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29 JUL 2005 WD 02/ 064250 PCT/ EP02/ 01036 PROCESS FOR THE CARBONYLATI ON OF

ETHYLENI CALLY UNSATURATED COVPOUNDS, BI DENTATE DI PHOSPHI NE Gl THON USED
IN THI' S R@ﬁ%&@ggggD PROCESSES FOR PREPARATION OF THI' S BI (E(EHEHCSPHINE
COVPCSI TI round of the invention The present inventl L18%s to a

process for the carbonylation of optionally substituted ethylenically

unsat urated conpounds by reaction with carbon nonoxide 5 and a coreactant in

the presence of a catalyst system conprising a source of Pt group netal

cations and a bidentate di phosphi ne having the general forrmula I Ql-Z-Q

(1) wherein QL and Q2 represent a phosphabicycl oal kyl group, 10 having at

|l east 5 ring atons; and Z represents a bival ent organi c bridging group '
55 EPBEAE PHEBQTESHON Y CREFBHENFEAML | cul ar

relates to suchuNsaTURAQEDOROMROVADS) & NEENIITEAOt 8AbS PRINY dFEMIRIE I TAON
commercially inportant carbonyl ation_reaction, 15 u5|n% hégéogen as
EFeRPEEN ¥ wi t h

carbon nonoxi de and hyrthkxngeroEnThorDabdebydas: awirosIattoghol s havi ng one
carbon atom nore than the precursor ol efin. Depending on catalyst, reaction
conditions and substrates, the 20 hydroformnylation can proceed with varying
selectivities Bhakghews®wes alhepdansiehkeonhsoneri c al dehydes or al cohols in.
varying yields, as .side _reactions occur t g S |ler _or larger extent.
General |y only one é%ﬁﬁFF@“%rbﬂﬁg? f%nzﬁgﬁ?g??ga.aFBFOﬁ%ﬁ§ %@ﬂﬁgﬁtions t he
presence of braacheayPbt adrdelfy des ionadllgohabstituusddeshyabhécaMyeover, in
vi ew of biologkggkuge di%%{kjt - it isacgnsider%g agyantg%eou to obtain
PR cont et o -28Y 16E22btst A0 ©EPE64 50T £P02/ 01036

5 and a coreactant in the presence of a catalyst system

i

comprising a source of Pt group wmetal cations and a

bidentate diphosphine having the general formula I
Ql-z-g2 (1)

wherein Ql and Q2 represent a phosphabicycloalkyl group,
10 having at least 5 ring atoms; and Z represents a bivalent
organic bridging group connecting both phosphorus atoms.
The present invention in particular relates to such
a reaction in which the coreactant is hydrogeh.
A commercially important carbonylation reaction, |
15 using hydrogen as coreactant, is the hydroformylation of
olefins, which are reacted with carbon monoxide aﬁd
:%? hydrogen to form aldehydes and/or alcdhols having one
carbon atom more than the precursor olefin. Depending on
catalyst, reaction conditions and substrates, the
20 ‘hydroformylation can proceed with varying selectivities
to the several possible isomeric aldehydes or alcohols in.
varying yields, as side reactions occur to a smaller or
larger extent. Generally only one isomeric product is
preferred. For many applications the presence of branched
25 aldehydes or alcohols is undesirable. Moreover, in view
of biological degradability, it is considered

advantageous to obtain products having a high content of



2 the linear isorn* . The sel ectiVity towards one of several possible

isomer.-.-, products is called regioselectivity. For hydroformg gl a

regi osel ivity towards reaction at the prinmary carbon ato resulting in
e\glbpowg%ﬁlﬁ% i s desirable. WO A 95/ 05354 describes Pﬁ@@%"b‘@?ﬁ/l ation

a linear

of ethylenically unsaturated conpounds by;r;aption wWi'th carbon nonoxide
and hydrogen, i.e. hydrofornylation, in the presence of a catal yst system
conprising a Goup VIl 10 netal cation, viz. cationic palladium and

platinum and a-Pi HEHIHR & 9Gand 1551 351 &S HHos fIWRE IS Prenef ezakieras
anongst ot hers do2s1hs4 Ligbuitcl-opebpliens iphasphiaa)rfiRaraectieityn | UPAC

nonencl ature 1,2- PP bis(9- gosphabi cycl 0(1;4. 2. 1] honyl ) et hane; 1,3-bis(1,4 15
cycl ooctyl ene p %’ép@ﬁ‘%ﬂéﬂ"&% fi&-OR. @.}'{?ﬂl W‘J’ﬁ’ ndC4PgAg reaction ;
1, 3- PP bi s( 9- phas ptiadi mysad=0fy4 carbphnoaybh; psapanigig and al 1dnbes( 2, 6- di net hyl
1, 4- cycl ogctyl ene ”E) osphi no) et hﬁge, i.e. in | UPAC nonencl ature
1, 2- PP bi S( 2, 6-%F Bt Ry ,+50-953SBRABI cycl o[ 4. 2. 11 nonyl ) 20 ethane are used as .
bi dent at e di phosphi me®-li-gards 357 héesq@hilsphathec yalrbbagybtgonups i n t hese
| igands are all __.supstituted or _non- uastituted 1.4-cycl ooctyl epnephosphi no
groups, i.e. i ne?lgg%elncc?#éﬁcluélfgﬁrtgr@-‘?% oS PIRBTR - %ﬁgg}f?nﬁﬁ%’ gr oups.
Such a 9- phosphedotipyre Ingjrbx3.dE| rody hy@bogemupl ies. \Hysralfiogeg¢lahihguire A.
Figure Agl6 3.4 As is Ll t éc)% e e I t he,hyd
formyl ati on of %%%ﬁreenslec;rleaclel ffu%sg%ég}'gg Sn%é%ncfél%vr%gtsﬁig acgfé?ég\lns@st em
cont ai ni A t heseethhhwgplimeyiresohtsonhc peclleptiall ersepdetivini esnd omar ds
the linear prodycien2a o Wien, VQ; 02/ Q64730 Sl EP0%/ 01836 cxampies
amongst others l,2—bis(1,4—cyclooctylene p
phosphino)ethane, i.e. in IUPAC nomenclature 1,2-
PP’bis (9-phosphabicyclo[4.2.1]lnonyl)ethane; 1,3-bis(1,4-

15 cyclooctylene phosphino)propane, i.e. in IUPAC _
nomenclature 1,3-PP’'bis(9-phosphabicyclof4.2.1]lnonyl) -
propane; and 1,2-bis(2,6-dimethyl, 1,4-cyclooctylene
phosphino)ethane, i.e. in IUPAC nomenclature
1,2-PP'bis(2,6-dimethyl, 9-phosphabicyclol4.2.1]nonyl) -

20 ethane are used as bidentate diphosphine ligands. The
phosphabicyclononyl groups in these ligands are all
substituted or non-substituted 1,4-cyclooctylenephosphino
groups, i.e. in IUPEC nomenclature 9-phosphabkicyclo-

[4.2.1]lnonyl groups. Such a 9-phosphabicyclo[4.2.1]nonyl

25 group is visualised in Figure A.
Figure A 8 1
7 2
6 3
4

As is illustrated by the examples the hydro-
formylation of ethylenically unsaturated compounds with a
catalyst system containing these diphosphines results in

acceptable selectivities towards-the linear product.



. 3 _ The 9-phosphabi cycl o[ 4. 2. 1} nonyl group visualized in Figure Ais an
exanpl e of an asymmetrical phosphabi- cycloal kyl group. In an asynedihcal
phosphabi cywl@abixd group the bridges not containing the phosphRlgssat om
have 5 an unequal nunber of atons in the bridge. By a symmetrica
phosphabi cycl oal kyl group is understood that s5the bridges (i.e. the

hydr ocar byl groups connecting the tertiary carbon atons), which do not
contain the phosphor t0l f . / anpl e of
such a symetri cal g?%ﬁ%Efg%fggﬁg?gﬁ%ggﬁg%'%#@?%%g?ng;§¥ﬁ%hy :%Q%%%J%Eich
is visualised i nFigugark B i gyeaplegof an @sgw@tsicad phospeBY5 descri bes

a_method 1o prepaye 4.1 0R0 PRRLS 160akaLELAGe L GaNd psbaLL Y oy phos phabi

15 cycl ononane hydride with ronoethane 1n acetonitrile_
neutral i sati on wBrAUBOEheRHAHeExingé canbpin{my pHes phalsPbycionahyth ertrane
can be isolated. ;The,-phosRRARLLY tlronerage; Aydid %iﬁ@@.cggvsm ently be
prepared as described by Elsner et al. (Chem Abstr” 1978, 20 vol. 89,
180154x) _ I n addPYFatriem- mhesphpibished ont-nl (17 ereds uaestrieed thrs
preparation of achidepi@tss ddﬂ@s@ﬂbnﬁydkbgé%P)%ﬂo%%%t EBAnE-€YR ot yl
hydride (e.g. phosphabicyclononane hydride) and butyllithiumto 25 generate
a |ithium cycl o- ¥ §+23Ph g Me 3RS ub ¥B4GRNEDP oty SRBERAR WREh an
appropriate subsphbsbheshf 4, SRSt bhutgdaal kanrrdiozl asyhphaie ester. The
P-cycl o-oct yl hédride can conveniently be prepared as_descrjbed by El sner
Cﬁ%ﬁ] Ab

et al. ( ¥rply 7 SR 2g§YmRgpIsgR}. SToup 1s the 9-phosphas
bicyclo{3.3.1]lnonyl group which is visualised in
Figure B.
Figure B g 1
7 2
6
4

WO-A-00/02375 describes a method to prepare a
phosphorus-containing ligand by refluxing a phosphabi-
15 cyclononane hydride with 1, 2-dibromoethane in
acetonitrile. After neutralisation with sodium hydroxide
a bis- (9-phosphabicyclononyl)ethane can be isolated. The
phosphabicyclononane.hydride can conveniently be prepared
S as described by Elsner et al. (Chem. Abstr. 1978,
20 vol. 89, 180154x). ‘
In addition, non-pre-published WO-A-01/87899
describes the preparation of a bidentate diphosphine
‘1igand by reacting P—cyclo—oct?l hydride (e.g.
phosphabicyclononane hydride) and butyllithium to
25 generate a lithium cyclo-octyl phosphide and subsequently
reacting with an appropriate substituted or non-
substituted alkane diol sulphate ester. The P-cyclo-octyl
hydride can conveniently be prepared as described by

Elsner et al. (Chem. Abstr. 1978, vol. 89, 1B01534x).



2 9 Jul 2095 WD 02/064250 PCT/ EP02/01036 4 |In their article entitled "A
sinple procedure for the separation of the catalytically inportant; phesane
i somers" ,woubbésked i n Chem cal Communications, 1997, pagesSr/kPefndf2s.
J.H Downing et al. indicate that to 5 that date there had been no reports
of the separation of the symretrical and asynuetrical isoners of phospha-
bi cycl ononanes, although, by exploiting the difference in reactivity

bet ween t he isoners,Iﬂi%&@o%%r]iicﬁ%dsglwmégem s%/iq%lt% g:gﬂdrqédagge%opad been

isolated. 10 In the article wning et al. lous nethod is
provi ded for sep&caseparatiehect srmerartelytpraspiabieyet pioirdbarfhe net hod

conprises: a) reaghkpg-a Mbi{enad RO Y ANR! fbaRhn 80 | &Y MR cal
phosphabi cycl ononane hydride with 15 fornal dehyde (CH20) in the presence of

hydrochl oric a®rdeeHERS7- 1528 di hgl pHEepHeEi af 34t t sndbjakeddidhdat hese

phosphoni ugn sal g Bhcsodiare Ayaneded Maghhcsybel dhdgs & Lhariged or
symetrical phosphine and a neutral asymmetrical phosphine; 20 c)
extracting the (&Gt FEI™aEHFRE r3RAIAPATESAT AR W EATCHRMARICIRIRYI ng
relatively purepichanlggensysdptdialugPhesPhkpeol il Gk e @lndkl 9n; d)
treating the aqueous solution with sodium hydroxide to obtajn the neutral
symetrical phoSfRFh&ViSE HHESSIET iI'SApRosphaPrLy cronbithe 598 §E&d in
the synthesis @kmheB8rPPabi s{Snehasphaldenytko{3c8dl) nonyl) propane. The
overall yield of this preparat,ian sonly 170. The articl.e does not
descri be the prepara ?oW‘%fa%%eo%eF'B'r dERFH a‘?tpr‘?gls‘pﬁ"i 18PRAVPRG gener al
fornula I. 30 Suemhby 0f phevide@nidorsepbirhough gpdothe essbdearsmdth regard to
the regio- sel egtivily,{ OVerds,a,ld NeAl RERAYS! c8hg. pPL ned in e

a) reacting a mixture of both symmetrical and

asymmetrical phosphabicyclononane hydride with

15 formaldehyde (CH,0) in the presence of hydrochloric

acid (HCl), yielding phosphonium salts;.
b) reacting these phosphonium salts with sodium
hydroxide (NaOH), yielding a charged symmetrical
phosphine and a neutral asymmetrical phosphine;
20 c) extracting the neutral asymmetrical phosphine with
pentane, leaving relatively pure, charged symmetrical
phosphine in an aqueous solution;
d) treating the aqueous solution with sodium hydroxide
to obtain the neutral symmetrical phosphine. s
25 The symmetrical phosphabicyclononane is used in the N
synthesis of 1,3-PP’bis(9-phosphabicyclo[3.3.1lnonyl) i
propane. The overall yield of this preparation was only i
17%. The article does mnot describe the preparation of any |
other bidentate diphosphine having general formula I. |

30 Summary of the invention

Although good results with regard to the regio-
selectivity towards a linear product are obtained in

WO-A-95/05354, there is room for further improvement.



., WO- A- 95/ 05354, there is roomfor further inprovement. 2 9 JUL 2085 WO
02/ 0642M PCT/ EP02/ 01036 5 It is therefore an object of the predéndUL 2005

i nventi on woazptess de a process for the carbonyl ation of etdykanioees! v

- unsat urated conpounds by reaction with carbon nonoxi de and a coreact ant,
which results in an S inproved regi oselectivigy-towards a |inear product.
It has now surprisingly been found that when a process for the

carbonyl ation of ethyleniscahkycspsat i aliprbctCOIPeURdsEsthal AR RNI3ed by a
Pt group netal based catalyst conprising a specific bidentate di phosphine
10 conposition WRRrRFW e & PaoredfotAt bRe FHRftiet iePpREsphi ne with two

symetrical phosgb@pi &yrdDahKyinsa8heHpsdi SofQseN bylrexpesbedyadyant ages
with regard to the regi osel,ect|V|t% towards a |inear product are obtained.

P

15 Accordingly tRRTRTRIMROF AP oR FPETRAR Y proCEsSestdFst e an
carbonyl atimn of igptienaldegisgesectitvedy edbyddnizcalinkaunpabanat ed conpounds
by reaction with carbon nonoxi de and a%c%,rggct al%t ia tﬂ% presence of a
catal yst systemincl ddi #§° 28%( 5y & £Hth Bt tgPBhp IRt " Fatd ons, (b) a
bi dent at e di phospitiaeescoogpahiet carbonig@aeion ar eciiyllani 6AbWnsofurdateént at e
di phosphine pre t 1R th i? I8 I sphi LL t he
general fornula ?&fgn%-ﬁ?@a ?P}Q &ﬂgérigﬁtsg &?gﬁégﬁgp?‘%gé%ﬁaen |y
represent an opt¢armlyst compstistioged spawkfid duldgutesphdbpbysplomikyl group,
having at, east 65‘&%&3% 290 R LEPELSENUmoth DIk gRLAPLEaNI ¢ bridging
group, connecti nc%%th p osphc?r us atons. %8 Trﬁoe art c:be of J.H. Downi ng et
al . does not inditRiresPhime weh fyp arynekpbeaedhndriabagecleatkyhe

groups 1s present, unexpected advantages with regard to

the regioselectivity towards a linear product are

obtained.
15 Accordingly the present invention provides a process

for the carbonylation of optionally substituted

ethylenically unsaturated compounds by reaction with

carbon monoxide and a coreactant in the presence of a

catalyst system including:
20 (a) a source of Pt group metal cations,

{(b) a bidentate diphosphine composition

wherein more than 60% w/w of bidentate diphosphine

present in the bidentate diphosphine composition has the

general formula II
L 25 _ x1-R-x2 | (11)

wherein X1 and X2 independently represent an optionally
substituted symmetrical phosphabicycloalkyl group, having
at least 5 ring atoms; and R represents a bivalent
organic bridging'gfoup, connecting both phosphorus atoms.
30 The article of J.H. Downing et al. does not indicate
any use, nor any expécted advantage, for the
1,3-PP’'bis(9-phosphabicyclo[3.3.1]lnonyl) propane

prepared. On the contrary, by means of reference 5,



1, 3- PP bi s(9- phosphabi cycl o[ 3. 3. 1] nonyl ) propane prepared. On the contrary,
by means of reference 5, 29 JUL2005 WO 02/ 064250 PCT/ EP02/ 01036 2 9%6JUL 2005
referring wo odsAs®5/ 05354, the article even indicates a ppeferennesd or the
asymmetri cal phosphabi cyclononyls. As will be shown in the exanples,
however, the use of derivatives of symetrica -phosphabi cycl oal kane groups

5 is very advantageous for the linearity of the product. Detailed
description of thednvent icenybiatbs/genss al l'fé)ra@%ll"éllel eoh soaponant ) of
the catalyst system Rpreferably rep resents a bival ent organi ¢ bridgi ng
group cont ai ni nP¥FGHeRG Py, the 5?@%@%}%# RhesPhedigycherenyplef er abl y

from2 to 4, and noag pielepabiyown tih It eEBmblet hen&hoFd €St HeORBRCt i ON
bet ween bot h phos horus at.ons. Egem aII preferred i,s a. bivalent organic
bri dgi ng group IRF Wakiams P Tfﬁ“‘get’(: e ABFRRaplev el gt sAne HF BiH=dgi ng
group R represents vlérﬁ&dara&xbgeeugr oup, tiitl irdeagaRyabEotBeMpré&ecta. car bon
chain, interrupted by ) m)re hetr atom; 3uch as nitrogen, sul phur,
silicon or oxygetEd : VERE18nnect i on bet ween bot h
phosphorus at ons comrnatne geﬂéréﬂ cejﬂ@Maat[anﬁprnasmpcpﬂiaitermbqu zhrear bon 20
atons. The shortest connect |ton b tweeﬁ C}Fﬁ{ phosphor a,itD atn
substituted or noHEUbEt iVTEER of PERRSTHIN AT 6F 3 31 PHRATFE or aromati c

ring structure. drgaaiqiefieiried gnbopimMaMelg:dmnactu oa forns part of an
250pt|onllysustt turat n t hat |c in
structur eqL such g‘s olré egl Sf%’rc’é“ g ggu%étr‘?u‘? gg}eLge%ﬁ%gys% s?‘ ? ‘I thd

cycl opent ane, Gmtomecrﬁf@nreblyyél bheX aneoroy mycﬂh@heheneesﬂ'heonrogqﬂm i phatic
ring can be intgrrupted b@éhogﬁo%hg%g 0418t §10AL9T8 15U AS- N rQoen,

sul phur, silicon or oxygen !
bivalent organic bridging group having 2 atoms in this

connection. Preferably, the bridging group R represents
15 an alkylene group, but it can also comprise a carbon
chain, interrupted by one or more hetero atoms, such as
nitrogen, sulphur, silicon or oxygen atom. Preferably the
shortest comnection between both phosphorus atoms
contains 2 or 3 carbon atoms, most preferably 2 carbon
20 atoms.
The shortest connection between both phosphorus
atoms can be substituted or non-substituted or can form
part of a aliphatic or aromatic ring structure. In a
preferred embodiment the connection forms part of an
25 optionally substituted saturated or non-saturated
aliphatic ring structure, such as for example a
substituted or non-substituted cyclopentane, .
cyclopentene, cyclohexane or cyclohexene. The
cycloaliphatic ring can be interrupted by one or more
30 heterocatoms such as nitrogen, sulphur, silicon or oxygen
atoms. The aliphatic ring structure can further be
substituted with any kind of substituent, including
heteroatoms, alkyl groups, cycloalkyl groups and aryl
groups. If the connection forms part of an optionally

35 substituted saturated or non-saturated aliphatic ring



-

.atonms. The aliphatic ring structure can further be substituted wth any

ki nd of substituent, including heteroatons, alkyl groups, cyd(xﬁ&ymLQMbups
and aryl woowpsso | f the connection forns part of an opti gealips28f36

* substituted saturated or non-saturated aliphatic ring 2 9 JUL 2005 WD O

2/ 061 2 50 PCT/EP02/ 01036 7 structure the phosphorus atons are preferably
attached at adjacent positions, for exanple positions 1 and 2. Mire

preferably the gennectlon:is An.gtivlens.grs Lid BB eRe JLoURY IR,

preferably the connection Isa et hyl ene group. e conmection can
substituted al kpPeneenk oS viidnsat fPEaskaBR esmmﬁaﬁuqménﬂ and 2preferably at

| east two substi tuerﬁére Iﬁretffé@ampn@ﬁél&shné&l%b%l gﬂtéghyieﬂé Jyeferably
substituted with two four substituents, nore preferably with two to

three 10 substi ttaémaéhyla%e ARAUDpr ¥PEEaBF 5L aF LY Vidies FRERPELEPR SIS The

substituents capcheiahtaghed t aran¥opabbe 9bntde KORNGELEEREutdgan
advant ageous enbodi nent, the carbon atons of the connection, which are

connected to t h&LKBhBRPHFT AP dtidhs 2tate2shbeRs tIHRAF1tuANERRR case the 15

bi dent at e di ph0§@BlE8EaﬂSIB;,‘B A0 Glitr @lvoCsabepstwdttk £anthave cbhgeBRR oSS, or
R S meso-form The 5% neso(% n1|s %refer ed. .The substltuents can contain
FUPRb t'$mds 84

carbon atons andFo tete ST Ebht SURFH IEHEEEN YHER S FRcl ude 20

groups containimguhesebgtfﬁuﬂﬂtssumbraSphafefkrﬂyr&ukmhuwo tphﬁﬁp@@rus oxygen
and nitro . %eé%of such rou onlde |od|de

’
thiol, an grouS Rt Yerfdiare ﬁﬁF§e£E ¥ Wﬂéaatwg iT SCHIAES N2,
-NHAL, -NA" A2, - CO NAlA2 su—kﬁtlituﬁﬁﬂ$ eNOhe E[‘(Kﬂ‘d,CheGO):OZ&IY Sﬁ)&ﬁ:‘,t SO he n V\:hl ch

Al and A2, i ndependent Ly, TRPLESSAL oL LRNALI SIS, PLELeLaRY, aving

from1l to 10 car ons, nore pre y having roﬁ1 ?o car bon atons,
atoms of the connection, which are connected to the

phosphorus atoms, are substituted. In this case the

15 bidentate diphosphine has two chiral C-atoms and can have
the RR, 88, or R,S meso-form. The R,S meso-form is
preferred.

The substituents can contain carbon atoms and/or
hetero atoms. Substituents Which can be used include

20 groups containing hetero-atoms such as halides, sulphur,
phosphorus, oxygen and nitrogen. Examples of such groups
include chioride, bromide, iodide, thiol, and groups’of
the general formula H-O-, Al-0-, -s-aAl, -co-al, -NH,,
-NHAl, -nala2, -co-mala?2, -OH, -PO4, -NO,, -NOH, -CO,

25 -805, -SOH, in which Al and A2, independently, represent
aliphatic groups, preferably having from 1 to 10 carbon
atoms, more preferably having from 1 to 4 carbon atoms,
like methyl, ethyl, propyl and isopropyl.

Preferably the substituents are hydrocarbyl éroups.

30 The hydrocarbyl groups themselves can be aromatic,
aliphatié or cycloaliphatic. The hydrocarbyl groups can
contain carbon atoms and hetero atoms. Hydrocarbyl groups
can further include groups containing hetero-atoms such

as the ones mentioned hereinabove. The hydrocarbyl groups




i ke nmethyl, ethyl, propyl and isopropyl. Preferably the substituents are
hydrocar byl groups. 30 The hydrocarbyl groups thenselves can be QQoyRINEG

al i phati c wio yeimeal i phatic. The hydrocarbyl groups can coptgigpogafoboOn
atons and hetero atoms. Hydrocarbyl groups can further include groups
contai ning hetero-atonms such as the ones negtioned herei nabove. The
hydr ocar byl groups 2 9 JUL 2005 WO 02/ 06- 4250 PCT/ EPO2/ 01036 8 can be

strai ght-chain go,bpanched, 1andiean 6@nbakAchs@! U eéiar@rwr& igon- sat ur at ed
| inks. Aromatic h drocarbyl substituent groups can be aryl groups such as

phenyl groups aR8tAr&yed pear gosusatusape@f £E®eY- hydrocar byl substit uent
groups are alkyl  groiRetipr ﬁgfakaegyb;ﬁﬁvw&élr&mnk tﬁoli%sceaﬁoeeaa , nore
preferably from1l to 4 carbon” at ons i near, branched or cyclic alkyl
groups can be USEBUPRAI RYFE GO RIETYAn IBEUPFeRY | 2 ListhyBhenyloRCuUREs o- pr opyl

butyl and 4 so-butyl .pAl¥aiea Byaleeabby1 r@wafdltgfeeﬁtp@x@hgsusee aMegpt
preferably the bivalent bridging group R.is an ethx ene group which is

di - subst it ut ed, FpPBPEr DFSESHANY 1REKGFOYr bups, L TR PECESE y P RFEh t wo
met hyl groups. g&eﬁaﬂamzylﬂdﬂpande)nul Ya-BPh eSEdths A Sy t Wrathcaed b

non-substituted s r phabi cycl oal kyl up the three bridges
present in such®& Xgng ?4%&1(%%ﬂ%§§|ﬁ?? ¥§rﬁﬁ%§ £;|Qﬁﬁ¥9§nﬁﬁ% %an t he
phosphor us atonmeshypreﬂﬂﬁablprbb@lshmsbepfopmm HAscvex el ned-asheye, the

ot her t ridges have ua t contain an 20 equal nunber of
at ons |ﬁgvge brﬁ égrq%ﬁ”HEt%yg grﬁe%%taﬁéconﬁgctlon bet ween bot h

tertiary carbon atcnnnst @meﬁerabmyathes@ww&ﬂanuxﬁrlpgoaghghpuchoa$kym gr oups
e e SRR L0100 ol UL BOSPOES L om.
represent a subtv¥ptatieyl groups, most preferably with two methyl groups.
¥l and X2 independently represent a substituted or
15 non-substituted symmetrical phosphabicycloalkyl group. Of
the three bridges present in such a phosphabicycloalkyl
group, the bridge containing the phosphorus atom is
preferably the shortest one. As explained above, thé
other two bridges have an equal length, i.e. contain an
20 equal number of atoms in the bridge. By “a bridge” is
meant a connection between both tertiary carbon atoms.
Preferred are symmetrical phosphabicycloalkyl groups
with at least 7 ring atoms (of which one 1is, of course, a

phosphorus atom) and preferably with from 7 to 11 ring

25 atoms. More preferably X! and X2 represent a substituted
or non-substituted symmetrical phosphabicyclononyl group.
Examples of symmetrical phosphabicycloalkyl‘groups
therefore include substituted or non-substituted
2-phosphabicyclo(1l.1.1]lpentyl; 2-phosphabicyclo[2.1.1]-

30 hexyl; 2-phosphabicyclo(3.1.1lheptyl; 3-phospha-
bicyclo[3.1.1]lheptyl; 7-phosphabicyclo[2.2.1lheptyl;
2-phosphabicyclo{2.2.2]octyl; 2—phosphabicycio[5.l.1]—
nonyl; 3-phosphabicyclo[5.1.11lnonyl; 4-phosphabicyclo-
[5.1.1]nonyl; 2-phosphabicyclo{3.2.2]lnonyl; 3-phospha-



or non-substituted symretrical phosphabicycl ononyl group. Exanples of

- symmetrical phosphabi cycl oal kyl groups therefore include substituted or
non-substituted 2-phosphabicyclo[1.1.1]pentyl; 2-phosphabicycl o[ 2. g@p]@p

“hexyl; 2-pHBSpREBItycl of 3. 1. 1] heptyl; 3- phospha- bicyclo[BPﬁfﬂm%éﬁ%‘;
7-phosphab|cyclo[2 2.1 1 heptyl; 2- phosphabicyclo[2.2.2]octyl;

2- phosphabi cycl o[ 5. 1. 13- nonyI; 3- phosphabt c§cl o[ 5. 1. 1] nonyl ;

4- phosphabi cycl o- [5. 1. 1] nonyl ; 2-phosphabi cycl o[ 3. 2. 2] nonyl ; 3-phospha i WO

02/ 064250 PCT/ BRO2YdI3dlL. 200%0on1 ; bbeybbopBaldi R)aiarpl.3 . l]nonyl

9- phosphabi cycl h habj ¢ de

2- Bhosghablcgclglﬁﬁé%éﬂ%hr%gﬂégJ? B 9%ﬁo %%a%?é§éf%§fih§yg¥ undecyl . OF

t hese, substltuf%d3o&]unﬁﬁqyubsBrpbbenhab¥¢MEﬁﬂuﬂ333deyuthQY2 1¢hept yl ;

9- phosphabi cycl of 3, Yl e2- BROSR agﬁgggééﬂégj 72#hggéxé_are preferred.

Particularly pre %erre are substituted or non- stitute - phospha-
bi cycl o[ 3.53. 1] nehgarckp RuyFs L1 Xerand ; X2 -phapsrhathi avsiodSedt Lhndiy ¥ er ent

symmetri cal 105 phosnhabicychaghkyl o prag 4 L eRLesent b §&£‘Fa 1
phosphablcycloalky Preferablg bothPX1 gﬁhaﬁé F% rgsent %Pt i

symet ri cal phd@%ﬁﬁﬁﬁ?ﬁ&ﬂ&ﬁ% RyPsthEBE e abT yen- %HhﬂﬁyFﬁFéél9 Phospha—

9- phosphabi cyclw] 3,3 Jfneny ngh?qurgnﬁsor bot h of the phosphabi cycl oal ky
rings can be 15 substltuteé h-one or nore hydrocarbyl groups containing

carbon at ons and/ or XekedoXat oas. eddh arepirespitabi Ay € Eendkly |symimeg risal
substi t utgd, p:ﬁ‘?ﬁc%sgﬁpal%scg}?ﬁoaﬁ yROLD ofnt c?tlprxl %%eﬂ%ttﬁg‘éﬁhér“ ng the

phosphorus ato tute preferably with one or nore kyl groups,
20 preferably Fﬁvoé];gqafﬂmpc]lthkw cafboor@kwﬁmoﬂmmé apaekeradpyeddram 1 to 4
car bon atons |near br anch Ed ar clic ahﬁxz ups can_be

y

d.
Preferred aIkyI]ﬁ?dﬁ%% SYET 5écﬁ%tﬁ DPSPRIRY [ P§8f?ﬁ%$§§ia butyl and

i So- symmetrical 9- phosphab1cyclo[3 3.1lnonyl group.
One or both of the phosphabicycloalkyl rings can be

15 substituted with one or more hydrocarbyl groups .
containing carbon atoms and/or hetero atoms. If a
phosphabicycloalkyl ring is substituted, preferably one
or both of the'bridges not cohtaining the phosphorus atom
is substituted, preferably with one or more‘élkyl groups, \

20 preferably having from 1 to 10 carbon atoms, more
preferably from 1 to 4 carbon atoms. Linear, branched or
cyclic alkyl groups can be used. Preferred alkyl groups
include methyl, ethyl, propyl, iso-propyl, butyl and iso-
putyl. More preferably methyl groups are used. The

25 substituted phosphabicycloalkyl ring can be mono- or
poly—substituted and is preferably di-substituted. Most
preferably the phosphabicycloalkyl ring is substituted
with two methyl groups. Examples of substituted phospha-
bicycloalkyl rings include 3,7 dimethyl, 9-phospha-

30 bicyclo[3.3.1]nonyl; 3,7 diethyl,9-phosphabicyclo([3.3.1]-
nonyl; 2,6-dimethyl, 9-phosphabicyclo[3.3.1]nonyl.

Preferred bidentate diphosphines of formula IXI

include 1,2-P,P'bis(9-phosphabicyclo(3.3.1]1nonyl)ethane;
1,3-P,P'bis(9-phosphabicyclo[3.3.1]nonyl)propane;



butyl. Mre preferably nethyl groups are used. The 25 substituted
phosphabi cycl oal kyl ring can be nono- or poly-substituted and iszﬁ}émbwﬂbly

di - substi twbaguedyeet preferably the phosphabicycl oal kyl ri pgrjsposyasd it uted

with two net hyl

groups. Exanpl es of substituted phospha- bicycloal kyl rings

i nclude 3,7 dinethyl, 9-phospha 30 bicyclo[@.gollnonyl; 3,7

di et hyl , 9- phosphabi cycl o[ 3. 3. 1] - nonyl; 2, 6-

I met hyl ,

9- phosphabi cycl o] 3

3. 1lnanyl. _Preferred bidentate di phosphi nes of fornul a
1 e o ot R e s e et e b ere B da Ryl RERBaRss ¢
1, 3-P, P bi s(9- prospimls 'eyel(0[-3nhdsphabhyydps pane;] nd2yluUbd88he WO 02/ 064250

PCTVEPO21 01036 A0, . 228 Bl 5(3: phosphabl.owcLol 3 3, Logoyl ) propane;

, 3- P, P' bi s(9- phosphdb
, P' bi s(9- phosptmali 'bicl(0F3h8sphabnyyd el .@né;] nonyl) pentane;

, P' bi $(9- j.cycl . 3: 1 I t ;
b1 303, Tty Pl s SRRy o) SRR sy st habh:
i s(3, 7-minm@t)mdhzane- phod - PpRabi g {X) b{Br@thyReonyFpprepane;

-P
P, P

-P, P

-P,P'b

e R i R e e e (o e
-P,P'b

-P,P'b

-P, P

2

2,3
2,4
1,2
1,3
1,2
2,3
2,3
2,4
1,2
pha

h

and/ or non- pre-

1, 2- P, P' bi s( 9- pid@bigiyadicddc Bof 8n3nY ¥ HReRt 3t hdne:
%?ﬂﬂﬁkh%ﬂ%ﬁ@a@ei]ﬁBHyg)é?éi&%éﬂﬁﬂﬂ%}p39§1P;P'bis(9—phos—
&

phabi cycl o[ 3. 3.
phabi cycl of 3. 3.

15

20

25

30

35

i (3. 7-g |, 49 o
b:229-pﬁ%§@§%ﬁéﬁi3y€P%F§§3BD

1 5
non ane;

i s(3, 7-inhststppabigyphed phabl byen o] )P@prane ; ngny - PpBhpbdé3  7-

é{?&f&ﬁ) of 313cL,A9BY%E ) RENt ane;

publ i shed WO A- 01/ 87899. Especiall¥ greferred are
239

erred is

nonyl ) but ane. Nbst~fr .
) cyclohexane; and mixtures thereof.

habicyclo[3.3.1l]lnony

| These bidentate diphosphines can be prepared with
methods as described in WO-A-00/02375 and/or non-pre-
published WO-A-01/87899.

Especially preferred are 1,2-P,P'bis(9-phos-
phabicyclo[3.3.1]lnonyl)ethane; 1,2-P,P'bis(9-phos-
phabicyclo[3.3.1jnonyl)propane; and 2,3-P,P'bis (9-phos-
phabicyclo(3.3.1]nonyl)butane. Most preferred is
2,3-P,P'bis (9-phosphabicyclo[3.3.11nonyl)butane.

Preferably more than 80% w/w and more preferably
more than 85% w/w of the bidentate diphosphine present in
the bidentate diphosphine composition of component (b) of
the catalyst system has the general formula (II). Even
more preferably in the range of from 90% w/w, more
preferably of from 95% w/w to 100% w/w of the bidentate
diphosphine present in the composition has the general
formula (II). Most preferably in the range of from 929%
w/w to 100% w/w of the bidentate diphosphine present in
the composition has the general formula (II).

Examples of sources of Pt group metal cations of
component ({a) of the catalyst system are plétinum or

palladium compounds such as salts of palladium and nitric

' . .1%nony cyclopentane; 1,2-P;P bis(9-phos-
habi cycl 803. 3. BrioriylF) ' byel(ghdzdneethnt, n ahasphabhaeredp [315- These bidentate
di phosphi nes camdig,1prRRAESE ; Wet B-piBthOdS: a8 desehihedsLgrii: A- 00/ 02375

2bPs PO pPRPS= phos 20!



-2, 3-P, P bi s(9- phosphabi cycl o[ 3. 3. 1] nonyl ) butane. Preferably nore than 80%
w w and nore preferably nore than 85% w w of the bidentate di phogghime)s
present i nwo2R/gcipsobi dent at e di phosphi ne conposition of conpeneps/dhde of the
“catal yst system has the general formula (11). Even nore preferably in the
range of from90%ww, nore preferably of_ from95%ww to 100% w w of the

bi dentate di phosphi ne present in the corrp05|]ti on has the general 30 formula
(rr). Most preferagl‘ly i E Ehe, range of from99% ww.to 100% w_w of the

bi dent at e di phoSiicne SPrEERALCT 11 HEF SHTBOSPLFORCHIS: 13 GeRéral formul a
(1) Exanpl es ofplaeunees oef pRL1gfidup a1t alar®akiy s afid<ampanapt tb6a) of the

catal yst system_are atinumor 35 pal.ladi um coppounds such as salts of
pal | adi um and niltir ic(?Q%(D@ ﬁ‘gjﬁmﬁooﬁl\ﬁglﬁﬂ 564?%5%% 36 £-91 acid,
sul phuric acid ovitdulcplrboncmanoxisde sat taxeafylapkabhauen arr palllladium and
carboxylic_.acids, with up t 12 carbon . atons, palladium.or platinum
Comlexes. S g, “HRERIEER Aol adns atd: §haeet orah P~ Bhr P um 5
conbi ned with aPdledimmt(Eli ahcsugte asdaplroinerchingeretylRakkbadabe( | |1)

acetate and pl atgfgug&g{n%lgge%glé%ege% neBLS gégggég_s of preferred netal
al'yst sysiens e

sources. Sonme of the ca ich can used in the process
according to the preSene ¢hvam iatadyetneyetems Whidde eadi hgl ysed hien pr esent

i nvention provi ct@%) greagggyéecéyﬁ%@ewﬁmdwg'seg@)i@v UG 0E Bbe0ioup

metal cations, ( a bidentate phosphi ne conposition wherein nore than
60% W w oftObi dent at eAdfphdtphixhe ths present invemeldd gaevaces d phosphi ne

conposi tion has &hgiygeneratef ol @idd.) X1-R X2 (11) wherein X1 and X2
i ndependent |y re(present an optionall
o a) a source of Pt group metal cations,
(b) a bidentate diphosphine composition
wherein more than 60% w/w of bidentate diphosphine
15 present in the bidentate diphosphine composition has the

general formula (II)
x1-r-x2 (11)

wherein X1 and X2 independently represent an optionally
substituted symmetrical phosphabicycloalkyl group, having
20 at least 5 ring atoms; and R represents a bivalent
organic bridging group, connecting both phosphorus atoms.
Preferences for components (a) and (b) are as described
hereinbefore.
Preferably the catalyst system also includes as an
25 additional component (c) a source of anions. As anion
source, any compound generating these anions can be used. .
Acids, or salts thereof, can be used as source of anions,
for example any of the acids mentioned above, which can
also ﬁarticipate in the salts of the metals of the
30 platinum group.
In the process of the present invention, preferably
acids are used as anion source havihg a pKa value of less
than 6, wmore preferably less than 5, measured in aqueous

solution at 18 °C.



substituted symmetrical phosphabicycl oal kyl group, having 20 at I@@s}ULQUUS
ring atons; and R represents a bival ent organic bridgi ng group, connecting

bot h phosr{pﬁro%Gﬁgtprns. Preferences for conponents (a) and EB%/E?W@? as an

descri bed erelnbefore. Preferably the catal yst systemals

25 additional conponent (c) a source of anions. As anion source, any
conpound generating these anions can be used2 -Acids, or salts thereof, can
be used as source of anions, for exanple any of the acids mentioned above,
whi ch can al so partiygiipafle ekamphes saf tsnigingd hénikt abhs bk thed3&rel ati num

group. In the process of the present i.nvent| pr ef erabl cids are used
as ani on source” %C\)/I?%goga P&E’asp\?‘éﬁg %Flaésgﬁi %%l%,aceﬁod?e %lrlg erabl y |l ess
t han 5, neasurez@cide aapibdud ogephtiedopagbodBl & #-ids) BRG0%s WO 02/ 064250

PCT/ EPO2/ 01036 - gjglu(;l']ycpé iceé%qg_l;es of ani ons which can be used are

ani ons of phospﬁ%rlc aci d, sul phuric acid, sul phonic acids and hal ogenat ed

carboxyli & aci ds suchwlgphoniri abids oacetit reoitd.cu8asubphéaiccedeifigrare in
particul ar prefé’;’iérﬁ%}efn?eftha%%%ﬁbﬁoﬂ?&@@f&}“ﬂﬁloﬂ'hbfor%%le‘i’ha esulphonic
ho p él

trifluoronethanesu nic acid, "tert-butane-sul phonic acid, . )
p-t ol uenesul phod¢€d ackert -Avdapes selphPReE e bbn ZorieldginsisvdipEorérdacafiso,

conpl ex ani ons gahn pey %‘-%iné%ﬁ?lﬂén%@ﬁea%%ni@ Larerated by a
conbi nation of a Lew.s acid such as BF3, AlC13, SnF2, Sn(CF3S03)2, SnCl2 or

GeCl2, with a proti@®lsgei §omBleh WIS HPhAT ¢5&€E1 dSUEDgRS CFISCBH ¢S
CH3SBH 10r a hysiohatds WBeiad suehnasibh 6f 41Glewil R iGOMRIAALE0BF,0f a
Lewws acid wth an al cohol. Exanples of such conplex 15 anions are BF4
SnCl13 [ Snd 2. CF38tB] - SuRp PEE-(CFIRO3ebhyFe®l radt wailizat widhed puapdand, used

as . . .
acid, such as a sulphonic acid, e.g. CF3S03H or CH3SO3H

or a hydrohalic acid such as HF of HCl, or a combination
of a Lewis acid with an alcohol. Examples of such complex

15 anions are BF4-, SnCl3z-, [SnCl;.CF3S03]- and PFg-.

The ethylenically unsaturated compound, used as

starting material, is preferably an alkene having from 2
to 20 carbon atoms per molecule, or a mixture thereof.
Preferred are alkenes having from 3 tc 20 and more

20 prefefably from 3 to 14 carbon atoms, or mixtures
thereof. They can comprise one or more double bonds per
molecule but alkenes having 1 to 3 carbon-carbon double
bonds per molecule are preferred. The alkene can be
substituted or non-substituted. Preferred substituents

25 include alkyl and aryl groups as well as groups
containing hetero-atoms such as halides, sulphur,
phosphorus, oxygen and nitrpgen. Examples of substituents
include chloride, bromide, iodide and hydroxy, alkoxy,
carquy, amino, amido, nitro, cyano, thiol or thiocalkoxy

30 groups. Examples of ethylenically unsaturated compounds
include ethene, propene, l-butene, 2-butene, isobutene,
pentenes, hexenes, octenes and dodecenes, 1,5-cyclo-
octadiene, cyclododecene, methyl pentenoates and pentene

nitriles.



[P,

.starting material, is preferably an al kene having from2 to 20 carj)g)mjg%@gs
per nolecule, or a mxture thereof. Preferred are al kenes having fro

20 and nmongolRopnes erably from3 to 14 carbon atons, or m u@s20idigr eof .

- They can conprise one or nore double bonds per nolecule but al kenes having
1 to 3 carbon-carbon double bonds per nol ecule are pr eferred. The al kene
can be substituted or non-substituted. Preferred substituents 25 include

al kyl and aryl group?li as_well as gra p}ﬁ cont ai nijrr_l}_cl;vhet,ero-a ons such as
hal i des, sul phur, ph8sphRBrBEOCHE gen AiTd PAFEFBh e B eS6F subst i t uent s
i ncl ude chl ori destHylemide ] liyodhdetarnd: 1y dtagppundkk 60Xy , be Casibaxtedamiyno,

am do, nitro, cyano,, .t Qll olitgr cg?ﬂoalnl%)%é' 30 graups

ar .OJI:Exa | es Wo.ft
et hyl eni cal |y unsaturated conpotnds "1 her ude “8Chan&S %?’%%érh%, & ene,
2- but ene, i sobutleingy regamkeiestihiexenesyamnit ahes landadogesdnss., 1, 5-cycl o-

oct adi ene, -cycl ododegen th e noat an entene _nitriles. 2 9 JUL

2005 WD 112/ 064250 &}%Eﬁggfﬁ%%%% O%e“’lenpﬁéée%?o‘g%‘éesn o’for’t'hétnﬁr esent

invention, thesestluatlpplienildal hysanget trdtsthncdmgonadsrtah del odreverted by

reaction wth carhon.Junoxide and 2.6 aGARt M ki enhi dhulel asel ectivity
I'n the proce t

towards the |inear product. ess 0 e present I nvention, the
et hyl eni cal | y unszst wharedeppaptengohve®y ik natd nehessivy nefprpraadigettlean act

as reaction dilughfe d#eN¢ee LhELoHYEa O ot SERAIBHESR! ¥ENLaS Pl REGESSary.
Conveniently, however, the carbonylation reaction can be carried out in 10

the additi8nal presafsdtdrnalsBroentce af sudelveatur s ediChy diadcdases, e. g.

paraffins and i%%ﬂ@&%n@r,ee.éec?mmﬁ& ahd fiupheLADE e Alcohols, the
saturated hydrocarbons and al cohols preferably having from4 to 10 carbon

at ons per nD|eCLﬂq;oqﬂﬁﬂgegsaBGt5H6$hermore alcchols, the saturated
) hydrocarbons and alcohols preferably having from 4 to

10 carbon atoms per molecule, such as butanol,
15 ethylhexanol-1, noﬁanol—l, or in general terms the
alcohols formed as carbonylation product; ethers such as
2,5, 8-trioxanonane (diglyme), diethylether and anisole,
and ketones, such as methylbutylketone. Solvents,
comprising or substantially consisting of sulphones are
20 also preferred. Sulphones are in particular preferred,
for example diélkylsulphones such as dimethylsulphone and
diethylsulphone and cyglic sulphones, such as sulfolane
(tetrahydrothiophene-2,2-dioxide), sulfolane, 2~methyl—
. sulfolane and 2-methyl-4-ethylsulfolane.
hi 25 The quantity in which the catalyst system is used is
not critical and can vary within wide limits. Usually
amounts in the range of 1078 to 10-1, preferably in the
range df 107 to 10-2 mole atom of platinum group metal
per mole of ethylenically unsaturated compound are used.
30 The amounts of the participants in the catalyst systém
are conveniently selected such that per mole atom of
platinum group metal from 0.5 to 10, preferably from 1 to

6 moles of bidgntate diphosphine are used, from 0.5 to



15 ethyl hexanol -1, nonanol -1, or in general terms the alcohols foRegyamgs
carbonyl ati on product; ethers such as 2,5, 8-trioxanonane (diglyne),

di et hyl et heg opd@ni sol e, and ketones, such as nethyl butyl ket ppg o168 vents,
conprising or substantially consisting of sul phones are 20 also preferred.

Sul phones are in particular preferred, for_exanple dialkylsul phones such as
di met hyl sul phone and di et hyl sul phone and “cy&l ic sul phones, such as

sul f ol ane (tetrahydrothiophene-2,2-dioxidg€, sul fol ane, 2-nethyl- sul fol ane
and 2- net hyl - 4- &% hypEfisrabde £r28 Fheoglamiay 9 aftiosh soecearnl st system
is used is notoghbhidfaniandseapcuary within wide limts. Usually anounts
in the range of 10-8 to 10-1, preferably in the range of 10-7 to 10-2 nole
at om of platinun1gr&NﬁtHEFQPrep%?en%#%ﬁ?ﬁcﬁﬂﬂﬁypeﬁméégl?m8H§%1®ﬁaIed conmpound

are used. 30 Thea @D Hrinoktle BakbrespPagts ddutde Fahahyek system are
conveni ently sel ected such that per nple atom of | ati num group netal from

0.5 to 10,° pref B*ROI'S PomiPnidicgnhpf ¥ HFalh et dPpkBephfie are used,

fromO0.5 to 29 Jdéh2005i oW B2k0642p00PEdAERI2/ 103Gt 14 evdh, apreferably
froml to 8 noles_of anion source or a,$§oqyle ani.on source. Furthernore
S

the presence of "XETT AMBGHTEFSScath e EORPRELPRGCR source of
hal i de ani ons. é&acarathay eqy@rsicgpbbheant - favourabl e effect in that the

conversion reaction _proceeds_at hi h. rat even _at deraée t erat ures,
with very Tittle foPfiit FER-oFo St T T b iy GPOCAF RS . CRBr Shy Ut IOT M at i on
t he coreast ant tgirdgempleecubar gifiehytlpgermydridwrseugereral |y a hydri de
source. The carfgg &BH%%J%%m%dide£89§?%99Qupeaﬁy o g%% .Q deluinn!ar or
non-equi nol ar ratios,  €.g. In a ratio Hh T t5e range 8 5%1 % o 1:5,
preferably 3:1 ¢equim@artMorre non-equimolar ratios, e.g. in a ratio within
the range of 5:1 to 1:5, preferably 3:1 to 1:3. More -
preferably they are supplied in a ratio within the range
15 of 2:1 to 1:2.
The carbonylation can be carried out at moderate
reaction conditions. Hence temperatures in the range of
50 to 200 °C are recommended, preferred temperatures
being in the range of 70 'to 160 °C. Reaction pressures in
20 the range of 500 to 10000 kPa (5 to 100 bar) are
preferred; lower or higher pressures can be selected, but
are not considered particularly advantageous. Moreover,
higher pressures require special equipment provisions.
The claimed catalyst system can also be useful in -
25 conversion reactions other than hydroformylation. In
general the coreactaht can'be represented by Nul, wherein
Nu represents the remmnant nucleophilic moiety of the
coreactant after removal of a hydrogen atom. The nature
of the coreactant largely determines the type of product
30 formed. The coreactant can be a nucleophilic compound
having a mobile hydrogen atom, such as an alcohol, an
acid, an amine or water. For an alcohol XOH (X being the
carbon containing part), the XO mdiety is represented by

Nu and accordingly the product is an ester.



.preferably they are supplied in a ratio within the range 15 of 2:129ojiy:2805
The carbonyl ation can be carried out at noderate reaction conditions. Hence
t enper at ur @& d2meidze range of 50 to 200 C are recommended, Pefephse@ss
-tenperatures being in the range of 70 to 160 O C. Reaction pressures in 20
the range of 500 to 10000 kPa (S to 100 bar) are preferred; |ower or higher
pressures can be selected, but are not conster ed particularly

advant ageous. Moreover, ._hi herIPressures requ%%e speci al equi_prment

provi sions. The cl ai TEdt3t 5 vyt PSCeMican af UEef 5 ACO9% wohber si on

reactions ot her idtadaydr afoany{aiidn.gddhp ganenal ptb@uedrepadmnincnan be
represented by NuH whzrehn Nu refrese ts the remant . nugl eophilic noiety
Yt 858n°

of the coreact &t COFYEP T BRobaR ooy Lt TR MUt g &H2df OFhe

coreactant |argely sg8her Bvss (hhe- tyed Yr RL|AUGKL30 %ofymeghiThe coreact ant
can be a nucl eophilic conpound having a nobile hydrogen atom such as an

al cohol , al aciihtraduari ap anidat@rourForthanuakcofiod NOHLY XPei ng t he

car bon cont ai ni ng, par i i_S r t . ordi ngly
carbon contal i NuPar y LbE G eLelv. Lo ESRCesEnLatly, My and seqordin
Simlarly, the wevetean (Heid XOOOHYINUDErXGO0F @i ¢arboxy rodwaee an anhydri de
group in the productggf t Q54 I y i tion .t e Nt .amoni a
(Nu = NH2) or an an?neeiﬁaz {Nujﬁ&%ﬁ %Q0F§§E§£?§§ﬁ§ék&%ﬁyg&ﬁﬁﬁ§5wﬁaf$oduce
an ami de group; G3febgsesefl ant Wil Pr@IIN@ceoXSing F¢ e roehRSEta t hi oest er

group; andgthe usgen®fiowaket LMt OH) will introduce a carboxy group. Sone
of the bidentate di phosphine conpositions which can be used in the process

according to the preBERPTHNIIK MY BF SEFBENBVEFRE IR AN GTPVERESpResent
invention al so pi@énh#8Seadiphosphine composition wherein more than 60%

w/w of bidentate diphosphine present has the general

formula II
15 x1-r-x2 ‘ (I1)

wherein X! and X2 independently represent an optionally
substituted symmetrical phosphabicycloalkyl group, having
at least 5 ring atoms; and R represents a bivalent '
organic bridging group, connecting both phosphorus atoms,

20 with the proviso that the bidentate diphosphine is not
1,3-PP'bis(9-phosphabicyclo[3.3.1]nonyl)propane.

Preferably more than 80% w/w and more preferably

more than 85% w/w of the bidentate diphosphine present in
the bidentate diphosphine composition has the general

25 formula (II). Even more preferably in the range of from
90% w/w, more preferably of from 95% w/w, to 100% w/w of
the bidentate diphosphine present in the composition has
the general formula (II). Most preferably in the range of
from 99% w/w to 100% w/w of the bidentate diphosphine

30 present in the composition has the general formula (II).
Preferences for the bidentate diphosphine itself are as

described above for the process.



bi dent at e di phosphi ne conposition wherein nore than 60% w w of bidentate

di phosphi ne present has the general fornmula Il 15 X1-R-X2 (I 1) @h.{ﬁrl_%[]? X1
and X2 independently represent an optionally substituted synmet r? a
phosphabi oyolwedszsd group, having at least 5 ring atons; apch/Beoapogsents a
bi val ent organi c bridgi ng group, connecting both phosphorus atonms, 20 with
the proviso that the bidentate di phosphine is. not

1, 3- PP bi s(9- phosphabi cycl o[ 3. 3. 1] nonyl )pr'op]rfne'. Preferably nore than 80%
w w and nore preferab) nore than 85% w w of the bidentate di phosphine
present in the bi d&%%@%%ﬁd@ﬁﬁ?ﬁ@leﬁnﬁﬁ%%% whegedénéral 25 forml a

(1'1). Even norepprehensbl gipioddieideange pebsbhonhad0fWie dJmiea-aref erably of
from 95% w' w, t% 100% w.w of the bi,dengr_lat e_di phosphi nrg%rroresent in the
conposi ti on has™OFABLgehbrFe fiGIMA &7 FFF. 2Kbst FPF eF57WBS i n the range of
from99% w w t ou$0R% B Df ddehimtentiat exdinpbesphi nei30ups esent in the

conposi tion has the general formla (I1). references for. the bidentate

i Dhosphi b 1 1 SBFFaP EREb e i S BbOge RO L FHaL Dl brtad A5 1 7008 VIO
02/ 064250 PCT/ EP824R408%1 dibe - B ‘demit=atoe pthiopphsphe el 6 Onpdsi tricarsieMaedei N a

bi dent at e di phosphi ne_is, present_ havin he n or mul J are known in
the art. For exa Q?‘&?th)dsé)%%‘z%?gm %@%ilﬁggf?ﬁigéajr‘r{ﬁ%nafneg Elm xture of 5
oct anet hyl ene- PRPY-pheéfhghdspdiabi T\c|10éndnk) nohanedtain a bidentate

oct amet hyl ene- PR. - bi : phosphabi.cy.cl of 3..3. | Lnonane) and .
oct anet hyl ene- Pfi i‘ggﬁgégﬁﬁ%b?%@so%iof %ﬁ%g%aﬁpé %e ‘)lge&i T the_process
(9- phosphibi cycbd[ 8h8. bt eermne)nvers igipt, ahnwaver destal econt gridsipmisie

composi tion Whi 8.£aPoDendegdd hd heRaeasso 10pplihhe sy gnant | nvent i on,
however, such conpositions m xtures need to be
: percentage of bidentate diphosphine having the general (

formula (II).
The preparation of a purified bidentate diphosphine
15 = composition, that is a bidentate diphosphine composition
wherein the percentage of bidentate diphosphine having
the general formula (II) is as specified above, can be
established by one oxr more of the following 3 ways:
I. Purification of the starting compound. That is,
20 separation of the symmetrical phosphabicycloalkane from a
composition of symmetrical and asymmétrical phosphabi-
- cycloalkanes to obtain a composition with a high

percentage of symmetrical phosphabicycloalkane. Bidentate

diphosphines are subsequently prepared from the L

25 composition having a high percentage of symmetrical
phosphabicycloalkanes. | .
II. The use of specific'reaction conditions during the
preparation of bidentate diphosphines from a composition
of phosphabicycloalkanes, such that reaction towards a

30 bidentéte diphosphine having general formula (II) is
favoured.
III. Purification of a composition of bidentate
diphosphines itself. That is, separation of the bidentate
diphosphines with general formula (II) from a composition

35 of bidentate diphosphines to obtain a composition with a

purified to obtain a higher .



. percentage of bidentate di phosphine having the general fornmul a2($lb Znﬁpe
preparation of a purified bidentate di phosphine 15 conposition, hJaF 'S a
bi dent at e wip phrosipsu ne conposition wherein the percentage oicTameniate
- di phosphi ne having the general fornmula (11) is as specified above, can be
est abli shed by one or nore of the following 3 ways: |. Purification of the
starting conpound. That is, 20 separation of 1 he symetri cal
phosphabi cycl oal kane froma conposjition of symetrical and asymetri cal
phosphabi -~ cycl M%@%Cﬁataﬁ?agg Ll dpipds ieRoRPRines MR Jds@egent age of
symretri cal phosghiahiicyqlreal kane. Bi dentate di phosphines are subsequently
prepared fromthe 25_copposition having a high percentage of symetri cal
phosphabi cycl oal kaneS8TSF¢rabhe Wi PFESEPEE PT cOFEAR i B 106 aditi ons duri ng
tﬂe Ergpar alti olrpklfﬁce@'s@en&ﬁt &ﬁbp&wp&r& nescH l‘a@rfpgseﬁ)ﬂp@sirlicﬁﬁﬁemftod -
phosphabi cycl oal kanes, .su that reaction towar a 30 hi dentate di phosphine
havi ng genéral forthit &€ ?r?‘gtlc?rév%%r%&dqsl\lg% EgFi?]i‘%%Q Cé’fctlé"corrposi tion
of bidentate digihasphki ned/btskeldentldtad dighosppanati amoxsd dieet iatb@pt at e
di phosphi nes with eréereasl afgrggr!l uétl Ia frdor{) a conEosjngon 35 of__bidentate
di phosphi nes t o SBBTAI & 2bApoRiTiorm WS 555573 5005 HE T2/ 665250
PCT/ EP02/ 01036 cortiitilbngh Phrsemegemcdibly dempatedsli phadplrdunds aw thrgener al
formula (I11). Pr I e C .Qxyge ugLn S is
avoi ded as nuch eggsa% g%s%ﬁﬁggFgéogrg@erse?lgIt a\io?ﬁgt {%%D}?%gérr% t|e(t§irn(?°o%$%%>%i des of
t he phosph&bi cydis® -alTkanddiahdt ortl dermcass disphosparaiely dvbstucgedf épabl y
processes are c :i)qL%q U i y gen- i1t s Thus,
preferably corrpgégﬂ S usgd?ggécﬁg%%‘?éﬂt' ToE %Qa{r\{ﬁg bf%lt}jl%@san

o atmosphere of nitrogen during all manipulations.

I. Purification of a starting compound.

Preferably the starting compound is purified to the
15 extent that the resulting phosphabicycloalkane
composition comprises more than 60% w/w, preferably more
than 80% w/w, wmore preferably at least 90% w/w and even
more preferably in the range of 95 to 100% w/w of
symmetrical phosphabicycloalkane. Most preferably the
20 resulting composition is essentially 100% w/w pure, that
iz it comprises in the range of from 99% w/w; most '
preferably of from 99.5% w/w to 100% w/w of symmetrical
phosphabicycloalkane.
An example of the purification of a composition
SE, 25 comprising symmetrical and asymmetrical phosphabicyclo-
alkanes is given by J.H. Downing et al. in their article
entitled “A simple procedure for the separation of the
catalytically important phobane isomers”, published.in
Chemical Communications, 1997, pages 1527-1528, which is
30 described hereinbefore. A disadvantage of this method,
however, is that it involves a number of chemical
reactioﬁs, such as a reaction with formaldehyde. The use
of chemical reactions slows down the process.
A novel method for the purification of a composition

35 comprising symmetrical and asymmetrical phosphabi-



exanpl e sol vents and sol utions, are deoxygenated before 10 use, In addition,
the process is preferably conducted in an oxygen-free environnepg, jifi a0

exanpl e bywgRphyhfl@ an atnosphere of nitrogen during all npaf ns. |.
Purification of a starting conpound. Preferably the starting c/ggréf)%hgni S

purified to the 15 extent that the resultin? phosphabi cycl oal kane
conposition conprises nore than 60% w w, f)ré erably nore than 80% w w, nore
preferably at |east 90% w w and even nore preferably in the range of 95 to
100% W w of  sydrfEtQdicameshyspRRbACSS | Bl kﬂéﬁféllvﬁbﬂlcgr eghemapry the 20

resul ting conpasiddianbdsS HaESeBli 8kky é@&%w/smwi%,ingg@t itl fakt£GOMPrises in

the range of from 99% w w, nost greferably, of from99.5%ww.to 100% w w of

synmmetrical pHISghaMReErdsPkared aRyERLH @ loPhoFehabl FYFéarH erret a
conposi tion K 2&:f WEIdeHaRa tSUTBBt Ekgabi @ity asymetkibaak phesphabi cycl o- _
al kanes is given by J.H_ Downi ng et al. in their article entitled "A sinple
procedur e>f or 97 E 5 REtuReBf TRReSYRRE VA3 e ANy 2FHPBRELAT2 bR

i somers"., publdshedHdyphEbedycabafeanaini cations, 1997, pages 1527-1528,
which is 30 descri beg her ei nbefpre. A di S%Icéva tage ?f “this rgt hod, however,
is that it invol ves &SnBRBEFPbf 1RHENT Gl “FEREPFON T SYURFCPESE Peaction with

formal dehyde. Pmwass fofr echensephraedst i @hsy@hewsidawn the process. A novel

thod f th ificati iti 35 i Si trical d
aeymret i cal | pROSRIEE 59 JOR3B0BOVD) O/ DELIBS REFPEPG2MOIOSE 18 o

cycl oal kanes whimaioesaloandnuelweesuide  hermsgphlabicgat badhsnéas now been

found. Surpri si ncgn!a}yrilsjtinwa% teOWc‘ﬁ!lo%aDat symetrical and asymretri cal

phosphabi cycl oal kanes anhbe separ ated e>Pse'xpl oiting a difference found in
5 basicity betwden eHdisgnmeansced rwwtcasyemet phoabhaksbeeeloalkane to ( -

a composition containing symmetrical phosphabicycloalkane
(SPBA) and asymmetrical phosphabicycloalkane (APBA),

15 yielding a composition comprising protonated symmetrical
phosphabicycloalkane (SPBA+) and non-protonated
asymmetrical phosphabicycloalkane (APBA); .

b) separating protonated symmetrical phosphabicyclo-
alkane (SPBA+) and non-protonated asymmetrical phospha-

20 bicycloalkane (APBA), yielding separated protonated
symmetrical phosphabicycloalkane (SPBA+) and separated
non-protonated asymmetrical phosphabicycloalkane (APBA)
c) adding means to de-protonate the separated

protonated symmetrical phosphabicycloalkane (SPBA+),

25 yielding separated non-protonated symmetrical
phosphabicycloalkane (SPBA).

The novel process is faster and more easy to conduct
than the process described in the article of J. Dovwning
et al. In addition the reversibility in protonating and

30 deprotonating the phosphabicycloalkanes make it a
"forgiving" process.

By “protonate a phosphabicycloalkane” is meant that

a phosphabicycloalkane accepts a proton, i.e. a

positively charged hydrogen atom (H+).



of a phosphabi cycl oal kane. The present invention therefore also provides a

" process for the separation of symmetrical phosphabicycl oal kane BoLal005
conpositiqQn.containing 10 symretrical and asynmetrical phosphabi cycl oal kanes

_conpri si n@vf’ﬂé/‘}?*&f’q owi ng steps: a) adding neans to protonat é:TéEP"z%IO“"G

phosphabi cycl oal kane to a conposition containing symetri cal

phosphabi cycl oal kane (SPBA) and asymmetri-cab phosphabi cycl oal kane ( APBA),

15 yielding a conposition conprising protonated symetri cal

phosphabi cycl oal kanec$BBAs) a8sha0to FFitnateda BEYSPRAKI &H1oalkane
phosphabi cycl oal, kat[;e (APBA) ; , bé seﬁgr at | protonated symef{ri cal ,
phosphabi cycl o- TBF kit X SBERFARA8 RONSDHTOT orfdtcld 28s PiEPhrLLF Fhiddbha- 20
bihcyclhogl kanle (iQ\E@A)hycwd%aldﬂ) mﬂllgemaéat Bﬁdﬁjgﬁmm&fo&dd&ymgfbgéﬂl iodide
phosphabi cycl oa e ( SPBA+)_.and.sep e non- pr qt.onat ed asymetri cal
phosphabi cycl oaf‘ﬂ‘g;&é}'é% Elgpr aai%%‘?{é P& @1 FFot Gndte the separated
pr ot onat ed symeipolsedmdulros@iidahi extboal & anel d, SPBAbrhldbovbehdidg separ at ed
non- protonated s ri.cal__.phosphabi cycl oal kape ((SPBA). The novel process
o Beber and nBtEUEhEy T Godhany Do RER S M Bl oot BE b  fRa 19t he
article of J. Dewtphgricetacdlds,| niadictaoidd hand ehesshbirict ycids pragmenat i ng
and 30 deproto I t.he yho bigycl anes ke Lt..a "f Lving"
process. By "prgﬁ)]cr\llg e a}ei[?%ds%ﬁgﬁi' %;g\/c%%%%kl:ane' Cinrs{%nggrll St h%‘flﬂ;lgém@
phosphabi cycl oahkathe, avodpy lacproticn, and dralogepesiedi vekporhbigercidar ogen
atom (HH)sg 29 ILL200 MO.0Z/064290 BT BRI/ Roreal B B elegr ed means to

prot onat e a phosphabic oal kane include a w de range of acids, such as
hydrohal i ¢ aci dsompe®y.adiydr 64eh ehl BRF de, Hdnfnogendbméntdess hydiridma® i odi de

| acids.
a More preferred are inorganic acids such as the
hydrcohalic acids, halogen oxo acids and mineral acids
15 mentioned. More preferred are hydrohalic acids of which
HCl, HI, and HBr are most preferred.

Preferred means to'de—protonate the separated
protonated symmetrical phosphabicycloalkane (SPBA+) in
step c) include a wide range of bases, such as ammonia

20 and primary, secondary and tertiary amines; carbonates

and hydrogencarbonates, such as for example NajyCOj3,
NaHCO3, KpCO3, MgCO;3; and hydroxides such as Ba(OH)j,

Na (OH) and K(OH). More preferred are alkali wetal
hydroxides, such as potassium hydroxide and sodium
25 hydroxide.
Preferably the separation in step b) is achieved by
making use of a difference in solubility of SPBA+ and
APBA. Preferably a composition containing SPBA and APBA
- is solved in a solvent which does not dissolve SPBA+.
30k Means to protonate a phosphabicycloalkane, such as for.
example a hydrohalogenic acid, can be added to the
dissolved phosphabicycloalkanes as a gas, as a
(dissolved) liquid or a solid, whichever is most

suitable. For example a HCl gas or a 1 M agueous solution



and hydrogen fluoride; hal ogen oxo acids, e.g. 5 hypobronous acid, chlorous
aci d, hypochl orous acid, perchloric acid and periodic acid; m nqrgaIJULaﬁ]hSds,

e.g. sul phdfesPshds, nitric acids and phosphoric acids; s i c
aci ds, such as acetyl acetonic acids, sul phonic acids, carbgggﬁ?gﬂg®ﬁhs and

hal ogenat ed carboxylic acids 10 e.g. trichloroacetic acid and
trifluoroacetic acid; conplex acids such as2BBF4, HShC13; and m xtures of
those acids. More preferred are inorganic acids such as the hydrohalic

aci ds, hal ogen o mQi dsnabd AHAeAatoagi disetHhA JreRt enedt i Mar 6 pefaid-ed are

means. o de. pr otEnEy FHEEERar APEcE ER b CHA B S ERBEAY CBF Separated o
phosphabi cycl oaldeanre prERBA+ratad sbEPA CYr iarclaidelatwose inhaages&@ndases, such
as amoni a 20 and pr.i secondary and tertiary,am nes; carhonates . and
hydrogencarbonagés,lgﬂghggg'fggee?ﬁ HR T ﬁﬁﬁ&fﬁf'Kﬁ%IE?“%@éﬁ§% and
hydr oxi desssuch sasicRg( n2ditRACOHy anchdd(dd) .inMikelpreber aed are al kal i
nmet al hydroxid§§Ij§ﬂggt§gnpotassiun1hydroxide and sodi um 25 hydroxi de. -

it X

Preferably the 6érat|on I'n step b) is achieved by naking use of a

di fference in sol ubi Pre§evibBPBAre ssrparsPBAn Pnebeepbby Bbs cumpedgicrieon
cont ai ni ng SPBA A % i . S0l ven i e | ssol ve
SPBA+. 30 NbansE%%ﬂﬁﬁggoﬁgtéhgg%h%g%%%gggéglggﬁ%gﬁgfﬁgagﬁ %EQ%%?g&§exanple a
hydr ohal ogeni ¢ adlagessaficbethddedravatien afi syoimesdighdsphadblesrcl oal kanes as

a gas, as;g (digyselded) khhgUEdofr 2 acShbddh e MY SRAYEHE nli 84 Mghme SUi dAbI €. For.
exanple a HCl gas or a 1 M aqueous solution 29 JUL2005 m% 02/ 064250

PCT/ EP02/ 01036 2and@sygmefciceinPhespligRietrid oz Licaeky ReFREAIBHY Wt i on of
phosha- comprises: (

i] dissolving a composition containing SPBA and APBA in
a suitable non-water miscible solvent, which does not
15 dissolve SPBA+, yielding a non-aqueous phosphabicyclo-
alkane (PBA) solution; '
ii] combining the non-agqueous PBA solution with an
aqueous solution of a suitable acid, yielding an aqueous
phase containing protonated SPBA+ and a non-agueous phase
20 containing non-protonated APBA;
iii] separating the aqueous phase containing protonated
SPBA+ and the non-aqueous phase containing non-protonated
APBA, yielding an aqueous solution containing protonated
SPBA+ and a non-agueous solution containing non- o
25 protonated APBA;
iv] combining the aquéous solution containing protonated
SPBA+ with a suitable non-water miscible solvent and an
aqueous solution of a suitable base, yielding a non-
aqueous solution containing non-protonated SPBA;
30 v] removing the solvent from the non-aqueous solution
containing non-protonated SPBA, yielding separaﬁed SPBA.
Optionally an extra step vi] is added to the process
comprising removing the solvent from the non-agqueous
solution containing non-protonated APBA, yielding

35 separated APBA.



- bi cycl oal kanes. The SPBA+ can subsequently be separated as a precipitated
solid or as a solution in a second liquid phase. The precipi tat 05
however, Reobhigkis)and 5 sticky and difficult to handle in ipgql@hhe {b3g'n?:“
"purification. Preferably the separation in step b) is therefore achl eved by
phase separation. An especially preferred_ Béogess for the separation of
symmetrical phospha 10 bicycl oal kane from a“Conposi ti on contai ni ng
symmetrical and asymmetrical phosphabj cycl oal kanes accordingly conprises:
i] dissolving a COﬂ%@SIa‘t f8R- HBE?ﬁerﬁfglhélgBﬁoéﬁﬁnﬂPB% T$ANG &Sui t abl e
non-wat er m sci hy@r&Horernt ,sonkieah . dsﬁéhrwts&15resilits&ahv3e85’§ééd witel ding a
non- agueous phos habi C%tﬁl o- al kang éPBA sql ution; EIL conbljg&Pg t he
non- aqueous PBA"3BFUtHEn WH¥h S5ATIAEE YR RS & 1df °XeRtMr e e aci d,
yi el ding an aqueepmrawase cont ai ni ng protonated SPBA+ and a non aqueous

phase 20 cont ai ni ng non rot onat ed APBA se ueous phase
cont ai ni ng pr ot onat &t BAF"ERd" Héorhgﬁtfﬁuééﬁgggagsseonﬂb‘?ﬂ

non- pr ot onat ed axﬁ@BAa,b];a elrdiwihg cans BB enud M.ﬂutqaanbeoabhvad rugncprmmi@ihat ed
SPBA+ and a nong ous. sol-uti ont ai nj o] ted APBA; i V]
conbi ning the aq%grgﬁts ésloﬁsﬁ)tll onggg‘%t al%ngn%rc{c} tonat egg é &+ Wth a suitable
non-wat er m sciwhdesoioehtthandthns aoueousl sisl ssisentohlly switt abl e base,

Yo ding a non aBguents Sell 00 eR0tALNG AR HERRONA SRR S Y
renovi ng the solvent fromthe non-aqueous solution contain

non- pr ot difat ed SPBenYita dhFg+sdpasat eed SPBAN aQuelvRaf| i Iéﬁhl esctlrté;lsmep Vi ]

| s added 10 the; PLOCESS: 0 HakS! BOOA MY N0:d 12 196! KER! nb£ OBAdIE NN-AGuSOUS

sol uti on contai ni n non- prot onat ed APEA, yielding 35 separated APBA
JUL 2005 in e range from 5:95 to 0:100.

Preferably the solvent is an aprotic solvent.
Solvents which can be used include saturated and

15 unsaturated hydrocarbons, e.g. paraffins and linear,
branched and cyclic alkanes, alkenes and alkynes, such as
hexane, hexene, pentene and pentane, aromatics such as
toluene and benzene; ethers, such as for example
dimethylether anisole (methyl phenyl ether), 2,5,8-

20 trioxanonane (diglyme), diethylether, tetrahydrofuran,
diphenylether, diisopropylether and the dimethylether of
di-ethyleneglycol; esters, such as for example
methylacetate, dimethyladipate, butyrolactone,
propionates and pentenocates; ketones, such as .

25 methylbutylketone and diethylketone; and sulphones, for
example dialkylsulphones such as dimethylsulphone and
diethylsulphone and cyclic sulphones, such as sulfolane ‘
(tetrahydrothiophene-2,2-dioxide), 2-methylsulfolane and
2-methyl-4-ethylsulfolane.

30 Preferred are aprotic solvents having a dielectric

constant that is below a value of 50, more preferably in
the range of 1 to 8, at 298.15 °K and 100 kPa (1 bar). In i
i

the present context, the dielectric comnstant for a given

solvent is used in its normal meaning of representing the



WO 02/ 064250 PCT/ EP02/01036 21 By a non-water m scible solvent i ar}t a
hydr ophobi ¢ sol vent. Such a solvent can be mxed with water but u%ggﬁu 005
st andi ng phases will eventually separate. 5 Awde ra non- wat er
m sci bl e so 9/ie?$r¥fta§£are avai l abl e in which SPBA and APBA caﬁgﬁéﬁé(’&fo\]/@(ﬁ and
whi ch do not dissolve SPBA+. By not dissolving SPBA+ is understood that
this conpound is essentially not dissolved22that is the nolar ratio SPBA+
di ssolved in the 10 solvent to SPBA+ dissolved in an aqueous 6 M HCL
solution |ies tatiided atgechpanidP: 80 4 adidkdZeane inhr enpt ed@addnce i N t he

range from5:95 to,0:.100. .Preferably the solvent is _an aprqtic solvent.

Sol vent's whi ch %Sandlbeeletfgcé:&ci ESI éﬁ% é%?%?la'iye(?fgﬁéﬂ@af?ﬁsSgﬂaﬁ?%%r with

hydr ocar bons, e grapamafforngiahdctrhearValussafolredhandieyetteial kanes;

al kenes and al kyne uch .as__hexan hexene, .pentene. an epnt ane, aromatics
such as tol uenééonasfltdEl Stésnzc’éfﬁé:?mré'f’ﬂecr’g%’a%hccﬁl%l%%’r C%)%aﬁleal gmp%(fﬁ]rrl\exrt1 hyl et her

ani sol e. ( Bet hylggtrerall retfkeehce2bb08s 20suah exantwealHenfdogkyo®) ,

di et hyl et her, tetrahydrofuran, - di hené{ﬁat her, diisaopropyl ether and the

di met hyl et her JfPeHiStEhAEnBRYSEor: &3t ersiitiean §81F6F BXanpl e

met hyl acet at e, mH-wei iyl adigeate, abyt yhol@awiaReed PROPRONBEBSs &gl PEIY enoat es;
ket ones, such as 25 m%gtyl ket o(ﬂg and di et hﬁ‘l ket one; a]?d. sg%lff)hones,_ for
exanpl e di al kyl pHoh K qeCbrettly 1% iSPRETatang 8i 8PPYF st fHone and
cyclic sul phonegs oguch as swbhiolane 151t bahydsothi ephengmdsgndioxi de),
2-met hyl sul fol ane and 2-nmethyl -4-ethyl sul folane. 30 Preferred are aprotic
sol vent s Ravi nPEesiEcctir-iec 2benst ARt iat{l $aFel oRractal RA®FLBde nore

preferably in dde Hange of chat OrSmpdtadf® LadKp2eds408 kKEanLrhar). In the
present context, the dielectric constant for a_given : A
conversion factors quoted. If no llterature data for a

;

particular compound is available, the dielectric constant
can be readily measured using established physico-
15 chemical methods.

For example, the dielectric constant of anisole is
4.3 (at 294.2 °K), of diethyl ether is 4.3 {(at 293.2 °K}) ,
of sulfolane is 43.4 (at 303.2 °K), of diphenylether is

3.7 (at 283.2 °K), of dimethyladipate is 6.8 (at

20 293.2 °K), of tetrahydrofuran is 7.5 (at 295.2 °K), of
methylnonanoate is 3.9 (at 293.2 °K), of toluene is 2.4

(at 296.4 °K), of pentane is 1.8 (at 293.2 °K).
‘ Most preferred solvents are saturated alkanes and
aromatics, such as hexane, pentane or toluene and ethers.
25 Ethers are especially preferred beéauée the use of ethers
in this separation process results in a quick and
efficient phase-separation. Examples of ethers which can
be used include dimethylether, methylethylether, anisole,
diethylether and diphenylether.
30 Another especially preferred solvent is toluene, T
since toluene is less volatile and less flamable than

some of the other solvents and therefore easy to handle.- .



. vacuum f or

. solvent is used in its normal neaning of representing the 2 9 JUL 2005 WO
02/ 0642, 50 PCT/ EP02/ 01036 - 22 ratio of the capacity of a condenseZ SwilLH005
t hat subst@}gq,g/oﬂ%0 dielectric to the capacity of the sane %Eos‘ﬁ’ith a
ielectric. Values for the dielectric constants of conmmon
organic liquids can be found in 5 general reference books, such as the
Handbook of Chem stry and Physics, 76th edi2don, edited by David R Lide et
al, and published by CRC press in 1995, and are usually quoted for a
tenperature of amodddz@ien aZfhdspHabdcyahoudlkafd. ddSmpysid3Bnl3sK, and

at nospheric 10 pressure .e. ahout. 100 kPa.(1l bar or can readily be

converted to théztontvgﬁfigf;"éiﬁr%upﬁ&e& &8s dr E°0EPRG ?%}%Utlcodﬁversi on factors

quoted. If no |iterarheecatatemtiratianspafrt tbell sgacmmeurdn beavariabl e, the

di el ectric constant _can_.be_readily nmeasured usi est ahl.i shed physico 15
s Pt BNg R o snesore £

chemi cal net hodS” “Fof 8xAnpl &9 h& i dPeCFFT & a8ndt arh" ni"Sof& IS 4.3
(at 294.2 K), ofrediveehyhecth@untiss of 3olaknR98o2b&)ysedf Bhsbbkbreyicdod3. 4
(at 303.2 K), of% n t i Ty 83. 2 of _di nethyl adi pate is
6.8 (at 20 293, 3" afag%f ¥%§t$§%§eﬁa&l  BiAb 68 %‘éﬁ%é‘."f %g,%e%f

net hyl nonanoat e niisc3bde(aolp98:. 2Kgivef at chuenstiat om iy ghe2g8ngekpf of
pentane is 1.8 (a};293. 20K\ MSt RLES %&'é%grgBhgﬁgﬁst %a%@e%%%éﬁldo%ka”esa”d

aromati cs, such as hexane, pentane or “tol uene et hers. thers are
especi al |y pref &or édupéeruse the use of ethers in this separation process

results imga quick aﬂpef@ma:ia%aasphﬁsgtéﬁpﬂﬁtAfaﬁ-asEa@@Bk%eafaﬁwgrS whi ch
can be used include dinethylether, net h{ et hyl ether, anisole, diethylether

and di phenyl et héPr B2Rfiot APTEPECCaPl PrgEphabt eI sBtVeme | STeértehdy
since toluene ischesar¥ot abhd eirdithe @angkl apBhl £ ¢HaAD molar are used,

and more preferably concentrations in the range from 5 to
15 molar are used. Most preferred are concentrations in
15 the range from 5 to 10 molar. '

The agqueous solution of suitable acid in step 1il
can be added as such to the non-aqueous PBA solution or
can be prepared in situ by first adding water and
subéequently adding acid in a more concentrated form;

20 Preferably a raﬁio of agueous 'solution to non- '
aqueous solution in step ii] is used in the range from
1:10 to 10:1 v/v, more preferably in the range from 1:2
to 2:1 v/v.
T After combining the non-agqueous PBA solution with a
25 aqueous solution of suitable acid the system is
preferably shaken or stirred, such to establish close
contact between the acid and the phosphabicycloalkanes,
whereafter the two phases are allowed to Separate. The
two phases are separated in step iiil. Preferably the
30 - aqueous solution containing protonated SPBA+ is extracted
one or more, preferably in the range from 1 to 50, times
with a non-water miscible solvent as described for step
il to remove residues of non-protonated phosphabicyclo-

alkanes and protonated APBA+.



sone of the other solvents and therefore easy to handle.' 29 JULZﬁ V\ﬁ
02/ 064250 PCT/ EP02/ 01036 23 In addition a phosphabicycl oal kane cdmpd¥t filbn

is convew@gg/i?xzs%uppl ied as a toluene solution. The conceg%({/ﬁ%%{ﬁwgf t he

reactants can be varied over a wi de range, but is prefera 'gh so
as to 5 reduce the anobunts of solvent to be used. Phosphabicycl o- al kanes
are preferably dissolved in the non-water - ri%scible solvent to give a
concentration in the range of 0.01 to 10 nolar, nore preferably in the
range from0.1 to Fiwllarlyl@hPreberagdeass doliutisineponithiaiergasodescri bed

above for nean rI)Q%IPé@éc?r}?ﬁEﬁ gg%@g@g@%fﬁg@ﬁ@@@d ST aply

concentrations Tn fhe range “are used, and nore
preferably conceneferillis im thve nemgge frooni 5te 050 13 imdsawidbe aused. Most

prief errod are cQaGERLE BbiaRSohNoAS, e TANGS JHAMLE L0nd0e TPL ey AqueOUS

solution of suitdble acid in step 1i can be added as such to t
non- agueolrs PBA BBEPueRdFEdrSPERan be prepared in situ by first-addi ng water

and subsequent !y addjfagRAEhd 1Nt ONCEM AR Jokmin2AgPreferably a
rati o of aqueous solution to non- aquéeous solution in step iiJ is used in
the range from PI®8eRaieed BEBAK \iS FOFEiprEf &R abtsP i ¥l e rafg8ORr¥AFer2 to

2:1 viv. After gogbimidddiRRAIORAgdeeHsSHEBASH! stdon Widdy an 3guagugous
solution of suitable acid the systemis preferably shaken or stirred, such

to establish clBeELLEIMtAct® FRHINES St RESEei Wi ahdiihe PSR el oal kanes,

wher eaf t erp t he s¥Duphas esordl8 midowed -beosepat et espEie  two phases are
separated in step iii]. Preferably the 30 aq%$o_us sol ution containin

g
protonat ed SPBA+ i s AT EEEEIPAGRE BF S ndT 1€ BRPVien LPhe™FARGeEF r om 1

to 50, tines de-protonate the protonated symmetrical phosphabicyclo-

alkane. Preferably concentrations in the range from 2 to
20 molar are used, and more preferably concentrations in

15 the range from 5 to 15 molar are used.

Optionally residues of water are removed from the

non-aqueous solutions yielded in steps iiil]l and/or iv] in
a way known to one skilled in the art. For example
residues of water can be removed by washing with bases

20 such as hYdroxides and carbonates, such as NazCO3, i
NaHCO3, KyCO3, MgCO3, Ba{OH),, Na (OH) and K(OH).
Subsequently a non-agueous solution can be dried over a
dryihg’agent such as for example K5504, NajSO4 and MgSOyg .

Removal of the non-aqueous solvents in steps v] and (

25 vi] can be established in any way known to one skilled in
the art to remove such solvents.
' Further purification can be be established by
sublimation of the isomers. Preferably pressures in the
‘range from 0.0033 to 0.33 kPa (0.025 to 2.5 mm Hg), more

30 preferably in the range from 0.027 to 0.27 kPa (0.2 to 2
mm Hg) are used.IDepending on the pressure applied, the

temperatures can vary widely. Preferably a temperature in
the range of 40 °C and higher is used, more preferably a

temperature in the range from 40 °C to 90 °C is used.



. Wth a non-water mscible solvent as described for step i] to renpve

resi dues of non-protonated phosphabicycl o- al kanes and ptotonate&EADBbﬂw52 9
JUL 2005 wW®o9dd0%r 4250 PCT/ EP02101036 24 Simlarly the n BYS6

- solution containing non- protonated APBA is preferably extracted one or
nore, preferably in the range from1 to 50, tinmes with a aqueous sol ution
of a suitable acid to renove residues of 5 ﬁﬁofonated SPBA+. Subsequently
t he aqueous sol ution containing protonated SPBA+ is conbined in step ivV]
with a non-wat e2l.nihe mse ofl vearific deaaetiinm domdisiepsi funint diieaqueous
solution of a sgkgggfgtp@§ebf3@f§éytggeadgﬁﬂoﬁggﬁgg§ 10 sol uti on cont ai ni ng
non- pr ot onat ed re ed above for neans to
de-protonate the prct GHATEFEFhREERPEaf O H¥H RHSPEFEtdonaPk aFEe Pr ef er abl y

concentrations ibAdtheafan@oHdHNiAd 0igaRa80kSfp A £2415081 ugffg "Rr e
preferably concentrations in 15 the range from5 to 15 nplar are used.

CptlonallysreS|BH@§P?ﬁ R Eroadenre AEFEEIE r oft F hed - Hﬂﬂ%PQSBéBH%1%%WQﬁ4%WB

yi el ded in Stepﬁyaki&ef”%HéH 4\, dJalhélwgikgﬁgwmsﬁéhQﬂﬁ1§5‘"ed inthe art.
For exanple residues of water can be renpved by washing with bases 20 such
as hydr oxi des aﬁdbcng@#hﬁm%<w%doﬁ-éslméQEIEPan$b$KEBSUK2€DBE Mocst .
Ba(OH) 2, Na (OHhrand i GHa1: HRSRAYERN! ¥ &?@&f@%@& %glcng&aﬁg oag be

dried over a drying agent such as for exanple
Renoval of the RéAcREREDUSIRMSRYEOS FAnsPepsselatad 25 vi] can be

establishegl in any way Henowswt geeaes§i<¢b 1ethdiy, ftokh%darcﬁaéo.o}}: Y & ch
sol vents. Further purification can be be established by sublimtion of the

i soners. Pref er 8b1 §PRTESEUrERR T Ph &R ARgens rdnf UM PE33 PEEPRT33L/Pa (0. 025
tq 2.5 mMm HY), BBbEess can be used to prepare a bidentate diphosphine

composition wherein more than 60% w/w of bidentate

diphosphine present has the general formula II
.15 x1l-r-x2 (IT)

wherein X! and X2 independently represent an optionally
substituted symmetrical phosphabicycloalkyl group, having
at least 5 ring atoms; and R represents a bivalent
organic bridging group, connecting both phosphorus atoms.

20 The present invention therefore also relates to a
process for the preparation of bidentate diphosphines
having general formula (II) comprising:

',fﬁ, : A1) héating a composition of phosphabicycloalkane

hydrides with a o,®-dihaloalkane in a suitable solvent,

25 in a molar ratio of phosphabicycloalkane to a,®~dihalo-
alkane of more than 2, yielding a charged bidentate
diphosphine dihydride;

A2) neutralisation of the charged bidentate diphosphine
dihydride with a suitable basic compound, yielding a

30 bidentate diphosphine composition wherein more than

60% w/w of bidentate diphosphine present has the general

formula II.



30 preferably in the range fromO0.027 to 0.27 kPa (0.2 to 2 nglq%J%r@
used. Depending on the pressure applied, the tenperatures can var i gﬁy.

Pref erabl yygo}6iipgrature in the range of 40 C and hi gher | re
preferably a /terfper ature in the range from40 Cto 90 C isﬁ%ﬁgﬁgmﬂg&\]&m% -

WO 02/ 064250 PCT/ EP02/01036 25 11. The use of specific reaction conditions
during the preparation of bidentate di phesphi res A preferred nethod for the
preparation of sonme bidentate di phosphine |igands conprises refluxing a 5

phosphabi cycl oal kang bydridey viz.q % PRgspnalicye! 2gogage -Gydebfe. with a
a, i o-di hal oal kane, such as 1;2- di bronoethane or 1, 3-dilodopropane in a
sui t abl e sol vendlkanft er, arelitahdbirsal kanewbt hx an sl itcalalad KMaai.c conpound t he

bi dent at e di phosphi be isolated. 10 Lt h i singly found
Chat by the bse  of SRoRPHRE FRGHE)Oh RONATPORYChoe HErhr by cparat on

process can be wsedifih-aRane asbbdentatslfiRhaspiipe 3, cappasition wherein
nore than 60% w w of bidentate di phosphine present has the general formula

Il 15 X1- R X2 (99fenphdiveRrRlthAR K22} depenraaieyrabéyr é8ehbe arpedti onal | y
substituted symmid igaln Rhesphabi cycl oal kyl group, having at least 5 ring
atons; and R represents a_bivalent_  organic bridging group, connecting both
phosphorus atons. 28Bfh&CpyerentsshvEhtSER t“llréréf"ﬁrgea?%b RS to a

process for thecqpirpandtiadneotoki drat ptecsipPhaspitieress Baviagegeneral
Lol 2 (1), Comproing. AL heaty 1e. o, compos. on el piosgheblcycl oal kane,
of phosphabi cycliaasddegneraachedwatdidhal el ad keineareds ,menenht ARanh2xayd ehi ng a
Charged bidentegé%téﬁé%h%% gg@?cgigxgﬁigg;toluene and'benzene; nitriles ‘
such as for example acetonitrile and alkanols such as for k
example ethanol, methanol and isopropanol and mixtures of
two or more of those. Especially preferred solvents are.
15 acetonitrile, hexane, ethanol and toluene, and mixtures
of two or more of those. '
Preferébly the baéic compound in step A2) is ammonia
or a primary,'secondary and tertiary amine or a hydroxide

such as Ba(OH) 5, Na(OH) or K(OH). More preferred are

20 alkali metal hydroxides, such as potassium hydroxide and
sodium hydroxide. _ _
It is further found that the préparation of

bidentate diphosphine having the general formula II is

‘ enhanced by the use of an alkanol as a solvent.
25 The present invention therefore also relates to a
process for the preparation of bidentate diphosphines

having general formula (II)

x1-r-x2 (I1)

wherein X! and X2 independently represent an optionally
30 substituted symmetriCal phosphabicycloalkyl group, having

at least 5 ring atoms; and R represents a bivalent

organic bridging group, connecting both phosphorus atoms,

comprising:



. A2) neutralisation of the charged bidentate di phosphine dihydride with a
sui tabl e basi c conmpound, yielding a 30 bidentate di phosphine cofgogjitigsn
wherein ”%60%)8@6%@0% w w of bi dentate di phosphi ne present IEB 1 gneral
-formula I1. 29 JUL2005 WO 02/ (164250 PCT/ EP02/-01036 26 Preferably the

a, w-di hal oal kane is a a,wdi brono- al kane, a, wdi chl oroal kane or

a, w-di i odoal kane. The nol ar ratio of phosphabl cycl oal kane to

a, w-di hal oal kane is preferably nore than 3, nore 5 preferably nore than 4
and nost - preferdlly hpathegrangeporitéonhaf dhogpldbichhd cedlceert used in
step Al) can be _any .sol vent found i table for .the process, Preferred
‘"solvents incl u&]é’r%d‘t%saf”éahﬁd?0%é$ﬂb%?a@.aﬁ.e B8r aRf RS R 26-95 r
branched and cydl ichaalde@nes defitigte asidipsphenandinpepiaae, aromatics such as
tol uene and benzene; nitriles  such as for_exanple, cetonitnige apd al kanol s
such as for exaBr?’Bl e EERERLT S 2 HETh &0 PRGN GRREBRT Pttty HPREGPEL™Ef  two
or nore of st hoselinyshdacieaktyhpa edq ettt s tlagert soapeund) Aleldinid [ | e,

hexane, et hanol aréd tol uege and,_m xt ures .gf. two. or nore of tl_%g_?e.
Preferably the BASo8@8ipSaRBTR M Ster B St S SinBRFES 1D SRk v
secondary and t a0 ar/w aifi bédentatdydipdhdsginsupheasnBafd3H)the NaEdprior
K(CH). More preff%r rm%q ar 20 al kali netal hydroxi des, such as potassium
hydr oxi de and sodi umahy roxide It is further found that the preparation of
bi dent at e di phosphi n@rhégined tdikageder ah foepuBh) ldre snetérhabcedthyndhe use
of an a1 kapo B SUKEREanAP. TSP LAY et LR, Aher elale Alpa.l el at o
to a process for the preparation o i dent at e i phosphi nes avi ng gener al
formula (11) for o,w-dihalocalkane, the molar ratio of phosphabi-

« {
|

cycloalkane to a,®-dihaloalkane, and the basic compound
in step B2) are as described hereinabove for the
steps Al) and A2).

15 IIT. Purification of a composition of bidentate

diphosphines.

A further method for the preparation 6f a bidentate
diphosphine composition wherein more than 60% w/w of the
bidentate diphosphine present has the general '

20 formula (II), comprises purification of a bidentate
diphosphine composition wherein 60% w/w or less of the
bidentate diphosphine present has the general
formula (II).

‘ﬁé' Now a very advantageous method has been found for
| 25 purification of such a composition wherein 60% w/w or
less of the bidentate diphosphine present has the general
formula (II). Surprisingly it was found that a bidentate
diphosphine with two symmetrical phosphabicycloalkyl
groups: (s,s BDP), i.e. a bidentate diphosphine with

30 general formula (II), can be separated from a composition
comprising a mixture of bidentate diphosphine with two
symmetrical phosphabicycloalkyl groups (s,s BDP),
bidentate diphosphine with two asymmetrical phospha-
bicycloalkyl groups (a,a BDP) and bidentate diphosphine



X1-R-X2 (1) wherein X1 and X2 independently represent an optionally 30
substituted symetrical phosphabicycloal kyl group, having at |east?$ jings
atons; and R represents a bivalent organic bridging group, connecting both

phosphor usy@bge@Ezso conprising: 2 9 JUL 2005 WO 02/ 064250 P 036 -
27 Bl) heating a conposition of phosphabicycl oal kane hydﬁ%ﬁ§§p§#$%9%

a, o-di hal oal kane in an al kanol, yielding a charged bidentate di phosphine
di hydride; B2) neutralisation of the charged®i-dentate di phosphine 5

di hydride with a suitable basic conpound, yielding a bidentate di phosphine
conposi ti on wheréth aoPEmdan BAYARGWasf 2By teatni ea Hi piwsgdtabie present has

the general fopgulgaiky1 Fafﬂﬂr@a%alaﬁ@wl Byl Qxﬁigptﬁi@ 218 drRbhanal ,

et hanol 10 and isopropanol. Nost preferred is ethanol” Preferences for
a, (o- di hal oal kafeung hen it laildtiYo of . phosphabi - cycl oal kane to

a, (o-di hal oal kane, afl tHieLasi ¢neRAPPYAG hd e8P B0 e vasedescribed
her ei nabove for the stg&;éAl) and A2). 15 111 Purification of a conposition

of bidentdte dPPRGRPHI s SRAFGHIREr OfeBhBEdFRF 2t Al iRhgrRETicoNibh a

bi dentate di phegghiptn&orasi YHpMes ei818R1Ry 1 Ngrogi9o W W &bpt herom
bi dent at e di phosphine present, has the general 20 fornula (11), conprises
purification of 2a™b¥ueht 2% PIHSHESSnPABREBRPLRTE | Bht iR i ™86 wFator | ess

of the bident aprogbpiIospid e 1pRAaS ebubas (Ehe geper abidsxvadea (11). Now a
very advantageoas ﬂg%%gd haS-Q%FQ fognd for .25 p rificq%%gp of EuEh a
conposi ti on whef&P AT BT 1SS AV TPRET bF gk R A R pHOSHIAEY pr esent
has the general groups (a,2 BDP) and bidentate diphosphines with a
symmetrical and a symmetrical phosphabicycloalkyl group
(a,s BDP), comprising selective extraction and/or {
recrystallisation of the mixture in a suitablé solvent.

Such a selective extraction and/or recrystallisation

15 was not known before. By selective is meant that isomers
of a bidentate diphosphine with two phosphabicycloalkyl
groups are extracted and/or recrystallised to a different
extent. Preferably the selecti&e extraction and/or
recrystallisation is carried out such that it yields a

20 liquor containing a,a BDP and a,s BDP and a solid or

lsuspension containing s,s BDP.

An advantage of the selective extraction and/or
recrystallisation process is that the process is easy to
perform. In addition,; the process does not involwve the

25  handling of toxic, volatile phosphabicycloalkanes for
purification but the more easily handled bidentate
diphosphine itself. Furthermore the process enables the
preparation of bidentate diphosphine compositions with
very high percentages of bidentate diphosphine having

30 general formula (II) by repeated recrystallisation steps.

Preferably a bidentate diphosphine composition is
prepared wherein more than 80% w/w, more preferably more
than 90% w/w, and even more preferably in the range of
from 95 to 100% w/w of bidentate diphosphine present is

35 S,s BDP. More preferably a bidentate diphosphine



formula (11). Surprisingly it was found that a bidentate di phosphine with
~two symmetrical phosphabicycl oal kyl groups (s,s BDP)., i.e. a bi d%rg %e

di phosphine with 30 general formula (l11), can be separated froma L 2005
conposi ti YO 0PIl sing a m xture of bidentate di phosphi ne parvEpotmm3e
“symmetrical phosphabicycl oal kyl groups (s,s BDP), bidentate di phosphine
with two asymmetrical phospha- bicycl oal kyl »groups (a,a BDP) and bi dentate
di phosphine 2 9 Jul 2005 WO 02/161230 PCT/EP02/01036 28 wth a synmetrical

and an asymet realophosphatl p-eygkoal il-group, (ResBRL, by £xpl ol Ling a

difference found in solubili resent invention herefore al so
provides a 5 pr 88es‘$/‘40rm%5é?p@r&tfﬁ§ﬁbé? af bf GentR-& *divgHos phi #es wiih oft wo.

symmet ri cal phoﬁﬂﬁ@@&a%’é?|cﬁ%ih‘6)ébh§lﬁ8“ﬁ§e£§m§ 8DR) fpem a mxture of
bi dent at e di phosphines with two symetri cal hosEhabl cycl oal kyl groups (s,s

BDP), bidentate di pfEsHisried aPiveeid &y masryeéal L ppashPrabingiéidsal kyl 10

groups (a,n BDPyrgdgh diglonicate Qh@H%Q%&Q&é’Hé&W aﬁd avBEBLFAESY and a
synnetrlcalvphogg abi cycl oal kyl group onprising selective

extraction and/BYIreRFBRAS S Fat P6ﬁa6¥l?%€"rfﬁ ft%ﬁ‘teérv nPRABEHTHAE sol vent .

Such a sel ecti veyexid¢ aclinresandbonlkeseystaldd sat hefandSan@spdiaiarddiown
before. By selective is nmeant that isoners of bi deni\ate daiaf%posphi ne with
two phosphabi cy%Y SuP KT yr STFE Gy e*ERTF atT e FUuASr “PeEr)StHtY i sed to a

di fferent extebénzdief erlabinplsheusk| estmatchadlr,apheasnl andtidnol

recrystall satlon |s arried out such that it e 20 I| uor
cont ai ni ngd a, a 3oP cCIL lsoﬁﬁﬁpanafah%o‘fa%"i Sé)uhsoﬁgﬁrsll oh %onefrq? i ,
BDP. An advant age ﬁcﬁr temar&péleedtimeEh}akeﬁa@t iaorisanid/ dmethetrpiséagtl i sati on

process is thaloLfe, progess 1:3:833ohne PRIPIMe) NaddPhl 1 et e process

does not involve
tetrahydrofuran, diphenylether, dllsopropylether and the

dimethylether of di-ethyleneglycol; esters, such as for

15 example methylacetate, dimethyladipate, butyrolactone,
propionates and pentenoates; ketones, such as acetone,
methylethylketone, methylbutylketone and diethylkétone;
and sulphones, for example dialkylsuiphones such as
dimethylsulphone and diethylsulphone and cyclic’

20 sulphones, such as sulfolane (tetrahydrothiophene-2,2-
dioxide), 2-methylsulfolane and 2-methyl-4-ethylsulfolahe
and mixtures of one or more of those or mixtures thereof
with watér. |

........ Preferred solvents are alkanols and ketones,

25 preferably those comprising from 1 to 15 carbon atoms,
and mixtures thereof with water. The use of alkanols or
ketones or mixtures of those, optionally mixed with
water, results in a high degree of separation and an
attractive yield of s,s BDP.

30 Mére preferred solvents are alkanols, preferably -
those comprising from 1 to 10 carbon atoms and mixtures
thereof with water. Most preferred are methanol, ethanol
and isopropanol and mixtures thereof with water. Alkanols

and mixtures of alkanols with water have the additional

35 advantage that any bidentate diphosphine oxides present



25 handling of toxic, volatile phosphabicycloal kanes for purification but
the nmore easily handl ed bidentate diphosphine itself. Furthernorded tHe2005
process e e preparation of bidentate di phosphine ns with
very hlghngg?ggﬁ%gbes of bidentate di phosphi ne having 30 géﬂgpgﬁn?%&Wula
(I'l') by repeated recrystallisation steps. Preferably a bidentate

di phosphi ne conposition is prepared wherei sonere than 80% w w, nore
preferably nore than 90% w w, and even nore preferably in the range of
from 95 to 100% ¥ 0fe bicderligt andi pPRASPI &es PIiesHaras 30 rsot BRE. s Mpre
preferably a bldentate osphi ne 29 JUL2005 WO 02/ 06-4250 PCT/EP02/01036
- 29 conpositiorf éﬁ) EFOMIEFelrR FiMEfe TSHREF KHEPSm $836 wWPRERFrost
preferably of f@@a%@bwwtbou&eoymvxég\e@f pebi'td@"ltcﬁ{h@l@leﬂhéﬁabtﬂﬁgpresent
is s,s BDP. Preferred solvents for recr llsatlon include 5 organic

sol vents such a3 SH LR SHPASFPINES GPY ¥%ﬁl Hydir ocar bons, e.g. paraffins and

| i near, brsanched andh&ymbuntabkam:svartd Lﬁid&rﬂ]@@enﬁﬂchnaﬁhé’lﬂxaﬂ‘]ea and
pent ane, cycloh aromatics such %]uene and benzene;

al kanol s such aseﬁ(r%? la"heolex ﬁ‘ S56P™ ARSIy ST pjrsapan *i §opr opanol ,
but anol , |solmn@mhﬂnammhem§ thosh 1ascinrlaiaaneEmumabhybethen bai sol e

(mothyl phenyl Ebis)eeiaSulstr hoxa000R08 (gl et Mhet Nl o

tetrahydrofuran her ||sopropy
di - ethyleneglycwﬁedeﬁndﬁof lsgsheasrfyr id Srexamsd et hykadegat e,

di met hyl agy pat e, W%@%Q%onr@{%’éﬁﬁl %, %”%pBeQ gnea ﬁ}iﬂA @é’”és such

as acetone, nethyleth et one | Két one an dleth ket one; and
sul phones, for examteedifaioryteel phéarsase chiriyw smiimest Wm@msphemsm

di et hyl sul phoner@ggl;-da@é/&|v&a%h%gg§uln@gﬁngssu§fy£ﬂl@Ss:o%.lH}Ieanl ane
(tetrahydrot hi ophene- 2, 2- di oxi de), 2-methylsul folane and
2- et hyl - 4- ethy|su|ﬁ@@aﬁ§mperature of the sSolvent depends on the

solvent used, the amount of solvent used, and on the

15 extent to which one wishes to dissolve (parts of) the
bidentate diphosphine composition. Low temperatures and
low amounts of solvent are economically more attractive.

Selective extraction and/or recrystallisation can be

carried out by refluxing the composition of bidentate

20 diphosphine in the solvent. The reflux temperature
depends on the solvent used. Preferably solvents are used

resulting in a reflux temperature in range of 5 to

200 °C, more preferably in the range of 15 to 150 °C.
Preferably the pressure during refluxing is in the (
25 range from 100 to 500 kPa (1 to 5 bar). Higher pressures ‘
have the advantage that a larger part of the bidentate
diphosphine can be dissolved. Atmospheric pressures are
economically more advantageous.
Preferably, the bidentate diphosphine-is refluxed in
30 a suitable solvent for 0.01 to 10 hours, more preferably
in the range from 0.01 to 5 hours. |
Extraction can be performed intermittently or
continuously. In an intermittent extraction the bidentate

diphosphine composition is preferably extracted in the



.and m xtures of one or nore of those or mxtures thereof wth matzr.
Preferred sol vents are al kanols and ketones, 25 preferably those cn%ﬂ“bm%g

froml| to wb@aEpen atons, and m xtures thereof wth water Ctlpﬁ'zfdﬁﬁ()o‘c
- al kanol s or ketones or mxtures of those, optionally mxed wih water,

results in a high degree of separation and an attractive yield of s,s BDP.
30 More preferred solvents are al kanols, preéflerably those conprising from1
to 10 carbon atons and m xtures thereof with water. Mst preferred are

met hanol , et han&RRIANE 9B opriohaAfolt 186G - nRRt Ure’ ahdresuifichenate?. Al kanol s

and ni xtures of ;glkanolise Widdy Mat eicchave: bhecaddidd fnal 13snadyaniage that
any bidentate di phosphi ne oxides present 2 9 JUL 2005 WD 021064250

PCT/ EP02/ 01036 Pos3BPLei oiWAel ¥aPPY ShdSERP Heldisi Ly esepBriai®d from the

s,s BDP, whichrdhgsof¥es 1 & 9MGhekeSS8r peXt&ited HYLS RBARRIcQPPOrtunities
to use an aged, partly oxidised starting Eldentate,dlphosphlne conposi tion.

5 The anouht of TSBFYRNIt RISIF PN FSREATRARE heft Zpctd@me CRPVBS ext r act i on or

recrystal lisati garobriled GRINMH nAtdcamiet tbaseghsawcayd.i ed out. Extraction can
be economically nore attractive becguse | ess .sol.vent can ge used and/ or
| ess energy is requi BEGPSRGat PR 407 B e 1ot Rt prEF 0I5 %, a SPA and
a,s BPA are exfEoatdethd rroontlhenibiigdgneabepdéphosphi ne conpositions by
r epeat ed washings mﬁih £ sui tabl e solvent. The tenperature of the sol vent
depends on the used, the anmount of solvent used, and on the 15
extent tolwhich one Misshepetrdmdnssobyec{pardd wft) ihhe bEdent ate di phosphine -
conposi tion. Loy, Lenperaiiyr eg ands Law.amunts o solyent aeeeopop cal ly
nore attractive. efect1ve extraction an r recrystalli'satron can be
/ a trademark) . The autoclave was charged with 10 ml of
; propene, 40 ml anisole and 10 ml sulfolane, 0.25 mmol of
platinum(II) acetylacetonate, 0.3 mmol of 1,2-PP'bis(9-
15 phosphabicyclo[3.3.1]lnonyl)ethane with a purity of > 99%,

0.3 mmol SnCl, and 0.3 mmol HCl. After being flushed, the

autoclave was pressurised with carbon monoxide and
hydrogen to a partial pressure of 3000 kPa (30 bar) of
each. Subsequently, the reactor was sealed and the

20 contents were heated to 115 °C and maintained at that
temperature for 1.5 hours. After cooliﬁg, a sample was
taken from the contents of the reactor and analysed by
Gas Liquid Chromatography. The selectivity towards the
linear product n-butyraldehyde was 98.6%.

25 Example 2

The experiment was carried out in a 250 ml magneti-

cally.stirred Hastelloy C autoclave. The autoclave was
charged_wiﬁh 10 ml of propene, 40 ml anisole and 10 mi
éulfolane, 0.25 mmol of platinum(II) acetylacetonate,

30 0.3 mmol of 1,3—PP;bis(9—phosphabicyclo[3.3.1]nonyl)—
propane with a purity of > 99%, 0.3 mmol SnCly and 0.3

mmol HC1l. After being flushed, the autoclave was
pressurised with carbon monoxide and hydrogen to a

partial pressure of 3000 kPa (30 bar) of each.



carried out by refluxing the conposition of bidentate 20 di phosphine in the
solvent. The reflux tenperature depends on the sol vent used. Pr/gpé b@gb
0 C

sol vents @igepusedy resulting in a reflux tenperature in raﬁ@?ﬂﬁ%z
nore preferably in the range of 15 to 150 C. Preferably t ressure during

refluxing is in the 25 range from 100 to 500 kPa (1 to 5 bar) Hi gher
pressures have the advantage that a Iargér3ﬁaft of the bidentate

di phosphi ne can be di ssol ved. Atnospheric pressures are economcally nore |
advant ageous. ﬁ@@ﬁ%@%&#%ﬂYttﬁ?QMqﬁ@ﬂF§Fewanﬁ%%bﬁiﬁE“i§ﬂﬁbﬁp@%@@tﬁn 30 a

sutanl e sol vet.Lofe0:0F 4 4G beuLga fRNERLELPLAOLY ! D bhE LA 1T om |

0.01 to 5 hours action can be perforne nterm t entI
continuously. Earah. $rhqurﬁttkﬁuerexbpaangonat$&m@ﬁ&kwuauuakam glrosphhae

conposition is,g b tr i h 064250
PCT/ EP02/ 01036° %@L%%g%fy féraﬁc(?m"%q“‘tc(‘?%foE{%“El gnglg é]éJLbéﬁQQaS L\Ag“s‘qFJn cient to
obt ai n t e desfFhednakegeagtion Tife gedectéditgonerardd fthepdssieblre, a snal |

nunber of extragga99§,n|b&% f%1 @gdergggeggréun 1to5times, is preferred
er abl

for econom cal reasons. y continuous extraction can be perforned
with a Soxhlet_ﬁemmkgulatlon The present invention will be illustrated by

the followng nO”ﬁI‘Hé“eBéaﬂ&l%X@H@ E3rrR@MI€ ih 10 2EBe mEXRELHAENL , YRS

carried out in a 250 ]%-etlcally stirred Hastell oy C autocl ave

(Hastelloy is Sﬁl¥¥%®éilﬁa?q® OFhé auteelave- wHze ciErfd@ v R s16hargesd
propene,; A0 n waahsgb enAnsk ?é}o@en%m fel ameanpséﬁ e 19f miplabieayahL!)

acetyl acetonate, 0.3 mmol. PP bi s(
phosphabi cycl 0P32§ b rRA )Féltaﬁ%i-ﬁémwltlh QC%WJr%Sﬁ‘%Hna;eQQ% 3 g@elnRél sSnCl2
and 0.3 mol HGésoAfItlﬁg) being bishedphbBghabicyclo[3.3.11nonyl)butane | @

‘with a purity of > 99% by weight, 0.3 mmol SnCl; and 0.3

mmol HCl. After being flushed, the autoclave was
15 pressurised with carbon monoxide and hydrogen to a
partial pressure of 3000 kPa (30 bar) of each.

Subsequently, the reactor was sealed and the contents

were heated to 100 °C and maintained at that temperature
until the reaction was substantially complete. Complete
20 propene -conversion occurred in 0.5 hr. After cooling, a
sample was taken from the contents of the reactor and
analysed by Gas Liquid Chromatography. The selectivity
towards the linear product n-butyraldehyde was 99.0%.

Example 4 (separation of phosphabicyclononanes) {

25 A mixture of symmetrical and asymmetrical
phosphabicyclononanes (33.9 g, 239 mmol, 153 mmol
symmetrical: 86 mmol asymmetrical isomer) was dissolved
in diethyl ethef (240 ml). Subsequently deoxygenated
water (240 ml) was added. The biphasic mixture was

30 stirred vigorously while deoxygenated concentrated HC1
solution (240 ml, 6 molar) was added over 90 min. The two
phaées were then separated and the agueous phase was
extracted 20 times with diethyl ether (50 ml each). The

organic phases were combined (to reduce the volume, some



-autocl ave was pressurised: with carbon nonoxi de and hydrogen to a parti al
pressure of 3000 kPa (30 bar) of each. Subsequently, the reactor 2WasdUlsBBll ed
and the 2Qye@nhenis were heated to 115 C and mai nt ai ned at ro2bfAperature
“for 1.5 hours. After cooling, a sanple was taken fromthe contents of the
reactor and anal ysed by Gas Liquid Chromatography. The selectivity towards
the l|inear product n-butyral dehyde was | ~-25% Exanpl e 2 The experinent was
carried out in a 250 mM magneti- cally stirred Hastell oy C autoclave. The
aut ocl ave was echatlyedolivent10am befrgropeheén #@cobmaheSote @nd ib indg

sul fol ane, 0. 251:1‘{@%%1?{;9%') a%h@“%%ﬁéd a\ﬁettﬁ’laa%%h‘&@ﬁ%?ﬁég Qcﬁ.éUMtfi%‘;n

1, 3-PP bi s(9- phospha I'o[ 3. 3. 1] nony propane w a purity o 99%
0.3 nmol SnCl2 &hdeD..3 angnshbpequent by rvasdiedg vikbsAedat phateitNediCAze was

pressurised with carbon noxi de_and drogen to a. partial pressure of 3000
kPa (30 bar)  of “BHa oD DIrbb0sHors 19706 4350 BB EPOSP OO 55
Subsequentd y, tdei¢dastear Myas, Seadl efli Brardcheveenbenis alenansheated to 115 C

and maintained at_that tenperature, for 1.5 hours. After cooling, a sanple
was taken from IR SRoneENESTEY CEhER rE B tangiRalF e edsHytas Bilqui d 5

Chr omat ogr aphy. i dheesaleet Wily bovwarsts 4 heguiiReaent PEOUsE1 Raddat,yr al dehyde
was 90.6% Exanple 3 The exanple was carried out in a 250 m nmagnetically

stirred Hastel | P ditfofafBoUtheC RUETRFE TRaL SAAPGEISEAT S (HEDD ml of
propene, 40 m anisamwapdri@ynhssal éol@angese. 2b1tmol Tof tipd atiqusdlsh)y
acetyl acetonate

2, 3- PP’ bid( 9- ph%%%%%b%reg{*i gﬁ?sn%‘ﬁg ‘?S%%L?tigﬁ&ylwe{‘ﬁeﬁ R8T % of"2E 999 by

WEight, 0.3 MoiaECl2mnNaiRtdre was cooled to 0 °C and a 14.4 M NaOH

i
i

solution (200 ml) was added over 1.5 h. The phases were
separated and the agueous phase was washed four times
with diethyl ether (50 wml each). The cowmbined organic

15 phases were dried over MgSO, and filtered over basic

alumina. The solvent was removed in vacuum to give the
symmetrical isomer in a vield of 19.79 g (equivalent to
139 mmol, about 91% of amount of asymmetrical isomer
started with) in a 90% purity. Sublimation of the 90%
20 pure symmetrical isomer at 0.27 kPa (2 mm Hg) and 60 °C
gave a sample of 98% pure symmetrical isomer in 80%
recovery {(15.83 g, 111 mmol) as a colourless solid.

All reactions in Examples 5-13 were carried out in

p—

an inert atmosphere (nitrogen). Solely p.a. grade
25 solvents were used which were obtained from Merck. 1,2-
PP'bis (phosphabicyclononyl)ethane (BPE) compositions as
specified for each example were analysed by 31lp-NMR to
indicate the amount of: ‘
BPE-S = 1,2-PP’bis (phosphabicyclo[3.3.1]lnonyl)ethane.
30 BPE-A = mixture of 1,2-PP’-bis(9-phosphabicyclo-
{4.2.1]nonane) ethane, and 1-P-(9-phosphabicyclo-
"[4.2.1]nonane) 2-P’ (9-phosphabicyclo[3.3.1]nonane)

ethane.



mmol HCl. After being flushed, the autoclave was 15 pressurised m&éhlﬁgggon
nonoxi de and hydrogen to a partial pressure of 3000 kPa (30 bar) fJ
Subsequen& o % 20 reactor was seal ed and the contents §ﬁ7 p to 100 C
and mai nt al é& %t hat tenperature until the reaction mas Oéﬁypglly
conplete. Conplete 20 propene conversion occurred in 0.5 hr. After cooling,
a sanple was taken fromthe contents of thesreactor and analysed by Gas

Li quid Chromat ography. The selectivity towards the |inear product

n-butyral dehydgpas 29n00c.-ExaEPLL: dod SEPAY 41100 s PROSBRARI Cycl gnonanes)
25 A mixture of symmetrical and asymetrical phosphabi cycl ononanes (33.9 g,
239 mmol, 153 ﬁﬁﬁnﬂﬂ§$ﬁﬁéﬁrlcal 86 mmmol asymmetrical isonmer) was dissol ved

in diet hyI et hadx LRAQ Bl.) 1 SHPSEYMSNtLY seaxygenated water (240 m) was
added. The bip rously while deoxygenated
concentrated HCl sbl GuFBAREM Qff 2 6 IE™ haSPEIdEEnbIERI™D nin. The two

phases wege then ge %&t%@ Q?ﬁ §h91§QM§QM§<ﬂ@@§ﬁmﬂ@®an%4t&§§t£€Efﬁkédnﬁs
wi th diethyl ether each). The organic phases were conbi ned (to

reduce the vol ¥, Qsélﬁé ZTQEJBEWZ]G@BOE‘W% FEAIHG PCYREPG2PHAD 3P - of
Lhe sol vent ‘candh SEpUedLo-NACUNILE! 01 €ONLLAULDg.rLheraor k- up) and

washed with a concentrated HO solution (2 sequent |y washed
with a saturatdd KNaHEER Aswhuteomréémp¥ﬁ§tel*ﬁaﬁﬂdnmedtWnghg@mﬁc sol ution

was S dried overg d‘i%@@é Egd E!LHEEPQnQYx?&ePaﬁ{ Cat%lo‘é‘ﬁ‘h%@e LR 1§10<£§/§:{‘t was

renoved in vacuumto he asymetrical 1somner a yreld of79.52 ¢
(equi val 86t to 861?1 thmprlfagéuqu@m d'fa%rﬁﬁﬂﬁd @t Qs}rﬁﬁ?ﬁr {Lambamomer
started with) 019Q% rI i the viggrously 10
stirred aqueous g’se er eg i ecfﬁra]lsq (Eg)oanﬁﬁa QOH{-_'_ cflend? \it %g m xt ur e’

was cooled to @n@ﬂand BPE484(R4%BC}The 11qu1d layer was evaporatedto

dryness. Composition of precipitate and liquid layer was

analysed by 31P-NMR spectroscopy:

type BPE . precipitate liquid layer
BPE-S 95.2 11.0
BPE-A 4.8 41.3
BPE-O 0.0 47.6
15 Example 6: methanol as solvent

2.33 gram of BPE (containing 1.74 gram of BPE-S) was
sugspended in 25 ml of methanol. The suspension was

refluxed for 2 hours and subsequently stirred at ambient

temperature (about 20 °C) for 16 hours. The white
20 precipitate was isolated by filtration using Schlenk
techniques and dried in vacuum. Yield of BPE was
1.92 gram, containing 1.64 gram of BPE-S (94%). The
liquid layer was evaporatedlto dryness. The composition
of precipitate and liquid layer were analysed by 31p-NMR
25 spectroscopy:



-solution (200 m) was added over 1.5 h. The phases were separated and the
aqueous phase was washed four tines wth diethyl ether (50 m 2%db) 200fhe
combi ned owgeniG42s6 phases were dried over MgSO4 and filterperR¥@g1BaS! C
‘alum na. The solvent was renoved in vacuumto give the symretrical isoner
inayield of 19.79 g (equivalent to 139 mmol, about 91% of anount of
asymetrical isonmer started with) in a 90@6%@r1ty. Sublimation of the 90%
20 pure symretrical isoner_at 0.27 kPa (2 mmHg) and 60 C gave a sanple of
98% pure synnetrmggb BsBner in 80%cipecevery (13.i88id, 1dgdrnmol ] as a

col ourl ess soli( reacttons—hbBxarptes—5-13-were—<carr+ed—o#it in an
i.nert atnosphere Fanrogen). Sol€l'y p.a. grade ‘sol vents werejused which
wer e obtai ned fn&®REMBrck. 1,2- RR.Bi s (phosphabisgy©l ononyl ) et hane( BPE)
conpositions as eecified for h exanpl e werg.anal ysed by 31P-NWR to

i ndi cate the anﬁgﬁg gf BPE- S _%ﬁ%z PP bi s 3%
(phosphabi cycl o[ 3. 3. 1] nonyl ) et hane. . 30 BPE-A = m xture of
1,2-PP -bis(9-p i cy.C e, and
1-P-(9- phosphabp&% %% PO et t% Hgmhablcyclo[3 3. 1] nonane)
et hane. 29 JUL2005 HKFOER@@ﬂB@@<ﬁtIVBP@ZﬁOlQBGBPESHRHBPEm®n§ Ai. gbure of

oxi des of 1, 2- PRbirs (hagRNghi excho- mﬁoaw'(ae%ﬁlaﬁaﬁ Faaml &.2q lesopyopancl as
sol vent A suspen5|on of 2.67 gram of containing 5 2.05 gram of BPE-S)
in 25 m of isopropasnelt wasleetIUampbrdmurézUmusntThe ﬁDMIhm&Dghmeeus
solutlon s coaql ed Q. nblent te tur bo tirred for
hour s. ite ﬁ?e&ﬁ? 5 wasg or%% (ﬁhIC% l% i I%ﬁ %ﬁbﬁﬁ;epératlon
under an at nDSpft%rceuﬁfqurélst nagearidd ﬁﬂdra{chﬁmpqlistl ede produst) was <dai ed at

0.1 kPa (1 nbar)
BPE was 2.88 gram, containing 2.52 gram of BPE-S (95%).

16

The ligquid layer was evaporated to dryness. This

procedure was repeated twice (202 and 3¥d extraction) .

10 All fractions were Weighted and analysed by 31p-NMR
spectroscopy.

- BPE preci- preci- preci-
starting | pitate 1St| pitate 20d | pitate 3%¥d
material | extraction| extraction | extraction

yield
{(gram) 3.4 2.8 2.3 1.8
e overall |
' BPE-S
recovery (%) - 92 B5 70
BPE-S (%) 74.8 83.8 93.6 95.4
BPE-A (%) 21.8 11.8 6.4 4.6
‘| BRE-O (%) 3.3 4.4 0.0 0.0

Example 8: Soxhlet extraction with methanol.

6.44 gram of BPE (containing 4.82 gram of BPE-S) was
placed in a extraction filter and extracted with methanol

15 for 2 hours in a Soxhlet configuration. The BPE material



and 50 C. Yield of BPE was 1.80 gram containing 1.71 gramof BPE-S (84%.
The liquid | ayer was evaporatedto dryness. Conposition of precipi )8 gulatih
liquid | ayes oyes2seanal ysed by 31P-NVR spectroscopy: type BREREfRIR)IAL €
liquid layer BPE-S 95.2 11.0 BPE-A 4.8 41.3 BPE-O 0.0 47.6 15 Exanple 6:
met hanol as solvent 2.33 gramof BPE (containing 1.74 gram of BPE-S) was
suspended in 25 m of methanol. The suspensi*én “was refluxed for 2 hours and
subsequently stirred at anbient tenperature (about 20 C) for 16 hours. The
white 20 preci preaterarsiamsicated abyorntpatt@h Uity aSchideArd dachni ques
and dried in vaguumm Yield oloBREmgss 4. 92581am &R’Hﬁh@ig[}g .5264,-gham of
BPE-S (94% . The_ liquid |ayer was evaporated to dryness he cofnposition
of precipitate ahdBFF ot |H33{°d yeitbfe CETBAGE yEeR Dy Wwat?saﬁlﬁeé%%‘s@opy

ayer BPE-S 851411 %r%%@iv%%’%gg’@lﬁ%ﬁ%t%g’%% £ Bl e 7

extractions with nmet hanol A suspenS| on of 3.4 gram of BPE (cont aining 2.65
gram of BPE-S) i1 i Ay et I anbi ent
tenperature (ab . e = premmta%e VEs ?ated py filtration
usi ng Schlenk |tBRBwH ques and drd®d in vacuum (38t7extraction).|Yield of

BPE was 2.88 grjam, cont ai ning 2. P2, gram of BPE-3 (25% . The liquid layer
was evaporated {to dryness Thi s procedure was repeated twi ce (gnd and 3rd

extraction). = |BPE-O 4.6 45.8
5 Example 9: Repetitive'extraction with methanol/water

(95/5 /) (
A suspension of 3.18 gram of BPE (containing '

2.64 gram of BPE-S) in 100 ml of methanol/water

(95/5 Y/y, degassed with Ny) was refluxed for 2 hours.

10 After standing for 4 hours at awbient temperature (about
20 °C), the supernatant was decanted. The white

precipitate was dried in vacuum (55 °C/0.1 kPa (1 mbar)).
Yield of BPE was 2.50 gram, containing 2.37 gram of BPE-S

(89%) (1St extraction). This procedure was repeated twice
15 (20d and 3¥d extraction). All fractions were weighted and

analysed by 31pP-NMR spectroscopy. The percentage BPE-O in

the precipitate was < 0.5% and was therefore omitted for ; g o

the calculations..



10 AIl fractions were wei ghted and anal ysed by 31P-NVR spectroscopy. BPE

© preci- preci- preci- starting pitate 1st pitate 2nd pitate 3rd naggnm?Q%5
extraction extraction extraction vyield (gram 3.4 2.8 2.3 1.8 over

BPE-S r eC¥Q4&rA)64254 92 85 70 BPE-S (% 74.8 83.8 93.6 FSTEPIBPHEIA (%
©21.8 11.8 6.4 4.6. BPEEO (% 3.3 4.4 0.0 0.0 Exanple 8: Soxhlet extraction
w th nethanol. 6.44 gram of BPE (containi ng. 482 gramof BPE-S) was placed
in a extraction filter and extracted with nethanol 15 for 2 hours in a

]t"'\"’.
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Example 10:

Extraction of BPE material using 100 ml

portions methanol/water (90/10 "/,):

A suspension of 4.98 gram of BPE starting material

(containing 3.47 gram of BPE-S)

water (90/10

4 hours.

e

in 100 ml of methanol/ -

degassed with Ny) was refluxed for

After standing for .4 hours at ambient

temperature (about 20 °C), the supernatant was decanted.

The white precipitate was dried in vacuum (55 °C/0.1 kPa

(1 mbar)).

gram of BPE

repeated (20d extraction) .

-S (96%)

(1St extraction).

and analysed by 31P-NMR spectroscopy.

Yield of BPE was 3.72 gram, contalning 3.34
This procedure was

All fractions were weighted



precipitate was dried in vacuum (55 C/0.1 kPa (1 nbar)). Yield of BPE was
2.50 gram containing 2.37 gramof BPE-S (89% (1st extraction). TRi9sJUL 2005
procedure was repeated twice is (2nd and 3rd extraction). Al fractions were
wei ght ed awe 0zapE59ysed by 31P- NVR spectroscopy. The percent age/EBPE91036 Nt he
precipitate was ¢ 0.5% and was therefore omtted for the calculations. 2 9
J UL 2005 WD 02/064250 PCT/EP02/ 01036 - 375;4BPE preci- preci- prec
starting pitate 1st pitate 2nd pitate 3rd naterlal extraction extractlon
extraction yl el-d Cgrarm) 3-18 2.5 2. 9 1. overal-- PE--S reacove y (% -
81 73 BPE-S (e) 83.6 94.9 96.9|97.5° BPg- %?%Pﬁté“"f oqeinitate | Byanpl e
10: Extraction of BPE material

89
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i m
e gg terilal tg taln
wWat ef aggb?&o f,, g a8s

f BPE. sg

ma e/'f.‘la

poi‘ti ons

met hafol / wak er (90/ 10

ng 3.47
ed with N2)

was refl uxed fon
(about 20 O, th
in vacuum (55 C
3.34 10 gram of

vdehours. After

lg SU rnatant wal

(1 nbai
BPExSIQQBP@ $ 1st

standlng

egant ed
)g %?eld
extracti

for.4 hours
gh mhlt
of

on).. ThIS pr

at anbi ent

e preci, itat
3. 72§gr2n1 C
ocedur e was

[ enperature
e was dried
pnt ai ni ng
r epeat ed

(2nd extracti on) actlo siwere_wei ghted nd anfal ysed,by 31P- NVR
spect roscopy. 2 éte?l&e%g %0 (PZ/ 0642, 50 PCT/ 2R02/ 01036 -g§

BPE-S (%) 65.7 89.9 92.0
BPE-A (%) 16.5 8.4 5.6
BPE-O (%) 13.8 1.8 2.4

Example 11: Extraction of BPE material using 200 ml

portions methanol/water (90/10 V/i):

A suspension of 5.00 gram of BPE material
(containing 3.48 gram of BPE-S) in 200 ml of

5 methanol/water (90/10 Y/v, degassed with N3) was refluxed

for 19 hours. After standing for 1 hour at ambient

temperature (about 20 °C), the supernatant was decanted.

The white precipitate and supernatant were dried in

vacuum (55 °C/0.1 kPa (1 mbar)). Yield of BPE was 2.98

10 gram, containing 2.74 gram of BPE-S (79%) . Both fractions

were weighted and analysed by 31P-NMR spectroscopy.

BPE liquid
starting | precipitate| layer
material

vield

(gram) 5.00 2.98 1.50
BPE-S recovery (%) - 79 -
BPE-S (%) 69.7 92.1 9.3
BPE-A (%) 16.5 5.6 51.7
BPE-O (%) 13.8 2.3 39.0




. BPE precipitate precipitate starting 1st 2de . material extraction
extraction vyield (gram 4.98 3.34 3.47 overall BPE-S recovery (6) ] Pﬁm§4
BPE—S (0) W8.0Z08Rs® 92.0 BPE-A (0) 16.5 8.4 5.6 BPE-O (a)PéﬁEﬁ)z%-l%}B

" Exanpl e 11: Extraction of BPE material using 200 mi  portions nethanol/water

(90/10 /v): A suspension of 5.00 gram of BPE material (containing 3.48 gram

of BPE-S) in 200 ml of 5 methanol/water (QOPfO‘" r, degassed with N2) was

refluxed for 19 hours. After standing for 1 hour at ambient tenperature

(about 20 C), the supernatant. was decanted. The white precipitate and

supernatant wer gxgrhed 19 MAGWENi6B5oE fpd dRaedikinRak)) . Yield of BPE was

2.98 10 gram contain ng Z, 74 gram of yPt-S_(IQ%f* Both fractions were

wei ghted and anabyBeEEdRP3 We.OR (9842t /o opy. BPE liquid starting

~ precipitate layer rmtsefs;p@hlﬂbﬁl gf $95@gram AF %9%8mét591a13PE-S recovery (s)

- 79 - BPE-S (a) 69.7.92.1 9.3 BPE-A_( oé 16. 5 BPE-O ($) 13.8 2.3

39.0 2 9 UL 2008°RvH Brhe4F30 IBeT BBOD %1%)’36”‘39*0 Es%aﬁﬁl &59por5tehiet i on of

BPE material w thd os®pippeljJoraker r&88hRed "Jor 6 hrs. The now

homogeneous solution was cooled to ambient temperature

(about 20 °C) and stirred for 16 hours. A white

precipitate was formed which was isolated by filtration
10 under an atmosphere of nitrogen and the purified product

was dried (0.1 kPa (1 mbar)/60 °C). Yield of BPE was 3.50

s,

gram, containing 3.30 gram of BPE-S (89%). The liquid

layer was evaporated to dryness. Composition of

precipitate and liquid layer was analysed by 31P-NMR

15 spectreoscopy:
BPE

starting

material | precipitate | filtrate
yield
(gram) 5.30 . " 3.50 1.60
BPE-S

_______ . recovery %) - 89 -
A

BPE-S (%) 69.7 94 .4 13.3
BPE-A (%) 16.5 3.4 44.4
BPE-O (%) 13.8 2.3 42.3

Example 13: Repetitive extraction of BPE material with

methanol/water (95/5 “/v)

A suspension of 3.18 gram of BPE material
(containing 2.64 gram of BPE-S) in 100 ml of
20 methanol/water (95/5 "/, degassed with Ny) was refluxed

for 2 hours. After standing for 4 hours at ambient



A suspension of 5.30 gram of BPE material 5 (containing 3.69 gram ozl_?]@ﬁﬁ@
in 40 mM of isopropanol and 0.8 m of H20O was refluxed for 6 hrs. e now
honmogeneougy$@lidiisgn was cool ed to ambi ent tenperature (ab%nﬁgzﬂos,nd
stirred for 16 hours. A white precipitate was formed which was isol ated by
filtration 10 under an atnosphere of nitrogen and the purified product was
dried (0.1 kPa (1 nbar)/60 C). Yield of BPE W& -3.50 gram containing 3.30
gram of BPE-S (89% . The liquid |ayer was evaporated to dryness.

Conposition of peRsépitaie @ubutl gui ec) ayale wapeanakysedwhy SRR 15
spectroscopy: BPE starting naterial precipitate filtrate yield (gram

5.30 3.50 1.60 BrE-PiieRrGSirdareggas gpresd ¥oyvagdiup 9254 13.3 .BPE-A (%)
16.5 3.4 44.4 BREO+( W l3: 8pidrP) 42r 31 @i 135 Repstiliye extraction of -
BPE material wth net han&/wat er (95/5 /v) A suspension 0of 3.18 gram of BPE
materi al (cont atehtgiRi®d PrameebnBBE- Spris 199 )M (16t 2&tratbhasn) [ wat er

(95/5 /.,, degassed with N2) was refluxed_ for 2 hours. After standing for 4
hours at arfbi ent TRi9 DXRCSHOT WAO T2PE8ESSOLEET? E GreBE 40 tenperature
(about 20 C), theystpernatantawag deeaphsdyerd e iR ReChRhI §keqvey dried
in vacuum (55 ¢/ 0.1 kPa(1l nbar)). Yield of BPE was 2.50 gram contai ning

2.37 gram of BPEXr{99)sHsstrasciopgct fba) percentage BPE oxides in the

precipitate was 0.5% and were therefore omitted for the

calculations.

. BPE preci- preci- preci- i
starting pitate 15t pitate 20d|pitate 3¥d

materiall extraction| extraction|extraction

yield
(gram) 3.18 2.5 2.2 1.78

overall SS

recovery (%) - 89 81 73

BPE-S ( B3.6 94.9 96.9 97.7
BPE-A (%) 16.3 5.1 3.1 2.3

oe
S




5 This procedure was repeated twice (2nd and 3rd extraction). Al fractions
were wei ghted and anal ysed by 31P-NWVR spectroscopy. The percent agg 9BRE 2005
oxides in the precipitate was 0.5% and were therefore omtted for the

cal cul ations. BPE preci- preci- preci- startin pitate 1st pitate 2nd pitate
3rd nmaterial extraction extraction extraction yield (gram 3.18 2.5 2.2
1.78 overall SS recovery (%9 89 81 73 BPE-S (% 83.6 94.9 96.9 97.7 BPE-A
(% 16.3 5.1 3.1 2.3 2 9 JUL 2005 -41,CLAIM5 1. A process for the
carbonyl ati on of an al kene having from2 to 20 carbon atons per nol ecul e,

or a mxture thereof, having 1 to 3 carbon-carbon doubl e bonds per nolecul e
by reaction with carbon nonoxi de andcgap®§eactant in the presence of a

catal yst systemincluding: (a) a source of Pt group netal cations, (b) a
bi dent at e di phosphi ne conposition wherein from95%ww to 100% w w of

bi dent at e dlph h [0 Qsition has
the general f o(r% {;Sa Ifgrg(&l% ]glefn{q'fl#“jn O\Aﬁgr%g%eﬁé %Vlg%?f %2}? g@ﬁ%rﬁg‘gﬁ Ofnf
r epr esent peﬂ niédute) ar| & migtubs thereof,eHaviygntetor B carbonpactemhadibly dbadl el group,

havi ng at 5 ring atonms; and Rr. presents a b|v | ent ani c bridging
gr oup, rm@ect ey Wﬁ?t%an?SEWB?Ih@O%QXé ndp cocféefapfy@tt SPSEP ephe Figvstg. (a) a
source ofs terfl R ﬂ@tal cations, (b) a bidentate di phosphine conposition

wherein from 95%w W to | ook w w of bidentate di phosphi ne present in the
bi dent at e (a) s Phgrovpmstid pations, has the general . fornula (11) X -R X2

() (b) a bidentate diphosphine composition
wherein from 95% w/w to 100% w/w of bidentate diphosphine present in the bidentate
diphosphine composition has the general formula II
X'-R-X? )
wherein X' and X independently represent an optionally, substituted symmetrical
phosphabicycloalkyl group, having at least 5 ring atoms; and R represents a bivalent

organic bridging group, connecting both phosphorus atoms.

2. Catalyst system including.
(a) a source of Pt group metal cations,
(b) a bidentate diphosphine composition
wherein from 95% w/w to look w/w of bidentate diphosphine present in the bidentate
diphosphine composition has the general. formula (II)
X'-R-X? (1)
wherein X' and X* independently represent an optionally substituted symmetrical
phosphabicycloalkyl group, having at least 5 ring atoms; and R represents a bivalent

organic bridging group, connecting both phosphorus atoms.

3. Catalyst system as claimed in claim 2, wherein as an additional component (c) a

source of anions is included.



wherein XI and X2 independently represent an optionally substituted
symmetrical phosphabi cycl oal kyl group, having at least 5 ring atons JantiR
represents a bivalent organic bri-dd%g group, connecting both phosphorus
BlPBeo3. Catal yst systemas claimed in claim2, wherein as an addi t iE5TRA01036
onponent (c) a .source of anions is included. 2 9 JUL 2005 ' 25-04, 2003
EP0201036 4. Bi dentate di phosphi ne conposition wherein from95% ww to 100b
" w w of bideat.at epdidgehusnk de phoeptrinehasnphe i cdene e rcdmsram losXl - R- X2
{Il) wherein XI and X2 independently represent an optionall substituted
symet ri cal WgMo&haRi0&y &V ¥acky Pi§RaER L eh 8¢ PRGSPAEL Nte REE SBTIT| %@Saﬁ:bﬁs; and R
represents i e rganri.c bridgi ng group, connecting both phosphorus
atons,. wit e&ﬁ%%érnggglghgg t he bi dentate di phosphine is not
r %3- PP' bi s(9- phosphabi cycl o[ 3. 3. 1) nonyl ) propane. 5. A process for the
separation.of symretrical phosphar_giygycl oal kane froma conposition
containing symmetrical and asymetrical phosphabi cycl oal kanes coﬁprising
the followi ng steps:. a) adding neans to protonate .-a phosphabi cycl oal kane
to a conpoghld C &t ai-Ri [ h Ri.cycloa EA) and
asynnetricaﬁhﬁﬁggghgbigyglgglagggg%%géﬁk}? 3?§?§r§§¥a5§ob gg?ﬁﬁgﬁgconprising
prot onat ed systtitiutald sphwvephribedyphoapkabe cysSPBalkyandroup- phatvdnat ed

“asymmet ri cal osphahi cycl oal kane (APBA): b) separati ot onat ed :
sy%netrica!aﬁpg§5%5b'c FQ—a&PW&ﬁengPékifpgﬁﬁeﬁgﬁ-Brgggﬁéﬁéﬁ asymet ri cal
phospha- Dbig 'aaal:ka&%ag/iﬁg%mﬁpel @bﬁﬁeée@ﬁﬁab%hpp%@pgg%s ayppetrical

phosphabi cycl Gal kane ( SPBAF) “and” separ at ed on- protona asynmetri cal
phosphabi cywhi¢dl kare pEARPSAP tdrtaddenyideansteoddphpsphonat ést hetsepar at ed

prot onated sy rical .phosphabicycl oal kage . ¢ SPBA i_el_di ng separated
non- pr of ona égqgén#éfﬁﬁcgﬁosp%a51¥ycgq[5.9.1§nonyi%pro¥ane.

\ - 5. A process foxr the separation of symmetrical phospha-
’ bicycloalkane from a composition containing symmetrical
‘and asymmetrical phosphabicycloalkanes comprising the
following steps: . -

a) adding means to protonate a phosphabicycléalkane to
a composition'coﬁtaining symmetxrical phosphabicycloalkane
(SPBA) and asymmetrical phosphabicycloalkane (APBA),
yielding a composition comprising protonated syﬁmétrical
phosphabicycloalkane (SPBA+) and mnon-protonated
agymmetrical phosphabicycloalkane (APBA) ; |

b) - separating protonated symmetrical phosphabicyclo-
alkane (SPBA+) and non-protonated asymmetrical phospha-

p—

bicycloalkane (APBA), yielding separated protonated
symmetrical phosphabicYﬁloalkane (8PBA+) and separated
non-protonated asymmetxrical phosphabicycleoalkane (APBA)
c) aqging means to de-protonate the separated
protonated symmetrical phosphabicycloalkane (SPBA+),
yvielding separated non-protonated symmetrical
phoephabicycloalkane (SPBER).

€. A proéess for the separation of symmetrical phospha-
bicycloalkane from a composition containing symﬁetrical

and asymmetrical phosphabicycloalkanes comprising:



phosphabi cycl oal kane (SPBA). 6. A process for the separation of SygﬁEMLiZﬁﬁ%l
d

phospha- bicycl oal kane from a conposition containing symetri cal
asynmetri cal phosphabi cycl oal kanes conprising: 2 9 JUL 2005 WO 02/064250

" PCT/ EP02/ 01036 43 i] dissolving a conposition containing symetrical

phosphabi cycl oal kane (SPBA) and asymmetrical phosphabicycl oal kane (APBA) in

_a suitabl eWOIR0E8r i scible solvent, which does not di ss8CVEPHO03Nat ed 5

symmet ri cal phosphabi cycl oal kane (SPBA+), vyielding a non- aqueous
phosphabi cycl oal kane (PBA) solution; ii) cpng%n_i ng the non-aqueous PEA
solution with an aqueous solution of a suitable acid, yielding an agueous
phase contai ni ng_protonated SPBA+ and a non-a%eous, phase 10 contai ning

non- prot onat ed APBA: 935391 6d5a PatGoNg CEAE 1 uETRISE PHk SYBHEAFHFRY pr ot onat ed

SPBA+ and the nghoaghepusyPhesEGoNt @THAJ RANapahenatied APBA, yielding an
aqueous sol ution_contajnin r ot onat ed PBA+ and,a non-aqueous sol ution
cont ai ni ng non ?goﬁpg}%hﬁl’gjog%ﬁ@{*e i %PBc?ﬁnﬁPnFnéuﬁﬁ%b]a%dﬁgﬁé"aé:&Futi on

cont ai ni ng pr ot aialedle SPEB Vet 1 hwiti Glidald ecfofivsbere Hrsxidrae esiol vent and
an aqueous sol ution, of sui t ahl e base, vyieldi non- aqueous sol ution
ot o g non. SYBTBHALEH SRST AP CLRIERG §HBRADI v eHE iag pnget:

non- aqueous sol aguenuscphdSpimirndregikeinengred) SPBAwt el di ng separ at ed
SPBA. 7. Process.as_cl.ained in claim.6 Whgrﬁ%ﬁl ariuetictra ﬁgegnvi] i s added

oFvent ¥ om :

to the process canprieing &g rnea s & fon-agtieous

sol ution cont ai mcegonens@bupiat arate suARBA Lyl ebdingy sebdivad et ABBACUS.
fg‘r’ﬁﬁfz ‘Ef’lr)t ;‘5@%%%%9{5%9 R deAlea sPERAOSRA! Das,Nav) A9 gepaLak
‘ 10 containing non-protonated APBA;
iii] separating the aqueous phase containing protonated
;.j SPBA+ and the non-aqueous phase containing non-protonated
a APBA, yielding an aqueous solution containing protonated
SPBA+ and a non-agueous solution containing non-
15 protonated APBA;
iv] combining the aqueous solution containing protonated
SPBA+ with a suitable non-water miscible solvent and an
aqueous solution of a suitable base, yielding a non-
aqueous solution containing non-protonated SPBA;
20 vl removing the solvent from the non-agqueous solution
containing non-protonated SPBA, vielding separated SPBA.
7. Process as claimed in claim 6, wherein an extra
step vi] is added to the process comprising removing the
solvent from the non-aqueous solution containing non-
25 protonated APBA, yielding separated APBA.
8. Process for the preparation of bidentate

diphosphines having general formula (II)
x1l.r-x2 (I1)

wherein X! and X? independently represent an optionally
30 substituted symmetrical phosphabicycloalkyl group, having

at least 5 ring atoms; and R represents a bivalent 4

organic bridging group, connecting both phosphorus atoms,

comprising



wherein X1 and X2 independently represent an optionally 30 substituted

symret ri cal phosphabi cycl oal kyl group, having at |east 5 ring atorrsghggpg\sﬁ%

represents a bivalent organic bridging group, connecting both phos
atonms, CcopBlobsENg 2 9 JUL 2005 WO 02/064250 PCT/ EPOZ/OlOBﬁC,-r/ﬁ,ﬂz/mﬁg()
heating a conposition of phosphabicycl oal kane hydrides with a '

a, w-di hal oal kane in a suitable solvent, in a nolar ratio of

phosphabi cycl oal kane to (x,wdi hal o- al kane 4 +nore than 2, yielding a

charged bi dentate 5 di phosphine di hydride; A2) neutralisation of the charged

bi dent at e di phoaphi nNesatthidyy dt i denpaistilt iansof e eoasi oy Aomend yiel ding a
bi dent at e di phosphi ne conposition wherein_nore than 60% w w of bidentate

di phosphi ne pre$¥Arifas vhelgerer@tdibag Rdimirain @ suirrblesso¥uintthe
preparation of bidentate diphosphines hayi.ng general formula (l.l), X1-R-X2
(I'1) wherein Xinaﬁdm%afnldaepleér)\d‘gntl?%osrpéj%%)éggﬁgoggﬁ%%?i%%a 1‘?/ é]fé‘glo
substituted synmadkenheabf phosphtinmrcyx,| qdaleRyingr auphath@wd ngi ddntdeeast 5 ri ng
at ons; andS R represent .geb(iﬁlgl ni e_organi c bridging group, connecting both
phosphor us® at ons - PREERBH S A B Heati ng a composition of

phosphabi cycl oakRkanen@: tejidird sdheiomnictfh the achaxiydrd| lniadekaree 6 nligpiosbkanel |

yi el ding a charged .hi dent i sphin Lhydride; B2) raglisation of
t he charged bi dggﬁggghggp%%%hgn%ﬁoc I fd%ﬁgggwgéﬂggu%%i t%%%e&brgsiac conmpound
yielding a bi dbdatletbade pidsipbspiel oo mpopicsiibhonheher aimoners HdmmP5 60% W w

f bidentate di i ; ) I P
of bidentate di phgsnhl,nee Pf ESEN {18 b -0IRE Sy oSO A ine YbndRagoess

for separation o I dentate
10 formula II.
9. Process for the preparation of bidentate

diphosphines having general formula (II)
Xl__R_XZ (I1)

wherein X1 and X2 independently represent an optionally
15 substituted symmetrical phosphabicycloalkyl group, having
at least 5 ring atoms; and R represents a bivalent
organic bridging group, connecting both phosphorus atoms,
comprising ‘
Bl) heating a composition of phosphabicycloalkane
20 hYdrides with a o,w~-dihaloalkane in an alkanol, yieiding

a charged bidentate diphosphine dihydride;

B2) mneutralisation of the charged bidentate diphosphine B

dihydride with a suitable basic compound, yielding a
bidentate diphosphiné composition wherein more than

25' 60% w/w of&bidentate diphosphine present has the general
formula IX.
10. Process for separation of a bidentate diphosphine
with two symmetrical phosphabicycloalkyl groups (s,s BDP)
from a mixture of bidentate diphosphines with two

30 symmetrical phosphabicycloalkyl groups (s,s BDP),
bidentate diphosphines with two asymmetrical
phosphabicycloalkyl groups (a,a BDP) and bidentate

diphosphines with a symmetrical and a symmetrical



-with two symetrical phosphabicycloal kyl groups (s,s BDP) froma q%gturgm?f

bi dent at e di phosphines with two 30 symmetrical phosphabi cycl oal kyl dUb
(s,s EDP), wisipmiset e di phosphines with two asynnetrlcal Cnnwnmloc
“phosphabi cycl oal kyl groups (a,a EDP) and bidentate phosphi nes w t

symmetrical and a symmetrical 29 JUL2005 WD 02/064250 PCT/EP02/01036 45

phosphabi cycl oal kyl group (a,s BDP), conpri-siasg-sel ective extraction and/or
recrystallisation of the mxture in-a suitable solvent.

phosphabicycloalkyl group (a,s BDP), comprising selective
extraction and/or recrystallisation of the mixture in a

suitable solvent.



