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The present invention rel ates to!’mmwmm[mﬂormound which is useful as a
conponent of a catal yst system whicC sed in the carbonyiation of

ol efins, agg igu7emrticular to a nmet ho¥'® manufacturing sucpcphasoiiee

conpounds. WD 961 19434 di scl oses a process for the carbonyl ation of
ethyl ene and a catal yst system for usé therein. The catal yst system
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pendant) optionally substitute, organic group through which the grougeos-
linked to terti ar% car bon a]tom C L', L2 are i ndgpendentl a |inking group
sel ect ed fr O BIASEY YBTYO5HSIRIES 132 BRYSPRESPMPGHET WhicRyS @R 2 RMP8REACt i ng

t he respect bivpcAthps BRQEMH whthamaytte (ske ifiheHarpongizion ol GefsPadddainaicaiaPiaP
conprising an optiagnally substituted aryl noiety to which the phosphorus

atoms are | MeNPdRt mapyiarANEsueh PARTRINE MR NEEons.  One exanpl e of such a

bi dent at e phosphine is bis (di 'butyl phosphino)-o-xylene (also known as

1, 2, bi s(di-t-butyl phosphi nonet hyl ) benzene). 15 Such catal ysts may be nade
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al kyl group, I'n particular ne emw t nufacturing t i gand
by the rout tnkédde tertinsylcargon atam G: 14 & @atindepgndenths a himking/grouhsélected som(@s. g.
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di sposed of .  Al-S i ournal of . em ocl ety | t on)
1075 page 1886 RE Rk Sl ARS8 op Frlatie SRR BredbAbRS) S08; ane by
reacti ng | i ekarape wéswudh atnddntdte prhaiphine ioime (didneayigpndsdhiren-oplyesp tasy krdwmg t he
resulting lithiated. jnternedi.ate with t-butylchlorophosphne. This nethod,
for form ngaﬁpﬁ%&@h’f%@%“ﬁ"‘ﬁﬁ%‘%%ﬁ?& nd, starts fromthe hal ogenated
al kyl conpound. Al kyl halides typically require considerable care during
storage and use and may be ve unpl easant to. use. Therefo usi his O
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X and X is adibPyPrAPRIedas oBmpIERRg WaTteopeRR NG But Oe disRPeRe Ur v
noi ety to which the phosphorus atons are 10 |inked on avail abl e adj acent

carbon atons conprises the steps of i) reactin toget her a _conpound of
formul a H- | 'AbSaler pf ain pugnal ot tha RBamIcal Podiety dapinm d9TLraes 1PERAITPES nedi at e

conpound ,Qf %ﬁf_fi.@b di-t-bftylehoddnindintan by SeAdting ifiRlch pfBRdi @ithat om 1)
reacting Said i ntem ediate conpound wth a conpound of fomula (R C)2P-A)
where A 15 is5dibremensatang@pethen@hpsrhendating teo rasoliing libiatesontermedisewitl a (R

Q) ZP- L' - X- LZ-P; .

(Ro- ) 20 L+ -GOAETroResgfife. AP AR Ror BRI prlbfiMo & an it compayn,
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pal | adium are catal ysts carbonylation of o Ihs. 20 The
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sel ected material would require an extra step of converting first to the aikyl halide.
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froma w de range of conponents. Preferably, the pendant groupggaf
optionally substituted |lower alkyl) e.g. C .e, and may be branche

i near. PamQ W7é8ly preferred i s when the organic groups, RCTW%%"W”
associated with their respective carbon atom form conposite groups which
are at least as sterically hindering a5 tent-butyl. Steric hindrance in
this context is as discussed at page 14 et seq of "Honbgeneous Transition
Metal Catalysis - A Gentle Art", by C Masters, published by Chapman and

Hal |, 1981.wé ﬁamvpfdﬁrheltﬁaidmﬁﬁﬁm{él iigands ofttrlﬂeatypé gédtirised MONSIER RBE nidlylbe
rrethyl groups, referred formof R--C group is a tertiary butyl

group. 30 PR tlrdntPéf ﬂg %ry(ﬁiﬁ'g? rqute Y3igg mere %?"%Q”i ‘Hﬁfé%ﬁa’é‘m‘lp&o"é’éﬁ %? é’és‘ler om an

optional | y ppd8sionisitreduct Sh&iothe MeutSHESFibeRIALGO2B) 19434, S Auu 200i WD 991 47528
PCT/ G B99/ 00797 part~culariy lower alkyl, e.g. C to C , substituted)

| ower al kylene, e.g. C, to C, chain. Especi ally preferred i s when both L'

and LZ are A(B%Bﬂ)f‘lgqa@he Fb@m@'n' Q%éﬂﬁbd&ff%’éhu?&clu?rn&ﬁ c@ ?lfe#e%era?fognuié phenyl
group, whic %)tr onal 'y 5 substituted, provi ed t the two
phosphor s (Btr@r)é Pk Li-PriReRs): dn #hjchcash Rdaingenengentivsa pendgnt, aptianally 1 and 2
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be by ot her organic §rou thcu al'koxy,
car bal koxy, *las indeperndeotly a finkind omwop lsgibctan (&Ommruptrorﬁaﬂytsbwm%a lowehdk\der}el
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met hod accogrdumgammnsnrhgaan ummnall;osubahteteldraxyl (ebiety E:rwmuuth;alphpkmm.lru aim)rs areo -

xyl ene (al S&ke@%‘ﬁg@%ﬁ gdié)&e%t ééjrl)or; ?ﬁ%s%ﬂ%ﬁh%&%ﬁ{@egggﬁt hyl) benzene)) bis

(di -t - né8pa i-tart-butyl

phosphi no) inegzictiiogeter aﬁomouruamftfommlaaﬂ -LaXeld#ipwitimdn ofgahomenatiia cbinpound- L2- H
with a basi r fo o.faorm

i nt er nedi at go @B’ﬂ% ﬁ%ﬁﬁ%é %%r r@&%{]% fg%iihg;l'ﬁh%ew rfeé\x grﬁnaﬁwlmetﬂet al
aton) may bstogarried out by various neans which are known in the art of
organorretallrc henm st.r Ies ch netallation

described by W‘ﬁ'R? ﬁglgdntéfmgﬁage "’gg ﬂg?%%d@g {;ghggitﬁéﬁleﬁ

page 54;)sanig dnaldgeizerm, ©fforh saig codﬂb&mratgemaﬂahﬁﬂa (R,g@gmuexaﬂn(c R.);

Chem stry " The organonetal lic conpound may conprise a conpound of formul a

-M where R'' is an orgarnc group which tends to withdraw el ectrons from

the et al aﬂ'ﬂéft%pocﬂﬂdto'i@bﬁer@lﬂﬁﬁmﬁ (rgreups_uxrr.elmamgg ﬁﬁtﬁbgesﬁmrﬁda plhatl c
ut e ower a

groups, especi all Kk k

O oupe how SCHEERE b 71 BB APGOIRtIUOLaA 1946 Gogiogh 1A PEFRY e
R'' conpoungsmpdipdsde U’Uehtﬁt& |I|gartdsbmd‘||. whéreﬁsdaubgﬁtt)rerfmﬂ'rm’érd@b P el suddl may
be any suitabl g}@gl kal i rrF forms a go ar organomet allic group with
R''. SuitabPePAECENE RE %ﬁ%’etcﬁ@gétsé?”é?ﬁarﬁ Pylatiog of Dledinkyi um) pot assi um or
lithium Wen M corrpri ses Kor Nathe R'"-Mnetallating agent is preferably
generat ed in situ an exchaﬁge mechanjsm e.g. by the reaction between

R''-Li a2 abeageqa@ﬁmﬁogemw e OIS AreHPSaB MAYRE INGRRgNESNtlY SERAER ef al
in Tetrahedggm é@ﬁ&%@é\l@f co%wr:{bﬁgﬁ’@ ﬁ?e?eran@&aeﬁé%ﬁk aro F@&rerdpeena{trgt all ating

conpounds are but sodi um and butyl “pot assi um e latter

conpounds pﬁé@%‘%%ﬁ ‘?“’Gé?'r*ﬂg' P@r ﬁ;ed 3ne ragy e Prpnehed of érgari on of butyl 1ithium
W th potassium or sodiumt-butoxide. SUBSTOUTE SHEET ( RULE 26)

Particularly preferred is when the organic groups, R, when associated with their respective

25 carbon atom, form composite groups which are at least as sterically hindering as
tert-butyl. Steric hindrance in this context is as discussed at page 14 et seq of
"Homogeneous Transition Metal Catalysis - A Gentle Art*, by C Masters, published by
Chapman and Hall, 1981. in one preferred embodiment, the organic groups R are all
methyl groups, i.e. a preferred form of R,-C group is a tertiary buty! group.

30
The linking groups, L' and L?, are independently selected from an optionally substituted,
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conpounds are also known mthe art and may conprise MesSi CH2K) al kal i

am des MNHZ pre ably used in liquid anmorna) |ithium di alky esedeR-e. J. -
li t hi um di V&0 ’f‘%% am de (LDA), lithium sodium or potassi u‘ln((iyllr/r@ga{as, et al
hydrides e.g. KHin the presence of corordinating conpounds. The reaction
between R "Mand HL'-X-LZ-H may be carried out in the presence of a

sol vent. AnérteobieivedaiRgl, 84SC, 83, , eQidnfitdy, BNer SRYBASENG. AWth e chadcts with
the internmedi ate conpoun and sujtable such solvents will be well known to

d) ,
the skil | eEsepeEydreiefsd SVRaD oY) L e iame mgtwleaey al kyl ethers e. g.
di ethyl ether) nethyl t-butyl ether, di(n-propyl) ether; tetrahydrofuran
(THF), and hydrocarbons such as hexane and heptane. 10 The reacti on between
R'' M and H-The-bxdgipg QrougyX Santasyladiety 8.042 eheny| gseur whidhrmahke pptigsalyce of a
basic co Y]] ' ] i
prof orr od caneyedOs. ol e ARG Rurodh AR SRR 8 ddbchitalfth dgmd
presence ofe.gNEDE 1 8ngjZ pesilignsmndhe pheny! gloep Ohtionabsutistitutiom gf thgent miietyal ky|

- but ol oe TRLH PERReLEaNESRER g MATRRCEN B "ol bk deiifhaBOhdRs O

sat i sf act ornitrg, tihalarhethyl 2od gyanco fFuUThERore The ambmeiehanay be affusesi molyicpdiic ng

agent :HL'-X-12- I i . ange 1:1 to 10:1, nore preferably
at | east 1.%?‘iﬁk%§8§B@295§‘%‘§b&ﬁ‘?h¥?@§8’2‘5§?{@s upon the nature of the
met al | atjgng agent used, for exanple when alkyl lithiumis used a ratio of

RLi: HL -X-LZ-H of 3:1 b referred. H gher ratios na e preferred
to encour age®@TRES rﬁ?H}pPB'ﬁ’a%‘ﬁ’“@bf%aY?gYﬁdﬁﬁquﬁﬁ'gBe piesa éft?her 5‘?%‘88 af;r:péﬁng fo
_rmnoh substi ﬂwutirﬁfnmzm?lbwﬂi-tek-myﬁbmimﬁfﬁ aph gyl@l‘fe @soMnowh Q]gni.%m nglagent i's
inthe range, 1:1 - 4: ._espec eferr is aratio of aboyt 1:1 to
bbout 2 1 e deiasphiafBEY BeipsoRl e (drbnenean) BipsPBERL T ntREATEn R M
and H L' - X-big41 adi-tert-betpiptiospiins nadphthaienange -20 to 150 C) nore preferably
at roomtenperature or above. The optinumtenperature and reaction tine
depends upon the identity of the reactants, in particular upon the alkali

netal Whi£hThéredemsh ofedonean® befoeutl #E'-X-QURGith tSid’Et drgntneiflidéonigeand
conmpound to be net %Ighatt d that when alkyl lithiumis u t he reaction

) sed t
proceeds wePifomquig p iptgrmeqiatecompgung offermulii-Icy X\ where M@ ons

usi ng al kyl ;RhiPadtalHatemShial be(d3klel @by varioud ritidhs #Hieh aYOkRRW iR SBartstT/ G
B99/ 40797 sodi um and pot assium are preferably conducted at about 60, (e.g.

50 - 70 C) A&rsane/petatic ghemisine, for exgmplessuchymataiafien-methepry aretgrsciitddymedi at e
compound.  Makikindsr-at d ¥ "CoRbréiens§ O Sfbridt AR ERmisRAGE bade 54 )6hH rb? LBfb&t O
conducting the reaction between M L' =X-L2-M and t he conmpound of formula (R3
C) zP- A Epwet@in iFsepapivedar QreanemetalicEhrRisEY iy not be necessary and t he
reaction has been found to proceed very satisfactorily when the

internediate is not isolated. When the intermedi ate product ML'-X-L2-M can

be separ at edDf EISFNPVEIH)ICEATPPYI MAY COMPRBE 8 cPMPRYNd; of farmuka BT-M: wheitR™ is
physi cal fopfotd=A édr_B@p ﬁﬁa]gﬁ tdriag rt}d"ﬁﬁt%frhﬁ!efectr&ﬁkefporh the/TR¥taP o 2BLBROUS 1O

isolate the internmediate fom- the reaction mxture to encourage the
formati on oforgapicgroups include aromatic or aliphatic groups, especiaily alkyl groups, which may be

substituted. Lower alkyl groups have been found to be particularly suitable, for example
15 preferred R™ compounds include n-butyl, t-butyl, sec-butyl, methyl or pentyl.
M may be any suitable alkali metal which forms a polar organometallic group with R™.
Suitabie metals include those of Group A, e.g. sodium, potassium or lithium. When M
compnses K or Na the R™-M metallating agent is preferably generated in situ by an
exchange mechanism, e.g. by the reaction between R™-Li and potassium or sodium
30 t-butoxide as described by Lochman et al in Tetrahedron Letters No. 2 pages 257 - 262
(19686). Preferred metallating compounds are butyl lithium, butyl sodium and butyi
potassium, the latter compounds preferably being formed in situ by the reaction of butyl

lithium with potassium or sodium t-butoxide.
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10 internmedi ate. We have found that the reaction m xture may c'\)ﬂt"r’;HGn?'m2
partially reacted conpounds of fornula ML'-X-Lz-H which may be reacted to
conpl eti onyyod/fr@rgddi tion of further quantities of R "M angcmosp@rng
agent if used. The phosphoryl ation reaction between the internediate
product ML'-X-LZ-M and the hal ophosphjne (R3-C)ZP-A is also carried out in
the presence of a solvent and simlar 1 ~ solvents to those used for the
rnetallation are suitable, e.g. ethers) C5+ al kanes and petrol eum et hers.

W have fo , netal used is potassiu the reaction is

f avour ed m@%“&%@% ﬁ{ﬁ%@ﬁﬁ%b}gf:gmhg%wgﬂe 5’525'5)%}1‘{1%60% Fﬂ‘gmﬁ}ﬁ(ﬁg’ﬁﬁ%ﬁ” ation
reac]t : on, A& BTIHK, amaliiémﬂeewml-g.préfemb@n.ggd WMuhlez_nnR@‘h@ﬂiﬂﬁﬂn_ i:!ialljkytalﬁﬁdehs

netal | ati on reagction. ) ev .sodiymor lithiumis used as the

Tot al | epeci vl s iponePmERTLPAT Fhuhg Sadinat s PUm TR SIS JPeBhRYER  he
phosphor yI ag.§ ORHid Epkdsehca sred-draihatidyeofloahdsat i on, e.g. to enabl e hi gher
tenperatures to be used in one reacrion yet allow an easy separation of the
solvent fromthe product of the second reaction. The phosphoryiation

reacti on sMeyhdraCit b riv ShEMal SdL L8 TRy bR lcaFrRE oubindhe lesbfdiadt ur es of

60C or greater, but it is preferred to conduct the reaction at room ~5
t enper at ur eS¥yrernbefpy\solentuseg: must@ot epntain eny qarepanenvhieitiresets yathdheal f or nul a

(RO 2P- L' inférinéaiBtel dordgdlidd, BRY shitabis AlcRlsBRlehts Wl B \Rel m%itmhe;gm%ur e by
distilling off the excess solvent, preferably under vacuum and then
extracting ehempk dravewred seiyrntiminciude drysaliyd ptherste.g.diethyl ethen anrethy! tbutyhethen, ch

001 47525 6 LT ABYB FBEG PRI TR e il v = e e eHlipe, o,

of exanple only, below. In all reactions, the reactants and apparatus used
wer e prepar o Han_$ 024 ' y . naer obi ¢
reacti onl%coﬁ I E%gﬁé'l 9%&%%%@%&&&“5 )KI I\Fl\rf?a%ﬁ%dﬁég? fr":gzgrrgt %ﬁ%&%@%ﬁgdi anm ne
(0.79cn ) Sp@Sencendf)a bask cathgound whiah &t dapaide offorming arcoofplex-vithttié frietdli AN

of i tr ogerP T A el BBl ey AR F8 pr i GRS ©

added sl owl YMEBRAois grepdly brefasredprteani the tretaiafing agedt iafatiyt lithiem\dr atkyt sodiusol ut i on

stirring at . hours.. -tert-butylchloro sphi ne
(1. aoct, 7B BIGF RERIns 8 200 vt ot ot bt d) #BOe P8 e

| eft to sf i foundithdt themactnhpooceds satjséatarity, in esahsphee off TMERA.r eacti on m xture
was anal ysed by "P{'H NWR and the conversion to bis (di-tert-butyl

phosphi no) - o- xyl ene and to the nono-substituted anal ogue) was determ ned.

The resul t sThe encidicatins bimdialdtieg hgertSH-L G115 are flefélabiyein rer rangitalto podcedur e
of Exampl e 1 yes repeated. hulsYaryl A dhe LERELAMs b RS 25 RSt on

metaliating agent used, for example when alkyl lithium 1s used a ratio of R-Li: H-L'-X-L3-H

of 3:1 may be preferred. Higher ratios may be preferred to encourage the formation of
20 di-substituted product rather than mono-substituted compounds.

A preferred ratio of R™M : complexing agent is in the range 1:1 - 4:1, especially preferred
is a ratio of about 1:1 to about 2:1.

It is preferred to conduct the metallation reaction between R™ and H-L'-X-L*-H at a
temperature in the range -20 to 150 °C, more preferably at room temperature or above.
25 The optimum temperature and reaction time depends upon the identity of the reactants, in
particular upon the alkali metal which is used. For example we have found, using
o-xylene as the compound to be metallated that when alkyt lithium is used, the reaction

proceeds well at room temperature (i.e. about 20 - 22 °C) whereas reactions using alkyl
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~~xanmol e 9 The experinental procedure described above was repeat@dA\b@i’lWQ a
ratio of 2p butyllithium T TMEDA: o-xyiene of 4 : 4 : 1, a tenperature of
25C and a %; 4 time of 48 hrs) but the product of the rea¢ideosodrei ween
the butyl l'tthiumand o-xylene | TMEDA was filtered to separate the brown
solid fromthe red liquid. Each was then reacted separately with

di ~but yl chf or ophosphi ne and the conversion to bis (di-ferf butyl phosphino)
- 0 - Xyi eredantaridopdtassiumae-sefbabiytcohesktenal agueso, wag. set 7 10)red abdite

results are _sho pe25 Exanofes 10 - 13 n-Butyllithium (11 mol)

was added ﬁ%gvéﬁ 17{’10 Q%FFpesc?Yq‘red solution of o-xylene (0.6 M, 5 mvl)

and pot assiThatterriediatt @smdeur(dl .\2g'- éL’mmﬂa)/ bensdited fo® titefablion mikhige prior

reacti ons were sUrred %and s rretl nme %3_ .ed) for r'E‘aredeterm ned | ength of
A Wk

time (see TAGPRAUSING &Y t'f?/ﬁ 2@)and the epmoupd stismpgiagg; 47528 7

PCTI Gngé Qr2E) -ﬂﬂ@ Hbﬁﬁb@ﬂlé@&oﬁ@ﬂh@%t%é@iﬁ@ﬁﬁg riot bé ﬁec%@sér?%n@ﬁehe@&ﬁm
di-tert utyfch or ophosph~ne (1.8 nmol ) was

added to
the fl ask. hﬁﬁé’e§9§QL@ﬁ’1*9vaé°°8?q’ mnéaattstacsqrwwnﬁﬂ {he intprmegiate ﬁé\%@pé&ﬁd Hihen
di sappear edne éiraklabrBlict (RO R ApAMABH L Sreldlivell basil, fop ofHiBlE 7 02!
ail of the p I nes produce mere sol ve sanple o e resulting
sol uti on wdB a ar@atnauswai fermsfecan the SNWFUQ miterialsdthendtinayee afvanfageougtoNvR.
fable 1 ExGERa@Al in JF‘HBDAEJ fohﬂkﬁé%% MixtBra ! RBGUradd indordifiBA & BRY " S1 o
pr oduct ene)ra

to dlsubstl

pr oduct 112 2niepBedae0 Wehaw: ipum thzeaaaamnmvmme may. contain G tiareaded2. 5
2.5 : 140

| 6391. 0852. SPENIL BT RIS S LT odich ey be repcipddg semrietiony te addiiengd o
conver si on flurtberajusntitms\of REMoand(cdmpieaing cigdat if uredd308 Exanpl eRati o BuLi | BuOK/
Xyl enePot ass~ation reaction tinme and tenperature (C)% Conversion di
substituted product102.2 : 2.2 : 11 hour, roomtenp. (RT)40113 : 3 : 11
hour at R TTie dhdsphdmy@borCatich itween. tBe intdringaiaty pradiGQ MGE-44.3-38and the: 11

hour @80 Cﬁﬁo;ﬁ%&%%%& (&fC)zP-A is also carried out in the presence of a solvent and similar
| 15 solvents to those used for the metallation are suitable, e.g. ethers, C5+ alkanes and
petroleum ethers. We have found that, when the metal used is potassium, the reaction is
favoured when diethyl ether is used as a solvent for the phosphorylation reaction,
although an alkane e.g. heptane, may be preferred for the metallation reaction. Also,
even when sodium or lithium is used as the metal species, it may be beneficial to use a
7o different solvent for the phosphorylation from that used for the metallation, e.g. to enable

higher temperatures to be used in one reaction yet allow an easy separation of the solvent

from the product of the second reaction.

The phosphorylation reaction may be conducted at elevated temperatures, e.g. at
temperatures of 60°C or greater, but it is preferred to conduct the reaction at room

25 temperature or below, e.g. at -20 to 25 °C.

The compound of general formula (R,-C),P-L'-X-L3-P-(C-R,), may be isolated from the
reaction mixture by distilling off the excess solvent, preferably under vacuum and then
extracting the product compound into a solvent, e.g. methanol, from which it may be

precipitated.
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10 ~-xYlene (3.3 cm, 270 x 10~2npl) was added by syringe to a\QLN-tﬁamz on
of potassiumt-butox~de (6.6 g, 5.88 x 10'Znol) in 40160 petrol eum et her
(150 cm) .wéhadoarmgsof a 1.4 Msolution of butyl lithium~n hexXzeBI%e®?added
to the ether mxture) with cooling. The SUBSTI ME SHEET (RULE 26) ~ 9 AU G
2002 WO 991 47528 PCTI C B99100797 m xtgre was stirred overnight to conplete
the reaction which resulted ~n an orange-red solid which was the

di pot assi oThe myeréine willTbeefurthen desenteas by way ef exdmnteloniircoeta.ilnl alhvaesttets vhe h

di'ct iyl ot fecpih eBpirat ol VAR e b APl EactB o RBEITRE (10 g, |
5.54 x 10- amydyouwasdaddm‘dblbyeaqwm ngreditiohke m xture was stirred for an hour,
brought slowy to roomtenperature and then filtered. The filtrate was

hydrol ysed by addition of 1 cm of degassed water and dried. The yield
(based on gxawpiene) was 94!. Analysis by "P {"H NWR showed that the yield

of a,a' bis h 0- xyl en % V\/nlstthat of the
mnophos%hmm%%@%"eqﬁﬁg@#ﬁﬂ 15 (éﬁ\%‘ésg}%ﬁf@ﬂ?' ofci4 Bﬁdﬁi’em@:?“g@d g, 35.6
mol ), heptsaﬂ@or(dﬁﬂbtﬁﬂhthmﬁ'ﬂ@ mcwlzesva il fexhife CSIRS mirol e ta‘ﬁ@'(fSc Aedfdet 0 a
500 m round bottorredflas To this stirred solution n- II|th|um(14 45

cm, 36.1 eRGmosehsig ofipitragen, After five migwiea. Athommeng 8- 26¢m” £ ReImghetased to 80

Cfor 1 ho W dedSloWiy 2 AOSEREIb WA Grdti ft@i@fuﬁﬁé&%r%ﬁvﬂ@ tH@%olaﬁ*dhasrtﬁtn@%t by 15 f
Itration and washed wi th pentane OCcm ) before being resuSpended in

di et hyl et Heem terpReratire fo E‘PP"Frad been pre-cooled to -20C. To this sol ution
mai nt ai ned at -20C was added di-f-butyl chi orophosphine (4.58 cm, 24.1

nmoi ) and the reaction allowed to warmto roomtenperature before bei ng
sti rs- edo o\Rirter-gyichigrpaheshhinet (i 4Pemb t7. Hhmiriob Wesdded, then at room temperature

a, a' bi s(di ttg%%}%mwgﬂ PR - arvil ﬁE%8%| n&%&{ g}éaed by "P NMR was 64% 20

Examlip a e reaction descri e 15 was repeated except that
t he orange-red precipitate of dipotassio-o- xylene was resuspended in 100

i nt ai ned afBRe rp ESarith HRHBRRR SlaRspot PELP gl e G ghit s
added. The (de&c@ﬁhphmh?up)mdnﬁ gnmthemnpts@mst:tetnpenatpwaa wE before be| ng

stirred ove i eld of
a, a' bi s(di tdr‘{t.)é %Sh@gﬁ%%z) gt‘é;?/ ogﬁ‘gﬁggggét erm ned by "P NWVR was 74. 9%

Exanpl e 17 The reaction described in Exanple 15 was repeated except that
t he oragge-géﬁwgi%i}fi tate of dipotassio-o0-xylene was resuspended in 100
cm of dret at roomtenperature 30 and the sol ution was mai ntained
at room t erifrerexpenreenthl drecediure of (Fixayipteh! was pipesiedi tue vinging SheSteBSam vaICSHEET
(RULE 26) ?“éa' d%Jn G WO %%qun 4PCT/ G B99/ 00797 cm, 24.1 mol) was

added. - The 390N “Was sticrred overmi ght The in-situ reaction yield of
a. a' bi s(dit-butyl phosphi no) o-xyl ene as determ ned by "P NVR was 75.5%

Example 9
The experimental procedure described above was repeated using a ratio of

20 butyllithium:TMEDA: o-xylene of 4 : 4 : 1 , a temperature of 25°C and a reaction time of 48
hrs, but the product of the reaction between the buty! lithium and o-xylene / TMEDA was
filtered to separate the brown solid from the red liquid. Each was then reacted separately
with di'butylchiorophosphine and the conversion to bis (di-tert-butyl phosphino) - o - xylene
and to the mono-substituted analogue, was determined. The resuits are shown in Table

25 2.

Examples 10 - 13

n-Butyllithium (11 mmol) was added dropwise to a well-stirred solution of o-xylene (0.6 ml,
5 mmal) and potassium tert-butoxide (1.2g 11mmoi) in heptane (25 ml). The reactions
were stirred (and sometimes heated) for a predetermined length of time (see Table 3).
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Exa | e 18 Sodi umtert-butoxide (17.29 g) 180 mol ), 19 AUG A

N, N, N ,,N- Tetranet hyi et hyl enediam ne (27.1 cm) 180 nmol ), heptane (100 cni)
and o-xyle 4974.7;% cm, 60 mmol) were added to a 1 litre rop@gcheldeesred
flask. To this stirred solution n-butyllithium(72.0 cm, 180 mmol) 2.5Min
hexane) was added slowy and the flask heated to 60 C for 2 hours. An
orange precipitate formed which was separated by filtration and washed with
pent ane (11D|6)e:sﬂs)enbwﬁscml¢mwlglameguSrpemcbe(batnnrmeUit-tarteau(wdm)rmﬂo)sphnﬁ)(ﬂa?i S was

added 10 di-t,-but p 2.45.¢C 1 the r tion
stirred at™ %WP%L%@? eﬁrse%iggé% gtﬁ%h %?5 ?h%éﬁ% f)'a ‘ﬂ'@ﬁgﬁurﬁﬁgf

?ddl tld on gmedﬁ@aslmﬂdlkanlﬂ:eamm~smethymlmVr 5(56}71’() rdas adbemtdtg@ﬂaéhketalénftﬁyefais

orned an entae a was i sal ated. The sol vent was
Feroved | n2l SN SERRANERE PEHE Ve PIaE, AR i (LS SPEAYERano)
(-100). eén@c@aq:h DgealSNGR mbaan@_ua@wéufbﬁﬁﬁn}mE 26) 19 AtlG 2001
WO 99147528 10 PCTJG B99J00797 Cains 1 nmet hod of manufacturing a
conmpound of general fornula (R3-C)2P-L'-X-LZ-P-(C-R3)2 , in which each Ris

i ndependent|y a pendant) optionally suf uted) organrc gr oup through
whi ch the gr %D—T*O"‘WC e v Tt o
i ndependent | y ExPle ki n %‘8 5 seIE(ﬁ 88 (M65vh| at cenyersiBRA | ptiesd eeno it ed

| ower ai kyl efie chaijn ‘(‘, 'E he respectlve ﬁ ‘F‘hs PWR to the group
X and X is albridgijng gr® orrprl singlan opti onBl"’x"jf'_l bstit ut ed ar y|

noi ety to whi phosphords—at-ans—ad i La—adai-ac-elt
carbon at ons jcodprilsi ng: 2i$° ¢ eact iin@5t dgefher |a conffound ¢f f kil a
HL -X-LZ-HWwtRk an orgaﬁométal licd @npound 10 to f&r m an|i nt émedi dte
conpound of fjormul a MLZSXZETM gphe|Miis an al ka_b,g metal  aggon 1 1)

reacting sai ¢—TTreTTEd glst-fz(s(yqpuur L4W! T a5 COT puunuar; fUI o T éR i) ZP- A,
where Ais a S-a-gcofpodnd-of—g
(R3-Q) ZP-L - Y- L2 P- Hdias Blaijmed i#tclaiml MAereiin Mis

a Goup | A ndtalé se| ect ed ﬂrd)m sodj 89 |15 Pot gssi unsdr i t/hi umso 3. met hod
as claimed irf clzarm 1 or 424-whereijn jlg’* -Mg\ss generagﬁd Insi tugey all
exchange readgtrgmbetween, B —tr= potagSTumor—s gt Ryt rdg. 4. A
nmet hod as clei-_-ggﬁgb $ELa ”zs = i éﬂ - qen R''M
and HHL'-X-L~-H is carved out in the presence of a basic conpound which is
capable of formng 20 a conplex with tgﬁgg%tal. 5. A nmethod as clained in
claim4, wherein said bgsig¢ conpound ¢ es tetranethvl et hyi enedi am ne.
6. A nethod as clainmed §n any prece(%c:gwerklm m Wremersionsalld conpound of
general fornul a (R3-C)25-L'-X-LZ B- (C{Ro%P i s| sel eédiled frm the group

consi sting of 25 ~a' bi s{di - koildut yijphosphi no) ot xyl ers (al s¢ known as 1,2 bis
(di -t-butyl phosphi nonet : T-Neopent yi Lphosphi no) - o -
xylene or bis 1, 2 (di-l=butiohdsnhinar—nap ohi-halete— SLBST| NE SHEET (RULE
26) ~ S nuc Zoo2 WO 99/ 47528 11 PCT/ GBQQI 00797
Table 3
Example Ratio Paotassiation reaction time % Conversion
Buli/BuOK/ and temperature (°C) di substituted
Xylene product
10 22:22:1 1 hour, room temp. (RT) 40
11 3:3:1 lThouratRT+1hr@ 60°C 45
12 22:22:1 1 hour @ 80 °C 44
13 3:3:1 1hour @ 80 °C 49
Example 14

10 O-xylene (3.3 cm®, 270 x 10*mol) was added by syringe to a suspension of potassium
t-butoxide (6.6 g, 5.88 x 10°mol) in 40/60 petroleum ether (150 cm?®). 42cm*ofa 1.4 M
solution of butyl lithium 1n hexane was added to the ether mixture, with cooling. The
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7. A catalyst sntabie fcv .,.,;a;y~~ ~;; ~~ ~~a; uony| ati ony %f 66 ok ene -
conpri sing conpound of general formula (R -C) 2P-L'- . 2-P-(C 92 pr epar ed
by a met hogy@eygksmi ned in claim 1, and palladium or a conponmch#mowf.
SUBSTI TUTE SHEET (RULE 26) . A . Al . A& A& Al . A A A A&F. A . An3. A9v) X _ "=
$1u 8

{p{val gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] calU] ca] ca]ca]ca]ca]ca]ca
] ca] ca] ca] owjterg]vwas] teEe aferaigbb caapterathe VSmtio$ Witleh @dsuited in an orange-red

Ay ZQ?LY“S% SOIERYLE LR SRS AGaL 50k 60 £ Slah SPhGAL Bl AL SBl Ak oo oal

M !-"] " ##0Mh SR8der badi€uD) )ney.) D*j *+f +, , {--. {vql gb] XU] ca] ca] ca] ca] ca]ca]ca]c
a] caU] cal)ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]ca]ca]lca]calca]calca!.\./b//0p0
00D1112233 The dipotassio derivative was then suspended in diethyl ether (150 cm®) at -78 °C and

ca) cal capta iEﬁw%?léﬁbnohéé’%ér%ﬁ%aﬁé?ﬁhﬁaﬁ?@&fea%{e%}b&%}ye% i A
Ll <<<=Stipedleren haur>6ralgRLT: @m@mdeﬁbk@tmﬁ@h@a}fmk@atﬁe mirsta.wa@.a] cal

ca] cal] ca] ca] ca] cal] ca] ca] c"ag cal.ca] cal] 1 Lg cal ca_} cal c™a] ca] ca] ca] ca] ca]
hydrolysed by addition of 1 fdegassed water and dried. The yield (based on

" aoaas A ED 5P F GBS i ¢ hy NMED M @iyidils o ZU] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca ca cakca] cal ca] c*a] ca] ca] ca] cal ca] c”a] ca] ca] caLca] c"al)ca] cajc
a] ca] ca] calgehis lepe was 80%, whilst that of the monophosphine was 10%

SgSSSSTTI9UFUbUo U~UUkW~xsn ~ytoi d_Zke  ZU] ca] ca] ca] ca] c”a] ca] cal] ca] cal] ca]
c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cal] ca] caU] ca9v}
A F 1090 Exampiosd ()-& 109 ()- 109 ()-!3 @10%9&' ()-! Y' 109%R&& (

100 (-0 W&%@n‘%ﬂ%@% 5 B k0 b ) =R kg %f’ﬁ“ﬁ‘c( )-osf
1109 () - @mmml) (ere added<o a 500 mi round bottomed flask. To this stirred solution

n-butyllithium (14.45 cm®, 36.1 mmol, 2.5M in hexane) was added siowly and the flask

heated to 80 °C for 1 hour. An orange/red precipitate formed which was separated by

15 filtration and washed with pentane (3 x 100cm?®) before being resuspended in diethyl ether

(100 cm®) which had been pre-cooled to -20°C. To this solution maintained at -20°C was

added di-t-butyichiorophosphine (4.58 cm?, 24.1 mmoi) and the reaction ailowed to warm

to room temperature before being stirred overnight. The in-situ reaction yield of

o, a'bis(dit-butyiphosphino)o-xylene as determined by P NMR was 64%.

20 Example 16
The reaction described in Example 15 was repeated except that the orange-red precipitate
of dipotassio-o-xylene was resuspended in 100 cm?® of diethyl ether which had been
pre-cooled to 0 °C and the soiution was maintained at 0°C while di-t-butylchlorophosphine
(4.58 cm?®, 24.1 mmol) was added. The reaction was allowed to warm to room temperature
25 before being stirred overnight. The in-situ reaction yield of
a,o'bis(dit-butylphosphino)o-xylene as determined by *'P NMR was 74.9%.

Example 17
The reaction described in Example 15 was repeated except that the orange-red precipitate
of dipotassio-o-xylene was resuspended in 100 cm?® of diethy! ether at room temperature

30 and the solution was maintained at room temperature while di-t-butylchiorophosphine (4.58
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$1MN S! 1096& () - y@10%& ()- 109%6& ()-,!109%& ()-| M 109%6& () - $lglRGaNR) - 10
101u }{bCmV S 10%%: ! 1096& ()-! M 109%& ()-f &' 109B& () -

&' 10% & ()-L! 1098& ()-ffS1096& ()-p_dBnN S! 10%

L010965& (Vo4 om& () -y, 10%& ()-*: 109%& ()-9f)! 109B& (
109%& ()- VSl mdE: / 105 1059y> 109%%& ()- 3, 9

1096& ()- 8109B& ()-, 71096& () -, 51096& ()-,3 109®& ()-no|/xY7/ 10!YsY
"1098" 3" & ()r 04 & () - 088" ()= v 1008 &.()~F100% & (- #10% & () - .

105$' yVdB lg%gr{rﬁgf&%ﬁgﬁc}e% ( _eéréaéﬁoﬂrgvé)s‘%tlgrgd Brdtetaft. (Phe Qe Kabdon yield

109 & () - SEQOE Bis(@)t-HutyiRBBIBhE)p-xRRO %8 &eeymME0 Yy &P(NMR 2R 75.5%.

101 Y. 10% " & ()-1(s!'10% & ()-z! 9940% "& ()-$s! 109% & ()-"10% & ()-!10% & ()

5’9}'/&899/00797

“1b | } ~ ~@10'Y!'ILM10% & ()- s$10% & ()- 10" 10" 10"&?
10% & () - 1% " & ()-S, 0T 10% & ()-y M!-"|""#aB~_@
10! Y! 1 109 ~y310% & () - MLO% & ()-!~s3

1098" 8" & (Sodiurngen-gutoxide (1089 & (EP-mmaoly. Ml M etramethytethglenediaming)(2F( S
10% & () z #MLO%A & ( Iy o & )i O% & likin - =, @
01 v1 @7 Tho0 @ (s e e i Arshpog ey 57 b rma) wellddd 5+
10% & () -, IreGh0se BotfomedsAabRIT& tHiS stir@d)Sojutiph W ta@yllithium (72.0 cm®, 180 mmol, 2.5M
10! YI'# 109%R& () - 0B& ()-3%10%& ()-3.10% 10", 1Q"9> 109 &, ()-3
10% & () - )'B’%)es‘%ﬂemaé%g&gq6@@@@39%%5%)“—3??&1%%8 ?)’9?% RS- gﬁ’ﬁ)g’/&@%& ()-
1'109%5& () - precipiiat® &orted WHidbds {epardted by filfrhtidh?4rd id¥h¥d with pentane (100cm®)
MLOY%&' () -} B9#10%a& () -zY109%& () -10%& {)-1090& ()-! ES#10%y& ()-gb//0p00
ODLAEOC 1 RARPE R e drePdeispeniaha t DR TodiBaebbacee) s
109%6&' () ol didthbachigropickpRinR 223F73rere?, 100 W& Yarkd (hereddlibn dfifed at room
temperature overnight. The reaction was quenched by the addition of degassed /
deiorused water (50 cm®) when twao clear layers formed and the pentane layer (upper
layer) was isolated. The solvent was removed in-vacuo and the product purified by
washing with cold methanol (-10C). Yield (20.0g, 84.6%).

15
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105> 10%& ()- Ylz 109%& ()-zLI.z109%& ()-,10%& ()-3 333| 333d

100 YT10% & ()-1yl0% & ()-Y'10% & ()-"&10% & ()-,s10% & ()-FLnl %&' () 345]5
| 556aBmbC KRH¥FIBR & ()-"10% & ()-10% & ()- 10% & ()-!{&" 109ET&BHY/04797

10% & ()-66607z77z8dBnbC 10! YI 8 +@10%\ & ()-f)410% & ()- (10% & ()-+#g
10% & ()-- "F10% & ()- '10% & ()-2z883999: ::aB7C 10

10\ >10% & ()-45!'10% & ()-y5!'10% & ()-y!931"10%\ & ()-y/!'10% & ()-3.L!'10% &
()-::::0<@WEsI0 10V! T "109& ()-" 109k ()-S 109& ()-1109& ()-#109%& ()- 10\
10\ <<<<<<<d

K 1 2
L0\ youon@ (I CIIT0RE O memMRREING 2 SRRRYRS £ SSPBE SETR ReGYEr (YU R e e
10 10\ y%d 0%&' er)leryé&:ﬁ‘mls(u)de%my @)peyadrd Mitionally ELEXNRIt€9, opfdhoGtodp thrstgh

—&—)— =xY: KC 10 %4 0Y&' % *( %4 QY& /(iO‘V
a"yoa0v& ()Whic inedey -B-@@&%“’ﬁ@{iﬁl %@g%"ély ae@&n@%g}%we‘yng group
a"y%i 0% %) sM&@tW&orﬁ)arﬁédﬁéﬂx&tN%ﬁB@Futé‘@ Mm&tkﬂeﬂy&%ﬂ%nﬁém g&&%&sﬁéuw&
a"yv%d 0% /&0%&'8 % 0Y&:' cél.;p g n=p=T: KC 10 1y%d0%&' ()-/K
a" yoa09%& () PYPrPOoRS fﬁ% L RL R mﬁm wcwt@nmm@pﬂonaﬂv
y%0%& () Nb@ﬁﬁ@’dé F e %&mchxﬂ/é% hdruy ¥ibREEAré line 6ﬁ%ﬁaﬂai>téfadiéye
a y°/<10°/&' ()-yrHdow ()-yvdov& () - y°/<10°/&' ()-yndow ()- y°/<10O ) - =======XY: KC
10/ y%d 0%&' ():3’99&6%'5(9”@%0% ()-yAor ()-yudov&' ()-/K
i) reacting together a compound of formula H-L'-X-L2-H with an organometallic compound
10 to form an intermediate compound of formula M-L'-X-L*M, where M is an alkali metal
atom,
ii) reacting said intermediate compound with a compound of formula (R,-C),P-A, where A

is a halogen atom, to form said compound of generai formula (R,-C),P-L'-X-L2-P-{C-R,),

2. A method as claimed in claim 1, wherein M is a Group |A metal selected from sodium,
15 potassium or lithium.

3. A method as claimed in claim 1 or 2, wherein R™M is generated in situ by an exchange
reaction between R™-Li and potassium or scdium aikyi oxide.

4. A method as claimed in any of claims 1 - 3, wherein the reaction between R™"M and
H-L'-X-L2-H is carned out in the presence of a basic compound which is capable of forming
20 acomplex with the metal.

5. A method as claimed in claim 4, wherein said basic compound comprises
tetramethylethylenediamine.

6. A method as claimed in any preceding claim, wherein said compound of generai
formula (R,-C),P-L'-X-L2-P-(C-R,), is selected from the group consisting of

25 a,o'bis(di-t-butylphosphino)o-xylene (also known as 1,2 bis (di-t-butylphosphinomethyl)
benzene), bis (di-t-neopentyt phosphino) - o - xyiene or bis 1, 2 {di-t-butyl phosphino)
naphthalene.
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“F5110%": & ()-1111WaJPL| Z9bU4 ~ z#109%& ()-! z#109%AT& ()- ~ ' 10% #t & ()-y
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