se3el@: :;t=@Q=>?6?T@> _O Z 5736 - 1 Process for preparing di phosphines
The present invention relates to an inproved process for preparing

di phosphi nes such as bi s(diaryl5 phosphi nonet hyl ) ar enes. i ve
many applicatpogs kfzgndustry. They haveji ndustrial i morﬂﬂmﬁ,@ﬂ,&{@@,ﬁm’mi
antioxidants, netal extractants, flanme retardant inpregnants, ers
10 for ol efi nprocésst £68 preparihg BadphWkphigescagents and, i'™WP&rticul ar,
as ligands for transition nmetal catalysts. A review of the inportant

honbgeneous catal ysts 15 contai ni ng phosphi ne Iigands may be found, for
exanpl e, in Brh&midssntW Anveetimanmelgpds eoHamgénpeoyeBatmtyseéss Wi t h

Organonet al | i np. o1 i nQej 6. Wi hi e group
of phosphi nes?ogﬁelg??éérgﬂésph?ggé?sgﬁt%g#i c%?%llr;n dil% osp%éngclis?agég 20 of
particul a5 i npbpsahéBOBSthy4lansnesr netal conplexes. This is due to the

fact that di phosphines formnore stable conplexes with the appropriate
central netal atogband therefore have a_nore lasting i pflLuence on its

catal ytic propBPEPBERCANDIRYVE hdHRowWTPEHE S 1gS251 i phadphrrgs, They
bi s(di aryl phoratenodinduskrliall - himsmbtdryds aascomsitiibwddantef, candoayl ation
catal ysts and jzatio al_yst re of_in rral interest. EP 0 653
432, EP O 673‘%5%8%%%%' 7ot . ek ddnY pan F%‘%‘%F?m Ypbilizers
bi s(di ar WiOhofphi nebéking, 3G tanting nasvemild sy fovacWibniof reagents

2, 2" - di net hyl Qha",’lphiﬁ"Y%ﬁr‘Mitcﬁl%.rQr ogknaf { Sh &9eHor! O LA  tion metal
2,2'-b|s(bronDnethyI£- , 1' - bi napht hyl , subsequent reaction wth an al kyl
di phenyl phospRfrERL¥SERAd subsequent reduction of the bi sphosphine oxide
formed 35 by neans of an organodi chl orosilane. This process has a nunber of
f undanent al d%sadvanta es; toﬁﬁltroduce t he horus groups_,jnto the

u

LN phgs
target nol ecufes TTHET atPEr st | FHAETH bg‘og'f’gﬁflﬁgggd, %%%an]{}ﬁset%r om ne
atoms ar d5 hegontpinind bhophbiphoddgandsupey Be fouegli ey exam@le 5736 -

2 the use of:expensi t OX%h Cp br ogj i re : S, 2N in the
formation of Js'ﬁ g%s't lg:bgﬁlqg%ét rﬂ'%'nnuﬁltage%‘?ﬂﬁf Om%%g’i&%gt eq{ iﬁeﬂ %)é%orhwnati on

of the startifgtRbNpdbandsltgentrgenpemesadd ico peBaaRRdfi Mk es nhdse2 5

handl i ng i s pyvohl emadiriadingi ncgothe warstiad kyhebrpragesoborgrsk s fhes,

| acrymat ory suﬁsia ces i ch.are hazardaous to kﬁtealtﬁ. n agditi on, the
reacti on wt h“aFk§ 18%#3}%?6}1’6&%% ntPePIETF ¢ épbﬂﬁg APRE’ 0@ whi ch
has to b@0r edafed paridwtaher igiEprtaliee ti g oulifandsl0 for metal

2, 2" -di net hyl pj | s, t eps fre u e r t gl sired
| i gands. Si mPgﬁﬁggiﬁtQ%ésérshﬁgrs ggr td?léal %@n%ﬁ%sg? av%{ﬁégt ﬁ%@a%eélgiﬁid&e
someti mes fur £AER BPE8IS&APAGe SOHPA exeso Widdic iihise @PEF obT itdte |9ertialure (M

E. Jung et alpetd®t habadaeid Leidre 88, haPe £188reH1dstBed MBI EInad .
Chem Ber. 1974, ,2926; Hayashi et al Soc. 1988, 110,

T. ., J, Am e
8153). 20 In B BCF0FFAdY T\ RRARGT THFT y ANBRY | fgﬁ?e own cheldting
bi s(di ar YISphodpbhosphkyés; 1, 1' - bi ndpld (ddasryeiphgepparced Kyloml, 1/ -bi-
2,2 -bis(bro s 1, e - Riparhth ] a.gor gﬁgggﬁ' . Ost:!%h%(‘f alts.
Thi s processnﬁgéﬁ?%%igboa\’l/sen?nt!one&gééllt\sgad\?gntéges icig‘lglécg)ﬁ]no.t adv _tasgsgeous
25 for the praP@rat tOHOBPL35AREPR| cafatalysts ~are of  industrial
bi sédl aryl pgomgeﬁ@atky@?lol'esbl rmj t h}zbs_wlmy blaea r&mr)bi@r U 1Y (BIPS hane
to be introduced into e target_nol ecu i,n t steps and [l ar unts o
salt waste ar e?%’FﬂBa. F%?gﬁ?%a%b%eoseﬁﬁn@ﬂrﬁgp}qs§ r’r?eag'gqa]go'devel op
a new pr30esslfbf-piegphthglbdi s( divar ylpdmspivmoal k¥l ) 1,21'2 bidiapithyll-s whi ch
dogs n?t| have%iltggpﬁpgyfgentwgggd désadﬁ(la&ﬁﬁ%-,né:an al:beerF@”'t%i out .51 mply
and safe an
Y 2,2'-bis(bromomethyl)-1,1’-binaphthyl, subsequent
reaction with an alkyl diphenylphosphinite and
subsequent reduction of the bisphosphine oxide formed
35 by means of an organodichlorosilane. This process has a
number of fundamental disadvantages: to introduce the
phosphorus groups into the target molecules, the latter
firstly have to be brominated, and the bromine atoms

are then replaced by phosphorus groups. This requires

T
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35 makes it possible.to obtain the desired product in a high yield and
purity. This object is achieved by a process for preparing di phosphi nes of
the formula | O Z 5736 - 3 RIRZP-HzC- Ar-CH2PRLIR2 ( | ) which conprises
5 a) reactinggdizmetshylg conpounds of the jornmula I, H3GAr-CH3 ( Il ) with
a base and an N-substituted am nophosphorus 10 halide to form
bls(anlnophosg@duyggia@)e lﬁﬁkhﬂﬂ E@ﬁléobﬁ@hﬁnéﬁion reagents and
R3R4P- HZC- Ar - CH2- PR3R4, c reacti nght he corrgounds of t he
formula |11 ofESUS ith ttr’ﬁes BP‘FB?E‘Pl lometric amount

bi s(di chl or opMsph:rmﬂﬁtehykn)asa:errpou'hés bfrotnliaaft&bﬁul afl Vthe starting

A zp- H2C Ar - C'é%{r{flagu%d(s' Vé“ Egré'i‘ﬁﬂ €)y LEGES| 109 g}%@WOHQQ%uQthh%pLBr mul &

|V obtained in 'S wWa norre l[icr S to give
conpounds »f bh@dflmmlw Iprvﬂhb@eamcahd SRRcgr & cﬁhrylfaﬂdap]enbéﬂmﬁ.#esf one

25 anot her, argidheld taE&d 18k YRaLBSY taliseh M Q8B {ifi cHelR/ D) QIREAGL AT

al i phatic hydrocar bon radi cal "and _nay have a coval ent, bond connect | n? t hem
and Ar is a stfstiteried or ThsuBSEitEPBd altSfat iXCaGTIR ervhBmadily

hydrﬁcar bon r@d@%@nﬁ@ﬂlo{?@lﬁ%ﬁtﬁé AreaBatb aﬂelﬂd@mmﬂwl téxh@é WhEch f
anot her, an N;substitute am nQ am no ragical. The cess o
the inventionfPs Stf pté?t’f%% %%él ﬁ?e?egurztl%d:e YRR - rgﬂiaerstld'é%c?‘l”g grPﬂ t he
past for bt a|2m2r1gdsﬁlettﬂneflh1@a@dm:hyﬂ5t,hel fstrend aarte venes aheegssara benzyl

hal i de i nt er nggljcaties th-E-h egrgg tc-ge i nvention enabl es di phosphines to
be obtained in good yields an |gh pur| ties directly fromthe conpounds of
the formula I1. O Z 5736 - 4 5 10 Bases which can be used for the

reaction of celpQurEs BmiHwsdorsnl paktian ra;wa;el&%e%t @ﬁﬁ)ngar&l@nyaﬂéses

whi ch can deprotonate benz i cal examml e f suc ases
R Rl o cheu e e e L R o R L <

met hyl | i t1H uminaltéed i 1 nteed tumyer (MeE. oJuabk &t red earTétraﬂ’tairdsrydLédEs such
as sodi um hydrllg(é% a% poéf§§1 Uﬁ‘.ﬁ‘ydﬁégﬁmaﬁhk%lt' an,:et alc%e% al%so art h

met al s such as sodi um’or potassiumin ui'd anmmoni‘a,  and nmet al
or al kal i ne e2f2finek al Hayaislki aés adr- :alikal AmpeChemor SeickallHRs eaH-ﬂ, met al
al koxi des, fomwigsanpl e potassiumtert-butoxide.

20 In EP 0 704 449, unsymmetrically substituted
bis(diarylphosphinoalkyl)-1,1’'-binaphthyls are prepared
from 2,2'-bis(bromomethyl)-1,1’'-binaphthyl via
corresponding phosphonium salts. This process has the
abovementioned disadvantages and is not advantageous

25 for the preparation of symmetrical bis(diaryl-
phosphinoalkyl)-1,1’-binaphthyls since the phosphorus
groups have to be introduced intc the target molecule
in two steps and 1large amounts of salt waste are
formed.

30
For the above reasons, there is a need to develop a new
process for preparing bis(diarylphosphinoalkyl) -
1l,1’-binaphthyls which does not have the abovementioned
disadvantages, can be carried out simply and safely and

35 makes it possible to obtain the desired product in a
high yield and purity.

This object is achieved by a process for preparing
diphosphines of the formula I




.15 The process of the invention for preparing di phosphines can be
illustrated by way of exanple by the follow ng reaction schene for the

synt hesi s of 2,2'bis(diarylphosphi nonethyl)-1,1"-binaphthyls: 1) BuLi \ \
2) Cl P(NEt 2} ZpPgocessestep a) / (I1) Rroress step b) 20 25 PAr2 \ ~ ~t
Process stepc) ' /| ~PArZ (1) / |/ ~P(NEt~\ \ P(NEt~\ \ (I11) HO PCZ \
~ ~ Pch (ICl As N-substituted am nophosphorus halides in process step a),

chi ori dos,  brom des or 1 ot BEL P RRGT B2 aCH9PCRE & byl BEhr bon T ad: cal

selected fromthe group consisting of nethyl, ethyl, propyl, isopropyl,
butyl , |sobut%£ ﬁeééh ﬁs thyl hexyl, octyl, isooctyl O Z 5736 - 5
nonyl or |sonony EAr§®3nd/ or these radicals can have a coval ent bond

bet ween tHem and/al neagtangndinsthvl arppraundshefetbeyEoimutadiZal having
fromone to 6 carbon atons and/or aryl is an aromatic radical having 5 from
one to 14 carbon atons, where these radicals may bear up to seven
substituents sel ected from the §%8u6 c6Hsi stin %ﬁ)(CH C8) - aIkyI

O al kyl - (C1-CB), O phenyl, phenyl fluorine, chlorine, CN, COOH, CHO SO3H,

SQal kyl - (Cl1-C6) O al yl -

COO phenyl , PO ‘ﬂenl%z %Bea a%ndf bfgong§a am ?%ﬁ’lk
(Cl-Cs) )&, S03- Taakyde (t©1 mlymAblal(lamlmmmsméndmaﬂetbaﬂ)becmcammau c
heterocyclic radigal rguchopguPhPeftdine or pyrrole and/or an aryl radical
can be an aromatic radical such as phenyl, 15 naphthyl or benzyl.
Preference is given to using bls(dlalkylanlno)phosphorous chl ori des. For

all conpounds, the NP bong’dfasH,0-khe-ahl-epr’®ribe cl eayed by neans of acid.

15 c¢) [sic] reacting the compounds of the formula III
obtained in this way with HCl to form bis(dichloro-
phosphinomethyl) compounds of the formula IV

Cl,P-H,C-Ar-CH,-PCl, (IV)
20
and c¢) reacting the compounds of the formula IV
obtained in this way with organometallic reagents
to give the target compounds of the formula T,
where R! and R? are each, independently of one
25 another, a substituted or unsubstituted aromatic,
heterocaromatic or aliphatic hydrocarbon radical and
may have a covalent bond connecting them and Ar is
a substituted or unsubstituted aromatic or hetero-
aromatic hydrocarbon radical and R® and R! are each,
30 independently of one another, an N-substituted
alkylamino or arylamino radical.

The process of the invention is of particular interest
since the routes described in the past for obtaining
35 the 1ligands of the formula I were always via benzyl
halide intermediates. The process of the invention
enables diphosphines to be obtained in good yields and
high purities directly from the compounds of the

formula II.



" .20 More detailed description of the fonaula | The radicals RL and R2 can be

i dentical, or different and can be aromatics having up to 14 carbon atons
and be able to bear up to eight substituents selected fromthe group
consi sting of o(&l-e8xe-al kyl, O al kyl -_ (£1-C8) , 25 O phenyl, phenyl,
fluorine, chlorine, CN, COOH, CHO SO3H, SO2-al kyl- (C1-C6) , SO al kyl -
(C1-C6) , CF3, COCal kyl -(C1- Ce) , COOphenyI PO phenyl 2, PO al kyl 2-

(C1-C9) , PO3H2, PO (.0-al k 03- al k (CL-4 0

Furthernore, CR&S FadYIUaﬁré eé%lrg%re Fgﬁntrl 16’rn cﬂﬁf%%léﬁ’l‘?u%ﬂﬂ be

het er oaronat i € higve ngoa:nﬁ_il\ae IIS|mrpsexzessm¢mp ed)rlangeamhynllbai@gen

oxygen or sul fyr atons in 4l g::or 0+ VRLE &lilit heEHaro ‘éu ef.eLoarpmatic
i S tRe*85 ring ém ?'?’le r T

and/ or aliphati € rings may use S hay bear
up to seven sepempilgsntos ﬁl@tth?c‘ﬁa‘sr cm:et rfellgsrblqd:mﬁsmdngrmll(mlm)

-al kyl, Qal kykg fn?&u%)s gtﬂf}?n}’és pBﬁ'ﬁXlllﬂ.lfth'i%' neancfhll%%l:ﬁ;{r  GaPOH,
CHO, SOSH S03-a kyI @5)) , (C1-c8)
., COO phenyl , 2pE2 tz‘ﬂl ﬁ@dr@% 8’7361kaé1n§| r@gﬂrzth (Imt@)hydpm PO-
(Oéal k?/l - R(1 Clsgah )a§ s5e3 ug krﬂzcﬂﬁdg)anddl??aﬁgsiu@néayg&qd@y?r@wmn |
radi cal s an n entical_ar di rent_and be c ic_or acyclic
al kyl radi cal &€ \%ﬁRr?[Eh 85nt3?}ﬁagbn?o Fﬁ)r@ér B‘b%tagtsbrrss”é:ﬁ]d iy 8‘3}“{% ?% seven
substituerfl s pekestsadnf rigm 1 hguidoapmoonsi stany als¢Calk8]lialdetal or

O al kyl - (C1- en h fl I n SOBH
2 13 o e s g g
,  COO phenyl b@laﬁsnﬁazrthpaeéﬁky@zlkqxl@ﬁm or mEEmPle F@tfeswrkw
(C1-Co) ) z, S@@tabkﬂtbxj_(j@l C4) . In these cases, the radicals RL and R2
can al so be 15 joined by one or nore coval ent bonds and thus form for
exanpl e, a bi phenyl, naphthyl or other cyclic system Ar can be a phenyl,
napht hyl ,1%nt fhecempicess piferdrd himarert ireadi foat , predadindi pheinydphimés or a

20 1,1 -binap Y h. unj r tefur

substituents Q%Feaéejdiﬂ%%ﬁ‘geg?)éﬁp cglnts)(?@t?%gm%? é%h&{ %‘Eﬁwmg

O al kyl - ( C1- C8pacgiphenylschsmeny| , £97 yor Fhe, cﬁlmtm@lsc:l\l qfomzd{} SO3H,

SQ2- al kyl (C1- 68% (dig¥ya gh%ls h(l%m@@h ZL)CE3£L Egkﬂth 16¢1-Ce) , CO0 2 5

ohenyl . PO phenyl 7 . Rylz- ¢ clocay’, Pos PO (Oal kyl - (C1-06) )

z, SO3-al kyl- (Cl-C4) or one or nnre fusedon benzene rings. As an

alternative, Ar can be a heteroarpomatic 30 conprising a five-, six- or

seven- nenbered ring having nitr@ge, pxygen or sul f@f e 5 ;& Bpe ring,

where further aromatic, heteroanguatje—aniPbr aliphg S nay be fused
' +BTEMRg

phenyl, fluorine, chlorine, CN\(COQ CHO, SO03H, cA\.
SO al kyl - (C1-C6) , CF3, COO al kyl -

LN%
yl, y PO phenyl 2,
PO al kyl 2- (CL-C4 ) . PO32 . PO ¥ Calkyl- (Cl-C8) )(1
|

2, ™03 al kyl - (Cl-C4)
. O Z 5736 - 7prdkgarpmejal lic reagents used for cdh¥erting conpounds of
the formula I'V into the target conpounds of the formulta | in process step
c) are transition netal 5 arenes.or.aliphatic or argmatic alkali netal or
al kal i ne earth metal conpounds. @@] gﬂ] »cgl i phatic or
aromatic Gignard_reagents, al KW gageprs;” al kyl | it hium or
aryl l'ithium reageﬁf%eséﬁm’cf'b aryl

20

As N-substituted aminophosphorus halides in process
step a), it is possible to use alkylaminophosphorus or
arylaminophosphorus chlorides, bromides or iodides,
25 where alkyl is a hydrocarbon radical selected from the
group consisting of methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, hexyl, 2-ethylhexyl, octyl, isococtyl,



.10 organonetal lic reagents are generally prepared separately prior to the
reaction, but they can also be prepared in situ in the reaction. Solvents
used in the individual process steps a), b) 15 and c) of the process of the
i nvention aregi perto8Egani ¢ sol vents. Wd hout naking any claimas to

conpl et eness, exanpl es which may be nentioned are polar aprotic solvents,
ali phatic et haes: y1ar &atiisonnyal liagaid:&wy%@%&boaﬁesér YFlilca18Ndean

al i phatic 20 hal ogenat ed f drocargog al cohol's, esters, am des, and

m xtures ther @8 RatUtdt %//“ hen %Wﬁgnnﬁ ™ G0 (e ry b AR R i 8 al
reacti ons w t hnt kA idadtiantlset dhecys biessadieps RAavihy &ﬁtd)mC)oer €&o 6
preferably car, 2 e from-80 to i n_nost
cases, it has "~ ']efg)%nf o%l}(r%’g&%ig eﬁ'rﬁgé)e%%t'f e %E"] e mearrt_i)lecra (T? fh‘—lebW 30 to
180C, part$ culfzemy qureef e aBly daxdran NQI@S ,16®@er80 thha@qomatdmﬁ]a malyant age
of the procespegh tfie £§VaRLiRN é%éMué}Pcé 0§éfe?€8&y|fr%ﬂnd éH yh r&lgm des

are prepared and that no reduction of_ _phosphi ne oxid e carried
out. 35 Oni ngCPBSEREIBgarts i t(§loﬁ€8)t‘r?euﬂﬁt'erﬁ'éﬂﬂ-ﬁl’és(6i @Bﬁe f%T%‘F%Jéll Il and

IV, it is posphbhglt,o ﬂ)luiﬁméhes:albm&ﬁér,rectmt eeoby, sicgd g@};q.st akbi,zati on
A

so that conpli |ca p.on h chro phy. are not

necessary. Thgigbﬁpég 6 )yt ﬁ)eallﬁgr_(r?rgéﬁ'g@e I 3'O. '?%g%’al &1-Hak' made

it possibl® fGDOn‘@hyenlsréW | PQaptiengfi ch mﬁabtylgr(mFesx i reazEth al yBO 604 0 be

obtained in ay r. kor Ci ligand library of the Iligands
?Ju to“ﬁﬁ%, SO Qi@?he@%@)

prepared accor e i'nvenfion dcéss of the 5 invention is

. consi der abl y%@g)ﬂm%ﬂaﬁm pFRRi BEsiap Ieoithafrist deeestoqyiel ic

di phosphi nes  paapased é\i‘él@rdtanﬂpbﬁﬂﬁﬂélv&ﬂt YAk bendpsd as ldg@nds in
net al -cat al yzed .reactions, .in 10 particular hydrofornylations of olefins in

the presence 6fH8 |u?r‘?18at]%ﬁ’ y&fs. 2BPBREIFed ’e‘?’i‘]ns o8 FerRienyY:
but enes, I% pamphtbiar ohosddneylng HmEfedegrazes iof hbyiarahi ngoanﬁlséi:tﬁg
i nt er nal doubl.¢ hARd$xy1amife) ?1 mghogﬁhegosphbgfgﬂafg gands all

hydr of ormyl at1 on reactions 1s 9 descrl bes

di phosphi ne | FGBRE@YNARYI ﬁ@eal‘BIPS@IOHQ Magt e bhiadhlaareo lkedcléaned yia, in
t he hydr of or pbahsoBfOokc@lefi ns having internal doubl e bonds w thout

di scussing the 20 selectivity to the product and the activity of the
catalyst. In Angew. Chem Int. Ed. 1999, 38, 336-338, L.A van der Veen,
P.C.J. Karfer HModePdefhlilVedvdescedptdonsr effothe2fommdilhi &d XANTPHOS I i gands
whi ch convert o] tain n ty raty o of anc rnover
frequency ( Tzﬁf g%gﬁgh% Ef'ﬁg %ﬂcﬁaﬁa P‘id]née W R r(il ff:Le ‘-1“%: of

al dehyde to nepe d&fe rm@mmg@r havihgerumm £O- 3@%@0:’1»@ saoqms3@nEP1@e653
432 describesabhe preprhazt W@ tf AiPhosRiidias Al 00 Qe NARHGD, r13one  of

whi ch contain fluorinecontaining Egbstltuents These |igands can be used in
the hydr of or n§FStPon R HFIHE. PEre (WoCshor MY i s O35 Ldaila (Shoke) 4 he
sel ectivi2h aodphehy¥it\plényhe daueinisie, Tdieldiaads qu,epaoed, accy ding to

the inventiongol Pagh,cul 1 Lhe, 14,40 | ngs SenbA N d,} 9andsy anal ggous to
alkyl-(C;-Cg), COO-phenyl, PO-phenyl,, PO-alkyl,-(C;i-C4),
PO3H,, PO- (O—alkyl— (C]_—Cs) )2, SO3—alky1- (Cl-C4) .

30 Furthermore, the radicals R! and R? can be identical or
different and be heteroaromatics having a five-, six-
or seven-membered ring and nitrogen, oxygen or sulfur
atoms in the ring, where further aromatic, hetero-
aromatic and/or aliphatic rings may be fused onto the

35 ring and the rings may bear up to seven substituents
selected from the group consisting of (C;-Cg)-alkyl, O-
alkyl-(C;-Cg), O-phenyl, phenyl, fluorine, chlorine, CN,
COOH, CHO, S0O3H, SO3-alkyl~(C1-Cg) ., SO-alkyl-{C1-Cg),
CFs, COO-alkyl-(C;-Csg) ., COO-phenyl, PO-phenyl,, PO-



0. Z..5736 - 9 NAPHCS, in netal conplexes are surprisingly highly selective
and active catalysts which display the highest activity known hitherto in
the sel ective hydrofornylation of olefins having internal double 5 bonds to
formthe termpnal. ahdghydes. Table 1 in ¢ he exanples gives an overview. The
I nvention |ikew se provides a process for the hydrofornylation of ol efins

having from 3atwyl6- cerlzgn,10pat@)s ipv-t(oe ankegaenes-ef) yhodisegr sakal yst s,
wherein the Iigaqgé used for the rhodiun1arem§?phg§ph§né£ of ?he f%rnula
PR= PR= 15 whéFe 8.« 5.CsH3F2; -OBF5; 2, 4, 5-CBHZFs~ 3 ~ 5-CBH3 (CF3) z: 3
, 5-C6H3 ( CH3 ) 2 or 3, 4 , 5-C6HZF3 20 and the n/i selectivity of the

al dehydes obt aj.n 1.5 :above X b A 3. 4 her nor e,
t ur nover freq%gnggggﬁ: s)?ﬁé.e?dggFg%ﬁéﬁeg¥d§?%é§r§{tﬁgﬁfl Ofﬁﬂfg?%rably
nore than 3001debtégalberachitfedenh ehd mreocessldbt vhe gnesismt ahkehtion
using the spechfiiediki gands, FbachYHr Qi oyl abi hya54h thBﬁ\Fr'a‘?ﬂi oLy N a
customary manner, for exanple as described in J, Falbe et al " \/\/30y

Synt heses wi t RE8&r BEh WBnSEVEE"  SURFhifgiantier Faledsed, Ipsgetos-gpaup

O Z. 57|36d- éleonéisgﬁ.ﬁbi nst gcgiegﬂmw?,f gOV&Dk{ - Ys| nep)t,hogephani ng

I nt erna ou onds,.£.0.. 2-butene, .raffipate rr I nate Il . _pentene
and/ or oct ene?ﬁﬁﬁygachfﬁ%cg%n?%’ i gg‘?n??:ilggl’l f'[@urgb?gr mcg'w’asgéﬁri xCdpe of

i soners. B RaffikyatdCL-Ggd r 8bFad&lyd -I(C1a€e CACHE xt (I0Es-adiMydi -nied -by) ,
cracki ng and b | XTAH € ut S enes_and b i engs. ;40
Exanpl es: Theegg%o%\nﬁxg’ ex%m%%¥%'u?f§%le%eq§?o§@sé g% %en]igélvg%t I on

wit hout restrPekYhg (EneCorloces$9s3ralkibniCa-Cateneral procedure for preparing
t he di phosphi nes:

In these cases, the radicals R! and R? can also be
15 joined by one or more covalent bonds and thus form, for
example, a biphenyl, naphthyl or other cyclic system.

Ar can Dbe a phenyl, naphthyl, anthracenyl or
phenanthrenyl radical, a 1,1'-biphenyl wunit or a

20 1,1’-binaphthyl unit, which may each bear up to eight
further substituents selected from the group consisting
of (C1-Cg)-alkyl, O-alkyl-(C;-Cg), O-phenyl, phenyl,
fluorine, chlorine, CN, COOH, CHO, SO3H, SO,~-alkyl-
(C1-Cs), SO-alkyl-(Ci-C¢), CF;3;, COO-alkyl-(C;-Cg), COO-

25 phenyl, PO-phenyl,, PO-alkyl,-(C1-C4), POsH,, PO- (O-
alkyl-(C1-Cg) )2, SO3-alkyl-(C;-C;) or one or more fused-
on benzene rings.

As an alternative, Ar can be a heteroaromatic

30 comprising a five-, six- or seven-membered ring having
nitrogen, oxygen or sulfur atoms in the ring, where
further aromatic, heteroaromatic and/or aliphatic rings
may be fused onto the ring and the rings may bear up to
six substituents selected from the group consisting of

35 (C1~Cg)-alkyl, O-alkyl-(C;-Cs), O-phenyl, phenyl,
fluorine, chlorine, CN, COOH, CHO, SO3H, SO;-alkyl-
(C1-Cg¢) , SO-alkyl-(C;-C¢), CF;, COO-alkyl-(C;-Cg), COO-
phenyl, PO-phenyl,, PO-alkyl,-(C1-C4), POsH;, PO-(O-
alkyl-(C;-Cg¢) )2, SO3-alkyl-(C;-C4).



15 Sol vents: All.solvents used are dried by known nethods and distilled and
stored under argon. a) Preparation of 2,2'-bis[bis(diethylamno)phosphi no20
met hyl ]-1,1' - bi napht hyl The major part of the solvent is renoved from 33.2
m of n-BuLi golutisgag(1l.6 Min hexane. 53 mmol) under reduced pressure
wi th gentle warm ng. After cooling in an ice bath, 25 nl of 25 ether and
7.9 m of tetrarrethyl ethyl enedi am ne (53 mml) are added. A solution of 5 g
of 2,2'-dinethyl - pht h él??mml in 30 mM of ether is slowy
added dr opwi sQr\%ﬁF’i é‘eé"tal Irilll “ng éﬁ@ Rb3I UFgd Ther r cviedit gkt GPEPPYNES | owed

to 30 stand fefE 2€hBOLﬁcﬁ:‘n&ilal’ 0am t £iPer adhy etapgdesubsafpiidy o enéew
hours at OC. The._s pergat ant solution is decﬁant ed ofg and, %he prec'b 'itate
- ransisienc Hekp

obt ai ned i s waSkEH W't POBCRES eatheR | Prexhansi red
precipitat® i sratesxecomi tdlithatiof nrheraoeazid cedked it o m&l Aomi xture

of 7.5 m of ghianqhs s&gzgémytmfozemsaﬁnage t»géfgfgg%@ & gs,[%?”eggf

absolute n-hexane is a dropw se to t
suspensi on. AMSERG heaﬁﬂ?héltéchas OfeenazpPmakid t oGragRRsHow yeagenbsm

t enperature, 'atlklﬁ.zih'cr el hew1anakheresdedioir salgyﬁﬁehyhhorbf Saf{itered
and the preci te is extracted tw gze 5 W|t of toluene. The

conbi ned filt Uy o ¥ G SBPPERTE s é‘ﬁéf GPPRREesCompounds. — The
chl or obi s1@i eblﬁglaamnlem)aphasphl neeametetrs r edaged prg@&fﬁtraﬂ.l@lo 3pteparedd t h

warm ng to 80¢C, AR i et o] in |ty and
can be used 1 e&%? ?ﬁfl gﬂ%h r%%r?ﬁ?c%??%%??g Pﬁr‘;‘ % Fher® e%ﬁ??%%

to form2, 2 §I§P@e‘|eé1hllﬁr @Bﬁ@sﬂm Fdemaelgition.1' - bi napht hyI M = 514. 59
g/mol 31P—N|\/R(S[ppr’r] r CGD6) : 88 4 15 1H-N|\/R(8[ppr’r) J[Hez], cBDB): 0.45
t(=triplet), 13 %G%d quartet) . Jd =7
(4H) ; 2 . &0 Yent l? 'JéfsedlvlebGBPét )PrOCJ‘ES:S 3Steps: ad..7.8) 0 m
(t:2m2“ tibpt [e'E)anGGH):) 706 dchd DBodedd; of 7+he8 El]rngétﬂ)cloao byePreparet i on
o) is rophg me i.napht

2,2' - bis[bi s(g!régk‘q amgng)w%%%)ohl w&)rge"‘l%ﬁ ] {p nd‘éét}t hy‘f st i FOt he
resi due from Fh@péstﬁéaéshO#X@Mﬁ%wmmﬂ@e (mé::acbm@)are; p«aken up in
150 m = of hexé?@ot\i\é' | essivent8y angh 5oold N9 '@t@%fsce ba&BmaQ%GOUér HA i's

passed in until .the nixture | s saturated (about 1 h). mxture is
filtered and PhePRESiGue Y IRIFPWFce WREANDELG] 3@”& hehheha ke

conbi ned %o | thaUegeﬁaeeavmﬁcﬁka@sa,boaﬂBc&Qom a Iébte%@C, l%‘llgiéls Oénd

2,2 bIS[(dICh|O hosp thyll-1, 15 bi napht hy stallize out. M=
484.12 g/ ol ViH&rY 9% 24; o Vi g%&“‘ﬁ%&%&'onggﬁe §°§V¥3Fﬁetrﬁw§5 not

1,1' - bi napht hymdasgd anyla)l)am3taleRa¢8ﬁppB) with[ Ebp re€bEadrs:. 180. 00

1H NWVR (8[ ppn), J[Hz], CDC13): 3.4-3.6 m(4H); 7.0d, J - 85 (2H); 7.2 m
(2H); 7.43 mgPZH) 7.6

process steps a), b) and c) are preferably carried

25 out at temperatures of from -80 to 200°C; in most

cases, it has been found to be useful to employ

temperatures of from -30 to 180°C, particularly
preferably from -20 to 160°C.

30 The particular advantage of the ©process of the
invention is that no toxic benzyl and alkyl bromides
are prepared and that no reduction of phosphine oxides

has to be carried out.

35 Owing to the stability of the intermediates of the
formulae III and IV, it is possible to purify these
intermediates by simple <crystallization so that
complicated purification methods such as chromatography

are not necessary. The compounds of the intermediate IV



0 Z. .5736 - 12 d, J =8.5(2H); 7.86 d, J - 83 (2H); 7.94 d, J =8.5 (
5 13CGNWR ( 8 [ppm , J[Hz] , CDC13 ) : 50 . 3 d, 1JPC- 45 . 8 (P-CH2
126.4 d, J - 5.7; 126.5d, J - 6.7; 126.9 s; 128.1 s; 128.4d, J = 2.9;
129.0 s; 129.6.¢,. 7365, 133.0 d, J =16g2; 135.0d, J = 2; 135.6 s. 10 15
20 25 30 35 c¢) Ceneral procedure for the synthesis of |ligands of the
formula (1): 3@2 madelidtd podd)bDé ebenpahyl nERgNEYandandhidxesrai 6p 10 ni
of absol ute di.ettk%l t her und(rEr arg\on in a. 100 gg thrge- necked flaslf

provi ded wit h*R5FEGTE i ¢%t FAFELYSAS 1 58m PEnpePLERAPEY 1274 AnofiBPlEhe
appropri at el ymsmipstri.t (Hed broduaengorpolighridli $sbraed of lther 1lbfaddst hyl
ether) are sl r Ny haur) | s€e nmeans
of a droppi nggyl?ér?(er%étegcgﬁqglﬁggtﬁ_e@ﬁ?\ﬁ%}@g’n&%@&gﬁ%_%%%V\%gegﬁﬁot
start, a d?oploventiogi br foet FAaREifserakd¥d t BorRe reavVEBASHb| ut tban Wien
the Gignard peactiodR1hs keoihl ehecezeml ete reaction of the nagnesium
after about 1 hour, this solution is transferred to a dropping funnel. 1.5
g (3.1 mol) of 2,2 -bis[(dichlorophosphino)nmethyl]-1,1"-binaphthyl are

di ssol ved in ZThen dbphabshinee THepariel acgopndinga tbO0the t bheenvesked
flask. At room.tenperatu e,  the i gnard lpution js slow over a, period
of half an holf)’ added < roapsvx,ilslegaf%)dgh%ns%%ﬁ?lfb%a%?ifﬂ%é redc rens, if

2,2' - bi s[XWi cpretdshdayhihydnedioryiyilat ibnshigfaphtdfiins Tire e upiesense
subsequent |y Q%atr‘?ﬁéi%np@éddlﬁ/sadéd. Séféf‘é‘&é&folaéﬁl LA 5 L M0 B, gs'fna

conplete the reaction. The solution i s subsequently evaporate
under argon oRY&SPESar yiRy&RFtBHaThdhoss dhavirg dikiah veggrgeso of
absol ut e and/ bt atteddnge antgbueia tarthadddondd eMobhd2zQ M of degassed water.
The m xture is stirred for half an hour. The O Z 5736 - 13 agueous
phase is separated off and the organic phase is dried over sodiumsulfate.
The sodi ukh sulThst eides slibdephesphynés| aer ddgsinfds S5imalsyddo fiwthyl26ioh of
tol uene and t i iC ase, Lsneva tedyko dry S er

D2aRRYBALC BEASEabInCVaRALAL edukO 4 @g?a%?f akggbesds

pressure. The residue is recrystallized from acetone acet one

t ol uene/ hexan8iP§Psphinei dd9aifs RAGHRE b BESBAM SERNGHRMESYr ORT@ 40 cm
colum 10 (ki eseldguhin€ef0h14si, ngiabseleut BydobECHARy BSt Ebnarls. Jhecfns! owi ng
| i gands were pre ared.b?{ t he pr(gc sg ofbth(f inv%rﬂtl n.d15 Z.é.Exa | es of

| i gands prepaf8y A% orBrREEES 19guPbLy bonds  withou 1scussing the

2,2' - Bi s[ s(2e3ettivBtpentaf |thor ophredpdt and the activity of the

catalyst.

In Angew. Chem. Int. Ed. 1999, 38, 336-338, L.A. wvan
der Veen, P.C.J. Kamer and P.W.N.M. van Leeuwen report

25 modified XANTPHOS ligands which convert 2-octene into
n-nonanal at an n/i ratio of 9:1 and a turnover
frequency (=TOF) of 112 h™'. The TOF is defined as the
ratio of mole of aldehyde to mole of rhodium per h
after a 20-30% conversion.

30
EP 0 653 432 describes the preparation of diphosphines
analogous to NAPHOS, some of which contain fluorine-
containing substituents. These ligands can be used in
the hydroformylation of olefins. Here too, nothing is

35 said about the selectivity and activity of the
catalyst.

The 1ligands prepared according to the invention, in

particular the fluorine-containing ligands analogous to



phosphi nonet hyl]-1, 1" - blnap
(73.4 of .theory) S|P-NNR (S

thyl 2. a) 20 M= 1010.54 g/nol Yield: 2.3 g
ppm, J[Hz], CDCl1l3): -46.3 qui (= quintet),
[ Hz] o CDC13) : 3.6 d, J =13.8 (2H) ; 25 4.1
J =
7.

(—l'_'j

3JpF = 11 1H NMR (8[ ppni |,
d, J =13 . 8o2H 5;73@.3 d, .4 (2H)9;-6.85t) J - 17; 7.25t, J - 10.8
(2H): 7.65d, J - 8.6 (2H): 7dJ 8.1 (2H); 7.94 d, J = 8.6 (2H).

o] ﬁ_. 57ﬁ6h-| 1;ﬂ:JAPlPIbS2 ngBM bz?%g 3g5md>}lélx@@rOﬁlﬁgn)/bilﬁbﬁ$§(hhﬁmye'[ ?!bhly 1')
- - bl napht hy = g L e 2.05 of theory
31P- NVR ( S[ ppfLiee ’ﬂ?ﬁ ‘%i)m%?tl"e fnir hﬂ‘pﬁlf ,gl ﬁ%fz“j‘ , 13)

3.05-3.1 m (M)ghes&saczt:(muy. pknbwnf haltblee'ts) ih - e sezeatiee(m)'

A R z)aﬁ orpERSYacyel y dF ( QiR v il Gideosi JAbhial LT

J

8.5 (4H). 35 ds to form the termlnal aldehydes Table 1 in the
2,2" - Bi s[bi s(2xmpildd |Jiv@sORReRYIRAQSRNI nomet hyl [ -1, 1" - bi napht hyl 2, c)
F~FF

The invention 1likewise provides a process for the
hydroformylation of olefins having from 3 to 16 carbon
10 atoms in the presence of rhodium catalysts, wherein the

ligands used for the rhodium are diphosphines of the

Cm
OO PR,

formula

15
where
R =3,5-Ce¢H3F;; -Cg¢Fs; 2,4,5-CgHyF3, 3,5-CqH3(CF3)3;
3,5-CgH3(CH3), or 3,4,5-CgH,F3,

20 and the n/i selectivity of the aldehydes obtained is
above 85:15, preferably above 97:3.

Furthermore, turnover frequencies (TOFs) , i.e.
activities, of more than 150, preferably more than 300,
25 can be achieved in the process of the present invention

using the specified ligands.

The hydroformylation can be carried out in a customary
manner, for example as described in J. Falbe et al “New

30 Syntheses with Carbon Monoxide”, Springer Verlag 1980,
pages 93-123.



- .0Z 5736 - 15 M= 866.62 g/nol Yield: 1.3 g (48.4 of theory) 31P-NWR

(8[ppm, .J[Hz], CDC13): -28.8 d, J - 23.6; 5 -29.1d, J = 25 0 1H NMWR
(8[ppni , J[Hz] , CDC13) : 3.26 d, JHH - 14.1 (2H) : 3 .45 dd. JHH - 14,
20PH - 3.2 (28,7 6733 M (2H); 6.55 di_ g m (2H); 6.6:6.8 m(6H); 692 td
(= triplet of doublets), J - 6.9, J - 2 (2H); 10 7.26t, J - 7.4 (2H);
7.43 dd, J - 8s5,0lefink/?2 bié‘ﬂ.‘ergnae 1@.3 giverl éé’Hhsﬂl 7ﬁzkfbse] Fav¥idg(2H) .

M = 762, 95g mf VREPAL TOR t B0 BB heor9) S PPENMRTEB! b %%héoc%g)z K
-11 420 1H NNRaC&[lplalt]e (IJZgHZbenGBEéS anzd/é)ﬁ sct2na, s, J.rQ 8a6(124id)75e53?13(:61 %Hg
-14.2, J -

% 37 2 Seabrital ol Tobly 7B RBCRL o QoS (4
8.5 (2H); 2% 7.85 d, J ="7.92H). e)

2,2' - Bi s bi s(ﬁafénrartbfIpOéﬁah%xlf)lm%ohiﬁoa%md] nﬂlﬁcuﬂagﬂa&ﬂ@wyﬁed Oz
5736 - 16 2. e) erl%/m) Yi el 2.3 9 (8 of heory) 31P-NWR (S
9
m

[ppm , J [HPY | @9&1@9 qumr(lﬁ[epdhixtugffwy userss J-P utemes g ,
2Jpg - 2 . 7 éna Hukadienésm (6H); 7.05 td, J - 6.7, (4H); 7.8 t, J = 8.
(4H). -8.5 3.1 m (2H); 3.05 dd, 6.3 q, J-6.7(4H); J - 1.3 (2H); 3

10 f)

2, 2' - Bi s{ifl s[ Bxampilegt:ri f | uor onet hyl ) phenyl ] phosphi nonet hyl ) -1, 1' - bi napht hy

| 2.~ 15 M= }{26. /31 BhffPhg examples illustrate the process of the
invention without restricting the process to them.
1. General procedure for preparing the diphosphines:
15
Solvents: All solvents used are dried by known methods

and distilled and stored under argon.

a) Preparation of 2,2’'-bis[bis(diethylamino)phosphino-
20 methyl]}-1,1'-binaphthyl
The major part of the solvent is removed from
33.2 ml of n-BuLi solution (1.6 M in hexane,
53 mmol) under reduced pressure with gentle
warming. After cooling in an ice bath, 25 ml of
25 ether and 7.9 ml of tetramethylethylenediamine
(53 mmol) are added. A solution of 5 g of
2,2'-dimethyl-1,1’-binaphthyl (17.7 mmol) in 30 ml
of ether is slowly added dropwise while stirring
and cooling. The reaction mixture is allowed to
30 stand for 24 hours at room temperature and
subsequently for a few hours at 0°C. The super-
natant solution is decanted off and the precipitate
obtained is washed twice with 25 ml each time of
hexane.
35
The deep red precipitate is admixed with 50 ml of
n-hexane and cooled to -70°C. A mixture of 7.5 ml
of chlorobis(diethylamino)phosphine (35.4 mmol) and
25 ml of absolute n-hexane is added dropwise to the



“Yield: 3.1 g (88.7 of theory) O Z 5736 - 17 31P-NWR (S[ppm, J[Hz]
CDCi3): -10.5 1H-NWR (S[ppm , J[Hz] , CDC13) : 3.2 m (4H) ; 6.95 d,
8.5 (2H); 7.05-7.15 m (4H); 7.25d, J - 4.7 (4H ; 7 .33 t, J - 7.3 (
7.47 d, J - 405z(4By3s 5 7.65 s, (2H) 2-1¥.4 d, J =11.1 (2H ; 7 .8 d,
16.5 (4H) . 3. Description of the hydrofornylation The hydrofornylation
experiments were shirred oauspéneivher After10bhel mikberavehéParben.)

provided with a magpshiégaldy Wi e81BWeRe!dLr rSEh T tehpRiakl R, 164 M
autoclave (Parr Co.) provided wth a magnetic stirrer. 15 The | ,
hydr of or nyl ati on PEBEERHr efPE d@BREPBEd Bél oPBYSwayTBE eXakpr&oRorifhe

a;Jt ogl a\é;% e><(|c])ler1 i nﬁﬂ%tébegé a((ug@e ﬁta@gq:orlédiﬁi&qt@ arigd(ax?taaﬁealnttewﬂ@é f

st andar nd 1-penten : : are e .2 salution o
88 . oS Rn( GO bR ST oRbl oERE Tt COMBYHEC, T L9 e 96, 5
unol ) in ani sol e £86edl pf AMdkrente andt wfe draedxecthlionobiefdedthplthe

aut ocl ave, the au j ' OUg 5 of at .S gas
(Core 11y, ThatEhBYEpaspRifuy lnde: > eiicet ParEEERs L L PRELS P
pressure to incredsbhs|wargingd tche 8FEssufle | sesiisbeyuenmbyisdsusted to 10

bar. After 16 houggsrgthe gHbastaveins gdd ched-ialyf anonebihcabky. useql ed 30
in an ice bath and,deﬁressu%gég%go at ngspheri.c pressure. A GC sanple is
taken dirEttly fraFERBCaut anBURRALGREAoN G SERS - f@rthep| e

1: Rhodi um cat al yzedabydonkor nyleati.on ito t hefwmsenc?, »f thes{ gabadspsepar ed

?OC/(;:;); :jll'?J%ltZ?ELhgehﬁ%ﬁgébgg%@ghg?gg%gibg%tlé%égggggm 942532f 2- pent enel100528

9: 1132542f 2- but entd120889159835821L2- oct ene1205186: 1431962b1- pent enel1207897: 3

48872b2- pent ene120%9dir6 3 %gggjp@gbgqekgg%;QS:513192e1-pentene1208397:3519
102e2- pent enel206,193; 7381 e2-pent.enel002494: 6150122e2- but enel207495: 59251

32e2- oct ehe120489FH 986 1404 Prgdt end 1561466 a288159d £5pehf EnetPRbet) 1947516
2d|2- pelnt en_elﬁOll?@l: 2289 (suA;cat. 3y s, fdnlr)mepl UsHNG &f\BHqS (Nagehyt&bE, Ear ﬁnt
mol ecul e wit hout uori ne-contai ni ng substit ts, ewi se displa i

sel ectivities but“trgl"vgs W ac i‘\g)i?ige‘g, _ats7 c(gi Be 2s'eég (#Mr g‘m a'ﬁ'é]gﬁl’f%?Val ges
in the follow ng Fall e3 X@HFablt 77 Hydnof(er mhbtimletof 16HAand 2-§edt ane
usi ng NAPHOS No. Qyeti gP Qﬁgr.)if.eC);YBe}nd (4H) .

(%9 n/i TOF11- pent ane1012(S76 9: 147521- pent ane501208897: 355032- pent ane10120228
9: 111384Xpent ane50120755: 4544

b) Preparation of 2,2'-bis[(dichlorophosphino)methyl]-

1,1’ -binaphthyl

The 2,2'-bis[bis(diethylamino)phosphinomethyl] -

1,1'-binaphthyl present in the residue from the
25 reaction described under la) (see above) is taken

up in 150 ml of hexane. While stirring and cooling

in an ice bath, gaseous HCl is passed in until the

mixture is saturated (about 1 h). The mixture is

filtered and the residue is washed twice with 25 ml
30 of hexane. The combined filtrates are evaporated to

about 50 ml. At -30°C, 2.9 g of 2,2’'-bis[(dichloro-

phosphino)methyl]-1,1’-binaphthyl crystallize out.

M = 484.12 g/mol

Yield: 2.9 g (44% yield based on the 2,2’-dimethyl-
35 1,1’'-binaphthyl used in 1la))

p-NMR (8[ppm], J[Hz], CDCl;): 180.00

'H-NMR  (8[ppm], J[Hz], CDCl3;): 3.4-3.6 m (4H);

7.0d4, J = 8.5 (2H); 7.2 m (2H); 7.43 m (2H); 7.6



.O.Z. 5736 -19 Cainms: 1. A process for preparing di phosphines of the
formula | 5 R RzP-HZCG Ar-CH2PRIR2 (| ) which conprises a) reacting

di met hyl compounds of the formula Il, 10 H3CG-Ar-CH3 ( Il ) with a base and
an N-substituped agypgphosphorus halide 4o form bi s(am nophosphi nonet hyl)
compounds 15 of the formula 111 R3R4P- HZC- Ar- CHZ- PR3R4, (I11) b) reacting

t he conpounds of ghedSfernale 142420 ohiai ned on 4 higs3wayamy § h7HGY tg, form
bi s(di chl or ophosphi no hy%) conpounds of the formula IV

C12P- H2C- Ar - CH2- PC12 énls%/) and c) reacting the conpounds of the formula

| V obtained in thi’s-WaR widlipporlgand ikt bl | COCleRgeB0s 3t ol gi Whect ke 450 get
conpounds of the forpayla I, re Rl and_ e .= | ndependent Ly, of one
30 anot her, a subggiﬁ?t)e’d (:)ervgl}%sut()iéti uté(?%%'mﬁ?ﬁ'%e'zagrogr oﬁatﬁ%'(?'or

al i phati c hydrocatden9radi ¢3B-an¢ neh2thdveda dovalkelt HE Comnet29ng t hem

and Ar is a substgtuged g, unsubstdtuyed gpopati§s0p ket of carpeiie ¢

hydr ocar bon radi cal and R3 and R4 35 are each, i ndependent |y 'of one

anot her, an Nsubsfituted al kyl anino or arylanino radical. 2. The process as
claimed in claim1, wherein the radicals RL and R2 are identical or

di fferent and Z 5736 _-20 are argpmatics havi up. to.14 .carhpon at ons
and are able £0 &%ﬁ’eﬁﬁft Brgicﬁﬁturseubg?}ftﬁ it ssysrbﬁr}getﬁlgﬂ ?Foﬁm%ﬁ?@% o%%

consi sting of (Cltige)fatkyla CA)kyl-(Cl-Ca), O phenyl, phenyl, fluorine, 5

hl orine, CN, , ($934), ldey | s1( Gl B, 3,
000 a1 Ky - (G- o)’ BODBemyT - "B Bneiy 1% i e g yRixey
PO ( Oal kyl- (avweshy y0zmlsef. ahsplutecdigphyl ether under argon in

a 100 ml three-necked flask provided with a
magnetic stirrer. At room temperature, 12.4 mmol of

15 the appropriately substituted bromine compound
(dissolved in 10 ml of diethyl ether) are slowly
(over a period of about one hour) added dropwise by
means of a dropping funnel to this mixture. If the
Grignard reaction does not start, a drop of

20 1,2-dibromoethane is added to the reaction
solution. When the Grignard reaction is complete
(complete reaction of the magnesium) after about
1 hour, this solution is transferred to a dropping
funnel.

25 1.5 g (3.1 mmol) of 2,2’'-bis[{dichlorophosphino)-
methyl]-1,1’-binaphthyl are dissolved in 25 ml of

absolute THF under argon in a 150 ml three-necked

flask.
At room temperature, the Grignard solution is
30 slowly (over a period of half an hour) added

dropwise to the solution of the 2,2’-bis[(dichloro-
phosphino)methyl]l-1,1’-binaphthyl.
The solution is subsequently heated to boiling and
stirred for another two hours to complete the
35 reaction. The solution 1is subsequently evaporated
to dryness under argon on a rotary evaporator. The
residue is dissolved in 50 ml of absolute and/or
degassed toluene and admixed with 20 ml of degassed
water. The mixture is stirred for half an hour. The



.10 3. The process as claimed in claim1l or 2, wherein the radicals Rl and
R2 are identical or different and are heteroaronatlcs having a five-, six-
or seven-nenbered ring and nitrogen, oxygen or sulfur atoms in the ring,
where furthergagongygg, hetero 15 aronmtji£ and/or aliphatic rings may be
fused onto the ring and the rings nmay bear up to seven substituents

sel ected fromth&a @é@sccﬁ}ﬁéﬁl NG Ofselpa@ht@ ) ofdl kihd, €hal kytkgakd-C8 )

, O phenyl ( phen fluortine, chlorin . SO3H, S03al kyl 20
(Cl-06) , SO alk af%:l %:eér’(e%F%"e’éo‘t‘ng%’g‘)l W?%%B) . COO phenyl ,
PO phenyl z, PO al kyl z- (01 CQ , PO3H2, PO (Oalkyl- (Cl-C8) ) 2,

aggrglﬁyihe(ﬁidfé%arbon ra |caﬁ§%%% ﬁgR?%Egg*giﬁgica%lik%%gﬁTér%ﬁtsan§5

are cycli @ or acywaskedl wikthr 2& odl soﬁ\/nt@hu@@ﬁt ahd Gpet eroRiar Erase ons
and may bear up tp see\(ggbo&létbgdt nt t 0 ting of
(C1-C8)-al kyl, O 30 al kyI Cl Ce;é% &r%g%gg %C{G&O%Eaﬁﬁgél 'rgr& ﬂ?%?l ne,
CN, COOH, CHO, SOBRe 1reG)tYS§81§|lWF1 fr@l @F§tonefBtoH,
P0 (Onl kyl Cél%é“nm‘““sos”‘ﬁrk O et X el ai Ted
y al ky e, process as c alne
in any of clains 3r%%1)1 8?%Hﬁmt hehéoa{%q%oa#rsaw aft ﬁgvgmon%ojg
coval ent Ionds betkkeseldehr G &Y. usigg aE&oButéhEObm@nesasaeluéatned |n
any of clains 1 to 5 wherein Ar is a phenyl, naphthyl, anthracenyl or
phenant hrenyl radical, a 1,1 -biphenyl unit or a 1,1 blnaphthyl unit,
whi ch may eacBhgedioldowiads kighnrds uWerer RraRamecudi sthel &uosestsr o7f t he
group consi st tpg ehveRti6R)-al kyl, O al kyl - (C1-C8), Ophenyl, phenyl,
fluorine, chlorine, CN, COCH, CH[z SO03H, SO2-al kyl - (C1-GCs) , SC)aIkyI-
(C1-Cs) , CF3, C0Oal kyl- (A-C8) , COO phenyl, PO phenyl2, PO al kyl2 10
(C1-C4) ,15P03BR) EKthIstdﬁll1gﬁﬂdéspr¢paredm§ea¢k@imgﬂt6chbr one or nore
fused- on benzene n o ) I lains 1 to 6,
whorein Ar 1o a Kol erid o LT F Sl ARl
seven- menber ed rlngIﬁhﬂﬁﬁ?#ﬂmeRRXﬂ]tkybG#WﬂaRhnhxk atoms in the ring
where further aromatic, heteroaromatic and/or aliphatic rings may be fused
onto the ring and the rings may bear up to six substituents selected from
t he group 20 consisting of '(Cl1-C8) -alk al kyl - (C1-CB) , Ophenyl,
phenyl, fluorine, chlorine, CN, COOH, S02- al kyl - (C1-GCs) ,
SO al kyl - (C1-Cs) , CF3 ( COQal COO phenyl , PO phenyl 2
PO alkyl2(Ci-C4) , PO3H2, PO ) )\2. S03-alkyl2 5 ( C1-C4 )
8. The process as clained in /s tgd 7, wherein bases used in
process step a) are alkyllithiu P yIIithiun1coﬁ$ounds, al kali metal 30
hydri des or al kaline earth netal alkali metals or alkaline earth
nmetals in liquid ammni a, alka rdr oxj é/,sg al kaline earth neta
\n

hydr oxi des or al kali netal al kg arth netal al koxides. 35
9. The process as clainmed in an ns 1 wherein N-substituted
am nophosphorus halides used in process a) are al kyl am nophosphorus or
aryl am nophosphorus chl ori des, brom des T8z 5736 -22 iodides, where
al kyl is a hydrocarbon radical selected fr n1the group consi sting of

met hyl, ethyl, propyl, isopropyl, butyl, isobutyl, hexyl, 2-ethylhexyl,
octyl, isooctyl, nonyl or isononyl 5 radlc S and/or these radi cal s can
have a coval ent bond between them and/ or al fvanlno is an aliphatic

het erocyclic radical having fromone to 6 carbon atons and/or aryl is an
aromat i ¢ 2%adi cal Mavi L4 r%‘in%:ﬁ@%o 14 carbon atoms, where these

Yield: 2.3 g (73.4% of theory)

31p_NMR (8 [ppm] , J[Hz], CDC1;) : -46.3 qui

(= quintet), 3Jpr = 11

H-NMR (8[ppm], J[Hz], CDCls;): 3.6 4, J = 13.8 (2H);
25 4.1 4, J = 13.8 (2H); 6.3 d, J = 8.4 (2H); 6.85 t,

J = 17; 7.25 t, J = 10.8 (2H); 7.65 4, J = 8.6

(2H); 7.7 d, J = 8.1 (2H); 7.94 4, J = 8.6 (2H).



10 r.adical s may -bear. up to seven substituents selected fromthe group

consi sting of (Cl-C8)al kyl, Oalkyl-(Cl-C$), O phenyl, phenyl, fluorine,
chlorine, CN, COOH, CHO SO3H, S02-al kyl- (C1-C6) , SO al kyl- (C1-C6) .

CF3, COO al kyh-z(Ct968) , CO0 15 phenyl 34 PO phenyl2 , POalkyl2 ( C1-C4 )

, PO3H2 , PO ( Oal kyl- (C1-C6) ) 2, SO03-alkyl- (Cl-C4) . 10. The process as
clained in ang)of2chaipss lbis (9, 5wheErubrophanglebRbEbRin6AEERYEUSEd in
process 20 step C% grgbtrgnﬁ'ﬂi?n netal arenes, aliphatic or aromatic

al kali metal conpounds oreRrkaYine earth netal conpounds, aliphatic or
aromatic Gignard reagents, alkylzinc or arylzinc reagents, alkyllithiumor
aryllithiumreagents and/ or aryl copper 25 conpounds. 11. A process for

hydr of ormyl ati on of ol efins having from3t®16 carbon atons in the
presence of rhodium catal ysts;' wherein psphFnes of the 30 formula PR=
PR= O Z 5736 -23 where R =3 z ~C6F5 ; 2, 4, 5 -C6HzF3 ,
3, 5-C6H3 CCF3) z; 3 ( 5-C6 4, 5-C6H2F3, 5 _ are used
as ligands for the rhodiumand t of the al dehydes
obt ai ned i s above 85:15. 10 12. The plLoc as clminmed in claim11l, wherein
butene, raffinate I, raffinate | ‘ a r octene are/is used as
olefin, in each case in isonerics 0 as a mxture of isoners.
JAY.ACA A A ALLA ALAY. AL AR L AL A AY.AY. . F’?.A.AE.A&h.AY.A Yt~ .45

??2:& Inl45 nl C 2.b
(#.#.?>~????????a‘0xp%‘??~~~888x<x<x|||| |R|<|?<|?<|‘<|<|<|<|<|<|<|<|<|<|><
><>| <| <| <|X| ?<| 2§ 7F| P2496622Am0bY| | 2| 2| 2| | | |||~ 2| >| > 2~] 7| ?| 22| | >| >?| ~| |

?~??~~~p~|?~~~~|??féié?lil€§?¢?k8i?i%|bf~€88$f% >?| 2?1 222| | | | ?] 2] ?x| 7~~~>~]

>~>| ?~<~?~| ~~>X> 7g>>| > x>§ ~<x9>x>i?>98><?>i? ,';{?~?~~~~~|~>?~?~~>>~~?>~<~
?~~>>~~~>?>|?>>>?>§?b¥§~4 Lponi 2 235853956063: 5 R 98 5n_ sng los-<o—9-97

22| 2~222?| 20~022<R280 2 ABPBBRAXX XK [HE ] | ~~CPG13|:| ~3+05~P~2> % ?<(4RP2???222?

2?73?27 =000 ~5>22| ?2?| £2X57527-2 ?77L>ig §~x?~ XXXXX?X| <&>&Zki| ~~~~~
~|x~?>~<?~~x~x~x~x'~'§<~ti'i'.)~(~'.)~’§’£ BLef E TEEBIbEsT)” [ 127227-2~2
~<~<| <] <==<=><-><@ R 3> > > > >3 bayl; > P08~y r = ><pa) | > > |
><|><|><|><|><|><4>5>§>>3>>>%>%>Hﬂ S| >~?>~2<>~?>~7>5>5>>5>7~2990902777727??7?77?<

99m‘g8F845 F8C ’ H); 7.31 t, J =7.1 (2H),‘7.78 .t., ......

XX XXX SK XXX XX ?<| 8X<| B<| X< X<<X KKK <KX KKK KKK KKK <<BLLL| <<<><>P>KX<<>X<<>

<<><<>p < ><g b<xSp <k BHp kp (X pf <t ik kworgpherybkptiesebinex <>x <>| <>| >8>?
X>?>>>>2~2200 0 AN T2 T 2B ap P r 77?72?2222 ~~22X??7>797~<?<?p??>7?x87~a
X<~<| >p| ?><<KKKXX~X?| | <><| ><<<| BXXPXPX| X<LKKXSSXPPXXXXX ?XXX]| >| <x| pxX]| xX| Xp| p|
pl | pl || Ox?2?| >| | x| ?2??| | <>?<?><8?x??x?xp?| >0>?7?<8?| ??T: {z}45 zC

VY (}#. #. 22222222222222222222222°2| 222222222F222222200xx| | | | || ||| || ~~] | | 2?2?22

2222222>~| IX>2222>>2555| 2| 222222222>5>>>25548| 2822822820<>272| <| 82272 2| 2>7~>7

>>8>>>>>>X>| ><>>|
>>[ > >~ x| ||| []?] | =] ~>~?>~~=7]

D
D
D
N
l
N
N
N
N
N
S5——
)
)
)
)
N

Zdns
??7?7?7?. eZ&7845 &ZC %

88(8#,#,<<x>>~|>><|p><<<?~|<???<||~>>|§~
>>| >| ~X| ?~| X| x><><>?<<| xp?| ~>?| ~>>??| | ?°

ooooooooooooooooooo~op|x?p||ooooooxx>>>é%qﬂ | <>| ~2?2x?~~?| ?x| >><>| | ?| <x<x<| >

<| >>><| 3| <~>X| ???2??2?7?<| ??| X<?| ~>>?><3?| | ?| ???27?>| ??| <| ~a8| <?>?7<?>| | ??7?>| >|

| | 8BXX??2??| ~>~?7><| X~X?<??2?>| | ~?~~?2?>| xX<>>~>| <| | | | <] >???~>X]| <| <~>~>?>>xX| <
XX| <<>?2>>>| ?2~~>| ~?| ~>x| >>T: m NA5 NC

(#. #. 2?2?2~>>272722222?~2?7>7>?7>5>550>X~| ~~~~>>?~??~| | ~~~~~~~~ P ?~=?| ~~????~??7~?~7
~???>~~~| ?2?p| 0?2>>>~?~2~~P?7>~| ~?~V~~~P~~>??~Pp~~| ??>?~?>>>~P~~??>~?7<P??~"7?

822~X~~~| >22>2222220?>>~| ~| 222222227~2~~~?~| ?| 2?2~2222222272~2?2~2??| ??| ?2<??7??

P S - LY. .Y Y Y Y W O L . NN N — o~ P Y. Y. LY.L S




tNt45 Nt C '
(#. #. 22X | | 222222| | ~~| ~ ~?~22>?>| ~~~~| 2~2~2XXX??22222222222222222222?2?7>~8?

>>225| 2X X222 PR U2 DA ~>>?~>~~| 2~>2>>221R2<~>22>~27| | 2~~X2~>X?| 22X ?>?X 22X ?

X?P| ?2p~?~?~2~2~P~2~>>>| >S~>S>>S?>?>?5>5~~~~>>>7>7>| S>5~?~?~?>7>~>~?27>7| >| >>>7<??
<p0a| 9| >~~x??2?2?~y| ?????28?2??7?7?7?????2??7??7???7<?p?????7?0?8??<V~?~p~??~~???7?7?7?7?7?7?
???~~?<<| | ~~~?~?~5 :pg%g?%§0~|b;1~~????<?????????????????????x??~?~??>?0???
8~??2~??X~?>?~~?| | ~:~>|>&|><P£ o~<~??~|>~>|~~>|~?>|||x|?<?<><><?>>|>?>>?~>?

2~22<>27" | 2272771~Y1e29222| 3| 0-+28~2%70F? |thelo?y1 2?22?27~ P ~~?~~?| ~??| ~?2~?~7~

~~>~?|~?~~>>><>???qggﬁgg?2§. §@g9?313;1??Q§§3g§?~?~99éf? 22| ~2223322222222?
> ¢

................... h28 995580555539 3953 B 28] 2979293 §éo| <2| <

XXX 2XXXXXTD | || | | ~=2P) [ S~d| 5} 23-0~] <x<ox<ox<ox| >>>x>x>| | 3] <>| <>| <>| <>| <>| <
5| <] >| <>| <>| <>| B2} R2RER 2 ABIPRRT 7~ 2T BPRR 22 RIRAST 2~ A 2k~ s 2 22€3 4V 345 v2C
(#. #. 22229222952202022920209522922029522092723292393222252798929223557222227
2292-2222722222222398350 3552899030 525890 S 2303230 2$2Hb 90 BB 7m0 99997

222222277~ mmmmem +2HIP P B2BE R 28222 /P 2CAP0146\ 6-6.6 m (6H); 6.92 td

\ _J\KL! zupkfa\ Wcalcaleg cajc a] cal ca)] galcalcalc a aj caj ca
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U ca] caU] ca] caU] capgalcal gabcagdz+g.1 (2H); 7.76 d, J = 7.7 (2H).
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.| Z8!'s "10%&' ()-#!t Y$I09%& ()-!Y$10%} & ()- Y$10%&' ()- Y$109B8& ()-pY$10%

& ()-. WU+ 10'M>309R2 (95 Mgimel " 10988& ()-#!x"s "10%=& ()-#!"s
"109BB& () -#!| s viOVES (9 -4 (S0% 10K by  +
p-NMR (8(ppm], J[Hz], CDCl;): -11.4
20 'H-NMR (8[ppm], J[Hz], CDCl;3): 2.1 s, 2.2 s, 2.3 s

(24H); 3.1 A4, Jwy = 14.2, J = 2.5 (2H); 3.3 dd,

Ju = 14.2, %Jpy = 2.2 (2H); 6.6 d, T = 7.5 (4H);

6.9 m (6H), 7.1-7.2 m (6H); 7.35 dd, J = 8.5, J = 2

(2H); 7.4 t, J = 7 (2H); 7.8 4, J 8.5 (2H);
25 7.85d, J = 7.9 2H).

e) 2,2'-Bis[bis(3,4,5-trifluorophenyl)phosphino-
methyl]-1,1’-binaphthyl
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-sL109@& ()- 10T 10T

ZX61A0T 1 #1109 W} & ()- 1! 109 T&

2.¢e)

M = 866.62 g/mol
Yield: 2.3 g (85% of theory)
3lp_NMR (S[ppm], J[Hz], CDCl3): -8.5

5 lH-NMR (8[ppm], J[Hz], CDCl3): 3.1 m, (2H); 3.05 dd,
Jm = 13.8, %I = 2.7 (2H); 6.3 q, J = 6.7 (4H);
6.7 m (6H); 7.05 td, J = 6.7, J = 1.3 (2H); 7.3 m
(4H); 7.8 t, J = 8.9 (4H).

10 f) 2,2'-Bis{bis[3,5-bis(trifluoromethyl)phenyl]-
phosphinomethyl}-1,1‘-binaphthyl

Fa Fa

CF3
CF3
CF3
LTy
CF4
FaC CF,
2.9)

15 M = 1126.72 g/mol
Yield: 3.1 g (88.7% of theory)



10T& 4MLO9T& ()-!cl +109& ()-!y | +109& () - 4<wX6{\: 0!l ! 109%& ()-
1 109TU& () -1~ "1109% ()-s! 1109 ()-s! !'10% ()-s!) " !110% ()-s
| " v} OP1OLLGLOYgE () - @1 10%g& ()- 10 10 10'y. 1109 ()- !'|.!10% ()- !°

1 109&' () - V##ﬁ@f/e/cg@ggomol 1 109%& ()-F_!, 7! 10%c& ()-!"110%g& ()-!yl
1 109& ()-'!'t "1 109&R () - "_(.)C"D*E*V\UGQIO! 10

10! L-1 109&' ()-!" I 109 ( h10%&'§(k-F ! x 1 10%& ()-F
E*F*V**+{,, 1 J910! M (@ rogny’, YA (ebda,) 0%k

1111090 T& ()-!~ i‘n@m()(Slppma)o/&uaﬁzm.lmxay BOTran( ) 44H) ; 6.95 d

10 L. . 6//0zX691Q! | X558 1O%& 2y~ |7 | dHUK @-w ! Jﬁf/j& ()- P owa& L) 7' 5! 109%& (
)-1°110% () - 000011 22rP10||x5| 10%|1ocy @5@ XY 10% Y- 11 9|v| 10%)&' ()-
LI 10%@ ()- 10 104E)2nFsi BewlePLO B 1 & 7)42 $1 1=E)°/& ?)

I $! 10%&'(9;-2 7. 65 s, (2H) 7.7d, J = 11.1 (2H); 7.
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3. Description of the hydroformylation
The hydroformylation experiments were carried out
10 either in a 100 ml autoclave (Parr Co.) provided
with a magnetically driven propeller stirrer or in
a 160 ml autoclave (Parr Co.) provided with a
magnetic stirrer.

15 The hydroformylation procedure is described below
by way of example for the autoclave experiment
No. 1 (see table 1):

isooctane (2 ml as internal standard) and l-pentene
20 (8 ml, 73.0 mmol) are added to a solution of
1.88 mg of Rh(CO)zacac (7.3 umol) and 44 mg of
ligand 2.f) (M: 1127, 36.5 umol) in anisole
(30 ml). After the mixture has been transferred to
the autoclave, the autoclave is brought to 5 bar by
25 means of synthesis gas (CO:H, = 1:1). The autoclave
is then firstly heated to 120°C to allow the
pressure to increase slowly and the pressure is
subsequently adjusted to 10 bar. After 16 hours,
the autoclave is switched off automatically, cooled
30 in an ice bath and depressurized to atmospheric
pressure. A GC sample is taken directly from the

autoclave and measured.
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L R 4

"10%g99& () - AAAhBCi@ red according to the 1nventzon
o/0!
13‘3?6&9 FRGADGFT 1) (? ﬁ%’%é“”&.f% PRSP ot ()14
U& ()-!'~ 110%JU& ()-! 2&10WUQEPFQIP§3$HHHHHW U6 96:4
10! Ys1099& () - Sh10% & £4 - 91 2102 Serld - 120 68 91:9 425
3 2f 2-pentene 100 52 89:11 325
4 2f 2-butene 120 66 91:9 825
5 2f 2-octene 120 51 B6:14 319
6 2b l-pentene 120 78 97:3 488
7 2b 2-pentene 120 59 94:6 369
8 2b 2-pentene 100 21 95:5 131
9 2e l1-pentene 120 83 97:3 519
10 2e 2-pentene 120 61 93:7 381
11 2e 2-pentene 100 24 94:6 150
12 2e 2-butene 120 74 95:5 925
13 2e 2-octene 120 48 91:9 300
14 2e 4-octene 2120 14 66:34 88
15 2d l-pentene 120 76 81:19 475
16 24 2-pentene 120 11 78:22 69

5 A catalyst formed using NAPHOS, namely the parent
molecule without fluorine-containing substituents,
likewise displays high selectivities but gives 1low
activities, as can be seen from the TOF values in the
following table.

10

Table 2: Hydroformylation of 1- and 2-pentene using

NAPHOS

No. Olefin P (bar) T (°C) Yield (%) n/i TOF
1 l-pentene 10 120 76 99:1 475
2 l-pentene 50 120 88 97:3 550
3 2-pentene 10 120 22 89:11 138
4 2-pentene 50 120 7 55:45 44

10g
110% U
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formula I

RR?P-H,C-Ar-CH,PR'R? (1)

which comprises
a) reacting dimethyl compounds of the formula II,
10
H3C-Ar-CH; (II)

with a base and an N-substituted aminophosphorus
halide to form bis(aminophosphinomethyl) compounds
15 of the formula III

R3R*P-H,C-Ar-CH,-PRR?, (III)

b) reacting the compounds of the formula IIIX

20 obtained in this way with HC1 to form
bis (dichlorophosphinomethyl) compounds of the
formula IV

Cl,P-H,C-Ar-CH,-PC1, (IV)
25
and c¢) reacting the compounds of the formula IV
obtained in this way with organometallic reagents
to give the target compounds of the formula I,
where R! and R? are each, independently of one
30 another, a substituted or unsubstituted aromatic,
heteroaromatic or aliphatic hydrocarbon radical
and may have a covalent bond connecting them and
Ar is a substituted or unsubstituted aromatic or
heteroaromatic hydrocarbon radical and R?® and rR?
35 are each, independently of one another, an N-
substituted alkylamino or arylamino radical.

2. The process as claimed in claim 1, wherein the
radicals R! and R? are identical or different and
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10 3. The process as claimed in claim 1 or 2, wherein
the radicals R' and R? are identical or different
and are heterocaromatics having a five-, six- or
seven-membered ring and nitrogen, oxygen or sulfur
atoms in the ring, where further aromatic, hetero-

15 aromatic and/or aliphatic rings may be fused onto
the ring and the rings may bear up to seven
substituents selected from the group consisting of
(C1-Cg) -alkyl, O-alkyl-(C;-Cg), O-phenyl, phenyl,
fluorine, chlorine, CN, COOH, CHO, SOsH, SOsalkyl-

20 (C1-C¢), SO-alkyl-(C;-Cg), CF3, COO-alkyl-(C;-Cg),
C00-phenyl, PO-phenyl,, PO-alkyl,-(C;-Cs), PO3Hy,
PO- (O-alkyl-(C1-Cg) )2, SO3-alkyl-(C;i-C4).

4. The process as claimed in any of claims 1 to 3,

25 wherein the hydrocarbon radicals R! and R? are
identical or different and are cyclic or acyclic

alkyl radicals which contain up to 10 carbon atoms

and may bear up to seven substituents selected

from the group consisting of (C;-Cg)-alkyl, O-

30 alkyl- (C1-Cg)., O-phenyl, phenyl, fluorine,
chlorine, CN, CQOOH, CHO, SO3H, SO;-alkyl-(C;-Cg).,
SO-alkyl-(C;-Csg), CFs, CO0-alkyl-(C;-Cg), CO0-

phenyl, PO-phenyl,, PO-alkyl,-{(C;-C4), PO3H, PO-(O-
alkyl-(Cy-Cg) )2, SOs3-alkyl-(C;-C;).
35
5. The process as claimed in any of claims 1 to 4,
wherein the radicals R! and R? have one or more
covalent bonds between them.
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7. The process as claimed in any of claims 1 to 6,

wherein Ar is a hetercaromatic comprising a five-,

15 six- or seven-membered ring having nitrogen,

oxygen or sulfur atoms in the ring, where further

aromatic, heteroaromatic and/or aliphatic rings

may be fused onto the ring and the rings may bear

up to six substituents selected from the group

20 consisting of (C;-Cg)-alkyl, O-alkyl-(C;-Cg), O-

phenyl, phenyl, fluorine, chlorine, CN, COOH, CHO,

SO;H, S0,-alkyl-(Ci-C¢), SO-alkyl-(C;~Cg¢), CF3;, COO-

alkyl-(C;-Cg), COO-phenyl, PO-phenyl,, PO-alkyl,-

(C1-Cq) . PO3H,, PO-(0O-alkyl-(C1-Cg) )2, SO;-alkyl-
25 (C1-Cy4) .
8. The process as claimed in any of claims 1 to 7,

wherein bases used in process step a) are alkyl-
lithium or aryllithium compounds, alkali metal
30 hydrides or alkaline earth metal hydrides, alkali
metals or alkaline earth metals in liquid ammonia,
alkali metal hydroxides or alkaline earth metal
hydroxides or alkali metal alkoxides or alkaline
earth metal alkoxides.
35
9. The process as claimed in any of claims 1 to 8,
wherein N-substituted aminophosphorus halides used
in process step a) are alkylaminophosphorus or
arylaminophosphorus chlorides, bromides or
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11. A process for hydroformylation of olefins having
from 3 to 16 carbon atoms in the presence of
rhodium catalysts,” wherein diphosphines of the

(L
OO PR,

30 formula
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