c()*+, - /01e3e G MBNTj N, Ligands for pnicogen chel ate conpl exes 'th\_

a net al Ei%’ﬁj\/l I and use of the conplexes as catal ysts for '
ﬁﬁ tion 5 Th

s, to cat yst’,g

hydr of or rryl ation, carbonylation, hydrocyanation ‘Mm M'mm
present invention relates to novel pni cogen chel

conpri si ng pnicogen chel ate conplexes With a netal ofstss«ansition group VIl
of the Periodic Table of the El enents which conpri se at | east one pnicogen
chel ate 10 1S un d t for
preparing aI gnﬁg POJ'Q /L'ngg%ﬁq é%llaate égﬂéi o%l% |Ig%@% QC'?B%@ orRfins
usi ng t hes&Idat 51‘?/51%%8 ofn&h Fn?/%m]led‘r‘r'sf ﬁﬁtﬁ%fralryéltét égrtlbydotr dydation.

preparing 2apbopyl#eisiranbydrespriatiiog phehydrhoehetighati on of but ene, an
al dol comdensation of the 15 resulting hydrofornylation products and the

catal ytic hydr 99@@@:&& ahveht 18§ £ondersabi Qovdr pddeb§en Smg:leattehe di scovery

of the hydegh8biubal 1 cLERELL O JoPiLonReRiCRoEA didfe el ok grgy' ati on
has becone t efxgrrg Bm)]geneo s%s by
means of o?”%ﬁ OﬁET%ﬁa}]l Otcat T?/Jsttjso o SHP toIfI l?hﬁ? fi?tions of
metric ton# GfEh?IBi%frﬁFdé@lShd?@?Prd{S@oﬁél Leafte QPeORDERRDSIIIN@MAEE by neans of
honogend®usbypcatdlofz edeh¥drmd oy Ty lasat L bgpapiocasses. a Gatadesst $oused for this
purpose ar @re8philyg GakrhiaearHedr andokdmdinyhzar6asaeMdL ieanpeunds whi ch

may have beencodifE 'msm%saﬁgé oéattafi gfcsreﬁféll\ﬁkfgx 204 Féﬁéé%&l vity by

means of otﬁgr | | gﬁjs g; trrpeniéﬁ hlne gqm

prepar at i on€of aallpa8ﬁ wes Fr S PR he Nt WPérPPH% FRATRY ﬁof"BFﬁ?H&q doubl e
bond (a- ol éPPngyer@%“ﬂéétb?n Ydibiteae r nliaticd af oA s %ﬁﬂo@ﬁd% flas now
becone tUser86uieitmdhygfroféhvnekatinni prodyerofamdmphat ¢atrelydtial yzed by cobal t
carbonyl i ay8tbgénatsien berthdequdeparaiowpraidubeager - chai n al dehydes and/ or
al cohol's, although cobalt catalysis has the di sadvantage conpared to

catal ysis usipg {ﬁ%%}cB@QH'@ﬁ trh*aoﬂyu p&rmaegéntr@gcttl%% Egaeuc?n has to

be carried ouﬁ_ dpo osrsurl%tl g J€ son he |s | 1
di ff erent 88?a?nt| ¢ ehéw tReSe Cat alys ?aif EE5ELT oF ‘%ml T t he
pr epar at?i®%REofn ‘?ém‘sfﬁ ﬂfef‘?’“‘?%‘ﬁbe%ﬁaicﬁ %]r%%‘rﬁ/ é(smeP?\%lL%f( ﬂrappg?mfa }Yipl e

ol efin 40 mexelyess o whi thdurdntialesarled T, i mibkiwls oifefriehsiarteensr esent
frequent|yogeavéeggiest antly oy aletodioilal ard herdaydeof worddvaideoby Ohe 4104 rafmal

ol efins caﬂoms d1¢ eBti e dsivhi-efodty 1Mtiich bhe-L¥0! esuhpydis added
onto the d NWhis fgﬁ bddedle ﬁ\'a@ﬁfs}’ a1@' é&’rﬂﬂ{}ﬁ%aﬂé P{lé‘éﬂﬁbydes or
branchegsa S soal es. ¢4 L general e maxi num
possi bl %{It’ﬁs) Ounaf‘d”vmlc ed ?’n e reac??ojﬁ i 3réeF8 tes‘?fr ed.
Wiile the FHS&I’F u*fﬁaccmlﬁﬁéﬁy?% Chidvihy £W§‘Fa§§s?%rﬁqh§5d%1%n‘#ﬁ I£-9-
0000052364 tziphenyladosphipesligindge FoF ridts oneBr &hiomy Déhﬁwﬁmadéhpm@@

t hi s syst efirbmslitatarbodnf ad ehavi.ngeeohermgstedbbioghiby] homdt he—sbekingy for the
hydr of or nykati ose off meldatise® dhddang- cibohyal ebipesndReasonswfvscdrdl $har e
firstly sphgel gOAES4 %%Ile@ Qfh{RS aabf&qma%lénb@mytzgdl B&eémiltdoubl e
bonds whi ch 'g?lg@[ai %ng Y, Jie i oghy;arcegaqﬁzfi el aiaes phace to an

appreC|abIe i On reaction
and secondPydeheigh Q’Fa?:lc ﬁyd?@% 56P3 a‘i?t‘ia\%ylsfrso?aih e

r hodi um t r EpRedyAprespEPRRa e é=I°y§Ptéhrﬁ?§ e ipat rrraid-aedbf ted xissrid®. The
hydr of or mykatpommdd thetathe eteadtdng- bbaite beetansied coft grebtgherdustri al

i mpor t angepkesstde. preparati on of plasticizer alcohols (alcohols for
preparing ester plasticizers) and surfactant 15 al cohols. Thus, |arge

amount s of <BhoBLLA%s PAE: USed LT DALIHLD0 e L IGETRPhBSLY P g0er L] oo

of a large I'ndust espec y plastics
but al so sﬁBFﬁ%ec%tc?a}tﬂsﬁg@et ?% egg S|lt“| gh% PXRRAT; Airg OB ‘ﬂ%om tions, etc.
An i npor t akelet ieslyofloppagha Péﬁighkf@ﬁﬁ)r iipdystrba st @vazdableliafiizer s,

whi ch i nol ndetured ém ahiah phthderviest emsl iatemal ededriss 4re meldsienhic
esters, phesphesil £sleers, atdrart@ngrePare aest e p{yaﬁblfgmﬂa&i&wo&g good

use prOperttleﬁﬁmélbeﬁ%flﬁsacme%egeﬁdpﬁf%tni %éeﬁsﬁt&%mo &h Veof rom

bout 6 t k
25035 semofnl %%%ﬁ Al coﬁgg nar?d gvgro yat(il)émg}jl e rlt%%@?e nC&;?nlgnf:I ngn

in parti cuPAFS BIBFbEFI Reptdsivl e&ndmélkt’i?ﬁ’ﬁ efli 3tdptedesn @hFR QYT &S

pr esent 45DEsPa 106618 S48 2n desreatiaies the nariegmapess lec esopporiqr efari ng 30
Cg- al cohol a-andeGidesaliaohind srdacaivednindirec as bdes ided.uwasl€otips | Si ng but ene
and but anenhbAi WhiGhphieRy Bphdddranet BEYAROCFEHAN MH6UES hSgisubj ected to a
hydr of ornmyl ati on and the resulting C5-al dehydes are subjected to an al dol
condensati on and subsequent catal ytic hydrogenation to form &f8*al cohol s.

35 As nentioned at the outset, the hydrofornyl ation of g nore
than 2 carbon atons results in the formation of mxturesm"{L H‘Wﬂmm

al dehydes because of the ability of COto be added onto each Of

L, ——— - ——— e, e AN N 1 o o o o



3 n-val eral dehyde but al so undesirabl e product al dehydes, which adversely
affects theO@RPDABE4 of the overall process. If industrial mxtures, for

exanple C4 fractions which are 5 available in large quantities both from

FCC plants and from steam crackers and consi st essentially of a m xture of
1- butene and 2-butene and generally al 0 butane, are used for the

hydr of or nylrgt eq.%ctat)?tb%g :B‘T ch fgyngpl o%l %ﬁgbi &gaflt}la%ltdg{lg@gﬁb thlS

possi bl e for 1 rr}1 Of or. Ty ‘ﬁ\
sel ecti vel yY¥aHE oP2Raket ‘Tfé‘ 8 t3 %ea Qéﬂey?é g h‘?}?et df” itREeT AT "ifé’ubl e
bonds to a fax reheahypoeferrsniatiesr ef i sekpdriaray| %Omﬂétahnneégfm%ﬁ i nt er est

in the prowvesdsonsofosutihyeheoffaraylattilen icahal ysésionl ofOnengital tdumble
abovements cmﬁﬁhsprtebhﬁf@mélhlcﬁmm§ bsﬁ@@tdmchegst@aamﬁ@al ¥9 £RSeAdhum
activity wd atg,gt a]geesv%ﬁ%ngonﬁwo# agggblg ALl 1[yhstem5 and

processes for aln, an olef i ns.
20 WO 95/ 3661&!61%&8“ a‘h Lfélﬁ%é’ rgforpylatio ’n‘8ﬁ‘é*fh?rr|ad’§ ££°°RB81 {(Pro9s)
descri be chiéiS@ttllﬁéaﬁh@éipHim’éfs’fl‘?éiWhgtJaN)(aiﬁtthéh’éY e Ki¥eéne whose use in the
r hodi um cat@ogdec-hy tplodroriptosiphdne ofattadlysitnappod Bfd nnteeads dwudiiegh

n-sel ectiyvigdrs.. However, these catal yst systens are unsuitable for the

hydr of ormyl ati on of int er nal 25 olefins. Borner et al., Angew. Chem 112,
1694 (2000) re ortolE A dc{l%fnororaxylgil on e(if nterr}lal m |ol near ol ef s wWth
the aid of ryuﬁ1 VR R f S m%ﬁoe? hiet® 35 9re2

rmnophosphdﬁ’idtuéyl%e”f‘ﬁ%rélaé‘éiﬁ PF ytRi Q;gparaigb,gracqﬁ &aatisi Ry tlicehptdcess
is |ow. Vandlesobads Eor airepa@lganémlalnhaéé‘,lQBzeHE?)G@n@leggiaCta&mct ed

i nt er nal 1laafdoh® 18V eThudodiatriec amahyist Wil ebt haikdreearsodséd etbx35 by neans
of a xant gmﬁp%@t&@mmo@@f‘gfg@r&o%@%iéé Lafega bxrgéon@hmg@phosphb ge
groups and .achi r rs -
3816452 rel g“teéf’%%f/gglﬁ’é é,rpé&;ggg BRI ?E&gﬂ?ﬂ gﬁgsgigg b‘%t c?rl%

pyrrol yl - oGP ﬁ8§pﬁ??1%J§Pga?nd PRELPI Cé“pé?l”%ﬂ%’ reet Bganmp?@’émﬁﬁl’oy et

al . . AmetChefi? SBROTENE 1668 ’(’ﬁ997535tdé%%‘??*t)écct“}ﬁ’élﬁﬁép’éli‘%t‘?%ﬁr
el ect rorﬂQ: prestart ress an@l@@nﬂh@%ﬂ@oﬂ%grpﬂbwmf@@aéic esters, adipic

bi s(di pyrr @lsylepbosphimal)ldttianester 0H5P8641d hestprepaeat | 0ro aneépapapl exes
of this 1 alste® panorE HddsChabiesegsRedngsopdit i2si, Sthete MaNtd aeed. 4
physi COChe@o@bl?ggpgf%ére%lgfohghétdrm 'hga@df%x@ AL3Er bPed 1 ctaf}%oart icle

by Smth et : concrefe application.of eir

conpl exes FoF Eaf yl?l C purB’oses E\'H O ?kctfrancmng {REn

trispyrrdd VePHOSpRFheA Y @PiGhy cBRP I%ﬂ’ﬁ)?t? Tt HydregERet ¢ dtedr enes (J.
Or ganonet . i@edndep5Pn dB3ic1998) ) 2-aprpHvdhepharit urandapratghel mixtures in
hydr of or ny atiicani€ Jis @Ghermen$oc., Dalton 10 Trans. 1831 (1997)). In the
hydrof ornmyl ation of 1-hexene, an appreciable proportion of by-products

formed as gg_ %5%6 @3 4de deserBRELald %t@& ;fet@m%egg Eope@af'e@»,% i34f ound.

f a t 5 Ch 575,
hecor d ng, 13 Llceatal SEns Iz g ﬁl‘p“f‘er" ARENE 15

Lum ¢ exe$ ¢ont ai nin
phosphi ne é:r‘?d‘plrﬁ?élb?/ot?r{gﬁeﬂepﬁé}é H?Tﬁ%nea(s i h%é arg 6| t3i 1579 nactive in
hydr of or my haidrefarpoR misgdage &gj subimatied Fpca srofeynylatsidmiaas thet he
hydr of or nylr&tsudhing Wi-mpbdehydeesady smbdasteal to egpyidol \Wdqhiesghthen odi fi ed
rhodi um catsalbgetiten?NA19R166Apdr sRiraltesnt So CBedn €, PXARRBSPBOr i NS
substitufged on the phosphorus atom by inter alia, pyrrole derivatives and

t he use of ,the n [ t

O ganomet alt ferogued 43" 4hd 8&8%%4 %ﬁ”“%@%ﬁ&mqf%%ﬁ % Woireve

cal ori metr |h€"§f‘ﬁd’i“‘é’§e o"ﬁ‘aé‘hél 5eFR sPRFHESS |1j’a|’i8§ FACTafdioNg OFi nt er
alia, hydr &ix48res | efeomeghenyt i ReSawsRl oAl I@PFeﬁ’@lbﬁ}d@édCO to be

di pyrrol yl phideghbones.edah Gfeirhe Bewo @x&onp@tor&%&&- 33gbulp 19 8nd .HInBr unner
and H Wbernddligescit g epkbCabsyibe ifve asiviepbeaphi sekeAndtliBal riuse in
enanti osel eClhy ey hafirprﬁeéryﬂaqt HQGle hess! ’cgae(‘dc%r'?rflﬁa@r}lg@@{ﬁ%nblénd vice
condensat i on of 2tgyrrol ecqﬂli1 al dehyte Qr 2 acet % lh tano

1- phenyl ethyl am ne and. i'f ap Rfo ria ’f?ler r Sact T BREHATERRYbeH

groups whi O &tECRAbIPHEHEESdPBR R e S‘)}lg}“o? PIRIG§Rh2" 25 ‘Wﬁtﬁff5@589
descri bes dydyolingsy bitismoeFhbrtene anseabbsedittrdneilAphycondaangagaon, the

di aryl - fas ey dro€ychy] & i2n2kaskebet nseandt cat dopstasion ahigdt tolhége are
present as ligands. In principle, hetaryl radicals nay al so be bound to the
atom of main group V.



40 DE- A-100 68 47% gescribes a hydrofornylation process using a
hydrofornylg B8R>3 élyst conprising at | east one phosphine |igand which
contains two triaryl phosphine groups, with at |east one aryl radical of the
two triaryl phosphi ne groups being bound 45 via a single bond to a
nonaromatic 5- to 8-nenbered carbocycliik 0000052364 20 25 5 or

hfe_t er Oﬁyf' i ﬁ_\bsléiwlaghga@u%t -Ql%opm@@iﬂrébieab_?iﬁﬁué@yal@i'e%?dggfi[whid%f er .
alia, hetar OURS er ; r nt application
5 100 46 ot HERdY; ap2stl I sBURShCHHE The Do AR e ol o
based on a phosphorus-, arsenic- or antinony-containing conpound as |igand
is used as Ehtiidpsitrizhi sixomesundor et ec s ef tRedione ghiklpsaxont ai ni ng a
P-, As- 0f Shaidtabhheand adrdeapgtantwbiésirddidr flreheFrCatpdmmtboand fioma steam
xant hene- | i keadWdaCuhar cskel &t @RseAPiddS AT, 41R:i Ak d @lratesutond i

hydr of o ny! 2t g of JghelLiis, b, maa0s Gl odbiin Gallgst syuhi ch have been

nodi fied with atLng: I dia e ands havi nQ a bi sphenol or
bt snapht hol PRSI AR GSE ROEPHOTIS “FE6 Mo Ny 153al 508 SRR LeRPrat ed
pyrrolyl, ih$ essiipileofor nerminadr eipSinsG(rbbrters) dio. bejhydyefommydmniteds,
3493 (1999)vemparetiecolbatly conflloexbss dfo Memebhyl tdrdadgdgze a shift of

bi spyrrol yl phasphilnesubné Bdiis’ tuse Bscnlieagepbsitivd.henBagspn-ddiandlly
reaction. Benincqniueir-al: dRsckLPeid %eo%ggéiéidd)%f()fsuch

3, 3" -di met hyl ' - bi i phenyl_phosphi no) - 2, 2" - bi si ndol e and a conpl ex of
this corrpo[}}/n’b&fvﬁ toﬁmﬁzégﬁ%l’ ucrh%gﬁ sa?'so various physicochenical properties of

t hese conpounds. Chiral catal yst systens conprising conpl exes of these
conpoundys viiwinaa tor hei abhoremeptapnedroreopleppngtivif hesereoewnty dleddto

reducti ons antknsioperezadidnscaieidy scltbsetlei aiMBOEL0&833inBthesP- A 754 715
rel ates to coyHiae%eseRf cal Kiylseneybedmtgechddibtpyés sy lrphepyé phosphines) with

a group VI lj,dRiedh mgnde 10e 4158 0RE-LNESE 0QTBL xRS 231081 8E¥d s for
prepari ng pol yketones. Van Leeuwen et al., Organonetallics 19, 2504 (2000)

describe the 35 s§nt hesi s of E'hosphori c diam de chelating | i4gands whi ch
have a b?QPIRer®/ 308 amthetfd® HEERBThS takd - whBER R4 LRI 44 $08dr med by
bi uret group95andearsibe mhedatanytphosphopesthasing at kenthrnt dackbape exes
of these cofpmendsei hin hyity afhedinirataterlyz40 MEHABIARY16tieh aifexetrainalret hod

of synthesigid¥dng, 2ealé SNSRI AOsd1ek ki Bapht Ndwelvegandse hesa aphesphor us
atons bear Mt%gxlsyhrgr&mtaﬁé%alg%h%?’h§§20fﬂn§}l€‘a%i59 &Y dternal

oxaphosp rci)lnesf "{‘@ ch are 45 substituted On the phosphorus atom by pyrrole
derivatives and t6 the use of these ligands in hydrofornylation catalysts.
0000052364 6 WO- A-99/ 5291 5 describes chiral phosphorus-containing |igands
based on bik3rdIerc etorpourddgeyf eaeBodyieli éG%Ed( 08 r seReTt ¢thsand 6- atomic
conpounds. Hydrofesaylathormrdminterndlngs inhat ho¥esfiimst Wetlpitheclagdapré | i nked

t 0 one anotdmydiby BREABys @mofliAgk® wianhdbbsbiedénsiemohvetiding car bons. WO

99/ 526323 ¢ ghHRRokBhén PIOCeTS el ALsdMIQGYBPALE 05 USUBY achieved using
phosphor us-t%g]@t g)lrgl Q%)c l,3§J ng ligands having, inter alia, a

1, 1' - bi spheno r ‘i, -bi snapht hol backbone in which the 10 phosphorus atom
may be substituted by pyrrole groups. It is an object of the present

i nventi on t\®hAEEPYEn | ¢haids RRPeMCRAHRE Lies pbbsiddibe { B9 Mor aesehptiat e

rel ativel y iroregnehapbef irer mveal rioediumt ephalystefihishohad rfehest modh £ ekt ur es
of ol ef i 3 Lhb neavings t £rrantaknanchd ndter pabsptoidd @ ihandssustdtuted by

1- but ene/ 2-{y8 SRRNBkXLIEHhink0gBbYss AndeRYHES AV RExBnlth P drsnearity at a

good conver sj Apgt bercabj the present invention is to provide an
i mproved pr%dcng)s%:sfs gfr? p?erﬁ?ia%ggﬁ?{% op?ﬁrﬁept anol. 20 We have found that this

object is achieved by pnicogen chel ate conpounds of the formula I RL - Pn--
(0) a- C}.{DQ§fA PRl6fR2 |[redmtrps @ the preparation of differently
40 substituted pyrrolyl-monophosphines and their use as flame

retardants.

K.G. Moloy et al., J. Am. Chem. Soc. 117, 7696 (1995} describe
the preparation, electronic properties and complexation
45 properties of bis(dipyrrolylphosphino)ethane.



where 30 Qis a bridging group of the formula RS R~ A1 R6 ~D) ¢ R8 AZ 35 Y
Y where 40 P02 326%are each, I ndependently of one another, O S, SiRaRb.
NR or CRdRe, where Ra, Rb and Rc are each, independently of one anot her,
hydr ogen, al kyl, cycl oal kyl, heterocycl oal kyl, 45 aryl or hetaryl,
0000052364 5 10 15 7 Rd and Re are each, independently of one another,

hydr ogen, I y. q y ; t he group
Rd t oget he?il}}v%nyiﬁegx%hgti%?rémr.%ﬁgg%gg%}%@?gﬁgkéaﬁﬁ%ﬁﬁE&l%y%\?% a.further
group Re f S ﬁxleﬁt?g Je?cghlagra Br PRy r?scrrloﬁg y DRE %hig?cbﬁ SMIEhEF
where is a airvArgaroBet bl i éﬁoub‘l%_gl‘ég)togd' oG ERBLFBEY PE 12 R11
12 R9 Rlo Ri@seld4oRpounds RI® &heirzametali rdmpdadentfor chtedpt anoptmroses20
hydr ogen,s alskybt s¥stoahdy), aryl, hal ogen, trifluoronethyl, carboxyl,

carboxylate or cyano or are joined to one another to forma C3-C4-al kyl ene
bridge, 25 R11, .R12, Rl13 and R14_are each, independently of one anather,
hydrggen, ﬁ%ﬁf}a y%Fo%fk)Hs,e écﬁf?ylfﬁ:fela’ &Ros g% ?'urorogﬁgi(‘hc?rpp%—f ot
car boxyl at &hec PYABOIERKIQR F08EENSY| FonLFEanRER 2 ChemkyPade- NE HIR3EX)
acyl or nitand, £80 thodiwn-eratalyyed shyfdrseormingdetieond,J.36hRB; RS;. RPadndnR3
are eachyo imdependeni | y13#7)0one Ianthd ety driofdengrds ical byl 1-bycdmal kayl
het er ocycl Qalpk¥biaBi¥| prdiiraivh, o EERIproGt MsoatiRhs 8k SMint NE EZe
N E2E5 0 Sl 506: DTS2 e Oy S C DGR R LR ) LB
(CH2G2N(E t%%eménts b@hp %%ia rétlgﬁygge .y fgéﬂédé%u 8L¥m.%§ﬂ£ %go’ wher e

(1999), rhodium complexes containing diphenyl-2—hydroxyphenyl-

15 phosphine and trispyrrolylphosphine as ligands are virtually

inactive in hydroformylation. C.R. Acad. Sci., Série IIc, 235

(1999) relates to the hydroformylation of vinylsilanes by means

of trispyrrolylphosphine-modified rhodium catalysts.

20 WO 00/56451 relates to cyclic oxaphosphorins substituted on the
phosphorus atom by, inter alia, pyrrole derivatives and the use
of these as ligands in hydroformylation catalysts.

In Organometallics 1998, 17, pp. 3000-3005, J. Shen et al.

25 describe calorimetric studies on chelating diphosphine ligands
including, inter alia, hydrazide-bridged diphenylphosphines and
alkylene-bridged dipyrrolylphosphines.

In Chem. Ber. 118, pp. 3380-33Y5 (1985), H. Brunner and H. Weber
30 describe optically active aminophosphines and their use in
enantioselective hydrosilylation. These ligands are prepared by
condensation of 2-pyrrolecarbaldehyde or 2-acetylpyrrole with
l-phenylethylamine and, if appropriate, further reactions and may
bear groups which are phosphonated on the pyrrole nitrogen.
35
WO 01/58589 describes compounds of phosphorus, arsenic and
antimony based on diaryl-fused bicyclo[2.2.2] skeletons and
catalysts in which these are present as ligands. In principle,
hetaryl radicals may also be bound to the atom of main group V.
40
DE-A-100 23 471 describes a hydroformylation process using a
hydroformylation catalyst comprising at least one phosphine
ligand which contains two triarylphosphine groups, with at least
one aryl radical of the two triarylphosphine groups being bound
45 via a single bond to a nonaromatic 5- to 8-membered carbocyclic



Rf, El1, E2 and E3 are identical or different radicals selected 45 from
among hydr 0@@A008RRYK¥ cycl oal kyl and aryl, 0000052364 8 Rg is hydrogen,
met hyl or ethyl, Mr is a cation, 5 X- is an anion and x is an integer from
1 to 120, or 10 R5 and R7 together with two adjacent carbon atons of the
benzene ring to which they are bound feggma fused ring systemhaving 1, 2

or 3 further rinas, . p.are , and f..Qn ther, 0 or
|, Pnis a 51fli]tl:o ,er?ck'?%%cse ecg%lglg ??gﬁngén%h%gﬁgﬁg&gﬁdyr#gmghﬁasgﬂ%r%s,
arsenic or ¥f¥ erglihg e, 9%‘?pﬁ?ﬁ?satf8r85%,sqﬁ%ﬁ&éfﬁgﬁﬂié tly of one
anot her, hetaryl, hetaryloxy, alkyl, al koxy, aryl, 25 aryloxy, cycloal kyl,
cycl oal koxyThdateamaay phbahkydpplhieteionye | 108 K6x§2®r7 atesNELB2s gr oup, Wi th
Ehetﬁrovi _§0h§&p5fd%1myagéid§€$ YR eRYI ﬁﬁlﬁhwplapa%?pmd Bg@%dt Bg Ait ro?en at Q{nh
o the pnic _Pn Rl tog i ; r, Wi
R4 forma d’%vaslqjelﬁ}r%gréuﬁr ré)lf%lt Bg ?%P%Eu?ﬁy tIgg(nl Wg%facoﬁggﬁﬁgnéé)glt%#ggst one
pyrrol e groth Lﬁtﬁ_é]'d‘ v HE Gy FPAP e S ATR B e ATt BRI hE 35 SSehw tGRAYPS, where
40 Py is a §Raindngr 8uPsr 1255 0% Ehedt¥mlangoRl b72sy t¥o SPREMEX NRc or
CRhRi , Wi sheyatazionygl bouyd |twalak arythemedliker yo bogulass skeletrgn . or
het ar yl oxy, 0000052364 9 and Rh and R are each, independently of one
anot her, hyes age,718l Kyh  r SYEea2kKYEne NRIREEEVRI BRI orSoB¥inLbyhetaryl,
or forma bnllesaor}/sr 'S €nd524P coaftatlggtgo\[rlj;ryclhahgxélﬁ o modified with
chelating phosphoric diamidite ligands having a bisphenol or
bisnaphthol backbone and whose phosphorus atoms may bear

15 unsubstituted pyrrolyl, imidazolyl or indolyl groups.

Gimbert et al., J. Org. Chem. 64, 3493 (1999) report cobalt
complexes of N-methyl-bridged bispyrrolylphosphines and their use
as reagents in the Pauson—Khand reaction.

20
Benincori et al. describe the preparation of 3,3’'—dimethyl-
1,1'—bis(diphenylpheosphinco)—2,2’'-bisindole and a complex of this
compound with palladium and also various physicochemical
properties of these compounds.

25
Chiral catalyst systems comprising complexes of these compounds
with a transition metal for carrying out stereocontroled
reductions and isomerizations are disclosed in WO 96/01831.

) 30 EP—-A 754 715 relates to complexes of alkylene-bridged
di(pyrrolylphenylphosphines) with a group VIII metal and the use
of these complexes as catalysts for preparing polyketones.

Van Leeuwen et al., Organometallics 19, 2504 (2000) describe the
35 synthesis of phosphoric diamide chelating ligands which have a
bisphenol or xanthene backbone and whose diamide unit is formed
by biuret groups, and also the catalytic properties of the
rhodium complexes of these compounds in hydroformylation.

40 WO 98/42716 relates to a method of synthesizing
2,2 '—bisphosphino-1, 1’—binaphthyl ligands whose phosphorus atoms
bear pyrrolyl groups.

DE—A 199 13 352 relates to cyclic oxaphosphorins which are
45 substituted on the phosphorus atom by pyrrole derivatives and to
the use of these ligands in hydroformylation catalysts.



10 bound VI é ogen atons to the pnicogen atomPn. In a specific
enbodinent %£ i nvention provides pnicogen chel ate conpounds in
whi ch a substltuted pyrrole group and/or a 15 pyrrole group integrated into
a fused ring systemis covalently bound via its pyrrole nitrogen to the

pni cogen atom In addition, the presené invention provides catal ysts

Conpr's'r“JW%nhC@§?92§f§”&§é%rQB€P|éﬁ%%%ﬂMp%BsﬁhSFﬁéﬂchtalhéﬂé'iiéthy'OUp VI
20 of the Perlgdlc T

ab t ast _onhe pni cogen
chel at o cofBaTad P oy saneem L qh EakBtBe Bl pefErbaind B (O0RY,
provi des 61ﬁﬁﬁoée§§°$tﬁ<qqm?oﬁyﬁﬁoftﬁrﬁﬂﬁigvo hhora %ﬂﬂﬁﬁﬁﬁnﬁ%nﬁﬁﬁTQﬁQH QTR
| east one ZXBecbhgVeht caid yinhsdt te anad agotbee Momeangndfespabiald ypoad
process fomepkepartuy mindelkyndesnand/ or al cohol s by hydrofornyl ati on of
C3-CZO ol efins, preferably C4- CZC)oIefins at super at nospheric pressure and

el evat ed t%"%g%?’éﬁ bxyel’lt%ﬁgswf ﬁ dfo’&y%ﬁ%ﬁ?&?stgé‘ﬁ%ff a metal

conpl ex of I.tion f erl o abl e of the
Bl ehent s hEREIEREBERTSPHR8anGaE” é%‘? S AR tu AT A LRy SE and
free |igand, 1mhbtephﬁQQﬂaOeaﬂaﬂysblinﬁﬂ#tb§lab?ﬁﬁhﬁﬂ&eﬁncﬁbteﬂeihﬁanplex and
the fread ippasgdhoses dtorampgi begawbhahate sympowedeohrdtmesfornula 1. 35
The invention further provides a process fox preparing 2-propyl heptanol,

whi ch conprise é gtyétrtofofzrtxtalsf nftf ﬂwt n 3 gtg%%(tgott peat |, gncef

t he resultln a i 0 o) .Subse rogenation of
t he condengﬁglo¥ O%%c S, E H 5&0 orwgga%?ex o%lvengtg?n%ﬁ R3HMsition group

VITI with FETRHnpbL% %ﬂ%?rﬁﬁﬂcﬁﬁﬁﬁquhéFa B Yﬁﬁﬁﬁi}nHlBFufﬁ% YorGEA" as
| i gand il$ bazdnastémmiingfloand| antewnadadalhse bandst,he .- expl-amttanedd—bhtetre
present i nwertioas, tie gExer eddebydealhaylihg emncayhadsesasityaighta gbadn and

lérl a?;%?fd| i—'c&ilvegéﬂé’rps Arft;ihzbeiejedte d&rﬁﬁerefgger&t rlabehtl&fhalgwtter pltasalméled
a e particularly
preferably blgégygﬁﬁiqﬂggggés gﬁggkﬁ?y Bgrtlcéﬁﬁhpg g?g %rably 0000052364

10 C1-C4-al kyl groups. Exanples of alkyl groups are, in particular, nethyl,
ethyl , FPopg haveotﬁtewthaﬁ 5ﬁt§/|°bﬂf06ut§| actsdeefeeut?w pnigegemghglate
n-pentyl, 2zopepauyds <X rdehypboeld I 3-net hyl butyl, 1, 2-di nethyl propyl,
I,I-dinethylpropyl, 2, 2-di met hyl propyl, 5 Z-ethylpropyl n- hexyl , -hexyl,
2-met hyl pentyl, 3-nethyl pentyl, 4-nethylpentyl, 1, 2- dlnethylbutyl

1, 3-di net hyl butyl, 2R3-di 'hyI%DeYt‘Qr—ﬂcumnetqubuﬂvl 2, Z—dlnethylbutyl,
3, 3-di hyl butyl, 1,1, 2-tiri methyl propyl, 1,2, 2-t rlnethylpropyl

1-ethyl batyl, 2-ethylbutylr2 1-ethyl-2-nethyl pro@®fl, n-heptyl, 10 2- heptyl,
3-heptyl, 2-ethylpentyl, 1-propylbutyl, n-octyl, 2-ethy|hexy|,

2- propyl heptyl, nonyl, decyl. The expression "al kyl" al so enconpasses
substituted aIWVErgroups whi ch may generally bear 1, 2, 3, 4 or 5,
preferably 1, 2 or' 3 15 and particularly preferably 1, substituent(s)

sel ect egof rom gnong the grqyps gyg%g@tfﬁkougra@,thgeg@gmblahalogen NEl E2,
NEl E2E~+, carboxyl, carboxyl ate, and sul fonate. For the purposes of
the present invention, the eRbreSS|on 20 " 'kylene refers to

strai ght-chain or branched al
atons. For the purposes OE
"cycl oal kyl " enconpasses bot d and substituted 25 cycl oal kyl
groups, 3preferably C5--C7-cycl pal kyl groups such as cycl opentyl, cycl ohexyl
or cycl oheptyl, which, if theyyare substivtuted, may generally bear 1, 2, 3,
4 or 5, preferably 1, 2 or 3 and particularly preferably 1, substituent(s)
sel ected frontanDn the groups al kyl, al koxy and hal ogen. 30 For the

pur poses of t h&h pfFesent invention, the expressi on "heterocycl oal kyl "
enconpasses saturated cycloallphatlc groups generally having from4 to 7,
preferaloy 5 oAl6andiAfg at ems, eieh whinglepéndentZyobft heeramotlear,bonssar e

repl aced by heteroatons. 35igekgcted éf @rRiaaDRGerBe el ements oxygen
nitrogen and sul fur and which nay be substituted If they are substituted,
t hese heterocy phat r ear or.3 ref ably 1 or 2,
particul arly p% fgéﬂat?lgl ‘fg aq'f set'%lcpaen’tl E endeI’me'c}t'edf fdrno ﬁgh o al kyl , aryl,
COORf, COO- M+ and NEI E2, pF‘é‘fiE?%t‘brl"y Ky . CESEaAIkES / 4betﬁr%<t¥@r1r°a yl,
heteroc%@loallphatlc groupgraﬂeopymﬂeﬂydbnyl pi peri di nyl,
2,2,6,6-tetranet hyl pi peri di nyl, inidazolidinyl, pyrazol i di nyl,

oxazol i di nyl, norpholidinyl, thiazolidinyl, isothiazolidinyl,
i soxazol i dinyl, piperazinyl, tetrahydrothiophenyl, tetrahydrofuranyl,
t et rahydr opyranyl, 45 di oxanyl. 0000052364 11 For the purposes of the

present invention, the expression "aryl" enconpasses both unsubstituted and
substituted aryl groups and preferably refers to phenyl, tolyl, xylyl,
mesi tyl, naphthyl, fluorenyl, anthracenyl, phenanthrenyl or naphthacenyl,



5 particul ar|l [ ably phenyl or naphthyl, where, if they are
substi t ut ecﬂoql%&gééyl groups may generally bear 1, 2, 3, 4 or 5,

preferably 1, 2 or 3 and particularly preferably 1, substituent(s) sel ected
from anong the groups al kyl, al koxy, carboxyl, carboxyl ate,
trifluoronethyl, -SO3H, sulfonate, NEl E2, 10 al kyl ene-NEl E2, nitro, cyano

and hal ogen. Fa{d the Rer posgse fachhei piasaiMenicNyedt i b ahBenexpressi on
"hetaryl" enconpasses unsugﬁdrto tad ?fk bscyctlg%i:ﬂ){/?et rggggggﬂacl oups,
preferably the groups pyri .. qui fo m’?lj’, cridi f pyrt dazinyl
pyrini dinyl, pyrazinyl, andife 9SuBgFatht &F tp§r PBPuRyRSupeethsr tHeP are
substituted, these heteroarbiithies groupsRimy bGeaerrgupy RBekggether with a
substituents sel ected fromfammgrt heogs REpSoahky | iralrkexyecerrb®eibging
carboxylate, -SO03H, sul fonaj&upNBl, E2, al kyl ene-NEl Ez, trifluoronethyl and
hal ogen. 20 For the purposes of the present invention, the expression
"pyrrol group" refers to a series o unﬁoubsti,tut ed or sgbsti%u ed

het er oar omat i ¢ %yr oups whi chSarfe VAL WY 188 F3AP FPSRFER gfrong
skel eton and whose het er ocydi® 9%8HP@i ns a pyrrolic 25 nitrogen atom which
can be caval ently bound to other atons, for exanple apnicogen atom The

expression "pytdyol group” thuspenc asse
groups pyrrol yg,\i m dazoRifA | pR azq{fel ., indol y}, purin ndazol yl,
benzotri azolyl, TB28Htriazol yHB, 4-triaFekKyl and R3 oY iyl , 30 which,
if they are substitutedy may generally bear 1,'2 or 3, {preVerably 1 or 2,
particularly preferably 1, substituent(s) selected fromyaxpng the groups

al kyl, al%oxy, acyl, carboxyl, carboxylate, -S03H, sulfonate, NEl E2,

al kyl ene- NEI E2, trifluoronethyl and hal ogen. 35 The expression "bispyrrole
group" accordi Rgleyeenconpasses, for the purposes of the present invention,
di val ent groups of the fornmula 40 PY-1-PY which conprise two pyrrole groups
j oi ned by a dirgct i cal__bond or via alkylene, oxa, thi i mno, silyl
or al kylimno 5?03% , Pgor &kanpfe thjén%péaf’ééﬁgﬁioy Oéﬂ?oﬁm%?e]i’he fornul a 45
000Q052F% 12 | N N | 5 as P¥HTER&RDI 2O aCBP EPRAKYI e 25¥ bupPaHAIER  conpr i ses
two directly linked pyrrol éexgifdupsométhnlhi sartheeyli.ndokpprybate lpg cyano

bi spyrrol edi yl net hane grouprofarehgofrordntioachiel arddkerNtb fofh as an exanpl e
of a bispyrrole group whicle,coppdixs@entWor 4,0l € groups, in this case
pyrrolyl, connected via a nmethylene group. 15 Like the pyrrole groups, the
bi spyrr gro b ubstituted aor substituted and, if they are
substi t(l}JIBZd, natks%g%gl‘a Iﬁgatr)’ga#pﬁ,arﬁ o3, lf)]rg %rrla%’f%/lylogr oD® ?nnOtﬁléEFfi cul ar
1, substituent(s) sel ected WoSRPER DR IIkyFYSERadd}  BEY hox3ALO%€ Y boxyl at e,
-S03H, sulfonate, NEI E2, althjifénercqmtiyl, 20008 fdarbosnbetsd cvdgdohal ogen per
pyrrole unit. In these indiad&bixgnss@fil,t hel fumdter, IEIRQssi bl e substituents,
the |inking of the pyrrol e dinytienbynEiedige] £h@mogahibesnd or via the
abovenend oned groups is not regarded as substitution. 25 For the purposes
of the present jnvention, car %og¥lgte and sul fonate are preferably a
derivative of a carboxylic acid function or a sulfonic acid function, in
particul ar a netal carboxylate or sulfonate, a carboxylic ester or sulfonic
ester functionYor a carboxdfi decBemkifal RART de function. Substituents 30 of
this type include, for exanple, esters with Cl-C4-al kanols, e.g. nethanol,
et hanol ,3:- pr opanok¢, iIRFoph@pRGlre Badiut amdepes@eriijt @fobnanthdidiel- but anol .
The above expl anations of th%rgégﬁ,egllkg@ b KRy 1, CHEL QR KM ca1BpL AT YT ",

o koxy~ oyl bal koxy”, hf;ﬁ{ﬁ“ EORh PLBLE Bl DB SR ARS oy
For the purposes of the pr eﬁg)' i){W\}Ez i or, & 1@51?)71‘@?3£E}6nx'7ac v A8 refers

to al kanoyl or aroyl groups CHEASHANY hdFEey(Fork2 t(EHIQH2NdELT bRdbl y from
2 to 8, @mrbon atons, for éxdoger, tthe fdoceryhetiprlopnonyd, dautlypyl ¢yano,

pent anoyl, hexanoyl, heptanoyl, 2-ethyl hexanoyl, 2-propyl heptanoyl, benzoyl
or naphthoyl grgupRe 45 The groups NEI E2 and NESES are preferably

N, N- di met hyl am no, N, N-di et hyl am no, N, N-di propyl am no,

N, N- di i sopropyl a}rri no, N N-di-n- butyl am no, N, N-dj-tert-butylam no1
N,N—dicyclohex§1' El, E< and E° are identical or different radicals selected
45

from among hydrogen, alkyl, cycloalkyl and aryl,



0000052364 13 amino _or N, N-di phenyl am no. Hal ogen is fluorine, chlorine,
bromi ne or P8@PRE23pfAeferably fluorine, chlorine or bronmine. 5 M- is a
cation equivalent, i.e. a nonovalent cation or that part of a polyval ent
cation which corresponds to a single positive charge. The cation M serves
nmerely as counterion for balancing nega&ively charged substituent groups,
e.g, the COO ggoup or the 19 pdfRRAL enGERMP.oraBEngaN i n principle be
chosen at will. Preference is therefore given to using alkali netal ions,
in particular Nhj, K+, Li+ jons, or, oniumions, e.g. anmoni um
nonoal kyl anmoni¥m  di al kyl ahfohiGfh*oPri al kyl anmmoni um t et r aal kyl anmoni um
phosphoni um tetraal kyl phosphoni um or 15 tetraaryl phosphoni um i ons.

Anal ogouss consixter ati ons apps yart arntilbe andon equi val ent X- which nerely
serves as counterion to positively charged substituent groups such as
ammoni um groups_and can be ghosen at wilk from.20,3g0ng nonoval ent ani ons
and parts of po¥yvalent ani ons corregpondfng to single negative charges. In
general, preference is given to halide ions X-, in particular chloride and
bromde. x is arinteger from1l to 240, preferably an integer from3 to 25
120. Fused ring systens can conprise aromatic, hydroaromatic and cyclic

conmpounds j oi negk kyndf HS1 iyethegedith NGy atj@BEnH Y B0 at bl €8f AdheDr e than

three rings. Depending on tjfig way LB Whigh ke 30y BunkUssd,rd ng
systens are joined, a dlstlfgéé n,is gadqﬂpg}wggn prt th sicQn, 1.e.

ring shares an edge, viz. tWh atdred &t edch hei ghborPng fih§Fand
peri-fusion in which one car¥¥i¥-at om bel ongs to nore than two rings. Anmpng
fused ribhy systens, preference is given to ortho-fused ring systens. 35 Y
is a chem cal bonghd ib. e. therd iedchgeipdependentiheohronkgiangtyeoupo @2 d,t he
groups -O or, in the case of a and/or b being equal to 0, to the groups

PnRI R2 or PnR3 40 I n the; brj dgi. o) Q, OHRS, are
each, independently of one l%é%gg%?gggﬁﬁigg}ﬁgﬁ B ~ or gggdtﬁﬁere t he
substituents Ra, Rb and Rc é%ﬁ?%é%?hp RSPIIESse AGRTRTS Bt 20&™3RYt her |

hydr ogen2®al kyl , cycl oal kyl, heterocycl oal kyl, aryl or hetaryl, while the
groups Rd and Rendaire each, independently of one 45 another, hydrogen,

al kyl, cycl oal kyl, heterocycl oal kyl, aryl or hetaryl or the group Rd

t oget h;r withf a;:f,umuhemadggmgka@;@nfét _ﬂﬂd@@iﬂ@ngﬁit@ﬂgjﬂ@hn‘&th@rﬁ fuBt h%r_
group Re may form an 0QRZ35/ B, e Idging up D. is
a dival ent bridging group z%g§¥§gyé egg%if%§ frggkgi' :}épe'g?g%%% 5 R11 12
R11 12 RL RO RIO \ / C H---C'H %ﬁ q f"\ X ’éggy% ére RO and Rl,are
each, independently of one BESYIREY CLAFUF e HETEFRGYC LIRS RY | 2P A F.

hal ogen, trifluoronethyl, c#dexyVithaklreyoxiecothalydtoand Bt @reoi ned to
one another to forma 15 CylyAcdlekgkeups graoumd znd Riel niRi2geR18t@ndoR1l4 may
each be, independently of one anakbgen & egenor akkoge€det oaltkylr? aryl,
hal ogen, 34 rifluoromethyl, CGXd}o.Casboxydd@le we¥RNO. £BKOXYdi i3t group

sul fonate, NEl E2, al kyl ene- +X%- | or nitro. The groups and R1
are each preferably hydrogéﬂﬁhg%5%1¥gf?§Fyor carboxyl ate 20 and the groups

R11, R12, R13 and R14 are preferably each hydrogen, Cl-Cl -al kyl, hal ogen,
in particular fluorine, chl®i¥m& or bromine, trifluoronethyl, Cl-C4-alkoxy,
carboxyl ate, sulfonate or Cl-Cg-aryl. Preference is given to R9, Rl1l, R1ll,
R12, R133sind R14 each bei ngdiyliogan. aboreasseond gyraieequsdup eBindria
medi um 25 preference is giMgn g;ygremécleg@xrbg%hetat@h&%mw%gﬁ hfomich 1, 2
or 3, preferably 1 or 2, in particular 1, of the groups RI1l, R 2, R13

and/ or R14 are a COO Me+, a 503- M+ or a NEI E2E3+X- group, where Mt and X-
are as defined WHdFe. 30 Particularly preferred bridging groups D are the
et hyl ene group RL \ /

each

40 Py is a pyrrole group,
I is a chemical bond or 0, S, SiRaRP, NRC or CRDPRi,
W is cycloalkyl, cycloalkoxy, aryl, aryloxy,

45 hetaryl or hetaryloxy,



CH-CH /g‘i Q?J égg he 1, 2-phenyl ene group R11 12 40 When Rd together with
a further Q)%O 8 Re together with a 45 further group Re forns an

i ntranol ecul ar bridging group D, i.e. the index c is equal to |, it follows
that both Al and A2 each have to be a CRdRe group and the bridging group Q
has a 0000052364 15 triptycene-like ®&arbon skeleton. Preferred bridging
groups Q al so igud ude, apart fromthose having a triptycene-Ilike carbon
skel eton, those in which the index c is 5 0 and the groups Al and Az are
sel ected from anong .the gr s 0, .Sa artlcular from anong O,
S, the nethyl enperpg"inguﬁ (Rd alp%fa‘:h o ﬁ%erﬁfer?é‘tl {PE@? 18&9&§Foup (Rd = Re
= CH3), the di-n-propyl met chb”r@é!egrroabkf(hd cyRea kﬁlprfm:t)ﬂr}?caiﬁélo%ﬁé’l

di - n- but y§ met hyl ene group (d&drl=oRehstarputyl). Particular 10 preference is
given to bridging groups Qin which Al is different fromA2, in which case
Al is preferabl dRe d j r I n Oor S atom

particul arly pr% erggl d bgé ar tola%ul gg\"% %feﬁr rfggh%%?dgl ng groups Q are

t hus ones whi ch have 15 a tri pt%gene | i ke or xanthene-like (Al :CRdRe, A2:0)
skel eton. The substituents §; R~ and Re generally each hydrogen,

al kyl, cyxl oal kyl, heterocycl oal kyl, aryl or hetaryl. R5 and R~ are
preferably eachduwdr 9gentianchiReogad &Ebomd eeprakepattygeanahod0pLl- C4- al kyl
e.g. nethyl, ethyl, n-propyl, n-butyl or tert- butyI It goes wi thout sayi ng

that the pasitions of.the . rings of the bri rou whi.ch

not occuplg“5 l’?‘ysguﬁﬁ%l(f ueé“rkl][) éar ar}% rrc‘?'Seng nver&ﬁﬁ% gﬁ(o:‘ép?‘% b1 80g8n ©
subst i t uentcheRgtepgompENgRy 1R Wl éﬁléraalq‘ﬂ}’ rg?éﬁlét?ﬁi RYFRS AEOWR AN/ BEt Pon to
t he cat al5/thveradei greyp dintelygagad al Y ¢ grepdr ethd rowteneipriewdentétiel at e
| i gands, ap=nundf vom hievimgradei nituegwe tonthhepsiotagein ktyp. R5, R6, R~ and
R8 are preferably each hydrogen. 30 If RS and/or R~ forma fused-on ri ng

system the, aBQ_SLt%ﬁ’ |Ot!1-%c r@QEMtbﬁR@&%oﬁ%rpPé@Mé@'e%‘Eﬁl{zé@%oan%%ggn

Eegfege rin %,cg%%gnfrﬁ £ t% c¥) B?éé&?étdlt%t %dfng ?Pe&’ *&:ans;g{?n g%ro%pgg&gt)cu' ar

sul f onat® NEftRS. Paafmﬂecnéram PEOL 14 ROt ST b Bont R, one

al koxycar bmwlcogaayqzh%\lﬁﬁ:yean@oums%fdféw Aaphehallerre Aiiegsdare preferably
unsubstituted or bear a total of 1, 2 or 3, in particular 1 or 2, of the
subst i t uenti;eMpRbsORE i N ohOFut tieef wsediass henzeressi Ags dre the ring
which is n@,tyd%%gmpﬂa@lw Qt AQmbduddie JMg8dn PRy rdindeakf s5e of the

pni cogen, Chel 3t g,¢0 %%%%a%hrgbgd p(jg%%el%t Pbﬁ‘é{ Aao'éskefgglf‘y ;Aeogﬁ i e,

hydr of orriy Xt oR e i\%
R7 and R8 |f§rapﬁ8P3:Fl'H1fc}rd8 H%FFC °5uﬁlcﬁ Qkiyh 31P) PEsul ts

in wat er - s hubte-PeLiBEenPEHETAPSY cHmizexeke Hiftsh atgﬁwa\mqsphﬁfm The
pol ar groupseaserpreidraelsveted| bemrat dftusm RyomepIGOORF COCDOMK USO8 RN
'S03- M+, NEIth2, prefoReH) X364 mébanl dompares: NEl £zme Bl BZEB+Xasition group

al kyl ene:dVEJIE%ESfI t¥e  PdRlodi SR ab{CHO E@HROk XBhe s HEHSGERN D)) XRf, wher e

Rl EL EZqifdorfa M a@%%ét%d;n?e%%fagega AR aﬁd %]O %gheg group Q
Tdde

i's boundtothe r R4 via t elther
directly 0|Wh\7lrﬁlg tl&‘gycgaetr?l rﬁ‘f)ed P i% spgﬁc%’l?%%c&eq?ﬁg Yol A7gr bUp

sel ected ffERParbABRGHTShGFUS, PRFIRAMT CARYA BRtTIERYNIPAL | S drEMedP a1 y
preferably 10 phosphorus. The individual pnicogen atons Pn of the pnicogen
chel at e I MMeundsentidhepreeenprovideast imopracesedelr poaparitica two coval ent
bonds to t\QQp§HE sihépea Rinasd RdisR3 and rﬁﬂdro\@eewl&@lctm%fsal@@éﬁé uents

RL, R2, R3 c?e%%@t?‘én bf‘dé%er}%%(lﬁlcu? ?B%{éﬂ‘ §§B¥ucts
?‘h ptrf?

hetaryl
hgt Z%C%?/&& k§ T‘u‘gf %%‘F&?gé?ﬁ%%}/ )%‘nﬁl C@P\éﬁasa éF%W SO
that Rl an#hR3cAPe? pRAMieE §F odpketidund Wan%h*elogyelrape YT 5géh 8B the

pni cogertGatlemsPnond hen 2 genbshel atenteorRRuaddé dDreig farpubavhrdsageoasd yisal so
pyrrol e gradps beungdmdforiyeapyet adealiystogen to the pnicogen atom Pn.
Furt her nor e, the substituent Rl together with the substituent RZ or the

substi tuen e n r.th R1
oget her wih PheeEbiSlatled, bpCuily desttSEly ‘*ﬂﬁ— Toe @%épé%%s%? B with
t he substi t@éﬁﬁ’ RACRGIEARFSRt ShE th8rlﬁ1%1 §Ped B’Bﬁﬁd via the
pyrrol e 4% ﬂﬁ?@génér@opltekfeer@ﬁll&ogéﬁ?ﬁwrﬁmcpﬁln or branched Cl—Czo alkyl
groups, more preferably C;-Cji;-alkyl groups, particularly

preferably C;-Cg-alkyl groups and very particularly preferably



The nmeanings of the individual expressions used in the previous 30

par agr aph c¥9eP%H84to the definitions given earlier in the present text.
In a further advantageous enbodi the substituent Rl together with 35
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The expression ,alkyl” also encompasses substituted alkyl groups

which may generally bear 1, 2, 3, 4 or 5, preferably 1,

2 or 3

15 and particularly preferably 1, substituent(s) selected from among
the groups cycloalkyl, aryl, hetaryl, halogen, NElE2, NEIE2E3+,

carboxyl, carboxylate, —S0O3H and sulfonate.

For the purposes of the present invention, the expression
20 ,alkylene” refers to straight-chain or branched alkanediyl groups

having from 1 to 4 carbon atoms.

For the purposes of the present invention, the expression
~Cycloalkyl” encompasses both unsubstituted and substituted

25 cycloalkyl groups, preferably Cs~C;—cycloalkyl groups such as
cyclopentyl, cyclohexyl or cycloheptyl, which, if they are
substituted, may generally bear 1, 2, 3, 4 or 5, preferably 1, 2
or 3 and particularly preferably 1, substituent(s) selected from

among the groups alkyl, alkoxy and halogen.
30

For the purposes of the present invention, the expression

sheterocycloalkyl” encompasses saturated cycloaliphatic

groups

generally having from 4 to 7, preferably 5 or 6, ring atoms, in
which 1 or 2 of the ring carbons are replaced by heteroatoms

35 selected from among the elements oxygen, nitrogen and sulfur and
which may be substituted. If they are substituted, these
heterocycloaliphatic groups may bear 1, 2 or 3, preferably 1 or
2, particularly preferably 1, substituent(s) selected from cmong
alkyl, aryl, COORf, COO-M* and NE!E2, preferably alkyl. Examples

40 of such heterocycloaliphatic groups are pyrrolidinyl,

piperidinyl, 2,2,6,6—tetramethylpiperidinyl, imidazolidinyl,
pyrazolidinyl, oxazolidinyl, morpholidinyl, thiazolidinyl,

isothiazolidinyl, isoxazolidinyl, piperazinyl,

tetrahydrothiophenyl, tetrahydrofuranyl, tetrahydropyranyl,

45 dioxanyl.
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For the purposes of the present invention, the expression ,aryl”
encompasses both unsubstituted and substituted aryl groups and
preferably refers to phenyl, tolyl, xylyl, mesityl, naphthyl,
fluorenyl, anthracenyl, phenanthrenyl or naphthacenyl,
particularly preferably phenyl or naphthyl, where, if they are
substituted, these aryl groups may generally bear 1, 2, 3, 4 or
5, preferably 1, 2 or 3 and particularly preferably 1,
substituent(s) selected from among the groups alkyl, alkoxy,
carboxyl, carboxylate, trifluoromethyl, —SO3H, sulfonate, NE!EZ,
alkylene-NE!E2, nitro, cyano and halogen.

For the purposes of the present invention, the expression
shetaryl” encompasses unsubstituted or substituted heteroaromatic
groups, preferably the groups pyridyl, gquinolinyl, acridinyl,
pyridazinyl, pyrimidinyl, pyrazinyl, and the subgroup of ,pyrrol
groups”. If they are substituted, these heterocaromatic groups may
generally bear 1, 2 or 3 substituents selected from among the
groups alkyl, alkoxy, carboxyl, carboxylate, —~SO3H, sulfonate,
NE!E2, alkylene—NE!EZ, trifluoromethyl and halogen.

For the purposes of the present invention, the expression ,pyrrol
group” refers to a series of unsubstituted or substituted
heteroaromatic groups which are structurally derived from the
pyrrol skeleton and whose heterocycle contains a pyrrolic
nitrogen atom which can be covalently bound to other atoms, for
example a pnicogen atom. The expression ,pyrrol group” thus
encompasses the unsubstituted or substituted groups pyrrolyl,
imidazolyl, pyrazolyl, indolyl, purinyl, indazolyl,
benzotriazolyl, 1,2,3-triazolyl, 1,3,4-triazolyl and carbazolyl,
which, if they are substituted, may generally bear 1, 2 or 3,
preferably 1 or 2, particularly preferably 1, substituent(s)
selected from among the groups alkyl, alkoxy, acyl, carboxyl,
carboxylate, —SO3H, sulfonate, NE!EZ2, alkylene-NElEZ,
trifluoromethyl and halogen.

The expression ,bispyrrole group” accordingly encompasses, for
the purposes of the present invention, divalent groups of the
formula

Py-I-Py,
which comprise two pyrrole groups joined by a direct chemical

bond or via alkylene, oxa, thio, imino, silyl or alkylimino
groups, for example the bisindolediyl group of the formula
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as an example of a bispyrrole group which comprises two directly
linked pyrrole groups, in this case indelyl, or the
bispyrrolediylmethane group of the formula

N N

T 1
as an example of a bispyrrole group which comprises two pyrrole
groups, in this case pyrrolyl, connected via a methylene group.
Like the pyrrole groups, the bispyrrole groups can also be
unsubstituted or substituted and, if they are substituted, may
generally bear 1, 2 or 3, preferably 1 or 2, in particular 1,
substituent(s) selected from among alkyl, alkoxy, carboxyl,
carboxylate, —SO3H, sulfonate, NE!E2, alkylene-NE!EZ2,
trifluoromethyl and halogen per pyrrole unit. In these
indications of the number of possible substituents, the linking
of the pyrrole units by a direct chemical bond or via the
abovementioned groups is not regarded as substitution.

For the purposes of the present invention, carboxylate and
sulfonate are preferably a derivative of a carboxylic acid
function or a sulfonic acid function, in particular a metal
carboxylate or sulfonate, a carboxylic ester or sulfonic ester
function or a carboxamide or sulfonamide function. Substituents
of this type include, for example, esters with C;—Cy—alkanols,
e.g. methanol, ethanol, n-propanol, isopropanol, n-butanol,
sec—butanol and tert-butanol.

The above explanations of the expressions ,alkyl”, ,cycloalkyl”,
»aryl”, ,heterocycloalkyl” and ,hetaryl” apply analogously to the
expressions ,alkoxy*”, ,cycloalkoxy”, ,aryloxy”,

~heterocycloalkoxy” and ,hetaryloxy”.

For the purposes of the present invention, the expression “acyl”
refers to alkanoyl or aroyl groups generally having from 2 to 11,
preferably from 2 to 8, carbon atoms, for example the acetyl,
propionyl, butyryl, pentanoyl, hexanoyl, heptanoyl,
2-ethylhexanoyl, 2-propylheptanoyl, benzoyl or naphthoyl group.

The groups NE!E? and NE‘E> are preferably N,N-dimethylamino,
N,N-diethylamino, N,N-dipropylamino, N,N-diisopropylamino,
N,N-di-n-butylamino, N,N-di~tert-butylamino, N,N-dicyclohexyl-

0 OO Et02 N~ p~ N CO2Et Et02 N~ p\ N C02
2 ~ 0

\ ~
Et /
0 ~
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amino or N,N-diphenylamino.

Halogen is fluorine, chlorine, bromine or iodine, preferably
fluorine, chlorine or bromine.

M* is a cation equivalent, i.e. a monovalent cation or that part
of a polyvalent cation which corresponds to a single positive
charge. The cation M' serves merely as counterion for balancing
negatively charged substituent groups, e.g. the COO- group or the

10 sulfonate group, and can in principle be chosen at will.
Preference is therefore given to using alkali metal ions, in
particular Na*, K*, Li* ions, or onium ions, e.g. ammonium,
monoalkylammonium, dialkylammonium, trialkylammonium,
tetraalkylammonium, phosphonium, tetraalkylphosphonium or

15 tetraarylphosphonium ions.

Analogous considerations apply to the anion equivalent X~ which
merely serves as counterion to positively charged substituent
groups such as ammonium groups and can be chosen at will from
20 among monovalent anions and parts of polyvalent anions
corresponding to single negative charges. In general, preference
is given to halide ions X-, in particular chloride and bromide.

X is an integer from 1 to 240, preferably an integer from 3 to
25 120.

Fused ring systems can comprise aromatic, hydroaromatic and
cyclic compounds joined by fusion. Fused ring systems have two,
three or more than three rings. Depending on the way in which the
, 30 rings of fused ring systems are joined, a distinction is made
between ortho~fusion, i.e. each ring shares an edge, viz. two
atoms, with each neighboring ring, and peri-fusion in which one
carbon atom belongs to more than two rings. Among fused ring
systems, preference is given to ortho-fused ring systems.
35
Y is a chemical bond, i.e. the linkage point of the bridging
group Q to the groups —0— or, in the case of a and/or b being
equal to 0, to the groups PnRIR? or PnR3R4.

40 In the bridging group Q, the groups Al! and A2 are each,
independently of one another, O, S, SiRaRP, NR® or CRJRe, where
the substituents R2, RP and RC¢ may each be, independently of one
another, hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl or
hetaryl, while the groups RY and R® are each, independently of one

45 another, hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl or
hetaryl or the group R4 together with a further group RY or the
Group R® together with a further group R® may form an
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intramolecular bridging group D.

D is a divalent bridging group which is selected from among the
groups

. Lo R11 12 Ril 12

R? 10 R R

~ _—R

CH—CH >:< gﬁ R13 14

~ ~ ’ ’ ! r

where RS9 and R0 are each, independently of one another, hydrogen,
alkyl, cycloalkyl, aryl, halogen, trifluoromethyl, carboxyl,
carboxylate or cyano or are joined to one another to form a
C3-C4-alkylene group and R!1, R12, R13 and R!4 may each be,
independently of one another, hydrogen, alkyl, cycloalkyl, aryl,
halogen, trifluoromethyl, COOH, carboxylate, cyano, alkoxy, SO3H,
sulfonate, NE!E2, alkylene-NElE2E3+X-, aryl or nitro. The groups R?
and R10 are each preferably hydrogen, C;-Cip-alkyl or carboxylate
and the groups R!l, R!2, R13 and R!4 are preferably each hydrogen,
C;~-Cigo-alkyl, halogen, in particular fluorine, chlorine or
bromine, trifluoromethyl, C;-Cy-alkoxy, carboxylate, sulfonate or
C;-Cg-aryl. Preference is given to R?, R10, R1l, R12,  R13 and RI14
each being hydrogen. For use in an aqueous reaction medium,
preference is given to pnicogen chelate compounds in which 1, 2
or 3, preferably 1 or 2, in particular 1, of the groups R!!, R12,
R13 and/or R4 are a COO-Me*, a S03-M* or a NEIE2E3+X- group, where
M* and X- are as defined above.

Particularly preferred bridging groups D are the ethylene group

S~ '//Rlo
e ~

and the 1,2-phenylene group

rll 12

When RY together with a further group R4 or Re together with a

further group R® forms an intramolecular bridging group D, i.e.
the index c¢ is equal to 1, it follows that both Al and A2 each

have to be a CRIRe group and the bridging group Q has a

I
N
I

\
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15
triptycene-like carbon skeleton.

Preferred bridging groups Q also include, apart from those having
a triptycene-like carbon skeleton, those in which the index c¢ is
0 and the groups Al and A? are selected from among the groups 0, §
and CRIRe, in particular from among O, S, the methylene group

(R4 = R® = H), the dimethylmethylene group (R4 = R® = CH3), the
di-n-propylmethylene group (R4 = R® = n-propyl) and the
di-n-butylmethylene group (R4 = R® = n-butyl). Particular
preference is given to bridging groups Q in which Al is different
from A2, in which case Al is preferably a CRIR® group and A? is
preferably an O or S atom, particularly preferably O.

Particularly preferred bridging groups Q are thus ones which have
a triptycene-like or xanthene-like (Al:CRdIRe, A2:0) skeleton.

The substituents R5, RS, R7 and R® generally each hydrogen, alkyl,
cycloalkyl, heterocycloalkyl, aryl or hetaryl. R5 and R’ are
preferably each hydrogen and R® and R® are preferably each
C1-C4-alkyl, e.g. methyl, ethyl, n-propyl, n-butyl or tert-butyl.
It goes without saying that the positions of the phenyl rings of
the bridging group Q which are not occupied by substituents bear
a hydrogen atom.

Since the substituents R3, RS, R7 and R® generally make virtually
no contribution to the catalytic activity of the catalysts
prepared from the pnicogen chelate ligands, apart from having an
influence on the solubility, R5, R5, R7 and R® are preferably each
hydrogen.

If R5 and/or R7 form a fused-on ring system, the rings are
preferably benzene or naphthalene rings. Fused-on benzene rings
are preferably unsubstituted or bear 1, 2 or 3, in particular 1
or 2, substituents selected from among alkyl, alkoxy, halogen,
SO3H, sulfonate, NEIE2, alkylene-NElEZ, trifluoromethyl, nitro,
COORf, alkoxycarbonyl, acyl and cyano. Fused-on naphthalene rings
are preferably unsubstituted or bear a total of 1, 2 or 3, in
particular 1 or 2, of the substituents mentioned above for the
fused-on benzene rings in the ring which is not fused on and/or
in the fused-on ring.

If use of the pnicogen chelate compounds of the present invention
in an aqueous hydroformylation medium is envisaged, at least one
of the radicals R5, R®, R7 and R® is a polar (hydrophilic) group,
which then generally results in water-soluble pnicogen chelate
complexes with a group VIII metal. The polar groups are
preferably selected from among COORf, COO-M*, SO;3;Rf, SO;M*, NE!EZ?,

P
N
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alkylene-NElEZ2, NElEZE3*X-, alkylene-NE!E2E3+X-, ORf, SRE,
(CHRYICH,0) xRf or (CH,CH,N(E!l))4Rf, where Rf, E!, E2, E3, R9, M*, X-
and x are as defined above.

5 The bridging group Q is bound to the groups PnR!RZ2 and PnR3R4 via
the chemical bond Y either directly or via an oxygen atom O.

Pn is an atom of the pnicogen group selected from among
phosphorus, arsenic and antimony. Pn is particularly preferably
10 phosphorus.

The individual pnicogen atoms Pn of the pnicogen chelate
compounds of the present invention are each bound via two
covalent bonds to two substituents R! and R? or R? and R4, where

15 the substituents R!, R?2, R3 and R? may each be, independentl: of
one another, hetaryl, hetaryloxy, alkyl, alkoxy, aryl, aryloxy,
cycloalkyl, cycloalkoxy, heterocycloalkyl, heterocycloalkoxy or
an NE!E2 group, with the proviso that R! and R3 are pyrrole groups
bound via the pyrrole nitrogen to the pnicogen atom Pn. The

20 substituents R? and/or R%Y are advantageously also pyrrole groups
bound via the pyrrole nitrogen to the pnicogen atom Pn.
Furthermore, the substituent R! together with the substituent R?
or the substituent R3 together with the substituent R% or the
substituent R! together with the substituent R? and the

25 substituent R3 together with the substituent R4 can advantageously
form a bispyrrole group bound via the pyrrole nitrogens to the
pnicogen atom Pn.

The meanings of the individual expressions used in the previous
30 paragraph correspond to the definitions given earlier in the
present text.

In a further advantageous embodiment of the present invention,
the substituent R! together with the substituent R2 or the

35 substituent R3 together with the substituent R4 or the substituent
R! together with the substituent R? and the substituent R3
together with the substituent R4 can form a divalent group of the
formula

40 Py-I-W

containing at least one pyrrole group bound via the pyrrole
nitrogen to the pnicogen atom Pn,

45 where
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Py is a pyrrole group,
I is a chemical bond or O, S, SiRaRP, NRC or CRIRi,
5 W is cycloalkyl, cycloalkoxy, aryl, aryloxy,
hetaryl or hetaryloxy,
and
10 Rh and Ri are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl,
aryl or hetaryl,
where the terms employed here are as defined earlier in the
15 present text.
Preferred divalent groups of the formula
Py-I-W
20
are, for example:
o)
25
CF3
30

N
35 CF; CF3 |

40

45 Merely for the purpose of illustrating the pnicogen chelate
compound of the present invention, some advantageous compounds

are listed below:
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ethyl 15 | R0Q0H5F 34 ed enbodi nent, the pnicogen chel ate conpounds of the
present invention and those used according to the present invention are

sel ected from anong conpounds of the formula Il 20 R19 (O~ / (0)b-Q (O a\
/ (Ob-Rz0 ~n Pn RI5 \ N ~ R18 R1I5 \ NMg- R18 25 16 17 R16 17 (I1) 30 where
R15, R16, R 7 and R18 are each, independently of one another, hydrogen,

al kyl, cycl oal kyl, heterocycloal kyl, aryl, hetaryl, W COORk, W COO M FE
W ( S03 ) Rk, W ( S03 )" M, W RL) , 35 W(P03)2-(M~") 2,
W NE4E5, W (NE4ESE6) +X-, W ORK, CHzO) yRk, (CH2NE4) yRK,
(CHZCHZNE4) yRK, hal ogen, trifl uorg# 8 ; tro, acyl or cyano, where 40 W
is a single bond, a heteroatomorja dival ent bridging group having from1l

to 20 bridge atons, Rk, E4, E5 Eﬁ are identical —or different radicals
sel ected 45 from anong hyj?{gii | kyl , cy | o ﬂl and aryl, 0000052364
o b
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M- is a cation equivalent, 5 X- is an anion equivalent and y is an integer

froml to 220000h2864t wo adj acent radicals RCS, RZ6, R ~ and Rla together

with the 10 carbon atom of the pyrrole ring to which they are bound nmay

also forma fused ring systemhaving 1, 2 or 3 further rings, with the

proviso that at |east one of the radicgls R15, R's, Rl~ and Rl$ is not

hydr ogen and that R19 and R2~ are not joined to one 15 another, R19 and R2~

are each, independently of “o ‘ yl, heterocycl oal kyl, aryl

or hetaryl, 20 a and b are” eac itly- of one another 0 or 1, Pnis

a pnicogen atom sel ected from agerg. t e _etenent s phosphorus, arsenic or

anti nony, preferably phosphorus, 25‘b isfa bridging group of the fornmula R5

R~ Al 30 6 ~D)c R8 A2 whgr N§§ 1 and A2 ar ach, independently of one

another, 0, S, SiRaRb, NR_or CRdRe, whewe Rﬁ__ and R~ arel*xach,

i ndependent|y of one another, hydrogen, 'al kyl[7cycl oal kyl,

het erocycl oal kyl, aryl or hetaryl, 40 R and Re are each, independently of

one anot her, hydrogen, al kyl, c¢cycl] oal kyll, heterocycl oal kyl, aryl or hetaryl

or the group Rd together with rth oup Rd or the group Re together

with a fyygther group Re form an tramakeeul ar bridging group D, 45 Dis a

di val ent bridging group selected from anong the groups 0000052364 32 R11

12 R11 12 RO Rlo RO R1I0\ / CHWCH R-3 14 , / \ , 5 where 10 R9 and Rlo are

each, independently of one>g al kyl, cycloal kyl, aryl,

halogen trifluoronethyl, j Oi

one another to forma C3-C4-a|- 15 R11, R12, R13 and Rl14 are

each, independently of one anot er,(hydrogen, al kyl, cycl oal kyl, aryl,

hal ogen, trifluoronethyl, COON, ccarboxyl@te, cyano, al koxy, SO03H,

sul fonate, NEI E2, al kyl ene- NEl EZE3+x-, qcyl or nitro, 20 cies 0 or 1, R5,

R6, R~ and R8 are each, i ntly ofpong ot her, hydrogen, alkyl,

cycl oal kyl, heterocycl oal het gryl | , COO M+, SO3Rf, SO 3M,

NEl E2, NEl E2E3~X-, 25 al kyl E2E3+ \ , SRf, (CHRgCH20) xRf,

(CH2N( EZp) XRf, (CH2CH2N(E1)) X aloq¢n,| i fluoronmethyl, nitro, acyl or
s L

arlyl ,

cyano, where
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30 Rf, E1, E2 and E3 are identical or different radicals selected from
anong hydrogen, al kyl, cycloal kyl and aryl, Rg is hydrogen, nethyl or
ethyl, g360#623P% cation, X- is an anion and 40 x is an integer from1 to
120, or R5 and/or R~ together with two adjacent carbon atons of the 45
benzene ring to which they are bouygl forma fused ring systemhaving 1, 2
or 3 further rings. 0000052354 33 In the conpounds of the formula Il, the
pni cogen atonms Pn are preferabty hosphorus. As regards suitable and
preferred enbodi nents of t ' ‘ Q all that which has been
sai d above is hereby incorp ed B ef e at this point. The radicals
R15 to R18 can have, |ndepenuentpy off one angt her, identical or different
meani ngs. 10 Preferencé\is given to of the fordula Il in which
one or_two of the radj c@sRt5 R16, \Ig1~ anetlR18 in each of the pyrrole

groups® are one of the ove ntioned |substituents other than hydrogen and
the remai nder are hydro referenc IS also given 15 to conpounds of the
formula I'l in which t\e pyrrqie gro hbeak, a substituent other than
hydrogen in the 2 posit,lthﬁZ 5(\ po s or the 3,4 positions. The
substituents R15 to R18 e no ydrogen are preferably 20 sel ected
|ndependently from anong TC1- C8-al kyl preferably Cl- C4-al kyl, especially
nethyl et hyl, isopropyl and tert- butyI

nethoxycarbonyl et hoxy anpanyl 3
tert- butyloxycarbonyl ang

oxycar bonyl , such as

ycar bonyl and

. 25 Preference is given to

conpounds of the formula I i MALC hesradi cal s R15 and R16 and/or Rl~ and

R18 together with the carbon afone of the pyrrole ring t{ Which they are

bound fgrn1a fused ring systenmyhaving Q 2 or 3 further rings. If RL5 and
R16 andPor 30 Rl~ and Rl fornla fusedion r¥ system the fused-on systens

are preferably benzene %;%:aph hal ene @nth;zEused-on benzene rings are

al

preferably unsubstitute H-be r 1, 2 ¢r 3\ particular 1 or 2,
substituents selected fr alkylm\ koxy, hal ogen, SO3H, sulfonate,
NE9E5, al kyl ene- NE4E5, trifl¥o ro Itro, 35 COORK, al koxycarbonyl,

acyl andgcyano. Fused-on nap ene s are preferably unsubstituted or
bear 1, 2 or 3, in particular 1 or 2, of t he substituents nentioned above
in the case of the fused-on benzene rings in the ring which is not fused on
and/or in the fused-on ring. orma fused-on ring system 40
R1~ and R18 are preferably R18 is hydrogen and Rl~ is a
substituent selected from anon pr ef erabl y Cl1- C4-al kyl
especi al 3y nethyl, ethyl, i ert-putyl. If thqgconpounds of the
formula Il are to be usediinjan aqueous #5—hydrpfornylati on nmedi um at

| east one of the radicals R18 is a polar (hydrophilic)
group, so that conplex fo with a roua || nmetal then generally
results in 0000052364 ol ubl e D es. The pol ar groups are
preferably selected from an - mm, SO3Rk, S03- M+, NE4E5,

al kyl ene-NE4E5, NE4ES5E6+X-, F6~X- CRk SRk, (CHRlCHZO)yRk or
(CH2CH2N( E4) )yRk, where Rk, , E5, E6, R1, M+, X- and y are as

40

45



5 defined above. The conpounds of the forrmula Il are preferably sel ected

f r om anmong 000@PG23®4 of the fornulae I1.1 to I1.3 10 R19-(~)a\ p /
(0)b-Q(~)a\ p/(0)b-RR0 15/ \ / R18 R15- \ / ~ R17 R "' (11.1) 20 19R (
ya\ P/ (~)b-Q(~)a\ p /(fi)b-R20 25 U 30 (I1.2) R19-(p)a \ p/
(Ob-Q(~)a\ p /(fi)b-R20 35 N N R16 R37 R16 R17 (I1.3) 40 where R15 Ri 6~
R17 R18 Q- a and b are as defined above , inthe 45 fornmula I1.3, at
| east one of the radicals RXG 2 3 hydr ogen, 0000052364 35 R19
and R2~ are each, independentl on , cycl oal kyl ,

het er ocycl oal kyl, aryl or heta I3 =" conpounds of the fornula 1.1

the radicals R15 to R18 are 5 p eferabl all hydrogen. Cogpounds in which
R15 and 18 are hydrogen and R1® and R1-© are sel ected from anong

Cl- C8-al kyl, preferably -aﬂkyl sucH as yl, ethyl, isopropyl and
tert-butyl, are also pref rrad—=0 I n t le—canpo nds of the formula I2.3,
the radicals RL6 and Rl~ prdf erably |sel ex from anong C1-C8-al kyl,

particularly preferably Cl-C9- | suchi-as nmethyl, ethyl, isopropyl and
tert-butyl, and COORk, where i § Cl-|C4- 8l kyl such as nethyl, ethyl,

i sopropylg or tert-butyl. 15 Merely by way of illustration, some conpounds
of the formula Il are listed below 20 P25 N\ ~~i 2 2 301 35 ~\ i

QESD
o]
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0 ~ CO2Et Et02 -~N .-N COzEt 40 N N Et02C | i COzEt CO2Et Et02C Cp2Et
| X 45 ooo@@@@%&-’*é% | i 05 FEt02 O~ C02Et N- P p-N Et02C N N CO2Et 10
Et0 C COyEt CO2Et CO2Et X ' 15 Me = nethyl, Et = ethyl, Rm = H, carboxylate,
Rn = H, carboxylate. 20 The preparation of the pnicogen chel ate conpounds
of the present invention advantageouslysstarts out from conpounds of the
formula Il RS R~ 25 Al R6 (D) Re A III (C»a (0)b 30 L L where Al, A2, D
R5, R6, R~, Re, a, b and c = 2 gve and L is a |l eaving group
whi ch, when a and b are 0, ma exanpl e, hydrogen (when AZ is
oxygen), hal ogen, in part} chl orine, brom ne, S03Me where Me
= hydrogen or an alkali g Na or K, or, when a and b
are 1, cam be, for exanp QzCH3, S02-tolyl or S02CF3
40 The starting conpoungds in which apgb, ¢ = 0 can be

hyd gen,

gf t'he forndla 141

brepared by the net hods desc¢ribed by vaﬁ“téﬂme et al., Organonetallics 14,
3081 (1995). 45 The start¥mng conpounds df thg formula I'I'l in which a, b =
1, ¢ =0, and L = H can be gbt aigyned, fo% exanple fromthe correspondi ng
1, 8- di brono conpounds of ¥ or@?la wr = 0;
10 . -
15
0
30
20
25
0
30
' 31
35
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0000052364 38 L = Br), e.g. by nmetal ation using organonetal |lic conpounds of
al kali met ad@Qo@s36a-butyllithium tert-butyllithiumor the |ike,
subsequent reaction with a borane, preferably BH3, and oxidation of the
resul ting di borane conpound by neans of a 5 peroxide, preferably hydrogen
peroxide, in the presence of an aqueou;salkali met al hydroxi de, preferably
lithium sodium or potassium hydroxide.” To attach the groups PnRI R2 and
PnR3R4, the starting conpounds of 10~4he fornmula Il are advantageously
reacted with a hal ogen conpoutio ' & Hal PnRI Rz or Hal PNR3R4 in
the presence of a base. Hal i | orine or brom ne. The
conpounds Hal PnRI R2 and Hal canpgbe optai ned, for 15 exanple, by a
met hod anal ogous to that descri bed by Peterse t al., J. Am Chem Soc.
117, 7696 (1995) by reacting_the appropri & Yyrirol e conpaand, e.g.
pyrrol e, indole, benzotriazoleg, J rbazol e, 2, 2—=di pyrrol yl met hane,
2,2'-bisindole, with the appr te pnigogy ri halide, e.g. phosphorus 20
trichloride, in the presence tertidf;ignine, e.g. triethylanm ne,

t aki ng account of the stoichio of this reaction. In an anal ogous
proceduryg, it is possible, for le, to react 25 the appropriate

hydr oxyaryl pyrrolyl conpounds with the pnicogen trihalide in the presence
of atertiary amine to give the correspondi ng starting conpounds Hal PnRl R2
or Hal PNR3R4. Further starting conpouwn Hal PnNRI R2 and Hal PnR3R4 are
obt ai nabl e 30 by stepw se syntifg exanpl e, reaction of phenol
w th phosphorus trichloride in of a tertiary am ne, e.g.
triethyljgm ne, produces phenoxyph®sphorusTdi chl ori de which can be reacted
wi th one equival ent of the appropriate pygrole conpound, e.g. pyrrole, in

the presence of a tertia am ne to gi ve 35 phenoxypyrrol y4d phosphor us

chl oride. The preparat i t , 2' -bi si'ndale| starti ng conpounds can be
carried out by a nethod\anal ogous,to thos scfibed in Tetrahedron 51,
5637 (1995) and Tetrahedron~51, 1%801 (1995), Yand 40 the preparation of the
bi s- 2, 2'20pyrrol yl met hanes can 0§ cg rieﬁ Q1 described in J. Og. Chem
64, 1391 (1999) and the preparati of ' - pyrrolyl-o-phenoxynet hanes
can be carried out as described in J, Og. Chem 46, 5060 (1981). 45 The
starting conmpounds |1l having a triptycene-|like carbon skel eton can be
prepared in a known manner from the>~egrrespondi ng ant hraqui none derivatives
via the correspondi ng ant hr ace 0
pr epar akbon of these, see, for P . Chem 45, 1807 (1980); J.
Og. Chem 38, 1167 (1973); Bull .Jdm 44, 1649 (1971); J. Am
Chem Soc. 34, 3089 (1969); J. Og. Chemg39, 770 (1974); Chem Ber. 124,
333 (1991); J. Og. 5 Che 51, 921 (1986)) y_Di el s-Al de¥d reaction with
acetyt enes or es. linformation on carrying
out these Diels-Alder a¢tions may be foundii em Ber. 119, 1016 (1986)
and J.C38. Chem Comm 961 99PN 10 To prepare the pnicogen chel ate
conpounds of the fornulae | and|lll [fromthe conpounds of the fornmula Il by
reaction of the latter with the conpounds Hal PnRI RZ and Hal PnR3R4, the
conpounds of the formula Ill firstly have to be activated. 15 In the case
of conpounds of the formula IIl in which a, b =0, this is advantageously
carried39ut by netal ati on by
al kali metal, preferably an a conmpound such as n-butyllithium
tert-butyllithiumor nethylli 30 the | eaving group L being repl aced
in a 20 separate reaction by the corresponding alkali netal atom
preferably lithium After additd on of HﬁL:ZRIRz and Hal PnR3R4 to this

or

nmet al at ed conpound, the corregpondi ng pmN cogen chel ate caggpounds of the 25

formulagh or Il in whigh a,7b 0 are|f
the formula Il in i Nafdy-=d, it
a separate activation_hy|means_ofl or

general, the 30 reaction t hese conpou t he conpounds Hal PnRl R2
and Hal PnR3R4 in the presence of a base, preferably a tertiary am ne such
as triethylam ne or an alkali netal hydride or alkaline earth netal

hydri degsfor exanpl e sodi um hydri de, potassium hydride or cal ci um hydri de,
| eads directly to the novel pnicogen 35 chel ate conpounds of the fornula I

d. [To activate the conpounds of
|1y not necessary to enpl oy
al kali metal conpounds. In

or Il in which a, b =0. In place of conpounds of the forrmula Il (with a,
b =0) in which L = hal ogen or SO3Me, it is also possible to lithiate
conpounds Il in which L = hydrogen and hydrogen, an al koxy group or an 40

al koxycarbonyl group is in each case present in the nmeta position relative
to AZ (AZ = Oor S). Such reactions are described in the literature as
"ortho-lithiation" (cf., for exanple, D, w Slocum J. Og. Chem, 41,

PN NS ™ A S A PN\ A A 1 1 ~ 11 ~ A NS PN Y



0000052364 40 conmpounds of the fornmula |I or Il. The arsenic and anti nony
conpounds ®0Qd¥HIF4ula | or Il can be prepared in an anal ogous nanner. 5
In general, the catal ysts or catal yst precursors used in each case are
converted under hydrofornylation conditions into catalytically active
species of the formula Hqzd(CO el&, whegre Zis a netal of transition group
VIIl, Gis a phosphorus-, arsenlc 10 or antimony-containing ligand of the
formula | or Il and d, e, g i ch depend on the val ence and
type of netal and al s0 on the jor di nation sites occupied by the
ligand G a and f preferably es ndependent |y of one another, a

val ue of at least 1, for exanplv 3. The sumof a and f is 15
preferablsy from2 to 5. If desiped, thecgconpl exes of the netal Z with the
ligands G according to the present invention may further genprise at |east
one additional ligan ich s rd\ng t e present invention, e.g.
a ligand selected from consi hng\%f triaryl phosphines, in
particul ar triphenyl i | phosphltes, triaryl phosphinites,
triaryl phosphonites, sphlnes and
phosphangt al | ocenes. Such conpl exes of the netal Z with |igands according
to and not according to the present invention are forned, for exanple, in
an eqgilibriumreaction after addition of 25 a ligand which is not according
to the present invention t e~formula HgZza(CO eG. In a
preferred enbodi nent, the~hy 5 catal ysts are prepared in situ
in the reactor used for t he hydrotarm on 30 reaction. However, if
desired,ast he catal ysts of the p‘eseRt i nvention can al so be prepared
separately and isolated by customary nephods. To prepare the catal ysts of
the present invention in situ,a conpound of the fornmula 4gor 11, a
conpound or a conpl ex t af—of ans\tionrgroup VIII, if desired one
35 or nore additional ._nﬂ§NAl|Ch aLe _por_gekording to the present

i nvention and optlonaffi_an a tlvatl -ent céh be reacted in an inert

sol vent 2onder the hydro ‘ : i tabl e rhodi um conpounds
or conplexes are, for exanple, 40 rhodiun(l!) and rhodiun(lll) salts such
as rhodium(111) chloride, ate, rhodium(111) sulfate,

pot assi um r hodi um sul f at e odi un(111) carboxyl at es,
rhodiun(ll) and rhodiun(ll1) acetate, rhodiun(lll) oxides, salts of
rhodic(l11) acid, trisammonium hexachlororhodate(lll), etc. 45 Rhodi um
conpl ex@8 such as dicarbo onat e,

acetyl acet onat obi s( et hyl ere) are also suitable. Preference
is given to using dlcarbonylr- ‘ : acetonate or 00d0052364 41
rhodi um acetate. Ruthenium saltF or®conpounds are |ikew se suitabl e.

Sui tabl e rutheniumsalts are, for exanppe, rutheniun(lll) chloride, 5

Lrt?ﬁPkgﬁ(un]oxgu;gfglun(vg//auﬁﬁgzhggg NKQIII) ﬁglde alkpli netal salts

Foxes such as
RuHC (CO) (PPh3) 3 are It J bg% ssible to use neta
car bonyl s of r ut heni [@m e.g., do ecacarbon triruttheni um or
oct adecacar bonyl hexa i n whi ch CO has been
partly replaced by ligands of the fornula PR3, e.g. Ru(CO 3(PPh3)2, in the
process3?f the present invention. Exanples of suitable cobalt conmpounds are
cobalt(I'l) chloride, 15 cobd at e obalt(I1) carbonate,
cobalt(ll) nitrate, their am conpl exes, cobalt carboxyl ates
such as cobalt acetate, cobalt z#rioat e, cobalt napht henoate, and

al so the cobalt- caprolactanate onp ex.| Here too, it is possible to use

car bonyl conpl exes of cobalt Q. octa@arbonyldlcobalt 20
dodecacqbbonyltetrggggglt an @g@@dg@g&@\qknylh@@@g@balt4dThe conpounds
I oun cobalt, rhodium ruthenium and

menti oned and further [suit e conp
iridiumare known an & cially ai-Palhy
sufficiently well descriped jin 25 the |Li re

or their preparation is
r they can be prepared by

a person skilled in the arg”in a manner an gous to the known conpounds.
Sui tabl e activating agentsl are, for exanple, Bronsted acids, Lew s acids,
e.g. BF3s ALCl1l3, ZnC 2, and Lew s bases. 30 As solvents, preference is
given to using the al dehydes which are formed in the hydrofornylation of
the respective olefins, and also their higher-boiling downstreamreaction
products, e.g. the products of aldol condensation. Further suitable
sol vents axe 35 aromatics such as toluene and xyl enes, hydrocarbons or
m xtures of hydrocarbons, also for dilution of the abovenenti oned al dehydes
and the downstream products of the al dehydes. Further solvents are esters
of al i phatic carboxyllc acids with al kanols, for exanple ethyl acetate or
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40 met hyl ether and tetrahydrofuran. In the case of sufficiently

hydr ophi | i 80PPaR3$4 it is al so possible to use al cohols such as nethanol,
et hanol , n-propanol, isopropanol, n-butanol, isobutanol, ketones such as
acetone and nethyl ethyl ketone, etc. Furthernore, it is also possible to
use "ionic liquids" as 45 solvents. Thgse are liquid salts, for exanple

N, N -di al kyl i m dazolium salts such as N-butyl-N -nethylimdazoliumsalts,
tetraal kyl amoni um salts shie - byl ammoni um sal t s, 0000052364
42 N al kyl pyridiniumsalts su pyridi niumsalts,

t etraal kyl phosphonium salts s xyl (tetradecyl ) phosphoni um sal ts,
e.g. the tetrafl uoroborates, et rachl or oal um nat es,

hexaf | uogophosphat es, chloridesoand 5 tosylates. Furthernore, the reactions
can also be carrie t8ﬂf in (&, Q" gngQQ;\sol¥§QEtsysteg§ conpri sing

wat er together wth a“jwate ‘m 5¢ bl e soljvent, faqr exanpl e an al cohol such
as nethanol, 10 etha ijiwesanol,i n- but anol, i sobutanol, a
ket one such as acet pt hyT| et hyl{ ket not her solvent. For this
pur pose, use is made™O© ATTO r 1l which have been
nodi fi edow th pol ar groups
where Me = Na, K or NHq uch as N(CH3) 5 The reactions are then
carried out in the form t wo- phase cat is, with the catal yst being
present in the aqueous phase and starting materials and products formng

t he organi c phase. The reaction in the "ionic |iquids" can also be carried
out as a two-phase catalysis. 2 e nol ars/Tatio of pnicogen chel ate
conmpounds!l or Il to the netal of t i/t+0on group VIII in the

hydr of or myl ati on medi umis gener t range fromabout 1:1 to 1000:1
|7;;fron11:1 to 50:1. 25 Substrates

e

preferably from1l:1 to 100:1, i |§5rtic
suitable for the hydrofornylati es the present invention are in
princi pl e all conpounds whi ch con ai n bne or nore et hyl eni€al | y unsat ur at ed
doubl e bonds. These include, for anpl e, olefins such as a-ol efins,

i nternak030 straight-chain and internal branched ol efins. Suitable
a-olefins are, for exanple, opene, 1-butene~l-pentene, 1-hexene,

1- hept ene, 1-octene, 1-nosiene, 1-decene, 1l-undeceme, 1-dodecene, etc . 35

Pref erred branched —nther nal [ ar 0l eNi-ns--sUcth as
2- et hyl - 2- but ene, 2-net hyl 2;p|ntene, 3-ne|hyi 2- t eme, branched,
i nternal heptene m xtGresy br&anched, internal™octgne xtures, branched,

i nt ernaP5nonene mixtures, | branched, internal decehe nixtures, branched,

i nternal undecene m xtures, branched, 40 internal dodecene m xtures, etc.
Further olefins suitable for hydrofornylation are C5-C8-cycl oal kenes such
as cycl opentene, cycl ohexene, c ohept ene;—cycl ooct ene and their
derivatives, e.g. their Cl-CzZO al k¥ rivatives having froml to 5

al kyl sypstituents. Further olefins switable for hydrofornylation are
vinyl aromati cs such as styrene, tyhene, 4-isobutylstyrene, etc.
O her ol efins 0000052364 43 s r.ydr of or nyl ati onzaxe

their esters, nonoesters and am des, e.g, lacrylic acid, nmethacrylic acid,

mal efic acid, fumaric acid, crotofic acidCJtaconic acid, met hyl 5
3- pent eggat e, net hyl 4-p32%gnﬁéfg, nmet hyl ol eate, nethyl acrylate, nethyl
nmet hacryl ate, unsaturate itriles such as 3-pen enitrile,

4- pent eneni Ex94 acr*L&h&grile G2y BtOlusrs_ suc /8Q¢¥inyl i8Ryl et her,
vinyl ethyl ether jvinyl p@\/ether, etc. , o al ﬂ\/s

ienols 10 such as |ﬁh -1-0ol . Further
ol ated or conjugated

Cl1- Czo- al kenedi ol
sui tabl e substrates are |di enes or pol yenes havi ng
doubl e hends. These incl'ude, for exanple, 1,3-butadi'ene, 1,4-pentadiene,

1, 5- hexadi ene, 1, 6-heptadi ene, 1, 7-octadi ene, vinylcyclohexene,

di cycl opent adi ene, 1,5, 9-cyclooctatriene and al so honopol yners 15 and

copol ynmers of butadi ene. The unsaturated conpound used for the

hydroformyl ation is preferably selected fromanong internal |inear olefins
and olefin mxtures conprising at |east one internal linear olefin. 20
Preferred |inear (straight-chain) internal olefins are Cg-CZp-ol efins such
as 2-butene, 2-pentene, 2-hexene, 3-hexene, 2-heptene, 3-heptene, 2-octene,
3-octene, 4-octene, etc., and m xtures thereof. 25 The hydroformnyl ation
process of the present invention is preferably carried out using an
industrially available olefin mxture which, in particular, conprises at

| east one internal linear olefin. Such m xtures include, for exanple, the
Zi egler olefins obtained by targeted ethene oligonerization in the 30
presence of al kyl al um num catal ysts. These are essentially unbranched
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0000052364 44 - chem cal dehydrogenation by chlorination and
dehydr ochl 6P0R&5i23%4 Ther mal cracki ng | eads predom nantly to a-ol efins,
while the 5 other variants give olefin m xtures which generally further
conprise relatively large proportions of olefins having an internal double
bond. Further suitable olefin m xtureggare the olefins obtained in

nmet athesis or telonerization reactions. These include, for exanple, the
olefins fromthe Phillips triolefin 10jprocess, a nodified SHOP conpri sing
et hyl ene ol i gonerizati on, double bond onmeri zati on and subsequent ¢
net at hesi s (ethenolysis). Further indu$tirial olefin mxtures which are
suitable for use in 15 the hydrofor fon process of the present
inventiog may be sel ected fron1anqﬁ5’f nes, tributendd, tetrabutenes,
di propenes, tripropenes, tetrapropger res of butene isoners, in
particular raffinate 11, di enesp di merg
process of |IFP, the Cctol ocd6ses of 2® . Huls, the Pol ygas~ process, etc.
Preference is given to a pr S in whic ‘?heu of ornyl ati on catal yst is
prepared in situ by reacting at |east ong conpound of the fornmula | or II

a conpoypd or a conplex of a rret ansition group VIII and, if
appropriate, an activating agent an \\nef/t sol vent under the

hydr of ormyl ati on conditions. The hydroformyl ati on reaction can be carried
out continuously, sem continuously or batchwi se. 30 Suitable reactors for a
continuous reaction are known to those skilled in the art and are

descri bed, for exanple, in Ul mnns Encykl opadi e der techni schen Chem e,
vol. 1, 18rd edition, 1951, p. 743 f Sui t abl e pressure-rated reactors
are |ikewi se known to those skillg art and are described, for
exanpl e, in Ul mnns Encykl opadi é~4 schen Cheme, vol. 1, 3rd

edition, 1951, p. 769 ff. genepal , thg process of the pagsent invention
is 40 carried out using ag”autdcl ave whi%h\ﬂay e provided with a stirrer
and an internal liner. The osition gf th® s hesi s gas conpri sing

can 45 vary within a w de range | ary, radi o of carbon nonoxide to
hydrogen is generally from about 5 0: 30, preferably from about 40: 60
to 60:40. Particular preference is given to using a 0000052364 45 nol ar
rati o of carbon nonoxide to hydrogen in the region of 1:1. The tenperature
in the hydrofornylation reaction is generally in a range from about 20 to
180 C, pPeferably fromabout 50 to 5 180C. The reaction is generally
carried out at the partial pressure of e reaction gas at the chosen
reaction tenperature. In general, the pressure is in a range from about 1
to 700 bar, preferably from1l to 600 bg in particular from1 to 300 bar.
- d8pendimg on the activity of 10 the
novel hxﬂgofornylation catal yst ugk Qgﬂgral, the catal ysts of the
present “i'nventi on based on phospho , ays€ni cor anti nonygcontai ni ng
conpounds allow a reaction at relatively dow pressures, e.g. in the range
from1l to 100 bar. 15 The hydrofor Iatijn catal ysts used according to the
present invention and the hy onL@ylati n catal ysts of the present
i nvention can be separated<§€§2mth reactRQani ure after the
hydr of orygyl ation reaction b t hods knoﬂn toNt'h skilled in the art and
can generally be reused for the héﬂzoformylati n_. /20 The above-descri bed

car bon reonoxi de and hydrogen usedN{n they prockss/of the present invention
W

catal ysts of the present inventi i C rise chiral conpounds of the
formula | are suitable for enanti ectN v& hydrofornylation. 25 The
above-descri bed catal ysts can al so be immobilized on a suitable support,
e.g. a support made of glass, silica gel, synthetic resins, etc., in a

sui t abl gggranner, e.g. by bonding via functional groups suitable as anchor
groups, adsorption, grafting, etc. They are then also suitable for use as
solid-state 30 catalysts. Surprisingly, the catal ysts prepared fromthe
novel pnicogen chel ate conmpounds of the formula | or Il not only have a
hi gh activity in respect of the hydrofornylation of termnal olefins 35 but
| i kewi se have a high activity in respect of the isonerizing

hydr of orgg/l ati on of ol efins having internal double bonds to form al dehyde
products having a high linearity. Advantageously, hydrogenation of the

ol efins takes place to only a very slight extent under hydrofornyl ation
conditions when using the catalysts 40 of the present invention.
Surprisingly, catalysts based on pnicogen chel ate conpounds of the fornula
Il have a particularly high stability under the hydrofornylation
conditions, so that they generally nmake it 45 possible to achieve |onger
catal yst operating lives than do prior art catalysts based on conventi onal
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0000052364 46 the prior art in which one or nore unsubstituted pyrrole
groups are @EP@52364their nitrogen atomto the phosphorus atomtend to
deconpose or to formundesirable reaction products. Appreciable
deconposition is thus induced even by visible light and/or 5 tenperatures
inthe vicinity of roomtenperature amnglygcannot be prevented even by use of
a protective gas when using nonodentate |igands based on unsubstituted
pyrrol e groups, for exanple trispyrrolljphosphine, and al so when using
chel ating |igands having bridging g n,@'P; ferent fromthose in the

| i gands of the 10 present inventi ¢xakpl e the |Iigands described in
US 5, 710, 344. Appreciable formatio ri c inpurities can occur in
the presepce of al dehydes. Wen usiong sucf pyrrole- phosphorzs conmpounds as
| i gands for hydrofornylation catal ysts, there is thus a | 08¢ of cat al yst
and desired product 15 which, particularly in the case of nmultistage
processes conprising such a eof8rnyl ation step (e.g. the preparation of

2- propyl hept anol ), has an adverse ﬁffect dn\\hi;jcononlcs It has now

surprisingly been found tha e o}, pni cdgen onﬁb nds, in particular
phosphorys conpounds, of the for 1 _iNq_ whi 20 substituted pyrrole
group and/or a pyrrole group intggag?e \in a fused ring systemis bound
covalently via its pyrrole nitrog phosphorus atom substantially
suppresses the formati on of undesirable products. 25 The present invention
further provides a process for preparing 2-propyl heptanol, which conprises

a) hydrof omEvyl:atthygl but ene or a but ene-contai ni ng C4- hydrocarbon m xture by
means ofigcar bon nonoxi de and hydrogen in the 30 presence of a

hydr of or ny 1t 0P, £ 88 A B lembBah¥ St At - Yk 86 Hemedar 0B AN of the
hydr of or ny! %“ gﬂtptgﬂéhcémn‘“’g%etﬁw hydh OLQéSEVAl%tc_J\/%pl Eﬁé%:yg%e Gonprises at

| east one & ransition east one

| i gand of ﬁﬁ@ePﬁiﬂﬁI%Fq 56 eFFegs o8t ig9ed9ah n§§ B¥ F dEEG, 11

subj ecting the hydrofornylation product to a fractlonatlon to give an

n- val er @laddehyde-enri ched fraction, c) subjecting the hydrofornylation
product obtained in Bﬂepoa;\ggggr“hheQn(ygl Ler al dgbyger®@nri ched fraction
obtained in step b) to an al condensat i on,ppd) catalytically
hydrogenating the products oflthe aldol condensation by neans of hydrogen
to form al cohols, and 4%1s
hydr ogenat i on products to a ©wré&ctionation to
2- propyﬁﬁhptanol enri ched fr%ct'gp In step preference is given to
using a hydrofornylation 5 At a yst conpr|s$ng t | east one conplex of a
metal of transition group VIII with at | east one ligand of the fornmula II.
As regards suitable and preferred |i(dands of the fornmula Il, that which has
been said above is hereby incorporated by reference at this point. 10 a)
Fydroforqglgtlon As starting material for the hydrofornylation, it is
possi bl €% §GE€ either virtually pure 1-butene or mixtures of 1-butene with
15 2-butene and industrially avail abl e C4-hydrocarbon streans conpri sing

1- but ene aRd? orR'S, bRit’enad Priepre egrsh i $ndeperdangl@dof rawt i oyeshsri.ch are
avai |l abl e i n | aygeogemmntdlikyas &yohmé%ﬁ&lplaaterduyilbamny$teﬁmpt;raekerﬁl
These consi st @s8eokk alvdryco@tMa, - )(tggg)aqkofwt(tg@g,&ﬁryewrl@oaqw@pﬁs) and but ane.
20 CA- hygdrocar gonp ég)rzeggx suwt,ﬁ tEe, ag. §I§§4rEtshmenntv@rdRal rise, for

exanpl e, front r 9 of butenes and
from1l to 50 ngggﬁ C:%ﬁérdb“ %O’tgﬁﬁgﬁhgﬁdyg< aqognes The but ene
fraction prefeftabEy ?%ﬁﬂﬁﬁh?&s FFEﬁﬁMﬂ?QMﬁ 95 0Nl d of 1-butene, from 20 to
30 nold of 2-butene and less than 5 nold, in particular |less than 3 nold,

of isobutene (kased on the butene fraction). A particularly preferred
feedstogly is raffinate |1, which is an isobutene-depleted C4 fraction from
an FCC plant of.a ategnt%tffé<%r d30 Hyétr CALBK! &L 10063 Bhyshe; pased on the
pni cogen chel ate conmpoun use S ac e present

i nvention advantag@gggPyh% rﬁWg gff %?t%F én when using 2-butene
and 2-but ene-cont ai ni ng hydr ocar bon nlxtures as starting 35 material. Thus,
such feedst ock®*caR‘beEUsEl moonaentatdy am diliéepent essiiogfklshee prasent
inventi am, since tHheofleandef Hydrabern al dlaeiydecysisadigilnaddi argood yi el ds. As
regards suitable and preferred hydroformnylation catal ysts, 40 activators,
solvents, reaction conditions and reactors for the hydrofornylation in step
a), or that which has been said above in respect of hydrofornylation is
hereby i ncorporated by reference at this point. 45 The hydrofornyl ation
catal ysts of the present invention can be separated fromthe product

m xture fromthe hydrofornylation reaction by customary nethods known to
those skilled in the art

jiped, subjecting the
ve a



0000052364 48 and can generally be reused for the hydrofornylation. b)
Fracti onat i%PeP3%43 64 usef ul process variant, the product-enriched fraction
obtained fromstep a) is, after the catal yst system has been separated off,
subjected to a further fractionation to give an n-val eral dehyde-enri ched
fraction. The fractionation of the hydrnofornylation product to give an
n-vaIeraldehydgjen&gcgﬁgrgggg;q&&mgm 8@y 1n- val er al dehyde- depl et ed
fraction is carried out by custonmaiy nethods known to those skilled in the
art. Preference is given to distillation using known separation apparatuses
such as distil Miti df @ofdkHD sdvgvaterly col ums which may, if desired, be
provi ded with bubble caps, sieve plates, 15 sieve trays, valves, etc.,
evaporatars sueh asst Ahnahidimerapaledorsnd falling fil mevaporators, w ped
filmevaporators, etc. c) Al dol condensation 20 Two nol ecul es of
C5- al dehyde ca beigoggeﬂaga prfgknlqk;bqgsaturated Clo- al dehydes. The
al dol condensation’is carri odt I'n” a mannér known per se, e.g. in the
presence of an aqueous base such as sodi um hydroxi de or potassium
hydr oxi de. vAsrantws asljeeepat Fadicals RS aRdb gudsand KR otegetherheishotfeheous
basi ¢ cawakysbos uttora® fmagaesyimlex rdeg atwl/vorical thenuanteootdad(vdy ,afsar
exanpl e, EFofn792:862) rihBi Sysesmliasihg 1he eandensatian ahgkwo ol ecul es
of n-val eral dehyde to form 2-propyl -2-heptenal. |If the hydrofornyl ation
product obtajhed in step a), or after the 30 fractionation i tep
Purther ootiorhothe driiiBeitndh At a8estute af SRRcraoTinienmal 8 si bl y
2, 2- di met hgPPriPanal nehdlnnageRy PRULHRH R e RFV e nehedeingddn sae
under go 1anaaptidr condensati on, resulting in condensation products of all
possi bl e al dehyde conbi nati ons, for exanple, 2-propyl-4-nethyl-2-hexenal.
gg TBG pr?ﬁﬁ?%%d0§2ﬁeﬂ£pQ?EﬁlQﬂuﬁ&ﬁhhéﬁglfQﬂﬂgﬁéagh5¥h&9Qﬁ%@%ﬁlkﬁig- up to
~ by wei ght, i vant ageous further” processing
to 2-propyl hep?‘gﬁ%ﬁs?%tozﬁlgpgg %%1_3; \(I:vg%ggﬁxt ures suitable as plasticizer
al cohol s. 40 Q% Hydr ogenati on_The products of the al dol condensation can be
cat al yt RLaf| JrhRIrdGeRachd R AsReAAENBEY IRfdP8§eANPBR909El b+ al cohol s, in
particul ar 2-propyl heptanol. 45 0000052364 49 The hydrogenation of the
Clo- al dehyHes is & hnidogeal abhiol s=leanednfon aiopbetbe «lameneéd out using the
same catal yst spRSspHbriRe BYHERIOTdW laatifdny Uptalb¥aBly Hdaghot€aper at ur e;
however, preference is given to nore sel ective hydrogenation catalysts 5
whi ch a sed,in separ ated hydr nation .step. Suitable hydrogenation
cat al ys%g gre glgsenae?)eﬁﬁd%lf’?aﬁlé?‘f ooﬁoggfa%%r’%u&c?h as O, W, W Fe, Rh, Co,
Ni, Pd, Pt, Ru, etc., or mxtures thereof, which can be applied to supports
such as activated carbon, algm num oxide, lg7esel guhr, etc., to increase the

activity and 10 stability. Tq increase the¢ catalytic activity, Fe, Co and
preferably NI can al so be us the of ;/Raney catalysts, viz. as
metal spgnhge having a ver¥ uréPa a®” Depending on the activity of

t he catalyst, the hydrogenati RAe 0- al dehydes is preferably carried
out at elevated tenperatures 15 and superat nospheric pressure. The

hydr ogenati on tenperature is preferably from about 80 to 250C, and the
pressure i¥hgieferably from about 50 to 350 bar. The crude hydrogenation
product can be worked up by customary 20 nethods, e.g. by distillation, to
give thes GAo-aaldcahalre earhfr agddgpndeneny |df dasi BRethdhe d)yd; ogeeabi, Offre
products can bg, supgect gk io a 25 further fractionation to give a

2- propyl hept anol -enriched fraction and a 2-propyl hept anol - depl et ed
fraction. Ipisbfractionation can, be carried out by customary npethods known
to those ski‘l FedaPh Bhérgr eachy gindspeniertin &fi 8RS &PHhpdr oP BEFRASH i on
cat al ysts conp?iiing cacéoapkek. dfetgroteailtalme, nexwd «of hetanglti on group
VII1 of40he Periodic Table with, as ligand, at |east one pnicogen chel ate
conpound ofd th@ kerdmd @achandnddpddfehiteyl &f hePRhboher PhRsRBgENS £0AQUNd
of the formla élclmgag Re SMAYh 8L 86, BNALQR busgd AynT elretﬁé@dr%hgn%@an 35
advant ageousl y be \used i.n a p uorqc[ SS f)(:)(gull:ergpar|tr}ge 2- Rr aPY hceopt %gol - 0ih1E
catal ysts di spfay 2 hi gh R- Set'Bctrvi BV°1h FSulh W pisC8Es™ SEHERAET 2" Hdbd

yi el d of n-val 2rii Ry dET PP dbt PRBdhotHrametedisiarg PYiAeiRg 197 oyar B

Z- but ené5and when usi ng 1-but ene/ 2- but ene-cont ai ni ng hydrocar bon m xt ures,
for exanple, 4{s &4 divatkhonsriddieigCatahy Hededsed acmOhdbng tke tdieupsesent
invention are also suitable for double bond isonerization froman internal
position to a termnal position, so that n-val eral dehyde is obtained in
good yi el ds even when using 2-butene and hydrocarbon m xtures havi ng
relatively high concentrations of 45 2-butene. The catal ysts based on
substituted or fused pyrrole skel etons which are used according to the
present invention advantageously undergo virtually no deconposition under



0000052364 50 hydrofornylation conditions, i.e. in the presence of

al dehydes. 0QFARTHEe4 advantage i s that V|rtuaIIy no deconposition products
are formed in the presence of atnospheric oxygen and/or |ight and/or acids
and/or at roomtenperature and el evated tenperatures, e.g. 5 up to about
150C, so that it is not necessary to e conplicated neasures for
stabilizing the hydrofornyl ation catal yst used, particularly during
wor k- up. The invention further grovides fR¥L tRheruse ofRl > ,' 8ts 10

conpri sing at Reast orgﬁmrrpl e®’ of Rd’net al ransiti oup VIIT with at
| east one conpeﬁqgk_gche fornu or 11, descri bga\abg

hydr of or nyl ati o™ hy hogyanatl I, ¢arbonyl ati and hyd

menti oned, hydrocyanation of olefins is a further appl i¥ on area for the
catal ysts of the present invention. The hydrocyanation gategl ysts of the
present invention also conprise conplexes of a metal of’ transition group

ogenati on! 15 As

VIIl, in particular cobalt, nickel, ruthenium rhodium palladium
platlnun1 yhepeef er abl y nlckel palladiun1or pl ati num and very particularly
preferably nickel. In general, the nmetal is present in zero-valent formin

t he net alo RONPhEXRIACEDE Cddtth tdnﬁbﬁemaﬁﬂm off Nyeat ariothehehpdepasmt | on of
the netal COWD%§&9§ CEPe Rsa 1 1rlsﬂyPUthéxégQﬁSCEfiE%Ldﬁ%%!%hﬁPf d®o4se, as

hydrofornylatlon qysts, s, to th aration
of the hydrocyana |o%ig he pﬁ&@é%? ?%Jﬁﬁ?%gﬁgh H#%E£ﬁ9bonple

suitabl e for pfepat i eB h ‘gfyanatlon catalyst is, for exanple,

bi s(1, 5-cycl ooct adi ene) ni ckel (0). 30 If desired, the hydrocyanation
cat al ystis ®ah, R2prepPared RY si¢ Lednh,a imdebenieantalyogdusné cartdtdepr, ocess
described for tharbyeh ofakyl, atyenoLniyal,yak§l, 3ba l0tReni, N¥ent v drkehelior e
further providegof, PELOSSS 1HRE, PESRAS | RAKBLY! | $&%,DXuERbA L, §ELR2,

hydr ocyanati on, thes hydr t s carried out in the presence
of at |east onel%?l¥ﬁeqﬂ%ée 4§Ef %§%¢2§dgggr+bed above. O efins suitable

for hydrocyanation are generally the same as the ol efins nmentioned above as
starti n®04@ matiér Pabs Yor hydrof ornmyl ation. A specific enbodi nent of the
process of the present invention conprises the preparation of m xtures of
monool ef i nirs, Go5,MM0oRLA rR8 agehayting inaepenjeweledrCone Caidtthez,= N bonds by

catal ytic hydfﬂgﬁ?B@@ﬁ(ﬂhﬂﬂ§ll éy@iﬁéﬂﬂjﬁ“eh@Eeéoé&é%&@@ﬂ&@”Qnﬂgﬂt%b@b?gl
hydr ocar bon m |§9y3&42qﬁﬁ wLeaction of these in

t he presence o 1east o] at ccordi 0 8%@ ention to
f or m sat’dr at edaégyﬁ?’f’ﬁ"t% ng%i ({‘)%frs’agﬁ %ﬁg%ﬁq)xﬁe’ ﬁﬁﬁ )d)r"g\éar bon
0000052364 51 rfEecHAYEA} bxRise a*?ﬁerpr éﬁéﬂ?@r‘?ﬁﬂ’fé’mlef Ph?’éowcﬂéneﬁl triles
by the processcyknehe present invention, preference is given to using a
hydr ocarbon m xture having a 1,3-butadiene content of at |east 10% by

vol ume, preherably at | east 25% by volume, in 5 particular at |east 40% by
vol une. .}, 3- But adi ene- cont ai ni ng hydrocarbon m xtures are obtainable on an
|ndustr|al scale. _-Thus, for exa p SSI of trol st eam
cracki ng OP hap htﬁI %é% 8 Ry dgﬁfﬁé Oéhf Engﬁ£%§ EE?E}%%IIOH
whi ch has a h|6H°Fof%ﬂ“§ﬂQﬂQFﬁ9€Bnt%ﬁhyl'Aﬁﬁﬁ%oqﬁﬁ%¥dpnﬁhﬁgy%nxture is

1, 3-but adi ene and the remainder is made up of nonool efins and nmultiply
unsaturatedghydsohﬁdbnnsuandtaykame&mh?hese streans al ways contain smal
proportisgns of generally up to 5% of al kynes, 1,2-dienes and 15

vinyl acetylene; (Pyre, 1; 3; but adi ene can be isolated fromindustrially
avai | abl e hydrocarbon m Xtures by, for exanple, extractive distillation. 20
The catal ysts of the present invention can advantageously be used for the
hydr ocyanati on i6f 28 uH-WB éfPn- cont ai ning, in particul ar

1, 3- but adi ene-cont ai ni ng, hydrocarbon m xtures, generally al so w thout
prior puwo ki catisoanointdw@rhydeacardonam, xture by distillation. If present,
ol efins which adversely affect the 25 catal ysts, e.g. al kynes or cunul enes,
may be remyed fromthe hydrocarbon m xture by selective hydrogenation
prior to t he hydr ocyanati on. Suitable nmethods of carrying out selective
hydr ogenati on are kngwn to those skilled in the art. 30 The hydrocyanati on
accordi ng R0 ¥MY Pt EdehPIFHRAENMILER B AIEEPE| QRAFRAR 2E6RE | FlUGHS v,

sem cont4snuous byneendat glunitoewh Bth ttdislye areadetwrs foom a fwidd mdogssysamt i on
are known to thesengki) |2dri B thetisdt rdngsare descri bed, fox exanple, in

U | manns Enzykl opadi e der techni schen Chem e, volunme 1, 3rd edition, 1951,
p. 743 ff. 35 Preference is given to using a cascade of stirred vessels or
a tube reactor for the continuous variant of the process of the present
invention. Suitable reactors, which nay be pressure-rated, for the

sem conti nuous or continuous enbodi ments are known to those skilled in the
art and are descrlbed for 40 exanple |n Ullnanns Enzyklopadle der

M L ~ o ~ 1 N LR A N A -—~~ o 1 '



52 and can generally be reused for the hydrocyanation. The invention
further pr %4ocess for the carbonyl ation of conpounds contai ning at
| east one ethylenically unsaturated 5 doubl e bond by reaction with carbon
nonoxi de and at | east one conpound containing a nucl eophilic group in the
presence of a carbonylation catal yst Igsed on a pnicogen chel ate |igand of

the fornul g _| n I nyk-at j lyst onpass
conpl exes gifn A u)rrp%%%%rfs?%lgoﬁ&gﬁ%%px\&/f I JIC}%] re]Ecg égl §t%lfégcki)enl %Q%obal t,

e

iron, rut hé’trne%ﬁi‘a fa}l‘()o*??f‘rh &OpRIPEY T um in particular palladium The
preparation of the netal conplexes can be carried out as described above
for the hydsofregaydiatswitabdeabhydt prefieadre8 ayblvdioeantat pdntioatadiyigtisg The
same appls @golp bheain-widtuwhieRakas indenobaldeadicbaByhatén catal ysts of
t he pr esentin!cwgg{,égéb b@ulrteggggngé efil Qgigg%obbte. carbonyl ation are the

ol efins nentioned 20 above in general ter as starting materials for
hydr of or myl ati on _and. hydrocyanati on. The conpounds contai ning a

nucl eophi | TRegFadicate Bor eF2rRiB| G258 dlver e dNECRRRASITAY At @RS AEHREN s,
thi ol s, carldexyicel ezt atisf fe2bnprigrmriyiggnd secondary amnines. A preferred
carbonylation reaction is the conversion of olefins into carboxylic acids
by reacti op webhe & ban gioRaxt decgpbunakes s ({heArReRLPXY ald QRlich THhS |

| ncl udes, 10 paLLEUlAr diga] £a0ks! Opisi0R0f Slhpleng WLR Sarben gengxl de
and water 6 fOFnTpropi onic acrd. The i'nvention further providesPror the
use of cat §FQEPs Sichg tAe pRhovATeng-orgd HIRSAARARTE AHBSEnG AR cor di ng
to the 35 pyésesen|aveitieofenasniris @riebBydeddnre, Preferserofisr mybat §oren
hydr ocy asattioonempeurdabndfatthenfoimpdireog@&nat i oo choltéki pyotelgoneoupat bear and
ol efin pol yuBEtZekd N AMérl @hafBiAiNRenSin THI®: I2NY6BLLOGN ) S | ustrated by

the foll owpng, ,HONE &5 icet k¥E 404 §XRMRLEESs, 45 0000052364 10 15 20 25 30
35 40 45 Exarrp?es 53 following igands were used: 5i i ONP P-NNi N~ i

OO0O0ON ~ i _
The substituents R!5 to RI18 which are not hydrogen are preferably

20 selected independently from among C;-Cg-alkyl, preferably
C1-C4-alkyl, especially methyl, ethyl, isopropyl and tert-butyl,
alkoxycarbonyl, such as methoxycarbonyl, ethoxycarbonyl,
isopropyloxycarbonyl and tert-butyloxycarbonyl and
trifluoromethyl.

25
Preference is given to compounds of the formula I in which the
radicals R15 and R!6 and/or R!7 and R!8 together with the carbon
atoms of the pyrrole ring to which they are bound form a fused
ring system having 1, 2 or 3 further rings. If R!5 and R!® and/or

| 30 R!7 and R!8 form a fused-on ring system, the fused-on systems are
preferably benzene or naphthalene units. Fused-on benzene rings
are preferably unsubstituted or bear 1, 2 or 3, in particular 1
or 2, substituents selected from among alkyl, alkoxy, halogen,
SO3H, sulfonate, NEYE5, alkylene-NE4E5, trifluoromethyl, nitro,

35 COORK, alkoxycarbonyl, acyl and cyano. Fused-on naphthalene units
are preferably unsubstituted or bear 1, 2 or 3, in particular 1
or 2, of the substituents mentioned above in the case of the
fused-on benzene rings in the ring which is not fused on and/or
in the fused-on ring. If R15 and R16 form a fused-on ring system,

40 R!7 and R!® are preferably both hydrogen or R!® is hydrogen and R17
is a substituent selected from among C;-Cg~alkyl, preferably
C1-Cy~alkyl, especially methyl, ethyl, isopropyl and tert-butyl.

If the compounds of the formula II are to be used in an aqueous
45 hydroformylation medium, at least one of the radicals R15, R16, RI17

and/or R18 is a polar (hydrophilic) group, so that complex

formation with a group VIII metal then generally results in
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34
water-soluble complexes. The polar groups are preferably selected
from among COORkK, COO-M*, SO3Rk, S03-M*, NE4E5, alkylene-NE‘ES5,
NE4ESE6*X~, alkylene-NE*ESE®*X-, ORX, SR¥, (CHRICH,0) Rk or
(CH,CHzN(E4))yRk, where RX, E4, E5, E6, Rl, M*, X~ and y are as
defined above.

The compounds of the formula II are preferably selected from
among compounds of the formulae II.1 to II.3

RP~(0)a _ ,_~(0)p=0-(0)a~e P/(0>b~R2°
L R18 RS —
2egi2s
R17
(II.1)
RP=(0)a_p_~ (0)p=0~(0)a~ p.—(0)p-R2
|
N
8%
(II1.2)
R¥-(0)a_,_~ (0)p-0-(0)a~ p.—(0)p-R?"
l |
N N
5\ /z 5\ /i
R16 R17 R16 RL7
(II.3)
where

R15, R16, R17, R18, Q, a and b are as defined above, where, in the
formula II.3, at least one of the radicals R!6 and R!7 is not

hydrogen,



0000052364 55 ~O~ 5|1~~~ =1\ NP P-N~ NN, 10 Ligand G 15 20 MO

Ligand H\ 9000054364, ~ \ | y 01 / / 0OO~1 ~Op N\ N1 i i NPP-N|I
I i NNV NN/ \ ~\\ / \ / Ligand I 25 PP NI ~\N\ 30 35 40 45 11 NI
P- NI Nl ~ 1 ~~ o~ PPhy PPhz Ligand K Ligand L Conparative |igand CLA
Conparative ligand CLB MO0 Owe 35

R1% and R20 are each, independently of one another, cycloalkyl,
heterocycloalkyl, aryl or hetaryl.

In the compounds of the formula II.l, the radicals R15 to R18 are

5 preferably all hydrogen. Compounds in which R1> and R18 are
hydrogen and R!6 and R17 are selected from among C;~Cg-alkyl,
preferably C;-C4~alkyl such as methyl, ethyl, isopropyl and
tert-butyl, are also preferred.

10 In the compounds of the formula II.3, the radicals R!6 and R!7 are
preferably selected from among C;-Cg-alkyl, particularly
preferably C;-C4-Alkyl such as methyl, ethyl, isopropyl and
tert-butyl, and COORK, where Rk is C;-Cy~-alkyl such as methyl,
ethyl, isopropyl or tert-butyl.

15
Merely by way of illustration, some compounds of the formula II

are listed below:

PP

25 L
N
Salae
2 2
' 30 . T
: G
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20 N—P p—N
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N
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45
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0000052364 56 5\ NP \P-N ~ N N 10 Exanple 1 Synthesis of ligand A
Conparative I%g@@d ZC 15 5.2 g (38 mol) of PC13 and 5.1 g (76 mmol ) of
pyrrol €Q with 200 mM of dried tetrahydrofuran (THF) were placed in
a reaction vessel under argon at -65C. 11.5 g (115 mmol) of triethyl am ne
were added to this m xture and thezgeaction m xture 20 was stirred
overnight at roomtenperature. The resulting precipitate was filtered off
fromthe liquid reaction m xture under reduced pressure and excess THF and
triethylamne were distilled off at 60C. The-Leskdue ;

of toluene and residual>preciprtated triethyla ori de was 25
filtered off frmn. The ggbution oObt ed wgs stored until
oTe 9 3.3

We

needed fgeofurther sSIMg. 5 g (13.3 mpl) of
1,8-di?ronn 3,6-di - tlert-but yl xantigte toget her wiQh 150 ﬁ of ed THF
were pl aced sel 50C D/\nder\argon. 12.§ (30.6

dropw se and, : £ sqirred for andther 2 hours
at -50C, resulting i fornat‘on cf/a precipftate.' This sojjutiQn

subsequently added at -70C tqQ the previously prepared tal uey
The tegmperature of Ren exaff henarar eacti on @ ept!| bel Pv C
After stirring jor r ction m xU€ was \evdpor at ed under

by cool i ng.
reduced pressur : aken up in dichl oronethane, then
evapor at ed again, hexane was added @&l the m xture was stirred. The solid
formed was 4Q.pecrystallized tw ce from hot met hanol . VBure |igand A was
obtained in a yield of 1.\ g (13% of theory). Exanple 2 45 Synthesis of
| i gand{B 0000052364 57 5 g (13.3 mmol) of
1, 8-di brono-3, 6-di -tert-butyl xant hene together with THF were placed in a
reaction vessel under argon. At -50C, 12.3 m (30. ol) of a 2.5 nolar
n-butyllithiumsolution iR hexane were added-: < actsoRYyf xt ure was
stirred for 2 hours, 5r |ting in formation 3s suspension. At
0C, 100 m (100 nmol)
dropwi sgoand the m
subsequent |y carefull ed at 0OC
g of KOHin 32 g of HZ)) apd 10.4 g of 30x-_sd H202 10 g6l ytion were
carefully added to theg readtion m xture ang t Be—+Bsulting" mXtufe was
refluxed for 2 hours. Afterpcooling to room_ténperature, |it neutral i zed
usi ng 18~ strength hyd“ochlpric acid. After phase sepa&zﬁﬁgn, t he organic
! 2S

phase wa& washed tw ce. w h o gol ution, drj Yoar d evaporat ed
D ?Wy-: i -tert-butyl x§ ne was ined in a

to dryness. 15 g~
yield of 4.7 g ({LQ03Lo <je =B 2 g (38 of PC13 and 5.1 g (76
mmol ) of pyrrol e-t6get her zwi th THF ere pl aced in a reaati on vessel at -65C
under argon. 20 1.5 g (1%§Innnl) of triethylam ne were subsequently added
slowy and the m xture was stirred at roomtenperature for 48 hours. 4.7 g
(13.3 nnﬁp) of 1, 8-di hydroxy-3,6-di-tert-butyl xanthene in 50 m of THF were
added thereto at roomtenperature, resulting in the tenperature rising to
30C. After stirring overnight, the 25<s0lid formed was filtered off under
reduced pressure, washed with = ahd bi ned organi ¢ phases were
evaporated, giving a brow oil. as-Tecrystallized three tines from
hexane. Ligand B was obtained in afyiePd of 1.1 g (12$ of theory). 30
Exanpl e 37(conparati ve exanple) Synyhesis of |iganddEA (conparative

| i gand) and storage at g« tenperqture 35\Cb tive ligand CLA was
prepared as described by K G onPet al. ,p--nAm Chem Soc. 117, pp.

7696- 7710 (1995). The synthe i sNreads to acl ean_product havi ng a 31P- NWR
chem cal shift of +79 ppm ( . Ahter stArage of conmpound under argon
for five days at room tenperature, w@mn apprec+abl e dark col orati on was 40
observed. ter eight mé%%@? a tafj-lijke cpnpdund which could no | onger be
used as catal yst was forned.

COEt

IX
45



45 0000052364 58 Exanple 4 Synthesis of ligand C 5 Using the nethod of
Maverick et08P00p2R6Ag. Chem 36, 5826 (1997)), 66.7 g (240 mml) of

1, 8-di chl oroant hraqui none, 113.3 g (1.12 nol) of KBr, 3.3 g (50 nmol) of
CuClz and 113.4 m of 85~ strength phosphoric acid were suspended in 500 n
of nitrobenzene and the water was distghled off at 200C. The m xture was 10
subsequently refluxed for 72 hours. After cooling, the solid product was
taken up in nmethanol and dichlgrg e porated to dryness and washed
with acetone. An 8:1 mxture o
1, 8- di br onpant hr aqui none/ 1- br ono ' raqui none was obtained in a
yield of 46 g (60~ of theory). 15 P3. Gog (B5 nmmol ) of
1,8-dibrogmanthraquino€E e suspgnded iny; 250 m of nethanol. At 10C, 9.9
g (260 mvl) of NaBH4 ?éfadded s[ow y and the v kPefe was subsequent!y
stirred at OC for 2 hours. The ntx ure was poyfef onto 800 m of ice,
stirred and 20 filtered undqf?;educed pressurg. [The solid was subsequently
suspended in 400 mM of 18~ ength hydroghl orFe\acid and stirred at 70C
for 5 hours, after whighoid was aonce agaim filteredog@tf under reduced
pressureijowashed until neutral and gried] The solid was stirred with 14.8 g
of NaBH4 in 250 ml of isopropa at| 85 reflux) for 3 hours, brought
to a pH of 7 by addition oEtdﬂiute éydr &@E&rm@ peid, filtered off with
suction and washed with water. Bnnanthracene was obtained in a
yield of 16.2 g (74~ of theory) 30 190 g (298 mmol) of

1, 8-di bronpant hracene and 0.63 g (4 mmol) of p-tert-butylcatechol were
di'ssolversin 800 g of toluene and treated with 45 bar of ethene in an

aut ocl ave ngr=5mgkﬂy1es The m xture was subsequently stirred at 150C for 3

days. The r i xture was extracted with | oo strength aqueous sodi um
hydr oxi de %ﬁ she \gta h distilled water. The organi c phase was
separ at ed %Vgi%?y ' The residue was recrystallized twce from

net hanol . R"8= DFbr%ﬁﬁﬁ%ﬂHéﬁéanthracene was obtained in a yield of 60 g (55~
of theor3d. 40 5.2 g (38 nmol) of PC13 and 5.1 g {76 nmol) of pyrrole

t oget her wiTthe g@rypaedtiady drfoftheapnivsseenplcaekate nanpoeadsi of tles peksabt - 78C
under ar gonnvkhtbofl 4ddthuagelonsol &tdaishyhantfen Wampoaddedoanthe he m xture
was stirredQugrgi gpt at roomtenperature. The resulting precipitate was
filtered off and excess tetrahydrofuran 45 and triethylamne were distilled
of f. The residue was taken ufd n 0000052384 59 toluene and filtered. The
sol uti orffwas stored. 4.8 g (1 , 8- di br ononet hanoant hr acene
together with 150 m of dr e placed in a reaction
vessel at 5 -50C, and 12.3 ni & r n-butyllithiumsolution in
hexane (30.6 mmol) were subseqgyently added and the niaxture was stirred at
-50C for 2 hours. At -70C, thi®)ym xture yayg added to the previously

prepar ed,sol ution of brspyrroI%Jphosphorup chloride in toluene, resulting
in the tenperature rising to OC. 10 Aftgr stirring for 1 hour, the

m xture was evaporated and the solid was taken up in dlchloronethane, t he
m xture was filtered, the filtrate was evaporated and the residue was
stirred w whemexahe.22The, pROAREt Ras Réecay st aindi zedrd raomdedtinggt deonvel .

Li gand C wasdolt 8k nedidaviagy geblp ofhikh§ ghéR30id bhepey), rky byanphe 5

Hydr of orarafle%rngme ofh}adlkage%nertqugta;rne B sy )usrhegot_;élga% /ﬁsa%@léuﬂam of

Rh( CO yaca iga | i ratio =
10/ 1) meregﬁer 13 §é“§r PQ? éaqhg |§£51ve8 ga%? J%%% 8Fnuene m xed
and treat e 15pY tszavtrt 7 b AECbr I i ST & g FEYRET 2 B0 D 243 a3

m nutes, tK{ePMPRt uF RIS Fr eB¥LFITREd, C12) ¢F 1f SBaﬁ%neﬁBart’f&?ﬂé’lrrPXt ure (45%
of 25 1-butseners 40% of 2-butene, 15% of but anes) were then injected and a

reacti ongpressure of 20 bar was set at 120C by neans of CO HZ (1:1). After
4 hours, tt}ﬁeagtgftﬁr o\ﬂﬁ@é eglf Vr!rﬁ'«'-_» ffomtﬁa LrapP 5 Angh Pat r%aCt' oy
products (reacgor an é& Egg ngf%%gg%x7&ﬂ“ftruw'% Ety%%"

chronatograﬁ y. The onver T dER

sel ecti vi t PTHABCDBLA HHES Hré r| ?’%hr‘r]t%? v\/as 95% (Linearity: ratio of

n- al dehyde to all al dehydes forned x 100) Exanple 6 35 Hydroformnyl ation of
a but ene/sbohanet sxXinyg eompongds i gintheBformula III in which a, b = 1,

¢ = 0, and L. = H can be obtained, for example, from the
corresponding 1,8-dibromo compounds of the formula III (a, b = 0;




3.0 nmg of Rh(CO) Zacac and 79 ng of ligand B (57 ppm of Rh, l|igand/rhodium =
10/ 1) were g@hobsdigyt separately, each dissolved in 5 g of toluene, m xed
and treated at 120C with 40 10 bar of synthesis gas (COHz = 1:1). After 30
m nutes, the m xture was depressurized, 11 g of butene/butane m xture (45%
of 1-butene, 40% of 2-butene, 15~ of b#anes) were then injected and the

m xture was hydrofornylated at 120C and®20 bar for 4 hours. The conversion
of but enes s B39Y% et He BY dedfiadatieneesing oy deaamedsl 19z ampountidts |dfnearity
was 94% A0NA52364160 Expmi-duty Hythtlafur, mekat Houtyafl iah buh eswe/thst ane

m xture usimé | gande én@ L4 ie0h RHECQ m@ﬁean&éﬁamio@; i ggd B (112

ppm of Rh, Lch h a Yy ach
di ssol ved in ;g?ag{q_ok ? re]sq{ljc)mﬁﬁ %Hn% %ngéﬁqé%goé S% Of b ar of
Cynt hesi <5 giRs b pEES efza FOBFOS Horage (b e PEPECIGR OF

depr essur i ZReEs? aékeilmﬁfeaﬂe/hwéfaﬁbden BreLer pabe, ot hiom 1 - 3nd iswe 0T40% of
2- but ene, Ixdbecfsibmt bpésyxivkr.e t hen i njected and the m xture was
hydr of ormyl ated at 100C and 22 bar for 4 hours. The conversion of butenes

was 85% t d e Vit %1 9 t L
Exarpl e 8 Qg; S Féj lefe&%d %B‘éuﬁﬁg%?gﬁw ggf%?% B4 L%%?ca%zacac
and 162 Hy I °§5‘H 1% VBPtR§rO Ha&tu wer e

wei ghed outCEERanat @Fyth%a?ﬂﬁf“ﬂ‘#@s%?% R4 qrs%}%ﬁ%umhbt& W%@i‘c&nef
treated at d@@Cew thl10s harefofrabypt tlekisingasr (O@Hhes 1:2). After 30

m nutes, the m xture was depressurized, 5.5 g of 2-butene were then

i nj ect ed anghd RemBbyhas eaavmmhnﬂrmdomxbaﬁa@ aanlp@%b%aénga bparfor 4 25
haurs. {?n%&%‘{ﬁres,'eg l&%ﬂ %éy éifél%égﬁ é;g'x?e% VbY pas 92%

and the ar i ty wa I on octene. usi ng

li gand B 0.%8" rrg Yof “Rn( “Za(?é’(?a af§? %t%‘-btﬁ’ﬁmof Rh,

| i gand/r hocﬁHIPrﬁO:ErHFS)PM%PQH‘é‘H‘%@ §ep8¥5’f‘é16yf léﬁ‘éhe di ssolved in 1.3 g
of tol uene,bemzot¢diandle r emtrbdzale 1 0D Wwidipy85ol¥lingdahané, 3/t 'édissndade,

(CO HZ = 1:xdilch Ahbeappfopititteepnitbgenivdinagines gepr pﬁ&sbk_fﬂo&@ﬁs, 2.5 g of

1- Octenezdvecrﬁcm%?la@ ept 6theARd 5 8GN W ge%ﬁﬂy%@ﬁ@r ! %at ed at 100C and
10 bar for 410t 3anlhe, CAMELSEODLWRS 350! DEAldshidle, 6l Gglikvi ty vas

83% and t he proportion rs (n- fénanal 40 +
i sononanal )r%%:lf%% Exanpl e 10 (corrpar ative exarrpl e) Hydr of or myl ati on of
1- octene using conparative ligand CLA 45 0.9 ng of Rh(CO) Zacac and 8 ng of
conpar at i ven iagapdaBhgoyssPyegrdofe Rhit lisgands ihedi dor —exuplle ,wsperertighed
out sepamtutley appacpr iatH)ArdI64r perodydsodbmvethnde @ith ghef pxybegen m xed
and treat ectxathal@eg ¥ tihel redenod syt t&@%@agﬁsﬁn{l@@tz vk the After 30
mnut es, e KB URS; M8 S dlaRG RS Uidddithas S nd1 Bl 1o.£ G gasgovg«ra e then

i nj ected a t he mxt e was hydrofornylated at 80C an r for 4 5
hours. The conversion was 79% the al deh ge sel ectivi tﬁ was 81% and. t he
linearity ¥ t88% SYRECHDFOPPPBRIDHaFnEoREred( ReHotiRAl 2%e dbdadRaRie ) was
99% Exaifply BrepyisofsintflestisonTis 1 -foet enemmﬂm ngeptyiond o€ @honay with

Rh( CO) ZacagphasphdBud tidfldriigantin GHeb@rppanoé dtha kegand/y khednam . 4.0/ 1)
were wei ghagdieuhysepahaf elnbdueaspHénddiyphekyreidl alehl g fe ¢hRBENYAN &lcher,

m xed and txr%%tt%q 95.1:1‘]‘0(91% \@ngvaperp@rofo Héyg r%.fagé" 0}(1%1@2c0mé \}% After

At

60 m nutes e _m xt #re Wasc ressuriz ct ene .wer
i nj ected arfd %h&Y “h{aT ot rrryl afL‘le FoB I o BIF for 4
hour s. %Hrﬁeﬁé?éVPi’E/r?\k}élFé@gpgﬂﬂu?Wé’ dPBrtion of a-isoners

The preparation of the 2,2'-bisindole starting compounds can be
carried out by a method analogous to those described in
Tetrahedron 51, 5637 (1995) and Tetrahedron 51, 12801 (1995), and

40 the preparation of the bis-2,2’-pyrrolylmethanes can be carried
out as described in J. Org. Chem. 64, 1391 (1999) and the
preparation of the 2'-pyrrolyl-o-phenoxymethanes can be carried
out as described in J. Org. Chem. 46, 5060 (1981).

45 The starting compounds III having a triptycene-~like carbon
skeleton can be prepared in a known manner from the corresponding
anthraquinone derivatives via the corresponding anthracene



20 (n-nonanal + isononanal) was 100% Exanple 12 Hydroformnyl ati on of

2-oct ene usDAGOO5@I6ad C 25 6 ng of Rh(CO) 2acac and 124 ng of ligand C (119
ppm of Rh, Iigand/rhodium = 10/1) were wei ghed out separately, each
dissolved in 5 g of toluene, m xed and treated at 100C with 10 bar of

synt hesi s gas (CO H2 = 1:2). After 30 g’bnutes, the 30 m xture was

depressuri zed, of 2-octene were t i njected and the mi xture_ was
yeir of or ry | BF BB BISEEO 2 ot AR O o 4HAAR S SETheLPT (ARG  vids Q6 and

t he proport Fbamofid- il88ref 52§H-indnafsy - #h%‘bnéﬁanalw \/\b@@d@%ugg Ehahpl e
13 (conpar asbve ®xamgl,e)l6dydriciidnnyat Aon Wfen2- 8ot en®d UINBY COAPIY atd.ve

l'i gand CLA Or§. NEhead. Bb(Ocha(q@mqndcﬁexﬁrg Bfr .copparsdi v@dongang, @A (60 ppm
40 of Rn, bﬂ%ﬂglilhog'zlf”} 1)o)¥“§£81¥"%ﬂ%‘%d g%tf&g acthelt each

di ssol ved”i i n treate O bar of
synthes: s gaeieaapiosiofefing afespithed 62 Syt | iatetn

depressuri z@drrBiy Quif t@%t%ﬁésméi@elf HEARGEAPBE L BRY i floﬁédni-&tq}?@ Wwas
hydr of or nyl B¢ed Hi9,100C6anP8K) bad Fof. A 4BemouEemm THEHlcqA98R I on was 74%
t he al dehyde selectivity was 44% and the linearity was 51% The proportion

of a-1SORBI 8, (H:=d}Aha n@he PRAR2 3641 He "’co‘m?;QHREQr@f )th\@asfoﬁma@&am'de 14
(conpar at i ve e%<arlrrpl %% )—gfrgrg{sorﬁgy%%’%l onrm%fl a tene eac ane thl{e{e usi ng
B°B"

conpar at i ve ti gand Cofparat i ve

| i gand CLB tA9Emyit8s thk cqmpgaﬁéfr%%ﬁw ?}?dl Ha\k@l“gg%\e hedcorounds
separ at el y, oedde ﬁ@rmlé%oﬂﬂed-urﬁt%}’gh@fe Xopl éﬁeactﬁ\;@é@dand treated at 110C
with 20 bar of synthesis gas (COH2 = 1:1). After 30 mnutes, the mxture
was deprﬁrgsw@@ca&a 4t & fpdaubignes e vl X4 Uf £r (14:5%1Qf:h1aplﬁ ang, 40% of

e e R S
(S] t | S

but enes was® m(eﬁg Barity was
95% The un?Je’%%@t]é&héP’@f‘Fﬁ’i"R%’t‘Pgl shely askAretyeltivrum. ferEnkutyligthdumy t he
1- but ene i roxt heethiyRidteiwms wisdhcthel. leay iggnpaewr i IvddingandpGid@dvds pr epar ed
as descr pbegkparabegeaacti@mbylthe Shdr(shRA8) ng ExEgilie mébal sytdmesi s of
ligand D) Z5r&reda®1¢38itAMiy. of PC13 and 12.7 g (76 nmmol) of carbazole
t oget her with 200 of dried tetrahydrofuran (THF) were placed in a
reaction ves SC u . et hyl am ne
fgtpT “hitd d?ﬁ? %ﬁ&g rgaét R a? tmmcwéf g'#?Jr%tae%ver ni ght

wer e added %t Ture P OR M Xt ure
at room t erffRARAUG e, “T?lé’ﬂfrréépﬁf’?’aﬁ‘% BOCRERN 3BNSHfLer CPPRPRRADIGE £h6m t he

liquid r2actemsmla Xt or ellunderhieduzed pr €ssue efamedexcess THF and
triethylamne were distilled off, going over at a tenperature of 60C. The
resi due wasrd ake@nvipei thdQofbo@hdé dtiame apemiBMaiTl Ag LRi&t hy, ankne,
hydrochl oride l\ghl QHeP&fﬁ} mottahseley@a; ielo t@ﬁ\ﬁgogw%se Laea%@l 44190 2Bhabped

d G ol ). R
REERE TRt e e e

1, 8-di brono e\f xant
were pl a%:%cr%‘ftaOPeagtWﬁfevgggg?U% 68 BB GTOEAS Fol BT (S 6 ol )

of a 2.5 M%P%Rhta%ﬁhefpwqﬂ%m Bi paiarmPrgipERRbR Ev\éleé‘taélﬁléom@rf@pw se
and, after suvdh additierhwiasuicenpt are alkiéinngtal dydaddst o raddkadtine50C f or
anot her 2 heiyth meealliydidden For naidmpleobodik @Bideiital epotldlssumol uti on was
subsequentI%m@@do@tcaf&gmt QyHPfdepr‘?L‘Qa@ﬁslﬁ’régtﬂ@art%dtﬂglm%JQE.HB . The
Lemeral it Gl LRCCERAARITLE fhe TERGHIAN VRS KRy BRLAN 2 PGC Py cooling.

After stiTrin e reaction m re was evaporated under
reduced pressure, the residue was taken up_in dichloronethane, evaporated
0000052364 Iaep&gaPnOérﬁpmqupﬂédoafw@r fRamPia oH of(Wiskane. b Thé r ésuviiaiy
solid was recr ysflabén zeed SOgMee It dm hdtonpidwrdle. tPUketHiiagandobpouisch
di spl ayed asi ngl ehich +1E2hyppsyén dride hgdPoddB (@@DelBdxy group or an
40 alkoxycarbonyl group is in each case present in the meta position
relative to A? (AZ = O or S). Such reactions are described in the
literature as “ortho-lithiation” (cf., for example, D. W. Slocum,
J. Org. Chem., 41, 3652-3654 (1976); J. M. Mallan, R. L. Bebb,
Chem. Rev., 1969, 693ff; V. Snieckus, Chem. Rev., 1980, 6,
45 879-933). The organolithium compounds obtained in this way can
then be reacted in the manner indicated above to form the chelate



5 Exanple 16 (conparative exanple) Storage of conparative |igand CLC at
roomtenperapooesereparati ve |igand CLC was prepared as described in US
5,710, 344. The synthesis |leads to a clean product having a 31P-NVR chemi cal
10 shift of +69 ppm (C6D6). After storage of the conpound under argon for
10 days at room tenperature, an appr echgbl e dark col oration was observed.
Exam nati on by 31P-NMR showed a |igand degradation of 20% 15 Exanple 17
(conpar at i VEC&RIRSISe PE Hyle of Y MHeati B BF- 1- oct ene before storage at room
tenperature 1.6 ng of Rh(CO) 2acac (dicarbonylrhodi um acetyl acetonate) and

36.9 ng of Ty palsahiveahd gaidindnG cdAfoppis of Rhe fFdgand nebval 1F & be/ 1)

vere wei ghegd. Qi 3€RAr ah eAYa1RR%8 Ahasetved in 1.5 g of Palatinol - AH
(phthalic_ester of 2-ethyl hexanol from BASF Aktienges.), mxed and treated

at 100C Wlsth 10 bar _of synthesis g = 1:1) in a 100 nl autocl ave.
After 30 miFutEleTehe MK tTAS WS dﬁbr‘é%"sat}rysfeare DIFS PSEEtLBMeEARY e t hen
added and 2Gaseharg geoverved undérohpingf eumyd agdon oo dirtdone bako f or 4
hours. The coywigidicahl wasctliSfy sipleeiab dehyde Sekmela Hzy (0@KRG29% ek Zhe

linearity was @%etthsfS@mgﬂt\ibhy gt&up rthqrxnab esteds \Tméré«m dPcanpke 18
{enpor at b9 1 % ag 1RoEy-ch %‘*&Lf ounilah an ol TegRLEe 3 <t Waag% Cé oem
(106 ppm of9 RS I* §§ﬁﬁr?na‘f df@F_“L tebewé( ﬁ%ﬂe(ﬂrﬁ) §é(5’8r%fé‘l‘ alaandach
di ssol ved i#lse ®Sngthe Pankar wd SAPPfdhlil@(‘é’dmaﬁélt??e%ﬁ%’cPlé@ bpOthen kigangd bar
of synt hesiG. gaan@CO pReferiablly. eAfhenaBd nindepesderntiy wifxbue cammder, a
depressuri zegtuel3of at lefsd ane roer exéahiere agdedobys meaRns safhh af S¢/rdnage asd
Lgﬁ feﬂrthfﬁ e%ﬂ@ér%%g/%%m acfoa@%aéfl@gflx%@d %er@&mﬁl%eé B@U£1§e mEQ‘al 2

ver si (RY y
was 710 THE bither Y %Z AP I RESHAERS X Sl bhUs B 180804 1y §2‘§§51 54
Exanpl o 10 SHUEIFG AY| 13Tn BE S9PRLLE L JAAGRA; G (5576t (RFRPIGRAT o
Rh( CO) 2acactineresgrhypivfentiigandens( 1a L igsndose Rectad Jann: m eﬂr0£99/ 1) were
wei ghed outcaepiatangl gf tedcrydpbsepviated n ik, pagt ddultagl wehphemgixed and
treated s &Qﬁ@hwhtah ﬂ,ﬂléwlgmfos@ymt@@,si&;@&glbﬁ&mmtasz)trﬁfrtyqr 30
ot o0 A o i e ot B B ot 4

OS\?’eraélgB%lﬁas %‘V X &%[ eI e&tl Vi t%\i% ol é?&lgaad? he

h Th
P near i tyev%rscozgeyngE&%n?fr%ﬂ%n a8?°f%e“% e%cftf“sn%%ed\}cﬂ HFRTIAT 45 31P- NVR

showed no IBXHegr afat | FFFTPHEducPs3Bf ST FigRnEcactierr adter ciditdancet

m Xt ure ¥Wasa digehdovwhhonoge metuscesotdnricono Ahe eprdpeditofioventidn ¢o it h

| i gand B a dabipxest ptiatfrimms aobgay(ced.ahi ch was not the case with
unsubstituted pyrrols. 20 Exanple 20 Experiments on the stabil i ty of |igand

D Ligand D yas i %8%9!? GH%Q:@ a{}geb"t\{gyﬁﬁ! %ﬂt‘é{%m&i‘@é a&%e 25

880
f wa
Showed no_dFERISE ﬁ%&&% & T R SO e GUBROT l&téanat  oom

t enper at 3 er%GttHSBt Bewtesctsi o PF%H?‘?'gH:thef Sf‘t?%\(ﬁtsvv@ék‘éhe HEﬁe@etnéo no
col or changervwsas iohseawelscbbgniherdad HEraiPteNR andovwedlaedidyr adat i on
product . 3flistomary methods. To prepare the catalysts of the present

invention in situ, a compound of the formula I or II, a compound
or a complex of a metal of transition group VIII, if desired one

35 or more additional ligands which are not according to the present
invention and optionally an activating agent can be reacted in an
inert solvent under the hydroformylation conditions.

Suitable rhodium compounds or complexes are, for example,

40 rhodium(II) and rhodium(III) salts such as rhodium(III) chloride,
rhodium(III) nitrate, rhodium(III) sulfate, potassium rhodium
sulfate, rhodium(II) or rhodium(III) carboxylates, rhodium(II)
and rhodium(III) acetate, rhodium(III) oxides, salts of
rhodic(III) acid, trisammonium hexachlororhodate(III), etc.

45 Rhodium complexes such as dicarbonylrhodium acetylacetonate,
acetylacetonatobis(ethylene)rhodium(I), etc., are also suitable.
Preference is given to using dicarbonylrhodium acetylacetonate or



Exanpl e 21 Hydrofornyl ati on of 3-hexene using ligand E 35 5.4 ng of

Rh( CO) zacacoa0doiZaeay of ligand E (107 ppmof Rh, ligand:netal = 9/1) were
wei ghed out separately, each dissolved in 7.5 g of toluene, mxed and
treated at 100C with 10 bar of synthesis gas (COH2 = 1:2). AFter 30
mnutes, the mxture was depressurizedy; 5 g of 3-hexene were then injected
and the m xture 40 was hydrofornylated at 120C and 12 bar (COH2 = 1:1) for
4 hours. THER FgFB?lt‘%as 58% the al dehyde selectivity was 87% and the
linearity was 98% 45 0000052364 65 15 Exanpl e 22 Hydrof ornyl ati on of

1- oct ene uskutthdniganslaBE s . tomgowidRurE0L2Rearseaarshi34®lay shitdigand E (100
ppm of Rh, higrhduietalts a2@/, L¥owes eanicghedt Rer 1 3QRaT3t 8hYer £&ch di ssol ved

in5 g of P, i ; O.. tr : N b f, .

synt hesi 55 %Jstq}(eegg ﬁb' . 'Ph)ég\?;[ng )0 O%ég:g?}e)%?l%ﬁe Iw)%t Ef{%ge 2‘511&11
depressuri %&E’d",a]iﬁa tHoh TFHPERE TSP tal‘féﬁsi'nfe%‘t éﬁRghﬂ Thé'®¥4ni xt ure was
hydr of or my| Gamed-ezes 190 &d RPECHEFO X (BBhpids 2rE g sPofudtaflifr-s ItTha also
conver si on pwssibAOkte hesealeehydeadwingdisi vt yuleenit®y and.the |inearity was
256- Exaﬁplzﬁad%%abludb&{ﬂrﬂq?ﬁatheﬂig olac lautea@éakwxwwyuhéwf@twﬁwdl bganld E
.0nmg o ! - n : petal =
10/ 1) mir%avr%()%égﬁgﬁtﬁgeggrzgt gxl?%( sgg(;é?}g?gggil}\%}ﬁgggh?% gggli#ffgl Sgﬁe,

m xed and tFEat&d™ate B8c & fh YRR Qynt HestE FESCEED b We: 2) . After
30 mi nut es,PREFENE IRAE2R8s depressurized, 9 g of butene/butane mixture
(45~ of 1-butene, 40~ of 2-butene, 15~ of butanes) were then injected and

t he m xt ur eExsan by ds bfaritiabat edolsd 1 tl 20@paandd Adeakob&D: HPT F chitbritiey 4
hours. 265 ThaaenYEf SdRFa@E , bubeaes M9S clibondthe 3bdahyfer seliachi¥ity was
100 and ! he.Jdifeanily 4asyalare RAAHINALLONAa el BREI ALPIACL M Xt Ur e
by 31P-NWR s ogg no egrg Etign% ucts of t]he |_L gand. e rgactlo
product ni X9 CRET Y aPF oW FologSAaBRR S 0I0PRoR, PPV EF I9PEEY pibdt e was
not obser veédsoThBRe SQRALtTERPTAARC §t EFPIP% -héesgnECQut e i®y oaREPHave
the sane rdsulse exdmiyd 2amBbexs@@fi gehatt ore tgheostabarbanylekicbbgind E

Li gand BRovaidecssat e litet ChEHA] tanrthdnwashadk vddaliboay Ihewd@ibalt .t he presence
of air. No col or change was observed. Exam nation by 40 31P- NVR showed no

degradat | onyfr 8och Shas Enk LOAS MRS BUDSSAURNLLNS! O0BM A 88Mhopars

t t L . f .t 00, nd
col or - chanddfatmoputiFadtmERIR LN Bre T NRRS Be  HEI=AEGR At | on
products. 4£y2ilpbbd248%166PESRARAE 251 ReHUERGIGACBELY i Wl de s ihedicinds

25 the literature or they can be prepared by a person skilled in the
art in a manner analogous to the known compounds.

Suitable activating agents are, for example, Brodnsted acids,
Lewis acids, e.g. BF3, AlCl;, ZnCl,, and Lewis bases.

30
As solvents, preference is given to using the aldehydes which are
formed in the hydroformylation of the respective olefins, and
also their higher-boiling downstream reaction products, e.g. the
products of aldol condensation. Further suitable solvents are

35 aromatics such as toluene and xylenes, hydrocarbons or mixtures
of hydrocarbons, also for dilution of the abovementioned
aldehydes and the downstream products of the aldehydes. Further
solvents are esters of aliphatic carboxylic acids with alkanols,
for example ethyl acetate or Texanol®, ethers such as tert-butyl

40 methyl ether and tetrahydrofuran. In the case of sufficiently
hydrophilic ligands, it is also possible to use alcohols such as
methanol, ethanol, n-propanocl, isopropanol, n-butanol,
isobutanol, ketones such as acetone and methyl ethyl Xketone, etc.
Furthermore, it is also possible to use “ionic liguids” as

45 solvents. These are liquid salts, for example N,N’'-dialkyl-
imidazolium salts such as N-butyl-N’-methylimidazolium salts,
tetraalkylammonium salts such as tetra-n-butylammonium salts,



51n anitrogen-filled glove box, ligand E in toluene was heated to 100C
wi t h Rh(CO) @egaos5andsaqueous H3P04 for 4 hours. A 31P-NWR spectrum of the
yel | ow, honbgeneous reaction m xture was subsequently neasured. No traces
of degradation products were found. 10 Exanple 26 Reaction of ligand E with
air in the presence of catalysts 15 Li g@nd E together with Rh(CO) 2acac were

di ssol ved | n taol uene and. stirred overni n ?I r a(#djr oom t erature.
Exani nat i oV tRHYERYRRER SHEheR LiFaf U 40 0¥% (ﬂ"bt“ﬁé( WHSBEE ' oxi di zed to

t he di oxi detetazriyhabospivuidue Falys asitrdy a&nér%ﬁ]éeWMtﬁﬂtéadaSthal n stirred
over ni ght aphogoontienpesBidy @.. gixahe nadtimat lbypr3iexads ,2@cehavesl, t hat the

di oxi de wase &AHIHabeby 1 uehaRaedhe ks PIRSMUpRho8¥REEESEMh10 i d68Nake Seen t hat
al t hough él&a;lq_ EE can, li ke all phosphorus |igands, be oxidized in the
presence of "$%and air, the oxides formed do not react further to gi ve
t roubl esone de radat| on products 25 Exanpl e 27 Hydrofornyl ation of a

but ene/ but afR thexrare, usha g SaCEARTS FCPD alisgaRel FREN ksl &P§ ansvakfirerorat +105
ppm i n t he &ifedNWRsOD6EE) .systemsycofpRi0Q) Rater wowkthed witbfali gand E
(106 ppm ofyd¥er-migamslevicllvent]0fdy evbimplechgheledis) SQPAr & ehetha@aah

di ssol vePo'ench? %19 ﬁfpfsgame, lgbzsf :ﬁﬂﬁ t'hQBE@Qn&Lt 1006 phhdh 10 hatoRl 35

synt hesi s

depr essur i e‘{fh 559 aﬁe%?naou(% gfbﬂiane %Pgé%%%n%t)ﬁfrbﬁ?ga%nt "409F of

2- but ene, 1@%%@“58?%1?1es‘)5%5emf"ﬁ%n°# ’@@f‘éa Shd- R &oFRLar s Hagdl which
hydr of or ny|tetved bgen 120¢ fHiredl #dthapola@O@Pups]: 9r fexamplRoipnic Troups
conver si on siichhdseseMeracodiféowidre aedehyae Kbrsabgchr Wich wesNB@)and t he
linearitys wae 9%t B 51l itf@nObathfed @Rt EAN R ode! o Xt & ik s31P- NVR

showed no %3}%%%&50%9&9%'1@ %a%l%’@ﬂ § gre@@t l%a%bog%xpé ag‘eXt“re

[ 1 d
The oxpor | il HELCHODAIREE A 50 RAT TR S0P oE P AV i BVET Ho FaRE Seﬁ!im (.

0000052364 Te Eﬁaﬁﬂ@nzw ¢oet i ABBLS erlgp r f3P ath be CITHEIB R} tUSFNY

| i gand E 5 twe-pheeeat ¢ataysiiy-oper at ed appar at us conpri si ng an aut ocl ave,
pressureeeparator, wped filmevaporator (operated at 140C) and m xi ng
vessel , 1- OG{LRE1WRS: LWl FropbRYLas&d e 1aRaNSofouiNtINesi 81 9as thEOnkka T
1:2) at 12Q¢ acgqnélpi&%%gﬂ 83{’659 g{ﬂrth(elﬂ aPbf myl ioh! @ @@HTmtsa' ratio =

20:1). Avera ﬂ%&% ?I w‘fy 1—0%(9| gw re%]gedrﬁ% fram

obt ai ned: ﬁgr L rafedeht R
Over the eri‘tllr é'opép?ojd' Hﬁ‘elpﬁﬁétw g"i‘)“itﬁr@ﬁ‘all ‘Fhedilhinor additional |igand

was addeth After the end of the experinent, a honobgeneous, |ight-yellow
sol uti on waubptesees .sulispaei foe thegaydrbSoterlapesi protesow il thet be
det ect ed. RBhe 20vomiidiesi-s 0h piigNe16 201 ldonfpo@nla 18h & HMEInk a0k

3-met hyli nggle (! fnmcgt@yl\@%aeaﬁ Stms\éQth@eéfo&lﬁ)l%f bbﬂa eng,dle room
tenperature arid coo ed to - élsng Y..2R tlrlet hyl am ne

and then 8. E?Q X mory §se tIlns<‘éldd‘1%|‘°’rb]r1 nmeans of a
e st rads xfffmlénfaé*s USSR SC LR P SO R
subsequent |aren efPHx@ERMRIE /1B ABERS:. rPurege( 3B-BNReHE) bfheaitthenedi ol were
t hen added lathepbvenei errpertaingr; el agorersuspedscene i rl-uodaeeere and-dodecanat ur e
was refluxedcqvernight. The triethylam ne hydrochloride forned was filtered
of f and washed 30 once wi th toluene. After evaporation of the organic

phases, Ihe reI.S| du ranc aléenl},{g‘al(,)rp‘_irTJ1 OP Bon%_xeh anhe and Jsﬁﬁhgd&_ﬂ;e ough a4

x 20 cm Ilcaet%e i ng

sol ution \/\éS‘mé(frB%r%ftk&H:e&ﬁd EO@eWY]oTZ'lPEPH%‘PI%‘I W H)ﬁ‘ i RERRE®E /f or i ng a
whi te sti cloyapgbsdf riomeamiadhhenters M@t Ighs B nsdgdr att@*dewldeeaﬁtxet i on.
After stirmisguvesh peniched, theepraddnohenasniiifuaiesedbasnahdd, nénvbttel sol i d

in avyielddtefdmnitkR=NVBrahOBe@PMinteExalPhie¥®ne mixtures, branched,

40 internal dodecene mixtures, etc.

Further olefins suitable for hydroformylation are Cs~Cg-cyclo-
alkenes such as cyclopentene, cyclohexene, cycloheptene,
cyclooctene and their derivatives, e.g. their C;-Cjyp-alkyl

45 derivatives having from 1 to 5 alkyl substituents. Further
olefins suitable for hydroformylation are vinylaromatics such as
styrene, o-methylstyrene, 4-isobutylstyrene, etc. Other olefins



40 Hydrofornyl ation of a butene/butane m xture using ligand G 4.4 ng of

Rh( CO) 2acacCap@0ig86dy of ligand G (98 ppmof Rh, ligand:netal = 10/1) were
wei ghed out separately, each dissolved 45 in 6.4 g of toluene, m xed and
treated at 100C with 10 bar of synthesis gas (COHzZ = 1:2). After 30

m nutes, the m xture was depressurizedy3z4.9 g of butene/butane m'xture (450
of 1-butene, . 00052364, 6 400/ of 2 but e 0/ of .but anes re.t

i nj ect ed an%ﬂujﬁ?g)q g?ﬁrléy%a A St edﬁa? 11(?61 51? % GUEeee 2 =
1:1) for 4 PRARSSIPPRELES AR Woﬁl%%rmy‘éﬁésa%%sge%eltrhésfaﬁ?a%hyde

sel ecti vi t ynovasst@@% and anhiglelsi, neagi tacrydsc9884d 5 niethapkel 84 &yimt,hesi s of
ligand H 10n85i& @cid42rumadie atid; retdrdniiBdat £d werecdnssohyed, inethyl of

toluene af § tTe%BQ‘ééatstr& ng_ ﬁ&%@rﬂ: @, %é&yl’z'dl%%ltﬁ 11%§t fl 222 nol)
added ﬁty“?réa e ?hxﬁi t?ﬁer%%’la b N e S ES St adent Y
terrperature3':al3rf‘d1 BB% 'I 9‘ -PEphengpidriis, 9@01&3(5'(5’(‘311"56#1?16 ‘ﬁb‘ﬁf]s Etfgra (52.5
mol ) of xasudrersdvohy werethylentheiediaylr obhyl earhherat uiry hsprepydspensi on

i n tol uene edhért,hetol xtar-e,paslkehbl § edC 00§+ lienedti o 99- A0 G1kkA&enols

r : et hyl @% spfcmgr QChL&éﬁadﬁeEoﬁn@ﬂ Wat thikt @&?@L&f f saagtw%ge'g Cixr%”ﬁ%gﬁ‘%é E

ol uene. er_eva 0 0 [ [ e WAS aken
up in dichl oré)oeityﬁg%gahé‘p d Va3 ﬁgggﬁ & 8n5)‘ﬁ§1 t%dongée 1?,5 éj Ovyglofunn usi ng

three 250 mMPGISCEr ohST o‘?xaﬂll’&ﬁl’o}o éen?hel'v@aﬂ?lnﬁ@ %‘c’ﬂ‘%tl on was

evapor at ed rithegadipenes Imbrhapbrdifiee fhénogkrid@negi Vinyleyakehezese; cky
mass from whicylelbhensadimmrt, Was, $eparlabetiabyietec antlatilen. hddidperlysersri ng
W th penisingd bgo2bmerH B buvasiad.ained as a fine white solid in a yield
of 64% (31lp_ NI\/R 108 ppm) . Exanple 32 30 Hydrofornylation of a

but ene/ but age, TEXLULE, LS fa%mgbgﬁmigqéfggwizw CERLARLA0 ANd 61 Mo of
at

ligand H ( parately,
each di ssolRFé’tfpgﬁbgyf e(ffteg LEhEM Rk & rlér&feéﬁ %%eﬁjiffca\ﬂﬁtﬂ 198 har

of 35 synt ity rgascemu iging etzyeaszq Pee Botewnadt ddnepheokafitur e was
depr essu20 zecfe3r8dgl Diedyut(ehes balitarmbainxt imtee(d8%défindbuirene, 40% of
2-butene, H%of-J1etranesgudelae bhpitdny eQLgdnaé\ebtbehré&éharesmene,

hydr of or W'zath%gt%el@@@%@né? Do, HE_5odenb), 10bcfeliOUretc.ThE
conversi on af  buten rwa% 98% the al déehyde 40 selectivity was 80% and the
00

linearity TR Y358 0052364 69 Exanple 33 Synthesis of ligand | 5 a)
Synthesis of bisindolyl: 120 mM of THF were placed in a reaction vessel
under ni%% Jen NEAEOBTHLatA08 PARASSSoPL okiaf AEEERREr LESHsia® ddded dr opwi se.
After cool iprgfegald, carrdedubtbmuoingd@ngif@animdly availakdleuiedefin and 10
117 m (84Ghinsaky whidh, dhhphaticidary ¢8@Gpidsedf atHEesds @addadtdrapm se over

al Ioerl gdt of) ihelPUb1e FHIE. @uéhuthxﬁ/&%ssahem&e atfo@‘@x&%@ez %lé(r)éle I'l?rth?n
a owe (0] (0] e sl (0] wat er
and t hen QOO\SZ%M%%fO% rq £ﬂégt%rdwgué§%éfsuégy ngl djtqh xture was
and then, 900 17,1 STV, aCrLate ere carel ully added and the o xtur

petr0|eun]égﬁ@@pcq¢%|qﬁeﬂyg§_hav1ng a terminal double bond and an even
number of carbon atoms. Further suitable olefin mixtures of this

type are olefins obtained by ethene oligomerization in the
presence of various catalyst systems, e.g. the predominantly

35 linear a-olefins obtained in the presence of alkylaluminum
chloride/titanium tetrachloride catalysts, and the o-olefins
obtained in the presence of nickel-phosphine catalysts in the
Shell Higher Olefin Process (SHOP). Further suitable industrially
available olefin mixtures are obtained in paraffin

40 dehydrogenation of appropriate petroleum fractions, e.g. kerosene
or diesel oil fractions. To convert paraffins, predominantly
n-paraffins, into olefins, use is made of essentially three
processes:

45 -~ thermal cracking (steam cracking),
- catalytic dehydrogenation and



33.5 g (859 nmmol) of potassium were added while stirring to 600 m of
tert-butanadoeoaeb2ihes m xture was stirred at 50C for 20 4 hours, until all
of the potassium had reacted. 46 g (172 nmmol) of N, N-bi s-o0-tolyl oxam de
wer e subsequently added. The m xture was heated on a sand bath, and the
tert-butanol distilled off conpletel y gf 88C When t he sol vent had been
renoved, the tenperature rose to 190C and a white, voluni nous solid sublined
25 of f. The re&dEMBA2t efipydragedatheh o 1e5188BE R %as mai ntained for 1
hour. The mi xt Wedydaschlbsimtdionl.y cooled to roomtenperature. 300 m of
water were carefully added. The solid was filtered off with suction and

refl uxed Wi} 299 Blaofikf h@aeg-ir'@zfomlahqlwa% Raegysat | ynfid tgred of f

with suctg oq%l 30 _washed vmitvh EEQ ane ia@gn gglwdiChYl %Ind:r g ~. b].) hS nt hesi s of
ligand |:° &85 (38 ol )7 30F BT Hudii - F 5get her” it 180Y nf Wt " *FHF were 35
pl aced in £FRALEF oFLIASIYELYat AT TBOTHRATAARTK RF VA HEF1532DfV B afhol ) of
PC13. 15 g ints@nahofiquipife thondt hjuetiare sk abbel slefianmiytadele dreantet he

m xt ur e wasledhnedobiaime@mihenpedidiasie ovetalgidrizatiog péaciaidienetesd
W_erte suspendedui8, 188 réxaﬁlfplIHFua@dn@Qdag 'fgﬁ had eaghn9ps MXidiledinand the
m xture s A g - :

hydr ochl 1éb?ip§§§e§§, fﬁ‘@ﬁtef&‘%f Ei‘b%‘@%’%\r{% Ay Sty l%%o%%%ﬁ{”?#n%%%%f‘r ltrate
under redudl@dPpe R & SHTE AR ’r%iad’ﬁies\%g?%‘ﬁrﬁ &FPHPEFLRI or onet hane. The
solid fornd@tWaBotyst®red of f and dried. Yield: 40~. (31P-NVR 78 ppm. 45
0000052364 70 Exanpl e 34 Hydrofornylation of a butene/butane m xture using
:!gang | 5E@r%h@ﬁéiﬁdﬂﬂr@@lz@E@ﬂirﬁﬁdx?cﬁ5e§'9wlﬁ;iféﬂ iagandéhgfﬁmlﬂﬁrm_eé gh, f
i.gand: = g t o§€ nt€ n9go
THE, ni %%g’ﬁdh ?ga%:eic@? ﬁ%g S ttj%’lilsf)’ Qg?i;%en?s”tt I%g%;c S g%f(fé%éﬁ% = 1:2).
After 30 mimates: CtHe mXrure“was depressuri zed, '2.5°6%0f - but €ne/ but ane

m xture (459%P5PPI2%in diid PreBeABY cicfe'f‘f-""BEf’B?fé‘?s'_1§b}6x5f‘rgﬁt%§1et§§te\ﬁére t hen

i nj ect ed aA&OoPAES i3 eEthaY LAY dfaffdPaPal Bd dihergpesandiner and( Co H2 =
1:1) for 4ohdgeserdhirarorrher Biner syfl®hprecess wis 1§89, thdeOatiaelpydeess® of

sel ecti viot puwas O890RIddals® biroways,t ytwas 68% ' 15 Exanpl e 35 Synthesis of
ligand K9 g (69 mmol) of ligand K were dissolved in xylene and adm xed at
20 -20C with 5, 9 I . . I riethyl am ne
wer e subsetptﬁg% exgcae,’(d?fesdrgslﬁ'g\)}vl g(f) ?%%ceégu% %12&%5% Ply%?gr?erg‘ytlg)érl%%m

t enper at ur aﬁﬁﬂy%'filrsr @668\?§Fﬂib‘hts%ﬂln]f§offa%i?lé‘gg a1 e%ﬁ’bl‘)neofcompound of

t et r amret hy thanferemieks d1 oXel & a?lqEPUnfodtn & cifyPlarupé, a amrtalhefni xt ure was
stirred 2Botrdnhbuien grbuph®RIR5anhi lidapperprigite ,aen180Civathiag rgethyiram ne
hydr ochl or deifhertatbmastl uhier etheothfydrbbermylarienwasnaeranied under reduced
pressure and the residue was dissolved in dichloromethane. The sol ution was
purified o i d Sl | I h o) enoved
nder T eduga B A R a 1 DR R R o g oS EraaT Y 56

Hydr of or rryl‘c’Sf“f‘g?lmoInué’uﬁ&tyeﬁlé/ RYHNE S8 xt ure using ligand K 35 5.1 ng of

Rh( CO) 2a8fac and 166 ng of |igand K (101 ppm of Rh, ligand:metal = 10/1)
wer e wei ghédibahle amacdosby foraxicagitdsupyedrdastios grefknapinideethasxed and
treated at sk0CeaM irh tHe hat aifid sauet descsilgas, (6@ ERample 2)in Aftlaan3E
mnutes, tREcPkXPH LR rd e SBi RIS CREMie 5110 @f bubens/hivhangosi xture
(45% of 1-Qutepe, A0% of 2-butene, 15% of butanes) were then injected and
the m xturé was hydrofornylated at 120C and 17 bar (COH2 = 1:1) for 4

hour s. 'P#e conversi on of butenes was 94% the al dehyde selectivity was 98%
and the | i feaEekle Riessoys-4sted (560555362 Likewise known to thosé

skilled in the art and are described, for example, in Ullmanns
Encyklopddie der technischen Chemie, vol. 1, 3rd edition, 1951,
p. 769 ff. In general, the process of the present invention is

40 carried out using an autoclave which may be provided with a
stirrer and an internal liner.

The composition of the synthesis gas comprising carbon monoxide
and hydrogen used in the process of the present invention can
45 vary within a wide range. The molar radio 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 given to using a



Exanpl e 37 Hydrofornyl ati on of a butene/butane m xture using ligand L 5 The
synt hesis 0000095R386# is carried out by a nmethod anal ogous to that for the
pyrxol e derivative. 5.9 ng of Rh(CO) 2acac and 171 ng of ligand L (116 ppm

of Rh, ligand:netal = 10/1) were wei ghed out separately, each dissolved 10
in 7.5 g of toluene, mxed and treated, t 100C with 10 bar of synthesis gas

(COHz = 1: After 30_m nutes, the, was depressurized, 5

butenel but AL G PAEORGPT mﬁﬁ%h%' DO ST ST or e He6ett Hutanes)
wer e then i njected and the m xture was hydrof or nyl at ed at 100C and 17 bar
(CO H2 = 1:Me ftemperdbure higurtse Ipdrcionwerlst don ofedotitieness wasnekGIlyt he

al dehyde sed Q.‘%Irig‘é' try oMagbk¥0%0and t&e doi, nEﬁéfér}éb&@ngéﬂ(fJaB&xt25:03Qo35 40 45

0000052364 yi2oolé 'f%@'{)@aclcloﬁ‘ BRI sagan qhe pupd Ol (hedigimia | 5
R1-~n-( } 5 gh ere IS a bri [ ou

the f or il PHEFSHFeATE 1 RE COEEORE 0 A VP SEP ST EoRT R ng%%&uagc

i ndependentIty gsmegad, afltft IREEsSSEre S8 JrRARBANIR BromCrREREt WHetr & 095 PRE,

and R~ are madierabhgdefermdnttby 600 lare dmopheticuledr dgem, 1 atk\d00 bypcl oaI kyl ,
het er ocycl ol Heacaliyh predirirar yhn HRd vairdeRedégend@aghoni tigkepandentlyopf one
Ot he SRR 8 sk G S SO e o DB
with a furt qg 55 %?t}}e rpresg&1 uJ[ram)llg u# Sel%ﬂc’% gp}gorouso ggbc s a

di val ent brci"dg"nn éma%db""&é"llééf‘%d“i‘"i‘%“é'ﬁoﬁ Jeheé §rd b% ‘I‘-?lalt f%lRIiVE%YRQ Rl o
RO Rio 40 \lgw pressures, e.g. in the range from 1 to 100 bar.

15 The hydroformylation catalysts used according to the present
invention and the hydroformylation catalysts of the present
invention can be separated from the reaction mixture after the
hydroformylation reaction by methods known to those skilled in
the art and can generally be reused for the hydroformylation.

20
The above-described catalysts of the present invention which
comprise chiral compounds of the formula I are suitable for
enantioselective hydroformylation.

25 The above-described catalysts can also be immobilized on a
suitable support, e.g. a support made of glass, silica gel,
synthetic resins, etc., in a suitable manner, e.g. by bonding via
functional groups suitable as anchor groups, adsorption,
grafting, etc. They are then also suitable for use as solid-state

‘ 30 catalysts.

Surprisingly, the catalysts prepared from the novel pnicogen
chelate compounds of the formula I or II not only have a high
activity in respect of the hydroformylation of terminal olefins
35 but likewise have a high activity in respect of the isomerizing
hydroformylation of olefins having internal double bonds to form
aldehyde products having a high linearity. Advantageously,
hydrogenation of the olefins takes place to only a very slight
extent under hydroformylation conditions when using the catalysts
40 of the present invention.

Surprisingly, catalysts based on pnicogen chelate compounds of
the formula II have a particularly high stability under the
hydroformylation conditions, so that they generally make it

45 possible to achieve longer catalyst operating lives than do prior
art catalysts based on conventional monodentate and polydentate
ligands. Thus, we have found that pyrrole-phosphorus compounds of
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occur in the presence of aldehydes. When using such
pyrrole-phosphorus compounds as ligands for hydroformylation
catalysts, there is thus a loss of catalyst and desired product

15 which, particularly in the case of multistage processes
comprising such a hydroformylation step (e.g. the preparation of
2-propylheptanol), has an adverse effect on the economics. It has
now surprisingly been found that use of pnicogen compounds, in
particular phosphorus compounds, of the formula II in which a

20 substituted pyrrole group and/or a pyrrole group integrated into
a fused ring system is bound covalently via its pyrrole nitrogen
to the phosphorus atom substantially suppresses the formation of
undesirable products.

25 The present invention further provides a process for preparing
2-propylheptanol, which comprises

a) hydroformylating butene or a butene-containing C4-hydrocarbon
mixture by means of carbon monoxide and hydrogen in the
30 presence of a hydroformylation catalyst to give an
n-valeraldehyde-containing hydroformylation product, where
the hydroformylation catalyst comprises at least one complex
of a metal of transition group VIII with at least one ligand
of the formula I or II as defined above,
35
b) if desired, subjecting the hydroformylation product to a
fractionation to give an n-valeraldehyde-enriched fraction,

c) subjecting the hydroformylation product obtained in step a)
40 or the n-valeraldehyde-enriched fraction obtained in step b)
to an aldol condensation,

d) catalytically hydrogenating the products of the aldol
condensation by means of hydrogen to form alcohols, and
45
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| fractions which are available in” large quantities from FCC plants

and from steam crackers. These consist essentially of a mixture
of the isomeric butenes and butane.

20
Cs-hydrocarbon streams suitable as starting material comprise, for
example, from 50 to 99 mol%, preferably from 60 to 90 mol%, of
butenes and from 1 to 50 mol®%, preferably from 10 to 40 mol$%, of
butanes. The butene fraction preferably comprises from 40 to

25 60 mol% of l-butene, from 20 to 30 mol% of 2-butene and less than
5 mol%, in particular less than 3 mol%, of isobutene (based on
the butene fraction). A particularly preferred feedstock is
raffinate II, which is an isobutene-depleted C4 fraction from an
FCC plant or a steam cracker.

30
Hydroformylation catalysts based on the pnicogen chelate
compounds used as ligands according to the present invention
advantageously have a high n-selectivity even when using 2-butene
and 2-butene-containing hydrocarbon mixtures as starting

35 material. Thus, such feedstocks can be used economically in the
process of the present invention, since the desired
n-valeraldehyde is obtained in good yields.

As regards suitable and preferred hydroformylation catalysts,

40 activators, solvents, reaction conditions and reactors for the
hydroformylation in step a), or that which has been said above in
respect of hydroformylation is hereby incorporated by reference
at this point.

45 The hydroformylation catalysts of the present invention can be
separated from the product mixture from the hydroformylation
reaction by customary methods known to those skilled in the art



or a substituted or unsubstituted bispyrrol ediyl nethane group of the
formula 30 O@EB2364 1INl INI 7. A pnicogen chelate conpound as clainmed in
claim1 in which the bridging group Qis a xanthenediyl group of the
formula RS R~ /Re R7 C 35 R6 R8 \0 / YYwhere R5, R6, R~, R$ and Y are as
defined in cl a| m 1 and Rd and Re are h, i1 ndependently of one anot her,

hydrogen, al cI oal.kyl ., heterocyl oal r or taryl. 45 8. A
pni cogen ci& afén ggagecf?‘ésl”% E‘Fé ’FX‘%"Vgﬁr{}Wéﬁl%e bri dgi ng group
Qis atri ptycenedlyl group of the for rrul a 0000052364 76 5 10 15 20 7 Y

R8 7 where lB5FrREtiqRatiRB, RI9, R ~, R11 and R12 are as defined in claim1.
25 9. A pnicogen chelate conmpound of the formula Il R19 (p)~ n

(O b- Q(%)%\rxp'a~&9éf’uﬁ%5}o%(%s§' gdriant; '%%% B}éduct eR%&cﬂx@d Maé@l@n 17 35 (1)

where R15 ~ are e e anot her

n I
hydr ogen, &%?Fne% ﬁoénal E‘ep Sheter SCy cFan? b tc XX@ %%t 3% 1°°S coork,
W C00- M+, REPSBAF KO8 ( se?ye%ed meséﬁky*e?a)ﬁra\ﬂ%e%?ﬁw?m Fivey RE4ES,
M/(NE4E5E6ﬁ+xaleVVI§§hydﬁFbSEkch%d)ﬂ?b@ﬁicyyF@be @@HQNEﬂ?qf&Qn(dﬁHZ@HZNE4)yRk.
hal ogen, t mylkruesamEtdtilon Prbtect arylgioe syanoalératbelpddenriched
10 fraction and an n-valeraldehyde-depleted fraction is carried out
by customary methods known to those skilled in the art.
Preference is given to distillation using known separation
apparatuses such as distillation columns, e.g. tray columns which
may, if desired, be provided with bubble caps, sieve plates,
15 sieve trays, valves, etc., evaporators such as thin film
evaporators, falling film evaporators, wiped film evaporators,

etc.

c) Aldol condensation

20
Two molecules of Cz-aldehyde can be condensed to form
o,f-unsaturated Cjp-aldehydes. The aldol condensation is carried
out in a manner known per se, e.g. in the presence of an aqueous
base such as sodium hydroxide or potassium hydroxide. As an

25 alternative, it is also possible to use a heterogenecus basic
catalyst such as magnesium oxide and/or aluminum oxide (cf., for
example, EP-A 792 862). This results in the condensation of two
molecules of n-valeraldehyde to form 2-propyl-2-heptenal. If the
hydroformylation product obtained in step a) or after the

30 fractionation in step b) further comprises other Cs-aldehydes such
as 2-methylbutanal and possibly 2,2-dimethylpropanal and
3-methylbutanal respectively, these likewise undergo an aldol
condensation, resulting in condensation products of all possible
aldehyde combinations, for example, 2-propyl-4-methyl-2-hexenal.

35 The presence of a proportion of these condensation products, e.q.
up to 30% by weight, does not stand in the way of advantageous
further processing to 2-propylheptanol-containing Cj;g-alcochol
mixtures suitable as plasticizer alcohols.

40 d) Hydrogenation

The products of the aldol condensation can be catalytically
hydrogenated by means of hydrogen to form C;g-alcohols, in
particular 2-propylheptanol.

45



or the fornul a 0000052364 77 W is a single bond, a heteroatomor a
di val ent broo@oog2g6oup having from1l to 20 bridge atonms, Rk, E4, E5, E6
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preferably " Ni can also be used in the form of Raney catalysts,

viz. as metal sponge having a very high surface area. Depending

on the activity of the catalyst, the hydrogenation of the

Cig—-aldehydes is preferably carried out at elevated temperatures

15 and superatmospheric pressure. The hydrogenation temperature is
preferably from about 80 to 250°C, and the pressure is preferably

from about 50 to 350 bar.

The crude hydrogenation product can be worked up by customary
20 methods, e.g. by distillation, to give the Cj;p-alcohols.

e) Fractionation

If desired, the hydrogenation products can be subjected to a

25 further fractionation to give a 2-propylheptanol-enriched
fraction and a 2-propylheptanol-depleted fraction. This
fractionation can be carried out by customary methods known to
those skilled in the art, e.g. by distillation.

30 Hydroformylation catalysts comprising a complex of at least one
metal of transition group VIII of the Periodic Table with, as
ligand, at least one pnicogen chelate compound of the formula I
and in particular a pyrrole-phosphorus compound of the formula II
having a substituted and/or fused pyrrole skeleton can

35 advantageously be used in a process for preparing
2-propylheptanol. The catalysts display a high n-selectivity in
such a process, so that a good yield of n-valeraldehyde is
obtained both when using virtually pure l-butene and when using
l1-butene/2-butene-containing hydrocarbon mixtures, for example,

40 C4 fractions. The catalysts used according to the present
invention are also suitable for double bond isomerization from an
internal position to a terminal position, so that n-valeraldehyde
is obtained in good yields even when using 2-butene and
hydrocarbon mixtures having relatively high concentrations of

45 2-butene. The catalysts based on substituted or fused pyrrole
skeletons which are used according to the present invention
advantageously undergo virtually no decomposition under the
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drocyanation catalysts of the present invention also comprise
complexes of a metal of transition group VIII, in particular
cobalt, nickel, ruthenium, rhodium, palladium, platinum,
20 preferably nickel, palladium or platinum and very particularly
preferably nickel. In general, the metal is present in
zero-valent form in the metal complex according to the present
invention. The preparation of the metal complexes can be carried
out as described above for the use as hydroformylation catalysts.
25 The same applies to the in-situ preparation of the hydrocyanation
catalysts of the present invention.

A nickel complex suitable for preparating a hydrocyanation
catalyst is, for example, bis(1,5-cyclooctadiene)nickel(0).

30
If desired, the hydrocyanation catalysts can be prepared in situ
by a method analogous to the process described for the
hydroformylation catalysts.

35 The invention therefore further provides a process for preparing
nitriles by catalytic hydrocyanation, in which the hydrocyanation
is carried out in the presence of at least one of the novel
catalysts described above. Olefins suitable for hydrocyanation
are generally the same as the olefins mentioned above as starting

40 materials for hydroformylation. A specific embodiment of the
process of the present invention comprises the preparation of
mixtures of monoolefinic Cs-mononitriles having nonconjugated C=C
and C=N bonds by catalytic hydrocyanation of 1,3-butadiene or
1,3-butadiene~-containing hydrocarbon mixtures and the

45 isomerization/further reaction of these in the presence of at
least one catalyst according to the present invention to form
saturated Cy-dinitriles, preferably adiponitrile. When hydrocarbon
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distillation. If present, olefins which adversely affect the

25 catalysts, e.g. alkynes or cumulenes, may be removed from the
hydrocarbon mixture by selective hydrogenation prior to the
hydrocyanation. Suitable methods of carrying out selective

hydrogenation are known to those skilled in the art.

30 The hydrocyanation according to the present invention can be
carried out continuously, semicontinuously or batchwise. Suitable
reactors for a continuous reaction are known to those skilled in
the art and are described, for example, in Ullmanns Enzyklopddie
der technischen Chemie, volume 1, 3rd edition, 1951, p. 743 ff.

35 Preference is given to using a cascade of stirred vessels or a
tube reactor for the continuous variant of the process of the
present invention. Suitable reactors, which may be
pressure-rated, for the semicontinuous or continuous embodiments
are known to those skilled in the art and are described, for

40 example, in Ullmanns Enzyklopddie der technischen Chemie, volume
1, 3rd edition, 1951, p. 769 ff. In general, the process of the
present invention is carried out in an autoclave which may, if
desired, be provided with a stirrer and an internal liner.

45 The hydrocyanation catalysts of the present invention can be
separated from the reaction mixture after the hydrocyanation
reaction by customary methods known to those skilled in the art
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under reduced pressure and excess THF and triethylamine were
distilled off at 60°C. The residue was taken up in 50 ml of
toluene and residual precipitated triethylamine hydrochloride was

25 filtered off from this solution. The solution obtained was stored
until needed for further processing.

y2"109% " & ()-! 0& #10% V& ()-Y! & #10
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5 g (13.3 mmol) of 1,8-dibromo-3,6-di-tert-butylxanthene together
with 150 ml of dried THF were placed in a reaction vessel at -50°C
) 30 under argon. 12.3 ml (30.6 mmol) of a 2.5 molar solution of

n-butyllithium in hexane were added dropwise and, after the
addition was complete, stirred for another 2 hours at -50°C,
resulting in formation of a precipitate. This solution was
subsequently added at -70°C to the previously prepared toluene

35 solution. The temperature of the exothermic reaction was kept
below -50°C by cooling. After stirring for 1 hour, the reaction
mixture was evaporated under reduced pressure, the residue was
taken up in dichloromethane, then evaporated again, hexane was
added and the mixture was stirred. The solid formed was

40 recrystallized twice from hot methanol. Pure ligand A was
obtained in a yield of 1.1 g (13% of theory).
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resulting mixture was refluxed for 2 hours. After cooling to room
temperature, it was neutralized using 18% strength hydrochloric
acid. After phase separation, the organic phase was washed twice
with NaCl solution, dried over Na;SO, and evaporated to dryness.
15 1,8~Dihydroxy-3,6-di-tert-butylxanthene was obtained in a yield
of 4.7 g (100% of theory).

5.2 g (38 mmol) of PCl; and 5.1 g (76 mmol) of pyrrole together
with THF were placed in a reaction vessel at -65°C under argon.
20 1.5 g (114 mmol) of triethylamine were subsequently added slowly
and the mixture was stirred at room temperature for 48 hours.
4.7 g (13.3 mmol) of 1,8-dihydroxy-3,6-di-tert-butylxanthene in
50 ml of THF were added thereto at room temperature, resulting in
the temperature rising to 30°C. After stirring overnight, the
25 so0lid formed was filtered off under reduced pressure, washed with
THF and the combined organic phases were evaporated, giving a
brown oil. The oil was recrystallized three times from hexane.
Ligand B was obtained in a yield of 1.1 g (12% of theory).

30 Example 3 (comparative example)

Synthesis of ligand CLA (comparative ligand) and storage at room
temperature

35 Comparative ligand CLA was prepared as described by K.G. Moloy et
al., J. Am., Chem. Soc. 117, pp. 7696-7710 (1995). The synthesis
leads to a clean product having a 31P-NMR chemical shift of
+79 ppm (CgDg). After storage of the compound under argon for five
days at room temperature, an appreciable dark coloration was

40 observed. After eight weeks, a tar-like compound which could no
longer be used as catalyst was formed.

45
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Synthesis of ligand C

5 Using the method of Maverick et al. (Inorg. Chem. 36, 5826
(1997)), 66.7 g (240 mmol) of 1,8-dichloroanthraquinone, 113.3 g
(1.12 mol) of KBr, 3.3 g (50 mmol) of CuCl; and 113.4 ml of 85%
strength phosphoric acid were suspended in 500 ml of nitrobenzene
and the water was distilled off at 200°C. The mixture was

10 subsequently refluxed for 72 hours. After cooling, the solid
product was taken up in methanol and dichloromethane, evaporated
to dryness and washed with acetone. An 8:1 mixture of
1,8-dibromoanthraquinone/l-bromo~8-chloroanthragquinone was
obtained in a yield of 46 g (60% of theory).

15
23.6 g (65 mmol) of 1,8-dibromoanthraguinone were suspended in
250 ml of methanol. At 10°C, 9.9 g (260 mmol) of NaBH4 were added
slowly and the mixture was subsequently stirred at 0°C for 2
hours. The mixture was poured onto 800 ml of ice, stirred and

20 filtered under reduced pressure. The solid was subsequently
suspended in 400 ml of 18% strength hydrochloric acid and stirred
at 70°C for 5 hours, after which it was once again filtered off
under reduced pressure, washed until neutral and dried. The solid
was stirred with 14.8 g of NaBH4 in 250 ml of isopropanol at 85°C

25 (reflux) for 3 hours, brought to a pH of 7 by addition of dilute
hydrochloric acid, filtered off with suction and washed with
water. 1,8-Dibromoanthracene was obtained in a yield of 16.2 g
(74% of theory).

30 100 g (298 mmol) of 1,8-dibromoanthracene and 0.63 g (4 mmol) of
p-tert~butylcatechol were dissolved in 800 g of toluene and
treated with 45 bar of ethene in an autoclave for 5 minutes. The
mixture was subsequently stirred at 150°C for 3 days. The reaction
mixture was extracted with 10% strength aqueous sodium hydroxide

35 and washed with distilled water. The organic phase was separated
off and evaporated. The residue was recrystallized twice from
methanol. 1,8-Dibromomethancanthracene was obtained in a yield of
60 g (55% of theory).

40 5.2 g (38 mmol) of PCl3 and 5.1 g (76 mmol) of pyrrole together
with dry tetrahydrofuran were placed in a reaction vessel at ~78°C
under argon. 11.5 g (114 mmol) of triethylamine were added and
the mixture was stirred overnight at room temperature. The
resulting precipitate was filtered off and excess tetrahydrofuran

45 and triethylamine were distilled off. The residue was taken up in
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4.8 g (13.3 mmol) of 1,8-dibromomethancanthracene together with
150 ml of dry tetrahydrofuran were placed in a reaction vessel at
5 -50°C, and 12.3 ml of a 2.5 molar n-butyllithium solution in
hexane (30.6 mmol) were subsequently added and the mixture was
stirred at -50°C for 2 hours. At -70°C, this mixture was added to
the previously prepared solution of bispyrrolylphosphorus
chloride in toluene, resulting in the temperature rising to -50°C.
10 After stirring for 1 hour, the mixture was evaporated and the
s0lid was taken up in dichloromethane, the mixture was filtered,
the filtrate was evaporated and the residue was stirred with
hexane. The product was recrystallized from hot methanol.
Ligand C was obtained in a yield of 1.6 g (23% of theory).
15
Example 5

Hydroformylation of a butene/butane mixture using ligand A

20 3.0 mg of Rh(CO)zacac and 75 mg of ligand A (57 ppm of Rh,
ligand/rhodium ratio = 10/1) were weighed out separately, each
dissolved in 5 g of toluene, mixed and treated at 120°C with
10 bar of synthesis gas (CO:H; = 1:1). After 30 minutes, the
mixture was depressurized, 11 g of butene/butane mixture (45% of

25 l-butene, 40% of 2-butene, 15% of butanes) were then injected and
a reaction pressure of 20 bar was set at 120°C by means of CO/H;
(1:1). After 4 hours, the autoclave was vented via a cold trap
and both reaction products (reactor and cold trap) were analyzed
by means of gas chromatography. The conversion of butenes was

30 47%, the aldehyde selectivity was 96% and the linearity was 95%.
(Linearity: ratio of n-aldehyde to all aldehydes formed x 100)

Example 6
35 Hydroformylation of a butene/butane mixture using ligand B

3.0 mg of Rh(CO)zacac and 79 mg of ligand B (57 ppm of Rh,
ligand/rhodium = 10/1) were weighed out separately, each
dissolved in 5 g of toluene, mixed and treated at 120°C with

40 10 bar of synthesis gas (CO:H; = 1:1). Aftexr 30 minutes, the
mixture was depressurized, 11 g of butene/butane mixture (45% of
l-butene, 40% of 2-butene, 15% of butanes) were then injected and
the mixture was hydroformylated at 120°C and 20 bar for 4 hours.
The conversion of butenes was 58%, the aldehyde selectivity was

45 97% and the linearity was 94%,
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Hydroformylation of a butene/butane mixture using ligand B

5 6.0 mg of Rh(CO)jacac and 161 mg of ligand B (112 ppm of Rh,
ligand/rhodium = 10/1) were weighed out separately, each
dissolved in 7.5 g of toluene, mixed and treated at 100°C with
10 bar of synthesis gas (CO:Hy = 1:2). After 30 minutes, the
mixture was depressurized, 6.2 g of butene/butane mixture (45% of

10 l-butene, 40% of 2-butene, 15% of butanes) were then injected and
the mixture was hydroformylated at 100°C and 22 bar for 4 hours.
The conversion of butenes was 85%, the aldehyde selectivity was
89% and the linearity was 99%.

15 Example 8
Hydroformylation of 2-butene using ligand B

3.6 mg of Rh{C0O)j,acac and 162 mg of ligand B (116 ppm of Rh,

20 ligand/rhodium = 10/1) were weighed out separately, each
dissolved in 7.5 g of toluene, mixed and treated at 100°C with
10 bar of synthesis gas (CO:Hy; = 1:2). After 30 minutes, the
mixture was depressurized, 5.5 g of 2-butene were then injected
and the mixture was hydroformylated at 100°C and 22 bar for 4

25 hours. The conversion of 2-butene was 79%, the aldehyde
selectivity was 92% and the linearity was 95%.

Example 9
| 30 Hydroformylation of l~octene using ligand B

0.8 mg of Rh(CO)jsacac and 20.7 mg of ligand B (60 ppm of Rh,
ligand/rhodium = 11/1) were weighed out separately, each
dissolved in 1.3 g of toluene, mixed and treated at 100°C with

35 10 bar of synthesis gas (CO:H; = 1:1). After 30 minutes, the
mixture was depressurized, 2.5 g of l-octene were then injected
and the mixture was hydroformylated at 100°C and 10 bar for 4
hours. The conversion was 98%, the aldehyde selectivity was 83%
and the linearity was 98%. The proportion of o-isomers (n-nonanal

40 + isononanal) was 100%.

Example 10 (comparative example)

Hydroformylation of l-octene using comparative ligand CLA

45
0.9 mg of Rh(CO)jacac and 8 mg of comparative ligand CLA (60 ppm
of Rh, ligand/rhodium = 10/1) were weighed out separately, each
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and the mixture was hydroformylated at 80°C and 10 bar for 4

5 hours. The conversion was 79%, the aldehyde selectivity was 81%
and the linearity was 83%. The proportion of o-isomers (n-nonanal
+ isononanal) was 99%.

Example 11
10
Hydroformylation of l-octene using ligand C

0.9 mg of Rh(CO)jacac and 18.5 mg of ligand C (60 ppm of Rh,
ligand/rhodium = 10/1) were weighed out separately, each

15 dissolved in 1.5 g of diphenyl ether, mixed and treated at 100°C
with 10 bar of synthesis gas (CO:H; = 1:1). After 60 minutes, the
mixture was depressurized, 3.0 g of l-octene were then injected
and the mixture was hydroformylated at 100°C and 10 bar for 4
hours. The linearity was 98% and the proportion of c-isomers

20 (n-nonanal + isononanal) was 100%.

Example 12

Hydroformylation of 2-octene using ligand C
25
6 mg of Rh(CO)jacac and 124 mg of ligand C (119 ppm of Rh,
ligand/rhodium = 10/1) were weighed out separately, each
dissolved in 5 g of toluene, mixed and treated at 100°C with
10 bar of synthesis gas (CO:Hp = 1:2). After 30 minutes, the
30 mixture was depressurized, 10 g of 2-octene were then injected
and the mixture was hydroformylated at 100°C and 10 bar for 4
hours. The linearity was 99% and the proportion of a-isomers
(n-nonanal + isononanal) was 100%.

35 Example 13 (comparative example)
Hydroformylation of 2-octene using comparative ligand CLA

0.9 mg of Rh(CO)zacac and 8 mg of comparative ligand CLA (60 ppm
40 of Rh, ligand/rhodium = 10/1) were weighed out separately, each
dissolved in 1.5 g of xylene, mixed and treated at 100°C with
10 bar of synthesis gas (CO:H; = 1:1). After 30 minutes, the
mixture was depressurized, 3.0 g of 2-octene were then injected
and the mixture was hydroformylated at 100°C and 10 bar for 4
45 hours. The conversion was 74%, the aldehyde selectivity was 44%
and the linearity was 51%. The proportion of a-isomers (n-nonanal
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6 mg of Rh(CO)jacac and 96.5 mg of comparative ligand CLB (102 ppm
of Rh, ligand/rhodium = 6/1) were weighed out separately, each
dissolved in 5 g of xylene, mixed and treated at 110°C with 20 bar
of synthesis gas (CO:H; = 1:1). After 30 minutes, the mixture was
depressurized, 13.4 g of butene/butane mixture (45% of l-butene,
40% of 2-butene, 15% of butanes) were then added and the mixture
was hydroformylated at 110°C and 20 bar for 3.5 hours. The
conversion of butenes was 50%, the aldehyde selectivity was 100%
and the linearity was 95%. The unreacted olefin consisted
exclusively of 2-butene, i.e. only the l-butene in the mixture
was reacted.

Comparative ligand CLB was prepared as described in Angew. Chem.
111, 349 (1999).

Example 15 (synthesis of ligand D)

5.2 g (38 mmol) of PCl; and 12.7 g (76 mmol) of carbazole together
with 200 ml of dried tetrahydrofuran (THF) were placed in a
reaction vessel at -65°C under argon. 11.5 g (115 mmol) of
triethylamine were added to this mixture and the reaction mixture
was stirred overnight at room temperature. The precipitate formed
was filtered off from the liquid reaction mixture under reduced
pressure and excess THF and triethylamine were distilled off,
going over at a temperature of 60°C. The residue was taken up in
50 ml of toluene and remaining triethylamine hydrochloride which
precipitated was filtered off. The solution obtained was stored
until it was processed further.

5 g (13.3 mmol) of 1,8-dibromo-3,6-di-tert-butylxanthene together
with 150 ml of dried THF were placed in a reaction vessel at -50°C
under argon. 12.3 ml (30.6 mmol) of a 2.5 molar solution of
n-butyllithium in hexane were added dropwise and, after the
addition was complete, the mixture was stirred at ~50°C for
another 2 hours, resulting in formation of a precipitate. This
solution was subsequently added at -70°C to the previously
prepared toluene solution. The temperature of the exothermic
reactlion was kept below -50°C by cooling. After stirring for

1 hour, the reaction mixture was evaporated under reduced
pressure, the residue was taken up in dichloromethane, evaporated
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36.9 mg of comparative ligand CLC (106 ppm of Rh, ligand:metal =
20 10/1) were weighed out separately, each dissolved in 1.5 g of
Palatinol-AH® (phthalic ester of 2-ethylhexanol from BASF
Aktienges.), mixed and treated at 100°C with 10 bar of synthesis
gas (CO:Hz = 1:1) in a 100 ml autoclave. After 30 minutes, the
mixture was depressurized, 3 g of l-octene were then added and
25 the mixture was hydroformylated at 100°C and 10 bar for 4 hours.
The conversion was 98%, the aldehyde selectivity was 59% and the
linearity was 99%. The selectivity to internal octenes was 41%.

Example 18 (comparative example)
30
Hydroformylation of l-octene after storage at room temperature

1.6 mg of Rh(CO),acac and 36.9 mg of comparative ligand CLC

(106 ppm of Rh, ligand:metal = 10/1) were weighed out separately,
35 each dissolved in 1.5 g of Palatinol-AH®, mixed and treated at

100°C with 10 bar of synthesis gas (CO:H, = 1:1). After

30 minutes, the mixture was depressurized, 3 g of l-octene were

then added by means of a syringe and the mixture was

hydroformylated at 100°C and 10 bar for 4 hours. The conversion
40 was 20%, the aldehyde selectivity was 5% and the linearity was

71%. The selectivity to internal octenes was 95%,.

45
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Examination of the reaction product mixture by 3P-NMR showed no

15 degradation products of the ligand. The reaction product mixture
was a yellow homogeneous solution. After hydroformylation with
ligand B a red precipitate was observed which was not the case
with unsubstituted pyrrols.

20 Example 20
Experiments on the stability of ligand D

Ligand D was dissolved in CH;Cl, and washed with warm water in the
25 presence of air. No color change was observed. Examination by
31p~-NMR showed no degradation products. The ligand was
subsequently stored at room temperature without protection from
light for four weeks. Here too, no color change was observed.
Examination by 31P-NMR showed no degradation products.
30
Example 21

Hydroformylation of 3-hexene using ligand E

35 5.4 mg of Rh(CO)j,acac and 174 mg of ligand E (107 ppm of Rh,
ligand:metal = 9/1) were weighed out separately, each dissolved
in 7.5 g of toluene, mixed and treated at 100°C with 10 bar of
synthesis gas (CO:H; = 1:2). After 30 minutes, the mixture was
depressurized, 5 g of 3-hexene were then injected and the mixture

40 was hydroformylated at 120°C and 12 bar (CO:H; = 1:1) for 4 hours.
The conversion was 58%, the aldehyde selectivity was 87% and the
linearity was 98%.
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10KK 1n g of Palatlnol H® mlxed and reated at 100°C w1th 10 b
of synthe51s gas (CO:Hp; = 1:2). After 60 minutes, the mixture was
depressurized, 10 g of l-octene were then injected and the
10 mixture was hydroformylated at 120°C and 20 bar (CO:H; = 1l:1) for
2 hours. The conversion was 100%, the aldehyde selectivity was

79% and the linearity was 95%.

Example 23
15
Hydroformylation of a butene/butane mixture using ligand E

5.0 mg of Rh(CO)jzacac and 170 mg of ligand E (94 ppm of Rh,
ligand:metal = 10/1) were weighed out separately, each dissolved

20 in 6 g of toluene, mixed and treated at 120°C with 10 bar of
synthesis gas (CO:H; = 1:2). After 30 minutes, the mixture was
depressurized, 9 g of butene/butane mixture (45% of l-butene, 40%
of 2-butene, 15% of butanes) were then injected and the mixture
was hydroformylated at 120°C and 17 bar (CO:H; = 1:1) for 4 hours.

25 The conversion of butenes was 91%, the aldehyde selectivity was
100% and the linearity was 91%.

Examination of the reaction product mixture by 31P-NMR showed no
degradation products of the ligand. The reaction product mixture

) 30 was a yellow homogeneous solution. A red precipitate was not
observed. The experiment was repeated in the same autoclave and
gave the same result.

Example 24
35
Experiments on the stability of ligand E

Ligand E was dissolved in CH;Cl,; and washed with warm water in the
presence of air. No color change was observed. Examination by

40 31p-NMR showed no degradation products. The ligand was
subsequently stored at room temperature without protection from
light for four weeks. Here too, no color change was observed.
Examination by 31P-NMR showed no degradation products.
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Reaction of ligand E with air in the presence of catalysts

15 Ligand E together with Rh(CO)j;acac were dissolved in toluene and
stirred overnight in air at room temperature. Examination by
31p_NMR showed that 100% of the ligand had been oxidized to the
dioxide. H3PO, was subsequently added and the mixture was again
stirred overnight at room temperature. Examination by 31P-NMR

20 showed that the dioxide was completely unchanged. From this
experiment, it can be seen that although ligand E can, like all
phosphorus ligands, be oxidized in the presence of metals and
air, the oxides formed do not react further to give troublesome
degradation products.

25
Example 27

Hydroformylation of a butene/butane mixture using ligand F
) 30 Ligand F displays a singlet at +105 ppm in the 3lP-NMR (CgDg).

5.9 mg of Rh(CO)jacac and 158 mg of ligand E (106 ppm of Rh,
ligand:metal = 10/1) were weighed out separately, each dissolved
in 7.5 g of toluene, mixed and treated at 100°C with 10 bar of

35 synthesis gas (CO:Hy; = 1:2). After 60 minutes, the mixture was
depressurized, 5.9 g of butene/butane mixture (45% of l-butene,
40% of 2-butene, 15% of butanes) were then injected and the
mixture was hydroformylated at 120°C and 20 bar (CO:H; = 1:1) for
4 hours. The conversion of butenes was 87%, the aldehyde

40 selectivity was 90% and the linearity was 94%.

Examination of the reaction product mixture by 31P-NMR showed no
degradation products of the ligand. The reaction product mixture
was a yellow homogeneous solution. A red precipitate was not

45 observed. The exXperiment was repeated in the same autoclave and
gave the same result.
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aldehyde selectivity = 60%, linearity = 84%. Over the entire

period, neither additional rhodium nor additional ligand was

added. After the end of the experiment, a homogeneous,

light-yellow solution was present. Unspecific ligand

15 decomposition could not be detected.

Example 29

Synthesis of ligand G
20
15.6 g (118.9 mmol) of 3-methylindole (ligand G) were dissolved
in 400 g of toluene at room temperature and cooled to -75°C.
Firstly 56.9 g (563.4 mol) of triethylamine and then 8.14 g
(59.4 mmol) of PCl; were subsequently added by means of a syringe.
25 The mixture was slowly warmed to room temperature and
subsequently refluxed for 16 hours. 13.7 g (38.8 mmol) of
xanthenediol were then added at room temperature as a suspension
in toluene and the mixture was refluxed overnight. The
triethylamine hydrochloride formed was filtered off and washed
30 once with toluene. After evaporation of the organic phases, the
residue was taken up in dichloromethane and washed through a
4 x 20 cm Silica 60 column using 300 ml of dichloromethane. The
washing solution was evaporated and 100 ml of methanol were then
added, forming a white sticky mass from which the solvent was
35 separated by decantation. After stirring with pentane, the
product was obtained as a fine white solid in a yield of 64%.
(31P-NMR: 105 ppm).

Example 30

40
Hydroformylation of a butene/butane mixture using ligand G

4.4 mg of Rh(CO)jacac and 156 mg of ligand G (98 ppm of Rh,
ligand:metal = 10/1) were weighed out separately, each dissolved
45 in 6.4 g of toluene, mixed and treated at 100°C with 10 bar of
synthesis gas (CO:H; = 1:2). After 30 minutes, the mixture was
depressurized, 4.9 g of butene/butane mixture (45% of l-butene,
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Synthesis of ligand H

10 35.6 g (242 mmol) of 5-methylindole were dissolved in 1 1 of
toluene at room temperature and cooled to -75°C. Firstly 123 g
(1 222 mol) of triethylamine and then 16.5 g (120.4 mmol) of PCl;
were subsequently added by means of a syringe. The mixture was
slowly warmed to room temperature and subsequently stirred at

15 90-100°C for 16 hours. 19 g (52.5 mmol) of xanthenediol were then
added at room temperature as a suspension in toluene and the
mixture was stirred overnight at 90-100°C. The triethylamine
hydrochloride formed was filtered off and washed once with
toluene. After evaporation of the organic phases, the residue was

20 taken up in dichloromethane and washed through a 4 x 20 cm
Silica 60 column using three 250 ml portions of dichloromethane.
The washing solution was evaporated and 100 ml of methanol were
then added, giving a white sticky mass from which the solvent was
separated by decantation. After stirring with pentane, the

25 product was obtained as a fine white solid in a yield of 64%.
(31P-NMR: 108 ppm).

Example 32
30 Hydroformylation of a butene/butane mixture using ligand H

3.0 mg of Rh(CO)zacac and 61 mg of ligand H (116 ppm of Rh,
ligand:metal = 5/1) were weighed out separately, each dissolved
in 3.7 g of toluene, mixed and treated at 120°C with 10 bar of

35 synthesis gas (CO:H; = 1:2). After 30 minutes, the mixture was
depressurized, 3.0 g of butene/butane mixture (45% of 1l-butene,
40% of 2-butene, 15% of butanes) were then injected and the
mixture was hydroformylated at 120°C and 17 bar (CO:H; = 1:1) for
4 hours. The conversion of butenes was 98%, the aldehyde

40 selectivity was 80% and the linearity was 93%.

45
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120 ml of THF were placed in a reaction vessel under nitrogen and
37 ml (425 mmol) of oxalyl chloride were added dropwise. After
cooling to 0°C, a solution of 90 g (840 mmol) of o-toluidine and
117 ml (840 mmol) of triethylamine in 190 ml of THF was added
dropwise over a period of 1 hour. The mixture was stirred at 0°C
for 2 hours, and then allowed to warm to room temperature while
stirring. About 600 ml of water and then 900 ml of ethyl acetate
were carefully added and the mixture was heated to 100°C. The
solid formed was filtered off and washed with petroleum ether.

Yield: 65%.

33.5 g (859 mmol) of potassium were added while stirring to

600 ml of tert-butanol and the mixture was stirred at 50°C for

4 hours, until all of the potassium had reacted. 46 g (172 mmol)
of N,N-bis-o-tolyloxamide were subsequently added. The mixture
was heated on a sand bath, and the tert-butanol distilled off
completely at 88°C. When the solvent had been removed, the
temperature rose to 190°C and a white voluminous solid sublimed
off. The reaction temperature then rose to 300°C and was
maintained for 1 hour. The mixture was subsequently cooled to
room temperature. 300 ml of water were carefully added. The solid
was filtered off with suction and refluxed with 200 ml of
ethanol. The solid was subsegquently filtered off with suction,
washed with pentane and dried. Yield: 50%.

b) Synthesis of ligand I:

8.8 g (38 mmol) of bisindolyl together with 150 ml of THF were
placed in a reaction vessel at -78°C and admixed with 5.2 g

(38 mmol) of PClz. 15 g (150 mmol) of triethylamine were
subsequently added, and the mixture was warmed to room
temperature overnight. 6.7 g of xanthenediol were suspended in
100 ml of THF and added to the reaction mixture, and the mixture
was subsequently refluxed overnight. The triethylamine
hydrochloride was filtered off, the solvent was removed from the
filtrate under reduced pressure and the residue was stirred in
dichloromethane. The solid formed was filtered off and dried.

Yield: 40%. (31P-NMR: 78 ppm).
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ligand:metal = 10/1) were weighed out separately, each dissolved
in 9 g of THF, mixed and treated at 100°C with 10 bar of synthesis
gas (CO:H, = 1:2). After 30 minutes, the mixture was
depressurized, 2.5 g of butene/butane mixture (45% of l-butene,
10 40% of 2-butene, 15% of butanes) were then injected and the
mixture was hydroformylated at 120°C and 17 bar (CO:H, = 1:1) for
4 hours. The conversion of butenes was 40%, the aldehyde
selectivity was 98% and the linearity was 68%.

: 15 Example 35

Synthesis of ligand K

9 g (69 mmol) of ligand K were dissolved in xylene and admixed at

20 -20°C with 5.4 g (39 mmol) of PCly. 20 ml (145 mmol) of
triethylamine were subsequently added slowly, the mixture was
slowly warmed to room temperature and stirred overnight at 130°C.
6.6 g (17 mmol) of tetramethylxanthenediol were added at room
temperature, and the mixture was stirred for 4 hours and then

25 boiled overnight at 150°C. The triethylamine hydrochloride formed
was filtered off, the xylene was removed under reduced pressure
and the residue was dissolved in dichloromethane. The solution
was purified over activated carbon and silica gel and the solvent
was removed under reduced pressure. Yield: 37%. (3lP-NMR:

30 106 ppm).
Example 36

Hydroformylation of a butene/butane mixture using ligand K

35
5.1 mg of Rh(CO)jacac and 166 mg of ligand K (101 ppm of Rh,
ligand:metal = 10/1) were weighed out separately, each dissolved
in 7.5 g of toluene, mixed and treated at 100°C with 10 bar of
synthesis gas (CO:H; 1:2). After 30 minutes, the mixture was

40 depressurized, 5.0 g of butene/butane mixture (45% of l-butene,
40% of 2-butene, 15% of butanes) were then injected and the
mixture was hydroformylated at 120°C and 17 bar (CO:H; = 1:1) for
4 hours. The conversion of butenes was 94%, the aldehyde
selectivity was 98% and the linearity was 90%.

45
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5.9 mg of Rh(CO)jacac and 171 mg of ligand L (116 ppm of Rh,
ligand:metal = 10/1) were weighed out separately, each dissolved
10 in 7.5 g of toluene, mixed and treated at 100°C with 10 bar of
synthesis gas (CO:H; = 1:2). After 30 minutes, the mixture was
depressurized, 5.9 g of butene/butane mixture (45% of l-butene,
40% of 2-butene, 15% of butanes) were then injected and the
mixture was hydroformylated at 100°C and 17 bar (CO:H; = 1:1) for
’ 15 4 hours. The conversion of butenes was 16%, the aldehyde

selectivity was 100% and the linearity was 94%.
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10 where
Q is a bridging group of the formula
RS R7
Al
~
15 RS (D)c R8
/
A2
14
Y Y
20 where
Al and AZ? are each, independently of one another, 0, S,
SiRaRP, NRC¢ or CRYRe, where
25 Ra, RP and R¢ are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl,
aryl or hetaryl,
R4 and Re are each, independently of one another,
} 30 hydrogen, alkyl, cycloalkyl, heterocycloalkyl,
aryl or hetaryl or the group RY together with a
further group R4 or the group R® together with a
further group R® form an intramolecular bridging
group D,
35
D is a divalent bridging group selected from among
the groups
R9 R9 Rlo
40 N /Rlo
CH——CH
~ ~
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10081 #100& () -1 0& #10% { { { &Y T8 P57 &5 () -3000f%: PiE%00 & () -1 0L" 10029
%& ()-0z}~SH= 1! 10" 10"

is 0 or 1,
: 15 Y is a chemical bond,

R5, RS, R7 and R® are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl,
aryl, hetaryl, COORf, coO—M*, SO3Rf, SO—3M*,

20 NElE2, NE!E2E3+X-, alkylene-NELlE2E3+X-, ORf, SRf,
(CHRSCH70)xRE, (CHaN(El))xRf, (CH,CHaN(E!))yRE,
halogen, trifluoromethyl, nitro, acyl or cyano,

where
25
Rf, El, E2 and E3 are identical or different radicals selected
from among hydrogen, alkyl, cycloalkyl and aryl,
RY is hydrogen, methyl or ethyl,
30
M+ is a cation,
X- is an anion and
35 X is an integer from 1 to 120,
or

R5 and/or R7 together with two adjacent carbon atoms of the
40 benzene ring to which they are bound form a
fused ring system having 1, 2 or 3 further
rings,

a and b are each, independently of one another, 0 or 1,
45
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& ()-19f Z#10%& ()-=37<bC 1111{0*#109%& ()- !*#10%& ()-

| QF($10%&' () - Y&AQ% & ()-#-10% & ()-0"10%r & ()-: 3e$} ~r 4

110% & ()- @0% & ()- 10 10 10! no&s" 10%&' ()-!&6" 109 ()-0*#10% =& () -

OXc}~?rsS4 1-10% & OLYyg#10%& #10 )-IL #10% m'&'()-

10% & () - 10% & % -‘%2) g}?%"rléﬁ 1‘% Pan‘(’/m%% ﬁ?"t

& () - @EH10%&' () - @o&#10%' hgteyvi@ d@#fw@?w()al@ﬂow&kewp{&aﬂpm 1 10vhvh
10vhvh aryloxy, cycloalkyl, cycloalkoxy,

10vhvh! n0&7" 10 hvh& ()-y! &&t éga@c@oayig@%lgét(ar&%(i%@{&,)y 2510 &=(32 a?PB4
1 &OVhVHb{@Bflo%&f() Y ops0 SFOUD, w1t the roviso and R3 are
10948 () - - 10%4& () - ys10%4& §}r0£€ group igné'v1a t%e nlgrogegy%tom to

the pnicogen atom Pn, or Rl together with R2
and/or R3 together with R%* form a divalent group
E of the formula

15
Py-I-W
containing at least one pyrrole group bound via
the pyrrole nitrogen to the pnicogen atom Pn,
20
where
Py is a pyrrole group,
25 I is a chemical bond or 0, S8, SiRaRb, NRC or CRIRi,
W is cycloalkyl, cycloalkoxy, aryl, aryloxy,
hetaryl or hetaryloxy,
30 and
RM and Ri are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl,
aryl or hetaryl,
35
or form a bispyrrole group of the formula
Py-I-Py
40 bound via the nitrogen atoms to the pnicogen atom Pn.
2. A pnicogen chelate compound as claimed in claim 1 in which Pn

is a phosphorus atom.
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0@H#10%H& ()-Ye Yirg\= 1 10,10% & ()- 10H 10H 10HO109%4&' () - O* #109%& () -
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1510% & () 3-10Ac PPACRIGD: e lat§osemrpeynd Bgociqpmgd (B clgimipofg (which R
1,"10% : & () - <rdmRdcdte nnb@pevs Bu{ed Py#r0dy ¥ & )ind dage bR (youps bound

& 10% & ()--10%i& the pyrrole nitrogen to the pnicogen atom.

5 4, A pnicogen chelate compound as claimed in claim 1 in which
R1, R2, R3 and R% are unsubstituted pyrrolyl or imidazolyl
groups bound via the pyrrole nitrogen to the pnicogen atom.

5. A pnicogen chelate compound as claimed in claim 1 in which R!
10 and R3 are each a pyrrole group bound via the pyrrole
nitrogen to the pnicogen atom and selected from among the
groups indolyl, pyrazolyl, indazolyl, benzotriazolyl,
triazolyl, purinyl and carbazolyl.

' 15 6. A pnicogen chelate compound as claimed in claim 1 in which R!
together with R2 and/or R3 together with R4 form a substituted
or unsubstituted bisindolediyl group of the formula

20
I |
or a substituted or unsubstituted bispyrrolediylmethane group
of the formula
N N
| ] ]
| 30
7. A pnicogen chelate compound as claimed in claim 1 in which
the bridging group Q is a xanthenediyl group of the formula
d
RS R\C/Re R7
35
R6 RS
@cs
Y p4
40
where R5, R6, R7, R8 and Y are as defined in claim 1 and Rd
and R® are each, independently of one another, hydrogen,
alkyl, cycloalkyl, heterocyloalkyl, aryl or hetaryl.
45 8. A pnicogen chelate compound as cliamed in claim 1 in which

the bridging group Q is a triptycenediyl group of the formula
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or the formula

RS9 R10

RS
R7

RG
Y RS

where RS5, R6, R7, R8, RY9, RI10, R!l and R!2 are as defined in
claim 1.

A pnicogen chelate compound of the formula II

R1%-(0)a n/(O)b—Q—(O)a\Pn/(O)b—RZO

I
N

N
R1S R18 R1s>__ R18
;\ /Z] \ 7
16 R17 Al6  R17

(IT)

where
R15, R16, R17 and R18 are each, independently of one another,

hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
hetaryl, W/COORkK, W’COO-M*, W’ (SO3)R¥ W’ (S03)-M*,
W’PO3(RkK) (Rl), W’ (PO3)2-(M*),, W/NE4ES, W' (NE4ESE6)*+X-,
W’OR%, W’SRX, (CHRICH;0)yRk, (CHyNE4)yRX, (CH,CHoNE4)yRX,
halogen, trifluoromethyl, nitro, acyl or cyano,

where
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1 10% & ()- 10MM 10MM bobM Bid CPAdde Gpving from 1 to 20 bridge atoms,
024"10%&f() Y'24"10%WN& ()- YOlO%W& ()-=}[<"P1
1109ﬁ&f()-||@210%& £)-Y 1
10% xt x& () - M=} A27P1 Oﬁg 2 1% é‘%ﬁ‘% Bl %)Af a’(\%lcals
Z#lO%&f(f-! se ecte “from am ng hydrogen, alkyl, cycloalkyl and

aryl,

Rl  is hydrogen, methyl or ethyl,

10 M* is a cation equivalent,
X- is an anion equivalent and
Yy is an integer from 1 to 240,
15

where two adjacent radicals R!35, R16, R!7 and R!8 together with
the carbon atom of the pyrrole ring to which they are bound
may also form a fused ring system having 1, 2 or 3 further

rings,
20
with the proviso that at least one of the radicals R!35, RI6,
R17 and R!8 jis not hydrogen and that R1% and R20 are not joined
to one another,
25 R19 and R20 are each, independently of one another cycloalkyl,
heterocycloalkyl, aryl or hetaryl,
a and b are each, independently of one another 0 or 1,
} 30 Pn is a pnicogen atom selected from among the elements
phosphorus, arsenic or antimony, preferably phosphorus,
0 is a bridging group of the formula
35 R5 R7
Al
N
R6 (D)c R8
7
A2
40
where

Al and A? are each, independently of one another, 0O, S,
SiR2RP, NRC¢ or CRIRe, where
45
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% % %& () growdHel08heRidn) wikd?a Liktt Bl QHOAS’ &9 -Eol &A0YE () - M
) -M 109 {)erahfdiecular bridging group D,

D is a divalent bridging group selected from among the

groups
Rr11 12 Rl 12
Rz\ ///RIO RO R10
CH—CH — R13 14
/ \ 7 ’ ’
where

R% and R0 are each, independently of one another, hydrogen,
alkyl, cycloalkyl, aryl, halogen, trifluoromethyl,
carboxyl, carboxylate or cyano or are joined to one
another to form a C3-Cy-alkylene bridge,

R11, R12, R13 and R!4 are each, independently of one another,
hydrogen, alkyl, cycloalkyl, aryl, halogen,
trifluoromethyl, COOH, carboxylate, cyano, alkoxy, SO3H,
sulfonate, NEE?, alkylene-NE!EZ2E3*X-, acyl or nitro,

c is 0 or 1,

R5, R6, R7 and R® are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
hetaryl, COORf, COO-M*, SO3Rf, SO-3M*, NE!E2, NEIE2E3+X-,
alkylene-NElE2E3+X-, ORf, SRf, (CHR9CH;0)yRf, (CHyN(E!))xREf,
(CH2CHoN(E!) )xRf, halogen, trifluoromethyl, nitro, acyl or
cyano,

where

Rf, El, E? and E3? are identical or different radicals selected
from among hydrogen, alkyl, cycloalkyl and aryl,
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X is an integer from 1 to 120,

or
10
R5 and/or R7 together with two adjacent carbon atoms of the
benzene ring to which they are bound form a fused ring
system having 1, 2 or 3 further rings.

15 10. A compound of the formula II as claimed in claim 9 which is
selected from among compounds of the formulae II.1 to II.3

20 Rl9-(0)a\ P/(O)b_Q_(o)a\P/(O)b—RZO
! b
25 R17 R!
(II.1)
y 30

R1P=(0)a 5 _~ (0)p=0-(0)a~_ p—(0)p-R?

| |
ate
35 .
(II.2)

40

45
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R15, R16, R17, R18, Q, a and b are as defined in claim 9,
15 where, in the formula II.3, at least one of the radicals

R16 and R17 is not hydrogen,

R1? and R29 are each, independently of one another,
cycloalkyl, heterocycloalkyl, aryl or hetaryl.
20
11. A catalyst comprising a pnicogen chelate complex with a metal
of transition group VIII of the Periodic Table of the
Elements which comprises at least one pnicogen chelate
compound as claimed in any of claims 1 to 10 as ligand.
25
12. A catalyst as claimed in claim 11 in which the metal is
selected from among cobalt, rhodium, ruthenium and iridium.

13. A process for the hydroformylation of compounds containing at
. 30 least one ethylenically unsaturated double bond by reaction
I with carbon monoxide and hydrogen in the presence of a
catalyst as defined in claim 11 or 12.

14. A process for preparing aldehydes and/or alcohols by

35 hydroformylation of C3-Cyp-olefins at superatmospheric
pressure and elevated temperature by means of CO/H; mixtures
in the presence of a metal complex of a metal of transition
group VIII of the Periodic Table of the Elements
homogeneously dissolved in the reaction medium as catalyst

40 and free ligand, wherein the catalyst used is a pnicogen
chelate complex as set forth in claim 11 and the free ligand
used is a pnicogen chelate compound as claimed in any of
claims 1 to 10.
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I " H#PR 1000:1 is set in the reaction mixture.

5 16. A process for preparing 2-propylheptanol, which comprises

a) hydroformylating butene or a butene-containing
Cy-hydrocarbon mixture by means of carbon monoxide and
hydrogen in the presence of a hydroformylation catalyst

10 to give an n-valeraldehyde-containing hydroformylation
product, where the hydroformylation catalyst comprises at
least one complex of a metal of transition group VIII
with at least one ligand of the formula I or II as
defined in any of claims 1 to 10,

15

b) if desired, subjected the hydroformylation product to a
fractionation to give an n-valeraldehyde-enriched
fraction,

20 c) subjecting the hydroformylation product obtained in
step a) or the n-valeraldehyde-enriched fraction obtained
in step b) to an aldol condensation,

d) catalytically hydrogenating the products of the aldol
25 condensation by means of hydrogen to form alcohols, and

e) 1f desired, subjecting the hydrogenation products to a
fractionation to give a 2-propylheptanol-enriched
fraction.

30
17. A process as claimed in claim 16, wherein the ligand is
selected from among compounds of the formula II as defined in

claim 9 or 10.

35 18. The use of a catalyst comprising at least one compound of the
formula I or II for hydroformylation, carbonylation,
hydrocyanation or hydrogenation.
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