- 6 AUG 2004 Phosphor, Arsenic And Antinony Conpounds Based Upon

Di arayl - Annel | ated Bicyclo[2.2.n] Parent Substances And Catalysts =5 AUG 2004
Cont ai ni ng Same The present invention relates to conpounds of phosphorus,
of arsenic and of antinony, to a process for preparing themand to a

catal yst conprising at | east one conplex of a netal of transition group
VIl wth sucPh@pkoryArsenicd Aad Antigeag Compeunds BasdiUpon DidratleAnnenstedt €s to t he
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car bonyl ati on, hydrogenation, olefin oligonerization and olefin

pol ynmeri zation and for netathesis. Hydrofornylation or the oxo process is
an inportant industrial process enployed for preparing al dehydes from

ol efins, carbon nonoxi de and hydrogen. These al dehydes can, if desired in
the sanme process step, be hydrogenated by neans of hydrogen to form the
correspondi ng oxo al cohols. The reaction itself is strongly exothermc and
gener al | y THeoPEERENY idwviention erladesheei compsuadsup phospbbeysy exf
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these i s@kigbmerizeatiossand elefinapdiywelc Zatdgnenid fopr ndoathiwiies over the
| soal dehyde and, awing to the significantly greater industrial inportance
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general , BAY Mlﬁi‘tﬁﬂ by glanereg-cgyy@gmlng ligands to influence the '

activity and/or selectivity. The hydroformylation reaction
results in formation of mixtures of isomeric aldehydes because CO
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 iscaldehyde and, owing to the significantly greater
industrial importance of the n-aldehydes, optimization of the
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
and/or activate the catalyst metal. BExamples of suitable
phosphorus-containing ligands are phosphines, phosphinites,
phosphonites, phosphites, phosphoramidites, phospholes and
phosphabenzenes. The most widespread ligands at present are
triarylphosphines, e.q. triphenylphosphine and sulfonated
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
aldehydes even at generally very low ligand excesses, but these
ligands have the disadvantage of a low stability which, combined



gi ve satisfactory yields, in particular of |linear aldehydes. On the other
hand, chel ati ng phosphites give high yields of |inear al dehydes evenb &U6 2004
generally very low |ligand excesses, but these |igands have the

di sadvantage of a low stability which, conbined - 6 AUG 2004 2 wth their
relatively high acquisition costs, has an adverse effect on the econom cs

of the hydrofornyl ation process. Bell eg et al., Journal of Mol ecular
Catal ysis A .10 1995 5 pages 17-85, describe rhodi um containing,
phosphi ne- rr"é%i‘?’? f*é‘%%af%ﬁ/%‘t"sﬁﬁoPlﬁhea%ﬁérb?m%ﬁﬁ%nha@fan @dviesEki ng
ol efi ns. DEZR{e™s oBo8heeepnamviceat cttealhydref drampihitaon process.

" 4, 5-di phosphi noacridine |igands. These are suitable for 10 catal yzi ng
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Furt her nog eyadeiett 7288, SRl Liel “%w.“t"&%l e%\(/)\?%te{clgfg%? o nfgwn)fgrgggg]f myl ati on,
car bonyl at i%&alg,g go %/éqit .on, . _hydroge SEFRMILM 0 PRERRLAS Bipdified

hydr osi | yl aton; % Ié 4R Y GROL PIBHEL L 9Rt 9 o OWePed sird REEigSand

netat hesis. The latter is not Z'5 evidenced by exanples in the docunent.
Di sadvant adi#s-20196 h%a® 50 idgandibey eathei st urleacahed nul ti stage synthesis

and the ang,e-debhbssieindaceldise Lnrifgaxaaaabh?esfeo%fgggﬁ@%g;fggdizgm In
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T e o o0y I AL s S T e er
24, page X d)g - 1Y ATYSK fe Phesuidpblnefes of
bi s(di phen\IZHROEFHIH QY EREPERELA T 936 dcarbantlatdonnecaraidydar bbuy an,
di benzot hi &yHsageratiotanbitdnecyrratd bn pobeixdsddy13HEon U5 19het DESE O MPOUNds
i1 catal ysiisoner ot itascribes. colip1Bhg s HeRAERe 01 o | RS 16PPDOUIS, A ©
L avor 8b1 g ofan e aeeRoL P dn CHE aGdAlee, BEsfithiadggcot ey S
unf avor abl ‘iiE hds &gl q%g@? é‘%%)l.téglw(linmu t%ar‘éome all1cs 5.7 1%, Sﬁ’a e
3081ff, vap Leeuven § “al . eScTf pe THET8JRt AERTResdr end|the myyle
phosphi nes “baged SN Kdnt el VT B4t Y fedetiing arwdiveir use as
cocatal ysts in the |ow pressure rhodiumcatal yzed hydrofornylatio n of
a- ol ef i ns. In[FetmhhedrayebetfenshevolingAigs NoL €13 Nepaeapkb 67¢ £0 1Ry hesi s of
the par @ot iKamdtremedsbn ULétier sandolife RGERSL LY, Qladdsl A 85 SRYRY Lihye
or ganomet akhi CheTBRHNS2A N Jae $YBENEY1991) IHRLAIAT TH! 8! O LABESRRS
g E¥§%ﬁéé¥§ E? b£§¥ﬂf§ﬁgkyigﬁggihino} chelates based on anthracene,
dibenzofuran, dibenzothiophene and xanthene parent molecules. The
use of these compounds in catalysis is not described.
25 pisadvantages of these compounds are their multistage synthesis
and, once again, the angle of bite which is unfavorable for
chelating rhodiunm.

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-clefins.
Disadvantagec of these ligands aic the complicated synthesis of
the payent manthene structure and the nacecgiey 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 Catalysie with organometallic Compounds”,
volume 1, VCH Weinheim, page 465ff, describec the hetorogenesusly
and homogeneously catalyzed addition of hydrogen cyanide onto

45 olefins in general terms. Catalysts used are, in particular,



| i gands are therefore econom cally di sadvant ageous. The catal ytic

hydr ocyanati on of olefins for the preparation of 40 nitriles |ikew 5§ M0
great industrial inportance. "Applied Honbgeneous catalysis with

Organonetal lic Conpounds”, volume 1, VCH Weinheim, page 465ff,

descri bes the heterogeneously and honobgeneously catal yzed addition of

hydr ogen cyani de onto 45 olefins in gegeral terns. Catalysts used are, in
particular, - 004, 3 catal ysts based on phosphi ne, phosphite and
phosphoni t €% I5§§e aseqt of PROFPUIRE pRPPERPLTR and ehgaRrbemitd comRlessy, 3,
page 33ff ,ofCmacked| arth rtlladiug. describe the catal ytic hydrocyanation of
olefins in the presence of nickel (O phosphite conplexes taking specific
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conpl exes. Nmesefltmﬁdﬁvaiﬂ@mﬁibrwcﬁﬁetaﬁﬂur@ rédeyYehfe P Rpiréped and/ or
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i nvention %ESﬁsfliw'%eﬂt O‘f!'lél:ﬁ.s &ﬁ%gm%ﬁulhhﬁreferably be suitable as
ligands for transition metal complexes of metale of transition
group VIII 50 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
bicycle[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

R1 R3

R2 X R4

40

(1)

45 where



formula | 40 (1) 45 where -5 AUG 2004 4 Al and A2 are each, independE tu)f
of one another, B, N, P or CR5 where R5 is hydrogen, alkyl, cycloal &I 004
aryl or heteroaryl, x is 0, S, NRa or a divalent bridging group, where R3
is 5 hydrogen, alkyl, cycloalkyl or aryl, Y1 and Y2 are, independently of
one anot her, radicals containing at |east one phosphorus, arsenic or

anti nony atom where the phosphorus ﬁrsenic or antinony atomis bound
directly or_yi an _ox n at t he phen rin n formula I, Rl R2,
R3 and R4 dte® 83c% qrﬁdSégﬁdeﬂi °BhYY ffo éra“‘"ﬂlﬁfwoﬁen N, % 18A CR®,
cycloal kyl , aryfheT® R3x3c hydirogen, abomd, cyahesllare- NEYEXT theteiroarphet hyl |
nitro, al koxycarbonyl or i5 cyano, where E1 and E2 are identical or
different and ai« cgagh nad kot ,a Q!G&M'&(ergﬁlﬁé YdroubQ! whéife Bir pgses of the

present i ventqﬁpyj ke, eéfﬁ gi npasses both strai ght-chain
and branched al O't(f:;;roups gre cechgg 8en to straight-chain or

branched C1- C8 alky groups nore preferably Cl-C6-al kyl groups and
particul ar ¥ apde¥raqisiy inderendant)y of Guiss ADEXARDI CRAGLaAE k§ONtRiaipg ar e,
in particul ar ,atmiebgt, one IpHosppoopy) ,adseapeopy | antiimbry yhtow,- heyk, the
sec-butyl, tertphdsplibrud; paetlic 8r Pei¥lony2avEHh N Bubidk dﬁ%&ag}ﬁwwﬂltyl

d | hyl |,
20 i ek o il Bt L

1, 2- dlnethylbutyl 31 3- dlpethylbut , 2, 3- dlnethylbuty

1, 1- di met hy*buk§d R2apd Rinarsy, paGH y | indepsudentlh MEthaee | angimer,

1,1, 2- tr|nethymﬁﬂopgen.]aIBqutBFqim&@Hmpnople lalddolxy|, bbié Jdbgen , 2 NBLER,| but yI |
| - et hyl - 2- met hyllpybpye-NEFHERSPEVI £1udrbapthyl, ndtbeptylxoxdcaiByhperdy| ,

1- propyl bt yl , c9ahyl - wird @al kyd B25ap& efd@n@@.b¥l%ﬁ1@}e§ fit o2 Bé'regregy
e CcycC oal group

such as 35 ¢ nt cycl ohept
S substltuteé% R?f %*era 9h§§%%382 y3 4 gry , in particular 1, 2 or
3, substituents selected from
For the purposes of the present invention, the expression ’alkyl’
encompasses both straight-chain and branched alkyl groups.

20 rreference is given to straight-chain or branched C;-Cg-alkyl
groups, more preferably C;-Cgs-alkyl groups and particularly
preferably €;-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 3emethylbutyl, 1,2-dimethylpropyl, 1,1l-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,
l1,1-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.

Cycloalkyl is preferably a Cs5-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, 7, 3, 4 or 5, in
particular 1, 2 or 3, substituents selected from among alkyl,
alkoxy, carboxyl, carboxylate, trifluoromethyl, -sSO3H, sulfonate,



anong al kyl, al koxy and hal ogen. 40 Aryl is preferably phenyl, tolyl,

xylyl, mesityl, naphthyl, anthracenyl, phenanthrenyl or napht hacenyf 6 Al 2004
particul ar phenyl or naphthyl. 45 Substituted aryl radicals preferably
have 1, 2, 3, 4 or 5, in particular 1, 2 or 3, substituents selected from
anong al kyl, al koxy, carboxyl, carboxylate, trifluoronethyl, -Sons,

sul fonate, - 6 AUG 2004 5 NEIE2, alky]lene-NEIE2 , nitro, cyano and

hal ogen. A preferred substitut ed aryl®radical is pentafluorophenyl.

Het er oaryl NESEpr 3idiydisng-PEtE el yitro.pyrarel §9d halegenzoh wrefsriradol yl

car bazol yl ,subsyiitdyéd ampli mefioyl , isagendafyborgphengazi nyl, pyrim di nyI or
pyrazinyl. Substituted heteroaryl radi cals preferably have 1 2 or 3

g o ey

NELE2, al %g il fb

above re 3 r A% 2%& e oal Q’ﬁly 8P§/P° H '03F§1‘3W]1'e§’3’£ﬂ1'31’639’&}sr| y to
al koxy, cydYEaPRgieky 0&'n@Y§F?PéB<1y radi cal s. 15 20 The groups NEIE2 are
preferably N, N-dimethyl amno, N N-diethylamno, N N-dipropylanmno, NN

- di i sopr op\udkt Rfuted\ H¥tdircAr tbﬂcﬁ@aﬂg, %f\éﬂim vyl gmiongr 3
N, N-di cycl gk apdng o leélt |oaa1§? Hal pgg 'SsJ BUOLL{ynate
2prefe a 3]'3 e an

For LQelp%S%og*eQe&%yaﬁae e fora i

lo
r”d’@?FiP%&?s 25 preferably a

derivative of a carboxylic aci d funct ion, in particular a netal
car boxyl at &hag bas bewepl seidsayvef uegbrdingralkydar bpxbed kylf andtanyl,

particul'ar lppdpesierapijes spihodsig €6t £Ixoxdywneht 06a1xhNOX9 hAG! axdA.oxkOr
exanpl e, egh@isapd, Cl - C4-al kanol s such as nethanol, ethanol, n-propanol,

I soprop I, n-butanol, 30 sec-butanol or tert-but anol . Al and A2 are
preferabl’y sel ected among N and CR5. If R5 is alkyl, cycloalkyl, aryl
or hetaryl F hFh@E%“Hsaa’chaI ?r(?agrﬁﬁ%ﬁa%?ty N,N-dimethylamino,

N, N-diethylamino, N,N-dipropylaminc, N,N=diisopropylamino,
N,N-di-n-butylamino, N,N-di-t-butylamino, 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;-Cij-alkanols
such as methanol, ethanol, n-propanol, isopropanol, n-butanol,

30 sec-butanol or tert-butancl.

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 COORkK, COO-M*, SO;R¥, S0;-M*, NE3E%, NE3E4E5+X-,
orf, sSRf, (CHRICH;0),Rk and (CH,CH;N(E3)},Rk, where Rk, E3, E¢ ang E>
are each identical or different radicals selected from among
hydrogen, alkyl, cycloalkyl and aryl; Rl is hydrogen, methyl or

40 cthyl; M* is a cation such as Li*, Na*, K*, NHs*; X- 15 an anion
such as C1- 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



| east one substituent. Preferred substituents of the radicals RS 35 aéau
pol ar " (hydrophilic) groups. The polar groups are preferably selected B AQ0t
among COORk, CO O- M+, SO3Rk, S03- M+, NE3E4, NE3E4E54X-, ORf, SRKf

(CHRI CH2O) . R k and (CH2CHzN(E3)), Rk , where Rk, E3, E4 and E5 are each

I dentical or different radicals selected fromanong hydrogen, alkyl,

cycloal kyl and aryl; Rl is hydrogen, ngthyl or 40 et hyI H* is a cation
such as Li* an ani on such - or Br-, and x is

an integer YH&hH f'a'?g ?%Lerlrlupﬁ%d éy LoV nBPTe GPFe%lmeﬁﬁﬁtﬁ‘&s bound
via a spacefuctyrSuf; FhdvhEheIRFHY is| BYHHTE: aBLliy el eiedlkY bratanong
styrene 45 é&ropGhenellsyland: cbpohy meys alisn peat i foucaional groups such as

styrene-di édgudhanagse aiopolgyseps. (Merrifield resins), polyam des,
am nonet hyl ated polystyrene resins, etc. Suitable spacers include al kyl ene

chains - AUG 00 be [ terru ed by one or. nore _nonadj acent
het er oat ons™ ™ &Qﬁeggrf)egme"&’ﬂﬂs’( %’erpreé ‘%’W&?Sﬁeﬁub%ttll&ltedc%l oJaI kyl or
aryl . The amepbssatebed fs-fay@Hi%do bear functional groups such as ester
and/or amno groups. 5 1In a preferred enbodinment, R5 is hydrogen or
sugstlltut edy10andUPSs et proi ety Cadabkyd coﬁltaitﬂﬂrtx Y% BRsPheEes altlon, %rﬁ
radi cal s o] r | e
radical s &gxmlehmgrar&f%;ﬂg b ggi hmae ga fa@%&@ di@ go;gg " R6)
(OR7), wher a@&c d%ﬁnbeﬁﬁ? ®of one anot her, aI kyl ,
cycloal kyl, aryl or heteroaryl which may bear one, two or 15 three
subst it uentRS anfieRt adef ﬁmam@gmhﬂ%tl}cyﬁl oakkghothea,ylalknl koxy,
cycl oal kyl oxy, cicibatkyl halrgdebr hétdddaiel oukidly imaynbkep, ofy,aree 6ar boxyl ,
gﬁ& b(égy;fée e, aqﬂregas%tueaugfeaﬁ&ed\lgkga amht Plalixy ene%,tr\ri'ﬁlﬁﬁagrk Ier ezgl
|

cycl oal kyl and Ll% %gﬁ' lf gri\nﬁ%’ﬁpt Eﬁlg rug at o?lwland | f
present, the &F ?“&’%iiéa'tﬁ ‘?c Ytaﬁ' d afe. eyl
8- member ed het eﬁ&e?cl"éﬂ\mﬂ’éﬁe &4 And @rgrgﬂ?n%e“‘%ed"%%ﬂow E\8rer
t hree cycl oal kykenitgal and/dolffheem cady larei selsct2d Woemeandra fadkells on
groups nay eaclkybtaalkyhdedeadedf lor of one

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 with

one, two or three cycloalkyl, aryl and/or hetercaryl 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, halegen, nitro, cyano, carboxyl
carboxylate and -503H, sulfonate, NEIEZ and alkylene-REI!E? and
where the heterocycle may additionally contain one or two

3o 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;-Cjo-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, -SOsH, sulfonate, NE1EZ, alkylene-NEI!E?, nitro,
alkoxycarbonyl and cyano, and/or the alkylene bridge X may be
interrupted by one, two or three nonadjacent, substituted or

45 unsubstituted hetercatoms, 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 hetercaryl groups may each bear ¢one, two or



anot her, one, two, three or four substituents selected from anong al kyl

al koxy, hal ogen, nitro, cyano, carboxyl carboxylate and - SOBH, sul f‘cﬁﬁéﬂﬁelﬂﬂﬁ
NElI E2 and al kyl ene- NEI E2 and where the heterocycle may additionally
contain one or two 30 heteroatons(s) selected fromanong N, O and S. The
bridging group X is preferably a divalent bridging group having froml to
15 atoms in the chain between the flanking bonds 35 X is preferably a

C -G o-al kylene bridge, which ontain one two,. three or. four double
bonds and/ o#ﬁree Snllbsqnuentgf Smigf"ﬁ?‘g gr%'f amahg %%Slt'l cfyehraliott e @rdd: fr om
among al kyl 2LK8Rox FYCAIRLKRHAY . 2RVLPBY, Aido, hakpdriey itrié hnorome thyd,

cycl oal kyl =$fbHar phlfopates 2dtrbe eyaro,sebsbosyientaliayyearbdrivanabEyedbear
one, two oraﬁdlraaﬂ:ylsubsmIBJeMrSer%elﬂecéﬁdi Hr ply o Ndeakkihl & keterBat 0gen,

trifluorogeilylare »afRHa1MI, fg gggal | Bd- 28 I ene-NEI E2, nitro,
al koxycar bonyl and cyano, and/ r th al kyl en r| dge X may be interrupted

by one, tvvo or t hr.ee_nonadj acent, _substituted or 45 unsubstituted

het er oat onsTPaad@fdrat nE L IRAr&net bey by PrRifEsbhe 2 Cuseur iR esaebridgs or
three aryl wiHdihor depeeding win thageymdieiod cahieord utedseniarfiseaherilikt &y oar yl
groups may Z2agh ibeayl ontngs wWadPor -cdén Adee20042,7 3 ' gesondsididpeat S

sel lect ﬁdluf’ rme@%agf%rkyéngn%y;awi kyég'cl%raik } & al%%zsxstw&é@&'é&oxy af%' oy
acy alo £i oet.ny anao, car oxy
al koxycar bgjﬁjrlﬁub%tﬁlgiﬁgé il a Ed{ enecal{fEf’Ea Wﬁ%’l E;QL ’Pﬁ:féré‘éy

i dentical of °dﬁ £f BP%‘h*Es*sl%'ﬁ& a?% SHRETIXUESD hQRRICAPRSH or aryI The
radical X is particularly preferably a Cl-C8-al kyl ene bridge which,

dependi ng drhet fesadntreraxyflscar bene aiammalhsxfaxsae@rutéhaﬂly b'anienB SF V!
rings angs Qfaph@Rahene, lin pareidiik M%Eh&ueﬂ‘ﬁa%dlgnsﬁéﬁfé ?13@ &1ong
al kyl, cyc'a}%'f%bfp%mga%&{ St naWBSHOSE et ATy 2 cap

addltlonallsyﬁ nsu stlt cu t|tu¥ed

hf £nterrl¥§iecte¥ h g r
het er oat ons, _ Ihe '?mtaﬂ'é’ Fa K s Ak S’F% W&bl? ¥bnzene or
15 napht halS¥3&oRpEe p aﬁiiFcul"aﬁs‘ﬂéﬁﬁeﬂﬁlEzFu‘ééﬁflﬂWﬂ?@ﬁ‘zbﬁ » M¥gS ar e
preferably canboryl i tQﬂtl@GYSﬁrb@n&el Bndcyang; Rusedaehimaphrhalepes2are
subst i t uEngeserant e difsudst dnmrey alrk phve Al 0)xhe Boh@G@LchSA3HNot
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. 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;-Cg-alkoxy and in
particular methoxy. Alkoxycarbonyl is preferably
C1=Cy-alkoxycarbonyl. Halogen is particularly preferably fluorine
or chlerine.
30
If the alkylene bridge of the radical X is interrupted by 1, 2 or
3 unsubstituted or substituted heteroatoms, the hetercatoms are
preferably selected from among O, S and NR!7, where R17 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!EZ,
trifluoromethyl, nitro, alkexycarbonyl 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=-(C;=Cy-alkyl)phenyl, preferably
45 p-methylphenyl, p~(Cj1-Cy4-alkoxy)phenyl, preferably



sul fonate, NE E2, al kylene-NElE2, trifluoronethyl, nitro, Carboxyl“—ﬁAUGZ%L
al koxycar bonyl and cyano_ Fused-on napht hal enes are 20 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. These
substituents are then preferably alky or al koxycarbonyl. Al kyl as

substituent on F ed- §S pr ferggby Cl-C4-al kyl. and in
particul ar QERQ%ﬁGKyp %?ihtuﬂﬂ ﬂ&Pp %ﬁX HREGEer 2P >87CP%°ﬁPEﬁ%ﬂﬂ%bI9"d

Cl- C4- al koxB-did 1PR* Py Reaylmet hoxy. Al koxycarbonyl is preferably

Cl- C4- al koxycarbonyl _ Hal ogen is particularly preferably fluorine or

chl or ine. 3fh lf p'frageﬁi'é‘d/ leg:%d%bﬂge 0fi gl Ee?éﬁﬂlééﬂh cﬁéf—élﬁl&?éﬁé’%ﬁ%d&y 1, 2
or unsg ut.e at ons e r

pr ef er abl y se %rtgcthi %[d e §“{ i giil%gé'l%ﬂﬁf aln F@L'f%ugéﬁoﬁo?é n

cycl oal kyl RSFTAF SSC}H TAfdCa g X ey dge ?bf°rt HesPﬁﬂ‘i’c‘ﬁie“Xsl s
substlth(ﬂﬁeLeFtﬁﬁsfH9m among @ﬁth¥%¢Hﬁ§$NﬂuemnEanmlehlﬁ@+RﬂQPﬂ@neﬁebu&U§/

sel ect ed frsEn-barphg terdoHbutgycl baldgen and aXkyloxyeetpoiyle, aryl substituent
may additionally bear 1 2 or 3 substituents selected fromanong 40 al kyl,

alkoxy, {@lB0eN ey g&seaat thefy 211818806 Bhonl Glubhy/OF OEL hY

, hitro, car bo no. sUbstltuents yfene bridge
X are preféF§%¥9?§é? é?ﬁh éﬂ? FHilCethyl, n - ropyl, isopropyl,
n-butyl, sec-butyl, tert-butyl, phenyl (CI-C4- al kyl') phenyl , preferably
45 p- net hyl phenyl, p-(Cl- C4- alkoxy)phenyl, pref erabl yR%: 6 004 8
p- met hoxyphenyl, p-hal ophenyl , preferably p- chlorophe and
p-trirlugyonethyl phenyl. In a preferred garbodiRent, X is nf used
Cl - C3- aIkern% bridge, 5 whgre - and | ene brR @gdhtain a
doubl e bond. arfi gRil’ar, fhe radicals x 1, 2, 3 0 ubstituents
sel ected from t hyl, gthi{, n- propyl i so- propyl, utyl,
sec-butyl, tertkbutyl, haloge nd al kyl oxycar bonyl. 10 Inlaifurther
preferrig enbodi gpnf, X is sghegied from qggng) (II.4)
Ra\g R® RY R10 R? Rr10
(IX.5) (IX.6}) (11.7)
R® Rr9 R10 RrR11 R? Rio
30
Rl2 r1l4 Rl2
R13 R13
35 (I1.8) (I1.9)
R® RY
N\
40 / \
(IX.10)
where
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radicals of the fornulae 11.1 to I1.10 15 20 25 R8B R8 R9 9, (11.1) (1l1.2)
(11.3) ge RO Rio R1 (11.5) (11.6) 30 35 R8 RO 40 (11.4) (11.7) R11l whewb 2004
45 - 6 AUG 2004 9 Zis 0, S or NRI6 where R16 is al kyl, Cyd oal kyl or

aryl, or 2 is a Cl-C3-al kyl ene bridge which may contain a double 5 bond
and/ or bear an al kyl, cycloal kyl or aryl substituent, where the aryl
substituent may bear one, two or threeg,substituents specified for aryl, or
Zis a C2-C3-al kylene brid which is ?nterrupted by 0, S 10 or NR16, RD,
RBA, Or R9% RI D' R¥r1S R?[Z‘,“%El?,‘h?‘&% and R15 are each, independently of one
anot her, hydrogls, ial &d4yl.cyvcboaldnl oramykl, al koxy, hal ogen, SC3H,

sul fonate, NEL1E2, al kyl ene-NE1E2, 15 trifluoromethyl, nitro,

al koxycar bonyl , g5c 3 Raxyl c s ;ALES ' of

formulae LI.|I a M@fﬁiﬁg r&%ﬁ@?ﬂ% %Zgagbiﬁf&%d%ﬁﬁ*i?%fa gﬁggg%ot her
hydrogen or Cl-(4-a ROSY 3 oyl ST h partTcar at - ot Y IPEPPFEL SRRy 20
preferably, R6 %%hﬁr%"lﬂotsﬁbﬂm;‘éﬁ’éﬁ.maﬂ( bsapr @ dvoy of EhEReal of the
fornula 11.3, vidrs¢éirgenys] spcified for aryl,

or Z is a Cy-C3-alkylene bridge which is interrupted by 0, S
10 or NR16,

r8, RrE' RI, R RI0 R1l R12Z R13, R4 and R15 are each,
independently of one another, hydrogen, alkyl, cycloalkyl,
aryl, alkoxy, halogen, SOsH, sulfonate, NEI!E?, alkylene-NEIEZ,
15 trifluoromethyl, nitro, alkoxycarbonyl, carboxyl or cyano.

X is preferably a radical of the formulae II.l1 or II.2, where R®
and R? are, independently of one another hydrogen or
C)=Cs-alkoxycarbonyl, in particular COOEt. Particularly

20 preferably, Rf and R are both hydrogen.

X is preferably a radical of the formula II.3, where R® and R?
are, independently of one another, hydrogen or C;-Cs~alkyl.

25 In the formula I, it is preferred that one of the radicals Y! and
¥? or both the radicals Y! and ¥? are selected from among radicals
of the formulae PRSR’, P(OR®)R7, P(ORS)(OR’7), OPRSR7, OP(OR6)R? and
OP(OR®) (OR?) in which RS and R? are selected from among
C1-Cs—alkyl, in particular ethyl, n-propyl, isopropyl and

30 tert-butyl, Cgs-Cy-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 Y? or both radicals ¥! and Y2 being selected from among radicals
of the formulae PRSR7, P(ORS6}R7, P{OQR6}{OQR7)}, OPRSR?, OP(OR®)R’ and
OP({OR®) {OR’), where R® and R’ together with the phosphorus atom
and, if present, the oxygen atom(s)} to which they are bound form
a 59— to B-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, cyanco, carboxyl, S03;H, sulfonate,
NEIE?, alkylene=nNElF? and carboxylate.
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are, independently of one another, hydrogen or Cl-C4-alkyl. 25 In the
formula 1, it is preferred that one of the radicals Y1 and y2 or bot b Allhelbk
radicals Y1 and y2 are sele cted fromanong radicals of the fornul ae PR6R7
, P(OR6)R7, P(OR6)(OR7), O PR6R7, OP(OR6)R7 and OP(OR6)(OR7) in which
R6 and R7 are selected fromanong Cl-C6-al kyl, in particular ethyl,
n-propyl, cyclohexyl, aryl, in partigylar phenyl and hetaryl, in

parti cul ar rrol yl YLAZoly i m dazolyl., indolyl and carbazolyl 1In the
formula 1, @%frear?éﬁgésigp quzt%reoﬁ’é'e ?’%‘?@" %ﬂFEgFQ fmom@mo8g v2 or ot h

radi cal s YIPRERPhiRencPReSRIEINGd €e dPReshoi s Agandtii Ahosphitéiegfampsubfie
PR6R7, P( QRE)RECIMOTRGITOR7), QPR6R7, QP(QR6)R7 and OP(OR6) (OR7), where R6

and R7 together with the phosphorus atom and, if present, the oxygen
aton(s) t® which they are boynd form a 5- to 8-nenbered heterocycle which
may additionally be fused *th one, two or three cycloal kyl, aryl and/or

heteroaryl rings, where the f ed-&ﬂ groups may each bear, independently
Sur “substituents sel ected from anong

of one another, one, t\/\q&thr e or
al kyl, al koxy, hal ogen, n {ﬁ{ecyano, car b&%¥1, SOBH, sulfonate, NELE2,
al kyl ene- NE1E2 and car boxylat’®_ 45 - 6 AUG 2004 10 The radicals Y1 and y2
are prefggably selected fromanong phosphine, phosphinite, phosphonite
and/ or phos‘ﬁlhirtee groups of the formula Il 5 10 r(4\ DP --(Oa where x, y
and z are €acn, i ndependently of one another, O or 1 and 15 D together with
t he phosphorus atomand, if x and/or y are 1, the oxygen aton(s) to which
it is boundf §randaz Rre gach, nindereadehel v raof yoolee anht bér nHy oxddi éndnal |y be
fused with one, two or three cycloal kyl, aryl and/or heteroaryl rings,
wher e t hgs fpusedogBLBEPUPSHTR e CBRELfIRAs hEGRRERAENt ¥ QBdi%ﬁ 2 3r@ngt her,
one, LW, LN eGur ohphln St k) UEDhies! F€1 P8 .08 £BIR0G B, alkoxy,
hal ogen, SQO3H, 8suI ?o téa, I . o .

-membered 'heterocycle which may additionally be fused with

one, two or three cycloalkyl, aryl and/or heteroaryl rings,

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!E2,
alkylene-NE1E2, 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 subctituted 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, SO3;H, sulfonate, NElEZ,
alkylene-NEIEZ, 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-an
ring, in each case 1, 2 or 3, in particular 1 or 2, of the
substitvuents 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 ertho position relative to
the phosphonite group. This is then preferably alkyl or
alkoxycarbonyl. Alkyl as substituent of the fused-on aryls ise
preferably C;-C4-alkyl and in particular methyl, isopropyl or
tert-butyl. Alkoxy is preferably Ci-Cs-alkoxy and in particular

45 methoxy. Alkoxycarbonyl is preferably C;-Cg-alkoxycarbonyl.
Balegen is particularly preferably fluorine or chlorine.



al kyl ene- NEZE2, nitro, cyano, carboxyl and carboxylate. The radical D is
preferably a C2-C7-al kyl ene bridge which is fused 25 with 1, 2 or 3~ &rAlG 2004
rings and may additionally bear a substituent selected from anong al kyl,
cycl oal kyl and substituted or unsubstituted aryl and/or nmay additionally be
interrupted by an wunsubstituted or substituted heteroatom 30 The fused-on
aryls of the radicals D are preferably;penzene or naphthal ene. Fused-on
benzene rings @]g% Cpr_gf_erﬂit.)vll)énun ub(?tit&t eg or have 1, 2 or 3, in
particul ar g or 2, 25ubsti tuent s st EtiBd *PPrbiiiadng AF kirterampssy by 1,
hal ogen, SO3HPT sUIWEREEEIt]EedPr subgyiuHed\bBEEOroatadnts|, ubhesetdng |, nitro,
carboxyl, aPrRigSked fsop aBaed Syand. NiEdscehare BAPhihallepes ey delerably
unsubstitut ed aryl.hane, ci+T thekyidie Wiiahei S NHe FHEELaPD %@dﬁ%f%% 1*}9

0 e

used on 3 s eridpaeachy At anbundy Dok ' DO obliduedt (1,

substituents specified above for t used- enze

napht hal enei Wr}if?ch are substituted in the fused-on ring 40 preferably have
a substituehf ¥f CReCoralky1pneibrisloe efathe radicaihe ihoawistatutedy dip.
This is theP@$rief @ 861 § subeHitventsl kioxypeathbonydr 1Akpst bsueit)swhisgnt of
the fused- obs&md sellectdd diremabingndlaid 13! kyb1aNkyiiNaRAT LUl FheFEL YL

| Sopr opyhooiryt @ubsbiitudne AakOBYat 5 PRLE 0LV ok CAnaLIONY and-in. ..
particul ar 45 Roxy egl&%gggr blt_){l Ie I S Erg erbgﬁ é - -eﬂtkoxﬁcﬁf%ﬁﬂll .
Hal ogen is part] Hl grll1 rarerapry 4958 PReTeratd| BAFng. subssikuenboos 11

I f the Q-(%ﬁcl?g e ‘éo%lﬁﬁ'ﬁ’é‘@ B‘Fth%e' edvdal 1IPRISPYAL cPRemitled by 1, 2 or 3
unsubst i t utRd SarCe1iddild phery hepresarably n-mesbybplenydel ect ed from anong 0,
S and NR18,p-iifer&s-Ri%oixy)phidmyll, pyeferalay p-metBsyyphehya, B-Ka1cHHewyene

bri dge ois tjrefeadbral pLRH1srppRéSF AL la%aS pl B £f IbRbEEL Y1 e yASUbSt i tUt ed or
substituted heteroatom If the C2-C7-al lgyl ene bridge of thé radical Dis

substitute i .2 ar syhstituents, .[n, particular |, substituent,

which is/ G!Phée égﬁﬁgg?l?fl%oﬁ]r%ﬁ%rnag% Al Ry ?'%j@#lﬁ’é}%ﬂ bé'ﬁ&‘-:’_ﬁr‘s’/ll‘l,c*%/\ﬁér'ea?he 10

aryl subst ia‘f{eﬁgﬁ% , febé’é’sr fused gnddopt spbstitimed; andins iqsesrapeed Hyor

aryl . The angpbehittadige snhpytiftarteld) heheroatopebsTn tprrtticudakectied from

anong metthyladieahyd isi sopf§-ohylklkphemy bridae( @hidi-ial Eubraheiot .ongl gfer abl y

p- met hyl phewyl phemy) Ghdlér aashehyNgRihps Prifeebabhy glidiyahe¥ Y RO My1

p- hal ophenYroups may bear 1, 2 or 3, in particular 1 or 2, of the
abovementioned substituents.

25 The radical D (i.e. Ré 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

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

30
8
LN g ,R? s RY R10 R11 RS RY R10 R11
3%
{11.5) {IT.6) (II.7)
RS R?Rli¢  RII RE R¥ pio Rl
40
Rr12 R14 RrRl12 14
15 13
R13 R R Z R15
(11.8) (11.2}
45

where



15 preferably p-chlorophenyl , and p-trifluoronethyl phenyl. The radical D

is preferably a C4-Cr7-al kyl ene bridge which is, as described above, = Bubltdi0s
and/ or substituted and/or interrupted by wunsubstituted or substituted

het eroatons. In particular, the 20 radical Dis a C4-C5-al kyl ene bridge
which is fused with one or two phenyl and/or naphthyl groups, where the
phenyl or naphthyl groups may bear 1,;,2 or 3, in particular I or 2, of the
abovenenti oped su tituen%él.6 25 The radical D (i.e. R6 and R7 together)
together with tﬁk fpﬁo?ﬁh ug H?%ﬁﬁaﬂd, if present, the oxygen aton(s) to
which it is bdtindiprebetlabrycieskylaos- arvl 8- nenbered heterocycle, where D
(R6 and R7 together) is a radical selected fromanong the radicals of the
forgul ge 11N§1t§ I&EQ’ a3@1|-1t§_-6111]fﬁne4ﬂr45 él,,};,i(i:l)n mabeEbntaid é‘g@o@% 12 Z

is O, Cc or_aryl, _ar 1S

Cl- C3- al (Izgyl ene rniddggaaﬂfc drrr%gﬁcé%]théll'n)é cg%ﬁ%l il 5‘5&% %‘%Dd?tolfcuﬁggf an

al kyl, cycl oal TSy TAF VI X USSPPERENE MANePRAT P FHOsOhstTefent may bear
one, two or thrd®s$§abuents Snesispedifqe@ryds aryl, or Z is a C2-C3-al kyl ene
bridge which is interrupted by 0, S 10 or NRI6, Re, RO R10- R11 R 2. R13,

Rio and RIS arereachs ancdepsnsBijilereObr08¢e wHiehhes . iibediRgeda @ﬁﬂaf,' 5

cycl oal kyg , ary, yabkoxy, halogen, 5035, sulfonate, NEIE2, alkylene-NE E2,

trifluoronmethyl, Is nitro, al koxycarbonyl, carboxyl or cyano. 0 is

pr ef er abl yfg radical of the folgrrulg 11.5 in which R8 and RO are each

hydr ogen. - #0 DR1'sBprefer abl’y Bi*r &df @nd 8° tare eerhul indapepdentdy R one
another, hydrogen, alkyl, cycloalkyl, aryl, alkoxy, halogen,
SO3H, sulfonate, NE!E?, alkylene-NE!B?, trifluoromethyl,

15 nitro, alkoxycarbonyl, carboxyl or cyano.

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

20 D is preferably a radical of the formula II.é6a
R? RS

OEE

25 R® RrY

(II.6a)

where
30
R¥ is hydrogen, C;-~Cs-alkyl, S03H, sulfonate, NEIE2,
alkylene-NE!E2, preferably hydrogen or C;-Cs-alkyl, in
particular methyl, isopropyl or tert-butyl,

35 RY ig hydrogen, C;-Cg-alkyl, preferably methyl, isopropyl or
tert-butyl, €;-Ci=alkoxy, preferably methoxy, flunorine,
chlorine or trifiuoromethyl. R® can ala¢ be S0H, sulionate,
NBIE? or alkylene-RBIEZ.

40 D is preferably a radical of the formula 1Y.7a
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25 (11.6a) where 30 R8 is hydrogen, Cl-C4-alkyl, SO3E, sulfonate, NE1E2,
al kyl ene- NEI E2, preferably hydrogen or C -C4-alkyl, in particular netrAlb 2004
i sopropyl or tert-butyl, 35 Rs is hydrogen, cl-cg-al kyl, preferably nethyl,
i sopropyl or tert-butyl, C-C4-al koxy, preferably nethoxy, fluorine,
chlorine or trifluoronethyl, RO can also be S03ii, Sulfonate, NEIEZ or
al kyl ene-NEIE2 . 40 Dis preferably albggical of the formula Il.7a 45 - 6
AUG 2004 13 RO 5 R19 where 10 (II1.7a ) and R9 have the neani ngs given
under the fornmula 11.6a, R19 iR*hydrogeR?, Cl-C4-al kyl, preferably nethyl
or ethyl, phenyl, p-(Cl -C4-al koxy)phenyl, preferably p-nethoxyphenyl, is
p-fl uorophenyl, p-chloropheny N | uor onet hyl ) phenyl. D is
preferably a radical of the fo in which R, RO, R o, R1, Rl12,
Rl 3, R14 and R15 are each 2 peeferably a radical of the
formula 11.8 in which RS, , , R11, iR13 and R15 are each hydrogen and
the radicals RL2 and R14 are each, Kdependent |(fIefapne anot her,
al koxycarbonyl, preferably nmethoxycarbonyl, ethoxycarbonyl,
n- propyl oxycar bonyl or isopropyl oxycarbonyl. In particular, the radicals
R12 and Rl4;g3eare located in the ortho position relative to the phosphorus
atom or, oxygen atom Dis preferably a radical of the fornula 11.9 in
whi ch RS, R%, Htg R, R12, R13, R14 and R15 are each hydrqgfn and Z is
CR19, 30 hePBIRY9 have thedigandnasngieen proer s dfosBgaalfsbfcal of the
formula 11.9 in which R8, R9,

' R1%® is hydrogen, C:-Cs-alkyl, preferably methyl or ethyl, phenyl,

p-{Ci-Cy-alkoxy)phenyl, preferably p-methoxyphenyl,

15 p-flucrophenyl, p-chlorophenyl or p-{trifluoromethyl)phenyl.

D is preferably a radical of the formula II.9, in which R®, RS9,
R0, R!!, R12, R13, R and R!® are each hydrogen.

20 D is preferably a radical of the formula II.8 in which RB, RS9,
R10, R11, R13 and R15 are each hydrogen and the radicals R!2 and R4
are each, independently of one another, alkoxycarbonyl,
preferably methoxycarbonyl, ethoxycarbonyl, n-propyloxycarbonyl
or isopropyloxycarbonyl. In particular, the radicals Ri2 and R4

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

D is preferably a radical of the formula II.9 in which R®, RS9,
R10, R1}, R12, RI3, R4 and R!5 are each hydrogen and Zz is CR19,
30 where R!? is as defined above.

D is preferably a radical of the formula 1I.9 in which RS, RS9,
R10, R11, R13 and R!3 are each hydrogen, 2 is CR!? and the radicals
R!2 and R4 are each, independently of one another,

35 alkoxycarbonyl, preferably methoxycarbonyl, ethoxycarbonyl,
n-propyloxycarbonyl or isopropyloxycarbonyl. In particular, the
radicals R!}2 and R4 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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RIO R, R13 and R15 are each hydrogen, Zis CRIB and the radicals R 2
and R14 are each, independently of one another, 35 al koxycarbonyl, =6 AUG 2004
pref erabl y nmet hoxycar bonyl, ethoxycarbonyl, n-propyl oxycarbonyl or

i sopropyl oxycarbonyl. In particular, the radicals R12 and R14 are | ocated
in the ortho position relative to the phosphorus atom or oxygen atom 40
I'n particular, the phosphorus- containﬂqg conpound is selected from anong

conpounds of the fornmulae T.i to T.v 6 AUG 2004 14 5 PR2 PFt2 (1.1)
10 15 20 25 30 wher fﬂAZ RE is selected fromanong CLge6-al kyl,

Cl- C6- al koxy, 35 C5- it oal koxy, phallyl, pha and pent af | uor ophenyl ,
wher e the phenyl - and jphenoxy radi cal s may bear a Sehstituent selected
from anong car box | ate, -SO03H and sulfon 40 Rb, Rb', Re and
Rc' are sglected y from anong hydr -al kyl ,

Cl - C6- al koxy, CI- .rbonyl and aryl, B A
i ndependently fr ggannng h dr ogen and Cl- C6- al AUG 2004 15 Rf
and RO are selec |ndeB Adently from anong Hhr oggip” CL- C6-al kyl and

Cl- C6- al koxy, and Ajrapd A2 are each, independe rﬂlg ©f one another, N or
CRS, where 5 R5 is hydrogen or CI-CI>aJkyI The rddithl s Rb, Rb' Rc and

RC are ﬁ{eferabl y sel ecjed h@om anong Re
R
Az
Al
15
@, KN
(I.1iv}
He
20
R a2
0
25 /c(p p (I.v)
30
where

R® is selected from among Cy-Cg-alkyl, C;-Cg-alkoxy,

35 C5-C7—eyeloalkexy, phenyl, phenoxy and pentafluorophenyl,
where the phenyle and phenoxy radicals may bear a substituent
celected from among carboxyl, carboxylate, -5S0:H and
sulfonate,

40 RP, RP’, R® and R¢’ are selected independently from among hydrogen,
C;~-Ce-alkyl, C;-Cs-alkoxy, C;-Cg-alkoxycarbonyl and aryl,

R? and R® are selected independently from among hydrogen and
C;-Cs—alkyl,
45



hydrogen, nmethyl, ethyl, n-propyl, isopropyl, n-butyl, tert-butyl, nethoxy,
et hoxy, n-propoxy, isopropoxy, n-butoxy, 10 tert-butoxy, nethoxycar-oDAyb 2004
et hoxycar bonyl and phenyl. Exanpl es of phosphorous-contai ni ng conpounds
preferred according to the present invention are shown bel ow. 15 20
(I.la-g) 25 30 (I.2a-h) PR2 RRP (Il.4a-h) 35 40 a:R = phenyl b:R =
cycl ohexyl c:R = isopropyl d:R = tert-Butyl e:R = phenoxy f:R =ethoxy g:R
=C6F5 h; R =3; C6H4- SCBNa 45 - 6 AUG 20 165 10 15 20 25 30 35 40 R2P PR2
dhfgtéﬁﬁjselected independently from among hydrogen,

(1. 5a-h) (. PRS
Cl—Cs—alkyl and C;-Cg—alkoxy, and

Al and A? are each, independently of one another, N or CR®, where
5 R® is hydrogen or C;-Cg-alkyl.

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
a: R = phenyl
b: R = cyclohexyl
c: R = isopropyl
d: R = tert-Butyl
e: R = phenoxy
20 f: R = ethoxy
: R = C¢Fg
h: R = 3-CgHs=503Na
25

(I.3a-h) {I.4a-h)

35

40

45



(1.9) u- QOIIl | t-But-Bu 45 OCH3 OCr3 3 R2P PR2 (I. 6a-h) R2P PR2
(I.Ba-h) OCH3 t-Bu - 6 AUG 2004 17 5 10 t-Su 15 20 OCH3 t-BU t-Bu G&RAUG 2004
(1.12) OCR3 OCH3 t-Bu 25 The conpounds of the present invention are
generally prepared by [4+2]-cycloaddition reactions, in the case of the
conpounds | based on bicyclo[2.2.2] parent structures preferably by

[4+2) -cycl oaddition (Diets-Al der reactign), of appropriately 30 substituted
ant hracenes, acridings or anal ogous heterg, conpounds as di ene conponents
wi t h di enophil es capapl e of form ng the i-dgi ng groups X. The present

i nvention therefora ' for 15 Ortoaring conounda o tha
formula I in which ornmulae 11 1 11 1, 11 3 or 1l1-4
An R8 R8' R9 9

s 8 radical of

RoP PRy RoP PRy
(I.5a-h) (I.6a-h)

(I.10)

45 OCHj OCH; OCH; OCH;



(11.1) (112.2) I ( V (11.3) (11.4) R11 45 where - 6 AUG 2004 5 10 18 dfg
R8", R9, R9', R10 and Rll are each, independently of one anot her, Q@Hm5
al kyl, cycl oal kyl, aryl, al koxy, halogen, SO03H, sulfonate, NE'E2
al kyl ene-NE' E2, trifluoronethyl, nitro, al koxycarbonyl, carboxyl or
cyano, by reacting a conpound of the fornmula I.1 yb 15 where A" and A2 are
each, independently of one another, B1 , Por CRS, where R5 is hydrogen,
al kyl, cycl oal kyl, aryl, 20 heteroaryl or a polymeric support which may be
bound via a spacer group ya andfiW are each, independently of one anot her,
radicals Y1 or y2 as defined above 25 or Ya and yb are each, independently
of one another, halogen, OH O ’.i' CF3 or SO3Me where Me = hydrogen, Li, Na
or K, where Ya and/or yb can al sg hydrogen if in each case one of the
radi cal s and/or R4 is an g5 BUp Wwhich is located in the ortho
posi tion Of Yd and/or yb, 3 R3 and R4 are each, independently of
one another, hydrogen, alkyfk, ' yl, aryl, al koxy, hal ogen,
trifluoronmethyl, nitro, alkggycarb nyl or cyano, 35 mnth a cquound

d 40

sel ected from anong conpo of tge fornulae TT.a,
RL.- C=C-R9 ’/,/r”iffb \:*ﬁgﬁ\\\

0 0 0
10 t_pu t—Bu t-Bu By
T
o~ ™
15 OCHs  OcH; OCH3  OCH;

20

P(CeHs)2 P(CgHs)2
(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]-cycleaddition (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 PI'QSEDt invention therefore also PIDUidES 8 process for

a5 prekaring compaunds of the formula I in whidh X iz a radical of
the formulas IT.1, T7.2., IT.3 or TTI.4

RE rY
RE 9
R8s Re . R10 ril
40 RB RS’ R? g9’ \ ,
(IX.1) (I1.2) (II1.3) (1I.4)

45 where



RBR8 ' C=CROR4 " (Il.a) (lI1.b) R11l 45 or a precursor of a conpound of _the
formula Tl_c or TT.d in a ( $*2) -eyeloaddition (Dials-Alder react i of QUEEW
anti, - 6 AUG 2004 19 if desired, functionalizing radicals Ya and/or Yb to
form radicals Y1 and/or YZ_ To prepare the conpounds of the forrmula 1.1,

in which R, R2, R3 5 and R4 are as defined above, which are used
according to the present invention, ifgis possible, for exanple, to reduce
a - 1, 8-di hal ogeg- sybst it ut apidraquinone of the .farmula I1l, in_which Ya
and Yb have ongﬁbfﬂt Hehabolgg'nganlaﬁgskgn&rsr%ac}}’oﬁn%SQSﬂ%‘?%flyhglfoﬁ'é%, in
particul ar chl ori n@"8FPBF or¥AF 98B 0P HiHy €3C1aRl ke ®EYE LRYRRFYYS 20
------- SWto give &adogpouniPlii subfdmateul BEIEY, adkhyhene®ElEf.ons can be
performed, for examnghi€lubyomemyd,ohitrdC ;AARSxASATHOIR 19NdarBobae garent

reacti on gm th HCLl/ i,:?gggppanol, as is described, for exanple, in J. org.
Chem 1980, 45, 1807-1817; J. Org. Chem 25 1973, 38, 1167-1173; Bull

Chem Soc. Jpn, 1971, 44, 1649-165 and J. Am_ Chem_ Soc. 1969, 34,

3089- 3092. ComP¥uRBaFTIN% &n CRPREUND LT A f eHW into lcompound 1.1 by, for
exanpl e, reaction of Il wth sodi um bor ohyd7pr03i de and water (see T.R
Criswell et al., J. Og. Chelmn 39 (48974), 770-774) or by reaction with

al um numpg30 al koxi des of cycli g. cycl ohexanol, in the
presence of these al cohoRs e | ., Chem Ber. 124, 1991,
333, and Fieser, WIlianmson, Oanic p ments, 3rd ed., 1975, p. 416ff.
A suitabl e nethod of preparing 8-dichlo oant hracene is disclosed in H_
House, J_ O c_ Chem 1986, 51, 551- 929 The a& U@ Ure ' Pt thong r220C0O CDa
SO haraby Stilly by refcrcnce_ ExagPI ?F of suitabl e conpounds of the
formulaasll are conpounds of the formula Il in which Rl, R2, R3 and R4 =
hydrogen, and iRer&0 Which Ya and Yb are selected fromanong fluorine,

chl ori ne,

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

¥a and YP are each, independently of one another, radicals ¥l
or Y2 as defined above
25 or Y2 and Y? are each, independently of one another,
halogen, OH, OC(O)CF; or SO;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 R4 is an alkoxy group
which is located in the ortho position of Y2 and/or ¥b,

30
Rl, R2, R3 and R? are each, independently of one another,
hydrogen, alkyl, cycleoalkyl, aryl, alkoxy, halogen,
trifluoromethyl, nitro, alkoxycarbonyl or cyano,
35 with a compound selected from among compounds of the formulae
IT.a, ITI.b, II.c or II.d
nsé R
RS R
R10 it
40 pe_C==c-—R? ROR’'C=CRIRY"
(IX.a) {I1.b) (IT.c) (IT.d)
45 or a precursor of a compound of the formula ITI.c or I1.d in a

[8+2]-oycloaddition (Diele-Algey reaetion) ang,



brom ne, iodine, SO3H, SO03K, SO03Na, OH, al koxy such as nethoxy or EthOMY'
If two radicals R2 and R4 or Rl and R3 are each an al koxy group | ocatbehilG 106

the ortho position relative to Ya or Yb, then Ya and Yb in IIl can al so be
hydrogen. 45 - 6 AUG 2004 20 To build up the basic bicyclo[2.2.2]
framewor k, the conpound of the fornmula |I.i can, as described above, be

reacted with a suitable dienophile, pygeferably selected from anong
conpounds of or.nul.ae_ || ccordlng to schenme 2
5 bel ow. 10 I5 ’rf ‘iFS“FF deW?A‘ééfzﬁﬁg(ﬁa\%mF‘g tYre fE L 18 feTPs a

radi cal derived*idisinls Ebmmsiied ¥f:a to .d after renoval of an etheno or
ethyno group. If an acetyl ene derivative II a is used for the Diels-Alder

reaction, cosnaepdze26hd \bopiouhdbaye @e FobRAPa Y 11908 n( SHOMH ﬂly khe ot t ed
doubl e bOEdQnd q@eaggr;ge ef§‘rl*e&a£’$&zec°% Uﬂdéré) steﬁeaL% lo %Pare for
exanpl e, acggy gne |cai§[ﬂ .C acl d an ElIIq@ﬁers an |es &rs with
25 Cl- C8- moWoal CondPEE iV abite '0 ’ErFé‘ ful 5°17¢ f or
exampl e, mal d-@irgdpaenisihstisuted Rty agHénenenifoddee fermnka cﬁIést &ns with
C1- C8- nonoakkiathol¥s. a3 YPhbavehhydr @dfr ahat alosve Imeendngs | 4ndl aake poef er ably

prepared i Nexsmiple, f h@logdi,t Al BaPf LANETOER1 8 0hd! 0 brBhihdE according to
[4.2] - cygbo nfel @Npe W} table starting materials and met hods ar e

descri be exan%? in Carey, Sundberg, Advanced Organic 35 Chenistry,
2Aa edition, part 9, P 442ff, Plenum Press, New York 119%$3), HhiCh is
her eby |ncorporﬁied by© reference The dehydr romatics Il_c and Il.d are
preferably prepaged by)| diaz $zat|on of the cokrespondi ng R3
ort ho- am nocar bo N

R2
15 - P

R4

R4 - R2

Ya ya b
(II1) (I.1)

20
to give a compound of the formula I.l1. Such reductions can be

performed, for example, by means of zinc and ammonia and
subsequent reaction with BCl/isopropancl, 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 III
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. 416£f. A suitable method of preparing 1l,8-dichlorcanthracene
is disclosed in H. House, J. Org. chem. 1986, 51, 921=9329_ The

JE 2ip2l3Rure 2f thogs rafependts id hET3ky fully inssrgdsated by

reference._

Examples of suitable compounds of the formula IIT are compounds
of the formula III in which R!, RZ, R3 and RY = hydrogen, and in

40 which Ya and Yb are selected from among fluorine, chlorine,
bromine, iodine, SO3H, SO3K, SO3Na, OH, alkoxy such as methoxy or
ethoxy. If two radicals R? and R4 or R! and R3 are each an alkoxy
group located in the ortho position relative to Y* or YP, then Y®
and ¥b in III ecan also be hydrogen.

45



according to schene 3 below. 40 - 6 AUG 2004 21 R8 5 diazotization %
-Q02, -N2 R8 10 15 diazotization Rio -C2. -N2 Rii The diazotizatiorr §4U6 2004
preferably carried out using alkyl nitrites such as n-butyl nitrite. 20 A
sui tabl e method of preparing 1,8-disubstituted ethanoanthracenes, e.gqg.

1, 8-di chl or oet hanoant hracene, is described in JACS 94 (1972), pp.

3080- 3088, which is hereby incorporaa%p by reference. 25 The

functional izati of the radi.cals Yaq and_Yn to formthe radicals Y and y2
can be carﬂ%@éhggg 3%595@5@?9? {Fxéiﬂhﬁ°2n%lH3&§@Wpﬁ¥re&&ﬁnﬂQ@POUGﬁdends of
the formul &evIPA™iA? ch- Y& 38ngasPescE ihat ogfmave ,pbef eeadied ofiftbr ane, can
firstly be Syithbaeediennphithe prtfmnmabdyaselddiomedronnakshg @ampeenad (dF 2
conmpound bedel figraulad 1@laQgen. B oM. cPRE Y,y | the
phosphor us el for exanple a ]%'E)rrpound %Eﬁt’iﬁie' fagfgrg‘{jgﬁ%rl%P?’Eg%eO{l

C-P(R6)(R7) or d-P(R7)2. The conpounds | which are particularly
preferred according to the present invention, in which Ris a radical of

the fornula Il with z = 0, are prepared, for exanple Bysreacting 35 |lv

wi th conpounds pf the fornula V according to scrqure 4 beljow, Li TV) 1) ,..
(1) 2 (4 R - R

.a - I1I1.48
10 2 o~ R el ; V4
R - R 1ge2) R R4
¥ ¥ b yb
(1-1) (IV)

15

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 eompounds of the formula II.b are, for example, maleic
acid, fumaric acid and their monocesters and diesters with
C1-Cg-moncalcohols.

30
The dehydroaromatics I1.c¢ and IT.d are preferably prepared in
situ from suitable precursors and used for the
[¢.-2]-cycloaddition. Suitable starting materials and methods are
described, for example, in Carey, Sundberg, Advanced Organic

35 chemistry, 2ad edition, part P, p. 402ff, Plenum Press, Wew york
{1983), which is hexreby incorporated by refrerence. The
dehydroaromatics IT.c and 11.d are preferably prepared by
diazotization of the corresponding ortho-aminocarboxylic acids
according to scheme 3 below.

40
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as (o)y - 6 AUG 2004 22 where x, y and D are as defined above for th%
conpounds of the forrmula Ill. In place of conpounds of the forrmula I AP 2004
which ya = Yb = 5 halogen, it is also possible to lithiate conpounds IV in
which Ye = yb = hydrogen and an al koxy group or al koxycarbonyl group is

| ocated in each of the ortho positions relative to Ya and Yb. Such

reactions are referred to as "ortho ligpiation" in the literature 10 (cf.,
for exanple, D. W Slocun1 J. Og. Chem, 1976,41, 3652-3654;J. M Mall an,

R L. Bebb, Chem_gRev. }969 693ff; V. Snieckus,Chem Rev., 1980, 6,
879-933). The or un1conpoundsobta|ned in ghis way can t hen be

reacted wwth the p or us- hal ds int ovenenti oned manner
to give the targe ounds Iégg%%tﬁggg%ﬁgparatlo the arsenic
conpoundssand t he rony  conpoll @a I c®nh be car out anal ogously.
Conpounds of thewniér nulcaokV i n whiCh’ yz N2— yb - OR can be converted 20 by
sequential reaction wth trlfluoronethanesulfonlc Ahhyekide in the
presence of a nitrogen base such as triethylam ne and subsequently with a
phosphi de of the gornulaﬁ&bP(RG)Z where me is L Na q@ , into conpounds
of the formula I whi,c yb = P(R6)2. Here,\R6_is selected from
anong thmese radi cal ntioned 25 .above which are i toward bases.
McP(R6G) 2 is th?ﬂ“ f xanpl e, SPEEGHEItiIoM| s rea can be carried out
in a manner an RHe reaction—cdeasri b&d® AWen et al. in
Tetrahedron 50, 1 p. 799-808=~¢8% Gmgpounds |V ich ya = yb = SO03K
or s SO3Na can be c rted by reaction with a phos de of the formula
MeP(R6) 2, where R6 A el ected from anong those r%g lL.s mentioned above
whi ch ards 1-nort ¥¥war SCOABOS, and He .s Li, Na or dr exanpl e with
RP(CcTki. into conmpounds of the fornula I in mhich ya - Yb 30 P(M))2_ Thic

reaction cqgebglggg{iégglgut e £181108¢ al . ous to .the.te ctlons
et e g gt BRSSP RN o,

20 A suitable method of preparing 1,8-disubstituted
ethanoanthracenes, e.g. 1,8-dichloroethancanthracene, 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 ¥! and ¥? can be carried out analogously to known
methods. For example, compounds of the formula IV in which Y2 and
Y> 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 C1-P(RS);, C1-P(Rg)(Ry) 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 ITI with z = 0, are prepared, for example by reacting

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

1) Li
2) {V)

(OT}\P
J

a5 (0)y

40
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Conmpounds of the fornula IV in which ya = Yb = F can be converted 40 into
the correspondi ng di aryl phosphines using a method anal ogous to the r ecbc A0
descri bed by Haenel in Synlett, 1988, 301-302 The present invention further
provi des a catal yst conprising at |east one conplex of a netal of
transition group VIII with at 45 |l east one P-, AS- C Sb-Containing |igand
sel ected from anong conpounds-of the_ fornmula j, as described above. - 6
AUG 2004 22 The metal of transition grzc?Up VIIl is preferably selected from
among cobaltheTfufneki ¥ B A& &f detiawdunbove clal thparometiundsand the atinum
5 The cat almlefllhe present invention can corrprl se one or nore of the
phosphor us-cont ai ni ng conpounds of the formula |I. In addition to the

above- descrirpgdabbaRdSorlouhids 601H %}.ﬁquw% lgauh%ﬁ%ahaﬁaat | east one

acet vt acet aRapgeay oF o SRR A /ifeisy v

ol efins, di er’fes, '& WS efPsan Adikoxy| %Oum%oﬁﬂ&PWWWérm ds,
aromati cs awgatadt er cAdmeti the @tther pos PERingplredphivesto plroaphatbenzedies
and rnonodewriat fondi dientratfer ped mlaﬁdeaiﬁtﬁ& mmabiw Denphl MdBture
phosphoni t gcephosphadaikpdiet epang, @1%9{3 ngﬁ m15 6Ic’)bj4 ct ?f thﬁ
pr esent | S I 0 ke _aval e process for the
hydroforind;?%tg?o%a% VoL I;‘l'é’l%irgont al %I nﬁbb %hgﬂspg%‘ﬁ'e' eriyr eh? LA -
unsat ur at e§48ob % tﬁi’ﬁg}) BgYer ¥ ?W%r)opﬁh?lma@lblatm%hydes or

a- al cohol s%ﬁBﬁMﬁﬁ)ﬁéﬂérlabﬁyllbeﬂ@@ uehl caredhen bherdrairedf ennyl ed on of
a- ol ef i ns. phnsphotusiadoget heompuadessn stiaulabobement icHide mbahed "D give

hydr of or nyltaélfmrgﬁt ictmpbiads 1. near olefins with a high regioselectivity
in respgegt of term nal product al dehydes 25 The invention al so provides a

process fo h tlon of ound con alnln at | east one

et hyl eni cah"Té ﬁ Sﬁ'a[rl??.é. nmolk oueblaersﬁgﬁ(a pPé?ﬁ 5B nonoxi de and
hydr ogen i f® Wé“nclfr ésEﬁEeb%fcaétnFQag'Pt cﬁT@lﬁﬁePéim rryl at i on catal yst
selected from anong the above-described catal ysts of the present

I nvent i on. C&8pdundyeingr ahe fdmnudat a7 ysh WhiichCat at Wt ~PHIe ChH S BleS cHaRsk-teq each

20 by sequential reaction with trifluoromethanesulfonic anhydride in
the presence of a nitrogen base such as triethylamine and
subsequently with a phosphide of the formula MeP(RS),, where Me is
Li, Na or K, into compounds of the formula I in which Y2 = Yb =
P(R6),. Here, R® is selected from among those radicals mentioned

25 above which are inert toward bases. MeP(R6); is then, for example,
KP(CgHs)2. This reaction can be carried out in a manner analegous
to the reaction described by J. V. Allen et al. in Tetrahedron
50, 1994, p. 799-808.

30 Compounds IV in which ¥8 = Yb = S0;K or = SO;Na can be converted
by reaction with a phosphide of the formula MeP(Rf),, where R is
selected from among those radicals mentioned above which are
ingert toward bases, and Me is Li, Ma or K, for example with
RP(Ccle)a. into compounds of the formula I in whien ¥a = yb =

35 P(R6),, TRie reactidn fan ba sarriéd out in a manner analogous to
the reactions described by M. w. Baenel, chem. Ber. 124, 1991,
p-333, or by H. Zorn, Chem. Ber. 98, 1965, p. 2431.

Compounds of the formula IV in which ¥2 = 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 trancition group VIII with at

4% least one P-, As- or Sb-—<¢ontaining ligand selected from among
compournis of the formula I, ac deseribed above.



case are converted under hydrofornylation conditions into catal ytlcal &/
active species of the fornula HxM/(CO) 2Lg, where m is a netal of -0 AUG 2004
transition group VIIl, L is a phosphorus-containing 35 conpound accordi ng

to the present invention and g, X, y, z are integers which depend on the
val ence and type of the netal and on the nunber of coordination positions

occupi ed by the Iigand L z and q ar%:,oreferably i ndependently of one
J. The sumof z and q is preferably

anot her, eagh, orh§as o g

from2 to 5. 40 f.d ’%ead’“P 8%%?&31%%&&%% BRAferABAY| $§1a%8dafomt | east
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r hodi un( | | Phogbheritee, phésphimaiminike| 3ndighoabRité Diandsl| 1) sul fate,

pot assi um rhodi um sulfate, rhodiun(l1) or rhodiun(l11) carboxyl at es
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di car bony!| Ph |H}'rﬁP86E%?’I‘ d%fet“mQétiehbﬁes rdrodi-ail colwlat mheuldi pesdeaamabiyi babl e
are rut R@npekiesd dnothe dnpofdsmy Batt icblof a-olefins. In particular, the
process should be suitable for the hydroformylation of internal
linear olefins with a high regioselectivity in respect of
terminal product aldehydes.

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
¢ase are converted under hydroformylation conditions into
catalytically active species of the formula BxMy{CO),1q, 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
1, e.g. 1, 2 or J. 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 parsigularly

45 preferably cobal%, Futheniuk, iridium, rhodium, nickel, paliadium
or platinum.



25 rutheniumsalts are, for exanple, rutheniun(l11) chloride,
rut henium(1V), ruthenium(Vl) or ruthenium(vlill) oxide, alkali netal” & A6 2004
of oxo acids of ruthenium e.g. KZRuO4 or KRuO4, or conplexes such as
RUHCL(CO) (PPh3)3. It is also possible to use netal carbonyls of ruthenium
e.g. dodecacarbonyltrirutheniumor 30 octadecacarbonyl hexar ut heni um or

m xed forns in which COis partly re fced by lIigands of the formula PR3,
the present invention. Suitable

e.g. Ru(CO}ﬁS(fPhr:?é)tZ%_rig t he process o )
cobalt conpoundg are. e re’gﬁfﬁﬁ. Fat. chbaYarPfoemy kitiga cagalyshslaxel | )
sul f at e, coB’é‘FR"’(’flqc3 183 FbEhate theobapeyon Jusedt fax ethet hgdrofoimel ariohydr at e
Conpl exes, roARtliioncaibesyent ahesuahabpgstLoiathe 36Risehe, i 60O fon can
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conpl ex. slesesddaRrvt Rt §addL0 . £0 of cobalt, e.0.
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hexadecacar on% AEXAcoDA T C8n be 1R RAFS ke, ARF eHamPlonckP aeactuat her
suitable ¢ GReoPPRYRATIS -CORERANANT combemdipfante| foxtinlma areaknown in
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prepar ed bylesifeAUgt 206uk 12 Dnepedseie s iddk edoddy Ag fi&taﬁ@,i NG HRLIPdS
anal ogouso ta, tah_@_geafcg_),gg atcjé%tkERV!h %nggf‘?erﬁwutn §ret activating agent s
are, for e B‘fo@ﬂﬁsﬁoendcg%gs ewi e He ddPEEENTIR BF3, Ai Cl13, znd 2,
and Lewi s bdses. SN £ ence i s given to using the al dehydes
formed in the hydrofornylation of the respective olefins, and also their
hi gher - boi [5UA§aR4® sekpiivm compeunis prodaspbexes. gre} heomreadmpta, of 10 al dol
condensat i ahoduheTI ks wndavhed ik (EITH'S sales AleQBt FRSd ST TS chebiene and
xyl enes,1shyHbasan POIS) Qﬁtﬂ‘hﬁé}lrﬁ%ﬂﬁlm*ﬁi’fp%@ﬁl}‘a@g; a%%ﬂ,&;;ﬂ{;é on of
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for exanpl g\ég %ﬁ?&rl"ﬁn(g?elﬁa?%e?oa}te?efgﬂg%wnéﬂhE?‘éd%ucﬁi’lﬁ Pért-butyl methyl
ether and *P8 ’ré oGrdn. tYiPaHeni R chesachiptrprhedatief IAFds opted iddso
| i gands, Fiitable agepshefibine qompideses| nutiols, dscmibas lrabaaas! , et hanol
n- propak@ acesylrasamake, nadrtylacktandt disidkehgioheritd vk 9Nestc.
Preference is given to using dicarbonylrhodium acetylacetonate or
rhodiuim acetate.

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;Ru04 or KRuO4, or
complexes such as RuBC1(CO}(PPhs);. 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 PRa, e.g.
Ru{CO)a(PPh3)2, in the process of the present invention.

Suitable cebalt compounds are, for example, cobalt{II) chloride,

35 cobalt(1IT) sulfate, cobalt(II) carbonate, ¢obalt{II) nitrate,
their amine or hydrate complexes, cobalt carboxylates such as
cobalt acetate, cobalt ethylhexanocate, cobalt naphthanoate, and
also the cobalt caprolactamate complex. Here too, the carbonyl
complexes of cobalt, e.gq. 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 adequaiely described in the 1isgraeurs ar &an be prepared by a



such as acetone and nethyl ethyl ketone, etc. Furthernore, "ionic 20

| i quids- can al so be used as solvents. These are liquid salts, for ekafl28
N, N -di al kyl i m dazolium salts such as N butyl-N -methylimdazoliumsalts,
tetraal kyl ammoni um salts such as tetra-n-butylamoni um salts,

N-al kyl pyridi nium salts such as n-butyl pyridiniumsalts,
t et raal kyl phosphoni urn salts such as 23 tri shexyl (tetradecyl)phosphoni um
acetates, tetrachl oroal um nates,

salts, e.g. trafl uoroborates
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| - oct ene, & no%}ﬁlesopg?ggg%glnee o) usﬁd%%: ?]{b‘ﬁ '153‘6’5&%1’@ i(‘@f'el' e r ed
strai ght - cAaPFPRANOdr n&FORIMANGL - apzbytanNedp apiei sohutagoR . amd Xketonese,

2- pent ene, SYchBg fEetgue ansh@ethyhepthiie kegoneptatfe, Fuzthetmans, Fioniene,
4-oct en@9 déiguids” can also be used as solvents. These are liquid salts,

for example R,N’-dialkylimidazolium salts such as
R-butyl-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.qg. the
tetrafluoroborates, acetates, tetrachloroaluminates,
hexafluorophosphates, chlorides and tosylates.

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 isocbutanocl, 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 icnie groups such as
SOjMe, COzMe where Me = Na, K or NHq or N(CHz)3y* . 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.

‘a5



Preferred branched, internal olefins are C4-C20-ol efins such as 15

2- et hyl - 2- but ene, 2-met hyl - 2- pentene or 3-net hyl - 2- pent ene, branchedlaAUﬁZW5
i nternal heptene m xtures, branched, internal octene m xtures, branched,

i nternal nonene m xtures, branched, internal decene m xtures, branched,

I nternal undecene m xtures and branched, internal dodecene m xtures, etc.
20 Further olefins suitable for the Ipglirofornylation process are
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Further olefins suitable for the hydroformylation process are
Cs—Cg-cycloalkenes such ag cyclopentene, cyclohexene,
cycloheptene, cyclooctene and their derivatives, e.g. their C;-
Cap-alkyl derivatives having from 1 to 5 alkyl substituents.

25 vinylaromatics such as styrene, a-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-pentenocate, methyl
4-pentenocate, methyl oleate, methyl acrylate, methyl
methacrylate, unsaturated nitriles such as J-pentenenitrile,
4-pentenenitrile, acrylonitrile, vinyl ethers such as vinyl

35 methyl ether, vinyl ethyl ether, vinyl propyi ether, etc.,
C;-Czo-alkenols, -alkenediols and -alkadienocls, e.g.
2,7-octadien-1-o0l. 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 homopolymere and copolymers of

butadiene.

18 DYofc¥OREOD 1iC givVOon &0 2 praeesg in vhich the nvdrsscrmylatish
catalyst 1s prepared in situ by reacting at least one P=, As= or
Shb-containing compound according to the present invention, a



5 The hydrofornylation reaction can be carried out continuously,

sem continuously or batchw se. Suitable reactors for a continuous reaﬁzhuﬁ)mm
are known to those skilled in the art and are described, for exanple,

U | manns 10 Enzykl opadi e der techni schen Chemi e, vol. 1, 3rd edition, 1951,
743 ff. p Suitable pressure reactors are |ikew se known to those ski IIed I n
the art and are described, for exanpl ?r? in Ul manns Enzykl opadi e 15 der
techni schen Chemie, vol. 1, 3rd editi 1951, p., 769 ff. In eneral, the
process of ‘f‘l’i‘é’%"@s@ﬁt%‘?ﬂ?@’rﬁi"oﬂﬁ% net 3l af %“S%Pﬁggﬁﬂ“%dﬂ& | 08 vk ch
may, if desdesidedheaprastiiedingt agent sin epi heentesiod¥enhdundarerthel |ini ng.

20 The commpsirdfermglatiwn ypndhesoss gas, viz. a mxture of carbon nonoxide
and hydrogen, used in the process of the present invention can vary within
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pref erence Ereé“lf?"?jw‘é?lust l?gl Rat %h"ffo‘iy%r rati o of carbon nonoxide to

hydrogen in the region of about 1:1. The tenperature in the
hydr of or ny| satiitebleeaesdton si Sogeacraitiyuons eeacnge hrenkmboutto2@hdoe 180C,
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tenpereatur7e 0 ener al the pressure is in a range from about 1 {0700
bar, preferaﬁff; “froml to 600 bar, in particular from1l to 300 bar. The
reaction pressure can be varied as a function of the activity of the 35
hydr of or ny|Satiitehle apxgsmareofeadieorsy agenilikemwiss kpawnstel. thase ghmbled in he
cat al ysts afhel hetpand ente idesenibed), FazedxamplegahdaptidlmsncomnayRlopgidie

conpoundss ajd OWetRALIdHEh ehemtéAtdonel M,| 93 eRieson) E51f,0p. exeamise frhom 1
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rom t g

cust omary EEREE" k?l‘&ﬁfqtag { FRAE 3V 84 FHPNES %:Fl%lv’t gﬁe? ally be
roused for SHETAPAr PSR PAL; HRte e ladiai®%geous! y, the catal ysts of the
present invention display a high activity, so that the corresponding
al dehydexo anhe gemposmitiion offt thexeyrithegdsdgas eivds~ b&rmixidizte of, carbdhe
hydr of or ny In@nbfd@fand hydrogen, used in the process of the present

invention can vary within wide limits. The molar ratic of carbon

monoxide to hydrogen is generally from 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 1:1l.

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 toc 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




- 6 AUG 2006 28 a-olefins and of internal, linear olefins, they display a
very |low selectivity to the hydrogenation product of the olefin usedf AUG 2004
Surprisingly, the hydroformnylation activity of catal ysts based on

conmpounds of the fornula | is generally higher than the 5 isonerization
activity in respect of the formation of internal double bonds. In the
hydrofornyl ati on of a-olefins, the catyg ysts of the present invention

dvant | i 50! ! gl e 2,8} o8]
advan ageou&.oneqéggt B b iderBEL oLV olBebfle 2BLOSINASS, O pery

a-al cohols._ In a n, od" vy a )
parti cul ar IP¥af§3°Tb Al 3‘&§B§sh¥ﬂl%egﬁéb%l%‘%"‘é’tggﬁe‘ihﬁ 13te£i8oussl -ai ned
in the hy EEYNGEY orkhef hyAreformy latdenr ach iefitys of | cakmelyistisnhased on

hydr of or nylciriponhds The tdizo\fersietari hed genevel 1y atighygst shavhitdle conpri se
ﬁhidr a:c 1§|ic‘s@ﬂiﬁ_ eupdeicd ddtevieynmu adspace éﬂ!ér@lfgrfn%i@rnam iiﬁf%@kﬁf&i : Vet

r of or : i Rventio use o sts
cgrrpri Si % d%tumgfb%- e [)f({;vgﬁjg g%é%fgg’%g}g{%% q:’(;et(rs ?5%5%%%?%? ,niﬁﬁgcﬁgﬂc%r%sounds
for the hyd’%gggf”nﬁ%’fef’b l&f’egg G HAGPN It GEERLRY Bt hyl eni cal |y

unsat ur at e®ed8GbEELI B P thef greiighydes| ar or-alsohpds - t e adaizlios: sgerdd t he
present i nwyseldsnot is-aldehdyds omy anatlcohobd aldparsicdlerlyydisoyanati on
cat al ystEo af-aldéhydés WresealcoRVRbireN gahéfa YR b6 Colst iledX ¢h Ohe 8 NMet Al
of transititiesghRpiht\on! ofi ﬂnmrﬁallcwkaéaf%ggf&nsnwa erizZyhgen um

rhodi um pal| l,atinum preferably nic pa I um an pl ati num
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the nmetal conplex of the present invention 30 in zero-valent form The
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An exanpl e of a nickel conplex suitable for preparation of a
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one ethylenically unsaturated double bond.

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(1l,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
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hydr ocyanation is carried out in the presence of at | east one of 45 tHeAUs 2004
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Pure 1,3-butadiene can be isolated from industrially available
25 hydrocarbon 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 Enzyklopddie der
technischen Chemie, volume 1, 3%¥d 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,




35 hydrogenation processes are known to those skilled in the art The
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palladlum, in partlcular 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 clefins 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, carbeonylation, hydrogenation, oligomerization and

45 polymerization of olefins and for metathesis.
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5 1. Prepara{i oprépars@iBaUsSScdmdananr! ¢ 10 10

1, 8- Bi s(di phenyl phosphino)triptycene (-

1, 8-bis(dip eﬂﬁlphqsphlno) 9, 10-di hydro-9, 10- benzoant hracene) (ligand A):
1.1 Preparatf ¥ 11, 8- di chl oroant hracene 15 25 g (91 mmol) of

1, 8-di chl or oant hraqui none and 65 g (I mol) of Zn dust were suspended in 1

1 of a 209 &i§-enigi(idibhemelrgivisphagopatiptaeenai g= sol uti on and the m xture was

refl uxed for, 8yieyssphéiyBinoepAkhdP-9 A 0-QORYALIIRENALYERZ oA MG SRehd) Was 20
separ at ed ogi drly ayBuchner funnel. The aqueous phase was extract &d three

times with m each time of dichloronethane; the solid was extracted a
nunmber of t wi t h di chl oronet hane while being treated with ultrasound.

The con?éntﬂloﬁiﬁﬂﬁq? pPR R IndrdighlexpanrdraseRfesi um sul fate and

25 g (91 mmol) of 1,8-dichloroanthragquinone and 65 g (1 mol)
of Zn dust were suspended in 1 1 of a 20% strength by weight
agueous ammonia solution and the mixture was refluxed for
3 hours. After cooling to room temperature, the solid was

20 separated off via a Blichner funnel. The agueocus 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 propanocl
and 65 ml of 12M hydrochloric acid and the mixture was
refluxed for three hours. The solvent was subsegquently
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.

a5 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-dichlorcanthracene 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 seolution until the
temperature at the distillation head was 150¢C. After



25 freed of the solvent on a rotary evaporator. The solid, whitish yellow
resi due was suspended in 600 ml of propanol and 65 ml of 12M hydr ochb &b @itk
acid and the m xture was refluxed for three hours. The sol vent was
subsequently renoved under reduced pressure, the residue was taken up in
30 dichl oronet hane, the solution was washed with saturated sodium hydrogen
carbonate solution and dried over nagnd&2i um sulfate. Renoval of the

sol vent Igiave é Eddxeﬁmrdfaa'ltfbr gze&lﬁnﬁﬁs og M@iéﬁgaﬁgyag“?wl %%;V\ﬁfniie
recrystallized Gaem &f QRREPOFor3nee finuled, & vy 2061440y [HGRLY

Mel ting point: 185 ( t 15 8C) g

1, 8- di chi orotr| ? %én%éez)%tg 5{}8 52%“##8 féf“[‘??l 8?%%&’3? hehck e R&r e
suspended in g chﬂ?‘iﬁ%’f’é‘f’ﬂaﬁ%ﬂ%ﬁ?ﬁdﬁhﬁaﬁann addeg. He ed to
ref lux. 3.2 g Psgwmﬁﬂl)ldoﬁaﬁ buttared pfftandweresheddeitt amethenolsidtew

sol ution, and aisohutdtdo of 4:p (A% 1EkE)washingst Besdiddieraeks. ithed m  of
2- et hoxyet hyl etmhmo@eaegoﬁﬁa dié;pwléﬁo er
hal f an hour, P% &Lscta gda i‘gfglqﬁeﬁ S?H%(dog%l %?@iﬁﬁkht he
t enper at ur e at t e sAW"é'f’“r &2 RUES

addi tion of 2 g°f® dl%l B‘Frnfea]e‘ieelaﬁh%‘-?.td’@ aphivated §eebonasthealensd
for thred®m nuté%lufsll%‘sé*aﬁeﬁ?lligﬁf@é’@lted by evemozatidn amd cbbaphodindt was
solution of 67 allafedrebhanpstalMizé h afrefwdgeratmt. hagieiopasAassi um
hydroxi de was thethaddedesdieed i @¢pseliitatasnf bt teIRHUeLf frsaftaghed

wi th nmet hanol : Wat&fuctl Rad bt idkQfs141 id-olne_Mashisags were col orless.
The flesh-col \(,)\%ad usco |8 was di sI‘s}fosl ve%l‘?éry ZrE)JE]tgnone g m xed with 200 ng

of activ ged carb and this mxture was refluxed for one hour. After
filteri nS of f t’Hee it Polt 8 b8l he &4%ar 10 sol ution was concentrat ed

by evapor at i on Mt ingePpi Bt AREs (1 iteranstet 0239 APsB38PPGEe in a

refrigerator. Addition of nethanol resulted in crystallization of further

product. The.3 waachtien &€ I, %bﬂﬁ?&iﬁh&@dpﬁb%&ﬁf&)%&iggg& nel5 Yield: 5.61
nmg (17 mml) - 62% Melting point: 2970C (Ilterature 29 30000) 1.3

Preparathgn of 2hBsRbst AL REIQEPALIQULE BRYEENS R of oxygen and water

in a protective argon gas atmosphere.

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 ml1 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:
3lp_NMR (CDCly, 121.495 MHz, 300K}: & = -14.7
1H-NMR (CgDs, 300.132 MBz, 300K): 6 = 5.20 (s, 1H, H10), 6.18
(s, 1B, H9), 6.62-7.34 (m, H-Ar)
13C-NMR {(CDCli, 75.469 MHrz, 300K): & = 23.7 (c10), 59.0 (c$%),
45 122.7~145.6 (C-AT)



20 All steps were carried out with exclusion of oxygen and water in
protective argon gas atnosphere. A solution of 485 ng (1.5 nml) of ‘GAUG 2004
9, 10- benzo- 1, 8-di chl oro-9, 10-di hydroant hracene in 20 ml of 25

t etrahydrof uran was added dropw se over the course of one hour to a
suspension of 82 ng (12 mml) of lithiumpowder in 10 m of

t et rahydr of uran whi ch had been cooled 3» -78C. The resulting red
suspensi on Wasmwkgptz.at -780C for a further seven hours, after which 772 ny
(3.5 mmol ) of 30 di phenyl chl or ophosphi ne were added to the filtrate,

cooling was r e a he | 1 ow.sol ution s stirred at ropm
tenperature for f W%Péenﬁﬂﬁﬁsp\g&ﬁﬁ\’/aé %F’nf’ﬂéﬂk"(ﬂc\?@ﬁt ‘l’cﬁﬂﬂ?f Bléduced
pressure, the remsu ning solid was adm xed with water and extracted with

di chl or onst haheThd herepalratindn pifade 838ivkhboxranetiravete Magnesrnied Wutahe.

After renoval ofeddrebed ¢hl pronet hane under reduced pressure, the product
was recrystallized fromtoluene. Yield: 392 ng (0.63 nmml) = 42% 40

Characteriz o] 1P- NIVR 13, 121.495 -.-14.7 1H NWR
(C8D6, 300. ?352 m%’%‘éfi antIacens was I Mgéw}th 6‘2%“8( dnay Hoy,
6.62-7.34 (m wwys-féeeﬂl\ﬁe%%emtws gB® MHz, 3008) 6 = 25.7 (Cl0), 59.0

(C9). 430122. 7t 8rsli€hlerery, L0GdALEILE0T, meﬁhanpaaeuﬁ-acene, using the

1, 8- Bi s(di phenyhgmspinngde®,shqogt hasoant racgogoLddagand 13)- 5 2.1 The
preparation of 1,8-dichloroanthracene was carried out as described in 1.1.

2.2 1, 8-Di chlorant 1s Jeeacted with ethene in a Diel S-Alder
reaction toPafgﬁ{/e f%gipgtl r?lforo 9, 10 d| hydro 9, 10- et hanpant hr acene,

using the met hbd RS §?§37 0-gahpdegydg 10,e8hapRANFIEASRAR | on
of 1,8-pFs(di mﬂaﬁﬁ%‘ém%)bm uahmw @nd, 1eaciganyabkhr acene 15 was
carri ed out by diphenyicbhoxyphosphahe prasvdelscrdbedeimy|lchl. or ophosphane, as
described in 1.3.

ITI 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)oacac) and 1% 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 (B,/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/H; (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

a5 aldehyde selectivity of 98% and a linearity of 39%. The
proportion ¢f o-aldehyde was 100%.



Il Exam nation of the catalytic action of transition netal conplexes wt

| igands of the fornula | 20 Exanple 3: 1.6 ng of dicarbonylrhodi um(I-IGAUG ZUU&
2, 4- pent anedi onate (Rh(CO) 2acac) and 19 ng of 25

1, 8- bi s(di phenyl phosphi no)triptycene (ligand A ligand netal ratio = 5:1
mol /nmol) were dissolved in 5 m of toluene and subsequently heated at
1000C for 30 m nutes under a synthesisd34gas pressure of 10 bar (H2/ CO

at nosphere Bawmple &:nolar ratio of 1:1) in an autoclave. 5 g of 1-octene
were then added, a 30 synthesis gas pressure of 5 bar was set and the
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n- nonanal was 9QtQ%tXIS‘OExﬁﬁwléﬁwlpbosphyl@frmd(;ambmwiq Fo@0uid:1) were
acet yl acet onat edassbB/edngno$ glofgandudné | alghrdbeegaént Bt iheated S5atl)10800 €
di ssolved in 5 goPf3AGinakeenendid asubmﬂl{qntlljypf@ééxﬁ% 3t 18054 am 30

m nut es under ge%lg%tgélg pr5e§53§ dct]eQ:e E?,[ﬁlens\?b& ass uto %eaave]&hiog

of 1l-octene we bsegue sl s .ga

bar was set for G Aﬁ% and, et PN 'kﬁsd&uéﬁssmr& of
conversi R of 11 Q)cﬁaéné’aéf set7 b qf ﬁhhaﬁrs 4RnHlyshg def sdiceseipgtign airodi@%tand a

| i neari ty of 99%howHte a2 proyersicmn obf 1 aecliaehpdedWasvitiDUn aldelitde 2004
Exanpl e 5: 34 lsélewpiefitdi 6ardzanuhahedi imeaacelybaceinahe, ﬁ; Spddt if bEkgand

A and 16 ng of 4riirRenubpbospivode 5 (triptyphos:triphenyl phosphine:rhodi um
ratio = 20 10:1) were dissolved in 5 g of toluene and subsequently heated

at 100C ;or 30 utes under a COH2 (1:1) pressure of 10 bar in a glass
aut ocl avd ?’gj“d“fa Toctene were subsequently added, the m xture was heated
to 120C and a synthesis gas pressure of 10 10 bar was set for 4 hours.
Anal ysi s of the s&Qaegi ofi ¢rardbonylrhodium acetylacetonate and 181.3 mg of
ligand B were separately dissolved in 5.5 g each of diphenyl
ether, combined 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 subseguently 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 t-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



showed a conversion of 1-octene of 97% wjtthh an al dehyde selectivity qQf 92%

and a linearity of 99% The proportion of a-al dehyde was 100% 15 Ex rﬁuﬁéﬂm

6: S5CHimsyg of dicarbonylrhodi um acetyl acetonate and 181.3 ng of ligand B

were separately dissolved in 5.5 g each of diphenyl ether, conbined and
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(COH2 = 1:1) of 10 bar_ 11 g of 1l-octene (purity: 97% of 1-octen;

remai nder: internal octenes) were subsequently added by neans of a | ock,

and the mxture was hydrofornyl ald at 100C and 1@sbar for 4 hours.

Anal ysis of the reaction product neansabf gas chr omat ogr aphy

I ndi cated a conversion of 1-octen | dehyde sel ectivity was

96% the proportion of n-aldeR %grotion of a-al dehyde

(n-al dehyde and i so-al dehyde) was % "I TYCan be seen fromthis that

use of the novel catalysts enables termnal ollefins to be converted into

term nal al dehydes with high linear¥ty and verdf good activity and at the

same time with mniml isonerization to internal olefins. 35 183/sg 40 45

35 Clains 1. A conpound of the formula | (IB) where - 6 AUG 2004 A and A2

are each, independently of one another, B, N, P or CR5 where R5 is

hydr ogewsergl Kyl , cy- cloal kyl, aryl orheteroaryl and these radicals may be

substituted by one or nore substituents selected from COORk, COO- M,

SO3RK, SChaMe, NE3E4areNR3kAfiehEndenfior on@finothef, 81Kl R1d2GORs, diteréR8lis hydrogen, alicyl, cy-

(CH2CH2N( E3) ) , Rk, WheibgifRary Brhetdrdanp BAd theseralic 3 mBy bEQIBEIGBY byPdne®r frorelsBERitlants

radi cal s selected f rgw%dﬂ)qﬁ@g@%QQJﬁeylsgaﬂiplg@Wyl nESgeaNEaEedtly-| DRI, SR,

hydrogen, nethyl  or (@ifneH,olk« hd @HEEHINEY) RMGheASRI E3, E4NRd £3 Kb eabi Hanticai or dif-

i s an anion, such astdsbm rsRdisBeibated RIfamangihycdGed; Rl S50 dikyPEPalyl; R ishgttogdd methy!

AS is a polyneric sugpgh: Mk aRatBRYsief s8eHNNav ka NH 5P8GEdn arfinO8lth as Cr and Br-, and
x is an integer from 1 to 120; or A% is & polymeric support which may be bound via a spacer
group,

X is O, 5 or NR®, where R* is hydrogen, alky!. cycloalkyl or aryl, or X

is a C4-Cyg-aliylene bridge which may contain one, two, three or four double honds and/or
may bear one, two, three or four substituents selected from among alkyl, alkoxy, halogen,
nitre, cyano, carboxyl, carboxylate, cycloalkyl and aryl, where the aryl substituent may ad-
ditionally bear one, two or three substituents selacted from among alkyl, alkoxy, halogen,
S04H, sulfonate. NE'E2, alkylene-NE'E?, trifluoromethyl, nitro, alkoxycarbonyl or cyano,
and/or the alkylene bridge X may be interrupted by one, two cr three nonadjacent, substituted
or unsubstituted heterpatoms, and/or the alkylene bridge X may be fused with one, two or
three aryl andfor hetaryl rings, where the fused-on aryl and hetaryl groups may each bsar
one, two or three substituents selected from among alkyl, cycloalkyl, aryl, alkoxy, cycloalkoxy,
aryloxy, acyl, halogen, SO4H, sulfonate, trifluoromethyl, nitro, cyano, carboxyl, alkoxycarb-
onyl, NE'E2 and alkylene-NE'E2, where E' and E? may be identical or different and are each
alkyl, cycloalkyl or aryl,

Y'and Y2 - are. independently of one ancther, radicals containing at least one phosphorus, arsenic or
antimony atom, where the phosphorus, arsenic or antimony atem is bound directly or via an
oxygen atom to the phenyl ring in formula I,

R!, R, R and R* are each, independently of one anocther, hydrogen, alkyl, cycloalkyl, aryl, alkoxy, halogen,
NE'E?, alkylene-NE'E?, triflucromethyl, nitro, alkoxycarbonyl or cyano, where E' and E2 are
identical or different and are each alkyl, cycloalkyl or aryl.

2. Acompound of the formula | ag definad in claim’1 in which At and/or A2 arasis CRS, whare &3 is a polymeric support
which may be bound via a spagcer group.

3. A compound as claimed in either of the preceding claims, wherein Y and Y2 are gach, independently of one
another, a radical of the formula PRER7, P(ORB)R?, P(ORS)(OR7), OPRER7, OP{ORBR? or OP(ORS%)(ORT), where

R and A7 are each, independently of one anothar, alkyl, cysivalkyl, aryl or heteroaryl which may bear ong, two
or three substitusnts selected from ameng alkyl, eycicalkyl, aryl, alkoy, syciaalkyloxy, aryloxy, hal-
agen, trifluoromethyl, nitre, cyane, carboxyl, carboxylate, acyl. SQzH, suffanate, NE'E? and
alkylene-NE1E2, where £ end E2 are as defined above, or



Xis 0, $ or NR, where R is hydrogen, alkyl, cycloalkyl or aryl, or Xis

a Cl-d o-al kyl ene bridge which may contaiefpne, two, three or four ddublitelil

bonds and/or may bear one, two, three or Yfour substituents selected from

anong al kyl . al koxy, hal ogen, nitro, cyano, carboxyl, carboxyl ate,

cycl oal kyl and aryl, where the aryl substituent may ad- ditionally bear

one, Rwand BT  thyaeer wubdieiphosphbas apheidatbrbsemmRiRygnatdink) to MhicR ey afd BbGEAEmM

SOBH, sul f onad .18 Bimdriberadl Heydredyere Wridh Znaytadtitibrafy BARSEY With e, b or three cycloaliyi,

al koxycar bonydry @ha/sitibtharyl ARgY Rerk Ihe nabKYh 686 dHa Bgamehsedd@&nggwﬂfaﬁ&hkéy

one, two or t{eegeNR i bstiftie étsHthE from Hmalt SAWISEH: tﬁg? fil %Eﬁmme,
f F r%e hrg

and/ or the al kb dae=X may t

and/ or hetar yén.or I ;%%J‘Wé;e F’fﬁg‘ ugzéﬁ%% é\i&%ﬁ?ﬁo %tgta\(ﬁ?wl eg‘g?;.lp e"ﬁ%'{]" SRYRS
bear one, two OFYrRPES 0885 MO PP EO PR PEATREN, IR cycl oal kyl |
apgl, al koxy, cygloalkoxy, aryl oxy, acyl, halogen, SO3H, sul fonate,

t & f PAFSTBPRIERS Flaimadn gny qf jharrsecadingisiaims. whateloxycar b- onyl, NE E2 and

al kyl ene-NE' E2. Where E' and E2 maybe identical ordifferent and are each

al kyK, @&Fohdalkyiepe dhdge whish may donigin anes twe, ftfep enidendduplediondnandéor otaidear one,
radi cal $wa teedr feurgybstitudnésasiectsd romrowpt oikyl salkoay. baingen. oitro, cyarta, crotmxylatathnxylate,
wher e t logclqaiigband@rylisvheer the aryt substitaert imap ayditdnaly besar bos) ndo o thiee sltystimienty seleadd
oxygen &boramong altg, gkedgytaldgengSd i, soifonete ANE? E2Rdlkyldia-NEE? antioRdneaatiye nedC fikoxy-
i ndependambhyy erefcyane asdiattheslkydnedirageX mag bl jHiemealbg ahk ytve obthisl nomddiaoxit, sub-
hal ogen stitufeE bEzhsutsetitGyddcHeterddtbrhs; nd/or thé kupletamichy K mdyitertosedalits @xy, owd &rafngb aryl
or c?/anfggﬁwbem@er&rgmgs,ﬁnﬁge the thstgcrﬁé ﬁﬂﬂana rgmetﬂrwtiafyr)ggkﬁﬂbs agee};aae %zeﬁ%ef&bﬁ S{mn_ae
cycl oa stifdéntd E¥lectad fron Afp anti( oakylCaryiO&i SeyclogioXyCaryldRE abyl, HalogarlISO,H
whi ch AlguiesghOfifiubronadtiy, inroCBRno WasicRyl Afkdxcafodigl, NEEEZ s SMpIRAE-NE E¥ivkdie BBng
be boung2viag ba ideRRaFSr difeRddPandare BaSOARM sloale/ &d i ned 1N eittier of the
preceding clainms, wherein Y and V are each, independently of one another,
a g, adi combodid als BRI iIMHbith £RPBRin X(sF2RELIEE troR(daidh) (£dithls of (heiaimLIac Y MOOR7 or
OP(ORB) (ORT), where R6 and R7 are each, independently of one another,

al kyl, cycl oal kyl, aryl or heteroaryl which nmay bear one, two or three
substituents selected fromanong al kyl, cycl oakkyl, arylnaalkoxyg,
cycl oai kyl oxy, aryloxy, hal- ogen, trifluoromethyl, nitro,\c car boxyl ,
carboxyl ate, aryl. SO38H, sulfonate, NE E2_and ggkylene-NE
end E2 are as defined above, or -6 AUG 28Q4 nd RT t gaet

phosphoru%aatﬁg:q@d, 4f pmesentrdthe oxyge on(s) to
ere the

form a 5-"Yo0 red h&tergcycle whic additional ly
one, two or cycl oal kyl=1 aryl and/ or eroaryl rings,
fused-on grodps y each bear,' i ndependentl'y of one anot her, ne,. two,

three or fou([:l fup,sti tuent g ygel gpted from agoog)al kyl, al koxyzxbahogen,
SO3H, suiton{ €,” NE1E2, al kyl ene-NEL1E2, nitro, cyano, carboxyl and
carboxyl ate and where the heterocycle nay ad- ditionally contain one or two
het eroatons(s) selected fromanmong N, 0 and S. 4. A conpound as clained in
-any of the Eecedi ng clainms, wherein Xis a Cl-Cl0-al kyl ene bridge which
may contain e, R°hr egs or f OUR? @bl e [povids mhd/ or RBRWear @&id, two,

used with

three orfoursu ents sel fro 0 al ky XY, en. nitro,
cyano, carboxyl r boxyl at e,
4
{II.5) (II.6) C{IX.7)

RS R? gl¢  R!! R® R pio RI

R12 R1l4 R12 14
ﬂlj pis pll » 15
(II-8) (IT.9)



cycl oal kyl and aryl, where the aryl substituent may additionally bear 3“?

two or three substituents sel ected fronlggnng al kyl . al koxy, halogéhﬁ 2004

S3H, sul fonate, NE1 E2, al kyl ene-NE1 E2, v¥rifluoronethyl, nitro, alkoxy-

carbonyl and cyano, and/or the al kylene bridge X may be interrupted by one,

two or three nonadjacent, sub- stituted or unsubstituted heteroatons,

and/ or the al kyl ene bridge X may be fus®® withpdne, two or three aryl

and/ or heteroaryl rings, where the fused-\Qn yl and heteroaryl groups may

each bear one, two or three substituents ected from anong al kyl,

cycl oal kyl,, aryl, al koxy, cycloal koxy, ar¥l oxy, acyl, hal ogen, SO3H,

sul fonate, trifluoronethyl, nitro,. cyardo, .carboxyl, alkoxycarbonyl, NE1l. E2

r d a_ |lkylene-NE1L E2, where E1 and E2 may be identical or different and

are each al kyl, cycloal kyl or aryl. 5. £ und as claimed in claimd4,

wherein Xis selected fromanong radicals of the fornulae 11.1 to 11.10 RB

R8" RO RO, Ra .Rs (11.3) (11.4) R11 RB R9 R10 R11 Re R9 Rlo R11 Z (11.5)

(11.6) (wnerer) 37 - 6 AUG 2004 RB RO where z is 0. S or NR1$, where 816 is

al kyl, cycloal kyl or aryl, or Zis a Cl-C3-al kyl ene budge which may contain

a doubl g .bond and/or bear an al kyl, cyeboalokxR%where\H1€ BLdigt, cydibakyoralher e

the aryl substituent may bear one, two ajr 2 BreE,-CLaRiédeURAES whiah hag cedaik b OdBuble

among al kyl, al koxy, hal ogen, SO3H, sui tshakeworddaranaieyl, BlckaalkgneatlEuodient, where

tiltluoromethyl, nitro, alkoxycarbonyl tﬁ@dgﬁ!@%ﬂuerﬁrm% Helr Snddnd erthilek ¥ B ents

bridge which is interrupted by 0. S or digkfec td&h arfiBhg.alididaikéss, haidgef SO louifonate,

R12, R13, R14 and R13 are each, independgggyg en@ﬂ%’@ﬂ%fﬂ@fomeh\% hi#8.ikoxycarbony!

al kyl, cy- cloalkyl, aryl, alkoxy, hal ogga.cysd3H sul fonate, NE E2,

al kyl ene-NELE2, trifluoronethyl, nitro, @bkoxycayh 'e.bﬁd'&&w&ﬁﬂ%@fn}nten‘?ﬁpt?b 0,8 or

cyano. 6. A conpound as clainmed in any .qgjpslaims 3 to 5, wherein R6 an ﬁ?

together with the phosphorus atomand, It present, the oxygen aton(s) to

whi ch t hayrerge ROURME &OrE 3310 pils QPR TOGE /o) HaepAHakryor oHE 8RGhdROBRHedE iky!, cy-

are together a radical selected from anggioyl Ngyl alloxf Raidgkn® ScQH1 Subndre, nETE2,

defined in claimb5. aliylene-NE'E2, trifivoromethyl, nitro, alkoxycarbonyl, car-
boxy! or cyano.

6. A compound as claimed in any of claims 3 to 5, wherein R® and R” together with the phosphorus atom and, i
present, the oxygen atom(s) to which they are bound form a 5- to B-membered heterocycle, where R and R” are
together a radical selected from among the radicals 11.5 to 11.9 as defined in claim 5.

7. A compeound as claimed in any of the preceding claims which is selected from among compounds of the formulae
Lite Lv

Re ¢
Rb fee, RHb. Rb Rc
A2 ]
A €
a
PR32 .PH'} & HP
{I.i) (I.1i1)
Re
R 2
A‘I
? O
PRz |
PH;




7. A conpound as clainmed in any of the preceding clains which is selecteg
from anong conpounds of the fornmulae Ii tol.v PRR PFf2 (I1.i) O 8 - pAlL 2004
Pifz A2 FFP of PFP2 - 6 AUG 2004 (I.V)jBa where |Is selected from anong

Cl- Ce-al kyl, C1-Cs-al koxy, C5-C7-cycl oal koxy, phenyl, phenoxy and

pent af | uor ophenyl, where the phenyl- and phenoxy radicals my bear a
substituent selected from anong carboxyl, cagoxylate, - SOBH and

sul fonate, Re, Rb', R and RG are sel ect gg\Wmadependently from anong

hydr ogen, Cl-C6-al kyl, Cl-CG al koxy, - al kox- ycarbonyi and aryi, Rd
and Rs are selected independently f hydrogen and Cl-Cs-al kyl, Ri
and RO are sel ected independently f a8 hydrogen, Cl-Cs-al kyl and

Cl- C6- al koxy, and Al and A2 are ea 2gdently of one another, N or
CRS, where RS is hydrogen or Cl-CB-AlA#y1. 8. A process for preparing a
conpound of the formula tin which XfAs a radighl of the forgulae 11.1, 112,
11.3 or 11.4 Re RU 10 R4' (11.1) 4RA1.2) wslere (11.3) (11.quﬁil Rs, Ra'

A9, Rs', R10 and Rl1l1l are eagﬁ,r?ﬁa(pendenVI?\q{fone anot her, hydrogen,

al kyl, cycloal kyl, aryl, afKoxy, al ogep SOGBH;gsuffonate, NELE2,

al kyl ene-NE1E2, trifluorongthyl, njtro

cyano, by reacting a conpduRg
and A2 are each, indepeng

hydr ogen, adkyl, cy. p S
R" m®R RIR! Re

arbonyl , carboxyl or
6 AUG 2004 where yb A
, P or CR5 where R5 is

where

Ra is selected from among C,-Cg-alkyl, C,-Cg-alkoxy, Cs-C,-cycloalkoxy, phenyl, phenoxy and
pentaflucrophenyl, where the phenyl- and phenoxy radicals may bear a substituent selected
from among carboxyl, carboxylate, - SO4H and sulfonate,

RP, A", ARfand R are selected independently from among hydrogen, C,-Cg-alkyl, C,-Cg-alkoxy, C,-C g-alkox-
yearbonyl and aryi,

Rd and Re are selected independently from among hydrogen and C,-Cg-alkyl,
Rf and RS are selected independently from among hydrogen, C,-Cg-alkyl and C,-Cg-alkoxy, and
Al and A2 are each, independently of one ancther, N or CRS, where R3 is hydrogen or C,-Cg-alkyl.

8. A process for preparing a compound of the formuta | in which X is a radical of the formulae 1.1, 1.2, 1.3 or 1.4

RrE RY
RE rY
? 9 R10 R11
R® gm0’ R? R’ R\ pk
{II1.1) (IT1.2) {IX.3) (XI.4)
where

Re, R, RS, FF’, R'®and R"  are each, independently of one another, hydrogen, alkyl, cycioalkyl, aryl, alkoxy,
halogen, SO4H, sulfonate, NE1E2, alkylene-NE'EZ, triflucromethy!, nitro, alkoxy-
carbonyl, carboxyl or cyano, '

by reacting a compound of the formuia 1.1



cl oal kyl, aryl, heteroaryl or a polyneric support which may be bound i@ﬁ@]ﬂla
spacer group, Ya and Yb are each, independently of one another, radical

or y2 as defined in claim1l, or Ya and J¥b are each, independently of one

anot her, hal ogen, OH, OC(O CF3 or SOG3Me -where.Me = hydrogen, Li, Na or K,
where Yn an vil rY! can: also be hydrogen if in each case one of the

radicals R2 and/or 84 is an al koxyRgroup which is | ted in the ortho
position of Ya and/or Ye, Rl, R2, , independently of one
anot her, hydrogen, alkyl, cyclo , hal ogen, SQB8H,

sul fonate, NE1E2, al kyl ene- NE1B%- itRY, al koxycarbonyl or
cyano, with a conmpound sel ected fromygfomg, ds of the formulae Il.a,
I1.b, Il.c or Il.d Ra- C C -- RO RBR8 X I1.a) (I1.b) (13.¢c) R21 or

a precursor of a conpound of the formt®da Il.c on®id in a

[4+23-cycl oaddition (Diels-Ader reaction) and functionalizing radicals Ya
and/or Yb to formradicals Y1 and/or Y2. 9I.B)catal yst conprising at |east

one conplex of a nmetal of transition group VIII with at |east one |igand
selected from anong conpounds of the formula | as defined in any of clains

| to 7. Wre A catalyst as clainmed in claim9, wherein the netal of

transition group Viii is selected fromanong cobalt, ruthenium iridium

rhodi umaTanele@l , pal | adicasn, ansbppchinomene Bhothéy, BANAP P LRBSWHEARTRChyhRgsd, 3, cy.
9 or 10 which furt her cicaigrang afetsidaryi@as boigericaligpdnt WRaH mby S&BElinE §laGLdEer group.
from anong halides, am nes, carboxyl ates, acetyl acetonate, aryl sulfonates

and al kyYsaukfydnat es, sgdair]thoebErdemtyd oiéandhic?tedicals Y& YaQl ¥bfildd in Qhik'4, T €S,
N-cont ai ni ng het er ocyéd ¥SanaaysGiig badhs indBsbnB 6ty 'oP 84 B ShaldBRAESH, OIDTGF, or SO,Me
phosphol es, "phos- phakRsiaRResHRRMeATIRERF kiviice YDRARINE LS AR AU VIERH AleBch cose

phosphi ne, phosphi ni t gne GhRSBEEAE BE andBIEPRNEK Akor g pSvrAds RBASPRA'EEorthe position of
| igands. 12. A processgas §lortee hydrof ornyl ati on of" conpounds contai ni ng at

| east one ethylenically unsaturated double bond by reaction with carbon

nonoxi degape ANLAE BYENase kabh) Gnddb &AM Yhe An&tALah bgedSaity | Erlgf Y néfko% halo
. A : I : . . , ) : gen,
claims 9 to 11 as hy 8694 Quitdhg ANESER QIQJIQ‘IJI@E"EZ.](%‘H?UO% t ,acg l?% gﬁ'@onyl or cyano
hydr ocyanati on of conpolnds contail ning at | east one ethyl'enita '
unsatura‘;,-g,cggfp,#gb@dslg B e dAY G044 S FERRL | en cyanide in
the pr ese]nce of a cata f/‘stmas CPJa@?rTg% n atny 0 mg?g:yrr@spdh%/%r@% as
hydrocyanation catalyst. 14. A process as clainmed in claim112 or 13,

wherein the hydrofornylation catalyst or the hydrocyanati g catal gat is

prepared in situ by reacting at |east one conpound of the f | as
defined in any of clainms 1 to 7, a conpound gsor corrpg ex of a | of
transition group VIII and, if desired, an acty INQg agerpiioi i nept,

sol vent under t chydpof oyl alshe hg4 on hydr ocya

condi ti ons. 15.£% pmf:gssqi or ?‘hg (Fgrggg?l%ll at i conpounds h contain

at | east one ethylenically unsaturated double bond

(II.a) (II.b) (IX.c) (II.4)

or a precursor of a compound of the formula Il.c or ll.d in a [4+2]-cycloaddition (Diels-Alder reaction) and
functionalizing radicals Y® ang/or YP 1o form radicals Y and/or Y2,

9. Acaldlyst comprising al least ane complex of a matal of transitien group VIl with at least one ligand selected from
among compaunds of the tormula | as defined inany of claims 1 to 7.

10. Acatalystasclamedin ¢laim S, wherein the metal of transition group Vil is selected from amang cobalt, ruthenium,
ifdium, rhodium, nickel, palladium and platinum,

11. A catalyst as claimed in claim 9 or 10 which further comprises at least one additional ligand selected from among
halides, amines, carboxylates, acetylacetonate, arylsulfonates and alkylsulfonates, hydride, CQ, oiefins, dienes,
cycloolefins, nitriles, N-containing heterocycles, aromatics and heteroaromatics, ethers, PF5, phaspholes, phos-
phabenzenes and mongdentate, tidentate and polytientate phosphing, phosphinite, phosphonite, phosphora-
midite and phosphite ligands. :

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 8 to 11
as hydroformylation catalyst.

13. Aprocess tor the hydrocyanation of compounds containing at least one ethyienically unsaturated double bond by



by reaction with carbon nonoxide and at |east one conpound contai ni ng aA

nucl eophilic group in the presence of a catalyst as clained in any 015 Ub 2004
claims 9 to 11 as carbonylation cataly¥sli. G The use of a catal yst
conprising at |east one conplex of a netal of transition group Vill wth at

| eag) &f&Zw%t b Boar GGk find BALALRAG ROUASE o IS LML 81d 1138 18 ELE brion

car 5834t i on.

14. A process as claimed in claim 12 or 13, wherein the hydroformyiation catalyst or the hydracyanation catalyst is
prepared in situ by reacting at least one compound of the formula | as defined in any of claims 1 to 7, a compound
or complex of a metal of transition group VIll and, if desired, an activating agent in an inert solvent under the
hydroformylation conditions or hydrocyanation conditions.

15. A process for the carbonylation of compounds which contain at least one ethylenically unsaturated double bond
by reaction with carben monoxide and at least one compound containing a nucleophilic group in the presence of
a catalyst as claimed in any of claims 8 to 11 as carbonylation catalyst.

16. The use of.a catalyst comprising at least one complex of a metal of transition group V!il with at ieast one ligand
selected from among compounds of the formula | as defined in any of claims 1 to 7 for hydroformylation, hydro-
cyanation and carbonylation.



