Met hod of rwpwéseeper i ng phosphi ne conpound The present i nveRchfpdsbhikes to
a phosphi ne conpound whi ch is:useful as a conponent of a catalyst system
whi ch nmay be used in the carbonylation of olefins, and in particular to a
met hod of manufacturing such phosph| ne conpounds. 5 WD 96/ 19434 di scl oses a
process for the carbonyl afjet Rhifacterifg ptitssphi Hpdrid system for use
therein. The catal yst system descrl bed I n that docurrent conprises a

bi dent at e phosphi ne |igand of general formula
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i ndependent| n optionally substituted

| ower al kyltaerxn%tﬁgﬁgﬂﬁh@%ﬁ%gﬁt sn%cﬂt e @ﬁﬁseggéhcr{‘éo&gh%hosphor ous atomto the
group X and X is a bridging group conprising an optionally substituted aryl
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car bo% ad O‘é&bcggmgqga, @P&@B eS A PIOCHey "énﬁ'@ a&ﬂ%@ﬁ °€eﬂ@ﬁ%‘lﬁ ancé,lga talyshyptemys
such a bi degt@ehéreps nfhbreetdlysﬂawﬂem aekﬁrmeﬁmthbtuoehmeh iriRes adidentfige. 15
Such catal ysts may be nmade by m xi n&; e‘EhOS h| ne |ligand with a suitable

source of [pAPsRiNeaand ohoeneralfemitg et akd -Pri6-Bgs 10 adhichpash R lses t he
reparatio r t t

P omet e ¢ dndEpefily & fEnaant BifionefiibeitlRa: StGaR0 ARABANolER Hfich Uil G1OHS &

cor r espondilineditodemiarycamarcatome; U',ri-ztan%lnperﬁruenﬂa(h linking arbup selected from an

10 optionally substituted lower alkylene chain connecting the respective phosphorous atom to

the group X and X is a bridging group comprising an optionally substituted aryl moiety to
which the phosphorous atoms are linked on available adjacent carbon atoms; and a
Group VIl metal or compound thereof. One example of such a bidentate phosphine
ligand is bis (di-butyl phosphino)-o-xylene. '

15 Such catalysts may be made by mixing the phosphine ligand with a suitable source of
palladium such as palladium acetate. WO 96/19434 describes the preparation of one
form of the ligand via the phosphonium salt produced from the reaction of the appropriate
secondary phosphine with the corresponding aromatic dihalide. In the preferred form of
the phosphine ligand in WO 96/19434, R is a lower alkyl group, in particular methyl. A

20 problem with manufacturing this ligand by the route described is that the secondary
phosphine which is used (e.g. di-'butyl phosphine) is toxic, highly reactive, smelly and
flammable. We have also found that the reaction is low yielding and converts some of the

di-'butyl phosphine to a non-reclaimable waste product which must be disposed of.

A paper by M.F. Lappert & T.R. Martin (J. Chem. Soc., Dalton Trans., 1982 p1952)

25 describes the preparation of various metallocyclic compounds via a di-Grignard synthesis
route.

We have now found that phosphine ligands of the type described in WO 96/19434 may be

prepared by a high yielding route using more benign materials which produce less waste
product than the route described in WO 96/19434.
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the phosphine ligand in WO 96/19434, Ris a |ower alkyl group, in,
particular nmethyl. A 20 problemw th manufacturing this ligand by the'route

described js t t he secondary phosphi ne which is used (e. La ] but yl
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found that the reaction is low yielding and converts some of the
di-[err]butyl phosphine to a non-recl & mabl e wast e product whi ch nust be

di sposed of,. Zvezdi pa.e (. =80, e 96
(1992) 5246_5‘}”%‘89 1 {Apdlenon, fpohhdd Sﬁﬁg’g“rfarﬁﬁ‘%bng@m@“d% ot i
é, t2) et hy tﬂﬁdky%ﬁf&@(&(m)g ;(Rﬁig lwhiichpeaoh s irelepénydentiy e peodant optionally
i br omoet hynyl di nesi um w L-10.S opyl chl. | e
i gands.  oSORHEHET. SFOSaPUR e wEREhe Boup e el TR ety Behobh aRERCL ES
'Vf}rt in (J. L@?ﬂil\clle‘i!éﬁd?ntw lhﬂmg'ﬁftglp%elecﬂéaﬁgmpéﬁBﬁt]orﬂnasmbstim&':d lbwepaliggleneat i on
of various netallocyclic conpounds via a di-Gignard synthesis .route.
ég/ \1/‘S4ha9e Chaify cPRRATENG H’&t'efﬂﬁ?g%ﬁ’nﬂ?p“‘?r@%ﬁ@“& s, gropp Z(earlﬁlgg &4 %rgc%lqgn VO
: 34 sObstiited styneloiestb Whithithe phespholoesi
ot or 2t HQURRAERG 94 Pl el i i ol
are linked on available adjacent carbon atoms comprises the steps of
i) reacting together a compound of formula A-L'-X-L*-A (11}, in which A is a halogen atom,
with a metal M in a suitable solvent to form an intermediate compound of formula
10 A-M-L-X-L3-M-A (1),
ii) reacting said intermediate compound (ll1) with a compound of formula (R,-C),P-A’ (IV),
where A' is a halogen atom which may be the same as or different from A, to form said
compound (1).

Il

The compound (}) of general formula (R-C),P-L*-X-L%-P-(C-R,), may be useful as a
15 component of a catalyst compound. In particular WO 96/19434 describes the use of such
compounds as bidentate ligands which, when used together with a Group VIIl metal such

as palladium, are effective catalysts for the carbonylation of olefins.

The pendant, optionally substituted organic groups, R may be independently selected
from a wide range of components. Preferably, the pendant groups are optionally

20 substituted lower alkyl, e.g. C,_,, and may be branched or linear. Each R group may be
the same as or different from each other R group. It is preferred that
(Ry-C),P-L'-X-L%-P-(C-R,), is symmetrical in that both (C-R;), groupings are the same.

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

25 carbon atom, form composite grdups which are at least as sterically hindering as
tert-butyl. Steric hindrance in this context is as discussed at page 14 et seﬁ of
"Homogeneous Transition Metal Catalysis - A Gentle Art", by C Masters, published by
Chapman and Hall, 1981. |

30 The linking groups, L' and L2, are independently selected from an optionally substituted,
particularly lower alkyl, e.g. C, to C,, substituted, lower alkylene, e.g. C, to C, chain.
Especially preferred is. when both L' and L? are methylene.
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wast e. pr od the route described in WO 96/ 19434. 09040

PCT/ GBSS/ Ogg%?,gﬁ%ccordi ng to the invention, a nethod of m\i\ggg‘ 934”?336 a
conmpound of general fornula _ _ _
(Rlerr]-Cferr] P—L[err]-X—L[err]-P—(C—%—'Q[err])err] (1), in which each Ris

| ndependently a pendant, optionally substituted, organic group through
which the group is linked to tertiary carbon atomC, L[err], L[err] are

i ndependentlihg bsidging ilgroup X isamarydneietyceigf a phenyhgropp.iwhich tnpy baloptiorally ed .| ower

al kyl ene 5 | ' | ous atomto the group X
and X is aséié‘l&gﬁg}fa%’gﬂg‘?g%dp gto{rhrg(r?‘lﬂas ﬁﬁgﬁgé}%aﬁaﬁéﬁﬂﬁ%ﬁ%’sﬁ‘ﬁqﬁf’{a@ré‘?@?gﬂﬁ ety
to which t leeg-raihttemﬂmd)ﬁposiﬁmmf nahe phéqykgﬂupnO@ﬁmdl awaitmﬁnagm;argaﬁ&
atonms copprises the.steps .of i) reacti together a c ound 0 ormul a
A-Llerr] 5X-Hﬁsy§?er éx ‘g\thf'i? ?"'Fﬁ_ F’c?‘ig'é"fyg%éﬂﬁgﬁa%gm-ba?@ﬁ]a Y:1FaEpaloxy halg.i n a
sui tabl e swites; tihalomdthyl @nd eyanel cRumbeingdre, the GRP HidiktPMal Be A fused fblycyclic
A-ML[err]-X-L errh-%@ SI I :b}ﬂ_l ii) reacting said intermediate conpound
(111) with 'tpgﬁﬁo Aphtaglens bipheay! 'I’-ﬁ%rr'Pée-"@)[err]P-A[err] (1V), where A" is
a hal ogen at om whi.ch may be the sanme as or different fromA, to formsaid

Examples of compounds (I) which may advantageously be made by the method according

10 to the invention are described in WO 96/19434, which is incorporated herein by reference,

and include bis (di-ter-butyl phosphino) - o - xylene (also known as 1,2 bis

(di-tert-butylphosphinomethyl) benzene), bis (di-t-neopentyl phosphino) - o - xylene and

bis 1, 2 (di-tert-butyl phosphino) naphthalene.

M may be any suitable metal which forms a polar organometallic group on reaction with

15 analkyl halide. Suitable metals include those of Group It and Group IIB, e.g. magnesium,
calcium, zinc, cadmium, mercury, aluminium, gallium, indium, tin and lead. The preferred
metal is magnesium. When magnesium is used, the compound (llf) is known as a
di-Grignard compound. The magnesium may be in any convenient form such as turnings,
chips, granuleé. ribbon etc, but it is preferred to use magnesium powder.

20 The nature of the compound (I} is dependent upon the nature of the product compound
(1) which is required. When the L'and L? are both methylene groups and X is an
unsubstituted phenyl group, the preferred starting material is oo’ dichloro-o-xylene. Ais a

halogen atom. The preferred halogen is chiorine although other halogens, e.g. bromine
may be effective.

25 We have found that the compound (!l is beneficially added to the metal gradually, e.g.
dropwise or by use of another means for achieving a siow addition, e.g. a controllable
pump.

The formation of di-Grignard compounds, e.g. 0-C¢H,(CH,MgCI), , is described by M.F.
Lappert et al in J. Chem Soc. Dalton Trans. (1982) p.1959. This paper describes the
30 preparation of metaliocyclic compounds via a di-Grignard reaction, but the practical

preparation of di-Grignard compounds is well described and may be useful in the
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conpound (I). The compound (I) of general fornula _
(Rlerr]-Cferr]P-L[err]-X-L[err]-P-(CRerr])[err]- may be useful as a-15
conponent al yst conpound. In particular W 96/ 19434 describes the
use of suc‘ﬁagg’ﬂ%’%nds as bidentate |igands which, when use§GERBNAZnith a
Goup VIII netal such as palladium aje effective catalysts for the
carbonyl ation of olefins. The pendant] optionally substituted organic
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tert-butylmofeljeri ¢ 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 Hall, 1981. 30 The |inking groups, L[err]

par i cul ar T3 Ty OISREpEeBhing SEpGHH) S BFRARpRHELA R pibadd Bfrpblfeto
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Llerr] andin%i[a;()aernrd]ent‘ff‘yr seelsrﬁé&#&% "WSwide range of components. Preferably, the pendant groups

10 are optionally substituted lower alkyl, e.g. C,_,, and may be branched or linear. Each R
group may be the same as or different from each other R group. It is preferred that
(Rs-C),P-L'-X-L2%-P-(C-R;), is symmetrical in that both (C-R,), groupings are the same. A'
is preferably a chlorine or bromine or iodine atom. As an example, when each R group is
a methyl group, i.e. when (C-R,), is t-butyl, then the phosphine compound (IV) may be di

15 t-butylchlorophosphine. The compound (IV) may be obtained by synthesis, e.g. via a
Grignard reaction in which (R,-C)MgCl is reacted with PCI; or by other synthetic methods

known in the art. Some suitable materials may also be available commercially.

The phosphine compound (IV) may be added to the compound () at amounts in excess
of the stoichiometric amount required. Preferably the ratio of compound (IV) to compound
20 () is at least 2:1, although faster reaction rates can be achieved if the ratio is greater,
e.g. at least 4:1. However, the increase in the rate of reaction achieved at these higher
ratios must be offset by the economics of using more phosphine compound. Usually the

ratio of compound (V) to compound (lll) would be less than 20:1, preferably less than
about 10:1.

25 The solvent used must not contain any component which reacts with the intermediate
compound, and suitable such solvents will be well known to the skilled chemist. Favoured
solvents include dry etheric solvents such as tetrahydrofuran (THF), dioxane and
dimethoxyethane. The preferred solvent is THF. The formation of a di-Grignard
compound must be carried out in dry conditions because water reacts with the Grignard

30 compound to produce H-L'-X-L*-H in a side reaction.
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3 The bri de%ag/‘g%l{Jp Xis an aryl noiety, e.g. a phenyl groggg‘éﬁ@gﬁ?my be

optionally substituted, provided that the two phosphorus atons are |inked
to adj acent carbon atons, e.g. at the3l and 2 posi tions on the phenyl
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be very rapid at room temperature and thus no additional heat is needed and cooling the
10 reaction mixture may be advantageous.

The compound (l) may be isolated from the reaction mixture by distilling off the excess
solvent and excess reactants if present, preferably under vacuum, and then extracting the
product compound into a solvent, e.g. hexane or methanol (preferably hot), from which it
may be precipitated or recrystallised. Other techniques and reagents for isolating the

15 product available to those skilled in the art of organic chemistry may be found to be
suitable.

The invention will be further described, by way of example only, below.

Example 1 Preparation of compound (Ilf)
1.35g (55 mmol) of powdered magnesium was activated by heating at 90°C under

20 vacuum for 30 minutes, followed by cooling and stirring with a single crystal of iodine, in
about 40 ml of THF which had been previously distilled under N, over sodium, until the
iodine stain was removed. The solution of magnesium iodide was filtered off and the metal
resuspended in about 40 ml distilled THF. To this was added 2.42g (13.8 mmo!) of
sublimed o,a’-dichloro-ortho-xylene as a solution in THF (140 ml) over a period of 3 - 4

25 hours and the reaction mixture stirred overnight. The resulting solution of di-Grignard
solution was filtered and quenched with 2 ml of degassed water to produce ortho-xylene.
The ortho-xylene produced was then analysed by gas chromatography, and compared
with standard solutions made up in the laboratory to determine the yield. The yield was
estimated to be 91% based on a,a'-dichloro-ortho-xylene starting material, confirming that ——-.

30 the reaction produces a high yield of the di-Grignard compound.

Example 2
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cal cium zinc, cadmﬂr}lhmHm Repha¢tdi ni um gallium indium tin and | ead.
i

The preferred netal en nmagnesi umis used, the conmpound
(L) s K{yds a d ound. The nagnesi um may, _
conveni ent for /r(r’?@gch as turni ngs h| ps granul es, ribbon eiiéc)ﬁcgﬂi{'ﬁﬁé S

preferred to use magnesi um powder The nature of the compound (I1I) is
dependent upon the nature of the prodﬁct conpound (1) which is required.

I, i e Bt g SR 0S 8i  pe

di chl or o- odmlylbmrmmp@uné obiEXarhplg 4 n The yield Wanadqjemﬁmdted)ehlfﬂ%gms rexiucéd or i ne

al t hough of.h Io ns. ~£. rom effecti ve f und
hat the cURGSaR=aN Yt Sgthie fIEMaPY iR Bing lefraed ey st meoicé,
dropwi se odi-Gygnasdpnating tapid couplimgoffthe Grighare mhokgcufess| ow addi ti on, e g a
control | able punp. The formation of di-Gignard conpounds, "e.g.

o- C[err]H[err](CI—|[err]|\/gCI)[err] I s described by MF. Lappert et al in J.
‘Chem Socs  BrarmS : xr hg 7 Thi s paper describes the 30
preparatlon of rret aI I ocycl i c compounds via a di-Gignard reaction, but the
practical PrifigRadsempeued was F\j‘ﬁﬁf’&%ﬁp@%ﬂi@@’qf@OWIeneG@@Gﬁgbéﬂumnd may be

useful i n p&fder, as described in Example 1. The yield of di-Grignard was determined by GC

analysis of a water quenched sample of the filtered reaction mixture to be 94%. The
resulting filtered di-Grignard compound was functionalised by adding the di-Grignard

10 dropwise to a vigorously stirred THF solution of a two-fold excess of
di-tert-butylchlorophosphine (as supplied by from Aldrich) which was then refluxed for 8
hours after the addition was complete. The yield of bis (di-tert-butyl phosphino)-o -xylene
was determined by *'P nuclear magnetic resonance to be 55% based on the di-Grignard
present. A number of other unidentified phosphorous-containing compounds were aiso

15 found in the reaction mixture.

4 Varjatio jo V) : co d
6.73 g (0.277 moles) of magnesium powder was activated using a single crystal of iodine
in 125 ml of distilled THF. 12.11 g (0.069 moles) of «,u'-dichloro-ortho-xylene in 875 mis
of distilled THF was added dropwise to the magnesium mixture over a period of 4 hours,
20 using a Gilson pump to control the rate of addition, and the mixture was stirred overnight.
The resulting di-Grignard solution was filtered and a small sample quenched with water in
order to determine the yield by gas chromatography analysis for orthoxylene. The
di-Grignard compound was then added to di-t-butylchlorophosphine in varying proportions
as shown in Table 1 and stirred for up to about 24 hrs at 50 °C. The reaction end-point
25 Wwas determined by *'P NMR to monitor the formation of product. The solvent was
removed under vacuum and the resulting waxy solid was recrystallised from hot methanol.
The yield was calculated based on di-Grignard and is shown in Table 1.

Table 1
2:1 4:1 8:1
phosphine : diGignard | phosphine : diGignard | phosphine : diGignard
yield of bis (di-tert-butyl 428 55.3 61.8
phosphino)-o -xylene
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preparation of conmpound (Il11) of this invention. Thus, follow ng the
teaching of this docunent, which is ingorporated herein as a ref erence, the
yield of a di-Gignard corrpound may be increased if THF is used as a

sol vent angxainple 8 he concentration of the conpound (11) and thus of a
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product compound to be prepare The pendant, optionally substit
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Compound. (190}t rasEOfH e GromephRYRE Heckd e sl theribe LDRsBREPRALS

be obt aijjegiverhe Wesiraréduct. Bhe biothophosphine was not detected in the mixture after
about 8 hours, whereas some chiorophosphine remained after 24 hrs. The yield of
product was 23% based on the di-Grignard reactant.
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Gignard reaction in which (Rerr]-COMC is reacted with PCJ[err] or by
ot her synthetic nmethods known in the art. Some sui-table materials may al so
be avail able commercially. The phosphi ne conmpound (1V) may be added to the
conpound (WPPYOMEO anpunts i n excess of the stoichionmetric RFBERISOEBIZ red. .
Preferably the ratio of conpound (1V) to conmpotht—20—t+t++)y—Ts at fTeast 2:1,
al though faster reaction rates can bé achieved if Ak ui ater,
e.g. at least 4:1. However, the increase in the rlﬂﬂl\‘“{m.mﬂll”ﬁlgcm eved
at these @%Wér rati os nust be offset by the econ @S Of sSIg Nore
phosphi ne conmpound. Usually the ratio of conmpound (1V) to conpound (I-I1)
woul d be less than 20;1, preferably |es han abqut 10:-1. 25 The sol vent
used”nust Tmot AdB?thaffﬂf@ﬁﬁ%@%’ﬁ&%ﬁmwamf’&%}%&&?’ ?ﬁ he intermediate
conpound, éRQ@)zw‘I)@D*-P-(@P%ﬂ_ Sinwhithteack/R it indepsmdentika pendant, dptionallyi | | ed
chem st. Favoured sol vents include dry ether] ‘f gqcyev«?grﬁis sugtp aqi i

t et r ahydr Gubstiuted Torpanic grayr Aheughwhigh tergreyR istinkerto teriary faron gty G by ent
18 THE. TN OB a it drbdEdsded IR BNUbIERGIY sUBstRAEA Ioadr akyiehe dry

condi tidns Because water reacts with the Gignard 30 co ound to produce
H- L[ er r ] - Xehajneganhestngrihearesperiive phespherpus atom to the group X and X is a bridging

group comprising an optionally substituted aryl moiety to which the phosphorous atoms

are linked on available adjacent carbon atoms comprising the steps of

i) reacting together a compound (11) of formula A-L'-X-L?-A , in which A is a halogen atom,
10 Wwith a metal M in a suitable solvent to form an intermediate compound (lli) of formula

A-M-L'-X-L2-M-A |,

if) reacting said intermediate compound (11l) with a compound (IV) of formula (R,-C),P-A,

where A' is a halogen atom which may be the same as or different from A, to form said

compound (I).

15 2. Amethod as claimed in claim 1, wherein M is magnesium..
3. A method as claimed in claim 1 or claim 2, wherein A is chlorine.

4. A method as claimed in any preceding claim, wherein A' is a chlorine, bromine or
iodine atom.

5. A method as claimed in any preceding claim, wherein each R goup comprises
20 optionally substituted lower alkyl, e.g. C,_, , and each R is either the same as or different
from each other R group.

6. A method as claimed in any preceding claim, wherein compound (I) comprises bis
{di-tert-butyl phosphino) - o - xylene, bis (di-t-neopentyl phosphino) - o - xylene or bis 1,

2 (di-tert-butyl phosphino) naphthalene.

25 7. A compound (l) prepared by the method as claimed in claim 1.

g | .~ This Sheet Has Been Re
8. A catalyst system comprising 13 Sheet Has Been Replaced

(a) a compound (1) prepared by a method as claimed in claim 1, ,: - ”mlll !!!!" '"gl!”ég
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The reaction between conpound (111) and Conmpound (IV) may be heated to
increase the rate of reaction, if reqwred. However, if the reaction is
particularly rapid, the reaction may be nore easily controlled in the
absence of (lHcddGtaupndll medalitor arcomipobndtheteofignd The reducti on of the rate of
reaction in.this be beneficial in reducing side reactions in
certain 5 Z‘i) V‘Y"a%sa%swanpl e, we have found that when conmpound (IV) is
a chl orophosphine the reaction may be easily controlled and a satisfactory
rate achieved if heated slightly, e.g. the reaction is carried out at a
tenperature of about 50 [err]C. However, when the corresponding
bronophosphi ne is used instead of the. chlorophosphlne the reaction may be
very rapid at roomtenperature and thus no additi ﬂmllmﬂﬂ!mU!ﬂmFd and
cooling the 10 reaction mxture may be advantageo ) may
be isolated fromthe reaction m xture by distilling off the excess sol vent
and excess reactants if present, preferably under vacuum and then
extracting the product conpound into a solvent,_e.qg. hexane or nethanol
(preferably hot), fromwhich it may be precipitated or recrystallised.

Ot her techniques and reagents for isolating the. 1%This $hedtbkHeci¥ediabegbl € t O

those skilled in the art of organic chenistry nay Tﬂmn)"mmm sui t abl e.

THIS SHEET HAS BEEN '
REPLAGED SUBSTITUTE SHEET ( rule 26 )
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" -The invention will be further descriPed by way of exanple only, below. .. |
Exarrpl"e 1 Preparation of conmpound (I1%1) 1.35g (55 mmol,) zof ; povvder*ed > ol
magnesi um was activated by heating at 90[err] C under 20 ’vacuumf(; 3@ > evr se
.mnutes, followed by cooling and stirriing with a singre erystaluof si*0di ness” e

in about 40 m of THF which had been preV| ously distilled under N2 over
sodium until the iodi neMethg manufactuting phagphinentompoundof nagnesi um

i odi de was filtered off and the netal resuspended in about 40 m distilled
THF. To this was added 2.42g (13.8 mml) of sublinmed

[ err] - di chiterpreseritikovention rslates taa phosphine compdirid Whiéh istugefahasa eomparienti of

ol uti on O AR aiee WERG e be e n iad Frrhosiatirt ottty ane o periguiay
degassed %h&heﬂﬁdmmwﬁdg%uwbﬁa@phﬂ@eompéww ene produced was then

anal ysed by gas chromatography, and conpared with standard sol utions made
up in the laboratory to deternmine the yield. The yield was estimated to be

3571 he82. Y0 benakoduabakon piicls i Subiajatarer B fohsing SRt 0 |12
2 system for use therein. The wtalyst system described in that document comprises a
bidentate phosphme ligand of general formula (R,-C),P-L'-X-L2-P-(C-R,), , in which each
R is independently a pendant, optionally substituted, organic group through which the
group is linked to tertiary carbon atom C; L}, L are independently a linking group
10 selected from an optionally substituted lower alkylene chain connecting the respective
phosphorous atom to the group X and X is a bridging group comprising an optionaily
substituted aryl moiety to which the phosphorous atoms are linked on available adjacent
carbon atoms; and a Group Vil metal or compound thereof. One example of such a
bidentate phosphine figand is bis (di-butyl phosphino)-o-xylene.

¢

15 Such catalysts may be madé by mixing the phosphine ligand with a suitable source of
paliadium such as palladium acetate. WO 96/19434 describes the preparation of one
form of the ligand via the phosphonium salt produced from the reaction of the appropriate
secondary phésphine with the comresponding a!'omatic dihalide. In the preferred form of
the phosphine ligand in WO 96/1 945'4, R is a lower alkyl group, in particular methyl. A

20 problem with mahufactuﬁng this ligand by the route described is that the secondary
phosphine which is used (e.g. di-'butyl phosphine) is toxic, highly reactive, smelly and
flammable. We have also found that the reaction is low yielding and converts some of
the di-'butyl bhosphine to a non-reciaimable waste product which must be disposed of.

Zvezdina et al (VINITI 3581 -80, Chemical Abstracts Vol 96 (1992) 52409) describe a

25 method of forming 1,2-ethynediylbis[bis(1-methylethyl)phosphine] by reaction of
dibromoethynyldimagnesium with di-isopropyl chlorophosphine to produce ligands for
hydroformylation catalysts.

A paper by M.F. Lappert & T.R. Martin (J. Chem. Soc., Dalton Trans., 1982 p1952)
describes the preparation of various metallocyclic compounds via a di-Grignard synthesis
30 route. .

-~



-Exanpl e 1 was repeated except that [err]-di brono-ortho-xyl ene was used
. instead of the dichloro conpound of Exanple 1. The yi-el & was detersined to -
be 15% Thi.s reduced yield conpargd with Exanple 1 is; prﬂbably due. 1’6 théses 'ss
:increased reactivity ‘of -t he brom -Gignard pr oot ng ~f api d--Cowpl’i Ng of° e
the Gignard nol ecules. 5 Exanple 3 Preparatlon of compound (1) A

di - G i gnaVie hawe nowdourthatphosphine ligand$ otfiheltyps destribed iniWG:8€/18434 may

nmagnesi u e n, Exampl e 1. The i- d was
ot or o nepaRyeedeed 1508 WeRish (s iaRD oee origl s Shid e 28
reaction nyasteiproduct thén S routddescribed in WO $6M0434d di - Gi gnard conpound was
functionalised by adding the di-Gignard 10 dropwi se to a vigorously
stirred THF solution of a two-fold excess of di-tert-butylchlorophosphine
(as supplied by from Al drich) which was then refluxed for 8 hours after the
addition was conplete. The yield of bis (di-tert-butyl phosphino)-o-xyl ene
was determ ned by [err]P nuclear nagnetic resonance to be 55% based on the
di-Gignard present. A nunber of other unidentified phosphorous-containing
compounds were also 15 found in the reaction m xture. Exanple 4 Variation
of the ratio of conpound (1V): conmpound (I1l) 6.73 g (0.277 nol es) of
magnesi um powder was activated using a single crystal of iodine in 125 m

of distilled THF. 12.11 g (0.069 noles) of [err]-dichloro-ortho-xylene in
875 m's

,—..-'.' _.' A SH'"‘T
‘
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'of distilled THF was added dropwi se to the nagnesium m xture over a_ period

‘of 4 hours, 20 using a G lson punp to control the rate of -addition, ,and - the*

m xture was stirred overnight. The resulting di-Gignarg sol ution: vvas : *"T
¢ o

ifiltered and a snmall 'sanpl e quenched™Mth water 'in ortder- to determrne thes'
yi el d by gas chromatography anal ysis for orthoxylene. The di-Gignard
conpound Examplechwasl capiated e&ceptmwmﬁ-bibwm@hdbplxyhaeiwasmyimsjeaﬂ ofithet i ons

" aact | on SSNBRISHTIPRHI o xmgine i b8 WK e Aptermiied o Bectao ThERERRsmt | on

of pr OdUCSneIdT&ﬁnﬁéféd With Eﬁﬁﬁuﬂ@ i/ ﬂ@bﬂﬂ? Qe {6 HHe iHtreBSed Ractivify bfithé Bronfide/

solid was“recrystallised from hot nethanol. The vyi eI d was cal cul at ed based
on di - G i gh@nanardpromoting mpid eoupling ef the Crignagd mojecyles. 4:1

8: 1 phosphine : di Gignard phosphine: di Gignard phosphine: di Gignard
yield of bis (dl-tert butyl 42.8 55.3 61.8
phosphishoExample aratic g :

PCT/ GBo8/ R2d3 %annard compound was made from a,a -dlchloro—ortho-xylene and magnesium
powder, as described in Exampie 1. The yield of di-Grignard was determined by GC
analysis of a water quenched sample of the filtered reaction mixture to be 94%. The
resulting filtered di-Grignard compound was functionalised by adding the di-Grignard

10 dropwise to a vigorously stirred THF solution of a two-fold excess of
di-teri-butyichlorophosphine (as supplied by from Aldrich) which was then refluxed for 8
hours after the addition was complete. The yield of bis (di-ferf-butyl phosphino)-o -xylene
was determined by 3'P nuclear magnetic resonance to be 55% based on the di-Grignard

present. A number of other unidentified phosphorous-containing compounds were aiso
15 found in the reaction mixture.

Example 4 Variation of the ratio of compound (IV) : compound (lii

6.73 g (0.277 moles) of magnesium powder was activated using a single crystal of iodine

in 125 ml of distilled THF. 12.11 g (0.069 moles) of a,a'-dichloro-ortho-xylene in 875 mis

of distilled THF was added dropwise\ to the magnesium mixture over a period of 4 hours,
20 using a Gilson pump to control the rate of addition, and the mixture was stirred overnight.
The resulting di-Gﬁgnard solution was filtered and a small sample quenched with water in
order to determine the yield by gas chromatography analysis for or&uoxylene. The
di-Grighard compound was then added to di-t-butylchiorophosphine in varying
proportions as shown in Table 1 and stirred for up to about 24 hrs at 50 °C. The reaction
25 end-point was determined by *P NMR to monitor the formation of product. The solvent

was removed under vacuum and the resulting waxy solid was recrystallised from hot

methanol. The yield was calculated based on di-Grignard and is shown in Table 1.

Table 1
2:1 4:1 8:1
phosphine : diGrignard | phosphine : diGrignard | phosphine : diGrignard
yield of bis (di-fert-butyl 42.8 55.3 61.8
{phosphino)-o -xylene -

e
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7 Exanple 5 A di-Gignard conpound was nade from

[err]-dichloro-ortho-xyl ene and nagnesi um povvder as descrl bed: i n -Exarrpl e 1
and added to a solution of a m xturd@conprisi-ng-—80%whwzof - . 3 ,..

di -t - butyl bronmophosphi ne and 20% w w di-t-b hos h| ne. ~>‘I‘he- o
reaction 5 was nonitored by [err]P NVR anal mgi@b ’m tracted from
the m xt urJaimg nonitor the formatlon of pro essed. The

anount of the bronophosphine.in the m xture was very rapi dIy reduced with

the consequent rapid formation of bis (di-tert-butyl phosphino)-o =xylene
product, apd Meﬁwdaifménwimmi@l@mmwmmwmdmwmm:h nmore sl owy.

to 10 g Brhd- 358‘1?%5@%#33 i Whieh o6 13 IHRESRPTINCE DoRart RERRORRG | 1 1 e

m xtur e afgupstiteted organitytd Fewhich #i&g h@im'ildéﬂ&a'férﬂ ‘o @emeCie 24
hrs. The yi,el d of product was 23% based on t he di ard_reactant.
dains 3. WKae emenwmmgm%sﬁe@s ¢Hiromhan epyonﬁllv gubstitated Cor ful a

alkylene chain connecting the respective phosphorous atom to the group X and Xis a

bridging group comprising an optionally substituted aryl moiety to which the phosphorous

atoms are linked on available adjacent carbon atoms comprising the steps of

i) reacting together a compound (lf) of formula A-L'-X-L2-A , in which A is a halogen atom,
10 with a2 metal M in a suitable solvent to form an intermediate compound (Ill) of formula

A-M-L'-X-L2-M-A ,

ii) reacting said intermediate compound (lll) with a compound (1V) of formula (R,-C),P-A’,

where A' is a halogen atom which may be the same as or different from A, to form said

compound (l).

15 2. A method as claimed in claim 1, wherein M is magnesium.
3. A method as claimed in claim 1 or claim 2, wherein A is chlorine.

4. A method as claimed in any preceding clai_m, wherein A' is a chlorine, bromine or
iodine atom. A "

5. A method as claimed in any preceding claim, wherein each R group comprises
20 optionally substituted C, _, alkyl, and each R is either the same as or different from each
other R group.

6. A method as claimed in anf( preceding claim, wherein compound (l) comprises bis
(di-tert-butyl phosphino) - 0 - xylene, bis (di-t-neopentyl phosphino) - o - xylene or bis 1,
2 (di-tert-butyl phosphino) naphthalene.

25 7. A compound (l) prepared by the method as claimed in claim 1.
8. A catalyst system comprising _..

(@) a compoun;i_ (1) prepared by a method as claimed in claim 1,
(b) a Group Viii metal or a compound thereof and

i o SHEEY



(R[err] Olerr]P-L[err]- X—L[err] P-(CGRerr])[err], in which each Ris
i.ndependent|y a pendant, optional |y substituted, organic. group thr ough
which the group is linked to terti ﬂy carbon atomC; L[err], 5 L[err] are
i ndependent ly a linking group selected froman optionally. substl tut-ed- :
Clerr] err] al kylene chain connecting the respective phosphor ous® at om**
to the grolf) 3sauree of anions. bri dgi ng group conprising an optionally
substituted aryl noiety to which the phosphorous atons are |inked on

avai | abl e adj acent carbon atons conprising the sl_apwklg
toget her a conpound (I11) of forrmula A-L[err]-X-L[err in whic is a
hal ogen atom 10 with a netal Min a suitable sol Yﬂ"i wﬂ "'mmr

i nternedi ate conmpound (I11)-of formula A—ML[err] m"

reacting said intermediate conpound (Ill) with a corrpoun (" V)® of* formul a
(Rlerr]-Cferr]P-Alerr], where Alerr] is a hal ogen atom which may be the
sane as or different fromA, to formsaid conpound (I). 15 2. A nethod as
claimed in claiml1l, wherein Mis magnesium® 3. A nethod as clained in claim
1 or claim2, wherein Ais chlorine. 4. A nethod as clainmed in any
preceding claim wherein Alerr] is a chlorine, bromne or iodine atom 5. A
nmet hod as clainmed in any preceding claim wherein each R group conprises 20

optionally substituted CJerr] alkyl, and each Ris either the sanme as or
different from each

o
e .
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(57) Abstract

A method of preparing a compound (I) of general formula:

(54) Title: METHOD OF MANUFACTURING PHOSPHINE COMPOUND \/ IPER Y I 3 ’ qq

pendant, optionally sustituted, organic group through which the group is linked to tertiary carbon atom C; L1, L2 are independently a linking
group selected from an optionally substituted lower alkylene chain connecting the respective phosphorous atom to the group X and X is a
bridging group comprising an optionally substituted aryl moiety to which the phosphorous atoms are linked on avaijlable adjacent carbon
atoms comprises the steps of (i) reacting together a compound (II) of formula A-L!-X-L2-A, in which A is a halogen atom, with a meta}
M in a suitable solvent to form an intenmediate compound (III) of formula A—M—L‘-—X—LLM-A (ii) reacting said intermediate compound
(III) with a compound (IV) of formula: (R3-C)2P-Al, where Al is a halogen atom which may be the same as or different from A, to form
said compound (I). The compound (I) may be useful to form a catalyst system for the carbonylation of olefins,

(Ra-C)oP-LI-X-L2-P-(C-R3)2, in which each R is independently a




