
WO 2007/0203913 PCT/082006/002935  1 IMPROVED CATALYST
SYSTM The present invention relates to a process for
the  carbonylation of ethylenically unsaturated
compounds, a  5 novel carbonylation. reaction medium
and a process for the carbonylation of ethyIenically
unsaturated compolmds using  a novel carbonylation
reaction medium. The carbonylation of ethylenically
unsaturated compou"ds  10 using carbon monoxide in the
presence of an alcohol or  water and a catalyst system
comprising a Group VIII metal,  eg. palladium, and a
phosphine ligand ege an alkyl  phosphine cycloalkyl
phosphine, aryl phosphine, pyridyl  phosphine or
bid..entate phosohine, has been described in 15
numerous European patents and. patent applications,
ego EP-- A--0055875, EP-A-04489472, EP-A-0105379,
EP-A-0235854, EP- A-0274795, F-A-0499329,
EP-A-0385833, EP--A-0441147, EP-A- 0489472,
EP-A-0282142, EP-A-0227150, E,P`-A-0495547 and EP--
A--0495548. In part%cular, EP--A-42271660,
EP-A-0495547 and 20 EP-A-0495548 disclose that
bidentate phosphine ligands  provide catalyst systems
crhich enable higher reaction  rates to be achieved. A
greater improvement to such bidentate phosphine
ligands  25 is provided in WO 95/19434 which discloses
a bridging  group in the form of an optionally
substituted aryl  moiety, linked to the said
phosphorous atoms via available  adjacent: carbon
atoms on the said aryl moiety. Such a  lig:.nd is more
stable and leads to reaction rates which 30 are
significantly higher than those previously disclosed
and produces little or no impurities for the
carbonylation  of ethylene. Each phosphorous atom in
the said ligand is  



also linked to two tertiary carbon atoms. WO
2007/020379 PCT1GB20061002915  However, conventional
metal--catalysed reactions, such as  those described
in WO 96/19434 tend to suffer from the  drawback that
the catalyst tends to de-activate over the 5 course of
a period of continuous operation as the  palladium
compound is reduced to palladium metal, thus
contributing an important factor in the economic
viability  of the process. 10 01/10551 addressed this
problem via  the use of stabilising compounds such as
polymeric !0 dispersants in the reaction medium, thus
improving the  recovery of metal Which has been lost
from the catalyst  system. Interestingly, however,
none of the examples  actually relate to a continuous
process and, therefore,  little knowledge of the
effect on recovery of metal or  15 other factors can
be obtained from the disclosure. Although catalyst
systems have been developed which  exhibit reasonable
stability during the carbony'lat:.on  process and
permit relatively high reaction rates to be 20
achieved, there still exists a need for improved
catalyst  activity. Suitably, the present invention
aims to provide,  inter ilia, an improved continuous
process for  carbonylation of ethylenically
unsaturated compounds and a  carbonylation reaction
medium for such continuous 25 processes for
carbonylating ethylenically unsaturated  compounds. In
particular, improvements to bidentate  phosphine
ligand containing catalyst systems are sought.
Palladium and other precious metals in Group VIB or
Group 30 VIIIB are expensive commodities and as
mentioned above the  rate of use of this commodity
contributes to the economic  viability of carba
ylation processes using such metals.  



One expression of the efficiency of the use of the WO
20071020379 PC'T/GB2005/002915  3 catalytic metal is
turnover number (TON) which is defined  as Moles of
Carbonylation Product/boles of Catalytic  Metal. A
high TON number indicates a more efficient and  cost
effective process. in the past efforts have 3
concentrated on high rates of production of
carbonylation  product to maximise yield in this
respect. Catalyst activity per unit volume of reaction
medium can  be expressed in terms of the production of
carbonylation  10 product per unit time from a iuzit
volume of reaction medium, and is measured in units of
product kg.hr".d 3.  This measure is known as the
active catalyst concentration  factor (ACCF). 15
According to a first aspect of the present invention
there  is provided a continuous carbonylation process
for high  turnover carbonylation comprising
carbonylating an  ethylenically unsaturated compound
with carbon monoxide in  the presence of a source of
hydroxyl groups and a catalyst 20 system comprising
(a) a bidentate phosphine, arsine or  stibine ligand,
and (b) a catalytic metal selected from a  group VIE
or group VIIIR metal or a compound thereof  wherein
the catalytically active concentration of said
catalytic metal, measured as the ACCF (product
Kg.hr-t,cnti  25 3) is held at less than t;,5. By
continuous herein is meant that the respective
concentrations of ethylenically unsaturated compound,
carbon monoxide, the source of hydroxyl groups and, 30
preferably, the catalyst system are held substantially
constant during the process. 



WO 2007/020379 PCT/GB2006t902915  4 According to a
second aspect of the present invention  there is
provided a carbonylation reaction medium and  product
stream thereof for a continuous carbanylation  process
comprising in the reaction medium an ethylenically f>
unsaturated compound, carbon monoxide, a source of
hydroxyl groups and a catalyst system comprising: (a)
a bidentate phosphine, arsine or stibene ligand,  and
(b) a catalytic metal selected from a group 113 or  10
group 7111B metal or a compound thereof wherein  the
catalytically active concentration of said  catalytic
metal in said median, measured as the  ACCF (product
kg.hC . dm-3), is maintained at less:  than 0.5 15 For
the avoidance of doubt, the ACCF of the carbonylation
reaction medium. for a continuous process is generally
measured in the product stream, 20 Preferred features
of the invention will be apparent from  the dependent
claims, and the description which follows.
Preferably, the ACCF is less than 0.4, more
preferably,  less than 0.35, most preferably, less
than 0.30, 25 Typically, the ACCF range is 0.005 to
0.49, more typically  0.01 to 0.39, most typically,
0.05 to 0.34. Especially  preferred is an ACCF of 0.1.
to 0.29 kg. de:-3.hr"' . 30 Typically, the low ACCF of
the present invention is held  or maintained by
suitable dilution of the carhonylation  reaction
medium. Preferably, dilution is effected with  



one of the components of the reaction medium other
than. WO 2007/020379 PCT/GB2006/002913  the catalyst
metal, more preferably, by means an  additional
solvent, carbonylation product or hydroxyl  group
containing o<tpou:nd. The carbonulation product, when
capable of acting as a solvent is particularly
preferred.  Preferably, the catalyst system also
includes as a further  component (c) an acid. By
"acid", we meat, an acid or salt thereof, and
references  .1.0 to acid should be construed
accordingly. Suitably, all of components a), b)) and
c) (when present.)  of the catalyst system can be
added in situ to the  reaction vessel wherein the
carbonylation is to take 15 place. Alternatively, the
components ai , b) and c) (when  present) can be added
sequentially in any order to form  the catalyst
system, or in some specified order, either  directly
into the vessel or outside the vessel and ;:hen  added
to the vessel. For instance, the acid component c) 20
(,Wen present) may first be added to the bidentate
ligand  component a), to form a protonated ligand, and
then the  protonated ligand can be added to the metal
or compound  thereof (component b)) 4_:o form the
catalyst system.  Alternatively, the ligand component
a) and metal or  21 compound thereof (component b))
can be Nixed to form a  chelated metal compound, and
the acid (component c)) is  then optionally added.
Alternatively, when the acid  component c) is to be
used, any two components can be  reacted together to
form an intermediate moiety which is 30 then; either
added to the reaction vessel and the third  component
added, or is first reacted with the third  



component and then added to the reaction vessel.
However,  in the continuous process it is preferred
that the WO 2007/020379 PCT/412(06/002915  6
components a), b) and c) are all added independently
of  each other at a. continuous rate. The present
invention is also directed to a catalyst  system as
defined above wherein the relative molar
concentrations of both the bidentate ligand and the
acid  are at levels in excess of those previously
envisaged,  le ding to surprising and unexpected
advantages when using  the catalyst system in the
carbonylation of ethylenically 10 unsaturated
compounds, and the alleviation or at least  reduction
of at least some of the disadvantages of the  prior
art systems. in any case, the use of a catalyst
system of the present invention leads at least to a
more  stable system, with improved turnover numbers in
15 carbonylat.ion reactions of ethylenically
unsaturated  compounds. The amount of bidentate ligand
used can vary within wide  limits. Preferably, the
bidentate ligand is present in an  20 amount such that
the ratio of the number of moles of the bidentate
ligand present to the number of moles of the  Group
VIB or VIIIB metal present is from 1 to 50 eg. 1 to
10 and particularly from 1 to 5 mol per mol of metal.
More preferably, the mol:mcl range of compounds of
formula 25 1 to Group VIIIB metal is in the range of
1:1 to 3:1, most  preferably in the range of 1:1 to
1.25:1. Conveniently,  the possibility of applying
these low molar ratios is  advantageous, as it avoids
the use of an excess of the  compound of formula I and
hence minimises the consumption 



30 of these usually expensive compounds. Suitably, the
catalysts of the invention are prepared in a separate
step  preceding their use in-situ in the carbonylation
reaction  of an e.thlenically unsaturated compound. WO
200 1/020379 PCTIGB2006/002915  However, in an excess
acid system the ligand may be  present in the
catalysis: system, or precursor thereto, in  excess so
that the ratio at said ligand to the said metal  (i.e.
component a) to component b)) is at least a 2:1  molar
ratio. Preferably, the ratio of said ligand to the
said metal in such systems is greater than a 2:1 molar
rati more preferably in the range 2:1 to 1000;1, even
more preferably in the range 2.5:1 to 1000:1, yet more
10 preferably in the range 3:1 to 1000:1, even more
preferably in the range 5:1 to 750:1, more preferably
in  the range 7:1 to 1000:1, especially in the range
0:1 to  900:1, still more preferably in the range 10:1
to 500:1,  yet still more preferably in the range 20:1
to 400:1, even 15 more preferably in the range 50: 1
to 250:1, most  prefe_rab.Ly in the range in excess of
SO:1, for example  51:1 and upwards, more specifically
51.1 to 250:1 or even  to 1000.1. Alternatively, the
said ratio can be in the  range 15:1. to 45:1,
preferably 20:1 to 40;.'1, more  20 preferably 25:1 to
35:1. As stated above, acid may be present and this
may be in  excess in the catalyst system, or precursor
thereto,  preferably, in such quantity that the ratio
of said acid 25 to the said ligand (i.e, component c)
to component a)) is  at least a 2:1 molar ratio.
Prererably, the ratio of said  acid to the said ligand
in such excess acid systems is  greater than a 2:1
molar ratio, more preferably in the  



range 2:1 to 100:1, even more preferably in the range
4:1 30 to 100:1, yet more preferably in the range 5:1
to 95:1,  still more preferably in the range greater
than 5:1 to  95:1, yet: more preferably in the range
greater than. 5:1 to  75:1, more preferably in the
range 10:1 to 50:1, even more WO 2007/020379
PCTIG112006/002915  9 preferably in the range 20:1 to
40:"1, still more  preferably in the range greater
than 20:1 to 40:1 (e.g.  25:1 to 40:1, or 25:1 to less
than 30:1), more preferably  in excess of 30:1,
suitably with any of the upper limits 5 provided
hereinbefore (e.g. 34:1 to 40:1) , or 50:1,  etc.), or
more preferably in excess of 35:1, yet more
preferably in excess of 37:1, suitably either with any
of  the upper limits provided hereinbefore. Each of
the  ranges in this paragraph can be used in
conjunction with 10 each of the ligand to metal ratio
ranges disclosed  hereinabove, i.e. ratios of
component a) to component b).  The advantages in
working within the l_Lgand to metal, and  acid to
ligand ratios, set out above in an excess acid 15
system are manifest in that the stability of the
catalyst  system is further improved over that
surprisingly provided  by the low ACCF, as evidenced
by further increases in the  turnover number. (TON) of
the metal. By improving the  stability of the catalyst
system, the usage of metal in 20 the carbonylation
reaction scheme is kept to a minimum. in effect, the
level of acid should be such that for the  particular
bidentate ligand employed, the level of acid  should
be such that phosphene, arsine or stibine is fully. 25
protonated. Hence, to show the improved effects, the
level of ligand should be above some minim m level, as



given by the ligand:metal molar ratio, and the level
of  acid should be above some minimum level with
respect to  the level of ligand present to encourage
protonation, as  30 given by the acid:ligand molar
ratio. Preferably, the acid is present in the
catalyst: system, or  precursor thereto, in such
quantity that the molar ratio WO 2007/020379
PCTNGB20051002913  of said acid to said metal (i.e.
component c) to component  b)) in the excess acid
system is at least 4:1, more  preferably from 4:1 to
100000:1, even more preferably 10 .  to 75000:1, yet
more preferably 20:1 to 50000:1, yet still  more
preferably 25:1 to 50000:7., yet still more preferably
30:1 to 50000:1, yet even more preferably 40.1 to
40000:1,  still more preferably 100:1 to 25000:1, more
preferably  120:1 to 25000:1, more preferably 140:1 to
25000:1, yet  still more preferably 200:1 to 25000:1,
most preferably 10 550:1 to 20000:1, or greater than.
2000:1 to 20000:1.  Alternatively, the said ratio can
be in the range 125:1 to  485:1, more preferably 150:1
to 450:1, even more  preferably 175:1 to 425:1, yet
even more preferably 200:1  to 400:1, most preferably
225:1 to 375:1. Each of these 15 ranges in this
paragraph can be used i:n r..onpunctior with  each of
the ligand to metal ratio ranges disclosed
hereinabove, i.e. ratios of component a) to component
b),  and/or each of the acid to ligand ratio ranges
disclosed  hereinabeve, i.e. ratios of component c) to
component a)  20 For the avoidance of any doubt, all
of the aforementioned  ratios and ratio ranges apply
to all of the li< and  embodiments set out in more
detail hereinafter. However,  it should also be borne
in mind that the presence of acid 



25 is optional and not essential to the present
inve.:<tion.  Accordingly, the possibility of excess
acid in the system  is also optional and not essential
to the present  invention. 30 The advantages of the
ACCF aspects of the invention, set  out above are
manifest ir, that the stability of the  catalyst
system is improved, as evidenced by increases in  the
turnover number (TON) of the metal, By improving the
WO 2007!020379 PCT/GB2006/002995  10 stability of the
catalyst system, the usage of metal in  the
carbonylation reaction scheme is kept to a minimum. In
one embodiment of the present invention, the bidentate
5 phosphine ligand is of general formula (1) Ft1 """
1. CR Ri? A3  R3.. C C R2  R' wherein:  10 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, B and Z
are substituents of the aryl moiety (Az) and  each
independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyan, nitro, OR'", OC(O)R2, C(C)R2',
C(G)002,  NR23a24, C(0)NR23R" C(S)R25R" SR",
C(0)SR.2', or -J 20 Q3 (CR1' (R'4) (R15) CR'6 (R17)
(R'8) where J represents lower  alkylene; or two
adjacent groups selected from K, Z, 1) and  E together
with the carbon atoms of the aryl ring to which  they
are attached form a further phenyl ring, which is  



optionally substituted by one or more substituents 25
selected from hydrogen, lower alkyl, halo, cyano,
nitro,  OR" 3C (O) Re, L (C) 821, C (t7) CR`, _R23fl2Q
r; 25826  c(S)R R"K SR2' or C(O)SR2e; r WO 2007102037
9 P IG132006/0029I5  11 R!.s to R'8 each independently
represent hydrogen, lower  alkyl, aryl, or Het,
preferably each independently  represent lower alkyl,
aryl, or Het; R'o to R27 each independently represent
hydrogen, lower  S alkk rl, aryl or Het; Ri to R''
each independently represent hydrogen, lower  alkyl,
aryl, or Net, preferably each independently  represent
lower alkyl, aryl, or Het; 10 Q't, Q and Q3 (when
present) each independently represent  phosphorous,
arsenic or antimony and in the latter two  cases
references to phosphine or phosphorous above are
amended accordingly, with preferably both Qi and Q' 15
representing phosphorus, more preferably all of Qi, Q2
and  Q3 (when present) representing phosphorus.
Suitably, the bidentate phosphines of the invention
should  preferably be capable of bidentate
coordination to the  20 Group VIE or Group V1Irb metal
or compound thereof, more  preferably to the preferred
palladium. Preferably, when K, L), E or Z represent
-J- Q3(CR''3(H'4) (H'5))CR''e(Pn) {Rio) , the
respective K, D, E or Z  25 is on the aryl carbon
adjacent the aryl carbon to which A or B is connected
or, if not so adjacent, is adjacent a  remaining K, D,
E or Z group which itself represents --j- 



Q'(CR'-'(R'4) fR5?)CR'6(R'7) (R.o} 30 Specific but
non-limiting examples of bident:ate ligands  within
this embodiment include the following: 1,2-bis--(di-
tert-butylphosphinonnetbyl)benzene, 1,2-bis-(di-tert-
pentylphosph:i:nomet:hyl) benzene, 1, 2- his-
(di-tert- WO 20071020379 PCT/GB2006/002915  12
butylphos hinomethyl)napht iaiene, Nevertheless, the
skilled person in the art would appreciate that other
bidentate ligands can be envisaged without departing
from  the scope of the invention. The term "4r" or
"aryl" when used herein, includes five-
to-ten-membered, preferably, six-to-ten membered
carbocyclic aromatic groups, such as phenyl and
naphthyi,  which groups are optionally substituted
with, in addition 10 to SC, D, E or ,, 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, OR19, OC(O)R2", C(c)R` , C(O)OR",  NR231,2k
C(O)N.R25R2G SR3, C(O)SR27 or C(s)NR2DR26 wherein R19
15 to R" each independently represent hydrogen, aryl
or  lower alkyl]. (which alkyl group may itself be
optionally  substituted or terminated as defined
below). Furthermore,  the aryl moiety may be a fused
polycyclic group, e.g.  naphthalene, biphenylene or
indene. 20 By the term "a metal of Group VIB or Group
1113" in a  compound of formula 1 we include metals
such as Cr, Mo, W,  Fe, Co, Ni, Ru, Rh, Os, Ir, Pt
and. Pd. Preferably, the  metals are selected from Ni,
Pt and Pd, More preferably, 25 the metal is Pd. For
the avoidance of doubt, references  



to Group VIB or Vr1113 metals herein should be taken
to  include Groups 6, 8, 9 and 10 in the modern
periodic table  nomenclature. 30 The term "Het", when
used herein, includes four --to-twel've- mentbered,
preferably four-to-ten-membered ring systems,  which
rings contain one or more heteroatoms selected from
nitrogen, oxygen, sulphur and mixtures thereof, and
which WO 2007/020379 PCT/CB2006/002915  13 rings may
contain one or more double bonds or be non- aromatic,
partly aromatic or wholly aromatic in character.  The
ring systems may be monocyclic, bicyclic or fused.
Each ":[et" group identified herein is optionally S
substituted by one or more substituents selected from
halo, cyano, nitro, oxo, lower alkyl (which alkyl
group  may itself be optionally substituted or
terminated as  defined below) OR19, OC(O)R20, C(O)R23
C(O)C,,", NR23R24  C(O)N _425-16, SR27, C(fO)SR27 or
C(S)NRG5R`G wherein 819 to per  11 10 each
independently represent hydrogen, aryl or lower alkyl
(which alkyl group itself may be optionally
substituted or  terminated as defined below). The term
"Het" thus includes  groups such as optionally
substituted azetidinyl,  pyrroiidinyl, :Lmiclazolyl,
indolyl, furanyl, oxazolyl,  15 ioxa i 1- :
isoxazolyl, ~ azolyl, i- __a.Gaccaly.l, thiadiazolyl,
triazolyl, oxatriazolyl, thiatriazolyl, pyridazinyl,
morpholinyl- pyrimidinyl, pyrazinyl, quinolinyl,
isoquinolinyl, piperidinyl, pyrazolyl and piperazinyl.
Substitution at het may be at a carbon atom of the Het



20 ring or, Where appropriate, at one or more of the
heteroatoms. "Het" groups may also be in the form of
an N oxide. 25 The term "lower alkyl" when used
herein, means C to Cie  alkyl and includes methyl,
ethyl, propyl, butyl, peaty;.,  hexyl and heptyl
groups. Unless otherwise specified, alkyl  groups may,
when there is a sufficient number of carbon  atoms, be
linear or branched, be saturated or unsaturated, 30 be
cyclic, acyclic or part cyclic/acyclic, and/or be
substituted or terminated by one or more substituents
selected from halo, cyano, nitro, O09, OC(O)R20,
C(O)R2',  C(O)OR12, NR"R24, C(O)NR2SR2s SR2',
C(O)SR`'', C(S)NR25R26 W{) 20071020379
PCT1GB20061002915  14 aryl or Het, wherein R19 to R27
each independently  represent hydrogen, aryl or lower
alkyl, and/or be  interrupted by one or more oxygen or
sulphur atoms, or by  silano or dial)cylsilcon groups.
5 Lower alk> l groups or alkyl groups which RA, W, R3,
R4.  R5, R6, R7, Ra, .R3 R1o RI x R12, R.13 R1n R1s
R1s R17 Rte  R1?,, R2.0, R21, R22 R23, R24, R25, R26,
R2', K, D, E and Z may  represent and with which aryl
and Het may be substituted, 10 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 sulphur atoms, or  by
silano or dialkylsilicon groups, and/or be substituted
15 by one or more substituents selected from halo,
cyano,  nitro, 7819, 0.^^.(G)R20, <<(0)R2', C(0)0 22,
2JR23R24, C(0)NR25R"  SR2', C(0)SR21, C(S)NR2SR2Ei,
aryl or Het wherein R19 to R27  



each independently represent hydrogen, aryl or lower
alkyl. 20 ;Similarly, the tern "lower alkylene" which
j, is and J  (when present) represent in a compound of
formula 2, when  used herein, includes C1 to Ca groups
which are bonded to  other moieties at least at two
places on the group and is  25 otherwise defined in
the same way as "lower alkyl". Halo groups with which
the above-mentioned groups may be  substituted or
terminated include fluoro, chloro, bromo  and iodo. 30
where a compound of a formula herein contains an
alkenyl  group, cis (E) and trans (Z) isomerism. may
also occur. The  present invention includes the
individual sterecisoi::ers of WO 2007/020379
PCTJGB2006/002915  15 the compounds of iny of the
formulas defined herein and,  where appropriate., the
individual tautomeric forms  thereo?`:, together with
mixtures thereof. Separation of  dxast:ereoisomers or
cis and trans isomers may be achieved h by
conventional techniques, e.g, by fractional
crystallisation, chromatography or H.P.L.C, of a
stereoisomeric mixture of a compound one of the
formulas  or a suitable salt or derivative thereof. An
individual  enar tiomer of a compound of one of the
formulas may also 10 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 diastereoisomerio  salts formed
by reaction of the corresponding racemate 



15 with a suitable optically active acid or base, as
appropriate. All sr:ereoisomers are included within
the scope of the  process of the invention. 20 it will
be appreciated by those skilled in the art that  the
compounds of formula i may function as ligands that
coordinate with the Group VIE or Group ViliB metal or
compound thereof in the formation of the catalyst
system 25 of the invention. Typically, the Group VIB
or Group, VilLa  metal or compound thereof coordinates
to the one or more  phosphorous, arsenic and/or
antimony atoms of the compound  of formula 1. 30
Preferably, R; to R18 each independently represent
lower  alkyl or aryl. More preferably, RI to RI8 each
independently represent. Cl to C6 alkyl, CI-C6 alkyl
phenyl  (wherein the phenyl group is optionally
substituted as WO 2007/020379 PAC T/GB2006/002913  16
defined herein) cr phenyl (wherein the phenyl group is
optionally substituted as defined herein). Even more
preferably, R1 to R1' each independently represent C1
to C6  alkyl, which. is optionally substituted as
defined herein. 5 Most preferably, R1 to R10 each
represent non-substituted  C, to C6 alkyl such as
methyl, ethyl, n-propyl, iso -p ropy-I.,  n-butyl,
iso-butyl, tort-butyl, pentyl, hexyl and  cyclohexyl.
10 Alternatively, or additionally, each of the groups
R" to  R3, R4 to R6, R7 to R9, R10 to H'2 R3 s to R1'
or H16 to Rte  together independently may form cyclic
strictures such as  1-norbornyl or 1-norhornadienyl.
Further examples of:  



composite groups include cyclic structures formed
between  15 R`-RI'. Al.ternativel5r, one or more of
the groups may  represent a solid phase to which the
ligand is attached.  in a particularly preferred
embodiment of'. the present.  invention R", R4, R7,
R4, R'' and RL6 each represent the 20 same lower
a:Lkyl, aryl or Het moiety as defined herein,  R2, R',
R, R", R14 and R17 each represent the same lower
alkyl, aryl or Het moiety as defined herein, and R',
R6,  Re, R12, R1' and RE8 each represent the same
lower alkyl,  aryl or Het moiety as defined herein.
More preferably R1, 25 R4, Rr, R , R13 and Rib each
represent the same C1.--C6 alkyl,  particularly
non--substituted C3.-C6 alkyl, such as methyl,
ethyl., n-propyl, :Lso-propyl, n--butyl, iso-buty:L,
tent- butyl, pentyl, hex-y.i. or cyclohexyl; R2, R',
R', R11, R14 and  R17 each independently represent the
same C3,--C,; alkyl. as 30 defined above; and R3, R6,
R9, R12, R18 and R1 each  independently represent the
same C1-G6 alkyl as defined  above. For example.- R',
R4, R7, R", R1' and .R1f' each  represent methyl; R ,
R5, Re Ru R"4 and R1' each represent WO 2097/020379
PC'T'/G12006/002915  ].7 ethyl; and, P!e RFr ii9. R1Zr
x.7.5 and R.EI each represent n-- butyl or n-pentyl.
In an especially preferred embodiment of the present
5 invention each Ri to R18 group represents the same
lower  alkyl, aryl, or Het moiety as defined herein.
Preferably,  each Ri to iiid represents the same C1 to
C6 alkyl group,  particularly non-substituted Ci-C5
alkyl, such as methyl,  ethyl, n-propel, iso-propyl,
n-butyl, iso--butyl, tert 10 butyl, pentyl, hex-yl and
cyclohexyl. Most preferably, each  



R' to Rid represents methyl. in. the compound of
formula i, preferably each Q1, Q2 and Q3  (when
present) are the same. Most preferably, each Q`, Q2
I5 and Q3 (when en present) represents apyeceIltS
phosphorous. Preferably, in the compound of formula I,
A, B and J (when  present) each independently
represent C_ to C6 alkylene  which is optionally
substituted as defined herein, for 20 example with
lower alkyl groups. Preferably, the lower  alkylene
groups which A, B and J (when present) represent  are
non-substituted. A particular preferred lower alkylene
which A, B and J may independently represent is -CM2_
or - C2H4-. Most preferably, each of A, B and J (when
present) 25 represent the same lower alkylene as
defined herein,  particularly --CHt-. Preferably, in
the compound of formula I when K, D, E or u  does not
represent -J__Qs (CR;.s {214) {Ris)) R16 (i ') (R18) ,
I , 17,  30 E or Z represents hydrogen, lower alkyl,
phenyl or lower alkylphenyl. More preferably, H, D, 11
or Z represent  hydrogen, phenyl, Cl-CS alkylphenyl or
C1-C6 alkyl, such as WO 2007/020379
PC'T'/GB20E06/092915 la  methyl, ethyl, propyl, butyl,
perityl and hexyl. Most  preferably, K, D, E or Z
represents hydrogen. Preferably, in the compound of
formula 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, K, D, E and Z  each
independently represent hydrogen, lower alkyl, phenyl
or lower a .lkyiphenyl. more preferably, K, U, E and Z
each  independently represent hydrogen, phenyl, C1-c6
10 alkylphenyl or C1-C5 alkyl, such as methyl, ethyl,
propyl,  butyl, pentyl and hexyl. Even more
preferably, K, D, E and  



Z represent the same substituent. cost preferably,
they  represent hydrogen. 15 Preferably, in the
compound of formula I when K, D, E or Z  does not
represent -J-Q 3(CR''3(R14) (RLThCR1E(R=') (R10) and
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, each  of K, D, E and Z represent the same
group selected from 20 hydrogen, lower alkyl, aryl, or
:het as defined herein;  particularly hydrogen or
C1-C6 alkyl (more particularly  unsubstituted C1-C5
alkyl), especially hydrogen..  Preferably, in the
compound of formula I when two of K, D, 25 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 30 as defined below), Het, halo, cyano;
nitro, OR1" OC (O) R`0,  C(O)R", CC(O)OR22 NR"_R24,
C(O)NR25R25, SO', C(O)SR.2" or  C(S)NR25Rd4 wherein
R'9 to R2' each independently represent  hydrogen or
lower alkyl (which alkyl group may itself be WO
20071020379 PCT/GB 006/L002915  19 optionally
substituted or terminated as defined herein)  More
preferably, the phenyl ring is not substituted by any
substituents i.e. it bears hydrogen atoms only. 5
Preferred compounds of formula l include those
wherein: A and B each independently represent
unsubstituted C1 to  C6 alkylene; 10 K, D, Z and E
each independently represent hydrogen, C;-C5  alkyl,
phenyl, C'1-C6 alkyiphenyl or -.J- Q' (CON (W) (0) )
COB (R17) (RIB) where j represents  



unsubstituted. C1 to C6 alcyleae; or two of K, D, Z
and E  together with the carbon atoms of the aryl ring
to which 15 they are attached form a phenyl ring which
is optionally  substituted by one or more stibstituent
6 selected. from  lower alkyl, phenyl or lower
alkylphenyi. R1 to :RlF each independently represent
C1 to C6 alkyl,  20 phenyl or Cw to C6 alkyiphenyl.
Further preferred compounds of formula include those
wherein: 25 A and B both represent -CH2-- or C2H4,
particularly CH.; IC, D, Z and E each independently
represent hydrogen, C1-C6  alkyl phenyl or C1-C6
alkyl- or  Q3(CiR1'(Rid) (R15))CR1 (R17) (RK) where J
is the same as A; or 30 two at K, D, E and Z together
with the carbon atoms of the  aryl ring to which they
are attached form an unsubstituted  phenyl ring; WO
2007/020379 PCTiGB2006/002915  2 0 Rj to R16 each
independently represent C, to C6 alkyl; Still further
preferred compounds of formula I include  those
wherein. 5 t1 to R1 are the same and each represents
Cl to Cs alkyl,  particularly methyl. Still further
preferred compounds of formula i include  10 those
wherein: K, D, Z and E are each independently selected
from the  group consisting of hydrogen or 01 to A
alkyl,  particularly where each of K, 1, Z and E
represent the 15 same group, especially where each of
K, U, Z and E  represent hydrogen; or 



K represents -CH Q3(CR13(R")(it's))CRc16(R'7)(Rte) and
Fs,  and in are each independently selected from the
group  20 consisting of hydrogen or C, to C6 alkyl,
particularly where both E and E represent the same
group, especially  where D, Z and E represent
hydrogens Especially preferred specific compounds of
formula T  25 include those wherein. each Iti'1 to
icl` is the same and represents antethyl;  A and B are
the same and represent -F2-; K, D, Z and E are the
same and represent hydrogen.  30 in a still further
embodiment, at least one (CF"RY.-Rz) group  attached
to Q1 and/or Q`, i.e. CR1R'R3, CR'R'R', CR'R'R9, or WO
2007(020379 PCT/GB2006/002915  21. CRIOR!1R12 may
instead be represented by the group (Ad)  wherein: Ad
each independently represent an optionally substituted
5 adamantyl or congressyl radical bonded to the
phosphorous  atom via any one of its tertiary carbon
atoms, the said  optional substitution being by one or
more substituents  selected from hydrogen, lower
alkyl, halo, cyano, nitro,  011`3, OC(O)R2, C(O)R'1,
C(O)0R2 33;224 C((c))NR25 p ?I,  10 C(S).naS _~za^
SR.`? or C(O)$R"; or both (CR"LtyRz) nroups  attached
to either or both r.' and/or Q2, or Q3 (if  present),
form an optionally substituted 2-phospha
tricyclo(3.3.l.i(3,7}}decyl group (also termed a 2-
phospha-adan:antyl group (2-PA-group)) or derivative
15 thereof as more particularly defined hereinafter,
or form  a ring system of formula 



.  3( v  tea::. .\ ! .:}~.  20 wherein R 49 , and R
`54 each independently represent hydrogen, lower
alkyl or aryl; H`'' to R53, when present, each
independently represent  25 hydrogen, lower alkyl,
aryl. or Piet, and Y represents oxygen, sulfur or
N-R5$; and R when  present, represents hydrogen, lower
alkyl or aryl. 30 In this embodiment, formula I may be
represented as. WO 20071020379 M'%GFt2006;002915  22
(Ad) s (C R7RrR9) `CQ2--A- (x, U) Ar (E, Z) -B-Q- (Ad;
cfRiR2R3,  wherein Ar, A, B, ;.C, D, E and z, Q1, Q`,
and Q3, and R' to  S Raj are as defined hereinbefore
except that K, E and Z  may represent -J-Q? (Ad) w (
CR1s (R14) (R15) instead of -J- Q3 (CR'-4(&) (R"))
CR'6 (Rl') (R') and Ad is as defined above, S & U ==
0, 1 or 2 provided that 9 1- U 10 T & V - 0, 1 or 2
provided that T V S 3;  W & X - 0, 1 or 2. in addition
to the preferred embodiments for R1 to R- 'a, Q- to
Q', A, R, J (when present), K, D1, B or Z, ?1' to R2',
:t5 noted hereinbefc::re, all of which equally apply
to the present embodiment 'where at least one (Ad)
group is  present, the following also applies. 8
urther preferred compounds of formula i include those
20 wherein: A and B both represent -CR2-- or -C2H4-,
particularly -CE 2- K, D, Z and E each independently
represent hydrogen, c1-C6  



25 alkyl phenyl or n=1-C6 alkyl or
-J-Q3(Ad)W(CR13(R14) (R1')) where J is the same as A;
or two of K., U, E and Z together  with the carbon
atoms of the aryl ring to which they are  attached
form an un.suibstituted phenyl ring; 30 R1 to R3, R'
to R9, and Rea to R15 (when present) each
independently represent Cl to CS alkyl, and the total
number of (Ad) groups attached to Q^ and Q2 is ~ 3,
i.... U s 3, and w and = 0, 1 or 2. WO 209'7,/02133"9
PCT/GB20061002915  23 Still further preferred
compounds of formula I include  those wherein: a R"1
to R", R7 to R' and K13 to RID (when present) are the
saute and each represents C: to C5 alkyl, part:
j.cularly  methyl, and the total number of (Ad) groups
attached to Ql  and Q2 is - 3, 1.,, . S + Ue > 3. 10
Still further preferred compounds of formula l include
those wherein: K, I), Z and E are each independently
selected from the  group consisting of hydrogen or G1
to C5 alkyl,  15 particularly where each of K, D, Z
and E represent ?:.:he same group, especially where
each of K, I), Z and E  represent hydrogen; or. K
represents --CFi;; -Q3 (Ad,,, (CRI3 (R11) (R15)X and
D, Z and E are  20 each i dependently selected from
the group consisting of  hydrogen or C2 to 05 alkyl,
particularly where both D and  E represent the same
group, especially where n, z and E  represent
hydrogen, wherein W and y = 0, 1 or 2. 25 Especially
preferred specific compounds of formula  include those
wherein: each R1 to R', and .RJ to Q is the same and
represents  



methyl or the total number of (Ad) groups attached to
Q1  30 and Q2 is 2, i.e. S+ g = 2 A. and B are the
same and represent -C1i2-; K, D, Z and E are the same
and represent hydrogen. WO 2007/020379 P{
iGB200t6,0(c)2915  24 Especially preferred specific
compounds of: formula I  include those wherein Ad is
joined to Qi or Q2 at the same  position in each case.
Preferably S ? 1 and U A 1, more  preferably, S = 2
and U ? 1 or vice versa, most preferably 5 S a U = 2,
wherein S is the number of (Ad) groups attached  to P2
and U is the number of (Ad) groups attached to Q'
Specific but non-limiting examples of bidentate
ligands  within this embodiment include the
:Following. 1,2 10 his
(diadamantylphosphinornethyl)benzene, 1,2 his (di-3,
5- dimethyladarmntylphosphinometliyl)benzene, 1,2
his(di-5--
tert--butyladamantylp`.zosphinomethyl)benzene, 1,2
bis( i- .damantyl,
test-butyl-phosphinoinethyl)benzene, 1-
(d:i.ada33aa.:c i y:[.pbosphino>net:hyl) -2-
(di.-t:ert 15 butylphosphinomethyl)benzene,
1-(di-rert- bu.tylphosphinornethyl) -2
(dicongressylphosphir_omethyl)benzene, 1-(di-tert-
bu:tyl pb osph:i nomethy'.) -2- (phospha-adamantyl -
P--. methyl) benzene,
1-(diada*nautylphosphi.nometbyl)-2-(phosphor-- 20
adamantyl-P--methyl) benzene, 1-(tert--
butyla.damantylphosphinometbyl)-2-(di--
adamantylphosphinomethyl)benzene and 1-1(P--(2,2,6,6,-
tetra--methylphosphinan--4-one)
phosphinomethyl)1-2-(phospha- adawant:yl-P-methyl) :ex
zene, wherein "phosp?~a-adamantyi" is 25 selected from
2-phospha-1,3,5,7-tetramethyi--6,9,10--
trioxadamantyl,2--phospha-1,3,5--trimethyl-6,9,10  



trioxadamantyl, 2-phospha--1,3,5,7-tetra
(trifluoromethyl)- 6,9,10--trioxadamantyl or
2-phospha-1,3,5-
tri(trifluoromethyl)-6,9,10-trioxada3nantyl.
Nevertheless, 30 the skilled person in the art would
appreciate that other  bidetate. ligands can be
envisaged without departing from  the scope of the
invention. WO 20071020379 RC'T/GB20606/002915  25 in a
yet further embodiment, the bidentate phosphine
ligand is of general formula (Tit), X"  KID  catleb
ein: Al and A2, and A3, A4 and A5 (when present), each
independently represent lower alkylene; 10 R is
selected from the group consisting o hydrogen,  lower
alkyl, aryl, Het, halo, cyano, nitro, -OR' J
OC(O)R`0, --C(O)R21, -C(O)t7R22. RT(R2:s)p2a C(O)1
(iZ25)426  C(S) (R27)R21, -SR 29, --C(O)SR30, -ICF2 or
-a3--Q3( s~)x"; 15 D1 is selected from the group
consisting of hydrogen,  lower alkyl, aryl, Het, halo,
cyan, nitro, _.OR19 - OC(O)R7, C(O)R21 --C(0)OR22,
-N(R23)R2 -C(O)N(R2'`')R26,  C(S) (R2t)R23, -SR29,
C(O)SR3, -CF3 or -A -Q'(X')X8, 20 E1 is selected from
the group consisting of hydrogen,  lower alkyl, aryl,
Het, halo, cyano, r_itro, -OR19,  Oc (O)R2o, -C(O)R2:i
_C(0)0g22, -N((R23)R"', C(O)F ,R''' )R21,  (S)
(R27IR23. -SR29, -C(+O)SR30, -CF3 or -Tay-Q5(ti9)X1Q,
WO 2007/020379 PCT/GB2043Q002915  



26 or both D' and & together with the carbon atoms of
the  cyclopentadienyl ring to winch they are attached
form an  optionally substituted phenyl ring: S Xa
represents CRY(R2) (R3), congressyl or adarnantyl; X2
represents CR4(R5)(0), congressyl or adamantyl, or Xx
and.  X2 together with Q` to which they are attached
form an  optionally substituted 2--phospha- 10
tricyc:Lo[3.3.1.1{3,7}jdecyl group or derivative
thereof,  or X and. X2 together with Q2 to which they
are attached  form a ring system of formula lila V3
!?" f r5s  ui R52 (111a)  15 X3 represents CR' (Re)
(Ra) , congressyl or a.da[aar;tyl., X4  represents
CRa9(R'-3) {R"2), congressyl or adamantyl, or X3  and
X4 together with QI to which they are attached form an
optionally substituted 2-phospha.-
tricycle[3.3..l.l.{3,7}]decyl group or derivative
thereof, 20 or X3 and Y together with Q1 to which they
are attached  form a ring system of formula 1TTb Y?
sc1 6i H SS  +t. 't. trrr\ 11 W1 (52 (11b) WO
2007/020379 PCP/GD2006/0029 a"  27 



Y' represents CRL3 (R14) (R"'} , congressyl or
aoamjiannty'1, 6  represents CR' (&) (R1 ) ,
congressyl or adamantyl, or i5  and X6 together with
Q3 to which they are attached form an  optionally
substituted 2 -phospha 5 tricycio [ 3 .3 ,1 . 1 { 3 ,
7 } ]del group or derivative thereof,  or X' and Y6
together with Q" to which they are attached  form a
ring system of formula. Ilic yr,  T- R-z~a n5l kw
(Hie)  X7 represents CRsa{x"32 } (R33 congressyl or ad
a .,, XB ) . . 10 represents CR34(R35) (R36) ,
con.gressyl or adamantyl, or X7  and X0' together with
Q4 to which they are attached form an  optionally
substituted 2-phospha- tricyclo[3 1..1.1[3,7'3 decd
group, group, or derivative thereof, or X7 and X8
together with Q4 to which they are attached  15 form a
ring system of formula IIId Y1a Ear  {si R52  (md)
I',9 represents CR37 (Rs1) congressyl or adamantyl,
200  represents CR (F`A) ((R42) , congressyl or
adamanty'l, or X  and X" together with Q5 to which
they are attached form an  20 optionally substituted
2-phospha tricyclo(3.3.1.1.{3j}jdecyl group or
derivative thereof,  or Xs and Ki together with Q' to
which they are attached  form a ring system of formula
!Ile 



WO2007/ 20379 PCVGB2006/002.915  28  YI H rA  RSt R52
(We)  and in this yet further embodiment, Q' and Q2,
and ;?3, Q4 and Q (wizen Present), each  5
independently represent phosphorus, arsenic or
antimony; M represents a Group VIB or VIIIE metal or
metal cation  thereof; 10 L1 represents an optionally
substituted cyclopentadi.enyl,  indenyl or aryl group;
L2 represents one or more ligands each of which are
independently selected froze hydrogen, lower alkyl,
15 alkylaryl, halo, CO, P(R`}3) (R44)R44 or N(R")
(R'^7)R43 R' e R to R and R31 to R 42, when present,
each independently  represent hydrogen, lower alkyl,
aryl, halo or Het; 20 R'' to R3 and R43 to R4", when
present, each independently  represent hydrogen, lower
alkyl, aryl or Het; R49, RS4 and R", when present,
each independently represent  hydrogen, lower alkyl or
aryl; 25 I:" to R53, when present, each independently
represent  hydrogen, lower alkyl, arvl, or Het; 34'(3
2007/020379 PCT/GB2006/002915  29 y1, Y 2, Y3, Y4 and
Y5, when present, each independently  represent
Oxygen, sulfur or 1"7-Ro; n = 0 or 1;  



and in = 0 to 5; provided that when n = 1 then m
equals 0, and when n.  equals 0 then in does not equal
0. 10 Preferably in a compound of. formula iii when
both K'  represent., -A3--Q3(X')X6 and E1 represents
-A<-Q<x )XS, ttaen  D represents -A4--Q4(:X7)X8. 15
Preferably, in this embodiment, at to R'8 and R31 to
R42,  when present, each independently represent:
hydrogen,  optionally substituted C, to Cr, alkyl,
Ca-C6 alkyl phenyl  (wherein the phenyl group is
optionally substituted as  defined herein),
tri.fuoromethyl or phenyl (wherein the 20 phenyl group
is optionally substituted as defined herein).  Even
more preferably, R1 to R18 and R'1 to R4`, when
present, each independently represent hydrogen, C, to
C;  alkyl, which is Optionally substituted as defined
herein,  trifluoromet:hyl. or optionally substituted
phenyl- Even 25 more preferably, R' to R" and .'31 to
R42, when present each  independently represent
hydrogen, non-substituted C1 to Cc,  alkyl or phenyl
which is optionally substituted with one  or more
substituents selected from non-substituted C1 to  C6
alkyl or wq~' R" represents hydrogen or 30
unsubst:i.tuted C.1 to C6 alkyl. More preferably, R'
to R'8  and R31 to R42, when present, each
independently represent  hydrogen or non-substituted
Cl to C6 alkyl such as methyl,  ethyl, n-propyl,
iso-propyl, -n-butyl, iso-butyl, tert WO 20071020379
PCT/GB2006/002915 30  butyl, pentyl, hexyl and
cycloheyyl, especially methyl  Most preferably, R1 to
R10 and R 1 to R32 when present, each  independently
represent non-substituted C1 to C6 alkyl such  



as methyl, ethyl, n-propyl, _Lso-propyl, n-butyl, iso
5 butyl, tort-butyl, pentyl, he>xyl and cyclohexyl,
especially methyl. Alternatively, or additionally, one
or more of the groups  R1 to R3, R4 to R', R7 to R to
R12, R1i to IT", IV' to  'Y it 35 3' 1' 5 42 10 R18,
R3' to all, R to Ri' R' tc R or j all R' (when
present) together with the carbon atom to which they
are  attached independently may form cyclic alkyl
structures  such as 1-norbornyl or 1-norbornadienyl.
15 Alternatively, or additionally, one or more of the
groups  R1 and R2, R4 and R3, R7 and Re Rio and R2-1,
R1 and R'a R16  and R.', R31 and R3`, R34 and R3', R37
and R38 or R40 and R51  (,when present) together with
the carbon atom to which they  are attached
independently may form a cyclic alkyl 20 structures,
preferably a C5 to Cx cyclic alkyl structure  such as
cyclohexyl and cyclopentyl, and R3, Rb a', R'`2,  R15,
R1a, R33, R3', R39 and R42 (when present) each
independently represent hydrogen, lower alkyl,
triflucromethyl. or aryl as defined above,
particularly 25 non-substituted `-1 to C6 alkyl and
hydrogen, especially  non--substituted. C1 to C6
alkyl. In an especially preferred embodiment, each of
R1 to Ra8  and R31 to R42. when present, do not
represent hydrogen,  30 Suitably, such an arrangement
means Q1, Q1, ', Q4 and Q5 are bonded to a carbon atom
of X1 to X10, respectively,  which bears no hydrogen
atoms. WO 2007/020379 PCT(G8,2006/002915  31 PreE
E:T:a'o=ly, Ro Wa R7o R10 R13r F1e R3s R3a R3` and R40
(when present) each represent the same substituent as



def Wed herein; R2, Rs, R8, R11, S', RU 3:: R, R1r R",
} B. , " P3s and  R?i (when present), each represent
the same substituent as  5 defined herein; and R3, R6,
R9, R12 R15, R':f R33, R36, R39  and .{ 2. (when
present), each represent the same  substituent as
defined herein. more preferably R.1, R4, R`,  10 13,
'.16 3137 . 41 R R ~. ~ R34, R and R (when present)
each represent the same C1-Co alkyl, particularly non-
10 substituted C1-C5 alkyl, such as methyl, ethyl,
n-propyl;  iso--propyl, n-butyl, iso-butyl,
tart-butyl, pentyl, hexyl  or cyclobiexyl, or
trifluoromethyi; B72, R5, R0, B11 R'4. B.",  32 35 38
Ai 1~. , ~ ; ~ and ri (when present) , each
independently represent the sane C1-C6 alkyl as
defined above, or  15 trifluoramethyl; and R3, R5; R9;
R1'', R'5, RIB, P3'`' R3 R39  and 142 (when present),
each independently represent the  same C3.--C6 alkyl
as defined above, or trifluorometh 1. For  example:
R1, R R R10 R'3 and 516 (when present) each  represent
methyl; R R 5, R , 211, R1 and R1' each [represent 20
ethyl (when present) ; and, R3, Rfr, R9, 01, 115 and
R19 (when  present) each represent n-butyl or
n-pentyl. In an especially preferred embodiment each
R1 to R1' and  R3' to R42 group (when present)
represents the same  25 substituent as defined herein.
Preferably, each R1 to Ria and R3' to R" group
represents the same C, to C6 alkyl  group,
particularly non-substituted C,-C; alkyl, such as
methyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl,  tert-butyl, pentyl, hexyl and c_yclohexrl,
or. 30 trifluoromethyl. Most preferably, each R1 to
R1i3 and R1 to  Rae group represents non-substituted
C3--C6 alkyl,  particularly methyl. 



WO 20071020379 PCT!GB2006/002915  32 The term
adamantyl when used herein means an adamantyl  group
which may be bonded to Q1, Q2. Q3, Q4 and Q',
respectively, to ;:position 1 or 2.  Tricvclo
3.3.1..1. 3,7}ldecyl is the systematic name for an 5
ada;:3anl yl. grout), suitably Q', Q2, Q3, Q4 and Q5,
respectively, may be bonded to the 1 position or 2
position of one or two tricyclo[3.3.1.1..{3,7}]decyl
groups. Preferably, Q1 and Q2, and Q3, Q4 and Q5, when
present, is bonded to a tertiary carbon of one or more
10 adauiant.yl groups. Suitably, when the adamantyl
group  represent:.-, u_ns:ai-?st:ituted adairari:y:t.,
Q' a;1;:<. QG and Q3, 4  and Q5 when present are
preferably bonded to the I  position of one or more
tricyclo[3.3.1.l(3,7}]decyl groups  i.e. the carbon
atom. of t:he adania rtyl group bears no  15 hydrogen
atom. The adamantyl group may optionally comprise,
besides  hydrogen atoms, one or more substituents
selected from  lower alkyl, -OR'8, -OC(C)R20 halo,
ritro, -C(0)R21,  20 -C (O) Op'22, 2 cyan, aryl,  IR"
) R 21, -C (0)N,,F_1-1 R_6,  ..C(S) (R21)R`'8, -CF3,
-P(R56)R5', -PO(R10) (R5'). -P03H2,  -PC (ORSO) (OR6)
, or -SO3R62, wherein R'9 R"' R2 R22Res  H24; Res R",
R2', R28, lower alkyl, cyano and anl are as  defined
herein and R56 to R62 each independently represent  25
hydrogen, lower alkyl, aryl or Het. Suitably, when the
adani.n:tyi group is substituted with one  or more
substituents as defined above, highly preferred  sub
stituents include unsubstituted C1 to Ca alkyl, -OR19,
30 OC(0)R2d phenyl, _,C((c))OR.72, fluoro, --SO3H,
(R23) R24,  



-P(R56)0', -C(O)N(R25)R25 and -P3(RS8) (Rss) -CF3,
wherein R19  represents hydrogen, unsubstituted C1-Cg
alkyl or phenyl,  R20, R22, R23, R24, R25, R26 each
independently represent WO 20071020379
PC1'1GB2000002915  33 hydrogen or unsubstituted Cu.-C8
alkyl, Rs` to R'3, Rs' each,  independently represent
unsubstituted Ca--Cg alkyl or  phenyl. 5 Suitably, the
adamantyl gro;;p may comprise, besides  hydrogen
atoms, up to 10 substituents as defined above,
preferably up to 5 substituents as defined above, more
preferably up to 3 substituents as defined above.
Suitably, when the adaxnantyi group comprises, besides
10 hydrogen atoms, one or more substituents as defined
herein, preferably each substituent is identical.
Preferred subsst.ituerits are unsubstituted Q-Ce alkyl
and  trifluorom.ethyl, par::ic'ul srly unsubstituted
C.,--C8 alkyl  such as methyl. A highly preferred
adamantyl group 15 comprises hydrogen atoms only i.e.
the adamant:yl group is  not substituted. Preferably,
when more than one ada^antyl group is present  in a
compound of formula III, each adrainantyl group is  20
identical. By the term
2-phosphor-tricyclo[3.3.1-.1,13,71;decyl group  we
mean a 2-phospha-adamantyl group formed by the
combination of X' and X2 together with Q` to which
they are 25 attached, a 2--phospha-adamantyl group
formed by the  combination of X3 and X4 together with
Q1 to which they ere  attached, a 2-phospha-adamantyl
group formed by the  combination of X5 and X together
with Q3 to which they are  attached, a
2-phospha-adamanty:l group formed by the 



30 combination of X' and X~ together with Q' to which
they are  attached and a 2-phospha--adamantyl group
formed by the  combination of X9 and X)"` together
with Q5 to which they are attached, wherein Q', Q2,
Q3, Q4 and Q= is in the 2 WO 2007/020379
PCT/G1120061002915  34 position of the adamantyl group
of which it forms an  integral part and each of Q`,
(1, Q3, Q1 and Q5 represents  phosphorus. 5 The
2-phospha--tricyclo[3.3.1.1.{3,7}jdecyl. group
(referred  to as 2--phospha-adamantyl group herein)
may optionally  comprise, beside hydrogen atoms, one
or more substituents.  Suitable substituents include
those substituents as  defined herein in respect of
the adamantyl group. Highly 10 preferred substituents
include lower alkyl, particularly  unsubstituted CI-C8
alkyl, especially methyl,  trifluoromethyl, --OR'
;,lhe=.rein. '9 is as defined herein  particularly
unsubstituted C -Ca alkyl or aryl, and 4-
dod.ecy.phenyl. When the 2-phospha-adamantyl group
includes 15 more than one substituent, preferably each
substituent is  identical. Preferably, the
2-phospha-adamantyl group is substituted  on one or
more of the 1, 3, 5 or. 7 positions with a  20
substituent as defined herein. More preferably, the 2-
phospha-adamantyl group is substituted on each of the
1, 3  and 5 positions. Suitably, such an arrangement
means the  phosphorous atom of the.
2-phospha-adamantyl group is  bonded to carbon atom:
in the adamantyl skeleton having no 25 hydrogen atoms.
Most preferably, the 2-phospha-adamantyl  group is
substituted on each of the 1, 3, 5 and 7  positions.
When the 2-phospha-adamantyl group includes  



more than 1 substituent preferably each substituent is
identical. Especially preferred substituents are 30
unsubstituted Cx--Cs alkyl and trifluoromnethyl,
particularly unsubstituted CI-C8 alkyl such as methyl.
WO 2007/020379 PCT/G 620061100291-5  35 Preferably,
the 22-phos::ha--adamaatyl group includes  additional
heteroatoms, other than the 2--phosphorous atom,  in
the 2-p:hospha-ad.arnarityh skeleton. Suitable
additional  heteroatoms include oxygen and sulphur
atoms, especially _. oxygen atoms. More preferably,
tine 2-phospna-adamanoyl  group includes one or more
additional heteroatoms in the  e, 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, 1:; when the
2--phospha--ada::antyl group includes two or more
additional heteroatoms in the. 2--phospha--adamantyl
skeleton, each of the additional hetero toms are
identical. An especially preferred 2-phospha-adamantyl
group, which may optionally be substituted with one or
15 more substituents as defined herein, includes an
oxygen  atom in. each of the 6, 9 and 10 positions of
the 2- phospha-adamant_yl slkr l eton. Highly
preferred 2-phospha-adamantyl groups as defined  20
herein include 2-pho pha-1, 3 , ,'7-t e 'ra;7et yl 6,
9, 10- trioxadamantyl group,
2-phospha--1,3,5-trimethyl-6,9,l0- trioxadamantyl
group, 2-phospha-1,3,5,7- tetra (trifluo::rornei: h .'
-6,9, ' C t..r.:i.cExa I. marut .. group, 2-and
phospha-l. 3 , 5-tri. (trifluoromethyl; -6, 9,
l0-trio.~:a;'amantyl 26 group. Most preferably, the
2-phospha-adamantyl is  pho,s~ a .1, 3, 5,
7-tet:::am.ethyl 6, 9; 1.  selected from 



trioxadamantyl group or
2-phospa-1,3,5,-trimethy1-6,9,10- trioxada-nantyl
group. 30 Preferably, when more than one
2-phospha-a.damantyl group  is present in a compound
of formula ill, each 2--.phospha- adamantyl group is
identical. WEB 20071020379 PC1r'0B201?t 0i?2915  3U he
above definition of the ter- "2-phospha-
tricyfclo'3.3.1.i.{3,7)]decyl group" applies equally
to the  group when it is present in formula. I but
wherein: X in  formula III, i.e. X1, X2, X3...X10, is
denoted CP"RYRZ, :I-e.  S CR'R2R3, CR1bg17R1s in
formula I. The term congressy: when used herein means
a congressyl  group (also known as diamantyl group)
which may be bonded  to Q!, Q2, 3 Q4 and s , Q
Y'c?smectivt-.".ly. Preferably, Q' and 10 Q2, and Q3,
and Q5, when present, are bonded to one of  the
tertiary carbon atoms of the congressyl groups.
Suitably, when the congressyl group is urisubstituted,
Q''  and Q2, oral Q3, Q" and Q3 when present, are
preferably  bonded to the 1-position of one or more
congressyl groups.  15 The congressyl group may
optionally comprise, beside  hydrogen atoms, one or
more substituents. Suitable  substituents include
those substituents as defined herein  in respect of
the: adamantyl group. Highly preferred 20 substituents
include unsubstituted Cv-Cs alkyl groups,
particularly methyl, and trifluoromethyl. Most
preferably,  the congressyl group is :nxsubstituted
and comprises  hydrogen atoms only. 25 Preferably,
when more than one congressy'. group is present  



in a compound of formula III, each congreseyyl group
is  identical. Preferably, where one or more ring
systems of formula  30 IIIa, IIIb, IlIc, _111d or Ille
are present in a compound  of for:([ula III, R5U to
R'3 each independently represent  .ower alkyl, aryl or
EHet, which groups are optionally  substituted and/or
to minated as defined herein. Such an WO 2007/020379
PCT1GB20061002915  .'37 arrangement means Q2, iQ1, Q4,
Q4 and Q5 of the ring system  of formula Illa to Tile,
respectively, is not bonded to a  carbon atom
bearix<cr a hydrogen atom. Even more preferably,  R5n
to R53 each independently represent optionally 5
substituted C1-C6 alkyl, preferably non-substituted
C1-c_.6  alkyl, phenyl optionally substituted with
non--substituted  C,-C6 alkyl or OR19 where Ri9
represents non-substituted Ci- C6 alkyl, or
trifluoromethyl. Even more preferably R50 to  R$3 each
represent the same group as defined herein, 10
particularly non-substituted Cy-C6 alkyl, especially
methyl. Preferably, where one or more ring system of
formula .!Ila  to IIle are present in a compound of
formula TII, R'19 and  15 854 each independently
represent optionally substituted C, C6 alkyl,
preferably non-substituted C1_-C5 alkyl, phenyl
optionally substituted with non--substituted C,-C6
alkyl or  OR14 where R'9 represents non-substituted
C1-C6 alkyl,  trifluoromethyl or hydrogen. More
preferably, 849 and R54 20 represent the same group as
defined herein, especially  hydrogen. Preferably,
where one or more ring systems of formula. TI.ltia  to
Ille are present in a compound of formula. III, Y' to
y5  



25 are identical. Most preferably, each of Y1 to y5
represents oxygen. Preferably, where more than one
ring  system of formula Isla to !Ile is present in a
compound of  formula In , each such ring system is
identical. 30 Preferred embodiments of the present
invention include  those wherein: WO 2007/620379
PCT/GB2006/002915  38 Xr represents CR.1 (R') CR3) ,
X` represents CSR' (R') (R6) , k3  represents CR'(R)
(R9) and X4 represents C:R1(R'1) iR2); X'' represents
CCR` (R`) (R3) , h' represents adamantyl, X3  5
represents CR7(RE) (R9) and X4 represents adamarityl,
X' represents CRI(R2)(RX2 represents congressyl, X3
represents CR' (R,8) (R') and X4 represents
congressyl; 10 X1 represents CR1(R') (R3), X2.
represents CR4(R5) (R5), and X3  and X4 together with
Q' to which they are attached form a  ring system of
formula nib or a 2-phcsplia--ada-man.tyl  group; 15 Xl
represents CY''(R`) CR3), Xz represents adanantyl, X3
and  X4 together with Q:4 to which they are attached
form a ring  system of formula Ilib or, a
2--phospha-a.damai tyl group; Xl represents CR1(R2)
(43), X2 represents congressy.'t, i3 and  20 X4
together with Q' to which they are attached form a
ring  system of formula Irlb o:r a
2--ahospha--adamantyl group; Xl to X4 each
independently represent adamantyl;  25 X1 to X4 each
independently represent congressyl; X' and X2 each
independently represent adamantyl and X3 and  X4 each
independently represent congressyl; 30 X1 and X3
independently represent adamantyl and X and X4
independently represent congressyl; WO 20071020379
N:T/GB2006/002915  



39 x1 and X` independently represent adamantyl, X3
represents  CR7 (RA) (R') and X' represents CR1G (R':)
(R12) ; X` and X2 independently represent congressyl,
X3 represents  5 C.R'(R') (R) and ;' represents
CR1(R1) (R1`) X1 and X2 independently represent
adamantyl, and X3 and X4  together with Y' to which
they are attached font a ring  system of formula 111b
or a 2-phospha-adamasatyl croup; 13 I and No
independently represent congressyl, and X3 and X4
together with Q1 to which they are attached form a
ring  system of formula 11Th or a.
2--phospha-adamantyi group; 15 x1. and X2 together
with Q2 to which they are attached form  a ring system
of formula IITa, and X3 and. X" together with  Q1 to
which they are attached form a ring system of  formula
--..TT b; 20 & and X2 together with Q2 to which they
are attached form  a 2-phospha--adamantyl group, and
X3 and. X4 together with Q1  to which the,., are
attached form a 2- ,hnsphta-aiiranantyl  group, 2:7)
3..ghly preferred embodiments of the present invention
include those whe-roin; X3' represents (R1 (R') (R3) ,
X2 represents `_'R4 (R3) (Re) , X3  represents C.N7
(R3) (R9) and X4 represents CR10 CI,") (R'2) 30 xt
represents CR- (R2) (R3) , K2 represents adamantyl, X3
represents CR' (R8) (H9) and x4 represents adamantyl;
WO 20071020379 PC'i/CB20061002915  40 Xl represents
CR1(R') (R 3) , X2 represents congressyl, X3
represents CR7(R8)(R9) and X_4 represents congressyl; 



K1 to X4 each independently represent adamaxntyl;  X1
to X4 each independently represent congressyl; K1 and
X2 together with Q2 to which they are attached form  a
ring system of formula Isla, and X3 and Xa together
with 10 to which they are attached form a ring system
of  formula liln; K1 and X` together with Q` to which
they are attached form  a 2-pta_sptaa-a trnti 1tri
;group, and K3 and K4 together with Q1  15 to which
they are attached form a 2-phospha--adamantyl  group;
Preferably in a compound of formula in, K1 is
identical  to K3 and K2 is identical to K4. More
preferably, K' is  20 identical to X' and X5, X7 and K
when, present, and X2 is identical to K4 and K, Xa and
X' when present. Even were  preferably, X1 to K4 are
identical. Most. preferably, K' to  K4 are identical
to each of X6 to X1 when present: 25 Preferably, in
the compound of formula Ili, X1 and Xz  represent
identical. substituents, X3 and K4 represent:
identical substituents, XS and K6 (when present)
represent  identical substituents, X' and X9 (when
present) represent  identical substituents, and X9 and
X1 (vinen present)  30 represent identical subs ti
tueznts. Preferably, in a compound of formula it-, K1
represents --- A3-Q3(X5)X6, hydrogen, lower alkyl,
-Cp3, phenyl or lower WO 2007/020379 PCTIGB20061002915
41. alkyl phenyl, More preferably, K' represents -
A3-Q3 (XS) X6,  hydrogen, unsubstituted C3-C6 alkyl,
unsuhstituted phenyl,  trifluoromethyl or Cy-'C6 alkyl
phenyl. 3 In a particular preferred embodiment K" in a
compound of  formula III represents hydrogen. 



In an alternative embodiment where K1 does not
represent  hydrogen, K' represents -A3-Q3(X5)X6.
Preferably, X5 is  10 identical to X3 or X1, and X6 is
identical to X2 or x4. More preferably, X= is
identical to both X3 and X', and X6  is identical to
both K' and X4. Even more preferably, -13-- Q3(X')X6
is identical to either -A"-Q2(X')X' or --A Q=(x3)X4.
Most preferably, -A3-Q3(X5)X`' is identical to both 15
Q'(X'',X' and -'A.,-Q ix3 ) Most preferably, Kl
represents hydrogen in a compound of  formula III, 20
Preferably, it the compound of formula III, D'
represents  -A4-Q (X')X6, hydrogen, lower alkN,,l,
CF3, phenyl or lac+rer  alkylphenyl, and E3 represents
-A;-Q $;X')X-F hydrogen,  lower alkyl, CF3, phenyl or
lower alkyiphenyl, or D3 and E  together with the
carbons of the cyclopentadienyl ring to 25 which they
are attached form an optionally substituted  phenyl
ring. More preferably, Dl represents --A,-Q3(X')X6,
hydrogen, phenyl, C,-C6 alkylphenyl, unsubstituted
C1-Cr6  alkyl, such as methyl, ethyl, propyl, butyl,
pennyl and  hexyl, or CF3; E' represents -A5-Q' (K3)
X1, hydrogen, 30 phenyl, C_-C6 alkylphenyl,
unsubstituted C--C6 alkyl such  as methyl, ethyl,
propyl, butyl, phetyl and hexyl, or - CF3; or both D',
and El together with the carbon atoms of  the
cyclopentadienyl ring to which they are. attached form
'NO 20071020379 PCT/GB2006/002915  42 a phenyl ring
which is optionally substituted with one or  more
groups selected from phenyl, C1-C4 alkylphenyl,
unsubstituted C_-C6 alkyl or --CF3. 3 Suitably, when
D1 and E1 together with the carbon atoms of  



the cyclopentadienyl ring to which they are attached
form  an optionally substituted phenyl ring, the metal
M or  cation thereof is attached to an indenyl ring
system. 10 in a particular preferred embodiment, it in
a compound of  formula III, represents hydrogen. In an
alternative embodiment where D' does not represent
hydrogen, D1 represents --.A{-Q4(X7)A3, Preferably X8
is  4 15 identical to X or X2, and X7 is identical to
X' or i .  more preferably, X8 is identical to both X'
and X`, and X7  .is identical to X1 and X3. Evert more
preferably: -A4- Q4 (X7) X8 is identical to either
-Aa-Qz (X1)X' or --A,--Q` (x1) X4 ,  Most preferably,
-Aa-Q4 (.X7)X8 is identical to bona. 20 Qa(X3)24", and
-1k_E--Q3(X4)X if present. in a particular preferred
embodiment, El in a compound of  formula III
represents hydrogen. 25 In an alternative embodiment
where E' does not represent  hydrogen, E' represents
-cis-Q'(X)X10. Preferably X'9 is  identical to X4 or
X2, and X9 is identical to X' or X'1,  More
preferably, X-6 is identical to both X4 and X2, and X
is identical to X1 and X3. Even more preferably, -,As
30 Q'(X'')X" is identical to either -A1-Q2(X')X2 or
--ArQ'(X1).X4.  most preferably, -A,-Q5(X)X1 is
identical to both -A1- Q (X )XZ and -Ai-Q (X')X4, and
-A3-Q2'{X }X$ and -?,.4-Q'(X')Xg if  present. WO
2007/020371 F':TY(sW2006/002415  43 Preferably, in the
compound of formula ITT, when D` and E1  together with
the carbon atoms of the yclopeatadienvl  ring to which
they are attached do not form an optionally 5
substituted phenyl ring, each of K', D' and E'r
represent an  



identical substituent. In an alternative preferred
embodiment, DI and E'' together  with the carbons of
the c:yc .opent:.kdie ,l ring to which  10 they are
attached form an unsubstituted phenyl ring. Highly
referred embodiments of corpounds of formula ITT
include those wherein: 15 KL, D" and E' are identical
subst:.tuents as defined herein,  particularly where
D1 and R- represent: hydr-ogen, KL represents
hydrogen, and P1 and T:' together with the  carbons of
the _:ycl.opentadienvl ring to which they are  20
attached form an unsnbst.tuted phenyl ring; X_
represents -A3-Q3 (X") X6 as defined herein and both
D" and  E" represent H; 25 iC' represents -A3 nE (X j
& as defined herein and D' and Et  together with the
carbon atoms of the cyclopentadienyl  ring to which
they are attached form an unsubstit.uted  phenyl ring;
30 ' represents -.A3-Q3 (XF) X6, D' represents -Ay--;
fix (X1) 8 and. El  represents -A5-Q5;X9)X' WO
2013710260379 PCT/G020C'6/002915  Especially preferred
compounds of formula III include  those where both D'
and E1 represent hydrogen or D1 and  together with the
carbon atoms of the cyclopertadienyl  ring to which
they are attached form an unsubstituted  phenyl ring,
particularly those compounds where both D1  and. E1
represent hydrogen. Preferably, in the compound of
formula III, Al and A2, and  A3, A4 and A5 (when
present), each independently represent  !0 C1 to CG
alicylene which is optionally substituted as defined
herein, for example with lower alkyl groups.
Suitably, At and A2, and A3, A4 and A5 (when present)
nay  



include a chiral carbon atom. Preferably, the lower
alkylene groups which Al .to A5 may represent are non
15 substituted. A particular preferred lower alkylene,
which  .A1 to A, may independently represent, is -CH2-
or --C2f4--.  Most preferably, each of Al and A2, and
A3, Aa and As (when.  present), represent the same
lower alkylene as defined  herein, particularly
-C:H2-. 20 in the compound of formula III, preferably
each Q1 and 1,2,  and Q3, Q4 and 65 (when present) are
the same. Most  preferably, each Q1 and Q", and Q3, Q4
and Q5 (when  -present), represents phosphorus. 25 It
will be appreciated by those skilled in the art that
the compounds of formula III may function as ligands
that  coordinate with the Group VIB or Group VIIIB
metal or  compound thereof in the formation of the
catalyst system 30 of the invention. Typically, the
Group VIB or Group VIIIB  metal or compound thereof
coordinates to the one or more  phosphorus, arsenic
and/or antimony atoms of the compound  of formula III.
it will be appreciated that the compounds WO
2007/020379 Pd;T1GB2.006/002913  45 of formula III may
be ref erred to broadly r;'  "metal l.ocenes "" .
Suitably, when n - 1 and L_ represents an optionally
a substituted cyclopentadienyl or indenyl gro:zp; the
compounds of formula III may contain either two
cyclopentadie.._nyl rings; two indenyl rings or one
indenyl  and one cyclopent:ac:ienyl ring (each of
which ring systems  may optionally be substituted as
described herein). Such 



10 compounds may be referred to as `sandwich
compounds`" as  the metal M or metal cation thereof is
sandwiched by the  two ring systems. The respective
cyclooentadienyl and/or  indenyl ring systems may be
substantially coplanar with  :%esoeco to each other or
they may be tilted with respect 15 to each other.
(co..,mi.only referred to as bent metallocenes).
Alternatively, when n. = i. ari L, represents aryl,
the  compounds of the invention may contain either one
cyclopentadienyl or one indenyl ring (each of w,hich
ring 20 systems may optionally be substituted as
described herein)  and one aryl ring which is
optionally substituted as  defined herein. Suitably,
when n = I and LE represents  aryl then the metal M of
the compounds of formula III as  defined herein is
typically in th : fors: of the meta].  25 cation. In a
particularly preferred embodiment of the present
invention, in a compound of formula III, n --. 1, L1
is as  defined herein and in = V.  30 Preferably, when
n = I in the compound of formula 112, L,  represents
cyclopentadienyl, inde 4yl or aryl ring each of  which
rings are optionally substituted by one or more WO
2(07/020374 PCT/GB20066/002915  45 subst: tuent:s
selected from hydrogen, lower alkyl, halo,  cyan,
nitro, -OR's, -OC(O)R20, -C(O)R21, _C(O)OR22,
N(R`3)R", C(O)N(P.")R`3, -C(S) (R27)R28 --ESR`s,
-C(O)SR",  -CF3 or ferroceny" (by which we mean the
cyclopentadienyl, 5 indenyl or aryl ring which L1 may
represent is bonded  directly to the cyclopentadienyl
ring of the fern,cenyl  



group) , wherein R1: to R30 is as defined herein. More
preferably, if the cyclcpentadienyl, indenyl or aryl
ring  which L, may represent is substituted it is
preferai~ _y 10 substituted with one or more
substituents selected from  unsubstituted C.1-C6
alkyl, halo, cyan o, -OR.3s, -OC(O)R,  --C(O)R21,
-C(O)OR22, -N(R23)R2: where R13, R 2C., R 25, R22, R
23  and R24 each independently represent hydrogen or
C).-C;;  alkyl. Even more K)reera;:r.Ly, if: the
cycloper.ttad.ienyi., 15 indent' or aryl ring which L1
may represent is  substituted, it is preferably
substituted with one or more  substituents selected
from unsubstituted C1-C6 alkyl.  Preferably, when n =
1, L, represents cyclcpentadienyl, 20 indenyl, phenyl
or napthyi_ optionally substituted as  defined herein.
Preferably, the cyclopentadienyl, indenyl,  phenyl or
napthyl groups are unsubstituted. More  preferably, L,
represents cyclcpentadienyl, indenyl, or  phenyl, each
of which rings are unsuhst.ituted. Most 25 preferably,
L1 represents unsub>Stituted cy :i.o~aE nt sd:ienyl.
Alternatively, when n = 0, the compounds of the
invention  contain only one cyclopentadienyl or
indenyl ring (each of  which ring systems may
optionally be substituted as 30 described herein).
Such compounds may be referred to as  "half sandwich
compounds". Preferably, when n -- 0 then m  represents
I to 5 so that the metal M of the compounds of
formula III has an 18 electron count. In other words,
when WI) 20971020379 PCT/(x12006/ 02`x15  47 metal M
of the compounds of formula III is iron, the total
number of electrons contributed by the ligand: L:2 is
typically five. 5 in a particularly preferred
alternative embodiment of the  



present invention, in a compound of formula _Ir, 31 =
0, L2  is as defined herein and m = 3 or 4,
particularly 3. Preferably, when n is equal to zero
and m is not equal to  10 zero in a compound of
formula III, L, represents one or  more ligands each
of which are independently selected from  lower alkyl,
halo, _CO' --P(R43) (R44)P45 or -N(R46) (H4')R43.
More preferably, Ire represents one or more ligands
each  which are independently selected from
unsubstituted Ct to 15 C.4 alkyl, halo, particularly
of?loro, -CO, _p(R43) (Q4)R45 or  L R4E) (R")R'`3,
wherein R13 to Big are independently  selected from
hydrogen, unsubstituted Cr to Cr, alkyl or  aryl, such
as phenyl. 20 Suitably, the metal M or metal cation
thereof in the  compounds of formula III is typically
bonded to the  cyclope:ai::ad.:lenyt ring(s), the
cyclopentadienyl- moiety of  the indenyl ring(s) if
present, the aryl ring it present,  and/or the ligands
L2 if present. Typically, the 25 cyclopentadienyl ring
or the cyclopentadienyl moiety of  the indenyl ring
exhibits a pentahapto bonding mode with  the metal;
however other bonding modes between the
cyclopentadienyl ring or cyclope.tadienyl moiety of
the  inci.enyl ring and the metal, such as trihapto
coordination, 30 are also embraced by the scope of the
present invention. WO 20071 20379 PCT/CB2006/002915
48 Most preferably, in a compound of formula 111, n =
1, m =  0 and L" is defined herein, particularly
unstthstitutel  cyc l op ent. ad:i enyxl . h
Preferably M represents a Croup ;JIB or VIIIB metal.
In  other words the total electron count for the metal
M is  K. 



Preferably, in the compound of formula III, X
represents  10 Cr, Mo, Fe, Co or Ru, or a metal cation
thereof. Even more  preferably, M represents Cr, Fe,
Co or Ru or a metal  cation thereof. Most preferably,
M is selected from a  Group 57IIIB metal or metal
cation thereof. An especially  preferred Group VIIIE
metal is Fe. Although the meta?. M as 11 defined
herein may be in a cationic form, preferably it
carries essentially no residual charge due to
coordination  with L1 and/or u2 as defined herein.
Especially preferred compounds of formula III include
20 t).osF wherein: (1) X" represents CRI(R2)(R3), X"
represents CR4(R5)(RE),  X; represents CR7 (Rs) (R9) ,
X4 represents CR"" (R ') (R'22)  wherein each of R1 to
R"2 independently represents 25 unsubstituted C1-C6
alkyl or trifiuoromethy:l,  particularly where each of
R' to .R' is identical,  especially where each of R`
to R:2 represents  unsubstituted Cl-C6 alkyl,
particularly methyl; A, and A2 are the same and
represent -CH2-; 30 I i, D" and El are the same and
represent hydrogen or  unsubstituted C"-C6 alkyl,
particularly hydrogen; Q` and Q2 both represent
phosphorus;  M represents Fe; WO 2007/020379
I'C'S'/GB2006/002915  49 n -- I and t,1 represents
cyclopentadienyl,  particularly unsubstituted
r_yclopentadienyl, and in  0. 5 {2} x1 represents
CR'i>') (R3), ' represents CR'3;I.') (R6),  x3
represents CR7 (R`3) (A.B) , X4 represents CR1 (R11)
(R12)  KI represents -CH-Q3(X5)x6 wherein x5
represents  



CR.t3 ( 14) (R15) and :{5 represents CR'5 (R1?) (R')
each of R'' to RIB independently represent  10
unsubstituted. C,-C6 alkyl or trifluoromethyl,
particularly where each of R1 to R18 is identical,
especially where each of R' to RIB represents
unsubstituted C1-C6 alkyl, particularly methyl; Al and
4.2 are the same and represent -CH2-;  15 Q1, QI arid.
Q3 each represent phosphorus; D and. .-,1 are the same
and. represent hydrogen or  unsubstitute;t) CI-C.6
alkyl, particularly hydrogen; M represents Fe; n = l
and L1 represents cyclopentadienyl.,  20 particularly
unsubstituted cyclopentadie_nyl_, and m =  (3) xi
represents CR1(R2) (R3), x3 represents CR1(R5) (R6),
x3 represents CR' (Re) (RB) , x" represents CRF (R41)
(R1L) ;  25 x1 represents -CHs-Q3(x$)1 herein x'
represents  CR13 (R14) (Ri5) and 6 represents CR16 (R;
.r) (R'2) each of R1 to R''8 independently represent
un:3ut>stitutei C:F--C6 alkyl or trif uoromethyl,
particularly where each of R1 to P'8 is identical, 30
especially where each of RI to RIB represents  unstabs
t:ituted C1--C6 alkyl, particularly methyl; A .1 and
A2 are the= same and represent -CH2 ;  Q1, Q2 and Q3
each represent phosphorus; WO 20071020374
PC'r/G32006/002915  50 I)1 an R1 together with the
carbon atoms of the  cyclopentadieriyl ring to which
they are attached  form an unsubstituted phenyl ring;
M represents re; 



5 n ::: 1 and L;, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
6. (4) X1 represents CRa (R2) (R'), X2 represents CR4
(RV) CR)  to x 3 represents CR' ) (, {H  ~g) , X4
represents CR1u (Ra') (H'`') ,  wherein each of Ra to
H"2 independently represent  unsubstituted C2'C6 alkyl
or trifluoromethyl,  particularly where each of H1 to
R" is identical,  especially where each of H" to R12
represents  15 unsubstituted C1--C6 a.ikyl,
particularly methyl; A, and A, are the same and
represent -CH2.-;  Q' and Q2 both represent
phosphorus; K' represents hydrogen or C,-CS alkyl,
particularly  .hydrogen; 20 D' and. F' together with
the carbon atoms of the  cyclopentadie:ayl ring to
which they are attached  form, an unsubstituted phenyl
ring; M represents Fe; n 1 and L1 represents
cyclopentadienyl,  25 particularly unsLtbstituted
cyclopentada.enyl, and m =  0. (5) X, represents
CR1(R2)(R3), X2 represents CR4(R5)(R6),  }3 represents
CR7(H) (R") , X represents C0 '.','R"-) {Ra2)  30 El
represents -CB2-Q5(X9)X1c wherein X9 represents  CR3i
NO (R33) and X70 represents CR40 (H') (H42) ; each of
H' to H" and R3' to Rae indepenlde:atly  represent
unsubstituted C,-=6 alkyl or WO 2097/029379
MUGB20061002915  51 trifluoromethyl, particularly
where each of. Rt to R02  and Rs7 to R42 is
-.dentical, especially where each of  



R,' to R12 ar.:(i. R3' to R52 represents
u-isubstituted C--Cs  alkyl, nart.i.cula.rly methyl; 5
AS. and :'x2 are the same and represent -cia2-;  Q i
Q2 and Q-eaCk: reiiT'e?5e:[lt pfE0.spl7.Or'15; D' and
K` are the s=ane and represent hydrogen or
unsubstituted C,-C6 alkyl, particularly hydrogen; M
represents Fe; 10 n = I and L1 represents
cyclopentadienyl,  particularly u:asn :stituted
cyclopentadienyl, and it  (6) X'- represents CF'1CR`)
(R3), X represents CR4(R5) All), :115 >Li represents
CR7 (a8) (R ) :'X' C"epicesertts C,'R7i3(Ftl, (Ii-2)
K' r:-Present,:; -CH2-Q3(X5)X5 wherein X5 represents
13 14 5 ,y lG i.7} 8) C1< (F ) (R") anti. 2X.
r.ep:t."amts CR {1, ,I':1 L;' represent:: -<<?"T^-Q4
(2X7 } M wherein X' represents  CR' (R32) (0) and X`
represents CR3' (a35) (R 6) ; 20 E' represents
-4I-i'..-Q (13)?XTU wherein X9 represents  CR37(a35)
(F39) and X13 represents CR40(R41) CRi2); each of R'
to R1O and R'" to RA2 independently  represent
unsubstit.tted Cl.-C, alkyl or  tr=fluoromethyl,
particularly t(h.ere each of R3 to P%'8 25 and R3' to
_R42 is identical, especially where each  of R' to
Rill and Ras to R42 represents ussubstituted  C;.-C6
al:kyl, particularly methyl; Al. and A2 are the same
and represent -C;i2-; Q Q2, Q" and Q} each represent
phosphorus  30 M represents Fe; D. = :l. and L1
represents cyc!open tadienyl,  particularly unsubsti
uted cyclopentadienyl, and m ::- 0. WO 206?/020379
PCTIGB2006/002915  



52 x :{ 2, }'ia and X4 independently represent
adamantyl,  , especially where X' to x4 represent the
same  adamantyl group; 5 T,. and A2 are the same and
represent --C 2--; K", D" and E" are the sane and
represent hydrogen or  unsuLst.itutwed C" ^.s alkyl,
particularly hydrogen; Q' and Q2 both represent
phosphorus;  M represents Fe; 1.0 n = a and L1
represents cyclopentadienyl,  =  particularly
unsubstituted cyclopentadienyl, and in  0. (8) X1, X2,
X' and X4 independently represent adamantyl,  15
especially where XI to xk represent the .sane
adamantyl group, K1 represents -Cki2.-Q3 (X5)X6
wherein X' and X  independently represent adamantyl,
especially where  x1 to Xs represent the same
aL:amartyl group; 20 Ay and A2 are the same and
represent -CH..3-;  4", 72 and Oi' each represent
phosphorus; 1 and E" are the same and represent
hydrogen or  unsubstit_uted C_t-Cs alkyl, particularly
hydrogen; M represents Fe; 25 n 1 and L1 represents
cy'clopentadienyl,  particularly unsubstituted
cyclopen;::adienyl, and m  0. (9) Xi, x2, X3 and X'
independently represent adarnantyl,  30 especially
where X' to X4 represent the same  adamantyl group; WO
203 7!020374 MUGB2006liw2915  



53 K1 represents -CH2-Q3(x5)x6 where!n X5 and X6
independently represent adamantyl, especially where
X1 to 0  represent the same adamantyl group; A and A,
are the same and represent .3 Q Q2 and Q3 each
represent phosphorus; D1 and E3' together with the
carbon atoms of the  cyclopentadienyl ring l:.o which
they are attached  form an unsubstituted phenyl ring;
M represents Fe; 10 n. = 1 and t represents
cy:lope:ntadienyl,  particularly unsubstituted
cyclopentadieny:l., and m =  0. (10) X1, X2, X3 and X4
independently represent adamantyl,  15 especially
where x1 a to x represent . the same  adamantyl group;
Al and A2 are the same and represent -C:H2-;  1 and Q
Q 2 both :represent phosphorus; XI represents hydrogen
or unsubstituted C11-C" alkyl,  20 particularly
hydrogen; L1" and E1 together with the carbon. atoms
of the  :yclopentadienyl ring to which they are
attached  form an unsu`bstituted phenyl ring; M
represents Fe; 25 n 1 and L1 :r.e:<resents
cyclopentadienyl,  particularly unsu:.ostitutea
cycl-opentadieny_, and in -.  0 (11) 11, X2, x3 and X'
independently represent adcunantyi;  30 X3. represents
-CH2-Q3(X5)X6 wherein X5 and X  



independently represent a,damantyl; D1 rep:r'esentH
--CH2--Q4 (X7) X0 wherein K7 and Xa  independently
rep:resents adarartyl WO 20071020374 PCT/GB20061002915
54 E1 represents -CH;-Qs (X) X1 wherein Xg and X''
independently represents adamantyl, especially where
-1 to X10 represent the sane adamantyl group, Al and
AZ are the same and represent -CH2-; s Q1, Q2, Q33, Q4
and Q5 each r xresent phosphorus;  H represents Fe; rz
1 and L1 represents cyclopentadienyl,  particularly
unsubstituted cyclopent:adienyl, and m  G. 10 (12) X1
arid X" together with Q' to which they are attached
represents 2-phospha-adamantyl; >e and X4 together
with Q1 to which they are attached  represents 2-
`ic:;_pk3.ti3 adamantyle 15 Al and A2 are the same and
represent -CH;-; K', E.e and E1 are the same and
represent hydrogen or  unsuhst+.tuted C1-C6 alkyl,
particularly hydrogen; Q` and QZ both represent
phosphorus;  N represents Fe; 20 n _ 1 and L1
represents cyclopentadienyl,  particularly
unsubstituted cvclopentadienyl, and m  0. (13) X1 and
X2 together with Q2 to which they are attached  25
represents 2-ph ospha.-adamantyl; X3 and X4 together
with Q' to which they are attached  



represents 2-phospha-adamantyl; Ki represents
-CH2-Q3(X5)X6 wherein Xs and X6 together  with Q3 to
which they are attached represents 2- 30
phospha-adamantyl; Al and A2 are the same and
represent -CH2-;  Q', Q2 and Q3 each represent: phosp;
rus; WO 2097/020379 FCT/0824 06/04)2915  55 D' and -,1
are the same and. represent hydrogen or  unsubstituted
C..,--C6 alkyl, particularly M represents Fe; n 1 and
Ll represents cyc.Lopentadienyl.  5 particularly
unsubstituted cyclopentadie:nlri, and at (14) X1 and
X` together with Q2 to which they are attached
represents 2-phospha-adalna.x, y:L; 1.0 X: and X"
together with Q1 to ~rihich they are attached
represents 2-phoapha--adamantyl; X' represents
-CH2-Q'(1'5).X6 wherein X5 and X6 together  with Q3 to
which they are attached represents 2-
;hospha-adaman.ty7. ; 15 Al and A2 are the same and
represent --CH?-;  Q', Q22 and 3 each represent
phos?koru:>; xi' and E1 together with the carbon atoms
of the  cyclopentadierwi ring to which they are
at:cache.  form an unsubstituted phenyl ring; :0 r1
represents Fe; n 1 and L-_. represents
cyclopentadienyl,  particularly unsubstituted
cyclopentadienyl, any it =  .3. 25 (15) X' and X`
together with Q` to Mich they are attached  represents
2-phospha-adamantyl; x and X4 together with Q1 to
which they are attached  



rep:rese:nts 2-p u:spha- c<1.,-n`.antyl; Al and Ay are
the same and represent - CH2  311 Q' and ,2 both
represent phosphorus; K' represents hydrogen or
unsubst.itu'ted C1-G6 alkyl5  particularly hydrogen;
WO 2007(020379 PCT/; 920061002915  50' D1 and El
together with the carbon atoms of the
cyclopentadieaxyl ring to which they are attached
form an tins ukistituted phenyl ring; 24 represents
`e; n 1 and 11 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
7~ (16) xl and X2 together with Q` to which they are
attached  10 represents 2-phospha-adamantyl; x3 and
X`' together with Q' to which they are attached
represents 2-phospha-adamantyl; X1 represents
-CH2-Q3(X1X6 wherein x5 and X together  with Q3 to
which. they are attached represent: 2- 15
t>hospha-adamantyl; 1 represents -CT3 -Q4L7)f wherein
X' and x3 together  with Q4 to which they are attached
represents  phospha-adamantyl; Ea represents -CHr-n'
{XS) X'  veaereint x9 and X' O  20 together with Q5 to
which they are attached  represents
2-phospha-adamantyl; Ai and A2 are the same and
represent -CEM3-; Ql, Q2, Q3, Q and Q5 each represent
phosphorus  M represents Fe; 25 n = 1 and. 1,1
represents cyclopentadienyl,  



particularly unsubstituted cyclopentadienyl, and m =-
(17) X' and X2 together with Q` to which they are
attached 30 form a ring system of formula IIIa, x and
X  together with Qi to which they are attached form a
ring system of formula IIIb, wherein Y' and y3 both
represent oxygen , R5 to R53 are independently WO
20071020379 P T/GB20O610029I  57 selected from
=nsubsti.tute.d C3--C6 alkyl or C 3, and  n and Re'
represent hydrogen; Al and A2 are the same and
represent Ic1, D1 and .ii are the same and represent
hydrogen or  unsubstituted CL-C; alkyl, particularly
hydrogen; and. Q2 both represent phosphorus,  M
represents Fe; n 1 and L3 represents cyclopentadienyl,
particularly unsubstituted cvc= opentadienyl  10
(referred to as uc) and in. = 0. (18) Ri and .I`
together with Q2 to which they are attached  form a
ring system of formula lITa, X and k4  together with
Q1 to which they are attached form a 15 rinc, system
of formula glib, wherein Y1 and Y2 both  represent
oxygen, RSO to Rs3 are independently  selected from
unsubstituted Cl-C~, alkyl or C:3, and.  R4; and R:4
represent hydrogen.; represents --Ch2--Q' (l') X"
wherein S' and ;i together.  20 with Q' to which they
are attached form a ring  system of formula Ilic:,
wherein 7'3 represents  - 7 oxygen, ~s ~r to TO are
independently >ee:i.c:ct.eit from  



hydrogen, unsubstituted Q-C6 alkyl or C 3 and R49 and
p;4 represent hydrogen; 25 A3 and A2 are the same and
represent Q'-, Q1 and Q3 each represent phosphorus;
L,I and E1 are the same and represent hydrogen or C,-
O alkyd., particularly hydrogen; N represents re; 30 a
1 and L, represents r:ycl.opentadienyl,  particularly
unsubstituted cyclopenta.dienyl, and it =  0. WO 2007;
020379 PC1'YGB2006/002915  58 (19) X1 and X2 together
with Q2 to which they are attached  form a ring system
of formula IITa, X3 and X4  together with Q1 to which
they are attached form a  ring system of formula Ilib,
wherein Y' and Y both s represent oxygen, R6 to R53
are independently  selected from unsubstituted C1--C6
alkyl or CF3, and  R4s and R represent hydrogen; K1
represents -CH2-Q3 (X5) X6 whereas; X`-' and X6
together  with Q3 to which they are attached form a
ring  10 system of formula IIIC, wherein S3 represents
oxygen, bO to R53 are independently selected from
unsubstituted C1-06 alkyl or rr3, and Roe and R14
represent hydrogen; Al and A2 are the same and
represent -CH2--;  15 Q1 Q2 and Q3 each represent
phosphorus; D1 and E' together with the carbon atoms
of the  cyclopentadienyl ring to which they are
attached  form an unsubstituted phenyl :ring; M
represents Fe; 



20 n I and L1 represents cyclopentadienyl;
particularly unsubstituted cycloperntadienyl, and m =
0. (20) X1 and. X2 together with Q2 to which they are
attached  25 form a ring system of formula lila, X3
and X4  together with Q1 to which they are attached
form a  ring system of formula Ilib, wherein Y1 and Y2
both  represent oxygen, RS0 to R::3 are independently
selected from unsubstituted C1-C6 alkyl or Cb3, and
30 R4'`- and R'4 represent hydrogen; Al and A2 are the
same and represent -Ck,2-;  Q1 and Q2 both represent
phosphorus; WO 2097/020379 PCT/GB209o/002915  59 X1.
represents hydrogen or uE,substituted C1-Cs a:Lky1,
particularly hydrogen; IJ1 and Fl together with the
carbon atoms of the  cycloper, tadienyl ring to which
they are ttached  form an unsxbstituted phenyl ring; M
represents Fe; n and L; represents cyclcpentadienyl,
particularly unsubstituted cyclopentadienyl, and m _
0. fro (21.) X' and X2 together with Q2 to wia.ictx
they are attached  form a ring system of formula IIIa,
X3 and. X4  together with Qr to which they are
attached form a r:g system oi'. ' or.mula IT-lb,
wherein _ and Y2 both  15 represent oxygen, R'0 to R53
are independently  selected from ar:stthstit:Fted
01-06 a:Lky _ or 003 r and  R 



49 and R54 represent hydrogen;  5 z --presents
-CH2-Q3(X )XG wherein X- an.-.11 together  with Q to
which they are attached form a ring  10 system of
foriula IIIc:, wherein Y3 represents oxygen, R` to R"
are independently selected from  unsubstituted C3.-C5
alkyl or OF" and P.,19 and R54  represent hydrogen; D'
represents -CIi2-Q' (X) X3 wherein X' and X0 together
25 with Q4 to which they are attached form a ring
system of formula Illc, wherein Y3 represents  oR`"U
to Rai are independently selected oxygen, 3 1 from
cx2xMubstiti:ted ..^.1-CS alkyl or CF,, and P49 and R
54  represent hydrogen; 30 E1 represents -C i_-Q'
(X33) Xxo wherein X9 and Y"  together with Q5 to which
they are attached form a  ring system of form-;].a
ITle, wherein YS represents  oxygen, and RRSQ to R53
are independently selected WO 20(17/020379 PC'TIGB2006
()02915  60 from un: a:[bstie:ut:ed C1 Ce al:cy.l or
CF3, and R9 and R54  represent hydrogen; Al and A2 are
the same and represent -Ca2-; Qtr Q2; Q2, Q4 and Q5
each represent phosphorus;  5 IBS represents Fe; n - 1
and L1 represents cyclopentadieny3.  particularly
unsu;;stituted cyclopentadieuyl, and z W  0 



10 (22) X1, X2, X3 and X4 independently represent
congressvl,  especially where X1 t:o X4 represent the
same  congressyl group; Al and A2 are the same and
represent -CM2-; r{1 and E1 are the same and represent
hydrogen or  15 Lmsuhstitut:ed C1-Cs alkyl,
particularly hydrogen; Qz and Q2 both represent
phosphorus;  M represents Fe; n - 1 and L1 represents
cyclopent:ad .enyl,  particularly unsubstituted
cyclopentadienyl, and in =  20 0, (23) X1, x2, x3 and
%4 independently represent congressyl,  especially
here XI to X'' represent the same  congressyl group;
25 K' represents C112 Q3( 5)X wherein k5 and X
independently- represent congressyl, especially ,there
X, to X6 represent: the same congressyl group; Al and
A2 are the same and represent --Clio-;  Q1, Q2 and Q3
each represent phosphorus; 30 ^1 axed El are the same
and represent hydrogen or  unst"astituted C1,--Ce
alkyl, particularly h'ydroger; M represents Fe; WO
20071020375 IC'1'f~ib2tifi(i'002915  61 n = 1 and U1
represents cyclopentadienyl,  particularly
unsubstituted cyc.lopentadienyi, and m =  0. 5 (24)
x', X2, SO and X4 independently represent congressyl,
especially where X to X4 represent the sane
congressyl group; x_ represents -CH2- Q3 (XI)XG
wherein X5 and .s"  



independently represent: congressyl, especially where
1.0 X1 to X6 epresen.t the same con.grew syl group, A,
and A, are the same and represent -CH2--;  Q1, Q2 and
Q/ each re~ -rsen. t phosphorus i &,r  1-i3' and E1
together w to the carbon atoms of the  ring to ilhich
they are attached  15 form an unsubstitut:ed phenyl
ring; M represents Fe; n = 1 and Ll represents _:vc
lopentadieny:L,  particularly unsubstituted
cyclopentadieny:l, and m =  C. 20 (25) x0, Y, x3 and
X4 Independently represent congressyl,  especially
where XI to X' represent the same  congressyl group;
a1 and A2 are the same and represent -CY2-j  25 QI and
Q2 both represent phosphorus; x' represents hydrogen
or urLsubstituted Cj.-Cr5 alkyl,  part:icularl.y
hydrogen; D' and E' together with the carbon atoms of
the  cyclopentadienyl ring to -which they are
attached.  30 form an unsubstituted phenyl ring; M
represents Fe; WO 20971020379 PC17GB2006/002915  62 n
= I and T,I represents cyclopentadienyl,  particularly
uu:substicuted cyclopentadienyl, and 0.  5 (25) h`,
X`, X' and X' independently represent congressyl;  Ki
represents CH,-Q3 (X )x wherein ?;5' and x6  



independently represent congressyl; D.1 represents
-CH2-Q4(x7)X, wherein X7 and x  independently
represents congressyl; 10 E1 represents CH2--Q (x9}X'
wherein X9 and X24  independently represents
congressyl, especially  where x1 to x= represent the
same congressyl group;  Al and A2, are the same and
represent -CH,.--; i l Q Q2, Q3, ~' and Q each
represent phospY;ortxs;  15 X represents Fe; n and L,
represents cyclopentadienyl,  particularly
unsubstituted cyclopentadienyl, and in =  20 (27) X'
and x' independently represent adamantyl, especially
where XI and X 3 represent the same  adamantyl group;
X2 represents CR.'(R5) (R) and x4 represents
CR'(R:F`) (R~`') wherein each of R', Rs, R6, Ra.4 R11
and  25 R12 independently represent Cl--C6 alkyl- or
trifluoromethyl, particularly where each of R to R6
and R1Q to R12 is identical, especially where each of
R' to R6 and R.4 to RS2 represents unsugstituted C
i-r..6  alkyl, particularly methyl-; 30 A, and A2 are
the same and represent --- C1-:2 K1, LYE and E" are
the same and represent hydrogen or  unsubstituted
C2--Cc, alkyl, particularly hydrogen; Q' and Q2 both
represent phosphorus; WO 2007/020379
PCT/G1120}3610(12915  63 M represents Fe; = 2 and L.1
represents cyclopentadienyl,  particularly
"nsuhstituted cyclopentadie3:.yl, and m  



C. (28) X1 and X3 independently represent adamantyl,
especially where X' and r; represent the some
adamantyl group; 1 represents -CH2-Q3 (X5) X' here .n
X' represents  l0 a: am,_3niiyl, especially where X1,
XA and r represent  the seine aciamantyl group; x Z
represents GR`t(Ry) (R"), X' represents CRYo(Rn) ,R X6
represents CR''6(R'7) (R'8) , wherein each of R" to
R'5,  Y 1'e 'S to R to it and R to, R` independently
represent 15i unsnhst:i.tuted C.1-C3; alkyl or
tri-iurro;;ietk_yl.  particularly where each of R4 to
R, R'0 to', rR12, and  Rls to RiB :i.e identical,
especially where each of R4  to P.-G, a' to R" ' and
R'r ' to K represents  unsubstituted C1-C6 al:k:yl.,
particularly methyl; 20 Al and A2 are the sane and
represent: --C H2-;  Q-, Q2 and Q3 each represent
phosphorus; D1 and 7;' - are the e same and
represent o~rclr;:;clc.>..1 Oi  unsuhstituted C--C6
alkyl, particularly hydrogen; 14 rep:rese~ni: s F E3;
25 n I and L' represents cyclopeatadienyl,
particularly cyclopen.tadienyl, and at  0. (29) X1 and
X3 independently represent a.damantyl,  30 especially
where X' and X3 represent the sane  ad.axnantyl group
4WO200710203 9 PCT/G,2005/002915  64 



Iii represents -Cli2-Q' (XO) X6 wherein X' represents
adamantyl, especially ,where XL, X3 and X5 represent
the same adamantyl group; X` represents CR4 (R5)(R6),
X4 represents CR'O(R") (R'2)  X6 represents 5 C216
(R17) (FC 2) , wherein each of R" to R',  Rx to R.'2
and R1' to R'E independently represent  unsubstituted.
C,-C6 alkyl or trifluoromet.hyl,  particularly where
each of R4 to R6, R10 to R12, and  R16 to R18 is
identical, especially where each of Ft' 10 to R6, R10
to R'` and Rx to R18 represents  unsubstituted C1-C6
alkyl, particularly methyl; .A, and. A2 are the same
and represent -CH2-;  z Q , ,l and Q' each represent
phosphorus; D' and El together with the carbon atoms
of the  15 cyclopentadienyl ring to which they are
attached  form an unsubstituted phenyl ring; M
represents Fe; 11 = 1. and L, represents
cyclopentadienyl,  particularly izcls bst9.tutea
cyclopentadienyl, and in =  20 0. (30) s`.1 and XO
independently represent adamantyl,  especially where!
X" and X3 represent the same  adamantyl group; 25 x2
represents CR4 (R't (R6) and K4 represents  CR16(R3-)
(R`') wherein each of R4, R5, R6 R' R.11 and  R12
independently represent C,--C6 alkyl or  tzi
3uoromethyl, particular y here each of R6 to R  and R1
to R12 is identical, especially where each of 30 R4 to
R6 and R''' to R12 represents unsubst::[.tutel C1 C  



alkyl, particularly methyl; Al and A2 are the same and
represent -CH2-;  Q1 and Q2 both represent phosphorus;
WO 20071020374 PCfX12006/002913  65 K1 represents
hydrogen or unsubstituted C_-CF alkyl,  particularly
hydrogen; D1 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 L1 represents cyclopentadienyl,  particularly
ursubstituted cyclopent:adienyl, and m  9. H Specific
but non--limitinc examples of bidentate ligands
within this err-Lodixnent Include the following,
1,2-bis-- (dituethylaminomethyl)ferrocene, 1,2-bis-
(ditertbutylphosphinoxnethyl)ferrocene, 1-hydroxyrneth
y1-2-- dimetnylarcinomethylferroccene, 1,2-bis-
(d..i.terthtu:t ylphosphinomethyl) ferrocene,
:.-hydroxymethyl--
2,3-bis--(dimethyiamii.omettsyl)ferrocene, 112,3-tris-
(d-i.terthutylph.ospixi.nomet:hy:t.):f:e:rrocene,
1,2-bis- (dicyclohexylphosphinomethyl)fe,rrocene,
1,2-bis_(di--iso- 20 butylphospbinomethyl)ferrocene,
1,2-bis-- (dicycloper_tylphosphiromethyl.)ferrocene,
1,2-his- (diethylphosphinomethyl)ferrocene,
1,2-bis(di- isopropy lahoesptxiros::etktyl} ferrocene,
1, 2-his- (d.i-an.ethylphosphinomethyl)fexrocene,
1,2-bis-(di-(1,3,5,7- 25
tetramethyl-6,9,10-trioxa-2-ph.ospixa
adamantylmethyl)) ferrocene, 1.,2-his- 



(dimethylaminomethyl)ferrocene-bismethy! iodide, 1,2-
his(dihydraxymethylphosp inomethyi)ferrocene, 1,2 3 0
tetramethylphosphinan-l-one))dimethylferrocene, and
1,2-
his--(di-1,3,5,7--tetramethyl-6,9,16-trioxa-2-phospha-
adamantylmethyl))benrene. Nevertheless, the skilled
person in the art would appreciate that other
bidentate WO 2007I020379 PCT; GB2006/002915  66
ligands can be envisaged without departing from the
scope  of the invention. According to a fu:r.her
aspect, the present invention  5 provides a process
for the carbonylation of an  ethylenically unsaturated
compound comprising contacting  an ethyFlen.ically
unsaturated compound with carbon monoxide  and a
hydroxyl group containing compound in the presence
of. a catalyst system as defined in the present
invention. 10 Preferably, the process is a liquid
phase continuous  process comprising the step noted
above. Suitably, the hydroxyl group containing
compound :i.ncludes  water or an organic molecule
having a hydroxyl functional  15 group. Preferably,
the organic molecule haying a hydroxyl functional
group may be branched or linear., and comprises  an
alkanol., particularly a C;-C3a alkanol, including
aryl  alkanols, which may be optionally substituted
with one or  more substituents selected from lower
aiiicyl, aryl, Het, 2 7 ha3 o, cvano, nitro, OR'9, oC
(C1) R2 C (0) R2't C (0) ORJ2,  N 23R2a C(0)N~R2SR25
C(S)R25R26 SRay or C(O)SR28 as defined  herein,
Hiyghly preferred alkanols ar'e C,,--C" alkanols such
as methanol, ethanol, propanol, iso-propanol,
iso-butanol,  t-butyl alcohol, n-butanol, phenol and
chlorocapryl 25 alcohol . Although the monoa.lka nols
are most preferred,  



poly-alkan.ols, preferably, selected from di-octa ols
such  as dials, trials, tetra--ols and sugars may also
be  utilised. Typically, sash polyalkanols are
selected from  1, 2--ethanediol, 1,3--propanediol,
glycerol, 1,2,1 30 but=. netrri:71, 2-
(bydroxvmethy'1) -1, 3-proparaediol, 1, 2, 5  i:rihy~r
axyk exax.e; pentaerythritol, 1, 1, 1.
tri(hydrox-ymethyl)ethane, nannose, sorbase, galactose
and  other sugars. Preferred sugars include sucrose,
fructose %%IO 20071020379 PCTiG132006/002913"  67 and
glucose. Especially preferred alkarols are methanol
and ethanol. The most preferred alkanol is methanol.
The amount of alcohol is not critical. Generally,
amounts  5 are used in excess of the a, of
ethylenica7.?y  unsaturated compound to be
carbonylated. Thus the alcohol  may serve as the
reaction solvent as well, although, if  desired,
separate solvents may also be.. used. 10 it will be
appreciated that the end product of the  reaction is
determined at least in part by the source of  hydroxyl
group containing compound used. if water is used  as
the hydroxyl group containing compound then the end
product is the corresponding carboxylic acid, whereas
use  iS of an alkanol produces the corresponding
ester. it will also be appreciated that the process of
the  present invention may start: with a catalyst
system having  components providing molar ratios
a.i.iove or below those 210 claimed but such ratios
will progress to values within  said ranges claimed
during the course of the reaction. it will of course
also be anpre.ciated that the levels of  such
components present within the catalyst system may  



25 change during the process of the i.nveatio:;n as
further amounts of some or all of the components are
added to  maintain the usable levels of components
within the  catalyst system. Some of the components of
the catalyst  system may drop out of the system during
the reaction 30 process and therefore levels may need
to be topped-up to  maintain levels within the actual
catalyst system. WO 20VIO261379 PC17G120061002919  6N
As stated hereinbefore, it will be appreciated by
those  skilled in the art that the phosphines
described herein  may function as ligands that
coordinate with the Group VIES  or Group VIIIB metal
or compound, together with the  present acid, to form
a complex. This complex may  represent part of the
effective catalyst in, the present  invention and
hence may represent: part of the catalyst  system
defined herein. 10 In the process according to the
present invention, the  carbon monoxide may be used in
pure form or diluted with  an inert gas such as
nitrogen, carbon dioxide or a noble  gas such as
argon. Small amounts of hydrogen, typical ly  less
than 5% by volume, may also be present. 15 The ratio
(volume/volume) of ethylenically unsaturated  compound
to hydroxyl group containing compound may vary
between wide limits and suitably lies in the range of
1:0.1 to 1:10, preferably from between 2:1 to 1:2 and
up 20 to a large excess of hydroxyl group containing
compounds  when the latteri.s also the reaction
solvent such as up to  a 50:1 excess of hydrokxr'.
group containing compounds. The molar ratio of the
ethylenically unsaturated compound  



25 to carbon monoxide is preferably in the range. '.:1
to 100:1  more preferably greater than 1:1, even more
preferably at  least 3:1, especially from 3:1 to 50:1,
and most  preferably in the range from 3:1 to 15:1. 30
The total amount of dissolved Group VIII or VIIIB.
metal of  the invention used in the carbonylation
process of the  ethylenically unsaturated compound is
not critical. Good  results may be obtained when,
preferably, the amount of WO 20871020379
PCT/GFB20061002915  u"9 Group VIE or VIlIB metal is in
the range `10 to 10`= males  per mole of
ethxylenically unsaturated compound, more  preferably,
10`6 to i02 moles, most preferably 10 to 10-2  moles
per mole of ethylenically unsaturated compound. 5
Preferably, the amount of bidentate compound of
formula I  or formula III to unsaturated compound is
in the range l0  7 to 1.0`1, more preferably, 1.0"'6
to l0.2, most preferably,  l05 to 10`" moles per mole
of ethylenically unsaturated  compound, 10 Suitably,
although non-essential to the invention, the
carbonylation of an ethylenically unsaturated compound
as  defined herein may be performed in one or more
aprotic  solvents. Suitable solvents include ketones,
such as for 15 example methylbutylketane; ethers, such
as for example  an.sole; (m:::tkvl phenyl ether),
2,5,8-trioxanonane  (diglyme) , diethyl ether,
dimethyl ether, tetraah, Ydrofuran,  diphenylether,
di'isopropolether and the dimethylether of
di-e=thylene-glycol; esters, such as for example 20
methylacetate, dimethyladipate methyl benzoate,
cli-me.tinyl  



phthalate and bu:tyrola.ctone; amides, such as for
example  dimethylacet~m-id.e, N-methylpyrrolidone and
dimet.hyl  formamide; sulfoxides and sulphones, such
as for example  dimethylsulphoxide,
di-i.sopropylssulphone, sulfolane 25
;tetrahydrathiopher_e 2,2 dioxide), 2-methylsulfolane,
diethyl sulphone, tetrahylrothiophene 1,:1-dioxide and
2- methyl-4-ethylsulfolane; aromatic compounds,
.r.:clud_ing  halo variants of such compounds ego
benzene, toluene,  ethyl benzene o--xyxl.ene,
m-xylene, p-xylene, chlorobenzene, 30
o--dichlcrobenzene. m--dichlorobenzecn.e alkanes,
including  halo variants of such compounds eg, hexane,
heptane,  2,2,3-trime thylpentart e, methylene
chloride and carbon  tetrachloride; nitrites eg.
benzonitrile and acetonitrile. WO 2007/020379 PCT;
G12006/002915  70 Very suitable are aprotic solvents,
having a dielectric  constant that is below a value of
50, more preferably in  the range of 3 to 8, at 298.15
K and 1 x 105Nm"2, in the 5 present context, the
dielectric constant for a given  solvent is used in
its normal meaning of representing the  ratio of the
capacity of a condenser with that substance  as
dielectric to the capacity of the same condenser with
a  vacuum for dielectric. Values for the dielectric
constants 10 of common organic liquids can be found in
general  reference books, such as the Handbook of
Chemistry and  Physics, 76" edition, edited by David
R. Lide et al, and  published by CRC press in 1995,
and are usually quoted for  a temperature of about
2C9C or 253C, e. about 293.15k or. 15 298.15 K, and
atmospheric pressure, i.e, about 1 x 105NOC2,  or can
readily be converted to that temperature and  pressure
using the conversion factors quoted. if no  



literature data for a particular compound is
available,  the dielectric constant may be readily
measured using  20 established lahy s:i_co-ctzecri.c;
a:i. methods. For example, the dielectric constant of
anisole is 4.3 (at  294,2 K), of diethyl ether is 4.3
(at 293.2 K), of  sulfolane is 43.4 (at 303.2 K), of
--nethyrlpentanoate is 5.0 25 (at 293.2 K), of
diphenylether is 3.7 (at 283.2 K), of  dimethyladipate
is 6.8 (at 293.2 K), o:f'. tetrahvdrofuran. is  7.5
(at 295.2 Q, of methylnonanoat:e is 3 . 9 (at 293.2
K).  A preferred solvent is anisole. 30 if the
hydroxyl group containing compound is an alkanol,  an
aprotic solvent will be generated by the reaction
because the ester carbcnylation product of the WO
2E007/020379 PC17G82006l00291 S  !1 ethylenically
unsaturated compound., carbon monoxide and  the
alkanol is an aprotic solvent, The process may be
carried out in an excess of aprotic  5 solvent, i.e.
at a ratio (viv) of aprotic solvent to  hydroxyl group
containing compound of at least 1.1.  Preferably, this
ratio ranges from 1:1 to 10:1 and more  preferably
from 1:1. to 5:1. Most preferably the ratio  (v/v)
ranges from 1.5:1 to 4:1. 10 Despite the aforegoing it
is preferred that the reaction  is carried out in the
absence of any external added  aprotic solvent ie.. an
aprotic solvent not generated by  the reaction itself.
15 The catalyst compounds of the present invention act
as  "homogeneous" catalysts. 



By the. term "homogeneous" catalyst we mean a
catalyst,  20 i.e. a compound of the invention, which
is not supported  but is simply admixed or formed
in-situ with the reactants  of the carbonylation
reaction (e.g. the ethylenically  unsaturated
compound, the hydroxyl containing compound and  carbon
monoxide), preferably in a suitable solvent as  25
described herein. Conveniently, the process of the
invention may be carried  out by dissolving the Group
VIB or VI.lIB metal or compound  thereof as defined
herein in a suitable solvent such as 30 one of the
hydroxyl group containing compounds or aprotic
solvents previously described (a particularly
preferred  solvent would be the ester or acid product
of the specific  carbonylation reaction e.g. Methyl
propionate for ethylene WO 2007/020379
PC'T/G82006/002415  72 carbonylation) and subsequently
admixing with a compound  of formula I or III as
defined herein and an acid. The carbon monoxide may be
used in the presence of other  gases which are inert
in the reaction. Examples of such  gases include
hydrogen, nitrogen, carbon dioxide and the  noble
gases such as argon. Suitable Group VIB or VIIIB
metals or a compound thereof  10 which may be combined
with a compound of formula I or 11I  include cobalt,
nickel, palladium, rhodium, platinum,  chromium,
molybdenum and tungsten, and preferably include
cclbalt, nickel, palladium, rhodium and platinum.
Preferably, the component b) is a Group VIIIB metal or
a 15 compound thereof. Preferably, the metal is a
Group VIIIB  metal, such as palladium. Preferably-,
the Group V11IB  metal is palladium or a compound
thereof. Thus, component  



b) is preferably palladium or a compound thereof.
Suitable compounds of such Group VIB or VIIIB Metals
20 include salts of such metals with, or compounds
comprising  weakly coordinated anions derived froze,
nitric acid;  sulphuric acid; lower alkanoic (up to
Cu) acids such as  acetic acid and propionic acid;
sulphonic acids such as  methane sulphonic acid:,
chlorosulphonic acid, 25 f luorosuiphonic acid,
trifluoromethane sulphonic, acid,  benzene sulphonic
acid, naphthalene sulphonic acid,  toluene sulphonic
acid, e.g. p-toluene sulphonic acid, t- butyl
sulphonic acid, and hydroxypropane sulphonic acid;
sulphonated ion exchange resins; perhalic acid such as
30 perchloric acid; ; halogenated carboxylic acids
such as  trichloroacetic acid and trifluoroacetic
acid;  orthophosphoric acid; phosphonic acids such as
benzenephosphonic acid; and acids derived from WO
20E17I020379 PCTIGB2006,1002915  73 interactions
between Lewis acids and Bronsted acids, other  sources
which may provide suitable anions include the
optionally halogenated tetraphenyl borate derivatives,
e.g. perfluorotetraphenyl borate. Additionally, zero
valent palladium -complexes particularly those with
labile  ligands, e.g. triphenylphosphine or al.leen.es
such as  dibenzylideneacetone or styrene or
tri(cibenzylideneacetone)dipalladiu., may be used. 10
Thus, t:he ,acid (when present) is selected from an
acid  having a piia measured in aqueous solution at
180C of less  than 6, more preferably less than 5,
most preferably less  than 4, especially less than 3,
more especially, :less than  2. Suitable acids include
the acids listed supra, 



15 Preferably, the acid is either a sulphonic acid, or
some  other ac::.d such. as those selected from the
list consisting  of perchloric acid, phosphoric acid,
me n y.L pho: phonic acid, sulphuric acid, and
sulphuric acids, even more  preferably a sulphuric
acid or other acid (selected from  20 the list above)
having a pKa measured in aqueous solution at 18C oi'
less than 4, yet even. more preferably a  sulphonic
acid having a plies measured in aau.:eous solution  at
18C of less than 2, still more preferably the acid is
selected from the list consisting of the following 25
sulphonic acids methanesulphonic acid,
triflroromethanesulphonic acid, tert-butanesulp onic
acid,  p-toluenesulphonic acid,
2--hydrox,rrpropane-2-sulphuric  acid, and 2, 4, C
t.T."i[Ei thyl.tJc.21Zf-_nesulphoniC acid, most
preferably the acad. is :(lE'.l_. `Lcl7:Et:73 U_t: ~);
,'Cnic acid. 30 The anion may be derived from or
introduced as one or more  of an acid having a pICa
measured in aqueous solution at  18C of less than 6,
more preferably, less than 5. most WO 20071020379
PCT/GB2005/0029155  74 preferably, less than 4,
especially less than 3, a salt  with a cation that
does not interfere with the reaction,  e.g. metal
salts or largely organic salts such as alkyl
ammonium, and a precursor, such as an ester, that can
5 break down under reaction conditions to generate the
anion  in situ. Suitable acids and salts include the
acids and  salts, listed supra. The quantity of anion
present is not critical to the  10 catalytic behaviour
of the catalyst system. The molar  ratio of anion to
metal may be from 1:1 to 500:1,  



preferably from 2:1 to 100:1 and particularly from 3:1
to  30:1. Where the anion is provided by a combination
of acid  and salt, the relative proportion of the acid
and salt is  15 not critical. As mentioned, the
catalyst system of the present invention  is typically
used homogeneously. 20 The catalyst system of the
present invention is preferably  constituted in the
liquid phase. which may be formed by one  or more of
the reactants or by the use of a suitable  solvent. 25
The molar ratio of the amount of ethylenically
unsaturated  compound used in the reaction to the
amount of hydroxyl  providing compound is not critical
and may vary between  wide limits, e.g. from 0.001:1
to 100.1 mol/mol. 30 The product of the carbonylation
reaction using the ligand  of the invention may be
separated from the other  components by any suitable
means. However, it is an  advantage of the present
process that significantly fewer WO 20071020379
PC'T/GB2006/002915  75 by-products are formed thereby
reducing the need for  further pur_i.ff.cation after
the initial separation of the  product as may be
evidenced by the generally significantly  higher
selectivity. A further advantage is that the other
components which contain, the catalyst system which
may be  recycled and/or reused in further reactions
with minimal  supplementation of fresh catalyst.
Preferably. the carbonylation is carried out at. a  10
temperature of between --10 to 150C, more Preferably
0C  to 140C, evens more preferably 15C to 14'0C, most
preferably 20C to 120C. An especially preferred  



temperature is one chosen between 80C to 120t_ .
Advantageously, the carbonylation_ can be carried out
at  15 moderate temperatures. Preferably, when
operating a low temperature  carbanylatian, the car
cnylation is carried out between - 30C to 49C, more
preferably, -10C to 45C, still more 20 preferably 0C
to 45C", even more preferably 1.0C to 45C,  most
preferably 150C to 45C, Especially preferred is a
range of 15 to 35C. Preferably, the carbonylation is
carried out at a CO  25 partial pressure of between
0.90 x: 10" N.m 2 to 90 x  105N.rf2, more preferably,
I x 10 N.m_2 to 65 x 10'N.m 2 and  most preferably 1
to 30 x 105 \.m2. Especially preferred  is a CO
partial pressure of 5 to 20 x 10' 7.arr`~. 30
Preferably, a low pressure car'ronylation is also
envisaged, Pref`.erably, when operating a low pressure
carbonylation the car.bonylation is carried out at a
CO  partial pressure of between 0.1 to 5 x 105thmri'2,
more 4sl 209371020379 PCT/G12046!002415  76 preferably
0.2 to 2 x 105N.m2 and most preferably 0.5 to  1.5 x
105N.rn-2. The et:23yl.E ni-tally urisat:urated
compounds may be substituted  5 or non-substituted
with croups as defined above for the  "aryl,: group
above. Particularly suitable substituents  include
alkyl and aryl grouns as well as groups containing
heteroatoms such as halides, sulphur, phosphorus,
oxygen  and nitrogen. Examples of substituents include
chloride, 1.0 bromide, iodide and hydroxy, alkoxy,
carboxy, amino,  amido, nitro, cyano, thiol or
thioalkoxy groups. Suitable  et_hylenically
unsaturated compounds include ethene,  



propene, hexene, vinyl compounds such as vinyl
acetates,  heptene, octene, nonene, decene, undecene,
dodecene, etc '5 up to C30, i.e. having from 2 to 30
carbon. atoms, which  may be linear or branched,
cyclic or uncyclic or part:.  cyclic and in which the
double bond may take any suitable  position in the
carbon chain and which includes all  stereisomers
thereof. 20 Moreover, the unsaturated compound may
have one or more  unsaturated bonds and therefore, for
example, the range of  ethylenically unsaturated
compounds extends to dienes.  The unsaturated bond(s)
may be internal or terminal, the 25 catalyst system of
the invention being particularly  advantageous in the
conversion of internal olefins.  Particularly
preferred are olefins having from 2 to 22  carbon
atoms per molecule, such as ethene, propene, 1 30
butane, 2-butane, is>obutere, pentenes, hexenes,
octenes,  e.g. oct-2--ene, oct-3-ire, oct-4--ene,
decenes and  dodecenes, tri isobutylene, tripropylene,
internal C14  olefins, and internal C:s-Cay olefins,
1,5-cy:looctadiene, WO 2007; 020379 PC VG32006/002915
77 cyclododecene, methyl pentenoate and pentene
n-it:ri-les,  e.g. pent--2-ene nit:rile. The
ethylenically unsaturated compound is preferably an
15 alkene having 1 to 3 carbon-carbon double bonds per
molecule. Non-limiting examples of suitable dienes
include the following: 1,3--hutad.iene, 2--methyl-1,3-
butadiene, 1,5-cyclooctadiene, 1, t-cyciohexadiene, 2
, 4- heptadi.ene, 1, 3--pentadiene, 1, 3-hexadiene,
particularly  



10 1,3-butadiene. Another preferred category of
unsaturated compounds  consists of unsaturated esters
of carbo.'zylic acids and  esters of unsaturated
carboxylic acids. For example, the in starting
material may be a vinyl ester of a carboxylic  acid
such as acetic acid or propanoic acid, or it may be
an alkyl ester of an unsaturated acid, such as the
methyl  or ethyl ester of acrylic acid or methacrylic
acid. 20 A further preferred category of unsaturated
compounds  consists of cycloalkadienes, which will
ordinarily refuse  carhony"lation,For example, the
starting material may be  dicyclopentadiane or
norbornadiene, to give diesters,  diamides or diacids,
etc., which may find subsequent use  25 as monomers in
polymerisation reactions. The use of stabilising
compounds with the catalyst system  may also be
beneficial in improving recovery of metal  which has
been lost from the catalyst system. When the 30
catalyst system is utilized in a liquid reaction
medium  such stabilizing compounds may assist recovery
of the  Group VI or VIIIB metal. WO 2007l020379
PCT/GB2006!002915  78 Preferably, therefore, the
catalyst system includes in a  liquid reaction mediuki
a polymeric dispersant dissolved in  a liquid carrier,
said polymeric dispersant being capable  of
stabilising a colloidal suspension of particles of the
5 Group VI or V1IIB metal or metal compound of the
catalyst  system within the liquid carrier. The liquid
reaction medium may be a solvent for the  reaction or
may comprise one or more of the reactants or  10
reaction products themselves. The reactants and
reaction 



products in liquid form may be miscible with or
dissolved  in a solvent or liquid diluent. The
polymeric dispersant is soluble in the liquid reaction
15 medium, but should not significantly increase the
viscosity of the reaction medium in a way which would
be  detrimental to reaction kinetics or heat transfer.
The  solubility of the dispersant in the liquid medium
under  the reaction conditions of temperature and
pressure should 20 not be so great as to deter
significantly the adsorption  of the dispersant
molecules onto the metal particles. The polymeric
dispersant is capable of stabilising a  colloidal
suspension of particles of said Group V-1 or  25
VIIIBB metal or metal compound within the liquid
reaction medium such that the metal particles formed
as a result of  catalyst degradation are held in
suspension in the liquid  reaction medium and are
discharged from the reactor along  with the liquid for
reclamation and optionally for re-use 30 in making
further quantities of catalyst. The metal  particles
are normally of colloidal dimensions, e.g. in  the
range 5 - 100 nm average particle size although larger
particles may form in some cases. Portions of the WO
20071020379 PCT/GB2006,/002915  7.9 polymeric
dispersant are adsorbed onto the surface of the  metal
particles whilst the remainder of the dispersant
molecules :remain at least partially solvated by the
liquid  reaction medium and in this way the dispersed
Group VI or i VIIIB meta:[. particles are stabilised
against settling on  the walls of the reactor or in
reactor dead spaces and.  against forming agglomerates
of total particles which may  grow by collision of
particles and eventually coagulate.  



Some agglomeration of particles may occur even in the
10 presence of a suitable dispersant but when the
dispersant  Dyne and concentration is optimised then
such  agglomeration should be at a relatively low
level and the  agglomerat:es may form only loosely so
that they may be  broken up and the particles
redispersed by agitation. LL~ The polymeric dispersant
may include bomopolvmers or  copolymers including
polymers such as graft copolymers azid  star polymers.
20 Preferably, the polymeric dispersant has
sufficiently  acidic or basic functionality to
subs:::an:tially stabilise  the colloidal suspension
of said Group VW or VIIIB metal.  or metal compound.
25 By substantially stabilise is meant that the
precipitation  of the Group VI or VSISh metal from the
solution phase is  substantially avoided. Particularly
preferred dispersants for this purpose  30 include
acidic or basic polymers including acids: sulphonic
acids; amines and amides such as  polyacrylates Cr
heterocycle, particularly nitrogen 'WO 20071020379
PCTfGB2006/002915  80 heterocycle, substituted
polyvinyl polymers such as  polyvinyl pyrrolidone or
copolymers of the aforesaid,  Examples of such
polymeric dispersants may be. selected 5 from
polyvinylpyrrolidone, polyacrylamide,
polyacrylonitrile, polyethylenimine, polyglycine,
polyacrylic acid, polymethacrylic acid, poly(3-
hydroxybutyricacid), poly--L--leucine,
poly-L-methionine,  poly-L-pro ine, poly-L-s erine,
poly--L--tyrosine, 



10 poly (vinylbenzenesulphonic acid) and
poly(vinylsuiphooic  acid). Other suitable polymeric
dispersants are nitrogen- containing polymers which
are solubilizable in the  15 reaction mixture and
their methods of preparation are described in
EP1330309 which are hereby incorporated by  reference.
Examples of suitable polymers described  therein are
polyalkylenimines, in particular  polyethylenimines;
pol,nrinyrlamines having aliphatic 20
nitrogen-containing radicals on the polymer chain;
polymers of ethylenically unsaturated ca:rboxam_i.de_:
such as,  poly (meth) acrylamides; polymers of acyclic
or cyclic N- -vinyl amides such as polyvinylformamide
or  polyvinylcaprolactam. The polymers can have
different 25 nitrogen-containing monomers and, if
desired, nitrogen- free monomers in one molecule. The
nitrogen atoms may be  present in the main chain or in
side groups. In the case  of such polymers containing
amino groups, they bear, for  example, substituents
such as alkyl, aryl, aryl or 30 polyoxyalkylene groups
on some or all of the amino groups  Preference is
given to using polyethylenimines as  solubilizable
nitrogen-- containing polymers. They WO 200910201379
PC11CB20061002911  81 preferably comprise the
polyethylenimine units of the  form[u:La (1.) or (111)
or the branched isomers thereof F\lx F  S- J] (I) FYI
101, 



LE` ~ ~'`~i3) Further compounds described are
derivatives of  10 poly inylamine which have aliphatic
nitrogen-containing  groups on the polymer chain and
comprise, as the  characteristic structural element,
units of the formula  (IV) WO 20071020379
PCT7GB20061002915  82 NHH Nit (IV) Still further
compounds suitable are derivatives of  polyacrylamide
which comprise, as characteristic  structural
elements, units of the formula (V) 10 f3 NHW' NH2 (V )
15 A particularly preferred polymer is junidated
polyethylenimine as described in EP1330309. other
alternatives are the solubilizable carboxamides
described in US publication 2003 / 0069450 and all
such  20 carboxamides are incorporated herein by
reference. Generally, the carboxamides disclosed
therein have at  least one carboxamide group of the
formula -CO-N< Such  carboxamides can be, for example,
saturated or  unsaturated, aliphatic, aromatic or
araliphatic compounds, 25 Furthermore, the
carboxarnide can contain one or more  heteroatoms such
as oxygen, nitrogen, sulfur or WO 2007/020379 PCT!
G112006/002915  83 phosphorus, for example ._O-_, -S-,
-NI-I-, -NR-, -CO-, -CO--O.- I -N-, -CO-N<, -51R2--,
-PR- and/or -PR2 and/or be  substituted by one or more
functional groups containing,  



for example, oxygen, nitrogen, sulfur and/or halogen
:5 atoms. Very particularly preferred ca:rboxamides
disclosed therein  and having one carboxamide group of
the formula -CO-N< in  the molecule are
N,N-dimethylacetamide, N4' N 10 dietkylacetamide,
N,N--dipropylacetamide, N,N- diisopropylacetamide,
N,N-dibutylacetamide, N,N_  diisobutylacetamide,
N,N-d:tpentylacetamide, N,Td- dihexylacetamide,
N,N--dioctylacetamide, N,N- dimethylpropionami.d.e,
ti, N-die th.ylpropionamide, N, N 15
dipropylpropionamide, N, N-dii opropylpropiontamide,
NiT,INT- dibutylpropionamide, N,
N-diisobutylpropionamide, N,N- dlpentylpropionamide,
N,N-dihexylpropionamide and N,N- di octylpropi onar,:i
de . 20 Suitable examples of oligomeric and polymeric
carboxamides  given are acylated oligoalkylenimines
and  polyalkylenimines, in particular acylated
oligoethylenimines and pelyethylenimines; acylated
oligovinylamines and rzoiyvinylamines; oligomers and
25 polymers of ethylenically unsaturated carboxamides,
for  example oligoacrylamides and polyacrylamides or
oligomethacrylamides and polymethacrylamides; and
oligomers and polymers of acyclic and cyclic N-vinyl
amides, for example oli-govinylfonnamides and 30
polyvinyl f ormamides or
cligocr:i.ny:icaprc:l:ct:acct:: and
po3.yv=i.ny:lcapro?.actams. WO 20071029377
PCTtGB2006I002915  84 Preferably, the polymeric
dispersant incorporates acidic  or basic moieties
either pendant or within the polymer  backbone.
Preferably, the acidic moieties have a  



dissociation constant (pKa) of less than 6.0, more 5
preferably, less than 5.0, most preferably less than
4.5.  Preferably, the basic moieties have a base
dissociation  constant. (pKb) being of less than 6.0,
more preferably  less than 5.0 and most preferably
less than 4.5, pK3 and  p;Kb being measured in dilute
aqueous solution at. 25C. 10 Suitable polymeric
dispersants, in addition to being  soluble in the
reaction medium at reaction conditions,  contain at
least one acidic or basic moiety, either within  the
polymer backbone or as a pendant group. We have :Found
15 that polymers incorporating acid and amide moieties
such  as polyvinylpyrollidone (PVP) and polyacrylates
such as  poly-acrylic acid Q%k) are particularly
suitable. The  molecular weight of the polymer which
is suitable for use  in the invention depends upon the
nature of the reaction 20 medium and the solubility of
the polymer therein. We have  found that normally the
average molecular weight is less  than 100,000.
Preferably, the average molecular weight is  in the
range 1,000 - 200,000, more preferably, 5,000 -
100,000, most preferably, 10,000 -- 40;000 e.g. Mira
is 25 preferably in the range 10,000 - 80,000, more
preferably  20,000 - 60,000 when PVP is used and of
the order of 1,000  - 10,000 in the case of PAA, The
effective concentration of the dispersant within the
30 reaction medium should be determined for each
reaction/ catalyst: ;ystem which is to be used. WO
2007/0E20379 PCT/ G B2006i0929155  85 The dispersed
Group VI or VTIIB metal may recovered  from the liquid
t:ream 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
5 continuous process the liquid stream may be
circulated  through an external heat-exchanger and. in
such cases it  may be convenient to locate filters for
the palladium,  particles in these circulation
apparatus. 10 Pre`.erar,;ly. the pol.ymer;metal mass
ratio in gig is between  1:1. and. 1000 1, more
preferably, between 1:1 and. 400l,  most preferably,
between 1:1 and 200:1, Preferably, the  polymer:metal
mass ratio in g/g it; up to 1000, more  preferably, up
to 400, most preferably, up to 200. 15 Preferably,
said reaction medium is a 1i --phase  reaction medium,
more preferably it liquid-phase  continuous -sys tam
reaction system, 20 Preferably, within said reaction
medium, the am.csvnt of  free acid present in the
medium, that is acid which is not  directly combined
with the phosphine ligand, is greater  than SGOpp:m,
more preferably greater than i000ppm, most  preferably
greater than 2000ppm, 25 For the avoidance of any
doubt, each and evn:v feature  described hereinbefore
is equally applicable to any or all  of the various
aspects of the present invention as set out supra.,
unless such features are incompatible wi.t:h the  30
particular aspect or are mutually exclusive. All
documents mentioned herein are incorporated by
reference thereto. W4} 2097!020379 PCT'!GB20061002915
86 The following examples and figures further
illustrate the  



present invention. These examples are to be viewed as
being illustrative of specific materials falling
within 5 the broader disclosure presented above and
are not to be  viewed as limiting the broader
disclosure in any way.  Figure 1 shows a plot of TON
vs ACCF for examples 1 - 5  and 7 and comparative
example 6, based upon data from the 10 series of
examples shown in Table 1. Table 2 shows data  from
examples 8 - 11. Preparative Example 1 15
Preparat:ion....__ of 1,2-bis
{d:Lt:e:rtbutylphosphin(c)methyl3  benzene a  NI I r;
~a> F 1:~) [,2-his- 4Ii-tort-buts phosphinomet?ay1
benzene 20 The preparation of this ligand was carried
out in the  manner disclosed in WO 99/47528 in
accordance with Example  18. WO 207M20379 PC
VGB2006/002915  87 Preparative Example 2 Preparation
of 1,2-bis (di- (dim e thyl adaman tyl) the Sphi<70311
e thyl) f erro g ene The preparation of this l.igand
was carried out in the  manner disclosed in wo
03?003936, in accordance with  Example 1. 10 Example;
1-5 and 7 and Compa aticre Example 6 Preparation of
methyl projanoate_ from ethylene, carbon  monoxide and
methanol catalysed according to the present:
i.nvea-at:ion 



15 The continuous process exemplified involved the
reaction  of purified streams of carbon monoxide,
ethylene and  methanol in the Liquid phase, in the
presence of e,  catalyst system, to generate the
desired product, methyl  propanoate. 20 The reaction
was carried out at 103C and at 12 barg  pressure in
the reactor vessel. The catalyst system was made up of
three components, being  25 a palladium salt, a
phosphine ligand and an acid. The  three catalyst
components, when combined together and  dissolved in
the reaction mixture, constitute the reaction
catalyst or catalyst system, a homogeneous catalyst,
which  converted dissolved reactants to the product
methyl  30 pronanoate in the liquid phase. During
continuous operation, the catalyst decompose-ed at a
slow but steady rate, and was replaced by adding frown
WO 20071020379 PC'TIGB2006/002915  88 catalyst, or the
rate of generation of the product, methyl  propanoate
reduces. The reactor vessel was fitted with an
agitator, and also a  5 means of re-circulating the
unreacted gas that collected  in the upper headspace
area of the reactor. The =reacted  gas from the
reactor vessel headspace, which was made ur:  of a
mixture of ethylene and carbon monoxide, was returned
continuously to the reactor via an entry pipe at the
base, 10 such that the gas passed up through the
reaction mixture  continuously. Upon entering into the
reactor vessel the gas was  dispersed by the agitator
into fine bubbles. In this way  



15 the ethylene and carbon monoxide. were dissolved in
the  reaction mix. Fresh ethylene and carbon monoxide
gases were added to the  re-circulating gas to make up
for the amount of the two  20 gases that have been
used up by the reaction. Fresh methanol was also added
continuously to the reactor  vessel, in order to
replace the methanol that has been  used up in the
reaction. 25 The reactor vessel held the bulk liquid
reaction mixture,  along with the three components of
the homogeneous  catalyst, being a palladium salt, a
phosphine ligand, and  a suiphonic acid. 30 In order
to recover the product methyl propanoate, a  stream of
reaction mixture was passed continuously out of  the
reactor and into the distillation column. WO
2007/120379 P>v''i~Gi:12440;002ibi  59 The
distillation . column, being a single stage `flash'
type  distillation column, provided a means of
separating a  fraction of the methyl propanoate and
methanol components  of the reaction mixture from the
nor.--volatile dissolved 5 catalyst components. Th:i.s
was achieved by vaporising a  fraction of the reaction
mixture as it passed through the  flash column. The
part of the reaction mixture which  remained as liquid
after passing through the flash column,  and which
still contained useful catalyst components, was 10
returned to the reactor vessel so that the catalyst
components could take part in the on-going reaction.
if the methyl propanoate product was required free of
methanol, a second distillation column was required.
In  15 this case, the vapour stream from the flash
column.., which 



is a mixture of methyl propanoate and methanol was
passed  into the second distillation column, where the
pure methyl  propanoate was generated as the heavier
product, and taken  off from the base of the column,
A. low boiling mixture of 20 methanol and methyl
propanoate was generated as the light  product, and
was removed continuously from the top of the  MeP
purification column. In order to utilise the methanol
as efficiently as possible in the process, the
lowboiling  mixture of methanol and methyl propanoate
was returned  25 continuously to the reactor vessel.
After start up of the continuous reactor unit, when
the  desired rate of generation of methyl propanoate
had been  achieved, a process of gradual reduction of
the feed rates  30 of the catalyst components was
undertaken. In order to sustain. the rate of
generation of methyl  propanoate it was necessary to
continuously replace the WO 20071020379 9'C
f/GB2006/002915  90 palladium catalyst component which
was lost to  decomposition with fresh palladium at a
rate which  balanced the :rate- of loss. This led to
the situation where the standing  concentrations of
catalyst components became constant for  a given rate
of generation of methyl propanoate, and just  able to
sustain flow sheet reaction rate, as indicated by
constant concentrations of carbon monoxide and
ethylene In 10 the head-space area of the reactor
vessel. This was called  the balance point, because
under these conditions the rate  of palladium
decomposition was balanced. exactly by 1-d.c  rate of
addition of fresh palladium. 15 From the rate of
addition of fresh palladium catalyst  



component under balance point conditions, the
palladium  turnover number (TON) was c:aalcu .aged.
This is defined as  the number of'. mol of met Lyl.
propanoate generated per hour,  for each mol of
palladium consumed by the decomposition  20 process
per hour. upon reaching a steady state at. a
pre-determined set of  control conditions, the
instantaneous values of all of the  variables were
recorded, and used as representative data 25 to show
the performance of the process under the  conditions
in use at the time. To gather data an the effect of
ACCF on palladium turnover  number, all variables were
held constant except the levels  30 of solvent in the
reaction mixture. These levels were changed to a high
lever., a comparative low level and 5  comparative
average levels to generate a reliable control  level.
The additions were then followed by careful O
2Q071020379 PCT/GB20061002915  9_ adjustment to make
sure the rate of production of methyl  propanoate
remained constant, In, this way, conTarative sets of
results were drawn up  5 which showed clearly the
changes to catalyst stability  that were caused by the
variations in the ACCF, The amount of palladium in the
feed to the reactor is  critical to calculation of
turnover number results.  10 Assurance on the rate of
:fresh catalyst being fed. to the system was provided
by analysis of each batch of catalyst  prior to
transfer to the catalyst feed tanks for palladium
content. Further assurance was gained by determination
of  the actual feed rate of catalyst from timing of
the fall 15 in the level in a burette, which is part
of the catalyst:  



feed system, Table 1 shows the effect of ACCF on
palladium turnover  number (TON) for results obtained
for examples 1 - 5 and 7  20 and comparative example
5. In examples 1 ._ 5 and 7 and comparative example 6,
the  acid used was met hanesulphonic acid, the
bidentate  25 phos phine! ligand was 1, -bis
(di`ertbutylphosphinomethyl)benzene, and the palladium
compound was tri(dibenzv'ideneacetone)da.palladium.
\42007f020379 PC /G82006,/002915  92  Table I I F..x.
1 ~ Fx. ? Comp. Ex. Ex. 3 E~ . ~ ...................
E Vaiuzne of 2600 .3600 :4600 2440 2600 2600 .2600 IEE
Liquid Phase reactor (o , ? 3 E  20C) .i.:....._ _.._
.._1 Pu e Mee rate 1007 1000 1000 1000 1000 1e)2} 1024
(g/hr, by weight  9iereace)  [vr-x ;96104 j19'7733
13192" 6?)46_ 6"_. }m?25 6F .:513 EEli;i1~1  N:ssnber
(a,c1 Mep Mol Pd) Pd Wpm) 5.8 I; 4.4 1 ?.5 5.7
------------ ------------------- - .P, (PP.M) 30 32 Q
..____.___.- ___________ ____ _____--M- -----------
------ ..... ........__.,_.._.  Acid iPPs) S;EOS :086
i 1.a7 ----.  



..-._...-_._s...------------ y  ACCR 1X4 0.38 0,23
4."e3 0.36 0.30 0.3'1 0.:9  MaP hr-' dm'') The results
from comparative example 6, examples 1. - 5 and
example 7 are shown more clearly in figure 1 which
shows a  plot of TO' vs ACCT. As can be seen, at low
ACCF the TON  1.0 surpr-singly increases, Table I
shows the actual measured levels of Palladium at  the
different data, points, as well as the calculated ACCF
factors and resulting Pd turnover numbers. i5 T;'Le 2
shows the effect of ACCE' on palladium turnover
number (TON) , obtained for examples 8 -- 11. It shows
the  calculated ACCF factors and resulting Pd turnover
ntumbers. 20 In examples 8 -- 11, the acid used was
metl.anesul;:7honic  acid, the bidentate phosphine
ligand was 1,2-"his- (d:i.
idimethyladanantyl)phosphinoniethyl) ferrocene, and
the WO 2007/029379 P I'/GB2006/f)02915  93 palladium
compound  tri (dibenzylideaeacetone) dipaliacii arn.
WO 2007/020379 PCT/GB2006/002913  94 'able 2  -- ---_
Ex.. 3 rx ~.. Ea. 10 Ex. 11  C'oluae u' E Li:aid Phase
2600 2600 2600 3600  reacto (m1 i. '. ,  



20C) Pure Mp safe 10301035 [1032 1030  (g/hr, by E ~.
weight difference)  ~_...._W
._____......__........__~, a ------------------
----------- T um Over 10712073 0803 55 11707192
9816651  Number (mot F' 1ltm Pd) Pd (BPm) nr n,`""
nrcn "aim }m/m  - -------------------  Acid (ppm)
1621, him nt'a 1Y3  - -
------------------------------------------------------
------ ---------  e c (ha '3E 0.38 0 3& 0.28 - -
---------- ----------- Me h,. ' E 1  Although some
preferred embodiments have been shown and  described,
it will be appreciated by those skilled in, the  art
that various changes and modifications might be made
10 without departing from the scope of the present
invention,  as defined in the apper..tded claims.
Attention is directed to all papers and documents
which  are filed concurrently with or previous to this
15 specification in connection with this application
and  which are open to public inspection with tl.i.s
specification, and the contents of all such papers and
document(, are incorporated herein by reference. 20
All of the features disclosed in this specification
(Including any accoi:panyiag claims, abstract and Wo
2007/020379 PCT/G132006100291.5  



95 drawings), and/or all of the steps of any method or
process so disclosed, may be nombined in any
combination,  except combinations where at least some
of such features  and/or steps are mutually exclusive.
Each rcatur;e 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 10 otherwise. Thus, unless
expressly stated otherwise, each  feature disclosed is
one example only of a generic series  equivalent or
similar features. The invention is not restricted to
the details of the  15 foregoing embodi.ment(s). The
invention extends to any  novel one, or any nevel
combination, of the features  disclosed in this
specification (including any  accompanying claims,
abstract and drawine-s), or to any  naval one, or any
novel combination, of the steps o J: any  20 method or
p:roc:ess so disclosed. WO 200,7/020379
PCTIGB20061002915  96 Claims  1. A continuous
carbonylation process for high turnover  !=i
carhon'la'tlon 4"tJT[FEFS7is :ag ca7'F}ionVLctting an,
e thy_l.enica_l..l.v unsaturated compound with carbon
monoxide in the presence  of a source of hydroxyl
groups and a catalyst system  comprising (a) a
bidentate pfospnine, arsine or stibine  ligand, and
(b) a catalytic metal selected from a group 10 VIB or
group VIIIB metal or a compound thereof wherein the
catalytically active concentration of said catalytic
metal, measured as the ACCT' (product Kg.h:r t.dm') is
held  



at less than 0.5. 1./ 2. A cark,oraylation reaction
medium and product stream  thereof for a continuous
carbonylation process comprising  in the reaction
medium an ethylenically unsaturated  compound, carbon
monoxide, a source of hydroxyl groups and  t, catalyst
system comprising: 20 (c) a s idemtate p`aiosp nine,
arsine or stibes e liwand,  and (d) a catalytic metal
selected from a group VIB or  group VIIIB metal or a
compound thereof wherein  the catalytically actives
concentration of said 25 catalytic metal in said
medium, measured as the  ACCF (product kg.hr`1em-31,
is maintained at less  than 0 .5 . 3. A process for
the carbonylation of an ethylenicaily  30 unsaturated
compound comprising contacting an.  ethylenical.ly
unsaturated compound with carbon monoxide  and a
hydroxyl. group containing compound in the presence
of a catalyst system as defined in claim 1 or 2. 97
4. A catalyst system comprising a hrdentate phosphine,
arsine or stibine il-gand; and a catalytic metal
selected  from a Group VIB or Group VIIIB metal or a
compound  thereof, wherein. the catalytically active
concentration of 5 said catalytic metal, measured as
the ACCF held at less  than 0.5, wherein the
'Old.entate phosp.h.:t.ne .I. .gand. of  general
formula (I) Rta Ra  C- Rs  R 2__ 4 4
QA--.K,D)Ar(E,Z)---B-- Q 3  



R R T-- C C-- R  R R  1. :7 (-" )  wherein: Ar is a
bridging group comprising art oaption -ily
substituted aryl motety to Which the phosphorus atoms
are  linked on available adjacent carbon atoms; 1.5 A
and B each independently represent lower alkylene; K.
D. E and I are substituenis of the aryl moiety (Ar)
and  each independently represent hydrogen, lower
alkyl, aryl,  20 Net, halo, Cyano, nitro, OR", DC (O)
R L0, C(O)IT, C (0)OR2`,  NR2 :Z`4, Ct`i?}NR25R`,
(S)R`3R`A, EiR2' (0) R27, OK Q s; CFt~.13 (W) (R_') !:
R 16 (W') where J represents lower alkylene; or two
adjacent groups selected from K, , .. and  together
with the carbon atoms of the aryl ring to which  25
they are attached form a further phenyl -ring, which
is optionally substituted by one or more substituents
selected from hydrogen, lower alkyl, halo, cyano,
nitro, WO 2007/020379 PC7 /GE2006/0029 f5  98 OP 19,
OC(0)R20,, C(0)R21, C(0)OR22, NR23R2' G(O)3R25R26  c
(S)R25R25 SR2' or C(0)SR`1; R1 to R;P each
independently represent, hydrogen, lower  alkyl, aryl,
or Het; 5 R19 to R2" each independently represent
hydrogen, lower  alkyl, aryl or Het; R" to R 12 each
independently represent hydrogen, lower  alkyl, aryl,
or Het; 



1D 2  Q', Q and Q3 (when present) each independently
represent  phosphorous, arsenic or antimony and in the
latter two  cases references to phosphine or
phosphorous above are  amended accordingly. 15 A
continuous carbonyrlation process according to claim
4, wherein each Q1, Q2 and Q3 (when present)
represents  phosphorous. 20 6. A continuous
carbonylation process, a carbonylation  reaction
meditan, a process for the carbonylation of an
ethylenically unsaturated compound or a catalyst
system,  according to any of claims 1--5, wherein the
low ACCF is  held or maintained by suitable dilution
?f the  25 carbonylation reaction medium. 7. A
continuous carbonylation process, a carbonylation
reaction medium, a process for the carbonylation of an
et:hylanic..lly unsaturated compound or a catalyst
system, 30 according to claims 1-6, wherein the
catalyst system also  includes as a further compound
(c ), an acid. WO 2007!020374 PCTIG1120061002915  99
8. A continuous Ca.:Monylation process, a.
carbonylation reaction medium, a Process for the
carbonylation of a  ethylenically urt<at.urated.
compound or a catalyst system  according to claims
1-7, wherein specific but tion-:Limitii g 5 examples
of hidentate L i-gand: within this embodiment  include
the following: 1,2  his
(diadaxnantylphosphinomethy:L)henz ne, i, 2 his (di-3
, 5- 



di.metkty:l.ad.amanty:phosphinomethyl)benzene, 1, 2
his (di-5--
tert--butyladamantylphosphi.nomethyl)benzene, 1,2
__s(2- 10 adacaan.tyl
tort-butyl--phosphinomethy).)benzene, (d.ia 3;a
ra.nt:y:l.phosnhinomethyl) -- 2 - (di-ter'
hul:.y:Lphos_:h:i-n.omethyl}.ternze e., 1- (-di-tart.
butylphosphzinomet hyl) - 2
(dicorgressylph(isphinomethyl)benzene, 1. -- (di--
tert- 15 buty lpliosphinomethyl) -2-
(phospha-adamantyl-P- met:hyl)benzene, 1--
(diada.:antylphospk_ic.o;;teth'rl)--2-(phospha- ada
benzene, 1-C tert- 1?utyl aclar aatylpl:o.s ?h.i n.ome
b6:l } -2 _- (di- adamantylpnosphin o:nethy!) benzene
and 1 C t L' (2 , 2 a 6 , 6 , - 20
tetra-methylphosphinan-4i-one)pnosp:ai:rometbyl.)}._2.
_(phospha- adamancyl-P-rmethyl)benzene, wherein
"phospha-adamianty..l" is  selected from
2-phospha-1,3,5,7-tetramethyl-6,9,1ii-
`.r:i-c~:ta:l,:asa:r 2-phospha-1, 3, 5--trimethyl-6,
9, 1.0 trioxadamaatyl, 2-nho spha-1, 3, 5, 7--tetra
(trifluoromethyl) - 25 6, 9, l0-triox.adasuar tyl or
2--phospha-1, 3 , 5-
tri(trifluoromethyl)--6,9,10-trioxadamantyl 9. A
continuous carbonylation process, a c:arbonylation
reaction mediur., a process for the care r_:lat:Eciri
of an  30 ethylenically unsaturated compound or a
catalyst system, a:-cording to claims 1-3, 6 or 7,
wherein the bidentate  phosphine ligand is of general
formula (111). WO 2097/020379 PCT/6820061002915  J.00
IX 4 I3  El fui `\XI  4)"Y 7n 



{818)  wherein: Al and A2, and A3, A4 and A5 (when
present) , each  independently represent lower
~aikyleme; K1 is selected from the group consisting of
hydro en,  , OR19,  lower alkyl, aryl, Het, halo,
cyano, nitro - 10, 0 --C(O)0R2`:, -N(R23)R24 -l
(O)N(R25)R26, - C(S) (R17)R'8, -SR29, --C(O)SR30, -CF3
or -Ai-.Q I(X5)x D1 is selected from the group
consisting of hydrogen,  lower alkyl, aryl, Het, halo,
cyano, nitro, -(c)R79, - 15 OC(O)R20, -C(O)RJ2
-C(O)OR22, --N(R'3)R2, -C((c))N(R2')R26, -- C()
(R27)R2 --SR29. --C(O)5R3, --CF3 or.' -7a4-s i 7XO; E'
is selected front the group consisting of hydrogen,
io.ver alkyl, aryl, Het, halo, cyano, nitro, -ORi9, `-
20 OC(O)R2Y C(G)R21, C(( )OR'2, -N(R23)RG4,
-C(O)N(R25)R", C(S) (Rf,)R28, -SR29, -C(O)SR', -CF, or
-A5-QO(K9)Kto; WO 20 0 710 2 03 7 9 PCTKE;B20061002915
101 or both. P1 and E1 together with the carbon atoms
of the  cyclope:atadienyl ring to which they are
attached form an  optionally substituted phenyl ring:
5 X- represents CRl(R) (R3), congressyl or adamantyl,
X"  represents CR4 (R.') (0), congressyl or
ada111antyl., or X` and  X2 together with Q` to which
they are attached form an  optionally substituted
2-pi...spha- tricyclo[3.3.1.1{3,7}decyi group or
derivative thereof, 10 or Xl and X2 together with Q2
to which they are attached  form a ring system of
formula 111a Yv, R". I, 



5i52 (Ma)  ' represents CR7 (Ra) (R9), congressyl or
a.daman y:i., x4  ... r.ES:~ or 15 represents CR10(01)
(~~. ..12{ , cony : _sy 1. or adamantyl, i. _ X3  and
X4 together with Q1 to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.113,711decyl group or derivative
thereof,  or X' and X4 together with Q1 to which they
are attached  20 form a ring system of formula 111b
y{1  r..  i Cl62 (IlIb) e  1 represents CR'3 ;Et141
(RE.s) oong::'a:>.yl or adam;,.ncy_, X represents
CR1i(Rj7) (R1a) c ngresst;l or adamant_yl, or Z' WO
2007/020379 PCT/GB2006/002915 102  and X together with
Q3 to which they are attached form an  optionally
substituted 2-p:hospha- tr-icyclo[3.3.1.1{3,7}]decyl
group or derivative thereof,  or X5 and I together
with Q3 to which they are attached  5 form a ring
system of formula Ilic Y3  gH ii E)r_s  R @@.  Psi
-001  51 R52 (lie)  



X' represents CR31(R32) (R33), congressyl or
adamantyl, f  represents CR 34 (p35) CR31) ,
congressyl or adamantyl, or '  and XA together with Q4
to which they are attached form an 10 optionally
substituted 2--phospha- tricyclo[3.3.1.1{3,7]decyl
group or derivative thereof,  or X7 and X3 together
with Q4 to which they are attached  form a ring system
of formula Ilid Y  R i [l  H5t Ref (llld)  15 19
represents CR37 (23e) CR39}, conoressyl or adamantyl,
220  represents CR`(R"1) (R42) congressyl or
adamantyl, or X'  and X'-` together with Q5 to which
they are attached form an  optionally substituted
2-phospha_  tricyclo[3.3.1.1.(3,7)]decyl group or
derivative thereof, 20 or X9 and X'0 together with QF
to which they are attached  for:; a ring system of
formula Ilse WO 20071020379 PCT/G52006?092415  103 j
R64  R51 R52  (Ille) and in this yet further
embodiment, QI and Q2, and Q3 Q4 and Q' (when
present), each  5 independently represent phosphorus,
arsenic or antimony; M represents a Group VIB or
\TIIIB metal or metal cation  thereof; 10 L1
represents an optionally substituted cyclopentadienyl,
indenyl or aryl group; 



_2 represents one or more ligands each of which are
independently selected from hydrogen, lower alkyl,  15
al,bylaryl, halo, CO. 1:'i R4) (R44)P.4' or N (R46)
(R47)R48; a' to R.'s and 2-34 to R42, when present,
each independently  represent hydrogen, lower alkyl,
aryl, halo or diet; 20 RL9 to H30 and R' to R48, when
present, each. independently  represent hydrogen,
lower alkyl, aryl or Het; x4 , R'G ' and R", when
present, each independently represent  hydrogen, lower
alkyl or aryl; 25 a5 to ;yea when present, each
independently represent  hydrogen, lower alkyl, aryl
or Het; 'WO 2007/020379 PCUGB20051002915  104 Y Y2, Y
, Y4 and Y5, when present, each independently
represent oxygen, sulfur or ti-R55; n = 0 or 1;  and
m= 0 to 5; provided that when n = 1, then m equals 0,
and ;ashen n  equals 0 then in does not equal 0. 10
10. A continuous carbonylation process, a
carbonylation  reaction medium, a Process for the
carbonylation of an  ethylenically unsaturated
compound or a cataly_tt system,  according to claims
1-9, wherein th'e hydro-%n,,l group 15 containing
compound includes water or an organic molecule  having
a hydrox=yl functional group. 11. A continuous
c:arbonylation process, a carbonylation  reaction
medium, a process for the carbonylation of an  20
ethylenically unsaturated compound or a catalyst
system, 



according to claims 1-10, wherein the ethy:lenically
unsaturated compounds may (a) be non-substituted or
substituted with lower alkyl (which alkyl group may
itself  be substituted, unsubsta.tuted or terminated
as defined 25 herein) , aryl, het, halo, cyano, nitro,
thioalkoxy, ORS'',  0)R221, c(e)R'1, c(O)r0R2, 's~ia
C(O)NRas za O(S)R2SR26, jjR (S) NR75R2`' SR": C (O)
SO', wh rein RS9 C:. to RJ' each  independently
represent hydrogen, aryl or lower alkyl  (which alkyl
group may itself be substituted, 30 unsubstitut:ed or
terminated as defined below) ; (b) have  from 2 to 30
carbon atoms, which may be linear or  branched, cyclic
or uncyclic or part cyclic; and (c ) may  have one or
more unsaturated carbon-carbon bonds. NVO2 O /D2O37!
Pc' 'Is U20106/0029ts  105 i<.. T;. LJt?b.4.,,T?Eus ca
bonyla4 7..''.1, process, .., ):_iac">c a medium, ct
process for the .:?..uonyla :",on :>3 an  ethyle
i:.czi',[..y =saturated cvmpound Cr a L rt a..,t.::a
"stautt  5 according to an'- ai~ u-p Vit(.., metal or
a coxapounv ':a..u& is selected from Groups 8, acid 10
of t ?::c: Ill deY:'FS ul. iodi table. 




