- e3e<2<(()!, p, 161T2 WD 02/ 064250 PCT/ EP02/ 01036 PROCESS FOR THE
CARBONYLATI ON OF ETHYLENI CALLY UNSATURATED COVPOUNDS, BI DENTATE DI PHOSPHI <

COVPOSI TI N TH' S PROCESS AND PROCESSES FOR PREPARATHNSK 108! S
BIDENTAJE§%§¢§§§%PLINE COVPCOSI Tl ON Background of the |nventF%n T%E bresent

invention relates to a process for t nyl ation of optionally
substituted ethylenically unsat Wﬂ ﬁﬂmnds by reaction with carbon
nonoxi de 5 and a coreactant in t e of a catal yst system conpri sing
a source of Pt group netal catlons awﬂ“& bi dent at e di phosphi ne havi ng t he
general formula | Q_Z Q@ (T) wherein QL and Q@ represent a
Phosphabi cycl oal kY| SHQe 18:N2Mk Wadlo8A%koR oF g

ﬁ osphor us

represents a blvalent or anlc bri roup connec
atons. The presEN$ATWRRWﬂD<ﬂ@MPﬁUBB$t|&iDENTAﬂ§IEEE&O$RH3NEﬂ¢OMPp§éEI®%n in

Whi ch the coreactahh i Ry O88besd %ﬁﬁ“ﬁﬁ@éﬁééé‘s 'F@ROIDkﬁﬁARZQﬁ&\P@F' ation

reaction, 15 using hydrogen as coreactant, 1s the hydrofornylation of
ol efins, which are react HSvW¥WFNE§F§oﬁIH%%%&H¥N¥a%QHPﬁ§H?6@%n to form
aldehydes and/ or al cohol s having one carbon atom nore than the precursor

ol efin. Depending_on cat al reaction conditions and substrates, the 20
hydrofornylatléﬁ5$&ﬁ4ﬂﬁ&£i;Lﬁﬁtﬂﬂﬁaﬁiﬂﬂg selectivities to the severa
possi bl e isoneric atmkﬁbﬁkﬁéﬁw'labeﬁhoeﬁ tdlat\edr ¥bng yredels fas shde
reactions occur_t ext ar on) ne isoneric
product is pref %88yig§k°%ﬁ%§‘%ﬁﬁP.8 ¥ ord ‘FHe%§F§ k%%l%?l ched 25

al dehydes or ahm@hohsatdewmhpnunﬂelby kbaeolmr wiith vhebonfndiatic cal
degradabi Li ty, | 3 LS n aobt a od S having a

hi gh contgnt of = awf%??%%%ﬂéﬁ%é&%%% %gg%%¥%ﬁﬁﬁiff%ibgi§%% %near i somer.
The sel ecti vit yarpmdsdsgoneswiraewdr 8k possp biatadlserbipus protircts is cal | ed
regi osel ecti vi iy 40k AR5 O ROIBH 34l Alvdng CHOIEREERVEbymb ey ds 1 eact i onat

the primary carbon atom resulting in a |near product, TIs

desirabl e. WO- A- 95/ 05354 desc%iq53jghe car bonyl ati on ofethylenlcal

unsat urat ed conpounds by reattio mnthcarbon nDnOX|de and hydrogeﬁ
hydrof ornyl ation, inthe,presence of a c ta tem r|S|n a G?oup
VI 11 10net al caﬂ@%ﬁ?el9|§ %§| ni"¢PF&FFRA aFVﬁ éu@entate

| i gand, wioz. alﬂnﬁhgspbineas&rstﬂuagenaamkesanbﬂg&hp@ebenSS a blvalent
1,2-bis(1,4-cycl ogct ne h|n et.han , ngl ature

1, 2-PP bi s(9- pho§bﬁa |§yc fﬂf]%ony g?%”ﬁéb9f CE 1ﬂ§ Ir'Iooctylene
phosphi no) propane, The. prasaﬁwPAﬁnenEn@¢anumertlcular relates to such

1, 3- PP bi s(9- pmosfeae@asxclf[ ZrlkARNYb : REORANG s A)rdoda Pl S(2, 6-dimethyl,
1, 4-cycl ooct yl enephosphi no) e i.e

nonencl at urel, 2- PP-%l%?WWQ¥Q$a#é¥hymP°¥ﬁ%ﬂﬁxﬂﬂ%&@ﬂt&%t%ﬁﬂl%F%EFﬁ@ﬁyl) 20et hane
are usedias bi dgnhat 8ydishos il nerkhaands,; @amaoapheefsyrﬁ}mm ogroups in

t hese |igands are allsubstltuted or non-substituted

1, 4- cyclooctyléﬂéﬁﬁ&?phthﬂ?dﬂﬁéIeﬁcéedlHlWﬁﬁﬂﬁfhﬂﬁnﬂﬂﬁPeﬁ?ﬁeﬁnd
9- phosphablCychgﬁﬁéganltﬁoﬂyhngﬂﬁﬁh?desuaﬁﬁﬁbr alcohols hav1ng one
9- phosphablcyclo 4 non | 25qgr.oup hs visualised1 Qgt

2 B8 53 4 he Tabof] GEPR N B she HhEH B e RS o B
ethylenically um&aﬂysatedea@mpnum@@dmmuhna.mmdeﬂubstrayeeemﬂaentalnlng t hese
di phosphiges 1§ bgokfly RCCERT AU p3BLEEA! Wi dd S2. L, INE" 981408 Ji1ear

product .

ure Agl

to the several possible isomeric aldehydes or alcochols 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 alcochols is undesirable. Moreover, in view
of biological degradability, it is considered

advantageous to obtain products having a high content of

N
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WO (12/ 0G-250 - 3 PCT/EP112/1)103G The 9-phosphabi cycl o[ 4. 2. 1] nonyl group
visualized in Figure Ais an exanple of an asymmetrical phosphabi cycl oal kyl
group. | nyan,asyay trical phosphabicycl oal kyl group the br 2056

cont ai ni ng t he phosphorus atom have 5 an unequal nunber of atons 1n the
bridge. By a symmetrical phosphabicycl oal kyl, group i s understood that the
bridges (i,e. the hydrocarbyl groups connecting the tertiary carbon atons),
uhich do not cophai e RIesRYON e AL OMoIRNEARRALA JMRAT Sleaboms. An
10 exanpl e of such a synmetrical group Is the_9-phosphabi cycl o] 3. 3. 1] nonyl
group whi ch is pepssithlsedamerficgpredBtFiigucalieg yegigsoleuyiyizy .

WO A- 00/ 02375 dgggry 0 @%ﬁ; £12 RROSPPOF dlsa £ bdiaki Agn| | gand
by refluxing a § gs%ﬁ%%ﬂ%gﬂgggﬁgﬁ%ngﬁg ydri de mﬁtﬁ?l,Z-djbronDethane in

acetonitrile. AREebhedRitimaLYs SATEATWRE P s oRUREHTEr BRi Yel pear

, bi s- (9- phasphabjeyghonond )rihaaeiean be isol ated. The phosphabi cycl ononane
hydri de can conveni ently ared as desgribeﬁ%ﬁy El sner et al. (Chem

be pre .
Abstr. 1978, 20 voI.WQ§§‘9fé6§§5§)qe??F%Qﬁﬁ PG SRR AR b P s hed
WO A- 01/ 87899 deseyibescding pinepaushted @mpubidéebyateadt phosyithne | i gand

by reacting P-cyclo-octyl hydrid e.. 0. phasphabi cyclonor dr.ide) and
butylIithiun1to°?§b§%ﬂ§¥§P8' PF%nFﬁﬂ?@?%ﬁbﬁaé%y?Y§%8£§ﬁﬁ5§ﬂ§ﬁ ik
subsequent |y reaetphgsamde e aapptepysat sy sgrs conpreding adhrswps VLGt ed

al kane di sul phate ester. The P-cy¢lo- | [ o ni,eat Ly be
pr epar ed ﬁi des F?%gdc?§}%§@n¥£%'efgggggié§é§%1§§§gkrgﬁ%ggg?&§g¥g 59,

180154x) . WO B2AEE=2S¢ 11 igahd, PETLEPE 2AtRo3®EHimet h&nr the t¢mPlest i t | ed " A
si npl e procedur h Iﬁﬁggrabng i ihe,cilytibgal |y 1nportant
phobaneisoners"gﬁgggﬁfié%e |ﬁ”Chen$2a[ annuniggiions, 1997, pages

1527- 1528, J. H. pbesmhiwekzthane i Adecatd TWAC foUeRsLalafe tifstre had been no

reports of the s@pakalbophofdieisyomsthisal) @i 19syrEReli cad-disomens of
phospha- bi cycl ononanes, ‘al t hough, b loitin the,dlgference inreactivity

g )y €X
bet ween the i sof¥FSCOFTYLTRR RIKSRPEG ! PorRHes t ticaP®™Somer had been
i sol at ed. 10l n t hemahtigterofl B -Hip bownb Aghaépialbicgcllaljor 2 oLismetiod is
provi ded for separation of _the i soner f sphahi cycl ononane. The net hod
conprises: a) re&fPAGSa ﬁ?@t%ﬂ%SQﬁFqgogﬁggg 'i?aﬁ-gﬁaggﬁﬁ%%i?r%al
phosphabi cycl ongphaaehbydy étenvd t H1lBf. odnat dedy deoneGH28kuira t he presence of

hydr ochl ori caci HCL) . . yiel di n phgnj | 1S reagt se
phosphoniun1salgsgﬁﬁ%hb§%5$ﬁ%ﬁ§%F%%&§é ?ﬁg%ﬁ%ﬁﬁgﬁgyg%ﬁégégéhggb 3

synmmet ri cabphospithaeeaade ausmiitasalbideyhaee rdadiogphdsphil hgande) & racting
the neutral asyg%lgghgg!bﬁfép&Mﬁeggaaggeeﬂﬁ%sé q3¥Lagsr gkatdvel y pure,

charged synmmetrical prf ne 1n-an 2ous solution;d) treating the aqueous
sol ution with sewbsmAyHE®XxPH I EBPEEALEHRT Nk eICLepfk¥l pReRifosphino

phosphi ne. 25The syhpet rical DhospRbnenehernane Jd-phdsplabicidiasynt hesi s of
1, 3- PP bi s(9- phosphabi cycl o[ 3. 3. 1] nonyl ) propane. The ovir |1 yield qf this.
preparation was GnPy179enyheSEaURT| SUdhes ARRRICPLGECLRL: n? epdtAion of
anyot her bikdent ahgugi RROSPHLAE: v iiRg rggaeear. formula 1. 30Summary of the
i nventi onAl t hough good results with regard to the regio-selectivity towards
a | inear product are obtained i nWD- A-95/05354, there is roomfor further
i mprovenent. WA HeUG~2S0 PCT/gEPOR/ O U3G - 5 It is therefore an object

of the present invention to proyrue azprocess for the carbonyl ation of
63

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.



et hyl eni cal | y unsaturated conpounds by reaction wi th carbon nonoxi de and a
coreactant, which results in an 5 inproved regioselectivity towards a
linear pre@uplesské has now surprisingly been found that wpeq/@opinsess for
t he carbonyl ation of ethylenically unsaturated conmpounds is characterised
by a Pt group netal based catal yst conprising_a specific bidentate

di phosphi ne 10 conposition wherein a certain anount of bidentate

di phosphine with t symretr i bi Ky, LSiRLESENt
unexpect ed advant a\ég%he\\fm%thr"éé%%‘%?%éﬁ@ 'rzg'éiqégaeq%]fc\g{p?;{ﬁ%gv\arl.ds a linear
product are obt &igede A5isAcuordiangly oheaprasemetiavehtPorrphisdvi-des a

. process for thechEQQﬂY b AL, Of Iﬂphhog%%e@it&%tll bﬂgggh@%m&&ma%bhy

unsat urat ed conpdlnds by reaction wth carbon nonoxide and a coreactant in
the presence of gaoent Bh§ seridasse motn EPLER Hyt P FheaPhaseiyerite afoPRagfoup
. metal catigns, Qﬁ)uﬁe%i\gfrﬁﬁk%rdio&hgm‘i@ﬁénﬁlclﬂf@%'iiiﬁig@ﬂ ghefein mare than
60% W w of bi dentate di phosphi ne present in the bidentate di hospt;liéne
conposi ti on has StHeefeher bIPh doyFlozlinil Qnesp i f) URERrEi X ERahd X2
iEdEDﬁngent|¥ rFEéF§QD&g@@ ﬁpki0&®b|Mfaﬂbé&iﬂyﬂfgio&¢EH66ﬁﬁéf?ing the
phosphabi cycl oa .group, having at least 5 ring atops; R represents a
bi val ent or gani E%F?‘%‘@Yn‘gaﬁ?%ﬁt%&?hnegﬁfﬁ% %Ooﬂ?%p%gg%jo?ﬁtsmeat ons. 30 The
article of J.H phowphoguetatdm, daee nat equal catmbeanyfuseomsorAany expect ed
advant age, .for the 1,3-PP his(9-phaos Lcyc 3.1 ny |l ane
prepar ed. *&n thg}‘éﬁlﬁ??acr’g,mﬂ%{ fed s%?%‘é@ér%ﬁé@ és LH%\DyL%}?C%Ia SO - 6
PCT/ EPU2/ ULU36 beterilbhy. 3 ol MOnA19508854hi¢heisavtisphéiev@nin ndi cates a
preference f or F\t_kggrgs%nnetri cal phosphabi cycl ononyls. As will be shown in
t he exanpl es, however, fhe use of derivatives of symmetrical
phosphabi cycl oal kane groups 5 is very advantageous for the linearity of the
product. Detail eEdi qle crﬂ' ption of the inyention In the general fornula TI
for conponent b) of "the cat al yst8 tem R preferably represents a bival ent
organi ¢ bridging group containifg frem 1l to 10, 10 preferably from2 to 6,
nore preferably from2 to 4, apdPwost| preferably 2 to 3 atons in the
shortest connection between bé& phogphorus atons. Especially preferred is
a bivalent organic bridging group—taving 2 atons in this connection.
Preferably, the bridging group R represents 15 an al kyl ene group, but it
can al so conpri se a wWasHaD /378, desteibaptechdihodneo premrre ket er o at ons,
such as nitrogen, sulphur, sili.can or.ox n Pref er shortest
connecti on bet m@gﬁsgggﬁu%ﬁ%%%%aolrnulgl td ax%gb gl]iteglkrsilUL 1%5 % @2‘%%%%4% ons, nost
pref erabl $52 cardyedofbnatensydrfive stght 25 -dommatstbanbeineen bot h
phosphorus at °”%c%%n%rﬂ'@.stz&éégxegae%rai?ﬁ!ééyp&i :cdi%egoeiurﬁg?yéﬁﬂd%ar t of

a aliphatic or aromatic ring structure. In a preferred enbodi'ment the
connecti on forng_péﬁt(gfphgsphabicyclononyl)ethane can be isolated. The

phosphabicyclononane hydride can conveniently be prepared
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
ligand by reacting P-cyclo-octyl 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, 180154x).



25 optionally substituted saturated or non-saturated aliphatic ring
structure, such as for exanple a substituted or non-substituted

cycl opent Ry deYshopent ene, cycl ohexane or cycl ohexene. The1eagbeflssphatic
ring can be interrupted by one or nore 30 heteroatons such as nitrogen,

sul phur, silicon or oxygen atons. The aliphgatic ring structure can further
be substituted with any kind of substituent, including heteroatons, alkyl
groups, cycl oal kyl 0 n I;E t part of
an optionally 35 sublht HB gdgggjt:%ireat I%%%e%onA s%?]ﬁ %gggllel&%ﬁ%%?rl ng

V1' O 112/ U(, ~2Sthe REERItipN] 0 UBE seatrdivifieal he ym*ﬁm%@ QPaRs are

. preferably attagh f’é" adlp%qetshaesw@remcwcearm@amﬂstl @gs7]1 and 2.
More preferably t connection is an ethylene or trinethylene group Most

preferably the E@%%cjtﬁ?drr%@% 3 -Bt WWPBHE Y eEup! - T keAffetPREntRan be a

. substituted al kyhgnearOupeWet Radt vt&asio Q@go@bjbs&fttbl%ltsef;}ﬁdal&ﬁeﬁebﬂm y at
| east two substituents. If the cqnnection is_substitute preferably

substituted witREWSYTHGGRLs ABSt REYEMSE I Chbr &SOPRFRr I%Po\ﬁp?lﬁ two to
three 10 SUbStlbﬂ@ﬁ&B@ncﬁfadle@DShlﬁheﬁgﬂiﬁhiw ewpubltmagsuhestdﬂﬂfemeﬁceTm
substituents can be atfach gto anﬁ eo t[E tlqurgad ln_a an he

advant ageous enbBaFEREY AFEYEEPLE a%%‘?"r% 5 Pi%a%o nect i on, ar e
connected to theyxphets:pimrluas@tnemshaarlee@ubsbﬂatméd In this case the 15

bi dent at e, di phosphi r have ;g SS, or

R, S nmeso- Jfdcj)rm The Q%Shl‘rreso %frg?nél%% p'fe %ﬁgh&e@sgu S;él tluentrgacl:sén contain
carbon at ons andébhOChetsamoaztldﬁd fSabsepatnang *hi ehe cherusrsu9Ed i ncl ude 20
groups containi o1 sHeh #5e hldrdas cogpl phal, phosphorus, oxygen
and nitrogen. arrp e%g&y%t %%%n groups ?ncl ude gﬁ|%l‘l de, i brom de, i odide,
thiol, and groups ofrqarrélgenérerxr@rwfabﬂtbSymefelcalsaﬁrz, -CO- A2, -NH2,

-NHAL, - NALAZ, 'g&ﬁﬁ@@f&%al‘%HDspggﬂicy@igﬁonaﬂgfhyd£ﬁaeZﬁuﬂ502 -SOH, in

whi ch Al and A2, i ndependent]| represent al i phati ¢ grou pr.ef erably

havi ng frbm 1 téoﬂ)a%‘g?%(ﬂ? a ) FrBrEh?)rle‘Teére&SFyoﬁa]W‘?@&fql&ﬁ ¥ to 4 carbon
atoms, |ike meth % ey, ARk aﬁﬂoé ﬁraylsalE’gef erably the
substltuents are ydrocar QH rou The hydrocar byl groups thensel ves

can be aronaticb)al iysratiiegok E%IB%EI’#MW@ sghes WidtoSRBYM gr oups can

contai n carbon al,@iExeid NRIGENHO 9L eMBindhAreeaBYl sghAePSi caican further
i ncl ude groups contaj ning hetero-atons such as the ones ment i oned

her ei nabove. Th&PR§BRLRArARA GrGUEEaLl FFYTRALSECA35BRNOSRP NS T/ EP112/ 0103G

can be stz@i ght cghaidktackriagcbrd, némd:aaalasgﬁmém—:tbasntplroa;@hdnandim
non-saturated |inks. Aromati.c h%déoEarb I substlguent 3,521 be aryl
PRy h

gro
groups such as BRBRYTE grisips iend Sarkyl Shhdife g BaPESe 5o 80 ét'rlrcg
hydrocar byl subghbsgehie giroups aaxeocakkybdlgrionps, preferabl y having from 1

to 10 carbon at %)c at{%yal% sRretgr ané'X % é)rgojlé&gif‘k f{ﬂ)%cﬁﬁﬁﬂﬁxdgbﬂfé‘é

branched or cyc ou S C e use groups cah be nethyl,
et hyl, propyl, rtgoopt@pylthebme;altraﬂrdsm@emoyﬂl PhOSPhlne

25 The symmetrical phosphabicyclononane is used in the
synthesis of 1,3-PP’bis(9-phosphabicyclo[3.3.1]lnonyl)
propane. The overall yield of this preparation was only
17%. The article does not 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.




10 More preferably nmethyl groups are used. Most preferably the bival ent
bridging group Ris an ethylene group which is di-substituted, preferably
with two gldkydne®dsgups, nost preferably with two methyl gr RgepoXs186d X2
i ndependently represent a substituted or 15 non-substituted synmetri cal
phosphabi cycl oal kyl group. O the three bridges present in such a
phosphabi cycl oal kyl group, the bridge containing the phosphorus atomis
preferably the shortgst. one. pl.ai bave : : .dges have
an equal | ength, i.éﬁ§€5hggfﬁé§ﬁgéo&§qu q“%u%%th%Pﬁgg%%igf%m%ﬁgﬁggidge. By
"a bridge" is nmsanpravidnreaiaessetarebhdotdrhcaviliedigncaf bon at ons.
Preferred are s ] QsRIAahI 0, LEh qast 7 ring
" atons (of mhichggﬁg&%g?é%%ﬂgoursg?%gxgﬁd%%ﬁ%%ﬂgﬁgggﬁfggﬁglﬁﬁé%gﬁibly W th
from7 to 11 ri f§¥Psnarerexidpr@dpreferadfyrntl afdcRorpepteserit 28
substituted or nERrsUbgtIdItLd 1DINBE L Cabwpimsphabineyel ?ﬂ&ﬂ)/dt group.
Exanpl es of symmetrical phosphabi cycl oal kyl. groups therefore include
substituted or non-stbdtd FO¥d S3rBREEHIELT BFEPof P 1Hizhtfen a
2- phosphabi cycl @fdedssl Fod0cHrexytbon2 phisap babe kol Salllyl hhepybted- phospha

( bicyclo[3.1.1] heptyl. 7-phosphabi l.o[2.2..] | ;
2-phosphabicycllgfﬁgﬁ}.é]fl]so%:?ﬁt}fa1 F%%5§%%%8$%Q%H%Tg&%&%}ﬁ%ﬁ?};baSEd

3- phosphabi cycl ekBalyit nooydyisinghesphabl tielg{dentatpndhphosphine
2-phosphabl,cyc alopgs 2L N Wne kRN 85802, a1 VERuLA! JF~poabnfiteld EP1) 2/111113G
_ g _ bicyclo [3 .2 nonj?; - phosp aﬁgcyclo [3 . ..1T nonyl ;

9- phosphabi cycl Gfi@hgsphaee y#itip LyRoSpmast £yed lo[PhBraphhaEeltalkyl .

3- phosphabi cycl @ [,3,3- 3k ljmi@err»e ukexpbessd sihsidabdkedsien fléafwaﬂa%tl tuted
7- phospha 5 blcycIoFZ,Z.l heptyl; 9-phosphabicycl o[3.3.1] nonyl;

9- phosphabi cycl &8, 3egjosetsstigrisvpraeraria® PRaatcBrafr§t it erred are
substituted or rR®EasHbatituted 9-phosphabicyclo [3 .3 .1] nonyl groups . X1
and X2 can_each represent a@gjfferent symretrical 10 ghos habic%cloalkyl or
can both répresent the"Tdhe Ho§8ﬁa5¥%?%VbdFW?PFlﬁPe? TEIS? FoPhCXE %nd X2
represent the saoe syaneirbheallapiespbabosytdesllylsubptetaetadl y a
symmetrical 9-ph abi. c 0o[.3. 3..2] nonyl group.. One or th aof..the
phosphabicycIoale%%&qrefl?‘i‘@%](‘:i rP?ﬁ?tf%agﬁés??TQR%&?%M??hr8ﬁ§96?nr%ﬁ%?

hydr ocar byl gr oupsboonnanoxide carcdben careastamd/igr thet prosatosrsef lof a
phosphabi cycl oal LDg.J j .ed, preferably one or both of the

bri dges not confé%hﬁksgtﬁgéﬁﬁggbcgpgéﬁgfon1is_substituted, preferably with
one or noRé al kyllr)grauprcE) ofr Etepudly MREAINGatieRFd to 10 carbon atons,

nmore preferably @om Ip{ifeft 62" BOPHBLOEne ldAARR1tREANChed or cyclic al kyl
groups can be used. Preferred al%%L %roups i ncl ude net propyl,
e

: hyl, ethyl,
i so-propyl, but yReXR4T BehHet 2R ﬁWePEr%&ﬂ%PqﬁEFhQPPéP@WﬁE“%re used. The
25 substituted phesphabigyehodkdntatagdeghodish i @on@bsRelyn s tdheut ed
and is preferably di-substituted. Most preferably the phosphabicycl oal kyl
ring is substitﬁ%@&rﬁﬁtgo¥WR}?m§%yl groups. Exanpl es of substituted phospha
bicycloalkgl rings include 3,7 dinethyl,9-phospha 30 bicyclo[3.3.%&nonyl;
3,7 diethy ,9-phosphabicyclo[3.3.%¥ﬁ8ﬁ§?; 2, 6-di met hyl , (IT)
9- phosphabi cycl o[ 3. 3. 1] nonyl . Preferred bidentate di phosphines of fornula
Il include 1,2- MheTsis(B* prd pifabinciperafienil v | TRaASEathaRecpt ionally
1, 3- P, P' bi s(9- phesihablcyg! RN Bhd BB c1 0a MRy 2506ud 2HAving

POTIEPLI2ITTTITSL 10, L 25 R bl 509, hgophabliexel o(3, 3,3 1y propane;

organic bridging group, connecting both phosphorus atoms.
30 The article of J.H. Downing et al. does not indicate

any use, nor any expected advantage, for the

1,3-PP'big (9-phosphabicyclo{3.3.11lnonyl) propane

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



MNVRPT T'RPRPrEPENTONNRERERENDNON

, 3- P, P" bi s(9- phosphabi cycl o[ 3. 3. 1] nonyl ) but ane;
3-P, P bi s(9- phosphabi cycl o[ 3. 3. 1] nonyl ) pent ane;
, 4- P, P' biyed &yaelpagphabi cycl of 3. . 3. 1] nonyl ) pent ane; 5 PCT/EP02/01036
, 2-P, P bis(3,7-dinethyl, 9-phosphabicycl o[ 3. 3. 1] nonyl) et hane;
, 3-P, P bis(3,7-dinethyl, 9-phosphabicycl o] 3 3. 1] nonyl ) propane;
2-P, P bis(3,7-dinethyl, 9-phosphabicycl o[ 3. 3. 1] nonyl ) propane;
,3-P, P bis(3,7 p o[ I , = 3- P,
o (3, 7o meEbort Y B APDarbpYE Sl ok aREy %‘*’%%ﬁi?ﬁ.%g;@eg ;
4-P, P bis(3, 7pz.:1eﬁer¢ny¢e B hds pﬁmm@%wmp@%phegyw@am
, 2- P, P' bi s(9-phos I@&amﬁx%e[fs%héwé]ﬂp@ﬂe) %&%ﬁp@@t %ever,_ the use
,2-P,P bi s(9- phosphabi cycl o[ 3. 3. 1] nony! exane; m xtures thereof.
5 These bi dent &f edeF brisighsn &f éaﬁmﬁérb? MP%FPHCW%%%?I*&sga%E?u bed
in A- 004 023795 a@éifyram&@@ouubkbﬁ h@«k \&Qn%a(}i/cwsa%h&wuau y
refe \ 1] nonyl ) et hane;
,2-P, P At 3 : ; and
, 3- P, P' bi s(9 phOSphIablt¢1)éC|g©b8r3ll1idShﬁiﬂ.;ﬂla) tnIt d@ne. cd&ihpcbnqnteﬂoer pedthes
3-

, 3- P, P' bi s(9-pho abi c Io 3. ut ane. fer bl nor e t han 80%
w w and rore prgf‘ggg hgnp%gg}%?%\f fretq{éesﬁ 3n‘;t‘qf yade “Ffosphi ne
preslent in 25 thgMﬂeribzaitcBgld!glplgmsppl ?entmlfrpmg tErom ﬂ)ft@olrm](c)nen'ltol (b) of ht he
cat al yst stem [ a r r r n the

Y eTuhBEpL DB BSnel (OB Rofd o RiabiRe £ 2 Lo

range of Trom pref rom w o 100% W w of the
bi dent at e di phospht rmrﬁ@:saécdw 2ntphd soemposin itdve Bhortért gwmaegkigd fornul a

(I'1). Mst pref g%ﬁ@égn'ﬂbg‘lb%ﬂo%%ﬂgrgg from 9% §p\@/cwa&9¥lpp@féylfgdo&st9e

bi dent at e di pho ne prese t he conposition has the general fornula
(11). Exanpl es bivabereexrymip byiogpraededur 219VéRS 8f 2epdmeitifa) of the

catal yst system-ahfeft 8! nLl_:‘Eéﬁex%@l%m LREl B LAMROYRES smcll%p&%saﬁuss of
pal l adium and nitric W O 02/ UG-2SU PCT/ EPU2/ 1103G . 11 acid, sul phuric

aci d or stPphonPB atkyieng 48 Psf PhFatFntdR Gt Sﬁ’alclog.‘aifb’?ﬁ ghFE&PBoxyl i ¢
acids with up tahazns:aixbwnaipﬂm bpabhadwrmwe psleafelrﬂumamplsﬁmﬁscase g

W th carbon nonoxide or ac | acet Qﬂat e CF)al | adi F g V\H]
solid materi al %Eﬁoggnarﬁlf Wy e RAhgEP™ %I AT EPY cr?ﬁ Rd=9°
platinun(ll) acehyiraeet on@aire arienc vanpkes lmcﬁtl-prpeifoephedusreatadm$our ces. Some

ooy CTLaLLS! GRUBREAR FOLO SARCOR UBEHol TnddlE REREERS PLYILAA [0 L ne
present i nventi on are nove ? 1 KCCOI’ |ng e presen nvention pr ovi des
a catal yse0syst etromac| udi ng:
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 hetercatoms 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



(a) a source of Pt group netal cations, (b) a bidentate diphosphine
conposition wherein nore than 600 w w of bidentate di phosphine 15 present
in the bi d@nalesei Phosphi ne conposition has the general fpeipodofobs)
X1-R-X2 (I1) wherein X1 and X2 independently represent an optionally
substituted symetrical phosphabicycloal kyl,group, having 20 at |east 5
ring atons; and R represents a bival ent organic bridgi ng group, connecting

bot h phosphorus atons. Preferences for conponents ( d re.a

descri bed her ei%tbréi‘crgs&rg ?Eﬁrgl?%?‘gbcﬁ}lst ﬁ‘gog‘gt %Y?s?resfse)é? %Eya%és)%a?hr‘l%? ua?fes as
an 25 addi ti onaddaenepsitténg, st exaoplanponstiohs anrod 3ource, any
conpound generati ng,t hes i C b . i.d ereof, can
" be used as source of Cani ﬁ%?efao%éyeggﬁpﬁg a%%%?ﬁﬁﬁeggc?%%%%i%hned above,
whi ch can al so tpamdttivpane gnoume Mwltt preferablyrihd sopherheclOiHlat i num

~group. In.the p 0 %?.ﬂ! i f Lgs are used
as anion gourceé% ngf;3 %r%ﬁ?.\%lﬁ%e 0 el%\ggght ﬁgrrl] %%ﬁ%&ggﬁ%ﬁﬁﬂbl y | ess
than 5, neasur edl¥ylenfuesgsprsel th iah leastgons subalg tyznge2edS(| - 12

PCT/ EP02/ 0103( Jydd Hal1§X aPh 885 O NiQibg e Wl 6AL 2N DR 1US 86nAEE: 86k ONS  of
phosphoric acid, sulphuric acid, sulphonic_acids and hal ogenated carboxylic

aci ds such as t¥¥ fuRstésesercihci® PrsistrpRgnfebecitdEesy ¥1FR burtful ar
preferred, for exanmheswethanesylmhanigreteirdblrividiiewenebhaness! phonic
acid, tert-butane-sul phonic acid, p-tol yenesul phoni ¢ acid and

2, 4, 6-1 1 et hy| BEATOOSRiFph R Chots B FAFS6ET KORP ot " BHE SHREBES used,
such as the ani ons Thegeupsaiwedtity @aaohbi aatadedftcaatevwsrtacfd dwch as
BF3, A1Cl13, SnF2, Sn(CF3S03)2, SnCl2 or Ged i § proti id, such as
a sul phoni ¢ aci V& gt.m@FBE%}Bﬁno? FESFS9 5 égb%ﬂgeoﬁél itgl%ag?%ﬁéﬁch as HF
of HO, or a coabimatdforhef canhest Homacivihinbt hranceatostisid. tExahpl es of such
compl ex 15 ani opi, 4 R o500 320 430012, CEISOR] il BEG- (ndhe

et hylenically saturated .corrpou_ndﬁ, used as starting material, is

pref er ablyp an abkéertatayidighPephine i Fweachdhaht OrA-qper 2RB| el 2ver a
m xture thereof., Prgf erged arg al kenes favi Rl R 0Nt d £0napd nore 20
preferably from3 to 14 carbon atons, or mixtures thereof. They can

conpri se one orPH®OFERFSUbl e bonds per nol ecul e but al kenes having 2 to 3

car bon- carbon doubl enRoRMHSsPEFud L EAne caha P edBRdatbhe adkease can be
substituted or non-substituted, Preferred sugstittﬁ%e)nts 5, nglllHde al kyl and
t

aryl groups as WeFFTadtGBupSukshtEiThtsy Wreflr 624 SSTchPEs REI i des,
sul phur, gohosphgrsisps @otgerinang hetdngeaitomExanphess dfalsdest i sugpbsrj ncl ude

chl oride, brom de, i.odide and hydroxy,..al koxy, .carboxy, 1.0Q, . do,
o Ceyano. RGPPSR SATROY A et e oS RPRY o BLAR, oBOLER,
unsat ur at ed conpoahdie ighdlorddeet beoreidenr dpdade , 1einlen@nd2gbanenest

i sobut ene, pentenes, hexenes, octenes a odecenes, 5-gycl ggct adi ene,
cycl ododecene, FRE AR éﬁ%%i@ %’n?i"pglrcilt'g)ﬁe APt ?1 e';c.o'A \’/\D'gg?OGQSO - 13

PCT/ EP02/ (1103G | n. { he prqeess .af present j,nventlon, .these

et hyl enical l'y unlg]g%u’r at %cdrrpgﬁn%éi%za’n g)gﬁcorrf\%fte%ddgdy qutggéti GR’ wi t h
carbon mopoxi de_ggpd a Loy eaGt gt o AD 2N 5aakoSAlaRhLYI buplauends the

| i near product. ¥h the process of the present 1hvention, the

et hyl eni cal | y uasaphsiate drsupst, | poefataslivahagidgt freor dr reed 1pr odubdncan act
as reaction diluent. Hence, the f separ.at | v i ecessary.
Conveni ent |y, h%g\g}se‘r ,motrﬁeep(?g?sg%?/f%ﬁ%ﬁmrgeggto?‘og ?:%ﬁl gjegtrcl?grﬁr ?g mght in 10
the additional piksemgehf, atdylvepropyds aqdchsopaepyat ed hydrocarbons, e.g.
paraff ins and isoalages bi‘?ettﬁlécs%ﬁ'l@%@n@gda U LR By 2l s, the
sat ur at ed hydrocarbons ana af cohol s preferably having from4 To 10 carbon
atons per3tml ecihe, hydrdrasdyBuganups tisenaslylefegandre BTfgHafel -1, or in

" general ternms tpe;gleohols QLB A5nLdd DoRYeahl @RofdAdMCGrotbReEansuch as
2,5,8-trioxanonane (diglyne), diethylether and ani sol e, and_ketones, such

as net hyl but yl kEPBFRLD SRS Stopsnand (steror 25088t AMI5aRY P¥IngF S PRy of

sul phones are can further include groups containing hetero-atoms such

as the ones mentioned hereinabove. The hydrocarbyl groups



20 al so preferred. Sul phones are in particular preferred, for exanple

di al kyl sul phones such as di net hyl sul phone and di et hyl sul phone and cyclic

sul phonesy oSHRR8$ sul fol ane (tetrahydrothi ophene- 2, 2- di oyicggpg2/6i4sd 0! ane,

2-nmet hyl sul fol ane and 2-net hyl -4-et hyl sul fol ane. 25 The quantity in which

the catal yst systemis used is not criticalgand can vary within w de

limts. Usually anmounts in the range of 10-8 to 10-1, preferably in the

range of 10-7 to 10-2 mol.e.atom of platinu ro I .ol e of

ethyl enical |y ﬁﬁgiﬁ’%r%ﬁ?&gg ﬁﬁ?ﬁhﬁ %fe ruasnec$e%0g$ﬁggéﬁoﬂnqéalo t he

partici pants i Batheaecad alnforsyshesaamne toahvemkent | y sel ect ed such that per
nol e atom of pl ati r.Qup m_Q., : VANNT to 6

" nmol es of bidentat e%(ﬁ@ﬂ%(%%h}qn%%%lr‘aeggsedc’%b%rtg%u%{.?% %&Ip%’v%h( 113%/ %111 #42a( 1 -

14 PCT/ EP( 12/ 6£68ps 18uclpreef phably ¢roumsl amsl @lleshery i PSource or a

_conpl ex ani on sour clgreéwrgagﬁg@fgcgf}?yw;s%%%:aﬁéueﬁt ag=tld a2@0HNky Of

catal yst pronoter conprisin source of halide anions S can have a
si gni ficant fagserabl epeffexeblynhakang t Heow dnver 00R2FRAR t355PSpr BOEEds at

high rate, even,akePRYE)atRnl @RI At U4MSon Wtldhs ety nbat | | er bt ben of
saturated hydrocarbons, For hydrofornyl ation thig oreactant can be
mol ecul ar 10 hydFdEEN2LIBFL PBCEPgeRBRaPE 1Sty dride §6T1RE. °3Fhécar bon

nonoxi de and hydeagen san e psepplli edsdrpBspiinpibat yor andnisukiuwgilar rati os,
e.g. inaratiowthin_th rapr%e O]t,l 5:1 to 1:5, preferably 3:1 to 1:3. Mre
pref er abty theéj‘"oﬁFep’s’Eﬁ%ﬁi@d MrBYF afF QURF tHi%h /& range 15 of 2:1 to 1:2.
The carbonyl ati on casstberefetrablly otlie diivaicerabeidegind icmouwoRditi ans. Hence
tenperatures in, the range of 50 to.200.C r esihed

t enper at ures b?it%‘éﬁleﬁet eourpar‘i"glelcgo]f 1%08%OS%%%t%%%gggggggﬁr%@sjrtes in 20

the range of 5@&oct e1kPD0frdyyes . ( Hosd LOOLTaadlvarmve thr vernethyl GSUPSr hi gher
pressures can be se| gcted, byt a ot _consi dered, part.i.c Ii%rult%d o
e

re

advant ageous. Mor eo¥ ra}n%ixghéf‘dﬁp'é%@fﬁ%]sy FEEG P 5 pacT B Bqu SRt

provi si ons. Theicel-aubedicaiad egtmmey st eal collogisdibyclsellyl igr@® .cOfver si on
reactions other_ th hydr of ornyl ation, | eral .t t..Gan be
represented by tﬁﬁH,%gﬁﬁé?%]fjh@ l:éy 55?8?5n%£ %ﬁ% raer%%lé)%?h%%?%g%ﬁh]]ﬁyg noi ety
of the coreact antouaf,t eherlenoigd cohtaihydgoges rhtaphoThe abewres of the
coreactant |ar g;grl&eg.gkﬁr nh[;'eessé{o%%ets\éggngf %'.5 it i13Q4f 9pB%Y; e coreact ant

' 0
can be a nucl egphiTTc conpound having a nobile "hydrogen atom such as an
al cohol , an aciathean tani beidgeshdteae. apopIaRl ol Rdl, XOR- (SOPeRHY &he car bon

cont ai ni By Par tdy N Gu o etk drs L EPERSEBEREHDY B vanBrasger dingl y the
product I's an ester. WO 02/ 0G- 4250 - 15 . PCT/EP02/0103G Simlarly, the
use of an aci d MEOGHA( RENREXKEOY) bREFEERNPP bl U RN FFEPPREA Y Blp in the

product of the nonoprefarhaonyhat EoRmeealdd DhddpBabseyelosikyminicao(ids = NH2)

or an amine XNH2 (Nu =_XNH) or X2NH (Nu = X2N).will 5.introd m de
group; the use ‘Bt atth?S?IS_&ST—i R th@f \5\?12‘<I ‘m%&f‘ ddticé®a Pgi %cgs %:’ %r oup;
and the use of prisghoty st&h) amd priefitradliy ewitlc didvoxy geolp.riBwhe of the

bi dent at e di phosphi ne compositi ons which can,be used in the process
accordin@Stoptﬁggﬁﬁésyﬁfgppreferably X|1 and X2 represent a Sunglt&%Ed

or non-substituted symmetrical phosphabicyclononyl group.
Examples of symmetrical phosphabicycloalkyl groups
therefore include substituted or non-substituted
2-phosphabicyclo[1l.1.1]pentyl; 2-phosphabicyclo[2.1.1]-
30 hexyl; 2-phosphabicyclo[3.1.1]heptyl; 3-phospha-
bicyclo[3.1.1lheptyl; 7-phosphabicyclo[2.2.1]heptyl;
2-phosphabicyclo{2.2.2]octyl; 2-phosphabicyclo[5.1.1]-
nonyl; 3-phosphabicyclo[5.1.1)nonyl; 4-phosphabicyclo-
[5.1.11nonyl; 2-phosphabicyclol[3.2.2]nonyl; 3-phospha-



10 invention are novel. Accordingly the present invention also provides a
bi dent at e di phosphi ne conposition wherein nore than 60% w w of bi dentate

di phosphi §g pRsat has the general fornmula Il 15 X1-R- X2 gdddpgpophifiizei N X1
and X2 independently represent an optionally substituted symretri cal
phosphabi cycl oal kyl group, having at least § ring atons; and R represents a
bi val ent organi c bridgi ng group, connecting both phosphorus atons, 20 with
the proviso that, the bidentate di phosphinge is not )

13- B bi 5o pRASALBNEyE sy R P RR RS HePe P KBPP Mor e than 80%
w w and nore préebioabhybioyeld fears .83 %ewlv; 0f - phespiiatényal e- di phosphi ne

present in the hide t i ph i ] L er 25 formul a
“(Il). Even nor eﬁpgégiﬁgﬁf&?hq}sﬁ%{% g’ﬁéggg?é%% o%’%@?wﬁ"@vﬁe%g?é %r ef erably of
from 95% w w, tthreE@0Yswhat bfutdre dii dent gtbsdi pHospi-pboprkaent in the

_conposi tign has,; exa l.aq( rab I he range of
from 99% \%/ w t?)ntlcgg&/og\?v/a\}v5 be]%Eﬁ{a‘{%&i'dgntbg%gp%?%%}%%lﬁ%é%(%yrﬁérng%ie'nt in the

conposi ti on ha? Hhesgbabiarc¥oiima -2)( FerYl et erxaiess efor PaHel Hidervat e

di phosphi ne it splekeateqasrdespiddiedicaboye Lok - Qe e8Sy-phdPHAR2/ 1 11 a2S0
PCT/ EPO2/ 0103fi - 16 Bidentate di phosphine conpositions wherein a .

bi dent at e di ph&dFaiche [Ps3 pt il I9AR§ -t he general formula Il are known in
the art. For exanpl 23 8 e i i } of 5
f (RS L salen Al

oct anmet hyl ene- PP' - bi s(9- phosp

oct anet hyPene- RiosphepycphbepHali @yclcop3bath | rrprareranghe same

oct anet hyl ene- P-(9- phosphabi cycl.o[ 4, 2..1] nonane) P .4 2

(9- phosphabi cycﬁh ?%giﬁﬁ%n%aneljyl Ti)brgbf %F‘%E%r}ffi)’t&lerﬁ ataélddf{ph%e et
conposi ti on whitdle camebeywmsedrigel hogpbekisydbafkytlheppeéseatly mventi on,

however, such Lti.onss_ -%ﬂ{ o} I-f 0 obtain a higher
per cent age of DI e(r%t%g?(e:ggi %)h%ﬂsp | r?gjaﬁg\glggg[gf%.gﬁgr%rﬁgrlabgggéhul a (lIl). The
preparation of a puPi¢ied Ysitdefatbedppperiiiiryclsadbyposindoranthat is a

bi dent at sdi phospRicieueeAPESil i Qe Wik hi@rNeA8At ageupt bi dentate
di phosphi ne having the general fornmula (l1) is as specifiéed above, can be

est abl i shed by adPingr e ghon FEI PER A BeReER Atemspuiffd cation of the
starting compowyMbsphRat cf81oZSeRamat 18Nsabst Ne1tRATBEeEEAAbLY one
phosphahi cycl oal kane frgm a conposition of symetri cal synmetri cal

f ] nd a
phosphabi cycl ok &L £5 BBt T PCompbs FPPbI M th ehPEﬂs%‘? EhitdgB of
symmet ri cal phasphabiseyehoad Kk agiee £Riathant at eh dbphasphicresankgl sphsggyent | y
prepared_fromthe 25 sition._having a.high.percentage of symretrical
phosphab?@ycl oéﬂrfgﬁg?f%??ﬁaﬂfég tr}f'sreomof:L gﬁe%?f‘?acrkfo ac%log‘ﬁ’ cOndT ti ons during
t he preparati opreffelratiépt ften di plrodplvambenf aorma. ddmeesi t boangied or

phosphabi cycl oalkanes .. g h?éél% (& Cfo'éoﬂsé weg (s -39 Qhﬂgi't Sups
di phosphi ne hav'lyjr%% genergf or Il & ?‘I ) IS ?avoure%. 1. urﬁl (?ati on of a
conposi tion of i afetdybhosghne ®ropye) f isTrrucnyd, bepak A1brissr t he
bi dentate di phasphiinesovet braeneiily iyl agtddgs far@miaeaomasi tion 35 of
bi dent at e _di phosphi nes to obtain_a conposition wth a
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 II
include 1,2-P,P'bis(9-phosphabicyclo[3.3.1]1nonyl)ethane;
1,3-P,P'bis (9-phosphabicyclo[3.3.1]lnonyl)propane;



WO 02/ OG 12S0 - 17 PCT/ EPO2/0103G hi gh percentage of bidentate

di phosphines with general fornmula (I1) . ' Preferably the presence of
oxygen duiyg@lkoprocesses is avoi ded as nmuch as possi bl die@bAaiBet 0 5
avoid the formation of oxides of the phosphabicycl o al kanes and/ or

bi dent at e di phosphines. Mst preferably proggsses are conducted under
essential ly oxygen-free conditions. Thus, preferably conpounds used, such

as for exanple e (0)'¢ ed before 10 use. In
addition, the pio%eggéf%l &e\pglf’ ? %%’ﬁ%lf g igaﬂy AR ee
envi ronment, foe, exan@il&sme—@pplspha]glayn]ai[rﬁosptnénenpi)lmttarr@en during all

. mani pul ations Pyr i I t|o of astartl g4C Qun rably the

starting conpou%d |lg l!f)un% e(? pPﬁbli%c qgent Qﬁrﬁa{lyﬁ"r%gr es%l ‘ting

phosphabi cycl oaRkane, & trzo lplhgﬁph@hpq:y@e;s[Mr élnhanl bpsetweng; preferably
nore than 80% wj;w, fer V. nor e

» ‘t"’% I8 9 ﬁ%ﬁg%l hfo%g?{%ﬂ’é%ré‘ ERCEY

preferably in € rahge
phosphabi cycl oathaYib)eMis}“{e,prleﬁePaBI'lylﬁ ﬁ’e 72(911Fné§m’i-r ny-RFARTOSI tion is

essentially 100911%%9&1&[, tzhat] nbi Upﬁsga%fel :5§S2LB, phei & enge Bhebhpm 99%
w w, nost preferably of from9 /Y ww to 1000w w of symmetri cal

phosphabi cycl oaPkEh‘éSPl}ﬁPléWé?r%ﬁl[é 8 LI HepUETOPERET oy BTF &F Coifgdsiti on 25

conpri sing symra&ﬁ\é@@h am@@%mbﬁbp@io wgsphaahgy%@@dﬂfanes i's given by
J.H Downing et al

r article entitle S rocedure for the
separ ati oh® of tHe3 c%t%llil‘tsl t’aﬁl ~MpahBYt arﬂ pﬁ’r‘?&B’EAB Fgg%% ’g 1gubl i shed in
Chemi cal Commnneay],p@@ta]r&&?,z pages'3b2{> 15 A8 methiyTh 999}@0 descri bed
her ei nbef ore. adv f this nmethod, ho e i nvol ves a
nunber of cheni 8 ?’%%‘gf‘? ﬁé géﬁgﬁygép%ntraé’fdt Hoﬁeél%hb %nﬂ%t?é;hyde The use
of chem cal reaphabiSytEd BN dQMnifﬂ]EcjwmﬂﬁﬁanA nmyeLPnletmgaMf-pho*she
purification of 5 conpri mTetrlcal and a et i cal
phosphabi Bgfénn&p‘%%jg %8 ﬁ&??/ggf)}ﬁ? cyc | RERE S %iéﬁ aoés not
i nvol ve sigh chem c dihgseattidensahasdidwspéénes ooz . béStmpmas‘lediytht was

found © Jinat symetohoal, and asymet 43l RR03RAAR! 66} S8 LKANGSccan be

separated by ex rence found basicity between the
symet ri cal andpabirnﬁle&tCllW%A-loédﬁﬁﬁ%f a phosphabi cycl oaI kane. The present

i nvention therefore @ép%%lmﬁz gggf@n[;gd)ca%s 1f Qtpt@eo,@@@a.rﬁiyson of
symmetri cal phosghabl cycl oal kane from a conposition cont aining 10

symet ri cal andPas3yiEAEElq a3 -JAsSpHAbRERRNIvalkanBs PEBHDF? HIRFt he fol | owi ng
steps: a)z@ddi nghasaafci&[aorsothm@mlﬁp%@}alahaygl 9ab kangi d (@ -ghegrPosi tion
containing symetrjca spha al kane ( SPBA d asynmetri cal
phosphabi cycl oaP ﬁhéCY%EE‘B% 31:3 WPRE ¢ FFg‘ﬁr’é% si ng

pr ot onat ed symmet, Bipab’ hﬁm&p@mms@habmayma (3SEBA¢31yan]dutmte.prot onat ed
asymetri cal phospha@ a%ﬁﬂ kggg (s@%%A)goobg/segaéat Ineqé%gggggi d

symmet ri cal phosphabi cycﬁ ane +)" and’ non- asy trical
phospha20 bi cychoatkbinen (§5RBA) W plfettle nief deaprartat é@lpboapbmﬁ @t esgnieirni cal

phosphabi ¢ycl oal.kan t t &@fﬁnq higal
phosphabi %%cl oal gnglé?%ﬁ%%e) ?@ﬂgﬁ?ﬂ%ﬁ%ﬁtﬂgﬁb‘éﬁtﬁ%ﬂp?%ﬁéﬁ%e t ;saepgr@at ed
prot onat ed symvibei eatals plyatiesy BrRBat hargenespiafprogka y (Hldi §yS8epar at ed

non- prot onat ed %%Eﬁféﬁé’éaﬂlﬁpﬁﬁhh%héCi‘é‘»ﬂlé@'cka&%o(nSBBA)w/JhQndl%VG' process
is faster and nore _easy to conduct than the pro ?s descr | bed. in the

article of 3. DBWRERGRRLY T Tremaddet VO ‘i‘?lewfoe’v@ ¥ BF 1 FRS l?lr‘Fleﬁ‘rtBFSnatl ng
and 30 depr ot onatipRgsphtnpasphabi euctral dagesitaka hisathd Afegierhng”

process. 30 formula (II). Most preferably in the range of from 99%
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

35 palladium compounds such as salts of palladium and nitric




By "protonate a phosphabicycl oal kane"” is neant that a phosphabi cycl oal kane
accepts a proton, i.e. a positively charged hydrogen atom (H+). WO

U2/ OG~2S0y 645{;7/ EP02/01 ()3(r Preferred nmeans to prot gravrod01036
phosphabi cycl oal kane include a w de range of acids, such as hydrohalic
acids, ' e.g. hydrogen chloride, hydrogen hrom de, hydrogen iodide and
hydr ogen fluoride; hal ogen oxo acids, e.qg. 5 hypobronous aci d, chlorous
aci d, hypochlorous acid, perchloric acid and periodic acid;, mneral acids,
e.g. sul phuric adidds suAPhBrécazfih G GUpRBSPHord i §81t8oRe organic

aci ds, such as @%@M%@nglg@ig@,an@ubaggakpl_a@imdscaabﬁxmbitg:o aci ds and
hal ogenat ed carboxylic acids 10 e.g._ trichloroacetic acid and

" trifluoroaceti ctaGaFPoROAHPBER « kG TN O sPHEEFP U HSTEPISXERY RriSkt ur es of
those aci ds. My PrRi@dnetoabridd Wgarictyastdsosalch, as phelagtumhal ic
~acids, hal ogen oxq acids .apd mneral acids.15 ntioned. Mre preferred are

hydrohal i & aci dCBHRR4 E’HtEIC‘fL‘, S‘Eﬁl,‘flérﬁ%eﬁé?la?’égﬁoasst By 08 F}é%bgrﬁfeelf'er red
nmeans to de- pr opinaics g I$ epasad st rdopdaatedn §ymetagtydhcetonate

phosphabi cycl oal kane (SPBA+) .in_s c) i u | de range of bases, such
as amoni a 20 atd p%a%%’rlﬁs )sjgcgﬁe e‘relsreél)nale?%?t?g?éc%grﬁ nes; carbonates and

hydr ogencar bonat es, SsmehoésthercanedypkesKaR@rs, wiNaHCE3n kecos:d NBC03; and
hydr oxi des such,as 2 K Mot e r&fsihed ar sl kal |
met al hydr oxi dggsk?e s‘%&%gg)s acyg(:&mﬁn y&r o%es h [

as potassi de and sodi um 25 hydroxi de.
Pref erabl30 t he sepaPacirodinglst dfiehpriesenehieN I9p RERVAGSHsE of a
difference in SQAE‘%NE';E Yoy P BAR T @MhoAPBA.  Preferably a conposition
n

cont ai ni ng SPBA and "APBA"i s solved ina solvent which does not dissolve
SPBA+. 30 Means{2b pr 6P8HEEeCh PheEPHRbIEGRT 022 WA such as for exanple a
hydr ohal ogeni ¢ ag) da ¢aReheanddebHphite desambasad gphosphabi cycl oal kanes as
a gas, as a (dissolved) liquid or "av?fl i (% v,\/gi %E)aever I m)%t sui tabl e. For
exampl e a HO g%_eTHim ™ong £48B06%% ML oR ST b2/ P313H

PCT/ EPO2/ 003G pfediic Gan the addentdto: aligheshisliet hesmsediutioonhas the
phoshabi cycl oal kanes.. The SPBA+ n subsequently be separated as a

preci pi tat ed soPTREGH aPH S LSH?gn in a second |iquid phase. The
precipitate can, however, be thick and.5 sticky and difficult tod@ndl ein
i solation and purification. Prefe}FaIﬁ'ﬁithe separation in step b) 'l

therefore achi eved by phase separation. An especially preferred process fox
the separation shessimet’ iaas) Xghég‘é?%rﬂ?%ldyé%é?%% Fy Gﬁ’ltéOE%frb‘ési tion

contai ni ng symetidcaluand 3s1euRE &4 T Pnddpesphabitysloal kaoep, asseish ngl y
conprises: i] dissolvi ngl_ba conmposition cqntaini n% SPBA .and _APBA in a
sui t abl e #dn- watkrledgtibleSoPrENE: &h T8BEESHBES 13 WiedSPVe sPeA+,

%/ihel ding a non-aﬁ%&@wlﬂﬂi‘wﬁ@b??‘@Dﬁmtﬁﬁﬁfbow'm?mﬂhiag‘f@i ni gg
€ non-aqueous sol ut i Wi a eqQuys 0 & acid,
yi el di ng an aqugjéﬁéejfﬁfé%ees g%"ﬁft é:P‘HP%ISe‘%t?%t% ataz1 Z%EA%%nafg%%gn?aqueous
phase 20 cont ai hengimosnEqreot onat ed APBA,

Preferably the catalyst system also includes as an
25 additional component (c) a source of anions. As anion
gsource, 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 having a pKa value of less
than 6, more preferably less than 5, measured in agueous

solution at 18 °C.



iii] separating the aqueous phase containing protonated SPBA+ and the

non- agueous phase cont ai ni ng non- prot onated APBA, yielding an aqueous

sol ution i Nj-ng protonated SPBA+ and a non-aqueous solgdti ai ni ng
non 25 prg%g)t(’gawAPBA; iv] conbining the agqueous sol uti oﬁéérﬁaglﬁﬁ'%g
protonated SPBA+ with a suitable non-water m scible solvent and an aqgueous
solution of a suitable base, yielding a noAdqueous sol ution contai ni ng
non- prot onat ed SPBA; 30 v] renoving the solvent fromthe non-aqueous

sol ution cont ai ni ngTymisaglr exenpled SPBMionseMiiiny sapdratwrkdSRBA.
Optional ly an - S il.s-.ad to . co L1Sd removi ng

t he sol vent frginaqtltrD ﬂg %gﬁg%%#eﬂoou%;%s%?g?f o%&ic}g}]%%ﬁ?%dhoﬁ?#?%%%%at ed APBA,

" yiel ding 35 sepgideedndrBrlogenpbed? cRAFCPXYEIS PCEAEPERPN133(13C - 21 By a
non-wat er m sci-blegel¥ghiris 4Mmant a hydrophobi c sol vent. Such a sol vent
can be m xed with water but upon standing two phases will eventually

" separate.55 A wi de PRV R6ARaTE? H RABISUdBF vRFR ST at | abl e i n
whi ch SPBA and -ARBA16aRe beassdngthoand ¥bigh wa MalbrdhnesnhNes SiBdhicBy not
di ssol ving SPBA+ i s understood that _this conpound is essentially nat

di ssol ved, thaP<t8-t hEThoPATAISHSOPERBAG U SolR&ERPRPERR Iilboré%%/\?gﬁ‘fi to
SPBA+ di ssol vedndn2an, aqueinsc iy MeHebns obul ploshild esidn t he range from 10: 90
to 0:100 and nore preferably.in the range from5:.95 to 0:10Q. Preferably
the solvent is an a%]re%“h ccoé‘él\%‘n?m%%%v%arﬁ LERPER " cBRC easugzce%l(f iaﬁlgf)gée

sat ur at edoand Yenemsatdrayesd dymdrioeaibonsf ®.Igwisarefifli aschngs |BRwar,
branched and c§ﬁlic al kanes glkene§§and kyne uch as, hexane,, hexene,

S .

pentene and peRt&ts, SPBemtTeCiafO8)as PBftRNYF ﬁ?&iBenYéﬁE;aeQ%t’rlsc, such as
for exanple dinekhyl gLhRr 4 aN crethyL: @heny) . eteply 8r 5

tri oxanonane (%%Pjrrg%l?ﬁd?%ﬁl%ﬁiel?ﬁer, tet%ahyd)rgof ur gn, %gl pﬁen}?ﬁ et Her

di i sopropyl et heir antiytihehadl hetdnidetsheh af HF -et Mfdleneyl pcobmbibstaiosy such

and pent enoat ST RotSRLs Sef prTF s et BR o e e BE 40 PO e
and sul phénes, a%ndlon@xam’pl’ BF gt al3adlgul pfhi8pes2 stkaFad -diemdt B§ssul phone and
di et hyl sul phone and_cycl.i.c .sul.phones, such as sulfol an

(t et r ahydr ot hi ophen&> ,?-W]D%ﬁlggﬁyz?ﬁ%%%‘ﬁaslﬁdfsgfjglﬁgmé%d used as

2- met hyl - 4- et hytswitfiabaneteB0a Pr eéfseprefieaakl ppotal&esel hening hamdm@ a
dielectric constant, th IS 5 : f e in the
range of 1 to 8§° %EO f@ggig ?ép%]sg\%fgo\‘%h’g&(‘gébar .a%ﬁfﬁ%gpgég%% ‘cont ext,
the dielectric Rredsrant foe aliginesn heglivgnfres Lded 2i0n apgsmpee mal meani ng
Of T epr esgnti ng, e oW Orl 114G 250 BETLEPDRL LL3Lmsxaresatio of the

capacity of a nser “wth that substance as dielectric to the capacity
of the same corfdEFSOL -WIRRY aC¥HCRIMTLEE OPe| QEtNRE APaPLEsPPRTS tBfF

diel ectric consiariciefl HGEMADRe N OMIvEnL GUEES3 CalrHoR -karBeni doub®e gener al
ref erence books, such as the Handbook 01;E Che E,j';r% 3d Physics, 76th
edition, editelBYDREFITRIFHf B RIrefGREEHULIHS REGERY Bfess in 1995,
and are usual | supsatiedtkar o teipeiattitetefl. apmfier@@dsubSt Crueéntss about
293. 15 0x.298. 15 nd. at rospher.i 0] ssur i.e. 100 kPa (1
bar), or)ééan régﬁlﬁﬂd%bglgggs%‘??eacfytﬁo%fﬁgﬁgt%%lrp%rla t?%egg%g\g%r essure using

t he conver si on deattedmdngubeedroidtars Isuchr as uhel iditsa Bodphuparti cul ar
conpound i s aval].ahl he g | ©1E2BILAN mEApIRG Leadiby: MBasied

usi ng establi sﬁjeh(?%%’rul%g}l%é ?Lgygirg%r%daﬁl%et ﬁ%’gs. }For exar?pl e, tT:le dielectric
const ant of aniigwilaides chloride, bromide, iodide and hydroxy, alkoxy,

carboxy, amino, amido, nitro, cyano, thiol or thioalkoxy
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.



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 dinethyladipate
is 6.8 ( 2 K}, of tetrahydrofuran is 7.5 (at 295. .
nethylnonanoa#%gﬁg 3.9 (at 293.2 K), of toluene is 2.4 (aﬁ%gg%?%9ﬁ§f
pentane is 1.8 (at 293.2 K). Mst preferred solvents are saturated al kanes
and aromatics, such as hexane, pentane ox tol uene and ethers. 25 Ethers are
especially preferred because the use of ethers in this sepaaation process
results in a quick dfdtEef PEPERTS fHal&CsBpSFaRT oV BB e§26F et her s whi ch
can be used inckudg: shiminyg ehBaturdBddyd@igdyhashesn wai salvertdidebhyl et her
~and di phenylether. ' 30 ﬁg&{her especialky %%gferred sqivqp%fkg goluene,
since tol uene i EeFREPR I FEYERE TRE %86 8 TRACSTHE SFTPhé ot her
sol vent s and t hrigh oregiaasy deaibandl eoward\Oh@2A 04250 pr&BictRCT/ EP02/ 01 U36

In additi a phosphabi cycl oal kane ositign.is vieni e y supplied as
a tol uenqu;ol ution. é-‘% oﬁggﬁ?sr%t?%%?éoprteﬁgnF e%i%\'(t;ean 1?}15532}1%9 vari ed over
a wi de range, bathykepieiidnahbingakepatdd gdtagiag metérizbuae tthe anmounts of

sol vent to be Usgd, FHGsRiAl! ! gal kanasalgAr slenabl y sl vad 1n the

non-wat er m sci ent to give a concentration in the range of 0.01 to
10 nol ar, nore peefef abl senaratie spanget f¥oMAT. LeEeSSaMHl LFORVERiIPRELEr r ed

acids in step i%&w@&&?%tﬁ@%@b@ﬁ?lé@% FlctTBANSah Opd @4:ANAE ot in
phosphabi cycl oal kane. Preferably Concentratigns in the range from2 to 20

mol ar ar eelsed, thAdefdtel grads BEEBRYCR otfe éntSOAtVeBRs PR TR r SRFECPEEH 5 to

15 nol arI are uaggdrg@ﬁb@{@r @’,@de@‘fﬁ@fﬁﬂ[&%&’l abbgmaﬂx@s,lfaxtehe rangg frg(Tg
to 10 nol ar. The aqueous sol ution suitahle.acid jn step ii] .can be adde
as such to the RBACEBERGILFEA §BFE{Q‘?6‘H°‘6‘? agﬁ?hﬁgsprkg‘ar%%l‘p‘ﬁ?gﬁdtu by first
addi ng wat er andyaubsgcpiid lancaddicogorei gl d ferablypr acbng eftavatdedof orm 20
Preferably a ratio of. agueous sol uti?n tp, non aqueoyus solffjti on in step ii]

is used in the r3nGRTFPPRML 0PEE MBS, Y6 Y in the range

] nmor e pre‘rltear‘ré%
from1l:2 1D 2: levhylhétdmsl Clgnimonanglthe swnrageeeusl PBArsoltiis on with a 25

aqueous sol uti oglgg?gﬁi It%%L[ﬁa c?‘%isdcéi_]ﬁo@’f £, rgﬁﬁgggag%y%%@tﬁ%g QL

stirred, such to és cl'ose conta etween the aci _
phosphabi cycl oaRkanestriwrareafaner (fhalywe) pbHcshyaeceher | auedrigdepar at e.

The two phases gng gepaidl edudh SkeRetiiputyi18etabl Ysbheerdd aqueous
sol ution containing protonated SPBA+ i s extracted one or rmree\%r ef erably

in the range fr6RTRTiBing, OF iSHRStAPEha bl NIRRHSEA DRI S| BYRPRIISFeRf ®as
describedyd or SteBol préfeFSIDVSuIBELANSSa RS HORREOLQDAL eeferred,
phosphabi cycl oal kanes and prot.onat eg PBA+. WO 0%/. OG~§S{1 - 24
for example dialkylsulphones such as dimethylsulphone and
diethylsulphone and cyclic sulphones, such as sulfolane
(tetrahydrothiophene-2,2-dioxide), sulfolane, 2-methyl-
sulfolane and 2-methyl-4-ethylsulfolane.
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 101, preferably in the

range of 10-7 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 system
are conveniently selected such that per mole atom of
platinum group metal from 0.5 to 10, preferably from 1 to

6 moles of bidentate diphosphine are used, from 0.5 to



PCT/ EP(12/f11113G Sim larly the non-aqueous sol ution containing

nonprot onated APBA is preferably extracted one or nore, preferably in the
range frogolodRsRy, tines with a aqueous solution of a suig@abt®asisgd to
remove residues of 5 protonated SPBA+. Subsequently the aqueous sol ution
contai ning protonated SPBA+ is conbined in step iv] wth a non-water

m sci bl e sol vent as described for step i]™ dfd "an aqueous sol ution of a

sui tabl e base, yielding a non-aqueous 10 sol ution contai ni ng non-protonated
SPBA: PreferredDagesigrably feder] fed 8apolesfof anlams Spyrde-¢Ff ¢t onate t he

protonated symgirical sphesphabicycl oal kane. Preferably concentrations in
the range from2 to 20 nolar are used, and npre preferably concentrations

"in 15 the range frofistharneranding rEeecBse Pt Gtsddl PYOrRsifues of wat er
are removed fromde R0BraAYESH ScShtildiRaSaykehees di nstiegs dhidnand/ or iv]

_in a way known to qgne skilled in the art. For ex | e .residues of water can
be renoved@ by Vifhi ewiatﬁlgléqsféjscaz‘ﬁ: S%é’ﬁ’uﬁi‘baﬁd‘?%?cdte§naﬁha5a$}b%nat es, such
as Na2C03, NaHGShvd$2@03, rM€Pseon Baddddeds Ba (O =k Ke@Hp. alSubsequently a
non- aqueous sol ution can be dried over. a drying, agent. such.as for exanple
K2SO4, Na2S04 alsePfiysta “eRBRRbVA- oY ('R nb’ﬁ¥§qglea%lse sfor\l;“g?if‘ gni%tosteps V]
and 25 vi] can deewesitaidl hghedcarbarmy. way known to one skilled in the art to
renove such solvents, F i_fi.cati apli
Subl i mat i on of the FSBnbrarSipBaara L00 CARAR AT, RERAL RN 0033
to 0.33 KRa (0.102&dgem2. Brmmeky)gemnad 130 aphefeidd|gouneet-he range from

0.027 to 0.27 kﬁ?e (&r%otnomgnmwilar\%i ?ﬁ%@en%&?%@ %p%ﬂigﬁeiﬂ?r essure

applied, the tenperatures can vary, . Preferably a“tenperature in the
range of 40 C aerHimQiRer orsneReRAHR @ prafePabl §- & tiddera P evitPithe
range from 40 GRO Qhde bE YSeheo 1MD QHe@ledb(} 3:2%0 RCH BHrblde/ (111136

1. The use of specific reaction conditiaons during the preparation of
bi dent at e di phdRpHi ALK HPEY e?F e FYRRIIGHE £8r 2t FREYT ety HRe of 2%
bi dent at e gdi phosphd e td gands conprises refluxing a 5 phosphabi cycl oal kane

hydride, viz. 9-phosphabi cycl angnane hydride, with a (err w- di hal oal kane,
such as 1,2 di brormzrllp‘ﬁaﬁ%r ?ny%, S| Sa\ép;%p%%%mi §u§uf-’l{:a%?%ersao Sent. After
neutral i sati on wéddt s wiohdbt fobasiRerc@mpenpdratrerds dentthkerdnpdhosphi ne can

be isolated. 10.4t.hagnaw been, sUrRld gl éré ynd. 4 Al QY L yse of
specific reaction conditions a Simlar préparation process can be used to
prepare a bi denpairg dimplibsphange cofiptsittd 880WHEF eReRITOION PHARSEORS Wiw of

bi dent at i pho i rese h r r I XL R X2 (1)
wherein glodand %gi%‘g—‘eg%eﬁ’geﬁ? y@e%?@scg%@gagbo%tgi%%lﬂa%la;])s%:bsgti tuted
symretrical phoeptiasnafel darry| ogrisighetha¥eaguses | @t seilagted ot and R
represents a biyal ¥t 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 coreactant can be represented by NuH, wherein
Nu represents the remnant 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 moiety is represented by

Nu and accordingly the product is an ester.




organi c bridging group, connecting both phosphorus atons. 20 The present
invention therefore also relates to a process for the preparation of

bi dent at ey,@i i nes having general formula (I1) conpri SIcR% eating
a conposi r?jodr?mg?ﬁghosphabi cycl oal kane hydrides with a (errqi)d,:l{’agv\l/)LO i %Oézlboal kane
in a suitable solvent, 25 in a nolar ratio _of phosphabicycl oal kane to
a, w- di hal oal kane of nore than 2, yielding &Scﬁarged bi dent at e di phosphi ne
di hydride; A2) neutralisation of the charged bidentate di phosphine
di hydride with a sufiablarbasithcasfoahden ABIHXEGOH 1 bt d&iritat @ill
di phosphi ne compastiiLes WHCKRAAIPRIL d:UAB 69%N Wrolaubident ke lhpnosphi ne
~present has the general fornula I]. 02! 0G 1250 PCT/ EP(12/111113G - 26
Preferably the QERPRYLatdPRar AFkiaTe itdeaueer?d ampodisr N8 a1 Male °H err),
w- di chl or oal ka (er L0 kapne e |_ar. ti f
_ phosphabi cycl o%ﬁ%ﬁégf%o&%‘g?\r,\;ﬁﬁwai a)og)?kgﬁ;\emi (sﬁ%r_efx@?\]zb}qgl?mre t han 3,
nore 5 pref er ahintrsaneet Aanaki @ dyrmst; phef esabdfy a nhibé rKsmge nore than 4
to 20. The solvegpt u i n.step Al) can .any, sol vent found .suitable for
t he process. Prg\ﬂlefr zg?sgf\llgn% ST Taé gg%ﬂ?% %d %f&‘?m%‘? otntze, ‘}e.&g.
paraf fins and IfE kiatear ,(Nbranchedyiild ioyechbigcal X agredoxyughods.- hexane and
pent ane, aromatics b St p f.
exanpl e acetonitril %Hrg%dggli}géné%s%ggg ea(giglgér}’%eh;gremIegkgcﬁﬁg%g{}fsa%tlﬁgnol and
i sopropanol andan deutesdofnt Wee wraRnss efcohdbes Tspde areyepk ef erred
sol vent s ;gre 15 agetanit Li-Le, hexane, ethanol and toluene, and m xtures of
two or nore of those. Preferably the basic conpound in step A2) is ammonia
or a prinmary, second&fFyrdkeEteriieaPyessihelnrent ioPdréRP RIS Irsas Ba( OH) 2,

Na§04)_0r E( ?ﬁbidﬁrtatgraﬁgﬁégg%ﬁg@&& EK&%.%nm%eitthle%iQE&nd teiafht ﬁs
pot assi um hydr oxj de and sodi um roxi de. , is fur r foun a e
preparati on of "b)i"HéjFFt QPQGBFBE%S%#WWenBr?ﬁ%nﬁé}?&& S gPRTTR 11 is
enhanced by thefdasseilaf Tan al kanol as a solvent. 25 The present invention
therefore also relates to a process for the preparation of bidentate

di phosphijges havi ng general formuyiag k) X1-R-X2 (I1) wherein Xlimand X2
i ndependently represent an optionally 30 substituted synmmetri cal

phosphabi cycl oaliyle i9r QuPanhaye Ngn @lpd st 17 fé%&hsaér&”%'n 8pei Bud £Pf esent s a
bi val ent o.rganl c bridging group, connecti ng bot'h phosphorus atons,’
conpri si ng: 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[3.3.1l]lnonyl)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.




V4' O 112/ 01e250 PCT/ EP02/ 01031 - 27 Bl) heating a conposition of
phosphabi cycl oal kane hydrides with a (err), wdihal oal kane in an al kanol,
yi el di ng @VC};{?} 98¢ bidentate di phosphine dihydride; B2) neig@obsason of
t he charge dentate di phosphine 5 di hydride with a suitable basic
conpound, yielding a bidentate di phosphine conposition wherein nore than
600 W w of bidentate di phosphine present ha$ the general fornula II.
Preferred al kanols in step Bl) are nethanol, ethanol 10 and isopropanol.
Most preferred i s eBhdantat®rdimrepbesef oommceerirt;ionﬁ- gihkzkdal kane, the nol ar
ratio of phosp al basi c
conpound in stg%P@t%é%edggﬂg éfgﬂg d‘gr]igerel nabove J?%Pﬁ}tehg}%gfggg Al) and
"A2). 15 111. Purdringlat iIgnagt kneempesithiconrst Bederramrd «di phosphi nes. A

further nethod fory ti@%v@&%pareg&@}s'e&fna Had8NL at ex dhphaskhiore conposi tion
wherein nore than 60% w w of the bidentate di phosphine present has the

" general 2@ for neftEayaulyleasnBr{ s}@ss PnaoseReP oY o1 © B 1 -ddREREBS U phosphi ne

conposi tion m%@aa{}n&%{m%w @p L§§§(91fpl-fcﬂ.%hab§i@9&%?3 & phesphhefapaesent
has the general fornula vant ageous rT%t hod has been

found for 25 pﬁ??%‘%ﬁy&ﬁn&fpsuahpﬁom F}Bg L ohet IS wW w or | ess of

t he bident i’ite di pherspdp Hagu@gewrngbhgs]ﬂdmn@eneﬁal oﬁﬁlwmlaab(labhtate |
Surprisingly it.was fqund that a,bjden sphi n mretrica
phosphabi cycl oa@ﬁ@? s CPEP gshﬂfﬁn g g%n‘t‘%? phosBhPh né With 30

general fuor mul aofltil')e, p}:&m;elne $epaniated, f}rommvarcoapulslctqmsa@nrppsél ng a
m xture of bident e d| ph e%pgl nﬁ ‘%Plhv& SYMELLLgal b habi cycl oal kyl
0S

groups (s,s BDF’}"L dent at I'me wth two asynmetti cal

phosphabi cycl o@mergragﬂoyf( bzléeBDﬂ)e ahictsisghanat J@amrpmmm@erai/\o

02/ OG~-2sl 1 - l]g Q4/ya U3G with a symmetrical and an asymmretri cal
phosphabi cycl oa Fiy group (a s BDP), by exploiting a difference found in
solubility. The pred@et Pravertin tdHferePyral bed P istaFades JaPBORIBHES s f or

separ at i oy, of ac£%§%§¥é¥d% dEBQQS@Q'@ebﬂMéﬂlaE@0d§¥HB§%Hiﬂéﬂcompos1t1on
phosphabl cycl oal ky groups (s,s BDP) froma m xture of bhi dent ate

di phosphi nes wi ¥ elf%il WPF@&Fa%%O%prE(’E@}EFSa kBRosRIggs Pe¥iBIBDP) |

?I dent at)e di ghgﬁg@ ferse M1l Eﬁ&m%asymt:rs Gl sphesphewlmcﬁ}egalc&w bd0 groulps
a, a BDP) an I entat osphi nes w a_symetrica
phosphabi cycl oafRyR 53135{ ?’é’ SR%D?’f,m efrpﬂflag‘% Q% %H%e &R¢Facti on and/ or
recrystallisation ofPutrhémlaxtmneof reee $miatralbhg sohpentd. Sheh assel ective
extraction, and/ or recr. staldi atlon f Y ective

i s nmeant {]%at i STRRTA- I a]EbltﬁenF%?l %ﬁ éﬂgﬂ?ﬁé"lﬁﬁm@ £26h°8
phosphabi cycl oat&ypostoigs ofr eyaamet?am@d aawddﬁévmmet;¥y®43alnh0§@@abé a

di fferent eXtenE%cféﬁﬂr?e@ tBstﬁfﬁe&téaaﬁao%&uaﬁtw&am{l%

recryst allisati IS carrie out such t hat é %UOI’ cont ai ni ng
a, a BDP and a, sPBOFeRiRIS oimsmmetrsqa%}oéﬁsqs(@ﬁa éﬁyai?ﬁwgarse -s Bpgentage

advant age of thgy ﬁ&@ﬁﬁiﬁé% exler %ﬁia!s@@u aplprégawatﬂfdm&md on process is
that the process Is easy toQ perform dition theﬁp&r‘ocess oes not

i nvol ve t#2 25 REWRPSHG B h@(Y)%P@ avﬁ%ﬁﬁ%cﬁﬁﬁgﬁﬁaﬁf‘c iR &Res for
purification buphbbshi®ie,rAasikynbandl ed bi dentate di phOSphI ne itself.

Furthernore the_process enables the T epar %tlon of ;i de %te  di ppﬁsphl ne
conposi tions wi Fg vgﬁﬁf Ktgh® Ee?%eé?ft e S5F tb A AT AT & N phoSpAT e havi ng
preparation of bidentate dlphosphlnes 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



30 general fornmula (11) by repeated recrystallisation steps. Preferably a
bi dent at e di phosphi ne conposition is prepared wherein nore than 80% w w,
nmore prefgf (,a(% Wre than 90% w w, and even nore preferablptrgpebhfzE ange of
from95 to 0% w w of bidentate di phosphine present is 35 s,s BDP. Mre
preferably a bidentate di phosphine WO 02/11G-2; 11 - 29 PCT/ EP02/0103G
conposition is prepared wherein in the rangé?of from 990 W w, nost
preferably of from99.5% ww to 1000 w w of bidentate di phosphi ne present
is s,s BDP. Prehetghetesmntegtes of obidentatst alinissphones nel ddgehevrgani ¢
solvents such a %ﬂageiq and unsaturated hydrocarbons, e.g. paraffins and
| i near, branche i'’c al kanes and al kenes, such as hexane and

" pentane, cycl ohexanePreI‘f-@xehéy Brorpretancsuch asyeenr vieingndlbenzene;

al kanol s such 023 %g@é@lrs Féhf%@aled §EhaRok . ol GJ¥:qBREOLn d.aRpr @Banol ,
but anol , iso-butanol; ethers, such as for exanple dinethylether ani sol e

" (methyl phenyl avhief)the Sormatipsxahoffakées difglyive PhoapRAAYSLREr |

t etr ahydr of urang) ghpbentHidiebd adnt 5 08T @D &ifimeandubbe &!e@é&‘ﬁ!ﬁﬂ?t her of

di - et hyl enegl ycol ; esters, such as fqQr 15 ex | e, hyl acet at e
di met hyl adi pat ePrBEESFRT aciore P IBrEERoATEs %Fn?&nﬁégiiﬁo%}f&en £&ESnes, such

as acetone, nethyhatbybiket qflfh,s mpl-BY bbalb Yy kednpraindedusdéeet rs,ddfeb@neorand

| ph f di_al kyl sul ph h as direth
G et yl <ul phone SHABBLSCTT LY S BPANGHGEE: St e SUPraFairet Brrols

(tetrahydrot hi opbeneiz, a?atlizmmdxe) the- pedbyssul qjxawierahbly conducted in

2- et hyl - 4- et hyl suI f ol ane. and f re m Xt ures
thereof with waf&r?® We?efrrreeed sol vggﬁéngf ePa keg{la S aﬁg i%“?lgﬁ aES
preferably thosetwosphess ngf fmidmotenodubirardlon mandpslatheny xt ures ther eof
with water. Theuse gf.@l;kanoby gf kXelQnssify hwbuhgs of those, optionally
m xed with water;—resurts T a hrgit degree of separation and an attractive
yield of s,s BDP. 30Pugfrexaplef Bhe et bl inshteompoand| karrsifisferer 8By t hose

conpri si ngsfrome%tgﬁtlth@rm r2lQTE 1 A5 0p b MR ychepeRinaM th wat er. Most
preferred are nethanol, ethanol and isopropanol and m xtures thereof with

water. Al kanol s CRRBORT&ieh oM iSERaRBFS Wiheh St &Y YhalESt HePBIddMPESnal 35
advant age t hat Qﬂﬁandﬁn&,&&e@r@@&éhbﬂ@b%lﬂﬁﬁdﬂs@seb% w/ W\ dJ2AEG~-25U -
30 PCT/EP112/U1(13G di ssol.ve r.eadi Iy and C?é]e% |0Iy s artated fromthe
s,s BDP, which GPE§oPT8EeidP r‘hﬁ‘cﬁ Fe58B7° 8 op s opportunities
to use an aged, spafkkyiexi cbl&exjakﬂbatybmgabkatwt adcetdpphﬁspdrblr}e thenposi tion.
5 The amount of _solyent used de en s e lhecti tr on or
recrystal %?Satl 5&88¥g1n%ocn% BTt on of %%%ﬁ‘{lsa{lcl rr%ed ‘t"{fyep trg%t%:ton can
be economi cal | y ispié& abMpnaxfeea/e-rbMUgéngestsf stame #0 scuAwbenegted and/ or

| ess energy is reauiied;fols NGy 1G. 540 extiGpt oy BEelGhRlM Ria BPA
and a,s BPA are g)%'tér act yd fromthe bi deﬁ’?ﬁte di phogghl ne c%ﬁnpom tions by
repeat ed washi n@soaPhhbiceetedia@esol vent. The tenperature of the sol vent

depends on the sol vegt disthict BE a8ABUBLY Of i & {\@NbEUS efompidd taBnt he 15
extent to which one w shes to dissolve ﬁgarts ofl)_ ttie HI dent.at e di phosphi ne
conposi ti 8A. Loﬁ%ﬁﬁ@?%ﬂtﬁ%@“%ﬁ}%wﬁa [RYENSFE A5y BRP SRR i cal |y
nmore attractive.aikahest iyegexdd ast iQH.andhning eed ydt.akhi saéiwmmdrnlee
carried out by reflu[xL “éhe C osrltlgn of .bidgntate 20 diph Q{yne in the
sol vent. The reff* 8Brp a‘clud?p EFERGEUBR TR Th1 vERPTHSE r et er abl y

sol vents are usedtadgtlitahly iimpputehituphbbaper btemeersi’n pahgeslcﬁfd gt o 200 C,
nore preferably 4n & =TaTo [Je}) 1 r i r;g during
refluxing is in d[hhgltlgglrgnge rcc?#glg% ggggb %‘ﬁése 1%@7 15%% I%—ﬁ%‘? %r
pressur es 3have tdescadpadt bepeithafare. aﬁgéi‘-saé‘r’%nfeﬁget ﬁ’é bhaérﬁ‘%l@

di phosphi ne can }%%e%gsOky%aﬁtl@%%&bespaeﬁﬁ%&s A& enegoseni cal ly nore
~advant ageous. Preferably, the bidentate di phosphine is refluxed in 30 a

sui tabl e sol ventrepgitigngi ¥ Bshursachpre Yﬁ%'élf ot deRYife THhgES rom

. 0.01 to 5 hour s.of chemical reactions slows down the process.

A novel method for the purification of a composition

35 comprising symmetrical and asymmetrical phosphabi-



Extraction can be perforned intermttently or continuously. In an
intermttent extraction the bidentate di phosphine conposition is preferably
extract edw'dbz?]ol?f’zwo WO (12/01250 - 31 PCT/EP(12/111113G r apgfphs/@iosed to 20
times, as nuch as is sufficient to obtaln the desired extraction of
unwanted isoners. |f possible, a small n‘ggr of extractions, i.e. in the
range from1l to 5 tines, is preferred for ononical ' 5 reasons.

Preferably continuous extraction can be perforned with a Soxhl et

confi gurati on. cTREOPHERGR WhAFENEPSR IRT ITTHE LRI GYEh A5t he fol | owi ng

nmon limti ngl f%@geheensd E%@TEJHa olebl iseé{% f@@qcﬁrwmﬂ‘EBing\iﬁﬁ pcar“ralsetioaag in E) 250
magnet i ca stirre stell oy C autocl av ste is a, trademar

" The autocl ave ¥B§tcﬁ3él?%%atlhafé APYHRe 3(5153 ggaﬁ}éh?ﬁl%fﬁlé’gﬁg 28R 10 nl

sul fol ane, 0. 2%aaMBE éﬁpa{ﬂaaiteldnwy( lekﬂalaﬂﬂ{ryj acdiafatencd. Sounahinof

- 1,2-PP bis(9 15 phos abi c cI OLI_% t hane_w trp rlc%rl t% of > 99%
0.3 nmmol Bnd 2 8ﬁacb eAF 'Pe APds ARY™E e Kt S2PAVE was

pressurised w bl aap]b@épnam@yldieaahdnhydrogen to a partial pressure of 3000
kPa (30 bar) of each,. Sibsgauenblya. {dlie Jidgkole 0,5 ladagndsthe 20

contents were heatedt & Ti5 C and falntai hed at - that terrperature for 1.5
hours. After coobirgs fosdiy eemasatakencd rommeisicaht ents of the reactor

and_anal ysed DynGasnkh el o Sianm! egeaphconhe sebactiuidinionar ds the

| i near product he experinment was
carried ot |nsarmznsgrn¢ahﬁgr¢etascfa¢neyrs@ﬂ rwaaaebépveyoaellaﬂe@clave The

autocl ave was ¢hg E;QFQlﬂ‘ét\{bel%dﬁlo%nBré’@%‘@z 40 m anisole and 10 n1
sul f ol ane, 0.25 nmo

latinum(11) "acetyl acetonate, 30 0.
1, 3- PP' bi s(9- pﬁdsp@dﬁmlﬂeﬁe%tm%ﬂ%ﬁﬁ%&ﬁoﬁaﬁeow ?P%Ypﬁiﬂaiﬁiaa? t>°990 0.3
mmol - Sndl 2 and ;0 c3mpPBl £ KA cdﬁﬂaﬁhlhglﬁﬁmﬁéﬂﬁﬂﬁﬁi phb&phath D8tAR 1Wase

pressuri sed vmth car bon_nonoxi de .an to a rtia ssure of 3000
kPa (30 bar) off{SEBRH. and\gsIwGE4ss g P%ﬁ'? 6@%5')%3%% lpézga@gequently, t he

reactor was sefylleddaﬁg aheorqmﬁm wemprimaa‘tgsdaxtodmﬂxéﬁetﬂ: sywhetaiiobai ned at

t hat terrperatur ur.s. Aft 00l | taken fromthe

contents of théiD E’?%i’cﬁé% yse%libggi %as nO% %@Wéﬁ%@%mﬂ ography. The

selectivity towydmethecdzl r:ﬁarsgjmdawtlnablmg& a(IAcH’@M'de was 90.80. Exanple 3
The exanpl e wag car r‘%i aq:L_LL gtg;}% g% %eylggilé(hggéﬂa{ gygagtelml oy C

aut ocl ave. The ut oclave vva ar e ropené, 40
anl soI e and 10 atikagel SPBAE), @cﬁ@mroe@n@;% |Wﬁ{“?l¢¥lﬁé tli}}m@onate 0.3

L bj pg;(B% h 1 th
purl ty o i09(9(|)% c? &é?gkﬁ) { ; 9’Sigli]éi)héy&iﬁﬁlI%t‘r%n@ro 9QHE?{LAQ%% 2Peb\év: ng :

flushed, the ammeavecﬁhsphﬂﬁiﬁ?%wﬂ%akwei h S&Pﬁbé)naﬂ@n%%?ad@t&ﬁd hydr ogen

to a partial prﬁﬁ@&@t@ﬁa@@@%éﬁﬂn&t&@.camﬁwh@ﬁplﬁ&ﬁhyc%bSEMnmPﬁA)t he
reactor was seal ed and. t he contenta wer e heat egpto 100 a d nmi nt ai ned at

that tenperatur® unfffitshd"$a8sc oA RRE S At Faf Ty 50 rrp ete. Conplete

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. Downing
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+).



20 propene conversion occurred in 0.5 hr. After cooling, a sanple was taken
fromthe contents of the reactor and anal ysed by Gas Liquid Chromatography.
The sel ec{jg/dtobsisgwards the |inear product n-butyral dehydecispo2910350
Exanpl e 4 (separation of phosphabi cycl ononanes) 25 A m xture of symmetrical
and asymmetrical phosphabicycl ononanes (33.9 g, 239 mmol, 153 nmol
symmetrical: 86 mmol asymetrical isoner)” W&s ~di ssol ved in di et hyl ether
(240 m ). Subsequently deoxygenated water (240 m) was added. The bi phasic
m xture was 30 stirPedfeiypst ggany Wi PeodamdayénahedrivhterticaléanpcCl

sol ution (240 nd,.16400ka) g¥as,dded Quels I0siEl-asT G d-WRa PhasESi yer e then
separated and the aqueous phase was ' extracted 20 tines with diethyl ether

" (50 M each). Fh@-oPyarPegeH AT ey e NEERBIRR PYIV e d Y PHR: VRIHE sone
WO W2/ (1 G 425(cha h3droB&d/ ER(2/dd ;! H3Bogént beo satie)t ecan be renoved in
~vacuum before continui ng the work-up) and shed with a concentrated HC
sol ution £2 n RYPRRICRGHE eRtridht IS IRESHEIR G h YRAAHCZCBE REHE03 sol uti on
(30 nl). HereafgeatcrHibeier gand carsidlgétiionivascbd driiatkrevetchsSP4e and filtered
over basic alunmna, The sol%ent Was remaged i@\é_ﬁcu m.t.o g!}v&s_theom
asymretrical i UEACa2GTeF d B9 S5 29 eFUT VIR 66 7 1% Rinoi S about
780 of anount ofrcasyenettideal sucgoner agtayledewwriiy aaids, 160¥%lpenidy as a
col ourl ess solid,. Jo the, vi Sl 1 t] . fresh, di et hyl
cther (200 nt) S HaGaEPSEREl S e Tl e L ST B BURRELS 1A Reh)
sol uti on10200 rd.)g.wasigttledoaneadricl agild. affet phkbesramsedicepatdt ed and t he

agueous phase MBinR hed; fou éﬂgg%sngip'th AsRE1Y] Sldehixnled o£aGYse The
conbi ned organic T %hggéégm%é%e ried dver MyS04 and fllxl te‘raedoover S-beasi c
al um na. The sdadel. was renoved in vacuumto give the symetrical isoner

inayield of 19.79 equi val ent | | t Apount of
asymetrical | sonermgjfez(‘irﬁ%%é/evﬁﬁeh aIE% a glégl%luc%i %{}f&%sﬁg gn’%%l on of the 90%
20 pure symret riyckdohaddrencads 0.1 deRa PRonaeHYy amtl rg0eCagazeids sanpl e of
980 _pur @ 8y Bl fAonk B0 MRErd AL REOURE Y nfdonlh O abhhe Rl hnfs, @

col ourl ess solid. reactrons 1n Exanples 5-13 were carried out 1n an

i nert at nospher®ClniHlr ogef) HBiSH®E WostaPrgfaiec®5 sol vents were used which

were obtained from Wepgekyrda 2RRHY $o( BBOSRMER MC @08 21 hane( BPE)

conpositions as specified for each _exanple were analysed by 31P-NVR to

i ndi cate the arRRffongtedpppmeetrical. ppogpgabicycloalkane (SPBA+) in
(phoslphagi C)(/C| Oiht%ﬁ-hc:ubﬁﬁBY}laléti’I&F@' e 3@nBREcA b;asﬂééﬁt lﬁLf(;EhO%.s ammonia

1, 2- PP' - bi s(9- phosphabi cycl o] 4. 2, 1] nonan et hane, and

b (0. pSaphality BRITERY:  SeCiATiohgag) tor B AHBESHabRERRIEIS 3 1)
nonane) et hane.and WdddgEEcaPonatit, BGEhERE 1P6t) dxdigpGeBRE,GDF, m xt ure of

oxi des of 1, 2-PP bis( phosghabi cycl ononyl ) et hane Exanple 5; i so)oropanol as
sol vent A suspefdi@is 028937 ¥ o BPEYREBREdeHi Ty as BalOR)2,

Na (OH) and K(OH). More preferred are alkali metal
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+.
30 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



5 2.05 gramof BPE-S) in 25 m of isopropanol was refluxed for 2 hrs. The
now honbgeneous sol ution was cool ed to anbient tenperature (about 20 C) and

stirred fgiodbfctryrs. A white precipitate was formed whi chhciaspobpfizat €d by
filtration under an atnosphere of nitrogen 10 and the purified product was

dried at 0.1 kPa (1 nbar) and 50 C. Yield of BPE was 1.80 gram contai ni ng
1.71 gram of BPE-S (84% . The liquid | ayer #as evaporated to dryness.
Conposition of precipitate and liquid | ayer was anal ysed by 31P- NWVR
spectroscopy: typai@PEprebephtideél tqud dliethylether solution of phosha-

| ayer BPE S95. 211, OBPE A4 %C  IBRE- Du 0476 %ﬁbgéa.g%:})%}ﬁ pdreLhangl . gs

~solvent 2.33 gr ont ai ni ng gram 0 was suspended in
25 m of net hanat.a Thecspsipensfonohed swefdsuregofvrion hburas sgrd@ndubsequent | y

stirred at ambi enpREIAL Uif (8RO AL D gt ABuDOLS S nelieihi 46a20

. precipitate was'i ation using Schienk techni ques and dried
in vacuums Yi el 6tD¢kBF3Eld/\a3§f£1921§r‘a?nh%¥ﬂf1{@allﬁi h@OlaWIgm of BPE-S (949.
The liquid Iaye{)uwl@a\@%r at ed to dryness. The conposition of precipitate
and liquid | ayer were anal sed 31P-NMR 25 spectrQscaopy: V\P 112/ OG~2S11
- 35 PCT/ EP02/ UL0361af582Rb P*r%%u%‘f&a&taéllf’auﬁa step b) 1% therefor

| ayer BPE- S85. 41Ac§£@x€ecﬁ1kﬁ/ @‘é&s@%&pﬁh@fﬁh 1A5xa@pbela?11}e>gﬁe&etru:eds with
met hanol A suspensi on of gram of ont a| f ram of BPE-S) in
25 m of nethanBFOGRSS sf(?‘? F@& FSPaﬁaWo?Rs tsyg'f?ﬁl {9 eg%) Ffire (about 20
C). The wyte Sppepeigiliair SRS aobaﬂlﬁ@lszb:;&dn lcbnat i ningisiyngpeSehbahk
techni ques and dri,ed in vacuum éé 1? tract.i an, Yiel d ]_I BRE was 2. 88

B

gram cont ai ni ng*3. 3 YHHGF yd’ﬁn APGE ETR) e s evapor at ed
to dryness. Thi Sanprerthe was repeat ed tw ce (2nd and 3rd extraction). 10

All fractions \Mipe V&S%%tlgqnggglg&%gﬁetchﬂy 34hPa NVR, § Resiar gﬁgOﬁyBA BRE

starting mat eri a preci Ita t extract|0npreC| itate
extractlonpreC|a puitﬁhiéﬂnpn -water miscible solvent, which does not

extractiopyi el dig 3 I Mer ¥hé 1328%168BPE- S
(o) 74. 883{%93 685%%%3% %B%a 1%%%%&%%@4%35%53@%%0) 3¥%4SI§1%& 0%%@ Exanpl e 8:

Soxhl et extract ﬁéhaWtﬁpﬁﬁét ﬁa’ﬁb‘l‘:mﬁ 44 gram of BPE (containing 4.82 gram of
BPE-S) was pl aced)i neduHinhgCtheMmbhlddflecrd pext Eatherboviithmehhanol 15 for

2 hours in a Soxhlet confjguration. The BPE materi al

aqueous solution of a suitable acid, yielding an aqueous
phase containing protonated SPBA+ and a non-aqueous phase

20 containing non-protonated APBA;
iii] separating the aqueous phase containing protonated
SPBA+ and the non-agqueous phase containing non-protonated
APBA, yielding an agueous solution containing protonated
SPBA+ and a non-aqueous solution containing non-

25 protonated APBA;
iv] combining the aqueous solution containing protonated
SPRBA+ 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 separated SPBA.

Optionally an extra step vi] is added to the process

comprising removing the solvent from the non-aqueous
solution containing non-protonated APBA, yielding

35 separated APBA.



WO 02J0G-250 - 36 PCT/EP112/01(13li was transferred to a round bottom
flask and dried in vacuum Yield of BPE was 4.4 gram containing 3.92 gram

of BPE-S 0 ,Lthe conposition of precipitate and liquid WR
(&)]1@( 425
anal ysed by B%\Ip/R spectroscopy: type BPE precipitate i qﬂtﬁ Ioeza/ye'?@BPE- S

89.0 32.7 BPE-A 6.4 21.4 BPE-O 4.6 45.8 5 Exanple 9: Repetitive extraction
wi th net hanol /water C95/5 /") A suspension “0f “3. 18 gram of BPE (contai ni ng
2.64 gramof BPE-S) in 100 ml of nethanol/water (95/5 "/", degassed with
N2) was refluxed foBY22aHeRRwwatey MEEetPse AHRfiViFRY & BSABEr3 at anbi ent

tenperature (ahguir2cblic LBSvempersiahant suesestecan e mihedwhidie

_precipitate was dried in vacuum (55 C 0.1 gPaél J;ltrtiarégy). Yi el d of BPE was
2.50 gram cont iingus. ¥9ogr AR NSPEYS P8’TES (i Erge f }. This

procedure was rapeale@ . twice 15 (2nd and 3rd extraction). All fractions

~were wei ghted and anal ysed by 31P-NVR spectroscapy. The percentage BPE-O in
A w%a%or Vs nPﬂéV%f%rr é“losrﬁl%lgd °p g}fg?%se ¢al cul ati ons.

t he preci ﬁitate was“'c
WO (12/ UG-2S0 -awd¥i1aPCE ERURALAH 13G2BREdsRaBa i can ris eolalepr aud -wipidiat e 1st

extractionpreci: pitate 2nd_ex ti I = I .
extracti onyi el Canaorﬁ fl.lféfdegE. %ﬁ%@o%&?%ﬁ?Bﬁtgg’%é% ersglgB(%) -898173BPE- S
(0) 83. 694. 996. 99VdABREA CUWpLotI8Es PMPRUBdELanpdectg:aliyt naét i on of BPE

material using 400.4i, ROr thaps; rethanehkyaber: § WU, 'diskiol feguspainl on of
4.98 gram of BPE starting materia containing 3.47 gramof BPE-S). in 100

nm of metiWanol /$Pweardr tEOGFPBY+ "disslagss d8dati AAUARYS Rad! FER | BRBH 3t

lies in the range from 10:90 to 0:100 and more preferably
in the 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

the present context, the dielectric constant for a given

solvent is used in its normal meaning of representing the



4 hours. After standing for 4 hours at ambient tenperature (about 20 O,
t he supernatant was decanted. The white precipitate was dried in vacuum (55

¢ 0.1 kPayblomeak)) - Yield of BPE was 3.72 gram contai ni e , gram of
BPE- S (92% (Z@ts)?zr’\extracti on). This procedure was repeated 2T§Ed éel’?(%’?%cti on).

All fractions were weighted and anal ysed by 31P- NMR spectroscopy. WO
02/(1Cr.12~0 - 38 PCT/EP(12/U 1036 BPE st&fting material precipitate 1St
extractionprecipitate tae extractionyield(gran 4.983.343. 47over al |

BPE- Sr ecovery (re)xi96904BPEe S{RB9y78%9. §920BPEeX (with) that |gstagge 6BPE- O

(0)12.61.62. 4 Bxaml 6oLl £0d Aaid onook: BPRMUT Laluclsog 200 wliyhor i ons

_ et hanol / wat er A suspensi on o ) gram of BPE nmteri al
(cont ai ni ng 3. 48 vgcanmofoBPE ety igooVatuet Bmedraddrt @8E%eYC (90/ 10 /",

degassed with N2}, MastEebt UxGthdOloridnheul squifd &ansbandbrgafur 1 hour at
_anbi ent tenperature &about 20 C), the supernatant was decanied. The white

pr eci pi t abe an@eRFFEFnALERTCRET W Fed SPRR VAR U E559EPEE1°kPa (1 nbar)).
fY:‘ el d. of BPE V%e%fi%%réoag%aﬁﬂrysfi%t,a%@tngegigfbrﬂr %@i@tengg' S (790). Bot h
actions were weighted and anal ysed by 31P- NMR spectroscopy., BPE starting
mat eri al preci paviceRi-qbide| ey exlyi and( gl sheab LW EFRCSOBPES S 7 dcdiver y
(9 - 79- BPE- S ( QP 2422102 PBPRnfo ) ¥8x02- atdp/BREn@ 6¢) 2Bo82. 343%:0
25 °C, i.e. about 293.15 or 298.15 °K, and atmospheric
10 pressure, i.e. about 100 kPa (1 bar), or can readily be
converted to that temperature and pressure using the
conversion factors quoted. If no literature 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
methylnonanocate 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 because the use of ethers
in this separation process results in a quick and
efficient phase-separation. Examples of ethexrs which can
be used include dimethylether, methylethylether, anisole,
diethylether and diphenylether.
30 Another especially preferred solvent is toluene,
gsince toluene is less volatile and less flamable than

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



WO (12/0G-2S0 - 39 PCT/EP02/0103( Exanple 12: Extraction of BPE materi al
with ' isopropanol/water (98/2 "/") A suspension of 5.30 gram of BPE

mat eri al (GRRLRY Ning 3.69 gramof BPE-S) in 40 m of isqpqyaig nd 0.8
m of Hzoé,\?/ao(si%rIezf uxed for 6 hrs. The now honobgeneous sol S,t%i on \E/\]/gismgool ed

to anbient tenperature (about 20 C) and stirred for 16 hours. A white
precipitate was forned which was isolated-®B3 filtration 10 under an

at nrosphere of nitrogen and the purified product was dried (0.1 kPa (1
nbar)/ 60 C). Yirl ddfitBBh waphSshthigiamloatRhae ntdapcidl ogr am of BPE- S
(890). The liquid |ayer S ev D%Cﬂt ness. osition of

ed t r
precipitate and®ITGUrEay e iRs* aﬁsyéae%og§ 3%F ‘spect roscopy: BPE
starting material pmeei poha¢refadionat ofi ehd(gearbit30ean be varied

3. 501. 60BPE- Sr ecover ).89- - .69 - .0} 16,.53.444. 4BPE- O
(0)13.82.342. 3 ‘Eﬁeé‘npa?/é’gffz %‘555 HuOLE platetaiiy Hdn Aokl 8o03: 404 &

met hanol / iat er ¥9B/&: /ohe Anguspensi iploferd. 18 jeawsot. BRsphebifarlo-
(contai ning 2. 64 ,0rarp Gl BRES .4k 100 Jlor0ka?arBbd anal huker (95/5 /7,

degassed with was refl uxed for 2 hours. After standing for 4 hours at
anbi ent WO 0®99i04 801PETr EFD 003G Conggnt ¥kt étfhrt%e( apsae 20 O,

t he supernat antywas deaant@llar T Ngombig @ faraehpi At endvasardel €dolnovacuum (55
C/ 0.1 kPa(1 nbar)). Yield of BPE was 2.50 gram containing 2.37 gram of

BPE-S (89% (1s%° &xt™d&%-on). 5 This procedure was repeated twice (2nd and

3rd extragation). Allprbragtb@nscivey enveicebt ed] anee analdesedibyd 3R-PVR
spectroscopy. The percentage BPE oxides . in g%ig}r,gf(i)ﬂﬁa%tee was < 0. ba and

wer e therefore b (1S &° Pﬁ8t8ﬁ?fc%laatﬁh(5’ﬁ?&1 eferably

concentrations in the range from 2 to 20 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 aqueous solution of suitable acid in step iil
can be added as such to the non-aqueous PBA solution or
can be prepared in situ by first adding water and
subsequently adding acid in a more concentrated form.

20 Preferably a ratio of aqueous -solution to non-
aqueous solution in step iil] 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.

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 iii] . Prefexably 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+.



BPE starting material preci- pitate 1st extractionpreci- pitate 2nd

extracti onpreci pitate 3r extractionyield(gram3.182.52.21. 78overall
SSrecover 173BPE-S (0)83. 694. 996. 997. 7BPE- A (% 16.p535/8p2dhdn36 VWO
02/ 0G 125 PCT EP02/0103G - 41 C L Al MS 1. A process for the

car bonyl at| on of optionally substituted et h%{eni cal ly unsaturated conpounds
by reaction with carbon nonoxi de and a coreattant in the presence of a
catal yst systemincluding: 5 (a) a source of Pt group netal cations, (b) a
bi dent at e di phosphi FETdaAEAEI ERDPIHEBIERUADF eI HHAN COGRARIBP BP¥ent at e

di phosphi ne pr egﬁaéoﬁatéd@ﬁmd@at Lef &t has picRaceedPesd tdiomotas t he
general formula Il _io R Xa_( ?Wne rein X1 and X2, mde&dently

" represent an opPF%ﬁ%FFéflg/le&B’sttPFuiréﬂg§ym‘lrj1 8 > PhosHREDI"EYH Bal kyl group,
having at | east a§uébiigsal@Pbon asfi G Buiepbesendixzl adbireabent resgaunisc dir i dgi ng
_group, connecti n bot h osphorus atons. 15 2. Catal yst system i ncl udi ng:

(a) a sourte of PEPTQFD A" -cations, (b) a bidentate di phosphine
conposi ti on wher ei n sasegiieanl g0chev avnafoulsi dehtiat en dipitesiphinge present in
t he bidentate di hs iti e g r a

X1-R-X2 (I11) whB Bratan %}i ﬁﬁd%%‘g]?\%?&% e Fﬁ% eggﬁt@%%ﬂ ?‘)"Lﬁ%’ngg}:g}

substituted symmescikhd @iowﬂabscslets@aihﬁd f@rroapephal/lﬁr@d@tn leemSPus i hg
atoms; and R represents g b %1%%1@5139&&61@1%1@\%9%nﬂoﬂr%ou%onnectI ng

bot h phosphor us at ons. yst systemas claiimed in claim2, wherein as
an addi tibhal cefponeer %Q}}taamé@ﬁr BenoPrineiedi SFBA¢| uded. WO 02/ Ufi ~250

PCT/ EPU2/ 0103G - 42 p4 ¢ Bidentakes diphosphicne-¢0an0shddOrsphaeghs #dre than

600 w w of bidentate di phosphi ne present has the general formula_ll
de-protonate the protonated symmetrical phosphablcyclo—

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 iii] 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 NayCOj3,
NaHCO3, K,CO3, MgCO3, Ba(OH)3, Na (OH) and K(OH).
Subsequently a non-agueous solution can be dried over a
drying agent such as for example K3S0O4, NazSO4 and MgSOg.

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. Depending 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.



XZ-R-X2 (11) 5 wherein X1 and X2 independently represent an optionally
substituted symretrical phosphabicycloal kyl group, having at |east 5 ring
atons; ang,fyIRMsgsents a bivalent organic bridging group,pca@pseaidzg both
phosphorus atons, with the proviso that the bidentate di phosphine is not 10
1, 3- PP bi s(9- phosphablcyclo[S 3. 1] nonyl ) propane. 5. A process for the
separation of symmetrical phosphabi cycl oal e froma conposition
cont ai ning symetrical and asynnetrlcal phosphablc cl oal kanes conprising
the fol l owi ng sikpsThebuay @ 4§ pat hewt epidtid ignshdarknmitdigc| oal kane

to a conpositi Oﬂr&&&ta?dl%n%fsBmﬁu@@m@@sgh@ﬁégycI oal kane (SPBA) and
asymmet ri cal iNg a .conmpgsition conprising
" prot onat ed syrmetrl @aPrﬁlﬁ%ﬁh‘éUF%WdoéP’k’ahé & (BERARHERT ROnSPPDt onat ed 20
asymetri cal ph9§&)élﬁbiltcé/@|1%bl§§f13né APBAXdsb kosppasas | ref Jukahgnat ed

symetri cal phosphab| cycl PBA+). and.non- roto ated a rrrretrlcal

" phosphabi ¢l oaPRFR? F@ﬂ" S?]ﬁﬁrsléiﬁar 4t éd f) d°¥y PRIl
phosphabi cycl oaj, e( SI?,J%T]) a2RdpS 8Pl BAkad2 , NecRl opept_ed asynmetri cal
phosphabi cycl oal kane {/APBA) c) addi ng nmeans to de- protonate the segar at ed
protonat ed symeibpiergetiirespRabicycibadenyorpsppin)a SHidEdtRgSeeparat ed

non- protonat ed gypaet{dfalaiRkaspBabioycloahkanel6SPRNc pbund phecess for
the separation of symetrjcal phosphabi %ﬁl oal kan froma conposition

contai ni ng synmBLEeelRte st PROFRRERF 3l d§|5’h§5? ycl oal kanes conpri si ng:
WO 02/ OG. @S0 PCT/ EEQZL%OBGW bdén sdrpdussﬁgyyngomctcmamsbyi tite 003 ai ni ng
symetri cal phosEhabl cycl oal karée SPB tlon asyn’metii ca aratl

phosphabi cycl oaPkafREAPEA)r ST 4B UFPHB & R AnaT EF - CI sPVent, which
does not di ssol peopeat anat eu@la Stssylrr'netpmmlreplaobpﬁabt@g@Id)@lhloapbl(lSPBA+)
yielding a nonagueoggl 9§Qﬂég%ﬁﬁCE8§éKﬁﬂ&1%PBA%/§OLHtB ntakL Conb'n'ng

t he non- aqueous SO Ion Wwth an aqueous solution of a suitable acid,

yi el di ng an aqudiplsosptaise eoesaingi hgs mltf-t asaegd 1SPermukind la non- aqueous
phase 10 contai ni ng non-protonated APBA; iii] separating the aqueous phase
cont ai ni ngs prot onat ed SPBA+ and t ké-ma# aqueous phase cont ai (TiIng

non- pr ot onat ed APBA, yi el ding an aqueous sol ution containing protonated
SPBA+ and a nonyagHeonsxsaldd ix@n 1ﬁ66péixdﬂr{tg.yi”l&lép3:53éﬁbta&nc’ﬁpedoAEBAy i V]
conbi ning the agueous sol uti on contai ni.n tonaﬁled kS A+ Wt hh%v?H' tabl e
non-wat er ni sci GPBSEbE Sé’ﬁﬁ‘eéﬁlﬁalﬁe%kﬂ% YGRS SRR 8948

yi el di ng a nonagueddssisad utimen ait@m'sal anmdngi nmpmrsehbaaad@h\&lmt 20 v]

renovi ng the solvent. from he UL | 0

non- pr ot onat ed SBBAMi %1 sgpa (gé%lfé% L&# %g}:gc 55 as SPafmed i n
claim6, sherein an B u:a:&sﬁap vn}rem@caddtél@rﬁéorheab?%e‘@é@téénﬁ@| &i ng
renmovi ng the so r t I NG 8dHH R iReR 25

pr ot onat ed APBAlE%g?%f%l ’ﬁ‘g} ség%a at g%ﬂ&@?é’é O?Hétrdgggggef ojr?ét ﬁéﬁpr epar ati on of
bi dent at e di phosphingsItretaly feametal (For AAPTLSEPIX1- R-g2 (11) wherein X1
and X2 i ndependaRt | Ynd £RRF @NtoRBooPtiN el Yh3Bphabsiydldattanygmet ri cal
phosphabi cycl oal kyl group, having at least 5 ring atons, and R represents a
bi val ent or gani &yBridgs ngitgr cupt. ccehhater Hiptotin phedphaple salgiet,

P oonhaBi cyliBaPREay Tatic ot phddfhinicytlodiichnl o8 A% AusfTROST T ON

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.



hydrides with a (err), wdihaloalkane in a suitable solvent, in a nolar

rati o of phosphabi cycl oal kane to (err), wdi halo al kane of nore than 2,

yi el di ng i@ bi dentate 5 di phosphine di hydride; A2) pegutpodhios@ti on of

the charged bidentate di phosphine dihydride with a suitable basic conpound,

yi el ding a bidentate di phosphine conposition wherein nore than 600 w w of

bi dent at e di phosphi ne present has the germef&l ~10 formula I1. 9. Process for

the preparation of bidentate di phosphines having general formula (I1)

X1_R X2 (11) wher ei prode@si X2 Hendepentral dal Kaepr @seat o pn- @idantal |y 15

substituted symetrical phosphabicycl oal kyl group, having at least 5 ring
atoms; and R repgkesent 8, @-8i vhl erraldegenice %r@d@ﬂ@ict}rléf@pe connecting both

' phosphorus at ons ) Neat f

phosphabi cycl oal kaneﬂgo ??Iy&{c}rg I%jc w%?hbgg %agﬂm\%ﬁg%%g{%gltkoane in an

~al kanol , yiel dmg)—allchlaabgéklahedm\tpaiﬁemaphysrpdmmeﬂnhnhydr mdee B2)

neutralisation of _the har i dent at hos hydr

sui t abl e basic c,r(?r?ﬁgﬁﬁg dtiprhagn% i de f’a‘t_'ep ae@%%s?gkl %g %:lggnp%gsr}% on
wherein nore thmreZﬁhaﬁ%:V\thﬁ bi dent at e di phosphi ne present has the
general formula II. rise t440n bi Stfefd phosphi ne
wth two symTetrl ca phosp\ﬁz'crgts?:lyst‘:a;&oafl Qﬁélgr%lapscg sBe i ffrom a mxture of
bi dentate d.i prﬁwplhi sadtable foi B Pyesesei c%lfefrﬁmgéhéﬁ ¥§etdal kyl groups
(s,s BDP), b' de; dlsaéawbé@q%ya%ﬁx%wsasyr%:etaaﬁeklasomabl cycl oal kyl
groups (& a BDP b| dent at e di'phosphi nes wit mretri cal and a
symet ri dal WQOQ&BnCh%@ afFﬁr"HYEﬁ'GE/ 81v3eEHh BEcherdt 1819 gr oup

(a,s BDP), comydrti=h@,Sakenkiyes exidiacld @B1a86é Qind %h}téha} | hs@tils of the

m xture in a suitable sol vent. AH2. A. As Aa
such as for example acetonitrile’an alkanols such as for

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 basic 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 preparation 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 X1 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:
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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



10b 10b 10b: 10%& ()-!f2& 10%}#} & ()- 9 :

u]vzg"lcl)om&'()-l' 10008 ()-1' "' 10%08' ()-!' 10%0& ()-!F | 10%0& ()-: : mn p
u] C@" 1 10908 ()- 1" 10908 () -1 10%0& () -1 10%K

XA 2@ 109 ”)(42 Y1090 () - I"10%1&(%)-l'10tym 8-1"10%&3@%“1""2/"1036 "F@'

TOUR! () -1 10008 ()- 1" 10908 ()-1" 10%0& {)- 1" u] C@" 10908 () 1" & 10908 (). !
)'10%3&'()-!'&' 10%3&'()-!)'10%3&'()-!89:31\/%@"?@'10%3&'()-!'10‘V@&'()-!"10%
08 ()-!' 10%08 ()-1'" 10%08' ()-!

YAF@' ' 10%08! ( )wilthl GY@%tpe+1o40%08 (@) BsyONERt{9al 'phogpRal -

cycloalkyl group (a,s BDP), by exploiting a difference
found in solubility.

The present invention therefore also provides a

5 process for separation of a bidentate diphosphine with
two symmetrical phosphabicycloalkyl groups (s,s BDP) from
a mixture of bidentate diphosphines with two symmetrical
phosphabicycloalkyl groups (s,s BDP), bidentate
diphosphines with two asymmetrical phosphabicycloalkyl

10 groups (a,a 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 selective 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
suspension 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 involve 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
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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 dialkylsulphones such as
dimethylsulphone and diethylsulphone and cyclic

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

Preferred solvents are alkancls 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 More 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

Y
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extracted from the bidentate dlphosphlne compositions by
repeated washings with a suitable solvent.
The temperature of the solvent 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 fxrom 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
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platlnum(IIg acetylacetonate, 0.3 mmol of 1,2-PP’'bis(9-

15 phosphabicyclo{3.3.1]nonyl)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 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 98.6%.

25 Example 2

The experiment was carried out in a 250 ml magneti-

cally stirred Hastelloy C autoclave. The autoclave was

charged with 10 ml of propene, 40 ml anisole and 10 ml

sulfolane, 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.
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0.25 mmol of platinum(II) acetylacetonate, 0.3 mmol of
meso (R,8) 2,3-PP’bis(9-phosphabicyclo[3.3.1]lnonyl)butane

with a purity of > 99% by weight, 0.3 mmol SnCly; 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 ether (240 ml). Subsequently deoxygenated
water (240 ml) was added. The biphasic mixture was

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

organic phases were combined (to reduce the volume, some
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10 stirred aqueous phase fresh diethyl ether (200 ml) was
added, the mixture was cooled to 0 °C and a 14.4 M NaOH
solution (200 ml) was added over 1.5 h. The phases were
separated and the aqueous phase was washed four times
with diethyl ether (50 ml each). The combined organic

15 phases were dried over MgsSO, and filtered over basic

alumina. The solvent was removed in vacuum to give the
symmetrical isomer in a yield 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
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 31P-NMR to

indicate the amount of:

BPE-S = 1,2-PP'bis (phosphabicyclol[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.
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ana P-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
suspended 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 evaporated'to dryness. The composition
of precipitate and liquid layer were analysed by 31p-NMR
25 spectroscopy:
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overall

BPE-S

recovery (%) - 92 85 70

BPE-S (%) 74.8 83.8 93.6 95.4

BPE-A (%)| 21.8 11.8 6.4 4.6

BPE-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-5) was

placed in a extraction filter and extracted with methanol

15 for 2 hours in a Soxhlet configuration. The BPE material
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was transferred to a round bottom flask and dried in
vacuum. Yield of BPE was 4.4 gram, containing 3.92 gram

of BPE-S (81%). The composition of precipitate and liquid

layer were analysed by 31P-NMR spectroscopy:

type BPE precipitate liquid layer
BPE-S 89.0 32.7
BPE-A 6.4 21.4
BPE-O 4.6 45.8
5 Example 9: Repetitive.extraction with methanol/water
(95/5 "/v).

A suspension of 3.18 gram of BPE (containing
2.64 gram of BPE-S) in 100 ml of methanol/water
(95/5 V/,, degassed with Ny) was refluxed for 2 hours.

10 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)).
Yield of BPE was 2.50 gram, containing 2.37 gram of BPE-S
(89%) (15t extraction). This procedure was repeated twice

15 (2nd and 3¥4d extraction). All fractions were weighted and

analysed by 31P-NMR spectroscopy. The percentage BPE-O in
the precipitate was < 0.5% and was therefore omitted for

the calculations.



109 & ()- #3 D+4 10%#3 10% & ()- #3 10% & ()- 10%& ()- 10%& ()-
1098 & ()- {_?+4 10%* 109 & ()- 109 & ()- #3 109 & ()- 10% & ()-

1098 & () “woRhupidy 10% Y 109%& ()-@F 310%& ()- 10% & ()Pcﬁpq,g%.,&,()
109 & ( ?ﬁf"? YA 10%F F% 10% & ()-7z . FO10%Wn& ()-z Y "gl0% & ()-
210% &' () Y 108 & ()-@1Y 10%+& ()- @ ABFOXYcG+4 10% F%e *10% & ()- c
*10% & ()-c *10% & ()-c *10% & ()-c *10% & X} -~ Y

BPE preci- preci- preci-
starting| pitate 1St| pitate 2nd | pitate 3¥d

material | extraction| extraction | extraction

vield

(gram) 3.18 2.5 2.2 1.78
overall

BPE-S

recovery (%) - 89 81 73

BPE-S (%) 83.6 94.9 96.9 97.7
BPE-A (%) 16.3 5.1 3.1 2.3

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) in 100 ml of methanol/-
5 water (90/10 V/,, degassed with N,) was refluxed for

4 hours. 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)). Yield of BPE was 3.72 gram, containing 3.34
10 gram of BPE-S (96%) (18t extraction). This procedure was
repeated (2nd extraction). All fractions were weighted

and analysed by 31P-NMR spectroscopy.
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BPE precipitate | precipitate
starting 1%t 2de
material | extraction | extraction

yield

(gram) 4.98 3.34 3.47
overall BPE-S

recovery {%) - 96 94
BPE-S (%) 69.7 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 “/y):

A suspension of 5.00 gram of BPE material

(containing 3.48 gram of BPE-S) in 200 ml of
(90/10 V/,, degassed with N3) was refluxed

methanol/water

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

Yield of BPE was 2.98

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
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Example 12: Extraction of BPE material with

isopropanol/water (98/2 /)

A suspension of 5.30 gram of BPE material
(containing 3.69 gram of BPE-S) in 40 ml of isopropanol
and 0.8 ml of HyO was refluxed for 6 hrs. The now
homggeneous solution was cooled to ambient temperature
(about 20 °C) and stirred for 16 hours. A white
precipitate was formed which was isolated by filtration
under an atmosphere of nitrogen and the purified product
was dried (0.1 kPa (1 mbar)/60 °C). Yield of BPE was 3.50
gram, containing 3.30 gram of BPE-S (89%). The liquid
layer was evaporated to dryness. Composition of
precipitate and ligquid layer was analysed by 31P-NMR

spectroscopy:

BPE
starting

material | precipitate | filtrate

yield
(gram) 5.30 " 3.50 1.60
BPE-S

recovery %) - 89 -

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
methanol /water (95/5 Y/,, degassed with Ny) was refluxed

for 2 hours. After standing for 4 hours at ambient
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temperature (about 20 °C), the supernatant was decanted.

The white precipitate was dried in vacuum (55

°c/0.1 kPa(l mbax)). Yield of BPE was 2.50 gram,
containing 2.37 gram of BPE-S (89%) (15t extraction).
This procedure was repeated twice (2nd and 3rd
extraction). All fractions were weighted and analysed by

3lp-NMR spectroscopy. The percentage BPE oxides in the

precipitate was < 0.5% and were therefore omitted for the

calculations.

BPE preci- preci- preci-
starting pitate 15t} pitate 204|pitate 3¥d
materiall extraction| extraction|extraction

yield

(gram) 3.18 2.5 2.2 1.78
overall 8S

recovery (%) - 89 81 73
BPE-S (%) 83.6 94.9 96.9 97.7
BPE-A (%) 16.3 5.1 3.1 2.3

E @
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CLAIMS

1. 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:

5 (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 cowposition has the

general formula II
10 X1-r-x2 (I1)

wherein X! and X2 independently represent an optiomnally

substituted symmetrical phosphabicycloalkyl group, having

at least 5 ring atoms; and R represents a bivalent

organic bridging group, comnecting both phosphorus atoms.
15 2. Catalyst system including:

(a) a source of Pt group metal catiomns,

(b) a bidentate diphosphine composition

wherein more than 60% w/w of bidentate diphosphine

present in the bidentate diphosphine composition has the

20 general formula (ITI)
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

25 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.
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4. Bidentate diphosphine composition wherein more than
60% w/w of bidentate diphosphine present has the general

formula II
x1-r-X2 (IT)

5 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 group, connecting both phosphorus atoms,
with the proviso that the bidentate diphosphine is not

10 1,3-PP'bis (9-phosphabicyclo[3.3.1]nonyl)propane.
5. A process for the separation of symmetrical phospha-
bicycloalkane from a composition containing symmetrical
and asymmetrical phosphabicycloalkanes comprising the
following steps:

15 a) adding means to protonate a phosphabicycloalkane to
a composition containing symmetrical phosphabicycloalkane
(SPBA) and asymmetrical phosphabicycloalkane (APBA},
yielding a composition comprising protonated symmetrical
phosphabicycloalkane (SPBA+) and non-protonated

20 asymmetrical phosphabicycloalkane (APBA);
b) separating protonated symmetrical phosphabicyclo-
alkane (SPBA+) and non-protonated asymmetrical phospha-
bicycloalkane (APBA), yielding separated protonated
symmetrical phosphabicycloalkane (SPBA+) and separated

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

30 6. A process for the separation of symmetrical phospha-
bicycloalkane from a composition containing symmetrical

and asymmetrical phosphabicycloalkanes comprising:
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i 9&ﬂé§@l¢§ﬁ% ﬁ)cbmposition containing symmetrical
phosphabicycloalkane (SPBA) and asymmetrical
phosphabicycloalkane (APBA)} in a suitable non-water

miscible solvent, which does not dissolve protonated

3

symmetrical phosphabicycloalkane (SPBA+), yielding a non-

aqueous phosphabicycloalkane (PBA) solution;

ii] combining the non-agueous PBA solution with an
aqueous solution of a suitable acid, yielding an aqueous
phase containing protonated SPBA+ and a non-aqueous phase
containing non-protonated APBA;

iii)] separating the aqueous phase containing protonated
SPBA+ and the non-agqueous phase containing non-protonated
APBA, yielding an aqueous solution containing protonated
SPBA+ and a non-aqueous solution containing non-
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;

v] removing the solvent from the non-agqueous solution
containing non-protonated SPBA, yielding 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-
protonated APBA, yielding separated APBA.

8. Process for the preparation of bidentate

diphosphines having general formula (II)
Xl-R—Xz (IT)

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 group, connecting both phosphorus atoms,

comprising

vU4
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bidentate diphosphine composition wherein more than

60% w/w of bidentate diphosphine present has the general
formula II. |

9. Process for the preparation of bidentate

diphosphines having general formula (II)
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 group, connecting both phosphorus atoms,
comprising

Bl) heating a composition of phosphabicycloalkane
hydrides with a o,o-dihaloalkane in an alkanol, yielding
a charged bidentate diphosphine dihydride;

B2) neutralisation of the charged bidentate diphosphine
dihydride with a suitable basic compound, yielding a
bidentate diphosphine composition wherein more than

60% w/w of bidentate diphosphine present has the general
formula IT.

10. Process for separation of a bidentate diphosphine
with two symmetrical phosphabicycloalkyl groups (s,s BDP)
from a mixture of bidentate diphosphines with two
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



" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[\ ]~ _" abcdef ghi j kl mopqr st uvwxyz{| } ~6Ti mes

New Ronmangrd @ldsps4pi €r New'h Root EntryWr dDocunent 2

| " 4R ()wd, Y 256760, : PCT/EP02/01036
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~
I"#SYR () *+,-./0123456789: ; - 45 -

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~
phosphabicycloalkyl group (a,s BDP), comprising selective

extraction and/or recrystallisation of the mixture in a

suitable solvent.



