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0 5 FEB 2007 PROCESS FOR THE HYDROFORMYLATI ON CF

ETHYLENI CALLY UNSATURATED COVPOUNDS The present 05 FEB 2007

invention relates to the hydrofornylation. of 5

et hyl enical ly unsaturated conpounds by reaction with
carbon nonoxi de and hydrogenlin the presence of a
catal yst system The carbonyl aLi on and

hydr of ornmyl ati on of ethylenically 10 unsaturated

ﬁodwmsgsrmd' mlmmmmﬂbmmm ISR ECALLY
ydrogen and a catal yst conprising a group VIII
metal , exanpl e, rmﬁacﬁgﬁﬁ%e | i gand,
exanpl e an al kyl phosphi ne, cycl oal kyl phosphene, aryl

phosphi ne, pyridyl phosphine or bidentate phosphine,
Thas thieeen tesentbed relatrer dus pPat ehydrafdrpgiehton. of

appl.i catiqgns. WD 96/19434 di scl osed,that a particular _,
R B o a0 dent 8 LS S BOI A Ean CRPBVTHR with
calrdhe meAb&li st S ndh hyvd@ogahbeny kdll @Reseactl @F a catalyst
systenms, and the use of such catalysts |leads to

S¥&&EM-on rates which were significantly higher than

t hose previously disclosed. WO 01/ 68583 di scl oses

car bonyl ati on processes for higher 25 al kenes of

Thier eea olponpl el tan bamdt bpelroVOrogla6966, &¢DHr edlgnpindcally

di scl oses ,a nethod for producin i phosphi nes, and
UL s SRR 5 UPOPS. haEGEG mT s gte © in  the
peleabings. MO Ph20448 simdl arl yaedibgipsewmplRithiey a group

preparation of aryl phosphines for the rhodi um )
Vddflal yebdl hy drodTr g4 atiheifiomm. | Refes2 WhesEhHER Ag@and,

e2afipl BOUGR CALBLY ShRoSHHETHE  Naxe REERK IV ehiaPSth il Ch ary1
phosphine, pyridyl phosphine or bidentate phosphine, has
been described in numercus patents and patent

applicakions.

WO 96/19434 disclosed that a particular group of bidentake
phosphine compounds «can provide stable catbalysts  in
carbonylation reaction systems, and the use of such
catalysts leads to reaction rates which were significantly

higher than those previously disclosed.

WO 01/68583 discloses carbonylation processes for higher

alkenes of three or more carbon atoms,

WO 02/76996, for example, discloses a method for producing
diphosphines, and Eheir use as co-catalyst for
hydroformylating olefins. WO 02720448 =imilarly discloses
the preparation of arylphosphines for the rhodium-

catalysed hydroformylation of alkenes.

-



San . L F A ol N kel bl

Rl L - S S L Ou e e el g W R P S P PR T Pl B VR, s, i L L Py A L LY I aF ol ek " el e L. -

exhi bit reasonable stability during the

hydrof ornyl ation process and permt relatively ljghFER 2007

reaction rates and regioselectivity between |inear

and branched al dehyde 5 products, there still exists a

need for alternative and/or 2inproved cat al yst

systens. Suitably, the present invention ains to

provi de an alternative and/or inproved catalyst for
ahydmabar mpaatailng tet ptserameal | lyawasabeent edevedmpetindsshich

Mor.eover, the present jnyention ains fo 1 ovi de .
Bt 5 XA TH A pr a%a#%?ﬂétgeﬁ%cléh*af Pkl ozhyration
pEBERLYST a5y SLAMmRUr Rid1gtidiaty | hiBas besacfoynd-4ad and

i nproved sel ectivity of the |'inear al dehyde product

regiparédctdviky bbaheres 13nghdehypad progachecan ajelehyde
5 p%?h@'ﬁ@%d .‘tﬂ%?e%tﬁj\h”%xg%%a%aﬁw'e‘#% £S3t AXSL SMSLEM S nd sor
(0] e r rt. C I ng o the

prior-a cor present 1T nvention
imbenecks provaledtk a sgoaeeass for tshe thydnf or olyé at ippesent

.of ethylenicall 20 unsat ur at ed conpounds, set,
IPSPPRPR tHESaphRnBEGVLFAS M8 ﬁ‘ﬂr'é?lé?n?‘éjd"?eaf‘*a?8§ dpuproved

chhaiiayentbon WidloPermapres et ddipmdde-fenen turated
claifrs, and the description. ~Al'so according to the
cpmgsentisi-nventicororkRere itdepr oviededt alcgraltyem daims  bo

10 p%%%'%g] Qof¥9£?£°ﬁﬂ¥l iqgmﬁ%ﬁ%%igggfﬁé$%¥§£mggce of the

System a'reaction medium ‘a Ion reaction
caRedilygr ssetefn.a catal yst system use of a reaction

medi um and a process for preparing a catal yst system
and reaction nedium as set forth hereinafter and in

sthieriappgnded i¢l aliP . nah AESRRAI BHat0 kRS chikbtSlscASRAGvity
of "the preSent invention there is provided a process
oforthehelhpdnof aldghpdeorpvpduet hybappegd ytauntbeudaeaghed

15 a&%gR%HEdETDWEE%hGBEO %S%angnE%Bt%%%7by using comparabive

catalyst systems of the prior art.

According to the present invention there is provided a
process for the hyvdroformylation of ethylenically

20 unsaturated compounds, as sebt forth in the appended
claims. Preferred Ffeatures of the invention will be
apparent from the dependent claims, and the description.
Also according to the present invention there is provided
a catalyst system, a hydroformylation reaction catalyst

25 system, a reaction medium, a hydroformylation reaction
medium, use of & catalyst system, use of a reaction
medium, and a process for preparing a catalyst system and
reaction medium, a5 set forth hereinafter and in the
appended claims.

30
According to the First aspect of the present invention
there is provided a process Ffor the hydroformylation of

ethylenically unsaturated compounds, which Process
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3 conprises reacting said ethylenically unsaturated
compound with carbon nonoxi de and hydrogen, in Q% FEB 2007
presence of a catalyst systemand a solvent, the

catal yst system obtainable by conmbining: S a) a netal

of Goup VIl or a conpound thereof; and b) a
bi dent at e phosphi ne of general fornmula (la) (la) Rl2
Re | R CCR R/ R RX@Q@QRQ Ra I ~i RaCC

cRRprRsRs ré@cwhenesaiR ethyleovaladity lwmristgiung tgrbummpound
RlL.to 2 each inQ;geng%ngg%ire resent hydrogen, Iovverf
W&Fkyl@%&ﬂ BYNEEL S pPEFer 86t 9 bwer "al FHryFRor °f @
cHehlystd 4L sareth QarRhchh | ndepeagent | Ynkepregentyst  system
ghosphorus, arsenic_or antinony and in the latter two
ophgédapéreb¥neesbisinghosphi ne or phosphorus above are
anended accordingly, 20 the process characterised in

that a chlorine noiety is present in at |east one of

a heasaeda G ofipGYbhp WELEl orcanpompduos sakedesdl;vent

uch a,process is referred _to hereinafter_as "the
bSr oBefd eD5ahF PEBEP vBft PSn@?H?ﬁ@ip?BE@E%aof{lﬁﬁe

i nvention incl udes

{Ia)

wherein R is a covalent bridging group;

R' to R' cach independently represent hydrogen, lower

alkyl, aryl or Het, preferably, lower alkyl, aryl or Het;

0! and 0? each independently represent phosphorus, arseaic
or antimomy and in the latter two cases references to

phosphine or phosphorus above are amended accordingly,

the process characterised in that a chlorine moiety is
present in at least one of the said Group VIII mekal

compound or said solvant.

Such a preocess is referred to hereinafter a= “the process
of the invention”. The process of the inventicn includes

the embodiments set out hereinafier.
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t he enbodi nents set out hereinafter. 0 5 FEB 2007 4

In one set of enbodinents, the group Rin forHU|%hE|§%
r | B EUUT

may represent an al kyl ene bridging group, prefe

a lower alkylene. In another and preferred set of

enbodi nents, the bridging g?oup R may be defined as

-A- (K, D Ar(E, 2)-B-, such that general fornula (Za)
beconmes general formula (1), (1) RlI2 R6 C-RS R " \

2 e QA(KDA(EZ B- Q3 RGCG R 10 vvherein' Ar

is a bridging group conprising an opti gnal

T8uREE; F&Fe&faﬁ‘V'PDHﬁT“@Fifrst ot BﬁoﬁﬁeRpHSS|§I?6Fﬁ’éLaat{&|?§ may

k 15A

rgggeggggc%ﬂ“ é%M' ently represeﬁ?&?oagfeg%ﬁggéﬁé aK}ower
abkyEeard Z are substituents of the aryl noiety (Ar)

and each independently represent hydrogen, | ower

al kyl, aryl, Het, halo, cyano, nitro, *R19, ~"C (O
IReRncEHBYR 2tk ﬁidﬁaﬁﬁﬁﬂ a0 bRZQBBédlﬁéﬁE&,NBﬁéR&hidaing
(S) RBR26 SR2 , C (O  SR77, or -J- CR13 (R14)

9ERYE) § ©RY6 DERIGSEVIED) 2fherfs iﬁrrf&}&re fls Boweflich that
gghgwa@zn%graﬁ gwqtayj BEERME" aﬁér§§| ectpdi1kremK Z, D
an E toget er wth the car on atonms of the aryl ring

{fd which they are attached forma further phenyl

ring, which is 25 optionally substituted by one or

nore substituents selected from hydrogen, |ower

al kyl, halo, cg#no, nitro, RE

11

I
G c-R

l |
R“'\ . _ 1/ R*
o O A KDAEZ) B-Ql
R
I/ \I
R*—C C—
; S

RE

wherein:
Ar is a  bridging group <comprising an optionally
substituted aryl moiety to which the phosphorus atomsz are

linked on available adjacent carban atoms:

A and B each independently represent lower alkylens;

K, B, E and Z are substituents of the aryl moiety {(Ar} and
each independently represent hydrogen, lower alkyl, aryl,
Het, haleo, cyano, nitro, OR'Y™, QC(0}R*®, C{0}R%, C {0)OR*,
NR*'R*, C(O)NR®R*, cC(g)r*R*®, grY, <C(OISRY, or -J-
ot (cRP(RM™) (R™))CRY™(R'") {R'") where J represents lower
alkylene; or tweo adjacent groups selected frem K, Z, D and
E together with the carbon atoms of the aryl ring to which
they are attached form a further phenyl ring, which is
optionally substitwted by o©one eor more substituents

zelected from hydrogen, lower alkyl, haleo, cyano, nitro,

B

e -
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0 5 FEB 2007 5 ~R19, OC (O) R0, C (O R21, C (O

OR22, NR23R29, C (O NR25R26 - C(S)R25Rz6 SR77 Or[IEFEB 2007

C(O SR27; Rl to R18 each independently represent

hydrogen, |ower 5 alkyl, ak¥l, or Het, preferably,

| ower al kyl, aryl or Het; 9 to R27 each

i ndependently represent hydrogen, |ower alkyl, aryl

or Het; 10 QL, @ and @B (when present) each
orttlependent RS, r epr esprt', phosprer®ys, M3t c ar (o) NrR* R,
antigﬁﬁy and.in the |atter two cases references to
CARSSpHi ne ©F pRBspRBY 6Bs ‘above are anended

accordingly. 15 Preferably, when K, D, E or z

represent -S- B (CR13 (R14) (RS) ) CR16 (R7) (R) ,

Bt héor e§pecereh Kindpp&hadenZlyi scepraswniar Hydoardson lower
| acent the aryl carbon to ich A _or IS connecte
A Ry o g ke Rt e teEoRATacaRton o Bt nPRg Ko Dot

E or Z group which itself represents -S- 20 [73 (CRi 3
(Rio) SE’TS) ) CR16 (R17) (R.a) Preferably, Rl to R19
ReachkCi niepetdfent IyIdamsedyitly ohgPrearRyl Mydipygn, lower

poelerahl ye R to R a each independently
aregﬁesgn Cl toEEB al kyl, Cl1-C6 al kyl phenyl 25

(wherein the phenyl group is optionally substituted as

def i.ned i henyl_.(wherein, h '
Bt P e R, e, R PR e RIS B Ren
phcebabablhy, RiriénfBoeacintGePendedt | ynr epreseattéd two

to C6 alkyl, which is optjionally substituted as
caseisnee hreFerees 3¢ avbBloBPBLBR Ay, PRPSPHOREYSe P Ve are

aﬁ%gﬁ%ﬁegkcggﬁiﬁﬁg§[ituted Cl to C6 al kyl such as
net hyl, ethyl, n-propyl, iso-propyl, n-butyl,

i so-butyl, tent-butyl, pentyl, hexyl and cycl ohexyl.
Preferably, when K, D, E or Z represent -J-
o (crYM (RM) (RM)ICRI®(RY) {R'") , the respective K, D, E or Z
is on the aryl carbon adjacent the aryl carbon to which A
or B i1s connected or, if nobt so adjacent, is adjacent a
remaining K, D, E or Z group wWhich itself represents -J-

QB {CRIE‘ {Rld} {Rll'a] :ICR.IE {Rl?} I:RIB} .

Preferably, R' to R' each independently represent lower
alkyl or aryl. More preferably, R' +to R'"™ each
independently represent €1 to ¢ alkyl, C;-Cs alkyl phenyl
{wherein the phenyl group is optionally substituted as
defined herein) or phenyl {wherein the phenyl group 1is
opticnally substitubted as defined herein). Even more
preferably, R' to R'™ sach independently represent C; to Cs
alkyl, which is optionally substituted as defined herein.
Most preferably, R’ to R'® each represent non-substituted
21 to Cs alkyl such as methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-hutyl, tert-hutyl, pentyl, hexyl and
cyclohexyl.,
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0O 5 FEB 2007 - 6 Alternatively, or additionally, each

of the groups RLto R3, Rto R R7 to RO, R to Rlﬁﬁ FEB 2507

R13 to RS or R6 to R1B together independently may
formcyclic structures such as 5 1-norbornyl or

1- nor bor nadi enyl . Furt her ex%nples of conposite
groups include cyclic structures fornmed between Rl to
R6, F7 to R12, and R13 to R1B. Alternatively, one or
nore of the groups may represent a solid phase to
which the ligand is attached. 10 Moreover, at | east

Héﬁérp@mava}?gr&;p AAYHCHRE Loy Q1oaghaper kg progps R to
REX RERLy BP0 CRTISISE @ KRR o TRy ?A_-n%”ea@o R**

congressyl or adanmantyl, or bot h groups defined
tagetbeas ihCRORYIREN LAYt aehe Ao efyhEEC 08 tpochu€rs such as

d/ 15 , 1 th t
1SR BBFI e, SFnat x0TI ERRRLNBbt | ond 15 RTo s PUTS
c%m@ﬁ@&lﬁ@agrbﬁjp&ycﬂr&[l?uc% lcﬂéﬁlﬂ};};ﬂﬁﬁ&Lugé.@u;Eonned betweer1
derivative,t herepf. wever, in.this Eartlcular set

Rof tenBodi Rente. erefﬂﬂhéﬁ Fﬁeﬂbr1dgﬁﬁ egpahpvedy, one or
ek gﬂfl e § Eg %L(ﬁé reéén@n¥ 201G e IEBURMich

are I"s pa agraph, they are
tpeeﬂagabﬂylsoagteshyﬁ or adamantyl, nore preferably

non- substituted adamantyl or congressyl, nost

preferably a non-substituted adamantyl group. 25 In a
Meakbives!, ar hy pl@ﬁﬂraﬁq@nb@;di RExty ofyrbhe presamhed to O

nventign R1, R nd ach re
allﬂﬁéﬂrsi'ﬁ%e over. GREGR Y aERIRES: GiR ROk et yoRSCRER e, may

%rt%'aﬁ be%on?%esggl Bl ELdBlm%ﬂ@%gt R%Z- %%@E fet; @e@eflned

e sanme | owe , aryl noi ety as de
abe:wel s AR RELIRGL BEHRS] tRﬂElthEtr amd Rpoh e@ttmnd/or ¢,

|nde nd%ytgyw gg{es nt tg? 2 E%“%%p@J<llateryHnstead
fcrrm opbticnally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative theresof.
However, in this particular selb of embodiments, i.e. when
the bridging group is defined as —-A-{E,D)ar{E,Z}—, if any
{CR*RYR®*) groups are defined as per this paragraph, they
are preferably congressyl or adamantyl, more preferably
non—-substituted adamantyl or congressyl, most preferably a

non-substituted adamantyl group.

In a particularly preferred embodiment of the present
invention R', R', R’, R!®, R™ and R'Y each represent the
same lower alkyl, aryl or Het moiety as defined herein,
r?, R®, R®, R!'", RY and R'Y each represent the same lower
alkyl, aryl or Het moiety as defined herein, and R, R®,
R?, R¥, R™ and R! each independently represent the same
lower alkyl, aryl or Het moiety as defined herein. More
preferably RY, 1%, R', R¥™, RY and R'® each independently

represant the same C1—Ce alkyl, particularly non-—
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preferably Rl, R4, R, R Rls and R b each

i ndependently represent the sane C, -C6 al kyl, D5 FEB 2007

particularly non O 5 FEB 2007 _ substituted Cl-C6

al kyl, such as nmethyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl, pentyl, hexyl or

cycl ohexyl; Rz, R5, Re, Rl1l, R 4 and Rl17 each

i ndependently represent the same Cl-C6 al kyl as
SdﬁfsitlﬂedtﬁdaMQVeﬁ amdyRs sk@&h RS; rﬁﬁzhyR} Seah¢lR13-eaclpyl,
.independent |y resent the sanme Cl- al kyl as
1&8FPEQ&?éb0\Pe l SSEHHPTE: Y R, TRAT- Wt?hiopeﬂﬁlané‘exyl

oR16 @@@i’bﬂ&-ﬂffsenhz nmetRyl ;. B2, Ryt ReplR', 43R4l a0@  each
RI'' each represent ethyl? and, R3, "Re, R9, RI2, R 5 _
iangrrRUE a8 N rw@s@fmt nthet yasam |¢-1p‘§mt yxllkylloa:ﬁ n defined

speci al | ef r di ngat fte resent
En@%ﬁtloﬁyéggh to‘RL grgﬁp reprégen §- ndﬁﬁgndently

repwekengl kKyhe aﬁ.-y&.e or,-dgt abkely as dﬁfneach heiigive, For
Preferably, _gach, R o0 re rqﬁents the sane Cl ta
eéémﬁﬂﬁjlﬁgroﬁpf 15 H%rtlguléF} nF8GHs FFPGEEENEL e v+

Ra|kib guchpms et hyly Reth¥$chnr9ﬁ99¥gnt'%@h?ﬁODﬂnd R,
butyl |so-butyl tert- butyl, pentyl, hexy

Ry cRbha¥§) . RNbendpRET erahl yreremsentRI-tmtRIg or n-pentyl.
represents nmethyl. 20 In the conpound of formula (1),
preferably each QL, 2 and @B (when present) is the
Isanen Nbﬁp@&ﬁﬁllyn prepapoeid @fibodiisnt a fl a)ghe present
preferably QL and Q2 arge the same. Mdst preferably,
iayentépn @a%dﬂ@t%é‘n pPESBRt FoPEFFEEEF SLhe sam& lower

aehl;}ﬁph%&gis 0215 HEef s ably, abngblheneampeyRrdnof PfI%rfr@ila%ly,

(when present) each independently
eae:;br dserito A to‘:E(I&"E@n@& ehhemuam i% OptiGnaklyyl group,

Qstltut§d as defhﬂﬁ: LH?EFIL- ; li%qpplsugﬁtgsl%l hyl,
grou st reover In

ethyl n-propyl, iso-propyl, n-butyl, isco-butyl, tert-

butyl, pentyl, hexyl and cyclohexyl. Most preferably, each

R' to R' repre=sents methyl.

In the compound of formula (1], preferably each Qj, Qz and
0° {(when presentt is the same. Moreowver, in a cocmpound of
formula ({Ia), preferably Ql and Qz are the sama. Most
preferably, each ¢', 0? and ©° ({(when present) Trepresents

phosphorous.

Preferably, in the compound of formuela (I}, A, B and J
{when prasent) each independently represent C; Lo Cg
alkylene which is optionally substituted as defined
herein, for example with lower alkyl groups. Meorsowver, in
the compound of formula (Ia), R (when alkylene) represents
1 to Cg alkylene which is optionally substitvted as
defined herein, for example with lower alkyl groups.

Preferabkly, Che lower alkylene groups which A, B and J
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30 the conmpound of formula (la), R (when alkyl ene)

represents Cl to C6 al kylene which is optionally 05 FEB 2007

substituted as defined herein, for exanple with | ower

al kyl groups. Preferably, the | ower al kylene groups
which A, Band .1 D5 FEB 2001 8 (when present)
represent are non-substituted. A particular preferred

| oner al kyl ene which A, B and J may i ndependently
{hepreseakehB) - CERresent C2H4- nohbshhspEEEEEablﬁ,peathcular
of A, B.and J (when _present) resent 5 the sarre

PF%%FI%‘FIKW]&T@%%S ééiklﬁ’ﬁg&eher'é]ﬂ hpaftd cuPar 1§14 cpb- . may

nﬁ’ééﬁéﬁéiééﬂy prefersed | ovey; al k;d}gnes whi ch_Ry,-. Moslk
represents are substituted or non-substituted and may

Pbefesabbyt egathomiet Ayl énearfd CIHAWhemnanpir stz | t gepdesent
variants theref praopyl en - CeH6- and substitute _
ey PaPS LU Enen ar R DTS TG (T thaly | PRy oo TaETy
caybstutuheﬂlmauaamys ptheeeotd answabherfiNylsstds which R
substitution may be on any, sone or_all of the carbon
rapbREehES t RES GRS Tl W %heCBn @8NP dbEEPHutash Ry b=
sgfe$£éa EQW%ré%ﬁ@ﬁeﬂgoyp§ﬂhwﬁreaﬂHEgﬁﬁépiymtéQevarlants

' ower al kyl enes which R represents are 15 substituted
theraohr supstprleed et{hﬂaléne} .or @m@pysehetlmsted variants

ref erabl sub tute -substit r.oopyl ene..
e‘?e%abl%l,d ﬁ% corrg(ou ch)lPrcriulsaqi 1P é’é’ vaﬁlants
tlEe.@éon .@Iﬂ@sWn@tempaesantaubét@%%ﬁ(R&ﬁr) be ON any, some

i RL8) K, N E or Z represents
C‘ﬁyaﬁ- g&h, t vvéﬁar q{ylat%}?erﬂ/ﬁ t}b‘? Lpwoer 2akkyEpReApH. Such

3&95&9{1{?{@5&%&# Kipd: Pk Zlb%&eseéfﬂkylhydtﬁﬂgﬁﬂs- More
phenyl, Cl-C6 alkyl phenyl or CI1-C6 al kyl", suth as -

prefayiblet hyﬁhe pﬂ-QB’fﬂll' Myleximnt&ml@ndRhe:qpremms are
SB£6£6£aPE¥ DI nDh sugstltﬁgg&eggﬂyiegzdrogenopyﬁene mosl

preferably, substituted or non-substituted propylene.

Freferably, in the coempound of formula (I} when K, O, E or

- % does not represent -J-0%{CR™(RM) (R¥*)IcR®(RY) (R'Y¥), K,

C, E or Z represents hydrogen, lower alkyl, phenyl or
lower alkylphenyl. More preferably, K, D, E or Z represent
hydrogen, phenyl, C;-C¢ alkylphenyl or C;-Cg alkyl, such as
mekthyl, ethyl, propyl, butyl, pentyl and hexyl. Most
preferably, K, D, E or A2 represent=s hydrogen.

Preferably, in the compound of formula (I when K, D, E
and Z together with the carbon atoms of fthe aryl ring to
which they are attached do not form a phenyl ring, K, D, E
and Z each independently represent hydrogen, lawer alkyl,
phenyl or lower alkylphenyl. More preferably, K, D, E and
Z each independently represent hydrogen, phenyl, C-Cg
alkylphenyl or C,—Cs alkyl, such as methyl, ethyl, propyl,
butyl, pentyl and hexyl. Even more preferably, K, [, E and

f———m e -2 o Lr k= bttt i MY Sl o L S S S LU D By el S B P e S S e

£
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Preferably, in the conpound of formula (1) when K
E and Z together with the carbon atons of the arﬁl5 'FEB 2007
ring to which they are attached do not form a phenyl
ring, K, Db E and Z each independently represent
hydrogen, |ower alkyl, 30 ph&nyl or |ower alkyl phenyl .
More preferably, K, D, E and Z each independently
represent hydrogen, phenyl, Cl-C6 al kyl phenyl or
2Clrgiraddoitl , tRUChaas: netbytitethyl, My=0Dpybrafbubyly, they
pentyl and hexyl. Even nore preferably, K, D, E and O
ISPEESSDHONYIGOF Pepr esent the same substituent. Mbst
preferably, they represent hydrogen. Preferably, in

t he compound of fornmula (1) when K, D, Eor 5 Z does
Pm‘etﬁerepilesemn tBEQC(JﬁR@BORlb)E (ERIBl)ll)aCRIG WRET) K,RI8) E or

75 RS PO THE % W o OCReg ar 8"5t SenbaCBo or #orhn and

Ka phenylard ng, togaeheof wKtthh% a'_EHirtZ:br[ eptesenbrit ke aryl
same group selected from hydrogen, |ower alkyl, aryl

rdpaqEe whight thed 2geheférs eeaﬁiﬂ PRy ThyAd FSEY lorr ing .

| Kyl agt u S t -
oSHESRE KX BLTH Bl SEESE A Gy Percccea
fc‘ompohmdrogemr nupest T)a]l\hEh: tworel, K or 1513, E=sndleZined

ether wWth t r tons_of the ar rin

bR RSt e e d b Y OF RPN ohethy T Crigs | tRERYE pe (more
pRReayhlkirng | suAptberakhy=gubstitay ed anky ) qne @rspmmaally
substituents selected fromaryl, |ower alkyl (which
hyHEPaIengroup may itsel f be opti onal | y substituted or

term nated 20 as defined bel ow), Het, hal o, cyano,

nitro, ORL9, OC(O R2Q C (0)R21, C(O) "R22, NR23R7,
PCefEraNRgS5R16 SRE, C©rr(1:@3ur$R|¢f of ori@i 15) NRRbRéBenhewei @t K,

D% ot o8 Ry OCURTER. SREY GFolB Ry FEQURT G CPE axYL Ting
te which they are attached form a phenyl ring, then the
phenyl ring is opbticonally substituted with one or more
subskituents selected from aryl, lower alkyl ({which alkyl
group may iktself be optionally substituled or terminated
as defined below), Het, halo, cyano, nitro, oRrR'?, ocroyr®",
C{O}R?, C{O)OR*, NRPR’, C(O)NR™R*®, sRY, C(0)8R¥ or
C{SINR**R*® wherein R' to R?®' each independently represent
hydrogen or lower alkyl (which alkyl group may itself be
optionally substituked or terminated as defined herein).
More preferably, the phenyl ring is not substituted by any

substituents i.e. it bhears hydrogen atoms only.

Preferrad compounds of formula (I} within this set of

cembodiment=s include those wherein:

A and B each independently represent unsubstituted €; to

Ce alkylene;
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optionally substituted or term nated as defined

herein). 25 More preferably, the phenyl ring is not

substituted by any substituents i.e. it bears B 5 FEB 2007
hydrogen atons only. Preferred conpounds of formnula :
(1) within this set of enbddinents include those :
wherein: 30 A and B each i ndependently represent

unsubstituted C, Lo C6 alkylene; 0 5 FEB 2007 to K,

KQ, I andird eRcéadindepensenddyt T epreseatehydhogetgen, C.-Cg

C1-C5 al kyl, phenyl, Cl1-C6 al kyl phen I or -J- g3

Al k13 (R14)°h@R1’é) CRE6GRL7) @ERIB) Yd g o er —J=
BYRAt SR ttlt aCl to kyl e or

lei?@% S[% %‘E’ng toéet lﬁlle(?gvvlpth thhg%clg% bon gfoms g%\ﬁ%egents

uausyall::srtulrugttad Vhi ¢l ﬂm@,llfarl@r&tfta@heu%oprh &,phleny®: and E

ring,which.,i.s tionall ubstlt b e_or re .
OB G (IR CPREP Y AT BB TG A TP heRo haopE” which
thewerard kyt phemyd . f30mRE: ghaRlg eﬁﬁrﬁ'glﬁHEEEnQ%ntdp)tlonally
represent C1 to C6 al kyl, phenyl or d to

SHPRFRLERERF . PRUreer D&rew@FPedseaﬁbbhﬂagtﬁf #%w%ﬁ from
1ok Vil A T %h%ngﬁto OEQ%EQOQuﬁgm%ﬁeh glude those
15 A an b s or

wher ei n: oth repre C2H4,
particularly CHz; K, D, Z and E each independently

oh it hyd 1- | kyl phenyl Cl- C6 _.al ky
NS DULOOE o e N, OF, Gl K,
pieena 4r €,the samE a8 hiergfl1 two of K D, E and Z

together with the carbon atons of the aryl ring to
which they are attached form an unsubstituted phenyl

E@E&%ﬁrzirB%eEQeBl%o%@%nnB%d%Ee@@?mdiﬁ renr eSeMilCE % set

of embodlments include those wherein:
& and B both represent —CHz- or CzHa, particulariy CHi;

K, D, 2 and E each independently represent hydrogen;, C;—Cg
alkyl phenyl or C1—Cs alkyl - or -J-
Q% (crP (r!Y) (R'%)}CR'®(R'T} (R™®) where J is the same as A; or
two of K, D, B and Z together with the carbon atoms of the
aryl ring to which they are attached form an unsubstituted

phenyl ring;
R' to R each independently represent Ci to Cs alkyl:

Still further preferred compounds of formula (I} within

this =set of embodiments include those wherein:

R! to R are the same and each represents C; to Cg alkyl,

particularly methyl,
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Still further preferred conmpounds of formula (1)
within this set of enbodi nents i nclude those wherein

30 RL to RI8 are the sane and each represents Cl t%ﬁcgEB 2007

al kyl, particularly nmethyl.. 0 5 FEB 2007 Still
further preferred conpounds 18f formula | within this
set of enbodi nents include those wherein: K, D, Z and
E are each independently selected fromthe 5 group
S5€0DSi ShifReof phydepgen etmbduhd=s Cofakkyhula I within this
particul arly where each of K, D, Z and E represent the
sghnef gPBlipIiments | MFiugdRei ROBACKReTeIN D, Z and F
represent hydrogen; or 10 K represents -CH2- @B (CR13
(R14) (R15) ] CRifi {R17} (RIB) and D, Z and E are
Keadh ihdepéndﬁnar9 §ékéttédd¢p@ndehélgr@@éec¢@w%i%nmmgthe

of hydro Cl to _C6.al artlcu
IhBIR DS q?‘ 8% es@ht gﬁ%ﬁ¥} gr otip, éspeC|aI§9 alkyl,
pwhei euDar ¥y amthelcer epigisent hg,drpgerr éﬁdE@emlatéaent the

preferred specific conmpounds of formula (1) wthin
SeRPs SEPURDF  SHIRRA RS Hh&ﬁ?deelaﬁ&aseﬂ%efﬁe. s edchaRfl E

La-R12. L spthecsane apd represents nethyl; 20 A and B
ra$£ tﬁg sa Did I epresent -C}Q-; K, D, 2 and E are

the sane and represent hydrogen.' In this partlcular

Sk gfLe IREY RS A T e 205 e

afd imclaxd NGashx- iﬁdépEnﬂaﬂ‘eweds@m@@@aclﬂmnarm| group
groups, such as phenyl and naphthyl, which groups, are
copEishandy SUbBYAraEss WX hC1i fad@it idhitle kPaptigugprly

wher@N@ 5 Mor QnaU*EStféﬁﬁ?éEén1§ekﬁ@t ed i o Suy! elsﬁ‘é!%&ally
al'kyl “(whi ch al'kyl group may itself be optional

whabst Dt uEeandrEt eepiraated hyddefened bel ow), Fbt
hal o,

Especially preferred specific compounds of formuala (I)

within this set of embodiments include those wherein:

gach R' to RY is the same and represents methyl;
2 and B are the same and represent —CHa-;

K, D, Z and E are the same and represent hydrogen.’

In this particular set of embodiments, Ar may be defined
as are “Ar” and “aryl” hereinafter, but preferabkly, Ar is
defined as inciuding six-to-ten-membered carbocyclic
aromatic groups, such as phenyl and naphthyl, which groups
are opkionally substituted with, in additicon to K, D, E or
Z, one or more substituents selected from aryl, lower
alkyl {which alkyl group may itself be opticonally
substituted or terminated as defined below), Het, halo,
cyano, nitro, OR', OC(O)R®, C(0)R¥, cC(0)OR*, NR¥RY,
C{O)NR**R?®, SR, C(O)sR? or C(S)NR**R*® wherein RY™ to RY

each independently represent hydrogen, aryl or lower alkyl
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cyano, nitro, OR19, OC (O R20, C (O R21, C (O OR22
NRz3R29, C (O NR25R26, SR27, C (O) SRz or C (s)05 FEB 2007
NR25' R76 wherein R 9 to RZ' each independently

represent hydrogen, aryl or |ower alkyl 0 5 FEB 2007

12 (which al kyl group may itl¥elf be optionally
substituted or termnated as defined hereinafter). In

a further set of enbodinents, in a conmpound of either
Q@M1 sl ety qttée@&StbeO HORRR )5 istR uted or
attached to QL a @, R2R3, 4R5R6,
Ua%m%ﬂaiedoﬁscﬂﬁﬁlﬂﬁdzheﬁﬁyﬂﬁﬁéﬁééd be congressyl or
adamantyl, or both groups defined above as (CRxRyRZ)
attached to either or both QI and/or 42, nay,

roget hertht hsett bér sgbeiinghtas 1h appropprahd, of either

| nstead form an |onaII substi t -

rtaetia- 1] cOE1 409 a5t 10 1 aey HCBIRE:) opzoup attached
tderdivabidver GRer eok, pREABLAbLR*RNE, aCR’AR%SY, e crI9RMR'?,
(CR'RYR) 8roup bei ng congressyl or adamantyl. 15 The

“@d’anﬁﬁﬁ*}ﬁa r &P ﬁ«ayg@pwbhalqry aeappntEl . besi degth groups

t t f
JULRRE N RO 0T LR S BURSHLAUED! S £ BY AR o
AQmal, ¢%C (n@)j,r,(]:\"tn@g"ﬂmr awyth Mlq:ﬁgg) @9 D-IC(@ZN as

a%%ga)?% Cg%tg%Q%{gb) H(rbRggjtl &)lﬁ'so't"a tl AR 2-
Wﬂi t%%gcﬁ%ﬂﬂ.@z%_lﬁ%zﬁ CY]-R‘Z%I% R4, c@-?r_?lvatlve

R28 (defined as are R19 t herei nbefore), | ower
tdjayHo £, c yrarrof caradd Jar Yt hegr at aéeaﬁh peg (R&RIRT) arrodss being

ch, tly represent hydrogen, |ower
éa‘ﬂ k‘i/:]: grﬁyl orq%%i%.%(é Wwever, in one 25 enbodi nent,
t he adamantyl groups are not substituted. Suitably,
when the adamantyl group is substltuted wi th one g%e .
sides

Tht e A& tident d&Ahe PRIIRAE 1 g PRI et%r r
ngér“eﬁ{:émbnd&?@ wesuhstd t WhadGh 2t 3bk¥bted from

lower’ alkyl, -OR'®, -oCc{o)R¥, hale, nitro, -C{O}R*,
—C{0)0OR%, cyano, aryl, - (R¥) R, —C(O}N (RZ5IR?E,
-C(8) (RFYR*®,  -cF;, -P(R*®)R¥, -PO(R*®) (R°"),  -PO:zH,
—~PO{OR®™) {OR®), or -80sR*2, wherein R!Y, R%Y, R¥, RrR*, R%,
r¥,  R®, R®*®, RY, PR®(defined as are R 1o RY
hereinbefore), lower alkyl, cyano and aryl are as defined

herein and R"® to BR* each independently represent
hydrogen, lower alkyl, aryl or Het. However, in one

embodiment, the adamanktyl groups are nokt substitubed.

Suitably, when the adamantyl group is substituted with one
or more substituents as defined above, highly preferred
substituents include unsubstituted €, to Cp alkyl, —OR'Y, -
0Ct{O}R*®, phenyl, -C{OJOR??, flusoro, -50sH, -H{R"IR*,
~P{R*)R*7, -C{O)N{R**)R*® and -PO(R®®) (R*%), -CF;, wherein R'®
represents hydrogen, unsubstituted C;-Ce alkyl or phenyl,

R, Rr%¥, ®r¥, rY, R™, R?® each independently represent
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30 CC (O R20, phenyl, -C(OOR 21, fluoro, -SBH, --N

(Ra3) R14, -P (R56) R57, -C (O N (R25)R 21 and -Pp5 FEB 2001

(R58) (R59) , -CF3, wherein R19 represents hydrogen,
unsubstituted Cl-Ce al kyl or_phenyl, R20, g22, R23,
R29, R25, R26 each independéhtly represent -
----------------- 0 5 FEB 2007 13 hydrogen or
unsubstltuted Cl-Ca al kyl, R56 to R59 each
hidgdependeit | ylrrserhrses_erﬁtewsup&tg t alleg1CL- €Y aklyl RTr each
phenyl . 5 Suitably, the adamantyl, group nay conprlse
1%%%5’%%?“%& oGERTEEERE, W 31"()1@1}@55& t yiiftes Lk or
pReh{ned above, preferably up to 5 substituents as
defined above, nore preferably up to 3 substituents
as defined above. Suitably, when the adanantyl group
ses drogen _atqns, one or

SEEERR T ot Bas “RRMP AL NOPELR gVt or Gamgr LBy besides

hedBsgEh UaklomsS ILq;v?ntbCEH[l sihef er hedh sulast idaeiniad agBove,
unsubstijtuted Cl-Ca al kyl  and trrfluoroneth I
Phaferahlar up uh%ub”st?‘t‘%?*éat@int% Axkypet éﬁ%ﬁ g#bove, more

P@f@yﬁblf\hh9h|Xxpreﬁerﬁﬁﬂsﬂﬁﬂﬂéﬂk¥| YDLURidBined above.
conprises hydrogen atonms only i_e. the adamantyl group

Svstahpby, subsen t uthe. *%ﬂmﬂﬂaﬁlygﬂMMEﬂ wompriBeas .onbesides

adamantyl _group is resent_ in f fornul,a
nPRETEE Y (98 b i y PO b ou BoB iy fen GBFined
hdhein; phqsxpéwﬁeﬁarbpycl ax. 1shibsd.itlled@cy| 1gr oupdentical.

referred to as 2-phospha- adanantyIH%roup her ei n)

PP BHER | UGS rEE s DREE oS IE A o Cane Iy and
cDE £ SUBRLEAYEN! Spa 26; S 18D) € SUBBL L ueDiSa | 16| e a1y

hose substituents as defined herein in respec
s¢he adamameyhvdroups Hiighily [FE#EEIERHSU@SimﬁuEﬂlS group

céﬁﬁ%yggslg?ﬁ%oagkygtD%%rEﬁﬁylar@[ the adamantyl group 1is

nokt substituted.

Freferakly, when more than one adamantyl group is present
in a compound of formula (Ia) or (I}, =ach adamantyl group

is identical.

The Z2-phospha-tricyclo[3.3.1.1.{3,7]]1decyl group (referred
te as Z2-phospha-adamanty]l group herein) may opbtionally
comprise, beside hydrogen atoms, one or more substituents.
Suitable substituents include  those substituents as
defined herein in respect of the adamantyl group. Highly
preferred substituents include lower alkyl, particularly
unsubstitukted C1—Cy alkvl, especially methyl,
trifluoromethyl, =-0R'® wherein R is as defined herein
particularly unsubstituted C;-Cy alkyl or aryl, and 4-
dodecylphenyl. When the 2-phospha-adamantyl group includes
more than one subskituent, preferably esach substituent is

identical.
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unsubstituted Cl-up al kyl, especially nethyl,
trifluoronethyl, -ORL9 wherein R19 is as defined

herein 30 particularly unsubstituted C -Ca al kylp §rFEB 2007
aryl, and 4- dodecyl phenyl. When the

2- phospha- adamantyl group idéludes nore than one
substituent, preferably each substituent is

identical. 0 5 FEB 2007 Z9 Preferably, the

2- phospha- adamantyl group is substituted on one or

nore of the 1, 3, 5 or 7 positions with a substituent
Prsfgepbhd Hérei ATPWBFRNpredemapryl tdmup 5is substituted

hqgﬁpa- d yl.r i+ sybstd t ut.ed; o f. t
O%, aﬁg posif?%ngﬁgsgftagfyfjs&%hd%ngggggﬁﬁgﬁen€fth °
sgbahstubet phospldrioes! abernedh. t o phosfhaakdgmantlys: 2Z-

roup i s, bonded to carbon atons in the adamanty
o8P B R ABO PG LB oRTur So S St eHn G GreToribihe 1 3
athe 22-phosphaadagant yb130 Gheup 45 subshhdmded PBans the

each of the 1, 3, 5 and 7 positiaons. Wen the .
PhopRBSPpRESadakamt yPEgr 6lig | AcPh@sphargdeneRrziyll grouwp 1s

SBUIE) ChenbBEnt SEall SR BB S i e

h@llreQ@analdhdm=andMbe Ef [uerfmEretdiy,, thd Eapthoewher-aglamantyl
unsubstituted Cl-C$ al kyl such as | . Preferably,

T3 BT Hos e, SUSETT oS effbs SR ARIIBEPE iled 5, > dnd 7
pésRResRRA- agREARNt Mhe 012 LihvsRNas 3\/: Suhgt | iWadides

with one or nore unsubstituted CL-CB al , .
mgyBstiraentls, SURBLHEUGNE oA TR TN X hepedf . substituent 1s

. 2rably, t z ha- adagantyl, gro Ln
15%@%?%%nal hé?%ﬁ%%to ) ot%ér%%ha%dthe %@%%ogéﬁgf%ﬁs are
uatahsticntede 2- gheSpha- adhkeht yl skdl et orcriSlivcaloine:thyl,
addi.ti onal 25 heferogato i.ncl ude .oxygen .and sul phur
PAED iU AL BUC PP RYSCOLUERR Eicri & WOris ST éraBia Mitine
2- phospha- adamant yl
Preferably, 2-phospha-adamantyl represents unsubstituted
Z2-phospha—adamantyl or 2-phospha-adamantyl  substbituted
with one or more unsubstibtuted C;—Cg alkyl substituents,

or a combinaticn thereof.

EFreferably, the 2-phospha-adamantyl gqroup includes
additional hetercatoms, cthexr than the Z2-phosphorous atom,
in the Z2-phospha-adamantyl skeleton. Suitable additional
hetercatoms include oxygen and sulphur atoms, especially
oxygen atoms. More preferably, the Z2-phospha-adamantyl
group includes one or more additional hetercatoms in the
6, 2 and 10 positions. Even more preferably, the 2-
phospha—adamantyl group includes an additicnal hebtercatom
in each of the &, 8 and 10 positions. Most preferably,
when the 2Z-phospha-adamantyl group includes two oOr more
additional hetercatoms in the Z2-phospha-adamantyl

skeleton, each of the additional heteroatoms are
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group includes one or nore additional heteroatons in

the 6, 9 and 10 positions. Even nore preferably,f §HeER 2407
2- phospha-adanantyl group includes an additional

het eroatom 30 in each of the_6, 9 and 10 positions.

Most preferably, when the i-phospha adanmantyl group

i ncludes two or nore additional heteroatons in the

2- phospha- adamantyl skel eton, each of the additiona
1Heheioaﬂonsaaree@p5c5581200ﬁrefﬁrtéantE&@hms@ma adamantyl

eC|aI referred 2- pha- ada oup, .whi ch

IREPPoprTHEl | Fatie SebETA kbR e Gt o rgtn O8E or
m%HEStédBéeiﬂt%éftéjeQEn%ﬂQfﬁ nhek@thd%%nﬂﬁhdé@/g@ﬁ‘ oxygen
atomin each of the 6, 9 and 10 p05|t|ons of th 5

apRos pia- seahaney| el Biord  BRef e} AblppsiiHens c:f the 2-

d
PR IR RRAERE. Keahahtlr “Sel cton. 10 H gty

preferred 2-phospha-adamantyl groups as deflned
PE%%%%QHQ&ELE&E % gﬁ%sggh agamanty tranﬁt es Gnelgi more
D%yaagsahamé §n5tHE|QEEHMkph§ ~QadRant {1 oxpdagephy|

group, 2-phospha-|
tetra(trifluoronethyl)-6,9,10-tri oxadamantyl group

1 _
HEIS Preferred, 2TERTIRISIATHIITEEL o HRYRT oiiarisined
h¢k61group1nhbﬁﬂeprefQF@hbﬁphEh& %, 3h Ospkaracdaamilys,iss 10—

t?}bggéggﬁgggn}zgfhos g? 1-ph%s§h%?5r%n%rQr&heé%yl 6,9,10-

t21BRAARAAKEZLS, - tri met hyhsBp9, 10- tri oxadameaia-1,3,5,7-

group. 20 Preferabl{ when nore than one
tgtgﬁdgphélaéaﬁmtw group. lPstpiesafemintylcamponnd agkl 2-

La ( 0 g % ach 2- . phosp aga ntyl _grou
R e RS R R e R it S
gpbapar ecMdyt n‘etph:@adﬁrably, the 2-phospha-adamantyl 1is
selected from Z2-phospha-1, 3, 3, 7-tetramethyl-4, 5, 10-
trioxadamantyl group or Z2-phospa-1,3,53,-trimethyl-6,9,10-

trioxadamaniyl group.

Preferably; when more Lthan one 2-phospha-adamantyl group
is present in a compound of formula (I) or {Ia), each 2Z-

phospha-adanantyl group is identical.

The Z2-phospha—adamantyl group may be prepared by methods
well known fto those skilled in the art. Suitably, certain
2-phospha—-adamantyl compounds are cbitalnakle from Cytec
Canada Inc of 901 Garner Reoad, HNiagara Falls, Ontario,
Canada LZE 6T4. Likewise corresponding 2-phospha-adamantyl
compounds of Formula (I} etc may be prepared by analogous

methods.
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wel |l known to those skilled in the art. Suitably,

certain 2-phospha-adamantyl conpounds are obtai nabbej FER 2007

fromCytec Canada Inc of 901 Garner Road, N agara
Falls, Ontario, Canada L2E 6T4. Likew se

correspondi ng 2- phospha- adad&ntyl 30 conpounds of
formula (I) etc may be prepared by anal ogous nethods.
0 5 FES 2007 - 16 Moreover, at |east one of CR 3(R19)

MeBEateand LRIBERIY) oaR HE crferredent andayR*AGHIEAGR),
be congressyl or adamantyl optionally substituted as
whegcr PHeEEAbovd1a%r Wtﬁ?aéir olifs CERITRHREYAs CR FCRMeNtyl,

o%?&%%gi??aﬁ?%@%l Ekéd?aﬁ gégiﬁght5b5§e5 ABY both groups

get he 3, Instead forman optionally
dedbsirt wee R R HRAT Y rangclal AR (A3, Atdetdd to O

roup or . .derivatjve thereof referably the at |east
e GOIRRET (BIAT (R anth UG (AP RIS}, WRapRalLy
sRib8%e Rt edd O-pthos@RRAGLes Syiz 10 233amant g, 7 naecgl group oT
Preferably, in a conmpound of formula (1) when both K

degprasdnes theagofer Puafemelly S)the cRab (kezst(opne of

mel, |4, Pk ese - 14,R19) 5) 16 ( RLT)..
C?ng%i H R Dﬁ‘?epﬁﬁﬁgﬁﬁ- ’3(C‘F"Q%§%R14%r%g"§t’) c@emg
cbBaREEy1( Rt8pdambnBylt.he term

2- phospha-tricyclo[3.3.1.1{3, 7] ]decyl group we nean a

2- phospha- adamantyl group forned by the conbi nation
el ey giRuRs abipehed tefdlfoimae! hamw ihefl Boch K

whi ch they are attach 2-nhos -adamantyl group
POIOEREE by L EAR AR TbANY TR ) ghaps  and”

r%%:&%%lgﬁgsto Q@r-—g“?@fﬁ'ﬁﬁf":ﬂ’ﬁa‘lh} @ sgphighet hey ghe,  p
attached, a 2- phospha-adamant’yl group ‘forned by the
reprigiseatisorJof)’ (G (R (roupsR At RAGHEd 1 0 @B,

together with @ to which they

By the term Z2-phospha-tricyclo[3.3.1.1{3,7)]decyl group we
mean a 2-phospha-adamantyl group formed by the combination
of kthe two groups attached to ot, together with o' to
which they are attached, a 2-phospha-adamantyl * group
formed by the combination of the two groups attached to
0%, together with Q° to which they are attached, a 2-
phospha-adamantyl group formed by the combination of the
two groups attached to 0%, together with Q' to which they
are attached, wharein o', 0%, or ¢ is in the Z-position of
the adamantyl group of which it forms an integral part and

each of Q', Q% and ¢° represents phosphorus.

Frefierred compounds within the present set of embodiments
and wherein at least one 2-phospha-adamantyl group 1is

present include those wherein:
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are attached, wherein QL, @, or @B is in the

2-position of 25 the adanmantyl group of which it f@wFER 2057

an integral part and each of QL, @Q?, and B

represents phosphorus. Preferred conpounds within the

present set of embodi ments Xnd wherein at |east one

2- phospha- adamantyl group is 30 present include those

wherein: 0 5 FEB 2037 17 Goups CRlL (R2) (R) and CR4

crRaps( RA (@ g (R}t aghedcRrO (KA, (rnd aﬁéﬂeaot@medattbaejted and

to @, together wth @, %ornta 2- hospha annant

theoupEoeP Ty dlipectrd (1) A R3 )tﬂétrr&hé‘&arfﬁh't | are form a 2-
e a he groups attached to Q2,

F?og Eegd%ﬁFﬁQH% B? ‘a 2- phospha-adanantyl group;

G?oups CR1 (R2) (R3) and congressyl are attached to

o R VLB S R B B, e

IO UPBoRhe attached tes QbZ, artd;gtéma@ owpsh @flachatte 2-
Q, together with Q2, forma 2- phospha- 15 adamantyl

A~ pRGTEHRYle §SPMPEr oups are attached to QL, and
t he groups attached to @2, together with @, forma
2- phospha adamantyl group; 20 The groups attached to
c@bupsogEt 'HEer) wrkih Qit;l tommaszylprmsqohatmmm yb Q', and

L

aJaﬂamhﬁt@nenge erred conmpounds not ed above, Cn
and @ can be interchanged, together with the groups
attached thereto. Therefore, for exanple, the first
pref%d{rg%lt%f’”a%ﬂﬂs' D€t SEnukd eualda the groups
attached to ¢°, together with @7, form a 2-phospha-

gadamantyl group;

Two congressyl groups are attached to o', and the groups
attached ko ©° together with ¢!, form a 2-phospha-

adamantyl group)

The groups attached to @', together with @', form a 2-
phospha-adamantyl group, and the two groups attached to
Q°, together with Q*, form a 2-phospha-adamantyl group.

Naturally, in the preferred compounds noted above, Q' and
0% can be interchanged, together with the groups attached
thereto, Therefore, for example, the first preferred

compound in Che list could equally preierably be:

Groups CR'{R®) {R®) and CRY(R'™)(R') are attached to ©°, and
the groups attached Lo ot, together with o, form a 2-
phospha—adamantyl group.

 Cul
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30 Goups CR7 (R8) (R9) and CR10 (R11) (R12) are

attached to @@, and the groups attached to Q,

together with Ql, forma 2- phospha-adamantyl gr 8o FEB 2007

rs ---- -------- 0O 5 FEB 2007 19 j: Highly preferred

conmpounds within this enbodilfent i ncl ude those

wherein: The groups attached to QL, together with @,

forma 2-- 5 phospha-adamantyl group, and the two

HIfeURs mid Aahed teom@2ind9get beinwWkhi sQembobdifeat include

2- phospha- adamantyl group- Preferably, the groups
REGTEG"O are identical. 10 Preferably, the

groups attached to QL are identical, the groups

attached to 2 are identi cal and the groups . attached

Tthe Bravies | démeichald bor € pre:fogfa:meap withs@dh fpmowups 2-

cal .or formwth_t are attac

d d
e R o B0 Bl TR Py Sl ofCEdched to

ofonbbgathepswitht &, present 241:imﬂ’ﬂhé}rhdeﬁl€elmﬂﬁl
of formula (1) wherein: (1) (CRIR R9) and (CRlOR'RlZ)
together with Q2 to which 20 they are attached

2-pho = ad I ) i 08
Pr([%%e%%;y't 8:% %’glr&%\ﬂ%t %%%%%%ﬁgdv\ﬁ!bgﬁaﬁ% JLare att%ched
represent 2- phospha adarrantyl A and B are t he sanme
rese
AR Gl JReaMc e b 288l o, he
q&&fdﬂsCma&ﬂﬂa)thfé)ﬂdr egenp? Qla aad @eruoi_&hl Eprasentthe groups

phosphor us 2) (CRRRS) and (CR OR11R32) t oget her
ﬁresm@%wl%%r alMPEEhdF S ieidslem all such

g%dﬂagﬂHY%f%Eﬁﬁﬁﬁaél or form with the © they are attached

to, identical groups.

Farticularly ©preferred combinatbtions in the preseat

invention include those of Formula {(I) wherein:

(1) (CR'R*R*) and (CR'"R'MR'?} together with ©° to which
they are attached represent Z-phospha-adamankyl;
(CR'R°R®) and (CR'R’R") together with Q' to which they
are attached represent Z-phospha-adamantyl;

A and B are the same and represent -CHz—;

E, D and E are Lhe same and represent hydrogen or
unsubstituted C;-Cg alkyl, particularly hydrogen;

@' and @ both represent phosphorus.

(2) {cR'R*R?Y) and (cR'™RYE!'?} together with ©° to which
they are attached represent Z2-phospha-adamantyl;
{CR'R°R®*) and (CR'R’R') together with Q' to which Lhey

are attached represent Z-phospha-adamantyl;
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(CR P5R5) and (CR R2R3) together with 0" to which they
are attached represent 2-phospha-adanantyl.; d 5 FEBER 2607
2QQ7 19 K represents -CH2-@B(}5) X6 wherein X5 and X6
together with @B to which they are attached

represents 2- phospha-adanaﬁ?yl; A and B are the sane

and represent -CH2-; 5 Q, Q@ and B each represent
phosphorus; D and E are the same and represent

hydr ogerepire sentub stdHu0é X Gl Cataldain, Waridc W fardogether
hydr ogen 10 ;3% (CRZRaR‘} and (CR1IR11R12} tg?ether

with B2tPo Qhi kR "HHe&P arBeyi 13chedtasiisdenfepresents 2-
2- phosphapadapaph%hy1¢ CR R5R6) and (CRLR2R3) toget her

Wi th Eﬁ to which they are attached represent

2- phoéphardddnahe yihe Ksatepran@nt sPIGrH B (X8)X6 wher ei n

X5 andi X6-4 r | o] ' y are

attacﬁeﬁ e%ggggﬁtga%ﬁ %%éES%%pgd ﬁ%%?@P%n "and B are

t he saneamfid I epresedhe- Ghe 2Qd RpaadefB dapirogen or
represent phgsphorus. 20 .1n _a further set of

enbod PREAPSE1EHEREr FiiTGe @HRY1ar BaF S cudyid iy Stdiosty |
group, and Z may be represented by -ML1)"(L2) and Z

is connected via a netal ligand bond to the

cycl opent adi enyl group, Mrepresents a G oup VIB or 25
hL B ERORRopr IS ali a0 lzgheéoe%th@;“dw&?:hre °p&Mhich
a’'cycl'opentadi enyl, ‘I'ndeny roar group™ "each o

whi chtgegupssaretaphednakbyesehst Ptphedphy-ademantyl
nore subgtd tuents sel ec from hydrogen, l.ower alkyl,

el o, LRGP CE BT ) o e Rz W HaH o e wi ot hey

O0R22, 530 NRZ3RAAd Feb@LNRRPRAG,LG(E)-RAaRZhtyBR27, C
(0) SR27 or ferrocenyl; _ _
K represents —CH,-0 (X %% wherein X° and X° Logether

with ©' to which they are attached represents 2-
phospha—-adamantyl;
A and B are the same and represent —-CHx—;

0', 0° and Q' each represent phosphorus.

In a further =et of embodiments, i1n Formula (I}, Ar is a
eyclopentadienyl group, and 2 may be represented by
-M{L1)n{lo)p and & is connected via a mekal ligand bond to
the cyclopentadienyl group, M represents a Group VIB or
VITIB metal or metal cation therecof; and

L; represents a cyclopentadienyl, indenyl or aryl group
each of which groups are optionally substituted by one or
more substituents selected from hydrogen, lower alkyl,
halo, c¢yano, nitre, O©ORY, oOC{(OIR®, C(OIR*, C{0)0OR?,
NR*R*?, C{O)HR®°R*®, C(S)R*°R*®*, SR¥, C(0}S8R* or Fferrocenyl;

L e S e Dot T T —— PRI S L L Ty T T
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k O 5 FEB 2097 20 L2 represents one or nore |iganda
each of which are independently selected from 05 FEB 2017 :
hydrogen, |ower alkyl, alkylaryl, halo, CO PR4 R4 ;
4RA5 or NRAGRO7R4", 5 R97 to R48 each independently ;
represent hydrogen, |ower &8Pkyl, aryl or Het; n =6
or 1; 10 and m= 0 to 5; provided that when n = 1 then
in equals 0, and when n equals 0 then m does not

Lequdprdehr &Pr eh@r abky, méreB, 1 Q4an®, &ch, 45 amd Rl are
to 1 are as defined and descri bed herei nbefore,

indergafingt by ef adlatrtahbodtivEnt sSRYAEPESR, Byl THRF t ePrhkyl,

e T b Sy WL
Mo

e Mg

we i'ncl ude netal's Such as Cr,
W 20 Fe, Co, Ni, Ru, Rh, GCs, Ir, Pt and Pd.
Rreferahlyy, the netals gre , selected fro Mo, W
REp, ton, XN S anBCRRSTORDF 1Y her b7 2R e%#df&bf{%}r, Lower
21 @{ € enees &p @eup VIB or VIIIB netals herein should
be taken to include Goups 6, 8, 9 and 10 in the
nodern periodic table nonenclature. 25 By the term
"gepagrc tion thereof” we nean that the Goup VIB or
ViirB netal [M in the conpound of formula | as
defined herein has a positive charge. Suitably, the
t al atiop may be in the formof a salt or may
aggnﬁrfs fWRakfy 30 coordinated anions derived from
hal o, nitric acid; sulphuric acid, |ower alkanoic (up
to Cl7) acids such as acetic acid and propionic acid;
psuipHedi Chedi dehedch as hethaRe BukgHadsc Gei @nd when n

&L 9EO8ULRBAMCaBEL dnot equan. 0.

I

preferably, A, B, 0, 0% K, D, E, and R' to R are as
defined and described hereinbefore, including preferred
embodiments thereof.

By the kterm “M represents a Group VIB or VIIIR metal” in a
compound of formula I we include metals such as Cr, Mo, W,
Fe, Co, Wi, Ru, BEh, Os, Ir, Pt and Pd. Preferably, the
metals are selected from Cr, Mo, W, Fe, Co, Wi, Ru and Rh.
For the aveidance of doubt, references to Group VIE or
VIIIR metals herein should be taken to include Groups 6,

8, 92 and 10 in the nmodern periodic table nomenclakture.

By the term “metal cation therecf” we mean that the Group
VIE or VIIIEB metal (M) in the compound of formula I as
defined herein has a positive charge. Suitably, the metal
cation may he in the form of a salt or may comprise weakly
coordinated anions derived from halo, nitric acid;
sulphuric acid: lower alkaneic {up to Cp3) acids such as
acetic acid and propionic acid; sulphonic acids such as

methane sulphonic acid, chlorosulphonic acid,

e
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s 0 5 FEB 2007 21 fl uorosul phoni c acid,
trifluoronethane sul phonic acid, benzene sul phonic

aci d, napht hal ene sul phonic acid, toluene sul phor# & FEB 2447

acid, e.g. p-toluene sul phonic aC|d t- butyl

sul phoni ¢ acid, and 2- hydro%ypropane sul phonic acid; 5
sul phonat ed ion exchange resins; perhalic acid such as
perchloric acid; perfluororated carboxylic acid such

f@ﬁnrbéh@ﬁh@ﬁﬂ@ce&b§d90|ﬂr@ﬂ@ubfbﬁéﬁﬁﬁﬁécebhmpﬂ@hﬂc acid,
or t hophosphori c acid; phosphonic acid such as benzene

bphaepRonise Lakiogicanakd ds 6@Ph@@@lﬁﬂ§m|$ﬂkﬂ¥ﬁﬂ1%nsacld
S Br o¢ (o r
c43uPRL SaphoMi 2 I M SR EhErL donoh € (i,
bueylaphépybniboaaié,dendvﬁ%hyésox?peﬁgaablyumphmnlc ac1d,
a Goup VIB or V1) B netal 15 ot her

t
ShePhSRRhad: ol CERGBERGR XTI T br HeBaCa SR fe Sugh as

pb@bﬁlQEQép%cﬂMM CRekZ1dBYok8PEAS e riady Mid hawhHChs e as
above-nmentioned groups may be substituted or

tréehlaneagstioo i natide flabfo, chréfdlropparBtand acid;

GEEE%Sp?ﬁ%LS‘?}LX é%ls y ﬁ&%ﬁﬁ@&y"é&&?”ts@:@ e”%'shaﬂ.‘én%ene

conpoun contain
phmephoyitopEﬂiadleayﬁ rangds tmarunddnyErnmnganmeran$lons

DRRIERNT (TG spengs AR opcanati patLpse ke gources
wﬁ@&ﬁrmﬁgdﬁ@@ﬁyd@ S14GEh1 L POMNES: ABYubE FREEGee abhenyl
W

"san ch conpounds” as the netal Mor netal
beaatgndehdrabivEs- sandwi ched by the two ring systens.
The respective cycl opentadi enyl and/or 30 indenyl ring
systens may be substantially coplanar with respect to
Peatbrabher Mr réheysenysbea tGrdwd WIEh seSpEATE metal. In

okbther words the total electron count for the metal M is

l1E.

Halo groups, which L: may represent and with which the
ahove-menktioned groups may be substituted or terminated,

include fluore, chloroe, bromoe and iodo.

Suitably, if A represents cyclopentadienyl and n = 1, the
compounds of formula I may contain either Two
cyclepentadienyl rings, two indenyl rings or one indenyl
and one cyclopentadienyl ring {each of which ring systems
may optlionally be substituted as described herein). Such
compounds may be referred to as “sandwich compounds” as
the metal M or metal cation thereof is sandwiched by the
two ring systems. The respective cyclopentadienyl and/or
indenyl ring systems may be substantially coplanar with
respect to each other or they may be tilted with respect

toc each other {commonly referred to as bent metallocenes).

v
e~
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to each ot her (conmmonl referred to as bent
( y 118 FEB 2007

netal |l ocenes). n 5 FEB 2907 22 Alternatively, whe

= 1, the conpounds of the invention may contain

ei ther one cycl opentadi enyl or one indenyl ring (each
of which ring systems may opfionally be substituted
as described herein) and one aryl ring (i.e. 5 L1
represents aryl) which is optionally substituted as

alekirngdiher ¢j nwheti hak! 1., Wieh forpdudsl b4 £BRr €8eBh%ion
aryl then the netal M of the conpounds of fornmula | as

mFES | Gt Het ePA the Tt PR a|f11k3¢31'ﬂrh)e{fﬁ@dfi@rnmlof OF he®THit apdenyl
r§aLi 0n21f SHEtthich“hfﬂng Cygftgms c ggéleﬁa&mﬁ be

I nVention contaln only on opent adi
suhdémyttedngs(ekmmnﬁbedWh@teImhgasﬁsbmmsangﬂ rlng {1 e.

optlonall e sub descri bed. herein

LRSS ARaEnngy BEVTL D 8 acoREL ORGHY < MRR G ated as
deeinedndsre it ef sﬁ@bhm?rwhemem =n0 = hen 4Rd r Bpr espitSents

1to5 sothat the netal M of the conpounds of

argimihen e matad & cetr ShecsinPolilet abr fgiyda I as
of; A h ds: of .f I [
ci EHEC[”Q{[@]!‘EII\A ?yg HRPY 1 0 Y r@%:glg bé))/ﬁt ﬁgeh%n mekal

e tot nunber 0 ectrons contri bu
chtgands L2 is, 20 typically five. Suitably, the netal
Mor nmetal cation thereof in the cyclopentadienyl

compounds of fornula | is typically bonded to the

saYekBRent aghamnyn rL—ngzﬁ,S) t®e t BBmBouEME! ocpa_enttarm eRykrention
noi ety of _the inden ring(s). Typically, _the

ceyéﬁeaeﬁﬂéml@ﬁ9|cypﬁgpaﬂtﬁﬁéeayé|aﬁehﬁaanﬁhyrlﬁaléﬁych of
wﬁﬁchheﬁhﬂﬂgpéksfz g exhibi BEFi‘g ’Cj‘hﬁghai}%o kg EQ"cEQuEBQe

owever-oth nodes bet ween
dEher1b¥d|Gﬁﬂmﬁadleﬂ?Mlengmpbuuﬂﬁ|mpanthdlemﬁeﬂﬁﬁﬁetyﬁ as

“gfaltfh%andwich compounds®”. Preferably, when n = 0 then m
represents 1 to 5 so that the metal M of the compounds of
formula I has an 18 electron count. In other worxds, when
metal M of the compounds of formula I is ircen, the total
number of electrons coniributed by the ligands Lp is

typically five.

Suitakbly, the metal M or metal catien thereof in the
cyclopentadianyl  compounds of fFformala I is  btypically
bonded to the cyclopentadienyl ring{s} ar the
cyclopentadienyl moiety of the indenyl ringi{s]. Typically.
the cyclopentadienyl ring or the cyclopentadienyl molety
of the indenyl ring exhibits a pentahapte bonding mode
with the metal:; howewver other bonding modes between the
cyclopentadienyl ring or coyclopentadienyl moietby of Ethe
indenyl ring and the metal, such as btrihapto coordination,

are alsco embraced by the scope of the present invention.
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30 indenyl ring and the netal, such as trihapto

coordi nation, are also enbr aced by the scope of {He FEB 2007

pr esent inventlon BFEB2QQ7 23 Preferably, in the
conpound of forrmula | wherein Ar is cyclopentadienyl,
M represents C, M, Fe, Co2dr Ru, or a netal cation
thereof. Even nore preferably, Mrepresents C, Fe,
Co or Ru or a netal cation thereof. Mst 5 preferably,

PMeE%r%E'lECt%fEHE] TR bEB iRl P 1 RBledlein Ar is
cation thereof. An especially preferred C}oup VI1IB
Cwettlapeplvpdugnﬁé; A tﬂwrﬁaﬂt@ et -al Mol aEEdefﬁq:-n@d Ru, ar a

- caflani ¢ for bl y,.i
maph b Ry cFprErf B Pls s RSy 1Y represents
CeQor denat icen \mrtthul 00 andmenal? astdefn n&dleh:%rcﬁl n. Most
Preferably, when n =1 in _the conpound of fornula I

EffEFéﬁﬂéseﬁ#s1@yc?%b%ﬁ?%@|éHVF“ BndeiiNP oV 1A TRakH of

@l WGl § il NGRe AT F 0Pl CBabbYi SUDST pEUERErEY @RBuRr vIIIB
nmore 15 substituents sel ected from hydrogen, | ower

maltleyl | (FHal o5 Feyadd,thoRigh Icl@(@)etEZoM G1g OfeRinedc herein
R23R24, SR27 _aor rrocen b ich.is

m%é%ntE%hel%ycﬁopgﬁFégﬂéﬁyl:€ THde %r¥%$T rl£ carries
cali=glt ikl 1ayior eRisdseRil lcszah@wm]e cig eﬁdm:‘trcaﬁitm with L
cycl opentadi enyl ring of the netall ocenyl 20 group).
aNGVQer@f%?a%? ingd ?%%e%%clopentadlenyl i ndenyl or

aryl ring which L1 may represent is substituted it is
preferably substituted with one or nore substituents
Fselfeciréd v r othe@l -106=alkyin hako,canyrangd GRLIfo@BLORRZ0 In

C (O 1, C NR23R2 re 9

SR3OS o PR =5 CAREN 1 ndBABHNGn Ty ¥ SR OF which
riydisogearer CptGerallkyl . PuobEeiabtyd Wep nosel, ¢dd more
represents cycl opentadi enyl, indenyl, phenyl or

ST kEnG 5t | DREEE e ubSem u}ﬂlé%f“%%e“def]ﬂ"?‘@& hat&yh: halo,
Heler aBkle, the(gyrtwpeatadienyl ¢ (bpde®! . NrR2?R?!, SR or

ferrocenyl {by which is meant the c¢yclopentadienyl,
indenyl or aryl ring which L; may represent is bonded
directly to the cyclopentadienyl ring of the metallocenyl
group}. More preferably, if the cyclopentadienyl, indenyl
or aryl ring which L, may represent is substibuted it is
preferably substitubted with one or more substituents
selected from C;-Cg¢ alkyl, halo, cyano, OR'Y, OC(OIR¥,
C{0)R%, C(0}OR¥, NR*R® where R'®, R?*°, R®', R?, R¥ and r*

each independently represent hydrogen or Cy-Cg alkyl.

Preferably, when n = 1, L, represents cyclopentadienyl,
indenyl, phenyl or naphthyl optionally substituted as
defined herein. Preferably, the cyclopentadienyl, indenyl,
phenyl or naphthyl groups are unsubstituted. More
preferably, Ly represents cyclopentadienyl, indenyl or
phenyl, each of which rings are unsubstituted. Most

preferably, I, represents unsubstituted cyclopentadienyl.
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30 phenyl or naphthyl groups are unsubstituted. Mor@ 5 FEB 2007

preferably, L1 represents cycl opentadi enyl, indenyl or
phenyl, each of which rings are unsubstituted_ Mbst
preferably, L1 represents unsubstituted

cycl opentadienyl. Q5 FEB 2987 24 In a particularly
preferred enbodi nent of the present invention, in a
compound of forrmula I, n =1, L1 is as defined herein
and m= 0. 5 Alternatively, when n is equal to zero

and mis not equal to zero in a conpound of fornmula
IT, g2 pepiegemsloneEienmde FMaddBeBichobf Wikf cpresent

. [ pe nt | r r— al kyL, -hal :
1@%?“53§§hm 4550¥x%§&%§§€%£é ?Hkgpggﬁdhpréferégly?iLﬁs as
dediineske hiex=dme 2ol noredl.i gands each of which are
i ndependently selected fromC, to C4 al kyl, hal o,
particularly chloro, CO PR43R44RA5 or NRAGRA7TRAS,
hesreiat iRed W, 0 e 3 & 4 nelependent kyrsekaat Rdikl @Bt =qual
hydrogen, CL to C6 al kyl or aryl, such as phenyl 15
tion zewsarih cal geimpopnef &l Pttt nht | e ERPBEFRBRE eRe OT
t r t J_nventd Qp,: i c f .f ,
ot AR CaRERE Wit < IR Ripetdy iRckeed £rom
lpartn cul By, 3 BO1A) r epneserRRi R adt al osel BatRI"E¥om More
Cr,_ My, Fe, Co or Ru or- a netal cation tﬂereo&; Lt h of
ALSTEEsYe chel SSBMESE SRy | O ndny MO Faphi g A, Sach ©
WAemy | arachn@lp e 1§ Nae M e 9RbiONd) | o ¢, alkyl,
substituted 25pby one or nore substugugg;; selected .- .
Hadem Chaad Igu@rly hahdoeigyan&C -0RPRG R OB (0P MRC'R™ R
1, GGEO , 3 ;L on e
R &oh & whon [isandndEPSRIETEE, HERPoBE® fron

tgelreciced 0 0m0Ct: GAllay Kydr dmtly, €0@h as phenyl.

In a particularly preferred alternative embodiment of the
present invention, in a compound of formula I, n = 0, Lp

is as defined herein and m = 3 or 4, particularly 3.

M represents a metal selected from Cr, Mo, e, Co or Ru or

a metal cation thereof;

1L, represents cyclopentadienyl, indenyl, naphlthyl or
phenyl, each of which rings may be optionally substitbtuted
by one or more substituents selected from C,-C; alkyl,

halo, cyano, OR'?, oc(0)R?®, C(O)R®', C(O)}R?, NR?’R*;

1, represents one or more ligands each of which ligands
are Iindependently selected from C;-C¢ alkyl, hale, CO,
ER43R44R45 or NRJ!.IERJITRfJS,

n =19 ocr 1;

and m = 0 ko 4;

L L e N T "
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30 PR4A3RAARA5 or NR4A6RA7TR4s; n = 0 or 1; and i
to 4, 05 FEB 2001 25 prOV|ded that when n =1
in =" and when m does not equal zero then n = 0.

n =

Further preferred conpounds of formula I include t hose
5 wherein: Mrepresents iroA*or a cation thereof; L1
represents cycl opentadi enyl, indenyl or phenyl group,

10 each of which groups are optionally substituted by

pP&ﬁlq@éd PRAE SaRst i ugnist eheqt ed & apuClmed ahk¥bes not
hal o, cyano, OR19, OC (OR20, C (O R21, C (O R22;
Eﬁ@ﬂle@%é@eﬁh@ﬂoﬂe—o@ nore |igands each of which are
15 i ndependently selected from Cl-C6 al kyl, halo, CO
PRO3R44R45 or NRO6RA7Rh3, where R43 to R48 are
Fipdepengenifiarreael eenpdufiem df difegem} aC1T Carat ke okhose
henyl; n =0 or 1; and m=0to 4. 20 Still further
WE?E?%?Fed conpounds of formula | include those
wherein: L1 represents unsubstituted cycl opentadi enyl,
i ndenyl or 25 phenyl, particularly unsubstituted
Mcyebopeathdi enyh; oand, cahienithadeaf= ~. Alternative
preferred conmpounds of formula | include those
wherein: 30 n =0; i 05 FEB 2007 -

Ly represents cycleopentadienyl, indenyl or phenyl group,
each of which groups are opticonally substituted by one or
more substituents selected from C,-C¢ alkyl, halo, cyano,

or'®, oC({0JR®, C(0}R?, C(D)R?;

i1 represents one or more ligands each of which are
independently selected from C;-Cg alkyl, halao, ca,
PRPRMRY or WNRRRY, where R' to R are independently

selected from hydrogen, C;—-Cg alkyl or phenyl:
n=20o0r 1y and m = 0 to 4.

85ti111 further preferred compounds of formula I include

those wherein:
L, represents unsubstituted cyclopentadienyl, indenyl or
phenyl, particularly unsubstituted cyclopentadienyl: and,

n=1andm-= 0.

Alternative preferred compounds of formula I include those

wherein:

n = 0;

45 FEB 2007

Ar—r C
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26 L2 represents one or nore |igands each of which are

i ndependently selected fromCl Lo CG al kyl, hal o, Cﬁ),s FEB 2007

PRA3RIO4ARAS or NRO6R4Ary R48, where R43 to R 4B are

i ndependently selected from hydrogen, Cl-C6 al kyl or
phenyl; and m= 1 5 to 4, p&bfticularly 3 or 4. For

exanpl e, when m=3 the three |igands which L2 nmay
represent include (CO 2halo, (PRO3R'Ras) ?halo or

1.6 NFAL FOSRAE] 2haled orPambireul i h¥nBkef 8468d of which are
conbinations within this enbodi rent 10 of the present
ingeprrdentasd ambeerpdatfT@astCionee2Cs alkyl, halo, CO,

oo A S g o 8 R

skdget-ker frdnh KPdtogsd) clli-Ab5 dhleyl ane gthemgfled and m = 1

represent .2- phospha- adamantyl ; CR4RSR6), and i
o FPRY) ICHRBENG, i Il B A Ieneyhedy @3t it dihree
1heRnhesent w21 phospha- NtpdprAad BigceuhBe S&m®) halo,
and. represent -CH2-; QL gpnd 2 both represent

(FROSHhBr hehaPy &rr &pRedert s) Hgdrbgen or unsubstituted
Cl-C6 al kyl, particularly hydrogen; D and E together

with the carbon atons of the cyclopentadienyl ring to
Pafritdirul hey yape edttraeie ¢ onfbd matd wosn swibistiint utheick pwdyd iment
&jng' 25 Mrepresents Fe; n_ =1 and L1 reagezent% g
ofy cFBpemEfidty| 10Vt 4Py YhRUBSR i it edeast one
PGHPRERHANBRY ., =id). SPefont (CRMRIREE: aRfhose of
(Cng%llRﬂ) tgggtﬁjg?)dv%th @ to which they are
farrmadiRed Lo epihege@nni : 2- phospha- adamantyl ; ( CRRSR6) and
(CRIRZR3) together with QL to which they are attached
represent 2-phospha- adamant%/I ;

(4y (CR'RPR®} and (CR'RMRF)

Fogether with 3° to which
they are attached represent Z-phospha-adamantyl.
(CR'R*R®) and (CR'R’R*) together with ¢' Lo which they
are attached represent 2-phospha-adamankyl;

A and B are the same and represent —-CHz—;

ol and Q7 hoth represent phosphorus;

K represenkts hydrogen or unsubstituted C,—Cs alkyl,
particularly hydrogen:

D and E together with the carbon atoms of LChe
cyclopentadieny]l ring to which Ethey are attached
form an unsubstituted phenyl ring:

M represents Fe;

n = 1 and 14 represenks cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(5) (CR'R®R®) and (CRM™RMR'?} together with Q° to which
they are attached represent 2-phospha-adamantyl:
(CR'R°R®) and (CR'R®R?) together with @' to which they

are attached represent 2-phospha-adamantyl:

i
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0 5 FEB 2007 27 A and B are the sane and representéms FEB 2067

-CR2-; K, D and E are the sane and represent hydrog

or unsubstituted Cl1-C6 al kyl, particularly hydrogen;

QL and @ both represent phosphorus; 5 Mrepresents

Fe; n = 1 and L1 representsZéycl opent adi enyl ,

particul arly unsubstituted cycl opentadi enyl, and m =

0. 10 (6) (CR?R8R9) and (CR1OR11R12) together with

to whrchndtBeyrarehat s asbedndepepsentnt —CH.—;

2- phospha-adamantyl; (CR R R6) and (CR R2R3) together
with 81 to 3 ch ER8y thit eS&TeadREd et hydrogen or

2-ph | ¢ 3 .
p oaﬁgahégégag%a crkﬁhgﬁmﬁg;e;%ggafg@ﬁﬁggﬁhg%kééen,

wherein X5 an t oget t hey "ar e

at t acBbdan@ ‘e betrhs r2prgisesphebadamemuygl; A and B are

the sgne_and represent -CH2-; Ql, Q2 and @B each
repregeﬁ?pﬁﬁggﬂﬁ%ragf 20 ~ and E are the sane and

repregsent=hydr ogein®r unsubgiricyieen =C1- Ggcableyntadienyl,
particul arly_hydrogen; Mrepresents_Fe; n =1 and L1

repr eBBRELCBY AT bpehifianbeh¥t utedaryFéapgpfgdienyl, and m =
unsubgtituted cycl opentadi enyl, and m= 25 0. (7)

(CRRR9) and (CRLR11R12) together with 42 to which

they are attached represent 2-phospha-adamantyl;

(CR RSR6) and (CR1R2R3) together with QL to which they

30 are attached represent 2-phospha-adamantyl; K

(6@pr e3eRTF'R” CHAQL ( XER¥G Wé) eitbgérrand H8thogft hes which
they are attached represenlt Z-phospha-adamantyl;
(CR'R’R®) and (CR'R°R’} together with O' to which they
are akttached represent Z-phospha-adamankyl;

K represents —CHZ—QB{KE}KE wherein X° and X° together
with ¢’ to which they are attached represents 2-
phospha-adamantyl;

A and B are the same and represent -CHz-:

o', ©° and @° each represent phosphofus:

C and E are the sams and represent hydrogen or
unsubstituted €;—-Cs alkyl, particularly hydrogen:

M represents Fe;

n = 1 and I, represents cyclopentadienyl,

particularly unsubskituted cyclopentadienyl, and m =
0.

(7} (cR'R*RY)  and (CRM™R'IRY) together with ©° to which
they are attached represent Z-vhospha—-adamantyl;
(CR'R°R®) and (CR'R’R’} together with @' to which they
are attached represent Z-phospha-adamantyl:

K represents -CHx-07(X}X® wherein X* and X together
with 0! to which they are attached represents 2-

phospha—-adamantyl;

[
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with @B to which they are attached represents 2-

phospha- adamantyl; 4 0 5 FEB 2007 28 Al and A2 arel § FEB 2007

the sane and represent -CH2-; Ql, Q2 and @B each
represent phosphorus; D and E together with the carbon
atoms of the cyclopentadiedfl ring to which they are
attached 5 forman unsubstituted phenyl ring; -- M
represents Fe; n =1 and L1 represents

cycl openigdi gN¥re WRRY iamd @iy x@g&%%wtt Uiced - ;
: e 0. 10 Suitably, the process

cyclop§ntqg|en I,3= and m = 1
of t h& i Wedtnico® napchberapegsent pheapPhssushe

hydroﬁoré‘?{hat%o%’fet‘%{&ﬁth"t%”i Ak yca%ﬂélgt “5E‘$r§£ of the
compound i n the pﬁ%sence of Car bon nonoxi de ~an
hydr ogerlopeatatihenpfiocessgoftd hehimenthen rmye 1attached

catal yse the conversi on_ of aﬂ et hyl enical |y

unsat tPEPed™ EBRPBERETEEeEnBIEBY LeSpBRAI ng” al dehyde-
Convepi eBbk¥sehie FRrOcess of the invention will show

an increased selectivity to the linear aldehyde

produ&t, Tonparedand the brzERsdfaRHIdehyeopedteadienyl,

i n conpari.so hth simlar r i e -
el or PG Chorsey e R tacanet RPIPER a1 RA7, By m
of |imnear: branched product obtained fromthe

hydr of ornyl ati on process is greater than when using
conpar abl e catal yst systens /solvents but wherein a

sthh@bine nphet Yool pEESEN . ihv@ntiBR M) OpeS used to
bi ased 25 towards the |inear product, nore preferably

ceti@lylsieneakhbr anbyddofariplatigheatef thrin 1ethwmracally
1ﬁ%§&%&%§gé compound in the presence of carbon monoxide
and hydrogen, 1i.e. the process of the invenkion may
catalyse the conversion of an ethylenically unsaturated
compound to the corresponding aldehyde. Convenlently, the
process of the invention will show an  increased
selectivity to the linear aldehyde product, compared Lo
the branched aldehyde preoduct, in comparison wikh similar
processes but where the chleorine moiety is not present.
Preferahly, the ratic of linear:branched product obtained
fFrom the hydroformylation process 1s greater than when
using comparable catalyst systems/solvents but wherein a
chlorine moiety is not present, i1.e. the ratio is bilased
towards the linear  productkt, more preferably the
linear:branched ratio is greakter than 1:1, more preferably
iz greater than 1.25:1, even more preferably is greaker

than 1.5:1, vyet more preferably is greater than 2:1, most
preferably is greater than 3:1,

Conveniently, the process of the invention may ulkilise
highly stable compounds under typical hydroformylation

reaction conditions such that they require little or no
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is greater than 1.25:1, even nore preferably is
greater than 1.5:1, yet nore preferably is greater

than 2:1, nost preferably is greater than 3:1. 3005 FEB 2047

Conveniently, the process of the invention may utilise
hi ghly stabl e conpounds und@® typical hydrofornylation
reaction conditions such that they require little or
no a 5 FEB 2087 29 repl eni shnent. Conveniently, the

rQF?Qﬁ§§hﬂ£n£he tBH@QﬁiQﬂtl?HYtﬁéVErBBeEHCEEaﬁﬁg aah@ntlan
of "the hydroformylation Tréaction of an ethylenicall

maysahaw&te@ncommmﬂﬁﬁaﬁﬂnxmaﬂﬁ tof knolm phydeogesmylatiion
enlen roces of .the 5 ipyentio
“EROHDPR REghPcBnOErEnonaray eshgrcBRat e roRenrRY) pympared
tBnsiatatfat @@Eo@@m@@md tderedna et el g ngh‘t'aheprcﬁi@és.femf the
product in high yield with little or no inpurities.
ipBARE4ORNt MY tﬁ@qaﬁﬁ%u«h%ﬂh\u%ﬂﬂtqt%AQﬂ tfates of the

egpgﬁ%%ﬁﬂtﬁt I OF Bo@id ! Ne nydpef %I@irﬁﬁ@nthe

10 ‘an ethylenically unsaturated conmpound, may be
dent¢redsedrdnducdnpl Dyi nhighe priccleds withhe limkdt | opr 1o

The fol.low ng definitions ly to all _sets

RGP net s CrnseutRet 0R L ERE, Yolathhatc tiabitisy, of the
hyArsgsrAlhet MhEeprboeskat ethchlhes t €N hASTobbrmalytion of
when used herein, and unless otherw se indicated,
apnelbié§niFeély olPEATHERBEReGONPEHBer BBy Pe 1ncreased by

eﬁping heEnge SESQSCQEb9H¥C£hGeﬂEQHﬁt'C or 20 pseudo
aromati ¢ groups uch as phenyl, ferracenyl and

napht hyl , preferably phenyl and napht hyl, which groups

t [ bsti t ut dd t to, K
TBeE£eQTbhERS HBeSUE L EeRt: P L 00hL B2 SR
nbewar ldeinbefatieciml ke gs ouppIByatbisgel inbe=s otherwise

optionally substituted or
stated.

The Lerm “Ar” or “aryl” when used herein, and unless
otherwise indicated, includes Five-Eo-ten membered,
preferably siz-to-ten-membered carbocyclic aromatic or
pseudo aromatic groups, such as phenyl, ferrocenyl and
naphthyl, preferably phenyl! and naphthyl, which groups are
opticnally substituted with, in addition to K, B, E or Z,
one or more substiluents selected from aryl, lower alkyl
{which alkyl group may itself be optionally substituted or
terminated as defined below), Het, hale, cyaho, nitro,
oRr'®, oC({O)R¥, ctoIRM, c{ojoRr??, HR¥R?!, C(O)NR™R*®, SR,
C(0}5R%7 or C{SINR?®°R*® wherein R'™ to R*' each independently
represent hydrogen, aryl or lower alkyl (which alkyl group
may it=elf be opticnally substituted or terminated as

defined below).

Suitably, when Ar or aryl is cyclopentadienyl and when D

and E  together  with the carbon atoms of  the

B i Lt LI 8 E Y et SR s s S e

i
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25 term nated as defined below), Het, halo, cyano,

nitro, ORL9, OC (O R20, C (") R71 C (O OR22, 05 FEB 2007 -

NR23R2n C (d) NR25R2s SR, C(O) 3R27 or C (S)NR25R26
wherein R19 to R27 each inde endently r epr esent
hydrogen, aryl or |ower alk (mhlch al kyl group may
itself be optionally substituted or termnated as 30
defined below). Suitably, when Ar or aryl is

cSyQloprentadieenyl Bith Wwaen Whidndele{ ogekhest tddiad h€orm a
carbon atons of the 0 5 FEB 2007 - 36 cycl opent adi enyl
AERy It & Wsi.cH-th dlR R %t?ﬁcﬁéalPBrﬁPSIEEﬁeﬁﬁl%ﬁtﬁfhEd Lo

a@%ﬁ%ﬁ?l'\/‘ P{nﬁatérfé‘térﬁ‘er%f LS ﬁ&éﬁ&??gdt%m@&ment Ar

I ndenyl 11ng sysSte In a preferred enbodi nent

negpreesentiss phieemll car nagbitthhyill,, meoree gresTeadiBivy, mﬂh?emﬂl

.and in either case_they ma be 0 on .

At ciras SERY By e L vReFr et LSRRV RUFUBRT #e ot
chr Mn' Mele" prahdpuds ed fagraim,. | ncl udes four-to-twel ve-
menbered, preferably four-to-ten-nmenbered ring

systens, 10 which rings contain one or nore

et &lQat @*ﬁ%tsel &80 o SRMHY AL5QPE M OXNAEN, £ it fy— @A ve-

m xt ures réof, and which Trings may contain one or
mamh&nm@ublerbéﬁdabéy béonnﬁtoatenamembEpaﬁtI@amﬂwnﬂﬂaﬁﬁms,

aro in_character \
Rl E S e T Rk e
didenrigdn, ebhpi@i N salopti enal Indxwuhsd | tnéedoby and ahich
nore substituents selected from hal g, cyanog, nitro,
TORES | BREr CAEAIY WATRh A K§PTgr sippbligayPppda| fopebe non-—

QRIenal | g It el &Lerdﬂﬂq_fﬁ%x%ﬁnatqg '1@?%haracter
below) ORTS. OC (O R0, (Y Rt ClO o2, NOIR1

2@ C {0y NR2SRAEL, BRP7beC r@@)m@mrlor G i(SINR25RRCc Fused.
represent

B0 agoRSCar yi B owg Ry whPER SNyl o SonaLLy
sutslifturyl bpyopéhenald y meulest bibkedt0énts selected from
halo, cyano, nitro, oxao, lower alkyl (which alkyl group
may iktself be optbtionally subkstituted or terminated as
defined below) OR'Y, 0OC{OJR®, c(0}rR®, cC(o}OR¥, NR™RY,
C{O)NR**R*®, SR?7, C{0}5R* or C(S)NR®R*® wherein R' to R*’
each independently represent hydrogen, arcyl or lower alkyl
{which alkyl group itself may be optionally substituted or
terminated as defined below). The bterm “Hebt” rthus include=s

groups such as optiocnally substituted azetbidinyl,

pyrrolidinyl, imidazolyl, indolyl, furanyl, oxazolyl,

isoxazolyl, oxadiazolyl, thiazelyl, thiadiazolyl,
triazolyl, oxatriazolyl, thiatriazolyl, pyridazinyl,
morpholinyl, pyrimidinyl, pyrazinyl, quinolinyl,

isogquinoelinyl, piperidinyl, pyrazolyl and piperazinyl.
Substitution akt Het may be at a carbon atom of fTthe Het
ring or, where appropriate, at one or more of the

heterocatoms.

- LSS TSR T

e
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term nated as defined below). The term"Het" thus

i ncl udes groups such as optionally substituted 0 5 FEB 2007

azetidinyl, 25 pyrrolidinyl, imdazolyl, indolyl,
furanyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiazolyl, thiadiazolyl, t~flazolyl, oxatriazolyl,
thiatriazolyl, pyridazinyl, norpholinyl, pyrimdinyl,
pyrazi nyl, quinolinyl, isoquinolinyl, piperidinyl,

“mévcazawhpanﬂapl BeL3ZbAYkin 38eSebshi bet banwabxkakt . my
be at "a carbon atom of the Het ring or, where
appropriate, at one or nore of the heteroatons iRO

The" %rzmoo‘zlc)%%r" {E'i&" 197 QWD ”ﬁg @ r%ﬁn',” :Ioémi% C1o
an oxlI de & ferm| ower a y en use erel
amagms 4ol t n€llede sl fmh:hgrﬂld igwdiyidesprmphy) , batlyl , pent}rl

propyl, butyl, penty exyl and heptyl rqQ
hefvas shet FePde g§|’5’é‘€i3f| Q&H%Sk;ﬂt ﬁ&% iR, 2t
g-Beps In%aga\ Sihéh Ciegtrenuider ol fqam%t at @z r PBF carbon
l'i near branched, be saturated or unsaturated, be
a@pmﬁhchaclyoEna@ or papncepelsi @ﬁa@)adqqr@teahdﬂ/rom%@turated

b
LRSS BeyL LT 1P T ST TSI LIRS be
s0beO)k tRE &4 @r(O:)eﬁHYIﬁaté‘dRZEﬂfZ4pn@ (Q: W&,ub&%ﬂkuents

C.(0) SR27, C (S) NR25R26, ar wherel 7
SedeRE# e AP NndBHERG H@#&enﬁ? hy di SR zg'ry (g R,

ol@woral kydR?@nd/ Of (BeNRIREET T enPed Ry ONEPO! IS NRIRY,
oxygen ‘or sul fur atons, or by 15 S|Iano or
adwéIKVHS|I&ﬁﬁrgr%@@SElmomBr altiyl Bt oupechni dmdrpen@Ently

N I T

1825rrﬁﬁﬁedREy Ve ﬁi MorE anggénmayr rept Bsenttand, 2@ by

wi_th mhich_ar& and flet may be substituted, may, when
silano or diatkylsilcon groups.

Lower alkyl groups which rt, RZ, Rj, R*, R, RE, Rj, R?, R?,
Rln, Rl:lr R}E, R13, qu, R15r Rlﬁ: H}?, RlEr RlEr R;ur Rzl, R?z’
r%*, R*', R*", R™, R*', R*, K, b, E and Z may represent and
with which aryl and Het may be substituted, may, when
there is a sufficient number of carbon atoms, be linear or
branched, be saturated or unsaturated, be cyclic, acyclic
or part cyeglic/acyclic, and/or be interrupted by one or
more of oxygen or sulfur atoms, or by silance orx
dialkylsilicon groups, and/or be substituted by one or
more substituents selected from hale, cyano, nitro, oRrR?,
oc(o)R*®, c(o}R¥, C{0)OR*, NR¥R*, C(QINR*R*®, SRY,
C(0}5R?7, C(5)NR*R?*®, aryl or Het wherein R!® to R?*' each

independently represent hydrogen, aryl or lower alkyl.

Similarxly, the term "lower alkylene” which A, B and J
{when present) represent in a compound of formula (I}, and

which R represents in a compound of formula (Ia), when

-
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there is a sufficient nunber of carbon atons, be
linear or branched, be saturated or unsaturatedl,lﬁbgEB 2007
cyclic, acyclic or part cyclic/acyclic, and/or be
interrupted by one or nore of oxygen or sulfur atons,
or by silano or 25 dial kyl si®fi con groups, and/or be
substituted by one or nore substituents selected from
hal o, cyano, nitro, OR9, OC (0O R20, C (O R21, C
ukeh BB22inNRAFRIAMdeS Q) tNRE{R2Ero6R2 TwhiEhOL8R 2t Honded
S) NR25R26' aryl or Het wherein RL9 to R27 each
atn §epe RdARESY ORe phas SHPuRy @nggan, cahpirvwdse ewdingdyin the
Si 'I | W, .l ower al kyl ene” which A B and
Eége(kﬁg gre%@%?? %ggpgsent in a conpound of fornula
(1), and which Rrepresents in a conpound of formula
Hgi , When 0 5 FEB 2007 .32 used herein, cl udes C
OCHF GPsupst vhi ¥RIERN thE é?d'mea{‘c“t‘iﬂ? | G YHpay be
shB%tg'tﬁlEBdal&|%e9hhﬁﬁ\ﬁ’eﬂe gedimngd 1M, SeRBsM8Y &romo
"l ower al kyl" Hal o groups wi th which t he
aﬁﬁo&édﬁeﬁﬁpﬁﬁéd groups may be substituted or
term nated i nclude fluoro, chloro, brono and iodo
groups. Where a conpound of the formula (1) or (la)
Woentaianscampou®d abkemle gfeoumlxi I{ Eprantidy ansntdlins an

ismmy al so cur. The present jnventjon
arﬁ?&’l“h’ e i Nt Vi dgil ang o} &3 %or@r’s LGl sm may also
oe@IROUNEGH0f ph-akErka (hiredRd onWnemn@ 1uaRRr ORMeat Gndife dual
i ndi vidual tautoneric forns thereof, together with
shEgegiesneher &df | Lisepapappondsf of5 Eirastler ebl sopads ofhere
B RpPRYatanS thaOBha  PN0T BRBMRKAL -y SUHENt haldleor,

ues . by Tractional —crys 1 sat I on,
tﬁheoﬂatographmmor iR thr@s of ahesbsfe0|scﬂmmafatlon of
m xture of a conpound of the formula X or

diasterecoiscmers or cis and trans 1iso s may be achieved
by conventional techniques, e.d. by fractional
crystallisation, chrocmatography or H.P.L. 2. of a

stereoisomeric mixkture of a compound of the formula (I} orx
a sultable salbt or derivative thereof. &An individual
enantiomer of a compound of the formula (I} may alsoe be
preparéd EFrom a corresponding optically pure intermediate
or by resclution, such as by H.P.L.C. ¢of the corresponding
racemabe using a suiktable chiral support or by fractional
cryskallisation of the diasterescisomeric salts formed by
reackion of the corresponding racemate with a suitable

cptically active acid or base, as appropriate.

All stereoisomers are included within the scope of the

process of the invention.

It will he appreciated by those skilled in the art that
the compounds of formula (I}, or compounds of formula

{Ta), 1.e. {b} above, may funckion as ligands that
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a suitable salt or derivative thereof. An individua

20 enantioner of a conpound of the formula (1) mely5 FEB 2007
al so be prepared froma corresponding optically pure
internediate or by resolution, such as by H P.L_C of

the corresponding racematesing a suitable chira

support or by fractional crystallisation of the

di astereoi soneric salts forned by 25 reaction of the

SRIARHRORAILAG H A0RITBE Lo LT BT SHbtall 8r @Rk thereof,

active acid or base, as appropriate. Al stereoi soners
lace | he) uddr it hitp tHerscdpe ofompeungsockys #pet htn CLhe

j,jnn%t%io%n.- fg%{iaatfmhtl %épeggﬁggtfﬂfy EQ%ﬁ)e’égirléo%%cund

art conpoun ornul a

themeadndsi of . f ¢ahuladovE,a)codrdingbys abov&ha‘raype nr more

function as ligands that, 0 5 FEB 2007 33 ¢

r%nMe d
BRSPS UGy 0 G SOPLL %o ANEIMESIn G HWE, &7 LR SPmpoun

dfd)r ARpMe, (19 .formthe conpounds for use in the
invention. Typically, the Goup VIII netal or conpound

thereof, i.e. (a) above, coordinates to the one or

r S i.C or t
TR S A0 AL oAb (AT AR AL ooy
tenfaddi mentss odh el oHd meawsh abeedahieeeiapplfyrato al

sets of enbodi nents noted herei nbefore. 10 As noted

her ei nbef ore, the present invention provides a

Y 066684 T lrhanbydi-al orhd abkeBeAt amwidtAlaNi gablydes a

RadRAseni dald y tesat .
JERPAS S o gsggen i pLeRence a2 ERtALt oo

unsat urat ed conpound conprising contacting an
hﬂ@%r@dﬂﬁ@d{@ wictth cdy b@thylenically

em an sol ve as define present

div@rinii@ally unsaturated compound with carbon monoxide

and hydrogen in fthe presence of a catalyst system and

solvent as defined in the present invention.

Suitably, the hydroformylation reaction is carried oub at

a temperature of hetween 20°C and 1BO°C, more preferably

35°C and 165°C, yet more preferably 50° to 150°C, ewven

more preferably 55°C te 115°C, most preferably 60°C to

95°C, For example at about 80°C, and under a partial

pressure of carbon monoxide/hydrogen in the range of 1 to

700 bar, preferably 1 to 600 bar, more preferably 1 to 200

bar, even more preferably 15 to 100 bar, yet even more
preferably 20 to 45 bar, most preferably 25 to 40 bar, for

example at about 20 bar.

Suitably, the ethylenically unsaturated compound may

include more than one carbon-carbon double bond, wherein

the double bonds are conjugated or non—conjugated.
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Suitably, the hydrofornylation reaction is carried out

at a tenperature of between 20C and 1BOC, nore [} § FEB 2007

preferably 20 35C and 165C, yet nore preferably 50C
to 150C, even nore preferably 55C to 115C, nost
preferably 60C to 95C, for 3dxanple at about 80C, and
under a partial pressure of carbon nonoxi de/ hydr ogen
in the range of 1 to 700 bar, preferably 1 to 600

PQ@EerEE&? pﬁﬁﬁ?rébh%léniﬁaﬁﬂﬁ AP shdra@¥en MBund has 1
preferably 15 to 100 bar, yet even nore preferably 20

tPo M4 5agken- #§§Pﬂﬂréﬂ@béﬁi@Dﬂﬁstﬁeiom&%ECwiﬁ? Cavadpud arly
t. ,about 30 .pa th I

Bvactr o22d Socainay Gayiono paibido Mol tber jmolecule,

geartradldgaphay doubtbobend;bwhedeublethendopbtembmﬂdale.
are conjugated or non-conjugated. a 5 FEB 2007 34
Preferably, the ethylenically unsaturated conpound has

Th R 3|p‘i@>f ~ReR- CAERORG blte bomds escmr! ecib@ntion, the
particul arl only 1 or car bon-car bon doubl e bonds

cp@bomlr@@mr@de genér Jiykdycggmny M2y aPBonses ov-kibubia pure
£290d JRery q%lt%%umh ahn fﬁ@%tp BEeS O] gfdﬁﬁrotg% th%arbon

present |nvent I on, 7 “monoxi d

dieyikde wvsed ebbhergaa Buth aﬁoawgen.dlluted mnth an

i nert gas such as nitrogen, carbon dioxide or a noble
gas such as argon. 10 The anount of the catal yst of

THRE AdMEN | OP eped datfiRest hydAr eher mekaifaRdresessiaf the
the ethylenically unsaturated conpound is not

hmcirtqf@anmyl@@e@nr efaes sneyt pehebeshvegnighéhy unsaturated
plLenhap! S]-. Pt ﬁ G4l VHF éa{nh bO et d
C% rDange }1/% Oargr]g El] mal es per 1OT|$ e | eni cal aine
whsat praffedataypotihe, amoine tp pdf Grakipy VITT- Gett@ll @2 1n the
nol es, n . )
range 10 to 10 moles per mole of ethylenically
unsaturated compound, more preferably, 107° to 107° moles,
most preferably 107 to 10° molez per mole of
ethylenically unsaturated compound. Freferably, the
amount of bidentate compound of formula (I}, or of formula
{Ta), bto unsalurated compound is in the range 107" te 1074,

more preferably, 107° to 1072, most preferably, 107 té 1072

meles per mole of ethylenically unsaturated compound.

The catalyst compounds of the present invention may act as

2 “heterogenecus” catalyst or a “homogenecus” catalyst.

By Lthe Ekerm “homogenecus” catalyst we mean a catalyst,
i.e. a compound of the invention, which is not supported
but is simply admixed or formed in-situ with the reactants
of the hydroformylation reaction {e.g. the ethylenically
unsaturated compound, hydrogen and carbon monoxide),

preferably in a suikable solvenlt as described herein,

i L AL LI ir Al v-rCr A TR APPSR S LS A el L LB L A . LS L R i S L e

BT Y I
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nost preferably 10-5 to 10-2 nol es per nole of

ethyl eni cal |y unsaturated conpound. Preferably, tBe FEB 2007
f

anount of bidentate conmpound of formula (1), or o
formula 20 (la), to unsaturated compound is in the
range 10-7 to 10-1, nore préferably, 10-6 to 10-2,
nost preferably, 10-5 to 10-2 nvoles per nol e of

et hyl eni cal ly unsaturated conmpound. The cat al yst

B%Oﬁﬂﬂyngérﬁf“hEEeE&@éﬁebuhHV%ﬁEhQ@sﬁawn@Cmeﬁﬁ al%axalyst,
"het er ogeneous” catal yst or a "honogeneous" catal yst.

iRy -t Hdnet eramrhetbgehediz " ieaearien., wehhehnls earargst on a
Sh ord conmpound of the invention, which is not
sggborfed but is sinply adm xed or formed in-situ
with the reactants 30 of the hydrofornylation reaction
t he et hyl eni ca unsaturaﬁedgﬁonpoun

e.g. I d, . .
Tl s bdiboh FNGX hersbent of ShEoRy Ry invention
prtialse sal venlrcresdescrigied hefei Nhyd o fER200E 035 of
By the term "heterogeneous" catal yst we nean a )
stdvdiepdrally. e UnsHE UEGRMEGUNEBPIES nient id@fings cherein
Wit red ! Eﬂeon?f?‘o.f%é‘@p%é- cAr1dy agaor di gy t gr.}?e catalyst

drther aspect), e present invention provides a

dongeassnbok tshepleydr, obeedpirabil gnaaf inetiybéri sachert.
unsat ur ated conpounds as defined herein wherein the
process is carried out with the catalyst conprising a

EHHIR L1 W e RE ablypptird NSehipkli@eSUPPOHol ifhr such as a
Preferably, the support conprises a polynmer such as a

nsdivpoledtiin, pEdlWrsthrease odr REGIVPSTAICERe CERESIYWRET S8\jdh as a
. i_vi_nyl be ol r t her Ffa
e L L e R L e
caiic ] yenesid | aomwd Stdeninvatel vek Slibdrl asna thencirionaki seidl icon
silica, a silicone or_a sllic?ne rubbft; or ot her
orall 1<a

Berodd e (T A2 Faf €RTh sed 51 r & sllicone or

a silicone rubber; or other porous particulate material
such as for example inorganic oxides and inorganic

chlorides.

Preferably the support makerial is porous silica which has
a surface area in the range of from 10 to 700 m’/y, a
total pore volume in the range of from 0.1 to 4.0 cc/g and
an average particle size in the range of from 10 to 500pm.
More preferably, the surface area 1s in the range of from
50 to 500 m®/g, the pore volume is in the range of from
0.5 to 2.5 ce/g and the average particle size is in kthe
range of from 20 to 200 pm. Most desirably, the surface
area is in the range of from 100 to 400 m?fg, the pore
volume is in the range of from 0.8 to 2.0 cc/g and the
average particle size is in the range of from 30 Eo 100
dm. The average pore size of typical porous support
materials is in Lhe range of from 10 to 1000 A,

Preferably, a support matesrial is used that has an average
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such as for exanpl e inorganic oxides and inorganic

chlorides. 20 Preferably the support material is b5 FEB 2007 -

porous silica which has a surface area in the range
of from10 to 700 n2/g, a total pore volunme in the
range of fromO0.1 to 4.0 ccPR§ and an average particle
size in the range of from1l0 to 500pm More
preferably, the surface area is in the range of from

p8§e5glhﬁe§Q9 B2/ @rohh8opere 5v0l ANeand mdstheleanrge19f from
from 0.5 to 2.5 cclg and the _average particle size'is

Tﬁntphéﬁﬂr&ngétoﬂaﬁréﬁm@Grﬁéﬂgégréﬁidﬁﬁéﬁa@é§|ﬁ§bﬂﬁhydrate
e rea i n of m 0,400 o

R SELRBS Do o S AR AN T T G 0§ go0ec

aBy@heeckgiann fheo3R4akenage particle size is in the

range of from30 to 100 j.Sm The average pore size

of typical porous support naterials is in Lhe range

SQEtEEQ¥L1QHé>%QQBGAt ﬁ&@fﬁéaﬁnéxﬁbﬁwpﬁﬁrEﬂ@ﬂ&”éﬁ& the
is used that has an average 0 5 FEB 2007 - 36 pore

ldﬁaﬁﬁbéﬁ(ﬁuHHQ#ﬁ5@5t§Qﬁﬂ¥¢\a%ﬂd?ﬁoéﬂﬁﬁﬁﬂﬁ@ﬂﬂ%/W*%hwthe
0
é%ﬁ%@?é? d% h":f‘je F?)X:D%%S%arélft Cltlhgr X’l\%q'istl o?’n %8618!‘11gue5

Ica at amaatue
W&QQCkﬁ&ﬁMWﬁBrEhﬁEGnE3lﬂmea4lh0UhE aBtSU|tany, t he
support may be flexible or rigid and the insoluble
support is coated and/or inpregnated with the

HQQEEHH@Q%EQ§ th%hﬁf°Q§ﬁﬁxﬁﬁuﬁ$e:iPVe@ﬁéon P¥cess of the
techni ques wel | known to those skilled in the art. 10

1AFEthQﬂ|véF? ﬁhéeéonﬁéunaﬁeofSpﬁéaﬁﬁocéis 6fn t R@soluble
shg gLl on gie J tovRQe %Prf§8$a ZQ{Ublﬁnd the
support, o |ona via a coval ent

arrangement optionally 1ncludes a bl[unctlonal spacer

molecule o  space the compounds from Ehe insoluble

support.

The compounds of the invention may be fixed to the surface
of the insoluble support by promoting reaction of a
functional group present in the compound of formula {1},
For example a subskituent K, D, Z and E of the aryl
moiely, or formula (Ia}), with a complimentary reactive
group present on or previously inserted intce the support.
The combination of the reactive group of Lhe support with
a complimentary substituent of the compound of the
invention provides a heterogeneous catalyst where the
compound of the invention and the support are linked via a
linkage such as an ethex, ester, amide, amine, urea, keto

group.

The choice of reaction conditicons to link a compound of
the process of the present invention to Ethe suppork

depends upon the nature of the substituents(s) of the
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arrangenment optionally includes a bifunctional spacer
15 nol ecul e to space the conpounds fromthe insoluble

support. The conpounds of the invention may be fix@dg FEB 2007

to the surface of the |nsoluble support by pronoting
reaction of a 20 functional®’group present in the

conpound of formula (1), for exanple a substituent K,
D, Z and E of the aryl noiety, or forrmula (la), with

compOunLl MBAdaryhs eapiduges @FOURhRr €S@fHho PN, OfFor example,
previously inserted into the support. The conbjination
CERIERE St ettt vas g el ost iHé esuppbr Wetpopy lgliinidazole,

af QTP L ARRLaLY Sgﬁ%ﬁq't‘a{%m £%k t'ﬁ%ecorﬂ%ou'&ﬁx‘éfdt%hy%ndes,

I nvention provides a heterogeneous catal yst wher
redupbune efrinhhéibnvestyi be englblfedsupport are |inked
via a |inkage such as an ether, ester, am de, am ne,
urea, keto group 30 The choice of reaction conditions

akeclrtiikga eanpaungupthet heaPsosess eie t herdy@penNtinvention
invention to the supporlL- depends upon the nature of
PrRE1ggEstieuchis (ol shet Rrares seeR 200y i37egbipsuntherein

tﬁ@dctalﬂgl E‘Euggi Igftthﬁeauee%t suE brgxanpl e, reagents

such arb -carbonyl di i m dazole, and
processes such as the use of m xed anhydri des,

t t be d. 5 A di 2
PP LR S5 30 b E AT B cont P hy ShE: ST Gyl hers R
rAserdf whe ptocess wf, tafe intvenklomavher® E}hehh%lssaciated

catal yst is attached to a support. 10 Particularly
WALEf drltell | §=RRERTLRE o @F@Iﬂpsqu@m FROMPORBES RATOUPS

wﬁich réw tRele.g@t %% &é’rf@glﬂ'zh%%ﬂ%ﬁocbét et:d-butyl.

Steric hindrance in lLhis conbtext is as discussed at page
14 et seg of "“Homogenous Transition Mekal Catalysis - A
Gentle Art”, by C Masters, published by Chapman and Hall
1981.

These steric groups may be cyclic, part—cyclic or acyclic,
preferably acyclic, When cyclic or part cyclic, the group
may be substituted or unsubstituted or be saturated or
unsaturated, The c¢yclic or part cyclic groups may
cantain, including the tertiary carkon atom, from Ci—Cag,
more prefaerably Cg—Czq, most preferably Cie—Cis carbon abtoms
in the cyclic struckture. The c¢yclic structure may be
substituted by one or more substituents selected from
halo, cyano, nitre, OR'Y™, o0oC(OJR?*", C(o)R*, C(0)OR%,
NRPR*, C(O)NR™"R*¢, sR*¥, C({0)5R?*’, C(S)NR**R**, aryl or Het,
whezein R to R? each independently represent hydrogen,
aryl or lower alkyl, and/or be interrupted by one or more
oXygen or sulphur atoms, or by silane or dialkylsilcon

groups.

R L
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with their respective carbon atom form conposite
groups which are at least as sterically hindering

S
t-butyl. Steric hindrance in this context is as % 5 FEB 2007 -

di scussed at page 15 14 et seq of "Honpbgenous

Transition Metal Catalysis “8A Gentle Art", by C

Mast ers, published by Chapman and Hall 1981. These
steric groups may be cyclic, part-cyclic or acyclic,

120 ceirefhe hakipodd yehite., Waemotye aboae,pahe ¢Gtdldgind hgroup
group may be suhstituted or unsubstituted or be

ALatiif atRd26Y1 MPe&rat®d - TRePEFENilc BroYar t¥yer| pay be

o%ﬁ:&%%fﬂgy sl fbed NCLEGE PG i@ HaE LM VBT M sphorus
tom from Cl-C30, nore preferably C6-C20, nost
ayogierads yLl OlosdClBe cadbansntome 250 midms cyelgec at the 1

-.Th | i b bst | db
Bl 5 Bodie 19050t L Ends Y PP RS, nERBLAEEIEEer” the
ahAr omcGRtY; @& ObdR20a CEQEEAL, pOlLERycOR22, o NBAIR2 .. g,

g@&qh NR25R26r  SR27,  C {OF SR27, C (S) HR25R26, aryl_ or
naghthaggape; Pivtenn a7 8acHE@EpendBRFEYEF epRESfTably

tﬁhﬁdrﬂg_,ﬁn'm@?e ry_li_.'ao hleq)l\ﬁqr A kﬂéptﬁ@ﬂéﬁé bﬁore preferably
i nterrupted by oné or nore oxygen or suf phur atomns,
pboent .sil ano or dial kylsilcon groups. 0 5 FEB 2007 -

" 38 In certain enbodi nents, as noted above, the
bridging group Ar is an aryl noiety, e.g. a phenyl
Feaail e sWaifC Butybbe sericidgial by tswesiHltintied ngoreoMriads of
that the two phosphorus atons are |inked to adjacent
bdgeB5a 8t ons, e 9%tdthe 1 5 8RH 2 posi thrend o (e Lert—

HRREA Y LAY R omEY RIS HERLEnct N aryl noi gt v 1R D@ rert -
fused polfycyclic group, e.g. naphthal ene, biphenyl ene

rentivigénephboneetnylpbeherably the aryl Invidths-lgli-tert-
P21k cRbrARNIRS 1S R R AREGLE @bl v phenyl 1,2
bis (diadamantylphosphinomethyl)benzene, 1,2 bis(di-3,5-
dimethyladamantylphosphinomethyl)benzens, 1,2 bis{di-&5-
tert-butyladamantaylphosphinomethyl)benzenes, 1,2 bis(l-
adamantyl tert—butyl-phosphinmhethyl}benzene, 1,2 bis{di-
l-diamantanephosphinomethyl) benzens, 1-
[ {diadamantylphosphinomethyl) -2 (di-tert-
hutylphosphinomethyl) Jbenzene, i1-{di-tert—
butylphosphinomebthyl) -2-
{dicongressylphosphinomethyl)benzene, i-{di-tert-
butylphosphinomethyl) -2- (phospha—
adamantylphosphinomethyllbenzene, 1-
(diadamantylphosphinomethyl) -2— (phospha-
adamantylphosphinomethyl}benzene, 1-({tert-butyladamantyl)-
2= {di-adamantyl} - {phosphinomethyl)benzene and 1-[ (P~
(2,2,06,0,-tetra-methylphosphinan-4-one)phosphinomethyl} -
2= (phospha-adamant ylphosphinomethyl)benzens, 1,2-bis-
fditertbutylphosphinomethyl) Ferrocane, 1,2-bis-

fditertbutylphosphinomethyl) faerrocene, 1l,2,3-Etris-

-l s S S T L T LA SL T Tt L L= - - . £ — ST mmmc ey ST DRI SRS Tt

]

R L E
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10 Exanpl es of suitable specific but non-limting

exanpl es of bidentate Iigands are 1,2-bis-(di-tert-p&§ FER 2007 -

but yl phosphi nonet hyl ) benzene, 1,2-his-(di-tert-

pent yl phosphi nonet hyl ) benzene, 1,2-bis-(di-tert 15

but yl phosphi nonet hyl ) napht h&Pene, 1,2

bi s(di adamant yl phosphi nonet hyl ) benzene, 1,2

bi s(di -3, 5- di net hyl adamant yl phosphi nonet hyl ) benzene,

(HiZ ekt B(8h1Bhosphinomethyl} ferrocene, 1,2-bis-
tert-butyl adamant ayl phosphi nonet hyl ) benzene, 1,2 o
[§P§UflﬂﬁaﬁﬁéﬁbyﬁpbéPFmBGEVﬂJ5H6§Eﬁ?ﬁ8netthF‘EEﬁZéﬁéﬁlSﬂ‘

vhrZabhetdh 2nd diavaa sneohosphi nonet hyl ) benzeney kg

ntyl phosphi nonet )-2-(di-tert-
(fayicphpsphiydphesphlipbhenbgbé fetrpodentert - 1,2-bis-—
ut osphi nonet h - . .
R P RB o b P S SehrPsBRRzene, 1. (di -t erly2BE s (i
i@%b&bEQQPﬂBEﬁﬁﬁﬁbﬁﬁkh 23 fprespbae, 1,2-bis—
adamant hos hlﬂOﬂEtg | ) benzene, 1- ) .
(CaRad BNEEPEROSPRE B! PEF oS Pnos fhd-bis-(di-(1,3,5,7-

t%@?ﬂﬁ%%% Rh%§@hhﬁQQEEB%ElEQBESE5ha—
I-(tert-butyladamantyl) -
adafmdntgdamrahyyl) ) £eplrospheponet hyll), Retdene, and FE-(2( 2,30 6, —

,2.6,.6, -tetra:ethyl ph i.nan- 4- hosphi t hyl
e 2B LB B B sy PRROS BRI AGIEL RS E FRGRDane 20d 1, 2-
bls2-(hiis1, @it g-tburyhphagRhianamebbylr) bRA-0cEAEspha—

1, 2-bis- (ditertbutylphosphinoneth{l)ferrocene,
agapapiydpgthyl) posnggpepooprefggably  selected from bis

Gehest iy phosshi aoTEL byl s T OBENE, knZill 3 1,2 s

icyclo errocene,
[di2+bbstfdphibsphibotgltplyd$phi nanetdwdnkfier r oceng, 2 bis

didelhsncl dryeloesatl phogehi nogetyl ) ferroceng,
{diadamantylphosphinomethyl} mnaphthalene; 1,2 bis ({di-t-
pentylphosphine) -o-xylene ({alsc known as 1,2 bis {di-t-
pentyl-phosphinomethyl}) kenzene):; and his 1,2 {(di-t-butyl
phosphinometbhyl) naphthalene., Additionally, the bidentate
phosphine may be bonded Eo a suitable polymeric substrake
via at leasll one of the bridgihg 4roup Ar, the linking
group A or Ehe linking group B, e.g. bis ({di-t-butyl
phosphino} —o-xylene may be bonded via the xylene group to

polystyrene bto give an immobile heterogen=sous cakalyst.

The amount of bidentate ligand used can vary within wide
limits. Preferably, the bidentate ligand is present in an
amount such that the Tatico of the number of moles of the
bidentate ligand present to the number of moles of the
Group VIIT metal present is from 1 to 50, e.g. froem 1 to
10, and particularly from 1 to 5, mol per mol of metal.
More preferably, the mol:mol range of compounds of formula

{I} or (Ia), preferably formula (I}, to Group VIII metal

]
i
E~
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5 (di et hyl phosphi nonet hyl )ferrocene, 1, 2-bis(di-

i sopropyl phosphi nonet hyl )ferrocene, 1, 2-bis- D% FEB 2007

(di met hyl phosphi nonet hyl ) f errocene,
1,2-bis-(di-(1,3,5,7-

tetranet hyl -5, 9, 10-tri oxa- 2-4hospha
adanantylnethyl))ferrocene, 1,2-bis
-re,u-(P-(2,2,6,6,- 10

tE.Et Iﬁ"%@' pmf@hb&anx 41 opg) )k et hykterg.aoenendndin the

rl@erE( dit 113l 5t':7 1 eZb ahet h@bneeglmatﬂ-m okhe2 poivssprid ity of
nant ErlF )benzef v RIS %rsabl¥ s% ect edﬁfrosm h| § it
aéj&j-t ty osﬁwno?%xyrl rile (af‘soak GW o982 pre

avdiids Wieyllﬁwwhlmﬁl’midads) ctﬁﬁzm’lejumphlﬁldﬁlcﬂf fprmula {I)
(dladanantylghosphlnoneth ) benzene; 2 his

i bkPvankb 5 ¢ pREIPHY ndREEHYE) Hdphtdat eh%ncq pigigises the
ddfisdmp RS YEBNASRIINO0) 5 05 XY EN%: (13 SOxKBAMN @S c:lc,m?mmdS

bis (di-t- pentyl-phosphi nonet hyl) benzene) and his
Shyiz atdiy-t tmmybatphygph|m&hethylprm&pﬁﬁhat@néhe inventien

Addi tional | the bjidentate hos h|n be. bonded .
L A o Bory iiri L S tser gPo b YR8 PONGES -

dild bir dgheoh gd BaipoAaylibeohi ﬁ&aagmgr atfpa/h &tHylenically
Ilnklng group B, e his (di-t-butyl
&OEHO nay be bonded via the xylene group

to polystyrene to give an i nmobil e heterogeneous
catal yst. 25 The anobunt of bidentate |igand used can
T\I@rycwrbhhn midexitieniamd Preimrgssl y matvhebbi denedt ein the

and is pre ent in_an mount_ such that.th at
bt of ot o 8888, TR e a1 € giha SpeS st 1on.
Bxaniflesushesueh npdass ofinthaed30 (Ityad ) | chebah dioxide

present is fromlto 50, e.g. from1l to 10, and

ﬁﬁﬂiﬁQﬁﬂﬁﬂh¥$ H@§ﬁ515F§h5asn€Fgﬁ@r mol of netal. More
preferably, the nol:nol range of conpounds of fornula
(1) or (la), preferably formula (1), to Goup VIII
wettah1e SreER 2081 meals {(otherwise known as Group VIIIB

metals) or a compound thereof which may be combined with a
compound of formula (I) include cobalt, nickel, palladium,
rhodium, rubthenium and platinum. Praeferably, {a) i=
rhodium or a compound thereof. Suitable compounds of such
Group VIII metals include salts of such metals with, or
compounds comprising weakly coordinated anions derived
from, nitric acid; sulphuric acid; lower alkancic ({up to
12} acids such as acgetic acid and propionic  acid:
sulphonic acids such as mathane sulphonic acid,
chlorcsulphonic acid, fluorosulphonic acid,
trifluocromethane sulphonic acid, bkenzene sulphconic acid,
naphthalene sulpheonic acid, tolusne sulphonic acid, e.d.
p—toluene sulphonic acid, t-butbtyl sulphonic acid, and 2-
hydroxzypropane sulphonic acid; sulphonated ion eXxchange
resins; perhalic acid such as perchloric acid; halogenated

carboxylic acids such as trichloroacetic acid and
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isinthe range of 1:1 to 3:1, nobst preferabl in e
: P : q ByFEB 2007

range of 1:1 to 1.25:1. Conveniently, the possi bi

of applying these low nolar ratios is advant ageous,
as it avoids the use of an excess of the conpound of
formula (1) 5 or (la), prefdtably fornmula (1), and
hence m nimses the consunption of these usually
qui t e expensi ve conpounds. Suitably, the catal ysts of

thRe1nbeegssar ok tE@iiﬂ?veﬂ%%ﬁﬁph%ﬁh_{aﬁeaf geihd aphosphonic
e

separate step precedin eir use in- situint

apjdeoforaly| agi denzeacriowpdionde etdideninoal |3cidp derived
f%@%at'HEéﬁssgtESn opypd, .dhey, %EBOanﬁEOéhg%%B% hydpogen g
may be used in the presence of 6t her gases ich are

Al Herthieft tEhe dreattiven.indixaiyd dmiof Ssalhs gaseshepckgdeces
ni.trogen, carbon dioxide. 15 and the nobl e gases such

WHACH, J5W. IERTHET 5B 6T PRIRESal P otdfer %e“?ﬁ&\?ﬁallﬁ’
h@fofeAdbed | | BedBiHaly0r apeegpeund ddefppliwti ch e g.

may “be conbined with a” conmpound of formula (1)
Penéludectobarphenytkdloradal .| adMemec®8Irhotiluad complexes,

rut.beni n lLati fera ) is., rhodi or
oGt RO: neBed: IR LHFLAL Shand) iy B R of
eMlkkepettddes pelante SAl theofi nSweht iRl atssqddy 8r catalyst

conpounds conpr.i sing weakly .coordi nated anions derived

SYEORT RT3 idakdisd; PEuIgoRGrd g ¥ Srower A khngetadyer 2

chbRpéRn@l2)hasbds such as apeldih-AG d ARG, ONLS th  the
acid; sul phonic acids such as net hane sul phoni c acid,
pckEenoesubphancblacids mphusEysihnphdnileagti ane of the Group

vk QAL hans, oy pRopie achdehenzens shLPORLE hould
acid, ~‘naph ene” sufl phoni ¢ acid, "t ol uene "sulrphohni C

taei @olesgt 3Qrp-deeltudne = ukipheomie: atd et § 7 buhyl Group VIII
sul phoni ¢ acid, and 2- hydroxypraopane, sul phoni c aci d;

MEHFYh GHARYIONTER E hiift 2 mesPn i R g | BOABFY: s the
fé%e?@&ﬁﬁ' Qld CL@ChE; MBlPaenas &g nGBY POXYHH Co@elgls, SUaBu1d
as frichl oroacetic acid and
the chlorine moiety be present in the solvent, then Ethe
moiety can be present in any part of the solvent =ystem,
e.g. wherein the =olvent s=system may comprise a =solvent
and, for example, a chlorTine meietbty source, preferably the
chlorine meoiety is present within the chemical structure
of the selwvent melecules themnselves, 2. g, in

chlorchydrocarbon solvents, chloroflucrocarbon solwvents,

and the like.

The catalyst system of the present invention is prefarably
conskituted in the ligquid phase which may be formed by one
or more of the reacktants or by the use of a suitable
solvent. Clearly, in the former case, the references to
solvent in the present invention should ke construed
accordingly and the chlorine meolety must, in such cases,

be present in the Group VIII metal compound.

:
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is Q5 FEB 2007 41 trifluoroacetic acid;

ort hophosphori c acid; phosphonic acids such as 05 FER 2007

benzenephosphoni ¢ aci d; and acids derived from

i nteractions between Lewi s acids and Broensted aci ds.
A further alternative includégs halo salts. Oher
sources 5 which may provide suitable anions include
the optionally hal ogenated tetraphenyl borate

THEN Ihdli e S r %ogvenra;e&fl WAL SHRBRAANY la AUAIE-0om the Ffact
Mor eover, metal conpl exes, partlcularly those with

thab|I68FPg§ndQ ay ble ystrveItiorour ke, THEE prsiggsise a

the invention ir 0 t
C%%Fgﬁnabpe Ey coﬁ%%%%n&%%qéﬁﬁyfﬁﬁﬁ%t&& (ﬁﬂﬂg does not.
Ne@mRaung, th&eeehlaeﬁtadﬁuﬁmﬁa&Enﬂhbmmhrm& deitthinsmeczl to
presence of a chlorine noiety in at | east one of

t he
V4 B BP LESpomWE Wit t het SAF AN afd  Eroducts.

MoRRLSES, € tHoW A vdilie SO vBat anRl x6QREALE 3 GRIQKILRE such
noiety, the Goup VIIl 15 netal conmpound nust cont ai n

aa chherrtﬁehmrelc;albmd uniFe tufrgiegbi AEMPSUNg. betheadroduct

PR o SERUASE: P, FRSINE THAS o

s@m@wamryrwﬁﬂncﬂxﬁﬁscﬁtmémesijeetgsyshempl e.gundensation
wherei n the sol vent system may conprlse a solvg;t 20

PARAVCEST e XOMSIc¥ETa SRS iTREThSINGt P difTte S35y e FSI Pt

e_@e Lok ne 1 &Ly vesitRresent within the chem ca
structure of the solvent nol ecul es thenselves, e.g.

in chlorohydrocarbon solvents chl or of | uor ocar bon

SSOl V%rit S, 80 e}lpg ! ' y}%s%%ttal ys% ?%@érgm %ael_lekeated

present invention Is pr era conisti
Phydaiceh ripiRase Wtihe B smaye Hees drer, rrafirhe;radneu lorommane-lefhexane,

ohe AN S O BY Sy Thet SNyl phenyl  ether,
diethylether, diisopropylether, tetrahydrofuran or A&
polyglycol, ketones such as acetone, methyl ethyl ketone,
me=thyl hutyl ketone and cyclohexanone, nitriles such as
methylglutaronitrile, valeronitrile, and benzeonitrile,
arcmatics, including hale wariants, such as Gtoluene,
benzenes and =zylene, eskters such as methylacetate,
methylvalerate and caprolactone, dimethylformamide, and
sulfones such as tetramethylenesulfone, and wvariants of

any of the aforesaid comprising at 1least omne chlorine

moiety.

Other suitable solvents include aromatic compounds such as
toluene (as noted above), hydrocarbons or mixtures of
hydrocarbons., It is alsoc possible to use waker, and
alcohols such as methanol, ethanol, n-propanci,
isopropancl, n-bubfancl and i=scpbutancl. Varianks of the
aforesaid comprising at least one chlorine moiely are also

suikable.

AT Ol 1 mn a
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solvent. Clearly, in the former case, the reference

to 30 solvent in the present invention should be ﬂ 5 FEB 2007

construed accordingly and the chlorine noiety nust,
in such cases, be present |n the C?oup VI netal
compound. - - - 43 e |
0 5 FEB 2007 12 The ch0|ce of solvent IS not
critical, aside fromthe fact that according to the
invention it must conprise a chlorine noiety if the

G oup VI npound does, not. _ Naturally, the
Ao nEH Hgsen %§ﬂgﬁﬁﬁ ot CIHEORAS | HehehY 8§ BTEseps, in at

1bhercatl Vst SNSt EFbubeFATANGF QYT PESAMEE S ot/brs%%%ht of
the sol vent can be a m xture of reactants, such

thige REIRASEi TRl Fye uABERDEADE cdwpe@ndsuthebbred@hﬁ Group
U%&qlo eyl b%ﬂ% S, @nd éhedgkgﬂgﬁ b%ﬁ&eﬁ%hngre and

products of ary Feactt ons er eof
coapdendatyi on 1&hﬂbmduet5mmwbmeovet apmaiﬂjmanammmples of

sqQl vent can be resent e. m xture of solvents
5§&Fﬁgﬂﬁe(§ngent§IRMﬁﬁWQﬁ%€@%tlqéiﬂdﬁi E%ﬁb?ﬁté&mPlexES
(B¥dhoaaReNs, stehaRd kBHQEERAtHAUErH ©khstObne chlorine
cycl ohexane, 15 ethers such as di phenyl ether, nethyl

mpRehy) et éFEthyﬂeﬂherESdld§@ﬁﬂd§ﬂ}eﬂher [RACL (Cod) 5] 2
thﬁte ahydrof uran,.or Eyg%&%}{‘égl ket ﬂ%‘ﬂ%l’h&sadlen

acet one, nethyl ethy I one net hy I’but ofe Ang

R&y&dbohtegcanon[e:;h mﬂ}rzl'[|ae:$lc$l]gh aehem‘etthyl g‘talmtaaﬂ"onlrtepﬁefsents
“valergnltrlle and benzonitrile, 20 aronatlgé
AREMY Pﬁ&tﬁgﬁgevérlants such as tol uene AZERE2ERY2] 2/

[mbqrmoreetreaaleﬂe@ 188 r%?ybﬁeﬂ ate [Rh&@t{hyby_ebetaheyz]g,
and capr ol act one, di neth ormam de, and f ones

Codeodd , 5eh¢&ﬁdﬂﬁ9ﬁéne§9ﬁﬁeﬂé1}dnmEVar|ants of amyi sofl , 3 -
-:Er%‘io%f:%%%%h% ] Q(JJ:HBF:II:L%}JEQ } %etra%ituu%@b D%re]tlt%r : e},rdrate B
dichlorotetraethylene—dirhodium, ({bicyclo[2,2,1]hepta—2-5-
diene)chlororhodium({l}dimer, {1,5-cyclooctadieng) (2,4-
pentanedionatalchodium (1}, {bicyclo[2,2,1]lhepta-2-5-
diene) {2, d-pentanedionato) rhodium{I},

rhodium({III)acetylacetonate, {bicyclo[2,2,1]lhepta-2-5—
diene)chlororhodium (I} dimer, more especially [BRhCl {(CO)z]a,
[RhCY {(Codlals, BRhCls.xH:0, [Rhi{CO}:z{acac)lz, [ERhiacetate):]l:
[EhC1 {Norbornadiene}]; [RhCl(Cyclooctens)z]s, Chloro{l, 5~
hexadiene) -rhodium(I}dimer, most especially [RhC1{CO}:]-,
[RhCl (Cod) 2]z, EhC} .. xH-0, [Rhi{CO).{acac) ]z,
[Rh{acatakelz]s. Thus, where the rhodium complexes are to
comprise at least one chlorine moiety, sultable complexes
include [RhCL{CO) 2] 2, [RhC1 (Cod) 31, RhC15. 2H:0,
[RhC1 (Norborn—-adiene) ]2, [RhCl (Cyclooctene);]la, Chloro(l, 5-
hexadlene)-—rhodium{I}dimer, pm-dichlorotetrasthylene-
dirhodium, {bicyclo[2,2,1]lhepta-2-5-
diene)chlororhodium{I}dimer, more especially [RhCl{CO):]s,

[FhCl {(Codlz]a. EhCl;.xHaD, [Rhl (Norbornadiene) ]z,

g
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25 noiety. other suitable solvents include aromatic 05 FER
conpounds such as toluene (as noted above), 2007
hydrocarbons or m xtures of hydrocarbons. It is also

possi ble to use water, and 30 al cohols such as

met hanol, ethanol, n-propancol®, isopropanol, n-butano

and i sobutanol. Variants of the aforesaid conprising

at | east one chlorine noiety are also suitable. er 0

[RHEER C2@0 bocABnAd - hat ed her ei nbef or €hlamhilgri-exadiene) -

ieR%bi resent in at _|east one of i e Gou \AIJ
%Hé%h Fror solW&Ht of FRESHLALLYs of tHECL1CO)2]z,
pmmqbomg]zh%cﬁ,umagbl Y, MbReo@e@YP stiYlabl yIeltdle solvent

conpound is as defi herei nbefore and conprising a

odh|tdE P aRsisst F’f %llﬂ?@@%&mll@s agf desfinegp|lergigigefore
| t
a%dth égﬁ%@f 0S C:LHSLS:{ 1r{é°| ea[r%egne C or%%ﬁg %5%@?;3%3 of

sandh arse:-lsnmritsas c{oHp:(EIi(-s(iﬁ)gZ] 2t [ BeGstCodnd] 2 cilore moiety

EﬁgerFl resents "1 5 C clooctadl,nig), b
P@% cha Y Lorobenzene,

rr[—%@i’l@&%ﬂiél zenaGet Mb@ﬁ@ﬁon@é a@hi&‘i@@eL%ﬁ)éﬂl&)roethanes ,
E{RhCI(Norbornadlene)]zl Rh2('CAc) 4
1)

Rdlocepthgdetene) 2] 2 chlorofluorocarbons {CEC’ s},
90k i.ene)

tcgyg%og]&%é%egﬁe @rﬁodltuéré%ﬁj{grﬂa%&ouro%’o ?g}ﬁ ]'B%tp'aEmll:’rir

di-chdiorioimetbtaetr. aet mmemdrﬁhmmrably, b-::rth the Group

o o b GPPUPHor =i 1 00y SPBEERRAREALR 42 chlorine

H@ﬁ@k@nedlonata)rhodlun(T) (bicycl o[ 2, 2, 1] hept a- 2- 5-
di ene) (2, 4- pent anedi onat o) r hodi unm(1), 20
rhodiunm(l11)acetyl acetonate, (bicyclo[?2,2, 1] hepta-2-5-

ﬁ?%%%ég?gro@dkﬂg(lr)edédﬁcm ”RE@ e}:‘?ﬁ@e%ie%lalr%ted from the
other cumponeﬁts by any suitakle means. However, 1t is an
advantage of the present process that significantly fewer
by-products are formed thereby reducing the need Eor
further purification after the initial separation of the
product as may be evidenced by the generally significantly
higher selectiviky and linearity. & further advantage is
that the other components which contain the catalyst
system may be recycled and/eor reused in further reactions

with minimal supplementation of fresh catalyst.

Preferably, the hydroformylation 1is carried out at a
temperature of betwsen 20°C and 180°C, more prefsrably 35°C
and 165°, yekb more preferably 50°C to 150°C, even more
preferably 55°C to 115%C, most preferably 60°C to 25°C, for
example at abouk g0°C. Advantageously, the
hydroformylation Car be carried ouk at moderate

temperatures. It is particularly advantageous to be able
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[ RhC (Cod) 2] 2, RhCL3.xH20, [Rh(CO 2(acac)] 2,

[ Rh(acetate)212 [RhCl (Nor bor nadi ene)] z 05 FEB 2007

[ RhC1( Cycl ooctene) 2]2, Chloro(1l,5-
hexadi ene) -r hodi unm(1) di mer, nost especially
[ R (CO 2] 2, 25 [Rhd (Cod) 21{’2, RhC13. xH20,
[Rh(CC)2(acac)] 2, [Rh{acetate}2]2. Thus, where the
rhodi um conpl exes are to conprise at |east one
tehlmiime obi ethe Syidralfoemgoaphexesreddicliamesf RaGbve room
%CC) 2%2!82’ [ RhC1( Cod) 212, RhC13. XH20,
LERRELENYEBor n- adi ene)] 2, [ Rhd (Cycl ooct ene) 2] 2i
Chl oro(1,5 30 hexadi ene)-rhodium (I)di ner,
p- di chl or ot etraet hyl ene- dirhodi um
Sobitepdlve| 2thel | hepraforgyldt o) ché oraatwididin(@yidi mdy , the

nmor e _especi al | CO - 1 2

PARCIS LR PN CPENSPBor Sad hed) P PERGUESERE b, chosen
réé ctRaGl (CyRlcaaatrre) 2] @snory( 1t b= hpxadi ebepressure is
.rhodium (1) diner, nost especially RhCliCO 2] 2,

iprAd Y CBEN 9% 2 O TRIC 3O x P8, BitFreoRERTRERPE¥bIly, t ¢ hROO Dbar,
moekV §ite fedfaHINe Pro§e8800halfe dviendAD LeefsSrdeiingd to
her ei nbef ore and conprising a chlorine noiety.

18fechaic esednpkeenofmomaicprederabtly cobpricsi A§ dear, most
|_east e chioro i e in d i.chl or : ,
pgﬁ%%ﬁ%‘%@ zein%e, 5. g&c’:h ofcdbe%%%ngx%lmﬁ%ﬁghl%ﬁ%@’%’%&ne@ bar.
Howcher ,t ethi@chhetide, préchhosoellyanes, varied from these
di cbl or pet hanes, chl orofl uorocar bons %CPC s), 10

e,

resgesc R Hihed)  TBEr &HgHdet nehe - PRory esfectaaf ton

Airghharonebianed. Even Mie Jisefl raklaya 1RAh 4% As0WF the
VI'TI “nmetal "compound and the solvent confain a chlorine

preisery. 15VEN igvoductonf ehemplkact i sRantyobe would also

se ar%ted fr<1mthe qQt her caonponent s hy _an suit%l%Ie
procee N a low—-pressuré rég1on or F&aﬁ%ﬁe iy e range
means- wever, rt s an “advantage of "t pr ésent
1precass that significantly fewer

The reaction may be carried oul on any ekthylenically
unsaturated compound including ethylene although there is
no linearity advantage as such with ethylene. FPreferably,
Lhe reaction 1s therefore suitable for C2-Czp ethylenically
unsaturated compeounds, more prefarably, C3-Cia, most
preferably C3-Ci: compounds.

The process may be carried out on ethylenically

unsaturated compounds having 2 or more carbon atoms such
as (3-Cap atoms or C3—Cz;p abtoms or Cy-Cap atoms. The
alternative upper range of carbon atoms in such compounds
may be taken as Cjy or Ci;s or Cpz in increasing order of
preference,. The alternative lower range of carbon atoms
in any wof the aforesaid ranges of ethylenically
unsabturated caompounds may be O3 C4, C5 or Cs. The

ethylenically unsaturated compound 1is, preferably, an
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by- products are formed thereby reducing the need for

further purification after the initial separation qgﬁ FEB 2007

the 20 product as may be evi denced by the generally
significantly higher selectivity and linearity. A
further advantage is that t4e ot her conponent s whi ch
contain the catalyst system my be recycled and/or
reused in further reactions wth mnimal
ad gepice havtiaky dn &f ofrr €s e adcadey sta ritm-Rrafremakiognbltcdheonds
p[s%flrofor% ation is carried out at a tenperature of

and 180C, nore preferably 35C and 165C,
yet nore preferably 50C to 150C, even nore preferably
55C to 115C, nost preferably 60C to 95C, for 30
ﬁ@ﬂanﬂu@hataldtﬁnﬁ geC. belvambagadydley phe non-substituted.

ALgher URL0R.eAR e cairhed QUt Al AeLAE c ary1

eratur I'curarly eous
gﬂﬁu@a = Or3ekEB Zﬁﬁhrwﬂﬁd()apmﬂnfuﬂﬂ tiﬁhe ethylenically
drofornylatlon reaction at above room tenperature.

“ﬁﬁattéﬁlafe FOMRPYTET Biy| #edn ThAE e ATt Ftiftl HErth dumb

oF RAIA RASSULR Ofiddle RAGIQRHRRS 'Hé(téﬂtﬁs.lﬁttutﬁ& be
chosen reaction t enper at ur e- GEneraIIy, t he parti al

Predgsur e #6¥clict hetr angerof rwd iT0@dvarlicpr ef erdbby  be
%, H?: Q%yba bsﬁ!%% %“ ef %r bl ihiQ e300 BY P Venﬂ'prgnore
rerera to re

yet even nore erably 2
stuh:siaﬂnmh L smosd 1 e pd efemblly:w%& t@l]ég@lbaaryior alkylaryl,
exanp at about bar t.he par

3
&Y the gégped Ppon1tﬁ%%@?“%angeg{%é%endlﬁéDéHR
Mé&?ﬂct icvidyyar@frEhe wydr af@r ”EhaT'QHe:éﬁﬁmRySt £o R?’ each

oned I'n the case of catalyst systens of the
im%mmdﬁanmlefnmmew dxehipiaen reacleonrwalkglal s@lefins
thus substituted include styrene and alkyl esters of
unsaturated carboxylic acids, such as methacrylate.
Suitably, the ethylenically unsaturated compound may

exhibit ciz (E} and trans (%) isomerism.

Examples of suitable ethylenically unsalburated compounds
may he independently selected From ethene, propsne, 1-
butene, 2Z2-butene, iscbutene, l-pentens, 2-pentene, 3-
pentene and branched isomers thersof, I-hexene and its
isomers, l-heptene and its isomers, 1l-octene and its
isomers, l1-nonene and itks isomers, l1-decene and its
isomers, the C;,—-C;; alkenes and their known isomers, 3-
pentenenitrile, methyl-3-penkteneocate, 1,3 butadiene, 1,3-
pentadiene, 1,2  hexadiene, 1,2 cyclohexadiene, Z,4-
leptadiene, and 2-methyl 1,3 butadiene. Preferably, the
ethylenically unsaturated compound is a Ca—Csoe alkene, moIe
preferably a Cy-Czp alkens with a carbon-carbon double bond
in the l-position, most praferably a C;—Ci; or Cg—Ciz alkene

with a carbon-carbon double bond in the l-position.

el r = w g === el - - B =T L LA i T sl L
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15 proceed in a | ow pressure region, for exanple in
the range 1 to 100 bar. The reaction nay be carrie

out on any ethylenically wunsaturated conpound @5 FEB 2007

i ncluding ethylene although there is 20 no linearity
advant age as such with ethyﬁgne. Preferably, the
reaction is therefore suitable for C-C7
ethylenically wunsaturated conpounds, nore preferably,
C3- C18, nDst preferably C3-Cl2 conpounds 25 The

rocess q@ carrjed out an th L ically
ati dt dS!c 9 haviRg- bl e tE&r 561 2dSis SYStem
madCha138 G C2RnatrerB -qr £3- la;tﬂrf@ Ok ctvCed aé@ﬁ'q‘netal
The alternative upper range of carbon atons in such

vdgmiouris beep beclakéRoms e eRteElPser ikam  When the

FRSLAPL g oL 6L AL ERce, T SLRLIAE, peaium

mﬁMQesteh1EEbyhgnlmmm¢QUansaﬁqrahedlemnpﬁuﬁdeeﬂﬂycﬂé the
C3, 4, C5 or %g. The ethylenically unsaturated
oMo YId B M=5Adf-er ably, an L D 5 FEB 2007 46 al kene
having 1, 2 or 3 or nore carbon-carbon doubl e bonds

per nol ecul e. Any such al kene can be substituted or
Prertegabdvi t the&:refcsresuutla%l casaBysitt yaiaten nthobedss dn a

I r e S
13608, FacChet alum & AVl E 3 Bl Sizeolved in
aﬂﬂiunHﬂtdﬂEﬂ&xﬁNSES@fﬁoEyﬁﬂtlﬁuﬁﬁepereﬁncahbdhg capable
atons, he l.inear or. branched, be substituted

ﬂcfycﬁi'ﬁﬂé) 9 @ FFobEp1a2) cFREPEREPY cOF aHéFBF—CEESWE the
Rald1y rgdtast | 44t e o1 &-§ﬁ1ﬂb{ﬂ§.§iegfb¥h@n%ﬂ&l@%ﬁﬁ system

subStituents selected fromlower alkyl, aryl,

vdltkyinatyle, ligetid sfkyliget, hal o, OR19, OC (O R20, C

(O R1, C (O OR22

The liquid reaction medium may be a solvent £for the
reaction or may comprise one or more of fhe reactants or
reaction products themselves, The reactants and reaction
products in liquid form may be miscible with or dissolwved

in a sclvent or ligquid diluent.

The polymeric dispersant is scolubkle in the liguid reacticn
medium, It should not significantly increase  the
viscosity of the reaction medium in a way which would be
detrimental to reaction kinetics or heat transfer. The
solubility of the dispersant in the liguid medium under
the reaction conditions of temperature and pressure should
not be so great as ko deter significantly the adsorption

of the dispersant molecules onto the metal particles.

The polymeric dispersant 1is capable of stabilising =a
colloidal suspensicon of particles of said Group VIII metal

or metal compound within the liguid reaction medium such
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NR23R24, C (O NR25R2G, NO2, CN, SR27 wherein R19 to
R27 each independently represent hydrogen or | ower

al kyl. A efins 15 thus substituted include styrene @ﬁdFEB 2007

al kyl esters of unsaturated _carboxylic acids, such as
met hacryl ate. Suitably, théBethernicaIIy unsat ur at ed
conpound may exhibit cis (E) and trans (Z) isonerism
20 Exanpl es of suitable ethylenically unsaturated
thanpatrdsne ey berichdépendiytiiad sekeat eckfulom efheagalyst
grogﬁne, 1- butene,, 2- butene, isobutene 1-€entene, i
dsgpafifEARD §rep P PHURTHEY 12 ohBFRs liABAgof eaction
midhenenedand d t s SRS, fdorhepl €Nge 8ot 81LR9MRASh the
l-octene and its 25 isoners, l-nonene and its iSoners,
ligyédefierangcilesatisanend, ophéogelle2@oal kenaseadd making
ir_k i rs, - 3: eni t.hi X
e A e R hhERa endl® TexedehpRaiches or
nbriabegxyadifensyl loB3daychlahexnadbase, &4~ iepthd engige 5 -
aﬁd 2-neth¥l 1, 3 byt adi ene. Pre eraglx, the 30 .
LE8PnpPeAVERPES HASHLGHEt EdZBoAPOURYINs 14T@2rCPRTLIRARS, maY

FARME i nPlRhRr aldep ClplR0; dhkepe wWhthpa1GRERIR- CREPRY sant
double bond in the 1-position, nost preferably a
ags- Gigsorb@t Gt x| kéwe swirfhcg cafbdmieamsdmldoppirdéicles

wﬂgﬂgtiEhgh%eﬁaRSEEEiSE-tﬁ S4fER. ggﬁt 51108143 QL 11 ot
stabi'li'sing compounds wi R Chef&atsa yst 'system may
labhse parbeneliyckalvanednpiotiheg ligquideryaet iget alkdium and

.which has been |l ost fromthe catalyst system Wen the
18 ChS G oyaF o PREREFRI F2%En BTE (O AT oBREFOHLES are

sPBEL UTkedUehashabl kb2 tNIngOBROYRES wARY sA8% $hel @EAVRLY or
of the Golp VIIIB netal.” Preferably, therefore, the

lpatghgsersysadneipackgdesd poains® [fogqoioar eggiiopprates of
ngEgh U a%t@%l'E”ﬁﬁiéﬂ%&&%?%@kwdkﬁ§9%¥ ié{hna%%' Yrlicles
carrier, Said polyneric di spersant belrng capable

and evenktually coagulate. Some agglomeration of particles
may occur even in the presence of a suitable dispersant
but when the dispersant type and concenkration 1is
optimised then such aggleomeration should be at a
relatively low level and the agglomerates may [orm only
loosely so that they may ke broken up and the particles

redispersed by agitation,.

The polymeric dispersant may include homopolymers or
copolymers including polymers such as graft copolymers and

star polymers.

Preferably, the polymeric dispersant has sufficiently
acidic or basic functionality to substantially stabilise
the colleoldal suspension of said Group VIII metbtal or metbal

compound.

B T
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of stabilising a colloidal suspension of particles of
the Goup VIII netal or netal conpound of the

catal yst system within the liquid carrier. 15 The® & FEB 2007

l'iquid reaction nedi um may % a solvent for the
reaction or may conprise one“or nore of the reactants
or reaction products thenselves. The reactants and
reaction products in liquid formmy be mscible with

Bgr stbsgeintdd 1120 sitabd 19aley érst marant diiat diHeugmteciphication

ol ric_dispe t is soluple in the liguid reaction .
oF0R | Bapuhobt Ao ob e i b PrEan FO | v Eien pahase is
SUbeEasitin1ef; theineacti on nediumin a way which would
be 25 detrinental to reaction kinetics or heat
transfer. The solubility of the dispersant in the
Gy Lum e ' ndit i ons. ot
R T T e SRaBkE I b 40 o e appose
igetledesi goitfitcantty bheiadsprbmens dindhelihsperssdnizylic
mol ecul es onto the netal parti.cles. 30, The | ymeric
i SFer s SR AP o1 F - ot ABHFES g COPfaral Such  as
peiyRerslancal parti cheésepbcpaid, G qur Mddid®ipl rOftrogen
metal conpound within the I1quid reaction nmedi'um such
heterpEgclee7 s ghtulsrt nmepdivpardi cinslywared aych  as
. f I e ' a ld i .
el e R
di scharged fromthe reactor along with the liquid for

recl amati op and_optionally for., re-use in makin 5
ERGMPHES (iantitTosPBLVEST ARy i SHHoaRt Sl 1By { e delected
fatom nor mal | y5@ﬁyﬁv@h|ﬂip(§@lro(iii@_ﬁh%i,0n5, e. 0. dl & ylamide,

range 5 - 100 nm average particle size although |arger
peadrRicEVdenARy i lform in B egbanimppe ons ofpalyarlycine,

E)%q_ly)é%ryilg_cdi Sng:_%épt polymebthacryvlic acid, poly{3-
hydroxybubyricacid), poly-L-leucine, poly-L-methionine,
poly-L-proline, poly-L-serine, poly-L-tyrosine,

poly(vinylbenzenesulphonic acid} and polyi{vinylsulphonic

acid).

Preéferably, the polymeric dispersant incorporates acidic
or basic moieties either pendant or within the polymer
backbone. Freferably, the acidic moiekies have a
dissociatlion constant {pKa) of less than 6.0, more
preferably, less than 5.0, most preferably less than 4.5.
Preferably, the basic moieties hawve a base dissociation
constant (pEn) being of less than 6.0, more preferably
less than 5.0 and most preferably less than 4.5, pK: and

pEr being measured in dilute aquecous soclution at 25"C.

Suitable polymeric dispersants, in addition Lo being
soluble in the reaction medium atbt reaction conditions,

contain at least ocne acidic or basic moietky, either within

e

B



s aralATLGITTLLLD

10

15

20

25

30

=X el W X N ] e S T L L T e 2 R, e e T Tt - ol e, . "N oI sl wls 2

are adsorbed onto the surface of the netal particles
10 whil st the remai nder of the dispersant nol ecul es

remain at |east partially solvated by the liquid 05 FEB 2007

reaction nmediumand in this way the dispersed G oup

VIIl nmetal particles are st3bi I i sed agai nst settling

on the walls of the reactor or in reactor dead spaces
and agai nst form ng aggl onerates of 15 netal particles
thizi ohlyay rgbawkbyneoblri sisoa @Enﬁantiqkemp antfe have found

ventual |l y coagul ate. Some aggl.qoneration, of particles
R AR o S Thd aaei g s (il choietfeE® such
adi SPET Ry 1 Pt o Whedbiide {@w@ermt phiRecdRdates such as

concentration is optimsed then such aggloneratlon
p@ﬁdapamécatatal% (Féfdt | 98y Bagw i avarlghdsuhgable. The

rIULRTRCALES Y JOROU N AEOST YR Okl LOBY M BYr use

en up “and e pa i SpEr sé
iagithat |im:eﬁl'ﬁte::-rpod:1gpemis dispers@antnamyrd netf udae reaction

mgggg |¥E§EBS ﬁépg ;ﬁgolégg % |nclud|ng[!5 olgners %ﬁg:have

fbh@ldquMEeerrﬁ*aﬁgergﬁ@t a%%a%\éf frddle%rﬂil'a% el ghhi€ 95 less
basic functionality to substantially stabilise 30 the

t@@tﬂl di08alt08us p Emsifemabll ysaitbeGagapavr| mokecall agr wedighit is

§OMPOUNG. 0.5 FERPO07 Jog 4R alibstantdalleyy s, 000 -

i Se t hat e preci pi
1@ﬂQII]DDVI I ho get théfmkﬁ:ne sajytioon phage, 080 e.g. Mw is

stapntially avoided. 5 Particularly preferred
Péﬁ ls%ﬁé‘ﬁ?;ﬁt ST¥ o’%h? hf 80Pur &Qsé‘[mu rcl %lfeofg%q diergr PEgderably

2R0 hyre s @nn eloudizRgnC @’ﬁII?O)_’L)él LG eda%h@ls ofS¥hRheRe racifds,, 000
am nes and am des such as polyacryl ates or

-héﬂeﬂﬁﬁy@heﬁhﬁaﬁﬁﬁ3upﬁrF%ﬂnltrogen

The effective concentration of the dispersant wikthin the
reaction medium should be determined for aach

reaction/catalyst system which i1z to be used.

The dispersed Group VIII metal may ke recovered from the
liguid stream removed froih the reactor e.g. by filtration
and then either disposed of or processed for re-use as a
catalyst or other applications. In a continucus process
Ehe liguid stream may ke circulated through an external
heat-exchanger and in such cases it may be convenient to
locate filters for the palladium particles in  {these

circulation apparatus.

Preferably, the polymer:metal mass ratic in g/g is between
1:1 and 1000:1, more preferably, between 1:1 and 400:1,
most preferably, between 1:1 and 230:1. Freferably, the
polymer:metal mass ratio in gfg is up to 1000, more

preferably, up to 400, most preferably, up ko 200.

e -
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het er ocycl e, substituted pol yvinyl polynmers such as

10 pol yvinyl pyrrolidone or copolymers of the 05 FEB 2007

af oresai d. Exanpl es of such polyneric dispersants my

be selected from polyvinylpyrrolidone,

pol yacryl am de, polyacrylo rile, polyethylenimne,

pol ygl yci ne, 15 polyacrylic acid, polynethacrylic

acid, poly(3- hydroxybutyricacid), poly-L-Ieucine,

pol y-L-net hi oni ne, poly-L-proline, poly-L-serine,
ggly-L-tyrosine, poly (vin Ibenzenesulghonic aciéQ;
I8nd2pot Y tWFhy 1B WGHontE'® aBFEFSNS0 FrEFRIEDT y PEHE des 2

Rl RE GydirgRET $RR rAGARPYHRLRS n2GhFHC 58k eRASISC for use
noi eties éither pendant of within the polyner
iackbarimceref Epablthe t hydyeifdiroydsitdrneschawdlywtenically

di_ssoci.ati.on_const ant Ka)..of | ess than 6.0.,. re. 25 .
s e s Rt e A R e
shid Friefesabiyl 1§ henhastaraeeat | esoniithd baseh carbon
di ssqci ati on. constant [pKb] being of |ess than 6.0,

MG LHFe PEFaBIYE T o088 Ak PS FIETENSs CTpsere ansyem, the

da®%a ysharyhran BKRa3Adp1RKByELABipBAgYred in dilute
aqueous solution at 25C. 30 Suitable polyneric
di spersants, in addition to being soluble in the

| 56 oRETRE JTeTo SRl Kralt o RepcRPBHA, s etanea
FEB 2R@r¥e=ihbctbe=pohifder backbone or as a pendant

group. We have found_ that, polyners incorporating acid
and! afti d&AEPERTEs ARATFPIHLS013%i nYRPGFPFEdoRE (PWﬁF“Ed

and pglkyachplates, such as polyacrylic acid (PAA) are
particularly suitable- The 5 nol ecul ar wei ght of the

pol ynmer which is suitable for use

and wherein the catalyst system 1s characterised in that a
chlorine moiety is present in at least said Group VIII

metal compound.

In a yat further aspect the present invantion provides a
hydroformylation reaction caktalyst syskem for the
catalysis of ethylenically wunsaturated compounds witkh
carbon monoxide and hydrogen in the presence of gaid

system, the catalyst system obtainable by combining:

a) a Group VIII metal compound as described or defined
hereinhefore;: and
b} a bidentate phosphine as described or defined

hereinbefore,

and wherein the catalyst system is characterised in that a
chlorine molety 1z present in at least said Group VIII

metal compound,

m= e
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in the invention depends upon the nature of the

reaction mediumand the solubility of the polymer D5 FEB 2007

therein. W have found that nornmally the average

nol ecul ar weight is less than 100, 000. Preferably,

the average nol ecul ar wei ght®%is 10 in the range 1,000

- 200,000, nore preferably, 5,000 - 100, 000, nost
preferably, 10,000 - 40,000 e.g. Mvis preferably in
Inhe aigde ¥ne0er a8eQ00 thrpipe cpipficiaanti2d, Pidvrides a
60, 000 when PVP is used and of the order of 1,000 -
rEGCHAON n MEKH B SBIPPMNY 5 AheCrERLEElvesysten and  a
SCAREeRt I gl 4ok ofp 1t wﬁé§@§£5%ﬁﬁdmﬁéﬁfhﬁh§s ERACIAD in a
medi um’'shoul d be determ ned for each

nr@a?@tslson/ caral ystlesysfnmmmwl%ti@l be aksed ezm}fmwally
nsa %r% C}ou VL get hFﬁ% be r%coveredr m reactln
L’| "4 7S SHDGEd Mo FESEESP &Py J

sfallldt r aétmﬁleramialnen ehbhenredteposeetbnfouid preReessedarbon
for re-use as a catalyst or other applications. In a
MOGE R0 B T rocEsdenhet 1l i efif dPEeFelny ngy peicd system and

sGiikC UL81 68n k N QY A, exhennal, Yoo fieal; sexﬁgarlﬁi@&l:é‘ﬂ?ed or

in such cases it nay be convenient to locate filters
degrinelkdle pet ¢ aabheinepay t thleescialheke sysibeoul @vtabnable by
%ngratus Preferably, the polyner.-nmetal mass ratio

in gfb i”S between 30 1:1 and 1000: 1, nore preferably,
between 1:1 and 400:1, nost preferably, between 1:1

and 200:1. Preferably, the ol ymer:nmetal nmass ratio

i iehRg Metap t%fld%)‘ﬁauf?mﬁ’erngr é’F—'erﬁbI‘;‘rf’m%Ufi‘% qgprreot  as

nost Riefeiall ¥r HRfiRedORereinBe?oFEB 2847 51 In a
further aspect the present invention provides a

calthlaystbsystlerhe prehesphigewhersei rdsaidisydt epri s degrined

use hereinbefore,

and wherein the reaction medium is characterised. in that a
chlorine moiety 1s present in at least one of the saild
Group VIII metal compound or said selvent, including fthe

possikbility of bkeing present in both.

in a still wyet further aspect the present inventiocn
provides a hydroformylabtion reaclion medium, wherein said
medium comprises a catalyst system and a solvent,
preferably wherein said system is for use in a process for
the hydroformylation of ethylenically unsaturated
compounds and which process comprises reacting said
ethylenically unsaturated compound with carbon monoxide
and hydrogen. in kthe presence of said system and said
solvent, wherein said solvent is as described or defined

hereinbefore, the catalyst system obtainable by combining:
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in a process for the hydrofornylation of ethylenica

|
5 unsaturated compounds and whi ch process conpriﬁ%ﬁ'FEB 2007

reacting said ethylenically unsaturated conmpound with
carbon nonoxi de and hydrogsg, in the presence of said
system the catalyst systentobtainable by conbining:

10 a) a G oup VIIl netal conpound as described or

defined hereinbefore; and b) a bidentate phosphine as
degcai bestal def | BacbupheWeéilidbetor ea Iongrehnehertdieretie as

catal,yst system i haracterised in that chl ori ne
o oTYSPEIECd ceh JpFaed | Rebe aRPECE b 1| et al

CHYPQUNG; detatiet drbdhieinaspest HREPHEEN! or defined

i nvention provides a 20 hydrofornylation reaction

catah?§?l§§%f@ﬁ?for the catalysis of ethylenically

unsat urated conpounds with carbon nonoxi de and

hydrogen in the presence of said system the catalyst
aByiswbarebhathabkeabyiconmbeding: i85chpracGeoiiped| Lh that a

CEFYELSOMRANS, 2 I52Cihed AL 961G, e LS, s

chengi MaefionRta30 anfbaed ebp =38 cC AWl Syst€Midsng the
characterised in that a chlorine noiety is present in
ragsibasiteartl Wroup RAEFerhetl bebhpound. 0 5 FEB 2007
52 In a still further aspect the present invention
provi des a reaction medi um conprising a catal yst
Isyst eatahll getsofwerter peesbercabl yf whaeeipressddt meédivemcion

FERENT RN U GUELLTE R
0Bl OG€S8r ClIOEPT 11885 19 d Y for the hydroformylation of
ethytenically unsaturated compounds, said use comprising
the step of reacting said ethylenically unsaturated
compound with carbon monoxide and hydrogen, 1in the

presence of said catalyst system.

In a still yet further aspect of the present invention
there is provided the use of a reaction medium as defined
or described hereinbefore for the hydroformylatbion of
ethylenically unsaturated compounds, said use comprising
the step of reacting said ethylenically unzaturated
compound with carbon monoxide and hydrogen, in Lthe

presence of said reaction medium.

In a still further aspect of the present invention there
ig provided a process for preparing a catalyst system or a
reackion medium as defined or described hereinbefore,
comprising combining {a) a metal of Group VIII or a
compound thereal as described or defined hereinbelfore, and
() a4 bidentate phosphine as described or defined

hereinbefore.
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said ethylenically unsaturated conmpound with carbon

monoxi de and hydrogen, in the presence of said sydBnfEB 2007

and said solvent, wherein said solvent is as

descri bed or defined hereig@efore, t he catal yst
system obt ai nabl e by 10 conbining: a) a netal of

G oup VIIl or a conpound thereof as described or

defi ned herei nbefore; and b) a bidentate phosphine as
descri bed or defined 15 hereinbefore, and wherein the
reaction nediumijs characterised-in that a chlorine
FREBCSi saﬁges OGP F ¢ 8 oﬂléeoféjt%tszﬂslfe ofif the
iMkEhtABhal 2 £oMeewad 197 SphdisghYeNtso | AEUMING atihe o20 the
possibility of being present in both. ina still yet
vBgipKNer aspeetst hefprBBent Pragent i olivenoleesa®m set out

r.of or yl_atd o act i ] LN [ '

hESRy c et T e R B LB MEREL a2, AnctilatTone
wit®f ehabburotheneap sapdcsysbemire fratuaddyi pxalpedwess
for the hydrofornylation of ethylenically unsaturated
conpounds and whi ch process conprises reacting said

TeENY | £51 €& ¥ UNSRIIEaLAE GRIPOURD W bhlr 8By DON11ustrative
monoxi de and hydrogen, in the presence of said system
cxadpdgisd £30thery éAt L smarel AhgapyesenteAnveataen.

descri bed or defined hereinbefore, the catal yst

syst em obt ai nabl e by conbining: 9 5 FEB 2997 53 a) a
anet alyrafhe@eaupeatd | carraedommaunih t hAewaafinasargon Schlenk

descri hed or .defined herei nbefore; and.b) a bidentate
L1AREs PRIRE 4S188sePFpEE96r 6 rgﬁé'ge“%eﬁérﬂﬁﬁéf%?e, 5 and

wherein the reaction nediumis characterised in that a

l-octene and l-hexene {(both from Aldrich} were purified by
distillation and degassed by bubbkling with argon. Toluene
was dried by distillation from sodium diphenyl ketal. THF
{tetrahydrofuran} was dried by distillation with sodium
and benzophencne. b {dichloromethane) was dried by

distillation with calcium hydride.

[RhC1 (C0}a]lz, Rha({CAC),, and BhCl;.xH:0 (Strem) were stored
in a glove box due to their air-sensitive nature. 1,2-his
{di-tertbutylphosphinomethylibenzene was alse stored and

handled in a glove box due to its air-sensitive nature,

1,2-bi=s{di-tertbutylphosphinomethylibenzene iz available
from Strem Chemicals ({Cataleg 19 Heo. 15-0072, CAS HNo.
1215854-50-5} or can, as in these examples, bhe prepared as
per example 1B of WO-A-939/47528, PCT/GB9292/00797, details
of the preparation being incorperated by refersnce

thereto.
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chlorine noiety is present in at |east one of the said

Goup VIIl netal conpound or said solvent, incIudinE
the possibility of being present in both, 10 I1n)% FEB 2007
still yet further aspect of _the present invention

there is provided the use o?ga cat al yst system as

defined or described hereinbefore for the

hydr of ormyl ati on of ethylenically unsaturated
Toenpoundspregsahtuisen conpr i slengiills t he st e of reatt 2ris-—

aid ethylenically unsaturated conpound with carbon

(badaren’ hn ssah Byere il e = pies eite. 6 nedi gedanantyl-
b&abal ysigSysd emrd n Zgahﬁatri I liryetnkur hpen iaspect obubleshed

present 1 nvention O there is provided the use of

a
apehetRbhoRedi LR 2R Qe Phéd 2or JBSE/FBRA/PBPEILAbef oherein
iﬁ@ér%&fa@é’&“ OT%W' ALEQP AL, ©t h%shfmgam%ynsakpkat €dych

conmpounds; “sai'd use conpri sihg e step of " reacting
psaparat hyhedettal ly. unsaturated conpound with carbon

nonoxi de and hydrogen, in the 25 presence of said

reaction nmedium In a still further aspect of the

TREESeNt pirByaRLEOANt her e ddtsiArovi ded, & process-—F9k— (di-t-
preparing a catalyst systemor a reaction nmedium as
bakyiphecprigeseh bebf neresemef i SGhegnpipsrpgense-based

L Qi ng ) | of _ Go VI | . pppou ;
l%ﬁgﬁ%%f a%£%e52?¥E%§ oriﬁefigg% hebg?%%nggegpanggbgéfhEd
appbidaeniat e phwsph+0é/ 34828 ¢cr i bEATHGEABYDOBH3 6, herein
.hereinbefore. a 5 FEB_2007 54 Features_an

1RGRPRTHEREd ofPY he FEFET=RSHect B?rFﬁEUlFﬁgﬁntiSﬁrareSHCh

peapatiyiaprhéeapl € to any or all of the various
aspects of the present invention as set out 5 herein,

unl ess such features/enbodi ments are inconpatible
The catalytic soclutions were made up as follows.

For catalytic systems having [RhCl {CO)z]; as rhodium
pIecursor, Smg (0.023mmeol) of [GhC1{C0)z]: and Z20mg
{0.046mmol) of 1,E-bis{di—ﬁertbutylphosphinomﬂthyl}benzene
were added Eo a Schilenk tube in a glove box. The
corresponding solvent (typically 10ml) was then added with
2 syringe. When all the sclids were dissclved, l-octene
or 1-hexene (2ml), the substrate for hydroformylation, was

added to the solution.

The autoclaves used for Gthese examples were 250ml
hastelloy autoclaves. After being dried in an oven, the
autoclave was flushed three times with argon. Once it was
degassed, the sclution was Etransferred via canula. Then
it was pressured with 30bar of synthesis gas and heated to
80°C for 3hrs, after which it was cooled in air and Ethen

vented. The solutions obtained were analysed with GC-M5.

= e maeea )
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with the particular aspect, or are nmutually exclusive.
The following non-limting and purely ill UStratl\rlfF 2007
exanples further illustrate the present i nventi § f@
Al'l syntheses were carried out in a vacuum argon
Schlenk [|ine using dried amf degassed Schl enk
gl assware. 1-octene and |-hexene (both from Al drich)
were purified by 15 distillation and degassed by
THibbbabglwt ib alygsmmsToimenelcwaSadeﬂee:d RNy (ORc)y or RhCls
distillation from sodi um di phen ketal. THE
&% r'4hydr 8FurdiPd s EEHW%‘&IPW i sSHPFRaf§Raksth following
13041 dRe andlenzephanange eiid|hlp/Rnet hane) was
drled by distillation with cal cium hydride. 20
[R1CL(CO) 2] 2, Rnh2(0OAc)4, and RhCL5. xH20 (Stren) wer e

tored in a Iove box e.to the
T e R s SO e AP o dey Bk BRERERETRy Y e, oot
dﬁ%@:ﬁﬁre@iﬁ)r@ﬁnwﬁemaﬂdlmﬁ m’em:tgjcmve box due to its
air-sensitive nature. 25

1, 2-bi s(di-tertbutyl phosphi nonet hyl ) benzene is
! Eéﬁ!&@ti{riﬁg‘ Sty e Ghemaal sof Catl o@eﬂ@c‘tmvlt}' to the
15-0072, CAS No. 121954-50-5) or can, as in these

war fevdrrafpanmyd afeed marodasdnpl e 18 of

WO A- 99147526, PCT/ GB99100797, details 30 of the
preparation being incorporated by reference thereto.
D:tb EEB 2084pr&S=rThet pseparattiteon Uehahnt shoindh@dbiratio of
(di adamantyl phosphi nonet hyl ) benzene and ot her
Tetfar 5L BABER 49 RIS -gi ven in the Applicant's

publ i shed application, WC A-04/074552,

PCT/ GB03/ 003419, herein

Example 1
Hydroformylation of 1-hexene: Chlorine moilety present in

rhodium precursor

0.0 mg (0.003B3Imol/litre) of [RhC1{C0}:]; was added to 18
mg (0.0038B3mol/litre) of the bidentakte phosphine”ligand,
1,2-bis{di-tertbutylphosphinomethyl}benzene. 10ml of
toluene was then added to the mixture. 2.0 ml (16.0mmol}
of 1-hexene was then added and hydroformylation was
performed for 3hrs by the additien, at 80°C, of a 1:1

mixture of CO:H; at a pressure of 30bar,

It was found that after 3hrs under these conditions, there
was 100% conversion of l-hexene to the aldehyde produck,
with B4% selectivity to linear heptanal over the branched

product, an l:b ratioc of 5.25:1.

Comparative Example 1

Hydroformylation of l-hexene: Chlorine moiety not present

S

T T [P

e R IR S
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5 incorporated by reference, particularly for such
preparation details. The preparation details of

1, 2-bi s- (di-t- butyl phosphi nomet hyl ) ferrocene andll % FEB 2007

ot her ferrocene-based 10 |ligands are given in the
Applicant's published applicdtion, WO A-04/024322,
PCT/ GB031003936, herein incorporated by reference,
particularly for such preparation details. 15 The
1Catmay yi0 .00 05 3atd 101191 berle s dERVEORES) fel kaws added to 40 mg

catal ytic _systens havin RhC (CO) 2] 2 as r.hodi_um
(- S8FALEe L/ 4T Ed. @zfsﬁ*—ﬂ-?%lgbl&eq;tm)@ FBOEHE g d wsngl. 1 2-
HiG {%@@@@tbuqul%,h%-semh%-etcwlp weyLRR@sSPhi neRet B¥l )t o1uene

benzene 20 were added to a SChlenk tube in a glove
Wegx - tiTe  addededpontihmg migthwe®t- (t ypidodl | {l40mmoMasof 1-
t.h added w.th syringe. en-all the,solids wer

H TG Thet, aReRY A Y aner S GRS, e med
firar dycls obgr mHeat Eoaitvas, addegii¥n tHe soluil omixBhre of
The autocl aves used for _these exanples were 250nil
GhdbefFoy BEEBEPRGeSL APPRF: being dried in an oven,

the autoclave was flushed three tines with argon-

once it was- degassed, the solution was transferred

Th aacaduiuand Thed 30 tar by spresian ddvasig kB8@lidricefs, there
nt I S d_heat.e 0..80C for,3hrs, after whic

ﬁaé\égﬁ%o% edefgl%grggng{h%§$é%m§1e .ETﬁ%dEOFUFi&ﬁ$JLCt’

walrhai Eed seYa-taial s etb WL i e &£ NeptAn21 FEBe20@fhe %ranched

The catal ytic_systens in which either Rh2(QCAc)1l or

PRIYEES T rwéie LiSed @44 O REdPOMYpleddrdors, were prepared

following the sane procedure as that outlined above 5

The percentage conversion is an expression of the
Campanietive Example 1 and EBExample 1 clearly show  the

increase in selectivity towards the linear preoduct owver
the kranched prodoack, from the hydroformylation of 1-
hexene, when chlorine moiety is present inm the rhodium
compound precursor to the catalyst system compared with

wWwhen the chlorine moiety is not present.

Example 2
Hydroformylation of allyl alcohol: Chlorine moiety present

in rhodium precursor

9.0 mg (0.003B32mol/litre} of [RhCl{Cod};]: was added to
18.0 mg (0.00383mel/litre) of the bidentate phosphine
ligand, 1,2-bis{di-tertbutylphosphinomethyl)benzena. 10ml
of teoluene was then added to +the mixture. 2.0 ml
(29, Immol} of allvyl g2lcohol Was then added and
hydroformylation was performed for 3hrs by the addition,
at BO°C, of a 1:1 mixture of CO0:H; at a pressure of 30bar,

and in the presence of 0.072mmol of NaDAc.

L L An = T L a7
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of substrate converted by the reaction. The

selectivity is a neasure of the selectivity to thel5 FERB 2007

parti cul ar hydrof or nyl at ed product 10 1:b is a
representation of the |inear:branched ratio of the
hydr of or nyl at ed products. Ef’gn'pl e 115

Hydr of ormyl ati on of 1-hexene: Chlorine noiety present

in rhodiumprecursor 9.0 ng (0.00383nolllitre) of

ItRwEH COMRR2 thas added t3hrES unriyr AHEEES8 3nwidiltiitares), dfhere
t he ent at hosphi ne-1lig

Va5 HECRH ot GPRURE o Bhos i navaory | ) BEAZRRE, | Sifhor 7388
steqlewiel\&@s t heg addﬁ?df@xﬁ@tﬂpqz@f@fuﬁa@ m 12,93 Eo
(16. Omol of 1-hexene was then added and

3t rats arpsrphkasalgehveered fiheshr §wpy Bheducts were

00 i8S 2phvd Male ol R 19 Fpraneason

amnid@—mdté&d-dmﬁdﬂgﬁ:mmechhére Tes 100% apvhvehisi ahiaf case
3 e to t he al dehyde product, wth 84%
ettt 'y to linear heptanal over the branched
pr oduct, an | :b ratio of 5.25:1. 30 Conparative
Exanpl e | Hydrofornyl ati on of 1-hexene: Chlorine
1 t present 0 5 FEB 2007 57 10 ny

UU G > 0a
ik, ZiﬂlbIE%dl -tert butyl phosphl nomet hyI ) benzene oM of
toluene was then added to the m xture. 2. 0Onl
(16. Omol) of 1 5 hexene was then added and

EReeicQfor oy liatd onopRsicRer fBHAEdin this case, the rhodium
compound was [Bh(OAc)a]: and the solvent used was

dichloromethane.

In this case, there was 100% conversion of allyl alccohol,
with 75% selectivity to hydroxytetrahydroFuran, 17%
hydroxzymethylpropionaldehyde, giving hydrogenated products
in the 1:b ratio 4.41:1.

Examples 2 and 2 show the relatively high selectivity
towards the linear as opposed to the branched prodeck,
from the hydroformylation of allyl alcohel, when chlorine
molety is present in the rhodium compound precurser to the

catalyst system (Example 2) or in the solvent {Example 3}.

Example 4
Hydroformylation of l-octene: Chlorine moiety present in

solvent

5.0 mg (0.0016émoel/litre) of [Rhi{acac) {CO);]: was added to
18.0 mg (0.00383mpl/litre}) of the biphosphine ligand, 1,2-

Bt SR L o)
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for 3hrs by the addition, at 80C, of a 1:1 mi xture of
CO H7 at a pressure of 3Cbar. It was found that after

3hrs under these conditions, there 10 was 100% 05 FEB 2007 -

conversion of 1-hexene to the al dehyde product, wth

55% sel ectivity to |inear heﬁ%anal over the branched
product, an |:b ratio of only 1.22:1. Conparative

Exanple 1 and Exanple 1 clearly show the 15 increase

His (s -eetntbutty 1pdwapdd nidhre thivi¢ dengeaduct over lilnd of

cﬁéﬁgehed ptoduct, frog1the droformyl ati on of 1-
e NehI B3 né i 199FS bPes PAEERESr hodPum ™1

(OFHRRUNd df eCUFEPENE O whiRe G R ¥8ledY aheMBRII¥ Gshylation
with when the chlorine noiety is not present. 20

WEsEa fH I oxnfed y‘drrrbfibhlwllerubhEoﬁddmtypnal @sh®O0°C, of a 11

00 4aShar 1 £1 1) DT FRFCI o BT > v added to-

18.0 ny (O. 00383nDI/I|tre) of the bldentate phosphi ne

I %nsdéfﬁum ertg#}%ddg_gjsphl orreth er&zcg]nseD there
ﬁ@ Ol o Bhidh ai&Oh;@Je \A@idengﬂeadgegd@eg 30,ith 80%

hydrof ornyl ati on was performed for 3hrs by t

sgdgictilgd Ly dto gbGreaf aocpanadi yuFe ’elfie C@raﬁzhéﬁ @roduct,
rqssur, f rr, and in the presence of 0.072mvp1
I?]fa x %tg §Qb2812007 58 It was found that after

3hrs under these conditions, there was 86.6%

conversion of allyl alcohol, with 73.8% selectivity

Eﬁﬁﬁﬁﬁéié&ytetrahydrofuran 12.9-c to

HW&éwlexllowqpfomabeeeMée CH1838 neWan P QAW CheWBRE in
then nhydrogenated to gi Ve, respectively,

rho@awgtgﬁ@@mgﬁor and in solvent

Details were as in Example 4 above, except 5.0 mg
{¢.00383mol/litrey of [BhC1(COYs]s was used as the rhodium

precursor.

{nce again, it was found that there was 29%% conversion to
the aldehyde product, with 80% selectivity Lo linear

nonanal owver the branched product, an 1:b ratic oF 4:1.

Example &
Hydroformylation ¢f l-octene: Chlorine moiety present in

rhodium precursor

Details were as 1in Example 5 above, except 10ml of
OckMiMTEN, l-octyl-3-mechylimidazolium bis-
trifluoromethylsulphonamide, a noh-chlorine containing

solvent, was used as the solvent,

T I . L L
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and 2-nethyl -1, 3-propanediol. The 1:b ratio in this
case was 5,72;1. Exanple 3 10 Hydrofornyl ati on of

al l'yl al cohol: Chlorine noiety present in solvent 03 FEB 2607

Exanple 2 was repeated but in this case, the rhodi um
conmpound was [Rh(QAc)2]2 and the sol vent used was 15

di chl oronethane. In this case, there was 100%

conversion of allyl alcohol, wth 75%selectivity to
Ihydﬂnﬂwt@ﬁ$@hyﬂtoﬁaﬁaﬁcuhﬂ%that there was 10% conversion

hydr.oxynet hyl propi_on hyde, , gi |ng dr ogenat e .
o) Y BB PR R Tt F el USSP Sy gipear
nohewall hevee! ahievernkihel r:ﬂ@&:lt\{l fa:ﬁ tenands e 4:1.

| i near as opposed to the branched product, fromthe
hydrof ormyl ation of allyl alcohol, when chlorine 25

5 E%%hﬁﬁ£ s present in the rhodi um conpound precursor to
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30

al yst system (Exanple 2) or in the solvent
HyBExawfplrey3pt icbxanpl é—dckeddr ofirlmdiatsl anobétyl- pckerat in

lorine noiety present in 30 solvent 5.0 ng

. Fi of [Rh(acac)(CO)2]2 was added to
18.0 ng (0.00383nol /litre) of the biphosphine |igand,
1,2 0 5 FEB 2001 - 59
DEitgddis. Wereh gy LHh s IHoMsenZstert Ghmlpfof toluene
W%]c@hg oggtg%geswqgehgen added to the mxture. 2.5 ni

f oct ene was then added and
hydr of or myl at i on mas performed for 3hrs by the

addi.tion, at 80C 1:1 m xture of
5y 45 ‘f?ﬁeeobﬁr‘mﬁt %ﬁé’é‘ fﬁ?PottE%‘?r%f var 31|Jrrs %ﬁﬁHﬁmeﬂ
tbhesf: condbh¢@asy rbaﬁbeso\gas;ﬂ%mpnyslét@mvieyt R® iinear

aldeh{de product, wth
nonana

Comparative Example 2

Hydroformylation of 1-ockene: Chlorine moiety not present

Details were as in Example 4 above, except 10ml of toluene

was used as the =solvenk.

In this case, ik was found that there was B9% conversion
to the aldehyde product, with only 50% selecrtivity to

linear nonanal, an l:b ratioc of 1:1.

Examples 4-7 c¢learly show Ethe increase in selectivity
towards the linear product over the branched product, from
the hydroformylation of 1-octene, when chlorine moiety is
presant in the solvent {Example 4), the rhodium precurscr
{Examples b6 and 7}, or both the se¢lvent and the rhodium
precursor (Example 5}, compared to Comparative Example 2,
where ne chlorine moiety is present, either in the rhodiom

precursor or in the solvent.

-
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selectivity to |linear nonanal over the branched

product, 10 an |.b ratio of 4:1. Exanple 5 05 FEB 2007

Hydr of ormyl ati on of 1-octene: Chlorine noiety present
in rhodium precursor and i Isol vent 15 Details were
as in Exanple 4 above, except” 9.0 ng

(0.00383nmol I litre) of [RhA (CO 2]7 was used as the
rhodi um precursor. 20 Once again, it was found that
there was 29% conversion to the al dehyde product,

i,th 80% selLect|vi to, inear,. nonanal over the
A bRt PRy R g Hay Shep®ahoun and
debedirdfoesdyy liat ivorl 10fbd - 9sbepei aGhdi opiynehsREekk ipnesentn the
in rhodium precursor Details were as in Exanple 5
%ﬂ&nﬁﬂa%xg%ﬁ%ﬂgﬁnphangEtﬁmqwﬂq@lflCatlDﬂE might ke made

wit@ehtl - 3=pREPYLE M fazel i bbéapéo of the invention, as
trifluoronethyl sul phonam de, a non-chl orine contal ning
dedlivest invdkbeuspgeasethelsdimsent. 0 5 FEB 2007 60 In
this case, it was found that there was 10% conversi on

to the al dehyde product, with 80% selectivity to

THeneakadagnanaktoyetidme 1 arghed oduet , adn Ipdpers and
ratio of 4;1. 5 Exag!e? Hydr of or myl ati on of )
IS VEICYr BxE feiled) GindsETEtAY rHEl @R previous to
HHIRC Wpeedi fehdli b eI @ Afiddt iBramile 1Al {
Ié’ri. of ltoI uer%e 10 was use& as the 85;0| \t/gg\r%?p]]ei)r%ecﬁi%n and
whdsd, | ardas fpand that tiherkiwas digpeoniersi omtho Cthis

. v S0l .
b2 F IS ProgyCln M L0408 SEPCl YT W kO bLDERL ana

documents are incorporated herein by reference.

all of the features disclesed in this specification
{including any ACCoCmpAanying claims, abstract and
drawings), and/or all of the steps of any method or
praocess so disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.

Each feature disclosed in this specification {including
any accompanying claims, abstract and drawings), may be
replaced by alternative features =serving Lthe same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one exzample only of a generic series

of equivalent or similar features.

The invention is not restricted to the details of the
Foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the feabures

disclosed in this specification fincluding any

[ A RCET
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nonanal . 15 Conparative Exanple 2 H droform | ation of
1-octene: Chlorine noiety not present Details wWeHeFEB 2007
i n Exanpl e 4 above, except 10m of toluene 20 was

used as the solvent. In this.,case, St was found that

there was 69% conversion to'the al dehyde product,

wth only 50% selectivity to |inear nonanal, an |:b

ratio of 1:1. 25 Exanples 4-7 clearly show the
cremeasying seleatnsvi Bypstraedr dendhedtdwiosgs jpr odoctto  any

Lot branched product, fr.om. .the hydrofornylatio
3680 SHBunc vAEh BRPSY SemkiRRr et W Sy SR ng? any
mechednt:r( BExanplke 4)p, dilkelbkedi.um precursor 30

(Exanmples 6 and 7), or both the solvent and the
rhodi um precursor (Exanple 5), conpared to
Conparative Exanple 2, where no chlorine noiety is
present, either in the rhodium precursor or in the

solvent. ----------- 5FES2097 61 Although a few
preferred enbodi nents have been shown and descri bed,
it wll be appreciated by those skilled in the art

t hat various changes and nodifications m ght be nade 5
wi t hout departing fromthe scope of the invention, as
defined in the appended clains. The reader's attention
is directed to all papers and docunents which are
filed concurrently with or previous to 10 this
specification in connection with this application and
whi ch are open to public inspection with this
specification, and the contents of all such papers and

- B L Tt
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docunents are incorporated herein by reference. 15
of the features disclosed in this specification 15
(i ncludi ng any acconpanyi ng cl ai s, abstract and
drawi ngs), and/or all of thessteps of any nethod or
process so disclosed, nay be conbined in any
conbi nation, except conbinations where at | east sone
%h features 20 and/or steps are nutually

ive. Each feature disclosed in this
specification (including any acconpanyi ng cl ai s,
abstract and draw ngs), | aced by

ol t erpnaE*F‘i’fée*f%aﬂfGFeéﬂ’s‘ﬂsrhf%ﬁﬂfﬁEmﬁgﬁ*ész odqui i lemically
or SiyAdAn Ltrelapsecomgbﬁﬁasexprsﬁm st 9%  Somprises
ot herw se. unl eSs expressly state erw se
eachraauﬂnmgaaﬁrﬂﬂaﬁhyian;aaﬁix»unﬁﬂﬁunaﬂqﬂcﬁompound with
generjc.series equi val.ent_or_ sim.|ar features.

The iGF&TH ofﬁﬂ?%xh%% PRSY H}%ﬁ%%@% t iR &éﬁ.%ﬂ%ﬁﬂﬁeﬂf a

f or egoitg e ody 8B8hS) thENeck Y eRELO N dsbtQiRlkle by
novel one, or any novel conbination, of the features

di scleabd iimahi s speci fication (|nclud|ng any i:. 05
FEB 2007 62 acconpanyi ng clains, abstract and

drawi ngs), or to any novel one, or any novel
Lonbian&noop, VI hetaleps:rr@fmmw amet hod or process so

For - he d B raar s RHORE oot AR A e AP R e Ay ot od
conmpounds,

whi ch process conprlses 5 reacting said

ﬁyqylenically unsat urated conpound with
a

E 2067

12

T T
Rfli_ _? (l: HE
ﬁ\ 4
R e R
o 3
T/ I
ﬁL—? ? rR?
R R’

wherein:

B is a bridging group;

R! to R!? cach independently represent hydrogen, lower
alkyl,
Het;

aryl or Het, preferably, lower alkyl, aryl or

o' and ¢°

arsenic

gach independently represent pho=sphorus,

or antimeny and 1in the latter twOo cCases

references to phosphine or phosphorus above are

amended accordingly,

L

=S AR LA g S b T
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car bon nonoxi de and hydrogen, in the presence of a

catal yst system the catal yst system obtai nabl e @y%)FEaB 007

conmbining: 10 a) a Goup VIII netal conpound; an

bi dent at e phosphene of generg@ fornula (la) (la) Rix

R R- -CC R RR/RMaR/ \l 2 RCCR R7 15
wherein: Ris a bridging group; Rl to Rl2 each

i ndependent|y represent hydrogen, lower 20 al kyl, . ,
ar y[*her BIAce s st bprissibimaliAt arhlgringdicliegyy is
and (X £agh irndapandent 14 L RreReN v ORI USempound..
arsenic or antinony and in the latter two cases 25

ref erences to phosphi ne or phosphorus above are

mended_accor di ngly, . .c: FEB 2007, .64 t [ OCESS.

tor derREveses] M, BrtspFRsRRbrsi g, o1 PRI catLy
at | epfdatspiat £d oupoviphlunaet al  eRMpPRAUNdprdce®s pr os@SSrises
for the hydrofornylation of ethyl enically 5 ,
unsatifidgted' %@YWW%%W%‘?%@mPWHd with

reactiig,sifl ﬂoﬁ&ﬁi&@niagﬂl | Yy SRS 2t g ﬁfé‘pﬁfn@?e:\gﬁé hot a

carbon nonoxi de and hydrogen, 1nh the presence o
catalyst system and a solvent, the catalyst system

obtainable by combining:

al a metal of Group VIII or a compound thereof; and
bl a bidentate phosphine of general formula (Ia)
{Ia)
R1 2 RE
H”——é é—ﬁf
Nk
H;/Q—R—Q\\ﬁ
R“—t%: (:3—?3
R’ R’

wherein:

R is a bridging group;

R' to R"Y each independently represent hydrogen, lower
alkyl, aryl or Het, preferably, lower alkyl, aryl or
Het;

0" and ¢@° each independently represent phosphorus,
arsenic or antimony and in the latter two cases
references to phosphine or phosphorus above are

amended accordingly,

T
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catal yst system and a solvent, the catal yst system

obt ai nabl e by conbining: 10 a) a netal of G oup \hﬂhl FEB 7007
or a conpound thereof; and b) a bidentate phosp e

of general fornmula (la) (lgg R®" R6 VR CCR \ s

QPP RQ s RCGCGR R R 15 wherein- Ris a bridging
group; RL to R12 each independently represent

hydrogen, lower 20 alkyl, aryl or Het, preferably,

| ower al kyl, aryl or Het; QL and @ each

| ndepeNdeRiday o ePLeSeRE RRAIPAY Yhat & I8N iHe moiety is
antinony and in the latter two cases 25 references to
phospiEseatorimptmspheest abevefartdie apehdef@roup VIII metal

accqrdingly 9 9.FEB.2907,:65 the process |
characterisedti A%t hat a chiori ne noi ety is present in
at |l east one of the said Goup VIII netal conpound or

said solvent. 5 3. The process as clainmed in claim2,
cr?ﬁl@’te)‘?i i1l ﬁr@slghtz A PSP s @ Fhlorine
G ougMlehhy Mtal present in both said Group VIII matal

compound and said solwvent.

q. The process a&as claimed in any of claims 1 to 2,

wherein R' to R'Y esach independently represent ¢; to

Cg alkyl, € to Cy alkyl phenyl or phenyl.

5. The process as claimed in claim 4, wherein R to R'?

each independently represent methyl, ethyl, n-propyl,
ise-propyl, n-butyl, iszsoc-butyl, terbt-butyl, pentyl,
hexyl and cyclohexyl.

6. The process as claimed in any preceding claim,

wherein R, R% R’ and RY each independently
represent the same C,-Cg¢ alkyl; R?), R®, R® and R,
each independently represent the same O, alkyl: and
r*, Rf, R? and R'?, each independently represent the
same Ci5 alkyl.

1. The process as claimed in any preceding claim,

wherein R' to RY each represents the same C1-Cg alkyl

group.

g. The process as claimed in claim 7, wherein the said

Ci-s alkyl group is non—-substituted and selected from

the list comprising: methyl, ethyl, n-propyl, iso-

R T TR
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conmpound and said solvent. 10 4. The process as

clainmed in any of clains | to 3, wherein Rl to 2

each i ndependently represent C1 to C6 al kyl, E# FE% 2007
al kyl phenyl or phenyl. 5. The process as clalned in
claim4, wherein RL to Rig 15 each independently
represent nethyl, ethyl, n-propyl, iso-propyl,

n- but yl , |so butyl tert-butyl, pentyl hexyl and
cycl d-’r’FéBE&H @'bﬂwté’lpr Fessbufy o d?%t?%% pREoeki fpryl

clairg %ﬁﬁﬂéﬁ Rl, R4, RV and R10 each
|ndepende t én?esent the sane Cl1-C6 al kyl; R2, R5,
Re and RlL, each |ndependently represent the sane

Cl 6 kyl ; and 2, eg ch .

ot egeﬁfrﬁsep?%sgﬂfws Boman 8 RPFTe38 Fhe said
The [r,0¢€85%as gilcRip G imbtdL .pr eceding claim

wherein R1L to R12 each represents the sanme C -C6 al kyl
group. 30 8. The process as clainmed in claim?7,

er gy, t ' 6 r |54 E%§§H te
gﬂd séF%c?ﬁﬁﬁﬁ#%h1géF fﬁ%%ﬂ%%ng#?3|nép #% i&qj éﬁalm'
n- pr oPareiirs @ 0aBdFER 2607 s &6t Propydphawlosit yI
i so-butyl, tert-butyl, pentyl, hexyl and cyclohexyl.
9. The process as ciained in clain18, wherein the said
159 Cl Thel kydcgd®URsi 108 .inlOanyhenpr @Eesslabns 1 to 3
claimed in an% preceding claim wherein QL a

s

. and Q@
r epr é8¥H% Hh p}ﬁor%fl%dlfs T Hf&le%%f%sﬂa%n neéfgd the

fs R £
n WSy Z)‘H IPhihd A ot MRIPrA IR ol Nag 28

{I}

m

A-—OQ—2
a

Q—A—(K.D)Ar(E,2) - B- -Q’

ey
T N

?U--'L"J-
:U

—

wherein:

Ar 1is a bridging group comprising an optiocnally
substituted aryl moiety to which the phasphorus atoms

are linked on available adjacent carbon atoms;
A and B each independently represent lower alkylene;
K, D, E and Z are substituents of the aryl molety

{Ar; and e=ach independently respresent hydrogen, lower

alkyl, aryl, Hekt, hale, cyano, nitro, OR'?, oOC(O)R¥,

o
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bi dent at e phosphene is of general formula (1) (If R12

R 11 R-CC RS 1/Ra Q A[I(ANE. Z} - B -'[I RFEB 2007
V \RBRa--CCG 2 RRR 15 wherein: Ar is a

bridging group conprising angoptionally substituted

aryl noiety to which the phosphorus atons 20 are

Il i nked on avail abl e adj acent carbon atons; A and B

each i ndependent | epre , lower alkylene;, K, E .
sl Thy £ e LIRS I Sl TR o S

each A ndent.l y_ ) 29 £} 1k Eoealdyl
coch d ASeTCR) v SRSl RSt R ) e
----- represents 016wEEB 2071672 Cdr0 tRRl, af]§ BnORAProups

S S A, el e o

wher eachmd epf esert satpveriagkyi@nanieh tvwepdpaeenttached
groups selected fromK, Z, D and E together with the

car bdPT afondUstheKe BRGNYLi niRY, WwHfRHCR helf qreptionally
atta t QA BR M ERe L PRERE St MUl TSelected From
optionally substrtuted by one or nore substituents

sel edtyetrdfgeom lower alkyl, halo, cyane, nitro, ORY,

oC {0} R%", C [0} R®L, C (O} OR?2, NRZR?, C (0} NRZTR™®,
C{S51R*R?*®, 3R?’ or C(O)SRY;

R' to R each independently represent lower alkyl,

aryl, or Het;

R to R* each independently represent hydrogen,

lower alkyl, aryl or Het;

¢!, ©* and ©° (when present) each independently
represent phosphorous, arsenic or antimony and in the
latter two cases references ta phosphine or

phosphorous above are amended accordingly.

1?. The process as claimed in claim 11, wherein R! to R
each independently represent C; to Cg alkyl, € to Cg
alkyl phenyl or phenyl.

13. The process as claimed in claim 12, wherein R! to R
each independently represent methyl, ethyl, n-propyl,
isco-propyl, n-butyl, isc-butyl, tert-butyl, pentyl,
hexyl and cyclohexyl.

14. The process as claimed in any of claims 11 to 13

wherein RY, R!, R', R', R' and R'® each independently

RIECTLE T R A
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. PR - = - ] Pt = [a. FEPEE

hydr ogen, |ower alkyl, halo, cyano, nitro, OR19, OCC
(O R0, C(OR21, C (O OR22, NR23R24, C (O NR2IRBSFEB 7007
10 C (S) R25R26, SR21 or C (O SR27, R to R18 each

i ndependent|y represent |owgz alkyl, aryl, or Het; 15

R19 to R27 each independently represent hydrogen,

| ower al kyl, aryl or Het; QL, @ and 43 (when present)

each i ndependently represent fhosphqgoug, arsenj,c or,

ant | reRyeEsdti fhehsameo Chats ed Lkvb! cBsed’r eRer efices B o and

phospht n : qgéﬁf ngnde .
acco%din%??ﬁlfgﬁgﬁgﬁg%ggggg a é%%%ﬂgd I n g %?nFif,alle'
wher eind RR7t oRR18 Readtl’ nddperstaht RY reprkesdmde@perndently
C6 alkyl, Cl to . C6 _25 al kyl _.phenyl or phenyl. 13. The

pr ocESETEE T ai dsiaﬁ'ecﬁéﬁnaf%y erein RL to RL9

each independently represent nethyl, ethyl, n-propyl,

i so-propyl, n-butyl, iso-butyl, tert-butyl,,pentﬁ£,
130 hdlop m¥erese| sfexddaimed " FAe FiioceSs cdeifai Wedtprn 14-

any [ 111 tard ergei 4 7 0

R A e S R e
the spmepCl- C5 al kyl; R2, R5, Ra, Rl1l, Rl and R' each

i ndependently represent the sane C1_6 al kyl; and R3,

R6, R9, R12, R15 and R18 each independently represent

the g fdodel Kd . chailbed THE PNAEASSS5QS whkaiedRd tHe said
any of clainms 11 to 14, wherein Rl to R18 each
r epr &sent=t e SERHP GIS CBORIRYPStaFYGpd 2pdiseleréed from

Process ags SLaldmeh it Mdenyhergigyit he,sgidoyl, ise-
propyl, n-bukyl, isc-butyl, tert-butyl, pentyl, hexyl
and cyclohexyl,

17. The process as claimed in claim 16, wherein the said

Ci-s alkyl group is methyl.

18. The process as claimed in any of claims 11 to 17,
wherein @', ©° and @' (when present) represents

phosphorus.

12, The process as claimed in any of claims 11 to 18,
wherein A, B and J (when present] each independently

reprasant C; ko Cs alkylene.

20. The process as claimed in claim 19, wherein each of

&, B and J {when present) represent -CHs-.

21. The process as claimed in any of claims 11 to 20,
wherein K, D, E and 2 each represent hydrogen,

phenyl, Ci1-Cs; alkylphenyl or C-Cg alkyl.

LRERTCRTEEN
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Cl1-6 al kyl group is non-substituted and selected from

the list conprising= nethyl, ethyl, n-propyl,

propyl, n-butyl, isa-butyl, tert-butyl, pentyl ,EﬁEfEP 2001

and cycl ohexyl. 15 17. The pjgocess as clainmed in claim

16, wherein the said Cl1_6 alkyl group is nethyl. 18.

The process as cIained in any of clains 11 to 17, 2%

wherein QL, Q2 and 3_(when present) represents
ﬂ%ﬁLEFOGEﬁST%% plBteed ad Ql@ifeddn %%?r%rﬂ K, D, E

cl a| Eqall whesein pd J (when present)
each |ndepen nfﬁ 2§ reE@EseR? Cl to C6 al kyl ene.

20. The process as cl ai ned in clain119 mherein each
(when prese

e ARECAEEEE I (I R Chrk? 61 e R g Lormula

wher gim :K, *~, E and Z each represent hydr ogen,
phenyl, Cl-C6 al kyl phenyl or Cl1-C6 alkyl. 0 5 FEB 2067
69 22. The process as clained in claim?21, wherein K

2; Ela%ﬁgh In épélnf%gﬁaﬂ%re|€¥f$§§E$%EﬁEJ$§?€%§?$§§FEd o

and Becedihalkgéperdent|y represent unsubstituted Cl
to Cs al kylene; 10 K, 7, Z and E each independently
represent hydrogen, C1-C6 al kyl, phenyl, Cl1-C6

al kylyphemyl z oand3® %ch%@e@@h@an@ﬂ%)re)pr@%kﬁrﬂ Rbfdrogen,
(RLH) where 3 represents _unsubstituted Cl to
al kylanks orltwd.of Rhemyly &ndCe té'glé*%hﬁérh%mr% tRE  ~I-

car bep (BRoNE;10f (£13¢ ), ARV (1T NgR1E, where J  represents
unsubstituked €; to Cf alkylene; or two of K, D, Z
and E together with the carbon atoms of the aryl ring
to which they are attached form a phenyl ring which
is optionally substituted by ane or more substituents
selected from Jlower alkyl, phenyl DI lower

alkylphenyl;

R' to R' mach independently represent C; to Cg alkyl,
phenyl or €, to Cs alkylphenyl.

24. The process as claimed in claim 11 wherein in formula

{I):
A and B both represent -CH;— ar CiHa;

E, D, & and E each independently represent hydroagsen,
C1-Cg alkyl phenyl or C1—Cg alkyl or -I-
Q¥ {CRY7 (R} (R} )CR™{RY'} {R'®*} where J 1i1s the same as
2; or two of K, D, E and Z together with the carbon
atoms of the aryl ring to which they are attached

Form an unsubstituted phenyl ring;

W1 IR Ry, W
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15 to which they are attached forma phenyl ring which

is optionally substituted by one or nore substltﬂqp¢{3 007
selected from |l ower al kyl, phenyl or |ower

al kyl phenyl; 20 R1 to R18 eagh independently represent -
Cl to C6 aIkyI, phenyl or CL to C6 al kyl phenyl . 24. &
The process as clained in claim1l1l wherein in formula
{1) 25 A and B both represent -CH2- or CH4; K, D, Z
and E each i ndependently represent hydrogen, Cl1-C6

al kylpipggnyls Qi Gl 1%9?EMenQﬁ E?apz%@se% {C.CRl1:§ &Blalkyl
(R15)) CR16 (R17) (RI's) where é"lst he sane as A;

two of K D, E and Z together with the carbon atons

t aryl ring to ich they are attache form an
Shsundis Wit ety rrieboth A BhoAt  Tinet &8 &' ana 5
each boie pepdenisn: Femﬁesent Cl to C6 al kyl; 25. The
process as clainmed in claim?24, wherein A and B 5
both represent -CH2-. 26. The process as claimed in
#4 21 ekl gobereln b8 Eenrkba (Lh 101860 R 10RZIS in
the sane and represents nmethyl ;~ A and B are’ the sane
and riagrmedent{LIGCH2-; K, D, Z and E are the sane and
represent hydrogen. 27. The process as clained in any
of clainms 11 to 26, 15 wherein the reaction is

carricetdipu® 8b R'Y dpehat Wate @hdelapeeta2RE ardhidQC.
28. The process as clained in claim?27, mhereln t he

t enpdt @0 & i3S ﬁ%@%ﬂ@@%@@ﬁr@%@c CHz=:

K, D, 2 and E are the zame and represent hydrogen.

e

e

R i et L L

27. The process as claimed in any of claims 11 fto 26,
wherein the reaction is carried out at a temperature
of between 20°C and 180°C. A

Z8. The process as claimed in c¢laim 27, wherein the

temperature is in the range 50°C to 150°C.

2%, The process as claimed in any of claims 11 to 23,
wherein the reaction is carried out under a partial
pressure of carbon monoxide/hydrogen in the range of

1 to 700 bar. .

30. The process as claimed in c¢laim 29, wherein the

partial pressure is in the range 1 to 300 bar,

31. The process as claimed in any of c¢laims 11 to 30,
wherein said ethylenically unsaturated compound has 1

to 3 carbon-carben deouble bonds per molecule.



10

15

20

25

30

il o, S SN Rl e it il e L o P oS S S s el o] S et M d d e

_— = § Y T L I L .

Lr=—= == — o

20 29. The process as clainmed in any of clainms 11 to

28, wherein the reaction is carried out under al5 FEB 2007
partial pressure of carbon nonoxide /hydrogen in the
range of 1 to 700 bar. 25 3(. The process as cl ai ned

in claim?29, wherein the partial pressure is in the

range 1 to 300 bar. 31. The process as clained in any

of claims 11 to 30, 30 wherein said ethylenically, )
Ynsafiieat BECEBRPoLHE IFdeimed olB &Hrhidgh- drboting@sabne said

bond%x?ﬁ%gﬂgtecﬁ£§' q S ggﬁbgﬁggarﬂ&nsszlﬁﬂéproﬁgﬁﬁ per

as cla claim 31, erein sard conpound has 1
car bowleendden doubl e bond per " nolecule. 5 33_ The
process as clainmed in any of clains 11 to 32, wherein
t he anmount of bidentate conpound of fornmula (I) to

Imsatiieat ge-E08POURd dBadned henr aige df- 21:Ams1012 to 32,
nol es per nole of unsaturated conpound. 10 34. The
pr océde rgd re| Higre@mpHE NP IofP e e 1cpBPeand wherfgmnula

sai d t S r rises._a u <5
The pgcess aaSKFAFALEH cpePU ST E T R Brgide T8 vo
wher i’ sei ke i phentras ke phb spihd atenr st st | @oupdiid om t he
group conprising bis (di--t--butyl

phosphi no) -a-xylene; 1,2 bis

i adgrntybphosphisnafEi e benzane; of, 21Riims 11 to 33,
(di adamant yl phosphi nonet hyl ) napht hal ene; 1,2 bis

(di - REfdyl  gRéSphrAcRIa=ky| arnetemndiprihary ¢empEises a
20 byt pcH_l:lplsphino) napht hal ene. 36. The process as
clained’in any of clains 11 to 35,

35. The process as claimed in any of claims 11 to 34,
wharein said bidentate phosphine is selected from the
group comprising bis ({di-t-buty}l phosphine)-o-xnylene;
1,2 bis {diadamantylphosphinomethwyl) benzene; 1,2 his
{diadamantylphosphinomethyl) naphthalene; 1,2 bis
{di-t-pentyl phosphino)-o-xylene; and bis 1,2 ({di-t-
butyl phosphino} naphthalene,

36. The process as claimed in any of claims 11 to 25,
wherein the mol:mol range of compounds of formula (I

ko Group VIII metal is in the range of 1:1 to 3:1.

37. The process as claimed in c¢laim 36, wherein said

mol imol range is in the range of 1:1 to 1.25:1.

38. The process as claimed in any of c¢laims 11 to 37,
wherein the Group VIII metal is selected [from the
group: cobalt, nickel, paliadium, rheodium, ruthenium

and platinum.

TR e W 8 = e
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wherein the nol:nol range of conpounds of fornulalég)FEB 2007
to Goup VIII netal is in the range of 1.1 to 3:1.

37. The process as clained in claim36, wherein said

mol : ol range is in the rangg of 1:1 to 1.25:1. 38.
The process as clainmed in any of clainms 11 to 37, 30
wherein the Group VIII netal is selected fromthe

roup: cobalt, nickel, _palladium rhodium ruthenium ,
Bg%d Fhst | RERFe 850 & FEBS2D6A 2 39 aifhe Igrocebergin said

C|aiﬁﬁﬂnﬁﬁvﬁ&%iﬁb%§i wherelgigal,d Goup VIII netal is

rhodium “40. The process as clainmed in any ~f clains
11 to 39, 5 wherein said chlorine noiety is present

[ | t id G Vil t al d.and i
1, 2 6kec 8] S SR RL S POl Al E 4o 2
[ RnCy(e@ed e, salRéh ] s 2] Aoi RAG! jis XP&kedRNGL at least

(Nor bor nadi ene) 12, [RhC (Cycl ooctene) 212, . ,
Chl orsid Srraitady Bhk) MebathGaMRRU Yi e satd compound 1s

p- di r yl - di iu A

(bi c%%‘%&? 1?%%& 2 thes. gfrg’%g’) C%gpg%ﬁégigdn( PR ra 02z
41. TEaQPricoedslas cl Bhited. xihelany ofReCaiWsridérnadiene) s,
wher ej i hlorine moiety is present in at_least.. 3
15 sad%%%ﬁi\?fjﬁteﬁ@t} af2:conpound aﬁ%‘ A Y ]g’o%p%%xnadj]i%m]
sel el fumm)idieegr, oup 15 153 gt e @A H¥IQ@r2d -Zdirhodium,
[Rhd (Cod) 2] 2 and RhC13. xH2O. 42. The _process_ as i

cl ai G ey - o 1 hgPid ~E1 2rel 181 ) chd opReiet Wild damer -
chlorine noiety is present in at |east said solvent

and said solvent is selected fromthe group
dconpritsd ngroceds oasnetlaimesd chhorghenzEneladgms 11 to 40,

wherein said chlorine moiety is present in at least
said Group VIII metal compound and said compound is
selected from the group comprising: [RhC1{CO}z]lz,
[RhCl (Cod) 2]z and RhCli.xH,O.

42. The process as claimed in any of claims 11 te 41,
wherein =said chlorine moiety is present in at least
salid solvent and said solvent is selected from the
group comprising dichloromethane, chlorobenzene, o-
dichlorobenzene, m—chlorcbenzene, carbon
tetrachloride, trichloroethanes, dichloroethanes,
chloraflusrecarbons  {CFC'g), tetrachlercethanes and

tetrachloroethena.

43. The process as claimed in claim 42, wherein said

solvent iz dichloromethane.

44, The process as claimed in any of claims 11 ta 43,
wherein said ethylenically unsaturated compound has 2

to 20 carben atoms.

Lt
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di chl orobenzene, m chl orobenzene, carbon

tetrachl oride, trichlorcethanes, dichloroethanes,

chl or of | uorocar bons (GEC s), t et rachl or oet hanes anﬁ5 FEB 2007
tetrachl oroet hene. 43. The process as clainmed in claim

42, wherein said solvent is dichloronethane. 30 44.

The process as clained in any of clains 11 to 43,

wherein said ethylenically unsaturated conpound has 2

to 20 carbon atonms. L O5FEB2007 73 45. The process as

46l ai pRd i B-glaim ‘hAs Mgaﬁ.@e sghd ¢ 1GAHP0URd haSePeiR said

15 carbon at ons. The process as claimed in claim
44, whepeundsaihd EcbnpéﬁnaaMQQHSEtomiz car bon atons.
47. The process as clainmed in any of clains 11 to 46,
wherein said ethylenically unsaturated conpound is 10

5 4%el eched prevuide [ oupacREHr i Shngletirened, prapenein said
1- but ene, 2-butene, isghutene, 1-pentene, 2-pentene,
3- peRPBREVRAdIBRafic hed LPs 6REPST REFBSF, 1- hexene and
its isoners, 1-heptene and its isonmers, 1l-octene and
its isoners, 1-nonene and its isoners, 1l-decene and 15
Ailt.s Themprmycaese €312 madkenes 2anyd eheclaknewill to 46,

SOt AT LY RSO o 1
1o cycl @laaéa;@eanafrc&a4thepﬁ;adn@wecmagﬁwh£m@t Byheted propene,
but adi ene. 20 48. The process as clainmed in any of
C|ai%§bffep§,4ﬂ-butene, ischbutene, l-pentene,’ Z-pentene,
3-pentene and branched isomers therecf, 1l-hexene and
its isomers, 1-heptene and its isomers, l-octene and
its isomers, l-nonene and itks isomers, l1l-decens and
15 its isomers, the (13—C;p alkenes and their konown
isomers, 3-pentenenitrile, methyl-3-pentenecate, 1,3
butadiene, 1,3-pentadiene, 1,3 hexadiens, 1,3
cyclohexadiene, 2,4-1leptadiene, and 2-methyl 1,3
butadiene.
20
48. The process as claimed in any of claims 11 to 47,
wherein the said catalyst system further comprises a
polymeric dispersant dissclved in a liquid carrier,
said pelymeric dispersant baing capable of
25 stabilising a c¢olloidal suspension of particles of

the Group VIII metal or metal compound o©oF the

catalyst system within the said liquid carrier.

49, The process a5 claimed in c¢laim 48, wherein said

30 polymeric dispersant is selected from the list
comprising: polyvinylpyrrolidone, polyacrylamide,
polyacrylonitrile, polyethylenimine, polyglycine,
polyacrylic acid, polymethacrylic acid, poly(3—
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wherein the said catal yst system further conprises

pol yneric di spersant dissolved in a liquid carrier“-?%FEB 2007
said polymeric dispersant being capable of 25

stabilising a colloidal suspgnsion of particles of

the Goup VIII netal or netal conpound of the

catal yst systemwthin the said liquid carrier. 49.

The process as clainmed in claim48, wherein said 30

pol y hgiF @RS GRcid rsel ect BEL ¥ bl ERE1I NP st poly-L-

COMPIdti%n iRRY, Y Vidwl i pldidone, RRIMASTWANME,  poly-L-

pol yacrylonitrile, polyethyleni mne, polyglycine,
pol yagmgdsdineaci d, ppby {niethbeeyiene siclphopbt y( 3a@i8)FEB and

2007 _ 74 hydroxyhutyri.caci d),. poly-L-Ieucine, poly-L-
poly;E¥¥ﬁ¢ﬁ%W$;§q;ﬂ pEFngFﬁgf pol y-L- et hi oni ne,
5 tyrosi ne, poly(vinyl benzenesul phonic acid) and

Efoly vi nyl sul phoni ¢ aci d), 5 50, The process as_ clained .
% cIT&iSm BIOCHAEr eth Sditdmepol YirerFiidt sférsaritergin said

sel e} ad {0 t N ddSteaBONPIL Si Bl arted from the  list
pol yvi nyl pyrrolidone and polyacrylic acid. 10 51. The

pr oc essnpast Glrag :nedpeavanpydbycrailndofe t o2sd, mheratrylic
the sol.vent is formed by one or nore of the
react™dnts, products or by-products of the process

10 rather than being a separate entity. 15 52. A process

as clainmed in any of clains 11 to 51, wherein Ar_is
Hef i T&F RBIPAEFHdAT S13LMeH t aR- MdhbePed claims 11 to 30,

wherein the sclvent is formed by one or more of the
reackants, products or by-products of the process

rather than being a separate enkbtity.

15

52, A process as claimed in any of ¢laims 11 to 51,
wherein Ar is defined as including six-to-ten-membered
carbocyclic aromatic groups, sSuch as  phenyl and
naphthyl, which groups are opticonally substituted
20 with, in additien to K, D, E or Z, one or more
substituents selected from aryl, lower =alkyl, Hek,
halo, cyano, nitro, ORY, oCc(o)r?®, c(o)r*, C(D)OR%,
NRZR?%, C(O)NR*R?*®, 3R¥, C(0)SR* or C(S}NR¥R*® wherein
R to R*” each independently represent hydrogen, aryl

25 or lower alkyl.

53. A process as claimed in any preceding claim wherein

at least one (CR*RYR?} group attached to Q' and/or 07,

i.e. CRR?R?, CR'®°R®, cR'RR?, or CRY™R''R'?, may instead

ag be congressyl or adamankyl, or both groups defined
above as (CR*RYR®) attached to either or both ¢!

and/or %, may, together with either Q' or ¢° as

appropriate, instead form an optionally substituted

ESRR T PR
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carbocyclic aromatic groups, such as phenyl and

napht hyl, which groups are optionally substituted(2p FEB 2007

with, in addition to K, D, E or Z, one or nore
substituents selected fromamwyl, [ower alkyl, Het,

hal o, cyano, nitro, OR19, OC(O) R2D, C(OR2', C (O

OR22 NR23R2s, C (O M@&@G SR27, C (O SR27 or C

(S) NR25R26 wher ei n R27 _each i ndependentl|y

r epr SERCSRVAT agéﬁvcéﬁlﬁ 32@ 3 Ardudfegmly| 53aTAIP or

process 13 +Ghal Mpd-psany preceding claimwerein at
| east one (CRXRYRZ) group attached to QL and/or @2,

i.e. CR RR, CRR5RS, CR'RBR' or CRIR11R12, namy

ead 30 be congr ess ,Qr ada t vyl ot h 10ups
St P Botangy asae Rl A AV B g e 0B 53,
Ql wheeteoh @ iwmya tggebhehradikngilt hproupl cndXzZamay be

approprlate |nstead forn1an optionally substituted O
5 FEBP¥EGEnted Hy -M{Lila(l2)a and Z 1s connected via a

2- phpspha- Hag]&a(&I YohB- Lollthd] ldeavp egft%meﬁm group, M

derivative thereof. 54. A procesS as clained in any

cl aineprebentssh &nbia8, VIS wheVEFABAmetalaor metal catmn

cycl pent %dl enﬁ group, and Z may be represented by
%}e m*8nd Z is connected via a netal |igand

bond to the cycl opentadi enyl group, M represents a

Group VIB or VI1IB netal or metal cation , thereof; and

10 L1 rEpPERRRRSS g %y&%@ﬁ%wn?*ndéﬁﬂew arCVT aryl

gf oy RACK QI Wi C@hﬂél‘?“&&éﬁ;& ARk Qibadl'dhai ?tél}ﬂgiﬁdcuted

by one Or nore substituents sel ected from hydrogen,

| owtry abiey| prhakere cpabetinuends GRIGECIGERl 0fR20, hydrogen,
lower alkyl, hals, cyano, nitro, OR!Y®, o0c{ojr®
C(0IR¥, c(o)or??, NR™R*, C(0)NR*"R*®, C(S5)RR®*"°, sSRY,

C{0} 3R’ or ferrocenyl;
L; represents one or more ligands each of which are
independently selected Erem hydroegen, lower alkyl,

alkylaryl, halo, co, PR™RVR'™ or NR'RVR';

R to R each independently represent hydrogen, lower

alkyl, aryl or Het:
n=10or 1;
and m = 0 to 5;

provided that when n = 1 then m eguals @, and when n

gguals 0 then m does not egqual 0,

gy R AT S et



10

15

20

25

30

15 C (0O R21, C(O "R22, NR3R24, C(O NR' P', C (9
R'R26, SR27, C(O) SR27 or ferrocenyl; L2 represi%:?

one or nore |igands each of which are independ EB 2007
sel ected from hydrogen, |owey, al kyl, 20 al kylaryl

hal o, CO PR'3R'4R45 or NRO6R7R48 R43 to R48 each

i ndependently represent hydrogen, |ower alkyl, aryl

or Het; 25 n =0 or 1; and mF O to 5; provided that
then #h BTPCEREN AP eqirad il 4Rd aREn ®f 3daddiml & ote 10,

then ypde8s, net %%ﬁ?%sgntg ?a553a299YED¥6 %$&d€%%?ei$FDuP’

process as clained” in any of clains1l to 10,

R r egresemtablan al Kydwse adrkydgineg group, preferably,
a lower al kylene. 5 56. A process for the

hydr of ornyl ati on of ethylenically unsaturated

coppounds zas dessdédded hefei nbpkor e nWidrih frahBf18MNGRH 0 of
t he exanpl es herein. 57. A catalyst system preferably.
wher &t¥d&nd cald Yoy sirFR Feralid usecTpeungfocess fapscribed

the HB&%&%%V A1 Ye RIHRNIEAlG ‘é&%ﬁ%‘i‘%%t @L‘é&eiﬂ.
conpounds an I ch process conprises reactfng sai
et hyl eni cal ly unsaturated conmpound with carbon

nopgxi de and hydrogen, in phe presence sai  system .
e ol Do, AR R D B R RS EaRhrrr e thi e said
G oyl Mmatsal G@WOoURGkAS def i ned | BhRMEsPr ecrl Ng the
claim_and b) a bidentate phosphine as defined in any

pr eCW@HIRGOTZY IAEIM  an®iwher @thifaicaldy st synatrated
I'S Qﬁﬁﬂﬁaaﬁﬁg Sgﬁﬁ"%hich prooess conprises reacting said

ethylenically unsaturated compound with carbon
monoxide and hydrogen, in the presence of said system,

the catalyst system obtainable by combining:

a} a Group VIII metal compound a5 defined in any
preceding claim; and
b} a bidentate phosphine as defined in any preceding

claim,

and wherein the catalyst system 1s characterised in
that a chlorine moiety 1is present in at least said

Group VIIT metal compound.

54. 4 hydroformylation reaction catalyst system for
the catalysis of ethylenically unsaturated compounds
with carbon monoxide and hydrogen in bthe presence of
said system, the catalyst system obtainable by

combining:

a)a Group VIII metal compound as defined in  any

preceding claim; and

B P e Rl By i S i IR il o el o PR ol ool el R ol R S R iy g Bl = e — — )
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that a chlorine noiety is present in at |east said

Goup VIII netal conpound. 25 58. A hydrofornyl atff §nFER 2007
reaction catalyst systemfor the catalysis of

ethyl enically unsaturated cofpounds w th carbon

nonoxi de and hydrogen in the presence of said system
the catal yst system obtainable by 30 conbining: a) a
Group VIII netal conpound as defined in any preceding. .
clBl @ BhdentateeBlsERRing B L% MG atldl pRBYpHAGREEding
as defiizngd in any preceding claim and wherein the

catal yst systemis characterised in 5 that a chlorine
noiety is present in at least said Goup VIII netal

co und. 59. A reacti,on nmedi um conpri.si ng, a cai al yst .
SobdnWhedtln SxhEctl O IR0 RGP LS NondrEBlaEtd in

i sth@t alOcHEOrinea mseess ikorpibeehydrin oamy| aéaob said
of ethylenically unsaturated conmpounds and which

proEedR VEbhpi$srs FUBRIYRY: said ethylenically

unsaturated conpound with carbon nonoxi de and

hydrogen, in the presence of said systemand said
sob¥ent, Whersigtigw dnddigol venmpriisiag def icasd lystamystem

precedi_ng_c] ai t he at alyst .system obtai nabl e by.
co%%'lsniangs:oa‘feré@'rrepﬁfgf%frgél%upm\%ﬁ lnorsglgonr'[beo%ln%“ is tor
t hegseof ias def i mesk-dss anyEqr ecelleng efataToandl20iby of
a bi dentate phosphine as defined in any precedi ng

cl aFpylamyc e MR SPRETAESE | SRR, A which process

charpctesised dddcring said ethylenically unsaturated
compound with carbon monoxide and hydrogen, in  the
presence of said system and said sclvent, wherein said
solvent is as defined in any preceding claim, the

catalyst system obtainable by combining:

a)a metal of Group VIII or a compound GCherecft as
defined in any preceding claim; and
b} a2 bidentate phosphine as defined in any preceding

claim,

and wherein the reaction medium is characterised in
that a chlorine moisky is present in at least one of
the =said Group VIII matal compound or sald solwent,

including the possibility of being present in both.

60. A hydroformylation reactbion medium, wherein said
medium comprises a catalyst system and a solvent,
preferably wherein said system 1s for use in a process
for the hydroformylation of ethylenically unsaturated
compounds and which process comprises reacting said

ethylenically unsaturated compound with carbon monoxide

o
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that a chlorine noiety is present in at |east one of
25 the said Goup VIII netal conpound or said solv

i ncluding the possibility of being present in bot he[EE FEB 2007

A hydrofornylation reaction ygedium wherein said

medi um conpri ses a catal yst systemand a solvent, 30
preferably wherein said systemis for use in a process

for the hydrofornylation of ethylenically unsaturated
coRPpOURYETRAG IhilEh 0 cRESSERRDr PdeSHichcfYREeRapgd said
et byl gohcal |y dmsief uratigd £0MPAHRd i t B LapRPRred in any
nonoxi de 0 5 FEB 2007 78 and hydr ogen, in the

preseneeing salalimystiem anchbal dst sotwaimm wHekzimrable by
said solvent is as defined in any preceding claim
th%o%%%%f9gt system obt ai nable by conbining. 5 a) a

metal of Goup VIII or a conpound thereof as defined

in any precedin% claim and b) a bidentate phosphine
astdHéf | A&dailn ahy PFE¥RdIYL cIoF nP 10°BRA M er effr ek as

r eaclya®} R0 WNaing, halactiely %ﬂ%iinﬂf ahgat a chlorine

nmoiety 1s present in at |east one o the said G oup

VI anebatesbapeundhaiptsiial @6l véafined ngnudiny tieeceding
possictli_dliirgy of being present in both 15 61. A catal yst
systemas‘defined in any of clains | to 56. 62. A

hydr of ornyl ati on reacti on catal yst system 20

conprising a catalyst systemas defined in any of | ,
cl a0 "NSFEHp ARE are’fFbipp medium is characterised in

that a chlorine moiety is present in at least one of
the said Group VIII metal compound or said solwvent,

including the possibility of being present in both.

6l. A catalyst system as defined in any of claims 1 to
96,

62, L  hydroformylation  reaction catalyst sysktem
comprising a catalyst system as cdefined in any of

claims 1 to 56 and a solwvent.

63, The use of a catalyst sysktem as defined in any
preceding claim for Ehe hydroformylaticn of
ethylenically unsaturated compounds, said use

comprising the step of reacting said ethylenically
unsaturated compound with carbon monoxide and hydrogen,

in the presence of sald catalyst system.

64, The wuse of a reaction medium as defined in any
preceding claim for the hydroformylation of
ethylenically unsaturated compounds, said use

comprising the step of reacting said ethylanically

I LR I R
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63. The use of a catal yst system as defined in any
preceding claimfor the hydrofornylation of 25 15 FEB 2007
et hyl eni cal |y unsaturated conmpounds, said use

conprising the step of reactighg said ethylenically

unsat urated conpound wi th carbon nonoxi de and

hydrogen, in the presence of said catalyst system 30

64. The use of a reaction nmedium as defined in any
pr@%@@tﬁ@a%?%iﬁ?mB?UF%eWhyarﬁﬁBPﬁFI5PW@W1@F and hydrogen,
et byl eal CablyenBoab i 8l 68 COMPONIISegaldl Use
conpri sing t e step o reactlng sai ylenically 0 5
FEB 2007 79 unsaturated conpound wi th carbon nonoxi de
and hydrogen, in the presence of said reaction

medi um



