;e3et &6 Tth[r 0050/52634 1 LI GANDS FOR PNI CCI—EN CHELATE COMPLEXES WTH A
*METAL OF TRANSI TI ON GROUP VI 11 AND USE OF THE COMPLEXES AS CATALYSTS FOR
HYDROFORMY g b Phlp 6 SARBONY! ATI ON,  HYDR@CYANATI ON' OR HYDROGENATI ON 5 The
present invention reI ates to novel pnicogen chelate conpounds, to catalysts
conpri sing pnicogen chel ate conpl exes W|th a rret al of tran5| tion group VIII
of the Periodic Table of the El enents whi r| se_at e&sgﬁgg&g ﬁgﬁ:ogen
chel at e 10LEEMRSFQRoFPNIFREHY, CRELATE %‘Wéﬁﬁd& Théd MR oo f
preparing GREEGPWIES ANB/GFE zﬂFc@ﬁﬁlgomﬁPW&ré?o‘FﬁﬂﬁléﬁTﬁnF%‘f C3~20-o0l efins

using thesaYDROBORMYLATIONES GARBONYLATION, HYOROCHANNTIONt OR HYIROCENATIQN
preparing 2-propyl heptanol conprising the hydrofornylation of butene, an

al dol Condenga%féym ihbhd i ‘%%&'L{éé%d%%@i%n-g%o%teho&é’iﬂﬂlﬁS and the

catalytic h at1.on condensati on nce. t scovery
of the hde\é’F‘B‘? Sqt 8n°?%%eé’ E;°<§nc8 PI3$4 9RE8 céogen CO&}POEXQE | ation
has beconevikb %I“@é@lc%xﬁffﬂs@t’a‘eno‘fr‘f% Vide of W&éh@%{fg Tabilg) % s by

means of orheanBhetenitisi shich alopprésenataricasiuone ipticogahecheldde nillions of
metric tiensofpodtdtTydns fhkiula al ashnigandseand otiaegrooessivicde by neans of

homogeneousgl-yp et WAadnhasl fnayBY! aiddtb1Rr BFeRRBSH FoeAl BAYSdS oesed for this
pur pose ar¢ nalni X?Eﬂgsa' Jﬁg B?é%’é g@g% Ao '%2%&@:{&%%& unds whi ch
0

may have be |r reactivit se ec Lvity by
means of otrﬁe? $$ gta’nGspr%C RERRATHGS GRPRZPY Y é’%ﬁ Hpgthd

pr epar at i oshef hw@f@lra&h%k%n quongmaranoeéfl?hsccrmpﬁgtaoq &nith&l doubl e
bond (a-18l eksntying yduetowiylmsdiohi prodiyndsi and cerd@apklybhpounds has now
beconme t he hg@rogdtad oafl of hehe @ondbh et fvmipebaneyd ati on catal yzed by cobal t
carbonyl is still used for the preparation of |onger-chain al dehydes and/or

i olvers Fahfg U ¢ gaove (5 KRS fdoddify koAl FLRUELE UPHED | O

cataIyS|s ? 3‘ g ﬁ e reactio hasto
be carri edRBGE'e’at“hl r&fé)g:glg %tml‘h a5 38oM"S (3:rhetﬁ BTSSP

di ff er erR0 o4t dhgtuge @éhhw@?eftﬁbuﬁhééeﬂdﬁcl&l Pyt megnsyof: orgpRINY }1Fn t he
pr epar at i orashlystsatanvehyihduaprdbdi scaleleMdes, miYidoensr o8| hetrdcaitbadl e
olefin 40 mexhua&sydds whighr kaidehbes nanalpraadcéed tvsrldlviak eby neanseopr esent

frequentlyy %ﬁ\éé@n S ALLL 00 SR aya@&fomﬁmgﬁ a{ ls@E'%‘aiSHly%%Em nal

ol efins can RQ [,s added
onto the d&6 P%Ib (5’1 fBPﬁ??sleneaafr% af"ﬁn (fo hE @l vvn aﬁ(‘:l‘e ydes, or
br anche®alcd&RyeEs, C%PQBnﬂﬁd\’Imca‘smﬁg haygy (T&Hy‘a% &g é@n’é‘?%“tt RE" maxi mum
possi bl e prdpdrt FeArtdl ity atnrbiapdestivitndy agars f Mthedr sigandsesPr gd.

Wi | e the rhraghenylphozhbabyé phiospldisneFcattdley prepysdtainn edd€s;+z—hldghydes
0050/ 52634 £2oR- $Ehfit i01lkEi S HdvihBeal €8 ilnadna6hb s MohdC faisledidehydes,

this syste emhgaﬁsgoif (A0 20 e%%lnﬁcegaaglaéahga%g e
(rsily Shasibatert sk hils BHEb Aol e ‘—‘e;ta“@%ﬁ By ey

£6.i Mt ernal doubl e
bonds whi ci¢arbopgt atsy s&dL by“%eff’e foRo Bt R TERAEPY PN Ay 1EAREE-PI3Me to an
appr eci abl @ldrhpdes ianddprt atcahnidi-t pbkzousth crbahy dradfadymie Raorkheeact i on
and secondldi sabieantsft icehpateat \tohydtalys iy luatingnl bgaridrmbgibied rhodium

rhodi umtr ld&hﬁauhmmh_l BRe CRdAI0MSh REPOS bR tateidwloudonbl wigherbonds. The
hydr of or.;gllp?_ gf relatively long-chain olefins is of great industrial

i mpor t ance “f or he preparat | on of plasticizer alcohol s (aI cohol S for
preparing ester pI asticizers)_ and surfactant 15 al c | ar
amount s of ThHeagepeeydior khds & By t%oqlfffleﬁgni:h‘"ea‘i ltr’rﬁpP "l'lé’er pert| es
of a | arge thesbecatflystdmetalsi leppeapatinrin phedprerarasipacefl |y pl astics
but al so slrreflaeeVeqat]Jdagschsnatamhgde@partdunslns;a]sb_salavvaglablmoshetfllons etc.
An i npor @i x¢hass of vﬁlﬁéﬁtb&t‘.h’-Q:re&m(iﬁgprdxﬁﬁinﬂ:éﬁn@ﬁtdi&afaﬁspaﬁétpr@séﬁtS

\gglt g?sl r](blhosp OH,'{ sae|Ing aghé lﬁﬁeﬂ@éﬁalaggﬁé )ggo:%?rzn yldt {82 |L)lftl good
use propert‘ieég‘m? 7 qléls cﬂ’éeodﬁp(?r“ Pgs?ri ci ePo?if Cﬁ’olg’ V\E S‘l'hq:navggfrom
about 6 tomMPAegutpoks AGRE aAmEPr H%WedSHPJ;F el FoRR grideast abieide®ng (known
as 25 seni lalseaknavr gisolnshldebytlesppropbranchedi Rldekydeashendsd . kﬂmeyaisncl ude,
in parti &51|i&fo,a13ewwl hepyenetalgndhal sahidumripstsiiele ipropbirthon tofi s
present. D Ank @é’s agztﬁe%éachﬁ%naamml@a%t adsprarewmilerciy eparing 30

C9- al cohol s a%lmﬁ—gﬂfglhe%pgpﬁo é}&meféaﬁﬁ%&é ngniéqdér &2 ﬁ?&?“ sing butene

and but ane," 1N rbon mxture 1s”subjected to a
hydr of ormyl ati on and the resulting C5-al dehydes are subjected to an al dol

35" As ment i oned a{INAMMIGHE " ? e 'h§dP%?L?Wﬂﬂllllmlllmllofém ns havi ng more

than 2 carbon atonms rggyts in the formation of. gixtures of isoneric
aI dehydes because of the ab| I | ty of CO to be addeof onto each of the t wo

o . o Y _ I R 1 o o o o o



0050/ 52634 3 n-val eral dehyde but al so undesirabl e product al dehydes, which
"adversely affects the econom cs of the overall process. If industrial

m xtures, Z %¥3gBhe C4 fractions whipch are 5 available in large
quantltles ot ron1FCC plants and from steam crackers and consi st

essential | b d d
but ane, é ﬁ%]e%thlVl tlﬁe Jh r%e $bEn tifad}l of Fﬁ &E% 9 gf&?{aﬂ osyn ga?%l yst
used has téyﬁﬁ% has peESH ’ba%& n%rk?ﬁ‘??&e 8F"é$t? 53{%?1 almg BaY

hydr of or ny far ethel hiydspforerlatiionep§ xaldtdvehnslong{sdaap %1Q "esral yze a
shift of ireesowd fdaubhes bored<Sirethy tdreniisamepbzitioonof Thermeinad dewelal |y
great ingupbhdsled Nheeesdl idbuble BHAYE SiA@hOLs SednlyyeaohPring ahb@ium

catal ysts. .1, @%n&iotgﬂﬁs alﬁ%%@”@ﬁt rQEQQﬂ)féT%xtEhhsum ggently |ed
to intensive v earch g}tél Vi %o&n n | ctloevel cfl I hgands new
catal yst sySPSHEMTd pr bi Sr™Y "’e Jﬁ) de? |on o dn§ Ehai n

and/ or i nt 8pRAFiIHIASPRY. wqfergslem a&ﬁd"?f%ﬁﬁq é%en et al.

Or ganonet alrhbdsuri-+ripbenylnlgg@hidescatadesthebpes ik pﬁ&spmhé%’“ﬁ%i ng a
xant henagbaeklone whose use in the rhodi umcatal yzed hydrof ornyl ati on of
term nal ol ef| ns leads to high n-selectivities. However, these cat aI yst

systems arg Aroaf%r%&gr.l&q%éme%gg% gh Dol BAEERAL 258! 6
Bor ner et a or drof o |on of
i nternal, IlPﬂlé%'frJ(ﬁleflfnﬁgrB\?‘E% RE LR RFePAR Bf‘?f& g H‘é ﬁﬁfdlaﬁné

bi sphenol HeAseheks 90 REPRATHASHREREE cxlastieipeks) é@@u Frefaciangs - 48%
achi evedsusilnghtls s Thue¢ ebarges amount¥/arf [pdesterizarsalare Geefhrforetal |ics 18,
4765 (1999)nodie§»1£>ﬁ@(ihbntﬁéﬂﬁﬂp1@lseﬁbnﬁrdp&:l‘tlébodf wnieagal yedlsermbitch had been
modi fied 33,RysFPANS yO ft@aw 8a6ded Atk pBROSDIY rbqatswe@obwaatsbt uted by

two phenoxaph S0 hi ne ch Xi o ion of 67%
after 17 héspJ 24 ?J§°Aitg§§§ rg'l gt ﬁé{ggltﬁoggf e%ﬁrﬂa& otﬁbﬁ?g%qu\i?’érgently 40 .
subst it ut e&tﬁyr%\’bl’;ﬂp%ﬁﬁﬂbh ﬁésph?ﬁﬁ%éﬁ? ‘g pafslsFFaﬁlé ® ¥t 4fdants. K G
Vbl oy et2@alplasgicigarsghehicsgmclude, Tomy @1695)Phidedirnes ers pP8pRiGt i on,

el ectroni c egteper tirimedhdt torgetexat | phosthogiopestemss etc. To prepare

bi s(di pyrr @lsybphorqitiidayetfaitaring gb6®Qide? 2épdrditas prapaeais @ nasd

physi cocher ga L ORaY zkke 1<9£hoq'sauhmammlf%ﬁsawutt B 80! iDangdvane

described int tlceﬁ t .al a | | 427 (2000). A
concret e afyrlg a %ﬁ‘aé' ?ﬂ%%ea csc’)“aﬁ a8 reth Q Egﬁéhaintd Ein&‘rgrnplajs es for

cat al yt i35 [FeFpoLRRAL ai1§°H8%sh'er?t“id0ﬁBHr°PFrJfé"& ’kx%‘fre(fl thgreo

tri spyrrol yinghodéehi ite pabitwaooRpPEReyl Faptapné %rad&é‘hahwwe&réhes (J.
Or ganonet . whiiem ibhid p¥e8efd998)) and for rhodi um catal yzed

hydr of ormyl ati on (J. Chem Soc., Dalton 10 Trans. 1831 (1997)): In the

hydr of or nle%t hOT?@fOB:L K nggcr%saggrfﬂ a%earﬁzp&fééso@ogf pRpdHigguct s

f or med 1 SQ tlon o) X e i S found.
Accor di ﬁ%o f\ }bc’tlzftg n?@ By© c]'}?élgm ak e ¥1 ¥5 SQ‘,J?bé “gx Sé&‘%‘ Chem 575,
87 (1999), qoﬁ'@&ﬂﬁhﬁ‘%d%‘ﬁ?@?e%“%d’r%&?‘ﬁr P dfh;}ﬁ@ny%n?—rh yb‘h"en 15

phosphi ne dydrocashay mikghpeospiaubdeated |tgaﬁd§Y‘é¥%fQF|“\i’tla’a'F-P‘§/ 4Wac§f1Pve in
hydr of or nylmisu®Bind..d3-abdeltydeSciare Savjextedcto 286 g1119039¢onddratagdon cande
hydr of or ny|Riiseguéiht \ea&&hgti@nﬁﬁiﬁa YeAREISn Go EbLAPY,-elydlesphi ne- nodi fi ed
r hodi umf?t al ysts. 20 WD 00/ 56451 relates to cyclic oxaphosphorl ns

substi t d ont

t b t | t d
The.use of Amasheseied 3% g .%% o g«;' ”cg[ Ifgn'ngl%t%]wnf% feefmvsa ives an
Or ganonet alhavdagmege t

f aéem% SFULEGHN EhenLOTBAERL GF be
cal ori met r imixsnges exf drFonmelatakiehydenckesause PEgERRISDIALEURHED ttat ke
alia, hydr ardda- biitelgadhdbpheny | tpiaosphbore atamd af kay/ | doublbr bomkd In

di pyrrol ¥ RRRIRRbAES L lik &NEH pd¥ibldlBor RdubISBRorRB AeomédB82tidn, Branner

and H. Webey %Qfgeaff ﬁ%fggilaam.% Essay%@ry @epmmah'dagatm dieiicyse in

|
O o) peaf ot %ﬁc?%a'rec PEY ity tis BFBALAEAPY| B BRE pppoanol oz

1- phenyl et Bfi aAFpBohMLxtures pRAGIRG 4t Bigh JPFepPYL %R:"ca}’l?ﬂrs CoRtFHaPYbear
groups whi dydaxpéopihykptionapécbwrenehangysekdeguentr abdqgl condensation, the

45 hydroformylation can easily result in formation of not only



35 WD 01/58589 descri bes conpounds of phosphorus, arsenic and anti nony
*based on diaryl-fused bicyclo[2.2.2] skeletons and catal ysts in which these
are presentogsd/g2e3ads. In principle, netaryl radicals nmay al so be bound to
the atomof main group V. 40 DE-A-100 23 471 describes a hydrofornyl ation
P Ocezsv\zs'rﬁ-Qai‘e?%EHéﬁy@'é”B%@_té% @Abak YEdb1e0 BRbEGED th1dehkBaS] vﬂ{l%hphosph: ne
i gan i ch_contal r i r.0 east one ary
radi cal of atlar‘{eer?ﬁgy {Lﬁégﬁfpﬁ%‘%pﬁgoﬁgﬂgggu{)ﬁ ei Egéﬁ%%!n EEES%:& a single bond
to a nonaromatic 5- to 8-nenbered carbocyclic 0050/ 52634 5 or
het er ocycl ilE Bridetmiglgrdspurahe fomospamries Cat BracHpsariichere inter
alia, hetmraglaigablysimdafrget dantsdbiesi bogntfromTREC Gekandis pad eftomy sgeavdat i on
P 100 46 02GaéxdesCanid@®ndibt ydhieahanlyy adf @NmakeaHs of N-Bhtede andonpl ex
based on a phASPROT iy efbSEM1 £ 2136 BOLAADMNMEORbEd néd1g te@npound as | i gand

is used as catalyst.. THIS C und i.n .Cas o 0 pning a
b, hs- or 'SBTRECHILREISE: Eﬁ%&%ﬁ%ﬁffaﬁfﬁ%@e?s?%‘%x%tfg%sgégﬁ? (¢ %‘5%
xant hene- | i#e PREF 8RR dorskerRiral ofefirs A5 PPEENSLAEY HeafRErPIP TR ated

hydr of or by | wetriyo e béctwiwefliyn sné{onrduss tof be idieurrcedtayges anpr it #fve been
nmodi fi ed wiinteehel addubgepbospdioto @ deaminhl edsigaons Therends agdnesplidpol or
bi snapht hol g haek PRaes BNd 1WA OSRNORY SprvakB ofiBYE RARh 15 unsubstitut ed

pyrrolyl, im 1N oups. G nbert et al., J. Og. Chem 64,
3493 (1999)&‘%%%?%‘}{%%“3{51%“ gglr:r%nye%s of N-anet hyl - bri dged

bi spyrrol yl phosphines and their use as reagents in the Pauson-Khand

react i onl5 Aying Banthf Aboverentionsds prphteiishe thigphasitiessnpty led to

3, 3' - di net hiritenivei s{stigriebngtphoidpyhivibh - the2'aili of ndried opatig ane¥onpl ex of

t hi s conpoundawdsh pet |adialgsansyslene aad i mecepbysi fmchdei cal properties of
these compoupESrofhy Il idnabel Yoig-thaliANEnd AW intbPfaT WRIEENES Of these
conpounds w'th a transition nmetal for carrying out stereocontroled

reductions and |§§g€ izad;i ons_are dis |Ofed i.n VO 96'_:/l ]i%%ll 303 1—A 754 715
rel ates £9 ¥y ARG VRY| RARMEA §gel (dpS?raE‘S’l“?ﬁp e |pﬁos§ i'nes) with
a group VI 1019950 afeserihenhchgiat g phesrhingdh havdaaa’ ’&ad’t%‘leygtg Fihone
preparing pdiogectieaesn thenrhedimercagialyked Irdyadompy batijons of otersigwl( 2000)
descri be thsle¥ansynéddsitd afighhesgdlecitivit bss daoabetn) ithgski gatalsysihi ch

have a bi sphanQlsOhr & aiHaRanPECEA0 MR 2RFa RISy 8 1bM Ul ntetsal OF MEd by
bi ur et 95§u éofd%nd al so the catalytic propertieS of the rhodi um conpl exes
0

of these §s in hydr of ornmyl ation. 40 WD 98/ 42716 relates to a net hod
of synthesizing 2,2 -bisphosphino-1, 1 -bi napht hyl |igands whose phosphorus
atoms bear Bizmes| gt @k oupRgePE- Zherog 113, 35694 (20083 ¥epanjfclthe
oxaphosphorhydrofbirnpl st i bfs lilvséntalt, ed ineart e efhios phittushet ahd 9t pyrrol e
der i vat i vesriyid umOchb@l e abdihase Wikgapisphandly sendextgd ation catal ysts.
0050/ 526§g_x§on\4§9wés§%§2&135 dRsChifecehvia)y SNasPhosgs-Lonkabai ddidg gands
based on |(:Ar<.c I ¢ar oijanséwof carbocyclic and heterocyclic Sand 6-atom c
conpounds. TH1 RESES®E e’ arBiatic rings which formthe bicycle are |inked
to one another by neans of a single bond 5 between two ring carbons. WO
99/ 52632 r eVan dseuden e cdessOrgananetaddianat8 of768i hHP99), reacted

phosphor us- toudrmiadi ape £ired avengrhodjammdsahalysip, whachrhad ibgenamodified

1,1' - bi sphepPlnednslod’ a bisnapht hee ek pRogpH ineriighnd habk®ipibsdhmyr us at om
may be subsild :;bth%ﬂ RYp g GEOHRS -ankil abRidVb R RekiMin hesphesent
invention to ow.ge ?fgéaﬂs Sf '1-0117 make it possi ble to hydrofornylate
relatively FERGERRPnS* termihal "or' internal ol efins or industrial mixtures
of olefins 15 having term nal and internal double bonds, e.qg.

1- but ene/ 2- BSiAe 3811 K2 Wredatepotgi the Preppyaeothafi AYLETANRYI i nearity at a
good conuer sulstitAned heyrmiijydetnondplidsphpnes earid itheent vemn ass flem@r ovi de an

i nproved prpsestan®s. preparing 2-propyl hept anol .

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.



20 W have found that this object is achieved by pnicogen chel ate conpounds
*of the formula |l RL - Pn- (Oa- Q(0b - ~n- RBI 25 RZ R4 where 30 Qis a
bri dgi ng ghaga gEGBQe fornula R5 R~ A} R6 ~D)c R8 A2 35 Y Y where 40 Al and
_aﬁ are each, |A epéndently of one another, O S, SiRaRb, NR~ or CRdRe,
where Ra, and R~ are each, .i ndependently of one angth hydr ogen,

al kyl , cchBa|%SﬁRarﬁ§%8?p&%A¥H§§Fk§ ?ieﬂ§9§%ypr%€e¢#§ﬁ§r9%,Sia /5%634 5 10
15 7 Rd angorelexes @fckhis Hd&ﬁéﬁdéﬁ?l‘iﬁst?f”éﬁ@ ihdithse PTEEGHE RYeAmLER 1S |

cycl oal kyl plhedxgaopekodl ksd 1% y#20r (2090aryR epnanedegappbiqRtiosgefher with
a further gnes® dhpountibead alpiRemétgictdomplekéd forf catakytigr puppleed or m an
i ntranol gcykagobridddiiBdegroup D, D is a divalent bridging group selected
fromanong the groups RIO\ / CH--CH/ \ , where 11 12 R11 12 RO Ror 1

R13 14 R9 and R1Q are each, in n
Trzeclak et a?. use trqg $r£§¥¥f§£oggh9£§iiyy%gﬂgréomplexes for

the hydrogenation of arenes (J. Organomet. Chem. 552, 159 (1998))
and for rhodium—catalyzed hydroformylation (J. Chem. Soc., Dalton

10 Trans. 1831 (1997)). In the hydroformylation of 1l-hexene, an
appreciable proportion of by-products formed as a result of the
isomerization of l-hexene to 2-hexene is found. According to the
statements by Trzeciak et al. in J. Organomet. Chem. 575, 87
(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. 3380-3395 (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



20 hydrogen, al kyl, cycloal kyl, aryl, halogen, trifluoronethyl, carboxyl,
“carboxyl ate or cyano or are joined to one another to forma C3-C4-al kyl ene
bri dge, 2505%6 52434 R13 and R14 are gach, independently of one another,
hydr ogen, ( cycl oal kyl, aryl, halogen, trifluoronethyl,

‘car boxyl at 0 e E3+X-,
acyl o%/ w? é’%&%@y@ﬁ%’%’nd%(}.ﬁs ?féﬂg %E Eh%ﬁa‘ %&{,ﬁgﬁ.ﬁ%‘ghg@ and Re
are each, ﬁﬂ’é'pe’ﬁ’d'@ﬁt P}l?ff lﬁﬁér%o‘?’f‘%ﬁps ﬁ?d Bﬁfé?Fr SPRSFLITUSAESaa) Kyl |

het er ocycl oal kyl, aryl, hetaryl, COORf, COO M+, SO3Rf, SO 3M+, NEI E2

NEl E2E3+X- Thal@mephlﬁé:ﬂiﬁ@px-ipaﬂwq PSRIOO QG—WZ@)asé&ibe(ﬂaZN( El)) XRE 1
(mszN@Eﬂt}&iQﬂdrn@Qahﬂb@q&mcehélixh wiKekhybmpMix basedcyt LHr cyano, where
Rf, EL, E2 @ Le aﬁé‘é}h&abrosn@mc;‘n%teaatsﬁm%akam Shigs taad ﬂéaﬁa om

anbng hydr égen cgt% ﬁslf{)al'rlt(\xl gt?ggpo%rnw in eacq'x c,/a 8 as o 8tw%g grgF ydr ogen,

met hyl or %ger from
1 to 120, &efn %)”F%S‘E‘aPrdPR'~ AssyeFheP &% %aﬁd}%é’nf‘WEafWe&torm of the
benzene ri hgtéxoatiomshbobrd ter @ Bankkereorlike hetranlerngkeletanmm having 1, 2
or 3 funbher rings, 15 a and b are each, independently of one another, 0 or
1, Pn is aypDiCcHIAm, @h@niéﬁt%t ed EH@rHy%&B@Srﬁm&bﬁnSﬂt&mQ%pB

rus,
ar seni ¢ of , antl (Y odPuiich ot B4v8 680Gy, EOdeRAN denty of one

th h , | | oal kyl ,
cycl oal koxg heldhine 3?% s dlﬁﬁ%%%}&ﬂ&ﬁ?ﬁ?&ié’l&g 3Digmesty §¥o i th
the provis lﬁmhqﬁflahélck@f%% @nfy YRt RIPSARRI I AHImS| Bay H@aﬁ"trogen at om

to the pi5i cogerstEitare@npyorolyl ,t oneddralndi oh RXGYlagddepsR3 t oget her with
R4 forma divalent group E of the fornula PY_I_W35 containing at |east one

pyrrol e grgumpdound ¥ha, the qdy.r ehémnidd, ogagstpld ea §P9&bLALeM Pn, where

40
R 'mgg%q f“%iﬁ Ot qulspglageey%%%}pyw %@; yEnes it no Nusl
hetarylgﬁy PRASILS 2 4p%% PalisoneKhand reacfidn

Benincori et al. describe the preparation of 3,3’—dimethyl-
1,1’'-bis(diphenylphosphino)—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.



and Rh and R are each, independently of one another, hydrogen, alkyl,
“cycl oal kyl, heterocycloal kyl, 5 aryl or hetaryl, or forma bispyrrole group
of the forgbg% BY¥ghaPY 10 bound via the nitrogen atons to the pnicogen atom
Pn. In a SpECi(IC enbodi ment, the present invention provides pnicogen :
chel at e coppoun j i,ch a.substitute [ ol rQu nd/pr_a,l5 pyrrole
group inte%Bé#Eé?%#%}&ggd?fﬁﬁiP%% i l§%%téh#% s°§%§a éﬁ?ﬁ?gﬁ Lé%?%?Fg its
pyrrol e ni PA8gRreR c?llcﬂf@lb‘i’li‘iﬁﬁ’é’ﬁngﬁoﬂfr 9a3FPRGHUF QRN RELEF SIS Avent i on
provi des candl §satomignperedunfispnilootkeseshdhgt arematsicexéngnivinich ferml of
transiti ontgeobfcydle a2 binkdie tBebhedimthel| By afiednse of| & neiriglecbopdi Si ng
at | east sORQ+RBES AN rehg! &dbonanpound of the formula | as |igand. The
present invention further provides a process for the hydrofornylation of
conpounds cant ai ni at (| east. one 25 ethylenjcally unsaturated doubl e bond,
and especi ¥P| 3865%6;}%0§§§af%? b @pBF?ﬁ?%I%&éhbﬁ% °‘é’ /a%ﬂmﬁl THHA s by

hydr of or my PAPEBROBIS-CaNER ERing chelaping drigangs cravdirg oiBEehsaligy a

super at nosphér +oisphenelr er ahdl 'elbdsnaphiticdnpeckbone imy whidahsthef CO Hz

m Xt ur e10 PhbbBpheres Qten fdy dbaTelubkt COMEEBYOpyArdiRe gro@bst ransi ti on group

30 VIl of the Periodic Table of the El enents honbgeneously dissolved in
the reactiqn pedium.as _cat al st re I , i.Q_the a used
is a pnico é:nl?:haerf aotbé'eggn%?e%eaﬁggg ﬁ’gtflrehe‘)éanlqilggntcfy\@g‘rggl?% flgpaﬁl:atgog}e{ﬁéh

. iga E
chel ate coffbnit FOSEHELP oFIhvATPLORBY Fate Fﬁ%gﬁ’t‘f‘ﬂr{ ferenehadiovi des a
process forepmipak iarg intereml IHefianorr indushrtdhmridaseshef olefins
hydr of orysy lhaving tdrninbdnand aintairdel dorbdenbahdon enfg.t hebuiosnd A2i-bgtene
hydr of or ny ki @red; @Gt ve adkldnyaes URSLHE AL hyH T DigRARE tPnavla igasd

condensat i %negpgy&{.s AnBRRELIdbRcE08P! G YredefB! AlvedkibhalSidd PRoGLALP
VIII with at 4

easiy on ni n_chel a nd.of the fornula | as
ligand is 3§e6m%§°‘ﬁeydtj 5?%?%/I ﬁ(}?gﬁeﬁ?i'telaﬁ/?t_%ggﬁ%e@t%?ﬁ anations of the
present invention, the expression 'alkyl' enconpasses straight-chain and
br anche®tMey haye oipd BafHdsies gbdept ciseagbigved rhy ghicesen chedabeanched
Cl1- C20- al kylomgoongs ,ofmthe fowdudmalll y Cl- C z- al kyl groups, particularly
preferably Cl-CB-al kyl groups and very particularly preferably 0050/ 52634
10 Cl1-C4-al kyl groups. Exanples of al kyl groups are, in particular, nethyl,
et hyl, propyl, isoprapy— Pa~—bul(ph, 2 uyD)p secPhutyR3 terte butyl,
n-pentyl, 2-pentyl, 2-net ﬁ|yl butyl, 3-nethyl buty| , 1, 2-di met hyl propyl,
1, 1- di mez%hyl propyl, 2, 2-digget hyl propyl, 5 1-ethgkpropyl, n-hexyl, 2-hexyl,
2-met hyl pentyl, 3-nethylpentyl, 4-nethylpentyl, 1,2-dinethylbutyl,
1, 3-di met hyl butyl, 2,3-dinmethyl butyl, 1,1-dinethylbutyl, 2,2-dinmethyl butyl,
3, 3-di net hyl butpbkrel, 1, 2-tri met hyl propyl, 1,2,2-trinmethyl propyl,
1-ethyl butyl, 2-ethylbutyl, 1-ethyl-2-nmethylpropyl, n-heptyl, 10 2-heptyl,

3-heptyl,, 2-ethylpentyl, 1-propyl.butyl, n-octyl,.2~thyl hexyl,
2-propyl #ept yl ?Jynonyl , dec;’/?.a%eldé’%é?e%olu@n qX’éalt ?/I£°%Iuls,18 enconpasses
substituted al kyl groups whigh nmay general IR/ bear 1, 2, 3, 4 or 5,

preferably 1, 2 or 3 15 and ticullarl referably 1, substituent(s)
sel ected from anmong the grou cg%gl a&yl , hetaryl, hal ogen, NEl E2,
NEl E2E3+, car boxyl, car bo§y| sul fonate. For the purposes of

the pre t invention, the expressﬂﬁn 20| "al kyl ene" refers to

strai ght-chain or branched al kanediyl grgups having from1 to 4 carbon
atons. For the purposes of the present invention, the expression
"cycl oal kyl " enconpasses both unsubstituted and substituted 25 cycl oal kyl
groups, preferatheyeC5- C~~ycl oal kyl groups such as cycl opentyl, cycl ohexyl

or cycl oheptyl, which, if they are substituted, may generally bear 1, 2, 3,

4 or 5, gyeferahlynd.a22 or adeagdbanhiicpérddnt 1y’ 8F esmdlanothes st ist,uent (s)

sel ected from anmong the graupssal kit .o 2lkegy apd.bal ogen. 30 For the
purposes of the present inventidn, the expression "heterocycloal kyl"

enconpasses saturated cycloaliphatic groups generally having from4 to 7,
preferably 5 oR%, Rtiand Bf sire eprhwhindepengenblyfof; gaer apgtherbons are
repl aced by heteroat ons 35hgdregdred aflkygin armmigal kel el leterbsyokeajdyl,

ni trogengsnd sul fur and whiaghl ney Hetagybstituted. |If they are substi-tuted,
t hese heterocycloaliphatic groups may bear 1, 2 or 3, preferably 1 or 2,
particularly preferably 1, substituent(s) selected fromanong al kyl, aryl,
COORf, COO- Mt and NEI Ez, preferably al kyl. Exanples



40 of such heterocycloaliphatic groups are pyrrolidinyl, piperidinyl,
"2,2,6,6-tetranet hyl pi peridinyl, imdazolidinyl, pyrazolidinyl,
oxazolidin lidinyl, thiazolidinyl, isothiazolidinyl,
_isoxazol i d%‘h{/’?yg%?ggr azinyl, tet rahyd?ot hi ophenyl , tetrahydrofuranyl, :
tetrahydropyranyl, 45 di oxanyl. 0050/ 52634 11 For the rnoses of the
present invent?%rﬁndt ﬁ% exp?‘re%seiaSH’"h? p‘engﬁgs#baosgéa eb%f’%%%s’ubsti tuted and
substituted aryl groups am¥$Hoge8r aptkylrerdriorbilrehgreresysicalsytyl
mesityl, naphthyl, fluoremstyl sat hebaeydylor phengraum iytogathezpriticenyl, 5
particularly preferably phfunthear ghoyhtRtybr wiergroupf Rt tygether swidt iat ut ed,
these aryl groups may genesghierDgasud r2eodn ¢ Gint2amdl&helAbbYidgidy or 3
and particularly pref erabl%m]‘1p gubstituent(s) selected from anong the
groups al kyl, al koxy, carboxyl", ¢arboxylate, trifluoromethyl, -S03H,
sul fonate, NEIE2, 10 al kylene-NEIE2, nitro, cyano and hal ogen. For the
purposes of thB present i nierk iddNalere kuidgdagi grruthéeipgied fTOBNpACRS s
unsubstituted or substituttkk poapear onati ¢ groups, preferably the groups
pyridyl goqui nolinyl, acridinyl, 15 pyridazinyl, pyrimdinyl, pyrazinyl, and
fhese

t he subgroup of9 “pyrrol groups. 'émt hey titdsgd
het er oar omat i @qroups/nﬁmﬂﬁ geney al I}y bear or 3 suttiVuents sel ected
from anong the gepups al kyl, alkeky, carbo , car boRy R14 SO3H,

sul fonate, NEl BEZ, al ky¥heng NElE2, \trifl uor/ones hyl -and
pur poses of the present invention, the expression "pyr group" refers to
a seriegsof unsubstituted or substituted heteroaromati ghoups which are
structurally derived fromthe pyrrol skel eton and whose heterocycle
contains a 25 Lolic nitrogen atom which can be covalently bound to other
atons, for exanple a pnicogen atom The expression "pyrrole group” thus
enconpasses the unsub%i tuted or substituted grou S pyrroléelz, i m dazol yl,
pyrazol yl, indBfyand Biti nyRre i§3FRz ol YHePERERRELY | QT ANF aPet8e% ¢ 1 azol yi

1, 3, 4-tr20azol yl and car bazbydaogesp akkyh, dvcleatkyler @ryybshkatagedd, may
generally bear 1, 2 or 3, priflercabhgtiyls cArbpayli cdrdokylatefer gghyol,
substituent(s) selected fregmadRgihbe & PaeSanbihdr tal koM, a acyl,

car boxyl, carboxylate, -S03Hn.S mee z, al kyl ene- NEl E2,
trifluoronethyl and hal ogeﬁ% CéSH'HEe exp?’e%@ﬁ%’n "bi spyrrol e group”
accordingly enconpasses, _for_ the purposes of the present inventiaon,

di val ent25gr oup8&*bf Rihe B'3rand & 2021y eachy. 1RgRRERIEBHPY i ¥k WMRo2PYHIH e
groups joined by a direct bhidmmgeml, bdkyl orcyeilaadkxld exal, okalogem,o, i m no,
silyl or alkylimno groupstrifiucromephel { [0o0oH|, scated:adiayk, geyatw,0f t he
formul a 45 0050/ 52634 12N dyo, @8, £38Rhee OfneAED] SPYrrol e group which
conprises two directly lin r_% ) S 1l i se indolyl, or the
bi spyrr ol edi yl net hane grou%ﬁg]ff%‘{?eﬁ g?%u%@l af&?oé{]ﬂit%%l' as an exanpl e of
a bi spyrtol e group which conprises two pyrrole groups, in this case
pyrrolyl, connécted via a #®thy%rde group. 15 Like the pyrrole groups, the
bi spyrrol e groups can al so be unsubstituted or substituted and, if they are
substituted, nmgy generallyibearchkmi?abrbéhd,preferably 1 or 2, in particular
1, substituent(s) selected fromanong al kyl, al koxy, carboxyl, carboxyl ate,

-SO3H syl fonats, Nl 2. o &xlgpg-é&%;%z-gggpé aefnwirmgn fal ogen per

%gen. 20 For the

pyrrole Unit. I'n"thdse ind|lcations of 't unbet . o. ossi bl e suRstituents,
the |inking of the pyrrol el’ﬁﬁ’f?%e“dya k¥t ¢ SC 8ﬁﬁ‘i‘h¥ 'aﬁ“%’g 80%?]?% §Y fe
abovementi oned groups i s n8tY}editagdl asCQM st FOUM onSORS, FYsMhe pur poses
of the present invention, BSEIBFoxYEIRZB3HTd slkyleredELRE3pEof ORADISR a
derivative of a carboxyli c(eBR®H,0NHE, ONCEHIN (&1 FWREQN{ CHABLH(EYngRT,on, in
particulgy a nmetal carboxyhgigget, thiEohctdhetRytdl PR, GcfBt&F Ffandyl fonic
ester function or a carboxam de or sulfonam de function. Substituents 30 of
this type include, for exanple, esters with Cl4-al kanols, e.g. nethanol,

et hanoi, n-proYRR5®, isopropanol, n-butanol, sec-butanol and tert-butanol.
The above expl anati ons of the expressions "alkyl", "cycloal kyl", 35 "aryl",
"het er ocycl oal Irf| "Egn@2" et adyhte ajpiEnriaadl ogalidiferent tteslicals selected

45 from among hydrogen, alkyl, cycloalkyl and aryl,



expressions "al koxy", "cycloal koxy", "aryloxy", "heterocycl oal koxy" and
“"hetaryl oxy". For the purposes of the present invention, the expression
"acyl" 40 5§%6r§ E?4alkanoyl or aroyl ggroups generally having from2 to 11,
preferably 0415 0 8, carbon atons, for exanple the acetyl, propionyl,.
butyryl, pentanoyl, hexanoyl, t anoyl .. .2-et hyl hexanoyl ,

2- propyl hept an8§/l , benzoyl i/"E)rhy zf%ﬁ?ﬂbﬂétghry&uf)’.r ﬁ%‘zl(]?fe groups NEI E2 and
NE4E5 are preferably N, N-di nethyl am no, N, N-diethyl am no,

N, N-di propyl anMho, N, N-di i 9@ @@piant no, N, N-di - n- butyl am no,

N, N-di -tert-butylam no, N, N-di cycl ohexyl 0050/ 52634 13 am no or

N, N-di phgnyl ankno. Hal ogenjg said law@bhngad chl orine, brom ne or iodine,
preferably fluorine, chlorine or bromne. 5 M+ is a cation equivalent, i.e.
a nonoval ent cation or that part, of a pgolyval ent tion which corresponds
to a single po&itive chargé?‘*héngSF?BﬁBW%‘§e$9e%£@5rely as counterion for
bal anci ng negatively charged substituent groups, e.g. the CO0- group or the
10 sul fonate gpoup, and can in principle be chosen at will. Preference is
therefori® given to using alkali netal ions, in particular Na+, K+, Li+

ions, or oni ungsoflyy R?- SogdtHEMNLNER TR QRALKYERITENYHS atbrd ol @AEDNI UM
trial kyl ammoni um tetraal igg nlrlﬂ;% PHORRARNLHL), f.5t rbgghiy%mrp phoni um or
0gou

15 tetraaryl phosphoni um i ons. hal S, consideratli ans _app t.0 the anion
equi val ent  X- whi ch nerel yggﬁ? &4 "gs SERLAT B\ai"‘éﬂgt ' p%ﬁrt Bv ‘}/f/t}beﬁar ged
substituent groups such asrad®dni um groups and can be chosen at will from
20 anmongsonoval ent ani ons and parts of polyval ent anions corresponding to
singl e negativg gharges. | argeswml ingepdeientle bf ¢lie/@nothehald de ipns X-,
in particular chloride and bromde. x is an integer from1 to 240,

preferably an kgt eger from.g ;gql}?i%oégg.af&gggl%%ﬁg%s%&gfgﬁogﬁnt onprise

aromati c, hydroaromatic andSc onpoun | usl. o used ring
systems have two, three oreﬁ%‘¥"e“ttsf18 °gR‘P%’é"sr’i ﬁ§§?nfﬁéﬁ%tn8f‘?1bm%r?‘?"t he way in
which tH® 30 rings of fused ring systens are joined, a distinction is nade
bet ween ortho-faudi on, i.e. each ring shares an edge, viz. two atons, with
each neighboring ring, and peri-fusion in which one carbon atom belongs to

more than two rhngs ABONG Lusethd NIna¥sd St 19" 6F SRNGRokReS) VEN tO
ortho-fused ring systens. %gﬁlr'f, %egggglg%}' %9519% | 4o be#gﬂkage poi nt
of the bridging group Qto e I’Olégs A T, |nloh§(cas o] ~and/or b
being e®Bl to 0, to the gPEHPSXYNEYRIOBHKBREEEIOAT P 't he bri d%l qu group
Q the groups Al and AZ ar detexerydlegdpehddirtieyosyciemnl koxyt AEran GE K
Si RaRb, NR~ or CRdRe, wher grbtie, sttt theeptovika, tRht RidaRe Rhyreach be,
i ndependent|y of one anoth grr@ygrﬁ@aps Bblnd vieyeh@alitHogen atom to
het er ocycl oal kyl, aryl or ﬁgaéyiifyggw Leod N, 9LURS RiberREr Rpi @l 2each,
r
Z? or®

i ndependently of one 45 anaqt ogen, . al.kyl -, ogl
het er ocytd oai kyl , aryl or R& ?%ghégl} gﬁﬁxRﬁ tc%’gé"t %e&y‘\l/ﬁ]teﬁ‘tagfﬁlﬁ her

I
group Rd or the G oup Re té"g@?h%’?e iorRud2f urt her group Re may form an
0050/ 52634 14 intranol ecul ar bridging group D. Dis a divalent bridging
group which is selected fremaswng the groups 5 il 12 Rii 12 RO 10 R9 R10 \
/IRCH---CHR13 14/ \ , . - '~
35 containing at least one pyrrole group bound via
the pyrrole nitrogen to the pnicogen atom Pn,

where

40 Py is a pyrrole group,
I is a chemical bond or O, S, SiRaRP, NRS or CRPRi,
W is cycloalkyl, cycloalkoxy, aryl, aryloxy,

45 hetaryl or hetaryloxy,



1o where RO and R ~ are each, independently of one another, hydrogen,

al kyl, cycloalkyl, aryl, halogen, trifluoromethyl, carboxyl, carboxylate or
cyano or apg b gg% to one another togforma 15 C3-C4-al kyl ene group and
Rii, R12, 3 %4 may each be, independently of one another, hydrogen,
“al kyl , cycl oal k aryl, halogen, trifluoronethyl, COOH carboxyl ate,
cyano, al koxy, 2 3H sulfonate NEl E2, al kyl ene- NEl E2E3+X-, aryl or nitro.
The groups RO and R ~ are each preferably hydr ogen, G -Ci o-al kyl or

car boxyl at e 20RBraha Ré gr oaps eRich, Rndeperpengiy o g enpthke®r abl y each
hydrogen, G -G o-al kyl, hahypdpgeni, naplayX, cycdvalikylor ihe¢erodyaidal&ydy

brom ne, gtrifl uoronet hyI &3y Chrahkexyyl car boxyl ate, sulfonate or

C -Cg-aryl. Preference is given to R9, Rlo Rii, R12, R13 and R14 each

bei ng hydrogen r _use. i.n_an ueous_r 0 um 25 preference is

gi ven to pni coaﬁng%ﬂ‘blaapésg d5°PR %ﬁ%é’ﬁ °n§‘ﬂcﬁ 3, preferably 1 or 2,
in particular 1, of the groups Rii, R z, RL3 and/or Rl14 are a C00- Me+, a
503- M+t or a NEl E2E3+X- groEw:I-\Myere M+ and X- are as defined above. 30
Particuligrly preferred bridging groups D are the ethylene group Rio\ /
CH-H/ \ 35 an 2+RpBe ndhO4Rs Rl the ARidn Rdohoget her with a
further group ggﬁlgk? v]I%é-=l '-ttgge%]%%fda\%th a 45 furthg{? group Re forms an

i ntranol ecul ar brid |ng roup e. the index c is e uaI 0 it follows
hat “bot b AR BrRPS% RACRRTRAReRS b, RERRECFDIAPYIRg PROvi5s sngﬁa°%?fbup 0
has a  00§beb2E34ompoundp i ahdchi k SubptisHtek AEIrohe FFRIR OBr# dgi ng
groups Qsabgerolelgrdap apeedratedmitbose fusednging tsyispeypcenesdviakently bon
skel eton, bLBERE Vi WhisCPyiteld ndexogen kb theapsiddyengaeops Al and A2 are
sel ected from anong the groups O S and CRdRe, in particular from am)ng O

S, the met hyl e (g_%roup e R ™ lmené]?)gdﬂk Lo @%&Qﬂéﬁ PnRiRa LR =

= CH3), th op ne groy

di - n- but yl ﬁ’éf’ﬁ?‘i’%‘hé’ 6&5 ?%ﬂ’ 'ﬁ‘ BufGis ?"artﬁ gﬁF ohr i ng‘lce i's
gi ven t @pfdghaapiodps Table Wi &he /Blamendst ¢RIRTS iNGoAT Aeastnofi ch case
Al is pref phabbdyera chiedRee grangpuaddofilies formhta ablas dngéndr S at om
particularly preferably O Particularly preferred bridging groups Q are
thus ones fﬂgcg QGG thvant (P EEREE |y b XA RS kb2 dif - CRdRe, A2:0)

skeleton r ach hydr ogen,

al kyl , cycl éfgfﬁg?rm%&%é%c I oﬁpﬁhf‘ds amlﬁ%taeti )é 5%hd R~ are
prefera %/eéﬁthewlr}gelﬂn%"hﬂ’%e ne°‘ﬂ31%rb€n r eFR4 zﬂﬂpg?céal:w 70 PEPERA= al kyl

e. g. net hylforephgparingprbgehydes- bodyor cﬁlqoépﬂ-suw yiydrpformelatiionhefit sayi ng
that the pesitjcosepind herplienybly iaags;@blehindy iatgsngeratonsplenhe ch are
not occupi %@eg¥u§élth'ﬁd' LUER4 fed @RIpar ANFO BFN ML N0 2 ToPHN GRLXces in

subs! | tuentfe BredThodor 0 hdTRI0BRAL AL Yor APRELA] ¥ McBhs HEIKH BEohBe
sol ubilit utlogltot ecataxt ctivity of the
t

e_virt 0 t
cat al ystsgarléﬁa?%aﬂ\‘er %ﬁffﬁ%l rﬁcg’g eRE cHY A EmPR R ARIOge ?%u31ar esent
i nvent i on, dkssoRged R0 &hRE W“é:rlé’on‘%ﬁl’e‘i“%llﬂsycéﬁé ﬁfyd‘l@géﬁee F-92PdRs and/ or
R7 form a wheedimrthe ggtslwstemsednisra mysicegenpekdlatgbrgmplew and ghe
napht hal eng&reenysgarfdiaeddois hephdnegen ngelate pompemabby tims ufestnudat Bd or
bear 1, 2 or 3, in particular 1 or 2, substituents sel ected from anong

al kyl, 84g< EM%%Q; f 'ﬁro%ﬂigg c@@s Egog)%'rlé Ef" 5 NEI E2,

fl
naph ot Themsappds oy hycawg%b%ﬁu%eav%f Wiatial e Begsan

3, in partia@upafol qandensatiqn Ofshhet YR eInRY TS EaYiAbiRR chFPdPF\ES
f used- on bemzdehke réuhpeguant heydroggnaniem afs thet céndangashonelasiucae i n t he
fused-on rivhgrelh aismpliekhef pnimeaginof halamisettompmaongs VDLI twischpaesent

inventiofp i13a88 @ﬁé'eé?ﬁ%o ¥ vl abhSsuE drubhé Sesrmvuilsagesks 13lgah@asé one

2 or

of the radigals pod Re fol ar (hydrophilic) group, 45 which
t hen genera al ?y rggn S |n terﬁsok %F% pni cogen chel ate conpl exes with a
group VII'l netal. The polar groups are preferably sel ected from anong

COORf mo%thgmlang@om of\gheopresent invention, the expression
"alkyl’ encompasses straight-chain and branched alkyl groups.

45 These are preferably straight-chain or branched C;-C20-alkyl
groups, more preferably C;-Cj;-alkyl groups, particularly
preferably C;-Cg-alkyl groups and very particularly preferably



0050/ 52634 16 al kyl ene- NEl E2, NElI E2E3+X-, al kyl ene- NEl E2E3+X-, ORf, SRf,
“(CHReCH20) xRf or (CHyCHZN(El) )xRf, where Rf, E1, Ez, E3, Rg, Mt, Xand x

are as def] . 5 The bridging oup Qis bound to the groups PnR Rz
and PnR3R4b\§§§/§?§\éghem cal bond Y ei?ﬁer directly or via an oxygen atom O

“Pn is an atom of .th ni coge r sel f appng .ph arsenic

and anti mﬁ}fcﬁﬁl%gf pé)ﬁ‘ﬁpcs‘m gf‘%“ypofpe?se gr §g1t‘€{jl o(a%s%%'r 12’. %$EQQ(|§¢:P|I\N dual

pni cogen af8kBYPn &ShYlnePFREogdAORRP% e 78 nds Gty heseiﬁ‘g’élé‘ﬁ ’

i nventi on &eetebutylboondentyl t RoPedtvyl eA-meshutbutyl.wd-Bebkiituf¥des R1 and

R2 or R3 ang2R4imedmsflprapyl he dubdinethseiiropRl, R2-dRiedhylprbpydy each be,

i ndependent Ly pf1pyaNoh ikdxy1ebahykyl helaeyhpXpentdilky B -métHspentar y|

ﬁrEHE(ZJXy’ cyel 9 ﬁéﬁ?&x?'ﬂ'@%ﬂ‘p%ﬂﬁy%g' h%(éthrﬁ%}lﬁ{,j?pyd Oalokoxé or an
group, .W ovi'so tha n re pyrr ups bound vi a

t he pyrrol &ﬁr?m*g%ﬁPﬁW & i d‘gg_ % Ylg’n.g’l'ﬁ'e&%ﬁtg’ﬁ’gg?%ﬁ%nts R2 and/ or

R4 are advanBagieeiinlbaced, plrl @r&r §rtyd PESRKY: i 2 2nET PRI I®TAPY ogen to

t he pni cogareabphbityl,FAretieyiihmty]l, t heetdulisRi-neyloRppydgent+haptylt h t he

substi t ugnt2-Rapeyl t ehepbsl | tuerhyRBetingst heprupyIibutye , snbsdtiytlyent R4 or

the substitzuggf,%ﬁ;e,;ﬁgew {-olyy'ltﬂépﬁ-_gg,wli,t wesy1 R2 and the 25 substituent

R

R3 together with the substituent can advant ageously form a bispyrrole

group bound via the pyrrol ifrqgens to the pnicogen atqomPn.. The neani ngs
of the i ndiVPdE%PT ds gf ufeqCi APTHPA5PE i%&%ﬁ%ﬁ&a@f’gﬂh I%E8FP2spond
to the def whiichomey glepenadby |IRGAT ilm 2hed prieSEnd . tRE&ECTPRIY Furd 9&r 3

advant agep aadepbodiculaerlgubsefidnabiy Rl sulgpdtiheentyg)h s@3ectiéd tfxtome AMORB

t oget her wighs Hheupdl dyegehieyl Warll hretdhal,i haboded Ogetbr NBLEIESt he

substi t uent. R& Lol MU ApaRpiaQd, LIRS, R SrERuIESNEN ] On, the substituent R2 or
t he substit&en? %4’ or theps%bstituént R2 and the substituent R3 can form a

di val ent group of the 40 Py-I1-Wcontaining at . | east one Eérrol e group bound
via the pymosl EheiRHRPSESt OF e PREESRE I YEiRA: e WRBFESS P50/ 52634 PY

| 5 W amP Lalkyleng mefessgrogkraighh-ehri €4l bparheas adkaredigilpgRBUPRR~ or
CRhRi, is apelingl kydm 1cyol daddwdbon adows, aryl oxy, hetaryl or hetaryl oxy, 10
Rh and R are each, independently of one another, hydrogen, alkyl,
e B o ot s rpeten i ) o
groups of t1f&C 8?ﬁlfﬁlaﬁlg?ff’fwwsa?’8%f'g'?s‘}ebxsé:%tPE?& ard SuBLEFEheld
25 cycloalkyl groups, preferably C5—C7—cggaoalkyl 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
~heterocycloalkyl” 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 among
alkyl, aryl, COORf, COO-M* and NE!EZ?, 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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encompasses both unsubstltuted a substltuted 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, —SO3;H, sulfonate, NEIEZ,
alkylene-NE!E2, nitro, cyano and halogen.

For the purposes of the present invention, the expression
.hetaryl” encompasses unsubstituted or substituted heteroaromatic
groups, preferably the groups pyridyl, quinolinyl, acridinyl,
pyridazinyl, pyrimidinyl, pyrazinyl, and the subgroup of ,pyrrol
groups”. If they are substituted, these heteroaromatic groups may
generally bear 1, 2 or 3 substituents selected from among the
groups alkyl, alkoxy, carboxyl, carboxylate, —SOs3;H, sulfonate,
NE!E2, alkylene-NElE2, trifluoromethyl and halogen.

For the purposes of the present invention, the expression
~pyrrole 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 ,pyrrole
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!EZ, alkylene-NE!EZ,
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 indolyl, or the
bispyrrolediylmethane group of the formula

10 N N

as an example of a bispyrrole group which comprises two pyrrole
groups, in this case pyrrolyl, connected via a methylene group.

15 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, —SOs3H, sulfonate, NElE2, alkylene—-NE!EZ,

20 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.

25 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

30 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”,

35 ,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”
40 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.

45 The groups NE!EZ and NE4E> 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-
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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
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
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
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
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
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.

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 PnRIRZ or PnR3R4.

In the bridging group Q, the groups Al and A? are each,
independently of one another, O, S, SiRaRP, NRC¢ or CRIR®, where
the substituents R2, RP and R¢ may each be, independently of one
another, hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl or
hetaryl, while the groups R4 and R® are each, independently of one
another, hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl or
hetaryl or the group R4 together with a further group R4 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

R g R9

CH—CH

/

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-C4-alkylene group and R!1l, R12, R13 and R4 may each be,
independently of one another, hydrogen, alkyl, cycloalkyl, aryl,
halogen, trifluoromethyl, COOH, carboxylate, cyano, alkoxy, SOsH,
sulfonate, NE!E2, alkylene-NElE2E3+X-, aryl or nitro. The groups R?
and R10 are each preferably hydrogen, C;-Cjp-alkyl or carboxylate
and the groups R!l, R!2, R13 and R4 are preferably each hydrogen,
C1-Cip-alkyl, halogen, in particular fluorine, chlorine or
bromine, trifluoromethyl, C;-Cs-alkoxy, carboxylate, sulfonate or
Ci1-Cg-aryl. Preference is given to R?, R0, RI!l, RI1Z2, R13 and R4
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 SO3-M* or a NE!EZ2E3*X- group, where
M+ and X- are as defined above.

Particularly preferred bridging groups D are the ethylene group

9
R\\ _RI10
CH—CH
~ ~

and the 1,2-phenylene group

R11 12

When RY together with a further group RY or R® 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 A? each

have to be a CRIR® group and the bridging group Q has a



0050/52634 23 5 10 15 20 25 30\ s I \~i OO CNPP- NI I IN IN I \
"V 0OOONPP NIINN(NNSi"\V\VI~1~0001 1 CN PP-NI NI |
35 | \\Sllbd%d9§9é94l 40 CN- p p-N | iSN I I I N~ 21 22 23

10

15

20

25

30

35

40

45

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 A! and A? are selected from among the groups O, S
and CRIRe, in particular from among O, S, the methylene group

(R4 = R® = H), the dimethylmethylene group (R4 = R®e = 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 AZ? 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:CRIRe, A2:0) skeleton.

The substituents R5, R6, R7 and R® generally each hydrogen, alkyl,
cycloalkyl, heterocycloalkyl, aryl or hetaryl. R5 and R’ are
preferably each hydrogen and R6 and R® are preferably each
C;-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 R5, R®, R7 and R® generally, apart from
influencing the solubility, make virtually no contribution to the
catalytic activity of the catalysts prepared from the pnicogen
chelate ligands of the present invention, R5, R6, R7 and R® are
preferably each hydrogen.

If R5 and/or R? 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,
SO;H, sulfonate, NE!E2, alkylene-NElEZ2, 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, R6, R?7 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*, SOsRf, SO;M*, NElEZ,

S
NI
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alkylene-NElE2, NE!E2E3+X-, alkylene-NElE2E3+X-, ORf, SRf,

(CHRSCH,0)xRf or (CH,CH,N(E!))xRf, where Rf, El, E2, E3, RY, M*, X~
and x are as defined above.

-

5 The bridging group Q is bound to the groups PnR!R? 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 R2 or R3 and R4, where

15 the substituents R!, R2?, R3 and R¢ may each be, independently 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 R2 and/or R4 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 R? 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 R% 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 0, S, SiRaRP, NR®¢ or CRDRi,

5 W is cycloalkyl, cycloalkoxy, aryl, aryloxy, hetaryl or
hetaryloxy,
and

10 Rh and R1 are each, independently of one another, hydrogen,
alkyl, cycloalkyl, heterocycloalkyl, aryl or hetaryl,

where the terms employed here are as defined earlier in the
present text.

15
Preferred divalent groups of the formula

Py-I-W

20 are, for example:

~e

25

30

-e

35

40

Merely for the purpose of illustrating the pnicogen chelate
45 compound of the present invention, some advantageous compounds -
are listed below:
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10 R9 and Ri o are each, independently of one another, hydrogen, alkyl,
-cycloal kyl, aryl, halogen, trifluoronethyl, carboxyl, carboxylate or cyano
or are j oi d/53 anot her to form g5C3-C4-al kyl ene bridge, 15 Rii, R12,
R13 and R14 "are "each, independently of one another, hydrogen, alkyl,
“cycl oal kyl, aryl, hal ogen, trlfluoronethyl COON, carboxyl ate, cyano,
al koxy, SO3H, sul fonate, - e --N= E2E3+X-, acyl or nitro, 20 c is
0 or 1, R5, R6, R~ and R8 Tare i gndent | y of one anot her, hydrogen,
al kyl , cycl oal kyl, heterocycl S hetaryl, COORf, C0O- NH SO3Rf,
SO 3MF+, NEI E2, NEI E2E3+X-, 25 aIkerne-wEIE2E3+X- ORf, %ﬁf (CHRgCHZO)XRf
(CH2N(Ei )g XRf r ( CH2CHZ2N( E| )) XRf 0 hal oger, trifl uoromnet hyI nitro, acyl or
cyano, where 30 Rf, Ei, E%:j:d ¢3 are identical, or different radicals

sel ected fronlannng hydro eny-alkyl, cydaalKyl|and aryl, Rg is hydrogen

met hyl or ethyl, 35 Mr is atilon, X- ils an\anjon and 40 x is an integer

froml to 120, or R5 and/or R~ ether.n th two adjacent carbon atons of
the 45 benzene ring to which t eylare boupjd form a fused ring system havi ng
1, 2 or fofurther rings. 005 634 n the compounds of the fornula

II t he pni cogen atons Pn are preferably bot h phosphorus. As regards
SU|tabIe and preferred enbodi nents of the bridging 5 group Q all that

whi ch has been said above is hergby gncorporated by reference at this
point. The radicals R15 to Rl ha ndependently of one anot her,

i dentical or different neaning 6. Pre ence i s given to conpounds of t he
formula 18 in which one or two of the rddlcals R15, R16, 7 and R18 in
each of the pyrrole groups are @ne of the abovenenti oned “Substituents ot her
t han hydrogen and the ren&tader|are hydqogenfiﬁieference is also given 15

to conmpounds of the fornulla N—m which g#-he pyryol e groups bear a
substituent other than hydeogen lin the 2 posinttbn, the 2,5 positions or the
3,4 positions. The substituent 5to whi ch are not hydrogen are
preferab?2d 20 sel ected i ndependient]l y f[tomlanong C1- C8-al kyi, preferably
Cl-C4-al kyl, especially methyl, ethyl, Tsopropyl and tert- butyI,
alkoxycarbonyl, such as nethoxycarbonyl, et hoxycar bonyl ,

i sopropyl oxycarbonyl and tert-butyl oxycarbonyl and trifluoronethyl. 25
Preference is given to conpounds_gf #SRE farnmula Il in which the radicals
R15 and R16 and/or R17 and R18 her t he carbon atons of the
pyrrole #%ng to which they are é fused ring systemhaving 1, 2
or 3 further rings. If R15 and R1$ and/or |30 R17 and R18 form a fused-on
ring system the fused-on systensoare preberably benzene §r napht hal ene
units. Fused-on benzene rin re|preferably ubstitutéd or bear 1, 2 or
3, in particular 1 or 2, su%sthbuéhts sel ectgd fron1annng al kyl, al koxy,

hal ogen, . SO3H, sul fonate, , alkylenefNE trifluoromethyl, nitro, 35
COORK, a?%oxycarbonyl acyl and Fured- on napht hal ene units are
preferably unsubstltuted or beafl 1 2 ofl 3llin particular 1 or 2, of the
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. If R15 and R16
forma fused-on ring system
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40 R17 and R18 are preferably both hydrogen or R18 is hydrogen and R17 is a
- substituent selected from anong Cl-C8-al kyl, preferably Cil-C4-alkyl,

especi allyora%tot})g 3 thyI i sopropyl agpg tert-butyl. If the conpounds of the
formula Il "are tosbe used in an aqueous 45 hydrofornylation medium at .
“least one of the radicals R15 Rs, Rl? and/or R18 is a polar (hydrophilic)
group, so that conplex formt{o group. VIl nmetal then generally
results in 0050/ 52634 34 wa e pl exes. The pol ar groups are
preferably selected fromanong SQR -, SO3Rk, S03- M+, NE4ES,

al kyl ene- NEAEs, NE4ES5EG+X-, kyl ORk, SRk, (CHRLCH20) YRK or
( CH2CHZN(g4) )ka, wher e Z

X- and y e as 5 defined
above. The compounds of the rmJIa II arp rrably sel ected from anong

conpounds of the formulae I1I. 1 19-(Qa\ p/ (Ob-Q(Qa\ p
/(Qb-R20 15 ~ ~ ~ R18 R1L \ Rﬂojﬁﬁu (ONB[l) 20 R19-(Qa \ P/
(Qb-Q(Qa\ p/(Qb-R0 25 Nv- 30 (M~ 2) R19 (p)a\ p/ (Qb-@G(Qa\ p
/(Q b-R20 35 N N R16 R17 R16 R17 (11.3) 40 where Rs~ Rs, RI7 Ra, Q@ a
and b arg as defined above, where, in the 45 fornul a II.3, at | east one of
the radicals R16 and R17 is not hydr ogen 0050/ 52634 35 R19 and R2~ are
each, independently of one anegthe al kyl , heterocycl oal kyl, aryl or
het aryI In the conpounds of th 1, the radicals R15 to R18 are
5 preferably all hydrogen. Conpo - weFch R15 and R18 are hydrogen and
R16 and Rl1~ are sel ected from anonhg -C8ial kyl, preferably Cl-C4-al kyl
such as methyl, ethyl, isopropyl and tertobutyl, are alsqpreferred. 10 In
t he conpounds of the fornmul |.3] the rafli cafFsyR16 and %f~ are preferably
sel ected from anong Cl- %-@ﬁarticula ferably Cl- C4- Al kyl such
as nethyl, ethyl, isopropyl d tért-buty|], awd/COORk, where Rk is

Cl-4- al kyI such as nethyl, et hfl» \Wsoprromﬁ or tert- butyl 15
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Merely by way of illustration, sone conpounds of the fornul
-below 20 P25 Nz O/ ~oo0o/ NPPN/ ~/7 301 35 ~i O
3

p-N\ N ~ &waga b i o NP2I1V 11 0050/ 52634
~ Owe 5 | \008065%%84p N 10 N MeO 15 ?%VE 20 PP 25 N2\
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_NN\iVI\\I,OI\O~/1N—Pp-N/1N1~~\30VII VI v\
-0 35 Et02 ~ CO2Et . p-N EtOy/C N N COyEt 40 ~ | | | EtO2C CO2Et COzEt

CO2Et | X ?:g°|§°9%a%/ 52634 37 f /1 / O 52Et 02 COyEt N- P p-N EtO2C N N CO2Et
t t

10 Et02C COyEt 2 X 15 Me methyl, Et = ethyl, Rm= H,

*'car boxyl at e, = H, carboxylate. 20 The preparation of the pni cogen
chel ate conpounds of the present _i nye advant ageously starts out from
conpounds of the formula 111 -Rg D) RBAIII, (Oa (0)b 30 L L

where Al, A2, D, R5, R6, R-,
| eavi ng group whi ch, when
(when A2 d s oxygen), hal oggn, yinpparticul L

> are as defined above and L is a
for exanple, hydrogen
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35 fluorine, chlorine, bromne, SO3Me where Me = hydrogen or an al kal

-metal, in particular Li, Na or K or, when a and b are 1, can be, for
exanpl e, h 0) CF3, S02CH3, tolyl or SO02CF3 . 40 The starting
conmpounds §85§2§9F8?ﬁu|a 11 in w’mc?92 b, ¢ = 0 can be prepared by the.

*met hods descri bed by van Leuwen et al., CXganonetalllcs 14, 3081 (1995)

The starting conpounds of ny a7 which a, b = 1 45 ¢ 0, and
L = H can be obtained, fo t he correspondi ng 1, 8- dlbronD
conmpounds of the formula 111 Lazl 3 = Br), e.g. by netal ation using
organonetal | i ¢ conpounds of lOSOﬁ%26<4 38 alkali netals, e.g.
n-butyl ligt hium tert-butyllithiaumor the |ike, subsequent reaction with a
borane, preferably BH3, and gxidation oN the resulting dghorane conpound by

means of a peroxide, d , In the presence of an 5
aqueous al kali netal Qgqu§ prefe ium sodium or potassium
hydr oxi de. To attach th nRI 4, the starting conpounds
of the formula Il ar usl th a hal ogen 10 conpound of

the forg a Hal PNRIR2 or Hal PNR3R4 in the presence of a base. Hal is
preferably chlorine or brom ne. The conpounds Hal PnRi R2 and Hal PnR3R4 can
be obtained, for exanple, by a nethod anal ogous to that described by
Petersen et 15 al., J. Am >
appropriate pyrrole conpo nd i ndol e, benzotriazol e,

car bazole, 2,2'- dlpyrrolylnet i sindole, with the appropriate
pnicogeustrihalide, e.g. phosphiorus trijchloride, in the presence of a
tertiary anmine, e.g. 20 trlz;g¥1anlne @ aki ng account of the stoichionetry

of this reaction. In an anal ggous procedure, it is possiBge, for exanple,
to react the appropriatie hygf oxyarytpyrr pounds wi th the pnicogen 25
trihalide in the presep =17, 0 give the correspondi ng
starting conpounds “PnF [
Hal PnRI D and Hal PnR3RZ
exanpl e, reaction of phenol
of a tertiary amne, e.g. et hyl am ne, ) duces phenoxyphosphor us

di chl ori de which can be rleacted with one i val ent of the appropriate
pyrrol e conpound, e.g. pyrrole, in the presence of a tertiary amne to give
phenoxypyrrol yl phosphorus chl ori de. 35 The preparation of the
2,2' -bi A5dol e starting cenpeunds~¢ be ©s ed out by a nethod anal ogous
to those described in Tetraheg ¢ 995) and Tetrahedron 51, 12801
(1995), and the preparation o "-pyrrol yl met hanes can be carried
40 out as described in J. Og. Cher? 64, 1391 (1999) and the preparation of
the 2'-pyrrolyl-o-phenoxynmet hangs can bg carried out as described in J.

Org. Chem 46, 5060 é1981) The starting\conmpounds |11 hgﬁlng a
triptycete-1ike cafbBef 45 skel@Eh B %n a Known nanner from
t he correspondi ng ant aqg;qg e derivatjlyespvialt he correspondi ng
ant hr acene precursor Pre “0 ~xyee, for exanple: J. Og
0050/ 52634 39 Chem , 80) ; 38, 1167 (1973); Bul
Chem Soc. Jm 44, 1649 (1971); J. Am ‘Chem Soc. 34, 3089 (1969); J. Og.
Chem 39, 770 (1974); Chem Ber. 124, 333 (1991) J. Og. Chem 51, 921
(1986)) Di el s- Al der reatk R
acetyl enes or arynes. |nforna
reactions may be found in Chem 29N 1016 (1986) and J.C. S. Chem

Comm 961 (1999). To prepare the pnicog -n chel ate conpounds of the fornul ae
| and 10 Il fromthe conmpounds @f the fOormula Il by reaction of the latter
with the onpounds | PRI R2 I , the oundsipof the fornul a
111 flrs% y have tngt?act at Fk$n51 case oFgggﬁpounds of the formula
1l in which a, b = sxls adva gﬁ@mﬁ carried out by netal ation
by neans of an organ net i c_copound of jan a \T netal, preferably an

S n-butyllTthi tert butyIIithi um or
methyllithium wth the |ehving group L being replaced in a separate

reacti onggy the corresponding alkali metal atom

ing out these Diels- Al der




20 preferably lithium After addition of Hal PnRIR2 and Hal PnNR3R4 to this
- et al at ed conpound t he correspondi ng pni cogen chel ate conpounds of the
formula | /44%&%“ cha b=0 arezgorned. 25 To activate the conpounds
of the for I I'n which a, b =1, 1t is generally not necessary to
“enpl oy a separate activation by neans of organonetal lic al kali netal
conpounds. I n general, thé Secconpounds with the conpounds
Hal PnR R2 and 30 Hal PnR3RA | b of a base, preferably a tertiary
am ne such as triethylamne o et al hydride or alkaline earth
metal hydride, for exanple sodi , potassium hydride or cal ci um

hydri de, geads directly to the @aovel pnocogen chel ate conpounds of the

formula | or |n)E |8h ?(;hpéqz%{' 3@1:6% | ace B gormpoungs of the formula

11 (with a, b

lithiate conpounds I
or an al koxycar bonyl
relative to A2 (A2 =
literatufjg¢ as "ortho-lithi

SO3NEZ"Tt is also possible to

= hyo QQ hydr ogen, an al koxy group

\h each cas. Y in the neta position 40
] described in the

xample, D. W Slocum J. Og.

Chem, 41, 3652-3654 (19 J. M Nhllan, L. Bebb, Chem Rev., 1969,

693ff; V. Snieckus, Che v., 1980, 6, 933). The organolithium

conpounds obtained in this way can 45 then be reacted in the manner

i ndi cated above to formthe chelate conpounds of the formula I or Il

0050/ 52634 40 The arsenic and an nds of the formula | or Il can

be prepaigd in an anal ogous manner. eral, the catalysts or catal yst

precursors used in each 5 case are.co ed under hydrofornylation
@ of the formula HgZd(CO) ed,

tlon" (cf. for

conditions into catalytically ac i Ve

where Z is a netal of transition ¢ G is a phosphorus-, arsenicor
anti nony-containing |ligand of the forn®l a or Il and d, &2f, g are

i nt egers which depend on the val enge and type of netal and 10 al so on the
nunber o20coordination sites oc ied by the ligand G a and f preferably
each have, independently o%/eﬁegggother a vahde of at least 1, for exanple
1, 2 or 3. The sumof a apd f is preferably fronrg to 5. |If desired, the

conpl exes of th gan pr esent
invention may furth [ | east i tional ligand which is
not according to the vention, e.g. i gand~Sel ected fromthe
group co®®isting of triaryl phosphines, in particullar triphenyl phosphi ne,
triaryl phosphites, triaryl phosphinites, triaryl phosphonites,
phosphabenzenes, trial kyl phosphi nes and 20 phosphanet al | ocenes. Such

conpl exes of the nmetal Z with i ing to and not according to the
present invention are forned, for in an eqilibriumreaction after
addition_of a ligand which is not accoyding to the present invention to a
conpl ex 3 the formul a HgZa( CO e@X axpref erred embodi nent, the
hydrof ornyl ati on catal ysts are pte tu in the reagior used for the
hydr of ormyl ati on reacti on. However) ifodesfred, the catalysts of the
present invention can al so be preplared separately and isolated by 30
custonary nmet hods. To prepare the @atalyst of the present invention in
situ, a g mpound of the fornu aeEBﬁﬂgggg or a conplex of a neta
of transition group VIII, deS|red one or nore d|t|onal | i gands whi ch
are not acCoOEtid to tﬁePQresent coy®nt iEno,and opt |y ap @xEitvati ng
agent can be react ifhert sol vent un | fornyl ation
condi tions. Suitablle _ghqdi npounds or conp r exanpl e,

rhodi um(l11) and rhodiun(llIl) salts such as rhodiun{l}1) chloride,
rhodiun(pyl) nitrate, rhodiun(lill) sulfate, potassiumrhodium 40 sulfate,
rhodium(I'l) or rhodiun(l11) carboxylates, rhodium(1l) and rhodiun(ll1)
acetate, rhodiun(ll1) oxides, salts of rhodic(lll) acid, trisanmonium
hexachl ororhodate(l11), etc. Rhodi um conpl exes such as di carbonyl r hodi um
acetyl acet onate, acetyl acetonatobi s(ethyl ene)rhodiun(l), etc., are also
suitable. 45 Preference is given to using dicarbonylrhodi um acetyl acet onate
or rhodi yg acet at e. 0050/ 52634 41 Ruthenium salts or conpounds are

| i kewi se suitable. Suitable rutheniumsalts are, for exanple,

rut henium(111) chloride, rutheniunm(1V), ruthenium VI) or rutheniumVill)

oxi de, alkali netal salts of rutheniumoxo acids, e.g. K2Ru04 or KRuO4. 5
Conpl exes such as RuHO (CO) (PPh3)3 are also suitable. It is also possible
to use netal carbonyls of ruthenium e.g. dodecacarbonyltrirutheni um or

oct adecacar bonyl hexarut henium or mxed forns in which CO has been partly
repl aced by ligands of the fornmula PR3, e.g. Ru(CO 3(PPh3)2, in the process
of t he 10 present |nvent|on Exanples of SU|tabIe cobalt conpounds are

1. 1 1 7 ' I T T A 0 a4 1. 1 4 Ly 1N




25 Suitable activating agents are, for exanple, Bronsted acids, Lew s
-acids, e.g. BF3, Al1Cl13, Znd 2, and Lew s bases. As solvents, preference is
given to u bgg g?g gl dehydes whlchiﬂf§30 formed in the hydrofornylation of
t he respec rve o Prns and al so their higher-boiling downstreamreaction
“products, e.g. the products of al dol condensation. Further suitable
solvents are aromatics such as tolueng\and xyl enes, hydrocarbons or
m xtures of hydrocarbons, also for di i on of the abovenentioned 35
al dehydes and t he downstream products ¥ the al dehydes. Further solvents
are esters of aliphatic carboxylic aci ith al kanols, for exanple ethyl
acetate @ Texanol, ethers such a x| met hyl et Hdr and
tetrahydrofuran. In the case of s4 hydrophilic ligands, it is
al so possible to use al cohagls_su me{ hanol , ethanol, n-propanol
i sopropanol , n-butanol, isggz;dnow ketoae\psuc as acetone and net hyl
, 1t is al i

et hyl ketone, etc. Further e to use "ionic liquids"
as solvents. These are I|qU|d sa forNexa , N -di al kyl i m dazol i um
salts syeh as N-butyl-N -nethyli K Tj saI s, 45 tetraal kyl ammoni um
salts such as tetra-n- butylannDn sa // N-al kyl pyridiniumsalts such as
N-butyl pyridi niumsalts, tetraal kyl phosphoni um salts such as

trishexyl (tetradecyl) 0050/ 52634 42 phosphonium salts, e.g. the

tetrafl uoroborates, acetates, tetrachl oroal um nates, hexafl uorophosphat es,
chlorides and tosylates. 5 FurthernDr' the reactions can also be carried
out in vieer or aqueous solvent sys onprising water together with a
wat er-m sci bl e solvent, for exa D) dhol such as net hanol, ethanol,

n- propanol , isopropanol, n-butanét; pol , a ketone such as acetone or
met hyl ethyl ketone or ang /sobvent 10 this purposs, use is nade of
| i gands of the fornmula I §f mh ch ha een nodi fied with pol ar groups,
for exanple ionic groups s OSNE Ng;§?7re Me = Na, K or NH4 or
such as 3q CH3) 3+. The reactions thew carryed/out in the formof a

t wo- phase catalysis, with the bekng present in the aqueous phase
15 and starting materials and pr cts\ m ng the organi c phase. The
reaction in the "ionic liquids" can also be carried out as a two-phase
catalysis. The molar ratio of pnicogen chelate conpound | or Il to the

metal 20 of transition group VIIlI in the hydrofornylation nmediumis
generall%5||1 the range fromabout 1:1 4% 1000:1, preferably from1l:1 to
100: 1, in particular from1l:1 to 50:1(l Jubstrates suitable for the

hydr of ormyl ati on process of the 25 pregsg#nt invention are in principle all
conmpounds whi ch contain one or nore et eni cal |y unsaturated doubl e bonds.

These include, for exanple, olefings Zs~a- ol efins, internal
@ Suitable a-olefins are, for

strai ght-chain and internal branc
exanple,‘bropene, 1-butene, 1-pentg ene, 30 1-hepigene, 1-octene,
1- nonene, 1-decene, 1-undecene, 1- -odecede etc. Preferred branched,
internal olefins are C4-C20-ol efing suchias 2- et hyl - 2- but ene,

2- met hyl - 2- pent ene, 3- net hyl ..2- pengene 5 branched, internal heptene

m xtures, branched, intern oatene m xt wes, branched i nternal nonene

m Xt ur es,. branched, internal —dgceng m xt F\§~ hed i nt ernal undecene
m xtures;” branched, internal dode Bpe n14ﬁures 40 Further ol efins
suitable for hydrofornylation ar | oal enes such as cycl opent ene,
cycl ohexene, cycl ohept ene, cycIo nd/therr derivatives, e.g. their

Cl- CZO al kyl derivatives having fronrl to 5 al kyl substrtuents. Furt her

ol efins suitable for hydrofornylation are vinylaromatics such as 45
styrene, 4@- net hyl styrene, 4-isobutylstyrene, etc. Qther olefins suitable
for hydrofornylation are a, ~-ethylenically unsaturated nonocarboxylic
and/ or dicarboxylic acids, their esters, 0050/ 52634 43 nonoesters and
am des, e.g. acrylic acid, nethacrylic acid, malefic acid, fumaric acid,
crotonic acid, itaconic acid, nethyl 3-pentenoate, nethyl 4-pentenoate,
met hyl ol eate, nethyl acrylate, nmethyl nethacrylate, unsaturated nitriles
such as pg3-pentenenitrile, 4-pentenenitrile, acrylonitrile, vinyl ethers
such as vinyl nethyl ether, vinyl ethyl ether, vinyl propyl ether, etc.,
Cl- CZO al kenol s, Cl1-CZO al kenedi ol s and al kadi enol s such as

2, 7-octadien-1-ol. Further suitable substrates are dienes or polyenes
havi ng i sol ated or conjugated double bonds. These 10 include, for exanple,
1, 3-but adi ene, 1, 4-pentadi ene, 1,5-hexadi ene, 1, 6-heptadi ene,

1, 7- oct adi ene, vinyl cycl ohexene, dicycl opentadi ene, 1,5,9-cyclooctatriene
and al so honopol yners and copol yners of butadi ene. 15 The unsat urat ed
conpound used for t he hydrofornylatron |s preferably selected from among
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The hydrofornyl ation process of the present invention is preferably carried
- out using an industrially available olefin 25 m xture which, in particular,
conpri ses ne internal |ineagaolefin. Such m xtures include, for
exanpl e, tﬁ?sb?gaFgg ol efins obtalnedi%y targeted et hene oligonerization.in
‘the presence of aIkyIaIun1nun1cataIysts. These are essentially unbranched
ol efins having a term nal doubl e bond @ d an even 30 nunber of carbon
atoms. Further suitable olefin m xteses ofthis type are ol efi ns obtai ned
by ethene oligonerization in the g various catal yst systens, e.g.
the predom nantly linear a-olefins obta| in the presence of

al kyl al urg nun1ch|or|de/t|tan|un1té%rachlarlde cat al yst s, d the a-olefins

35 obtained in the presence of nidkel -phsphi ne catalysts'In the Shell
Hi gher O efin Process (SHOP). Furtlher sujtable industrially avail able

olefin mxtures are obtain p&affin dehydr ogenation of appropriate
petrol eum fractions, e.g. keroSeng or d| fractions. To convert
paraffins, predom nantly 4 “par &f fins, |nt8] ol efins, use is nade of

essentiglg y three processes: - tHerqal cki st eam cracki ng), -
catal ytic dehydrogenation and 4%2?3 1 C dehydr ogenati on by chlorination
and dehydrochl ori nati on. 0050/ 34 her mal cracking | eads

predom nantly to a-olefins, while the other variants give olefin mxtures
whi ch generally further conprise relatively |large proportions of olefins
havi ng an iEtt ereftyldoubl e bond. Further suitable olefin mxtures are the 5
ol efins xtained in netathesis or telonerization reactions. These incl ude,

for exanpl g, shsr&é&fﬂease&smﬂelﬁ% PBhé | pridzobeh Ok ed 1 dteP EBREGSNdsA o¥OEhE | ed

SHOP conpri si t , S tion and
subsequent p§ ?ﬁeis}lws% %E rﬁf iaﬁ%t%dqlzad%a B'Lu? b%nng gE;g%r&a Im xtures
which are <@V FHBT'%“ fiFF 8§ e?the‘%/%(? yaPotD r?i}‘Png‘ %% égs B %tahe present
invention may be selected from anong di butenes, tributenes, tetrabutenes,
di properg®s, tripropenes, tetrapropenes, mxtures of butene 15 isoners, in
particular raffinat ERIPI-(om\ex/nq@,)bnb.rw)g\and/am)gﬁnﬁs fromthe D nersol ~
process of |IFP, the Cctol ss of Huls, thg Pol ygas process, etc.
Preference is given to a pro ess in which the hydrofornylation 20 catal yst
is prepared in situ by mre iR1$ eask!? rind of the fornmula I or
1, a conpound or a conpl ex \of /a metal of t ition group VIIl and, if
appropri%ﬂ e, an activating s§l,yent under the
hydr of ormyl ati on conditi onst "2 The hydr of armylati on reacti on can be
carried out continuously, sem continuously or batchw se. Suitable reactors
for a continuous reaction are known(Id)those skilled in the art and are
descri bed, for exanple, in Ul mnns 30 Encykl opadi e der techni schen Chem e,
vol . 1, 3rd edition, 1951, p. 743 ff. Suitable pressure-rated reactors are
i kewi sk %Fet o those skilled in the art and are described, for exanpl e,
in Ul nmnns 35 Encykl opadi e der technischen Chemie, vol. 1, 3rd edition,
1951, p. 7695ffR16| nRYjenedakl?® &b gachsessdedendentpy esorpne puethéron i s
carried out usinydrage@itNKydyecydlicdlkiyaybrerocydedalkitl) arglj rierargnd an
internal |inerg.48ogke vp@@gq.pl tw@pS@J,Rth, 'F¥0} |, Sy @RS (ROYRLY Si ng car bon
nonoxi de %nd h)(ﬁ Qge)rb Kﬁ rﬁﬂl pr £ 6.\+Qe W §1gn Isﬁ)(enfl on can vary
| ar ({{}: Sﬁ)

t hi to hyd
AR | ] '° o ik Aok o001

Particul ar pr ef‘tériéﬂm@r@%e’@'ﬂ’\lenn%bf%s|aﬁgfla°ﬂ53}fﬁ9l°ar rati o of carbon nonoxi de
to hydrogen in the region of 1:1. 0050/ 52634 45 The tenperature in the
hydr of ornyl at i gypergaction is generally in a range fromabout 20 to 180 ~C,
preferabjy fromabout 50 to 150C. The reaction is generally carried out'at

e AL PLAPSUE of o1NGYd FARK, OF A% Bhe bR 0 ST0L (R haige oo

t enper at ure. rom a

bar, prefer abI y fr(ﬁﬁ°PPtBa‘6’GW lféPm } DA PEEﬁj%ﬁ q‘trog‘ﬁvl to 300 bar. The
react i on pressure can be varied depending on the activity of the novel
hydr of or nyl at i &k, ca&ttal B5t Edsaxk idengéosl alr, dilifecerntalrpdiicad$ ddiecpedsent

i nvent i opg based on ghas phekd SrydrageeNi £1k4A , Obyeldd IRy af@diilni ng conpounds
allow a reaction at relatively | ow pressures, e.g. in the range from1l to
100 bar. The hydrofornylation catal ysts used according to the present

i nvention and the hydrofornylation catalysts of the present 15 invention
can be separated fromthe reaction m xture after the hydrofornylation
reaction by nmethods known to those skilled in the art and can generally be
reused for the hydrofornylation.

16



-The above-described catalysts of the present invention which 20 conprise
- chiral conmpounds of the formula | are suitable for enantiosel ective

hydr of or ny ! e above-descri bedcatal ysts can al so be i mmobilized on
a suitablebgﬁggg%?gbe.g. a support nggé of glass, silica gel, 25 synthetic
resins, etc., ipn a, syitable manner,. e.d.,.by bonding via functional groups
suitabl e as an® orlﬁﬁﬁﬁﬁgge%dég? YloRE %ﬁ%ﬁiﬁ ng, etc. They are then al so
suitable for use as solid-state catalysts. 30 Surprisingly, the catalysts
prepared fromithe b®welcapabnozmrivelenhtt e conpounds of the formula | or |
not only have a high activity in respect of the hydrofornylation of

term nal gol efips by 4 kavbacedlBMRA18nbi S activity in respect of the
i sonerizing hydrofornylation of ol efins having internal double bonds to

form 35 al dehyde products having a high |jnhearity. Advantageously,

hydr ogenati on Bf the 3 é‘F‘itﬁgqa%@é“ BI g%ei‘{dcq! only a very slight extent under
hydr of ormyl ati on condi ti ons when using the catal ysts of the present

i nvent i on. wh€reSitwor adfjacgnt, radiaalstRi>hariéd B pndcRifehogedien eritbnphrinds
of the figr 8atsod latbAver anaipyredl @rd Mhghicehwiidbidhely até dfsunidhay also
hydrof ornykgih an QB! £8P Syst8nt Rfidg)qy Jeheraldoy e HBK e ddgspossi bl e to
achi eve | onger catalyst operating lives than do prior art catal ysts based
on conventional nonodentate and pol ydentate_45 Iig%nds TQES, we have found
that pyrr oV&thHAEHREPYLST dHduRbsASt RBSpPT oy rpdifalhi%R, dhe’ of more
unsubst i t uaed Rhr kel rotghydpegen eandothdt \R'E andiR’nare dipdn Jadned the ©ORe
phosphonssaastierd,end to 0050/ 52634 46 deconpose or to form undesirable
reaction products. Appreciable deconposition is thus induced even by
visible |igh aRdesy JbeNPRiR! Yn@Spbiaddia ybei Hid YardknbPOBYd 1ML RS Ur e and
cannot be prevgnted evgn Ps%loﬁ a.nprafective gas when ‘usi ng nonodent at e
5 li gands base eHTH ASaB2 |¥L{te(§ypyrro e grodps, for exanple

trispyrrolyl phosphi ne, and al so when using chel ating |igands havi ng

bri dgi n@ogroapd kiiareeeaeh, findependentlyh ofhene japatderof ehelpresent
invention, for exanple the |ligands described in US 5,710, 344. Appreciable
ff{jﬁﬁt idon 9?\;% POk Y4 i€ olgBR &t drl %léleaaeaofzeﬁpuﬁoh@ ﬁmeméﬁ&e?:e on f

al dehydes. e uc i - ﬁﬂhﬁ;u Tsalelt] nds for
hydrofornylatiE%gégggwéétgfg%ﬁgfggign€ us -a ?55@ of ?g?gﬁigtdéﬁii desired
product which, particularly in the case of nultistage processes conprising
such a RPdRof oif? RGiGFiagedrwR f the $R™WiRati on of 15 2- propyl hept anol ),
has an adverse effect on the economcs. It has now surprisingly been found
t hat use of pnicogen conpou , I n particular phosphorus conpounds, of the
formula Il in which a substituted pyrrol e/group and/or a pyrrole group
integrated into a fused rin d covalently via its pyrrole
nitrogen 20 to the phosp i®i |y suppresses the formation
of undes® abl e products. The ese@aR 1 nvgntion further provides a process
for preparing 2-propyl heptanol!, which conhprises 25 a) hydrofornylating

but ene or a butene-containing C4-hydrocarbon m xture by nmeans of carbon
nonoxi de apdebhydrogen in the presence of a hydrofornylation catalyst to
gi ve an n-val eral dehyde-cont ai ni ng hydrof ornyl ati on product, where 30 the
hydr of orggy hat Lo ;81,2 %aknS OIRIdRGReRE L] GE on@NEnSOB £0, 08 S 1Rka] 1fle
transition groug CI L Wt réﬂ ast one li1gand of the'fornufa T or Il as
defi ned above, °b) R de@??ed, subj ecting the hydrofornylation product to a
35 fractionation to give an n-val eral dehyde-enriched fraction, c)

subj ect i ngReheRthpddoRbarngl aathn independertplivaiofedné nanatdera) hydradgea,

n-val er al dehydairyrj diyedoblikel| dietebbaycirshlkylst &pyblort dedaryl dol
condensglg on, 40 d) catalytically hydrogenating the products of the al dol

d ti b dr, | d I j ,
e T
107 63’4’%“?’? sPEpT I59PB: &Y ence

ydr age kdn gr 6ﬂ $
2-pr opy! hept anGFSEPR 4 PFEXIGHSTO KD
i s given to usitegeher dishop nfyrihesn IEARRI RIS P Bl IGEOPRgRAIEAIERRET JHidh
conpl ex of a met fhrdfert ganspt RO fogmoam tiramelednler bgadginmegriougaBd of t he
formul a4¢. As regards suitable and preferred ligands of the fornmula Il

that whichphas ;3 hegiy33he BPOYFingS gheLS e l2eaHPEFGH QsholY €1 QfrNps at
this point. a) Hydrofornylation



10 As starting material for the hydrofornylation, it is possible to use
- either virtually pure 1-butene or m xtures of 1-butene with 2-butene and

i ndustri al ? Ie CA- hydr ocar borggstreans conprising 1-butene and/ or
2-but ene. erence is given to C4 fractions which are available in |arge
quantities from FCC plants 15 and from steam crackers. These consi st
essentially of a mxture of the isoneric n@s2 and RBytangl2 C4- hydr ocar bon
streans suital@le as startésng ®AterRil co , for exd from50 to 99
mol % preferably from® Bto 90\mo} % of 2 enes 0,4 to 50 nol %

preferably fro %_‘B‘Qo nol % /of\but anes./ The but ene #r ay
conpriseg froni40 to 60 mdl % of 1-butene, 'from 20 to bl % of 2-butene
and less than 5 nol % in particular |ess than 3 nol % \ sobut ene (based
on the butene fraction). A particularly preferred feedstock is 25 raffinate
[1, which is an isobutene-depleted C4 fraction froman FCC plant or a steam
cracker. HyHex# ornyl ation catal ysts based on the pnicogen chel ate conpounds
used as ligands according to the present invention 30 advant ageously have a
hi gh n- gel ﬁEtdﬁa RYO QMR eWBR itfdependehtil e and 2ndtHeanehgdrégen)i ng

hydrocar bon mi fs c@%léhﬁy}i NGryat eﬁmi en! N¥$ i £ BitRdImEERY ft%oﬁﬁm be
used economi ca 3 [OCess %f areg:g %gn;_‘?d&ye% g\gersiw

desired n- vaIng 0 alne yi € regards SU|tabIe
and preferred fRytrof F)ﬁjﬁ%ﬁl ghdg8t al ysts, activators, solvents, reaction
conditions and reactors for the hydroforrryl ation in step a), or that which
has beenssail a&bdyR1P nandRIécreokablydriofdepeptiantlyn dfs oheraipthemrgor por at ed
by reference 4fQyatodeh, SamQYI‘I .cytloalligl pfariyry| Rhlsgeratal yhicraidethie,

gt on preferably

present invent 8830%1%«& tcegnt,romm PEBHIClsuTiehak e, fvpem t he
hydr of or nyl at i og facté] l;nll,; %usto et h%ds nown to those skilled in
the art 45 and®t%hS ral I’y be Fetse for The hydr of ormyl ati on.

0050/ 52634 48 b) Fractionation In a useful process variant, the
product -20nei chéd ¢ rectli-on obtained fromstep a) is, after the catal yst
system has been 5 separated off, subjected to a further fractionation to

gi ve an n-yal egeal deWRenat&l&%fraﬁaé;sahdelmyfcsﬁcaﬂeoaabtm of the
hydr of or myl at i gé ct1k 1 glgg Ry Y al el -deby feisini, cggfllfr@q._ragr?@ and

an n-val eral de gle t1.an I |e . Custonary net hods
known to those® N’I '%ﬂ’t ﬁ83 r't 0 Pr§$ ’ 55 ol ven to d| stillation

usi ng kiZdwn sepakutenarNEpBE 3K Urs OB 5 R84 radC HF%CﬂZPPé’tVOﬁCEﬁ‘{ Fm&Re g tray
col umms whi ch E§;CHN (EBEE)IxRED, hdiegenevixietl usirome bbb @l@aﬁs,a%}fle\?é pl at es,
sieve trays, vaksigs, etc., evaporators such as thin filmevaporators,
falling film evaporators, w ped filmevaporators, 15 etc. c) Al dol

condensat i ol %/o nol ecul es of C5-al dehyde can be condensed to form 20

a, ~-unsaturafee Clo- al dehydes. The al dol condensation is carried out in a
manner own per se, e.g. in the presence of an aqueous base such as sodi um
hydr oxi de &+ pBt-a®si and %ﬁd?ﬁ%%ntﬁaérP%IqJéFﬁéFP?/e‘aquaF"é S§1&5t68ssi bl e to
use a het er ogefeomsamrg byduogerystalkyth cycloadhedi and @xivyde and/ or al umi num
oxide (cf., for 25 exanple, EP-A 792 862). This results in the condensation
of two nol ggul 88 RYaF9erl, ehatpghigie eyl pr m 2- propyl - 2-heptenal . If the
hydr of or:{gll ation product obtained in step a) or after the fractionation in
step b) Turther, conprises other C5-al dehydes such as 2-nethyl butanal and
possi bly 2”5 ditfefh t'p1r°6‘panal or 30 3-nethyl butanal, these |Iikew se undergo
an al dol condensation, resulting in condensation products of all possible
al dehyde ca&rbi Ast annsnidnoandxanpl e, 2- propyl - 4- net hyl - 2- hexenal . The
presence of a proportion of these condensation products, e.g. up to 30~ by
wei ght, gpes nqls ghajwkddert Beomey +@f 12dyant ageous 35 furt her processing to
2- propyl hept anol -cont ai ni ng C o-al cohol m xtures suitable as plasticizer

al cohol s. d) Hydrogenation 40 The products of the al dol condensation can be
catal yti cal9y hydrogenated by neans of hydrogen to form C o-al cohols, in
particul ar 2-propyl heptanol. The hydrogenation of the Clo-al dehydes to the
Cl o0- al coholrs endV om RAStpye theirpivéthetvweaadijedemutcarbongatdms sdntheat al ysts as
in the haglr of oryenkahé Ofingitvakhichttheyghes BoumdeEaimr£;fusedeyig sysebar ence

i's given to mohg saler! iy e-hydEeaanat kepgsat al ysts



0050/ 52634 49 which are used in a separated hydrogenation step. Suitable
hydrogenati on catalysts are generally transition netals such as G, M, W
Fe, ,063 r‘ir‘PZ%3 gt. Ru, etc., or hxtures thereof, which can be applied
to supports L?L/ as actr vat ed car bon al um num oxi de, ki esel guhr, etc.

“to increase the actrvr ﬁéﬁ % {]Io crease the atal tic actrvrty,
Fe, Co and I ét‘%r‘a%%? % °55‘u Betl i FPPhRP IR P ﬂ&%e &fal yst s,
viz. as netexefspanke h?&\‘?l 350@1\%?“‘? hi gh surface area. Depending on the
activity of the catal yst, the hydrogenation of the 10 C o-al dehydes is
preferabl y qgakehgedd Wuidhbeé el @atcEepPed ainlbodimants ifpehat KpEqtieki C

pressure. t]% ysrogﬁnalth'aenwﬁféﬂf’%%@tHé@n'§aﬂr§f:8¢}élbié’hfeﬁsg about 80 to
250C, and5 ressur og‘n aoti(ﬂlﬂt 50 to 350 bar. 15 The crude

hydr ogenat i B CpPOEET bgn ggeren% 3¥ by fcustomary nethods, e.g. by
distillation, to give the d o-al cohols e) Fractionation 20 If desired, the
hydr ogenat iThe proterkss REArkh®!E asne bard, t tndependently fafaenEoARethaT it 0 gi ve
a 2- propyl helehanoal ey idii€édréntaoteianingsid a 2- propyl hept anol - depl et ed
fractiongg Thi s fractionation can be carried out by customary nethods known

to those sidldgdehfle tile gAbkn eo%omg,x Paét{sé @kl 8rmet 'ﬂdtﬂfnrmﬂ dhion

co vt ST S, CRIBLER, dhatyiecnaly G RS ol FansLl ey

gand east Bhe gnr Cco e Fat e
conpound ofgnONESf BFANE P aFrBer%P%'&F‘FP 1pngd éuﬁﬁFtﬂr‘eé‘tﬁhB peor ncorrpound
of the forrhydaropen 3nddhiengemaindest prat kyidzpagnor Prefruenser i 9| @lsskgi¥edn can
advant agepusd Yohpottsdd dfnthe pfamada Tor iprepahi nhe pyrrolygl hbepipndearThe
catal ysts diypyalead¥uéndidther- se&&qt dtebtggnlfhsmehza PE OGRS, the that a good

yield of n- va)mﬁogkgle&ysd IiRQbu e%%%fggut eWhen using virtually pure

1- but ene and “when" USI ng ne-cont ai ni ng hydr ocar bon

m xtures, for exanple, ¢4 fractio S. The catal ysts used according tqQ the
present i nvEhet S8RSEHINtEREYitEaBIE WhdFh 4RER) MO th BRAT PITher 2 BF ¢ EFF 30 L¥m an

i nt er nal 2@osElteictadt tndepeadenhly fxes ainong GoCshmtkyl-vareferaldiyyde is

obt ai ned i nc,goch Miyal, despaeinMiyenetisy g e2hlpllt efsomiatya Oaiy dreacabhonl ,

m xtures haamtaﬁ &skeéﬂyael ¥ubBh 0 Q@%ﬁ%ﬁ&é@iﬁd}m ObtRoBp8BBnyThEe catal ysts
based on subs ﬁ%egxr?p gﬁ?g JolV gy %Ire 5 fg grﬂ@hﬁt i€ used according to

a n

t he present va ageous y undergo-virtually no deconposition
under the HydidP8FTHtYon conditions, i.e. in the presence of al dehydes. A
45 furth@? advant age |s that virtually no deconposition products are forned
in the presmarderehcatimsgiNeni to omponndadéHrthel ghrmakal/Idr iacvhischartdeor at
room t enpergaddicalangisebay akBdai &G RAT WS R1€ . tHgeth8D ST EBE Sérbom t O

about 150C, (st Bat ehid dy3rBRE PELPIIALKILR GPEPbOGRE drREaStia for

t abi | h h f I
ot o S AT A7 Sttt sl

cat a
conpri si 38 Bit P%‘a oF ¥ nflERd YD F1R8: SYS T4 rtgﬁs?‘t‘?eocit 7% 8P ‘\{Vﬁ 120 th at
| east one maf@aﬁalpqumnpopmﬂ@hth@ﬂew unsig-sge FBFE RN 5’569%“3 fIgngs
hydr of or ny| axtd erefayablyc pasabsbitutes bonbéar ilon 2and hwdinogenbi¢wiar 10 As
ment i oned, d&wyadr,oguBseituwntel sel@itiats firomaariand la@kyappdlikealyi, ohaksgem,f or t he
catal ysts oy tﬂhesﬁ’IF&F‘d‘He | REa, anyﬂz}eJﬁtdﬁmcxaaettmn@%wtyst&w t he

prese”t 5g &@Jﬂkon fk c%ce feagﬁptﬁéeﬁ{% aFHEt@'on ha é‘ﬁ‘é deoﬂnQEQUp

VI, |
pl ati num Vim=ii é’rlééatra a?ﬂ%rt’é'rsu ﬁ’&t‘f‘%ﬁﬁ%ﬁt’:o? y glt’r g]uﬁfaf?’d a?‘?]ldaful arly
preferably of Geelf Fhe FathstatueR i NABtaPned ahoveehn Flhe f@rsﬁ 9§I‘€Pﬂ formin

the nmetal cfugddevnabenzetiengingstire yheeséng whivvhntisonot Hwsedr epaand/iogsn of
the metal conplexgasé@rodeiagt r i £k120amiiRIASE6les 6 ifhsed D wdnfosydtem,use as

hydr of or gyl @i QRg Gaiteal ¥ St Sre FER L BRBOLAP Bl HBSgd P ctrhaw rlsshS(Hr@cE&p%hat Ron of
t he hydr ocyanation EaéuertStsﬁlgété &R egﬁ |dﬂve App%fé&egblgorrpl ex

suitabl e for® gt &parat 0C or. €x

bi s(1, 5- cycq:b'(%et'gjd]ﬂ@ne)e PEREMX "PéFFY tas‘?trhé( f‘ﬁ%" oé?gniéﬁ’itorl?uggk‘al ysts

can be prepared in situ by a nethod analogous to the process described for

t he hydrof orfnhet icompoaids wit she fbritudai HVearte do bhensddria hor dqueoysr ovi des
a procesgsfRyafrRRAyLACidH elien, Wt qebatyéne JEydhecyadidalenrid,nri @17t he
hydr ocyanat L ofy d,S peérild %dpetér (hyd28p H{fﬁ%n%%o% 3§o lpast consLed the novel

catal ysts descrihed a lI'e T or [ are
general |y tg nahten agl é §F8Ppns neﬂtro?e ébé@ a9g¥%g%ﬁgggn§?erials f or
hydr of ormyl ati on. A specific enbodi nent of the process of the present

i nvention conprises the preparation of m xtures of nonool efinic
C5-nononitril es having nonconjugated C = C and C = N bonds by catal ytic
hydrocyanation of 1,3-butadiene or 40 1, 3-butadi ene-contai ni ng hydrocarbon
ntxtures and t he |soner|zat|on/further reactron of these in the presence of

o, e . b 4 oy o " PR M . o,



5 petrol eum by steam cracki ng of naphtha gives a hydrocarbon m xture known
as &4 fraction which has a high total olefin content. About 40% of this

m xture is é @-?EFggiene and the rengjpider is nade up of nonool efins and
mul tiply uﬂ 3 6 ated hydrocarbons and al kanes. These streans always contain

smal | 10 proportiqQns.of generally up tq 5% of alkynes 2-di en

vi nyl acet yF@ %’?'ﬁﬂiﬂ“glﬁ,%‘gﬁ[eé‘&?en%h‘% (185 PEOIRE &4 ° PB%%?rna&’(égt f?f?ﬁ;e%
avai | abl e Fyem camenigo ROARKet GPEIMyy SOsRYr SRAMI eNEERp a&mﬁé*ea*.l@tﬁ ation. 15
The cat al yRE4ESBF*Xheapkpbmre-NEARRSTX 0N OREN SRIVanEBREHR8) gR*berused for the
hydr ocyanafegstml (B40)R®) efiereca} @i BY, BHSH RBr M¢ukaland y are as
1,3-butagigggbggp%@bggpg, hydr ocarbon m xtures, generally al so w thout
prior purification of the hydrocarbon m xture by 20 distillation. If
present, olefins which adversely affect the catal ysts . q._al.kynes or

cumul enes, ThEyCHPBAERY % ﬁP%ﬁ% % 858r85ﬁ£?ﬁ%%§§r§eﬁvg§5f§E¥er

hydr ogenat awengrgamponnds hef thher Seymnkad dd- 1Sk tHbi3e et hods of carrying out
sel ective hydrogenation are known to those skilled in the art. 25 The
hydrocyagati on according to the present invention can be carried out
continuously, sem continuously or batchw se. Suitable reactors for a

conti nuous reactionRQL?anomn to those skilled ip theeart and are
described, for exanpl 6. 13~Ud-mafPkpOriQkivpadrd 3 ter techni schen Cheni e,
volunme 1, 3rd edition, 1951, |p. 743 ff. Prefprence is given to using a
cascade of stirred vessels omn_a tube reactorN{or the continuous variant of
the progass of the prese ' ;
pressure-rated, for the & dht i nuous or pus enbodi nents 35 are
known to those skilled i e akk7and ar e, ed, for exanple, in

U | manns Enzykl opadi e der technischen Cheme, vollunme 1, 3rd edition, 1951,
p. 769 ff. In general, the process @fr.lihe present invention is carried out
in an autoclave which may, if desired, be provided with a stirrer and an

i nternal2d i ner. 40 The hydrocyanation catal ysts of the present invention
can be separated fromthe reaction m xture after the hydrocyanation
reaction by customary nethods known to those skilled in the art and can
general ly be reusedyfiQrat he hydr anation. 45 The igweention further

provi des a processd¥or(?L%\sa$b62§¥51'38?6F\Gwﬁﬁg§ﬂdgmcontaining at | east
one ethylenically unsaturateq 0050/ 52634 52 doubl e bond by reaction with
carbon m¥oxi de and at | east Mne conpound ceitai ning a nucl eophilic group
in the presence of a carly P / on a pni cogen chel ate

| i gand of the formula I | ati on catal ysts, too,
enconpass conpl exes of a \ee transi p VIIl, preferably nickel,
cobalt, iron, ruthenium rhodiumor palladium in particular palladium The
preparati on of the nmetal conpl exes gan2he carried out as 10 descri bed above
for the ¥ydrofornyl ation catal ysts and hydrocyanation catal ysts. The sane
applies to the in-situ preparation of the carbonylation catalysts of the
present invention. 15 Suitable olefins for the carbonylation are the

ol efins nentioned ahtPwqojp g%agqu)gngp@)gg\ { ar(to)pgritat eri al s for
at
riabl

gactors, which may be

hydr of or myl ati on and hydroc ion. The conpounds containing a

nucl eop 'gic group are prefe y 20 selected from anong water, al cohols,
thiols, Tarboxylic esters, Nyqary and seco y amnes. A preferred
carbonyl ation reaction is tRe fonversion of \ol/&fins into car boxylic acids
by reaction with carbon nonoXige and water 25 X hydrocarboxylation). This
includes, in particular, thasreaetion of efihyl exdé with carbon nonoxide and
water to formpropionic acid. The invention further provides for the use of
catal yst g, 30 conprising a P-, As- of?BtHcontaining conpound according to

t he present invention, as described above, for hydrofornylation,

hydr ocyanati on, carbonyl ation, hydrogenation, olefin oligonerization and
ol efi n pol y¥A®¥€zati on and for metathesis. 35 The invention is illustrated
by the follow ng, nonrestrictive exanples. Exanples 40 The foll ow ng

| i gands wermsysgld, HY, RUOS5Q,5268dd » are as defined above, where, in the

45 formula II.3, at least one of the radicals R16 and R17 is not
hydrogen,



53\V\V0- NP P— NI I NI'T T Nt 10\ \ I~1~00015CN PP- NI I N

~L NI 30 25/ P ~ ~P~\NWNN30\\ I~1~035~~O0OO0ONPPN22 40
i gan A Ligg309sBekiagand C Ligand D 0050/ 52634 54 0 ~ o O Ligand E N
_Pp-N" I 6%?(?fSOOngandFZOIA!’J';?:’NI~2

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

In the compounds of the formula II.1l, the radicals R!5 to R18 are

5 preferably all hydrogen. Compounds in which R!5 and R!® are
hydrogen and R6 and R17 are selected from among C;-Cg-alkyl,
preferably C;-Cs-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 COOR%X, where Rk is C;-C4-alkyl such as methyl,
ethyl, isopropyl or tert-butyl.

15
Merely by way of illustration, some compounds of the formula II
are listed below:

20 ’
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25 30 35 40 45 0050/ 52634 55 5 C 10 Ligand G 15 20 M _o, ~; i ~NP P-N
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10 Exanple 1 Synthesis of ligand A Conparative ligand CLC 15 5.2 g (38

“mmol ) of PC13 and 5.1 g (76 mmol) of pyrrole together with 200 i of dried

tetrahydro ) were placed in reaction vessel under argon at -65C.
11.5 g (11@6?’69F§2I§| triethylam ne we$7e added to this mxture and the

reaction mxture was stirred overnight at roomtenperature. The resulting

20 precipitate was filtered off from
reduced pressure and excess TH#F
60C. The residue was taken up ilg
triethylam ne hydrochl ori de was

e | iquid reaction m xture under

' am ne were distilled off at

ol uene and residual precipitated
I1t&edJoff fromthis solution. The

sol utiongobtai ned was_stored 25 til negged for further processing. 5 ¢
(13.3 mmol) of 1,8-diBF%foc3,6-diftert- bultyl xanth€PE% oget her with 150 ni
of dried THF were placed i a rea,E,tl on vessel™at -50C under argon. 12.3 ni
(30.6 mol) of a 2.5 nolar |sojution of ﬁ utyllithiumin hexane were
added dropw se and, after ad |t| on S co ete, stirred for another 2
hours at -50C, r esul tigag,&n formation of preci ptdx@te. This sol uti on was
subsequgpt | y added at ~70C to tfhe Jrevi pus|ly prepared toluene solution. The
tenperature of the exothermc ion ept 35 bel ow -50C by cooling.
After stirring for 1 hour gtobe rea t| o ﬁg@bggyvas evapor at ed under
reduced pressure, the residue was G chl or onet hane, then

evapor at ed agai n, hexane was added an the m xture was stirred. The solid
formed was recrystallized twice fromhot nethanol. Pure |ligand A was 40

obt ai nedsi Rea=ymely1gf 1.1 g (13~ of theory). Exanple 2 Synthesis of |igand
B 45 5 g (%3 3 gew)y), of 1,8-dibronp-3,6-di-tert-butyl xanthene together with
THF were plkaced, i %a@bBQgﬂéﬁon vessel under argon. At -50C, 12.3 m (30.7

mmol) of a_2.5 ‘lithiumsolution in 0050/ 52634 57 hexane
vere added®" TheH'ré’é(’fPPE% #?ture was stirred for 2 hours, resulting in
formati on of a colorless suspension. At O-C, 100 m (100 mml) of a 1 nolar
sol ut i oreoofthBHeréparhtioncet tiddenidegpnichelane corpovindsued thes Pseperked
over ni ght anhventidbGdvhhtagsous 1yubsertee iuty fean efardoynlydoblgheed at O-C
using 25 megoefuigterr. 3 N KOH (7.4 g of KOHin 32 g of HzO) and 10.4 g of
30% strength HZQOZ sol ution were carefully added to the reaction m xture and
the resulting mxture was re ?uxed for 2 h&irs. After cooling to room
tenperature, it was neutrali strength hydrochloric 10 acid.
After pHdse separation, tR gswashed tw ce with Nad
solution, dried over Na2S04 qﬁ to dryness.
1, 8- Di hydroxy-3, 6-di -tert-butyl xanthene S obtai nedIin a yield of 4.7 g
(100% of theory). 15 5.2 g (3gyyml) of (813 and 5.1 g (76 mmol ) of pyrrole
together with THF were placed jn a reactiion vessel at -65C under argon. 1.5
g (114 mol) of triethylam ne re subsequently added slowy and the
mxture s stirred at roomtenperature for 48 hours. 4.7 g (13.3 mmol) of
1, 8-di hydroxy-3, 6-di-tert-butyl xanthene in 20 50 mMl of THF were added
thereto at wheoe abenpér aburk®, ResW’tiRYy ian bhand enpeeatsrdefineidngbeve 30C.
After stir rmnagLoyerdilgaving hgrag wliéwy nknvwasahd |4 eredopfhayndgr foeduced
pressure, washs i_iewiﬁ rbgEn afthdrh @2 cosiedn rg@%ncrgeaha@espml@u@aapor at ec215
gi vi ng r ry, exane.
i gand B%d ﬁ“ﬁf“e' *1?59213%5“@%3@? e g{%ﬁf 'I;g?”‘af‘ :
(conpar at i Vekatanpael st Resh J5‘:"‘(}f"rl{" a aﬁdf hd
storage at qa@oh?tefﬁ?eﬁé?@?@B@Y@Gﬁﬁaﬁat(ﬁ\%C%ga?ﬂz A%stﬁ?‘ &red as
descri bed Isp,&F{ Mloy et al., J. Am Chem Soc. 117, pp. 7696-7710
(1995). The synthesis | eads to a cl ean product having a 31P-NMR chem cal
gg' ;; ofy aﬁfrﬂggg%éeéﬁlaﬁer )éctom%aﬂsn%f%agef&ﬁmﬁﬂaeI‘f@nﬂp%;icunaerb arcgegofe or eL ive
ys ule, serv
Ater oi ghColR oot pgn. by RRREAE dhcHi8an by Vel Bhlioh W 230" 10

cat al yst \/vé’éngBP’ﬁ%BallE)?én%-ﬁe :?98410 %%?hem s of Ii gand C Using the nethod of
Maverick et al. (lnorg. Chem 36, 5826 (1997)), 66.7 g (240 mmol) of
1, 8- di chl orm@ntsbaseiig@oepoddds Dfgthé. i@rmdla) 101 KBthBhBag ¥ 50 Inmol ) of

Qud 2 ang k13 4, "in®fr. 8% can be obtained, for example, from the
corresponding 1,8-dibromo compounds of the formula III (a, b = 0;
L = Br), e.g. by metalation using organometallic compounds of



A5 strength phosphoric acid were suspended in 500 m of nitrobenzene and
"the water was distilled off at 200C. The m xture was subsequently refl uxed
for 72 houpa 2&335 cooI ing, the sol 'ijs 0050/ 52634 58 product was taken up
.in methano 38 I'Chl or onet hane, evaporated to dryness and washed with
acetone. An_8:1 mixt

1, 8- di br onBikeHr A hjlﬁne?‘lq HPoRBEEL HHi P Ban FRT SR HAASEIAE® &5t ﬁpﬁed ina
yield of 46156(@}%56ﬂu?h*e0?%ﬁft19n2‘3“8‘g’ besangyp|preferably BH;, and

1, 8- di br onoandairiauiofiohke ersa lsusgeditisdang 2&Gpaoundobyneednseif. aAt 10C, 9.9
g (260 mbér@hd\iﬁﬁkﬂe!\@faﬁol@dd@drsdgéwipyerastddéhelenf)hbupeesaﬁcéulfsequent|y
stirred gt Sé&g aakawrrﬁetaﬁh%ymmee 28 £ DPAY 1(1%%%0055&11191‘ ofce,
stirred ana ter ? /éjer rfeduced pressure. "The sol id was subsequent |y
suspended PR ﬁiﬁ]lurﬂ $ Strength hydrochloric acid and stirred at 70C
for 5 hours, after which it was once again filtered off under reduced
pressure, Rasticthanthe geQnnsaPnRARY @ndeBnR3Rie the istaxadngtcomRayndst of 14. 8 g
of NaBH4 i mha@5fbrmiulaf IISopreopavahtageditslyl bedeedd wikhf arhdldgenrs, brought

to ? PH10f cémpoumfdiet tRE SrniillaUiigl byrRe coit Qit'dl@nﬁelk‘d,lnf thé gfgﬂieagé gEth
sSucti on an € wasS oDtalhed In a
yi el d of 1% gg%‘b g‘fg}g OP I\i‘\%eor a)biych‘)ﬁlé(}(r)ﬁ@?g%g%ﬁm% of

1, 8- di bronoant hracene and. 0. QS €3 p-tert-butyl catechol were

di ssol ved TRegeRIMRPUBLSt %?%Rén%f‘dc rﬂééPB Rpi Fﬁn4l?>e iphtaghedt H&¥e in an

aut ocl ave ksamplen byt esmethnd @inrlogeusds $hht edpaotibpdsby rRedgrgeni1soC for 3
days. The aeactmmnm Eheme surs @1t} ardssd (W0Dh) Lfporelarengg hetequeous sodi um

hydr oxi de %? oSk MaEhgdrvbid bhhd £ \Qﬁt gyrrdN€, Qhaanés phase was
separat ed gff and £4300r Al asheolle sepis vﬁég\f@ghgﬂ@ é%ﬁ'x@l e ngeaggoiéom

met hanol . nt hl’acene t-al ne 60 g (55%

anoa
of theory)! W" 5B "5“92 aé)pfgg h?r}bﬁ 3 pyrrol e
t oget her  witERclkgr idey r&ﬁyﬁ?%fﬂfﬁ&ﬁnﬁ%r%f A éEEéHl?W é"’r‘é&ct?tﬁr vessel at -78C
under ara@onriéth¥lapihelstakiolg agkount exthythandheickkdomestvierf dbdst he mi xture
was stirredeayeidi.ght at roomtenperature. The resulting precipitate was
filtered off and excess tetrahydrofuran 35 and triethylam ne were distilled

off. The r S|due e to e t d ol ut S
stored. 4. V@%ﬁmﬁg) ff y Ly ?%alfr)l%%n ?cagieclgﬁtes etgh}é-g&\:my\?h 150
o of dry E8r &iiew rai@arﬁ POTROYIST YAER cFhe PRAGOIZHC,  and
12.3 ml 25 talQaBlClﬂ)llar thebmﬁ%ﬁelnFFhPﬁrﬁ stcﬂrl‘}tlﬁéh W%%&n@l‘(%d'-hﬁ mol ) were
subsequent kyraesisshding sharming cospomsdss tHal PRRIRSt or SBOLEn®*RY. hours. At
-70C, this mxture was added to the previously prepared sol ution of

?: :%r r ﬂ)y %Bbeﬁ&h%rt%%tgglg Oéén%ﬁalu'nast phiiahar? ras Iurauﬁgnsfn %b@ SRGRBL LT gd
and the soPtasiearia BEheRladd. Mnbo ek Bitherd e%%% o FheRbRroial |

the fil t3%PEORRROB R GFSPg%F’:ﬂ‘Fd ippgh ?e%ﬁecfﬁécﬁ/a% éaaw t"H“l“eoo%o?52634
59 hexane. t:rhetlpybvau@? M@¢%§Paﬂ?¥MWPBWﬁ&l%PHa%IWh’i_qhgﬁﬂﬂ ®e was

obt ai ned i meacyedalvdt(hf ofie Geqni(va3enbf of heher ppprépaaigiiec pHrHo ey dooponngl at i on
of a buten@/E Bierdliet thethis ipi@skhga sk A et i@rplanRieCE) 2pcac and 75 ng
&

of ligand Ay ﬁ%}?r%fl thogérgﬁ@g/ Ehosiigp.ratio = 10/1) were wei ghed out
separ at , eacﬁ I SSO ved inb of toluene, m xed and treat ed at 120C

with 10 bar of synt heS|s as After 30 m nu Q

m xt ure wadh§epFRRARILBIO! 1 20? b}&’f%’r{@%’l}ﬁt SHF g GPEPS 6’1an *But ene,
40% of 2- bgesnied 1B% &Y Quft‘%ﬁfm apatedufetoi hhewe ciessrdbe r’éhctl on pressure
of 20 bar wesrskédmin 520637 NEAIS ) odndCJei2aheddgn 5Aft @R8AL HAMOS) , t domd
autocl ave was pespathtiba of Cedel bikap, 15-miidobplhetindeti 6an e datksed r eact or

and col gd r3R) aWé‘s&Q@leMZﬁ‘il Py o@eanéhé}ﬁ %as &‘bépmtg@@r aphy -tpEhe conversion

f but 70 I t
95% “(E.”ﬁéﬁ’??gra? 7 870 Fhe D RGeS gff%% 5 ne%”%?*ér&e SeBEpeLy "
Exanpl e 6 [&r 88 ?ﬁﬂr&PFSnl%fJaoﬁﬁteﬁlé?‘butiéne ?f?(kt‘ulrg@ dsing Iigand B 3 0 ny
of Rh(CO) 2acac and 79 ng of ligand B (57 ppmof Rh, Iigand/rhodium= 10/1)

wer e wei ghatleostasteiiry abapyundaaiI?2badiss @ vedptycenegldket cdubeme, m xed and

treated tﬁf k@2t ¥ tdunl Bebprepiredly Rhh8 SkifowdP mahhés |'ﬂom 1hd) coifdspbnddng

m nut es, %%tglég;;&{rﬁo M0 S EPL X s‘%eb;sdtheﬂcog 9.3% LRdhANGY xture (45%
r

of 1-butené ut.anes en |niect d and t he
m xture waPTRGHF T Pét B’de%at d tf()e’ebaFe‘?br Lf ROTR-e C?e “TRES-
conversion of butenes was 58% the al dehyde selectivity was 97% and t he
linearity was 94% Exanple 7 Hydrofornylation of a butene/butane m xture
using ligand B




35 6.0 ng of Rh(CO) 2acac and 161 ng of ligand B (112 ppm of Rh,
“ligand/rhodium = 10/1) were wei ghed out separately, each dissolved in 7.5
of toluene } d treated at 100 ith 10 bar of synthesis gas (CO H2
. 1:2). Afte?ogw%gﬁs t he 40 mxtu:%ewwas depr essurized, 6.2 g of

‘but ene/ but 45% of but ene, .. 40% ut anes)

wer e then F ﬁd éﬁgﬁ 8 )XttTJ 6%5%’ ar ré}h%zt ZSE p'lé ?:E Q bar
for 4 hour§°c Th7én céﬁve%%‘*%r‘ 187 1p it Endd-nEReB5050%-nd4a) ﬂ%‘fﬂ/dé%gpech vity

- was 89% andrghecHeimea®; t370ds999% Clem. BOSO/B2%534380( Bl d.80rg.

Hydr of or nytrém 05 19f 921 byt ose yubynpidisgandeB Bedtignoifih(KHa) 2acac and 162

Sng g]; a!tie ag ge%:%] d:ééﬁo%fgfﬂ& acéiPiRdst BedhHRes 1Qﬁﬁrrﬂﬁlr%n\é\/8hgh:? 28})0
Wi th 10 bypagxf-yl 2OLYES Dlefsonfhdl £ed tk‘i—‘%ﬁ n{yyggg d i82Efdn.

EsL'S n nu fhe mixture
was depr esB&Fi Zd 5 £6 o %862 Bﬁ?e%'ec'\ﬁerg Fhef9-e P?ed“a?rﬂ? the ni xture was

hydr of or nyl at ed at 100C and 22 bar for 4 10 hours. The conversion of

2- but ene was p¥¥parehehal plelvpdenseheldtievicompomsdD 2% ahe fdmnuliapedrand, was
95% Exemp&@ Brdiy dhef 86MpduHdsOB £ Ofthd -fEmane U6l My kegetibiB ok5the8 Ny oOf
Rh( CO) zacag ? aAth EHeOJorJ o%ag :Eiam(iuﬁmran@f HB*npmksR@aneiﬁé RRbBhgs 11/ 1)

were wei ghe t a i ssol e of toluene, m xed and
O&f °trﬁ‘ i ﬁaﬁ fd‘f'sgy%t NSRS ggs E(\% ﬁfgé 1:1). After 30

treated at
m nutes, the 20 m xture was depressurized, 2.5 g of 1-octene were then
i nj ect ed afid the aaset of ecompoungidr of grhey [fermsdlatII0de wWhich @ bhr=f&r 4
hours. TisethEosviEy Sidoantagedifdy ther pddenydby sedtadiaitybh ybyasaB3%ofingh t he

linearity %éa:&ﬁnétam@cpé&wuhaoaf odn erlk%.QﬂE!ﬁéta(lrl RRBA&AdbIY lagononanal ) was
100% 25 Eémi ok uﬁlcez(;;@%@td KGR XA Bl % %ﬁyka{%%aﬁf&fm&ne
using conparat [ Ve li gg L n.[% ng], i 2: e%c cong)aratlve
li gand CLASE B3O S R VYA (?g HErE §hed” out

separ at el ySeR¥EH &I F€aBELRRI B tEeSC‘@)’:’EﬁSWF’éﬂ% a]rﬁ%}édm‘éhﬂl t¥€qred at 100C

wi th 10 20aprefemghiyhdsthiyms (COH2 = 1:1). After 30 nminutes, the nixture
was depressurized, 3.0 g of 1l-octene were then injected and the m xture was

hydr of or nyhat g6 f{qi896nase HHd PRAIRT Qhd4uSDPHIOHE Sto HhE sCREVATSHe@N Was 79%

the & gg%ggnﬁ&l REL AL Yol %M& gdgﬁl%%ggbngﬁéfé# UBRpdiias BaeRL OPOrtion
Hydr of or ny £8F 'glrf‘&f °f. H:t’e'hé‘v §Bn§ Ja daﬁeo W?S] "of Rn(CO) 2acac and 18.5
mg of |id§and C (60 ppmof Rh, |igand/rhodium = 10/ 1)' were wei ghed out

separ at el yn‘oea@&i\mtssoheecbmmuhds of dfhedifphmnla HiThén, wiricle@ ,abhd=tleat ed at
100C 45 wi tih 19 dueralllgymddhewcesgasy ((dOehBley ld Hepatbteradiivatnoh asy t he
M xture wagedepr&s Shhishet 114 c0aPkatli HekahCcdfdundBenTh Nicrad , apgk t he

m xture was hgglocg %g%hé%éd%o%om% qx thFb%m OQJrndé H 4152% 61 hours.

The | R
T onad Hal BRI e R FEeRes ropoivd 85 ryegfrgﬁ{%fa FegeiBRG WP

ligand C such as trlethylamlne or an alkali metal hydride or alkaline
earth metal hydride, for example sodium hydride, potassium
hydride or calcium hydride, leads directly to the novel pnicogen
chelate compounds of the formula I or II in which a, b = 0.
35
In place of compounds of the formula III (with a, b = 0) in which
= halogen or SO3Me, it is also possible to lithiate compounds
IIT in which L = hydrogen and hydrogen, an alkoxy group or an
alkoxycarbonyl group is in each case present in the meta position
40 relative to A2 (A2 = 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; Vv. Snieckus, Chem. Rev., 1980, 6,
879-933). The organolithium compounds obtained in this way can
45 then be reacted in the manner indicated above to form the chelate
compounds of the formula I or II.

Qe



6 mgy of Rh(CO) Zacac and 124 ng of ligand C (119 ppmof Rh, ligand/rhodium =
"10/1) were wei ghed out separately, each dissolved in 5 g of toluene, m xed
and treate gg(gggg; vvlth 10 10 bar ofdéynt hesis gas (COH2 = 1:2). After 30
_m nutes, 8 ure was depressurr ze 10 g of 2- octene vvere t hen injected

‘and the m ure was hx %Of | at ed at OOC q#é lfo u;‘ I&ogrs The
linearity wa® ¥ aHq%P BVt‘i:?}?Poéan PE ot SOFRE %n 88 Bhanal )
was 100% mseméprle 3n Q'tﬂ)‘r?ﬁ&Pét‘f‘%'e“eéfxanpl e) Hydrof or nyl atl on of 2-octene
usi ng conparative ligand CLA 0.9 ng of Rh(CO) Zacac and 8 ng of conparative
| i gand CLA1f 68erfur®170thé ddtallysgansy rdadilyst pAdduksoneresekiighedchut

separ at eLjycaQé‘q}edbSﬁgey@& 'u'ﬁdér5h ﬁf&)ﬁ{@@@lor{ndﬁﬁdléﬂ&xé rﬁ‘l%Bed at 100C

with 10 bar r. 30 S, L Xt ure
was depres$ E?IZY?I cag‘ig §c&f% g%,- omfértét ét'{“ﬁ 3 gﬁgf ure was
hydr of or nyPét%d“eJta 1166 ’éﬁ'ﬂflf@%a?r‘?‘iﬁ ViL3s @ %‘?ﬂfers?’éﬁe%’ 74%
t he al dehyde andismonyvieytagkningsddaarf thetthé%Frmltlyi \X/agr SHDnamphd, p# odor ti on
of a-isoneysate-imiegeas whicodependlgn wae 8&2endeamgl eyge! dfc oepal aand/e
exanpl e) 03815l BrdteMihmbd0bOtodrdiiAIOhDHL 86 dBosbiee BiSithe COgRRd ative
li gand CLBg 6 &g, r% é@@éﬁgﬁe%ﬂ e qadeﬁemmqyaatvelé Ia%reﬂeg%(m

ppm of Rh, Lgéan hodLum 3, were W vve| %g aéf'litel , eag 5 1s
di ssol ved I'# off Pxy PR, L mitRE S SR S reéte t "1 Wt of
synt hesi s Qﬁgf‘E@@lHZfrmi 3)to Rf‘t &f d®pifequt Bhe qAMPLAKFSE u‘?fe t\ﬁ& metal Z
depressuri wéth g Jigapds tﬁjta@ﬁerémeri@ bRt BF%SG(H%WUPHHl%tI‘@HerILWBrof
2-but enas tbiprisehatahesst vanee atilttiaudedigand titeichi X6 unet wasording to

hydroforwltﬁée;gkééenielegvm&o bag. f@rll%aﬁdheélresoteﬁher&ﬁ) ©ngebapon of

but enes wag 0N £ilde gl de ﬁGL ned [ ¥ n! oagn@rmﬁerlylnear' ty was
95% The un e ol et e}gl USi e? s but ene,_ 1,8 only the
1- butene i R ? TR&yet ﬁFéa%]sp 5} aﬁq BLEPRand 8 as prepar ed
as descri b@BoSPhORiGEesR, %ﬁh@ﬂzem ("—f99 ylphasphdngsed 62 Exanpl e 15

( synt he<i0os pbbsphagmetd 1 Dpcenes .g SUSR eonnlexes PLIitheymetad 7 withydigands of

car bazol e wegetdialg wot An@ Mbtrlacebrdingedao ehe apyelenftulaverttlidn) aner e pl aced
inab reaQB}:ﬁ'&i V%‘ielex&hpl@5cx‘nuHﬁleéqﬂ"ﬂﬁ'iumlﬂe&tg.oﬁlaﬁm&hQion of

triethyl amneg 4680;4 hddiaBoftainy RoiRle | PbdAACLAPIIGH UbCa WS
stirred overnr (a},t é %n e&a%;(% ‘gfee precipitate torne vas filtered
of f from t RE™PTYHIG FBSCTOW &E%p%er reduced pressure and excess THF
and tri@5hylamine were distilled off, 10 going over at a tenperature of
60C. The ré&si dugae/f&erdkertbQQimentBOthﬂ hyldrpfoxryiatded carmiysitisgare
triethyl amppepilyst Aahk@th din WhieC bed€sy piskat eohr Wi hyhief@d\yaiaftloi{ he

sol ution obgipedh \A@%wawf ed akkhréd, Va3 PROSBARAD kUEADGIrestatd 0 (13.3

mmol ) of 1, 8oaibrams &1 6 erlopuidd &%g%@sp&% q Qgglyr_éd"b 50 i of

d d THF 12.3 nm
AN m?&?flraro r%fcglerrb?%% S5 BEEBRATS (e, GALOIYTioh Cdnthn PREEERE wer e added

dropwi se ap#ver¥iay iph&ibidia iCORPRRRA Fmhet EOTMHE Fi RF Ut \Ba§°§‘P?‘1"P‘Ed at
-50C for 20raactdmplex hbua stetadsoft trapsikibor geeuroVISE, aibrdesiippdaere Thi s
sol uti on wag mohsemdentibyabddednds wi{th tazet het piciordtisg yepreheapedsém uene
sol ution. TheehEIMeALUS ﬂ;nailfﬁ eﬁomﬁrv@tqnge@gédtoeawase kefcthal o ap0C by

I ft ted
€Ol NG.3cAfLer . LU B0, ERL, LlONY ey IS A2EELETLdHAALYEE, WaS evapor at e

under re pressure fhere en up in chl or onet hane,
evapor at ed again and stirred after addition of hexane. The resulting solid
was recrysfaitablkel nheddumf eeRRONSES n@X [aTPlexes rare i aRderamRd®-ch di spl ayed
a singlet ahodidb( JIPmand tied iIMPIKIR OBE18)ch 30 Bhadphe( 1B ) chipaided ve
exanpl e) StabagenOfr I90AREF&dd ,V@hbl gamdr 13)Csal £faeonpotapeiwh WhodCampar at i ve
li gand (eCopas Pée%roeéuﬁe;xﬂ,e%ef irREali drky 199 5c211&,§fl%te1heﬂ§ammﬁr§ | eads

to a cl ean §ro uc‘%wma}\ﬁ? &e}]aundcl\a@lgé]l r{%?&??)%bl‘%l ft i 69 ppm (C606) .

After stor oun room t enper at ur e,
an appreci & PEIGETId )c 8P at‘rﬁﬁaWﬁ‘gnb‘b‘% F’é Y $F8:NVR showed

a |igand de&yediemniqmpdrxesoguddp aExém@wl(rbe%ar @Fﬁ&élmaé)e'
Hydr of or nylaattphacdtohatobineetigilene) shatiagd It e¢tonm aeapalsd wudtable.
45 Preference is given to using dicarbonylrhodium acetylacetonate or

rhodium acetate.



1.6 ng of Rh(CO) Zacac (dicarbonylrhodi um acetyl acetonate) and 36.9 ng of
“conparative ligand CLC (106 ppmof Rh, ligand:netal = 45 10/1) were wei ghed
out separ ato 5%/ Q di ssolved in 1. 549 of Pal atinol - AH (phthalic ester of
. 2- et hyl hexandl f5r om BASF Aktlenges : mxed and treated at 100C with 10 bar
of synt he5| S 0050/ 52634 63 = n &L tocl ave. After
30 m nut es RYEREHI% S Gﬁ'gsv&é égo Rdt %W}Lse ?ene vvé"ra%itehen added
and the m FUGPENIHY 9NEFORER °§t éﬂa‘aﬁ’lem@étﬁﬁﬂ“i’l‘)( ItHr) FBICOZd%ours. The

conver si on ra&be®BI(IThe zhthenidm(YED) cex jnithenjam (CEh)andidee & Kalpearity
was 99% Thetakl €£1tsyiofy ritthenifvar bab acidmes.gaskARu%y d&xHRWog. 18

(o g npii S Sl aon ffg%rgm@;g;mzf;?rtszg.%55513030
106 in}e £ o uth tely, h
(105 pom ofe B L T R R el s Soeacatan sach

of synt hesim§xgasfeums Hp which)CO kpsebeesy RALHLY e5ePYas@dnPYt h%%a'\ﬂés°
depressuri zhe, £3rignlaf PR3 poe ane Rug€e) (PPhhken dddebe lpranesssobfthe syringe and
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100C wi t15 Hobhat adetstet, hesbaltgashylThikkéhoate;, 2¢obditt evap8Ohenoattegs andhe

m Xt ure wag1@8PERs Sebbaledcaprdl dtahmale hednpiexvwenerd o, it eltd gbsandlé he

m xture wag hxgg %19{&:!86 tegm e,JeQOQfaesba?l% bar, fo&ct‘hé&?ﬂﬁﬁyl&-%bﬁqevers' on

was 25% the a 3 | was 45%
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degradati on products of the I|gand The reaction product mxture was a

yel | ow hfriheneompowwisumephioned @pd Eusthest spiigabie Bompopads 35 sobalpitat e
was observeatodfitim) ddthehydihodod Miditmnare rknbhe aadaref coimeseilzdilyt ut ed
pyrroles, %Ja@.@aﬁi@cdrpitﬁxéﬁ.ﬁ 1Ak i R SES g £ i Exanil e weQ 1 Eaeeddipeat snon the

stabil ity Ghe E. R0t f3:A0 0L gpdY 2B gf%ﬁﬁje\ﬁegy'g g2Gh2s R0t AR Shenyi

war m wat er presence air @ﬁ vv%s observed

Exani nat i orf B’ylél"b W%hS% ??&sdéﬁr%}a%t NP SRS The 1 gand was
subsequeth |y stored at room tenperature wthout prot ect lon from45 |ight
for four weskisabheracttiveting agdndis ehangtomvesavbser Budnserdndgigsi-on by
31P- NVR shawed snac kg adat. i BF; ,pRAdUSE ZnCl, P0AM 52634 Bakdsxanpl e 21
Hydr of or myl ati on of 3-hexene usi ng Iigand E 5.4 ng of Rh(CO)Zacac and 174

my of ligangd E é&%gtgpprﬂrgée&hcfs ffot smg%ﬂé §&@ggm nO4te

t el t t 100C
separat el cconc a0l Vodholad 8h SEIRTE LB A H el et To0C
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hydr of or nylptoddcss dPGAdahdecdmdnmatiod: Hurtherijuitable Bsolventsl@rehe
conver si on ARmab88s suvd akdedblikhes andckyleries , WagdBoCarotst be nmixteaesty was

98% of hydrocarbons, also for dilution of the abovementioned

35 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
methyl ether and tetrahydrofuran. In the case of sufficiently
hydrophilic ligands, it is also possible to use alcohols such as

40 methanol, ethanol, n-propanol, isopropanol, n-butanol,
isobutanol, ketones such as acetone and methyl ethyl ketone, etc.
Furthermore, it is also possible to use “ionic liquids” as
solvents. These are liquid salts, for example N,N’-dialkyl-
imidazolium salts such as N-butyl-N’-methylimidazolium salts,

45 tetraalkylammonium salts such as tetra-n-butylammonium salts,
N-alkylpyridinium salts such as N-butylpyridinium salts,
tetraalkylphosphonium salts such as trishexyl(tetradecyl)-



Exanpl e 22 Hydrofornyl ation of 1-octene using ligand E 15 5.1 ng of

"Rh(CO 2acac and 342 ng of ligand E (100 ppm of Rh, |igand:nmetal = 20/1)
wer e wei gh rately, each dis lved in 5 g of Pal atinol-AHO, m xed
_and treategﬂ)a#wtfo%%qa th 10 bar of syn?hesm gas (CO H2 = 1:2). After 60
mnutes, the mxture was, 20 depr ed of 1- octene_were then

i nj ect ed ar?&m?ﬁ@%r’r‘ﬂtﬂaz tRas® dr o%’ﬁ%‘?ﬁ °i§ff€"aﬁ8e§5t%%7 (COH2 =
1:1) for 2Waghlqmale@ﬂ%?%$oﬁle\mﬁﬁwahqsmaé?ﬂeWH@I&@P%&‘}% ty was 79%
and the |i nemylayesvas 95% 25 Exanple 23 Hydrofornylation of a

but ene/ but ane m xture using ligand E 5.0 ng of Rh(CO) 2acac and 170 ng of
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showed no ﬂggéo&‘pdrl dygts. The ligand was subsequently stored at room

terrperature WI out prot ctlon fromlight for four weeks. Here too, no
col or change was observed. Exam nation by 31P-NVR showed _no degLr adati on

product s. 1@@3#@?&%%@&?%@% FP@%{%EF ERPPHNA T RF (T4 §o the metal
ni t r ogen20idf ¢gdagkbvioh@roupi YEHd iR thetkydrafeormubation @¢divm 15 100C with
Rh( CO) yacacgemedaaliy et hd3Padgé ofrom hbous.1:A THPIOMR Specefanally tfirem

yel | ow, hompgergoyso ! £2GHh plrfladide fres subsRAgeni|y neasured. No traces
of degradati on products were found. 20 Exanple 26 Reaction of ligand E with

air in the sence of ca Eto her with Rh acac were
di ssol ved i s&FBEﬁ% S&Hd"a%’??)r/f %\7Q$Xﬁ ?ﬁ°ﬁ ?orétplfoct?r%sgg é?ature
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to the di oxorde orH3PHe etdhylenbsalbiiennsptutaiestl dodbladboridet.ulbhes@ms agai n
stirred overfiighe, afor apeaPESRIRING. skuRtsal-o0f bys 3lidtbbfashoved t hat
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t he presence of % egc urther to
gi ve troﬁ%l’emeaﬁgrjacf’ﬁtle%'p}m n&r2 %%def%?d\edf 91 of a
but ene/ but &% - xture using ligand F

Preferred branched, internal olefins are C4~Cyp-olefins such as
2-methyl-2-butene, 2-methyl-2-pentene, 3-methyl-2-pentene,

35 branched, internal heptene mixtures, branched, internal octene
mixtures, branched, internal nonene mixtures, branched, internal
decene mixtures, branched, internal undecene mixtures, branched,
internal dodecene mixtures, etc.

40 Further olefins suitable for hydroformylation are Cs~Cg-cyclo-
alkenes such as cyclopentene, cyclohexene, cycloheptene,
cyclooctene and their derivatives, e.g. their C;-Czp-alkyl
derivatives having from 1 to 5 alkyl substituents. Further
olefins suitable for hydroformylation are vinylaromatics such as

45 styrene, o-methylstyrene, 4-isobutylstyrene, etc. Other olefins
suitable for hydroformylation are o,f-ethylenically unsaturated
monocarboxylic and/or dicarboxylic acids, their esters,



Ligand F displays a singlet at +105 ppmin the 31P-NVR (C6D6). 5.9 ng of
"Rh(CO) 2acac and 158 ng of ligand E (106 ppmof Rh, 40 ligand:nmetal = 10/1)
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al dehyde séPéc?‘PE?R]tYSF‘ersGB/q bytaddgpety = 84% Over the entire 20 period,
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war med t29 rebeptempe3ahepteravd 2sgbtengierd-ogtene | hcagtene, 18thoursd 13.7 ¢
(38. 8 Mol histuxeanthieredeol were then added at roomtenperature as a
suspension 35 in toluene and the m xture was refl uxed overnight. The

i et hyl f fs h
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300 M A5 @iEknee offsichandn H#Té%lﬁﬁsrﬁc?ﬂ'g’rééfeﬁt?%r?‘%&§ evﬁpm%ﬁré‘e and 100
m of net hdiokaneskefinensSad e, xthoeai mpladehi fer sexamipienntke fZi@glehi ch t he
sol vent wagp1eepas adtﬁsillméddmatraz@bitea etiidr@r osliybmdrigattibh perdhane, the
product wag, QQLak %&k@l&i&hﬁn\ﬂm bt ét&i, i @h@sé/'ﬁledegge%/éll(ySJ-p NMR: 105
ppm . 45 0%50 (?1]26534 %% E_é R% Qfqr gxhdi af aft /but ane

m xture u5| N acac, an #E 98 m
of Rh, g‘ﬁﬂ-" eﬂarb%o?‘i %F@r\%\k‘? rFéHtB‘B? n@ﬁ “’é%g r?r%dr"gé*(ol vegp
in 6.4 g oftYPGI aen o lafiingdobfrinede Ry et nele’éeg%‘%’ﬁzf@lﬁarlfbf“?ynt hesi s gas

(CO H2 = 1p2pserf¢ evf J@rnpusitetalyht sysitamse ees. ddysr psedenimantly 9 g of
but ene/ but an@eli XdLb1R £i48%bfaihddut fnehe 43%¥sehce-dfitARgLalafmin but anes)
were then i8¢t 88/3NAntilR tetrachloride catalysts, and the a-olefins
35 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
dehydrogenation of appropriate petroleum fractions, e.g. kerosene
or diesel oil fractions. To convert paraffins, predominantly
40 n-paraffins, into olefins, use is made of essentially three
processes:

- thermal cracking (steam cracking),
- catalytic dehydrogenation and
45 - chemical dehydrogenation by chlorination and
dehydrochlorination.



10 m xture was hydrofornylated at 110C and 15 bar (COH2 = 1:1) for 4
“hours. The conversion of butenes was 96% the al dehyde selectivity was 100%
and the Iigﬁgroi/ts 64as 93% Exanpl e 31,45 Synthesis of ligand H 35.6 g (242
_mmol ) of 5-méthylindole were dissolved in 1 1 of toluene at room

tenmperature _and cooled.to -75C. First] 3 (1 222 .mol ) .of. triethylam ne

and then 18P8TH2¥ ﬁf(?.cgl ot 5345 pﬁﬁ%’?’iér\]}élyeggu%'soéqe%éﬁfryw%lol(fe&hﬁy neans of
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250 nl por doshie drondl dEpBeHEAtISReand I RELEHPRY ReRathe8ASwas evapor at ed and
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whi ch t hg sol vent was separated by decantation. After stirring with

pent ane, t2§§gﬂgg%{du‘g@§i9£ﬂ@ﬂéﬁq ASxPuddNGnBh tfres Qi dablle 2 @kd D 64%
0l

(31p- pMR e 3D | e dr of.qr i on . t ane
m xture us FP%%%f(frﬂygégfgnrb ?g?’%ﬁ%&fzg‘gg%%%%&ef%e%?%ﬁ%g% (116 ppm
of Rh, || gftdeREet | fronsAneng i burERsRe i Rutentsy HASFFOUESRIE 0l ssol ved 40
in 3.7 g ofdipoppenrs, HriPHORENES,r EAEERPLAPCPROC W EITEE PArPWEN®ynt hesi s gas
(CO HZ =1sl:iBpmedéi eim Parnicuilass rafliénatetiln, edibexaetes,edsmeryemd 3. 0 g of

but ene/ but @18 gBh&# !N omd efie b imeridbl eNsroctd% 6f PrmuttaeeociSopriocks@nss)

vere then igahect gk g Jhhge i ddess, Wase hydrof ornyl ated at 120C and 17 bar
(COH = 1:1'@}l for 45 4th1]our;B. The conversion of butenes was 98% the

al dehyde selectivity was 80% and the linearity was 93% 0050/ 52634 68

Exanpl e 33 PSPAPRRRTS 16f ILVERAP @ BFOGA HEsMEL1ER HiSINEBPIP-m™E 2E36Pm  of

THF wer 2Qlcatedlysh s prgpererh esdth bind@ackiing odferleasy ore rgompengdnebl ) of
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stirred at ours, and then to warmto roomtenperature
while stirring. About 600 ml of water and then 900 m of ethyl acetate were
car ef ul 135 FhGehY AFRE Y 1AL 4P 1keaREdOR A P GaTDIRY OHfe COBFIW S Hed was
filtered ofsemandnivemivedlyi oh hattohylieem et her. 15 Yield: 65% 33.5 g (859
mrol ) of potassi um were added while stirring to 600 m of tert-butanol and

the m xtur g Weapst i FdRdodt BOC f Qbonfi RGOS redBLibn akk RholherPahassi um had
reacted. 46410442 Ml 220 Hla WA BeseLiddd, v QXA B80T £ SHDERANEN | Y
added. The m x{fure. was heated on sapnd bat v ndlt tert‘-__butarlg 1
distiill et ERevEinRt 5T e SRR B A R0 9 nt L hat S ESREF R ouSd L ¢ he
t enper at ur ®@-r 348 £6- 190C and a white vol umi nous solid sublinmed off. The
reaction tenperature then rose to 300C and was 25 nmaintained for 1 hour.
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PC13. 15 g gtlis®emmaid apf intexndly|ldmene were subsequently added, and the

m xture was warnmed to roomtenperature overnight. 6.7 g of xanthenedi ol
ner e Susw&qﬁdcbmpw&ti{sn BEE%LF %‘%@h@gﬂ;@%ﬁé) cbﬁﬁri@:_ﬁﬁ;{ 'cQBbBi_x%ﬁdH%acidénd the
m xture was_subs n e :

hydr ochl orit éi 3&@939‘??’% é”réSS o#]l‘%’eet g\égégé ek Srééénet %ﬁ ?glm t he Pi [trate

vent Was repove
under redud@FYpFetain & ¥igde: FRP9%esithGem M #@?‘?eﬁgio TRePh PR G SRe. The
sol i d for mdwdrageni +1 ceaerally Arondebedt 9981 40 20930 PIPERIARLY 8B . 45

about 40:60 to 60:40. Particular preference is given to using a
45 molar ratio of carbon monoxide to hydrogen in the region of 1l:1.



0050/ 52634 69 Exanple 34 Hydrofornylation of a butene/butane m xture using
ligand | 5.1 ng of Rh(CO)Zacac and 175 ng of ligand I (101 ppmof Rh, 5

|'i gand: et glyg /§ were wei ghed outggeparately, each dissolved in 9 g of
. THF, mxed an8 reat ed at 100C with 10 bar of synthesis gas (COHzZ = 1:2).

After ut es, the mxtu t ut ane
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sel ecti vi t pra@sud8Wfaste t feadtioeagas yatwahec8hosdix amgaceidd tenpSyrthesi s of
ligand Kg91f §&S%rHID! tnofpldaand KsWek & ¢ange! Fesh iaboxy! enes and barj xed at

-20C with a%:d;(}% V\in)l Qf §§63ba20 i QJ:%%C@%H}.] Jer8h LriStIng ggLne were

subsequent m X} ur.e rred t.Q_r.oom

t enper at urg}/’ﬁn’cﬁe%‘ﬁﬁof‘ear B Sreivity of

t et r amet hyl"—i%ﬂn@?i‘éﬂie@ﬂ’éf-'@%‘?‘@ d@ﬂ %@ta\’]&?r’h P%‘ﬁ‘berlé’t SFéer o ttb‘r"?e m xture was
stirred forasahyatrss odnthe (@ressoit| duvendion Hasedton PHOspiereus-,i ArAGNEET ne
hydr ochli@r bgeah©inted-voatdidimey edmpbindd fad 1uy| £ neeasadoneapved athdely r educed

bressure 25¢3ng dirkssi dug. was cilbSsalaedobi_ g1 chlgpopgkhane. The sol ution
was purified over activated carbon and silica gel and the sol vent was
renoved under reduced essure. Yield: 37% (31P-NVR, 106 p 0 Exanpl e
5 By ar of oG B oSTY b LT ABEEHV T YRES, APEOTRATN, b GandHesen

Rh( CO) 2acadnunetiss ang bhe | hysnedormylariqafrbelydts Ofghhe: PRASSNt= 10/ 1)
wer e weilghddventisepanabel sepagatckddfswolthed r88ct iprn7 maxguné dfglegenbe m xed
and treat edyatod&ify1aitt bn lfedtrioal b yimdteaiss kgown (K(dOth8se dkidlledAiher 30

mnutes, tReaNLXE Wy Was &'&m&a&yr bé efbused0 £8r Of hd HyARBESHhANR iBh Xt ure (45%

of 1- butene 40% of 2- but éne, Yo of butanes) were then injected and the

m xture was_hydrofornyl ated at 120C and_1 far 40 4
hours. The TRENARPEEIFSGF1BA %%ﬁgs gt hBr‘a%%n)}&é(egéf%%t“ﬂ\ﬁ Py was 98%
and t he 20 gsomprise mrgéwom@und@osé/%af&melﬁxhrﬁﬂee sgFtaRdR o8 nyl ati on
of a but enenbuthseelEcttive chydiafpringyaribn. The synt hesi s of ligand L is
carried out by a nethod anal ogous to 5 that for the pyrrole derivative. 5.9

?OJ/ (i; \;REE gg\)xéag f%s&Z}Bg?aﬁ:agbg@Q%én 118 Pgrﬂnﬁ?tfobRthzéd %}pgorﬁteﬁle =
ni xed and tsPéégléﬁe a"tquﬁ’ﬁg'wt% BB§$ soﬁt g é S§l ;ﬁ(@
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m xt ur e (4§@ngthn@utge‘néps4ﬂ%f<ﬂb12 aatworlswws'bmd&ﬁée}l%re t hen
i nj ected angafbénd) *tereThey dnedrbboraldatsadtabld T and 49 did-Etate =
1:1) for 4 Aedigstdhe conversion of butenes was 16% the al dehyde 15
selectivity was 100% and the linearity was 94% 20 25 30 35
30 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
but likewise have a high activity in respect of the isomerizing
hydroformylation of olefins having internal double bonds to form
35 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
of the present invention.

40 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
possible to achieve longer catalyst operating lives than do prior
art catalysts based on conventional monodentate and polydentate

45 ligands. Thus, we have found that pyrrole-phosphorus compounds of
the prior art in which one or more unsubstituted pyrrole groups
are bound via their nitrogen atom to the phosphorus atom tend to
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carboxyl, @NESERY| HAvendionyafRr GXagpie J*@)‘T%éd-gﬁédﬁrf?%ﬁ%fébﬁ@rl?o for m a
C3- C4- al kyIIxSne PLO A3yl . Rppre®ishleRISrmatidl vfapelpetic imdepiricenchy of one
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acyl or %alysLs (¥here is thus a loss of catalyst and desired product
which, particularly in the case of multistage processes
comprising such a hydroformylation step (e.g. the preparation of
15 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
substituted pyrrole group and/or a pyrrole group integrated into
a fused ring system is bound covalently via its pyrrole nitrogen
20 to the phosphorus atom substantially suppresses the formation of
undesirable products.

The present invention further provides a process for preparing
2-propylheptanol, which comprises
25
a) hydroformylating butene or a butene-containing C4-hydrocarbon
mixture by means of carbon monoxide and hydrogen in the
presence of a hydroformylation catalyst to give an
n-valeraldehyde-containing hydroformylation product, where
30 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,

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

c) subjecting the hydroformylation product obtained in step a)
or the n-valeraldehyde-enriched fraction obtained in step b)
to an aldol condensation,
40
d) catalytically hydrogenating the products of the aldol
condensation by means of hydrogen to form alcohols, and

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



.Y is a chemcal bond, 15 R5, R6, R~ and R8 are each, independently of one
another hydr ogen, al kyl, cycl oal kyl, heterocycl oal kyl, aryl, hetaryl,

B SO 3M+, NEIE2, MNEl E2E3+X-, al kyl ene- NEI E2E3+X-, ORf,
. SR, (G4Rg8§§8)’§%? (CHZN(El))XRf ( CH2N( E1) ) xRf ,  hal ogen, |

'trlfluororreth nitro

.2 an wher j=X) ar e
i denti cal \éF‘II’? ear)énPngﬁ%/%% < ls %ozgsflrgm ah%d;é ﬁ% al kyl
cycl oal kyl C&ﬁéllhﬁ*ylcngl?én%ﬁi’r &ﬁéﬁt ?&‘?ﬁ [RPMPLRX A I § aé‘sc’:’éf‘ Bn, X
i s an ani ograng %Iils withi at ckpasti ppen ligand| o, the rmq;@a451 RE‘SaﬁGBéFdR~
t oget her wisithbe afidapeafetnsd AigahdssoHfthieh €otrewilze1a, r that twhichi bast hey

are boung iQem fafdsiibvel N8 KerEby T Havi giiraked2bp! rek drentbest rinigs, a and b
are each, |ndg endently of one another, 0 or 1, Pn is a pnicogen atom

sel ected fPOm anong the el enents phosphor us, arsenic or antinony, and
0050/ 52364 73 R1, R2, R3, R4 are each, |ndependently of one anot her,
hetaryl, h&ar ﬁNdX?fOIa!Wrt,loal koxy, aryl , aryloxy, cycloal kyl, cycl oal koxy,
het er ocycl oal kyl, heterocycl oal koxy or an NEl EZ group, with the proviso 5
that Rl fb“isR%taf@u{w mabeigl ORHIS tREURFUNE R rigtatid,0denisat peedidleheo

pni cogen atam Boyndy Ekchagey | fﬁfrewlwu%eaw aaxasrésog,et hepudreh wRenf orm a
di val ent gr og’g rﬁc n S{_:rul 311 V#Ic e pyrrole
group bound ¥ike PRSI JPE T cY l? en 3 om&g'set ;p ere Py
i s a pyrrol®mgF &89 Ilﬁbé‘tﬁ“%kr’é‘rﬂ &4l bB‘HEF”(?r Ri

Wi s cycl odidegkiors othighkaxg, aﬁWblarym &argehevaﬁ‘-wtlﬁs ﬁé?’&r%ﬂcoi’}anéﬁd 25

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

C4-hydrocarbon streams suitable as starting material comprise, for
example, from 50 to 99 mol%, preferably from 60 to 90 mol%, of

20 butenes and from 1 to 50 mol%, preferably from 10 to 40 mol%, of
butanes. The butene fraction preferably comprises from 40 to
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

25 raffinate II, which is an isobutene-depleted C4; fraction from an
FCC plant or a steam cracker.

Hydroformylation catalysts based on the pnicogen chelate
compounds used as ligands according to the present invention

30 advantageously have a high n-selectivity even when using 2-butene
and 2-butene-containing hydrocarbon mixtures as starting
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.

35
As regards suitable and preferred hydroformylation catalysts,
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

40 at this point.

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
45 and can generally be reused for the hydroformylation.
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group of t§6 595 5 PY-1-PY bound viggthe nitrogen atoms to the pnicogen
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1
Qis a xanPA¥net flesdfﬁﬁ oﬂ‘ qrﬁglgeéjnuﬁrlh %BBQSE lﬁap/s Rs;"ﬁ'e @elﬂ(% Re ~0 ~ 30
Y where R5Sifee FXaYSRGVAKIPSy £EE- asCYRHATALATE BRdmiaH MR and Re are
each, i ndepeaperatorsef fahblinmndtifnr evanafiaggea, wipesd E}lm eYanaratRys,
he_terocwsoal:&yl, aryl or hetaryl. 8. A pnicogen chel ate conpound as cli aned
inclaiml in which the bridging group Qis a triptycenediyl group of the

formul a 40c§ Aldol condensation

Two molecules of Cs-aldehyde can be condensed to form

20 o,P-unsaturated Cjp-aldehydes. The aldol condensation is carried
out in a manner known per se, e.dg. in the presence of an aqueous
base such as sodium hydroxide or potassium hydroxide. As an
alternative, it is also possible to use a heterogeneous basic
catalyst such as magnesium oxide and/or aluminum oxide (cf., for

25 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
fractionation in step b) further comprises other Cs-aldehydes such
as 2-methylbutanal and possibly 2,2-dimethylpropanal or

30 3-methylbutanal, these likewise undergo an aldol condensation,
resulting in condensation products of all possible aldehyde
combinations, for example, 2-propyl-4-methyl-2-hexenal. The
presence of a proportion of these condensation products, e.g. up
to 30% by weight, does not stand in the way of advantageous

35 further processing to 2-propylheptanol-containing Cjp-alcohol
mixtures suitable as plasticizer alcohols.

d) Hydrogenation

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

The hydrogenation of the Cjp-aldehydes to the Cjig-alcohols can in
45 principle be carried out using the same catalysts as in the

hydroformylation, usually at higher temperature; however,

preference is given to more selective hydrogenation catalysts
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viz. as metal sponge hav1ng a very high surface area. Depending
on the activity of the catalyst, the hydrogenation of the

10 Cipo-aldehydes is preferably carried out at elevated temperatures
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.

15 The crude hydrogenation product can be worked up by customary
methods, e.g. by distillation, to give the Cjg-alcohols.

e) Fractionation

20 If desired, the hydrogenation products can be subjected to a
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.

25
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

30 having a substituted and/or fused pyrrole skeleton can
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

35 l-butene/2-butene-containing hydrocarbon mixtures, for example,
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

40 hydrocarbon mixtures having relatively high concentrations of
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
hydroformylation conditions, i.e. in the presence of aldehydes. A

45 further advantage is that virtually no decomposition products are
formed in the presence of atmospheric oxygen and/or light and/or
acids and/or at room temperature and elevated temperatures, e.g.
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di val ent bg\g mﬂé&&&{eﬂaup@&f&&ﬁ%@ﬁeg%@m@qlhgagraptfmstﬂér Ripg1iB4ei&? Rlo
CH-H \ § & Rl~pgL e each,
AfF or e caF t h ﬁeﬁ
i ndependen ? otHne cane \e/ c Iky rcy haI ogen,
trifl uoron@y ypcyanatlon catalysts o the present 1 ven lon also compris
complexes of a metal of transition group VIII, in particular
15 cobalt, nickel, ruthenium, rhodium, palladium, platinum,
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
20 out as described above for the use as hydroformylation catalysts.
The same applies to the in-situ preparation of the hydrocyanation
catalysts of the present invention.

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

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

30
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

35 are generally the same as the olefins mentioned above as starting
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

40 1,3-butadiene-containing hydrocarbon mixtures and the
isomerization/further reaction of these in the presence of at
least one catalyst according to the present invention to form
saturated C4-dinitriles, preferably adiponitrile. When hydrocarbon
mixtures are used for preparing monoolefinic Cs-mononitriles by

45 the process of the present invention, preference is given to
using a hydrocarbon mixture having a 1,3-butadiene content of at
least 10% by volume, preferably at least 25% by volume, in
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Pure 1,3-butadiene can be 1isolated from industrially available

hydrocarbon mixtures by, for example, extractive distillation.

15
The catalysts of the present invention can advantageously be used
for the hydrocyanation of such olefin-containing, in particular
1,3-butadiene-containing, hydrocarbon mixtures, generally also
without prior purification of the hydrocarbon mixture by

20 distillation. If present, olefins which adversely affect the
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.

25
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 Enzyklopéddie

30 der technischen Chemie, volume 1, 3rd edition, 1951, p. 743 ff.
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

35 are known to those skilled in the art and are described, for
example, in Ullmanns Enzyklopddie der technischen Chemie, vollume
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.

40
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
and can generally be reused for the hydrocyanation.

45
The invention further provides a process for the carbonylation of
compounds containing at least one ethylenically unsaturated



(I'1.3) 10 where R15, R16, R17, R18, Q a and b are as defined in claim?9,

15 where, in the formula I1.3, at |least one of the radicals R16 and R1l7 is
not hydrog d R2~ are each, igylependently of one anot her,
- cycl oal kyl ?’Bﬁg?érag?ycl oal kyl, aryl orgfet aryl. 20 25 11. A catal yst

conprising .a i cogen, chel ate co X Wit h t [ fJ.0 roup VIII
of the Per FBHgge ‘leé%(laebégt rﬁfetl@ne%lﬁﬁsc%’lo@hgglggn%ﬁes%&daéérlzéfs%t %Hg pni cogen
chel ate coRPBRORRASOBEALMERT i DARYCORN LS FEOYP t1 FHaBTPFRARIOL13. A

cat al yst asacbemyition catakysklbepedioncip pPhécagemichedase| brgand PEok@inong
cobalt, rhedisma rutdrentum and iridium 13. A process for the

hydrof orgyl ati on of conpounds containing at 30 | east one ethylenically

unsat ur ateq, doubl e ban eact i i C on i.de ragen in
the pr esen§8e0?°%e%cé’taé-gog%(l%tslaog‘ef ?E%#%%'cl%épm;ﬂ QlEi klféc%% fg\t‘)é%r.ggeéls f or
preparing &Faéﬁy‘ﬂ%§ré‘ﬁa¥b+°’hlgcr&‘f8l VIHLy PEERGHPRTO ALY OO & LToms

C3- CZO ol efrubheniunyy phpdivmspph@aild agdiwns inePartiatdrapadladtyser I8re by
means of Cpkkgaratdan e€ the tiedalr compbexesi cannke¢ adarydegl ext (s a netal of
transitiQn q@sespbed labott t&e dier hodiefdmyllatabn t b dilyeenasd homogeneous!y
di ssol ved 'hpdkgg,é;ﬁac%hoaa@fya@.amagaaeyabgfge@% fungeihigand, wherein

the catal yst u IS a_ppicoden chelate c S f jJh claiml1l
and t he fré_’é’ePFﬁ%ﬁfcf’%?éin‘% arﬁrﬂnggaglno%ﬁ(e%lqg gé%%rﬁ)%%%g géé%deﬁqned in any
of clains ENVENYELR-45 0050/ 52364 . 80 15. A process as clainmed in claim

14, wherein a nolar ratio of ligand to nmetal of transition group VIII of
from 1: g aui@@P1d diefias for tthe reabényiationt sre.the b&efﬁmﬁ)_nmisnéd)r
preparing ZpBLepyh 80! ceddl G seAPEiRPmadir DYIN Gloer Rylitéidigybutesne or a

but ene- cont_ai,nj - .gcarbon m xture by means of carbon nonoxi de and

hydr ogen | r?%tdhépgrre ea%gﬁgﬁ' a hydrofornylation catalyst 10 to give an

n- val er al dehyde- cont ai ni ng hydr of ornyl ati on_product, where %he

hydr of or my IThiei eAmReHnNdSy SPPEJHHNGS 8s NEF 19PN 1608 MR FEEXPEF TS APd¥al  of

transit i2m sgpleaped/| flomniamhnatwitexst abpehalisgasbiiols i rarberylia astersr| as

defined in pgHiyady @ldiseBondary HhingS.b) if desired, subjecting the

hydr of ormyl ation product to a fractionation to give an

n-val er al dghyde- ' QR ' [ Jdi8 fr, tion

pr oduct obtqf‘ a?f’ﬁgﬁg?fné"g? %%bégi?ﬂre%e rﬁgsg%%r? qu\gﬁg dfg?h enr | é E}ég&%d%:e%{gﬁr

obt ai ned i CefABYORYG 503 ?“g%lbyc_tfﬁ&;‘éﬁ%%rf BT 8¥r & AGPOrear 157

hydr ogerd i (hydrpeashasyiation) - (Thesafasiudes c dRJBATLAG WAy i HRacEfoD

hydr ogen t off ethyhmohditd, carbbre monpxide i ansl wateb| e tfiorg prepigrdicogenati on

products tqadf,ractionation to give a 2-propyl heptanol -enriched fraction.

30 17. A process as clained in claim16, wherein the ligand is sel ected

from anong . conpounds. of r ool fi i L ai or 10. 35 18.

The use of ecéf}‘éfné oncgg‘r%%}e'%?r#%v?d é %t?r.(;dcglg ggg J(’)ﬂ c&t%%lg‘%ﬁse ftorr;g_gl al or

Il for h?/%lr"cﬂ“l?lrl‘rﬁf‘é‘ii%r{"cé?bo‘?ﬁls CERC A HY A EYRRAIT O 6P l%ﬁ_oiena?i on. 40
present invention, as described above, for hydroformylation,
hydrocyanation, carbonylation, hydrogenation, olefin

oligomerization and olefin polymerization and for metathesis.

35 The invention is illustrated by the following, nonrestrictive
examples.

Examples

40 The following ligands were used:

45
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Synthesis of ligand A

15 5.2 g (38 mmol) of PCl3 and 5.1 g (76 mmol) of pyrrole together
with 200 ml of dried tetrahydrofuran (THF) were placed in a
reaction vessel under argon at -65°C. 11.5 g (115 mmol) of
triethylamine were added to this mixture and the reaction mixture
was stirred overnight at room temperature. The resulting

20 precipitate was filtered off from the liquid reaction mixture
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
filtered off from this solution. The solution obtained was stored

25 until needed for further processing.

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

30 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
solution. The temperature of the exothermic reaction was kept

35 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
recrystallized twice from hot methanol. Pure ligand A was

40 obtained in a yield of 1.1 g (13% of theory).

Example 2
Synthesis of ligand B

45 5 g (13.3 mmol) of 1,8-dibromo-3,6-di-tert-butylxanthene together
with THF were placed in a reaction vessel under argon. At -50°C,
12.3 ml (30.7 mmol) of a 2.5 molar n-butyllithium solution in
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15 5.2 g (38 mmol) of PCl3z and 5.1 g (76 mmol) of pyrrole together
with THF were placed in a reaction vessel at -65°C under argon.
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
20 50 ml of THF were added thereto at room temperature, resulting in
the temperature rising to 30°C. After stirring overnight, the
solid 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.
25 Ligand B was obtained in a yield of 1.1 g (12% of theory).

Example 3 (comparative example)
synthesis of ligand CLA (comparative ligand) and storage at room
temperature
30
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 (Cg¢Dg). After storage of the compound under argon for five
35 days at room temperature, an appreciable dark coloration was
observed. After eight weeks, a tar-like compound which could no
longer be used as catalyst was formed.

Example 4
40 synthesis of ligand C

Using the method of Maverick et al. (Inorg. Chem. 36, 5826
(1997)), 66.7 g (240 mmol) of 1,8-dichloroanthragquinone, 113.3 g
(1.12 mol) of KBr, 3.3 g (50 mmol) of CuCl, and 113.4 ml of 85%
45 strength phosphoric acid were suspended in 500 ml of nitrobenzene
and the water was distilled off at 200°C. The mixture was
subsequently refluxed for 72 hours. After cooling, the solid
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was stirred with 14.8 g of NaBH; in 250 ml of isopropanol at 85°C
15 (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).

20 100 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

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

30 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

35 and triethylamine were distilled off. The residue was taken up in
toluene and filtered. The solution was stored.

4.8 g (13.3 mmol) of 1,8-dibromomethanoanthracene together with
150 ml of dry tetrahydrofuran were placed in a reaction vessel at

40 -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.

45 After stirring for 1 hour, the mixture was evaporated and the
solid was taken up in dichloromethane, the mixture was filtered,
the filtrate was evaporated and the residue was stirred with
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10 10 bar of synthesis gas (CO:H; = 1:1). After 30 minutes, the
mixture was depressurized, 11 g of butene/butane mixture (45% of
l1-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
15 and both reaction products (reactor and cold trap) were analyzed
by means of gas chromatography. The conversion of butenes was
47%, the aldehyde selectivity was 96% and the linearity was 95%.
(Linearity: ratio of n-aldehyde to all aldehydes formed x 100)

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

3.0 mg of Rh(CO)acac and 79 mg of ligand B (57 ppm of Rh,
ligand/rhodium = 10/1) were weighed out separately, each
25 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
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.
30 The conversion of butenes was 58%, the aldehyde selectivity was
97% and the linearity was 94%.

Example 7
Hydroformylation of a butene/butane mixture using ligand B

35
6.0 mg of Rh(CO)acac 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:Hz = 1:2). After 30 minutes, the

40 mixture was depressurized, 6.2 g of butene/butane mixture (45% of
l1-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%.

45



_6L10%& ()- !'sL10% ' & ()- 109& ()- 105 105 105-S109%%& ()-wJ3™ >0! L109&' ()-!'$

M%éO%%if)-'T L10%& ()-!0[ 10%b& ()-!'[ 10%D& ()-!L10%m& () -
zZ > | & ()-1 109&' 10%1 & l'c 109 ()- !
. 109%& ( @"5?853“?1‘ (3015@@[odv 01(?160)%/(5&' 6(43& ()10 10 A& 0 1K
18?3&27&'( sl ey of 10 Elov 2 ()6 191 E10 8109
u A - :
I&10%55&' ( Fydreseraygasien -of dg B%P%L(‘zf ﬂﬂi (2)' IGI &é‘i(ﬁ/]éé‘&.(ﬁ) !
F109%& ()- F109%& () -
3.6 mg of Rh(CO)jacac and 162 mg of ligand B (116 ppm of Rh,
5 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:H; = 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
10 hours. The conversion of 2-butene was 79%, the aldehyde
selectivity was 92% and the linearity was 95%.

Example 9
Hydroformylation of l-octene using ligand B

15
0.8 mg of Rh(CO)acac 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
10 bar of synthesis gas (CO:H; = 1:1). After 30 minutes, the

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

25
Example 10 (comparative example)
Hydroformylation of l-octene using comparative ligand CLA

0.9 mg of Rh(CO)acac and 8 mg of comparative ligand CLA (60 ppm
30 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 l-octene were then injected
and the mixture was hydroformylated at 80°C and 10 bar for 4
35 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
40 Hydroformylation of l-octene using ligand C

0.9 mg of Rh(CO)acac and 18.5 mg of ligand C (60 ppm of Rh,
ligand/rhodium = 10/1) were weighed out separately, each
dissolved in 1.5 g of diphenyl ether, mixed and treated at 100°C

45 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
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5 Hydroformylation of 2-octene using ligand C

6 mg of Rh(CO)zacac 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 10 bar of synthesis gas (CO:H; = 1:2). After 30 minutes, the
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%.
15
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
20 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; = 1l: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
25 hours. The conversion was 74%, the aldehyde selectivity was 44%
and the linearity was 51%. The proportion of a-isomers (n-nonanal
+ isononanal) was 85%.

Example 14 (comparative example)
30 Hydroformylation of a butene/butane mixture using comparative
ligand CLB

6 mg of Rh(CO),acac and 96.5 mg of comparative ligand CLB (102 ppm
of Rh, ligand/rhodium = 6/1) were weighed out separately, each

35 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

40 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.

45 Comparative ligand CLB was prepared as described in Angew. Chem.
111, 349 (1999).
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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,
10 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.

15 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

20 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
reaction was kept below -50°C by cooling. After stirring for
1 hour, the reaction mixture was evaporated under reduced

25 pressure, the residue was taken up in dichloromethane, evaporated
again and stirred after addition of hexane. The resulting solid
was recrystallized twice from hot methanol. Pure ligand D, which
displayed a singlet at +125 ppm in the 31P-NMR (CDClj).

30 Example 16 (comparative example)
Storage of comparative ligand CLC at room temperature

Comparative ligand CLC was prepared as described in US 5,710,344.
The synthesis leads to a clean product having a 3!P-NMR chemical

35 shift of +69 ppm (Ce¢Dg). After storage of the compound under argon
for 10 days at room temperature, an appreciable dark coloration
was observed. Examination by 31P-NMR showed a ligand degradation
of 20%.

40 Example 17 (comparative example)
Hydroformylation of l-octene before storage at room temperature

1.6 mg of Rh(CO)zacac (dicarbonylrhodium acetylacetonate) and
36.9 mg of comparative ligand CLC (106 ppm of Rh, ligand:metal =
45 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



) L/GLO%& ()-Z ! OL/GLO%IN& ()-Z ! L/GLO%& ()-Z ! Fnp@ 10%" "& ()- !$
L@#TlO%}' "& ()- rP:1L/GLO%& | L9410%ld& ()- ! _L9410%JU& ()- 10%&' ()- 10
10 10! L/ GLR%&,
4
. WU3P: ! 10Lz§g§8&2§f- | NcLZ109%h& () -! +6I_3210%}&' ()-1, LZ109%& ()-!{

"LZ109% /& () -1 [9410% ()7, );8DE | 9F: 1! : |
' as = ) u} NN ﬁF utes ,
bt AR RO i SRR A 0o
9s810% () thglmbgture- was Ohgdnoformyigbgd @t Y809 jamd\ &f1 har for 4 hours.
109%6&' () - &THebEover&3ba%o#s (984, 10k 8aXdehyde selectivity was 59% and the

GLO%Y& (5) 1108RE dy watEY6F! &nk0UE1édtivifthO%b[ 1hdednal boeeddldial) 41%. f 109 M
N ()- 1401098 Q Q& ()-! f10%icuc& ()-wJ3\ QF! c9f 210%°5P5& () -
9‘-:10%&'()E-!3 .
xample 18 (comparative example)
Hydroformylation of l-octene after storage at room temperature

10 1.6 mg of Rh(CO)zacac and 36.9 mg of comparative ligand CLC
(106 ppm of Rh, ligand:metal = 10/1) were weighed out separately,
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
15 then added by means of a syringe and the mixture was
hydroformylated at 100°C and 10 bar for 4 hours. The conversion
was 20%, the aldehyde selectivity was 5% and the linearity was
71%. The selectivity to internal octenes was 95%.

20 Example 19
Hydroformylation of 2-butene using ligand D

6.0 mg of Rh(CO)acac and 238 mg of ligand D (117 ppm of Rh,
ligand:metal = 9/1) were weighed out separately, each dissolved

25 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, 5.3 g of 2-butene were then injected and the
mixture was hydroformylated at 100°C and 22 bar for 4 hours. The
conversion was 25%, the aldehyde selectivity was 92% and the

30 linearity was 45%.

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. In the case of ligand B, a red
35 precipitate was observed after the hydroformylation; in the case
of the substituted pyrroles, a red precipitate was not observed.

Example 20
Experiments on the stability of ligand D
40
Ligand D was dissolved in CH;Cl; and washed with warm water in the
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
45 light for four weeks. Here too, no color change was observed.
Examination by 3!P-NMR showed no degradation products.
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5.1 mg of Rh(CO)acac and 342 mg of ligand E (100 ppm of Rh,
ligand:metal = 20/1) were weighed out separately, each dissolved
in 5 g of Palatinol-AH®, mixed and treated at 100°C with 10 bar
of synthesis gas (CO:Hp; = 1:2). After 60 minutes, the mixture was
20 depressurized, 10 g of l-octene were then injected and the
mixture was hydroformylated at 120°C and 20 bar (CO:H; = 1:1) for
2 hours. The conversion was 100%, the aldehyde selectivity was
79% and the linearity was 95%.

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

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

30 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.

35 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

40 was a yellow homogeneous solution. A red precipitate was not
observed. The experiment was repeated in the same autoclave and
gave the same result.
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20 Example 26
Reaction of ligand E with air in the presence of catalysts

Ligand E together with Rh(CO),acac were dissolved in toluene and
stirred overnight in air at room temperature. Examination by

25 31p-NMR showed that 100% of the ligand had been oxidized to the
dioxide. H3PO4 was subsequently added and the mixture was again
stirred overnight at room temperature. Examination by 31P-NMR
showed that the dioxide was completely unchanged. From this
experiment, it can be seen that although ligand E can, like all

30 phosphorus ligands, be oxidized in the presence of metals and
air, the oxides formed do not react further to give troublesome
degradation products.

Example 27
35 Hydroformylation of a butene/butane mixture using ligand F

Ligand F displays a singlet at +105 ppm in the 3!P-NMR (CgDg).

5.9 mg of Rh(CO)acac and 158 mg of ligand E (106 ppm of Rh,

40 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 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

45 mixture was hydroformylated at 120°C and 20 bar (CO:H; = 1:1) for
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10 Example 28
Continuous hydroformylation of l-octene using ligand E

In a continuously operated apparatus comprising an autoclave,
pressure separator, wiped film evaporator (operated at 140°C) and
15 mixing vessel, l-octene was hydroformylated by means of synthesis
gas (CO:H; = 1:2) at 120°C and a pressure of 20 bar (100 ppm of
Rh, ligand:metal ratio = 20:1). Averaged over a period of
10 days, the follow result was obtained: conversion = 61%,
aldehyde selectivity = 60%, linearity = 84%. Over the entire
20 period, neither additional rhodium nor additional ligand was
added. After the end of the experiment, a homogeneous,
light-yellow solution was present. Unspecific ligand
decomposition could not be detected.

25 Example 29
synthesis of ligand G

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.

30 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.
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

35 in toluene and the mixture was refluxed overnight. The
triethylamine hydrochloride formed was filtered off and washed
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

40 washing solution was evaporated and 100 ml of methanol were then
added, forming a white sticky mass from which the solvent was
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).
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25 hydroc lorlde formed was filtered off and washed 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 three 250 ml portions of dichloromethane.

The washing solution was evaporated and 100 ml of methanol were

30 then added, giving a white sticky mass from which the solvent was
separated by decantation. After stirring with pentane, the
product was obtained as a fine white solid in a yield of 64%.

(31P-NMR: 108 ppm).

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

3.0 mg of Rh(CO)jzacac and 61 mg of ligand H (116 ppm of Rh,
ligand:metal = 5/1) were weighed out separately, each dissolved

40 in 3.7 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, 3.0 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

45 4 hours. The conversion of butenes was 98%, the aldehyde
selectivity was 80% and the linearity was 93%.
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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
10 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.
15 vYield: 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)

20 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

25 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 subsequently filtered off with suction,
washed with pentane and dried. Yield: 50%.

30
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

35 (38 mmol) of PCli. 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

40 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%. (3!P-NMR: 78 ppm).
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9 g (69 mmol) of ligand K were dissolved in xylene and admixed at
-20°C with 5.4 g (39 mmol) of PCli. 20 ml (145 mmol) of
triethylamine were subsequently added slowly, the mixture was
20 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
boiled overnight at 150°C. The triethylamine hydrochloride formed
was filtered off, the xylene was removed under reduced pressure
25 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%. (31P-NMR:
106 ppm).

30 Example 36
Hydroformylation of a butene/butane mixture using ligand K

5.1 mg of Rh(CO)zacac and 166 mg of ligand K (101 ppm of Rh,
ligand:metal = 10/1) were weighed out separately, each dissolved

35 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, 5.0 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

40 4 hours. The conversion of butenes was 94%, the aldehyde
selectivity was 98% and the linearity was 90%.
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10 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
4 hours. The conversion of butenes was 16%, the aldehyde

15 selectivity was 100% and the linearity was 94%.
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10 where
0 is a bridging group of the formula
RS R7
al
~N
15 R6 (D)c RS
7
a2
’
Y Y
20 where

Al and A? are each, independently of one another, O, S,
SiRaRP, NRS or CRYRe, where

25 Ra, RP and R® are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl or
hetaryl,

Rd and Re are each, independently of one another, hydrogen,
30 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
R11 12 Rl 12
9 9 10
R\ /Rlo R R
CH—CH >:< R13 14
40 P ~ |, , ,
14
where

45
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109 9v& () - &)lvo&"m n 24kyl, cycloalkyl, ary 1848z,
trlfluoromethyl, COOH, carboxylate, cyano, alkoxy, SO3H,
sulfonate, NElE2, alkylene-NE!E2E3*X-, acyl or nitro,

10
c is 0 or 1,
Y is a chemical bond,

15 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, NE!E2E3+X-,
alkylene—NE!E2E3+X—, ORf, SRf, (CHRICH,0)xRf, (CHN(E!))xRf,
(CHZCHZN(El))fo, halogen, trifluoromethyl, nitro, acyl or

20 cyano,

where
Rf, E!, E2 and E3 are identical or different radicals selected
25 from among hydrogen, alkyl, cycloalkyl and aryl,
RY is hydrogen, methyl or ethyl,
M* is a cation,
30
¥X—- 1is an anion and
X is an integer from 1 to 120,
35 or
R5 and/or R? 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,

40

a and b are each, independently of one another, 0 or 1,
Pn 1is a pnicogen atom selected from among the elements
phosphorus, arsenic or antimony,

45

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

15 where
Py 1is a pyrrole group,

I is a chemical bond or O, S, SiR3RP, NRS or CRPRi,

20
W is cycloalkyl, cycloalkoxy, aryl, aryloxy, hetaryl
or hetaryloxy,
and
25
Rh and Ri are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl
or hetaryl,
30 or form a bispyrrole group of the formula
Py-I-Py
bound via the nitrogen atoms to the pnicogen atom Pn.
35

2. A pnicogen chelate compound as claimed in claim 1 in which Pn
is a phosphorus atom.

3. A pnicogen chelate compound as claimed in claim 1 in which R?
40 and R3 are unsubstituted pyrrolyl or imidazolyl groups bound
via the pyrrole nitrogen to the pnicogen atom.

4. A pnicogen chelate compound as claimed in claim 1 in which
Rl, R2, R3 and R? are unsubstituted pyrrolyl or imidazolyl
45 groups bound via the pyrrole nitrogen to the pnicogen atom.
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15 or a substituted or unsubstituted bispyrrolediylmethane group
of the formula

20

7. A pnicogen chelate compound as claimed in claim 1 in which
the bridging group Q is a xanthenediyl group of the formula

25 d
RS R\ /Re R7
C
R RS
\0 ~
30 Y Y

where RS, R6, R7, R8 and Y are as defined in claim 1 and R4
and R® are each, independently of one another, hydrogen,
35 alkyl, cycloalkyl, heterocyloalkyl, aryl or hetaryl.

8. A pnicogen chelate compound as cliamed in claim 1 in which
the bridging group Q is a triptycenediyl group of the formula

40
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Y
10
or the formula
RY RlO
15 R5
R7
R6
Y Y RS
20

where R5, R6, R7, R8, R?, R10, R1l and R!? are as defined in
claim 1.

25 9. A pnicogen chelate compound of the formula II

R19-(0)a  _~(0)p-0-(0)a~ .~ (0)p-R?°

Tn Pn
|
30
N 18 R13 N
N )R \ /
16 17 16 17
35 (II)

where
R15, R16, R17 and R!® are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
40 hetaryl, W’COORkK, W’/COO-M*, W' (SO3)Rk W’(S03)-M*,
W/PO3(RK) (Rl), W’ (PO3)2-(M*),, W'NE4E5, W' (NE4ESE®)*X-,
W'ORkK, W’/SRK, (CHRICH;0)yR%, (CH,NE4)yRK, (CH,CH;NE4)yRX,
halogen, trifluoromethyl, nitro, acyl or cyano,

45 where
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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 R15, R16, R17 and R18 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!5, R1S,
R!7 and R18 is not hydrogen and that R!? 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,
Q is a bridging group of the formula
35 RS R7
al
~N
R6 (D)c R® ,
7
A2
40

where

Al and A? are each, independently of one another, O, S,
SiRaRP, NRC or CRIRe, where
45
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15 R? R9 R10
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20
where

R? and R1? are each, independently of one another, hydrogen,
alkyl, cycloalkyl, aryl, halogen, trifluoromethyl,
25 carboxyl, carboxylate or cyano or are joined to one
another to form a C3-Cy-alkylene bridge,

R11, R12, R13 and R4 are each, independently of one another,
hydrogen, alkyl, cycloalkyl, aryl, halogen,
30 trifluoromethyl, COOH, carboxylate, cyano, alkoxy, SO3H,
sulfonate, NElE2, alkylene-NE!E2E3+X-, acyl or nitro,

C is 0 or 1,

35 R5, R6, R7 and R® are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
hetaryl, COORf, COO-M*, SO3;Rf, SO-3M*, NEIE2, NEIEZ2E3+*X-,
alkylene-NElE2E3+X-, ORf, SRf, (CHRICH,0)xRf, (CH,N(E!))yRE,
(CH2CH,N(EL) )4Rf, halogen, trifluoromethyl, nitro, acyl or

40 cyano,

where

Rf, El, E2 and E3 are identical or different radicals selected
45 from among hydrogen, alkyl, cycloalkyl and aryl,
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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 R19-(0)a\\\P///(o)b_Q_(o)a\\~P’//(O)b-Rzo
! !
25 R17 Rl
(II.1)
30

RP-(0)a - (0)p-0-(0)a~_ p.—(0)p-R?®

| |

(I1.2)

3

& ]

40

45
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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
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-Cjp-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.

45
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5 16. A process for preparing 2-propylheptanol, which comprises

a) hydroformylating butene or a butene-containing
Cs-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, subjecting 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) if 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.

40
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