(OR7), OPR6R7, OP(ORS)R? and
OP(ORS) (OR7), where R6 and R7 together with the phosphorus atom
and, if present, the oxygen atom(s) to which they are bound form
a 5~ to 8-membered heterocycle which may additionally be fused

40 with one, two or three cycloalkyl, aryl and/or heteroaryl rings,
where the fused-on groups may each bear, independently of one
another, one, two, three or four substituents selected from among
alkyl, alkoxy, halogen, nitro, cyano, carboxyl, SO;H, sulfonate,
NE!E2, alkylene-NElE2 and carboxylate.

45



Cl- C4- al koxycarbonyl, in particular COOEt. Particularly 20 preferably, R8
.and RO areppeppspggdiogen. X is preferably a radical of the formula 11.3,
where R8 and R9 are, independently of one another, hydrogen or _
Cl-C4-alkyl. 25 In the formula I, it is preferred that one of the radicals
.Yl and y2 or both the radi cals Y1 and y2 are sel e%eda‘azc&%?g?ng (rjadl cal s
of the for Iae PR6 (OR7), OPR6 an

OP( OR6) ( OR7Y® A4 M?Eﬁ ‘ﬂa 3fd ‘Eﬁr&r Breferallyy seLeat edfirgrCanesd al kyl , in
parti cul arPhasppinen-phagpiinite ophnsphoadte 3tnd/@rt phosphiteCyroipsyct oal kyl ,

I n particulher foymhbhexyd , aryl, in particular phenyl and hetaryl, in
particul ar pyrrolyl, pyrazol yl, imdazolyl, indolyl and carbazol yI . In the
formuladg, preference i's g nto one of the radicals YL or 35 y2 or both
radicals Y1 and y2 bei ng s %‘,t ed from anong radicals of the formnul ae
PR6R7, P(OR6)R7, P(OR6) (DCR7) Ig? OP(OR6) R7 and OP(OR6) (OR7), where R6
and R7 together with the phos horus étom and, if present, the oxygen
aton(s) to which they ar &)ﬁd form a $II¥b 8-nenbered heterocycle which

may additionally be fused Ywith one, two or three cycl oal kyl, aryl and/or
het er oargyl rings, where the fused-on groups may each bear, independently
of one a r, one, two, three or four substituents sel ected from anong
al kyl , al koxy, hal ogen, nitro, cyano, carboxyl, SO03H, sulfonate, NE1E2,

al kyl ene- NEl E2 and carboxyl ate. 45 0050/ 51831 10 The radicals Y1 and y2

are pref erfablya8@| 2A%&d RFBm HifaRendpabiy henepaoephemi t0e orphosphoni t e
and/ or phosphite groups of the fornmula Il 5 10 (o\ DP -(Oz where x, y

and z arse peachogetRepandanthy phosproraBobben . afli,0irlxagta iy § Leget her wi th
t he phosphor ugnat g8y at'ofnéé)a&gj/vﬁﬁdx @Eelsl Dol (BENDED At Q g(s) to which

tionall y be
used wind 2%2“5%“‘3‘% 5 e ycerw?ﬁqﬁ haY, ;ﬁ?fdcltrmpshf%e?eerfa*sﬁ@l L ok

ne, two or t ree cycloalk y  aryl and/or heteroaryl rlngs,
where the fused-on groups may each bear, independently of one
20 another, one, two, three or four substituents selected from
among alkyl, alkoxy, halogen, SO3H, sulfonate, NE!EZ?,
alkylene-NE!EZ2, nitro, cyano, carboxyl and carboxylate.

The radical D is preferably a C;-C;-alkylene bridge which is fused

25 with 1, 2 or 3 aryl rings and may additionally bear a substituent
selected from among alkyl, cycloalkyl and substituted or
unsubstituted aryl and/or may additionally be interrupted by an
unsubstituted or substituted heteroatom.

30 The fused-on aryls of the radicals D are preferably benzene or
naphthalene. Fused-on benzene rings are preferably unsubstituted
or have 1, 2 or 3, in particular 1 or 2, substituents selected
from among alkyl, alkoxy, halogen, SO3H, sulfonate, NE!EZ?,
alkylene-NE!E2, trifluoromethyl, nitro, carboxyl, alkoxycarbonyl

35 and cyano. Fused-on naphthalenes are preferably unsubstituted or
have, in the ring which is not fused on and/or in the fused-on
ring, in each case 1, 2 or 3, in particular 1 or 2, of the
substituents specified above for the fused-on benzene rings.
Fused-on naphthalenes which are substituted in the fused-on ring

40 preferably have a substituent in the ortho position relative to
the phosphonite group. This is then preferably alkyl or
alkoxycarbonyl. Alkyl as substituent of the fused-~-on aryls is
preferably C;~C4-alkyl and in particular methyl, isopropyl or
tert-butyl. Alkoxy is preferably C;-Cy-alkoxy and in particular

45 methoxy. Alkoxycarbonyl is preferably C;-C4-alkoxycarbonyl.
Halogen is particularly preferably fluorine or chlorine.



where the fused-on groups may each bear, independently of one 20 anot her,
.one, two, pOsepgsogzfour substituents selected from anong al kyl, al koxy,
hal ogen, SO03H, sul fonate, NE1EZ2, al kyl ene- NE1IE2, nitro, cyano, carboxyl
and carboxylate. The radical Dis preferably a C2-Cr7-al kyl ene bridge which
-is fused 25 with 1, 2 or 3 aryl rlnq and may addltlonally bear a

substi tue el ect ed 0 al k cIoaIk and substituted or
unsubst i t u a:%arg Ce aﬁgk’pﬁﬁg%ﬁ&gﬁ éf‘la‘f}}% rl?éllFﬁ e rifptidgesyurted by 1,
unsubstit Eﬁ‘ﬁ%st‘?ltt&ttéé fEt BiRFdisutedohatrroptons, orhemeylageof t he

radi cal s D%eétsﬁefmlmlﬂﬂybnlgeﬂz@earw NRA®p hiheakeRE. iEUsERy DN dyenaemeyxl ngs

are pref erablayylinsTins td,t-at e4l kyQenbapyeidge FOkhd, radidar bi QH'% ﬁ?:flg
sul fOonat e,
o)

subst i t ueninteseLipeé® by faOUhSHHMG: 1ol or Al kiRt
NEL1E2, al kyl eng NEL1E2 ant rifluoronet ﬁy?rablm tr%)i’tuggiriboxy r,°§Q xycar bonyl

35 and cy ed:- on ht hal enes are preferably unsubstituted or have,
inthe ri %D\RHFC 279~ ﬁE)FY PeePrIAIan dhe Fadheak B ds srPstiwted,nisach
case 1, 2h¢e 3, ?rPlba} Subgtdkruentsy, in partimulagubssubsteituenspeshidied above
for the fu%‘drensmwfromganong:uskgliprbytslmauhglle@m aMquhwaéﬁe the
subst i t10 edylnstbet fiueed- Aay rHaur 40 Er efej af¥ )&hgayeb&féé}é%ttbt B6LL; #i 4t hE

th | S ab
A kyl or omearye: a@“eviﬁk?li’}@e"ﬂs ; ﬁee‘%[ e "%% sk DR ;fse.r o
pr ef erabl% E é% a’f 889 élth |3t g PPYl ¢ ed‘ﬁ)}l' or tert-butyl.
Al koxy is %e%a’fi‘ll he -Yd'l k f%ﬁi‘:P]lYn PpEF XE%B%“YAS net hoxy.

Al koxycar @0&91 Gsap @*b}%fvlcwmf%nd&i)wpamb’olny:typhehlanogp-rha]s:pmahplpul arly

pr ef er if prefevabie pechdbroshenyl,0808/ 518k 10brohé tKijIpHeay Tl - al kyl ene
bridge'of the radical Dis interrupted by 1, 2 or 3 unsubstituted or

substi t ut qﬂehga;@{ t Qm a 0,, S.and NR18,
where RIB4L Qj%q %gzs PiE i %%Tﬁgkgf%? Ilag?e"?ﬁtécd‘r i'dge®df the
radi cal D° | s (g% '5 s ‘b?/stdﬁuﬁﬁgu?)%q rutiedesFuRtast Bt ut ed
het er oat offf**Y %Héeﬂr F%I"g%r%fwt“ﬁe Faddazalicplas, sthsstit ut ed,
it ha§°1ra21%?1 P %bét?&&nﬁélewq)éwrtmeal which ssbstsedentth whiechr is/are
sel ected twenphkenyigaatiket ,naphthgal gydupsnd waeyk, tN1giReneod Onainthy1

subst i t uegtoupy negabedr 2, @ o of iR a%tﬁ%h'l&k'ei“&r spegisf Lgd for aryI The
al kyl ene Qﬁbm,ﬁl%gaeg%%tla@ﬁtg substituent ~sel ected from anong met hyl,

et hyl, isopropyl, phenyl,
25 The radical D (i.e. R and R7 together) together with the
phosphorus atom and, if present, the oxygen atom(s) to which it
is bound preferably forms a 5- to 8-membered heterocycle, where D

(R6 and R7 together) is a radical selected from among the radicals
of the formulae II.5 to II.9,

30 8
| ﬁlﬁ E? i_Rg Rl} o;gli \ :R9 R10
35
(II.5) (II.6) (II.7)
RS RY R10 R1l R? Ri10
40
R12 R14 R12
13 R13
R R15
(II.8) (II.9)
45

where



p- (Cl1- C4- al kyl ) phenyl , preferably p-nethyl phenyl, p-(Cl-C4-al koxy) phenyl,

. preferabl yogsoes 1@xyphenyl , p-hal ophenyl, 15 preferably p-chl orophenyl, and
p-trifluoronmethyl phenyl. The radical Dis preferably a C4-Cr7-al kyl ene
bridge which is, as described above, fused and/or substituted and/or
-interrupted by unsubstituted or subigl tuted heteroatons. In particular,
the 20 radical, Dis_a C4-C1:§-alk ene Dbridge which is fused with one or two
phenyl and/ or ﬁgBhtﬁy upsWh ere the phenyl or naphthyl groups may
bear 1, 2 or & i ¥ FAkFleur¥elorldyloor pdrstlhe  abovement i oned substituents.
25 The radical D (i.e. R6 and R7 together) together with the phosphorus
atom and, if preze;;@ a gd}%g@%@le@boﬁfﬁagé %\Mehcmaytcodt%lhoyn&oml%;erably
forms asb- topdnAE at-eLRC er) is a
radi cal sel ec % r%rgégaa@g sbgg ?’?aa ngi(g? th Ig1?' Qﬁg} %9%{,? Sl 9, 30
35 (11.5) 40 g } Y°4%r & 0050/ 51831
12 Zis 0, S 6I'°N %JeWeFBe?eiﬁle?% é’Fk?FY cycl oaI kyI or aryl, or Zis a

Cl- C3-al kyl ene bridge which may contain a double 5 bond and/ or bear an

al kyl, cycl oabky? s aCzlCstdidyilenenbsidgshehechhes aintersupedd téuzye@t, gay bear
one, two® or thBgerr®ybstituents specified for aryl, or Zis a C2-C3-al kyl ene
bridge which is interrupted by 0, S 10 or NR16, R8, R9' R10, Rl1ll, R12,

(l?)]/-gl’ Ogﬁ'ﬂy??dad?lsl?ﬁr ﬁacfha é{jglegﬁpdelat £¥5 Oafreoggch,a'nfr}dba%réndggglryog%n ong‘I Kyl
Xoﬁh (%férogen, alkyl, cycloalkyl, aryl, alkoxy, halogen,
SOsH, sulfonate, NElEZ2, alkylene-NE!E2, trifluoromethyl,
15 nitro, alkoxycarbonyl, carboxyl or cyano.

D is preferably a radical of the formula II.5 in which R® and R9
are each hydrogen.

20 D is preferably a radical of the formula II.6a
R® RS

ONE

(II.6a)

25

where
30
R® is hydrogen, C;-C4-alkyl, SO3;H, sulfonate, NElE2,
alkylene-NElE2, preferably hydrogen or C;-C4-alkyl, in
particular methyl, isopropyl or tert-butyl,

35 R? is hydrogen, C;-C4-alkyl, preferably methyl, isopropyl or
tert-butyl, C;-C4-alkoxy, preferably methoxy, fluorine,
chlorine or trifluoromethyl. R? can also be S03H, sulfonate,

NE!E2 or alkylene-NE!EZ2,

40 D is preferably a radical of the formula II.7a

45



SO3H, sul fonate, NE1E2, al kyl ene-NEL1E2, trifluoronethyl, 15 nitro,

- al koxycar b@@yd,/sfggpoxyl or cyano. Dis preferably a radical of the fornula
11.5 in which R8 and RO are each hydrogen. 20 Dis preferably a radical of
the formula I1l.6a RO RO 25 (Il1.6a) where 30 R8 is hydrogen,

- Cl- C4-al kyl, SO3H, sul fonate, NE1E2, 13 al kyl ene- NE1E2, preferably hydrogen
or Cl-C4-alkyl, in particular nmethyl”” i sopropyl or tert butyl, 35 RO is
hydrogen, C1-C4-al kyl, preferal®y met h °, isopropyl or tert-butyl,

Cl- C4- al koxy, preferably netho fluofine, chlorine or trifluoronethyl.
R9 can al so be SO3H, sul fonate or al kyl ene-NE1E2. 40 D is
preferably a radical of the f @: 45 0050/51831 5 R19 where 10 15
(I'l.7a) § R8 and RO have t Qe e givem gder the forrmula Il1.6a, R19 is
hydr ogen, Cl-C4-al kyl, preferably nethyl or ethyl, phenyl,

p- ( Cl- C4- al koxy) phenyl , preferabl y R}? net hoxyphéﬁ?lﬂa) p- f1 uor ophenyl ,

p- chl or ophenyl or p-(tl’lf| uoronet hyl ) phenyl. D is preferably a radi cal of
the formula 11.8, in which R8, R9, R10, Rl11l, R12, R13, R14 and R15 are
each hydrogeme 20 D is preferably a radical of the fornula 11.8 in

whi chR&R9, R10, R11, R13 and R15 are each hydrogen and the radicals

R12andR14 ar ngTg h | koxycar bonyl ,
pref er abl fng? g%cgg{rlg on %%?Ft%kéyc% ‘gony 98% %rl%pérén%é aﬁ)bﬁ%ﬂ or
i sopropyl ox gcar bon%ﬂ5 In particular, the radicals R12 and R14 25 are

| ocat ed i Rt héSoPYREPISSsi Ciorsedkyis ver ¢k nabd ypRetiiiorars eshph phenyl,
p-(C1-C4-alkoxy)phenyl, preferably p-methoxyphenyl,

15 p-fluorophenyl, p-chlorophenyl or p-(trifluoromethyl)phenyl.

D is preferably a radical of the formula II.8, in which RS, RY,
R10, RIl, R12, R13, R4 and R15 are each hydrogen.

20 D is preferably a radical of the formula II.8 in which RS, R9Y,
R10, R11, R13 and R!5 are each hydrogen and the radicals R12 and R4
are each, independently of one another, alkoxycarbonyl,
preferably methoxycarbonyl, ethoxycarbonyl, n-propyloxycarbonyl
or isopropyloxycarbonyl. In particular, the radicals R!2 and R14

25 are located in the ortho position relative to the phosphorus atom
Oor oxygen atom.

D is preferably a radical of the formula II.9 in which RS, R9,
R0, R1l, RI2, R13, R!4 and R!5 are each hydrogen and 2 is CR!9,
30 where R1Y9 is as defined above.

D is preferably a radical of the formula II.9 in which RS, R9,
R10, RIl, R13 and R!5 are each hydrogen, 2 is CR!Y9 and the radicals
R!1Z and R!4 are each, independently of one another,

35 alkoxycarbonyl, preferably methoxycarbonyl, ethoxycarbonyl,
n-propyloxycarbonyl or isopropyloxycarbonyl. In particular, the
radicals R!2 and R!4 are located in the ortho position relative to
the phosphorus atom or oxygen atom.

40 In particular, the phosphorus-containing compound is selected
from among compounds of the formulae I.i to I.v.
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or oxygen atom D is preferably a radical of the fornmula 11.9 in which RS,
.R9, RO ¢0u80/81831R13, R14 and R15 are each hydrogen and Z is CR19, 30
where R19 is as defined above. Dis preferably a radical of the formula
11.9 in which R8, R9, R10, R11l, R13 and R15 are each hydrogen, Z is CR19
-and the radicals R12 and R14 are eaqﬁ, i ndependently of one another, 35

al koxycar bonyl , pref%rabl% nmet hoxycarbonyl, ethoxycarbonyl,
n-propyloxycarbon¥#, I iBYpr opyl oxycarbonyl . In artigeul ar, the radicals
R12 and R14 are |0 Rbh the ortho position r tive to the phosphorus
atom or oxygen atom |[4@21n particular, the phosph S-cont ai ni ng conpound
is selected fr safgpounds of the forml to I.v. 45 0050/51831
14 5 PR% PF2 Ray i s sel ected from
enyl, phenoxy and
pent af | uor ophe a8 whegbgd the phenyl - and phefoxy radkc#l's may bear a
substi tuent seleeted froﬁlannng carboxyl, c X e, -SBH and

sul fonate, 40 Rb, Rb'i) Rc and Rc' are sel ected |EgeP§Edently from anong
hydrogen, Cl1-C6-al kyl, Cl1-C6-al koxy, Cl1-C6-al koxycarbonyl and aryl, Rd and
entRy fromanong hydrogen and ChgeC6-al kyl, 45

Re are 1®0e| ected i ndepe
0050/ 51831 15

A2
A1
. D
PRz ¢ A
PH; 2 PR3
(I.iii) 2 (I.iv)
20 "

O
25 P (1.v)
30 “‘IG

R

where

R2 is selected from among C1-Cg-alkyl, C;-Cg-alkoxy,

35 Cs-Cy-cycloalkoxy, phenyl, phenoxy and pentafluorophenyl,
where the phenyl- and phenoxy radicals may bear a substituent
selected from among carboxyl, carboxylate, -SO3H and
sulfonate,

40 RP, RP', RC and RS’ are selected independently from among hydrogen,
C1-C¢-alkyl, C;-Cg~alkoxy, C1-C¢-alkoxycarbonyl and aryl,

Rd and Re are selected independently from among hydrogen and
C;-Cg-alkyl,
45



Rf and Rg are sel ected independently from anong hydrogen, Cl-C6-al kyl and
-Cl- C6- al kopgysozsggsl and A2 are each, independently of one another, N or
CR5, where 5 R5 is hydrogen or Cl-C8-alkyl. The radicals Ro, Rb', R and R
are preferably selected fromanong hydrogen, nethyl, ethyl, n-propyl,
“isopropyl, n-butyl, tert-butyl, met Iigxy, et hoxy, n-propoxy, isopropoxy,

n- but oxy, _1O tgr - but 0xy rreédﬁoxxﬁcarb nyl, et hoxgcar bonyl and phenyl .
Exanpl es AR s%%@ff(?uﬁ-%%?ﬁ APHGPED TRt R AYSERBRRi ng to the
present inventGioRezf&kYdhaRA BeiCemalhox20apR2 0 PR2 (1.la-g) 25 30 PR2
(I.2a-h) PR2 R2P (I.3a-h) 35 40 (1.4a-h) a:R =phenyl b:R =cycl ohexyl c:R
=i sopr opylaldafi A% kireBohyh, cinfdepRhERXYy fofRonet Hovhed,” R 58668, hhBre

=3- C6HA-55(BNa r549s O o383 16, 2,191y 20

The radicals RP, RP’, R® and R¢’ are preferably selected from among
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl,
tert-butyl, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,

10 tert-butoxy, methoxycarbonyl, ethoxycarbonyl and phenyl.
Examples of phosphorous-containing compounds preferred according
to the present invention are shown below.

15
O O a: R = phenyl
’ ’ b: R = cyclohexyl
c: R = isopropyl
I/~ /~ d: R = tert-Butyl
2 , O e: R = phenoxy
0 ol f: R = ethoxy
PR, 0 PR, PR, g: R = CgFs
PR2 h: R = 3-C6H4-S03Na
(I.la-qg) (I.2a-h)
25
CO_Et
EtO,C 2
30 I/O
PR; R,P
2 PR;  Rp
(I.3a-h) (I.4a-h)
35
40

45



25 30 35 40 45 RRP PR2 (I.5a-h) (lI.7a-h) t-Bu OCH3 R2P PR2 (I.6a-h) R2P
- PR2 (1.8008p/6183@ | t-Bu t-Bu OCH3 OCH3 OCH3 t-Bu 0050/51831 17 5 10
t-Bu 15 20 25 OCH3 U OO t-Bu t-Bu OCH3 (1.12) OCH3 OCH3 t-Bu The
conpounds of the present invention are generally prepared by

*[4+2] -cycl oaddition reactions, in thfmcase of the conmpounds i based on
erahly by

bi cyclo[ 2.2.2] parepnt structures pre

5
10
O C,Hy
15 W I"
R2P PR, RoP PR
(I.7a-h) (I.8a-h)
20

s I’*Q

S eaeioag
. ,%Q

45 OCH;  ocH, OCH3  OCHj3



[4+2]-cyc|oaddition (Di el s-Alder reaction), of appropriately 30 substituted
«anthracenqﬁ% ?l pes or anal ogous hetero conpounds as di ene conponents
wi th dieno es capable of form ng the bridging groups X. The present

i nvention therefore al so provides a process for 35 preparing conpounds of
“the formula | in which x is a radical _of the fornulae 11.1, 11.2, 11.3 or
11.4 40 Re 8 RO RO R8 RO (11.1 (1} 2) (11.3) R11 45 wher e 0050/51831 5
10 18 R8, R8', R9, R9', R10 ant\Rl11l are each, independently of one

anot her, hydrogen, al kyl, cycl qal/kyl, aryl, alkoxy, hal ogen, SQO3H,

sul fonate, NE1E2, al kyl ene- NEl trifluoronmethyl, nitro, al koxycarbonyl,
carboxyl or cyano, by reacti a~conpound of the fornmula |I.1 yb 15 where
Al and are each, indepe one another, B, N, P or CR5 where R5

i s hydrogen, al kyl, cycloa 20 heteroaryl or a polyneric support
i i otip ya and yb are each, independently of
one anot her, radicals Y1 s defined above 25 or yg aﬁg yb are each,
i ndependently of one an hagt_ogen, OH, OC(O) CF3 or Jate’

where Me =

hydr ogen, Li, Na , ere ya'a@ b can al so be hydrogen if in each
case ong o i S R2 and/or ®4 is @n al koxy group which is |ocated
in the ort% b, 30 R1, R2puR3 and R4 are each,
i ndependent | yYof - P \ o1, cycl oal kyl, aryl, alkoxy,
hal ogen

15

20

P(CeHs)2 P(CgHs)
(I.12)
25

The compounds of the present invention are generally prepared by
[4+2]-cycloaddition reactions, in the case of the compounds I
based on bicyclo[2.2.2]} parent structures preferably by
[4+2])-cycloaddition (Diels-Alder reaction), of appropriately

30 substituted anthracenes, acridines or analogous hetero compounds
as diene components with dienophiles capable of forming the
bridging groups X.

The present invention therefore also provides a process for
35 preparing compounds of the formula I in which X is a radical of
the formulae II.1, II.2, II.3 or II.4

RSB R
R8 RS
1
40 RS 8’ RY RO RS RY R10 R11
(II.1) (IT.2) (II1.3) (II.4)

45 where



trifluoronethyl, nitro, al koxycarbonyl or cyano, 35 with a conpound

-sel ected foospaspggrconpounds of the formulae Il.a, Il.b, Il.c or Il.d 40
R8- C=C _ RO RBR8' C=CROR9' (Il.a) (Il.b) (lIl.c) R11 45 or a precursor
of a compound of the formula Il.c or Il.d in a [4+2]-cycloaddition

(D el s-Al der reaction) and, 0050/ 51831% 19 if desired, functionalizing

radi cal s ya ang/ oggyb ;0 r adi.cals Y1 and/or, y2. To prepare the
conpounds  of '[]ﬁ’é F?)r'mﬂrga %ankarl aRfli BH Bfe gChRaindepghdemylyof g8edef i ned
above, which are L?é’é’&h%co%ﬁ’%ﬂ?et“@ ahey br evearalhykntdrod, alkéxy,possi bl e,
for exanple, to rdwlegen, 308, dshifonme,syBsEd,t wlikeg] anéiNEiglj none of the
formula I, in whichupsomerthyl) Raveo pnaxekytBebahAN e caeBBkNSANd are,
for examle, hal egRRo,in particular chlorine or bronmne, according to 10
schene 1 belowul R 15 R 1 R4 ya 0 20 R2 ya to give a conpound of the
formula I.1. Such reductions can be perfaorned, for exanple, by neans of
zinc and anmmor?a*SAGE 95 EQERALY fc th8n B 3HEL/Li sopropanol , as i s
described, for exanple, ingh Og. Chem 1980, 45, 1807-1817; J. Og.
Chem 25 1973, 38, 1167-1173\ Bull.aChem . Jpn. 1971, 44, 1649-1652
and J. am Chem Soc. 1969, Conpound |1l can also be
converted into conpound I or e ; fction of 111 with sodium
borohydride and water (see T.R Cr\i*gzzﬁl et al., J. Og. Chem 39 (1974),
770-774) or by reaction with alym num 30 ﬁlkoxides of cyclic alcohols, e.g.
cycl ohexanol, in the presence “of these 3 cohol s (see MW Haenel et al.,
Chem Ber. 124, 1991, 333, and Fi RET Wl lianmson, Organic Experinents,
3rd ed.15 1975,

where

Al and A? are each, independently of one another, B, N, P or
CR>, where R is hydrogen, alkyl, cycloalkyl, aryl,
20 heteroaryl or a polymeric support which may be bound via
a spacer group

Y2 and YP are each, independently of one another, radicals Y!
or Y2 as defined above
25 or Ya and YP are each, independently of one another,
halogen, OH, OC(O)CF3; or SO3;Me where Me = hydrogen, Li, Na
or K, where Y2 and/or ¥YP can also be hydrogen if in each
case one of the radicals R? and/or R%Y is an alkoxy group
which is located in the ortho position of Y2 and/or Yb,

30
R!, R2, R3 and R4 are each, independently of one another,
hydrogen, alkyl, cycloalkyl, aryl, alkoxy, halogen,
trifluoromethyl, nitro, alkoxycarbonyl or cyano,
35 with a compound selected from among compounds of the formulae
IT.a, II.b, Il.c or II.d
R8 R?
RS R9
40 R10 Rl1
R&—C=C—RY R8R8'C=CRIRY’
(II.a) (II.b) (II.c) (I1.d)
45 or a precursor of a compound of the formula II.c or II.d in a

[4+2]-cycloaddition (Diels-Alder reaction) and,



p. 416ff. A suitable nethod of preparing 1, 8-dichloroanthracene is

- di scl osed oosbi/slrbg;e J. Og. Chem 1986, 51, 921-929. The 35 di scl osure
of these references is hereby fully incorporated by reference. Exanpl es of
sui t abl e conmpounds of the formula Il are conpounds of the formula Il in
“which Rl, R2, R3 and R4 = hydrogen, zigd in 40 which Ya and Yb are sel ected
from anong fI uo chI ogl ne, i)m' ne, iodine, SO3H, SO03K, SO03Na, OCH,

al koxy such as 8%? oriunstigpalizing fadigais % apd/aRdRecoform and R3
are each an alwa §rdURNddeat ¥t in the ortho position relative to ya or
yb, then ya and yb in Ill can also be hydrogen. 45 0050/51831 20 To build
up the basfe priepyee oftie 2ompolindseyOrdne EbemeymOUNdinfynidie Rflorﬁml &3l. 1
can, as sleari mheg@ha) derbicd Ca R Wh;@haa 1 WskAPLEC ’?1%'0@' fne PT ef erably

| d f and |1.d,
zgcg(r:fjleng gfoa@egEDEHv %un% 9%&? & n??l teﬁ‘é‘mpgﬁru?% ’ie\?{ucﬁ s a radical
derived f rd% ? 8#1%%%(? Ftét't‘Be 1anty

3ﬁ?é‘i’°‘?eer?(§vépeo¥°1§ﬁﬂ@t Adho B* et hyno
group. |f YHHCRcEE yAnche® bave e @6 the sahaveymednings tand Birel sEdY der
reaction, exampdandsali@eny whi pérthimud aznceldweite b Bgem{mhowecbydihe ot t ed
doubl e immi:)hemare beXowed. Suitabl e compounds of the fornmula Il.a are, for
exanpl e, acetyl enedi carboxylic acid and its nonoesters and diesters with
25 Cl1- CB-nonoal cohol s, Suitable conpounds of the formula Il.b are, for
exanpl e, naleiR! aci dO fumar:ﬁj acid and their gronoesters and gl esters with
Cl- CB-nonoal cohgl s. J3 ehydroaromatics IN.c and I11.d e preferably
prepared in_,si abl e precursors aznd ’
[4.2]-01,&:Io§dd| ' bl e s‘%artlng Q’ldpe
descri bed, for exrrpl , ih Carey, Sundber g, Advance
2nd edition, parth ; 4Q2ff, Plenum Press, New|York
ya

(III) (I.1)

arké
c 35 Chem stry,

20
to give a compound of the formula I.1. Such reductions can be
performed, for example, by means of zinc and ammonia and
subsequent reaction with HCl/isopropanol, as is described, for
example, in J. Org. Chem. 1980, 45, 1807-1817; J. Org. Chem.

25 1973, 38, 1167-1173; Bull. Chem. Soc. Jpn. 1971, 44, 1649-1652
and J. Am. Chem. Soc. 1969, 34, 3089-3092. Compound III can also
be converted into compound I.1 by, for example, reaction of IIT
with sodium borohydride and water (see T.R. Criswell et al., J.
Org. Chem. 39 (1974), 770-774) or by reaction with aluminum

30 alkoxides of cyclic alcohols, e.g. cyclohexanol, in the presence
of these alcohols (see M.W. Haenel et al., Chem. Ber. 124, 1991,
333, and Fieser, Williamson, Organic Experiments, 3rd ed., 1975,
p. 416ff. A suitable method of preparing 1,8-dichloroanthracene
is disclosed in H. House, J. Org. Chem. 1986, 51, 921-929. The

35 disclosure of these references is hereby fully incorporated by
reference.

Examples of suitable compounds of the formula III are compounds
of the formula III in which R!, R2?, R3 and R4 = hydrogen, and in

40 which Ya and Yb are selected from among fluorine, chlorine,
bromine, iodine, SO3H, SO3K, SO3;Na, OH, alkoxy such as methoxy or
ethoxy. If two radicals R? and R¢ or Rl and R® are each an alkoxy
group located in the ortho position relative to Y2 or ¥YP, then Ya
and YP in III can also be hydrogen.
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H

(1983), which is hereby incorporated by reference. The dfhyﬂroaronatics
<1l.c and | heferably prepared by diazotization of the
correspond?%gog§?ﬁg am nocar boxylic acids according to scheme 3 bel ow. 40
45 0050/51831 21 R8 5 10 15 (I1. d) R11 The di azotization is preferably

carried out using aIkyI nitrites é% ashn butgL nitrite. 20 A suitable
et hanoant hracenes, e.g

met hod of preparin 8-di substitute
1, 8- di chl 61?" gie‘ﬁéﬂo‘gﬂt'fﬁ%é’éﬁéc bicyqied2r Rl #Wmf-meskmtleqmpoup@ of
3080- 3088 t}\ﬂmf@ﬁm%ahbfbwnn Az odqaerdibed &lyovesf deemeact&b witd a
funct i onalsuddiabde diendphirladi padSensblgnde Yoot frabmm a:%ng romip@ahas e and y2
can be carttieedophit L8 NGQUSEYD] OrKROWAa FEIdIOGRooFREng I cfieng OfIPOUNGS Of
the formiliby.i n which ya and Yb are hal ogen, prefera chl'orine, can
firstly be Iithiated and the internediate forned can be reacted with a
conpound bearing a 30 hal ogen atom preferably a chlorine atom on the
phosphorus atom for exanple a conpound of the.fornulé'\ - P(R6) 2,
A -P(R6) (R7) og1 4 -P(R7)2. The conpounds | whlﬁp ar g rticularly
preferred accogding to the pRESEN |nvent|on I\ whi ‘ is agsadi cal of
the forrola 111 > aréd-9for ex ' eqcying 35 IV

‘ Rfacgqlghng TOR
(0)1~ V = D JP- Ct¥ 45K di azotization -C02, -

ya yb va

v
15 (I.1) (IV)

In the formula IV, F is a radical derived from a compound II.a to
II.d after removal of an etheno or ethyno group. If an acetylene
derivative II.a is used for the Diels-Alder reaction, compounds

20 IV which have an etheno bridge (shown by the dotted double bond)
are formed.

Suitable compounds of the formula II.a are, for example,
acetylenedicarboxylic acid and its monoesters and diesters with
25 C;-Cg-monoalcohols.

Suitable compounds of the formula II.b are, for example, maleic
acid, fumaric acid and their monoesters and diesters with
C;-Cg-monoalcohols.

30
The dehydroaromatics II.c and II.d are preferably prepared in
situ from suitable precursors and used for the
[4.2]-cycloaddition. Suitable starting materials and methods are
described, for example, in Carey, Sundberg, Advanced Organic

35 Chemistry, 207d edition, part B, p. 402ff, Plenum Press, New York
(1983), which is hereby incorporated by reference. The
dehydroaromatics II.c and II.d are preferably prepared by
diazotization of the corresponding ortho-aminocarboxylic acids
according to scheme 3 below.

40

45



di azoti zation -C02, -N2 0050/51831 22 where x, y and D are as defined

- above for obsogsmplwnds of the fornmula Ill. In place of conpounds of the
formula IV in which ya = yb =5 halogen, it is also possible to lithiate
conpounds IV in which ya = yb = hydrogen and an al koxy group or

" al koxycarbonyl group is located in ggch of the ortho positions relative to
ya and Yb. Such reactions are referred to as "ortho lithiation" in the
literature (cf. . for exanple, D. W Slocum J. Og. Chem, 1976, 41, 10
3652-3654; J. MR MallaR? R L. Bebb, Chem Rev. gsl969, z693ff; V. Snieckus,

Chem Rev., 1980, 879-933)di£hg o;g&polithiun1 ounds obtained in
this way can then react ed W TR Fh& 5ﬁhsphorus ogen conpounds in the
aboveneng i oned ma to gi ve {he_target™conpound 15 The preparation of

t he arseni c conppundscaod the antiffony? conpounds |_can be carried out

anal ogously. Conpounds of the formula IV in mhich‘&%ﬁa yb = OH can be
converted 20 by sequential reaction with trifl uoronethanesul fonic
anhydride in the presepgce of a nitrogen base sygh as tgiethyl anine and
subsequently w th a phosphide of the formula MP( 2/ Where Me is Li, Na
or K, im@o conpoun f the forgula | .in which ya = P(R6)2. Here, R6
is selected frgpa those radit8aPsi#ioned 25 e which are inert

t owar d bases. isRt'hen, <For—exanpre, RP i's reaction can
be carried out in nner anal ogo@s -No t he react escribed by J. V.
Allen et al. in Te edron 50, 1994, p. 799-808. Conpounds |V in which
ya = yb = S03K = SO3Na can be converted by re i with a phosphi de of
the for¥ul a NbP%kg )2,C9ﬂ%re R6 is selected fronﬁgﬁ%ﬁg t hose radical s
menti oned above which are inert toward bases, and ne is Li, Na or K, for
exanpl e wirh dEE%éiﬂﬂék%onlB&beéya%QBEQSc&¥r£JHEOEQVﬁ%& Ié&h&ﬁ“@ié¥k @ = yb =

35 P(R6) 2.5, 55T £35Ld,9N .be carried out In manne ogous to the
reactionss escr?begﬁﬁygwpgggrvﬂénel, Chem Ber. 124, 1991, p.333, or by H

Zorn, Chem Ber. 98, 1965, P' 2431.
20 A suitable method of preparing 1,8-disubstituted

ethanoanthracenes, e.q. 1,8-dichloroethanoanthracene, is
described in JACS 94 (1972), pp. 3080-3088, which is hereby
incorporated by reference.

25 The functionalization of the radicals Y2 and YP to form the
radicals Y! and Y2 can be carried out analogously to known
methods. For example, compounds of the formula IV in which Y2 and
Yb are halogen, preferably chlorine, can firstly be lithiated and
the intermediate formed can be reacted with a compound bearing a

30 halogen atom, preferably a chlorine atom, on the phosphorus atom,
for example a compound of the formula Cl-P(R®),, Cl-P(Rg)(R7) or
C1-P(R7),. The compounds I which are particularly preferred
according to the present invention, in which R is a radical of
the formula IIT with z = 0, are prepared, for example by reacting

35 IV with compounds of the formula V according to scheme 4 below,

1) i
(IV) —— (I)
2) (V)

aa
DK )P—Cl

45 (0)y

40



Conmpounds of the fornmula IV in which ya = yb = F can be converted 40 into
-the corregﬁﬁr}p' i aryl phosphi nes using a nethod anal ogous to the
reaction escr}i%%bdﬂby Haenel in Synlett, 1988, 301-302. The present

i nvention further provides a catal yst conprising at |east one conplex of a
~metal of transition group VIII with 45 | east one P-, As- or
Sb-containing ligand sel ected from afitbng conpounds of the formula I, as
descri bed VABE9eX, Q0505 PgaTe 235 dpfdnadtaboust forahbe t¢ampoyndapof/itite i s

pr ef er abl fogmhkatEXL f rom anong cobalt, ruthenium iridium rhodium

ni ckel, palladiumand platinum 5 The catalysts of the present invention

can_conpri;fepPRSs i Wiboufs (1 ROSBRAIIS 1O BhALRI LY yeoIPpUNds of the
formJIaI Fg%e Jtlonrlot s.of _the for IaI,

escri.b an
t hey can g eastp%snsej‘%ﬁurf?lef 1504 gﬁdcg’g‘l’%‘b‘}d@d ¥y o
hal i des, arr?!nes YéiéPESRy?‘é‘?easn adkery | TP RAt BLRGFRAAIRIONY h 9% 3Sand
al kyl sul f dpaeted Hy @eice of Oche Girghpnpos i iemes retgtivo|tef iYAsand ¥hi.t Sutles,
N- cont ai niregchitres Grecresersedmt aes~antho hatakiaaf MratinC $heel hadratulPE3,

phosphol eS(chhoﬁdﬂq&Q@ﬂ@Q@?SDﬁW sTeReR e ato% .bedent atlﬁmndwol ydentate
phOSph'l%eaeﬁbgﬁﬂgd-“'at eM H Pf 0Rl L8, PGS p'&%ﬁtm Q%\fe 31@%9 ??Pf A

| i gands resen t|on | S e ‘aVai lI'abl e an
i npr oved pro S“fo f“heRﬁ ot gjfg %até%gn 38 ) cohP %lﬁﬁ%an(?gﬁgg?"ﬁ? ng at |east
one et hyl EAFRAFNYE Lﬂ%&ﬂﬂ?%té‘&i "d’dﬁbl”éytfbﬁffd ‘thegr be reamtied WAEBHERR oportion of
a- al dehydebogpherud-deRoben s¢trmrogngs eferidis wbbredéntichiedy ednner tdre give
hydr of or mghat taxgedf cempbehdsist. I n particular, the process should be

sui tablig for the hydrofornylation of i nternal | inear olefins with a high
regi osel eqhLvilab i EPEE el o bEhil Nl RLANUCL, ! deydes, 25 The

i nvention %0\[/11 g proces rof or my St on ot conpounds
cont ai ni n§°RY°Y 538 ¥ hSA é:r‘he ?1’%/ GPSL¥d doubl e bond by reaction

wi t h carbon nonoxi de and hydrogen in the presence of at |east one
hydr of or nfpapéundsc fakhet famudat 8 im orhichn¥Ags t e =abBveard éec cobeerted
cat al y20sbpf sédqeemriedentadtiventiioh. t30F ludrofBeh@hesilToniat ahhrdrSder in
catal yst pheCpiedinteUsedaifli8deBn BASE B a8MVAIdAH 14RdRE fyglr of ornylation
condi ti 0n§u$§@éﬁently with a phosphide of the formula MeP(R6),, where Me is
Li, Na or K, into compounds of the formula I in which Ya = Yb =
P(R6),. Here, R6 is selected from among those radicals mentioned
25 above which are inert toward bases. MeP(R6), is then, for example,
KP(Cg¢Hs),. This reaction can be carried out in a manner analogous
to the reaction described by J. V. Allen et al. in Tetrahedron
50, 1994, p. 799-808.

30 Compounds IV in which Y2 = ¥YP = SO3K or = SO3;Na can be converted
by reaction with a phosphide of the formula MeP(R6),, where Rf is
selected from among those radicals mentioned above which are
inert toward bases, and Me is Li, Na or K, for example with
KP(C¢Hs)2, into compounds of the formula I in which Y2 = ¥b =

35 P(R6),. This reaction can be carried out in a manner analogous to
the reactions described by M. W. Haenel, Chem. Ber. 124, 1991,
p.333, or by H. Zorn, Chem. Ber. 98, 1965, p. 2431.

Compounds of the formula IV in which Y2 = Yb = F can be converted
40 into the corresponding diarylphosphines using a method analogous
to the reaction described by Haenel in Synlett, 1988, 301-302.

The present invention further provides a catalyst comprising at
least one complex of a metal of transition group VIII with at

45 least one P-, As- or Sb-containing ligand selected from among
compounds of the formula I, as described above.



catalytically active species of the formula HXM/(CO) ZLq, where M is a
-nmetal of toesersigsigroup VIII, L is a phosphorus-containing 35 conpound
according to the present i nventi on and g, X, Yy, z are integers which
depend on the val ence and type of the netal and on the nunber of
“coordination positions occupi ed by t? Ilgand L. z and q are preferably,
i ndepende g g ther each at’| east , 1, or 3. The sum of
z and q |2ﬁ‘§y5‘F P b?%/ ta8ﬁ11§l?rb 9§°“POVFFIdh%lﬂrééerﬁhéyciﬁi’;ﬂcéﬁésfm

addi ti onalal“S?ngoﬁ?%"i‘H:'atrui‘:é%%“fbnelr igiumperfqfiumer niskedhdpaddsdimhexhdabove.
The net al pYatdénpmnef er ably cobalt, ruthenium rhodium nickel, palladium
pl ati num osm umor iridium and part icularly 45 preferably cobal t,

rut heni Wyl bdtb'ﬂ}s{sh%@ 1208 ﬁ&g%lt, B3 Lh?fﬁd”@anoéoﬁ @{éeﬂl&% 995}9&51831 24
In a prefefe efe Lc(gp%%l droLgﬁr_nB C%s R %ge %’E‘Ea are epared in

5|tU|nth rg szti"ﬁ {) atlo ver, the
cat al yst s 3FHR"? pi?oe t APAVRTASSST 108A 1igansds pof HE%l?‘érd“JlBeIpr@E%}f ed
separ at el Fa@nalFe diatiee@tbyesstc ipneofuryhent Hgtand Fetedtsdifromparpag ati on of
t he cat al yeflddes$, aniimepy, esartboiylagrti, Oacetldcetpaase plarylfisQlrexatgd e, to
react aro ah@asikpreniFeaapss) UsydrAriedi Bb NGO LFTRRUNG: Sfed h% ye@b8U A s, @
conmpound gﬁtglggéwplbﬁ)&oggagn{ﬁ Iarlget%gro égfgétl mg{:%@ \4@ J i f T desired at

| east one,f i tion esired. AU an activating agent
in an inert E{Slg;' rfadcqcaér 130f holegn E‘b‘?ﬁﬁh[al GREENeR)qndh| e

r hodi um c8Rp 88?1’&!%3t§r' P&%PE&% aé‘tdepw?'b‘ﬁe PROSPRiRRY RROFPRinitE,

r hodi un( | PF’*PSBMIFSterePQOSthertIEI ?ndmfmspdhetelslgdmth um(111) nitrate,
rhodiur® I'1) sul fate, potassiumrhodium sulfate, rhodiunm(ll) or

rhodi urd( | ah) obfed00fl 8heSprdédadi URGEhY iomNg EHQQ'€6dﬂAHQ a6 an
rhodi un(| 'ﬂn r%cﬂ o%@'sksféﬁ tAr{eh%%E&H;}:yl%%'l@n i'éfﬁ

hexachl or % th | %’i’:@gg %?(téamslﬁgh as
di car bony rho i um ¥¥?%ce§tléﬁaf’85a%‘é’éattﬁ 88\”8 A% gg?erfér"l%'dl um( 1),
etc. PrefdpB n%re°ﬂ°§t§rf’0e‘|’i t%ralgiehydas caf Wormprehels LFthi’c,lét praerainiat deor

r hodi ui%® aebieved in kbei kydmfiorayletier ofutiredefimsallns particwpoyndae

Sui t abl e p26cess hehoulh bal dnitabde For Ena@mydeorothyRtion bkl Intd¥mni de,

rut heni unfiN@ar rotlefeR Wi MM )a i ghUt-881b4ETe¥kliL) ¢ P HGespbkal bs

terminal product aldehydes.
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25 The invention also provides a process for the hydroformylation of
compounds containing at least one ethylenically unsaturated
double bond by reaction with carbon monoxide and hydrogen in the
presence of at least one hydroformylation catalyst selected from
among the above-described catalysts of the present invention.

30
In general, the catalysts or catalyst precursors used in each
case are converted under hydroformylation conditions into
catalytically active species of the formula HxMy (CO) ;Lgq, where M
is a metal of transition group VIII, L is a phosphorus-containing

35 compound according to the present invention and q, x, y, z are
integers which depend on the valence and type of the metal and on
the number of coordination positions occupied by the ligand L. z
and q are preferably, independently of one another, each at least
l, e.g. 1, 2 or 3. The sum of z and q is preferably from 2 to 5.

40 If desired, the complexes can additionally contain at least one
of the further ligands described above.

The metal M is preferably cobalt, ruthenium, rhodium, nickel,
palladium, platinum, osmium or iridium and particularly

45 preferably cobalt, ruthenium, iridium, rhodium, nickel, palladium
or platinum.



metal salts of oxo acids of ruthenium e.g. KZRuO4 or KRuO4, or conpl exes
-such as Rupbg6 A g8Ph3)3. It is also possible to use netal carbonyls of
rut henium e.g. dodecacarbonyltrirutheniumor 30 _ _

oct adecacar bonyl hexar ut heni um or mxed forms in which COis partly
“replaced by ligands of the formula PR3, e.g. Ru(CO 3(PPh3)2r in the
process of thepg?gsent i nyention. Sui"t"abl e cobalt conpounds are, for

exanpl e, CObAl Tl Sfiogaiment, dheahyareformylasien eatmliNsEr| #rear bonat e,
cobal t (11 )PugPeradelin tidiv ianthe xgadipdr ased cimpltdeebydonfiainylaattmwxy| at es
such as mla&:ltuoacelﬁm@ercobhétcﬁaflwlshexaﬂoﬂiéi‘,préebﬂ{:t11{\?&31‘&15&”@@&e and
al so the cakel,tieagsoiact anat gr 515@5gelt}pgndt beo FA : tr%g{l) af:;)rrglngxes
of cobalg, ny c acar &
hexadeca%airﬁ%ggmf\ﬁexaco[)otq%% Lﬂggnﬂﬁaéltm é ° a(l)ﬁaq-‘ g YShE $Urt her
sui tabl e unﬁ%nof NSBEPR thdﬂ; Bﬁfsfﬁﬁerﬁ%nﬁéﬁ’ﬂpﬁﬂ di%ﬁ?a?'% Fnown in
principl e ﬁ& aPee %&E&Fe??}“iféé’éplgbﬁ‘é!@w%@fl therfommudaof, can be
prepar ed BPTMROBEEOPS 1BFTPmRiex pef Fomeskil| ¢ecramstibéonrgra VIImpt hbds

anal ogous desirhdsat flmastt bae khher0BRALAINa1SUiihaht Caras)! i1¥alibBgragent s

are, faro %aﬁbthaﬂr@q%fg@ﬂtafh% mérlce%fvé}pe dagsicthas BF3, AICL3, ZnCl2,
and Lew shl% 8%or 'o‘ﬁePBr?dltp{ erence is given to using the al dehydes
formed in E ?I ation of the respective olefins, and also their

hi gher-b0| li,ng subsequent reacti on products, e.g. the pr oducts of 10 al dol
condensat i3 taPLf erhadim, sPrPaidse 6F s carpl efiesmaree sfausxaaplet ol uene and
xyl enes, haddemntbBonandr rhbgium(@SI0f sAyts oeaborbodiwh ((IT If)oEhlbtidd ,on of
the abaserdotianerrnl dakydes, ad%daumﬂwﬁrbtulfarteqlulsét_saégluﬁnh%haéﬂﬁbydes
Further sghyests, aAsheES) Alr ﬁbh@bﬁ‘[iﬁ CURBEWA Lt %om %Pft)kano' S,

for exanpl gde{.lt;né( gstg‘g Ne TeXaRY & Pﬁé?suc sh erthI rrethyl
Ctganda tg u’g?g?&%B?EW%&EWW%N%@P Iﬁét hafl IPlé’?sﬁ’anol,

| i gands, |
n- gr opanoF“l % 6Ih° HUm oTR3EXER Y I9et dAshrbenylrbedénes such as

acet oné’oaﬁéehﬁmt%tahylr kestunl@cesppathigdthydwnerhddiami(a)20ete qui ds” can
al so be upedfesersd ienysvedhes@sdhg dichbbnyakhsdiumh QJceQ&aHBé@onqte or

N, N - di al kpbdih dezddtdpesalts such as N butyl-N -nmethyl 1 m dazolium salts,
t etraal kyl ammoni um salts such

Likewise suitable are ruthenium salts or compounds. Suitable

25 ruthenium salts are, for example, ruthenium(III) chloride,
ruthenium(IV), ruthenium(VI) or ruthenium(VIII) oxide, alkali
metal salts of oxo acids of ruthenium, e.g. K;RuO4 or KRuO,;, or
complexes such as RuHC1(CO) (PPhj)3. It is also possible to use
metal carbonyls of ruthenium, e.g. dodecacarbonyltriruthenium or

30 octadecacarbonylhexaruthenium, or mixed forms in which CO is
partly replaced by ligands of the formula PR3, e.g.
Ru(CO)3(PPh3)y, in the process of the present invention.

Suitable cobalt compounds are, for example, cobalt(II) chloride,

35 cobalt(II) sulfate, cobalt(II) carbonate, cobalt(II) nitrate,
their amine or hydrate complexes, cobalt carboxylates such as
cobalt acetate, cobalt ethylhexanoate, cobalt naphthanoate, and
also the cobalt caprolactamate complex. Here too, the carbonyl
complexes of cobalt, e.g. octacarbonyldicobalt,

40 dodecacarbonyltetracobalt and hexadecacarbonylhexacobalt, can be
used.

The abovementioned and further suitable compounds of cobalt,
rhodium, ruthenium and iridium are known in principle and are
45 adequately described in the literature or can be prepared by a



as tetra-n-butyl ammonium salts, Nalkyl pyridiniumsalts such as
- n-butyl pyré@%@}y{@§?l ts, tetraal kyl phosphonium salts such as 25
trishexyl (tetradecyl ) phosphoniumsalts, e.g. the tetrafl uoroborates,

acetates, tetrachl oroal um nat es, hexaf | uor ophosphat es, chlori des and
“tosylates. Furthernore, it is also ggssible to carry out the reactions in
30 water or aqueous_solvent systenms €onprising water together with a
wat er - ni s@SNSeNsBkiRd ifotheakip|using BeEkAdd angdRIass i HAesE, fort hanol |
n- pr opanolthe ¥ppvopegmioundsbut anol or isobutanol, a ketone such as acetone
or nethyl ethyl ketone or another solvent. For this purpose, use is nade
of |igandsaftabhe d&¥iatany Wity 32l fofDlidniad WaldhAALLYaQuUPS, for
exanpl e 4 gni. G .09 h_aSqm.S0 wh = K or NH4 or
N( CH3) 3+§ qn#ﬁg ?ggtg%%}r@ 2 h%%’p%%%%%&’t%‘fpﬁggs}es glg %T'yzed systemin
which the catalyst is present in the agueous phase and starting materials
and pr odudtss SPeVETt e RICEGRPRCD His @1VERete atfdindohe naldrhydesnitermen |inqui ds”
can al so beechydreformylagson ofv:-hehasepeatiatey 2defipnst eand Elsonmehatr rati o of
t he phosphriighercbei Biny Bgbkégantt tﬂabh@oﬂ%ﬁdu&%,téa@siﬂﬂeogrga@é@s Me !l is
9686[ al iEO’ dl}t@lo@ Eﬁﬁ%éaﬁ:@.gh@b@tﬂeﬂ:sllitkglé %Qrfe]’xitﬁllérgoai%n‘éﬁ: é;\/%%l'll (%lr%l ;?2' €
substrate r ny, | on_process Q e se LN
in princi poelgg {a %&y%ﬁggggﬁ%ﬁr%&ﬁ 'R ?%r%‘?e“‘&?’rﬁ%r‘gf g'tY@'PEHFB%‘?y
unsat ur.at &58ob8F ¢ ﬁg‘r?dé’.n Fhethe abQUengRtiongd aldrpydes Argr FHEse@dNtas
a- ol ef i ns PHORNEER QT S-het pafighrdashaFuraher i snlsienss ararrttedsobéfins.
Sui t abl e @ldpbathe canbexyldc axaispwdétheslydreris, BHoopexenplle- buhehe,
1- pent e1g ,acetabexenerexhnbePt,eR@hets 0Kl Qs e PONRNRS] %e@ﬁ??r@bhe]f wRdecene,
1- dodecengethfydddrdriadl, eih ethe IdadiedBE - GhAE Mt 1ieRk 8 "RAYa U R 38 L& ds
C4- C20- ol gfi g5 SHED oc35:21BUENG, 23pepIene.. Zhexene,, S hexene, & ’
3- hept ene, -oCte é) ~octene,” 4- §ctend et’C.; P?Sf%??bad’ ¢ afi lﬁ%’b"
ol efi ns arEPEIPERL0IISPPREPRRRY Asbutanol and, jsobupaRelye and ketones
2- met hyl - BIEBnR&RFPONS- AR Rty lpethpheketnngnchtd; Funttherabraeptimmndc
m xt ur 630 ldquadhedsan aflepnbé wdere solwéntses Thbsansted iguitiesabts ,nonene
m xt ures, frasghesie erasdlkylaaaagzol ximrsa3tsbeagehasd, internal undecene
m xtures gl@utyl-N’-methylimidazolium salts, tetraalkylammonium salts such

as tetra-n-butylammonium salts, N-alkylpyridinium salts such as

n-butylpyridinium salts, tetraalkylphosphonium salts such as

25 trishexyl(tetradecyl)phosphonium salts, e.g. the
tetrafluoroborates, acetates, tetrachloroaluminates,

hexafluorophosphates, chlorides and tosylates.

i nt er nal

Furthermore, it is also possible to carry out the reactions in
30 water or aqueous solvent systems comprising water together with a
water-miscible solvent, for example an alcohol such as methanol,
ethanol, n-propanol, isopropanol, n-butanol or isobutanol, a
ketone such as acetone or methyl ethyl ketone or another solvent.
For this purpose, use is made of ligands of the formula I which
35 are modified with polar groups, for example ionic groups such as
SO3Me, CO,Me where Me = Na, K or NH; or N(CH3)3* . The reactions
then proceed in a two-phase catalyzed system in which the
catalyst is present in the aqueous phase and starting materials
and products form the organic phase. The reaction in the “ionic
40 liquids” can also be carried out as a two-phase catalyzed system.

The molar ratio of the phosphorus-containing ligand to the metal
of transition group VIII is generally in a range from about 1:1
to 1 000:1.

‘45



branched, internal dodecene m xtures, etc. 20 Further olefins suitable for
- the hydrofgyg0/isig PN process are C5-C8-cycl oal kenes such as cycl opent ene,

cycl ohexene, cycl oheptene, cyclooctene and their derivatives, e.g. their

Cl- C20-al kyl derivatives having from1l to 5 alkyl substituents. 25
“Vinylaromati cs such as styrene, a- ne yI?tyrere 4- |sobutyIsLyr$Ee etc.,

are al so suit e olefins for the r of or ation process urt her

sui tabl e 5PéF$ﬁ£ f%ﬂbStﬁﬁaﬁﬁffﬁqnﬂnﬁtPBﬂr%§Q¥W¥ préenyPEafeesl P§ tsat ur at ed

nmonocar boP¥PFENt aitesntigncar® oy Inré naépbis allhepmpesnds shigbnoestaims and

am des, 3@ne.gr mare lethydenticalint hasayhiatealiddnbial wdrisacirlesé unari ¢ aci d,

crotonic dectudé} aiekanpld, SRIfMKLE SueHLB81EfiAE! Mkerfapent enoate,
met hyl g ‘%@E‘ngl’i‘@té}yélna%ﬁﬁl fﬂ@ern@it Bi‘énel{%":‘dt 'A%‘HLQ eSL}[ll{:rA?&t ug atle% Wt riles

such as 3- neni tril ent enenltr , V|ny &fher s

Qg le E n e
such as vithyl 35 metN¥ étﬁfel? ey PTRRA & BF i nyIPePEBPSt et her, etc.,
Cl- C20- al K& 81‘%“9 AHERtaret simenar khuianeses, ledeceney i-sadegtinen- | -ol . A
preferredlaﬁR@¢Eﬂn6ﬂseablyI al cohol . Further suitable substrates are dienes
or polyenes having isolated or conjugated doubl e bonds. These include, for

exanpl ao $#PetelrditsddiaghRe-dhfimPeRtashENS1ek4Rs NExQd, eeg ~ohe@ifgni adi ene,

b SeLSREE LI, CYEBRERT Shruid OPERLIEED S nebrtpd, CYEIGRUE ! o0

and al so ol uta
to a procgsg %‘%hléﬁc?ﬁgehy §PfyIt9on catalyst is prepared in situ by
reacting at |east one P-, As- or Sb-containing conpound according to the

present i Rveferxad byatoBed5188EraZl chefiosndrerCamerplesinal sacheial of
t r ansi iso0-meohyd \2-butand, 21meﬂd9$#2£§bnﬁ§ﬁea§£|3EﬁéﬁH&laQeBéntéhé3n i nert
sol vent upgdgkcheit, 1ngﬁéprﬂaﬂt%hboﬂlm Ll 89§ncl$ecirheintﬂ¥gf19{ O&ﬂ% @t ion
reaction gap. he £ay chfhgd! GRRLHONONS] e%ae mlﬁ%g%gg IIQUREY | Ofneddnalv se.

Sui t abl e r,eactors § on—are led in
the art afd@e Wﬁ§§8FFBEdbr§Qﬁhe Xaﬁ?ﬁ?¥"ﬁ 1, updecens MEFUERS y&Dpadi e der
techn|schBﬁaQﬁﬂﬁﬂmalnﬁﬁFna%.dQﬂ%§e§G|W4%ﬁvre§95§tcp 743 ff.

20

Further olefins suitable for the hydroformylation process are
Cs-Cg-cycloalkenes such as cyclopentene, cyclohexene,
cycloheptene, cyclooctene and their derivatives, e.g. their C;-
Cyo-alkyl derivatives having from 1 to 5 alkyl substituents.

25 vinylaromatics such as styrene, o-methylstyrene,
4-isobutylstyrene, etc., are also suitable olefins for the
hydroformylation process. Further suitable olefins for
hydroformylation are o,f-ethylenically unsaturated monocarboxylic
and/or dicarboxylic acids, their esters, monoesters and amides,

30 e.g. acrylic acid, methacrylic acid, maleic acid, fumaric acid,
crotonic acid, itaconic acid, methyl 3-pentenoate, methyl
4-pentenocate, methyl oleate, methyl acrylate, methyl
methacrylate, unsaturated nitriles such as 3-pentenenitrile,
4-pentenenitrile, acrylonitrile, vinyl ethers such as vinyl

35 methyl ether, vinyl ethyl ether, vinyl propyl ether, etc.,
C1-Cyo-alkenols, -alkenediols and -alkadienols, e.g.
2,7-octadien~1-0l. A preferred alkenol is allyl alcohol. Further
suitable substrates are dienes or polyenes having isolated or
conjugated double bonds. These include, for example,

40 1,3-butadiene, 1,4-pentadiene, 1,5-hexadiene, 1,6-heptadiene,
1,7-octadiene, vinylcyclohexene, dicyclopentadiene,
1,5,9-cyclooctatriene and also homopolymers and copolymers of
butadiene.

45 Preference is given to a process in which the hydroformylation
catalyst is prepared in situ by reacting at least one P-, As- or
Sb-containing compound according to the present invention, a



Suitabl e pressure reactors are |ikew se known to those skilled in the art
-and are d&so%’dl}%%%} for exanple, in Ul manns Enzykl opadi e 15 der techni schen
Chem e, edltion, 1951, p. 769 ff. In general, the process of
the present invention is carried out wusing an autoclave which may, if
“desired, be provided with a stirring device and internal lining. 20 The
conposition of the synthesis gas, vi2? a nmixture of carbon nonoxide and
hydr ogen, cowpound drhe peopkss off at hetpl esfentrans hvbe igoupaWIVRrandyi tilii n

wi de |im besidée, rl actiodtinPlageatbon admamexidsoivertydhagentie general |y

from abouhyar8botny 160130, coti&fi®nhabl y from about 40:60 to 60:40. Particul ar
preference Is 25 given to using a nolar ratio of carbon nonoxide to

hydr ogen i F th‘?ef g_l OE of about 1:1. The ten?e rature in the
hydr of oPmy P&t YT HOIBYLBRLPY TGaGEAaP| 521 fpe 52 SR THofPRbOLOP 3 o 1800C,
pr ef er abl penieentiimousEy ¢H beBEDEis80 The reaction is generally carried out

at the partial pressure of the reaction gas at the chosen reaction
t enper eat gugtahle geAREdLs £fdih& ROAEEMEGUY TelaBt ok WS Knb@ 860Hosk t0 700

roacthqp ohreeidl $eT Bt B 28 de Cr G S Or M TS ftheT?,E
hydr of gtra Eﬁa Ef acdaltea ?/lsnttea}’1 lhsé:h Peg}é n\YSEfl h use‘a& é§ FalP: the
catalysts e present |nvent|on based on phosphorus- contalnlng

conpounds aI I ow reaction at relatively low pressures, for exanple from1l
to 100 basuidéblkheriepdnné arendtasoarealiepdse bhowhetopraseat skiledt ian can

be separahedaft Qifidt Bee O8d $uHi Hed)MEbH costinihi@f, 0L AV Bitnla@m st BaSH1 Ripad e

cust omglsy t hads, 0s kiil [ rt d cameqggperally be
reused’ fsoggt?he Pydt%gggﬁ él?elﬁl@ %ﬁ i eﬁd Qdﬁ&eo 19%?1 %a?g ygt@s of the

latian.
present i AVERtion |58fgyess §H a%f? ri 1%¥8n€h%r{ Jtshgaiﬁi"? %dl ng
al dehydesuéi“ég gaéhéﬂ’éPF}a"%Hf%cﬁeﬂaYn Hoslesjrefdsbe Broyddedi Bith ian t he
hydr of or ngraryorg cdevdosoamd gtez8al alimigfd.ns and of internal, |inear
olefins, they display a very |ow selectivity to the hydr ogenat i on product

of the 20l ehé NootfRbitiSnT §f |t5Hen§ZMthé§1ﬂs hpadr, 098 VA atilx@drach Vddrboaf
A 22%{2? ?’2“9"“5%8"%{‘9"9{“‘“% Sael fo ey ?8’95* e B qotbl e
bonds. ﬁé%h 1 g %Q’l&% g‘f adol {Pﬁfel % of Ca
monox1 e to ydfogen is genera ly rom about 5 95 to 70:30,
preferably from about 40:60 to 60:40. Particular preference is
25 given to using a molar ratio of carbon monoxide to hydrogen in
the region of about 1:1.

The temperature in the hydroformylation reaction is generally in
a range from about 20 to 180°C, preferably from about 50 to 150°C.

30 The reaction is generally carried out at the partial pressure of
the reaction gas at the chosen reaction tempereature. In general,
the pressure is in a range from about 1 to 700 bar, preferably
from 1 to 600 bar, in particular from 1 to 300 bar. The reaction
pressure can be varied as a function of the activity of the

35 hydroformylation catalyst of the present invention used. In
general, the catalysts of the present invention based on
phosphorus-containing compounds allow reaction at relatively low
pressures, for example from 1 to 100 bar.

40 The hydroformylation catalysts of the present invention can be
separated from the output from the hydroformylation reaction by
customary methods known to those skilled in the art and can
generally be reused for the hydroformylation.

45 Advantageously, the catalysts of the present invention display a
high activity, so that the corresponding aldehydes are generally
obtained in good yields. In addition, in the hydroformylation of



of the present invention advantageously display a high selectivity to the

- a- al dehydesosg/segd £ohols. I n addition, good vyields of a-aldehdyes or

a-al cohols and particularly also 10 n-al dehydes or n-al cohols are generally

al so obtained in the hydrofornylation of internal |linear olefins _

" (isomerizing hydrofornylation). TheZ?bove-descri bed, novel catalysts which
conprise chiral, 15 conpounds of the“fornula | are suitable for

enant i oselae'eﬁ“ngns AR G o AP ERa1on 1itRer | ahafimsentheyr thi@playoei vRiy for t he
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cat al yst sﬁgjﬁcgfosa 1a%%§ﬂi gg }t%%? Hg i #%eﬁru °§F§bﬁ? a{] stﬂ’i"e(gflz%

hydr ocyanB¥ FHRE &Y a?é' 8)of the present invention. 35 An exanple of a

ni ckel conplex suitable for preparation of a hydrocyanation catalyst is

bi s( 1, 5- cFbe overvedidesey hbekeld@kl cataljesisr etlichheonprdisecynnedl on catal ysts

can be 15r epap@thdsn oFi tHe fdrntulERANEFe A tRABAESEEL dMtTBEBOESL dRscribed for

the 40 hydyef&fdpryaki98ncatal ysts. The present invention therefore also

provi des a process for preparing nitriles by catalytic hydrocyanation, in

whi ch the_, hydrocyanation is carried out in the presence of at |east one of

45 the abble-TEEIAIBRIABRAT PELXIGET soTshheapre of cRitadyFbs
hydr ocyan@PTRAi-S4ng gBRephlthe mhevetdssqribednPt ondet alyoBb-aentasivemgi ng
mat er i @Pscompoundsr Gbur tiye diydawfomehecidn ofeabopbureiz hal7 iR 583t 29 the
process o0bné¢ hethylenedhlipvtidiatQrated adRb1e0bbhg, preparati on of m xtures of
nonool efi ni ¢ C5-nononitriles having nonconj ugat ed
A further field of use for the catalysts of the present invention
is the hydrocyanation of olefins. The hydrocyanation catalysts of
25 the present invention also comprise complexes of a metal of
transitition group VIII, in particular cobalt, nickel, ruthenium,
rhodium, palladium, platinum, preferably nickel, palladium and
platinum and very particularly preferably nickel. The metal is
generally present in the metal complex of the present invention
30 in zero-valent form. The preparation of the metal complexes can
be carried out as described above for use as hydroformylation
catalysts. The same applies to the in-situ preparation of the
hydrocyanation catalysts of the present invention.

35 An example of a nickel complex suitable for preparation of a
hydrocyanation catalyst is bis(1,5-cyclooctadiene)nickel(0).

If desired, the hydrocyanation catalysts can be prepared in situ
in a manner analogous to the methods described for the
40 hydroformylation catalysts.

The present invention therefore also provides a process‘for
preparing nitriles by catalytic hydrocyanation, in which the
hydrocyanation is carried out in the presence of at least one of
45 the above-described novel catalysts. Suitable olefins for
hydrocyanation are generally the olefins mentioned above as
starting materials for hydroformylation. A specific embodiment of



C=C- and C = N bonds by catal ytic hydrocyanation of 1, 3-butadiene or

-1, 3- but adi goso 90884 ni Nng hydrocarbon m xtures and 5 i sonerization/further
reaction to formsaturated C4-dinitriles, preferably adiponitrile, in the
presence of at |east one catalyst according to the present invention. Wen
“hydrocarbon m xtures are used for prgparlng nmonool efi nic Co-nmononitriles
by the prag ess of the present invenfion, preference is given to using a

hydr ocar bor'® PECRESE Fe Wi BRETERE 4NVeBthoR &flateschbatein RseParatiemt 10%
by vol une,CHMérEREST ohmoneake f IR By-venemigriles phavinguinencabjugesid  40%
by vol unme.CAAC3-aw &t Bnorcisnbgi natgltidr agaebeyarndtionr 65 By 2-Hithaiaabl e on
15 an |nduﬂtﬂlaLbﬁféﬂxénerUﬁtaiﬁtheh9ﬂﬁb@ar53H3d&&@ﬁ?@§'éﬂﬁ of petrol eum by

st eam craq&lo&greéawﬂaetﬁéedf% nh¥dr £6aK t%%@.uirgl: ;{{fedgg%\émﬁ%% ,C;‘ made

f t | t ent
wp by 13 et Qﬁ%%a" ﬁﬁ?ﬁ%ﬁ* L JrEthe podt el % 9 of Jr&ﬁ?&'oPBFu fetadust
mul tiply Lﬁ‘i’§" tr 139 P rBE%'T"EanstGm&hﬂn awwnawaﬁeearbmeg@xgur%mem way's

addi t i onalUspdc At pTPRAFEND mepe@finénsCofmogenétailes Uy tbeSprafesal kynes,

1, 2- di eneshangresemy|iavenyieme. plifeeecs- Daltgidienn€o Cadli e ai H9hab@f-gonom

i ndust rigiliytayei wikte hadba hyH-05RE008nE1 Krtieds BY. af Ofea%&a&akeb extractive
St ot velundpopeietotal saelr ol SRS dIEET LML EAL ég%g%ﬁow y be

used for 4t0 e Gyanation suc i n-cont ai ni

1, 3- but adi ene on a| i ng, hydr ocarbon m xtures, gener aI I y even 30 wit hout
prior purification of the hydrocarbon m xture by distillation. Aefins
whi ch nmay lpdsBrtrdiane-gpataininndydedoaeborn rd xehfestanembsaindbldion

cat al ystSs aneigdustriaiescole CUrisgnEsr ex@yples EREDYESEIIsaRyt 8 hydrocar bon
M xture byesebbsin vy BydaRdenalkiiag BE l%pljr'tfhat B?OBM%Q%V% b ?r%;ﬁ}“ tabl e
sel ectiven; 3oy Ry ARAANGL] nf@%%%?éﬁ%ﬁpﬁ&?h QOX“h %o%s? f edonietfe
art. The Ig d&gc‘yﬁan%t | %n48 g] n]a t| of) Sht
conti nuously, £ BRt v 5! ugagf%\‘b? é‘“ﬂe&@?o?%malf‘@ler

cont i nuous® r’@%%‘? |"an°§r @°R 1t“(§ £RS B LiGHlye nE atutatesr hydnecarbanse

descri 8 anflorle &feaes; rThdsemannsain Aalkaysadiei disynalilgc hohsahesn@heni e,
vol ume 1, p8epoxdidnisonf §&Tdrally @a3td {52 BIe alrpnés hugusdyahé@ndnof the
process okihfiEagetg3ent.i nvention is preferably carried out using a cascade
of stirred vessels or a tube reactor. Suitable reactors, which may be

pressure- £t £ 85,c48; L8 SRTLECRLLTHOU (20 ORRIAALS enod) et are
Eg B 8Eocarbon mixtures by, for example, extractive distillation.

The catalysts of the present invention can advantageously be used
for the hydrocyanation of such olefin-containing, in particular
1,3-butadiene-containing, hydrocarbon mixtures, generally even

30 without prior purification of the hydrocarbon mixture by
distillation. Olefins which may possibly be present and reduce
the effectiveness of the catalysts, e.g. alkynes or cumulenes,
may be removed from the hydrocarbon mixture by selective
hydrogenation prior to the hydrocyanation. Suitable selective

35 hydrogenation processes are known to those skilled in the art.

The hydrocyanation of the present invention can be carried out
continuously, semicontinuously or batchwise. Suitable reactors
for continuous reaction are known to those skilled in the art and
40 are described, for example, in Ullmanns Enzyklopidie der
technischen Chemie, volume 1, 3rd edition, 1951, p. 743 ff. The
continuous variant of the process of the present invention is
preferably carried out using a cascade of stirred vessels or a
tube reactor. Suitable reactors, which may be pressure-rated, for
45 the semicontinuous or continuous embodiment are known to those
skilled in the art and are described, for example, in Ullmanns
Enzyklopddie der technischen Chemie, volume 1, 3rd edition, 1951,



skilled in the art and are described, for exanple, in Ul manns
- Enzykl opadbgsg%ﬁ?ghni schen Chem e, volune 1, 3rd edition, 1951,

0050/ 51831 30 p. 9 ff. In general, the process of the present invention
is carried out using an autoclave which may, if desired, be provided wth
a stirring device and internal lini n% 5 The hydrocyanation catal ysts of
the present invention can be separa 04 from the out put fromthe
hydr ocyana®i dif9r édct TBreaferadustoprenpcres hofistienpussent tieatdknl f&d in the
art and cararnjedeput|ysi® reeusetodlmvet wbibly dnacy dfatiesired,0 behprovbdant
i nventi on Jidh Restproindglefevachr ot@Sistb@hal hBiniGay.bonyl ati on of conpounds
containing at |east one ethylenically wunsaturated double bond by reaction

with car ' . at 0 npound havi ng a nucl eophilic group
in the pﬁr)gfs]]e(arr@%gg?g?%%qg‘oﬁ a%;ggi%tns c%gt gﬁ?/s‘fr SRS éf’ﬁgr[“f‘llemb&l"f‘ﬂo | ation
catal yst ERFTE5eHSTTOR £ihg ?gFPB’és%d’moﬁhﬁ Rydrogyanatiep reaGtiPRi BY | i gand
of the fdTHRHCRaFY MHENQSE KEAYN e dhosat akikied g the resmd cRpventi on
al so conpaneraddppbexesised donethe hybirbcmasatiiomn group VIII, 20 preferably
ni ckel, cobalt, iron, ruthenium rhodiumand palladium in particular
pal | adi S d C above in the
L A il b e A T ENTE
same appl i 68 o the 2 isi Pﬁ'%?%‘%sar CEBhR b1 13te 1€APbOTRA AMEheRLt 3 st s of
the presenSasBrahed iqulde BaPe By degreiPhvitdy cerbor drananidst pod atre t he
ol ef i ns nmelf@isgnede e@Raundnhgeies @l nuelesphisl ist groipgimether paksefice dfhe
hydr of or md atairbanphat inrdicacywapst | oherafn Ttiee crtpoHplst hayicagadystialephi l i c
group ars iy @f eaedlyssdaeetedn 4 A ABDNGr VEY Rlont8kh 820! 1Sigahli 8F Sthe
carboxyl i ccgti€hkSy. Pri mary and secondary amines. 35 A preferred
carbonyl ation reaction is the conversion of olefins into carboxylic acids
by reaction with carbon nonoxi de and water (hydrocarboxylation). This
i ncl udes, T FarPPRYAaiion: Rata kYRS 6ff the RAesFNEnénVERtBReB8A nonoxi de and
wat er to FOPRrpEepsUlexgsi af agnetal of transition group VIII,
20 preferably nickel, cobalt, iron, ruthenium, rhodium and

palladium, in particular palladium. The metal complexes can be

prepared as described above in the case of the hydroformylation

catalysts and hydrocyanation catalysts. The same applies to the

in-situ preparation of the carbonylation catalysts of the present

25 invention.

Suitable olefins for the carbonylation are the olefins mentioned
above in general terms as starting materials for the
hydroformylation and hydrocyanation.

30
The compounds having a nucleophilic group are preferably selected
from among water, alcohols, thiols, carboxylic esters, primary
and secondary amines.

35 A preferred carbonylation reaction is the conversion of olefins
into carboxylic acids by reaction with carbon monoxide and water
(hydrocarboxylation). This includes, in particular, the reaction
of ethylene with carbon monoxide and water to give propionic
acid.

40
The invention further provides for the use of catalysts
comprising a P-, As- or Sb-containing compound according to the
present invention, as described above, for hydroformylation,
hydrocyanation, carbonylation, hydrogenation, oligomerization and

45 polymerization of olefins and for metathesis.



The invention further provides for the use of catalysts conprising a P-,
*As- or Sb-ge%dasgHp conpound according to the present invention, as
descri bed above, for hydrofornylation, hydrocyanation, carbonylation,
hydrogenation, oligonerization and 45 pol ynerization of olefins and for
“met at hesi s. 0050/51831 31 The |nven5|on is illustrated by the foll ow ng,
Preparatlon of conpounds | Exanple 1:

nonlimti exa

10 1,8-Big%ﬁ 6Hg%€$ﬁﬂb§ﬁhﬁﬂgyquﬁigﬁbgmet?e.follow1ng, nonlimiting

1, 8- bi s( dig3ERYEPhosphi no) - 9, 10- di hydr 0- 9, 10- benzoant hracene) (ligand A):

1.1 Preparation of 1,8-dichloroanthracene 15 25 g (91 mmol) of

1, 8- di chl axeaptbsaqui none and 65 g (1 nol) of Zn dust were suspended in 1
1 of a ZP% strength by wei ght aqueous ammoni a solution and the m xture was

refl uxed for fter coolin 0 roomtenperature, the solid was 20
separ at ed Igff%\}{ggggg éé r?gr cfmﬁo Cgs he aqueous phase was extracted three

times with 150 mM each tinme of di chI oronet hane; the solid was extracted a
nunber of BX2Mede W th di chl oronmet hane while being treated with ultrasound.
The comnbined organic phases were dried over nmagnesiumsul fate and 25 freed

of the m)|1van31@(uﬁ)He@1§/apMoW)Q&-Q ptydé¥e §@ id, whitish yellow residue

ros. suspendadad Bk GhoBRARICL, 1508, Wl sl M aghlanLe el o an

t he m xtur ef ux ours Was su

renmoved ur{‘ée\égred%ced pressure, the resi due was taken up in 30

di chl oronet hane, the solution was washed with saturated sodium hydrogen

car bonat e 13d| Freparatibrdcifed, Svdichimgoesthmacend f at e. Renoval of the

sol ventlsgave 1, 8-dichl oroanthracene as a yellow solid which was

recrystal | i zedsf o prm@Ranobs BB-4i®hdorSaft k438 nBAR! And éngD o1 AdEory.
Y

Mel ting point ,el2R08:dd 'v;e?'[aaéﬁ'ép?end]e%es #°8Q Je 2 BheP Al ngth weight

1, 8- dlchlorotrlg yeene
us ammonia solution and the mixture was refluxed for

3 hours. After cooling to room temperature, the solid was

20 separated off via a Bilichner funnel. The aqueous phase was
extracted three times with 150 ml each time of
dichloromethane; the solid was extracted a number of times
with dichloromethane while being treated with ultrasound. The
combined organic phases were dried over magnesium sulfate and

25 freed of the solvent on a rotary evaporator. The solid,
whitish yellow residue was suspended in 600 ml of propanol
and 65 ml of 12M hydrochloric acid and the mixture was
refluxed for three hours. The solvent was subsequently
removed under reduced pressure, the residue was taken up in

30 dichloromethane, the solution was washed with saturated
sodium hydrogen carbonate solution and dried over magnesium
sulfate. Removal of the solvent gave 1,8-dichloroanthracene
as a yellow solid which was recrystallized from propanol.

35 Yield: 9.4 g (38 mmol) = 42% of theory.
Melting point: 155°C (literature: 156-158°C)

1.2 Preparation of 1,8-dichlorotriptycene

40 6.97 g (28 mmol) of 1,8-dichloroanthracene were suspended in
120 ml of 1,2-dichloroethane and the mixture was heated to
reflux. 3.2 g (31 mmol) of n-butyl nitrite were added to the
yellow solution, and a solution of 4 g (29 mmol) of
anthranilic acid in 25 ml of 2-ethoxyethyl ether was added

45 dropwise to the resulting mixture. After half an hour, the
solvent was distilled from the black solution until the
temperature at the distillation head was 150°C. After



40 6.97 g (28 mmol ) of 1, 8-dichloroanthracene were suspended in 120 m of
-1, 2-di chl coos0srg3and the mixture was heated to ref lux. 3.2 g (31 mol)
of n-butyl nitrite were added to the yellow solution, and a solution of 4
g (29 nmol) of anthranilic acid in 25 m of 2-ethoxyethyl ether was added
" 45 dropwi se to the resulting mxturego,After half an hour, the solvent was
distilled fromit.he.bl ac ol yti,on til the  tenperature at the
distillation E.?gga%&\%% (1‘%;(;509 Z% e?m%gﬁé)/%%g‘il%?nhé(&ai‘-fl?onﬂtﬁ M XHU¥S0 mol )
of maleic anhy@Fi B8ELWRE Fox: Gheee ipinutes) uxekpaamenthy eeoaliedubysmeans
subsequent |y @fokadi¢sbatdansd of salutioabafh6aml afsabthamosl 08467 wl of

met hanol , 34. #atkroénd viatelofapdt 8sgi v hpatessddiMaky drexi dRiemsthhen added.
The 5 brown selrotnWes1{d Waer ed1oéfedind fvas (el 8 '&ﬁé{ﬁ-}i t in a
ratio of 4:1 unt bl 4he Wasl.AYS. NEf §50), gfégas%“igg?fﬁei;go iﬂgéﬁeéo' ' d
was di ssol ved dn_2- U{Ba{n?e, agm Xe ,wit% U0 5761 “3cTiViitted 8%r bon and
this nmixture was PeftiR&d £8F191° HHEPOLNRT et RrPRERRORE nfadmiKed Aty at ed
carbon, the clf88r™qPEAkivaredazarkaic antr bhis) Mixtoyeporsitiediuaed fdre
product was &QReohewrt Afdeysfaltering ofd tid raqydvated. caidint,i @he 0flear

met handl0 r esulsbedtion arassicahtézetd i Bf Evapdiert iBhOSNE tthel BRodREPGHE Ccan

b talli ; Yi : A = 62%
e recrystal |l aZ@dwéd A8 2rh4tanPise ikPa kg% 9%%%%%5?2A5é%ﬁfgmokk

Mel ti ng point: I 3 re. 9.9 i_on of
1, 8- bi s(di pheﬁe%g%rgbsﬁpPﬁetﬁ%)l'?%ﬁg%/c%%estfaigl 1o é’ﬁsfﬂg‘f eI BFPAUGt o kP t h
excl usi on of 8%9 BRE SfE WGt EPCTYH A 138t eI @ -R1HEBRORRIS at nosphere. A
solution of 485 ng (1.5 mol) of

9, 10- bé#zo- 1, 8idledh|ored- #4gl0iditmadroansptacene in 20 ml of 25

t et rahydr of ur saluwhsg gdded : deopw Seie¥estde QoYL §e3¢focgne hour to a
suspension of 82 ng (12 mml) of lithiumpowder in 10 m of

t et rahydr f wr I ad cbeen .cool to -78C . The resulting red

suspensi o(ril'\b/lvaggieept%totﬁ- %Og’!?obrl%gdfelgp‘te?l)élrphsoéq\?gﬁnﬂbfﬁjﬁtyzﬂef‘@r which 772 ny
(3.5 mml) of 30 di phenyl chl orophosphine were added to the filtrate,

cool i n¢% was PrhotiaPsaigreheaxiiadoRusorith mxoMisien i of ekygenr andnwater
tenperature fénr 4 apotiective afdaer gaenevmdsmiferal.l the sol vent under reduced
pressure, the remaining solid was adm xed with

A solution of 485 mg (1.5 mmol) of
9,10-benzo-1,8-dichloro-9, 10-dihydroanthracene in 20 ml of

25 tetrahydrofuran was added dropwise over the course of one
hour to a suspension of 82 mg (12 mmol) of lithium powder in
10 ml of tetrahydrofuran which had been cooled to -78°C. The
resulting red suspension was kept at -78°C for a further
seven hours, after which 772 mg (3.5 mmol) of

30 diphenylchlorophosphine were added to the filtrate, cooling
was removed and the yellow solution was stirred at room
temperature for four hours. After removal of all the solvent
under reduced pressure, the remaining solid was admixed with
water and extracted with dichloromethane. The solvent phase

35 was dried over magnesium sulfate. After removal of the
dichloromethane under reduced pressure, the product was
recrystallized from toluene.

Yield: 392 mg (0.63 mmol) = 42%
40 Characterization:
31P-NMR (CDCl;, 121.495 MHz, 300K): & = -14.7
lH-NMR (C¢Dg, 300.132 MHz, 300K): & = 5.20 (s, 1H, H10), 6.18
(s, 1H, H9), 6.62-7.34 (m, H-Ar)
13C-NMR (CDCl3, 75.469 MHz, 300K): & = 29.7 (C10), 59.0 (C9),
45 122.7-145.6 (C-Ar)



wat er and extracted w th dichl oronethane. The sol vent phase 35 was dried

- over magnetﬁ] d; fte. After renoval of the dichloromethane under reduced
pressure, e product was recrystallized fromtoluene. Yield: 392 ng (0. 63

mol ) = 42% Characterization: = -14.7 31P-NVR (CDC13, 121.495 MHz, 300K):

" S 1H NWR (C6D6, 300.132 MHz, 300K): g =5.20 (s, 1H, H10),6.18 (s, 1H H9),

6.62-7.34 (m HAr) 13C- NMR (CDC13, 3 469 Mz, 300K): b =29.7 (O,

59. 0( C9) , EXsmpde % 145.6 (C Ar) 0050/51831 33 Exanpl e 2:

1, 8- Bi s(di phenyl phosphi no) - 9, 10- et hanoant hracene' (ligand B): 5 2.1 The

preparation ofi, 8-Bisl| diphen9aphbsHiens -9a30 LA HdrRAneHEadéne QQS.%Bh@eéj)-' n 1.1
2.2 1, 8-Dichl oranthracene was reacted with ethene in a D els-Alder

reactio 0, a4 8- dIC d|h ro-9, 10- et hanoant hr acene,

usi ng t%er2 ﬂo Sr%lg 054? a%ég‘f%‘%ﬁﬁa ©88gyas FarrifRd BReRF ati on
of 1, 8-bi s(didBﬁﬁﬁ d<phi 910) 9, 10- di hydro- 9, 10- et hanoant hracene 15 was
carri ed out by lithiat | on and reaction with diphenyl chl orophosphane, as
descri bed2i.a 1,8-Did¢hloramthadcene ofast heactédlwitthc e@Rén®nirofa transi ti on
get al ] colrrplheges%\izi}iﬁujiﬁaadel&f e Gevaul a | ZO%Exa;S)l e % _1&12 6 ng 01‘25
i car bgpy! rhodi g 1 9pe51t Mol te gr;(g AE2C AN s o

1, 8- bi s(di phep sphi an netar ra =51

gLR&? i 3’;18)5 ghﬁé)" 0(1?1%3 eﬁ%

nmol / nol ) were dirssol've '§Gg§equent |y heat ed at
1000C for 30 minutes under a synthesis gas pressure of 10 bar (H2/CO
at nospher é-ha¥hagrzepmsiagiona®fo of 1:1) in an autoclave. 5 g of 1-octene
were then adda¢8-lis(diphenylphosphino)-9,10-dihydro-9,10-ethanoanthracene
'15 was carried out by lithiation and reaction with
diphenylchlorophosphane, as described in 1.3.

II Examination of the catalytic action of transition metal
complexes with ligands of the formula I
20
Example 3:

1.6 mg of dicarbonylrhodium(II) 2,4-pentanedionate
(Rh(CO)jacac) and 19 mg of

25 1,8-bis(diphenylphosphino)triptycene (ligand A, ligand:metal
ratio = 5:1 mol/mol) were dissolved in 5 ml of toluene and
subsequently heated at 100°C for 30 minutes under a synthesis
gas pressure of 10 bar (H;/CO atmosphere having a molar ratio
of 1:1) in an autoclave. 5 g of l-octene were then added, a

30 synthesis gas pressure of 5 bar was set and the temperature
was held for 4 hours. The reaction product was analyzed by
gas chromatography. The conversion based on l-octene used was
43%. The selectivity to the formation of nonanal was 92%. The
proportion of n-nonanal was 99.2%.

35

Example 4:

1.6 mg of dicarbonylrhodium acetylacetonate and 57 mg of
ligand A (ligand-metal ratio = 15:1) were dissolved in 5 g of

40 toluene and subsequently heated at 100°C for 30 minutes under
a CO/Hy (1:1) pressure of 10 bar in a glass autoclave. 5 g of
l-octene were subsequently added and a synthesis gas pressure
of 10 bar was set for 4 hours. Analysis of the reaction
product showed a conversion of l-octene of 77% with an

45 aldehyde selectivity of 98% and a linearity of 99%. The
proportion of o-aldehyde was 100%.



30 synthesis gas pressure of 5 bar was set and the tenperature was held
*for 4 hourgosdpsigeacti on product was anal yzed by gas chromatography. The
conversion based on 1-octene used was 43% The selectivity to the

formati on of nonanal was 92% The proportion of n-nonanal was 99.2% 35
"Exanmple 4: 1.6 ng of di carbonyl r hodi Y acetyl acetonate and 57 ng of |igand
A (Ilgandl{mtal tio = 15:1) were di"ssolved in 5 g of 40 toluene and
subsequent "'I%St 8 at 1000C for 30 minutes under a CO H2 (1:1) pressure
of 10 bar in a glass autoclave. 5 g of 1-octene were subsequently added
and a synt hesilsbgag pf edbrarbonglri®ihar avesysatefoiatd, hosinsg Analiyshe of
the reaction W@dﬂCﬂGSﬂ‘i@Vﬂjt&lﬁﬂéﬂ Istdeph@he 1- OCt ene ﬁf 77%w th an ;15

al dehydes sel eqtr bt t, % e_ QRO. ion_o

a- al dehyde vvac( Jsg Q,eQOSI_fOIﬁS %}y %éﬁ-,ql},é ¥58511lgrg Iprﬁi-{ - cag)b h FFh%di um
acet yl acet ona and FPERauEn ﬂ)ﬁe ‘iﬁ §|5h fAg>C 5
(triptyphos: trfl 5 Qth%cﬁq{ﬁ‘eré%fb) Pregsupe 19f i bardirsal ved in
5 g of tol uen&lafg %m@q'n’@nt Pyghefatledcaend 00e fsmbs8quentiiyt @sidetgetha

CO H2 (1:1) pmeéssure wis heakad to m0°gl 856 AWyeEha¥es &g ﬁ%séu?&t&ﬁe vvere
subsequent | y addedr #wie se¥ Xbyr g rvtﬁ&sheﬁhsﬂyéfls Jo?fthé”Peﬂcﬁ%’ﬁt £845cY
pressure of 1@,hweaaa JBfea8lioh o8c 4 AL ShixBlad S degaat! on Product
showed a convers ?EI g)o (%ct9 ? 3 A)V\A?h an ﬁgd% ¢PFvity of 92%
and a linearity of 9 }:Y‘Ph opdt 8 on"ERr LR eﬂfdec’ﬁ?deT}i}\%sPrP@@%@B & anpl e
6: 5.42 mg of Otd’lag I"‘?aﬁoélg%n acetyl acetonate and 181.3 ng of ligand B
were separately dlssolved in 5.5 g each of diphenyl ether, conbined and

pr eact ihbaEsdmpte 1M0C for 30 m nutes 20 under a synthesis gas pressure
(COH2 = 1:1) of 10 bar. 11 g of 1l-octene (purity: 97% of 1-octen;

remai nder: inge e nt.l dded b ns_ of a |ock,
and the m xthj waljng d}{:éﬁg? g?lat e?gg{i %’gﬁj’&%ﬁg Bt%a%’ﬁ? 143 a9
Analysis of the’ reaé? 51 SpF BTy Héﬁﬁ% ¥#d §&s5-5 g each of diphenyl
her, comblned and preactivated at 100°C for 30 minutes
20 under a synthesis gas pressure (CO:H, = 1:1) of 10 bar. 11 g
of l-octene (purity: 97% of l-octen; remainder: internal
octenes) were subsequently added by means of a lock, and the
mixture was hydroformylated at 100°C and 10 bar for 4 hours.
Analysis of the reaction product by means of gas
25 chromatography indicated a conversion of l-octene of 98%. The
aldehyde selectivity was 96%, the proportion of n-aldehyde
was 99% and the proprotion of a-aldehyde (n-aldehyde and
iso-aldehyde) was 100%.

30 It can be seen from this that use of the novel catalysts
enables terminal olefins to be converted into terminal
aldehydes with high linearity and very good activity and at
the same time with minimal isomerization to internal olefins.

35

183/sg
40

45



25 chromat ogr aphy indicated a conversion of 1-octene of 98% The al dehyde
: selectivitaqggz;éﬁ%?é the proportion of n-aldehyde was 99% and the
proprotion - hyde (n-al dehyde and i so-al dehyde) was 100% 30 It can
be seen fromthis that use of the novel catalysts enables term nal ol
"to be converted into termnal aldehydes with high linearity and very
activity and at the sane tinme with ni mal isonerization to interna
35 183/sg 40 45 0050/51831 35 Patent clains 1. A conpound of the

ol efi ns.

formul a | PRtRRt1Q14dms 15 where R4 Al and A2 are each,

anot her,

efins
good

i ndependent |y of one

B, NN Por CR5 where R5 is hydrogen, alkyl, cycloal kyl, aryl or

het eroaryly, Xa ofiposha N2 +8E Sofhysal gnt bridging group, where Ra is

20

hydrogeny al kyl, cycloalkyl or aryl, Yl and y2 are, independently of one
another, radicals containi R} at | east one pgosphorus, arsenic or antinony
atom where the phosphorus, ni cAfr antjfrony atomis 25 bound directly
or via an oxygen atomto gzhe yl }k 1n foymula |, Rl, R2, R3 and R4
are each, independently of o thgpr rogen, al kyl, cycloal kyl, aryl,
al koxy, hal ogen, 30 NE1E2, al Kyl en&* , trifluoronethyl, nitro,

al koxycgy bonyl or cyano, whereykl and E2yare identical or different and
are each al kyl, cycloal kyl or aryl. 2. A conpound of the fornmula | as

defined in claim1 in which A (I)
where
15 Al and A? are each, independently of one another, B, N, P or

20

25

30

35

40

45

CR>, where R5 is hydrogen, alkyl, cycloalkyl, aryl or
heteroaryl,

X is 0, 5, NR2 or a divalent bridging group, where R2 is
hydrogen, alkyl, cycloalkyl or aryl,

Yl and Y2 are, independently of one another, radicals
containing at least one phosphorus, arsenic or antimony
atom, where the phosphorus, arsenic or antimony atom is
bound directly or via an oxygen atom to the phenyl ring
in formula I,

Rl, R?, R3 and R? are each, independently of one another,
hydrogen, alkyl, cycloalkyl, aryl, alkoxy, halogen,
NElE2, alkylene-NE!E2, trifluoromethyl, nitro,
alkoxycarbonyl or cyano, where E! and E2 are identical
or different and are each alkyl, cycloalkyl or aryl.

A compound of the formula I as defined in claim 1 in which Al
and/or A? are/is CR5, where R® is a polymeric support which
may be bound via a spacer group.

A compound as claimed in either of the preceding claims,
wherein ¥! and Y? are each, independently of one another, a
radical of the formula PR6R7, P(OR®)R7, P(OR6)(OR7), OPRER7,
OP(OR®)R7 or OP(OR6)(OR7), where

R® and R’ are each, independently of one another, alkyl,
cycloalkyl, aryl or heteroaryl which may bear one, two or
three substituents selected from among alkyl, cycloalkyl,
aryl, alkoxy, cycloalkyloxy, aryloxy, halogen,
trifluoromethyl, nitro, cyano, carboxyl, carboxylate,



35 and/or A2 are/is CR5, where R5 is a polymeric support which may be bound
*via a spacgosgyeugszi3- A conpound as claimed in either of the preceding
clainms, wherein Yl and y2 are each, independently of one another, a 40
radi cal of the fornula PR6RY, P(O?G) R7, P(O?G)(O??) OPR6RY, 03(0?6) R7 or

"OP (OR6) (OR7), where R6 and R7 are _independently of one anot herh
al kyl, cycl oal kyl ryl_or heteroar h may bear one, two or 45 three
substituents sel eceli%‘gl’f °8AY antid CaRkG N%%I @é’ldkﬁ‘llkyl%ﬂ%ﬂNElE’frkWre El

cycl oal kyl oxy, ar yFRkE? ﬁé?o@%rdeflﬂﬁﬁfiﬂemmhyl nitro, cyano, carboxyl,
car boxyl ate, 0050/51831 36 acyl, SO3H, sulfonate, NELIE2 and
al kyl ene- NELERS anblere #chetdod FPLRred pheshhdrars %QBMeancPr if6 pRBLe Y,

togetherswith the Q@%&%gﬂsa@&ﬂ@)a@g Ich 26 Lre B ﬁqgerg aton( s) to
whi ch they are bouéqufm% @?ﬁ eterotc\xﬁ J;gg ;(836#/1{“ \Aﬁ % r

additionally be fus
heteroaryl rings,"iteC8er hE"? f¥ed! Sﬁeg‘l’f’tﬁ}ﬁ? Fféd'e%ﬁ b?élél/or W]‘%:R-,fp@rlrdént ly
of one anot her, oriémgts\mWh?m gehepfubedron roupst méyierdch behect ed from anong

al kyl , al koxy, haliogepend&itty «fulohenahethdy¥5lbae, atwy) aneedEoE2oyd t 1O,
cyano, 1earboxyl asubstatbexys Al eaRdd e dndfg hgil'?fPC)é%c? gayhalo

addi tionally cont on h 208 “selh e m_ano N,
and S. 15 4. A coaédglligxi%gfo a“i{% (;;ﬁ 5 §‘i_\hg‘ép&é‘cg , vvherel n

X is a Cl-Cl0-al kylene et}\%em??ﬁ%“@ﬁ f our
doubl e bonds and/ #9%Hy B2k fy cFr?é‘tathoon‘?(Prt fWeehekeraatons () t$a Leasted

sel ected from anmorfgoal R?Png % Korpd Hal ogen, nitro, cyano, carboxyl,
carboxyl@te, cycloalkyl and aryl, where the aryl substituent may

addi tionaldy heaobmpbéndtaw E\Baeﬁu SRS birt 8Dt Sy 32138 iy €6 a il 8P8g,
al kyl, al koxy, hal ggen SCBHalsuI fonate, 25 NEl%Z al k%/l enael ﬁéngg

nit [0p | ko ar bo and cyano, and/or, the al kyI ene
E);: ngo;{omﬁ;g e it &r PP 1éaag%ycloeﬁlg gﬁ&ﬂg%rm’t%the@aﬂo?ﬁﬂﬁad@eﬁ?e' Wibsti tut ed
or unsubstituted Pfé‘lréﬁo%’fo’?%’r 8RYPLe kandls and/or may bear one, two,
three or four substituents selected from among alkyl,
alkoxy, halogen, nitro, cyano, carboxyl, carboxylate,
cycloalkyl and aryl, where the aryl substituent may
additionally bear one, two or three substituents selected
from among alkyl, alkoxy, halogen, SO3H, sulfonate,

25 NE!E2, alkylene-NE!E2, trifluoromethyl, nitro,
alkoxycarbonyl and cyano, and/or the alkylene bridge X
may be interrupted by one, two or three nonadjacent,
substituted or unsubstituted heteroatoms, and/or the
alkylene bridge X may be fused with one, two or three

30 aryl and/or heteroaryl rings, where the fused-on aryl and
heteroaryl groups may each bear one, two or three
substituents selected from among alkyl, cycloalkyl, aryl,
alkoxy, cycloalkoxy, aryloxy, acyl, halogen, SOs3H,
sulfonate, trifluoromethyl, nitro, cyano, carboxyl,

35 alkoxycarbonyl, NE!E2 and alkylene-NE!E2, where E! and E2
may be identical or different and are each alkyl,
cycloalkyl or aryl.

5. A compound as claimed in claim 4, wherein X is selected from
40 among radicals of the formulae II.1 to II.10

45



al kyl ene bridge X may be fused wth one, two or three 30 aryl and/or
- heteroarylodddasrgafere the fused-on aryl and heteroaryl groups nmay each
bear one, two or three substituents selected from anong al kyl, cycl oal kyl,
aryl, al koxy, cycloal koxy, aryloxy, acyl, hal ogen, SO3H, sul fonat e,
“trifluoronethyl, nitro, cyano, carbo§§l, 35 al koxycar bonyl, NE1E2 and

al kyl ene- NELE2, where E1 and E2 may~be identical or dlfferent and are each
al kyl, cycloalkyl or aryl. 5. A conpound as clainmed & i R4, wherein X
IS selected from 40 anong radicals of the fornulae I1I. .10 45
0050/51831 37 5 R8=R91 (11.3) (11.4) 1RR R9RRIO R1 RIO R11 ~Z T
7 (. ) .gb cl{g%g3op(8113;©) wher e is 0, S féte 35 R16
is alkyls cychoalk r aryI lor Zis - C3- aIker af|dge whi ch may
contain a dou nd and/o-— ear an al kyJ;{ cycl oal kyl o aryl
substi tuent, ere the aryl substituent may bear one, two'40 or three
substituents sektecipd from@mag al kyl, glztkozy, hal ogen,(1303H, sul fonate,
NELE2, al kyl ene- NE1E2,

8
10 R R gs R9 R10 R? R10
15 (II.5) (IT.6) ' (II.7)
RE RY9 R10 Rl R? R1o
20 R12 R1l4 R12
13 R15 R13
R R15
(II.8) (II1.9)
25 RS RY
30 (I1.10)
where
Z is O, S or NR!6, where
35 R16 is alkyl, cycloalkyl or aryl,

or Z is a C;-Ciz-alkylene bridge which may contain a
double bond and/or bear an alkyl, cycloalkyl or aryl
substituent, where the aryl substituent may bear one, two
40 or three substituents selected from among alkyl, alkoxy,
halogen, SO3H, sulfonate, NE!E2, alkylene-NE!E?,
trifluoromethyl, nitro, alkoxycarbonyl and cyano,

or Z is a C;-C3-alkylene bridge which is interrupted by
45 0, S or NRIS,



trifluoronethyl, nitro, al koxycarbonyl and cyano, (11 5) Il 6 or Zis a
* C2- C3- al kybesesbiggdage which is interrupted by 45 0, S or NR16, 0050/51831
38 R8, R8', R9, RO', R10, R1l1, R12, R13, R14 and R15 are each,
i ndependently of one another, hydrogen, alkyl, cycloalkyl, aryl, alkoxy,
- hal ogen, S@BH, sulfonate, NE1EZ2, allkyd ene-NE1E2, trifluoromethyl, nitro, 5
al koxycar bonyl _, cagboxyl _Qt ng,, 6. campaynd as c¢clainmed in any of
claims 3 to 5,R8wr1§? ei ﬁngga'ng){@t llt'oﬁlezﬁ\h%l(rarvﬁq?ha‘%é*lph%"sepi‘?@f’i}s atom and, if
present, the oxygEHeReFRERTLY Pivdnehappelerr dySsaaens alhya,5- to 10
8- menber ed het er ocSxd1l@alkhér eaf36 ,ard kBXy arke lfoggal, heo i sadfemdte Sel ect ed
from anong the radigials 4lkhene-tE!®,asrdeficieshethy1¢! @idRdd. 7. A conpound
as clainmpd in any OfkdxyRaPbE&sEL) f&r%ﬁ%ﬂsoff\@g%%oi.s 15 selected from anong
conmpounds of the fornmulae I.i to |I.v 20 PR2 PFP2 (r.i) 25 30 A2 F'2P
PRa2 35 4(%) 4 0050/51%31 39]@3"‘%3 15 where Ra is selected from anong
Cl- C6-al kyl, CL-BPIPRExSS CI&@Med. ty dWa¥oky2iBhehyio, Sphuhrpging®g and
pent af | uor ophehyFOIetpRr &7itthe thA cPRISPhAY S pAiPIO@Nd, adif cpteseamey bbar a
oxygen atom(s) to which they are bound form a 5- to
10 8-membered heterocycle, where R6 and R7 are together a radical
selected from among the radicals II.S5 to II.9 as defined in
claim 5.

7. A compound as claimed in any of the preceding claims which is

15 selected from among compounds of the formulae I.i to I.v
R¢ R¢
b ‘., ¢
R Rb Rb R
A2 2
20 Al A
Al
PR3 PR
SR f Hp
(I.1) ‘s
25 (I.11)
Re
R 2
30 Al
?
PR, ¢
PHy
(I.iii)
35
40

45



20 substituent selected from anong carboxyl, carboxylate, -SO03H and
'sulfonatenqé§qﬁ§¥ﬁ Rc and Rc' are selected i ndependently from anong

hydr ogen, - -a.i@l, Cl- C6- al koxy, Cl1-C6-al koxycarbonyl 25 and aryl, Rd
and Re are sel ected independently from anong hydrogen and Cl1-C6-al kyl, 30
"Rf and Re are sel ected independently _from anong hydrogen, Cl1-C6-alkyl and
Cl- C6- al koxy, and 35 Al and A2 are edéh, i ndependently of one another, N or
CR5, where R5 is hydrogen or Cl-C8-fl kyR® 8. A process for preparing a
conpound of the formula | in which s a radical of the fornulae 11.1,
11.2, 11.3 or I1.4 R8 , RO 40 454 B RO9 RBRO RR'Y~ (11.1) (11.2)
(11.3) (11.4) R11 where 0050/ 51B8 R8, R8', R9, R9O', R1O and Rl1l are
each, iqgependently of one anot gen, al kyl, cycloal kyl, aryl,
al koxy, = hal ogen, SO3H, sul f ongf al kyl ene- NEI E2, trifluoronethyl,
nitro, al koxycarbonyl, carboxyl by reacting\g conpound of the

formula |.1 RL 10 15 where P
./////1Z

R SR

R' "me Rf Ro Rf

15 where

R&2 1is selected from among C;-Cg-alkyl, C;-Cg-alkoxy,
Cs-C7-cycloalkoxy, phenyl, phenoxy and pentafluorophenyl,
where the phenyl- and phenoxy radicals may bear a
20 substituent selected from among carboxyl, carboxylate,
-S0O3H and sulfonate,

Rb, RP’, RC and RS’ are selected independently from among
hydrogen, C;-Cg-alkyl, C;-Cg-alkoxy, C;-C¢-alkoxycarbonyl
25 and aryl,

RY and R® are selected independently from among hydrogen and
C1-Cg-alkyl,

30 Rf and R9 are selected independently from among hydrogen,
C1-Cg-alkyl and C;-Cg-alkoxy, and

Al and A? are each, independently of one another, N or CRS,
where R> is hydrogen or C;-Cg-alkyl.
35
8. A process for preparing a compound of the formula I in which
X is a radical of the formulae II.1, II.2, II.3 or II.4

RS RO
RS R?
40 R8 RY R10 Ril
R® R8’ R Ro’ \ ,
. (IT.1) (1I.2) (II.3) (II.4)

where



R3 yb Al and A2 are each, independently of one another, B, N, P or CR5,
-where RS igobgdsegsnm. al kyl, cycloal kyl, aryl, 20 heteroaryl or a polyneric
support which nay be bound via a spacer group, ya and Yb are each,

i ndependently of one another, radicals Y1 or y2 as defined in claim1, 25
“or ya and yb are each, independently‘ﬂ; one anot her, hal ogen, OH, OC(O) CF3
or SOQ3Me V\/nereRd\/e 3 h&@roggn, Il_(%, n%g 9Pr K, where ya and/or_yb can also be

hydrogen if in €ach ' case oreRof e & adtitéareche LiigRsndratlE ofh oaekoxy
group which is | ARMEET nhYHeeI M halhphi toxsiosfikyh, aamdilor afkexy 30 R1, R2,
R3 and R4 are eachhalaggopedoight Isplébnare, aEdEheralkyhyde ageir2, al kyl

cycloal kyl, aryl, tatifdapronetngenni®eBH, alkoiyichepahey, NekESxy1 or

al kyl enes NEI E2, trdyddéQromet hyl, nitro, al koxycarbonyl or cyano, 35 with a
conpound sel ected from anong conpounds of the fornulae Il.a, Il.b, Il.c or
Il.d 40 R8- Cb: C 59 RBR8' C=CROR9' R11 (ll.a) (Il.b) (Il.c) (I1.d)

45 0050/ 51831 X1 FSBFt AP re SPEPdsoh WenpeumdladfIthe formula I1.c or 11.d
ina [4+2]-cycloaddition (xels-Al der reacthn) and functionali zing
radicals ya and/or Yb to formradicakls Y1 % and/or y2. 9. A catal yst
conprislihg at |east one cgnpl@ a of transition group VIIl with

at |l east one |ligand sel ecteddT anp wpodnds of the fornula | as
defined in any of clains Afl/(). A catalyst as clainmed in claim?9,
wherein the nmetal of transitiqQn group VI|I is selected from anong cobalt,

ruthenium iridium rhodium nickel, pal *adi um and pl ati num

15 (I.1)

where

Al and A? are each, independently of one another, B, N, P or
CR3, where R5 is hydrogen, alkyl, cycloalkyl, aryl,
20 heteroaryl or a polymeric support which may be bound via
a spacer group,

Y2 and YP are each, independently of one another, radicals Y!
or Y2 as defined in claim 1,

25 or Y2 and Yb are each, independently of one another,
halogen, OH, OC(O)CF3; or SO3;Me where Me = hydrogen, Li, Na
or K, where Y2 and/or YP can also be hydrogen if in each
case one of the radicals R? and/or R% is an alkoxy group
which is located in the ortho position of Y2 and/or Yb,

30
Rl, R2, R3 and R¢ are each, independently of one another,
hydrogen, alkyl, cycloalkyl, aryl, alkoxy, halogen, SO3H,
sulfonate, NElEZ, alkylene-NElEZ2, trifluoromethyl, nitro,
alkoxycarbonyl or cyano,
35
with a compound selected from among compounds of the formulae
IT.a, II.b, II.c or II.d
R8 RY
40 R? R?
R10 Rl
RE-C=C—RY RBR8'C=CRIRY’
(II.a) (II.b) (II.c) (II.d)

45



15 11. A catalyst as clainmed in claim9 or 10 which further conprises at

"l east one g@wgpgg* | i gand sel ected from anong halides, am nes,

car boxyl ates, acetyl acetonate, arylsulfonates and al kyl sul fonat es,
hydri de, CO, ol efins, 20 dienes, cycloolefins, nitriles, N-containing
“heterocycles, aromatics and heteroarqmatics, ethers, PF3, phosphol es,
phosphabenzenes and nonodentate, bid ate and pol ydentate phosphine,
phosphinite, pHoShREAFTESOHIRYs FhEPERFING ©fafthe g?mﬁm f&-Figandsd 35 42. A
process for thdHAIGEEFbpagdidtiionn (Bieborfdciemdseaomnian)niang at | east one
et hyl eni cal | y unsaturated double bond by reaction wth carbon nonoxi de and

hydrogen in theineresaatez g dadsahas W 288,61 ARE EBrRAWaficagkab® 9 to 11
as 30 hyslrof oryp4ati e catalyst. 13. A process for the hydrocyanation of
conpounds containing at |east one ethylenically unsaturated double bond by
reaction wth hydrogen cyanide in the presence of a catalyst as 35 clained
in any of %l ai aé‘ﬁls*ilc Hedr8cian@assnorat onlex of ameradcess as

clai med in cl dirans2tyen 1Grouph¥I &l rwitie athydest oomylldigand seledtest foemt he
hydr ocyanat i oreroagatyspoursis pifephs efbrinuilsi tUa®yddGaed A aty | 1908
conpoungp of the+407formula | as defined in any of clains 1 to 7, a conpound
or conplex of a netal of transition group VIIl and, if desired, an

activati ng 296Nt in.an_iner ent under the hydrofornylation conditions

|
or hydr ocyarat] 6 CE5RaT t1%F .aigi%gl’s'? CAPodesehersin khe e nWtat i on of

conpounds whi GFaESAtEPH HHOUP ¥akE Theederyrénfran laponaseekakit.ed doubl e bond
by reaction wutheaawhonimighiori dehedicimat nieksl, qrd ladimouat gaaktah@ng a
0050/ 51881 42 nucleophilic group in the presence of a catalyst as clained

in any 'of 1ql.aileaBalpstllasie162h0@M 2hiaQR 63821 WStnidf sdfigeyse of a

t al yst ' h 5 g: | ai med |
any of ol ai mh P RS & ReaeEidne HERIENS) {iken selreted CxeBongPRt o, |
%oreft n ad‘ﬁ“&%m??’i%‘f Yo t&fd B‘F%W]T?Ceﬁm‘?ﬁ%‘ri zation and for

hydr ogenati on,
met at hesi s. arylsulfonates and alkylsulfonates, hydride, CO, olefins,

20 dienes, cycloolefins, nitriles, N-containing heterocycles,
aromatics and heteroaromatics, ethers, PF3, phospholes,
phosphabenzenes and monodentate, bidentate and polydentate
phosphine, phosphinite, phosphonite, phosphoramidite and
phosphite ligands.

25

12. A process for the hydroformylation of compounds containing at
least one ethylenically unsaturated double bond by reaction
with carbon monoxide and hydrogen in the presence of a
catalyst as claimed in any of claims 9 to 11 as

30 hydroformylation catalyst.

13. A process for the hydrocyanation of compounds containing at
least one ethylenically unsaturated double bond by reaction
with hydrogen cyanide in the presence of a catalyst as

35 claimed in any of claims 9 to 11 as hydrocyanation catalyst.

14. A process as claimed in claim 12 or 13, wherein the
hydroformylation catalyst or the hydrocyanation catalyst is
prepared in situ by reacting at least one compound of the

40 formula I as defined in any of claims 1 to 7, a compound or
complex of a metal of transition group VIII and, if desired,
an activating agent in an inert solvent under the
hydroformylation conditions or hydrocyanation conditions.

45 15. A process for the carbonylation of compounds which contain at
least one ethylenically unsaturated double bond by reaction
with carbon monoxide and at least one compound containing a
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16.

42
nucleophilic group in the presence of a catalyst as claimed
in any of claims 9 to 11 as carbonylation catalyst.

The use of a catalyst comprising at least one compound of the
formula I as claimed in any of claims 1 to 7 for
hydroformylation, hydrocyanation, carbonylation,
hydrogenation, olefin oligomerization and olefin
polymerization and for metathesis.



