PROCESS FOR THE HYDROFORMYLATI ON OF ETHYLENI CALLY
UNSATURATED COMPOUNDS The present invention relates to

wo b@sloyarof or nyl ati on of et hyl eni cally unsat ur Bt BEAdB2004/002859

conmpounds by reaction with carbon nonoxi de and

hydrogen in the presence of a katalyst system The
carbonyl ati on and hydrofornyl ation of ethylenically

unsat urat ed conpounds using carbon nonoxide in the

pr esensrOCESHYFOR UTHE SHYDROFCHINY 1S TGN NGF' | BT HWLEN UCRLDY

VIl nmetal, exanple, rhodium and a phosphine |igand,
exanpl e an al kyl phd§%ﬁ$%@$A¥§RﬂQgﬁgéhmuﬁgosphine, aryl
phosphi ne, pyridyl phosphine or bidentate phosphine,

has been described in nunmerous patents and patent

afpkl gatasmrs:  IDr&ht 18 34edbsebosed timt hadpafbrayilation of
group.of ,bi dentate phosphi ne conpounds can provide, .
s?myﬂ@n&&@iﬁyst yq%ﬁea%&&% £9 6% sy§P&igon  with
apd Hhe HeRoRfi qauehdc abRlrkeks Leadset ?ﬂe‘%@?ﬂc‘eo D & &htalyst
whi ch were significantl'y higher than those previously
dsyekesed. WO 01/68583 di scl oses carbonyl ati on

processes for higher al kenes of three or nore carbon

atons . WO 02/76996, for exanple, discloses a nethod

f ahepr edibbngl 8t pbasEndehydabdokhelattise asf ethylenically
co-catal yst for hydrofornylating olefins. WO 02/2 0448

s MRBRARIER tEds o | GHEROWIES pr BpARGL | GRTEPar YIGHREERE nednn  the
f hodi u |l ysed drof L O ‘el
a?Egﬁggéklt ougﬁé%g)a?&s?ﬁ%ygﬁeﬁ%g%ggétbggﬁ&ﬁgﬁérgbea 9r°up
WWIICh exbtbli ressunbd) e dtaahium,t yaddr i ag phesphine ligand,

h%%g%%qgnyggtiéikyl phosphine, c¢ycloalkyl phosphine, arYl
phosphine, pYridyl phosphine or bidentate phosphine, has
been described in numerous = patents and patent
applications.

WO 96/19434 disclosed that a particular group of bidentate
phosphine compounds . can provide stable catalysts in
carbonylation reaction systems, and the wuse 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 méthod for producing
diphosphines, and their use . as co-catalyst - for
hydroformylating olefins. WO 02/20448 similarly discloses
the preparation of . arylphosphines for the. rhodium-

catalysed hydroformylation of alkenes.



process and permt relatively high reaction rates and

regi osel ectivity between |inear and branched al dehyde
w@e@dneloz) there still exists a need for alterPar/GBeoo4/002859

and/ or inproved catal yst systens. Suitably, the

present invention ains to provfde an alternative

and/ or inproved catal yst for hydrofornylating

et hyl eni cal |y unsaturat ed conmpounds. Moreover, the

praseriugnyerdtadiysai Mesyst gniVi Heveol veahs Weveloped which

i nprave the performnce of _the catal yst system

s@ﬁbﬂ%%ﬁﬁswa%_ BEeRifdtid dHang npReydydroformylation
SPhREdl tunal bhent neall AldRNAe REAIUELAEOMBAT &hids  ana
t uct can be o an by

e branched al'dehyde pro talined t
ugiegd ceeheativiity chedwpen sysness ofantche bhyeinohest t aldehyde

According to.the present i.nyentiaon t e i s provided a
DPGESES ;e iR dtlo Ay Pt Gn S bt hteqnar1ve and/or
unsireraiced 6QERDYHES, sIEtepls.forth gud ddmayappepded present
claims. Preferred features of the invention will be

appaeaki ony orithetdeparyéde Gmi abtenmative and/or improved
d %%%%'1%1:0 N¢ oél Slgygzgélg%]gr}\gg?{ Jgr;é h % gfeeim"céﬂf ml{n%turated

there s provide tem

hydmplommds.at | oMoreavieron ¢hisal yateswyst ednventdast | Gims to
medi um_-a hydrof ornyl ation reaction pedium use of a
cRESVYSE sﬁgsgﬁFtﬁséﬂaFﬂé AEREIVGh 8@ uReTARgmance of the

PeatedyftolyRiepari ng a catal yst systemand reaction
medi umy as Set forth hereinafter and in the appended

clains. According to the first aspect of the present

Lg\é%g’%fgn%n&ynltggsfr' g riLI tg fl'Pa! & Vliag eer(wzI #-803° %ggtf (:)erptrrc])(\efed selectivity
of the linear aldehyde product compared to the branched
aldehyde product can be obtained than by using comparative

catalyst systems of the prior art.

According to the present invention there is provided a
process for the hydroformylation of ethylenically
unsaturated compounds, as set forth in the appended
claims. Preferred features 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
system, a reaction medium‘, a hydroformylation reaction
medium, use of a catalyst system, use of a reaction
medium, and a process for preparing a catalyst system and
reaction medium, as set forth hereinafter and in the

appended claims.

According to the first aspect of the present invention
there is provided a process for the hydroformylation of

ethylenically unsaturated compoundé ' which process



et hyl eni cal |y unsaturated conpounds, which
processconprises reacting said ethylenically
W@ p®aneoad ed compound with carbon nonoxi de andPCT/GB2004/002859
hydrogen, in the presence of a_catalyst systemand a
sol vent, the catal yst system obtainabl e by combining:
a) a netal of Goup VIII or a conpound thereof; and b
) a bidentate phosphine of general formula (Ia) (la)
Rﬁbdﬁiﬂﬁéb reatldy Qaid RthydehiQaAd Y lurldat Ut ed ompound

G R7 R1L wherein Ris a coval ent bridging group; Rl
tcwéilz %%%homna@ﬁ@ﬁaéﬁt 13 BréseFR hy dRoddle Peaeence of a

mdﬁﬂ Q¥%§¥d£%£ L | feéabEleEH@Br @hgylcd@Eﬂyéy system

ependent y represen
iuquumabie dyseximbigrirgnt i nrony and in the latter two
cases references to phosphi ne or phosphorus above are
anended accordingly, the process characterised in that
a 0hl qr i@ DIt YarichpPaganod B abmpeast eRerebst;hang

said Goup VIII netal conpound or said solvent
b) a bidentate phosphine of general formula (Ia)

(Ia)
R12 R6
| |
R'—cC C—R°
I |
R10 , 1/R4
0 Q*-R—Q .
l / \ |
R*’——(lz ‘ (|3——R2
R R’

‘wherein R is a covalent bridging group;

R’ to R each independently represent hydrogen, lower

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

Q' and Q® each independently represent phosphorus, arsenic
or antimony and in the latter two cases references to

phosphine or phosphorus abbve are amended accordingly,

the process characterised in that a chloiine tmaiety is
present in at least one of the said Group VIII. metal

compound or said solvent.

Such a process is referred to hereinafter as “the process
of the invention”. The process of the invention includes

the embodiments set out hereinafter.



Such a process is referred to hereinafter as "the.
process of the invention" . The process of the
w0 possqoioon i ncl udes the enbodi nents set out PCT/GB2004/002859

hereinafter.ln one set of enbodinents, the group Rin
formula (la) mayrepresent an afkyl ene bridgi ng group,
preferably, a |ower alkylene. In another and preferred
set of enbodinments, the bridging group R may be
defined as -A - (K,D)Ar (E 2)-B- , such that general
formula (la) becones_general formula (I),_(I%QFUZ R6
RIN org 8 eiyembodimygy EAhe gragp R R fprmyla (Ia) may
0 R : : .S a gi r
capesens ol a1 RELED, bbbt fgtonbhld) BBy, o 1over
w1ty tdres phosphorus atons are |inked on avail abl e
adj acent carbon atons; A and B each independently
represent |lower alkylene; K, D, E and Z are
Substdddiend:s 2hat Bee BE¥Le8PLELY oAb re®t:, the bridging
i ndependent |y represent hydrogen, |ower alkyl, arf?,
Heroural B, mayarkes . dafined GRIO-AOXDPRLR(E, L BR 2Buch that
E%%%CI%%@&&NRZ%RZﬁdfééﬁ%NR 25R26, Cgﬁég%%Rz : %@57,

SR %7, SO CRED RS "ngv) R18)
whemne J represents | ower al kyl ene; or two adj acent
groups selected fromK , Z D and

12 &

T T
R'L—C c—R®

N /s

s Q*-A—(KDAEZ—B—Q |

v - N\f
R— C—R?

Y K

wherein:
Ar is a bridging group comprising an optionally
substituted aryl moiety to  which the phosphorus 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 moiety (Ar) and
each independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyano, nitro, OR*®, oc (0) R, C(0)R*, ¢ (0)OR??,
NR*R**, C(O)NR**R*®, C(8)R*R?**, SrR?’, C(0)SR?’, or -J-
Q% (CRY® (R™) (R*®) ) CR™ (RY") (R*™®). where J reépresents lower
alkylene; or two adjacent groups selected from K, Z, D and
E together with the carbon atoms of the aryl ring to which
they are atﬁached fo:m a further phenyl ring, which is
optionally substituted by one or more substituents

selected from hydrogen, lower alkyl, halo, cyano, nitro,



E together with the carbon atons of the aryl ring to
which they are attached forma further phenyl ring,

wWoR0084003030 opt i onal | y substituted by one or norBCT/GB2004/002859

substituents sel ected from hydrogen, |ower alkyl,

hal o, cyano, nitro, OR19, OC(O) R20, C(O) R21, C(O OR22,
NR23R24, C(O NR25R26, C(S)R25R26, SR27 or C(O) SR27; Rl
t o R18 each independently represent hydrogen, |ower

alcm/’*g,, argd (0)a*° Het .c @)efes abkyo) beitker akkdpR?4 ar y (8 Nr?°r?®,
RL19 5 0 RZ27 each |ndeﬁpendently repr esent

hﬁli%)g% ToRR @Ky (OkFRT ior Het: Ql, @ and B

(when present) each i ndependently represent

phosphorous, arsenic or antinony and i n the latter

t W' casesReferdncdndependeosili neepirepbnsphey@usgen, lower
above are anended accordl n Iy Preferably when K, D,

Kyl r reset” -BR% IRMST Yafas «( REYL or Het;
(R18) , the respectlveK D Eor Z| s on the aryl
carbon adj acent the aryl carbon t o which Aor Bi s
cdtinected Ror e|a<:fn nbhdspendgnctyt represaditacbhytiragen, lower

re rr Z group which itself represents
f@‘%wcm Y]RP ErF%vs) )CR16 (R17) (R18) . Preferably,
Rl t o R18 each I ndependent |y represent | over al kyl or

Nore preferably, RL t o RL8 each independently
é%rres%nta Q" o(denal Rypsenf) - egchl Kyldeseadantly represent

IR L Sl T

a e% er e?n}é’ o hu&enyﬁﬁfmﬁ g A C?;egtﬂh:én111 glr%g&er two

i cagEA | waéb@nselsstt@utpénbmldmfloed phm"@m:)rouivebove are

rmreeé_g%?{ erablly 'r&}tt o R18 each independently

r B F§CrGRHE Yot kyl, which i s optionally

substituted as defined herei n.

Preferably, when K, D, E or Z represent -J-
Q* (CR™ (R™) (R*®) ) CR* (RY) (R*®) , the respective K, D, E or Z
'is on the aryl carbon adjacent the aryl carbon to which A
or B is connected or, if not so adjacent, is adja‘cent' a
remaining K, D, E or Z group which itself represents -J-
QB (CR13 (Rl4) (R15))CR16 (R17) (RIB) .

Preferably, R' to R each independently represent lower
alkyl -or aryl. More preferably, R' to R*®  each
inde'pendently fepresent Ci to C¢ alkyl, Ci-Ce alkyl phenyl
(wherein the phenyl group is optionally .substituted as
defined herein) or phenyl -(wherein the phenyl group is
optionally substituted as defined herein).  Even . more
preferably, R' to R'® each independently represent C; to C'g
alkyl, which is optionally substituted as defined herein.
Most preferably, R' to R each represent non-substituted
C1 to C¢ alkyl such as methyl, ethyl, n-propyl, iso—propyl,l
n-butyl, iso-butyl, tert-butyl, pentyl, hexyl and
cyclohexyl. o



Most preferably, RL t o R18 each represent non-

substituted G t o C al kyl such as nethyl, ethyl,
wWO2@s0Mmprg i so-propyl, n-butyl, iso-butyl, tereCFoBR00H/002859

pentyl, hexyl and cycl ohexyl .Alternatively, or

addi tionally, each of the groufs RL to R3, R4 to R,

R7 to R9, R10 to R12, R13 to R15 or Rl16 to RI1S8

t oget her independently may formcyclic structures such

as 1-norbornyl or 1-norbornadienyl . Further exanples

of conposite groups include cyclic structures forned )
b MRITFEI YD 6, OR7 20 iREonadAY  RERGY ®gthe groups R' to

Alzer nat ivel s ofre f pr gwof LLhe1gr ogps Jmpyp1sepresaat . o pis
a 'solid phase to which t'he ligand i's attached.
Miragsiier ai nflepsndeantel ¥ GRxRy Reymgreyaj iat tsarhed uresQlsuch as

d/ i e R2R3, CRARSRG, .CR7R8RO,
ORI P ndr BaTPoEnaGErYdey| oFUEBARENt S¥amBles of
baidinLims §ebiy §diﬁ991\i§ea%y@@@é%&ﬁfx@%h%fn%dhebetween

ei ther or, both and/ or ,, may, foget her with either

QR ot aR as Rippcof¥ i at @ndj Rst ezl ROk m & teptiadriatdly, one or
s [tuke - trigycl 101 } ldecyl .
g:ﬁ%a"lpé o?kdgp%vg%%o@%%ahéé%ogegﬁ%\%&?gr 2 i"?’fgﬁﬁzslpl(j“—"sg to which
patte cligandels ofttedingdl rents, i.e. when the bridging '
group is defined as -A - (KDA (E 2)-, if any

(CRxRyRz) groups are defined as per this paragraph,

t AR iy efegr a ONgLESS yrafa , I 1
preferably ngﬁc- ghﬁg’?, t%{lgd gdé%)?r{aﬁtgl r%gtﬁ%nga{%sagﬁ?d to Q
neetd/oef @tablyea G8MRWRIDsAR'BIRY aCRIRERL y| ogr @RI'RTFRY?, may

B LB P o LS B S i
t RbsaTead OVER*RIRKY | at Bddhe @' colebifRELt Yrapodaf phednd/or @2,
h?rlrae}/l,n'together with either Ql or Q° as appropriate, instead
form an optionally substituted 2-phospha-
tricyclo(3.3.1.1{3,7}1decyl group or derivative thereof.
However, in fhis particular set of embodiments, i.e. when
the bridging group is defined as -A-(K,D)Ar(E,Z)-, if any
(CR"RS’RZ) groups are defined as per this paragraph, they‘
are preferably congressyl or édamantyl, more preferably

non-substituted adamantyl or congressyl, most preferably a

non-substituted adamantyl group.

In a particularly prefeffed embodiment of the present
invention ‘Rl, R*, R’, R', R™® and R each represent the
same lower alkyl, aryl or Het moiety as defined herein,
.Rz, R°, R?’, R, R™ and RY each represent the same lower
alkyl, aryl or Het moiety as defined herein, and R®, RS,
R®, R*?, R and R each independently represent the same
lower alkyl, aryl or Het moiety as defined herein. More
preferably R', R* R’, R'C, R*® and R* each independently

represent the same ci-ce alkyl, ’particularly non-



R2, R5, R8, Rl1, R14 and R17 each represent the sane

| ower al kyl, aryl or Het noiety as defined herein, and
WORN05MB07RI, R12, R15 and R18 each i ndependentPET/GB2004/002859
represent the sane |ower alkyl, aryl or Het noiety as
defined herein. Mre preferably Rl, R4, R7, R10, R13

and R16 each independently represent the sane Cl-C6

al kyl, particularly nonsubstituted G -C6 al kyl, such

a%ﬂ@ﬂ%utéﬁ hy)l-csN-aAkQRAY! sl &P- £5 OR¥Lhy - blétl%ly-l n-propyl,
i so-butyl, tert-butyl, “pentyl, hexyl or cyclohexy ;

stmrcmwl,mq—bmalanusmbu@ﬁbh Eattepbntyht | pentyl, hexyl
me sas defi ned,;above;. a
gpéééﬁgﬁ g andlgﬁ JECh i éepeﬁgentl 4 27 each
rammﬁddmﬂysaﬁep&sé:ﬁtalﬂﬁé aaméefclnegl A EBI defined
exanpl e: Rgl 13{jing algd 6 each represent
rrétwie Fand R?tl' 4 RIF dich SpEr dgrdgpendently
res%?ﬁ: %%e Rgamgg C nty %Fxﬁmd aB183€RL ﬁtﬂled above. For

ep esent n-butyl or P an especla
p resfaenrlet ebeoer‘mst OR™%, h@&'prams@nk'Si eaeht |mpmdnd?lmethyl

t Q.R18:gr ayp slgntsthq same. | ower al k I,
L i et 5 BsRant Thadangr din SPRBY SFRBPRC Eaat T £ FRd, R,
R}\-&,_rgprels’épt ] f&@lcﬁm é%cﬁ Or&@é‘ﬁ/ﬂ HEW1 or n-pentyl.
particularly non-substituted G-C6 al kyl, such as

nethyl ethyl, n-propyl, iso-propyl, n-butyl,

3 DUy oobgEh By . oERLylegheUXbo AN EYCl OOMe  cresent

s pref er 8 Tepresen

thmvmrmmmdewéhfaf muba P ) grpuef efaaitesaash Qle %me lower
and (when present% is the sane. MNoreover,

C&Hﬂl}nd Y ¥or | Bet | mpiepy epér A5ity neg é}'ﬁ}”%;n ar@fﬁferablY'
saR:h Moste prgierably es s&3CH Phe For@NdeBebWeeNaixyl group,
present) represents phosphorous. .

particularly non-substituted C;-C¢ alkyl, such as methyl,
~ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
butyl, pentyl, hexyl and cyclohexyl. Most preferably, each

R' to R'® represents methyl.

In the compound 'of formula (I), preferably each o', 0% and
Q*® (when present) is the same. Moreovér, in a compound of
formula (Ia), preferably Q' and Q* are the same. Most
preferably, each Q%, Q* and Q® (when present) represents

phosphorous.

Preferably, in the compound of formula (I), A, B and J
(when present) each independently represent C; to Cg
alkylene which is optionally substituted as defined
herein, for example with lower alkyl groups. Moreover, in
the compound of formula (Ia), R (whé;i alkylene) represents
Ci to Cs alkylene which is optionally substituted as
defined herein, for ~example with Ilower alkyl- groups.

Preferably, the lower alkylene groupé which A, B and J



Preferably, in the conpound of formula (1), A, B and

J. (when present) each independently represent Cto C
wa@bdogloezoeo whi ch is optionally substituted as dedT/682004/002859

herein, for exanple with |ower al kyl groups. Mbreover,

in the conpound. of formula (1&), R (when al kyl ene)

represents G to C6 al kyl ene which is optionally

substituted as defined herein, for exanple with | ower

al («Mhergrpﬂ@eentl?f af@f@éelntt&ﬁe | 9uer syl e WPSarticular
which A, B and J(when ‘gresent) represent are
nRESEREEed ut éd""’eK paPlK¥beBe prdtcty ed?r one? aldgd end  may

' J en tl epre
gﬁ% nq&?/fbigt pr feré%g‘fqjo g‘%gh %Fﬁﬁp, SB;%{a]md _?ZF\{?\:ht%n Most

prre@ﬁm;ablep,r esenh w©fe Af,anB lamderJ al(kizern@resedef)i negoresent

1 Lrier b RSP prociocd Beshif | e orlarly -

nqmzsubst I P&ieﬂc@mrnyy e fehacd ed difeem Smyh%%s( which R
C2H4 ), and substituted variants thereof, propylene

%em'aﬁ]da§9b§t~1ib§@tl§@t¢drI%tﬁomf@b@tltw and may be

ubst d vari an s.t.hereo
IR R R i i
alﬂhem‘edm,e cu byl @ s ( en‘:4H6he | oweid a|§uﬂsﬁi1QLﬁiEH su\%\riants
suhstitution may be with | ower aI kyl groups. Mre
prt(g?eéi%ﬂﬁ vy, 2Pfe QudwEeng kyredftes Jwhi RSpbgtasufies afariants
Suhadrdde by e SUOSIAY Whadkei K &1E Ry ﬁ:gé)pdﬁegﬁ‘y, some

nost preferably substituted or non-substituted
praspyaleheot P\’-]@ée¢abb9n phombe oformheudcdwefr fadjknlleme(la)nd such

%%ﬂ%ﬁﬁl%?ﬁl?%e? Rgv%th °P{§ esel’[l t Eai]sg groups More

mﬁﬁmydtﬁgemowwfalﬁy@ﬂnesphﬁﬁlyehOrR | 9&@&'esents are
aIk | phenyl . More preferably, K, D, E or
r@p}?/k{estémuted or non-substituted ethylene or propylene, most

preferably, substituted or non-substituted propylene.

Preferably, in the compound of formula (I) when K, D, E or
Z does not represent -J-Q°(CR™(R') (R'®))CR(RY) (R'®), K,l
D, E or Z represents hydrogen, lower alkyl, phenyl or
lower alkylphenyl. More preferably, K, D, E or Z represent
hydrogen, phenyl, C;-Cs alkylphenyl or C;-C¢ alkyl, such as
methyl, ethyl, propyl, butyl, pentyl and hexyl. Most
preferably, K, D, E or Z represents hydrogen.

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



hydr ogen, phenyl, G -Cg al kyl phenyl or G -C6 al kyl,

such as nethyl , ethyl , propyl , butyl , pentyl and
wheoogloo3o7ivost preferably, K, D, E or Z repr eBenG82004/002859

hydrogen. Preferably, in the conpound of fornula (1)

when K, D, E and Z together @ith the carbon atons of

the aryl ring to which they are attached do not forma

phenyl ring, K, D E and Z each independently

repr eeppesbyEr agrN, sheveudskiltuepieNNost bewEerably, they

al kyl phenyl . More preferably, K, D, E and Z each

i FEEpERRt IRy drqg@%sent hydrogen, phenyl, C -C6

al kyl phenyl or C -C6 al kyl, such as nethyl, ethyl,

propyl, butyl, pentyl and hexyl. Even nore preferably,

KBrelerablandAn dfitee semipcdurel s camhdia t @ntwhdH, D, E or

PHe GRRoine oFoPbRRERE. (1 GRERREY (MR SFRY duzlles) ana
ggéd E?Prﬁsgﬂa 7J 1B eltERY3 iR e KR1SA 2551 6a £ Brhé) oFRY e aryl

, D, E and Z together with the carbon atons of
t e ngr Yo mbvigeh dhev @ire bt aphedatdaacindd irmaot ghenyla ring,
p i ng, ch, of .. .E.and represent the sane
glr%ga% s(é egfe ’f:%maﬁcgdrgogréaﬁrq%oev\rér tgflg‘)?(yﬁ Smgr GOy selected
Hetroas Wfdree@der diowerpaallkoll arbyyhydrogenuet Gs Ciefined
al kyl (nore particularly unsubstituted G -C6 al kyl) _,
edi5e@idi y PyaEbgehaTlyr efWCHROEN | P¥ he C@Oﬁpouﬁﬁkb’ﬂ (more
f |4 I en . , and Z her w :
{ Rt idaeghen %n@tb%lgﬂltlelari ng%lflgs vvhi%:m)e'y oregBboially
athtyslgiogrerf.orm a phenyl ring, then the phenyl ring is
optionally substituted with one or nore substituents
selected fromaryl, lower alkyl (which alkyl group may

| treRiferR@® 190t ii0Ndhy SoBSGhhAIt 88 ebrhALAI NAYedhen two of K,
D, E and Z together with the carbon atoms of the aryl ring

to which they are attached form a phenyl ring, then the
phenyl ring is optionally substituted with one or more
substituents selected from aryl, lower alkyl (which alkyl
group may itself be optionally substituted or terminated
as defined below), Het, halo, cyano, nitro, OR'?, ocC(0)R2°,
C(O)R**, C(0)OR**, NR*R*, C(O)NR*R?*®, SR*’, C(0)SR* or
" C(S)NR**R*® wherein R' to R*’ each independently represent
hydrogen or lower alkyl (which alkyl group may itself be
optionally substituted or terminated as defined herein).
More prefefably, the phenylﬂ ring is not substituted by any

substituents i.e. it bears hydrogen atoms only.

Preferred compounds of formuia (I) within this set of

embodiments include tliose whérein:

A and B each independently represent unsubstituted C; to

Ce¢ alkylene;



as defined below), Het, halo, cyano, nitro, OR19,
OC(OR 20, C(OR21, C(OOR 22, NR23R24, C(O NR 25R26,

WGERREF/0030(0) SR27 or C(S)NR 25R26 wherein R19 t oPCRRGBe@a/002859

i ndependent |y represent hydrogen or |ower alkyl (which
al kyl group may itself be optiﬁ%ally substituted or
term nated as defined herein) . Mre preferably, the
phenyl ring is not substituted by any substituents

I .}, Pi Beand Bydrnobpenndicpandentyy Efé@gre@éeld h@@ﬁ;&i@g@ﬁ C1-Cs
of _forjula (1), within this set of enpodi ments include

th@@'%er ej rgh?{"yéﬂd B eddh “F ndepemtiEnt PLeR¥hr eser@T -J-
unsiylose? tRN‘*‘}?‘@R@)t)@R@B(I@WEYk@'?e; K", where? anst €aCfLresents

i ndependently represent hydrogen, G -C6 al kyl,  phenyT,
Ciurcgibs tdg yirdyC: ofo - 3¢BalkRIgn¢ R14y tRO5)9FCRALS PR1Z) and E

(I@:I(ﬁ} e e sents unsybstituted C to. C6 . al kyl ,
enc > o %v\owoifﬁKgggDc,ar Oghd?‘%@qsog%ﬁ htglllev\ﬁaf:ﬁlt frgng to which
carlipn atenmatehchbe &orm rd Nhéy WhieAgt RBY Al 8§ s optionally
attached forma phenyl ring which is optionally ‘

sUBRFEEEDy P¥neCBE ¥ e mANRSt StbsHisusBLsct 8elercbad from
I | , ﬁ.ﬂféﬁ(l | . Rl to R18
eg\ééﬁ;eiﬁﬁd{%t%ld ently rlegreslwroﬁ%wlﬁ%g&%y |, phenyl or

Cl to C6 al kyl phenyl . Further preferred conpounds of
fﬁ%rmg:a ((#1)3 W t in.tgis gﬁt og enbodi nents i ncl ude

t Hose"Rher ei F3A afB9BPEBERF&Yr ceelfeserp Ciorte2iqs | alkyl,
PPHdBHl & Yo, O o, KalkPLphdnd E each independently

represent hydrogen, G- al Kyl phenyl or G -C6 al kyl
or -J@B (CR13 (R14) (R15))CR16 (R17) (R18) where J is

f/vi ) ﬁ:ﬁ %Ere %égggzgdoa&n&(&%r@es o[% ’foErn%ﬁ.da Z(f)o%eitt eirn thi}s set

of embodiments include those wherein:
A and B both represent -CH;- or CyH;, particularly CHj;

K, D, Z and E each independently represent hydrogen; C1-Cs .
- alkyl phenyl or C1-Cg alkyl - or -J-
Q? (CR® (R™) (R™) ) CR™ (RY) (R*®) where J is the same aé A; 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}
R* to R* each independently represent C; 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 Cs alkyl,

particularly methyl.



aryl ring to which they are attached form an
unsubstituted phenyl ring; RL to R18 each
w0 pabependent |y represent G to C alkyl; Still PCr/GBe604/002859

preferred conpounds of formula (I) within this set of

enbodi ments include those wher®ttn: Rl to RI18 are. the

sane and each represents Cto .C6 al kyl, particularly

methyl .Still further preferred conpounds of fornula I

wisthimtfmstlser pie Babost nedhsoundd Usie thamel Mergithin this
%tf and E are each independently selected from

th%efg %@Jr'%?l?‘h"g WchiRe dhaseomtgraid:cs al kyl ,

parti cul arIy where each of K, D, Z and E represent

the sane group, especially where each of K, D, Z and

EK.epDeseZnt ahyldrEbgene eacK rieptegsemdientlGH2s€Be¢CRA3 from the

Z and E are each

R14 CRI R1 d D,
(%) ﬁ%’?“ﬁ@gllégt ed’f ﬁg’ggggﬁflou&’%ong’r stFRg dfs alkyl,
h)@iﬂﬁﬁhlﬁr@t Qh@@ea@é)dh A &, cub ar zy uhere Q‘étpti'egent the

and E represent the sane group, espeC| ally where ,
arftPEe r Vot eﬁ}?@ﬁég@ﬁy Ewpetial ¢§chr edferked D, 2 and E

i!lngﬁ rrrula(l) within this set of
e%d]'I nenrtﬁgm eI9t hose wherein: each RL to R12 is
the same and represents nethyl; A and B are t he sanme

d t - 1 1
" dbr cenE R0 goht 10 R ST (RS B bR Tand D, 2

e | EENLS y a ~ar
hergr?rgii]I naftgr,e Qﬁ?ggr e%%@%w %{fgﬁ g §om ¥he group

| i atging x of o-edrogerberced Car bocyed | elhyihrmtpa:rticularly |
LU 88EH ¥ aprpc? nﬁl rae%(zj:e%ae%rtlzt kallé \égrlnghg%ro%%es especially

where D, Z and E represent hydrogen.

Especially preferred specific compounds of formula (I)

within this set of embodiments include those wherein:

each R' to R¥ is the same and represents methyl;
A and B are the same and represent -CH,-;

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 preferably, Ar is
defined as 'inciuding s:i”.x—to—ten‘—membered ~carbocyclic
" aromatic groups, such as phenyl and naphthyl, which groups
are optibnally substituted with, in addition to KX, D, E or
Z, one or more substituents selected from aryl, lower
alkyl (which alkyl group may itself be optionally
substituted or terminated as defined below), Het, halo,
cyano, nitro, OR', 0C(0)R?*®, C(O)R?*, C(0)OR??, NR?3R*,
C(O)NR?R*, SR¥’, C(0)SR?* or C(S)NR®R* wherein R to R?’

each independently represent hydrogen, aryl or lower alkyl’



are optionally substituted with, in addition to K, D
, E or Z one or nore substituents selected fromaryl,
wo oowsorrkyl (which al kyl group may itself be PCT/GB2004/002859
optionally substituted or term nated as defined bel ow)
, Het, halo, cyano, nitro, OR1%2 OC(OR 20, C(OR 21,
C(O)CR 22, NR23R24, C(O NR 25R26, SR27, C(O SR 27 or
C(S)NR 25R26 wherein R19 to R27 each independently
r epwesent aly gl ogesupamil 9tskPreheabkyibMbith ahik¥tituted or
group may itself be optionally substituted or
t eFAribRebcAsadetie htBedchrerabraigr) - In a further set
of enbodi nents, in a conpound of either forrmula (1) or
(la) at |least one (CRXRyRz) group attached to Q
anthor @rthes. <ER1RZR3embBARMENts CRIRBAI, ccmfpound of elther

tead b I ty
bor A G bop4 T ho et Ancie. AESPEReRPRACTARIAnGaFdw attached
81 then* dndpth L andd orciIRrrMAYcRROFE! h@fﬁh““k” h *teﬁro RYIR?,

@ as appropriate, inst ead form‘an optioha
sub%Yl tlipsggag lphosmmrtasswcl QI‘[ 3dapantyl(,3, 3¥] dl:e:d:;H groups

gr tive £.80F ealythe | east
oncgg%(%(ﬂ?y%zi}f\%roup &gﬁnrg%cbn §)E/‘Ilgi toadgﬁ’ﬁﬁfﬁl Or both @
Thenadarany] omeyp Mewpgephiegnalditicomutles:; hesidgs o as
hydr ogen atons, one or_ nore substituents selected from

| RRRTPRIALE . ORTFteady PR AN hArkionally, sobeprkeuted 2-

- YRR crcugon 20yly LNRPIIRL, - G LD NERS) B1vacive

- POB 0 f PQYOREEYald OR6the att -1SG&IR62mG/\hEIFé‘R?Eéﬂ%I.99r%up belng
R20 R21 2 4,. R25, R26, R27, Rz28 (define
asSRHE Y d‘ﬁ?ﬁ% ¥before) , lower alkyl, cyano

and aryl are as defined herein and R56 to R62 each

i ndependently represent
The adamantyl group may optionally comprise, besides

hydrogen atoms, one or more substituents selected from

lower - alkyl, -OR'®, -OC(0)R?*°, halo, nitro, -C(0)R%*,

-C (0) OR??, cyano, aryl, -N (R**)R*, —C‘(O)‘N(RZS)R?G,
- Zc(8) (R¥)R?S, -CF3, -P(R*®)R%7, -PO (R®®) (R%?), -PO3H,,
-PO(OR®*®) (OR®*), or -SOs;R®?, wherein R'®, R?°, R?, R??, R%,
R*, R®, R¥, R?, R®(defined as are RY to R¥

hereinbefore), lower alkyl, cyano and aryl are as defined
herein and R*® to R*® each independently represent
hydrogen, Ilower alkyi, aryl or Het. Howevér, in one

embodiment, the adamantyl groups are not substituted.

Suitably, when the adamantyl group is substitﬁted with one
or more substituents as defined above, highly preferred
substituents include unsubstituted C; to Cg alkyl, -OR'?, . -
OC(0)R*°, phenyl, .-C(O)OR*?), fluoro, -S0;H, -N(R*})R?*,
-P (R%)R%7, -C(0)N(R®)R* and -PO(R®®) (R*°), -CFs;, wherein R*®
.represents hydrogen, unsubstituted C;-Cs élkyl or phenyl,

R*, R¥, R®, R*, R®, R* each independently reépresent



hydrogen, |ower alkyl, aryl or Het. However, in one

enbodi nent, the adamantyl groups are not substituted.
w@Eosaidoy) when t he adamantyl group i s substi t BEEGBMOYH002859

one or nore substituents as defjned above, highly

preferred substituents incl ude*linsubstituted G to C8

al kyl, -OR19, - OC(OR 20, phenyl, -C(OOR 22, fluoro,

-SBH , -N(R23 R24, -P(R5d)R57, -C(ON (R25)R26 and

- Ry dRE$3n ( REO) unsGB3t inleee ncﬁ](n%l ramk?ﬁentlls“ to R** each

hydr ogen, _unsubstituted C -C8 a or enyl, R20,

R R agpLY R B DR EeBE h URIIRSHTUINER Ci-Co alkyl or

rgm@l%ep_t hydr ogen or unsubstituted Cl1-C8 al kyl, R56 to

R59 each independently represent unsubstituted G -Cs

al kyl or phenyl . Suitably, the adatnantyl group nay

c Il besjdes hydrogen.atons, up_to 10 . ,
subs t{'%ﬁléﬁ‘t s {é}gede?ﬁﬁgagggg)ve?rﬁ}@f el y PR 8¢, Dbesides
subsdtdgemnt atamsdehigneto ahovesuwey e uef£r abl M e 3above,
substituents as defined above. Suitably, when the- :

adRFRiREALHF oip cePphi sesbsthisieriss hpsr cipfiredngboyee more
or. tityen as, def | ; L0, prefe I
T LR TES Gt SPECHERELE, BET detteg o apove.
ardaireseilyst | twiteed CheC8 adbkphtaid grohpuocompibyés, besides
particul arly unsubstituted C -C8 al kyl such as nethyl .
PIIT, ETE 1 o Riarint yIOKR ol R iees s defined
hyinege, at grefaiably €. cbbe adaBBEYkugheUP i§ NOldentical.
substituted. Preferably, when nore than one adamant y?

grRngfemrres esehetihuanesnpomdunsubset ibiined| £:-6s @lkyl and
each roup.i s denti-.cal . The. . :
Za:éﬂlo@p'ﬁa- % irie%/éch c1'o [&ffr%cd@afl% 3,“7}%“@35&}1;%e&p C1-Cs  alkyl
(reefdtrresls methyl. A highly preferred adamantyl group
comprises hydrogen atoms only i.e. the adamantyl group is

not substituted.

Preferably,lwhen more than one adamantyl group is present
- in a compound of formula (Ia) or (I), each adamantyl group

is identical.

The 2-phospha-tricyclo[3.3.1.1.{3,7}]decyl group (referred
~to as 2-phospha-adamantyl group herein) may optionally
’compfise, beside hydrogen atoms, one or more substituents.
Suitable substituents include those sﬁbstifuents as
defined herein in respect of the adamantyi group. Highly
preferred substituents include lower’alkyl,'particularly
unsubstituted C1-Cs alkyl,  especially" methyl,
trifluoromethyl, -OR® wherein R' is as defined herein
particularly unsubstituted C;-Cg alkyl or aryl, and 4-
‘dodecylphenyl. When the 2-phospha-adamantyl group includes
more than one substituent, preferably each substituent is

identical.



to as 2-phospha-adamantyl group herein) may optionally

conpri se, beside hydrogen atons, one or nore
w@asnoIooent s. Sui tabl e substituents include tPOEE6B2004/002859

substituents as defined herein in respect of the

adamantyl group. Highly prefer¥®ed substituents include

| ower al kyl, particularly unsubstituted G -C8 al kyl,

especially methyl, trifluoromethyl, -OR19 wherein R19

is as defined herein particularly unsubstituted C -C8

al kyl _or aryl, and 4- dodecyl phenyl . \Wen the '
2-%%%%?%2’ anahfy |2 HRRAPHATARISRtYdr e9¥ PR dfe substituted

SUbist bhidenbr RIRILT ap! ypgach, SUbSLIuaN! 7l SIATALA! wien a
.Preferably, the 2-phospha-adamantyl group 7s
suhshstiteehion agnedef imed e hefretime 1MoBe Dmefefrably, the 2-

positigns with ubstituent as defined herein. Mire
o TRT AR TR, FRRihal® AYRRIAHCGH Gip Gach Of the 1, 3
suped | upegienoeach Rfiteayl, Aid@DdaR BRELhLRRSNt means the
Sui tably, such an arrangenent neans the phoSphorous

atRIRINRFRUD - PHedphLL addrmnt3iphkppirs {addranied t ggroup is

C t ' e yl, skel et o Vin 0 .

h%r ogedgl tg?gcr:rés% s?@og?%?@ a‘{)l?%/,a##éa%%ﬁo ]f)%]aenton having no
- doadmogen gromp.i MEhsHiépéeabDy, eatle of -phesghaaddmantyl
and 7 posjtions. \Wen the 2-phospha -adanmantyl %roup

i r%'qq}ﬂgs Ifor SUPRAA trtedhsPRt uedth pref ertdift y leach, 5 and 7

SuRsHii MY . | SiHedenthedl o -BABSEHEL h¥aRhAEGLr € ]
substli tluents are unsubst?tgt edﬁoé- (%aaf[ﬂﬁy? angroup includes
t mdne okbant hy| submttitcendr | prefisvablyt ideth Ceub8tituent is

al.kyl .s as t hyl . ef er abl 2- phospha- adamant yl
rellp?}/eensteln % ’unsgggplgfﬂl? Y2- pi%%%er?a‘f?%ganaﬁfl??%}:uen s are
2 pfnsphal catarant yd, -sybst i kaked W t yrene ore APfFBioromethyl,

unsubstituted C -C8 al kyl substituents,
particularly unsubstituted C;-Cs alkyl such as methyl.

Preferably, 2-phospha-adamantyl represents unsubstituted
2-phospha—adamanty1 or 2-phospha-adamantyl substituted
with one or more unsubstituted C;-Cg alkyl substituents,

or a combination thereof.

Preferably, the 2-phospha-adamantyl group includes
additional heteroatoms, other than the 2-phosphorous atom,
in the 2-phospha-adamantyl skeleton. Suitable additional
heteroatoms include oxygeﬁ‘and sulphur atoms, especially
oxygen atoms. More preferably, the 2-phospha-adamantyl
group includes one. or more additional heteroatoms in the
6, 9 and 10 positions. Even more preferably, the 2-
phospha-adamantyl group includes an additional heteroatom
in each of the 6, 9 and 10 positions. Most preferably,
when the 2-phospha-adamantyl grouplincludes two or more
additional heteroatoms in the 2-phospha-adamantyl

skeleton, each of the additional heteroatoms are



or a conbination thereof. Preferably, the 2-phospha

-adamantyl group includes additional heteroatons,
w@edenotonan t he 2- phosphorous atom in the 2-pPOBEGB2004/002859

-adamant yl skel eton. Suitabl e additional heteroatons

i ncl ude oxygen and sul phur atoWs, especially oxygen

atons. More preferably, the 2-phospha -adamantyl group

i ncludes one or nore additional heteroatons in the 6,

9 Adéht{bPPSi tAPNSeshV@ILTDf € PFSfSFAY Y, ziﬂ?ogpha -adamantyl
phospha- adamantyl group includes an additional
hedeeWait omhilghededy obpthenslly dml £0bpbdktiteds. wiMist one or

r a e p ha .- danantyl
PrEpS s et Ie & hoEBle,” HBIALY 1K eq e cavgen
2-phespha- aglaciantofl skel &d,0n9 eaedd afo thesEdbhsORE the 2-
het er oat ons_arei dentical. An especially preferred
2 BRI adpmARtl SHORECWhi ch may optional |y be
substituted with one or nore substituents as defined
herein, includes an oxygen atomin each of the 6, 9
arRicefedsit,i obke of2 phes@haphdamhaty&dammﬁqdes one or more

skgl{g{%orﬂoar Pr ef er aﬁ:%et Eﬁ}?gsagra adaﬁg té i ncl udes

skel et on. Hrghly preferred 2- phospha - adanmantyl groups
as defined herein include 2-phospha-I, '
3 Bighlet preferyed 8 -phogpharpormaasNAt yIrouDEp, as defined

2+phasppa- |53 qléef' net%yg]hg%%l? ]f,”isrf,l?)(@eq:a"a?ﬂ%ﬁ’k}yl 6,9,10-

group , 2- phosp a- 1,3 Uorore

a;ﬂ,ob&dammta_,darmgtphpgr OLm-pmcF]wklali.’a 1,3,5-trimethyl-6,9,10-
phospha -tri (trifluoromethy
‘i ad?&i’danantyl gr P Abst ~ pr ef er abiBRosPRA-1,3,5,7-

g'ﬂgtg.%{i’(tetiﬁfr Eaﬂnadhr%{étﬂﬂ’yﬂ)s-ss@ 88 {8 ARRYIP R dup, and 2-
phospha 1,3,5-tri(trifluoromethyl)-6,9,10- trloxadamantyl
group. Most preferably, the 2-phospha—adamarntyl is
selected from 2-phospha-1,3,5,7-tetramethyl- 6 9,10-
trloxadamantyl group or 2-phospa-1,3,5, —trlmethyl 6 9,10~

- trioxadamantyl group

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

phospha-adamantyl group is identical.

The 2-phospha-adamantyl gfoup may be prepered by methods
well known to those skilled.in the art. Suitably, ceftain
2-phospha-adamantyl compounds are obtainable -from Cytec
Canada Inc of 901 Garner Road, Niagara Falls, Ontario,
Canada L2E 6T4. Likewise corresponding 2—phospha¥adamantyl
compounds of formula (I) etc may be prepared by analogous

‘methods.



tri oxadamantyl group or 2-phospa-l, 3,5,-trinethyl-6,
9,10- trioxadamantyl group. Preferably when nore than

wop@saePphospha- adamantyl group is present in BCT/GB2004/002859
compound of formula (1) or (Ia) each 2- phospha-
adamantyl group is identical. The 2- phospha -adamantyl
group may be prepared by nethods well known to those
skilled in the art. Suitably, certain 2-phospha

- aarRvier, canpleagds ane okt atREQRE)f (R3M) Cyhac GdhaRd) (R®)
Inc of 901 Garner Road, Niagara Falls, Ontario, Canada
LQ‘@GG"MPI":‘I?FPZ%V\A SBAY oriehRAtHi PG 2CORBEBREY hdPantadamantyl,

| d
an |"'ogous n13t%119:§d§r&tghﬂ(EICQ ﬁcdé@é{]f%e&rgﬂ%g %?Oth groups

Mor eover east one of
(m)ln(emse)s a@Ri”(CRi"G (®RR1Y) a(lala}z“ (Een(pfesenttaamd to Q°

i NSt ea ress or_sadamant optJ onal |
sihsti t deg’(’:}y'*‘becp abov%ns%‘?a%ot I“fjoﬁ‘bupéndef‘?ﬂ?e’t?nally

a%u@%]ﬁ.t(dﬁk@ A- @h@sp@ﬁd- teRES AR A), 3(.'3181){ BaWI}Q‘aié%%flt %roup or

@B , may together with @, instead forman optionall
sdentivafise 2-tiirsgsta- t rpesfgwally . tha. 188, 71kdstyl one of

grup 4 vat 180£17 ,eéerabl t he at Iea .
orﬁ% of @rc?g% ()R14§‘X‘§R12$ ag% 3:%5}6 )('R173"’ ER18)P* TR é being
preesentessyd oy edageessil. or adamantyl . Preferably,

in a conpound of forrmula (1) when both K represents

-J-@B (CR13 (R14) (R15))CRI16 (R17) (R18) and E
-J-
r eReeeeaiy, J- B (LRL3 rr&:%:l:ﬁi)d( g Rl%%é%% both K

then D represents -J- é
(mFeSByltIShe tefffﬁQB([ﬂR} pm‘ﬁ)t(R?-sdy@ m”):eR“m and E

SFEREPEAREN by CRE [ShoRar | G *8)?5’1?@231%% ups then D

atreprlaednte Qﬂ;r of oorthiel\WH'R) fERYQRY) (RY) .

By the term 2-phospha-tricyclo[3.3.1.1{3,7}ldecyl group we
mean a 2-phospha-adamantyl group formed by the combination
of the two groups attached. to Q, togéther with Q' to
which they are attached, a 2-phospha-adamantyl -group
forméd by the combination of the two groups attached: to
Qz, together with Q* to which they are attached, a 2-
phospha-adamantyl group formed by the combination of the
two groups attached to Q°, together with Q°® to which they
are attached, wherein Q%, Q% or Q® is in the 2- position of
the adamantyl group of wh:Lch it forms an integral part and

each of Q' / Q*, and Q°® represents phosphorus.

Preferred compounds within the present set of embodiments
and wherein at least one '2-phospha—adamanty1 group' is

present include those wherein:



whi ch they are attached, a 2-phospha -adamantyl group
formed by the conbination of the two groups attached

WO 2009R0307¢ oget her with Q2 to which they are atperbs8ego4a02859

2- phospha- adamantyl group formed by the conbi nation

of the two groups attached to Jd% together with @B to

whi ch they are attached, wherein QL, @@, or @B is in

the 2-position of the adarrantyl group of which it

foxmpm CRt & aR*pamndareR*d@ch (RF) Qlre QRrtasHe@ to Q', and
resents ghos horus, Prefegrred conpounds vv|t hin the

n? LOUPSofatrfgtf hefiPs dnd RRSEIST aviEB asQ ronPrm a 2-
m&é Ip i s present include those
vvhere| n: G oups F?Z)L%(JR 3) and CR4 (R5) (R 6) are
attached to QL and the groups attached to @ ,

gr oufilbe&ra’ oufoglzgél?( foraféﬁmﬁlﬁﬁyggggﬁnt%ﬂ: q'éeC¥ to @', and

atgiae hgdotips Qlat tadied heogr@yps djditdiedwti ehQh2, form a 2-
together wth Q2 , forma 2 - phospha- adarrantyl

gr P@&ﬂﬁ“a@fm (FEMPI(R 3) and congressyl are

attached to QL , and the groups attached to Q 2 ,

t oget her W|th Q2 , forma 2 - phospha -adanmanty!

grinmps TER" @farteA} yendr cupsyrarsesydt tacdedttached tcarcgiL and

roups_attttaacchheet dodo together w,th (2
fgﬁ'rﬁg 8 pﬁﬁﬁ%\'ﬁﬁ;ﬂj P Ho gogeﬁ&? oW@Fés@l' form a 2-

@%@ﬂaqﬁqu »ug;1 . and the groups attached
to Q 2 , together ng{h , forma 2-phosphaadamantyl
group; The groups attached to Q1 , together with Q1

'fng%éhaaﬁtyl groups are attached to Q!, and the groups
attached to Q% together with Q? form a 2-phospha-

adamantyl group;

Two congressyl groups are attached to Q', and the groupé
attached to Q°, together with @ form a 2—phospha-

adamantyl group;

The groups attached to Q', 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
Q®* can be interchanged, together with the groups attached
thereto. Therefore, for example, the first preferred

compound in the list could equally preferably be:

Groups CR’(R®) (R°) and CR™(R') (R'®) are attached to Q?, and
the groups attached to Q', together with Q', form a 2-
phospha~adamantyl group. '



phospha- adamantyl group, and the two groups attached
to Q2 , together wwth Q2 , forma 2 -phospha-

w@o@saeoyd group. Naturally, in the preferred PONEB20VdH02859
noted above, Q1 and 2 can b e interchanged, together
with the groups attached theret®o. Therefore, for
exanple, the first preferred conpound in the |ist
could equally preferably be: Goups CR7 (R8) (R 9)

antigiR Vi OpteE diyed Reddpoands awli ahbad tha sQehboddn@dritheinclude

grqups attached to Q1 , together with Q1 , forma 2
- tg"r%?pﬁgle-’%?dﬁh’antyl group. Hi ghly preferred conpounds

wthin this enbodi nent include those wherein: The
groups attached to QL, together with QL, forma 2-
pdspharounamattbachpdoupe @id tHegethemrelps &'t acheth a 2-

t Lot er..wth far 2- phospha- adamant vyl
g%c%lu%éphﬁr ga?‘ga&'ha ‘}tﬁ' t%@%‘?buﬁ‘?@a&}b%hggot GRS e‘—"‘u""ch‘e‘jl to
| d8nt tegkthBrefeenbhy, fden o 02%%{5}%31%&5@1@1 Hroup .
identical, the groups attached to are identical,

and the groups attached to (B are identical, nore

prsd iy Al eS .0 i dentwc 0 it h
e DRy sy Ao dht et FEND* (ke DlalRERL.
Particularly preferred conbinations in the present

[ [ ' | ude th f f I I \ in:. (1)
(AP I (e BRRRE SR CEAGBE A qu O EBS1 goghEARaL, the
E gﬁfug{se Alctcached r epr egent 5 2s phoshharadamandd ; the o groups

R5R6) and (g:RlRZRS) together with QL to which they
apétachaecheko r @pr eégent 1dephivspha- mdzsamysdfeyaking, Ball such

a(ﬁ‘oh?)% S A BRESEN e i en the Q they are attached

to, identical groups.

~Particularly preferred - combinations in the present

invention include those of formula (I) wherein:

(1) (CR'R°R®) and (CR¥R™R'?) together with Q® to ‘which
they are attached represent 2-phospha-adamantyl; ‘
(CR*R°R®) and (CR'R’R®) together with Q' to which they
are attached represent 2-phospha-adamantyl;

A-and B are the same and represent -CH;-;

K, D and E are the same and represent hydrogen or
unsubstituted C;-Ce alllkyl, particularly hydrogen;

ot and Q® both represent phosphorus.

(2) (CR'R®°R®) and (CR'™R™R%) together with 0 to which
they are attached represent 2-phospha-adamantyl;
(CR*R°R®) and (CR'R®R®) together with Q' to which they

are attached represent 2-phospha-adamantyl;



K, Dand E are the sane and represent hydrogen or

unsubstituted G -C6 al kyl, particularly hydrogen; QL
w@nasQ3obot h represent phosphorus. (2) (CR7R8RI)T/&BR004/002859

(CR10R11R12) together with Q2 to which they are

attached represent 2-phospha-ad&mantyl; (CR4R5R5) and

(CRLR2R3) together with QL to which they are attached

represent 2-phospha-adamantyl ; K represents - CH2- (3

(X5) X6 wRetrepreXenssd-¥6, i QUEEN&F Whibe(B &P WAHCRS together
they are attached represents 2- phospha-adamantyl ; A
and B arWifRe QGank aitbiclprideent areCHattachied Qrepmesedits 2-

each re%ﬁﬁ%ﬁapQ@%Mﬁ' D and E are the sane and

represe rogen or stbstituted G -06 al kyl,

parti cul &r landRlraagethe( IpmeCRADB REpraadntCRIGRL1R12)
toget her with to,which they are attached represent
2- phosph3-radh v SRehrERRieseRE (RHATRIRHUS vget her

wth QL Ho y ch t a hegd.ge S
2- phospha- adamant y%l;%é[K%?%prgég%t sgr-l&CEfQ-QB (e)?S ngdrogen o%
wher ei n WBsapet Meuted etih€r alkylBpavtabiithrlpehydregen.
attached represents 2- phospha- adamant yl; A and B
are the sane and represent - CH2-; QL, Q2 and B each
represent phosphorus. In a further set of enbodinents,

group, and Z

in formula (1), Ar is a cyclopentadienyl , .
maf? be ré%?{?s_én)t e@nBy (CRFECILE;W %LZFF?B&EE eZ iwign@éctted which
\I\//: ?egr g:{ial?l%%l %ﬂ%n%u%%éi grré% ﬁc%géneojtjgﬁ%%%%gaqa%a%%l;
cation tH@RWR®) amtl (CR'R®R®) together with Q' to which they
are attached represent 2-phospha-adamantyl;
K representsA—CHz-Q"‘(Xs)X6 wherein X° and X° together
with Q® to which they are attached represents 2-
phospha-adamantyl;
A and B are the same and represent -CHj-;

Q', 0% and Q® each represent phosphorus.

In a further set of embodiments, in formula (I), Ar is a
cyclopentadienyl group, and Z may be represented by
-M(Ln)n(L2)n and Z is connected via a métal ligand bond to
the cyclopentadienyl group, M represents a Group VIB or
VIIIB metal or metal cation'thereof} and

L, represents a cyclopentadienyl, indenyl or aryl group
~each of which groups are optionally substituted by one or
more substituents selected from hydrogeh, lower alkyl,
halo, ecyano, nitro, ORY, o0C(O)R?*®, C(0O)R*, C(0)OR??,
NR*R?**, C(0)NR?R®*®, C(S)R*R?, SR?’, C(0)SR?’ or ferrocenyl;



L1 represents a cycl opentadi enyl, indenyl or aryl
group. each of which groups are optionally substituted
Wb 00603000 nore substituents sel ected from hydP@EB2004/002859
| ower al kyl, hal o, cyano, nitro, OR19, OC(OR 20,
C(OR 21, C(OOR 22, NR23R24, Y O NR 25R26, C(S)R
25R26, SR27, C (0)SR27 or ferrocenyl ;L2 represents
one or nore |igands each of which are independently

selectregrbcentBydongenor | ansre ahikWandadl kKebahy! ofhadRich are
Cq PRASRA4RAS or NRAGRA7R4A8; RA3 to R48 each

i N8L¥ epeedentelydrbgen, Mowsiogskyl , lavgr oralkyl,
; =..0 on. 1 angdy Msp40,4:Q45;  proMe ad_hat when n

Z%l]%}ﬂle%rfnl'eqlba; Y E)t,%’an \%\)%e% noé:gb“z% slggﬁt Hen m does

not equal 0 . Preferably, A, B, QL @@, K, D, E,

and,Rl to_RR7 are as defined and descri bed

het ei st & e, SRARI ARIRPEHIE e d TERFESERENt BYaRepeRf . lower

Byaifiel ! &)1 Mot eReesents a Group VIB or VIIIB netal”
in aconpound of forrmula I we include netals such as

C, M, W, Fe, Co, N, Ru, Rh, GCs, Ir, Pt and Pd.
Prnef_er(;a\bqlg,l.the netals are selected fromGC, M, W,
e, i ,”'Ru and Rh. For the avoi dance of doubt ,
references to Goup VIBor VIIIB netals herein.should
be taken to include Goups 6, 8 9 and 10 in the :

M perd &/ it abl e nonencl ature. By the term "netal
cation thereof" we nmean that the Goup VIB or VIIIB
metal (M in the conmpound o f fornula | as defined
hegmiwvideas Bhposivliare ohay gé. ther ahl ywgudles mot aland when n

[ in. may conprise
catlo%’nlsrmoyte in he form of soa.lt or y np

en m does not equa

Preferably, A, B, 0!, Q% X, D, E, and R' to R? are as
defined and described hereinbefore, including preferred
embodiments thereof.

By the term “M represents a Group VIB or VIIIB metal”. in a
- compound of formula I we include metals such as Cr,‘ Mo, W,
Fe, Co, Ni, Ru, Rh, 0Os, Ir, Pt and Pd. Preferably, the
metals are selected from Cr, Mo, W, Fe, Co, Ni, Ru and Rh.
For the avoidance of doubt, references to Group VIB or
VIIIB metals herein should be taken to include Groups 6,

8, 9 and 10 in the modern periodic table nomenclature.

By the term “metal cation thereof” we mean that the Group
VIB or VIIIB metal (M) in the compound of formula I as
defined herein has a positive charge. Suitably, the metal
cation may be in the form of a salt or may comprise weakly
coordinatéd . anions derived from halo, nitric acid;
sulphuric acid; lower alkanoic (up to Ci2) acids such as
.acetic acid and propionic acid; sulphonic acids such as-

methane sulphonic acid, chlorosulphonic‘ acid,



coordi nated ani ons derived fromhalo, nitric acid,

sul phuric acid; Iower al kanoic (up to Cl2) acids such
w@sg00aoexorec aci d and propionic acid; sul phoni c BCT/G82004/002859

such as net hane sul phoni c aci d, chl orosul phonic

aci d, f1 uor osul phoni ¢ acid, tri4! | uoronethane sul phonic

aci d, benzene sul phoni c acid, naphthal ene sul phonic

acid, toluene sul phonic acid, e.g. p -toluene

sul lnferosuBshahid bwiadd ,sul phicflivorsiegbhad sulphonic acid,

2- hydr oxypropane sul phonic acid;, sul phonated ion .
e%%ﬂ&ﬁﬂggre§PﬁEP9nb§rhQQ%é%uﬂ%PB%%%a%%n%er§Hﬂ@hp@lc acid,

agi ghy R T &yopiost £d, £a5 boxyki cpaehe,aHsh 2. gonic acid, t-
trichloroacetic acid and tri IBoroacetlc Ack

ortinph esplvhdrci @l d p osh orhysd iy sapEnea ssepirane: acid;
phqaggﬁyiqﬁf id;, _and acids derived from.]nteracti,ons ,
bt WRIPIANS ABPdSHMF B Ded§EG%ci DR D2t fe@cid such  as
S@éx@ﬂdﬂ@haﬂﬁﬁ;pgﬂ%}ﬂ%&éﬂﬁ@@ 2BBgylnel udei d Nguch as
tetraphenyl borate derivatives. Preferably M

r égtiedenreacatisup VIRist VI 18Rl et dirifiluendrgetwor ds acid;

U o UASLEOT MY LB O8R! Skl S L0 onsene

groups, may T épr €sen
alphcespientiiconett gt ,oupmdaiadigis uhddd iwd®d f¥om interactions
E{ﬁinated i ncl ude, fluoro, chloro, brono and i odo.

t
SHETHASH LeWAS| &ﬁ:‘é%%n@dcy%?%%%ﬁ:%‘ai @rﬁf{d%ndOﬁhgrl, sources
t R iCHMRUN S OF 1 4O BUL Babh1 8BYNn§BALAI A ALERE ' O et raphenyl

cycl opent adi enyl rings, two indenyl rings or one

i ffterade getiored iocses .opent adi enyl ring (each of which
ring systems nay optionally be substituted as

descri bed herein) . Such conpounds .nmay be referred to

APrefRAGNIGh MOMRYPHREGBNtAS a Group VIB or VIIIB metal. In

other words the total electron count for the metal M is

18.

Halo groups, which L, may represent and with which the
above-mentioned groups may be substituted or terminated,

include fluoro, chloro, bromo and iodo.

- Suitably, if A represents cyclopentadienyl and n = 1, the
compounds ~ of formula I may contain either two
.cyclopenﬁadienyl rings, two indenyl rings or one indenyl
and one cyclopentadienyl r:i:ng (each of which ring systems
A may optionally be substituted as described herein); Such
‘compound's .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

to each other (commonly referred to as bent metallocenes‘) .



the netal Mor netal cation thereof is sandw ched by

the two ring systens. The respective cycl opent adi enyl
wa@easoe3orndenyl ring systens nay be substanti aPCTGB2004/002859

coplanar with respect to each other or they may be

tilted wth respect to each otafer (commonly referred

to as bent netallocenes) .Alternatively, when n = 1,

t he conpounds of the invention may contain either one

cyditeperttaidiedny, witerone & ndenyher cbgpoeads off Whehnvention

ring systeng may, optionally be substituted as i

d &S | 8&tﬁéPei%}t*§%| ORE FYFlepeptadignylj or one indenyl

r egresen yl WehH S i 0 bsti.f uted .

dggirﬁ%d e;arcgji{ n.afs\aﬁ}gfbblﬂy, I\%ﬁgn nw:é t)léﬁd%dl}re relgjzir?tlsly be

arspbstidntidte aet destrbbedhberenpoumdsl ofnd oanylarings (i.e.

defined herein is typically,in the formaqf the tal

c ioﬂ?pﬁ??%%?y,aﬁkﬂ n ﬁi‘u_.X]a 1% e OBEHEENdY o?ug%Eltuted as

| Bedriledh HePEahN Uit ,Cyshopent adi anyhn@r 1i,ndePilesents

ring_(each of which ring systens nmay optionally be :

s thlRey ﬁéledé?ﬁﬁfqlbe'g par iy comperndsmsdunfiermala I as

b f e .as ‘hal i.ch.co ngs’

prgEdrd HepRi8® 0% tat A R B, gr gthe metal

t et itome nmetal M of the conpounds of forrmula | -has an

18 el ectron count. In other words, when netal M of the
conmpounds of fornmula | is iron, the total nunber of

elseG i@y cophehbut ed by, thend i gapgodraid S oEYPERE! | Mvention
five. Suitably, the metal Mor netal cation thereof in

t vendpdino pavityadirenydy depeswads ealy If emmilralanyils ring (each of
YBSERL RIS e SR oo s
Tyeisealibed herein). Such compounds may be referred to as
“half sandwich 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 words, when
metal M of the compounds of formula I is iron, the',tot‘al
-number of electrons contributed by the ligands: L. is

typically five.

Suitably, the metal M or metal cation thereof in the
cyclopentadienyl compounds of formula I is typically
bonded = to the cyclopentadienyl ring(s,)A. or the
cyclopentadienyl moiety of the indenyl 'ring‘(s) . Typically,
the cyclopentadienyl ring or the cyclopenﬁadienyl mbiety
of the indenyl ring exhibits a pentahapto bonding mode
with the metal; however other bonding modes betweeén the
cyclopent'adienyl ring or cyclopentadienyl moiety of the
indenyl ring and the metal, such as trihapto coordination,

are also embraced by the scope of the present invention.



the cycl opentadi enyl ring or the cycl opentadi enyl

nmoi ety of the indenyl ring exhibits a pentahapto
whordioesy7mode with the netal ; however ot her boPdi/G$2004/002859

nodes between the cycl opentadi enyl ring or

cycl opent adi enyl noiety of the2d ndenyl ring and the

nmetal, such as trihapto coordination, are al so

enbraced by the scope of the present

| nweitd oL Rf ef ehaline & dﬁ@ﬁngo@ouf@rrﬁﬁléo&n%ﬁ’efeln Ar is

wherein Ar is cyclopentadienyl , Mrepresents Cr
Fecyqjcpmnmlenyla eteepretentrs t Ger e, EeenCoooe Ru, or a

CAGHE Chir il SRRERER: Sallem orsy pECtEreBiva M girapesente

Grccxu,p \#d | B @t alr ORUBteY  cat imdtdiher@dfiod\n thereof. Most
especially preferred Goup VIIIB netal (M is Fe.
ARIRARIRR S ndt ai s vegd egerpnelrom: & nGmypbéerIBa metal or

bl
CHIY CodOIR ELEED! ol LobRLE ke, P5RRALALY Wiy viTn
agned=fli n€M) hewseiRz. FkkﬁhmughythahamuaL-M.as idefined herein

co ound of ,formul a | represents cyclo t adi.enyl ,
hylP%r APyl ea&WFﬁOWﬂﬁcﬁ£?¥%gs BFé% gggﬁalﬁf carries

Sléﬁéﬂﬂﬂ@}bm&%ﬁdmf Crfisd | dent s é@éﬁ&iﬁ&'ﬂéﬂ%m Ly
hydrogen, |ower al kyl, halo, cyano, OR19, OC(O ,

C 02111'206@) drfnedNRegRn, SR27 or ferrocenyl (by
whi ch is nmeant the cycl opentadi enyl, indenyl or aryl
ring which Li may represent is bonded directly to the

CdedfienrattdAdi e nythert | Ag =0f1 t ha mRical dogedytd g6OUFbrmula I, I,
Nbrejg;eferably, i f the cycl.opentadienyl, indenyl or

aryiP Ghi AF LepsRbpdiEivdse imdenyd s .%fledeaqh.%f which
prﬁxfgsabl xréub%ﬁewrﬁa{ﬂnyth sORRLakulRLE S sti o Er more

selected fromC™-C6 alk 0, cyano, 9,

2@ubstituents selected from hydrogen, Ilower alkyl, halo,
cyano, OR', 0C(0)R*, C(0)R*, .Cc(O)OR**, NR*R?**, 3sR? or
ferrocenyl (by which is meant the cyclopentadienyl,
indenyl or aryl ring which' 1I; may represent is bonded
directly to the cyclopentadienyl ring of the metallocenyl
group) . More préferably', if the cyclopentadienyl, indenyl
oif aryl ring which L; may represent is substituted it is
" preferably substituted with one or more substituents
selected from C;-C¢ alkyl, "halo, -cyano, OR', 0OC(0)R?®,
C(0)R*™, C(O)OR*, NR™R* where R'’, R*, R*, R*, R*® and R*
each independéntly represeht hydrogen or C;-Cg élk}}l.‘

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

preferably, L, represents unsubstituted cyclopentadienyl.



C(OR21, C(OOR22, NR23R24 where R19, R20, R21, R22,
R23 and R24 each i ndependently represent hydrogen or
w@eeoSBoarkyl . Preferably, when n = 1, Li reprBESEGB2004/002859

cycl opent adi enyl , indenyl, phenyl or naphthyl

optionally substituted as defi4fed herein. Preferably,

t he cycl opent adi enyl, indenyl, phenyl or naphthyl

groups are unsubstituted. Mre preferably, Li

represents cycl opent adi enyl, indenyl or phenyl, each

of_which rings are_unsubstituted. Mst preferably, Li
r Pt eSenP3THASUBIFILY utREE ESET P e rAmRpiGdmant] nof the present

paf.t.i y efer gﬂp%)d he, prgsent .
iﬁlvﬁe‘h%gofﬁc,gﬁ'i n9é gon%%%ﬁ 0 ?gf%rgﬁll’% ﬁI’= ? Lilistasis as
defa Mietedhéreereirarechdnos 0 0. Al ternatively, when n is ‘

equal to zero and mis not equal to zero in a conpound
of formula I, L2 represents one or nore |igands each

ofa b i T ndependent Ly égﬁsgtﬁg LeoB bawet alkYlor equal
hal'0, COL PRA3R44RA5 or NRAGRATRAS. Nore preferably, -

LXq epresehns aomempounst eof | farmslaath &6 webrksenes one or

i endent |y sel ect f.rom Cl to. al kyl . -hal o
par exlpec thdlaqr}’fpyélsc NRoIRe ,oe%d’h% = eé’rerf%ftﬁ% Pfglected from
Wieswein R4BkyD, R4Baabe | mdgpenpetiki‘riSel get edirffATR®.  More

hydrogen, C to C6 al kyl or aryl, such as phenyl. In a
pRusianalYyy plef siaRE SRS nahey BNt Al gandsheeach of

PLEsH Lpweni] ' ML f agl, =0,
L2 i's as a?fefi %gggﬁteairlgleﬁtggd m :@%Egodr Mhart | cﬁmh arclc‘)y alkyl.
3 hald r epraegsintsl ser et athlsetaect 62D f r @R'ER'RAD, die, MRFCR'R®E,
or .Ru ar a pmtal_catjgn thereof; .Li

f;.L t :
cylisHseht adt enyltC i n enyla}rq’laph?ﬂ?i’e%&g’rﬁﬁiﬁgl ,Sseé&é’ﬁegf from
Wy ddeis diBY obe, OptikPnadt Vaspbstdidth &4k phenyl.

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

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

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

a metal cation thereof;

1, represents cyclopentadienyl} indenyl, naphthyl or
phenyl, each of which4rings may be optionally substituted
by one or more  substituents selected' from C;-Cz alkyl,

halo, cyano, ORY®, OC(O)R?*°, C(0)R?*, C(O)R?**, NR®R*;

L, represents one or more ligands each of which ligands
are independently selected from C;-Cs¢ alkyl, haio, -CO,
PRYRY*R*S or NRYR'R4E.

n = 0or 1;

and m = 0 to 4;



by one or nore substituents selected fromGC -C6 al kyl,
hal o, cyano, OR19, OC(OR 20, C(OR 21, C(OR 22,
WORRD3BE#70 L2 represents one or nore |igands eakdil/GB2004/002859

whi ch |igands are independently'selected fromG -C6

al kyl , hal o, CO, PRA3R44RA5 or 5NR46R47R48 n =0 or 1;

and m= 0 to 4 ;provided that when n = 1 then m= 0

and when m does not equal zero then n = 0. Further

preefcarirdetl coinpountenoh forimitken mnel wdearidiosken m does not

mhereln epresents jron or a cation thereof; Li
rﬁesrq:ng%béht'a dl-enyl, indenyl or phenyl group,

each of which groups are opti onal Iy substituted by one

or nore substituents selected fromG -C al kyl, hal o,

cyandhe@R19reOetOpr 20ommi@ds 20f @mela |2 include those
represents one or nore |igands each of which are

irYg"éiﬁ ‘ntly selected fromGi-C6 al kyl, halo, CO
PRA3RA4RA5 or NRA6RA7TRA8, where R43 to R48 are
|ndependently sel ected from hydrogen, Ci-C5 al kyl or
pREAAPTGEentE giron of@ Matien ¢hereodii || furt her

preferred conmpounds of formula | include those

wherein: Li represents unsubstituted cycl opentadi enyl,

I idemdpresgiisnybtycpapentadaehyl ynsmdenytluted phenyl group,
cyci gpent adi enyl; and, n = 1 and =0 Al t.er nat |

A o o aESuBE RePniPRLPIRALY ugbEReEted BY one or
WhRJrR Ngubstituents selected from C;-Ce alkyl, halo, cyano,
OR'®, OC(0)R?*°, C(O)R*, C(0O)R*; '

Lo representé one or more ligands each of which are
independently selected from C;-C¢ alkyl, halo, CO,
PR¥*R*R* or NR**R*'R*®, where R** to R*® are independently

selected from hydrogen, C;-Cs alkyl or phenyl;
n=0or1l; and m = 0 to 4.

Still further preferred compounds of formula I include

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

n=131andm-= 0.

Alternative preferred compounds of formula I include those

wherein:

n = 0;



n = 0;L2 represents one or nore |igands each of which

are independently selected fromGC to C6 al kyl, halo,
WED05PNIRAIARAS or NRAGRATRA8, where R43 t o0 RABCEHGB2004/002859

i ndependently sel ected from hyz%r ogen, Ci-C6 al kyl or

phenyl; and m= 1 to 4 , particularly 3 or 4 . For

exanpl e, when m=3 the three |igands which L2 may

represent include (CO) 2hal o, (PR43R44R45)2hal o or

( NR46R4PRE8RRhal con®ardr culcard y lpgehesr edachnbbfiatwiohsh are

wi.thin this enbodi nen f the present invention and
w%&%ﬁlﬁ%#err 5t S&ﬁgcsé-egph E%‘Hg- 1adafanty| ag:“éfﬂp jgalo, CO,
prggeRt* RN chud e SR 50l sl a4 | oWk ebpe -1 ddb endent 1y

(CR7R8R9) and (CR1OR11R12) together with @ to whic
t Rl aateht faenelyiepgesenCi2Cphatiphh ocadahemyll;, and m = 1

¢ Dot QQEL ' t g which the
glﬁe% 2?’ {Rg%:%ﬁ%dﬁlél%zr? 02{ glh'Os pe'tg e\_%aagl{i)r%a%}[ﬂ y"fq?er};\ T%—Ir']bd tg'lé/ three
arddaheisanwhdot r epy esaay - rfdprasddt andnQuldet h (Co),halo,

represent ,Qhosphorus; K rgsents hydrogen or
un‘pﬁﬂ)s]%iﬁat ég‘a - 86 éNR‘;/GIrR?PPp‘Igh}P%]tRarIy hydr ogen; D

and E together with the carbon atons of the
cycl opentadi enyl ring to which they are attached form
aPamsighstaniy exrgfleemed rdomipindtdeprse saritlsirFe;his embodiment

ORE bERErTRERSENE) Xty PRl inePlp b1 kast one 2-
( GROZPRY- aarchalfEFIORGRAD tDget Peesuhth QRchodgehi ¢lhose of

formula (I) wherein:-

() (CR'R°R’) and (CR'RM™R!?) together with Q* to which
they are attached represent 2-phospha-adamantyl;
(CR*R°R®) and (CRH?R?) together with Q' to which they
are attached represent 2-phospha-adamantyl;

A and BAare the same and represent -CH;-;

Q' and Q® both represent phosphorus;

K represents hydrogen or unsubstituted C;-C¢ alkyl,
particularly hydrogen;

D and E together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;

M represents Fe; | .

n = 1 and Iy represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(5) (CR’R°R®) and (CR™R™R®) together with Q* to which
they are attached represent 2-phospha-adamantyl;
(CR*R°R®) and (CR'R®*R®) together with Q' to which they

are attached repfesent 2-phospha-adamantyl;



they are attached represent 2-phospha -adamanty 1 ;

(CRAR5R6) and (CR1R2R3) together with QL to which they
wae®@saoloached represent 2-phospha -adamantyl ; Ap@naBB04/002859

are the sane and represent - CH2-; K, Dand E are the

same and represent hydrogen orunsubstituted G -C6

al kyl, particularly hydrogen; QL and 2 both represent

phosphorus; Mrepresents Fe; n = 1 and Lx represents

cycl opemt adicerp/larepatis camy bydunephekiehit edH, - ;

cycl opent adl enyl, and m= 0 . (6) (CR7R8R9) and

( CRLORLIR1 g‘ eEhe?Tsi ERegeais m%hr?ﬁé?sa% hydrogen or

ttach
?cﬁéz%ﬂ%%?%#eﬁ FROER TSR s T

repr eser@’ andhﬁémmthat@maeyti‘q phosghesent s - CH2- @B
( X5) X6 erein X5tan X6together wth @ to which
t hey ar HTAERETF Fepfdsent s 2- phospha- adamantyl ; A

and B are the sanme and repfes cpreé%ﬁ%s (3cyélbﬁﬁﬂké3ienyl

each represent phosphorus; D and E are the same and

r epr ese M EFaR Yornshssd tiutede ¢vat oneatadignyl, and m =
particularly hydrogen; Mrepresents Fe; n =1 and L
represents cycl opentadi enyl, particularly '
unsubstituted cycl opent adi enyl, and m= 0. (7)

(CR7R8R9) and (CR1OR11R12) together with @ to.which

they are attached represent 2-phospha -adamantyl ;

(6) (CR'R°R’) and (CR'R™R') together with Q° to which
they are attached represent 2-phospha-adamantyl;
(CR'R®R®) and (CR'R®R®) together with Q' to which they
are attached represent 2-phospha-adamantyl;

K represents —-CH;-Q®(X’)X°® wherein X® and X° together
"~ with Q® to which they are attached represents 2-

phospha-adamantyl; 4

A and B are the same and represent -CH,-;

Q', @® and Q® each represent phosphorus;

D and E ‘are the same and represent hydrogen or

unsubstituted C;-C¢ alkyl, particularly hydrogen;

M represents Fej;

n = 1 and L represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

(7)  (CR'R°R®) and (CRR™R'?) together with Q® to which
‘they are attached represent 2-phospha-adamantyl; ‘
(CR*R°R) and (CR'R?R®) together with Q' to which they

are attached represent 2-phospha-adamantyl;
K‘répresents ~CH,-0Q% (X°) X®* wherein X°® and Xx¢ togetherA
with Q* to which they are attached represents 2-°

phospha-adamantyl;



(CR R5R6) and (CR1R2R3) together with QL to which they
are attached represent 2-phospha -adamantyl; K
wo epsesdnt s - CH2- B (X5) X6 wherein X5 and X6 POL6BR@H/002859
with @B to which they are attached represents 2-
phospha -adamantyl; Al and A2 e the sane and
represent - CH2-; QL, 2 and (B each represent
phosphorus; D and E together with the carbon atons of
t he cycligpentiadi eamped trhergsdme vdnd hrdgrmsearte -adH.ached

forman ynsubstituted phenyl ring; represents Fe; n
=1 and.q_i' ep?réé t§a€$1u! &ﬁgﬁ?&%ﬁ“'—e%ﬂs%bgﬁfﬂsgm arly
unsubstig uted CECl epgatRe: enyiloh aRtheM TalborUl bBBRY. of the
the process of the invention may be used to catal yse

t he hydraiddopgndeidienytl anisghytenivdeldly thext uvareecmttached
conpound- i.n the pr nce. of carbon.nmnoxi de and
hydrogegf,o%& t eS%%)r g&eélgegfp 8Yiln6é"Wi'on may

cat al yse1 thwpregreyeissiFe; of an ethylenically

unsat urated conpound to the correspondi ng al dehyde. _
Conveni énht |y, t He pPBEesslof tFRPYERAIHES on SWFIORSMvRdienyl,

an i ncr%etq I I v : |4

product comczﬁggq?o\qrﬁ?gﬂbs%gﬁﬁgg %lhoyggﬁ% l?tl,’ iannd m =
conpari$on with simlar processes but where the

chlorine noiety is not present . Preferably, the ratio

of |inear :branched product obtained fromthe

hysli@f-0i IRy, athen greans bf Hieat ehvihan otheRaPSifY used to
conparabl e catal yst systens/ _solvents but wherein a
cHadElyseanni &by | shrdrofpesghatipne. ohe rami o ¢tthylenically

mdﬁ%ﬁ%urated compound in the presence of carbon monoxide
and hydrogen, i.e. the process . of the invention may
catalyse the conversion of an ethylenically unsaturated
compound to the corresponding aldehyde. Conveniently, the
process of the invention will show an increased
selectivity to the linear aldehyde product, compared to
the branched aldehyde product, 'in comparison with similar
procésses but where the chlorine wmoiety is not present.
Preferably, the ratio of linear:branched product obtained
- from the hydroformylation process is greater than when
using comparable catalyst systems/solvents but wherein a
chlorine moiety is not present, i.e. the ratio is biased
towards the linear pféduct, more preferably. the
" linear:branched ratio is greater than 1:1, more preferably
.is'greaﬁer than 1.25:1, even more preferably is greater
‘than 1.5:1, yet‘more preferably is greatef than 2:1, most

preferably is greater ‘than 3:1.

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

reaction conditions such that they require 1little or no



towards the |linear product, nore preferably the |inear
:branched ratio is greater than 1:1, nore preferably

w0 googoesarer than 1.25:1, even nore preferably PGI/GB2004/002859
greater than 1.5:1, yet nore preferably is greater
than 2:1, nost preferably is ¢deater than 3:1.
Conveniently, the process of the invention nmay utilise
hi ghly stabl e conpounds under typical hydroformnylation
I eRqGlicail Sometid | onSorskiall dritaly t hele n@ddses Idf tdies Ofnvention
nor epl eni shnment. Conveniently, the process of the
i MASht | RAVerayaRavéngrepfefeadaldier abd ofthehe hydroformylation
hx&&&ﬁ%&ﬂ¥' 'éH‘ééﬁ?&éﬁgbéﬁ%f“hﬁiggdf§yé&ﬂJé@?ound compared
unsat ur at ed conpound conpared to known processes.
Caroveknentl yprodespeocessCohveheéentiient itdre npyopeet 8f the
hi.gh conversion rates of the,ethylenicaIL% unsat ur at ed
c&%ﬁ’ 8

( d,°% hélhy §Yenarfig PﬁghdegPPgﬁrﬁF uctateshi f the
Yiel 1 e d 11 | 8085t 8Pt BRULCBBnaPONSBAESY | ¥ieliB8ng the
commercial viability of the hydiofornylation process,
s@sipized hephgduot or iyl athigh of yaaldt hylidh caliytle or no
u at.ed co d be ..ncreased hy -enpl Qyi.n
 AYEHIRES o TR A S SRS Ry of the
defyiardicang lapgdlon tpreddsset such esbedeneRidrofeired lation of
her ei nbef ore and where applicable, unless otherw se
sttdt SFhYRRR iy Ansadiuradisd Ry e ek ringrrpsed by

U@rrrr'gﬁ% 3P M A A LT £ NG I %ifoinve-to-ten
nenber

d, preferably six-to-ten-nmenbered carbocyclic

aromati c or pseudo aromatic groups, such as phenyl, '

ferro | and napht hyl., preferably phenyl and .

e PR i B el GRS FIauiRae (R Erbodinents

Wiridted e ideior® ndDwheEeObpflicable, unless otherwise
stated. ‘

The term “Ar” or ‘“aryl” when used herein, and unless
otherwise indicated, includes five-to-ten meﬁbered,
preferably six-to-ten-membered carbocyclic arométic or
pseudo aromatic groups, such as phenyl, ferrocenyl and
naphthyl, preferably phenyl and naphthyl, which groups are
optionally substituted with, in addition to X, D, E or Z,
one or more substituents selected from aryi, lower -alkyl
(Whiéh alkyl group may itself be optionally substituted or
terminated as defined below), Het, hélo( cyano, nitro,
OR', OC(O)R*, C(O)R¥, C(O)OR®, NR¥®R?**, C(0O)NR¥R?*®, gr?’,
C(0)SR*” or C(8)NR?**R?*® wherein R*® to R?’ each independently
represent hydrogen, aryl or lower alkyl (which alkyi,group
may itself be optionally 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



one or nore substituents selected fromaryl, |ower
al kyl (which alkyl group nmay itself be optionally

W@ aespidont ed or term nated as defined bel ow) ,PEEGB2004/002859
hal o, cyano, nitro, OR19, OC(Q R20, C(O R21, C(O OR22,
NR23R24 , C(O NR 25R26, SR27, 3@(0)SR27 or C(S)NR 25R26
wherein R19 to R27 each independently represent
hydrogen, aryl or lower alkyl (which alkyl group may

[ byellfomenemyaJ | yisapbsbi twHieth ou:hé}er alréataafta&ﬂled form a
E‘f’fe bel ow) Sui tably, when Ar or aryl is
m%ﬁd?genyfr &t et mﬁnaag%gghﬁgﬁo% i @rdached to

cahbomnawgﬁ of-; hhecusdpent adi egy! fé@&r%@d”@n%bcﬁﬁ?é’nt Ar

are attached fornta phenyl ring, t M or cation
t hrepe*@ﬁsanet satrtheetydd oo na@hutmyény momien preyfstreinl v, n pehenyl and

preferr enbodi represents 0 apht h

nofe Pr eel?a%?f/e ngﬂ%?fyf“agn S rPé,}r %ﬁ%ﬁeﬂ%s%u%ﬁggzg 4 pgs set
O@hltorj_aﬂ |the31§i‘étwlbhhfsege ggvﬁhgut in the previous

par agraph. The term "Het" en used herein, includes

four-to-tvvelve - merrbered preferably

f L E Rl nr iu%% %%ttr%g%f’r %C(i 'J‘ Eou™ rl:o tWelve-

one Oor nore téroa ons se om n| rogen,

onggiberesy| f prefisgablyt uf @srt e+ eat- m@mldewadChr:mglg$ystems,
nore doubl e bonds or be non -

nap%lﬁ%&nt a,l n one or
FIO8 (IR ITheRIS OF WABE| PehPERAEPES] Felected from

ch@&%@%&l The,gdig wff@maﬂay na%tr{%%y@ﬂléfeoﬁ and which
bicyclic or fused. Each "Het" group identified herein

i sippsi oray | yonfesni tomed oy oee oriomb:rle slucbsdst wentkse non-
*BRBiREdl, B0 BN M {010 B 4 araccer.

swhet i tigd s@rstb&fsmm@}e@ea&n&%@l?@ﬂl@?' DAy REE or fused.

cIE:(ag) R 2“Heg' 9 F\)grzolupc(c:l.))dce]ﬁtzlgflegm3§gﬁeln is. optionally
substituted by one or more substituents selected from
halo, c¢yano, nitro, oxo, 1lower alkyl (which alkyl group
may itself be optionally substituted or terminated as
defined below) ORY, OC(O)R?*®, C(O)R*, C(O)OR*?*, NR*R*,
C(O)NR*R*, SR®’, C(0)SR¥’ or C(S)NR®R* wherein R to R?’
each independently represent hydrogen, aryl or lower alle
(which alkyl group itself may be optionally substituted. or
terminated as defined below). The term “Het” thus includes
groups such as optionally substituted azetidinyl,
pyrrolidinyl, imidazolyl,ll indolyl, furanyl, 6xazoly1,
isoxazolyl, oxadiazolyl, - thiazolyl, thiadiazolyl, .
triazolyi , oxatriazolyl, thiatriazolyl, pyridazinyl,
.morphol inyl, pyrimidinyl, pyrazinyl, quinolinyl,
isdquinolinyl‘, piperidihyl,' pyrazolyl and piperazinyl.
S'ubstitutionAat Het may be at a carbon atom of the Het

ring or, where appropriate, at one or more of the

heteroatoms.



C(O NR 25R26, SR27, C(O SR 27 or C(S)NR 25R26 wherein

R19 to R27 each independently represent hydrogen, aryl
woeroosoumro al kyl (which al kyl group itself nay BPET/GB2004/002859

optionally substituted or term nated as defined

bel ow). The term "Het" thus inti udes groups such as

optionally substituted azetidinyl, pyrrol idinyl,

i m dazol yl, indolyl, furanyl, oxazol yl, isoxazol yI

ON&IBtﬁ’ZOj;Mbupé hha’;}l@.]yslo Hé‘“l&ﬁlt@?emﬂdrm dff a7 & )d}ude
oxatriazolyl, thiatriazolyl, pyridazinyl, norpholi nyI

pyrl m di nyl, pyrazinyl, gui noI inyl, isoquinolinyl,
'E'éPM' 1Y %méyﬁndwﬁéﬁehgéanm SUPSLELHLI 0 o
at be at a carbon atom the Het Fi ng or,

\Mfaélrlﬁflap@ndprlmﬂadeat mevhydr, netleybf phephit ebaatydys pentyl,
"Het" groups also be in the formof, an N ox] de :
TSR G (REFC [FOURe THERP IRHIAT SR FREQE e, alkyl
CfrAldey/ | mapd whehudase et byl o et ic RAPYhumBEtYlof carbon

pentyl, hexyl and heptyl groups. Unless otherw se
sr&t@nfa ,edoe alkwalgrmﬁsramhe@méwe tdarurateedh or unsaturated,

f ccap bon at li,near
b:ﬂ;mch EJ%I%E’ Faced ofF uﬁslé? %}'céglcé%c%%f?c and/or be
acsy.rﬁsmtarte;mr brcyteéraingyedli Gy ar@ieor obe @ubst |§1h&§§§iltuents
or term nated by one or nore substltuen%)gs sel ect

%i %y%rﬁohaﬁpt r $YaORY9, MY D) FOB c,%s@%z& C(0)R*,
7 727 2
S; NR 251?26 aryl OYG((@) erelsr?ﬁzRig %QR% o (SINRTR,

i rad:eypiendmnt | fet eprwhenelhydeggerto argt’ oredm\erlraiégéndently
and/ or_ be .inter t ed 0 nore oxyg sul

at’ e S5 by %Yq{%?%e ™ JéYnﬁyl Fic HWSFouﬁ'gk Lower"“nc{/Or be
a'ﬂﬁﬂerﬁi@ﬂ&iwcbngaor%x@,oy%er%r REulBir BRom8Y: or by

gilano or dialkylsilcon groups.

Lower alkyl groups which R', R?*, R?®, R%* R®°, R®, R’, R®, R®,
Rlo, Rll, R121 R13, R14, RlSI RZ[.GI R17, Rlsl R19' RZO’ R?.l, R22'
R*, R**, R*®, R*, RY, R?®®, K, D, 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 cyclic/acyclic, and/or be interrupted by one or
more of oxygen or sulfur atoms, or by silano or
dialkylsilicon groups, andﬂ/or be substituted by one or
more substituents selected from halo, cyano, nitro, OR®®,
OC(O)R*®, . C(O)R**, C(0)OR**, NR**R**, C(0)NR**R*®, 8R?,
KC(O)SR”, C(S)NR**R?*®, aryl or Het wherein R* to R?’ each

independently represent hydrbgen, aryl or lower alkyl.

Similarly, the term “lower alkylene” which A, B and J
(wh'en present) represent in a compound of formula -{I), and

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



nfOtpll pl2 -pl3 plI5" 1 7p18pl920p21p22
R23, R24, R25, R26, R27, R28, K, D, E and Z may

wo epseednt and with which aryl and Het may be PCT/GB2004/002859
substituted, may, when there is a sufficient nunber of
carbon atoms, be |inear or bratfched, be saturated or
unsaturated, be cyclic, acyclic or part
cyclic/acyclic, and/or be interrupted by one or nore

ofused/ deerein suihetuddons, tos Oy srbape @hich can be bonded
di al kyl siljcon groups, and/or be substituted bra/ one or
e

notte SIDRIIRNY SR ARNR 1 Het CEhSEHES Hafiged in the

e RO 200ueeOHAd1 YA O OR 22, NR23R24, (O NR
25R26, SR27, C(O) SR 27, "C(S) NR25R26, aryl or Het

wherein R19 to R27 each independently represent

hydrogen. aryl_or,lower . alkyl. Simlarl the term

" I)igav\]ier %?%l/}?%ngl BhivericR ,t% a%]aoﬁe(m%i?ﬁ‘%ieﬂf?ups may be
r epaseidutidd aceorgeiichatfed Ok ALl adé! )51 ¥ WhkBNoRo, bromo
represents in a conpound of fornula (la), whenused

hef ¥ pLodnh GHRIERE -G to G 0 groups whi ch can be bonded

at two places on the group and is otherw se defined in

the same way as "lower alkyl". Halo groups wi th which

t theatwove- sempbondd off otips faymheasuligt idmit édapr contains an
term nated include flugro, chloro, bro and i odo

9 Y1 \@Er®Pa Edffpodd 379t h&aRsr mi)a $F9meFignamay also

CEAINS athedl kder OURvEHSI ) AR JdeS id  individual
i somerismmay al so occur. The present invention
i FHeress adneian v /i dhal composodsormdt sfofmule ¢dhpemdds where

LA S S ARROP A | S Arereor,
t heyeedherSepawathon aiixiwsd€r eoichFRLF .0r Cggpabdtion  of
trdairésstie%:oercrﬁrssom@% boe:r aglhsl eggéj trans isomers may be achieved
by conventional techniques, e.g. by fractional
crystallisation, . chromatography or H.P.L.C. of a
stereoisomeric mixture of a compound of the formula (I) or
- a suitable salt or derivative thereof. An individual
enantiomer of a compound of the formula (I) may also be
prepared from a corresponding optically pure intermediate
or by resolution, such as by H.P.L.C. of the corresponding
racemate using a suitable chiral support or by fractional
crystallisation of the diastereoisomeric salts formed by

reaction of the corresponding racemate with a suitable

optically active acid or base, as appropriate.

All stereoisomers are included within the scope of  the

process of the invention.

It will be appreciated by those skilled in the art that
the compounds of formula (I), or ‘compounds of formula

(Ia), i.e. (b) above, may function 'as ligands that



by conventional techniques, e.g. by fractional
crystallisation, chromatography or H.P .L .C . of a
W@ e@smeaiozonmeri ¢ m xture of a conpound of the fRPCHGB2004/002859
(1) or a suitable salt or derivative thereof. An
i ndi vi dual enantioner of a cor?p?ound of the formula (I)
may al so be prepared froma correspondi ng optically
pure intermediate or by resolution, such as by H.P .L
. Coomiirntdire ceitlesploadéngup avElBt metalngra cimidall® thereof,

chiral support or by fractional crystallisation of the
diJa’ﬁ'erZS‘iesoﬂ}B?Y%'sélct S%PBWnéa'leoycP@B@PPE}ﬁ ofo¥héise in the

CaIFRSRONH .ngT&E&'%H@H?,WiéHé aG%HhFabill?If’ptrriect%llﬂ Yor compound
active acid or base, as appropriate. Al stereoisomers
artdienadfuded- o t Hen tdHwwwopecordindteepr boesthef ohbeor more

i i i1l be a ciated by thqgse skilled in
| o, Mo MR B s 01 L Bompouna
cofphdasmalef (or.nula (la), i.e. (b) above, may

function as |ligands thatcoordinate with the Goup V1|
nmetal or conpound thereof, i.e. (a) above, to formthe

c of ' e ja ical by
IO 45 SRS, DS o blirer appty
cdor dildatses g @ff renbmd mem treo ne telkdo prer abe f careseni ¢

and/ or antinony atons of the conpound of forrmula (1I).

The details and enbodi ments which foll ow herei nafter

apR Yndoedl heselintRifp@hodineniseBahed NaFait sl Obeovides a
s noted hereinbefore, the present invention provides a
pPFesssst orf athe tiadr dhwshupficumydetdforan aft hydteniethylenically

u orrpo% risi ing an .

LB E DU BERILAEY 19 Mpracting  an
metthyilémically unsaturated compound with carbon wonoxide
and hydrogen in the presence of a catalyst system and

~solvent as defined in the present invention.

Suitably, the hydroformylation reaction is carried out at
a temperature of between 20°C and 180°C, more preferably
35°C and 165°C, yet more preferably 50°C to 150°C, even
more preferably 55°C to 115°C, most preferably 60°C to
-+ 95°C, fqr example at about 80°C, and under a partial
pressure of carbon monoxide/hydrogen iﬁ the range of 1A to
700 bar, preferably 1 to 600 bar, more preferably 1 to 300
bar, even more preferablyv 15 to. 100. bar, yet even more
'preferably 20 to 45 bar, most preferably 25 to 40 bar, for

example at. about 30 bar.

Suitably, the ethylenically unsaturated compound may
include more than one carbon-carbon double bond, wherein

the double bonds are conjugated or non-conjugated.



and hydrogen in the presence of a catal yst system and
sol vent as defined in the present invention. Suitably,
wa b@skyarof or myl ation reaction is carried out BCT/&B2004/002859
tenperature of between 200C a 1800C , nore
preferably 35C and 165C, yet re preferably 500C to
1500C , even nore preferably 55C to 115C, nopst
preferably 600C to 95C, for exanple at about 800C and
urdefeaxabpdivt,i ather esbylendfatay bomseneeicdd/ hyanmogend has 1

in the range of to 700 _bar, preferably 1 to 600 bar,
néfbgpfﬁFégﬁﬁﬁfﬁ%%Ha@aﬁ%%ﬁa?PnﬁfeﬁeﬁbFEﬁﬁF &rafdytigularly
tenlyl08. 6ar,2 yelar@ei ERIRmPr 868628 Yod8as 0 g balslecule,
nost preferably 25 to 40 bar, for exanple at. "about

39epgraldy; cadlvy 1 crgberhypshpoabPyblashondaped molecule.
conpound may i ncl ude nore than one carbon-carbon

doubl e bond, wherein the doubl e bonds are conjugated
orinnothe c pajongatsedadret@imdl yo ttite ephglsentcal hyention, the
unsat ur at ed conpound_has 1 to 3 carbon-carbon doubl e,

b GRS Pe MRS e2NP 3 (WOLEORHY y1adh| he 1 ugedp either in pure

CFoRaN vraRam +eeuURi @ bRRds et e el 'a%e%@@ngénh carbon
only 1 carbon-carbon doubl e bond per nolecule. I'nmthe

pdaed deaoxordinelleogeke spebsent airgesnt i on, the carbon
nmonoxi de and hydrogen nmay be used either in pure form
or diluted with an inert gas such as nitrogen, carbon

dirhgi Genciintd pbkBegamtslGitasor gRE. ithRmTRIMtuedd in the
the catalyst of the invention used in the

hYIPEPEPHIY dBF8RNp BFEESS=ofoF hehet AhEAPBAFR)lY unsaturated
usaLBLARed; commeund. | S; Nof | CHLHC S UL S cbtaine:
may De obtgjl'ne, V\hen,i%ré(;%eragloyfit %S%m%nt“(agf? om?pl))tamEd
Vivhenpepak fesabiyt, heheangeubl 3ft Grdlpl vidllesmeparl M@l €n the
of et hyl,%re)i_gal Ig -1 ‘ .
range t 10 moles per mole of ethylenically
unsaturated compound, more preferably, 10™° to 107 moles,
most preferably 10 to 10? moles per wmole of
éthylenically unsaturated compound. Preferably, the
- amount of bidentate compound of formula (I), or of formula
(Ia), to unsaturated compound is in the range 1077 to 107%,

more preferably, 10™° to 107, most preferably, 107° to 1072

moles per mole of ethylenically unsaturated compound.

The catalyst compounds of the present invention may act as

a “heterogeneous” catalyst or a ?homogeneous” catalyst.

By the term “homogeneous" catalyst we mean a cataiyst,
i.e. a compound oflthe invention, which is not suppbrted
but is simply admixed or formed in-situ with the reactants
of the hydroformylation reacﬁion (e.g. the ethylenically
unsaturatéd‘ compound, hydrogen and carbon monoxide),'

preferably in a suitable solvent as described herein.



unsat ur ated conpound, nore preferably, 10 6 to 10 2
nol es, nost preferably 10 5 to 10"2 noles per nole of

werdvghedorcal | y unsat urated conmpound. Pref er abl BCT/GB2004/002859

amount of bidentate conpound of formula (1), or of
formula (la), to unsaturated @8mpound is in the range
10 7 to 10 1, nore preferably, 10 6 to 10 2, npst
preferably, 10 5 to 10'2 nol es per nole of

eyl cably rheakubabadoGanpeadndl yiie watmeyst a catalyst,
conmpounds of the present invention nmay act as a .

" Refer dd¥hetRPOWHd £5 stherinvenbhogendbich &&t spysied on a
Byub®-Aer m “honogeneous” catal yst we nmean a catalyst,
i.e."a conpound of the invention, which is not

supported but is sinply adm xed or formed in-situ with

t react ants. of the hydrafornyl ation reaction (e.qg. L
t REVEL A T P ob GF SESH SBRPGGNAE DRy BEGgENtatavent fon
CREBQA gERNOXizde) proie@iker alfly i N tdeSul tRRIS RRMNARL id%)  of

described herein.By the term "heterogenéous" catalyst
wethwdend ceddy ysmsatugatede compoumdsof ashe defined herein

BHSBLLOD. (M bonte PO AMARIRLL s VS caraiyer

promptdsiagproceppoi-e;, bhrefbydbdyf ahmihsalubleobupport.
et hyl eni cal | y unsat urat ed conpounds as defined herein
wherein the process is carried out with the catal yst
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Preferably, the support conprises a po as a
ppbyybaékifan, ppolysyyeracoprppblysyveracc cppolyeers sulch as a

as.a.di vinyl benzene copol ymer or other sujt gle
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akbpodyfielrisC Gthdig! | ¥at khessuEkiasi el f #ACkheNad+8Leda silicon
silica, a silicone or ‘

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

chlorides.

Preferably the support material is porous silica which has
a surface area in the range of from 10 to 700 mz/g, a
total pore volume in. the range of from 0.1 to 4.0 cec/g and
an average particle size in the range o.f from 10 to 500um.
More preferably, the surface area is in the range of from
50 to 500 m?/g, the pore volume is in the range of from
0.5 to 2.5 cc/g and the average particle size is inAthe
range ofA from 20 to 200 pum. Most desirably, the surface
area is in the range of from 100 to 400 m?/g, 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 to 100
um. The average pore size of typical porous support
materials is in the range of from 10 to 1000 A.

Preferably, a support material is used that has an average



a silicone rubber / or other porous particul ate
mat eri al such as for exanpl e inorganic oxides and
w0 p@sgedorc chl ori des. Preferably the support netEGBa004/002859
is porous silica which has a surface area in the range
of from10 to 700 n2/g, a t ot &° pore volune in the
range o f fromO0.1 to 4.0 cc/g and an average particle
size in the range o f from10 to 500 nm. More
prpefrey ahJaynettelIe ofurffrace S e 590 @At hed arge: @é‘sﬂﬂa@jny from
50 to 500 the pore volune is _in the range o
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the surface area is in the range o from 100 to 400
ngnywhelre goca oltem@4i hourst.he range of fromo0.8 to
2.0 cc/g and the average particle size is in the range
of from30 to 100 im. The average pore size of
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from10 to 1000 A . Prefera (% a _support material is -
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twmﬂérkmoma ab thomelaalameﬁo1&0@h@Caanymhere from3
to 24 hours. Suitably, the support nmay be flexible or.
rigid and the insol uble support is coated and/or

| apregRakededt h e cumpidnof dhe @lﬁé’ce§§o@fes§sheof the
i nvention by fechniques well known to those skilled in
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t B@rangement optionally includes a bifunctional spacer

molecule to space the compounds from the insoluble

support.

The compounds of the invention may be fixed to the éurface
. of the insoluble support by promoting reaction‘ of a
functional group present in the compound of formula (I),
for example a substituent K, D, Z and E of the -aryl
moiety, or formula (Ia), with a complimentary reactive
group present on or previously inserted into the support.
The combination of the reactive group of the.éupport with
a complimentary substituent of the compound of the
invention provides a heterogeneous catalyst where’ the
compound of the invention and the support areAlinked‘via a
linkage such as an ether, ester, amidé, amine, urea;~ketq

group.

‘'The choice of reaction conditions to link a compound of
the process of the present invention to the support

depends upon the nature of the substituents(s) of the



arrangenment optionally includes a bifunctional spacer
nol ecul e to space the conpounds fromthe insol uble
W@ o070 The conmpounds of the invention nay PET/GB@d/002859

to the surface of the insol uble support by pronoting

reaction of a functional groupwpresent in the conpound

of formula (1), for exanple a substituent K, D, Z

and E of the aryl noiety, or fornmula (la), with a
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inserted into the support_ . The conbination of the
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such as an ether, ester, amde, amne, urea, keto

group. The choice of reaction conditions to link a
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the support depends upon the nature of the ' _
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S or, ex l.e, t car bodi i m des,
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use of m xed anhydri des, reductive am nation may be

enpl oyed.. According to further aspect, the present .
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support. Particularly preferred is when the organic 4
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Steric hindrance in this context is as discussed at page

14 et seqg of “Homogenous Transition Metal Catalysis - A
Gentle Art”, by C Masters, published by Chapman and Hall
1881.

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 cyclic or part  cyclic groups may
contain, including the tertiary carbon atom, from Cys-Cso,
more preferably Cs-Czo,‘ most preferably Ci;0-Cis carbon atoms
in the cyclic structure. The cyclic structure may be
substituted by one or more substituents selected'from
halo, cyano, nitro, ORY, O0C(0)R*®, 'C(O)R*, C(O)4OR22,
NR**R**, C(O)NR**R?*®, SR?*’, C(0)SR¥, C(S)NR®R*, aryl or Het,
wherein 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 silano or dialkylsilcon‘

groups.



which are at |east as sterically hindering as t-butyl.

Steric hindrance in this context is as discussed at
w@awse/odx7et seq of "Honbgenous Transition Met aPCT/GB2004/002859

Catalysis - A Gentle Art", by Mast ers, published by

Chapman and Hall 1981. These eric groups may be

cyclic, part-cyclic or acyclic, preferably acyclic.

When cyclic or part cyclic, the group may be
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unsaturated. The cyclic or part cyclic groups nay.
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G 0-G 5 carbon atoms in the cyclic structure.
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.R19 to R27 each, i ndependent|y represent hydrogen,
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apdreaylt.he bridging group Ar is an aryl noiety, e.g. a
phenyl group, which may be optionally substituted,

provi ded that the two phosphorus atons are linked to
adixag@nesC IO YN MW Pelhifdl R hoind i%iRAsd iRSples of
on the phenyl group. Furthernore, the aryl noiety nmay
b®idengsée pol yeycligangsup, e. garaapht hal dng-bis- (di-tert-

b ' . , ferably .t I, ..
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noi e ny al'ené, nore preferd
. pentylphosphinomethyl) benzene, } 1,2-bis-(di-tert-
butylphosphinomethyl)naphthalene, 1,2

bis(diadamantylphosphinomethyl)benzene, 1,2 Dbis(di-3,5-
dimethyladamantylphosphinémethyl)benzene, 1,2  Dbis(di-5-
tert-butyladamantaylphosphinomethyl) benzene, 1,2 bis(1-
adamantyl tert-butyl-phosphinomethyl)benzene, 1,2 bis(di-
l-diamantanephosphinomethyl) benzene, 1-
[ (diadamantylphosphinomethyl) -2- (di~tert-
butylphosphinomethyl) ] benzene, 1-(di-tert-
butylphosphinomethyl) -2-

(dicongressylphosphinomethyl) benzene, 1-(di-tert-
butylphosphinomethyl)—z-(phbspha—
adamantylphosphinomethyl) benzene, | 1-
(diadamantylphosphinomethyl) -2- (phospha-
adamantylphosphinomethyl)benzene, 1- (tert-butyladamantyl) -

2- (di-adamantyl) - (phosphinomethyl) benzene and 1-[(P-
(2,2,6,6, -tetra-methylphosphinan-4-one)phosphinomethyl) ] -

2- (phospha-adamantylphosphinomethyl) benzene, 1,2-bis-
(ditertbutylphosphinomethyl) ferrocene, 1,2-bis-

(ditertbutylphosphinométhyl)ferrocene,’ 1,2,3-tris-



Exanpl es of suitable specific but non- Iimting
exanpl es of bidentate |igands are 1, 2-bis-
w@ ciospesordut yl phosphi nonet hyl ) benzene, 1, 2- bi BET/GB2004/002859
(di -tertpentyl phosphi nonet hyl ) benzene , 1, 2-bi s-
(di -tertbutyl phosphi nonet hyl Pdaphthal ene , 1,2 bis
(di adamant yl phosphi nonet hyl ) benzene, 1,2 bis(di-3,5-
di met hyl adamant yl phosphi nonmet hyl ) benzene , 1,2 bis
( digd tertiettylbliopbad asaetayll piespbtaaset hyl ) benzeng,, 2-bis-

1,2 bis(ladamantyl tert -butyl -phosphinonethyl) o

béﬁi&ﬁ@ﬁ5%?§5§P§9§Ph1f9aﬁghaﬁef3ﬁ§eﬁs§5hino&e@hins-<dl—lso-
) ani [ phi nonet hyl ) - 2- R
(g?@?gﬁ%os ﬁlnb&ghﬂgggﬁgkﬁgP?H%benzene, 1,2-bis

rtbutyl phosph 1-

( dditecillbpeyityipbpbphametmkyhy)) Zerrocene, ~ 1,2-bis-
i,congressyl phosphi | ) benzene, 1- . ,
e R 1,2-bis @i
( RbopRbaydareERLYE RBRERRLIPRELRYLehBeNZENE |, 1- ~1,2-bis-

(di_adamant yl phosphi nonet h 2

1) -2-
( rsﬁéglsﬁaa(é@#@ﬁpwpﬁwgshvﬁg kerrgrenpenzén@-pip- (di-(1,3,5,7-
( 2 damgnt 4vk)3 02569 nt yl) -
R e B
(2damén6yimethgimpteykpkeaphi nan-41,2-bis-a,a-(P-(2,2,6,6, -
-oneéphosghgggnetg ) 1- 2- .
( RGEPRET BYLRBREPRSAAED AT ABAY) EAPEFBEREeRECCENS, b gnd  1,2-
(QEEGRHQUEYbPB?@DEbEQHﬁEEM#i-%?55Q@eﬁﬁioiazzbbﬁbspha-
(di tertbutyl phosphi nonethyl') ferrocene,
ladagantiydngichyd i bbepkephesphimefferbply f eelectrd, from bis

1B b Y RS SR R DTER hy 4Ly FB0URe a5 1.2 bis

1(3ibksbutgignekphenbmephosphi nomydiddand)er roceng, 2 bis
1, 2-bis- (diethyl phosphi nonet hyl) ferrocene, 1,2-bis '
( dfiiadprapyYpRESEREABRBERYYY) benzene; 1,2 bis

(diadamantylphosphinomethyl) naphthalene; 1,2 bis (di-t-
pentylphosphino) -o-xylene (also known as 1,2 bis (di~t;
pentyl—phosphinomethyl) benzene); and bis 1,2 (di-t;buty1.
phOSphinométhyl)'naphthalene. Additionally, the bidentate
phosphine may be bonded to a suitable polymeric substrate
via at least one of the bridging group Ar, the linking
group A or the linking group B, e.g. bis (di-t-butyl
4phosphino)—o—xy1ene may be bonded via the xylene group to

polyétyrene to give an immobile heterogeneous catalyst.

The amount of bidentate ligand used. can véry within wide
limits. Preferably, the bidentate ligand is present in an
amount such that the ratio of the number of moles of the
bidentate ligénd present to the number of moles of -the
Group VIII metal present is from 1 to 50, e.g. from 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



ferrocene, 1,2-bis - (dinethyl phosphi nonethyl)
ferrocene, 1,2-bis- (di- (1,3,5,7 - tetranethyl-

W@ 28/00307Dxa- 2- phosphaadamant yl met hyl ) ) f er r oCRCIEGB2004/002859

|,2-bis- a,a- (P-(2,2,6,6, -
t et r anet hyl phosphi nan- 4- one) )4& met hyl ferrocene, and

1,2- bis- (di-1, 3,5,
7-tetratnethyl-6,9,10-tri oxa- 2- phosphaadamant yl net hyl
) ilEenienehe prefige ablify el eced 1 o0nnbes (Hefleddilyt in the
phosphi no) -o0-x Iene al so known as 1,2 bis
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a suitable polyneric substrate via at | east one of the
bﬁl’d(}l Ygr oefpe AfatehEsteni@hgtheomrosess 1ol Fhﬁkuzrrgrentlon
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gisdguanin nrindi hpdheferogkaebos cetatysh ofThe atmiyltenically
of bidentate Ii nd sed can vary within wide limts.
PHEFEEEAFed: g0 ‘ate ligand is present in an

anmount such that the ratio of the nunber of noles of-

the bidentate |igand present to the nunber of noles of

t fleG eapboni |m®m@&idpr e@m'ht hiydrdagsn 1may 5De euged in the
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C Gadipl@ss obf f el aga(é.e)s o&n(:lla)ie piifespd y takbbha dioxide
(I),.to Goup VII'l netalis in the range of 1:1 to 3:1,
meEd Sher EoRbey 9pRephsuch as argon.

Suitable Group VIII metals (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, ruthenium and platinum. Preferably, (a) 1is
rhodium or a compound thereof. Suitable compounds of such
Group VIII metals include salts of such metals with, or
compounds comprising weakly coordinaﬁed anions derived
from, nitric acid; sulphuric acid; lower alkanoic (up to
C,») acids such as acetic acid and propionic 'acid;
' sulphonic acids such as methane sulphonic acid,
~chlorosulphonic ~acid, fluorosulphonic acid,
trifluoromethane sulphonic acid, benzene Sulphonic acid,
naphthalene sulphonic  acid, toluene sulphonic acid, e.g.
p-toluene sulphonic acid, t-butyl sulphonic acid, and 2-
hydroxypropane = sulphonic acid; sulphonated. ion exchange
resins; perhalic acid such aé perchloric acid; halogenated

carboxylic acids such as trichloroacetic acid and’



range of 1:1 to 1.25:1. Conveniently, the possibility
of applying these | ow nolar ratios is advantageous, as

WO 200dwadods t he use of an excess of the conmpounelCDEGB2004/002859
formula (1) or (la), preferabI%formJla (1), and hence
m ni m ses the consunption of these usually quite
expensi ve conpounds. Suitably, the catalysts of the
process of the invention are prepared in a separate :
Stteq fineordiaey itdheigcidse ioxdiHaphozphlveric acid; phosphonic
hydr.of ornyl ati on reacti on of an ethyl enicall i .
uy at ﬁgcéﬁboﬁﬁﬂge R HIM o6k defﬁﬁﬁ RGURgg&lprived
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inert in the reaction. Exanples of such gases include
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comlicgethatidch a cetpaphenpl fomdiaae(l) dogivdeives, e.g.

cobalt, nickel, palladium rhodium ruthenium and
pPenidwarosedraeinnyl (R9rake r hodURdreT cBRBBUnEFoTPlexes,

it & fwléwléﬁg&&g@wmd aehéuq&g%%p Wy SBtakss.. of

cl'ude sal't f such netal's with, “or cornpourids
caeprissi, ng-heakkgcessr dif ndthed mmwenmisi der regdifesma catalyst
nitric acig' sulgsswuric aci d;. | ower al kanoi c &ug to
GSYPEEE (RPERERRRLE 2 0¥ | ORI IR d 2 prET i Y14di quetal or a
S HaRpRAING a¢hdseDChans NBt NBPGesthPhOhKo@Shthe, with the
chl orosul phonic . acid, fluorosul phonic acid,
t Presgscemett rah lanigifomaiedal dn vdnZ@ssts @nsh@fi ¢he Group

S L ERE AP Seldh B = B snouna
atihe, sarldreht not contain a chlorine moiety, the Group VIII
metal compound must contain a chlorine moiety, and the
foregoing is to be read accordingly. Of course, should
the chlorine moiety be present in the solvent, then the
moiety can be present in any part of the solvent sYstem,
e.g. wherein the solvent system may comprise a fsolventA
and, for example, a chlorine moiety source, preferably the
chlorine moiety is present within the chemical structure
of the solvent  molecules themselves, e.g. in
chlorohydrocarbon solvents, chlorofluorocafbon solvents,

and the like.

The catalyst system of the present inventidn is prefefably
constituted in the liquid phase which may be formed by one
or more of the reactants or by the use of a suitable
solvent. Cleérly, in. the former case, the réferences.to
solvent in the present invention should be construed
accordingly and the chlorine moiety must, in such cases,

be present in the Group VIII metal compound.



hydr oxypr opane . sul phoni ¢ aci d; sul phonated ion

exchange resins; perhalic acid such as perchloric
w@eiododad ogenat ed carboxylic acids such as  PCT/GB2004/002859

trichl oroacetic; acid andtrifu oroacetic acid,

ort hophosphori c aci d; phosphoni'c acids such as

benzenephosphoni ¢ acid; and acids derived from

interactions between Lewi s acids and Broensted aci ds.

ATher chericgl ©odr satliveati el ndés clrakdcsdl t esi@ehdrom the fact

sqQurces_whi ch.na rovide suitable anions include the.,
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echlopehkl worietet LEpheRrylcropatve I IMikeaetomliudld does not.

conpl exes, particularly those with |labile |igands, may
p¥agygaller &ber selvené sheeessshpulAenphybst defrimental to

r LLes ta te i na Vi i ni.ng
GF%E%E II?j%%ta#ggélgggon%ggggﬁ?he%ﬁ%ég% ngbggenggFQHCts'
pMogpbwee, wiich sdiereprte sec doof a amthtore nef needkyantts, such

at least one of the oup VIII netal conpound or the
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cgntéin a chlor?ng woigty, and Fhquo?eggggg igd 0 beCts of
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Le present in the solyent, then.the npiety can

B EPkeR: " FRERGvaE | M2 RSl Py cayErinE o §e Dresent,

waegei B mhiktagkveft seyskagsmMmy conpri se a sol vent and,
for exanple, a chlorine noiety source, preferably the
chlorine noiety is present wwthin the chem ca

R e e
sbydeatsrband Bhehlabekefbéenatah&sbraﬁsb&&m@&'t@@lohexane,
pggﬁg?g ig&gﬂtigg i%i%%%%%ﬁangher, methyl phenyl ethér,
diethylether, diisopropylether, tetrahydrofuran or a
polyglycol, ketones such'as acetone, methyl ethyl ketone,
methyl butyl ketone and cyclohexanone, nitriles such as
methylglutaronitrile, valeronitrile, and benzonitrile,
aromatics, including halo <variants, such as toluene,
benzene and xylene, esters such as methylacetate,
-methylvalerate and caprolactone, dimethylformamide, and
sulfones such. as tetramethylenesulfone, and wvariants of

any of the aforesaid comprising at least one chlorine

moiety.

Other suitable solvents include aromatic compounds such as

toluene - (as noted above), hydrocarbons or mixtures of

hydrocarbons. It is also possible to use water, and
alcohols such as methanol, ethanol, n-propanol,
isopropanol, n-butanol and isobutanol. Variants of the

aforesald comprising at least one chlorine moiety are also

suitable.



constituted in the liquid phase which nmay be fornmed by
one or nore of the reactants or by the use of a
wa@iosaidoeo sol vent. Clearly, in. the fornmer caseCT/GB2004/002859

references to solvent in the present invention should

be construed accordi ngly and t*le chlorine noi ety nust,

in such cases, be present in the Goup VIII netal
compound. The choi ce of solvent is not critical, aside
fromthe fact that according to the invention, it nust

conprise Cthrl nmoiety if the Goup VIII| metal
c&% eﬁ@ﬁr a%/ | FRLPRENR ONGeREY chEsPFesent in at

sheidsd Note b@fdﬁhél Ll Vo eiddel t B6mS @l&ﬁéyé% solvent of

system reactants or products. Nbreover, the solvent
cé;nheb@mpcmsa upg bher daveattion .suchhas, theltably, the Group
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products Mor eover, nore than one solvent can be
prsé’éﬁtr?t €. GrouP ni%ldr ecoRPeBngentificlgge aphedium complexes
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such erosene, mnera exane,
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di et hyl et her, d|| pprop% et her tetrah drof uran or a Y
pIMFRFER | ket oPs suchSRESSEBESne, RIC¥tRActadiene”) ,

kethens. xﬂ%ﬁ hyl (iwityd) 13nd (GrehehexaneRge N trepresents
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bererstivileidedongtefati cs, incl uding hal o Varldﬁbda0§@@he)2]m
kRS BRUER T, Y bETREL TS BB Bt coctene
diOBﬂUi:}d(lf @-hR3add enen d riddi oRES ) Suelergs Bis(1,5-
t%&%ﬂ@&k&%bi%%%glE%gglu%n%)%%Ekggaiuggborate hydrate, ‘ﬁ—
,dlchlorotetraethylene-dlrhodlum, (bicyclol[2,2,1]lhepta-2-5-
diene)chlororhodium(I)dimer, (1,5-cyclooctadiene) (2,4-
pentanedionéﬁo)rhodium(I), . (bicyclo[2,2}1]hepta—2—5-
diene) (2, 4-pentanedionato) rhodium(I),
rhodium(III)acetYlacetonate, (bicyclo[2,2,1]hepta—2—5—
diene)chlororhodium(I)dimer, more especially [RhC1 (CO),l,,
[RhC1 (Cod) 2]z, RhCl;.xH;0, [Rh(CO),(acac)l,, [Rh(acetate),],
[RhC1 (Norbornadiene) ], '[RhC1(Cyclooctehe)2]z, Chloro(1,5-
hexadiene) -rhodium(I)dimer, most especially [RhC1 (CO).],,
[RhC1 (Cod) ;] 2, RhCls.xH,0, [Rh(CO); (acac) Ia,
.[Rh(acetate)ﬂz. Thus, where the rhodium complexes are to
comprise at least one chlorine moiety, suitable complexes
include [RhC1 (CO) 212, [RhC1(Cod)2]l2, RhCl;.xH;0,
[RhC1l (Norborn-adiene)]s, [RhCl(Cyclooctene)zlg,'Chloro(l,S—
héxadiene)-rhodium(I)dimer; . p-dichlorotetraethylene-
dirhodium, - (bicyclo[2,2,1]lhepta-2-5-
diene) chlororhodium(I)dimer, more especially [RhC1(CO)2]la,
[RhC1 (Cod) 2] 2, RhC1;.XH0, [RhC1 (Norbornadiene) 1z, |



any of the aforesaid conprising at | east one chlorine

noi ety. Ot her suitable solvents include aromatic
w@orpoesds such as tol uene (as noted above) , PCT/GB2004/002859

hydr ocar bons or m xtures of hydrocarbons. It is also

possi ble to use water, and al &hol s such as met hanol ,

et hanol, n-propanol, isopropanol, n-butanol and

i sobutanol . Variants of the aforesaid conprising at

| elaiCloity cdidaartiere)adi ety are al so suichildm A 5 Ne:effiiene) -

her ei nbef a chlorine noiety is present in at_ | east

S & gt

orfd% EHEF VI 11 BPSF conpSERECIALILYI vent Qﬁhqlh(éjo)zlz

prmﬁs ®@a , 1 NeN! 80 . Thusresetablayyi
Wéta|)%2§poundp%§@§s deflﬁéd herelnégfo?gcgﬁﬁg solvent

C@fprtih@ myerass @f fdemintent ispedis ias defMpleas freinbefore

itab VI LI d d
T BT BAER L RosB R i PRbEe w TROTA LG Feamples of
ormicth| @dlvensy etoompaidiaie sch las tRhGHCOcAloho moiety
[RhCI (Cbgbé%z (wherein "Cod" represents

" inslude wghan%ehlyt%@@ene[ RI-Cchershsnzene,

{ e AR ) ERRESRS o Sl 858 Lo BYBhtlop dfthanes,
[EhEﬂ(M;mdamhanawe) 2] Chl chbotdfbubesadreoes -rhodi WOFC’s),

- I t ene) -rhodi um
(It é‘ta]cixfll ?&% cyC 0 ahdii_ﬁro thene, more especially

dige 0 batriet 2Ry | enewaﬂ hﬁ\glrém% @E&Jy&épy both the Group
[2,2, 1] hepta-2-5- diene) chlororhodiun(l) diner,

(VI @Icyféqﬁ‘é@%t sepouad) felzd4£h§en$<ah7é§nbnalcm)taln a chlorine

, (b I 2,2 ,1] hepta-2-5- diene)
(Bﬁg gﬁtanedfoké?é)orLodiun(}) P rhodi un(111)

acetylacetonate (bicyclo [2,2,1] hepta-2-5-
The product of the reaction may be separated from the
other components by any suitable means. However, it is an
advantage of the present process that significantly fewer
by-products are formed thereby reducing the need for
further purification after the initial separation of the
product as may be evidenced by the generally significantly
higher selectivity and linearity. A further advantage is
that the other components which contain the catalyst
system may be recycled and/or reused in further reactions

with minimal supplementation of fresh catalyst.

Preferably, the hydroformylation is carried out at a
temperature of between 20°C and 180°C, more preferably 35°C
and 165°C, yet more preferably 50°C to 150°C, ever more
preferably 55°C to 115°C, most preferably 60°C to 95°C, for
example at about go°cC. Advantageously, the
hydroformylation can Dbe carried out at moderate

temperatures. It is particularly advantageous to be able



di ene) chlororhodiun(l) dinmer, nore especially

[RhA (CO 212 / [RhA (Cod)2]2 RhA 3 -XH20 , [Rh(CO
wQ2qoaoasoy] 2, [Rh (acetate) 2]2 [Rhd ( Nor bor necii/eBe)o4/002859

]2 [RhA (Cycl ooctene) 2]2, Chloro (1,5- hexadi ene)

“rhodium (1)dinmer, most especid |y [RhO (0O 2] 2,

[Rhd (COd) 2 2 RhA 3 -XH20, [Rh(CO 2 (acac) 12, [Rh

(acetate) 2]2 - Thus, where t he rhodi um conpl exes are

t accomguripecat thesthyahe fdung liatd oipiiact i t @bl ebove room

conplexes include [RhA (CO2]2, [RhA (Cod)2]2, RhC

3 LSMREBFAL YL (Nor bor n- adi ene) ]2, [Rhd

(Cycl ooctene) 2]2, Chloro (1,5- hexadi ene) -rhodium

(1)di mer > mdichl orotetraethyl enedi r hodi um

( Bugyeld v, 2, 2hk] hhpdaoﬁo-rﬁxylatépa) is carried out at the

F%lr‘?%r O%di uns—%lu)r%lng%r §hr%)<rs%estpem af;y R (Q%nge /chosén
2 r[eBQ@:Lo(lﬂt@nWaQﬂﬁ:)e 2] ZGQ?é@éPl}Ql éh@e%saétea@) p‘resglure is

rhodi um (1) diner, nost especially [Rhd (CO) 2] 2

(G5d) e RArge3 afxHpOEe ORI, meiabalylm He to 600 bar,

ﬁ?&o\f%n?égfé% Ofe§8 C33:f00t ri)%f nvee\;gﬂ Or{\]ofg §§e§8§:‘aﬂi9 15 to
erei nbefore an i Sing a c¢hlorine norety.

Speoi f barex gl eeveh smchesq:lneeﬁelrabdg'n'pnoslmg a5 | pasdl most
one | o nmoi ety inclu di chl or onet hane,

c R @ﬁ? &ne?> oLt cﬁ?ogﬁfenzgﬂﬁ SRSy obenAiput 30 bar.
C%Q)%R‘retxet r @ied| ?)ra'x‘éfi’alt r#f@é@un‘?@t t&%@esbe Cgr)arled from these

dlchloroethanes chl or of T uor ocar bons
t cengel| clemarkimes, onettb@crﬁqtr:oeltmermf trbee r@sm:ﬁcafrmgdatlon

di chI net hane ven _nor refera

VERE Bl Sy aRl “aAd (e SATert CATEAYE o IS OE the
MprekentThe mertiicn of fhe rerstpDa, myebersonar aikdd also
fromthe qt her corrponents by any suitabl e neans.

H@\NQ\‘F@F ifl @5 lgw-pressure region, for example in the range

1l to 100 bar.

The reaction may be carried out on any ethylenically
unsaturated compound including ethylene although there is
no linearity advantage as éuch with ethylene. Preferably, ‘
the reaction is therefore suitable for C3;-Ca ethylenically
- unsaturated compounds, more preferably, C3~Cy3, most

preferably C;-C;2; compounds.

The process may be carried out on ethyienically
unsaturated compounds having 2 or more carbon atoms such
as Cz—Czs atoms or C;-Cyy atoms or Cs-Ci atoms. The
alternative upper range of carbon atoms in such compounds
may be taken as Cig oi* C;5 or Cp. in increasing order of
preference. “The alternative lower range of carbon atoms
in any of the aforesaid ranges of ethylenically
unsaturated compounds may 'be C;, C4 Cs or Cs. 'I“he

ethylenically unsaturated compound is, preferably, -an’



advant age of the present process that significantly
fewer by-products are fornmed thereby reducing the need

wo ooosfoesorther purification after the initial separ/aBR@a/002859
of the product as may be evidenced by the generally
significantly higher selectivi4y and linearity. A
further advantage is that the other conponents which
contain the catal yst system may be recycl ed and/ or

I QUKkRGhd hahmiidghar, reart iRy WMdhe MaHPN-carbon double bonds
suppl enentation of fresh catalyst. Preferably, the

hypgro Modiapdleation is carried out at a tenperature of
bet ween 200C and 1800C , nore preferably 35C and 165C,
yet nore preferably 500C to 1500C , even nore

paefyer sty SHGdre 1¢af, bostsupstfienabdy 6£0adm AMfstituted.
for exanple at about 8C0C . Advantageously, the

hydideelsy | SUPshlEHRNEE cARFlBESouEL-at 3F5der ap@d Ci-22 aryl
t SFRL Ur @81 eldlg | rtiigul ar, I ageeus :

a Iet%@iarsélgﬁ% tﬁgﬁﬁ?ﬁ¢%#%rEJIéﬁgﬁﬁg?ea??%%nkg¥gaenlcally
abose tugerinede wpepatumde maySuiwhen {heree are sufficient number
hydr of o lation is carried out at the parti al ,

o Sarety Bl e et et G EeTRdy e EHpSki tuted, be
regelliien teappsBidlr e orCengast |y .oy dyalchicali N esgiifor  be
is in the range of 1 to O bar, "preferably 1 to 600
baPtigped Ly ebubghlifutedo 300 Bgrmizgsésdnpby one or more

I t 0 r t referably .20
ItO gﬁkgrtggﬁl%n#%stgeplr]ee%e%%ng]);g@S l{% \c(?’% O%]%P‘f o%ggﬂi:anpqlécylaryl !
atiezhourlRflbat., Hawdwer, ORME, pad (@IR*P ess(wERITRY kdO)OR?,

vari,ed,from these Jranges dependi ng, on the actiyity of
{RE TR ar ofUIATR on Rkl yQ: oRB! oyBRSTEHAL i e B each

C%h@b}/)% GV O RO P BREUGdIVEP 1 OPer T Qikyl. Olefins
exanple, reacfion"would al so '

thus substituted include styrene and alkyl esters of
unsaturated carboxylic acids, such as methacrylate.
Suitably, the ethylenically unsaturated compound may

exhibit cisl (E) and trans (Z) isomerism.

Examples of suiﬁable ethylenically unsaturated compounds
méy be independently selected from ethene, propene, 1-
" butene, 2-butene, isobutene, 1l-pentene, 2-pentene, 3-
pentene and branched isomers thereof, 1-hexene and its
isomers, 1—heptene and its isomers, l-octene and its
isomers, 1l1l-nonene and its isomefs, 1l-decene -and its
'isomers-, ‘ the C11-Cy¢ alkenes and their known isomers, 3-. -
pentenenitrile, methyl-3-penteneocate, 1,3 butadiene, 1,3-
.pentadie‘ne, 1,3 hexadiene, A1,3 cyclohexadiene, 2,4~
leptadiene, and 2—methy1‘ 1,3 butadiene. Preferably, the
ethylenically unsaturated compound is a C;-Czo alkene, more
preferably a C3-Cz¢ alkene wit;h a carbon-carbon double bond
in the 1l-position, most preferably a C3-Ci; or C¢-Ci, alkene

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



proceed in a | ow pressure region, for exanple in the
range 1 to 100 bar. The reaction nay be carried out on

wa@peopseodoyd eni cal | y unsat urated conpound i ncl udPeyGB2004/002859

et hyl ene al though there is no linearity advantage as

such with ethylene. Preferablyt7 the reaction is

therefore suitable for C3-C20 ethylenically

unsat urat ed conpounds, nore preferably, C3-C S nost
preferably C3-Cl2 conpounds . The process nay be

carried out on ethylenically unsaturated conpounds

h&Hengige opf nﬁ‘riébégﬁﬁéaﬁga?@ﬁtﬁogudﬁ ystt;zt@o catevlysdy system

O -0 T. |ve u
?z“ﬁ" ?ts m;%on a 1%&532% ﬂr%poun ecﬁe I&ke?lf metal

asvHGich oha€i Jewn Clastn Srioer eglsé ngaaadgrstofsystem. When the
preference. The alternatjve | ower range of _carbon

AR LFtanSY B eBhd Saf S bkiaqf r ARgds bidTeidy FeACEdPny medium
URSALHII @ttaglqgrm%ndéog?aums Chhay A ass g@ OEF%Y of the

ethyl -enically unSaturated conpound I's, preferab
ardduen & HaB metigl.2 or 3 or nore car bon- car bon double
bonds per nolecule. Any such al kene can be substituted
or non - substituted. Suitable substituents include

Cipr@ falde)1 ygnde Kdr@2oas y | tEéOldﬁ?taly%EeS%/é%éiﬁ”%é@udes in a
e

specified, the ethylenically unsaturat conpound may,
uﬁierr@a@rtelcgumca%ta mafpEersic chsmarsamtndigaolved in

| oAl plq DL2RCEd, Qslaugg;gfng%fg d %g%%% Y | Sapable

or par cyc acycl i e opfi
S wifs ta ttattiddi soimd es m:umeﬂdé)y suepensﬂ@neofulg&tcitﬁuﬁmss of the

sel ected_fromlo alk aryl | ar yl
YRetV 1 a3 Rﬂz)émpevagﬁoglythe( %ﬁ@lzast system

within the liquid carrier.

The 1liquid reaction medium may be a solvent for the
reaction or may comprise one or more of the reactants or
reaction products themselves. The reactants andlreéction‘
products in liquid form may be miscible with or dissolved

in a solvent or liquid diluent.

The polymeric dispersant is soluble in the liguid reaction
medium, but should not significantly ‘increase‘ the
viscoéity of the reaction medium in a way whiéh would be
detrimental to reaction kinetics or heat  transfer. The
solubility of the.dispersant in the ligquid medium ﬁnder
the reaction conditions of temperature and préssure should
not be so great as to deter significantly the adsorption

of the diépersant molecules onto the metal particles.

The polymeric- dispersant is capable of stabilising a.
colloidal suspension of particles of said Group VIII metal

or metal compound within the ligquid reaction medium such



NR23R24, C(O) NR25R26, NO2, CN, SR27 wherein R19 to R27
each independently represent hydrogen. or |ower alkyl.

w@r@bie7¢ hus substituted include styrene and BCRGB2004/002859

esters of unsaturated carboxylic acids, such as

met hacrylate . Suitably, the é@hylenically unsat ur at ed
conpound may exhibit cis (E) and trans (Z) isonerism
Exanpl es of suitable ethylenically unsaturated
cmmmmnmhenmgtbeipaﬁﬂﬁ?méynfqrm@%eabeéf&éﬁﬁfﬂhemecatalyst
propene, 1- butene, ut ene, isobutene, 1-pentene,

2 SFReRE1on Jranilisle! atiy BYSRERBIOR sofeFiet e reaction

lrepiehe A dis dSMRLSyed - h@&&lee&eaeeabtzérl S9MBES with the

1-octene and its isoners, 1l-nonene and I1ts | soner
1-1d,@en9e fad Iletcslam@rmms ancheptionally foremes u@ed in making
el r . known i

5 MR At TRy, 0h,rBRRLYRES | i nFBRbL Pargicles are

hm&ﬁiaqugf ds 3c§Y§bQﬁ§Xa@1ﬁé@hs:L%Iﬁ' |@ps adi gnehedthnge 5 -
2-nmet hyl 1,3 but adi ene. Preferamég t he ethylenlcally

uﬁ@&t@ﬂh@@@r@ﬁﬁpﬁﬁﬁﬁlpéeaS@Zﬁiﬁi laxgieg particles may
f%&%{%b éﬂn %@é%alkﬁgftfﬁhg ng%E%oEmﬂ§ﬂ%Q%% dispersant

doubl e position, nost
C&-‘r@lZadsoﬁBeﬂ) Zozaﬂ:ckenﬂley\n tuxef acar borﬁ cahdaomehmbl @articles
|t|on The juse, of stab|I|S|ng

O T EATPREER: By GHe S RERTRRR ISy Siles remain at

b@%@%tcb@rth@lﬁ?p%@!Nﬁ%eﬁ?@@”%%% qfq%% réM@ﬂ%&ﬂ“ﬁédlum and
been | oSt fromthe catal yst "system en the catal yst

syot dhiiss way | theddiisparisieduidrueaciIbh methlnpsathicles are
SERRILE A SHIAURTSIRY (350 B! RC AN o [hE TR or o

metal. rably,t ore
S)B]I eRaicorudesd Bpadesqand ra@‘a‘.tﬂstﬂ ﬂ&ﬁhlﬂi@ agglomerates of

%gﬁ”ﬁééﬁfﬁfgfqﬂﬁlgﬁS§3§V313J1by collision of particles
and eventually coagulate.' Some agglomeration of particles
may occur even in the presence of a suitable dispersant
but when the dispersant .type and concentration is
optimised then such agglomeration should be ‘at a
relatively low level and the agglomerates may form only

ldosely so that they may be 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 colloidal suspension of said Group VIII metal or metal

compound.



aliquid carrier, said polyneric dispersant being

capabl e of stabilising a colloidal suspension of
w@aoosioedoes of the Group VIII netal or netal coP@DGB003M002859

the catalyst systemwithin the liquid carrier. The

l'iquid reaction nedium may be “d solvent for the

reaction or may conprise one or nore of the reactants

or reaction products thensel ves. The reactants and

r@gzctsmumﬂﬁmmy igtabiquise fl@r Rt kel $¢tihifradiditation
dlssolved in a solvent or quid diluent. The

p61yn§PFb &F@H@rsgﬁgllsm§5?hblgr?% t?ﬁ@ll%ﬂﬁQF#QQNthﬁﬁe is
”%@b%%hngq #ggp%k%l@gh significantly increase the

viscosity o he reaction nmediumin a way which woul d
be detrinmental to reaction kinetics or heat transfer
Tﬁp iolu |I|t of t%e di spersant in the I di um

&6 %H%(ﬂl?ﬁﬁ |o ¢SBPreg @rat aﬁ 18 purpose
priegIute shedddcnobrbebgsi@r ggdlphetd di@uding carboxylic
significantly the adsorption of the dispersant

e es VRN nedaldpar t PELESS Treéldpm@md% such as

di capahl e i ng ol |

CheIgsEa R onooh € ALegtallls 10 A LRGNy icrogen
nhbabroawpdend\mmwwtuﬁﬁﬁedlqpbdyveﬁyulommmyhaﬂﬁ such as
sucgthat he netal, particles forned as a result of

BPaMy LY, e@ﬁ&&?@ﬂéﬁnﬁrthSPHOFHm§H§p8ﬁsF8ﬁ phorgeaid.
liquid reaction nedium and are di scharged fromthe
reactor along with the liquid for reclamation -and
oﬁtciamQAIeISy ¢br srus:hjspowrmﬁmwngiifspet#mnmamm ikes afelected

al The ne artlcle e normally of .
gydal dlneﬁ%ﬁ erroﬁl%ﬁ@erange 5 . RYYaFrylamide,
apaugrgergabhlltt&alél ze al thoLgdchpl &imPaéf i Cl es gRwglycine,
formin some cases, Portions of the polyneric
dpgégﬁggﬁglc acid, polymethacrylic acid, poly (3-

hydroxybutyricacid), poly-L-leucine, poly-L-methionine,
poly-L-proline, poly-L-serine, poiy—L—tyrosine,
poly (vinylbenzenesulphonic acid) and poly(vinylsulphonic

- acid).

Preferably, the polymeric dispersant incorporates -acidic
or basic moieties either pendant or4mdthiﬁ the polymer
backbone. ‘Preferably, the acidic moieties have a
dissociation constant (pKa) of 1less than 16.0,“ more
preferably, less than 5.0, most preferably‘less thah 4.5.
Preferably, the basic moieties have a hmée dissociétion
constant (pKy) being of less than 6{0, more - preferably
less than 5.0 and ﬁost preferably less than 4.5, pK;‘and

pPKp being measured in dilute aqueous solution at 25°C.

Suitable polymeric dispersants, in addition to being‘
soluble in the reaction medium att.reaction conditions,

contain at least one acidic or basic moiety, either within



are adsorbed onto the surface of the netal particles
whi |l st the remai nder of the dispersant nol ecul es

WO 20v8i00302¢ | east partially solvated by the |i geETGB2004/002859
reaction nediumand in this way the dispersed G oup
VIl netal particles are stabi"Pised against settling
on the walls of the reactor or in reactor dead spaces
and agai nst form ng aggl onerates of netal particles

Witheh peaym@roWak¥kboak! o3 ag @fF@@ahh@!gioapd We have found
eventual%y coagul ate. Some agglonmeration of particles
nmiasc RELERGF | HREPEPPFalktrd ea26ida a5l tamide moieties such

diisp : [ a y

o R e A SRR ind VBRI 9y Tprsg such as
Sholldchglat aachd at(Paal)y avw |pmadicaridrlie suitable. The
a onerates may for nly loosely so that they may be
b?@hsﬁuﬁara_mf& | St 158 T ERE LY bS Gt Fapignfor use
The Roley r@ﬁwéntdi&peaéﬁ&lﬁdgaﬁpbac hyde DADRO| YFBEReORreaction

copol ymers including polymers such as graft copolyners
amgdduar apdl ¢her solpbdfldtablof, thise podlyyeer therein. We have

di r.sant..h ufficientl cidic or, basic . :

{ GRAFEC AT e atatAL B SrRrErnstin ik ueieht aip less
sybpaNsioon 00D . saPtcGegupl\f, | kheebaleragentbikceqpowRdght is
. ..By substantially stabilise is neant that the

pi-Bciphe atrBESOfL A4 GrodP M990 nearef pepfierably, 5,000 -

S%gt b90, PhAsSSt i aﬁfg%ﬁga' 1% 3 d@d;45’abbbCUé?%!yMw is

preférred disper hi s purpose include acidic
oprbdsirebpyl yimertshe nchndend 0c a0boxy| 8¢, @ed dsmore preferably

oaPy AP, BB Op RBREr BftHe"THaR rbtl B yom oigan of 1,000

- 10,000 in the case of PaA.

The effective concentration of the dispersant within the
reaction medium should be determined for each

reaction/catalyst system which is to be used.

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

circulation apparatus.

Preferably, the polymer:metal mass ratio in g/g is between
1:1 and lOOQ:i, more preferably, between 1:1 and 400:1,
most preferably, between 1:1 and 206:1. Preferably, the
polymer:metal mass ratio iﬁ g/g is up to 1000, more

preferably, up to 400,4moét preferably, up to 200.



het er ocycl e, substituted pol yvinyl polynmers such as

pol yvi nyl pyrrolidone or copolyners of the aforesaid.
wEx@sP0I®30 of such pol yneric di spersants nay bePGEGBLRI02M02859

from pol yvi nyl pyrrol i done, polyacryl am de ,

pol yacrylonitrile, polyethyle&tni ne, polyglycine,

pol yacrylic acid, polynethacrylic acid, poly (3 -

hydr oxybutyri cacid) , poly-L- |eucine, poly-L

- et hi oni ne, poly-L-proline, poly-L- serine, poly-L-

tyrosine, poly (vinylbenzenesul phonic acid) and poly

(@Pny@suflﬁ)ﬁ‘bhﬁlé RERHCE  Phef ePBEBFUL t Heryrilthan | @rovides a

dj t 4l po kdi SLC.ADLEeLI .

CHIPSISRT, sBCRPOLRLERLARL) BARCaRRTPRITERELER 1o rox use

Pief e alpinpcedse Sordithemhgtirefobaytatidhssafi atiglenically

const ant gggg) of Ie§§ thgn 6.0, nore preferably, less

t HERa5UgatRgs COPPerBrgnPpd whichnRrOgeSS PPEPEL SRSy reacting

Eﬁigas'&Hﬂé{i'@asllqﬁveuﬁsgéﬁﬁagéésO‘E:‘og\?gr glbcfsn‘?iéﬂt carbon

t
(pKt,) being of less than 6.0, nore pr ess
t manogideantdnbydrpoefier abl fheepreshaned of, spid @ystem, the

pKb. being measured. in.di|luyte aqueous sol ution at 25C
DR atk Y B aREhs Bk ReRab et PR R R et o Lo bet ng
soluble in the reaction nedium at reaction conditions,

contain at |east one acidic or basjic noiety, either .
wi t Bnt 2eCperpndd Ifadatdde mreigl e ddaschibep. ove defined

have fQHQQeIﬁ@éf@Péyngﬁé i ncorporating acid and am de

nmoi eti es such as pol yvinyl pyrol | i done (PVP) and

pol yacry| abédeatieheas pholspidingl | asaci degPABedr eor defined
particqgarl suiLtabl e. The nol ecul ar wei ght of the :
pol yner e tPPFEC%kTi tabl e for use in the invention

depends upon the nature of the reaction

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

metal compound.

In a yet further aspect the present invention provides a
hydroformylation reaction catalyst systém for the
catalysis of ethylenically unsaturated compounds with
cafbon monoxide . and hydrogen in the presence of said

system, the catalyst system obtainable by combining:

a) a Group VIII metal compound as described or defined
hereinbefore{ and
b) a bidentate phosphine as described or defined

hereinbefore,

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

metal compound.



medi um and the solubility of the polyner therein. W
have found that normally the average nol ecul ar wei ght

WO g00506®7¢ han 100, 000. Preferably, the aver agePCT/GB2004/002859
nol ecul ar weight is in the range 1,000 - 200,000, nore
preferably, 5,000 - 100, 000, r8st preferably, 10,000 -
40,000 e.g. Mvis preferably in the range 10,000 -
80, 000, nore preferably 20,000 - 60,000 when PVP is

used jang i the-@fder Heck R prlRePR0 1nQretn@31091a?%o%fides a

PAA. The effective concentratlon of the dispersan
wmehcnlpMe mesatitinon ewddnimistulal beadalesti nestem and a

eac ctlon atq%yst ﬁésten1ghlgp is.to bg ug@d. The ,

dF’S XF? d &% Y nBPaFe ity S5 VR a Br SR e in a
bedicesst I egar enered fhpdrdfermEpet Dbne. bf bY ethylenically

flltratlon and then ejther_disposed of or processed

f ynspEuTaE egs COMPAURIARs Ansk WhHliedr PARSISSCaldwTises Feacting
t%ﬁ‘lanuoéléhg(%gﬁéa}hﬁ Lihadid a&eaam R T GULA €darbon

rough an eat -éexc anger and "1 n such cases
I tnoneykike euﬁh@mdxﬁgén)Inmathefptéeeneéooftbald system and

al l,adi u articles .in these circul ation ar
P Rata HEpLVohhe  JTSHE Seed HaLEhLy s | Boy 4feribed or

b@bﬁ%ﬁ@dﬁ HePOOnBOPO-d, Wke @é@é?ﬁ@@'%st%hMESBtélﬂable by
and 400: 1, nost preferably, between 1:1 and 200

Pﬁ@m@ﬁabmﬁ the polyner: netal nmass ratio in g/g is up
to 1000, nore preferably, up to 400, nost preferably,
up to 200.1n a further aspect the present invention

provayas mecalal yst @:y@hpmvmef erabhy wbepeunidsailiereof as
system.is faor use in a process for the

hydr of GERFEALIEeN O8F detirehPeRrLEbeESx ur 2PEd
compounds @ MU G PLAGESH; ARMPLSESIEEAEIBAS or defined

hereinbefore,

and wherein the reaction medium is characterised in that a
chlorine moiety is present in at 1least one of the said
Group VIII metal éompound or said solvent, including the

possibility of being present in both.

In a still vyet further aspect the present invention
provides a hydrofofmylation reaction medium, wherein said
medium comprises a catalyst system and . a solvent,
preferably wherein said system is for use in a process for
the hydroformylétion of ethylenically unsatufated
compounds and which process comprises réacting said
ethylenically unsaturated compound with carbon monoxide
and hydrdgen, in the presence of said systém and said
solvent, whefein said solvent is as described or defined

hereinbefore, the catalyst system obtainable by combining:



said ethylenically unsaturated conmpound with carbon
nmonoxi de and hydrogen, in the presence of said system

wao b@spedoad yst system obt ai nabl e by conbi ni ng: BJT/&@B2004/002859
Group VII'l metal conpound as descri bed or defined
herei nbefore; and b) a bi dent &% phosphi ne as
descri bed or defined hereinbefore , and wherein the
catal yst systemis characterised in that a chlorine

noi ey a Smetasendfi evdup eastrsaiodk GaoufopdhndeliMereof as
conpound. In adéet further aspect the present

i nvent GG PFroRddex dehyaest serpiabrspreeagnfon
catabysl SYRAGRIQ !BACBRALYS 2! SLIMANEALY  gefined

unsat urated conpounds W th carbon nonoxi

hydr ogéedeinblefopeesence of said system the catal yst
system obt ai nabl e by conbining: a) a Goup VIII netal
conmpound as descri bed or defined herei nbefore; and b)

a alidd §itedled P RORP R tadrd e hie d OlcHiefdt@dised in that a
her ei nbefore, and wherein the catal yst systemis

clRRlEae Seef ety t hat RYSAAYT | bR Wi elgast pnesewt the said
abxjo% S dl{n%%g pcginéélr.}f@t %lr C%’JEP(? ugg%*!rvglagssghlcﬁuding the

further aspec pre i nvention Ppr

r pactciibd liegi o bedpt pregeatcdhabysh.system and a
sol vent, preferably wherein said nediumis for use in
a process for the hydrofornylation of ethylenically

eraeta SUSdLCoROuRH LAY, Wyl EeS OURELERE ipyencion
cthepe is provided the use of a catalyst system as defined
or described hereinbefore for the hydroformylation of
ethylenically unsaturated compounds, said use comprising
the step of reacting said ethylenically unsaturated
~compound with carbon monoxide and hydrogen, in 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 hydroformylation of
ethylenically unsaturated compounds, said use comprising
the step of reacting said ethylenically unsaturated
compound with carbon monoxide and hydrogen, in the

presence of said reaction medium.

In a still further aspect of the present invention there
is provided a process for preparing a catalyst system or a
reaction medium as defined or described hereinbefore,
comprising combining (a) - a metal of Group VIII or a
compound thereof as described or defined hereinbefore, and
(b) a bidentate phosphiné as described or . defined

hereinbefore.



nonoxi de and hydrogen, in the presence of said system

and said solvent, wherein said solvent is as described
w@eoodebiomed herei nbefore, the catal yst system PCT/GB2004/002859

obt ai nabl e by conbining : a) a netal of Goup VIII or

a conpound thereof as describé4 or defined

her ei nbefore; and b) a bidentate phosphi ne as

descri bed or defined herei nbefore, and wherein the

reaction nediumis characterised in that a chlorine

moiety is present in _at |east one of the said G oup
VEEREYECS  e8fpoBRBceimenrs sefvebre fifsidi mprart of the

p bl bej r.es I h..dn still t
P sar oy Bre ReRIBaE EBp Ly BaBPE ed Coffyecos, AT of the
hyardooisy bapreotisr eaft | bhenmedresenwhetmrentsond regli wet  out
c ri,ses a.catalyst systemand . a.solvent, , \
oPEFE T ;}‘%?eﬁsei%u%%@ \H(ei}‘ﬁ&?‘éﬁ? PELPYITERES| ATE drecERatible
f @i thhenky daeteciibat bapeet  ebhybeai gatl¥lly exclusive.
unsat urat ed conpounds and whi ch process conprises :

reacting said ethylenically unsaturated conpound wth

j x r aqe i f i.d .
caon FR00Els s AN, | ol BEERRS, Sy titasive

desempied fartieli deédubereiebeher prekbatcahstkbyhstion.
system obt ai nabl e by conbining:a) a netal of G oup
VII1 or a conmpound thereof as described or defined

han i nhefiaiieAngeRd éa?kﬁ@ﬁt%hﬁ,Qﬁ?sgh&ESuﬁﬁ-arﬁgn Schlenk

descri bed or defined hereinbefore, and erein t

r ddvei usimgddirieds anbladegeesiese8chienkaglassivhoei. ne

noiety is present in at |east one of the said
l-octene and l-hexene (both from Aldrich) were purified by
distillation and degassed by bubbling with argon. Toluene
was dried by distillation from sodium diphenyl ketal. THF
(tetrahydrofuran) was dried by distillation with sodium
and benzophenone. DCM (dichloromethane) was dried by

distillation with calcium hydride.

[RhC1 (CO)2]2, Rhy(OAc)s, and RhCl,;.xH,0 (Strem) were stored
in a glove box due to their air-sensitive nature. 1,2-bis
(di-tertbutylphosphinomethyl)benzene was also stored and

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

1,2-bis(di—tertbutYlphosphinomethyl)benzene-‘is available
from Strem Chemicals (Catalog 19 . No. ‘15-0072, CAS . No.
121954-50-5) or can, as in these exampies, be prepared as
per example 18 of WO-A-99/47528, PCT/GB99/00797, details
of the preparation being incorpofated by reference

thereto.



Goup VII'l nmetal conpound or said solvent, including
the possibility of being present in both. In a stil
wQ@ edosfedorher aspect of the present invention tPEr/6B2®4/002859
provi ded the use of a catal yst systen1as defi ned or
descri bed hereinbefore for th&3hydrofornylation of
et hyl eni cal |l y unsat urated conpounds, said use
conprising the step of reacting said ethylenically

umrhat ur at edpgephedtdon t h cardets imeoxi de W 1,2-bis-
hy dro%Ia in_the presence of said catal yst system 1In
a (dipPpmppt viphosehinspethye) PEREepResaAd iGRASH | @ﬁiamant}’l-

t i's ed f

(peg et 428l A pIRGAR Y pubdishes

h?@pdﬁGEMybanlonWﬁFAemhybenEsahly PATJCBO3Y/60d3419,  herein
ounds e rlsing the step oEFr acti

séP °§Pﬁ§?§ﬁ|calﬁy un§ GFEPET ' conpBtind WAk War bdyr  such

MpRepheatate Akdnagen, in the presence of said

reaction nmedium . In a still further aspect of the

present invention there is provided a process for

g.gl arl ng[parae tr% syst &%@% fs reactl ?n nmedi UI’E %ls (di-t-

ned o SCrl herein ore, conprising

Cbubymph@sbhhn@mﬁehgﬂ)ﬁérﬁb@éﬁeVT&mdCﬂoﬁhéxﬂﬂﬂéﬂﬂbcene—based
thereof as described or defined_ hereinbefore, and (b) _.
alpPaBAEat e 3FRospFiLi€Tas ddscrithéd oRPRefic@d s  published

nepelakatab, - Feablnes4289483000! Mpoiry cllol/ae Sloyles! Ly Perein

aspect of thé invention are equall appllcable to
ofingblrpofratkd vabyous rafpeenseof t@armn@@éamlwnvemnnnw such
as_set out. herei unl ess such features/enbodi nents

aPESPRES; gPlgﬁéa%ﬂFh the particul ar aspect, or are

mut ual Iy excl usi ve.

The catalytic solutions were made up as follows.

For catalytic systems having [RhC1(CO):]l, as rhodium
precursor, 9mg (0.023mmol). of [RhC1(CO).]l, and 20mg
(0.046mmol) of 1,2-bis(di-tertbutylphosphinomethyl)benzene
were added to a Schlenk tube in a glove box. The
corresponding solvent (typically 10ml) was then added with
a syringe. When all the solids were dissolved, 1l-octene
or l-hexene (2ml), the substrate for hydroformylation, was

added to the solution.

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

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



The followng non-lIimting and . purely illustrative
exanples further illustrate the present invention. Al
w@the®es were carried out in a vacuum ar gon BChiGendo4/002859
line using dried and degassed Schl enk gl asswar e.
1-octene and 1-hexene (both fP8m Al drich) were
purified by distillation and degassed by bubbling with
argon. Toluene was dried by distillation from sodi um
dirpaerndc&Bfed c - sybEehbetimahygl @ ueathevaRHINORE)PY or RhCl,
distillation with sodi umand benzophenone . DCM _
( HEER| dtRfet Aan&hoddynd MraFuspatisst ivesg | prepprad following
c [ ydri 2 3 ( , and RhC 3
_;h%cggégrg%?g%ngggg%régg%nhété oég %§§%§ue to their
air-sensitive nature. 1,2 -bis
(di -tertbutyl phosphi nonet hyl) benzene was al so stored

aRdeh&ATHETGH9% GPOVRE B dbiE PO IFPTATIIRENPE | e amount
N@EULBpsirdtebentdi-tbar bhutykphasphigamet hyl ) benzene

is avallable from Strem Chem cals (Catal og 19 No. :
15-0072, CAS. No. 121954-50-5) or can, as in these

VAR, 7 erionTL BEr-nch, BB0%TSqatn; FRCoPETIvity to the

pﬁ@@@ﬁ@hﬂa@ boting foraglpeeat peolvceef erence
thereto. The preparation details of 1,2 -bis -

(di adamant yl phosphi nonmet hyl ) benzene and ot her

adapantyl _ - ' Lyen . I . cant..s.

oD b ad R R rRR iR 0 T asibdd by B thatio of
PERERBYAL66G34thY labedepmrodnctspor at ed by reference,
particularly for such preparation details. The

preparation details of 1,2-bis -

(gkahgmgyhphosphinonethyl )ferrocene and ot her

ferrocene -based
Hydroformylation of 1-hexene: Chlorine moiety present in

rhodium precursor

9.0 mg (0.00383mol/litre) of [RhCL(CO),], was added to 18
mg (0.00353mol/1itre) of the bidentate phosphine ligand,
1,2-bis(di-tertbutylphosphinomethyl)benzene. i0ml of
toluene was then added to the mixture. 2.0 ml (16 .0mmol)
of 1l-hexene was then added and hydroformylation was
performed for 3hrs by the addition, 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, ﬁhere
was 100% conversion of l-hexene to the aldehyde product, -
with 84% selectivity to linear heptanal over the branched

product, an 1:b ratio of 5.25:1.

Comparative Example 1

Hydroformylation of l-hexene: Chlorine moiety not present



| igands are given in the Applicant's published
application, WO A-04/024322, PCT/ GB03/003936, herein

w0 ponmorat ed by reference, particularly for SPCHIGB2004/002859
preparation details. The catalytic solutions were nmade
up as follows. For catalytic §;/7sterrs havi ng [ RhC
(CO 2 2 as rhodium precursor, 9ng (0.023mmol ) of [ RhC
(CO2]2 and 20ng (0.046mml) of 1,2-bis
(dio- trey t buto0 3EBeAN TivrR)hWD) (RnwRE) Mer Rasddadetiotd 40 mg
Schl enk tube jn a glove box. The corresponding sol vent
(P 00RePoId i T Ofh ShealhiSenRACE FhopEMge. ImsRd, 1,2-
alli gt i ' or 1 e
e Ny e haBRch, (LOFLGHEy toluene
t vasheteh ueidded Twe tlue oolixtegeused2f Omlt hgise. Ommol) of 1-
exanpl es were_250m__hastel |l oy autocl aves. After bein
GFRERE, MiE orBRn pAgel el MRk ROV LH kPR 8 petformed
tiEBRS yhid ByIQUhe QER1t1oMAS 28e0PEREd, of hg SOl Ut h@Rture of
was transferred via canula. Then it was pressured with
30PaHz0RtsgnPrE8sYrg R ahebaeat ed to 800C for 3hrs,
after which it was cooled in air and then vented. The
sol uti ons obtai ned were anal ysed with GC- Ms. The
catalpisi Cosyst ebmti @ fnkicBheist herde2h 2 He@hC )brati s ,3 there
were used as rhodi ump wer e epare

recyrsors, r d
f EPoi HF t ARSI IR o@gd réSEeNen Ht° o&ﬂ‘?i aédehygee product,

The tPe RN AR GARMESS QD 1 Sn&dh eXRLESAL PN ! tll_ﬁxe branched
anount of substrate converted by the reaction. The

splreduicEi,t pni 4 :» mehsor efobnirelsdRedt.ivity to the
particul ar hydroformnylated product. |I:b is a
representation of the linear -.branched ratio of

Comparative Example 1 and Example 1 clearly show the
increase in selectivity téwards the linear product over
the branched product, from the hydroformylation of 1-
hexene, when chlorine wmoiety is present in the rhodium
compound pfecursor to the catalyst system compared with

when the chlorine moiety is not present.

EXamEle 2 ‘
Hydroformylation of allyl alcohol: Chlorine moiety present

in rhodium precursor

9.0 mg (0.00383mol/litre) of [RhC1 (Cod),], was édded to
18.0 mg (0.00383mol/litre) of the bidentate phosphine
ligand, 1,2-bis(di-tertbutylphosphinomethyl)benzene. .10ml -
of toluene was thenr added to the mixture. 2.0 ml
(29.0mmol) of allyl alcohol was then added and
hydroformylation was performed for 3hrs by the addition,
at 80°C, of a 1:1 mixture of CO:H, aé a pressure of 30bar,

and in the presence of 0.072mmol of NaOAc.



t he hydrofornyl ated products. Exanple 1
Hydr of ormyl ati on of 1-hexene: Chlorine noiety present
WO poosiasdram precursor 9.0 nmg (0. 00383nol /1i trepCDEB2004/002859
[RhA (CO) a] 2 was added to 18 g% (0.00383mol /Iitre) of
the bi dentate phosphine ligand®® 1 ,2-bis
(di -tertbutyl phosphi nonet hyl ) benzene . 10m of
tol uene was then added to the mixture. 2.0 m (Ib

. Qumalg)s dfoundiexens afed Biradideibfthese conditions, there
hydr of ornmyl ati on was perforned for 3hrs by the

ad@s i oRC- &t seorversion 1°f niadliile orlethel2 awigh 73.8%

pr, fr...30bar , It 3hrs Y]

S A onor™ her WYAESREBGEABRRL EREEN T S £ co

1 hiyelrensyntet hytle padogdlopad dehydiect , ViHdedB4%weel peoducty were
[ : : d oduct, an | :b

¢ 3o ofvaroBeaated it e Erprechively, | 1) 4-butanediol

Hgeho fommt gkl -on Piprbdaexenel .Chlpgd ne. Jo n

ent 10 (c%osssmﬁ/litre) of [R%%%A%)]g?gg&gg Th RIS case

t@a$05g%266s00846nnlllitre) of the bidentate phosphine

ligand, 1,2- bis (di-tertbutyl phosphi nonethyl)

benzene. 10m of toluene was then added to the

mexampde 3. 0m (Id . Omol) of 1- hexene was then added

and hydrofornyl ation was perforned for 3hrs by the

aml%@m ofyldvi plgoholie Glapineg pnojiety present

pressuw & 30bar. It was found that after 3hrs under

t hese conditi ons, there was 100% conversi on of

1- hexene to the al dehyde product, wth 55% sel ectivity

CQubplsar hestanal, guet e BEANEICLONCL, A gy un

compound was [Rh(OAC)2]l, and the solvent used was

dichloromethane.

In this case, there was 100% conversion of allyl alcohol,
with  75% ‘selectivity to -hydroxytetrahydfofuran, 17%
hydroxymethylpropionaldehyde, giving hydrogenated products
in the l:b ratio 4.41:1.

Examples 2 and 3 show the relatively high selectivity
towards the linear as opposed to the‘ branched product,
from the hydroformylation of allyl alcohol, when chlorine
moiety is present'in the rhbdium compound precursdr 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 (0.0016mol/litre) of [Rh(acac) (CO)z]; was added to
18.0 mg (0.00383mol/litre) of the biphdsphine ligand, 1,2-



Conparative Exanple 1 and Exanple 1 clearly show the

increase in selectivity towards the |inear product
wW@®@5/003020 br anched product, fromthe hydrof or pCEGBR0V4/002859

of 1- hexene, when chlorine noiety is present in the

r hodi um conpound precursor to ¥he catal yst system

conpared with when the chlorine noiety is not present

. Exanple 2 Hydrofornylation of allyl alcohol :

CIHiQ (i€ HEH @ JRARRRMh iindnldied rsor 9.0

(0. 000383rml/lltryg) of '[ RhQ Cowg]bg&\%gg added to 180 °f

ngil(@lloof(%ﬁﬁn/el | Wa®) tden h@d@ﬁ ebpattphviphume. 2.5 ml

b S e uty 0 onet:.h

et G2 a7 obEF b A RRE TS TSRS at Lon

wag Qnemﬁox(n@i Clmml 3hoé Bl yheabaahehownasath@vadded a 1:1
and hydrofor | ation was performed for .3hrs by the
addGuE® o4 e atop Bres3uRexPhr20BRTCO H 2 at a
pressure of 30bar, and in the presence of 0.072mvol of
NaQAc. It was found that after 3hrs under these
¢ drird iwiso rfoundh dhe bveef t86: Gihxra)mmiﬁd arhegfe aldnditions, there

YAPoxgPB 1 ARGUF ¥ LPin, “42 ¥ | gldehyde product, with 0%

hydnexistityl -4 opi p8al-dely@eal Thass- t¥ke pb?ﬁh%h%d\"’%fx%duct
then _h drg%enated to give, respectively,

134 By i®l o&né:2--methyl -1,3 -propanediol. The
l:b ratio in this case was 5.72:1. Exanple 3 Hydr of
ornyl ation of allyl alcohol : Chlorine noiety present
inggguenﬁ Exanple 2 was repeated but in this case,

the rhadiu ,
Hydro%ormghatlon of l-octene: Chlorine moiety present in

rhodium precursor and in solvent

Details were as in Example 4 above, except 9.0 mg
(0.00383mol/litre) of [RhC1(CO),l, was used as the rhodium

precursor.

Once again, it was found that there was 29% conversion to
the aldehyde product, with 80% selectivity to 1linear

nonanal over the branched product, an 1l:b ratio of 4:1.

Example 6

Hydroformylation of 1l-octene: Chlorine}moiety present in

rhodium precursor

Details were as in Example 5 above, except 10ml of
OctMiMTEN, l-octyl-3-methylimidazolium bis-
trifluoromethylsulphonamide, a non-chlorine containing

solvent, was used as the solvent.



compound was [Rh(QAc)?2]2 and the solvent used was

di chl orone thane . In this case, there was 100%
weovgeeron of allyl alcohol, with 75% sel ect i RCT/GBR@®4/002859

hydr oxyt et rahydrof uran, 17%

hydr oxynet hyl pr opi onal dehyde, & vi ng hydr ogenat ed

products in the |l:b ratio 4.41:1. Exanples 2 and 3

show the relatively high selectivity towards the

| imeaths eapesedtt alsheedumncitest peREYEt wakl At onversion
hydr of ornyl.ati on of allyl alcohol, when chlorine

nicet Yhe s adidedwide inradict hodi b S&Ppotmbedt Bcifxokot dinear
t I e in the,s t .
BB (e BLOTATA, Bepllc | Bl 100N o 001

Chlorine noiety present in solvent 5.0 ny

(Q.0016nol/litre) of [Rh(acac) (CO 2]2 was added to
1§E§EE§£1¢Z.00383nD|/|itre) of the bi phosphine |igand,
éi A ey 1RSIt §# PRosBREARREINIOr BRNZRE et # OPlre@bnt in
mrhotémm |PrasgfurBasct ene was t hen added and

hydr of ormyl ati on was perforned for 3hrs by the

addition, at 800C, of a 1:1 mxture of COH2 at a

pressune aler@bay .in Exapliomnabdial, ahicripBhranugertoluene
these conditions, there was 29% conversion to the
aM@énhydeprsddde sAliveng0% sel ectivity to |inear

nonanal over the branched product, an |:b ratio of

4:1. Exanple 5 Hydrofornylation of 1-octene: Chlorine ,
minetthios esase, | ntr wadi foyrceciiisor thadei wasollvéntconversion

to the aldehyde product, with 100% selectivity to linear

nonanal.

Comparative Example 2.

Hydroformylation of l-octene: Chlorine moiety not present

Details were as in Example 4 above, except 10ml of toluene

was used as the solvent.

In this case, it was found that there was 89% conversion
to the aldehyde product, with only 50% selectivity to

linear nonanal, an 1l:b ratio of 1:1.

Examples 4-7 clearly show the increase in Selectivity‘.
towards ﬁhe linear product over the branched product, from
the hydroformylétion of l-octehe, when chlorine moiety is
present in the solvent (Example 4), the rhodium precursor
(Examples 6 and 7), or both the solvent and the rhodium
precursor (Example 5), compared to Comparative Example 2,
where no chlorine mgiety is present, either in the rhodium

precursor or in the solvent.



Details were as in Exanple 4 above, except 9.0 ny
(0.00383nol /litre) of [RhA (CO 2]2 was used as the

w0 badioeserpr ecur sor . Once again, it was found PEEGB2004/002859
there was 29% conversion to the al dehyde product, with
80% sel ectivity to |inear nondial over the branched
product, an |:b ratio of 4:1. Exanple 6
Hydr of ormyl ati on of 1-octene: Chlorine noiety present
in rhodi um precursor Details were as in Exanple 5

ab , excet 10m of OctM MIfN, | -octyl
dgfwhﬂﬁﬁﬁﬁ§¥ed embodiments have been shown and

t rdécédﬂ.rﬁg@t hyd vaiPi‘Oﬂﬁ%ggfeélaeaactlk%h%%ec ‘E']]Jﬂ'lré'dn%n the

sol vent, was used as t vent is case, It
f@ntd tlhat vhel eusashb0¥eso raret sm@aillfncahsom dmlilgﬂe be made
wi.t h 80% sel ct i Vi to |linear anal, over

{0k n SEPBF balS: , T 4% aBFBPET O 1 PAScaiprEnyion, as

Hﬁtﬂﬂﬁmmtﬁw azfpehcwa Neiindehl ori ne noi ety present
in rhodi um precursor Details were as in Exanple 5

above, except 10m of toluene was used as the sol vent

I{é t Q"e%d%%s% bEt hég\ungst gﬁ.xietcn:e&f hw%OOé%?{ papers and

COﬂVGI‘SI on to the a € produ

seicemmentisy vinidh resy fidrahadoncuzargrarlat i i@ evdious to
Hy rof o ion of 1-octene: Chlorine moiety naot, p
S b T GeSaEgS v bV ket ion and

1Qﬂhx@f tahidenecpRs used asphBeisol VeALlpection with  this
specification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features disclosed in this specification
(including any accompanying claims, abstract  and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such féatures

and/or steps are mutually exclusive.

Bach feature disclosed in this specification (including
any accompanying claims, abstract and drawings), may be
replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated 6therwise,.each
feature disclosed is one example 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 anyA
novel one, or any novel combinatiqn, of the features

disclosed in this specification (including any



In this case, it was found that there was 89%
conversion to the al dehyde product, with only 50%

W@ eisobiovo ty to |inear nonanal, an |:b rati o oPCWGB2004/002859
Exanples 4-7 clearly show the increase in selectivity
towards the |linear product ovet? t he branched product,
fromthe hydrofornylation of 1-octene, when chlorine
noiety is present in the solvent (Exanple 4), the
r kadiampaprieiniy sollafmsanpliest fad@nd ahfl, @FfakDids)€or to any
sol vent and the rhodi um precursor (Exanple 5),
cOIPE e LY BRparYt NPy SEx HAMB IR iGkher?f nbhenpsepPRe of any
Mieinbd P HRRes & [ > rhodi um precursor or
in the sol vent .Afi%%tgﬁiggﬁﬁﬁﬁreferred enbodi nent s
have been shown and described, it will be appreciated
by those skilled in the art -that various changes and
nodi fications m ght be made w thout departing fromthe
scope of the invention, as defined in the appended
clainms. The reader's attention is directed to al
papers and docunents which are filed concurrently with
or previous to this specification in connection with
this application and which are open to public
i nspection with this specification, and the contents
of all such papers and docunents are incorporated
herein by reference. Al of the features disclosed in
this specification (including any acconpanyi ng cl ai s,
abstract and drawi ngs) , and/or all of the steps of
any nethod or process so disclosed, may be conbined in
any conbi nati on, except conbi nations where at | east
sonme of such features and/or steps are nutually
excl usi ve.



Each feature disclosed in this specification
(i ncludi ng any acconpanyi ng cl ai ns, abstract and

waoelc@sionty3) , nay be replaced by alternative feBCT/IGB2004/002859
serving the sanme, equivalent or simlar purpose,
unl ess expressly stated otherw3se. Thus, unless
expressly stated otherw se, each feature disclosed is
one exanple only of a generic series of equival ent or
SigfidmMg features. The invention is not restricted to
thedetails of the foregoing enbodi nent (s). The
i nvention extends to any novel one, or any novel
caonbi ngt i f_t features.disclosed in this .
Specl { P e RRSe? nebid: A sy ateb TRl S methylenically
abst r aginsanhritad Ngepmpoahds) amyRove! Oftocdds aNomprises
novel conbination, of the steps _of any nethod or )
pr oces ¥ Nt |S56ieh o Rallamvis ot Ly uisstasatisgy agpound with

hydr of [ 2L h ni sat ur d :
con‘pou(r%'réajs{?ﬂ‘:ﬁ\;\;ﬂ cﬁn%%%(g%séhgo&%ﬁ%ée@s&?’ea%#i ﬁ%gl%sa?%esence ot a
et hyl emiadadllyystunsgsteat edlzonpatuatlyst t Isycsrdmonobtainable by
nnnoxid%wﬁpd.h drogen, in the presence of a -catalyst
system® éJEé%hlyst syst em obt ai nabl e by conbi ni ng

a) a Goup VIl netal compound; and b) a bidentate

phosphi ne of general formula (la) (la) Rl12 R Rl1- CRl
a) a Group VIII metal compound; and

b) a bidentate phosphine of general formula (Ia)
(Ia)
I:]212 Fl{6
R'™c¢C C—R’
l\ I
R10 , 1/R4
= Q—R—Q s
L 4 N
o

wherein:

R is a bridging group;

R' to R each independently  represent hydrogen,llower
alkyl, aryl or Het, preferably, lower alkyl, aryl or
Het; ‘

Q' and @Q* each independently represent phosphorus,
arsenic ‘or antimony and in the latter two cases
references to phosphine or phosphbrus above .are

amended accordingly,



@- R QL RO R3 RB-CJC R22 R7 RL wherein : Ris a

bridging group; Rl to R12 each independently represent
whyasogen) | ower al kyl, aryl or Het, preferablpCT/IGB2MA/002859

al kyl, aryl or Het; QL and @2 each independently

represent phosphorus, arsenic @ antinony and in the

|atter two cases references to phosphi ne or phosphorus

above are anmended accordingly,the process

char achif igyestddl ([1Hrao W iQdN 6 dIRRY d SHIGSEHE ddliety is

at least said Goup VIII netal compound. 2 . A process

for tmrasaitofiroaty |leestn sefide GrpupniVEAILl wetradaicomposd .

compounds, whi ch process conprises reacting said

et hyl eni cal | y unsaturated conpound w th carbon

menoxi de pAdcEyEr dgen, thd hﬁ@r@f@ﬁtﬁﬁI@tQ&nao(‘iatélil'y%ﬁlenically

system and a solvent, the catal yst system obtai nabl e )

by conttHidtgiradech mSCHPOSRAE: oupWiHiFl orPBORePPourRPMPrises.

thereo}‘feaﬁ:“%'r@ i@d@dg%flt RNASRAT s 3806 A omy i

formula (la) ( a% R12 i S{? v aéompound with
carbon monoxide and hydrogen, in the presence of a
catalyst system and a solvent, . the catalyst system

obtainable by combining:

a) a metal of Group VIII or a compound thereof; and
b) a bidentate phosphine of general formula (Ia)
(Ia)
Tu 'TG
wL_Ek\\Z 1//ETR5

Tm
A—0—7

wherein:

R is a bridging group;

R! to R'? each independently represent hydrogen, lower
alkyl, aryl or Het, preferably, lower alkyl, aryl or
Het;

Q' and Q? each independently represent phosphost,
arsenic or antimony and in the latter two cases-
references to phosphine or phosphorus above are

amended accordingly,



/| RQ-RR QL v\ R31 / \' 1 2 R8 - ¢ G RRLl wherein:
Ris a bridging group; RL to R12 each i ndependently

wo epseednd hydrogen, |ower al kyl, aryl or Het,PCT/GB2004/002859
preferably, lower alkyl, aryl or Het; QL and @ each
i ndependently represent phospﬁ%rus arsenic or
antinony and in the latter two cases references to
phosphi ne or phosphorus above are anended
accordingly,the process characterised in that a

chlorine noiety is_present in_at |east one of the said
G ouptRFI PTREEEP E]aﬁﬁ%%%rb?e@a%’a EBRGeAt CP $ﬁ§1B?oE‘Qé§tY is

as cl 3i-aBdni N6l M ReasGEE Bra chldl ARE EBYE) YVIBT metal
present in both said Goup VIII nmetal conpound “and.

sai d sompennd. oFhgapdogekeens. cl ai ned in any of clains
1to 3, wherein RL to R12 each independently
represent G to C6 alkyl , G to C6 al kyl phenyl or

pBenyl TheTheopegseas asathalnefl thaghmabm dherwh@r &i Bhlorine
Rl to R12 each independently represent nethyl, ethyl,

n- pr opfPiet¥o-b¥ opHesanthutiy , bPB- baeidl, GRqup - B’JtI)II metal

pentyl compound and said solvent.

4. The process as claimed in any of claims 1 to 3,
wherein R' to R each independently represent C; to

Ce alkyl, C; to Cs alkyl phenyl or phenyl.

5. The process as claimed in claim 4, wherein R' to R™
each independently represent methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl,
hexyl and cyclohexyl.

6. The process as claimed in any preceding claim,
wherein R, RY, R’ and RY each independently
represent the same C;-Cs¢ alkyl; R?, R®, R® and R%,
each independently represent the same C;.¢s alkyl; and
R®, R, R® and R'?, each independently represent the
same C,.¢ alkyl.

7. The process as claimed in any preceding claim,
wherein R! to R'? each represents the same C;-Cq alkyl

group.

8. The process as claimed in claim 7, wherein the said
Ci-¢ alkyl group is non-substituted and selected from

the list comprising: methyl, ethyl, n-propyl, iso-



hexyl and cycl ohexyl . The process as clained in any
preceding claim wherein Rl, R4 , R7 and R10 each

wo pabspeddent | y represent the sane G -C6 al kyl ; PERRGBR®A/002859
R8 and Rl1l1l, each independently represent the same C -6
al kyl ; and R3, R6, RO and R12,6®ach independently
represent the sane C -6 alkyl . The process as cl ai ned
in any preceding claim wherein RL to R12 each
repres e sapeeEl ; bl [ OklPr r S
clalnegpin %I§|n17 ,§3Mere|n ?E%gsald %)ﬂ;_ P 9§§ﬁ§yf hexyl
group idn@oryclelgryltuted and selected fromthe |ist
conprising: nethyl, ethyl, n-propyl, isopropyl,
n- butyl, iso-butyl, tert-butyl, pentyl, hexyl and
eyel oheRlyeé pr8cesFhespraiedsedsic! eigtd BN @Rd8i% the said
mhereln t he a|d O 6 aJkyI roup i s nmethyl. 10. The
processihé e éh%h1ng claim wherein QL
and 2 represents phosphorus 11. The process as
claimed in any one of claims 1 to 3 wherein Ris '
de¥@ nedthe -procgss D)as (E )mdBl aiml tdwmy bipleetedng claim,

/ph%jrp_hiv%?equslrtI& Ee'%( 2 for @gnés p}(msgﬁorus RlO\‘ 2

11. The process as claimed in any one of claims 1 to 3
wherein R is defined as -A-(K,D)Ar(E,Z)-B- and the

bidentate phosphine is of general formula (I)

Jq;—o —A
JU
[s,]

Q*A—(K,D)Ar(E,Z)—B—Q'

e
N

|
xy—o-—x
mM

wherein:

Ar is a brldglng group comprising - an optlonally
substituted aryl moiety to which the phosphorus atoms

are linked on avallable adjacent carbon atoms;
A and B each independently represent lower alkylene;
K, D, E and Z are substituents of the aryl moiety

(Ar) and each independently represent'hydrogen, lower

alkyl, aryl, Het, halo, cyano, nitro, OR®, . 0C{0)R?°,



RO\ RB381 \' I OR7 RL wherein : Ar is a bridging
group conprising an optionally substituted aryl noiety

W 2008k030M0 t he phosphorus atons are |inked on aral/Gabiod/002859

adj acent carbon atons; A and B each independently
represent |ower alkylene,- K,eD , E and Z are
substituents of the aryl noiety (Ar) and each

i ndependently represent hydrogen, |ower alkyl, aryl,

Het, hat @) ®@Yyane,onbkFo, RN, )RR2SRE( O R A R25r26, gr??,
C( O OR22, NR23R24, C(O) NRZS%?, %s R 25R06, SRO7,
C(O) SR F '+ JoaB ¢ CRAB(RRI 4B ) RRED)VCRIB(RRL IR URL8here T

wh | : t dj t
o oups SEAE ILRKE SIYIERE: U Koo ha S ERepr e aroups

car bon sstleateaf fxven &Kyl Zf i Dgah@ Bhicebethey ari®h the carbon
attached forma further phenyl ring, whichis
opt i on&UPSUBSt it €Y &89 rtPoibishhiheyienrs attached

sel ect eg, g 0 h , al h . ~1CY , -

nitro, ORLO, rs‘]oc)(f %&%9%3, E?%?glzlﬁ%fb) %@Sﬁ?ﬁl\@%m‘iﬁtlomlly
C( O) NRZSREg 1 tOtSR2ER2B1e SR2 Tnaote GUDsBRZTerRE tse RIted from
each independently represent .l ower .al kyl , aryl, ar

Het ; Rfé(%%éjgﬁf’? eall rnd@é%ﬁ(&en%lpepré’é’é‘ﬁf"hya’ﬂ&&@n, OR*,
lover a@d)rR?8yyl @oHed;, Qlc(&Porid BnRMEN, Pr eseds Jr2°r?,
each inde Eggqﬂtléggppresent phosphorous, arsenic or

ant i moff Rn/t BB #mt &(X) W8 Ciases references to
phosphi ne or

R' to R' each independently represent lower alkyl,

aryl, or Het;

R to R* each independently represent hydrogen,

lower alkyl, aryl or Het;

', o and Q° (when present) each independently
represent phosphorous, arsenic or antimony and in the
latter two cases references to phosphine or

phosphorous above are amended accordingly.

12. The process as claimed in claim 11, wherein R* to R*®
each independently represent C; to Ce alkyl, C:, to Cg
alkyl phenyl or phenyl.

13. The process as claimed in claim 12, wherein R' to R*®
each independently represént methyl, ethyl, n-propyl,
iso-propyl, n—buEyI, iéo—butyl, tert-butyl, pentYl,
hexyl and cyclohexyl.-

1l4. The process as claimed in any of claims 11 to 13

wherein R, R*, R’, R, R and R each independently



phosphor ous above are anended accordingly. 12. The
process as clained in claim11l, wherein Rl to R18 each
w0 pabepedent |y represent Cto Cs al kyl, G to EEI/aBRook/002859
phenyl or phenyl . 13. The process as clained in claim
12, wherein Rl to R18 each ind®endently represent
nmet hyl , ethyl, n-propyl, iso-propyl, n-butyl,
i so-butyl, tert -butyl, pentyl, hexyl and cycl ohexyl .
14. ThersOsSSs: %@'@rﬁﬁectl'—ﬁsaﬁlﬂégi;ck@ i, 1R 0RES R1¢ ang
wherein R1, R4, R7, R1O, R13 and 6 each

indepeﬁﬁénﬁPVhedﬂéﬁﬁﬁﬂQQﬂi%MnﬁﬁnyﬁﬂﬁﬁﬁuR@@;SR@? Rh;s alkyl;

R8, Rl 3ang,eR17,%eackuzi n endent Lys represent .t he

same G R RGn R re e HR0 T HRED, i s SBRE° Rldpenc 1y
I ndepencepitd serite prles esdmd R _salky@. _ 6 al kyl . 15.

The process as clained in any of clains 11 to 14,

wherein R1L to R18 each represents the sanme C -C6 al kyl

griep . . 0GRS ScBSH I epd J R, cLai

wher ei r?rgegepggi@gg% %%Sa?%}%?ogg ialsrﬂlno!r?fil s@l}]bagﬁst ujt'letho 14,
and selvdwarsif RImtch®'f i sackhonppreseyts nehay bamet My+Qs alkyl
n-prom@ Odsopropyl, n- butyl, iso-butyl, tert-butyl
pentyl,lhe§yl and cycl ohexyl . 17. The process as

claimed in claim16, wherein the said C -6 al kyl group

is methyl . 18. The process as clainmed in any of :

cl& ns tRFACRSHIRS eFhpied Pnafdain (®hewheresentbhe said

represeils s1kyl group is non-substituted and selected from

the list comprising: methyl, ethyl, n-propyl, iso-
propyl, n-butyl, iso—butyl, tert-butyl, pentyl, hexyl
and cyclohexyl.

17. The process as claimed in claim 16, wherein the said

Ci-¢ alkyl group is methyl.

- 18. The process as claimed in any of claims 11 to 17,
wherein Q', Q> and @ (when present) represents

phosphorus.

19. The procegs as claimed in any of claims 11 to 18,
Wherein A, B and J (when present) each ihdependently

represent C; to C¢ alkylene.

20. The process as claimed in claim 19, wherein each of

A, B and J (when present) represent -CH,-.

21. The process as claimed in any of claims 11 to 20,
wherein K, D, E and Z each represent hydrogen,‘

phenyl, C;-Cs alkylphenyl or C;-Cg¢ alkyl.



phosphorus . 19. The process as clainmed in any of

clains 11 to 18, wherein A, B and J (when present)
we@2wh/odjdependent |y represent G to C6 al kyl eneCT/GB2004/002859

The process as clained in claim19, wherein each o f A

7 B and J (when present) repr&ent - CH2-. 21. The

process as clained in any of clains 11 to 20, wherein

K, D, E and Z each represent hydrogen, phenyl, G C6

abRyl péwy lprscdds Gal &yhimed The PrAGess aswitd@éi®dk, D, E

inclaim2l, wherein K D, E_and Z each represent

hydr og@&fd #3€ I5P5eEs8tabYEraPRBd in claim 11

wherein in formula (1): A and B each independently

represent unsubstituted G to C6 alkylene; K, D, Z

add .E &aeh pnedepsendentcllypimedr ésentl aiydridgemer@inCin formula

al kyl , enyl, C -GC6 al kyl phenyl or -J@ (CR13 (R14) :

(R15)) 6 (R17) (R18) where J represents

unsubstituted G to C6 al kylene; or two of K, D, Z

and E together with the carbon atons of the aryl ring

t o whi &haieB Sachtindarendenthva ysnyedent psudsihiiuted C,

optionall y s ' ed by one or nore substituents
selectg% Ffo%w %%é#éélkyl, phenyl or | ower al kyl phenyl

; Rl to R18 each independently represent d to C6
al kyl, _phenyl_or G _to C6 al kyl phenyl .. 24 . The
proces& a@ c1%idd Fnekfhli A9erRRERBEAY] FePsERsNE fydrogen,

C1-Cs alkyl, phenyl, C1-Cg alkylphenyl or -J-
Q® (CR®® (R™) (RY®) ) CR*® (RY7) (R'®) where J  represents
unsubstituted C; to Cs alkylene; or two.of K, D, Z
and E togetherlwith the carbon atoms of the aryl ring
to which they are attached form a phenyl ring which
is optionally substifcuted by one or more substituents
selected from lower alkyl, phenyl or lower

alkylphenyl;

R' to R'® each independently represent C; to Cs alkyl,
phenyl or C; to Cs alkylphenyl.

24. The process as claimed in claim 11 wherein in formula

(I):
"A and B both represent -CH,- or CyH;

K, D, Z and E each independently repfese’nt hydrogen,
C1-Cq alkyl phénYl or C1-Cs alkyl or -J-
Q* (CR™ (R™) (R*®) ) CR'(RY") (R'®) -where J is the same as
A; or two of K, D, E and Z tog‘ether with the carbon
atoms of the aryl ring to which they are attached

form an unsubstituted phenyl ring;



A and B both represent - CH2- or C2H4; K, D, Z and E

each independently represent hydrogen, G -C6 al kyl
w@hb@apbsoor C -C6 al kyl or -J@B (CR13 (R14) (R1BQ1/GB1®4/002859

(R17) (R18) where J is the same as A; or two.of K D

, E and Z together with the cafbon atons of the aryl

ring to which they are attached form an unsubstituted

phenyl ring,-RlL to R18 each independently represent Ci

to C6 al kyl; 25. The process as clainmed in claim 24,

wher ei n_-A an%lg bot h ,reé)resent - CH2-. 26. The grocess

as claifred9 K cIS8Th fRdspRIGan: Lk nepLEanent (Gu: teabh alkyl;

Rl to R12 is the sanme and represents nethyl; A and B

are the sane and represent -CH2-; K, D, Z and E are

t AP safhanpreegsesant chpdmederin 27.aifhe24r oshesedn A and B

cl ai msq)ét{h an rOfseC|tai— 11 to 26, wherein the

reacti om 1§ carried out t "a tenperature of between

200C and 1800C . 28. The process as clained in claim

27, wherein the tenperature is in the range 500C to

1560Cc Th®. pHRSSsEocess gdadmgdnmedni nchajmoflt} ajwigendin in

to 28, phehpid (e reaction is carried out under a

partial pressure of carbon nonoxi de /hydrogen in the

range of 1 to 700 bar. 30. The process as clained in

cl aim 29, grein_the partial pressure is in the range

1to 3@@%% g?.RThé%F@@eﬁm&s aadairﬁ@&%%?%ﬂ@rthy%;

cl ai s al i BRreMeieidinithe iy eieed! Ly, - ;

unsat ur ated conpound has 1 '

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

27. The process as claimed in any of claims 11 to 26,
wherein the reaction is carried out at a temperature

of between 20°C and 180°C.

28. The process as claimed in claim 27, wherein the

temperature is in the range 50°C to 150°C.

29. The process as claimed in any of claims 11 to 28,
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 claim 29, wherein the

partial pressure is in the range 1 to 300 bar.

31. The process as claimed in any of claims 11 to 30,
wherein said ethylenically unsaturated compound has 1

to 3 carbon-carbon double bonds per molecule.



to 3 carbon-carbon doubl e bonds per nol ecul e.32. The

process as clained in claim 31, wherein said conpound
wha®s5203v2r bon- car bon doubl e bond per nol ecul e. PGBGBI118/002859

process as clainmed in any of clains 11 to 32, wherein

the anmount of bidentate conpoﬂﬁd of formula (I) to

unsaturated conpound is in the range 10 5 to 10 2

nol es per nole of unsaturated conmpound. . 34. The

pBacesThas pratceed ias anjadmedl aims clhitw 38, whits®miin said

said catal yst system further conprises a support . 35,

The pr GEBSSURE ¢ MA%edli n ARPH-C3LHeR 1¥0uplss, bond per

wher ei geosaig1kident at e phosphine is selected fromthe

group conprising bis (di-t-butyl phosphino) -o-xylene;

1,2 bis (diadamantyl phosphi nonet hyl) benzene; 1,2 bis

(di,adapmnt yl phosphi nognet.hyl ) nnaphthal ene; 1,2.bis
(gFJt-ggﬁt§FH§ﬁ%%%h?ﬁofh?ép%§Ie . SH¥q G O3PS 11 to 32,
(di -t buhglrephose ngpow@phbhala@Rnt3®e R REESSFaFormula

claimed in any of claims 11 to 35, wherein the nol:mol
range of) cdourrrtwrates normperRd: dsaigupte| rameieal10° to
isin er : 0 ~F pr

cl ai ne BinH@P%%%?%%%T%%%ﬁéﬁ%1%§%§Dﬁgﬁgﬁbfgﬁgﬁégéﬁs‘in
the range of 1:1 to 1.25:1. 38. The process as.cl ai ned

LS any_of clains 11 toc§7“ m?grein t he oup VIl

tal Fescﬁ@ﬁe_egff?%m ReM§Foul? 2BBal}t Girekee, 11 to 33,
pal | adijHBrei HOdEHE Tehheny4in anfbdd@t IPRS: Hfprises a
process as clainmed in claim38, wherein said Goup

VI nBYRPOYEE . rhodi um

35. The process as claimed in any of claims 11 to 34,
wherein said bidentate phosphine is selected from the
group comprising bis (di-t-butyl phosphino) -o-xylene;
1,2 bis (diadamantylphosphinomethyl) benzene; 1,2 bis
(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 35,
wherein the mol:mol range of compounds of formula (I)

to Group VIII metal is in the range of 1:1 to 3:1.

37. The process as claimed in claim 36, wherein said

mol:mol range is in the range of 1:1 to 1.25:1.

38. The process as claimed in any of claims 11 to 37,
wherein the Group VIII metal is selected from the
group: cobalt, nickel, palladium, rhodium, ruthenium

and platinum.



40. The process as clainmed in any of clains 11 to 39,

wherein said chlorine noiety is present in at |east
w@200d/0a300up Vi1 metal conpound and sai d conpoRCGB2004/002859

sel ected fromthe group conprising: [RhC (CO2]2 /

[RhA (Cod)2]2, Rhd 3 .xH20 ;79[ Rhd (Nor bor nadi ene)

12 / [Rhd (Cyclooctene) 2]2 Chloro (1,5-hexadi ene) -

rhodi um (1) di mer, mdichlorotetraethyl ene-dirhodi um

(Bicyclthd 2p2otkBeptas 2<iadivede) i€ hlarmodisym dbherein said
dimer . 41. The process as clainmed in any of clains 11

to 40, GHRRIVF dametedl dsi kBORB By is present in at

| east said G oup VIII netal conmpound and said conpound

is selected fromthe group conprising: [Rhd (CO 2

[ RC (MBed)Riecamsl ReClclhiméddlOln 42y ThE pledess Hs to 39,

clainmed,in any of, ¢l aj 11 to 41, wherein said ,
chlorim@qﬁﬁ%ﬁxﬁﬁgfpghggﬁ%n?nm8§3F¥a§§ RELY vEft at least
and saig gl eilp i 9188l petad oAUl HRMPsE98PELRHBANG is
di chl orone thane, chl orobenzene, o - dichl orobenzene,

m chl e freay bohet egicatbl oepprising: [RhC1 (CO).]l,,

£eh
trichl , 1di chl t s, ch I rbons
(Orce) PRGN 51 o naRRCTaREE: , acPbe L UVRERGAREg Ene) 1.,
The prdeess @y cdloaictrete)n] £] ai m 42, waleiro §aisthexadiene) -
sol vent :i s dichloronme thane. 44. The process as

cl ai medO AR dAigegims ¥ HeYPrafirrastsgiepe -dirhodium,
et hyl enigaah | JuBs a3t yf ﬁteﬁgaQ?nBQ HRd R3S HE R 2B AR dimer .
atons .45. "The process as clainmed 1n claimd44, wherein

sai d conmpound has 5 to 15 carbon atons.

41. The process as claj.med in any of claims 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).]2,

[RhC1 (Cod) ;]2 and RhC1,;.xH,0.

42, The process as claimed in any of claims 11 to 41,
wherein said chlorine moiety is present in at least
said solvent and said solvent is selected from the
group comprising dichloromethane, chlorobenzene, o-
dichlorobenzene, m-chl orobeﬁzene . carbon'
tetrachloride, trichloroethanes, dichloroethanes,
chlorofluorocarbons (CFC’S), tetrachloroethénes and

" tetrachloroethene.

43, The proceés as claimed in claim 42, wherein said

golvent is dichloromethane.

44. The process as claimed in any of claims 11 to 43,
. wherein said ethylenically unsaturated compound has 2

to 20 carbon atoms.



46. The process as clainmed in claim44, wherein said
conpound has 6 to 12 carbon atons. 47. The process as
w@b@soexd7o n any of clains 11 to 46, wherei n saPdI/GB2004/002859
et hyl eni cal | y unsaturated compound is selected from

the group conprising ethene, ptopene, 1-butene,

2-but ene, isobutene, 1-pentene, 2-pentene, 3-pentene

and branched i soners thereof, 1-hexene and its

i somers, 1l-heptene and its isoners, 1-octene and its

i somers, 1-nonene and its isoners, 1l-decene and its

i Sotrer SEh% h@TEREES2CP 8 IR shd 1BheF 2ot /i sehersin said
3- pent esiidind %had™ Bl 13- EHLNS 1,3

but adi ene, 1, 3-pent adi ene, 1,3 hexadi ene, 1,3

cycl ohexadi ene, 2, 4-1eptadi ene, and 2-nethyl 1,3 -

kngéuﬂ e . _48. The process as clained jn any of ) )
cl*ai'ns t 8275/t Bi (F i Glcat YRt 44yst Wherein said
furt hercchpuiricb e Y &Y IcG rHcrPaicSat. di ssolved in
aliquid carrier, said polyneric dispersant being

capabl e of stabilising a colloidal suspension of

part i cl p t ar._nmetal caonpound. of
t%gt'cat a yg‘%ré€§?e9m%\%i t%##r?%g glé‘i G qﬁfd ch Serj.(']|1 to- 46,
49. Theheredesssasdcletnglenical B muéSatuhereid sdinfound is

pol ymeric dispersant is selected fromthe |i st
conpriﬁ%%f?ﬁﬂﬂy€¥ﬂﬁlEgﬁr@QQHﬁmfoTﬁﬁy%&$?ISﬁPG@F' propene,
pO'YaCﬁﬂHﬂHéﬂéﬂ‘%-Hﬁﬂéﬁgﬁyi§gbﬂ¥§ﬁe,pqL?@ki%bgg’2—pentene,
pol yacrylic acid, polynethacrylic acid, poly
( 3- hydPopgtens carl drangotd - isohensi bbereof, 1l-hexene and
ol y- Lnoet hi.oni ne, . -L-proline ol y-L-serine, :
Bolz_Lg$Fb§1ngfrs}xﬁ)hepééne and Etsylsomgrs, l-octene and
its isomers, l-nonene and its isomers, 1l-decene and
its isomers, the C;.-Csy alkenes and their known
isomers, 3-pentenenitrile, methyl-3-penteneocate, 1,3
butadiene, 1,3-pentadiene, 1,3 hexadiene, 1,3
cyclohexadiene, 2,4-leptadiene, and 2—methy1 1,3

butadiene.

48. The process as claimed in any of claims 11 to 47,
wherein the said catalyst system further comprises a
polymeric dispersant dissolVed in a liquid carrier,
said ‘polymeric dispersant being capable - of
stabilising a colloidal suspension of particles of
the Group VIII metal or metal cdmpound of the

catalyst system within the said liquid carrier.

49, The.'procéss as claimed in claim 48, wherein said
polymeric dispersant is selected from the 1list
comprising:  polyvinylpyrrolidone, polyacrylamide,A
polyacrylonitrile, polyethylenimine, polyglycine,
polyacrylic acid, polymethacrylic acid, poly(3-



pol y(vi nyl benzenesul phoni c acid) and poly

(vinyl sul phonic acid) . 50. The process as clained in
web@sv9) wherein said polymeric di spersant iBCT/GB2004/002859

selected fromthe list conprising: .

pol yvi nyl pyrrol i done and pol yattylic acid. 51. The

process as clained in any of clains 11 to 50, wherein

the solvent is formed by one or nore of the reactants,

pr oductlsydwodybytyariueisid)f, the ppetgss-latbenethan  poly-1.-
being a separate entit 52. A process as clained in

any of T§EMRRIFE o YWMﬂQ%QW%UQ'|59Qﬁ¥1ﬁﬁﬁﬁ¥&ﬁe: poly-L-
i ncl udingrsd #1d 0- teﬁo %ﬁ%&ﬁ&é’%ﬁ R{ onat 'a%:.dé and

groups, ‘such as pheny groups -ar
opt i onmw@m@ths\u@mmq ta,cmd) .addition to K, D,
or Z, one or nore substituents selected fromaryl,

| oner al kyl, Het, halo, cyano, nitro, OR19, OC(OR 20,

CHO.R Zihe( Qkaaegg M2 224 med OLAR 2B4¥0, 492 7wherein said
C(O SR 27 or C(S)NR 25R26 wherein R19 to R27 each

|ndepeﬁ&&MW%F¥%pr reapdy ogb®, aejecoed| ofiwomal ke list

- 53 . A d|n | ai_m
wherein a oneﬁkzggggﬁggyg?é&gd§ ach&d’t o Rt yacrylic
and/ or a@&dl .e. CR1R2R3, CRAR5R6, CR7R8R9, or

CR10R11R12, may i nstead be congressyl or adamantyl, or
bot h groups defined above as .(CRxRyRz) attached to

eistzher 19e bgtdc-Lds apd/ Qflaf@neden a‘i’%tgﬁr c‘.AL"atJ.lﬂ\se'ffe‘:o 50,
QL or 2 as appropriate, instead f an optional |

subst i exEA Hdwphertvéntycis [Formed. by {@1e7}<]>dem¢lre of the
group Q:Ieactants, products or by-products of the process

rather than being'a separate entity.

'52. A process as claimed in any of claims 11 to 51,
wherein Ar is defined as including six-to-ten-membered
carbocyclic aromatic groups, such as phenyl and
naphthyl, which groups are optionally substituted
‘with, in addition to K, D, E or Z, one or more
substituents selected from aryl, lower alkyl, Het,
halo, cyano, nitro, OR', O0OC(O)R?*®, C(0)R?*, ((0)O0OR??,
NR¥R®," C(O)NR®R?, SR?’, C(0)SR?’ or C(S)NR®R® wherein
R* to R?’ each independently represent hydrogen, aryl

or lower alkyl.

53. A process as claimed in any preceding claim wherein
at least one (CR*RYR?) group attached to Q' and/or 02,
i.e. CR'R®R?}, CR®R°R®, CR'R®R®, or CR¥™R™R'?, may instead
be congressyl or adamantyl, or both groups defined
above as . (CR*R'R®) attached to either or both Q'
and/or Q% may, together with either Q' or Q? as

appropriate, instead form an optionally substituted



derivative thereof. 54. A process as clained in any of
claims 11 to 51 and 53, wherein Ar is a

weywsoment adi enyl group, and Z may be represent@dGBR004M02859

(Li)n (L2Z)mand Z is connected via a netal |igand bond

to the cycl opentadi enyl group, M represents a G oup

VIB or VIIIB netal or netal cation thereof ; and Li
represents a cycl opent adi enyl , indenyl or aryl group

each of2 whh68plgs OpPScdE Bo PPId onal |, ﬂgQ%dﬁUt ed Byofpe  or
or nore_substituents sel ected from ‘hydr ogen, | ower

al kyl , ¢erbvativmothereeh, OR19, OC(O)R 20, C(OR 21,
C(O)O?ZZ NR23R24, C(O NR 25R26, C(S)R 25R26, SR27, C

(0) SR27 or ferrocenyl ; L2 represents one or nore

| i Sfands ;mmtesxﬁ adi cheime® imdepersiendlsigel ectesl §1 osmg 53,
hydro | ower al kyl, alkylaryl, halq, CO PR43R44RA5

or AR ARA3SE & W]éRﬁF e$11f<P‘§;Pr epReséntmay be

hydro réélé’i@cfedal B%h’—l\@(rﬂ{ 2 OHelandd 7 Q Ore éﬁxnégge@ via a

=0to provi ded at wheh n = 1t en m equa
and wieatal quglastdo lodmadh mOdOEBencnycdepndnt(ﬁﬁ.erArl group, M

oot coore S i1 4B YEY: Ry GRBaP, mrade Alpmetal cation

| ower t&iéﬁ;}é@e arkP. A process for t he hydr of ornyl ati on
of ethylenically unsaturated conpounds as descri bed
her ei nbefore with reference to the exanpl es herein.

I; 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, cyano, nitro, ORY, OC(C)R”,
C(0)R*, C(0)OR**, NR*R*, C(O)NR*R?*®, C(8S)R**R%*, 5SR?,
C(0)SR?*” or ferrocenyl;

L; represents one or more ligands each of Whiéh,are
independently selected from hydrogen, lower alkyl,

alkylaryl, halo, CO, PR*R*'R*> or NR*°R‘'R*%;

R** to R*® each independently represent hydrogen, lower

alkyl, aryl or Het;
n=20oxr 1;
and m = 0 to 5;

provided that when n = 1 then m equals 0, and when n

equals 0 then m does not equal 0.



57. A catal yst system preferably wherein said system

is for use in a process for the hydrofornylation of
werdwgloedarcal | y unsat urated conmpounds and whi chP@T/GBe®s/002859

conprises reacting said ethylenically unsaturated

conpound wi th carbon nonoxi de #nd hydrogen, in the

presence of said system the catalyst system

obt ai nabl e by conbining: a) a Goup VIII netal

coppount Frdtefddeds NcBayméd ecedi gaycl 3 Mephd) 12 to 10,
bi dent at e phosphi ne as defined in an?; Er ecedi ng claim
and whevke¥eime Ratzdprasenist epri sadhulaneer bsedoing group,

n he Rarmens bl e si
& oup WATERETRPE el "B Rng 0 of or it on

reacti on catalyst systemfor the catalysis of
et hyl eni cal | y unsat urated conpounds w th carbon

monozfde @hd hPFGEER in FAE preédénce ovoEafgraydpsdrn  of
the Caté‘l’:ﬁ[ﬁfeﬁi’?éco Obﬁﬁgﬁg@k%g?& Cg%b@)h?ﬂs: aﬁsfafdesc:‘ribed

Goup VII'I" neta oun Ined 1n any preceding

clai m hexbinbebodenwitle prtephice tas e ievednpleserein.
preceding claim and wherein the catalyst systemis
characterised in that a chlorine noiety is present in

at | egst smi @atnDydt VEVLteR! abredepauny. wifbréAn said system
reacti on nmedi um conprising a catalyst system and a

sol ventS PPEf &gl i wheriaress dfeedibm ihydrpfomwlation of
ethylenically unsaturated compounds and which process

comprises 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 as .defined in any
preceding claim; and
Vb) a bidentate phosphine as defined in any preceding

claim,

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

Group VIII metal compound.

58. A hydrofofcmylation reaction. 'catalyst systerﬁ for
the catalysis of ethylenically uﬁsaturated compAounds‘
‘with carbon monoxide and hydrogen in the presence of
said system, the catalyst system obtainable = by

combining:

‘a) a Group VIII metal compound as. defined in any

preceding claim; and



a process for the hydrofornylation of ethylenically
unsat ur at ed conpounds and whi ch process conprises

w0 e@sndg sai d et hyl eni cal |y unsat urat ed conpoR@GBRG0/002859

car bon nonoxi de and hydrogen, in the presence of said
system and said sol vent, wherel’n said solvent is as
defined in any preceding claim the catal yst system
obt ai nabl e by conbining: a) a nmetal of Goup VIII or a

conpblrd bi€eenktas sleddpiechd nagnydr eeedi nch ChabMpreceding
and b) bi dent at e phosphi ne as defined in any
precedl‘ﬁga:‘d‘i"al m and wherein the reaction nediumis
characterised in that a chlorine noiety is present in

at least one of the said Goup VIII netal conpound or

sai dagd| wimereimc [t ngataky@’osssi}tsﬁémyisf bha'angcterised in
present.in bag drofqrrrylatlon reacti

e B wilbr SOHOZIPE ARATEH o by PEEBSHCCA & least said
systeppbapdvaI $on¥eal , corsdehd@bl y wherein said system

is for use in a process for the hydrofornyl ati on of

et hyl eni cal | y unsat ur at ed corrpounds and whi ch process

CONPE§ Ses A §aCld gms ?rlegil%wg %n scaat ﬁ'LYS‘ﬁZd system and

conpound w t car Oon nmonoxi

pr esgnseloénsai preﬁsrablyndhéaednseb\i.dnmed\mef gigh foat dise in
sol vent 'is as de ffc?d-{]ed in an precedi ng cl a| t he '
cat af y RESRI L m i aithsbl ]éY FOEBEBY hpRgon a?f"tal”tﬂ}enlcallY

of %ﬂé‘é’tyfétegr @oﬁ@gﬁﬁagd ta!}ﬁf eofin hde%'r%%%s'sn HBmprises

preceding claim and b) a bidentate osp I ne as

def i rRRCt Ananyeaicecethyyenically unsaturated compound with
carbon monoxide and hydrogen, in the presence of said
system and said solvent, 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 thereof as
defined in any preceding claim; and
b) a bidentate phosphine as defined in any preceding

claim,

and wherein the reaction medium is characterised in
that a chlorine moiety is present in at least one of
the said Group VIII metal compound or said solvent,

including the possibility of being present in both.

60. A hydroformylation reaction medium, wherein said
medium comprises a éatalyst 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’



claim and wherein the reaction nediumis
characterised in that a chlorine noiety is present in
wa@etoos®e®ro one of the said Goup VIII netal conpoU/os2@n/002859
sai d solvent, including the possibility of being
present in both. 61. The use o a catal yst system as
defined in any preceding claimfor the
hydr of ormyl ati on of ethylenically unsaturated
CONPaHAdhy SIS A rC MY | §188chbe siresLfa r 8pstéMdand said
said ethylenically unsaturated conmpound with carbon
nmonofPHEeRRd hHykrBEn, Said heopvesences ofassaddfined in any
cat e T se.o act.ion medi,um as
def ?%é%&leﬁxg yn%%g‘g‘éai @é& a?%é?%é‘fheéysqcem obtainable by
hydr obmbimliagk on of ethylenically unsaturated ‘
conpounds, said use conprising the step of reacting
said ethylenically unsaturated conmpound with carbon

nmonoxi de aR¢Nydeededyrohd HhE Pr gsenge eémﬁéﬁﬂd thereof as

reacti on medi um
defined in any preceding claim; and
b) a bidentate phosphine as defined in any preceding

claim,

and wherein the reaction medium is characterised in
that a chlorine moiety is present in at least one of
the said Group VIII metal compound or said solvent,

including the possibility of being present in both.

61. The use of a catalyst system as defined in any
preceding claim for the hydroformylation of
ethylenically unsaturated compounds, said . use

- comprising the step of reacting said ethylenically
unsaturated compound with carbon monoxide and hydrogen,

in the presence of said catalyst system.

62. The use of a reaction medium as defined in any
preceding claim for the hydroformylation of
ethylenically unsaturated compoﬁnds, said ~ use

comprising the step of reacting said ethyleniéally
unsaturated compound with carbon monoxide and hydrogen,

in the presence of said reaction medium.



