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The present invention relates to conpounds, in

w@arotiozaskar conpounds for catal ysi ng the car bpemGaR06/003936

5

10

15

20

25

30

of 5 ethylenically unsaturated conpounds, nethods of
preparing such conmpounds and the use of such conpounds
for catalysing the carbonylation of ethylenically
unsaturated conpounds. 10 The carbonyl ati on of

et hyl eni cal | y unsat ur at gdograpysmdSYSTENM Ng car bon
nonoxi de in the presence of a catalyst system and an
al cohol or water to yield the corresponding ester or

Syi.t :
AR HPRAR iR Elded St kDR Ul B icutar
pabbm@bumﬁsand Bophospatred s igend ( ehg. ancatkqﬁylation of

phosphi.ne bldentate osphi ne |igan S ,
R SEP AR R 1. Al CPTROIAS CaParhots pf aeparing

haéﬁcﬁee%d¥§6ﬂdﬁgﬁjdﬁﬂChthgo el bids reaseRabb8mpounds for
stability during the carbonylation process and pern1t

r ecatpdsyng e ecaxbony Fatiken t of bethydendead 1yt hysaturated

stll s a need for inproved catal yst systens.
suit hﬁ?ﬁgﬁ%he present invention ains to provide an

I nproved catal yst for carbonylating ethylenically 25

unsat ur at ed conpounds. Accordlng to_a first aspect,
t h&hr RRFROTPRARIHNOLp Bt e aldival %{sagur@&@ﬁe compounds

fops48 Q:%X'!b@h' thm?ﬂld%t MY eMeC HltdE & &ditalyst system
30

conmpound, which catalyst Is obt al nabl e by
coahﬁman;axqgh@ﬂcbnuanEklanﬂrﬁlwrthecawpm@s@ondlng ester

el A SRR el b2 Y . suscanie
catalyst systems comprise a Group VIII metal (e.g.
palladium) and a phosphine ligand (e.g. an alkyl phosphine
or a bidentate phosphine ligand as disclosed in WO-A-
9619434) .

Although catalyst systems have been developed which
exhibit reasonable stability during the carbonylation
process and permit relatively high reaction rates to be
achieved, there still exists a need for imprdved catalyst
systems. Suitably, the present invention aims to provide
an improved catalyst for carbonylating ethylenically

unsaturated compounds.

According to a first aspect, the present invention
provides a catalyst suitable for <carbonylating an
ethylenically unsaturated compound, which catalyst 1is

obtainable by combining:

(a) a Group VIIIB metal or a compound thereof; and,

(b) a compound of formula I or salt thereof:



2 X4 K~t--X3 D2 X2 EA Q M\X1I (L2m(L1)n (~)
wherein: 5 A and A2, and A3, A4 and As (when present)

W0 2@aok322 ndependent |y represent | ower al kyl enBCT/EBR2@®3/003936
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sel ected fromthe group consistjng of hydrogen, |ower
al kyl, aryl, Het, halo, cyano, 'nitro, -OR19, -COC (O
R20, 10 -C (O R21, -C (O OR22, -N (R23) R24, -C (O
N (R25) R26 , -C (S) (R27) R28 -SR29, -C(O) SR 30,
-CF3 or -A3-(B (X5) X6; Dis selected fromthe group
consi sting of hydrogen, |ower él(fyl, aryl, Het, hal o,

N 15

N

cyano, nitro, -OR19, -OC (O R2 -C (0O R21, -C
(O OR22, -N (R23) R24, -C ( 3R26 , -C (9
(RR7) RR8 -SR29, -C (O SR3® -2%?%% -AM-Q4 (XT7) Xs;

E is selected fromthe group |consilsting of hydrogen,

| ower al kyl, aryl, Het,Dha o, nitro, -OR 9,
-0C (O R20, 20 -C (0) R2 (O O‘«’gz, -N (R23)
R24, -C (0) N (R25) R26 , ) (RR7MR28 - SR29,
-C(O SR 30, -CF3 or -AS-QTEt( Q 2004/ 024322
PCT/ GB2003/ 003936 3 or bothpp anl E"tQgether with the
carbon atons of the cycl eat adi enyl ring to which

9)

they are attached formg_)mo tionally substituted

phenyl ring:
(L1 )n

(1)

wherein:

A, and A,, and A;, A, and Ag (when present), each

independently represent lower alkylene;

K is selected from the group consisting of hydrogen, lower
alkyl, aryl, Het, halo, cyano, nitro, -OR'?, -0OC(O)R?°,
~C(0)R?*, -C(O)OR®, -N(R®)R*, -C(O)N(R*)R*®, -C(S) (R*)R*,

-SR?*°, -C(0)SR*®, -CF; or -A;-Q*(X*)X%;

D is selected from the group consisting of hydrogen, lower
alkyl, aryl, Het, halo, cyano, nitro, -OR*®, -0C(O)R?*°,
-c(0)R*, -C(0)OR*, -N(R®)R*, -C(O)N(R*)R*, -cC(S)(R*)R*,

-SR?°, -C(0)SR?*°, -CF; or -A.-Q*(X")X%;

E is selected from the group consisting of hydrogen, lower
alkyl, aryl, Het, halo, cyano, nitro, -OR', -OC(O)R?*’,
_C(0)R?, -C(O)OR??, -N(R®)R**, -C(O)N(R*®*)R*, -C(S)(R¥)R*,

-SR?®, -C(0)SR*°, -CF; or -As-Q°(X°)Xx'%;



5 X1 represents CR1I(R2) (R3) , congressyl or

adamantyl, X2 represents CR4 (R5) (R6) , congressyl
woeoradasant yl , or X1 and X2 together with Q@ POT/6BR@R/003936

they are attached forman optionally substituted

2-phospha- tricyclo[3.3.1.1{3, 73] decyl group or

derivative thereof, to or X1 and X2 together with

to which they are attached forma ring system of

foofulibotia Yl afd9R H&pkehdy RGBtRSkEHS2chibdn X¥toms of the

represents CR7 (R8) (R9), con ressyl or adamantyl, X4

15%@&%%@56:@@@ (g ‘emy ichc Ghghe ALA dFtached form an

aqu_@ﬂ s%ri‘i:&é%dt r with QL to which they

are attac orm an opt y substituted
2- phospha trlcyclo[S 3. 1. 1{3 7}] decyl group or

tive th d X4 together with OL t .
anfen EREeaPEES. « SRR B3R o AoRSPRREYLy oTEm pfamattyl, X
fo&'éﬂr%ée&t@ ch4<9<5H(kF>RS4co:E§fém R6: BBamhilyl,Xor X and

represents CRI13 ( R15) congressyl or adamant I,
X6 X rép?&&fé'rﬁ (Rhgyh thegr ageylatgrached form an

. X5 MD 2004/0 2003/003936 A ~h _

an%&g tg&élg{wer with éﬁ ﬁgﬁéé}Bare attached “ P ospha

f orcmiaryclepis.anal |1y 3S,wt}3tdetdyﬂ.edgﬁewp osphaderivative thereof,
10 or X' and X* together with Q* to which they are attached

form a ring system of formula la

Y1
R49H H R54
R R53
R51 R52
(1a)

X* represents CR’(R®) (R®), congressyl or adamantyl, X*
15 represents CR'(R') (R®), congressyl or adamantyl, or X°
and X* together with Q' to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]ldecyl group or derivative thereof,
or X® and X' together with Q' to which they are attached

20 form a ring system of formula 1b

(1b)

X5 represents CR™(R™) (R'), congressyl or adamantyl, X°

represents CR'(R') (R'®), congressyl or adamantyl, or X°



tricyclo[3.3.1.1{3,7}]decyl group or derivative
thereof, or X5 and X6 together with @3 to which they

wae@sme43azhed 5 forma ring system of fornul aP€BHEGB3003/003936
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RAOH H R54 R R53 R51 R52 (1 C) X7 represents CR31

(R32) (R33) , congressyl or ad ntyl, X8 represents

CR34 (R35) (R36) , congressyl or adamantyl, or X7 and

X8 together with Q4 to which they are attached form an
10angdt Xbnadyytsebswitht @Y t phinsgihathey are attached form an
tricyclo 3.1.1{3, 7}] decyl .graup .or.derivative

t hEP 6?PL§6V X and X8 to ‘{))v}tﬁﬁiQﬁl to which tRephospha-
areritﬁﬁaibqé.sf_mmg W}Paeé){}?t PRip f BEMUerivhtGfe thereof,
R4SH H R54 R R53™ R61 R52 1d) 15 X9 represents CR37
(Re8) XfR3gd X’comgaishan withd@hmhoywhixho thesprasenestached
CR40 'S;RM ix(xR42% £ congrgfs%s%llor gdarmntyl, or X9 and
X16°F g%t arowYR ﬁ% 4 Fth ?h%y are attached form

an optionally substituted 2yphospha-

tricyclo[3.3.1.1.{3,7}] deﬁyl up or derivative

t hereof, 20 or X9 and J sth Q6 to which

they are attached forma I?emof formula | e WO

R51 R52
(1c)
X" represents CR*!(R?) (R®¥), congressyl or adamantyl, X°
represents CR**(R%®) (R*), congressyl or adamantyl, or X’
and X® together with Q* to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]1decyl group or derivative thereof,
or X’ and X® together with Q* to which they are attached

form a ring system of formula 1d

Y4
ReoH H RS54
R RS53
RS1 Re?

(1d)

X° represents CR?7(R®®) (R*®), congressyl or adamantyl, Xx*°
represents CR*’(R*') (R*?), congressyl or adamantyl, or X°
and X'° together with Q° to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1.{3,7}]decyl group or derivative thereof,
or X° and X'° together with Q° to which they are attached

form a ring system of formula 1le



RAO HHR54 R R53 R51 R52 (le) Q@ and @2 , and (X,
&4 and @ (when present), each independently

w0 egmmssat phosphorus, arsenic or antinony; 5 RCT/GB2003/003936
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represents a Goup VIB or VIIIB netal or netal cation
thereof; L1 represents an optionhal |y substituted

cycl opentadi enyl, 1o indenyl or aryl group; L2
represents one or nore |igands each of which are

i ndependent|ly sel ected from kgdrogen, |ower alkyl,

al kyl aryl, halo, CO P(R4 R44)R 45 or N (R46) (R47)
R48; 15 R1L to R' and R34 W@ﬁn present, each

i ndependently represent | ower al kyl, aryl,
halo or Het; R19 to R3 R43 to R48, when present,
each i ndependently 20 ogen, - | ower

al kyl, aryl or Het; R43, 5, when present,
each i ndependently represent hydrogen, |ower al kyl or
aryl; 25 R50 to R53, when présggent, each independently
represent hydrogen, |ower alkyl, aryl or Fbt WO
2004/ 024322 PCT/ GB2003/ 003936 6 Y1, Y2 , , Y4 and

T PR S e

S5; :Lndependently represent phosphorus, arsenic or antimony;

M represents a Group VIB or VIIIB metal or metal cation

thereof;

L, represents an optionally substituted cyclopentadienyl,

indenyl or aryl group;

L, represents one or more ligands each of which are

independently selected from . hydrogen, lower alkyl,

alkylaryl, halo, CO, P(R*) (R*)R* or N(R?®) (R*")R%;

R' to R and R* to R*?, when present, each independently

represent hydrogen, lower alkyl, aryl, halo or Het;

RY to R*® and R*® to R*, when present, each independently

represent hydrogen, lower alkyl, aryl or Het;

R*, R** and R®°, when present, each independently represent

hydrogen, lower alkyl or aryl;

R*® to R®, when present, each independently represent

hydrogen, lower alkyl, aryl or Het;



provided that when n = 1 then mequals 0, and when n
equals 0 then m does not equal 0. 10 Such conpounds

wae@4eferred to hereinafter as "the conpoundBCDGBRIVE/003936
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invention". Preferably in a conppound of formula | when
both K 15 represents -A3-(@3 (§5) X6 and E represents
-A5- (B(X9) X10, then D represents -A4-Q4 (X ) X8 .

Sui tably, the conpounds of the invention may catal yse
the cef bory| atytormrf whsawheat esresempounesch independently
particularly 20 ethylenically ungaturated conpounds,

| ieepeeseRE PRI, it ®ndkiRiei and a coreact ant.
In particular, the conpounds of the invention may be
enpl oyed in hydrofornyl ation reactions,
hysirecardoxy} ati on reacti ons, hydroesterification
reacti ons and hydroam dation 25 reactions. For

exanpl e, the conmpounds of the invention nay catalyse
the,gopvergiey of an ethylenically unsaturated
conmpound in the presence of carbon nonoxide and a

hydr oxyl group contai ning conmpound to the

correspondi ar lic _agid est e pest i Y.when n
dé%ﬁﬁﬁfﬁﬁ 0 %%acﬁ%%cg(ﬁ' 0 E§5?03@|éaﬁégg %} 4B whe
coggahDsng eRepovndoesenotiequah earboxylic acid if

t he hydroxyl group containing conpound is water and

an ester if the hydroxyl group containing conmpound is

a”s&bﬁ."h%'oim WOL4Q04/5024 334 fATHLEB2003/ OR8P8bnafter as “the -

Conveni ently, the conmpounds of the invention may

exbobtmpoundshpfhtheabnvenyionler typical carbonyl ation

reaction conditions such that they require little or

no 5 repl eni shnment. Conveniently, the conpounds of the
Preferably in a compound of formula I when both K

represents -B;-Q°(X°)X° and E represents -A:-0° (x°)X*°, then

D represents -A;-Q*(X")X°.

Suitably, the compounds of the invention may catalyse the
carbonylation of unsaturated compounds, particularly
ethylenically unsaturated compounds, in the presence of
carbon monoxide and a coreactant. In particular, the
compounds of the invention may be employed in
hydroformylation reactions, hydrocarboxylation reactions,
hydroesterification reactions and hydroamidation
reactions. For example, the compounds of the invention may
catalyse the conversion of an ethylenically unsaturated
compound in the presence of carbon monoxide and a hydroxyl
group containing compound to the corresponding carboxylic
acid or ester, respectively, depending on the choice of
hydroxyl group containing compound used (i.e. a éarboxylic
acid if the hydroxyl group containing compound is water
and an ester if the hydroxyl group containing compound is

an alcohol.



invention may increase the rate of the carbonylation
reaction of an ethylenically unsaturated conpound

w@eompmeed2 to known catal ysts. Conveniently, tP€I/GB2003/003936
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conpounds of the invention may pronote high
conversion rates of the to ethylenically unsaturated
conmpound, thereby yielding the desired product in
high yield with little or no inpurities.

Consequent |y, enploying the conpounds of the
i nyention [

i ngrease the comergcial . viahili f s
DRI APTO prgtecSomRtHE OF e HEhaR L indy Exhibic a
1%f%f1‘y| etagahli¥yunsatagat edypoarduntarorydlion hereaction
conpounds of the’invention typically exhibit a hl%p
catahgittonsr noaeth i ntheaé cagg@ﬂyla¥¢%ﬂﬁ¥ﬁ apittle or no

unsat urat e conpo ' ar | GEQM&EHI
ungﬁP_g?ﬁf’ggme%ghpoufn%,V#ﬁ{%¢1€ll%'r esé:r%?; of car blcr)l‘r‘?%J Yof  the
nopa¥kHeisnd Mapo-ikfraxset ante axatef | ofd bbeei garbonylation

Unexpectedly, it has been found that if t b
at BABCLHPNXPT AR %éhxs?aﬁaéaaﬁY@naﬁfau'{fﬁEeggF%@ﬁﬁﬁ%ﬁmpamd

of téés 4 cagg'i‘gggst. 0 Edntdnidver cphpewed ebmpoun@sa of the
I do not 1 nclude 25 hydrogen atom then this

t ypheehtyopr otayes proratal ydtighwhieonesasinm s rates of the
i ncreased,catal ytic turnqQv LN ' :

e AE B ERLaYL SR S ar SIPSITPE o Cheaesy, Lffeaing the
COoFRAYRdaWN g dckar bpl ahaghpr esesltd | nwXth ardd/tirleX2,or no

and X3 and/or X4 bonded to 2 and Ql, 30 respective
[ nitnpug*g‘,téeﬁydWmlmsgmg}%y@p%mtﬁe R%unég "of the

bog%%%nﬁ:goﬁ t@égi a'.[ﬂcf?égé’_n AhOM mbotdi 28 aphp ity of a
an I"§ "bonded to a tertiary carbon atomof both X1- ‘
angar¥dnySatibar |yrocdéssr esach, abe e bearkopysasions of an

BV IR GAIIXG. IR THGR  antoBOR ana giiceniy,  che
compounds of the invention typically exhibit a high
catalytic turnover in the carbonylation of an unsaturated
compound, particularly an ethylenically unsaturated
compound, in the presence of carbon monoxide and a co-

reactant as defined herein.

Unexpectedly, it has been found that if the carbon atoms
of X* and X? bonded to Q? and the carbon atoms of X* and X*
bonded to Q' in the compound of formula I do not include a
hydrogen atom, then this typically produces a catalyst
which exhibits increased catalytic turnover in the
carbonylation of an unsaturated compound compared with a
comparable compound where a carbon atom present in Xx*
and/or X2, and X* and/or X* bonded to @Q* and Q%
respectively, includes a hydrogen atom. Most preferably,
o' is bonded to a tertiary carbon atom of both X3 and X%,
and 0 is bonded to a tertiary carbon atom of both x* and

X?. Similarly, if present, the carbon atoms of X° and X6,



bonded to @ do not include a hydrogen atom More
preferably, @B, 4 and b, if present, are bonded to a

W eootioar3y2 car bon at om of both X5 and X6, X7 aanMeBzm)n/nos%ﬁ
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X9 5 and X10, respectively. Pgeferably, Rl to R18 and
R31 to R42, when present, each” independently :

repr esent hydrogen optionally substituted Cl to C6

al kyl, Cl1-C6 al kyl phenyl (wherein the phenyl 1o group

| crptddned | 9,5 bl tX?t wred x% mmaededtme@‘*e,. na)nd of X° and X'°

‘trifluoronethyl henyl rejn the n rao s
ofansiedd | y‘:%u)r/%t | mpeal%s daiq hér eilﬁﬁt&e ‘%?&% a#go“k More

pgﬁ%&éﬂ@ﬁﬁ. Rlgt 0 B8 a0 &81 e Iif'r:?eseﬂ/’eh,ena@léesl:ﬁﬁided to a
edc mdependently represent hydrogen, Cl to C6

al theptt i aaty c¢:rar130115abplﬂ| ofaliatsibstandit®d a6 oid ndg and X°
her ej rklotrl fl uorg or optionally substituted

p > EvERCREY l%? erably, Rl to R18 and R31 to

R42, vvhen present each independently represent

hyd non-substituted Cl tg C6 al kyl phen
)C¢1fg Rt 4 oﬁgl (= s%q%sﬁr’cdut%d Wi? hRone ‘6#1 nt, each

subs tity . d

L cﬁéﬂ %&ﬁ%&?@ﬁ%&% eséeéh%&z hygkg'ggglg'?o &8bstitute

urslubsbr tQy edlXEL, t 166 aladgkyl Mphenpi ef @r‘l‘ﬂir?,/ln Rtlyep phenyl

R18 and R31 to n each in

r épF &Nt 1ﬁydP8§éﬁn8rl\f§on SL&%é%Uttt& %%[‘&f *1¥re1n) '
“%Plf‘fu@?&ﬁé/i ¥Ft R pﬁeﬁﬂf@pyrwhéfe:ursOthéom’]henyl group is

utyl, iso-b , tert-butyl, pentyl, hex
Cycpbh@xaﬂIYes@@l@ﬁse:rWtﬁet h§#. %E%H%ﬁief%‘? %H}) R1EY8n - more

to R4 e chy42 nd pdeftddent , h
reBF%E%ﬁ?FEi%%h Subst] t Ut egﬁ( %i Ogé Bﬁ< gﬁ%h ZI? = eac
mei Alépen®éyly peprepght hydrpgepyl Ci ntbuCyIalkyl which is

b | - 30 b , J |
L;gpgﬂéaﬂ.l}tlgéi}ggpgppgteﬁeﬁ% ecs]et%r%eé? e§¥1re/361|1y tr1f luoromethyl

?dg%bﬁe.%héll]RgnguﬁétflﬁﬁEeaf phBayaroepen Rbrieo p%fdi‘lably, R?

- o, Rl12, R13 to R15, R16 to
to R and R to R*), when present each independently

represent hydrogen, mnon-substituted C; to Cs alkyl or
phenyl which is optionally substituted with one or more
substituents selected from non-substituted C; to Cs alkyl
or ORY where R'? represents hydrogen or unsubstituted C;
to C¢ alkyl. More preferably, R' to R' and R* to R*?, when
present, each independently represent hydrogen or non-
substituted C; to Cs alkyl such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl
and cyclohexyl, especially methyl. Most preferably, R' to
R® and R* to R*® when present, each independently
represent non-substituted C; to GCg alkyl such as methyl,
ethyl, n-propyl, iso-propyl, mn-butyl, iso-butyl, tert-
butyl, pentyl, hexyl and cyclohexyl, especially methyl.

Alternatively, or additionally, one or more of the groups

R! to R®, R* to R%, R’ to R’, RY to R'?, R" to R, R*® to



WD 2004/ 024322 PCT/ GB2003/ 003936 9 R18, R31 to R33,
R34 to R36, R37 to R39 or R40 to R42 (when present)

wo ogedse2 wi th the carbon atomto which they aP&r/GB2003/003936
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attached i ndependently nay for?1cyclic al kyl

structures such as 1-norbornyl" or 1-norbornadienyl. 5
Alternatively, or additionally, one or nore of the

groups RL and R2 , R4 and R5, R7 and RB , Rl and R
RESank Rldo, HAF RANLRIR®, RST arad K2 or RBY avel R¥5 (when
, R37 and R38 or R40 gand R41 (when present) together
WRFEA9RE L aF BIRCAPB MO BTEn SR 18t Pe te: Al Chey are
i “Qtre@ tly | Eordl clBdr edtkylesstructures
pre é?a @ 3%' tgh%?ﬁggbﬁ%%¢alkyl E?*ucture u%ﬁbh as
cyshahexy| 1 amoribychybert y1 -nerkpRdiyRo, R12,  RI5,

R18, R33, R36, R39 and R42 (when present) each

i ndependent|y represent hydrogen, |ower alkyl, 15
trafiapnopebdyy, oprasgkiasofel lypedoakove, wmare i efil ¢ ygroups

non-substituted Cl tqQ C6. al kyl _and ,yydrqgen 3 14 16
esRecind | 5, rﬁilnaé?@oﬁgirtﬁge@n%:ﬁt'o 35 Qr’%y%.l'l Ranand R, R

especi gkt y pnef err gdz enpedi JJptr3seagh’ ofn RIREO FA8R*2Gind R*?
an n%% t'o 42,‘—’&1\%@?1i b?gsent, 0 not represent .
hy dweesNpreSeht Abtpgeshen whthr thageachonnasas b, wigch they
@B, A and ® .are bonded to.a carbon atomof X C L
X18rer e§HEELAFE) y,ln%ﬁﬁe&"giqgg&ﬁ’s ﬁ‘l?yhyaf%rg“én glat or%ggﬁ)'ég alkyl
Pr %E?ﬁé?{l}éesﬁl’pr@ber@%lym@, cRl8o R16,cyRhc R3TkyR3Btructure
and R4 (when present), each represent the sanp . 9 12
substht @entcysl ehdxyiedandr evglorentrd, m@d A1, Rrg, R, R
R1/:5 R32,18R35,,3R38 d R43s ( pReESeNnf ymegac sent) each
r epr ése theRsa'ma 1gﬁbsti ueﬁ?ﬁgs gefi ngdh%ere?ﬁ;e and
R3inR6peR8enBly, RlTepRe8enB33, R§Arogea, 30 addower2  alkyl,
(V\Agggfg{lgiggtez:hy?.acgrreaprry segtst eefns.'r%"d3 above, particularly
non-substituted C; to Cs alkyl and hydrogen, especially

non-substituted C; to Cs alkyl.

In an especially preferred embodiment, each of R' to R'®
and R to R*?, when present, do not represent hydrogen.
Suitably, such an arrangement means Q', Q°, @°, Q' and Q°
are bonded to a carbon atom of X' to X', respectively,

which bears no hydrogen atoms.

preferably, RY, R%, R’, RY, R¥, R, R®, R*®, R’ and R*
(when present), each represent the same substituent as
defined herein; R?, R°, R%®, RY, R, RY, R®?), R®, R* and
R* (when present), each represent the same substituent as
defined herein; and R®, R®, R°, R, R, R, R¥®, R, R¥
and R* (when present), each represent the  same
substituent as defined herein. More preferably R', R*, R,
r®, R, R, R, R*, R and R*® (when present) each

represent the same C;-C¢ alkyl, particularly non-



substituent as defined herein. Mre preferably R, R4,
R7, R, R13, R16, R31, R34, R37 and R40 (when

w@e@gems3)2 each represent the sanme Cl- C6 al kyl PCT/GB2003/003936
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particularly non WO 2004/ 024322 PCT/ GB2003/ 003936 10
substituted Cl-C6 al kyl, such s nethyl, ethyl,

n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl,
pentyl, hexyl or cyclohexyl, or trifluoronethyl; R2,

R%uk%c%lt‘mt]ed Réd, cRelk 1R3QSu0§§35as R&&thydl Rlétl'(yM‘;ern propyl,
present), each i ndepen entlé 5 represeng) same 1
cp-sss—mrcmyl asndBRENEd 4660 Uty terE-Retyet MANE g bexy

F@;{) %4? 5}5tr §uo£@r§etﬂ§€f RBY pangeR4RL Rl RL7,
en fpresen each 1 ndependent represent the sane
CJR3€6 &Pl?yl RS dfrtd ned atfehen @rasgerituor emchhyindependently

exanpl e: R7, R10 3 a 6_(when_presen
ea’Eﬁprl%g?%'bre ‘T’lt Sy | C1- % ﬁg]((jyﬁl %Qllse%ﬂeéndé%ﬁxfe’ or
eamfﬁpéf&ﬁé%hyrat hahd(wenafareﬁsentau &Y, RS, R}, R, R¥

RO, RI2, R15 and R18 8 (when present) each repr esent
n-dnd yR*Dr (wheanmpeseant)an eagecialppepienElyedepresent the

O T A A SR inct? JUMRD 108 ethErbfleBlif1. For

en pr es represents t
S adika tIIRlﬁentR‘*as RiefIR‘]'éﬂ et eand RPF ef(ehebl mreseem:) each
Rl to 8 and R31_to 0r oyp rﬁpre§§nts he s
t OrEBreBRYT Hebhpl/ p%ir-\jtl%ul &t yRnonR éut Eacgeregresent

al s et hy! . RN- RECOP I9 1%@ | 805 pARRYRY® (when
%yllt‘}ﬁ kl‘?fs}%ﬂbﬁt y%gﬁ{t:eft&%%f yll2 g}ventzfl hexyI and

cypf@émty) eacht representenfputy Mosr lprmletﬁbly each

Rl to R18 and R31 to R42 group represents

non-substituted C1-C6 alkyl, particularly nmethyl. 25

Thent egm @@ﬁ@@ia/il%\h élﬁa.drdftfr @'nmomaxraltan ofidardiuet ypresent
group which may be_bo

nded an )
resp@@t‘-ﬂl@nyeaph Bos'f—?l %n f-néf Ril C‘%ZO gggup qw?én prese‘nt)
represents the same substituent as defined herein.

preferably, each R* to R'® and R*' to R*? group represents
the same C; to Cg alkyl group, particularly non-
substituted C;-Cs alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl
and cyclohexyl, or trifluoromethyl. Most preferably, each
R' to R'® and R* to R*? group represents non-substituted

C;-C¢ alkyl, particularly methyl.

The term adamantyl when used herein means an adamantyl
group which may be bonded to @', Q2 Q*, @' and Q°,
respectively, in position 1 or 2.
Tricyclo[3.3.1.1.{3,7}1decyl is the systematic name for an
adamantyl group, suitably @', @°, @), @' and (°,
respectively, may be bonded to the 1 position or 2
position of one or two tricyclo[3.3.1.1.{3,7}1decyl
groups. Preferably, Q' and Q°, and Q®, o* and Q°, when

present, is bonded to a tertiary carbon of one or more



Tricyclo[3.3.1.1.{3,7}]decyl is the systematic nane
for an adamantyl group, suitably QL, @, B, &4 and

w@R(04823eEspect i vel y, may be bonded to the 1 ppGI/GBRIv3/003936
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or 2 position of one or two : A
tricyclo[3.3.1.1.{3,7}] decyl 1d‘roups. Preferably, Q

and Q, and B, 4 and (b, when present, is bonded to

a tertiary carbon of one or nore WO 2004/ 024322

PGId£a820831 00393 6ps 11 Sadiarabity, grisaps.tigui tadaganthen group

t he adamantyl grou ,re r se ts un bst it ut
amﬂ%ﬁntﬁu%ﬁﬂb& de é% % %resen‘% 0, o

& eger bopded EO Ia!@@ lpreeskhbl Olf)oﬂﬁedorto the 1
rmre tf‘écyg;?Jk 3. g 1. 1?3 7}]dec§f grou spS

gf%dmttT?mr%ﬁfom@eo:adthl@Y©h® Do b -y Ifegeh groups
m adanma
beki Ses %ﬁydpgij ouDo@ytﬂetlggﬁ{\é tf ”Ej;nt bears no

one O nore su
selllfgf@geﬁr@mmlo Iovver al kyl, -OR19, -OC (O R20,
halo, nitro, -C(OR21, -C(OOR 22, cyano, aryl,

- N( R23) R24, C(O)N(R25)R26 -C (S (R27)R 28, -CF3,

61T{1R56g‘d§g%§ﬁégo(%? %9'0 E@éﬁglly P@)ﬁ\@@@b (Besides
RZHYd%el% R?B;forr@zg ﬁﬁéS 011‘ owerea| kybstcyumtgncseglrgqted from
are as efin 21
i ndepeRdeAtkylr egrgggnfl nh@@ %gﬁ)’ I gRqr% Z?k EX% i -ClOIR

or E'%ZOI%U' tabla aMben ttgefﬂdanant.W(R@% )&/, i s -C(0)N(R*®)R?*,
substit ut ed W|th one or nore

abeeés) KRYNRY® pr ef «¢Fsad 2@@1%&% glutegte‘gt ﬁﬁgsls) &S@s "¢ _pos,,
uns t tQ..C8 20R2 21 R22 23
pheﬁg%h d&((é?‘ogz'z 8 o Rh il N Fez%':,9 o R, R, RE,
- PRRE6)IRS7, RZG( O3 Re8Y RoBower aEP&yIR58)cy(am9)and grgl are as

wherein R19 represents. hydro bstit t d
| RoFibeaoReipin T8 Rororie: padl ABRcPRBREHLTy Pipresent

i ndepepdent | Yok8R" 838PL, aryl or Het.

Suitably, when the adamantyl group is substituted with one
or more substituents as defined above, highly preferred
substituents include unsubstituted C: to Cs alkyl, -OR"?,

OC(0)R?°, phenyl, -C(O)OR**, fluoro, -SO:H, -N (R?3)R?**,
-P(R%)R57, -C(O)N(R**)R*® and -PO(R®®) (R*®’), -CFi, wherein RY?
represents hydrogen, unsubstituted Ci-Cs alkyl or phenyl,
R2°, R??, R?», R*, R?*, R®*® each independently represent
hydrogen or unsubstituted C;-Cs alkyl, R*® to R*, R®*® each
independently represent unsubstituted C;-Cg alkyl or

phenyl.

Suitably, the adamantyl group 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 adamantyl group comprises, besides



25 hydrogen or unsubstituted C-C8 al kyl, R56 to R53,

R56 each independently represent unsubstituted Cl-C8
wa@bdoyl243e2 phenyl . Suitably, the adamantyl gr oRQI/GB003/003936

conprise., besides 30 hydrogen atons, up to 10

substituents as defined above,12 preferably up to 5

substituents as defined above, nore preferably up to

3 substituents as defined above. Suitably, when the

a%?ﬂﬂm n gratdine oNnes esor bamrtes MDANAIOMIB22%as defined
PCT/ GB2003/ 003936 12 hydrogen atong, one_or pore i dentical
sihsteduent Prefegailed in?’ugFE?“éPﬁﬁFy edth 19€ :

s ' LSipl bapk. e sphetdt usnts ankyl and
u%‘%ﬁ%ﬁ% egﬁe%?%guaaﬁg)%l aalﬁéd {ltﬁryiﬁ%gﬁoron_et h;ﬁ:l ? e
par#i fllaropetingupstpani bt GIe1es alngubst idytiedis C1-Ce  alkyl

methyl . A hi ghl ferred vl .
s Tyindherial ohechity ) 5L SBIEAA, SOREASPE orou
S U@&ﬁ@fﬂé@éﬂ : hﬁ&?&géﬁb_b}ioméh eR1§DrE et. hatheo resdaattamteyit ygroup is

group is present 1o in a conmpound of fornula I, each

adeomrsyibsgivapeds identical. By the term

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

a 2-phospha-adamantyl group fornmed by the 15 .

coppéfataply pf wiénamork? thagetdns adanerdy gwpiiphis present

they are attached, a 2-phospha-adamant.yl Qu r .
10 pyiphe MRS oRTof fggmgﬁa X 'toegae?%eragiianﬁzmjé% [%qoup 18

whj gh Eggglgre attached, a 2-phospha-adamantyl group

f of hed y the conbination of X5 and X6 together wth

to which they are 20 attached, a

o
S B T SR LY e ot s s
at {;ache@aand & 22ppRepphaaddamanyylgr gupupor nbekthgd t hby the
15 combination of X' and X? together with Q® to which they are
attached, a 2-phospha-adamantyl group formed by the
combination of X® and X! together with Q' to which they are
attached, a 2-phospha-adamantyl group formed by the
combination of X°® and X° together with Q° to which they are
20 attached, a 2-phospha-adamantyl group formed by the
combination of X’ and X® together with Q* to which they are
attached and a 2-phospha-adamantyl group formed by the
combination of X° and X*° together with Q° to which they
are attached, wherein Q%, Q?, @°, Q* and Q° is in the 2-
25 position of the adamantyl group of which it forms an
integral part and each of Q', @°, @, Q* and Q° represents

phosphorus.

The 2-phospha-tricyclo[3.3.1.1.{3,7}]decyl group (referred
30 to as 2-phospha-adamantyl group herein) may optionally
comprise, beside hydrogen atoms, one Oor more substituents.
Suitable substituents include those substituents as

defined herein in respect of the adamantyl group. Highly



conbi nation of X9 and X10 together with @ to which
rhey are attached, wherein QL, @@, @B, &4 and @ is
WO pootthe4322 25 position of the adamantyl group oPCTHEB2I3/003936
it forms an integral part anq3each of Ql, @, @, &
and (b represents phosphorus.”“The
2- phospha-tricyclo[3.3.1.1.{3,7}]decyl group (referred
30 to as 2-phospha-adamantyl group herein) my
Oidedrained eobptnseenbssudmlluyler okrent edkylonearticularly

nore substituents. table tituents in
m"rt’t%nts SS def i n%]é{ﬁ'r ein FRP ng% ?{'of methyl,
2;?:% k%fPUp -ORFOhkhe VWO ROORFP024322s defined herein
PCT/ 2003/003 36 13 preferred substituents include

| thmrlmamsm&n8§rllt§dtedns©bﬁer tatkgl cors syl and 4-

5 F?%ielqyellfé/ vg]??{tx rflblrfl% épfy Saﬁ@%%.% te%fé% Rﬁ@c ludes

altte Ghalr Mhe %ﬂ%sélﬁuéﬁdecx)h:&lf@fmblyvmh mmbstltuent is
2- phospha- adamantyl group includes nore than one
subtantiiemt, preferably each substituent is

i denti cal . Preferably, t he 2- phospha- adanant yl group
is substituted 10 on one or nore of the 1, 3, 5 or

pors:t%éfém;)elsbwr hthe smﬂﬁtmspraﬂammmgrnupemrs msbétltuted

preferably, the 2- ospha- adanpan [0

10 srfb%t PPL?teBroﬁ“oé?chggf "Jt[}ff‘:e ?,’ gP’ aﬁd %pggrkg%ﬁg?ons with a
ato rr?%ﬂtuéﬂﬁh@ aeFane@midrdBansMbe phesghabbys the 2-

the 2 hosgha adamantyl_ group is 15 bonded_to
caphospha oadanant ik guewRniy| SeReFtEeReR9nnganB of the 1. 3

hydr(gggﬂé’%tf’ anar{{@StSLp{@;ﬁ?blg hhen arrangement means the

group 1s substituted on each of
h@hdspﬁoréSuﬁndanmposftl bhe. Whphoshba- -adamantyl group is

15 SUBSRAEAcHD RePElaBryEath ChBSAreUBHEYlsoRaLeton having no
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

20 identical. Especially preferred substituents are
unsubstituted C1-Cs alkyl and trifluoromethyl,
particularly unsubstituted C;-Cs alkyl such as methyl.

Preferably, the 2-phospha-adamantyl group includes
25 additional heteroatoms, other than the 2-phosphorous atom,
in the 2-phospha-adamantyl skeleton. Suitable additional
heterocatoms include oxygen and sulphur atoms, especially
oxygen atoms. More preferably, the 2-phospha-adamantyl
group includes one or more additional heteroatoms in the
30 6, 9 and 10 positions. Even more preferably, the 2-
phospha-adamantyl group includes an additional heteroatom
in each of the 6, 9 and 10 positions. Most preferably,

when the 2-phospha-adamantyl group includes two or more



20 identical. Especially preferred substituents are
unsubstituted CL-C8 al kyl and trifluoronethyl,

w@asowiozasbar |y unsubstituted Cl-Cs al kyl such aBCTeBRgos/003936
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Preferably, the 2-phospha-adamantyl group includes 25
addi ti onal heteroatons, other %han the 2-phosphorous

atom in the 2-phospha adamantyl skel eton. Suitable

addi tional heteroatons include oxygen and sul phur

ataﬁgii:tie&%i al hyt e PXYESH: at 0. Mehe pr ef-asiddpha-tddamantyl
2- phospha- adamant yl ﬂgroup i ncl udes one_or npore
actietletren, hete@ICéilato i thehe 3dddtiongdq ipeteroatoms — are

ositl ons ’ma ) §%é)é£{1 bl yire £1E ?spha adamantyl

up 1n es an a dltlona
h a8 Omhllch aﬁm;h @bttibaaﬂslyg Mdsmbspmsutednsnlu\Ibspne or

ferabl when the 2- t
PE&%ZW oAb P a0 SO05R094 853 BeY o0 RR828%s Oxvaen
tféi}‘i’ Ll Oné‘a hetsy oghags | Not hen@- phospbaiadanentyt the 2-

eac of the addi'tional heteroatons are

|Ciﬂﬁtﬁ$pm.a@ammtp;el:|$k¢1>etmre-f erred 2-phospha-adamant yl
group, which nmay optionally be substituted with one or
5 nore substituents as defined herein, includes an

:Qil‘ﬂl yatpie féread h 0fpHdpHa.- aﬂiamaadltw pgmoup:snsaef defined
the phospha- adarmntyl skel et on. ghl Er ef er

2-peoepha- adaRahuge gro@th9§PH§r{Lnéd EFgWﬁEﬁyl 6,9,10-
{Pg%fg a&aﬁgﬂﬁyfa'$%§ﬂﬁ37 tQLbEBEEHXL1639519r1methy1 6,9,10-

aman gro
2- phbcrAadatal’t it ri met hyl -Gréupp- tri oxadadapbpepha-1,3,5,7-

tewﬁrewnaiﬁaﬁa%ﬁg’h?l%:@ 9oL FEAIRTRIRY PV, grgup: and 2-

E']gh 5-tri(trifluorometh 1) 6,9,10- trloxadamantyl
S 135tr|(tr|fluoromethl 910tr|oxa armnt

ylgitéum ouplosbst DReEEERRAYY, tHaS2- p:h—
ed fr i
2-%?13 ﬁs& g&?etram?ﬁ?ﬁpg 18-'5'7 tetramethyl 6,9,10

trloxadamantyl group or phospa—l ,3,5,-trimethyl-6,9,10-

trioxadamantyl group.

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

adamantyl group is identical.

The term congressyl when used herein means a congressyl
group (also known as diamantyl group) which may be bonded
to O, @2, O, Q' and Q° respectively. Preferably, Q' and
0®, and Q°, Q' and Q°, when present, is bonded to one of
the tertiary carbon atoms of the congressyl groups.
Suitably, when the congressyl group is unsubstituted, ¢
and 0%, and Q°, Q' and Q° when present, are preferably

bonded to the l-position of one or more congressyl groups.



tri oxadamantyl group or
2-phospa-1,3,5,-trinethyl-6,9,10- tri oxadamantyl

w@e@u24320) Preferably, when nore than one PCT/GB2003/003936
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2- phospha-adamantyl group is_present in a compound of -
formula I, each 2-phospha- ad ntyl group is
identical. The term congressyl when used herein neans

a congressyl 25 group (al so known as di amantyl group)

WRiHeh shdiedigndedirdup Qay®? opﬂior@i]zynd agmprise, beside

respectively. Preferably,

@nydmrbregiéwps, i SOE‘Sndé?(:%Lt JFR oisu%tsﬁégflgf‘?lar d.:“,un.table

C fi NgLSSSYkuBkeyes t§uabakaeﬁmszaerherem
%% congressf? Eﬁ%ﬁﬁﬁ?sgunsubs?ltutedencn 30 and

arid1 Qﬁei@‘bmd o vitten pﬁmtylar Sm@eréﬂihlﬁboréi@iferred

to thsg'— Eosml an g % d%%é%o %%he go%?»yb gr ro\lﬁ%}oups,

mry AR PN Y HERFT sean@e@rﬂﬂu&mmwi atmt preferably,

nor e substltuents Sui tabl e substituents include
tHiwe subsgreseyils BEOHBfi ASd REVMDSLHTNESS R of Conprises

t damant Hi ghly preferred 5 substituents
iEQ:Y %‘bs &ﬁe\ﬁ C, -C6 al kyl groups,
particularly nethyl and trifluoronethyl Most

preferably t he congress group_i s unsubstit d;

C o § 5B Ly oo TaF e R A 1e R e ey 2b) oM chE resent
mof& taha80§\5§uﬁ8n%ﬁs%rrﬁﬂ®pll S @a€Bendondressyl group is
conpound 0 ormula I, each congressyl group is

i dbdentcdal Pref erably, where one or nore ring systens

of formula la, 15 1b, IC, Id or le are present in a
conpound of. fornmula I, R50 to R53 each independently
rePf@ﬁ@ﬁébi?V\EWhé{:bybneabw moate Heing véysttens oopsfarmula Ia,

opillaon%lcl,yl?iugsrtIféjtaegeagglegrent in a compound of formula I,
R5% to R each independently represent lower alkyl, aryl
or Het, which groups are optionally substituted and/or
terminated as defined herein. Such an arrangement means
0%, Q', Q°, Q' and Q° of the ring system of formula Ia to
Ie, respectively, is not bonded to a carbon atom bearing a
hydrogen atom. Even more preferably, R*® to R® each
independently  represent optionally substituted C;-Cs
alkyl, preferably non-substituted ¢;-C¢ alkyl, phenyl
optionally substituted with non-substituted C:-Cs alkyl or
OR!® where RY® represents non-substituted Ci-Cs alkyl, or
trifluoromethyl. Even more preferably R*® to R® each

represent the same group as defined herein, particularly

non-substituted C;-C¢ alkyl, especially methyl.

Preferably, where one or more ring system of formula Ia to
Ie are present in a compound of formula I, R*® and R* each
independently represent optionally substituted C;-Ce¢
alkyl, preferably non-substituted C;-Cs alkyl, phenyl



term nated as defined herein. Such an arrangenent
means @, Q, @B, M4 and b of the ring system of

wo oooab421 a to 20 le, respectively, is not bonPEerdGBR00a/003936
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carbon atom bearing a hydrogen atom Even nore

preferably, RSO to R53 each |1ﬁdependently repr esent

optionally substituted C -C6 alkyl, preferably

non-substituted C, -C6 al kyl, phenyl optionally

f%%%tliaﬂale_qf i s tianrtseeb St thut iesh GrulGse At kyed o€, 2% alkyl or
9 where R19 ][re presents non- substlgut eg C% 1kvl

aIQR/ wrere r | Ri°uor6RECRERESEY BROASPRSFALERTSL fisp 215y,

| S A TR e iy £ e

ewa&éryt mehby | Salﬁ@ Brelpr adé y defisves oh@réinmr%SPeClally

ring.systemof fornula lato I|le are present in a

cORPHARAED fornmula |, R49 and R54 each independently

represent optionally substituted C -C6 alkyl,

preferably non-substituted C -C6 al kyl, hengl \QD

2%@@@@@%@@@09&30@%3@@6@% gygFeps of formula Ia
bst t ut ed ups C r yORLS v5 are

o §5¢ abFedelip ol R “bhhtbfifla or Rofalih

”icﬁér&l@lé&tﬁl hybser pueacgsly Meeachr effer ¥bl fo szg represents
R54 represent t he_sane group as defl ned herein

esprYIeR | y Prefgyabdyen. WESES o PRBEY émt?ner%)]i’lg nsYgtem of
ri e o f a he |Q1 3ée BfhpoaAl iof aformula I,
coﬁ%%ﬁ%%s ?gf %rrru anlyjs %%tsg Y5 lare Fde%tl cal . Most

predehabhgh ey systamtbs vedewpiezknts 10 oxygen.
Preferably, where nore than one ring system of
fornula lato le is present in a conpound of fornmula

|, pr&8&HrSEC bl £ Moifs tHentpwmdentPr dfrarerdgdon  include
enbodi nents of the present invention include 15 those
whehesq: wherein:

X! represents CR'(R?) (R’), X? represents Ccr* (R®) (R®), X3
represents CR’(R®) (R®) and X* represents CRY (R™) (R*?) ;

X! represents CR'(R®) (R’), X® represents adamantyl, x3

represents CR’(R%) (R’) and X* represents adamantyl;

X' represents CR'(R?) (R®), X® represents congressyl, x3

represents CR’(R®) (R’) and X* represents congressyl;

X' represents CR*(R?) (R}), X? represents CR*(R°) (R°), and X’
and X* together with Q' to which they are attached form a

ring system of formula Ib or a 2-phospha-adamantyl group;

X' represents CR'(R?) (R’), X? represents adamantyl, x® and
X* together with Q' to which they are attached form a ring

system of formula Ib or a 2-phospha-adamantyl group;



X1 represents CRI(R2) (R3) , X2 represents CR4 (R5)
(R6) , X3 represents CR7 (R8) (R9) and X4 represents

WERDI/0ERLIL) (R12) ; 20 X1 represents CRI(R2) (R3)/GB2042/003936

10

15

20

25

30

represents adamantyl, X3 represents CR7 (Re) (R9) and’
X4 represents adamantyl; Xl regresents CRl (R2) (R3) ,

X2 represents congressyl, X3 represents CR7 (R8) (R9)
and X4 represents congressyl; 25 Xl represents CRL(R2)

'(RB)repféséﬁpsesmﬁﬁkzﬁﬂﬁ)gR&f (RPreseahs xonomessyd, X  and

together with to,which. th re attac Mg :

r K%gtgggi:\gﬁrowglt& 81 o) thFﬁgt§?¥h8§ShSE§%§£r%§r‘?t fl"%m & ring
olViok -ad¥fiaheplesenup ;

e P R O R e for or ThGh L0 wich oy

are attached forma ring systemof formula Ib or a

e bgb oot n R R Ry |

represents congressyl, X3 and X4 together with QL to

whi ch they are attached forma riqg system of fg(nula

| K okoaX?- eaek phadepenastyly gFeRpeSeAt XA SEH vach

i ndependently represent adamantyl; Xl to X4 each

i ndependent|ly represent congressyl; X1 and X2 each 5

i ndepeddeit bichepndepandedbbunrgbraaenik3adagantylxagnd X° and

eacgh independently represent congressyl. .and X3
e §afe PF&S‘%@&@ t TARATENEY Cgrr]%)f’?fsﬁd X4
i ndependent|ly represent congressyl; 15 X1 and X2
i ndependent |y represent adamantyl, X3 nts

X 4
(RS) 4:RD) Xantndaper@evtilit FepREGELR" )adzq%%;%’ ﬁn%ﬁgg and X
X2, i nd dent | t l, X3 t
AT g Ty rrSEeTesy SRS ) (Rioy 20

X1 and X2 independently represent adamantyl, and X3
a@%‘éﬁui X? independently represent adamantyl, X® represents

crR7(R?) (R°) and X* represents CR'(RY™) (R¥);

x! and X® independently represent congressyl, X3 represents

cR7 (R®) (R°) and X* represents CR(R™) (RY?);

x! and X* independently represent adamantyl, and X° and x*
together with Q' to which they are attached form a ring

system of formula Ib or a 2-phospha-adamantyl group;

x* and X? independently represent congressyl, and X® and x*
together with Q' to which they are attached form a ring

system of formula Ib or a 2-phospha-adamantyl group;

X* and X*® together with Q® to which they are attached form
a ring system of formula Ia, and X® and X* together with ot
to which they are attached form a ring system of formula

Ib;



together wwth QL to which they are attached form a
ring systemof fornmula Ib or a 2-phospha-adanantyl

w@e@up24325 X1 and X2 independently represent PCT/GB2003/003936
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congressyl, and X3 and X4 toglet her with QL to which
they are attached forma ring 8System of formula Ib or
a 2-phospha-adamantyl group; X1 and X2 together with
@ to which they are attached form 30 a ring system

ofx¥f Qi ItdgetMérX$riamd O/4 toogaiiatr theyh s@fe dtcached form
which they are attached forma ri n%ézsystem@f forpul a {th O
| br WphotriaadmmeTyy @Ot RRDIE aps X1 GRgSksST with Q

toget her. wit t i argy i t achedphO&Pha dadamantyl
2-p oggglaé-%adgrlrlagﬁt y?ré\?o%%é%}%dm and X4 tg%et hﬂg}r1 with Y

Qlgréwp hi ch they are attached forma
2- phospha- adamantyl group; 5 Hi ghly preferred
enbodi ments of the present invention include those

wWhef ghiy XrdEPFASEntemdddtmEht RYE , tXe r ppeseant sinvention
CR4 %}é{%’ (R6) , X3 10 represents CR7 (R8) (R9) and X4

r epnebede sticpge (vaayeRI2) ; Xl represents CRL(R2)

(R3) , X2 represents adamantyl, X3 represents CR7

(R8) (RO) and X4 represents adanmantyl; 15 x1

r et es&rgfeéaﬂdcm SC%SR(* m"))) (R3)X§ ;&br esepresentryr dFE)R’) j@s) . &
represents an represents, Ge viy; .

I PeBTSRCBEENCR HIEDARIbNERY F ot SOt iy JE. 1 135

X1 to X4 each independently represent congressyl; X1

and X2 together with @ to which they are attached s
f OKIn represemyst cBRUR?) 6RMLI a ¥4, LERYOSPNgf Rdamantyl, X

(1 RgpeseethPort (RIRS Sa) B r e AR Wi HETF,

X! represents CR'(R?) (R’), X? represents congressyl, x3

represents CR’(R%) (R°) and X* represents congressyl;
x! to X* each independently represent adamantyl;
x! to X* each independently represent congressyl;

X' and X? together with Q? to which they are attached form
a ring system of formula Ia, and X’ and X* together with ok
to which they are attached form a ring system of formula

Ib;

x' and X® together with Q* to which they are attached form
a 2-phospha-adamantyl group, and X* and X* together with o}
to which they are attached form a 2-phospha-adamantyl

group;

Preferably in a compound of formula I, X! is identical to

x* and X* is identical to X!. More preferably, X' is



X1 and X2 together with Q2 to which they are attached
form a 2-phospha-adamantyl group, and X3 and X4

woogebhse2zwith QL to which they are attached POY/GB2003/003936
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2- phospha- adamantyl 30 group;, Preferably in a

compound of formula I, X1 is ildentical to x 3 and X2

is identical to X4. More preferably, X1 is WD

2004/ 024322 PCT/ GB2003/ 003936 19 identical to X3 and
X$aektiznd Xb weenamd exentx’ st X2° i shen dpnepeat, t @nd4 X° 1s

d X6, X8 and X10 wh t.
Acentisal t0 o300 o Mo WBSR BFEPSPlp Jven more

X1 .t e jdent iseal, 40 1eReh ifa1X6 X rat@ermbly, X' to
plpgs?grﬁx.)éﬁaﬂ;ljre)ée%?bl}é;, air% tlhe colq'n%lolunclrkgic #%rnul a l ,Y
Xk*apgteX2denepraiend edeht pEak® stbsk 't whenspPrseRhd X4
represent identical substituents, X5 and X6 (when

present) represent identical substituents, X7 and 1X8 -
(v%e‘if t) irEPkesentokBoudant b€al fomsiat ubnt - and X
an 9%%3&%51(10 l(When prese%t). represent, identical
suteptregentt s. idenifiagah| substiFuafound of aflar | o Yepresent

K represents -.A3-. ) , @g I t
- é'%n%%mbls%?%%%?éeg*s %?k%/‘*yg%enﬁ}feﬂwb%saﬁy represen
prejaipital dubeplesents, - X3 _G8{ X5) XByhdry dpoerent) represent
unsubstituted Cl-C6 al kyl, unspbskituted pheny]

(i QR et (FADH IS Gl 18T pileny TSI g parrBy BFSent)

pr ol TRt K@ GeaReund of 20 fornula |
re%érééée%%é@%%rogen. I'n an alternative enbodi nent
where K does not represent hydrogen, K represents

- A3- X5) X6. Preferabl | ' | cal %o Rsents -A;-
BTN, Tk Bl 48, AL, o brtaence
pref gakFy, miRiisgénlentlicngir t allyfih X3CEpd Xhemrld xg lower

alkyl phenyl. More preferably, K represents -A;-Q% (X°) X8,

hydrogen, unsubstituted Ci;-Ce alkyl, unsubstituted phenyl,
trifluoromethyl or C;-C¢ alkyl phenyl.

In a particular preferred embodiment K in a compound of

formula I represents hydrogen.

In an alternative embodiment where K does not represent
hydrogen, K represents —A;-Q%(X°)X°. Preferably, X° is
identical to X® or X%, and X° is identical to X? or X,
More preferably, X° is identical to both x3® and X', and Xx°
is identical to both X*® and X*. Even more preferably, -As-
0 (X°)X® is identical to either -A;-Q*(X")X® or -By-QM(X3) X%,
Most preferably, -A;-Q°(X°)X°® is identical to both -2A;-
Q% (x*)%? and -A;-Q"(X*)X*.

Most preferably, K represents hydrogen in a compound of

formula I.



is identical to both X2 and X4. Even nore preferably,
-A3 B (X5) X6 is identical to either -AL-@@ (Xl) X2

W@e004A243¢¢ ( X3) X4. Most preferably, -A3-Q(XS)XBI/GB2003/003936
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identical to both -Al- @ (XI) X2 and -A2-Q (X3) X4.
30 Most preferably, K represeﬁps hydrogen in a
conpound of fornmula |I. WO 2004/ 024322

PCT/ GB2003/ 003936 20 Preferably, in the conmpound of

r %\Aﬁrgrfle%ablPiD rzﬁprtﬁS@nbémpoﬁﬂdQéf()fb)rnM&a Hy,drbgeepresents -

henyl or | owe | kyl ph
r%i‘@%@ﬂt)é( AB’I}@;qu@’) y)@:gweﬁy(ﬁr o % P enw&ndog lower
CF n or | r alk or_ E) g0
&3&‘9’{1@ e¥1|y thglv&éar onﬁé}g?gg%ﬂét%ycl%p?:s ;{dlgnyl rl}yr?grogen'
thww C‘ﬂﬁﬂﬁ‘,y Gﬂ'ﬁ qihemyiecbn‘ okowemn apfkylphenyl, and E

b d
su StItUtrg w:,&fbt]e L 5@@ °nﬁyaf gé%f %%%Q%anéflsgyl ring to

al epyby unsdibgtidbdted Clofh aal kyptisnahlgs substituted
rne*‘“ﬁlyq@l,h %% propyl, butyl, pent% ig\nd 10 hgxyl
y

Chdteriy Ir epn.agentl\gpre%p@@(fﬂg‘)ab Y0 FepFEsensfenyfe—Q oz xe,

ad-C6 aI ph unsubst i &%,

et 'hyp%%lya'ﬁ él b(?ﬁ y%%g %@Pyandq%exy]? B -G

Ofarlé}i%: s@Enhbeigh tﬁbﬁhﬁlE ethelherpnadil t hleutglbonpentyl and

atons of the cycl opent adi en ring 53 are

athexsted I0rfi = 5 LRRHFACHY g]'\R/ﬁPcR&i gé&’g'p&’%% phenyl,
tu € OhyndR FHRE SEl-egt edlfkam such

p%tq %?iéfglp&ﬁlgﬁ pher}1 unsubstlta?leSEQ CGM% kyEI;uc 2°

orm%@r}a ] Sethgh|, y preipar ,D lawky tpg@tlﬁbr 2Pt thepgl, ~or ~CFai

carbon atons o cl ope I

th‘é{/ RPEDALY aéﬁéd%%) ﬁ‘ﬁge% 6pt"f%r% Fﬁeﬁu%g Itut gE{%bcrbf the
Jho dith ai &gy TetahgM &8 wﬁ@tzhortlidyeraené bttached form a

att dto anlndenyl ring syste

phenyl ring which is op J.onally substituted with one or

more groups selected £from phenyl, C,-C¢ alkylphenyl,
unsubstituted C;-Cs alkyl or -CFs.

Suitably, when D and E 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.

In a particular preferred embodiment, D in a compound of

formula I, represents hydrogen.

In aﬁ alternative embodiment where D does not represent
hydrogen, D represents -As-Q*(X')X’. Preferably x® is
identical to X* or X2, and X’ is identical to X' or X’.
More preferably, X°® is identical to both X* and X%, and X’
is identical to X' and X?. Even more preferably, -As-

0*(x)X® is identical to either ~A;-0%(XM) X% or -A,-Q(X%)X%.



In a particular preferred enbodinent, Din a conpound
of 25 fornmula I, represents hydrogen. In an

wa@bdoanewsei ve enbodi nent where D does not repr eBENGB2003/003936
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hydrogen, D represents -A4-4 (X') X8 . Preferably X8
is identical to X4 or X2, and’X7 is identical to X1
or X3. 30 More preferably, X8 IS |dentical to both X4
and X2, and X7 is identical to X1 and X3. Even nore
pRfsa apineferablyd £XAQXE')%° | dentidemticaki thwer both -Ax-

X1) X2 or ) x4. WD 2004/ 024322
ng/(%mgoslmgs% Qﬁxﬁ&%( grBFEFSBFy - M- O (><7) X8
is identical to both -A2- Q(X3)X4 , and -A3-@ (X5)

X6 if present. In a particular preferred enbodi nent,
| rI[ra goppotndudhr Ppriedemyed lemagsiaanit.s Enyano@er?omn?und of

afEl ve errbodESnPﬁ]t E does not represent
lab‘g]:ﬁ TETEEE NS -A%t\-%‘kg)xm. Preferably X10
is identical to X4 or X2, and X9 is identical to X1

or X3. 1o More preferably O|S|dent|cg to both X4 "
arfeh Xan aacﬂcte@améfq d%‘ﬁ]P‘P‘éh‘PelT-% hezRd B39oeFe otpr £ePTESEN

pr.ef 5 0 deptyixeal to-SFLARF1y X° is
c&&%#) >§ (%Q%XBASXQ Eeil\]/stbst preferably, Y 13
Aﬁdéﬁtié@l X0 x‘*s oxlent; cahdt &’baitsh mentggaé-xw)o X or X°.
and - A2- X3). X4, and -A ) X6 a 9
mr?@F?féﬁgngesént 1SPF§F$:&1(&"’\§ ‘e corrpaélu%;‘;&( o 304 X
f of ful @y dnt Mhen Boangt Eanioggt helEv‘dlnt hmbhé qerdPerably, -As-
atons of the cycl opentadienyl rin h they ar

A QHGHOB ORGSR TopIS AT y 0 QLIRS o0 (K1) X',
FQ@%%%C;E =k rga}%ﬁ{if °f—5s|c?(9<.'951 x0T CREME b1 to both -

Uent an alternative preferred

enodiygAt an® ang-¢ 3Pkt heand whah O 118° )t leowds - -RAEK") X° if

cycl opentadi enyl ring to which
present.

Preferably, in the compound of formula I, when D and E
together with the carbon atoms of the cyclopentadienyl
ring to which they are attached do not form an optionally
substituted phenyl ring, each of K, D and E represent an

identical substituent.

In an alternative preferred embodiment, D and E together
with the carbons of the cyclopentadienyl ring to which

they are attached form an unsubstituted phenyl ring.

Highly preferred embodiments of compounds of formula I

include those wherein:

K, D and E are identical substituents as defined herein,

particularly where K, D and E represent hydrogen;



25 they are attached form an unsubstituted phenyl
ring. Hghly preferred enbodi nents of conpounds of

wo eooat4321 i ncl ude those wherein: 30 K, D andPEr/aBz003/003936
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i dentical substituents as defined herein,
particularly where K, D and EZ2%present hydrogen; WO
2004/ 024322 PCT/ GB2003/ 003936 22 K represents
hydrogen, and D and E together with the carbons of

the %ﬁh:%@@ﬂt:édiﬁydf%ééﬂg ti@dthbchaidies acegeghegchetith the
forman unsubstituted phenyl ring; 5 K represents
| ARERNIGYEXEhes dptlapanhadéenvinding nte ahjich they are

represent. H_ K represents .-A3- a9 neef i ned
hé&éﬁaﬁﬁﬁﬁ%%r&h§ uﬁsg%e%lgﬁ%ﬁgsﬁ ké carbon atons of

the cycl opentadienyl 10 ring to which they are :
attached form an_unsubstiftute henyl. rin

d K
- dprEaRFREenRE. o RIKC KB, 5 r9BT LT BT RAb PPt D and
afhdfl%rplre?)gcrg:%q_p;ts -A5- Q6 (X9) X10. 15 Especially
erre

pre nmpounds of formula I include those where
both D and E represent hydrogen or D and E together

with the carbon ato §, Jdhe_cyc| adj ri t

whf c FePRETERFE a'ta%ﬁégég )f%rrﬁl%n%l?nsg%?t idllt‘%[n%%npﬁg%ylﬁ and E
i fhetdfePakiictul gréy ddiassh cagpaendst Whakee tpthopeangdienyl
E represent hydrogen. Preferably, in the conpound ]8f . d
forimgatio whighd tArey amge A8ttaghadq fr® wao, unsubstitute

present.),_each independently represent 25 C, to C6
al%?xé’ﬁ])e ]\:I\i’]g{h is optionally substituted as defined
herein, for exanple with | ower al kyl groups.

S B 2N S 4B BE LSRN ana

represents -As-Q° (X°)X*°.

Especially preferred compounds of formula I include those
where both D and E represent hydrogen or D and E together
with the carbon atoms of the cyclopentadienyl ring to
which they are attached form an unsubstituted phenyl ring,
particularly those compounds where both D and E represent

hydrogen.

Preferably, in the compound of formula I, A; and A;, and
A;, A, and As; (when present), each independently represent
C, to Cs alkylene which is optionally substituted as
defined herein, for example with lower alkyl groups.
Suitably, A; and A, and A;, Ay and As (when present) may
include a chiral carbon atom. Preferably, the Ilower
alkylene groups which A; to As may represent are non-
substituted. A particular preferred lower alkylene, which
A; to As; may independently represent, is -CH,- or -CyHa-.

Most preferably, each of A, and A,, and A;, A; and A; (when



include a chiral carbon atom Preferably, the | ower
al kyl ene groups which A to As nmay represent are non

w@ogibsei t uted. A particular preferred | ower BCRGB2013/003936
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which Al to As may independently represent, is -CH2-

or -C2H4- . Most preferably, 2dach of Al and A2, and

A3, A4 and As (when WO 2004/ 024322 PCT/ GB2003/ 003936

23 present), represent the sanme | ower al kyl ene as _
d?ﬂé@%ﬁht)h,er ebprepenti alar kyme CHbwet n aflky lemepoaad defined
of formula I, preferably each QL and @2, 5 and @B, 4
ade1GE I WRaT tHrBdeitlyY aEthe sane. Most preferably,

each QL and @2, and @B, &4 and @@ (when present),
represents phosphorus. It will be appreciated by those 2
skid | ee i rotpeuadt dfhatormila hE, compdenablyf Sasim@Pa gnd Q

(referred tog, as ) .abo may.  fungti as. llpga

{ 1A c85r di Fat @7 ¢ R thé"el%ﬁ%ué’r\‘?ﬁelnéS oS 4:6#15 Qgﬁi' Most
Cﬂmg]pa refady efperrgdat s ead akdye)Qt oarddr @ (when
t e con‘po%ir?g's ofatheleenventi on. Typically, the G oup
Viptdsamdtal wepresgith IR -a) coordinates to the

one 15 or nore phosphorus, arsenic and/or antinony

atons of the conpound of formula I. It will be

appe eglat ethe happtdei atoadpbynthose fekidled | inafhse art that
referred to broadly as "netall ogcenes". .20 Sui I

whiglhe ncemRoRRds | o€y EBFEYAL & éﬁegﬁﬁr&f?aﬂ‘ﬂ 22! t8f! dvove) may
supsh i pbgd quli%?ﬁsacﬂl?éﬁ” c&brifdery| withuphd h@roup VIIIB
conpounds of formia | may contain either two

cymaé baknbadi@mpoutihgeherept i daefprrednd opSord@) above) to

i ndenyl _and one cycl opentadi | (fash-2f 1¥hi ehe Grou
riﬁ@réygpgwﬁ’oﬁ@oﬁﬂésoﬁ% g#gﬁ Il;jrﬂﬁéen SUbst i’tﬁa?e%l asw P
degettBedePgl ebh) cofpetindconpoenss (ahycberdéhsteedtoothe one
as "sandw ch conpounds" as . £ th
or more phosphorus, arsenic and/or antimony atoms of the
compound of formula I. It will be appreciated that the
compounds of formula I may be referred to broadly as

“wmetallocenes”.

Suitably, when n = 1 and I, represents an optionally
substituted cyclopentadienyl or indenyl group, the
compounds of formula I —may contain either two
cyclopentadienyl rings, two indenyl rings or one indenyl
and one cyclopentadienyl ring (each of which ring systems
may optionally be substituted as described herein). Such
compounds may be referred to as wsandwich compounds” as
the metal M or metal cation thereof is sandwiched by the
two ring systems. The respective cyclopentadienyl and/or
indenyl ring systems may be substantially coplanar with
respect to each other or they may be tilted with respect

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



the netal Mor netal cation thereof is sandw ched by
the two ring systens. The respective cycl opent adi enyl

w@r@4o24322 ndenyl ring systens may be subst ant i BET/$B2003/003936

10

i5

20

25

30

coplanar with 30 respect to egfh ot her or they may be
tilted with respect to each er (comonly referred
to as bent netall ocenes). WO 2004/ 024322

PCT/ GB2003/ 003936 24 Alternatively, when n = 1 and L1

r epresetsively, when conpoubdsrsi Lbe Hepreseands mayyl, the
contain either _one, cyclo entadle denyl
riCr@“RQ}&E‘Fﬁ of ofini &S i g "P TK@Q of PPgﬁaBI yr%'ether one

c%] Igé I‘ijffcbkb%ﬁehqrr@e@ﬂyﬁﬁ on€adhybfriwigch ring
optionally substituted as defined_herejn.

Smysaltrkrys méne nopt ronabhyl e $1§Pﬁ1‘eig@pﬁ%d %?yqiegﬁgqﬂlb?ql,ehereln)
mst M of the.co ound of. far f
o S IR gl L Bt g g rurea s

1Qiéf‘11§’e&a|hfe'r“eli|rﬁr | Supt sbBy / edlhenibadl rert afdt e, represents
present invention, in a compound

f fo
Liatyl a§he@ef¢h1%dmﬁ'éﬁéu M 2 Fhe cr%mp@up:l% e b|f>9rmu.1La I as
{EE |
re‘g?% Ién?s Cyc% Cl%npegﬁij?é’il orypil @nk, £drm of the metal

opent adi denyl or aryl ring each
of cathbsih rings are optlonally substituted by one or
nore substituents sel ected from hydrogen, | ower
al kyl , halo cyano, nitro, -OR19, -OC (O R0,
C%{P) a&@xﬁ%&gg 20reletFéd) &Hodikel®) of (R2fE present
(R27) 8 -SR29, -C (O SR30, -CF3 ar
felnmeahybn(byJMhacﬁ0W§0#§éncﬁhe %?@W%%eﬁ?ad?enyﬂ' L, is as
r r |c L, may represent is bonded
835¥P d 8 één LCIR?ope i

cyc nt adi enyl ring of the

ferrocenyl group), wherein R19 to R30 is as defined

he‘rPJe:leg'erg/g&g, when n = 1 in the compound of formula I, In

represents cyclopentadienyl, indenyl or aryl ring each of
which rings are optionally substituted by one or more
substituents selected from hydrogen, lower alkyl, halo,
cyano, mnitro, =-OR'Y, -OC(0)R*’, -C(0)R*, -C(0)OR?,
-N(R®*)R*, -C(O)N(R®)R*, -C(8)(R*")R* -SR?*, -C(0)SR*,
-CF; or ferrocenyl (by which we mean the cyclopentadienyl,
indenyl or aryl ring which I, may represent is bonded
directly to the cyclopentadienyl ring of the ferrocenyl
group), wherein R to R?®® is as defined herein. More
preferably, if the cyclopentadienyl, indenyl or aryl ring
which L; may represent is substituted it is preferably
substituted with one or more substituents selected from
unsubstituted C;-Cs alkyl, halo, cyano, -ORY, -0OC(O)R*,
-C(O)R?*, -C(0)OR®, -N(R*®)R* where R', R®®, R*, R*, R*
and R?* each independently represent hydrogen or C;-Cs
alkyl. Even more preferably, if the cyclopentadienyl,

indenyl or aryl ring which L; may represent is



25 preferably, if the cyclopentadi enyl, indenyl or
aryl ring which L, may represent is substituted it is

w@e@ieeakly substituted with one or nore subsePCT/GBRG03/003936

sel ected from unsubstituted C -C6 al kyl, hal o, cyano,
JORIS, -CC (O RO, -C (0) ReAS -C (0 OR22, -N (Re3)
R24 where R19, R20, R21, R22 | R23 30 and R24 each
i ndependently represent hydrogen or Cl-C6 alkyl. Even
nosebstitetald| yiti ist hbeefgchbpgnsadsebylitedi wilenybner or more

S REb0BurObS 0agl e ObYd ERIT iR ab St THEee, G Ceaply1

substituted with one or nore substituents sel ected

- fromunsubstituted C1-C6 al kyl. Preferably, when n =
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1 PEefeléﬁbb}sentV@“-eéycnopenlad|T-en)napﬁsemmwybycpbpaytadlenyl

o iRaRRYy “Phefffol Spentantbibi . oPhbefigt 1V RERGFLBpeed as

na@éhyhe@r hepeinl epuasgbsbly |yt €lHe Jiy?wopejheéaﬁ.(a.liaﬂzyzb iddenyl,
represents cyclopentadlenyl i ndeny phenyl ,~ each
of PRARYH rifgs FPPtHydubsEreuPed. MRt 1msybsttdtamied. More

;f?ngéféﬁ > QQSUQ%?fégg%% Eg%ﬁ%g a@ﬁ%hy%é indenyl or

ernativ
i nvkeenybn eaohalafonwylohe ryngspearadlanyubstltuted Most

i nden [ (each of ich rin y St

o FOREFTOTTe Euha et S b o Hedgmpptadienyl
Such conpounds may be referred to as "half sandw ch
coqgounds". Preferably, when n = 0 then m represents

teraativiaty: hehaat al =MOof thee eI the invention

R SRty bR SRR, USRI 10Ky (encn o

th@hi@malrﬂﬂgnuapstemé emeytropslcnallybubed bubkbgtuted as

ands, L2 i ically five. particul arly
GErTuEEdl Perpif v WbarineUaist fey be referred to as
“half sandwich compounds”. Preferably, when n = 0 then m

represents 1 to 5 so that the metal M of the compounds of
formula I has an 18 electron count. In other words, when
metal M of the compounds of formula I is iron, the total
number of electrons contributed by the 1ligands L, is

typically five.

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

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

Preferably, when n is equal to zero and m is not equal to
zero in a compound of formula I, L, represents one or more
ligands each of which are independently selected from
lower alkyl, halo, -CO, -P(R*}) (R*)R'® or -N(R*®) (R*")R%®.
More preferably, L. represents one or more ligands each of
which are independently selected from unsubstituted C; to

Cs alkyl, halo, particularly chloro, -CO, -P(R*) (R*)R* or



present invention, in a conmpound of formulal, n =0,
L2 25 is as defined herein and m= 3 or 4,

w@aootiozwsbarly 3. Preferably, when n is equal tBC®EBR003/003936
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and mis not equal to =zero in_a conmpound of fornula

|, L2 represents one or nore 2Pi gands each of which

are i ndependently selected from 30 | ower al kyl, halo,

-CO, -p (R43) (R44) R45 or -N (R46) (R4A7) R48 More
prgf(eabipty) k2, r epnrseilrs ORE ortgror R* i ganels dacdependently
whi ch are independently selected fromu sgbs%itu ed_Cl
t.seleactarikyfr:;onmainz:a*,drparaﬂi,cquraaﬁvrlgﬁtélrﬂ‘%}ﬂr%s{,1 Cooto. Prauikyl or

(RA@? R45 or A2044024322 PCT/ GB2003/ 003936 26 - N

( RA '(§E?§ ﬂ%g? mﬁ Féin R43 to R48 are independent!y
selecte? fronLhydrogen, unsubstituted C1 to C6 al kyl

or aryl, such as pheny 5 Suitably, the ne r.
mEiditadivi-ontPhier aefnk‘ h8T JBnidun ?tt&fonf orEfﬂfugng? jin the
%%nga?éiﬂa&%%?d iShie cycl gpentogieaylyri bohskd the the

cyc ntadi enyl noiety of the indenyl ring (s) if .
proysdperntraliznyll riteg (#) pr sbentcyclorgmradirpny} gupdsty of

L2 if present. Typjcally, c 0 adi; l34i

ot RARROp Gl Syt BF RS s YRR AT et T esent
exlid)ids atnent alapi@shondj ngifodeméddnt t heTyptigplly, the
however ot her bondi ng nodes between the . '
cyiOrmaARaY Y | RgPer QY cFBBe P MRAL I RYL offoLety of.
the e M@Qﬂoykl r 51"29. a%gcl'ﬁti%‘it@et@l peﬁt‘&ﬂa?ﬁot boAdRhg mode with
coordi natr on, gre al so enbraced by the scope of the
prgsentmétwENt | howevabst ophefer bondingn acdafpokrfwgen the

formula |, =1, =0 d L1.i : .
o Fr P & CYETopENaianyL By gy Of the
;'&d&{ﬂ "MASPAIRS SRS MetADUPsMIB @8 dihEpuet abdrdimation,

are also embraced by the scope of the present invention.

Most preferably, in a compound of formula I, n =1, m = 0
and I, is defined herein, particularly unsubstituted

cyclopentadienyl.

By the term “M represents a Group VIB or VIIIB metal” in a
compound of formula I we include metals such as Cr, Mo, W,
Fe, Co, Ni, Ru and Rh. For the avoidance of doubt,
references to Group VIB or VIIIB metals herein include
metals of Groups 6, 8, 9 and 10 in the modern periodic

table nomenclature.

By the term “metal cation thereof” we mean that the Group
VIB or VIIIB metal (M) in the compound of formula I as
defined herein has a positive charge. Suitably, the metal
cation may be in the form of a salt or may comprise weakly
coordinated anions derived from halo, nitric acid;

sulphuric acid; lower alkanoic (up to Cj;2) acids such as



conmpound of forrmula I we include nmetals such as Cr,
M, W Fe, Co, Ni, Ru and Rh. For the avoi dance of
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include 25 netals of Goups 6,8 9 and 10 in the

nmodern periodic table nomencl?dt ur e. By the term

"metal cation thereof” we nean that the Goup VIB or

VI1IB netal (M in the conpound of formula | as 30

d%{de:%fi@: {‘;@éﬂ nahdg prapsitiieeachdy geulfbonabl ygecide such as
metal cation ma e inthe formof a salt o . .
comtiiane mal@‘*}]ﬁ%‘l‘ﬁi nat 8614 ni onsCE‘zPF9§85‘PE§¥hlﬁal o, 3614/
Nk &di1bn PRWIL aGitie1h RN meiedR0i Gulthdr id,
le;) oag!%gfs%sm?c as% 20047024322 PCT/ GB2003/ 0 3936c 2
Zbegiﬁnec asitiphoni pr opicddi,c aedphthadenmni sudphggic acid,
such as nethane sul phpnic_acid ul i-Csacid,s -
f 15 ﬁé]ﬁ%% d?c%gf tPodr oﬁé??%ﬁéﬂéuﬁgﬁ%"%l%cia&ld' y
b e sfighanic acidl, Japh hefdnexyptqpee culphbnic acid;
t ol uene sulphoni c aci d', e.g. p-toluene sul phonic .adci d
t-sllh'lﬁﬂ}dnamﬂ%héﬁnc exFRANGS r?ﬂ%-?&ﬁox@%ﬂ&%ﬁﬁ% acid such as
su ic acid;..sul j X I NSe3
SRR, feiah ' BEPERIGLAeF EABORLER Mol syeh as
f&f:%@de%a&fé&licsuch #sidtri camdr oaceriflueiebeeiic acid;
rifluoroacetic, acid;, to orthophosphori ¢ .aci d;

pHOsHHE QSRR S udfF 4y béﬂ‘?esﬂ?g‘on&ﬁ:osﬁﬁéﬂi cSUERy. 3§ Penzene

aﬁ%ﬁ%s Aded feom i ndejacképas &eiived Lewbw athtseractions
and Broensted acids. Qther sources which may provide
sub¢abien ahieoris | acidde ate Bypeaghedy|aciy qt Other sources

derivatives. 15 Pr.eferahl anr.esent ,
oriShutey ofRvingneriiabt¥ A hiefudd e LBcPhphenyl
f opotdee @Rl vatives.

preferably M represents a Group VIB or VIIIB metal. In
other words the total electron count for the metal M is

18.

Preferably, in the compound of formula I, M represents 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 VIIIB metal or metal cation thereof. An especially
preferred Group VIIIB metal is Fe. Although the metal M as
defined herein may be in a cationic form, preferably it
carries essentially no residual charge due to coordination

with L; and/or L, as defined herein.

The term “aryl” when used herein, includes six- to ten-
membered carbocyclic aromatic groups, such as phenyl and
naphthyl, which groups are optionally substituted with one

or more substituents selected from aryl, lower alkyl



18. 20 Preferably, in the conpound of forrmula |, M
represents &, M, Fe, Co or Ru, or a netal cation
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Co or Ru or a netal cation th%reof. Most preferably,
Mis selected froma G oup VI®I B netal or nmetal

cation thereof. An especially 25 preferred Goup VIIIB

metal is Fe. Although the nmetal Mas defined herein
"P()Ovlﬁt%_li lf)al.laqﬁlatgmi% trfa?;r mﬁ:saﬂetf &realdpt didnaldar reusstituted or
essentially no residual_ charge due_to coordination ;
WY TR AR oA DekinRd | REQOHr o HE 30 PHIC 1 o §RHO,  BitTO,

"arylis when_ é?g) n)r,ei n, _icheh rees si X-c (@ €A, N (R¥) R?,
menber ed carbocyclic aromati c groups, such 3s. pheny!
antct?h(obapmzlﬁyk?s,vvlﬂsﬂ%9grﬂ©ﬁ@)%ﬁ3 opt i—@riéi)ll\vl?sublgtiw gin R™
W ong or nore substituents_sel ec f :

e T o/ FASHD ZGSIRFOBHAES AT CRIBOB D0aBdRr gy aXvl oF
(Wi abkyd,10r Qi dBYaikpEl rbapopidynatsglf be optionally

substituted or termnated as defined bel o;g) t,
heswhs wifaperd niay otermgpabed. @s ( G})efp@@d k elfag? . Rzan’ceferred

-G - NG Bas 5, 8 (Q R

S50 ST, 5o () BUER Ry represent
R3%h @ agh iichd epdambartyly, r eppheephahgdangehylar ydongressyl and
| oner al kyl (which al kyl group may i.tself. be . .
EDW%%H Ky DBRY t ReeEWPETEr R S dAtdgor PRgAYL which is
e er r i kot D, R1 i
DS Rl ed” WEBLLINES lorD piperlstbaciuents

g-gdab%@hgdaﬂagmnCyTCs editleseiiicn ey} wEPuRI kyFekhymay be
e supstituted incl.ud enyl | Gh. ] [ g

ooodt P Y SRR it OB paltven belon
fromeCl - @8°al khldwhaed akk3l(RGHoup whesed f REy b&° and R*

optionally subpstituted or term nated as .defined
bei@d;penémg}y RESPreggns 9P (RS 4)1 owe e?Jek&LQ, Further

strgfgrggé aryl groups include phenyl which is optionally

substituted with one or more substituents selected from

unsubstituted C;-Cs alkyl, ORY wherein R represents
hydrogen or unsubstituted Ci-Cs alkyl, ©particularly
unsubstituted C;-Cs¢ alkyl.

The term “Het”, when used herein, includes four- to
twelve-membered, preferably four- to ten-membered ring
systems, which rings contain one or more heteroatoms
selected from nitrogen, oxygen, sulfur and mixtures
thereof, and which rings 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 “Het” group identified herein is optionally
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) -ORY®, -0C(0)R?*°, -C(0)R?*, -C(O)OR?*,



15 i ndependently represent hydrogen or |ower alkyl.
Further preferred aryl groups include phenyl which is

wopisomakiy substituted with one or nore subspeCT/GBRG03/003936
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sel ected from unsubstituted G -C6 al kyl, ORL9 wherein

R19 represents hydrogen or ufSubstituted C, -Cb al kyl , .
particularly 20 unsubstituted Cl1-C6 al kyl. The term

"Het", when used herein, includes four- to 2
t Wl (et yEebered o) RN (@POIRED) v -ER#Y - tO(0RsRITemdrer eB(SHMR*) R
systens, gch rings contain one or npre_ heteroa ogf 0
oGhealedat RIf tom Bl t g, 1RgsRRRCAeRt Y (FeRRESHTLt g ogen,
thereof , _a | ch4RrJ. ROS L|l PG Olg RS gdedbhle may be
b&ids BF Bgo%%-%r%é ti é&ﬁgggt% ST oAt or whol 1y Y
alYHidrally stbsatteted Ther rtagmspsteds armydpgined below) .
nmonocycl i c, bicxplic or , fused. Each "Het" qro .

i Fhe i EeEB hélai™m Fgu%pt’irtﬁ%‘é'}cfﬁf’ 39T QHBE: i dggy RiLonally
or. By é&%ﬁi Hant$imAal e drieiny1al Gmickamslyl, indolyl,
rﬂ%roﬁf%xo, 5aer alﬁéﬁ'(&%?%% alkyﬁngropp may itself
befapiriyinal |oxasadistl ¢ utissbxazalerki naeafiazolylef i Hepzolyl,

2GRAA e, GS005RI0A035 OS0 LRATRES) ! paa 1o i iazoLYL.

(@yﬂdﬂﬁgl@6 , mSFRB1iY0) SA3ErimidHS) N( RR7)Reszinyl,
V\,her'el n R19 to R30 each_i ndependent!|y represent 1vl and
hyatrioyehinybr y| isparénetiavky| m#&ﬁd&r*%v gPeo-Y

i tself ' ubgt id#t 6ehPrpéepll RAt@G N atom
dﬁ%%%%an%%?% . §g£#ﬁ£@b{t:¥?lr§n "Het " thus}pi ncl udes groups
sush eReOHELONdoy omubghétet appaepriatay| at one or more of

pyrrolidinyl, imdazolyl, indolyl, furanyl, oxazolyl,
i SBRQAPYPLOMKIF azol yi, thiazolyl, thiadiazolyl,
triazolyl, oxatriazolyl, thiatriazolyl, pyridazinyl,

nmor phol i nyl , rimdinyl, razi nyl, ,
“I-FIJet" g%/oupspymay alsg be p%/n theyform of an N oxide.

The term “lower alkyl” when used herein, means C; to Cio
alkyl and includes methyl, ethyl, propyl, butyl, pentyl,
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,
be cyclic, acyclic or part cyclic/acyclic, and/or be
substituted or terminated by one or more substituents
selected from halo, cyano, nitro, -ORY, -0C (0) R?°,
-C(0)R®*, -C(O)OR®, -N(R®)R®, -C(O)N(R*)R*®,  -SR®,
_C(0)SR*, -C(S)N(R*)R®®, aryl or Het, wherein R to R3¢
each independently represent hydrogen, aryl or lower
alkyl, and/or be interrupted by one or more oxXygen or

gulfur atoms, or by silano or dialkylsilicon groups.

Lower alkyl groups which R* to R®), K, D, E and L may
represent and which aryl, Het and I, may be substituted,

may, when there is a gufficient number of carbon atoms, be



1o quinolinyl, isoquinolinyl, piperidinyl, pyrazolyl
and piperazinyl. Substitution at Het may be at a
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one or nore of the heteroatons. 15 "Het" groups nay

also be in the formof an N oxi%de. The term "l ower,

al kyl " when used herein, nmeans Cl to C10 alkyl and

i ncl udes nethyl, ethyl, propyl, butyl, pentyl, hexyl

and et ¥lordr GiRmcndd es et iww’r.m:abecirf i exi:,saa:hn}dted be
20 groups may, Wwhen there is a suff] CI unber

canbdric,at oﬁGYCMaCI i RFar EPrErarf'd’PFe-lch §Qtllfr'at eang( or be

g;‘;ﬁ}tg{a&, %%ObE Rl € Qkydditor sulfur atoms, or

substituted or terni nated
b)’b}ﬂ”@lmnm:e dthkylLseﬂltsonsgbreupéd pndhoralhe substituted

cyano, nitro, - o1
(@Y OrRR2, QI PRES) %@?C&-%l% S?%gj‘.ggz? S&S&g cyano,
- Qo SRIpis L SLBERBYRAES, 1) T, I:leij(wmzél,n REGR™) R?*,
enden re t
Io%fO)I\a(Rf}?DRZGand-/pS:Rnge p%péﬁﬁ%ef:&‘ y rqgenze ar%yl or Het
ox en or §9ulfur 0
8531 Reont Bupsgg% ng%ip%hl:i%}?l S sre\/\sll’qﬁ%t 1|_1\}’dr09€n,

toaﬁ‘?]? oK 1dvelE aandyLZ may represent and which aryl,
Het and L1 nmay be substituted, may, when there is a

suffi ci ent nunber of carbon atons, be WD 2004/ 024322
ir@f%%fg? ggﬁé%e}% NIRRTy o1 Bstededinbeh SAL usRBed,, and

unsa cyclic, acyclic or part .
cyA; j chacamdi &; dwbeor Lmesanrtt)er rm%%lswt ohB & @RpRound of

(cj)lf 58?%&@% |o]£'o bf?glrjdgéo nqle%%l sﬂl‘)swﬁ)eg 5 ° grlfé groups

Or WHPER Hahsthé Uddinslese! £Et @tid rplades o oncyeine, group and is
nitro, -CR19, -OC (0) R20, -C(O R21, Ci\?JCR 2%
N@Rﬁe;v@ag defined in the same way as “lower alkyl”.

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

include fluoro, chloro, bromo and iodo.

Where a compound of the formula (I) contains an alkenyl
group, cis (E) and trans (Z) isomerism may also occur. The
present invention includes the individual stereoisomers of
the compounds of formula (I) and, where appropriate, the
individual tautomeric forms thereof, together with
mixtures thereof. Separation of diastereoisomers or cis
and trans isomers may be achieved by conventional
techniques, e.g. by fractional crystallisation,
chromatography or H.P.L.C. of a stereoisomeric mixture of
a compound of the formula (I) or a suitable salt or
derivative thereof. An individual enantiomer of a compound
of the formula (I) may also be prepared from a

corresponding optically pure intermediate or by



-(O N(R25) R26, -SR29, -C(O SR 30 1 -C(S)N(R27) R28,
aryl or Het wherein R19 to R30 each independently

wo epresset hydrogen, aryl or |ower alkyl. 10 PCT/GB2003/003936
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Simlarly, the term"l ower alkylene” which Al and A2,

and A3, A4 and As (when presé t), represent in a

conpound of fornula I, when used herein, includes C,

to C,0 groups which can be bonded at two places on

t hes@ieedoand isichl5agt hBywi Bep defd nedf n the samresppnding

as "lower alkyl". Halo groups, whjch L2 repre foos
arrgtqmmrb;evwa:wq e Seb %ﬁb%%jedsﬁmﬂ‘ggyﬁﬁy%é(esferr‘l"Ctlonal
subst .t yt . terngn d,3y44 : 0
oSS (B e s aiepne, e ox o fomed by
Cc aizaitismnotl keny| cogresponding( Bacanpte awgtiy)a suitable

i soneri smmay also occur. The present | i_on
i mﬂt&d?@éut%@qtﬁd’iei/ia(ﬁjﬁjoé‘i &,S&.?Eragpgp%\f?%ee.
compounds of fornula (I) and, where appropriate, the
25 individual tautoneric forns thereof, together with

MAllr eserheoisohersemrat ioalodedi aktdtigbi EBRerScRe of the
cis and trans isoners may be achi eved by conventi onal
teltfh‘fﬁraife **e.g. by fractional crystallisation,

chromat ography or H P.L.C. of, a stereoisoneric

m xture of 30 a d of the f | ,

SRt @ aPronp O dHPvaLE naradt  CARPPHERL (CiEHeo whick

Sn | Ler 88{111:%88”!3&9@1? Of cbhgohfimbe (dormla allsothereby
e prepared froma

_ _ correspondi nhg optically pure
i Nt ermi atheor coypYEn@s04H24822 PR3 ATgEyse cobalt,

Ll SRRk s aBUER SR € R e, ppeceranly, e
Suppehd SrTIXm fhaeklongs palladium or a compound thereof.
Suitable compounds of such Group VIIIB metals include
salts of such metals with, or compounds comprising weakly
coordinated anions derived from, nitric acid; sulphuric
acid; lower alkanoic (up to Ci2) acids such as acetic acid
and propionic acid; sulphonic acids such as methane
sulphonic acid, chlorosulphonic acid, £luorosulphonic
acid, trifluoromethane sulphonic acid, benzene sulphonic
acid, naphthalene sulphonic acid, toluene sulphonic acid,
e.g. p-toluene sulphonic acid, t-butyl sulphonic acid, and
2-hydroxypropane sulphonic acid; sulphonated ion exchange
resins; perhalic acid such as perchloric acid;
perfluororated carboxylic acid such as trichloroacetic
acid and trifluoroacetic acid; orthophosphoric acid;
phosphonic acid such as benzene phosphonic acid; and acids
derived from interactions between Lewis acids and
Broensted acids. Other sources, which may provide suitable
anions, include the tetraphenyl borate derivatives.
Additionally, zero valent palladium with labile 1ligands

e.g. tri (dibenzylideneacetone)dipalladium may be used.



crystallisation of the diastereoisoneric salts forned
by reaction of the corresponding racemate with a

waoiosabdse2 5 optically active acid or base, asPCT/GB2003/003936
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appropriate. Al stereoisoners.are included within the
scope of the invention. 10 S 1 abl e Goup VIIIB

nmetal s or a conpound thereof which nay be conbi ned
with a conmpound of formula | thereby formng the .

C ORERNESHBf, t Rerbnvealémn GroupdeVEDHRAI metadisckwlith labile
pal | adi um rhodi um and platinum Preferably, the

Glwgands |3 9¥e%al | adi um or a conpound t her eof .

15 Suitabl e conpounds of such Group VIIIB netals

include salts of such nmetals with, or conpounds

cepttahly, webél gompounds nafetheniigventdon, eten gployed to

nitric acid; sul phuric .agcid: | r [

ok isiin soih CARBRBACL | mReREENEYY, dfsacrated
sub HhsRsdSCiigis1aden &S sBabane20aniibphoniComaem,ently, the
chl or'osul phoni ¢ acid, fluorosul phonic cid, VIIIB
t rédnee onbt ARHENS UNRY oRE cARET Bed pRY: ZEABP LR B ofj EEOUP

acid, napht hal S i 14, 1t0l 1Sk i C h
ac?%?‘po%gg. Qg‘? ? %?Senlgeéo 2%)%3 o%%@a%%d,tqﬁ]atylm_ paragrap
sulypPbRNi @ accompendd 2-dfydr doypudpanel sul pAcEmaddively, or

sul phonat ed_i on exchange 25 resins; rhal i cid s .
as2Pet EhPBRE Y acid; SeBgFPfg'ﬁor%c?%ﬁ%% % rb%?(% 1?% éagsl dMgHtloned
Su&gc_)@é thaghl L oageddd @fi diand domgdun@soaodt i the present

acl ort hophosphori c acid; phosphonic_acid such as i ved
beimeert phns pRIELeTaElY, aFlee aso¥FcedRt vagirrgmare derive

i nteractions .bet . Lew (o} a 0 Br e

ac?%HQ‘.“ Bh &S ulﬁ\fl%glg}é—m% éﬁgnggéa %\q/’llagle guf’ttﬁgﬁeﬂreferably e
anpras, 1&86! ugdear hes t etasapheaplirbdr ase de8f@ativesn aqueous
Additionally, zero valent palladiumwith |abile

| i g@hB810B-g. tri (di benzyl i deneacetone)di pal | adi um may

be used. WD 2004/ 024322 PCT/ GB2003/ 003936

Especially preferred compounds of formula I include those

wherein:

(1) X' represents CR*(R?) (R®), X® represents CR*(R°) (R®),
x* represents CR’(R®) (R°), X' represents CR'(R') (R*),
wherein each of R to R'@ independently represents
unsubstituted Ci-Cs alkyl or trifluoromethyl,
particularly where each of R' to R' is identical,
especially where each of R' to R' represents
unsubstituted C;-C¢ alkyl, particularly methyl;

A, and A, are the same and represent -CHx-;

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

0* and Q° both represent phosphorus;

M represents Fe;



32 Preferably, zero valent Goup VIIIB netals with
| abile ligands are enployed. Suitably, the conpounds
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carbonyl ation of ethylenically unsaturated conpounds

i ncl ude a source of anions. eniently, the source

of anions nmay be derived by conbining a Goup VIIIB
compound t hereof as described in the precedi ng

paragraph wth a camdound,of fepn@$ants cyclopentadienyl,

Al ternatively, or 10 addi ti onal a_separ at e source _
of ani orRAHELFEFRY Bh i SR “H:%fl é‘o‘g%qf’artaodltwf' and m =
corrpound(?. of the present invention. Preferably, the

0

source anions are derived froman acid having a
pKa | ess than 4, nore preferably a pKa Iess than 3,

d at 18C | 4 D5y (16
225%”:‘2?2%?5 rebrerrate BRSBTS, Moy gyt (=) (&%),
t hose Cg«res@lt@)cRlehem%sem‘*srqa&(agémts R3R1° (RXD) (R*?) ;

represents (R5) X3 represents %
(RO) , & r@gpﬁgéﬁ%scm@HeF@l()Xé 2)Wher%’ére n ehERresents

of Rl to,Rbk2pund dent | ye nepresents. s i(kryed
Cl1-C6 ali %R q r&%&%ﬁ%thy , pa%% culagpiséheg
each of é&cho R&f |SRFdenk»caHf325 is@epentientyier erepresent

each of Rl to Rl12 represent bstituted Cl-
arkyl . pWREVSRFAFIGRer o1 Con AMIAC ofb 1 nEEREREORRECRY L

repr esenﬁar%ulal‘l DyledeE éden t B s@meand'Y eps edeientical,
hydrogen or unsubstituted C1-C6 al kyl, particularly

hydr ogenesecialind ekt hopepr estint Bhodishorkis:  Tppresents
repr esen{lxslsugstv\gugggd'éO%sé%kg'g/ 8@%@9.%9%}9.%6 methyl;

A; and A, are the same and represent -CHz-;

o', Q? and Q°® each represent phosphorus;

D and E are the same and represent hydrogen or
unsubstituted C;-C¢ alkyl, particularly hydrogen;

M represents Fe;

n = 1 and In represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(3) X' represents CR'(R?) (R®), X® represents CR*(R%) (R°),
x® represents CR’(R®) (R®), X* represents CR'(R™) (R™);
K represents -CH,-Q®(X°)X® wherein X° represents
CR®3 (R™) (RY5) and X° represents CR'(RY) (R'®);
each of R to R'Y™ independently  represent
unsubstituted C1-Ce¢ alkyl or trifluoromethyl,
particularly where each of R' to R*® is identical,
especially where each of R' to R' represents
unsubstituted C;-C¢ alkyl, particularly methyl;
A; and A, are the same and represent -CHx-;

o', 0? and Q° each represent phosphorus;



33 n =1 and L, represents cycl opentadi enyl,
particul arly unsubstituted cycl opentadi enyl, and m =

w®2003/02022 X1 represents CRL (R2) (R3) , X2 repP€H6BR2®3/003936
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CR4 (R5) (R6) , X3 represents, CR7 (R8) (R9) , X4
represents CR10 (RI) (R12) ; 34Krepresents -CH2- @&

(X5) X6 wherein X5 represents CR13 (R14) (R15) and X6
represents CR16 (R17) (R 8) ; each of R to R 8

i ndependentdnd r @pr esgathet0 wihislubsthie utcedbon- Catemgy| of the

or trifluoronethyl,. rticgul ar] h of RL t
Crol b oAl ST EY, WS, CR8eT oBL | grcaches
r epr esent Sy UnsYbsd it ahited Ghedlykylidpr ticul arly

methyl; A and A2 are the sane and represent -CH2-;
15 Q, Q@ wepkre<@BemzzFeepresent phosphorus; D and E

are the sane and, represent hydr uns ] :
C -C6 alkyl,= pa(rj][i CLﬁnaﬂ?l y ydrléégﬁ;gs F%preggé%ébgé?gﬁlenyl'
= 1 and part ERLESELY SusyshopEnieed eoytlop&ftadienyl, and m =
particularly unsubstituted cycl opentadi enyl, and m =

0. (3) X.represents CRI(R2) (R3) , X2 represents CR4

(R5) (R6) , X3 represents CR7 (R8) (R9) , X4

represents CR10 (R') (R12) ; 25 Krepresents -CH2-(B _
(XB)) X6 wherepne¥dntepCRs ¢Rt)s(R’CR1 XY Riepreésasys afl &) (R°),

represents CR16 (R1l7 ), r.&achof Rl to 8 ~p10 (pll 12

independ%%tq%PFee?ﬁfé'sgeréRm(%ngﬁ%ﬁt'i 4t §8p6,e-88§l%l I%% & ®).
trifluoronetdyh, e tiogul /¥ | yowhete i fddRic o BeEPresent
is identical, 30 especially where each of Rl tq

R1B '
r epr esenussubssibetedut e e Coadki |, P&t i EFRdlppromethyl,
methyl: articularly where each of R' to R* is identical,

especially where each of R' to R' represents
unsubstituted C;-C¢ alkyl, particularly methyl;

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

o' and Q® both represent phosphorus;

K represents hydrogen or Ci-Cs alkyl, particularly
hydrogen;

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

M represents Fe;

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

(5) X' represents CR'(R?) (R®), X* represents CR*(R°) (R%),
x* represents CR’(R®) (R°), X! represents CR'(R™) (R*);
E represents ~CH,-Q°(X°)X'® wherein X’ represents
CcRY (R?®) (R*°) and X*° represents CR*® (R*') (R*?);
each of R' to R¥ and R to R* independently

represent unsubstituted C,-Csg alkyl or



A, and A2 are the sane and represent -CH2-; Q,
and B each represent phosphorus; WO 2004/ 024322

weFanAeBaeN3/ 003936 34 D and E together wth tPEer/GBRI®ON03936
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atons of the cyclopentadienyl ring to which they are
attached forman unsubstituté® phenyl ring; M
represents Fe; 5 n 1 and L, represents

cycl opent adi enyl, particularly unsubstituted

cycl opentadieBtomet 1N par@ididhril weresastch @H R' to R
(R2) (R3) , XZ represents CR4 (R3) (R6) , .10 X3
repr esemrsl GR7 tRBR'( RY) idepticadresomesiedly (Rieme each of
(R12) , Jiwper gin chsof &0 ' e . _

repr eseft \Megngubg1 |t&3edt%%r§égé§%a§‘rég Uielibsti tuted C:-Co

trifl uoramgtlhy lpartpiardlismilyametimier e each of RL to R12

is identical, _especially where each of to }11{1%1_2.

r epr eserdtis 305 PandfBstie (FHEE B %We%a_r reul arly

met hyl ; g" PdAd @7 eddif SpRnd PhYspIRitus CH2- ;

Q. and bot h represent phosphorus; K represents

hydr ogerD omng, - B6 at&kylthepasaneuland y repy@s@jdn; hydrpgen or

and E together_with rb t .
cycl opeﬁ‘?‘écﬂf%%%y%lﬁ?\%Qﬁé%\%h?@%’?hggﬁﬁe&a? ey OPem

an unsubstidpteseenyed; ring; Mrepresents Fe; n =1

and L, represents cyclopentadienyl, 25 partic Iarlg EY 1
unsubst it ut exl cykl oKt adileny| TeBRESFRLES O.C¥§').d°RFn adienyl,

repr esens s, CRKFR)1 § Riloub @i ¢ S eSO oSSt ARSIy RS) and m =

0.

(6) X' represents CR*(R?) (R®), X* represents CR*(R®) (R®),
x® represents CR’(R?) (R®), X' represents CR¥ (R) (R'?) ;
K represents -CH;-Q*(X°)X°® wherein X5 represents
CR' (R*) (R®) and X° represents CR(R'7) (R*®);

D represents -CH,-Q*(X")X® wherein X’ represents
CR? (R%?) (R*?) and X® represents CR* (R*°) (R*®);

E represents -CH;-Q°(X°)X'® wherein X’ represents
CRY (R*®) (R?*®) and X'° represents CR*’(R*!) (R*?);

each of R' to R¥™® and R* to R** independently
represent unsubstituted C1-Cs alkyl or
trifluoromethyl, particularly where each of R' to R*
and R to R*® ig identical, especially where each
of R! to R*® and R* to R*? represents unsubstituted
C,-Cs alkyl, particularly methyl;

A, and A, are the same and represent -CHz-;

o', o?, 0°, Q* and Q° each represent phosphorus

M represents Fe;

n = 1 and L, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.



x 3 represents CR7 (R8) (R9) , X4 represents CR10
(R11) (R12) ; 30 E represents -CH2-@® (X9) X10

wob@eR432€9 represents CR37 (R38) (R39) and XaOI/GB2003/003936
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represents CR40 (R41) (R42) ; 3e6ach of R1 to R12 and
R37 to R42 independently represent unsubstituted

C -C6 al kyl or WD 2004/024322 PCT/ GB2003/ 003936 35
trifluoronmethyl, particularly where each of RL to R12
and R37 to R42 is identical, especi ally where each of

d (j@g at k;llnq'R}rztto b i ;j'%ﬁtr?%%%l &qupeﬁgc#% are c%ahmantyl

sane anddgauasen -hire @, €8 axd (wepaelent the same.

represent phosphorus; D and K are the same and
r epr eseradanantiflergxpupPunsubstituted C, -C6 al kyl,

parti cul ar Ly hydr ggen; , M g epe CS8A! Seffesdfcn-Crl- ANd

, repr clopent adlenyl particularly
unsubstigut pd a@wlmpeﬁéaatbmyéamandndw repFesedt Xlydrogen or
represents CRI(R2) (R3 resen .
epr osortas\EREt {1RH 4 Fy Cs XUy Lpr BEERESERTSY Ry rogen:

R12 5 X5
Eepr)esencé<1 %%Vl??%tlbzy E%Sr@egﬁdbgl(éérgg?gg;gts CR16

(R17) (m@epr@emmelﬁents -CH2- Q4 (X7) X8 wherein X7

represents CR31 R32 and sen
(R35) (FB6) T 20°E r EH% %ﬂ%g &?SGf‘ﬁéPgaﬁlenyl
X9 repr e§§9£§cuf8§fy(M&bétﬁ‘ﬁ@&te@dcgﬁDopeptadéengl and m =
CR40 (R41) (R42) ; each of RL to R16 and R31 to R42
i ndepend@ntly represent unsubstituted C -C6 al kyl or
trifluoromethyl, particularly where each of Rl to R18
25 and R31 to R42 is identical, especially where each

(8) x*, %%, x® and X* 1ndependently represent adamantyl,

especially where X' to X' represent the same
adamantyl group;

K represents -CH,-Q*(X°)X°® wherein X* and X°
independently represent adamantyl, especially where
X' to X°® represent the same adamantyl group;

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

o', 0® and Q® each represent phosphorus;

D and E are the same and represent hydrogen or
unsubstituted C;-C¢ alkyl, particularly hydrogen;

M represents Fe;

n = 1 and L; represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(9) X, x?, X3 and X' independently represent adamantyl,
especially where X' to X* represent the same

adamantyl group;



of RL to R18 and R31 to R42 represents unsubstituted
a-C6 alkyl, particularly nethyl; Al and A2 are the

W@ 200e/024322 r epresent -CH2-; Ql, @, @B, 4 and PEI/68e193/003936
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represent phosphorus 30 Mrepresents Fe; n =1 and L,
represents cycl opent adi enyl, 3|5arti cularly
unsubstituted cycl opentadienyl, and m= 0. WO

2004/ 024322 PCT/ GB2003/ 003936 36 (7) X1, X2, X3 and

X4 i ndegendeablyseapsesenturpAnmitsd , whepetnal [¥* and X°
where X1 to X4 represent the sane, ad%nzgntyl %roule[' 5 h

A and Andependeatdyner ANETUYT c2ERTADEYD. - SRPESIFNYE Where
are the.sa 3 seéxftf‘t DL Y Ukt digit ed

Cl- Co al)iiyigt8 %ar él‘%% arly %%%?%gen; le%n Q??L:Jotpjh

repr eser®t; phdsphoats;thd/ sape esmht vepiresat n-CHat jand

L1 represents cycl opent adi enyl , articularly

unsubst i? ut &d %]ﬁ@péﬁc}dira#e,segﬁ:dp °§ph%.lj1%8) X1,

X2, X3 and X4 i EdGQS?‘Q@Héi*y wEpH esed  adafent yetomd5 of the
especially where X1 To X4 represent the sa

e
adamant y¢yakapentadieaprtles sAng - £rp-WiBLQIXSERRY WAERej FEtached

X5 and i ndepe AV a tyl,
especi al ?F%agl" &n%%éol%%gegr esénlt q:tz?'“r?gw%sama
adamant W Eethsent(s Ale;and A2 are the sane and

represent -CH2 d each rgg:gzg}%lopentadienyl,

] QI., @ an
phosphoris: D arfd E3&% tfe sﬁspaﬁae’fl
hydrOgeerfticularly unsubstituted cyclopentadienyl, and m =

0.

(10) X, X%, x* and X* independently represent adamantyl,
especially where X' to X' represent the same
adamantyl group;

A; and A, are the same and represent -CHa-;

o' and Q? both represent phosphorus;

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

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

M represents Fe;

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

0.

(11) X%, X%, x* and Xx* independently represent adamantyl;
K represents -CH;-Q*(X°)X® wherein X and X
independently represent adamantyl;

D represents ~-CHp-Q*(X")X® wherein X’ and X®

independently represents adamantyl;



unsubstituted Cl1-C6 al kyl, particularly hydrogen; M
represents Fe; 25 n = 1 and L1 represents

weywhopset adi enyl, particul arly unsubsti t ut edPCT/GB2003/003936
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cycl opentadi enyl, and m= 0. (9) X1, X2-, X3 and X4

i ndependent|ly represent adamantyl, 30 especially
where X1 to X4 represent the sane adamantyl group; WO
2004/ 024322 PCT/ GB2003/ 003936 37 K represents -CH,

_B(X1) ¥ Wagpeésen®s and -0t (rigpthdewheyeirpr éentand X0
adamantyl , es%em ally where X1 to X6 represent t.h

Sane AdARERDANIEIGLY. TRDTRRETAS AOSTRRE e SRRgiaLly where
represent ESH%”ige%ﬁ%%en 2] sGReC 3BBMAARYES 8Fbup ;

phosphorfus; "D an gether with the carbon atons of
the cyaopadt agiany|the ngpne and crentesendy e @htrdched

forman ynsubstif utgd enyl ri,ng; M O
n=1afiL® reBre nlaggc gl%%%n?%?ﬁ%%%te%%f&ué
parti cuharlap AisaHtsd it ed cycl opent adi enyl, and m =

0. (10) X1, X2, X3 and X4 i ndependent|y represent .
adamantyl, =15 dspe@ndl | y Laher EeIXICS@NS@ r pyetepentadienyl,

same adamant yl. _qr-Qup: r ;

1 éﬁﬂﬁafﬁﬂbl, d =
represelﬁa%]:aqﬂéj%%%l@%o c?e%?éegg%t phols,phorus,&;nl "
K represents hydrogen or unsubstituted Cl1-C6 al kyl,

20 particularly hydrogen; D and E together with the
carbon atons of the

(12) X' and X® together with Q® to which they are attached
represents 2 —phospha-adémantyl ;
x® and X! together with Q' to which they are attached
represents 2-phospha-adamantyl;
A; and A, are the same and represent -CHz-;
K, D and E are the same and represent hydrogen oxr
unsubstituted C;-Cs alkyl, particularly hydrogen;
o' and @ both represent phosphorus;
M represents Fe;
n = 1 and L represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(13) X' and X? together with Q® to which they are attached
represents 2-phospha-adamantyl;
X3 and X* together with Q' to which they are attached
represents 2-phospha-adamantyl;
K represents -CHp-Q?(X°)X® wherein X° and X° together
with Q° to which they are attached represents 2-
phospha-adamantyl;
A; and A; are the same and represent -CHz-;

o', 0% and @Q® each represent phosphorus;



cycl opentadi enyl ring to which they are attached form
an unsubstituted phenyl ring; Mrepresents Fe; 25 n =

wa 2@ag24322 r epresent s cycl opent adi enyl,  part i cRCHGBR003/003936
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unsubstituted cycl opentadi enyl, and m= 0. (11) X1,

X2, X3 and X4 independently r esent adamantyl; 30 K
represents -CH2-@B (X5) X6 wherein X5 and X6

i ndependently represent adamantyl; D represents

-CH2- Q4 mx&héiXSEV\A‘a:f@i nhé/ aatle X8nd ndepaedemt yhydrogen or
represents adanmant WO 200 4322 PCT/ 3936
38 E repiesghakituie y %)?(ﬁ%ﬁer%?ﬁtlf@u Qe 55(3%}’ rogen;i .

[ ndepenqgrg%%réga{@éseggs adamantyl, especially where

X1l to X1 resent the same adamantyl group; Al and
A2 are tihe sane land amshr edent re€plpeseBLs) Qc @en@dlenyl

2] and T4V LGN RERY SU i Dpar e angd Fob SR o ey ond m =

unsubstiguted cycl opentadi enyl, and m = . 10 (12) Xl
and X2 together with @ to whi ch they are attached
represents 2- phospha-adamantyl ; x 3 and X4 together

W &24 oh%- agmna%?t )t‘}l@)@é{%%% @%Egcggdtor\ﬁﬁiéﬁeehéy are attached

are the sane and
represenfepﬂrﬁentK 2 Bplamsblia sadandrt yhne and represent

E;g: gggnnxpr némXS*UktJ:sotgiett te%dwn.%hcglal:kyl hlgﬁr hCUl grrleyattached
represents 2-phospha-adamantyl;
K represents -CH,-Q°(X°)X® wherein X° and X% together
with Q® to which they are attached represents 2-
phospha-adamantyl;
A, and A, are the same and represent -CHx-;
o', 0® and Q® each represent phosphorus;
D and E together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;
n = 1 and L, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(15) X* and X?® together with Q* to which they are attached
represents 2-phospha-adamantyl;
x® and X* together with Q' to which they are attached
represents 2-phospha-adamantyl;
A, and A, are the same and represent -CH:-;
o' and Q? both represent phosphorus;
K represents hydrogen or unsubstituted C;-Cs alkyl,
particularly hydrogen;



QL and @ both represent phosphorus; Mrepresents Fe;
20 n = 1 and L1 represents cycl opent adi enyl,

w@aootiozasbar |y unsubstituted cycl opent adi enyl, BETGBREO3/003936
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0. (13) X1 and X2 together witfj @ to which they are
attached 25 represents 2-phospha-adamantyl; x 3 and

X4 together with QL to which they are attached

represents 2-phospha-adanmantyl; K represents -CH2- (@3

(X5) X6 Mhersl nEXStagdtXert ogttihertheny daren oakemeh of the

they are atiached represent.s 2-_ 30 phosph s

Al and A ?P?$ﬁ§é%§h¥' n&lpgbrEgeﬁﬁwiéﬁaﬁ%ﬁgégggéé attached
and B e@GH  SPNESANs TASRD B0 Y 024322 ‘
PCT/ GB2003/ 003936 39 D and E are the sane and

represerd ¥gpFreRREDrFeunsubstituted Cl1-C6 al kyl,

particul arly_hydy ogea[h'dd M repr eggg}asgﬁ'tfgr lzc):/}cﬂaﬂeﬁéadienyl,

represeﬁ?s cycl openta |en§P articu

unsubst i pat-eticeyat bp em sub et yteddeyelop@ntddignl, and m =
and X2 together with @ to which they are attached
represenfs 2-phospha-adamantyl; 10 x 3 and X4 toget her

with QL to which they are attached represents

2- phospha-adamantyl ; K represents -CH2-(B (X5) X6

whéire) n X5 amtl 36 toggshiear wikhy R° Bot himhcEheKeprgr attached

e the SERECSRACT cpraBRRie apRnaEpL Y+ 10 AL and A2
X3 and X* together with Q' to which they are attached
represents 2-phospha-adamantyl;

K represents -CH,-Q*(X°)X® wherein X° and X® together
with Q°® to which they are attached represents 2-
phospha-adamantyl;

D represents -CH,-Q*(X7)X® wherein X’ and X° together
with Q* to which they are attached represents 2-
phospha-adamantyl;

E represents —CH,-Q°(X°)X'° wherein X’ and X'° together
with Q° to which they are attached represents 2-
phospha-adamantyl;

A, and A, are the same and represent -CHz-;

o', 0%, @°, Q® and Q° each represent phosphorus

M represents Fe;

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

(17) X' and X*® together with Q* to which they are attached
form a ring system of formula Ia, X® and X* together
with Q' to which they are attached form a ring
system of formula Ib, wherein Y' and Y2 both

represent oxygen, R*° to R® are independently



Q, @ and @B each represent phosphorus; D and E
together with the carbon atons of the

weyskhopset adi enyl ring to which they are attach€dGBR@BM03936
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an unsubstituted phenyl ring; 20 Mrepresents Fe; n =

1 and L1 represents cycl opentadienyl, particularly
unsubstituted cycl opentadienyl, and m= 0. 25 (15) X1

and X2 together with @ to which they are attached

I epr esemnde] ekt sphom adasabsylituked amhdCx4albyedt loar CF3, and
with QL tg mhichmﬁhe% ar e athg&hed represents

2- phospra- adafeht yFEPEPSERE 4PE°the sanme and

represenf {22, a3l (e 3PnPlaR@t RepLREESENICH, - ;

phosphorus; K répresents hydrogen or unsubstituted
Cl- C6 alky|D apdr tB catar thehyahms ernd WDePgg&LeDE4 dpplrogen or

PCT/ GB2003/.003936., 4 nd ge : M ,
at ons of "t S%-tjé-turto cgn(gégjf e%ﬁ&rff n%g)?%l%%%ﬁi?ﬁ%ga{é\? &n,;
att achedy' f:@dmMeAnbobRubeprésent phesyhorusg, M
represents Fe; 5 n = 1 and L1 represents

cycl operf aerRFgAentHHRi cul arl y unsubsti t ut ed

cycl opent adi enyl, ang qn =1.0. (if)eXdntBd Xeyt0EBEALAA 1,
with Q2 To whi chlth(réljgh1 are éttachgde 18 reprelsfentg eny

2- phosphparitemldayly X3 amhsxbsttdgattest wi t hcgglepentadienyl

2“;,‘;23;';&%@%@%3;?8 £ r%‘%‘?e;%%?g‘%-st&t @B (X5) X6

wherein X5 and X6 toget her

(18) X' and X? together with Q® to which they are attached

form a ring system of formula Ia, X® and X! together
with Q' to which they are attached form a ring
system of formula Ib, wherein Y' and Y? both
represent oxygen, R*® to R®®> are independently
selected from unsubstituted C;-C¢ alkyl or CFi, and
R*° and R** represent hydrogen;
K represents -CH,-Q°(X®)X® wherein X°® and X° together
with Q° to which they are attached form a ring
.system of formula Ic, wherein Y® represents oxygen,
R®® to R®?® are independently selected from hydrogen,
unsubstituted C;-Cs alkyl or CF; and R** and R™
represent hydrogen;
A, and A, are the same and représent -CHy~;
0%, Q% and @Q® each represent phosphorus;
D and E are the same and represent hydrogen or C;-Cg
alkyl, particularly hydrogen;
M represents Fe;
n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.



with @B to which they are attached represents 2- 15
phospha- adamantyl; D represents -CH2-Q4 (X7) X8

wob@re2432X7 and X8 together with Q4 to which PE¢EEGB2a08/003936
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attached represents 2- phospha-adamantyl; E represents
-CH2- Q5 (X9) X10 wherein X9 arf X10 together 20 with

@b to which they are attached represents 2-

phospha- adanmantyl; Al and A2 are the sanme and

represent’ a6d2x? €igetRBer @itk¥Qantd Ghisdctheprasemttached
phosphorus M represents Fe;

25 n =1 and
r epr eserftQFTe R | Bt 2P efy| OF g%?‘f“il%%l ggryki and X* together

unsubstituted gyclopepiiadi epyby afe Mattdbhddl7)o¥h a rin
and X2tolgethc=(:j;t vc\l:'th Qzlto vvhi?:fhthey are attached 3 I

forhrra risystmst eoff of Foomuld a Th, X8hardix4 ¥ogedRér YQ both
wth QL to which they are atfached fogsma ying .
of for mASPYEFe %Xg%, an o Opsn a JNg %ﬁéiéf)&qaently

er Y2 both™ represen

oxygen, 4B0:dedBBromne undepeidentdy AOc2004k924322 CF;, and
PCT/ GBZOO43;/ 0039%% 41 sel ected from unsubstituted
Cl- C6 al®y| and RF3rep¥@sertohyfagoms®ir epr esent

hydrogegy{ Eé% gggﬁ s AL eyt hes S@pRe axpﬂefﬁﬁ'ieﬁenéndcbdg'stogether

K, D an € Sane and T epresent hydrogen or

unsubst iwitled ¢21- €6 atlkidth mhelyi cakar |3ttachederform a ring
and 2 both repres

= 1 and %ﬂ%%‘br@ge%?’té'“@ao@lsﬁggw%%% e@s’ S’g‘?eﬁ%ﬁgﬁé?goxmen,
unsubstigast edgycl gpent agdieenylindependently  selected  from
unsubstituted C;-C¢ alkyl or CFs;, and R* and R%*
represent hydrogen;
A, and A, are the same and represent -CHx-;
o', Q* and Q® each represent phosphorus;
D and E together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;
n = 1 and Ij represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(20) X' and X? together with Q® to which they are attached
form a ring system of formula Ia, x® and X* together
with Q' to which they are attached form a ring
system of formula Ib, wherein Y' and Y° both
represent oxygen, R°® to R®® are independently
selected from unsubstituted C;-Cs alkyl or CF3, and
R*° and R** represent hydrogen;

A; and A, are the same and represent -CHz-;

o' and Q° both represent phosphorus;



10 (referred to as puc) and m= 0. (18) X1 and X2
together with Q2 to which they are attached forma

wOo 20vg/03431 em of formula la, X3 and X4 toget herPCTGBR00GR03936
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to which they are attached forga ring 15 system of

formula Ib, wherein Y and Y2 Pot represent oxygen,

R50 to R53 are independently selected from

unsubstituted Cl-C6 al kyl or CF3, and R49 and R54

represerk bygregentsKhydpogeantor -G8 {Eek6C.1-Cs alkyl,
wherein X5 and X6 together 20 with @ to which they

are attm?%ﬁﬁ]& ¥RF OISRt em of formula |Ic,

wher ei n %fe%geemge%m%%@ R2IUre atoms of the
i ndependently sel ectéd from hydrogen, unsubstituted

a-cC6 almlwemmmglmd RE4 whigh eddi@y are attached

"o S e g e e b R, Rsohor us: D anc

E are t he SapEeadtkd e esent hydrogen or C1-C6 al kyl,
particularly hydrogen Mrepresents Fe; 30 n =_1 and _, 1
L1 represents cykl gt adilenyl TePE&PERES| ar Fyclopentadienyl,

unsubst i nd m =
2004/ 02 %@%ﬁ%@g%@%&%@%&uﬁ&?cgﬁo Snraflenyl, and
togetherowith @ to which they are attached forma

ring systemof formula la, X3 and X4 together wth QL

to which they are attached forma ring system of

forgyla kb ayhereicge¥hednehi¥a ipdt Bo5wh§:ﬁhe&hé§/ are attached
oxygen, R50 to R53 are independent sel ected fraom

unsubst i faredacrigg éVﬁi}BmoprFEQr“&lﬁé‘ Ia, X* and X

with O to which they are attached form a ring

together

system of formula Ib, wherein Y' and Y® both
represent oxygen, R°° to R®® are independently
gelected from unsubstituted C.-C¢ alkyl or CF;, and
R*® and R** represent hydrogen;

K represents -CH,-Q%(X°)X°® wherein X° and X% together
with Q° to which they are attached form a ring
system of formula Ic, wherein Y® represents oxygen,
R to R®® are independently selected from
unsubstituted C;-Cs alkyl or CFs, and R** and R™
represent hydrogen;

D represents -CH,-Q*(X")X® wherein X’ and X°® together
with Q* to which they are attached form a ring
system of formula Ic, wherein Y® represents oxygen,
R® to R® are independently selected from
unsubstituted C;-Cs alkyl or CF;, and R*) and R*
represent hydrogen;

E represents -CH,-Q°(X°)X'° wherein X° and X' together
with Q° to which they are attached form a ring
system of formula Ie, wherein Y® represents oxygen,

and R®® to R®® are independently selected £from



R49 and R54 represent hydrogen; K represents -CH2-(@3
(X5) X6 wherein X5 and X6 together wth @G to which

WO bay/oar3e2 att ached forma ring to system of fRPCHGB2003/003936
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Ic, wherein Y3 represents oxygen, R50 to R53 are

i ndependently sel ected from tifsubstituted O -Co al kyl -
or CF3, and R49 and R54 represent hydrogen; Al and A2
are the sane and represent -CH2-; 15 QL, @ and gp
each repiaa@t phashoryscs DadR¢1E dogdatfer andh Rfie and R*
carbon atons of the _cycl opentadienyl ring to which

t hey ar ereRueRaRdd PB4 unsubsti t uted phenyl ring;

M represgn Fe,; N 1 r ESEM S -CH,-;
cyclope%%a%%ghsf,gp%aF??ci arI%ﬂ%nsu stitJ?ed i

cycl operp'adigdny®?, afdamd=Q° Oea¢iROyepesemrt XohopledHes i

wWth @ to which they are attached 25 forma ring

system df FRTRISES FS3 and X4 together with QL to

which they are attachgd farm aréppgsenyst encptlbpenthdienyl;
I b, wherein Y1 and Y2 both represent oxygen, Rﬁgﬁio

R53 ar e padebewrnty yunsdecktaited orreHReRE ey, and - m
Cl- Co6 algyl or CF3, and 30 R49 and R54 represent
hydrogen; " Al and A2 are the sane and represent -CH2-;

QL and @ both represent phosphorus; WO 2004/ 024322

PCT/ (B2003/ 00393 43 K,represents hydrogen or

unédbt i¥1L31t ég’r ig cBng| &y ,%%%??ﬁa%{ﬁgﬂ §gﬂ§8?85‘én?°59ressyl'
and E togghbefayh {hereargon aomxiof ddifresent the same

congressyl group;

A; and A, are the same and represent -CHx-;

K, D and E are the same and represent hydrogen or
‘unsubstituted C;-C¢ alkyl, particularly hydrogen;

Q' and Q? both represent phosphorus;

M represents Fe;

n = 1 and L represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(23) X!, %%, X® and X* independently represent congressyl,
especially where X' to X' represent the same
congressyl group;

K represents -CH;-Q°(X%)X°® wherein X* and X°
independently represent congressyl, especially where
X' to X° represent the same congressyl group;

A; and A, are the same and represent -CHx-;

0, 0% and Q* each represent phosphorus;

D and E are the same and represent hydrogen or
unsubstituted C;-C¢ alkyl, particularly hydrogen;

M represents Fe;



cycl opentadi enyl ring to which they are attached 5
forman unsubstituted phenyl ring; Mrepresents Fe; n

we2d4an321.1 represents cycl opentadi enyl, part PCTGRRI0$/003936
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unsubstituted cycl opentadienyl, and m= 0. 10 (21) X1

and X2 together with @ to whi%h they are attached

forma ring systemof fornmula la, X3 and X4 together

with QL to which they are attached forma ring system

of formya Ib, wheramnd Y 1and Xpibeddntd r egyekepentadienyl,

oxygen, R50 to R53 are independentl sel ected fram _
unsubst iRAREFBAYY P teEed é‘%/Yd:lC@?éﬁfﬁﬁ‘Wg" and m =
represe hydrogen; K represents -CH2-@ (X5) X6

wherein X5 and X6 together with 3 to which they are
attached forma ring 20 systemof fornula Ic, wherein

Y3 represents oxygen 0.to R53. ar.e i I
se‘%@ltoedxf'r nsb tﬁE u%ré‘ge@r}%ltgll}k;}? eeglreé%ge %(l%%gressyl,
RA9 and &{deci£Phesenhetydr ggentoD xépr espresenCH2-te same

(X7) X8 wherein X7 and X8 together 25 with Q4 to
whi ch t hegnagwessik GftPforma ring systemof fornul a

| c, whergin rg%]:rﬁes%qj[%%ent §cﬁ§y@£(&ﬁka5o W83 ares and x°

i ndependent I'y“sel’ected fronm TUnsubstituted C-C6 al kill
or . CF3, hndeiiddemdl Rodepr epems ecvndiyelsoigbn; egpegially where
represents -CH2 .

- (b %XQ) X10. wherei n_X9 and X_Il_O D :

t oget her¥ i K QBPEERAPEN tPfie§2Ur e“BPPACHEY f SF TR

ring sygtemeof,f orautfe! 8amth8h8i PefbesERt €SERLS;

oxygen, and R56 to R53 are I ndependent |y sel ected

from Q' Q* and Q® each represent phosphorus;
D and E together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;
n = 1 and L represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(25) X', X2, X® and X* independently represent congressyl,
especially where X' to X* represent the same
congressyl group;

A, and A, are the same and represent -CHx-;

Q' and Q* both represent phosphorus;

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

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

M represents Fe;



WD 2004/ 024322 PCT/ GB2003/ 003936 44 unsubstituted
Cl-C6 al kyl or CF3, and R49 and R54 represent

woiyanogeer, A and A2 are the sane and repr esenPCFGB2003/003936
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Q, @, B, A4 and B each represent phosphorus; 5 M
represents Fe; n = 1 and L1 re‘iﬁesents

cycl opentadienyl; = particularly unsubstituted

cycl opentadienyl, and .m 0. 10 (22) X1, X2, X3 and X4

I ndependent |y r apr esaid cmgressgtesezesq;)ecicayd:yopmmienyl

ﬁ ;?exﬁnéfgﬁeagﬂd; g Sams fn@géecsffﬁq%rgt%d 12, and m =

the sa and repr esent hydrogen or 15 unsubstituted
Cl- C6 al particul arly hydrogen; QL and Cp bot h
represent phosphorus M represents Fe; n-.=1 and L1

resents I t '
nEebst 1 Fart G- o35 Bt adParpritzh Y, 2ebfpsgnc ggporessyl;
X1, X2, g3 anghrékddrdependaptd’y(x°erf esamferedngr ex8yl and  X°
especi aIIy where X1 to X4 represent the sane

congr essiidepengently KeRERIUNIONIASAIPL { X5) X6
wher ei n ]1>)<5 gJI}éGSerh%depe;g n% X7y qpre r&EQNOr €3SYlang xB

especi al present the sane
cglnlgr essyﬂld@péw@enﬂly arsbr@santes tdmngreassyahd r epr esent
; , and each _represe
EC:Jl rg%resents —CH,- P& )}?lt" pfgﬂ%g)hor {S: and X%
independently  represents congressyl, especially

where X* to X'° represent the same congressyl group;
A, and A, are the same and represent -CHz-;

o', 0%, Q°, Q* and Q° each represent phosphorus;

M represents Fe;

n = 1 and L represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(27) x* and X*® independently represent adamantyl,
especially where X' and X® represent the same
adamantyl group:
x> represents CR*(R®) (R%) and X' represents
CR (R!!) (R!?) wherein each of R*, R®, R%, R, RY™ and
R*?  independently  represent C1-C¢ alkyl or
trifluoromethyl, particularly where each of R* to R°
and R* to R'? is identical, especially where each of
R* to R® and R to R'? represents unsubstituted C;-Cs
alkyl, particularly methyl;

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

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

o' and Q? both represent phosphorus;



30 D and E are the same and represent hydrogen or
unsubstituted Cl-C6 al kyl, particularly hydrogen; M

w0 epreseser s Fe;, WO 2004/ 024322 PCT/ GB2003/ 0039B6I/G82008/003936

10

15

20

25

30

1 and L1 represents cyclopentgdienyl, particularly
unsubstituted cycl opentadi enyl,” and m= 0. 5 (24) Xi,
X2, X3 and X4 independently represent congressyl,
especially where X1 to X4 represent the sane

congr es lrgpmagentls Fepresents - CH2- @B (XS) X6 wherein
X5 and X6 indeggndently epresent coqggess

especi alt y her 167817t &1 X6 Jf%%’fee%eerh theéi%ln%pentadlenyl'
CONgr eSSy QU1 AR iR dh @yeipeanrhdirprydsenind m =
-CH2-; "Q, Q@ and B each represent phosphorus; D and

E togetHer with the carbon atons of the

cycl opentadienyl ring to which they are attached 15

form an unsubstituted phenyl ring; Mrepresents Fe; n

= (2@nd #1 repdesexit s dydeppadeadilgny| reppesentul ardgmantyl,

unsubsti tut ed cycl opent adi enyl, and =_ 0. 20 (,25)
X1, X2, SRPSFHIRHY i nthgiehdeht | )ﬁr}cgpr)?serﬁepcroerfgﬁrg%sytfl}e same
especi a'alﬁlfalﬂm?iﬂ Xhedup X4 represent the sane

congressyl group; "Al and A2 are the same and represent

-CH2-; R5 fkprmesemes botAHz«pr(&SbRt prlesphbRusX K represents

repr eseng.ganrtgn(.jtry ,eneg{aeclzj:rl.]gﬂ)}%t hrﬁ.'llég:%d }g'l, & alky!xs represent
the same adamantyl group;
X% represents CR*(R°) (R®), X* represents CR'(R™) (RY),
X® represents CR'(RY) (R*®), wherein each of R* to RS,
R to R2 and R*® to R independently represent
unsubstituted C1-Cs alkyl or trifluoromethyl,
particularly where each of R* to R°, R to R'?, and
R to R'® is identical, especially where each of R*
to R®, R¥® to R*® and RY™ to R'™ represents
unsubstituted C;-C¢ alkyl, particularly methyl;
A; and A, are the same and represent -CHx-;
o', 0% and Q® each represent phosphorus;
D and E are the same and represent hydrogen or
unsubstituted C;-C¢ alkyl, particularly hydrogen;
M represents Fe;
n = 1 and Iy represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(29) x* and X* independently represent adamantyl,
especially where X' and X® represent the same

adamantyl group;



particularly hydrogen; D and E together with the
carbon atons of the cyclopentadienyl ring to which
W b@yo2e2 att ached 30 form an unsubstituted pPeNEB2003/003936
ring; Mrepresents Fe; WO 2004/024322 ’
PCT/ GB2003/003936 46 n = 1 and L1 represents
cycl opentadi enyl, particularly unsubstituted
cycl opentadienyl, and m= 0. 5 (26) X1, X2, X3 and X4
i ndependent typrepemsent -CHAQ 4XSYX® | wherein es¥ht srepresents

-CH2- @B (X5) X6 wherein X5 and X6_ independent]y

represerﬂ‘g( @s'syf?p?ﬁz’r%%ﬁésgﬁ?§e- %g (65?% Xg Tepresent
wher ei N pife A X&admdaRandgrddy; r epresents _
congressyl; 10 E represents - (X9) X10 whergi

- n
X9 and X0 represisande R YRT)e® ése%s@ﬁﬁ@?%@‘é%l CR¥™(R™) (RY),

especi ally _ where X 1 7k epLRsen . .
s Soper ooty slfiEeath RS TRISEEUndit s Uk of &' co .
repr esent!®- G- ;R'@L,arf@, REB, 14 MY Qadependesplysenepresent

phosphorus; 15 Mrepresents Fe; p = 1 and L1 ,
r epr eserdBs @Rt bHErRAdi ryiCs pﬁi”ﬂ’(]:ul aPFy €rifluoromethyl,

unsubst i%%é@ﬁcgm%ewﬁé@éeegbh 2 @ o RS, 2R¥%2Eb K2, and

and X3 independent represent adamantyl, especially
where XIR¥ntoXR'f epsesdrntiivals amspaizaiadit ywhepoupach of R*

10 (Ru1) (Fi9) horoFn ebih of R 2Ha. b, RID. Bil angpresents
25 R12 ipdspssdepitydrepesanky®)- paraikyllaely methyl;
A, and A, are the same and represent -CH-;
0, 0® and Q°® each represent phosphorus;
D and E together with the carbon atoms of the
15 cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;
n = 1 and L, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

20 - 0.

(30) X* and X3 independently represent adamantyl,
especially where X' and X® represent the same
adamantyl group;

25 X*>  represents  CR*(R®) (R®) and X* represents
CR® (RY) (R'?) wherein each of R*, R®, R®, R, R and
R*? independently  represent Ci-C¢ alkyl or
trifluoromethyl, particularly where each of R* to R®
and R to R* is identical, especially where each of

30 R* to R® and R to R'? represents unsubstituted C;-Cs
alkyl, particularly methyl;
A; and A, are the same and represent -CH:-;

o' and Q? both represent phosphorus;



trifluoronmethyl, particularly where each of R4 to R6
and R10 to R12 is identical, especially where each of

w@RAon024322 and R10 to R12 represents unsubstit uP€G81008603936
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al kyl, particularly nethyl; 3Q and A2 are the sane

and represent -CH2-; K, D and are the sanme and

represent hydrogen or unsubstituted Cl-C6 al kyl,
particularly hydrogen; QL and 2 both represent
phosphoriusrepe 2aids 0R¢d2egPCToEB20Tsr3g3e-ed 7C1 s alkyl,
represents L1 represents

cycl opeft %arlypg}yradraﬂ ¥l y unsubstit ut ed

cycl oper adin@nyE, 88fether Qﬂlfh(zﬂa)e XtaghdnX3atoms of the
i ndependent |y represent adamant espeC|aIIy wher e

X1 and X¥dlemestadiamd saFag 'ée gre attached

it yioTh b AR Pl ‘3‘” S?QLfesem

t he sanaaa%pnﬁﬁaﬂtgﬂmaw, X 2 represents CR4 (R5) (R6)

(R17) (8 = wiier eihactiior FAPFSSRRER RIEYEORgatadienyl,
and R16 élJ)J%ed Oé@pwéﬁhﬁﬁﬁ!&s@jﬁldﬁentadlenyl and m =

unsubst i al kyl or trifluoronethyl,

particul@rly where each of R4 to R6, R10 to R12, and

R16 to R18 is identical, especially where each of R4

to R6, RIO to R12 and R16 to R18 represents

ungebstaing edc&1-£6 sekyhd paspeculartyenephgeenﬂo Ahvention

and A2 are the sane and_represent -CH2-
provides a process foxJ)preparing the compounds of the

invention comprising combining (a) a Group VIIIB metal or
compound thereof, as defined herein; with (b) a compound

of formula I as defined herein.

Conveniently, the compounds of the invention may be
obtained by dissolving the Group VIIIB metal or compound
thereof as defined herein in a suitable solvent such as
the ultimate end product of the carbonylation reaction,
for example methylpropanoate where the ethylenically
unsaturated compound to be carbonylated is ethene in the
presence of methanol or methylnonanoate where it is
intended to carbonylate octene in the presence of
methanol. Preferably, the reactants are mixed at room
temperature under an inert atmosphere (e.g. under
nitrogen). The molar ratio of the compound of formula I
(referred to as (b)) to the Group VIIIB metal or compound
thereof (referred to as (a)) is preferably in the range of
1:1 to 5:1, more preferably in the range of 1:1 to 3:1,
most preferably in the range of 1:1 to 1:1.25.
Conveniently, the possibility of applying these low molar

ratios is advantageous, as it avoids the use of an excess



QL, @@ and B each represent phosphorus; D and E are
the sane and represent hydrogen or unsubstituted

wW@20080248kKyl , particularly hydrogen; M represePtBEGB03/003936
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25 n =1 and Li represents cycl opentadi enyl,

particul arly unsubstituted cyc?%pentadienyl, and m =
0. (29) X1 and X3 i ndependently represent adamantyl,
30 especially where X1 and X3 represent the sane

adganind  gonppuntO @P0HNAAAR? BCTAKB20R3IR038361imd8es the
K represents -CH2- B (X5) X6 wheriin X5 represents
acePRAEYPLi@Bpecthl | AR e #SUaXIYandSKBSREY EsenfOmPOUnds -
t hg, sl @dappot Qs S£ 2 hEPLLSEAL SoltRdré RErepEBed i

, %ﬂfrep%géents %éﬁgéRll %Eﬂ%§§5{X6é$%p?esentgéda%6. e
(Rdgparii8) steper precetingf Rieiv Reise RidntsiRw2 in the

and 6 to RI8 ind dent | t ] j t
TN AR I -
eaghmpbuid. t AR0mefohed Rp2zevabds1R] 6 e RéBmpsunds of the

i dentical, especially where each of R4 10 to R6, RI10
t olRtenwhonRu8yt dnriBdecpdibhenal yaaieae; dgrdyablechrom the

?|e§¥|8f§8 g?&&léag lﬂ&%%hyﬂé%%%?ngf AZndr & d h@mﬁf@e@,n dand/or

each represent _
phpgpheieis adiaidnE dHget heeparthet howardowiat angons. If a
the 15 cycl opentadi enyl, ring,to which th are
at EGRAEALEf SPMTSS s BRIPR%t &8 BH‘BhrWeﬁi %}eﬁﬁ may be added

reQFeﬁﬁ{gs BRpollndsl Sdiche rBRFERSIUIS prior to use in the
cycC opentagleﬁyl, o

carbonylation reaction. Alternatively, or additionally, a
separate source of anions may be added to the

carbonylation reaction.

According to a third aspect, the present invention

provides a compound of formula I as defined herein.

According to a fourth aspect, the present invention
provides a process for the preparation of a compound of
formula I, which comprises the reaction of a compound of
formula II wherein A;, A;, K, D, E, M, Iy, Ly, n and m are

as defined for a compound of formula I, and LGy and LG

represent suitable leaving groups,

K G,
D\;CD 2
E A1_—LG1
A
(Lo)r




particul arly unsubstituted cycl opentadi enyl, and m =
20 0. (30) X1 and X3 i ndependently represent

wadawantsgl , especially where X1 and X3 repr esROI/GBR@3/003936
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same adamantyl group; 25 X2 rfgresents CR4 (R5) (R6)
and X4 represents CR10(R11) (R12) wherein each of R4,
R5, R6, R10, R' and R12 independently represent Cl-C6
al kyl or trifluoronmethyl, particularly where each of
R4 to R6 and R10 to R12 is identical, especially

where each of 30 .R4_t 0 R epresents
un‘%h@%t?t%‘?%o‘@d(%f %awfagIaﬁ T @iy 1gmst hyl ; Al
and A2 are the sanme and represent -C}Q-; Q and @
bot h represen hosphor us; WO 2004/ 024322

PCT/ GBZOOQiQ?d(XégE 49 K represents hydrogeHQofX’ )X’

unsubstituted C6 al kyl, particularly hydr ; D
and E toget hepﬁ%\)th the carbon atonms of the (H5)
cycl opentadi enyl ring to which they are attached 5

f bsti tuted phenyl_.ting M £
A ReRRiD 1% CETRRHESE &y iah AR2h( Be) enyP SE SR5V} oof apfgmantyl,
unﬁ“bgéﬁfékéﬂtgy@@Rﬁﬂi ﬁ@H)enYJ:@ng?‘f@séﬂ'P o ddamantyl, or X'

According to a second aspect, present invention
pramidsd togetbesswith ©f epar Whgchhéh@b’nﬁeﬁﬁd%t'@d?% form a

|n ention co risi conbi ni ng_ (
EnpBtna-cALraor JECHE [t e o ey Fth o eo
COWHQéHdthey are attached form a ring system of formula Ia;

wherein X® represents CR’(R®) (R’), congressyl or adamantyl,
X* represents CR'(R') (R'®?), congressyl or adamantyl, or x3
and X* together with Q' to which they are attached form a
2-phospha-adamantyl group, or X* and X* together with Q' to

which they are attached form a ring system of formula Ib;

R' to R, adamantyl, congressyl, Q' and 'Q°, 2-phospha-
adamantyl, and the ring systems of formula Ia and Ib are

as defined for a compound of formula I.

Suitable leaving groups which LG, and LG; may
independently represent include groups which are readily
displaced by nucleophilic attack by the phosphine , arsine
or stibene derivatives IIIa and IIIb. Examples of such
groups include halo, particularly bromo and iodo, -NR*R*
where R*® and R** both represent lower alkyl, particularly
methyl, and hyroxyl whether in a protonated form or not.
Preferably, LG; and LG, each independently represent -NMe;
or hydroxyl. Most preferably, both LG; and LG, represent -
NMea, or LG, and LG, represent NMe, or hydroxyl,

respectively.
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conpounds of the invention may be obtai ned by
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as defined herein in a suitable solvent such as 20 the
ultimte end product of the cé?%onylation reaction,
for exanpl e nethyl propanoate where the ethylenically
unsat urated conpound to be carbonylated is ethene in
the presence of nethanol or methyl nonanoate where it

is intended to carbonylate e in the
25['1‘#ﬁ3t¥1%‘?‘1%\'—1°@r BRYr 261 }chqﬁ@%rje‘?j'ﬁdan‘ﬂ% %ﬁeg‘ﬁf%a W%lCh are
t]@ﬂ&ﬁﬁaEHr%hBE@ers]ﬁrll'e@erln at HOSRPL! EFOL. Bxam fple, the

un er nitrogen) e nolar ratio of the conmpound o
f areadtaidn magfaeratqmnmb?&tﬁq by heetdnsup veplption of a

gf%%%@ on %%m}]a%géle ékbeaieéorr{?% %Pdlaéf (@Qmﬁfa IITa and

Pref By aph YahRydheus agget 9 dcldt at3al temmﬁ:tature between 70
preferably in the range of 1:1 to 1;1.

Odm/erﬂoe" | yPreferpbiyi bappmxzamata%}'w%%é’g’éqromﬁn inert

e st 5 R B I Rt RS 50%i TThe

compound of forrmula I and hence n1n|n1ses t he

consunptlon of these_usuall e co
suPrekryabihe Wgﬁﬁo&]?ﬁs ot g °5ﬂl elﬁg'rldﬁepar gpresents

| N (GERRP AL )SICRP (RPEOEY n&h@ﬁel 'thésecbﬁl auhu i BEt h€ormula
5 car%ony [ation reaction of an_et élen ica

unEhIhraepueseohéoﬂﬁdicmsﬂhéﬁRlb *BReVi s)y whggein Q" is

ounds _of the ventj on y egaddpi i pna
?%%s 3@?|93bﬁ ?#@nﬁth%g Eﬁ%ussﬁg Fg conﬁ%uﬁ%g the same as
thﬁ?em if ome ssmempbordd, R‘hnﬂéothebysambea&iddiltoboﬁ is the

of a separate source of anions. If a 10 separate
sosREe ®F RnioAdd B eh%l%?%ds?ﬂ%s%sﬁ%y be added

Preferably, when the compound of formula IIIa represents
HO? (x')X? wherein X' and X* independently represent
adamantyl, then the compound of formula ITITb represents
HO' (x3)X* wherein Xx* and X' independently represent
adamantyl. More preferably, X' represents the same
adamantyl group as X®, X? represents the same adamantyl

group as X*, and Q' is the same as Q°.

Preferably, when the compound of formula IIIa represents
HO? (X*)X® wherein X' and X* independently represent
congressyl, then the compound of formula IIIb represents
HO! (x®)X* wherein X? and X' independently represent
congressyl. More preferably, X! represents the same
congressyl group as X®, X°? represents the same congressyl

group as X!, and Q' is the same as Q*.



to the conmpounds of the invention prior to use in the
carbonyl ation reaction. Alternatively, or
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added to the carbonylation reagtion. 15 According to

a third aspect, the present invention provides a

conpound of formula | as defined herein. -According to

a fourth aspect, the present invention 20 provides a
prereSsrébly} hehpnepdeat¢ampaind obnfoumilef I¥La nuepresents

o yReret X' aRS K SRolende Y'Y Yo apich thev

ar§rea%ﬂ$@EHéﬁjfé%maapqm¥ﬂﬂﬁbﬁg dma®yl ﬂdeLGthen the
and L& represent suitable | eaving grouggﬁéﬁ%

2 cempowsl off (£oymwlal)d I | F¢PNES SO/ Cherein. ¥°

PCT/ &B%D%Ego%%? yiaﬁv&t hgé) g,ﬁgggurgg]e&f %xtg f%&[%éﬂé@ form a

\Ahznph@sgiﬁang@maﬁﬁys GRidhg) (IRIe, p:mrgemlsw, orx! and X*

adamant X2 represent 4 (R5 R6,

CHEREREYEE WAtk PafauRs (SEeiIANe vk TPReBERg arRanEY ] group

th e d
Eéiﬂandﬂgzégggg?ﬁgéﬁaf%%gcgf?%D%ﬁﬁp?@ %6§@E$bngQ%B,Q )

Preferably, when the compound of formula IIIa represents
HO? (X') X% wherein X' and X? together with Q* to which they
are attached form a ring system of formula Ia, then the
compound of formula IIIb represents HQ'(X?)X* where X® and
X* together with Q' to which they are attached form a ring
system of formula Ib. Preferably, the ring. sYstem of

formula Ia is the same as the ring system of formula Ib.

Most preferably, the compound of formula IIIa is identical

to the compound of formula IIIb.

A compound of formula II, where LG, represents hydroxyl or
NR**R?**, may be prepared by reaction of a compound of
formula IV, wherein A;, LG, XK, D, E, M, I, Lz, n and m
are as defined for a compound of formula II, and Li

represents lithium,



whi ch they are attached forma ring systemof formnula
la; wherein X3 represents CR (R8)(R9), congressyl or

w@omaansyl , X4 represents CR1 (R11l) (R12) , cR@yG82®$003936
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or adamantyl, or X3 15 and X4 gether with QL to
which they are attached form a "~ 2- phospha- adamant yl
group, or X3 and X4 together with QL to which they
are attached forma ring systemof fornula Ib; Rl to
R12 , adamantyl, congressyl, and @2 , 2 -phospha
20 adamantyl, and the ring sygte of fornula la and
Ib are as defined for aD nﬁbf formul a |
Sui t abl e | eavi ng groups whi and L& may

i ndependent|ly represent inc groups which are
readily 25 displaced by ngcl ;Lpgcattack by the
phosphi ne , arsine or stiben deri'vatives Illa and
I1ib. Exanples of such gt pF i ncl ude hal o,

particularly bronmo and i(bgp, NR23R24 where R23 and
R24 both represent |ower alk particularly nmethyl,
and hyroxyl whether in a pro hated formor not. 30
Preferably, LGl and L& each(\ngependently repr esent
-NMe2 or hydroxyl. Mst preferiably, both LGL and L&
represent - Nve2, or LGL and LG2 represent Nwe2 or
hydr, res ti 2004/ 024322
PCT?%§250§P88§§§ f¥ﬁg rgeg i on may be acconplished
usi ng nmet hods which are well known to those skilled
in the art. For exanple, the _reaction may be
acconpl i shed by heating a solfita of a 5 conpound of
formula Il with a conmpound of mula I'lla and 1lib
i n anhydrous acetic acid at a(t erature between 70
to 90C, preferably approxi mtely 80C under an inert

Pr glggg‘ggﬁ Aziﬁ%ﬂ qasf] eC?ecéc}IrPtp%ﬁ nrofaatl ?%cs\ﬁgslgﬁiil %Jg formula II and

repggseispresents oxygen (thereby forming a  hydroxyl
derivative following reaction with compound IV) or NR*R*.
Preferably, in a compound of formula Va, A; represents
methylene and LG, represents NMe;. For example, a compound
of formula Va may represent Eschenmosers salt I CH,N*Me,

(see Glidewell C, Journal of Organometallic Chemistry,

527, (1997), p.259-261).

Alternatively, in a compound of formula Va, A, represents

methylene and LG, represents oxygen. For example,

compound of formula Va may represent formaldehyde, which

for practical purposes may be paraformaldehyde.

The reaction may be carried out using methods which are

well known to those skilled in the art. For example,

reaction may be accomplished by stirring a solution of the

compound of formula IV and Va in an appropriate solvent,

such as diethyl ether, at room temperature.



H®2 (CRlL (R2) (R3) ) CR4 (R5) (R6) then the conpound
of formula 1I1lb represents HQL(CR7 (R8) (R9) ) CR10

WO Rb1)p23RL2) , wherein QL is the same as 2 aPdI/RB2003/003936
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the same as R7, R2 is the sane_as R8, R3 is the sane
as RO, R4 is the sanme as R10, is the 15 sane as
R', and R6 is the sane as R12. Preferably, when the
compound of formula Illa represents HQ@(X1) X2 wherein
X1 and X2 independently represent adamantyl, then the

d of f la 111D X
ChEPSFRTSOLnd S8 AncRRRIGHL | $Er chPERUNE  Wrandfitydoss mot
Nbi%égﬁéséﬁ%ak&h)gdras&lf epugsephs gy &Qlﬁmiﬁtdﬂality will

grou represents the sanme adamantyl %@ﬁ
asty@;camathan@ tte banpraseqzedzmw ek@bpythghdathiating

mula.llla r sent ( ,
V\,h'é]rjﬁl ggifuaﬁarxﬁq“ﬁa‘éﬁ‘% n égﬂ?‘PéﬁP‘g p?gs g’nf.L E% o?%?r éése y lcompound
thgn tdanrarpornd oieferablg, | lib azepbmpermﬂ dfIf6xBYla IV,
X4 wherein X3 and X4 ﬁndependeneﬁy r epr esent
coh§r ceepresamie ¥ eReraBOFt RYSLEH hi$r REPLERENEH NMe:.
congressyl group as X3, X2 represents t he sane
congressyl group as X4, and QL is the sane as Q.
2004/ 024B3An&CT b EB2D6ANADS 9367 5@&Pr dieer gixtgpangten hlihe ortho-

npound of for allla repr
AhaRERRas] omn b iR | GRBPRERSOE, (P PELTYEn (HErein dur 16
at gached g onm ar,2- oS phanRdaiedte/ | agr @epinéletfotrth@ compound
conmpound of for milallib represents HQL(X3) X4 wher ei n-
X305 Fpgmdat dfet her with QL to which they are
attached forma 2-phospha-adamantyl group. More
preferably, X1 and X2 together with Q2 forns the sane
2- phospha- adamantyl group fornmed by the conbination
of X3 and X4 together withkK). 1o Preferably, when the
compound of forrmula Illa rgpresents

D O H
E A—LG
Mo 1

~

(LZXn

(L1)n
(V1)

by reaction with an alkyl lithium (e.g. n-butyl lithium).
Preferably, in a compound of formula VI, LGy does not
represent hydroxyl, as the hydroxyl functionality will
typically have to be protected prior to performing the
ortho-lithiation reaction. Preferably, in a compound of
formula VI, ILG; represents NR?»’R**, most preferably LG

represents NMe;.

Typically, the ortho-lithiation reaction of compounds of

formula VI with an alkyl lithium is performed in an inert



HQ®R (X1) X2 wherein X1 and X2 together with @ to
which they are attached forma ring systemof fornula

wo 200402 t he conmpound of forrmula Ilib represktit/6BRQ3/003936
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(X3) X4 where X3 and X4 togetggr with QL to which

they are attached forma ring systemof fornula Ib.
Preferably, the ring systemof fornula la is the sane

as the ring systemof fornula Ib. Most preferably,

t heotospoyndEef Eaanpla |tdétaralsydxkshtragal ort ohekane, at low

compound of fornula Ilib, 20 A conmpound of fornula l
thF@PEEQtPEE?ezgnES ﬁ}%rSiyluﬁgerhﬁ&%%&ﬁ?gﬁﬂygEQOSpﬁére'
prepared by reaction of a conmpound of fornula IV,

wherein Al, LGl, K, D, E, M L1, L2, n and m are_as

defi netpbundaofofpemud aolVIf omingire LG HABrepenpgs hydroxyl. or

re apts |ithiu WO 2004/ 024322 P 3,003

satRR | ey o8 TRepBared) Hi (P SHRTR Chmpainaiie VIT
of whereiha r/a p A2 4, 51 Va),, whearfnmAares @ defined for a
for a conpound of fornula Il. and L& repre enhs
ox?@@ﬁOPFﬁepébﬁoF@PﬁﬁnEIaaHQdPéxyﬁprﬁé?Pgﬁti%E ium

followi ng reaction with conpound V) or NR23R24. 10
Preferably, in a conpound of fornmula Va, A2 represents

met hyl ene and L& representsKNMe2. For exanple, a

conpound
Li
A

E
!

e

(L2)m

(L1 )n
(V1N

by reaction with a compound of formula Vb

A1=LG1
(Vb)

wherein 2A; is as defined for a compound of formula VI and
LG, represents oxygen (thereby forming a hydroxyl
derivative following reaction with compound VII) or
NR?*R?**. Preferably, LG, represents NR*’R**, especially NMe,.
In other words, a compound of formula Vb is preferably
Eschenmosers salt. The reaction may be accomplished using
similar conditions as described for the preparation of a

compound of formula II above.

Similarly, a compound of formula VII may be prepared by

lithiation of a compound of formula VIII



of fornmula Va may represent Eschennobsers salt
| - CH2ZN+Me2 (see @ idewell C, Journal of

w@e@anesser al | ic Chemistry, 527, (1997), p.259rPCBEB20025H03936
Alternatively, in a conpound of formula Va, A2
represents nethylene and LG Tepresents oxygen. For
exanple, a conpound of fornmula Va may represent
f ormal dehyde, which for practical purposes may be
par af or mal dehyde. 20 The reaction nmay be carried out
usi ng nmet hods which are well known to those skilled
in the art. For exanple, the #eaction nay be
acconpl i shed by stirring a soldtion of the conpound
of formula IV and Va in amyap rigte solvent, 25
such as diethyl ether, at T0 erature. WO
2004/ 024322 PCT/ GB2003/ 003936 Preferably, in a
conmpound of forrmula IV, LG _dodgs t represent
hydroxyl, as the hydroxyl fdnctliofblity will
typically have to be protect rior to
ortho-lithiating 5 the pr rsqr conpound (conpound VI
bel ow) to the conpound ofF2mrmula IV. Preferably, in
a conmpound of forrmula 1V, LG](Lr presents NR23R24,
most preferably LG represents NVe2. A compound of
formula IV may be prepared by WHlho 10 lithiation of a

conpound of formila VI,_wherein A, .LGL, _ K _D .
Ll‘?"TBE‘E‘?lﬂ d%mn?r'e PXS i ieJ:ﬂ?éd 3od T gunao£ %%fl%d for a
f op8Mpeuhy: oK £Ectl&E BEIlLG M

5 Suitably, a compound of formula I wherein K represents -
A;-0° (X°)X® may be prepared from a compound of formula IX
wherein A;, A;, A;, D, E, M, Ly, Ly, n and m are as defined
for a compound of formula I, and LG:, LG; and LG; represent
suitable leaving groups as defined herein,

10

e

(Lz)m

(Lyn
(IX)

by reaction with a compound of formula IIIa and IIIb as

defined herein, and a compound of formula IIIc



(L2)m (L1)n (V1) 15 by reaction with an al kyl
[ithium (e.g. n-butyl lithium. Preferably, in a

w@eospoease of fornula VI, LGL does not represerPtT/GB2003/003936
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hydroxyl, as the hydroxyl funcggonality wll

typically have to be protected prior to performng the
ortho-lithiation reacti on. Preferably, in a conpound
of 20 fornula VI, éﬁ?r emgs NR23R24, nost
preferably LGL repres 2. Typically, the
ortho-lithiation reaction gf)conpounds of formula Vi

with an alkyl lithiumis perfornmed in an inert WO

2004/ 024322 PCT/ GB2003/ 003936 56 sol vent, for exanple
tetyahydrof uran or hexane, va dhenparatures (e.qg.

- 78 gE]Pfder L3 nﬁqﬂﬁ‘e"ﬁnﬁsﬂos Ss r’rpoun&’o&%reg’syl L or

fOéHané W1, Whesee @gghggenthzlh gke) Or cén 1
NR23 F€24I,1 irfray be prgp%rred froma covrr%pgg)rﬁd o)f o?mﬁressy °or

VI adanABEELn R B E_ndl\/l?( Liogehen wmahnrQarﬁoam a 2-phospha-

def i;n mpoun of

praiintel, YT E K r ) ooy, bigh, @ to whicn
(AI Vihey by emgidciedM fb*tﬁ eonpaitNdspétéar ofl oFohmilla Ic; and

=1 Gl

RE to R', congressyl, adamantyl, Q°, 2-phospha-adamantyl,
and the ring system of formula Ic are as defined for a

compound of formula I.

Preferably, when the compound of formula IIla represents
HQ? (CR* (R?) (R®) )CR*(R®) (R®), then the compound of formula
IIIb represents HQ'(CR7(R®) (R%))CR!®(R'?) (R?) and the
compound of formula IIIc represents
HQ? (CR™ (R™) (R®) ) CRY" (R*®) (R'®), Q' is the same as Q? and Q°,
R' is the same as R’ and R'®, R? is the same as R® and RY,
R® is the same as R’ and R'®, R* is the same as R*° and R®,
R® is the same as R™ and R, and R® is the same as R'? and
R'E.

Preferably, when X' and X* in the compound of formula IIIa
independently represents adamantyl, then X*® and X* in the
compound of formula II1b independently represent
adamantyl, and X°® and X°® in the compound of formula IIIc
independently represent adamantyl. Most preferably, X' to

X® represent the same adamantyl group.

Preferably, when X' and X? in the compound of formula IIIa
independently represents congressyl, then X® and X* in the
compound of formula IITb independently represent

congressyl, and X° and X* in the compound of formula IIIc



(Vb) wherein Al is as defined for a conmpound of
formula VI and 15 LGL represents oxygen (thereby

wo eoomiong2a hydr oxyl derivative foll ow ng reacP¢DGB2M0BI03936
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conpound VII) or NR23R24. Pregerably, LGL represents
NR23R24, especially Nwve2. 5t her wor ds, a conpound

of formula Vb is preferably Eschennbsers salt. The

reacti on nay be acconplished using 20 sim|lar

c ot épemdernts] yleseprdmeht ocrondmeegsrharMesorpoefarably, X' to
compound of forpula Il above. Sigilarly, a conpound of

f of MAISRTASC R ay esﬁ‘f"?pgr"@@rﬁﬁsyﬁ'} BiPEPI on ofng

compound of formula VIII WO 2004/ 024322 ‘

PCT/ GB2003/003936 57 KDH *EH M (L2)mQOn (VLII)
wereferably, when Xt 1and2X* ntegathesr wisd Rf iteediigh they

a conpound of .faor \ i t apl

f otTul Q%Fa\fﬁgfieiln Kéf;il%prclggng%%l s§l<hl %_@r?&g?%yfégm a 2-

mgﬁ%ia%mﬁw@ pftHen XA ardXX*whegeiche&lwith Q° in
, , D, E , L2, defiped f .

corpRURETBPURE Rl §°Ir,mué-ﬁ3 {I%%'mgg a%asz 1‘%; gip?%%‘g%}f‘gr with

fL 1apl e L gaybingoghQUBE 2erAGfibnad menRith #&rm @6 2-phospha-

adamantyl group.

Preferably, when X* and X? together with Q* to which they
are attached form a ring system of formula Ia, then X* and
X* together with Q' to which they are attached in the
compound of IIIb forms a ring system of formula Ib, and x5
and X° together with Q® to which they are attached in the

compound IIIc forms a ring system of formula Ic.

Most preferably, the compounds of formula IIIa, IITIb and

IIIc are identical.

Suitably, LG; represents a leaving group as defined herein
in respect of LG, and LG,. Preferably, LG; represents
NR**R?** or hydroxyl. Most preferably, LG; represents NMe;,
particularly when both LG; and LG; also represent NMe:.

Similarly, the compound of formula IX, where LG;
represents hydroxyl or NR*’R®**, may be prepared by ortho-
lithiation of a compound of formula II wherein A;, Az, LGy,
LG, D, E, M, Ly, Ly, n and m are as defined for a compound
of formula II and K represents hydrogen, followed by

reaction with a compound of formula Vc

Ax=LG;



(L2 (L2)n (IX) by reaction with a conpound of

formula Illa and Ilib as defined herein, and a
waeorspoeasad2 of forrmula I11c WO 2004/ 024322 PCT/GB2003/003936

PCT/ GB2003/ 003936 58 H®@B (X5) X6 (lllc) wherein X5

represents CR13 (R14) (R15) , éSngressyI or 5

adamantyl, X6 represents CR16 (R17) (R18) , congressyl

or adamantyl, or X5 and X6 together with @ forma

2- phospha- adamantyl group, or(VEp and X6 together with

@ to which they are attached forma ring system of

formula Ic; and R13 to R18 , congressyl , adamantyl,
qswher?celﬁhgé,pﬁé 230¥@BNEg £d© a@r@otﬁﬂi@uﬁd n@fsféﬁcﬁlﬁﬂ.@f IX and
fornu alc are as defined for a ound of formula

. LBs ef eregtegentiien pﬂergeonponmd NR R nul Preferably, when

5[‘3?6 ?P&B‘%ﬁd% %SFF&‘J‘&E E%?I?fﬁgﬁglpr esen§§%%esme &

( R2ompbBo%hd ER10fdfdla (RE2) and tdied camgoudd afiot represent
formula Ilic represents HB (CR13 (R14) % C{u

( Rhydroryd) | aen the t fydrowy sf@cslhenegltm $lingypically

S a t s -

RS0 e il s e SRR g i cveno

R14ithiGtRon S rbecthor. as RefewhAL7, abdtR6 |bGiheand LGz
sane as R12 and ..R.8 Preferabl n, X1 X2 th

1000 FSPFREBE f MVoniRa | | EPSY nd%%%ﬁ%’é‘ﬁ rg’ﬁglélsenff(gl shd LG

ad ent! i@z, X3 and X4 in the 25 conpound of
formila Ilib |néependently represent adamantyl, and X5
and X6 in the conpound of forrmula Illc

Similarly, a compound of formula I wherein K represents
-2,-0°(X5)X® and D represents -A;-Q*(X")X® may be prepared
15 from a compound of formula IX wherein A;, Az, Az, LGy, LGz,
LG;, E, M, L;, Lz, n and m are as defined for a compound of
formula IX and D represents hydrogen, by sequential ortho-

lithiation and reaction with a compound of formula V(d)

20 A4=LGq
(vd)

wherein A, is as defined for a compound of formula I and
LG, represents oxygen or NR**R** as defined herein, to form
25 a compound of formula X followed by reaction of the
resultant compound of formula X with a phosphine, arsine
or stilbene derivative of formula IIIa, IIIb, IIIc as

defined herein and a compound of formula IIId

30 HQ* (X7) X8
(Ind)



i ndependently represent adamantyl. Most preferably, X1
to X6 represent the sane adamantyl group. 30

woe@heralkt y, when X1 and X2 in the conpound of PEGBRI03/003936
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[1la independently represents congressyl, then X3 and

X4 in the conpound of formula 5t1ib |ndependently

represent congressyl, and X5 and X6 in the conpound

of formula Ilic WO 2004/ 024322 PCT/ GB2003/ 003936 59 :

i nﬁﬁé@éﬂﬁ”k”)’réﬁ@é@éﬁﬂé gnﬁgaé%m# dbsgresefer okl ydamantyl,
X1 %o X6 represe?él ge congressyl group. -
Pr& erenmsexmenc iog@?ﬂgFeﬁFY?ﬂ er poamentyl, or X
th sa ah u

forgérda% 'i:%ﬁ%;t:.ﬁah %gla#n}gnc% echf?t{gr olupé)p, ﬁ%ﬁ&s&ﬁé@h@méhf?l group,
t oget et anth X1 tngetherccwq:iﬂ'unQ offdmmsrulea rihg, system of

X5 and 6to et her .wi t he of4for
PEBBBAR 1 Sm nSBApBCLHD Alsnar oA enh: 1 P bhospha-

Prafiamabkya Wh&ﬁdX1t1@é1d rihd ogsisiten woEh fBrﬁlﬁl&hlr@ are as
they are attached form a ring systemof fornula Ia,

t hdafXgednforxa cogprHed @ft ROTEula ®hich they are

attached in the conpound of Ilib forms a ring system

of forrmula Ib, and X5 15 and X6 together with @B to

\AhWEfelaemgr, e varetrachnd bbmpbandcmfpoﬁnsudmhla C If[ﬂiarrsreq:resents
Most pref r abl

Coﬁgo&é]& (%f) (rRo} hﬁRaﬂr I)I(§ )ili%heghdt pnccérngound of formula
' dﬁ‘;gt;[?c%}e lﬁ&s}éw.é aghy (cr'GReY €RY )W%R?)'(@a’@/)' Not8EeOWbmpound

|ne eln 1n respect of 1 1GZ 16 117 18
Prefferﬁbhyul&(i’;[]rhpre“s@nrlesenNRZSPMWQR 65/ dRYT).) QRIE(RYT) (R™)

pr ef er abl L&3 represents N par ti_cul a
boff? %@iﬁ :5A pr e nt Eﬁnutl frta

HQ* (CR31(R32) (R33))CR34 R3®) (R*), and Q' is the same as Q*, Q°

V\’hen.represents

and 0%, R! is the same as R’ , R® and R*', R? is the same as
R®, R and R?*?, R?® is the same as R°, R' and R*®}, R* is the
same as R, R and R*, R® is the same as R', R' and R*,

and R® is the same as R*?, R'® and R%.

Preferably, when X' and X* in the compound of formula IIIa
independently represent adamantyl, then X®* and X* in the
compound of formula ITIIb independently represent
adamantyl, X° and X° in the compound of formula IIIc
independently represent adamantyl, and X’ and X°® in the
compound of formula ITId independently represent

adamantyl.

pPreferably, when X' and X* in the compound of formula IIIa
independently represent congressyl, then x® and X* in the
compound of formula ITITb independently represent
congressyl, X® and X° in the compound of formula IIIc

independently represent congressyl, and X’ and X® in the



25 Simlarly, the conpound of formula I X, where LG3
represents hydroxyl or NR23R24, may be prepared by

wWo@eraoho243k1 t hi ati on of a conpound of fornmula ||PEIEB2108/003936

Al, A2, LGl, L&, D E M L162L2 n and mare as
defi ned for a conpound 30 of formula Il and K
represents hydrogen, followed by reaction with a
compound of forrmula Vc A3=LG3 WD 2004/ 024322

PCEOo@B20048/ 008636 fepmul® whEL&dn A3nfdepgsdgetiked ¥epresent

a co%ound gf formula | X and LG3 represents oxygen or
NRESRZASSEYef erabl y, when 5 enploying a conpound of
formula Il to synthesise a conmpound of forrmula I X, LGL

and L& do_not represgent dr oxyl, as the hydr oxy!|
f uRcefenabilyy when ﬁ&p@@ﬂlﬁé

ec?%dWhlch they

priogr t e e | rea n. -
5 pr&f&r aab &J}{)%{' qﬁefhlaanﬁ{@@%& r égr ?sdeﬁhlﬁﬁzﬂtg form a 2
nDphonh&eadbmanbglhgtﬁﬁpandhéﬁzx3remde&%wuogdﬁhar with Q* in

Slmlar ,aco nd of fornula_L wh
§s§ oung3n%8¥??§yl§615EE Dx%e%?gs rl‘sogether with Q* in

- Ad e 5 2 gaAPSENdoekth
S e b gran o aand e

E, M
L1p* Lﬂn phandompanad aef déprmedaf L Id @@ﬂboande@ﬁndently

for la, |l X ent hydrogen by sequentia
1°or? pPIFR gtﬁgﬁmgﬁgyie EOMBn with a conmpound of

formula V(d) 20 AMd=LHA (Vd) wherein A4 is as defined

for a conmpound of formla I and L represengs 0X
or PNR@QF{’;EJ-XS gemhed Rekih, G299 with to” Whicn

are attached in the compound of formula ITTa forms a
system of formula Ia, then X* and X* together with Q
15 compound of formula IIIb, X° and X° together with Q?

with

form

they
ring
in a

in a
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compound of formula IIIc, and X’ and X® together with Q* in
a compound of formula IIId, form a ring system of formula

Ib, Ic and Id, respectively.

Most preferably, the compounds of formula IIIa, IIIb, IIIc

and IIId are identical.

Suitably, when preparing the 1,2,3,4-substituted
derivative of the compound of formula I, preferably LG,
LG, and LG: of the compound of formula IX do not represent

hydroxyl, but each represents NR*R** as defined herein.

Similarly, a compound of formula I wherein K represents
-1;-Q°(X°)X®, D represents -A;-Q*(X")X%,.and E represents

-A;-0° (X°)X*° may be prepared from a compound of formula XI



2.5 a conmpound. of forrmula X followed by reaction of
the resultant conpound of fornmula X with a phosphi ne,

wae®iozi32odr stil bene derivative of fornula || 1BCT/GBRW®3/003936
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Ilic as defined herein and a %gnpound of formula Illd
30 HQ4 (X') X8 (llid) WD 20045024322

PCT/ GB2003/ 003936 61 wherein X7 represents CR31 (R32)

R33, congressyl or adamantyl, X8 represents CR34

(R35) (R36) , congressyl or]_@zdamantyl, or X7 and X8
together with 4 forma 2-phos)3n?§1- aol_a@?ntyl group, or

X7 and X8 together with Q4 forms” a rfing system.of 5

formula 1d, and R31 to R36 nt,, 4, 2-phospha-
adamantyl, and the rinE s/yét* formula'ld are as

defined for a conpound G for . Preferably, when

t he conpound of formula Il acfepregent 10 HQ

(CRI(R2) (R3) ) CR4 (R5) (R6F , th81 compound of

formula 1Ilib represents HQ 7 (R8) (R9) ) CRI1O0

(R11) (R12) , the conpoun L2)0f ormula Ilic represents

HQ (CR13 (R14) (R15)) CRI6“("Ri¢) (R 8) and the

conpound of formula 111d repreélegs HQ® (CR31 (R32)

(R33) ) CR34 (R35) (R36) , and QL is the sanme as @,

@B 15 and 4, Rl is the same as(Kj , R13 and R31, R2

is the sane as R8, Rl14 and R32, R3 is the sane as R9,

R15 and R33, R4 is the sane as R10, R16 and R34, R5

is asaR',aR nd 5, \ndy RAL4,S Ihhensame &s are as
Rly,h%%f%ﬁg% "R E}Ggfe}'gg[ yI,JG%hen XL arTftci X2 in the
codedinedoff droemdampiaurd  afhdapandentl¥, fepissaf defined for

adamantyl, then_X3 and.X4 . n e of faqr ‘
Il Bo qq{%’éﬁ&%eﬂ?l %OF@B}Qséﬂﬁt f'a“darnge n{ yi : %’5 én&g’)%g i % group,
t hgneo M orush-@fefiios NHyardgén, bydependeantiayl remlesenithiation

adamantyl, and X7 and X8 in the
and reaction with a compound of formula V(e)

As=LGs
(Ve)

wherein As is as defined for a compound of formula I and
LGs represents oxygen or NR®R** as defined herein,
followed by reaction of the resultant compound with a
phosphine, arsine or stilbene derivative of formula IIIa,

IIIb, IIIc, IIId as defined herein and formula IIIe

HQS (XS) XlO
(llie)

wherein X° represents CR*(R%*) (R*’), congressyl or
adamantyl, X'° represents CR**(R*)(R*?), congressyl or
adamantyl, or X° and X'° together with Q° form a 2-phospha-
adamantyl group, or X° and X' together with Q° form a ring

system of formula Ie, and R’ to R*?, adamantyl, 2-phospha-



25 conmpound of fornula Il11d independently represent

adamantyl. Preferably, when X1 and X2 in the conpound
w@booiozaset a |1 1a i ndependently represent congP&€s6&BR(03/003936

then X3 and X4 in the 30 conmpgund of formula Ilib ‘

i ndependent|y represent congressyl, X5 and X6 in the

conpound of formula Ilic independently represent

congressyl, and X7 and X8 in the WO 2004/ 024322

PGId@EB2008] 00893@ndsthenpdngd sifster ngfa foymgila Ie are as

i ndependently repr n congr .- Preferably, when

x1g%ﬁ-§1§é %%%e? hg?lﬁé\ﬁtl%d C&P t%ox\?\[ﬁ?%%.lt hey 5 are

attached in the conpound of fornmula Illa forma 2- V

phospha- adamantyl group, then X3 and X4_together mﬁhh .

QLSuhtalph¥, con¥BERd oPTEBRRING | | FBS X5lafdd3xb 5-sSubstituted

to .1 h | 0 1{onml azld,i c..d@ndnd LG
B i e R A e e T e P i

168 eheh comppentieaf! orowia t3 do2ngfospépresemantydroxyl,

group. Preferably, when Xl.and ogefher with @ to

ohoeh ench Tapeedentir iR R Hn G A b il a

Il1la forms a ring systemof formula la, then X3 and

X4 together with QL in a 15 conpound of fornula Ilib,

X5Paafiexabilvgettihe wompogBden compodiad dEIper A, IIIc,

I and d " wth 4 in a conmpound of
10fo#gﬁgaaP?ré?f?o?%?aaggﬁgggé%fen1of formula 1Ib, Ic

and 1d, respectively. 20 Most preferably, the

conmpounds of formula Illa, Ilib, Ilic_,and.llkd_are .

| JERTPRURAS SRt ARkt 17 WRSTRIP e and %¢9e8ener with

1, 82 31 4- Sl tiy ger iatabichaof £d:Re §0PRYMYbHa -adamantyl

foénu é I, prefera I? LGf; 5% L& and LG3 of tﬁg{ Y

cogpoupd mdy f drenupaepxred noy mdrhexisnt well known to those

15 gkilled in the art. Suitably, certain 2-phospha-adamantyl

compounds are obtainable from Cytec Canada Inc of 901
Garner Road, Niagara Falls, Ontario, Canada L2E 6T4.
Likewise corresponding 2-phospha-adamantyl compounds of
formula IIIb, IIIc, IIId and IIIe may be obtained from the

20 same supplier or prepared by analogous methods.

Compounds of formula IIIa where X! and X* represent
adamantyl may be prepared by methods well known to those
gkilled in the art, for example by reacting adamantane (or
25 substituted derivative thereof as defined herein) with
phosphorous trichloride and aluminium chloride, followed
by reduction of the intermediate (adamantyl).-P(O)Cl
derivative. Likewise corresponding compounds of formula
IIIb, IIIc, IIId and IIIe where X® to X' respectively

30 represent adamantyl may be prepared by analogous methods.

Compounds of formula IIIa where X' and X* together with Q?

to which they are attached form a ring system of formula



hydr oxyl, but each represents NR23R24 as defined
herein. Simlarly, a conpound of formula | wherein K

wo epressrt s - A3-(@B (X5) X6, D represents - A4-PET/GEZ)03/003936

10

15

conpound with a 15 ph
derivative of formula I
defined herein and fornul a H®B (X9) X1 (Ille) 20

X8, . and E represents 30 -A5-(6 (X9) X10 may be
prepared from a conpound of foffrula XI WD 2004/ 024322
PCT/ GB2003/ 003936 63 LG\AL&KR 3 /A A2 LA E MA-
LGL (Li) (L1)n (XI) wherein Al, A2, A3, LGl L&,
LGBa Mayllbe LRrepased Wyarsemsidef i aegphicapha meonpeily)d. with a
of formula IX, A4 is as_defined for 5 a conpound of
f orpmpaund p&4fpEPREReRtS a | eaving group,, and E
represents hydrogen, by sequential ortho-lithiation
and reaction with a conmpound of formula V(e) A5=LG5
10 (Ve) wherein A5 is as defined for a conpound of
formula | and LG5 represents_oxygen or NR23R24 as
defined herein, followed byY

eaction of the resultant
arsine or stil bene
iwR%1ic, 111d as

hi n

R890) , congressyl or

where Y' and R*® to R®® are as defined for a compound of
formula I. Corresponding compounds of formula IIIb, IIIc,

IIId and IIIe may be synthesised by analogous methods.

Conveniently, a compound of formula I wherein K, D, E, M,
A,, A;, Lp, Ly, Q' ©0*° m and n are as defined for a
compound of formula I and X' and X* together with 9 to
which they are attached form a ring system of formula Ia
and X* and X* together with Q' to which they are attached
form a ring system of formula Ib, may be formed by

reacting a compound of formula XV

H

K \?LH




adamantyl, X10 represents CR40 (R41l) (R42) ,
congressyl or adamantyl, or X9 and X10 together with

w@R00R024322 2- phospha- adamantyl group, or X9 apdI/&B003/003936

10

15

20

together with @ forma ring 6systemof formul a he,

and R37 to R42, adamantyl, 2-phospha WO 2004/ 024322

PCT/ GB2003/ 003936 64 adamantyl, & and the ring

systemof forrmula le are as defined for a_conpound of

f oietein . KSUDS alil, yM, wagn Arephsi fig,t 18, Q°, m and n are as

1,2,3,4,5-substituted 5 degi Eat [ ngof for

a_l,
pragfeingd yIeE A 1GPWPUES 0 EEWGR e WD ofnfgpound of
f oFdiind X BPrUnd eBfgsent hydroxyl, but each
represents NR23R24 as defined herein. Preferably, the
conmpounds of fornulaytlla, Illb, Illc, YO Illd and
Ille are identical. npounds of fornul al|llla wherein
X1 and X2 toge h to whi B4

form a 2-phospha-adamantyl group may ﬁpared by
met hods wel |k to t os§5315 ski g in the ggd.
Suitably, certain/2-phospha-adamantyl / conpgunds are

obtai nabl e from ggt ec Capasla Inc of gBel Garmez Road,
Ni agara Falls, Ontario, Canada L2E 6T4. Likew se
correspondi ng 2- phodk¥M¥la)adamant yl conpo@X¥D)of

formula I'lib, Ilic, 1lld and Ille may be obtai ned from
the 20 sanme supplier or prepared by anal ogous

met hods. frpoginds,«ef . f ofpall I SedlfdpdaXeo nd of
re ﬁ%géﬁ?cga’dg%mdn%l tr:rzlajlyﬁbe a%réepéasfe y net hodsavvel Impou
knpgpmtiDat bose skilled in the art, for exanple by

reacti ng adamant ane (or 25 substituted derivative

thereof as defined herein) with phosphorous

trighlonige aRd d@EcRonMnly Wd deccdmbl DyBEd By heating the
reduction”of the internedi ate (adamantyl)2-P(O Cl
deresatanbs atkddP3€ EorrappsadingtedkpslnBouss -

formul a

Thus according to a fifth aspect, the present invention

provides a compound of formula XV as defined herein.

Similarly, a compound of formula I wherein D, E, M, Ay,
A;, Lp, Iy, @, @), m and n are as defined for a compound
of formula I, X* and X? together with Q* to which they are
attached form a ring system of formula Ia, X* and X*
together with Q' to which they are attached form a ring
system of formula Ib, and K represents ~-A;-0° (X°%) X® wherein
X5 and X°® together with Q’ to which it is attached form a
ring system of formula Ic and A; is as defined for a
compound of formula I, may be formed by reacting a

compound of formula XVII



[lib, Ilic, Illd and Ille where X2 to X10 respectively
30 represent adanmantyl may be prepared by anal ogous

woredohoes22 Conmpounds of formula I11a where X1 BPETIGE2003/003936

10

15

together with @ to which they are attached forma
ring systemof formula WO 20087024322

PCT/ GB2003/ 003936 65 la may be prepared by reacting a
phosphine (PH3) with a conmpound of formula Xl Y1

R4A9 R54 R R53 R51 R52 5 (KXI1) |_¥vhere Y1 and R49 to
R55 are as defined for a colNpound of formula I.
Correspondi ng conpounds of_f@s nmul Hip, 111¢c, 111d
and Me nmay be synthesi sed® by|anal pgous net hods. 10
Conveniently, a conpound of | wherein K, D, E,
M A2, Al, L2, L1, @1, d n are as defined for
a conpound of fornula I and X2 together with
@ to which they are attached\formag, ring system of
formula la 15 and X3 and &4 {ogéhherQWwith QL to which
they are attached forma r'Mg systemHbf formula Ib,
may be forned by reactiL ajlconpound of forrmula XV H
K~LH D2 H EA @ Ly |

(L1)n
(XVII)

wherein D, E, M, A;, By, M, Ly, Li, Q', Q% Q®, m and n are
as defined for a compound of formula I, with a compound of

formula XVIa, XVIb, XVIc

Y Y2 Y3
R49 R64 R49 R54 R4 RS54
R | | R53 R | | Rs3 R | | R53
R5 R52 R51 R52 R51 R52
(XVla) (XVIb) (XVic)

wherein Y¥!, Y?, Y3, R*® to R®® are as defined for a compound

of formula I.

preferably, Y' is the same as Y® and Y’ in a compound of
formula XVIa, XVIb and XVIc. Most preferably, the

compounds of formula XVIa, XVIb and XVIc are identical.

Suitably, the compound of formula XV may be prepared from
a compound of formula XVIII, where K, D, E, M, Lz, Li, Ai,

A,, O, 0% n and m are as defined for a compound of

formula XV,



(L2) m On (XV) WD 2004/024322 PCT/ GB2003/ 003936 66
wherein K, Db E,E M A2, Al, L2, L1, Ql, @2, mand n

wae@saz32def i ned for a conpound of fornmula |, BET/EB2003/003936

10

compound of fornula XVlia and XVIb Y1 Y2 R49 R54 R49

R54 R 1 R53 R | R53 R51 R52°R51 R52 (XVlia) (XVIb)
5 wherein Y', Y2, RA9 to R55 are as defined for a
compound of fornula |I. Suitably, the reaction may be

acconpl i shed by heating the toHpeactants at 120C for
approxi mately 20 hours. Thus accohding to a fifth
aspect, the present invention ph;Vides a conpound of
formula XV as defined herein. 15 %imlarly, a conpound
of formula | wherein D, E, I;f L2, L1, Q, Q,
mand n are as defined for oundOHf formula I,
X1 and X2 together withy @ h they are attached
forma ring systemof for a, X3 and X4 together
with QL to which they are ched form@ing 20
systemof formula Ib, an ese s -A3-@B (X5) X6

wherein X5 and X6 toget t o which it is
attached forma ring sy of forﬁﬁka/®ﬁ and A3.is
as defined for a conp ugie’f formula I, may be forned
by reacting a conpoun flormul a XVi |

(L1 )n

(Xviiny

by reduction with for example, sodium metabisufite.

Suitably the compound of formula XVIII may'be prepared
from a compound of formula XIX wherein K, D, E, M, Az, A,
L,, Ly, m and n are as defined for a compound of formula
XVIIT

K NMe,

(L2)m

(L1)n
(XIX)

by reaction with an alkyl iodide, such as methyl iodide,
to form the 1,2-bis-methyl iodide salt derivative of the
compound of formula XIX followed by reaction with tris-

hydroxymethyl phosphine/stilbene/arsine.



WD 2004/ 024322 PCT/ GB2003/003936 67 H\ O a H DH
EA @ MH (L2)m(L1)n (XVII) wherein D, E, M

W@A2004A80432M L2, L1, Q, @, B, mand n are aspdpiBa@d/003936
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for a conpound of forrmula I, with a conpound of 5
formula XVla, XVIb, XVic yl y%%3 RR54 R49 R54 R49
R4 R' RG3 RI | R53 RI R53 R51 R52 R51 R52 R51 R52

(XVia) (XVIb) (XVic) wherein Y1, Y2, Y3, R49 to R55
o eraﬁ fb@ﬁpllg‘—oéc COIPOYNEhoof (1@ In dRe art that 1,

e sang as Y2 and Y3 in a conpound
ofz fer,mﬂ aand¥l 4, Y2/l b3 and, X\d csulvbsitpted e cabppundse may be

co oundsd f for Ia XVIa XV, and XVlc are
TPTEFS 1% T3P ?ﬁp%%%pound of formula XV may

be prepared from a conpound of fornula XVITT, mhere
K, Db EE M L2, L1, Al, C% and n1ar
deTh@ue@OmD®u@d%o%oﬁﬂﬁm’é¥a %iwa Rlv, Wﬂeooﬂéﬂsﬁle: Va,

PCJ%FB€8936893%%§ VIII, XV, XVIa, XVIb, XVIc, XVII, XIX and

derivatives ;hereof, when neither commercially available
nor subsequently described, may be obtained using
conventional synthetic procedures in accordance with
standard text books on organic chemistry or literature
precedent, from readily accessible starting materials

using appropriate reagents and reaction conditions.

It will be appreciated by those skilled in the art that,
within certain of the processes described, the order of
the synthetic steps employed may be varied and will depend
inter alia on factors such as the nature of other
functional groups present in a particular substrate, the
availability of key intermediates and the protecting group
strategy (if any) to be adopted. Clearly, such factors
will also influence the choice of reagent for use in the

said synthetic steps.

It will also be appreciated that various standard
substituents or functional group interconversions and
transformations within certain compounds of formula I will

provide other compounds of formula I.

According to a sixth aspect, the present invention
provides a process for the carbonylation of an
ethylenically unsaturated compound comprising contacting

an ethylenically unsaturated compound with carbon monoxide



68 HO KOH D2 /-OH EAl @ M\\--CH (L2)m(L1l)n
(XVI11) by reduction with for exanple, sodium

woredoalosef i te. Suitably the conpound of forrruP@Ir/EBIzdoB/003936
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may be prepared 5 froma conpound of fornmula XX

wherein K, Db EfE M A2, A1l, Li? L1, mand n are as

defined for a conpound of formJIa XVIII K NMe2 D 2
EA- N2 M (L2 m1)n (XIX) by reaction with an

al k¥l ia0dt@Leastight asnrethy| predietee | Oft @ foompdbtnd of ‘the
1, 2-bi s-methyl iodide salt derivative of the conpound

of PEOPPRIF al XY EHPR oved by reaction with tris-

hydr oxynet hyl phosphi ne/ stil bene/ arsi ne. WO

2004/ 024322 PCT/ GB2003/003936 69 It - will be

apputcibled lprdaetants | | Buclude hecampouhds 1,comprising  a

nucleophilic moiety and a mobile hydrogen atom. Thus the
compounds of the invention may catalyse hydroformylation,
hydrocarboxylation, hydroesterification and hydroamidation

reactions of an ethylenically unsaturated compound.

Preferred coreactants include molecular hydrogen, water,
alcohols, primary or secondary amines or amides, such as
diethylamine, N,N-dimethylethylene diamine, carboxylic
acids for example acetié acid, propionic acid and pivalic

acid, and aromatic alcohols.

Preferably, the coreactant has a hydroxyl functional group
or is molecular hydrogen. The hydroxyl containing
compounds may be branched or linear, and comprises an
alkanol, particularly a C;-C; alkanol, such as neopentyl
alcohol, ethylhexyl alcohol, tert-amyl alcohol, including
aryl-alkanols, which may be optionally substituted with
one or more substitutents selected from lower alkyl, aryl,
Het, halo, cyano, nitro, OR'®, OC(O)R?*®, C(O)R?*!, C(0)OR*,
NR®R?*, C(O)NR*R?*®, C(S)R®*'R*, SR*® or C(O)SR*® as defined
herein. Highly preferred alkanols are C;-Cg alkanols such
as methanol, ethanol, propanol, iso-propanol, iso-butanol,
t-butyl alcohol, n-butanol, octanol, phenol and
chlorocapryl alcohol. Although the monoalkanols are most
preferred, polyalkanols, preferably, selected from di-
octanols such as diols, triols, tetra-ols and sugars are
also possible. Typically, such polyalkanols are selected
from 1,2-ethanediol, 1,3-propanediol, glycerol, 1,2,4
butanetriol, 2- (hydroxymethyl) -1, 3-propanediol, 1,2,6



2, 3, 4and 1, 2, 3, 4, 5 substituted conpounds may be
prepared by anal ogous nethods. 5 The conpounds of

woormtobes2111a, I1lb, Ilic, 111d, Ille, Va, VbPC¥VcB204d/003936
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Ve, VIII, XV, XVla, XVIb, XVlc, XVIl, X X and
derivatives thereof, when nei t Her connerC|aIIy
avai | abl e nor subsequently descri bed, may be obtai ned
usi ng conventional synthetic procedures i n accordance

Wi ¢ 54 s anelatghd ext books opeRtgerytheihesl stry or 1,1,1
literature: precedent fromreadily acceieible

stianihigdmmmdissl)emmeapaaaapﬁaieSPé” 's Gppctose and
Sk$€$lon?§8?%|t| t zﬁfda1%u§§¥ﬁpﬁhﬁﬁhﬁka%dﬁkégésefructose

in certain of the
pr@ﬁ@sgmmdayguiEsﬁeciaElpr¢&mﬁﬁrradmﬁ%¥anheSHﬁEﬂeE@thanOl
enpl oyed may_be varied and will depend inter alia on
f aeR@retBARAL as the nature of other functional gr oups
present in a particular substrate, the availability
of key internedi ates and the protecting._group
st Theegypont @ﬁyﬁhﬂ@hﬁieﬂﬁnﬂ@@ CI}%a¢$¥ @9@ﬁrﬁAéyor§m°untS

will also infl.uence the ch u 11
t haTesaPgedyntRet iK§E8hs. N t I aiso e a%pr%%P Spically
t hahs¥ehiaredstangandd 2o S:td)%afbmyfmmdf uTbts ok alcohol

group i nterconversions and transformations WL: E houch. if
cemﬁﬁiﬁeeﬁﬁpdvﬁd§ hef FeRGRAR | SMYERE pRSVITR: though, 1

YPQ& Oge% Q?Easblg§ﬁﬁgrﬁh Jal 8oapai ykBaaspect,

preseht provi es a process for the
carbonylation of an ethyl eni cally unsaturated

ound ris cont in n yl th
unggtuwa}idng Heﬁ}?ﬁ %ar%%%gndﬁ%£| qg%wfgééBUCt of e
209@5@%4%%2 1@%%&&3‘1&93@661e39taﬁ.ﬁ Py elogt ahe isource of
the presence of a conpound of the
coreactant compound used. If water is used as the hydroxyl
group containing compound then the end product is the
corresponding carboxylic acid, whereas use of an alkanol

produces the corresponding ester.

Preferably, the ethylenically unsaturated compound
includes from 2 to 20 carbon atoms. More preferably, the
ethylenically unsaturated compound includes 2 to 14 carbon

atoms.

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

the double bonds are conjugated or non-conjugated.

preferably, the ethylenically unsaturated compound has 1
to 3 carbon-carbon double bonds per molecule, particularly
1 to 2 carbon-carbon double bonds, especially only 1

carbon-carbon double bond per molecule.



present invention. Suitable coreactants include

conpounds conprising , a 5 nucleophilic noiety and a
woreilosi3by dr ogen atom Thus the conpounds of PEEGB2003/003936

i nvention may catal yse hydrofo | ation, '

hydr ocar boxyl ati on, hydroesteriTication and

hydr oam dati on reactions of an ethylenically

unsat urated conpound. 10 Preferred coreactants include

nmotetesar ohhdraden, speicdifiedal ddteol sthyptembeylby unsaturated

secondary _am nes or apjdes, such as__diethyl am

N, RPEPARES Fay hy VBFR  GRGRE TS car BBkDHPEot b RHUbES, of carbon
eX§€B&\§, aggt i1G rEyd, oPr BRARBhEAACLE e 1Ricyald€ycBid dor part
and a

romatic al cohols. 15 Preferably, the coreactant
hasyalhgdaoxglitunanddaul bgr substaEurednpreEgrainated by one

hydr ogen. The_.hydr.ox 0 el oufls, y:ﬁs,

> br 8hcHEW" rﬁl—}l}%t&rt,u%ﬁr%:dsp(:%%re?ggg a]r?}i)&gl kano?,pSla 1, aryl,
p?éliﬁylméayh% léH&-;L,- lcalleﬁwml , halieh a.ltsR“ﬁleopE}(wR?o Cc(0)R%,
al cohol , et e al coho ert-a al c .
i NEQUPRY / a%&’/ Rg{kaﬁ&@wRJ\Rﬁfih mﬁl'mk;QNoplsi?%gaiw rein R to

supsi iéégl?dil}‘x‘gé?enagﬁFQ{f %?%e%‘éi%%t iHdRYeh S6Letbedr alkyl.
fromlower alkyft, aryl,” Het, halo, cyano, nitro,
ORb2 e £0Es( OhulR2 Gube tiGutRal , irc e GRoprengRagioalkyl esters

0) NR25R26, S R 2'R 21,. .SR29 O 30
10 gle%"rfne‘din%%tﬂﬁ%? . SRR % &Cﬁ‘rggc’:gl §§%I Sa%feme&ffat%rylate.

al kareks1gych ts neimnehic£lhanohnsgtapavel, compound may
i so- propanol, iso-butanol, t-butyl alcohol,

n- Bhabok, cast 460 anghéxansadd) AEPBREEERryl al cohol .
Al t hough the nonoal kanol s are nost preferred,
pol yal kanol s, preferably, selected fromdi 30 octanols
sugkaapleisolof buiobblet extthylosicald s uynsstarated sgompounds
possi hle. Typically, suc ol yal kanal s -are sel ect ed
15f BAVRE. of hGedTore EAFRSPOpARRNR oL iber SF TGy, ProPene,
bupgpelicple, 2- bhiydpoxyeet hyi soBuBeRé ppansshoéned, 2, hexenes,
octenes, dodecenes, 1,5-cyclooctadiene, cyclododecene,
methyl pentenoate, pentene nitrile, 1,3 butadiene, 1,3
pentadiene, vinyl acetate and 1,3, hexadiene.
20 Particularly preferred ethylenically unsaturated compounds
include ethene, oct-1l-ene, vinyl acetate and 1,3

butadiene, especially ethene.

The process according to the invention may be especially
25 advantageous for the carbonylation of ethylenically
unsaturated compounds which are internally unsaturated,
such as but-2-ene, pent-2-ene nitrile, oct-2-ene, oct-3-
ene, oct-4-ene or methyl pent-3-enocate. For these
compounds side reactions typically occur more readily and
30 linear products may be more difficult to obtain.
Conveniently, the compounds of the invention may permit

high regioselectivity towards a linear product following



WD 2004/ 024322 PCT/ GB2003/ 003936 71 tri hydroxyhexane,

pentaerythritol, 1,1,1 tri(hydroxynethyl)ethane,
wmaaoss22 sor base, gal actose and ot her sugar SPCT/GB2003/003936

Preferred sugars include sucrose, fructose and

gl ucose. Especially preferred A kanols are nmethanol 5

and et hanol. The anmpbunt of al cohol is not critical.

Generally, anpbunts are used in excess of the anobunt

Ofc%@%ﬁﬁﬂﬁ&f&ﬁy gasat YralesehaqaRpounthdatated  ethylenic

carbonyl-ated. Thus the al cohol 10 may serve as the
r caotpoumd@®l vent as wel |, although, if desired,
separate solvents may al so be used. It will be

appreci ated that the end product of the reaction is

deppspépgeifl tRastarbopglhthynt peosesscdsofcamsied out at a
coreactant conpound used. |f water is used as

5 hyBeBRG¥ 25RERPOEOAERINIING Cehpotthd t S RESHEaD1y 40°C. to
ProgycE | folkPeprCREEASRONGhAG €31 DyYEL C aci d, wher eas

use of "an a produces the correspondi ng ester.
20 Preferably, the ethylenically unsaturated conpound

i ncl udes_ f 2 to 20 carbon atons, .
TSR O (e i Ly coreic
14,68rbgp At OFBesdiroUidablat tkasat hyterispddnic pressure.

unsat ur at ed congound may _include nore than one
10 caPbefietabbyn 8beblcarbondlafpercPROCERE dsuled ipsmed under a

ar onj ugat n- ' t Pref oth e 2
o FoFall AP PR el Son RE EARY LT x 10t
cambes- paferatidyblgrdateds yiem ot eomiel par bi &Jllé)(sNV-zp most

1 to 2 carbon-carbon doubl e bonds, especiglly opl -
caPBEASEAPBYN EHRAhond PRr bl eEHE: %Oogﬁos?izézzlosl\ml -

PCE’r@@%QQ%/l%%%% carbonylation process is performed under a
15 total pressure of less than or equal to 100 x 10°Nm 2, more
preferably less than or equal to 65 X 105Nm™2, most

preferably less than or equal to 50 x 10°Nm™2.

Carbon monoxide partial pressures in the range of 1 to 65,
20 particularly 5 to 50 x 10°Nm™?, are preferred. 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, typically less than

25 5% by volume, may also be present.

The ratio (volume/volume) of ethylenically unsaturated
compound to coreactant containing compound wmay vary
between wide limits and suitably lies in the range of

30 1:0.1 to 1:10, preferably from 2:1 to 1:2.

The amount of the catalyst of the invention used in the

carbonylation process of the ethylenically unsaturated



72 Unl ess otherw se specified, the ethylenically
unsaturated conpound may, when there are a sufficient

wovbez43ef carbon atons, be |inear or branchePCT/682003/003936
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cyclic, acyclic or part cyclic/acyclic, and/or be

substituted or term nated by dife 5 or nore

substituents selected fromlower alkyl, aryl,

al kylaryl, Het, alkylHet, halo, OR19, OC (O R20, C

( QorfPPund AH) &6t 228rit NRBR2doo€ £EpulBa5RaY, HeOxbteNned by

SR27 "wherei n R19 to_, R27_each independept | epr.esent -2

hy@lﬂé’@n 1871 dwer 18 kymolegy of PRES m@egi%%}?h’utje to 10

i nc stygen a es | 0 S

RS o Sher SOl HELIB ThREAL PoRL Sl | Ehereot

((atE()rbéﬂijﬁm | founsat utat etleredpdurperaymolexhiolfi t eghglenically
and trans (Z) isoperism Exanples of suitable

etURATH TS éﬁf&%‘?"fﬂgfed conpounds 15 having 2 or

nore carbon atons include ethene, propene, but-I-ene,

but - 2-ene, isobutene, pentenes, hexenes, octenes,

doeleefenablyl, 5agyBEDbEOREdeheredfe] Si6dHIRESS it hppriormed

oo ahenencTERIBS AR ety gt RESARG s dgfined hewein

_ e an hexadi ene.
Paf | @a%ﬂtian pilseg €hé¢ edompyh@ni ofil tyeunsmentciond Suitably, a
conmpounds include ethene, oct-Il-ene, yinyl acetate
arRouree 1Rl a RIS e SSRIATATS diioBhe Efhe SHFBOMIS OF the

gg%rg%?}legoﬁo rﬁ%}? itlﬂéée@ddga MYy b@respeardbnylation process.

ageous carbonyl ation of ethylenicallg
uneaé feasblly corgmumenbioned aherehner nghey compounds of the

octoneahesh o ptiidena Kol ofs BRI ItAELY P the mole

pepht Snebgal@ridn® tdesite wOIPOUDES Gricip NEBLIB omstal in the
typically occur nore readilg,and 30 linear products
negompovpde dPffi et LBVBBEAPR. WBSRveNPSR: | 7O t f@rbonylate

COQPR%TQ%iBLl&QG LA4EPLILQPeHBY cRRPBUhds 1lies between wide
limits and suitably lies between 2:1 to 2000:1, preferably
10:1 to 200:1.

Suitably, 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 example methylbutylketone; ethers,
such as for example anisole (methyl phenyl ether), 2,5,8-
trioxanonane (diglyme), diethylether, tetrahydrofuran,
diphenylether, diisopropylether and the dimethylether of
di-ethylene-glycol; esters, such as for example
methylacetate, dimethyladipate and butyrolactone; amides,
such as for example dimethylacetamide and N-
methylpyrrolidone; and sulfoxides and sulphones, such as
for example dimethylsulphoxide, di-isopropylsulphone,
sulfolane (tetrahydrothiophene-2,2-dioxide) 2-
methylsulfolane and 2-methyl-4-ethylsulfolane.
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w@a0oboegbat i on of internally unsaturated ethylBCI/GB2003/003936
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conpounds. Preferably, the car_Zé)nyI ation process is
carried out at a 5 tenperature”of fromOC to 250C,
nore preferably 40C, to 150C, nost preferably 70Cto
120C. Suitably, the carbonyl ation process is typically
carried out at a pressure of at |east atnospheric
pressure. , 19 Preferabl t he can bonyl at. on, ]?roces

peV &by neifiaidre a2E6t a”}g‘fﬂ"e’s"suﬁg Pedtd¥ 1 i%arf oﬁigi“tric

e0ughst Ond ¥hhLEOND Zhe1diPrs %fﬁsré@ Bogr abes phRafepEbly in
equal to 5 x 105Nm 2,. nost preferably greater 5thap

rthquaiange oF »3 TOBNAD. atPrZQBerlaBoIISl apgel x 10°N In the
carbonyl ati on_process | S ndey t
pr8§§ﬁ¥%€ofc?%€% ¥ hart ot ciq:‘%:(gl'%o nf%?#l?ﬁz q_;toazl e? given
prgbevehtyikessethdm G.rtéquﬁ}matlo hdarxidd) Sdn z?epm‘ast-.ntlng the

preferably | ess than or equal to 50 x 105 Cﬁ
notekide ofarthical capasky eQfi A IRRdERREF o182t b 65, Substance

Zoagaﬁiéighﬁ'w ol Ehéocé E%‘gﬂof%ﬁe%%@ etdehBer with a

process” accordi ng esent invention, the
cavbovjumrrﬁomxddiel&ayrlne uﬁadiues ﬁon:eth@r mi@rled:itlrlji;ced—'onstants

vvlth an inert as such as ni rbo Xi de or
a Rbbl EOFROTS yOF IR Cyr gort g? @dr&g‘e general

tyEé@@kEMcEe%éﬂ'@n sa5h5°/aé3yt}‘1@| Q@ncﬂﬁ@dk alo¥o tbﬁemlstry and
present. The ratio (volune/volune) of ethylenically

unghyar.ased 768bredikton o edibadt Bt D@é’mdal By ngide et al, and

y..va E) e Wl%
I|§§8# P%g b\gngieéco %E%% riln 198 5! i %’n&’% pre ralg{g} ¥ruoted for
fr amcémpetrathra. ofthebamuzo °af otrhescm,allyst @ﬂodh‘rte 293.15k or
i nvention_used .in the , e -2
298.15 K, and atmospherlc pressure, i.e. about 1 x 10°Nm°,
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

established physico-chemical 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 methylpentanoate is 5.0
(at 293.2 K), of diphenylether is 3.7 (at 283.2 K), of
dimethyladipate is 6.8 (at 293.2 K), of tetrahydrofuran is
7.5 (at 295.2 K), of methylnonanoate is 3.9 (at 293.2 K).

A preferred solvent is anisole.

If the coreactant compound is an alkanol, a further
preferred aprotic solvent is the ester carbonylation
product of the ethylenically unsaturated compound, carbon

monoxide and the alkanol.
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to 10"1 noles, nore preferably 10-6 to 10-Z noles, of

Goup VIIIB netal or a conpou & t her eof (referred to

as (a) herein) per nole of ethylenically 5

unsat urated conpound. Preferably, as nentioned herein,

the process is performed by the inclusion of a source

of anions as defined herein in addition to the,

c dieo prfsests ey afvembageousdivt 25 ﬁal%FJt%io Bl P G excess
anions_separ.at th npgund ! kg&gnt'gn aprotic
néVPbgpgagég t%oiﬁgg%hrgaﬁgla??onép?%gggg.( oe" ap
Prefieraalt \to asoredtsare dreradiming ompmpolirels af i¢rst 1:1.
invention include a soyrce of anipns. Sui.tably,.,the
ndtxeferally of ERAF oAELEE (HRFIRT 8T 3T '&USK%IFPBE and more

"g;&xaéfelb&ﬁ he ESoROMPOUNGs, Ok :ihe MowentrEerdlyseite ratio
t o carbonylate ethylenically unsaturated conpounds

| i es/etmeeyesy Teom |3 Atk thhPBskitably |ies between

2:1 to 2000:1, preferably 10:1 to 200:1. 20 Suitably,

t he carbonyl ation of an ethylenically unsaturated

C OPR® Uik 25, stef dsmsolned €i of nelye beresefior ipdennionnwapract as
more aprotic solvents. Suitable solvents include talvst

kea oMestexegenerUs oroabahpte Methy | ARSI NS, catalyst.

et hers, such as for exanple anisole (nmethyl phenyl

ether), 2,5,8 25 trioxanonane (diglyne), diethylether,

t ey alpdyr of ermn,“hatiogienedust’hecatadlygbpmspymefRerd afgtalyst,

the di nmet hyl et her_ of i -ethyl -al ycal., .esier suehnorted
ot 1By Sx APRESRR | HRE: AP RRE By hyPHs Do oy 4ete
bug ¥t 0} acL PRS1yaghiflesed sycHodfetioinesannl @ith the reactants
di met hyl acet'am de and N ) .
of the carbonylation reaction (e.g. the ethylenically
unsaturated compound, the hydroxyl containing compound and
carbon monoxide), preferably in a suitable solvent as

described herein.

By the term “heterogeneous” catalyst we mean a catalyst,
i.e. the compound of the invention, which is carried on a

support.

Thus according to a seventh aspect, the present invention
provides a catalyst system comprising a  support,
pref‘erably an insoluble support, and a compound of the
invention as defined herein. Conveniently, the use of an
insoluble support permits easy separation of the catalyst,

for example by filtration, from the reaction medium.

Preferably, the support comprises a polymer such as a
polyolefin, polystyrene and polystyrene/divinylbenezene

copolymer; a silicon derivative such as a functionalised



30 net hyl pyrrolidone; and sul foxi des and sul phones,
such as for exanpl e dinethylsul phoxide, di-

w0 s@pnooet sul phone, sul fol ane PCT/GB2003/003936
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(tetrahydrot hi ophene-2, 2-di oxi de) 2- met hyl sul f ol ane
and 2- net hyl - 4- et hyl sul f ol ane.77WD 2004/ 024322

PCT/ GB2003/ 003936 75 Very suitable are aprotic
solvents having a dielectric constant that is below a

Va'lggg%fﬁ%}g fgigoﬁéeg%r ablgh 1ikbordd1eruimbee; obr3 dtted, porous

SNm.2. In the 5 present context,
t herdiiehdeive aamnsiantsdds as gfornexspblentinar s ‘oxides

inits normal neanin f resenti th r at '
t % apadPPYIBRLG coqﬁd&@éﬁo SH th ?Hgﬁ gas ancéguggna and
difl fGidd 1 tidee, capacity of the same condenser with

a vacuumfor dielectric. Values for the dielectric

constants 10 of conmon organi c I|qU|ds can be found in

CI?P % ai}’ §:h§3hs)g/lsﬁ?§%')@%ﬁ tlon edltegé)%y Daav‘fld:Lc 2e

Ra Lsdefatealarendinpuild shangéy ofREporsd Oi nta9dv0 m'/g, a

and are usual ly quoted for a te ture. o bout .2

e, §OES HOUHe 208, 5% TANGS DoraSh 0 anfs 088/ and

atp #\p%éeﬁ g[?] Eoctife bife APOMe lranddSdN EromOL0CEE 500um.
ver

r eadi ted to that tenperature and pressure
usmtgetﬂmeﬁena]alg; onhéastmfscqu@tr@é ief igp the t sapgeref from

data for art cuI un avgj | abl t
di 2P ekPr i3 cpop thant V§&hﬁ‘y rrgéas%?e us'%iﬁ’lgezoof from
esg abl Lghed 5IOh<Y§/§Oaﬁhelﬂh@ala\fﬁiiatgnJISpafbic]eezamﬂze, ishein the

ielectric constant of anisole is

ofr@mgehyqf ciren R £ @gp g ZM‘PSt gips:Lga%ﬁm mél gurface

42"8%%%& K;L £30%h g;cp%eﬁng%tgﬁ': g%%h‘;‘riq};l{ e%%g 40 IRZS/# Atthe pore

dlﬂ@lﬁméadlspaire theb r@ngat Q@ngom) 0.8 to 3 0 cc/g and the

te;\rrggggéo;%rr%rlcllsé size is in the range of from 30 to 100
um. The average pore size of typical porous support
materials is in the range of from 10 to 1000 A.
Preferably, a support material is used that has an average
pore diameter of from 50 to 500 A, and most desirably from
75 to 350 A. It may be particularly desirable to dehydrate
the silica at a temperature of from 100°C to 800°C

anywhere from 3 to 24 hours.

Suitably, the support may be flexible or a rigid support,
the insoluble support is coated and/or impregnated with
the compound of the invention by techniques well known to
those skilled in the art. Alternatively, the compound of
the invention is fixed to the surface of insoluble
support, optionally via a covalent bond, and optionally
includes a bifunctional spacer molecule to space the

compound from the insoluble support.
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K) A preferred solvent is anisole. 30 If the
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preferred aprotic solvent is the ester carbonyl ation

product of the ethylenically Ufsat ur at ed compound,

carbon nonoxide and the al kanol. WD 2004/ 024322

PCT/ GB2003/ 003936 76 The process may advantageously
benfarddnibibids I0F AheLXeREmt ivh apiwbe fHiotedento the surface
at a ratio (v/v) of aprotic solvent to coreactant,

catft aitiieng iose3sbAe oBURPOKEashY1: RroBopiRgertppgtion of a

this ratio.r f o '

o A Frtieiy S e Ao bt formia 7, for
(\Wemplange s thiduit] ¢ thd . 1igend abalysta cobpoiutizent K,
of the present invention na

act as., 10.a . .
'éﬁ%t erB8endbus ®fcatHS st CXFXQPEHE%‘@&HX&US"m%’a?%szt with a
Y, it Y Y S anoa catal i
el ST TN Spy g, cokal pabricusty
suppostest intto i She i sypmontiy Keel epmpbragion ok the reactive

wth the reactants 15 of the ca l.at i i Qs
T SRR el R B IRRA e coene of
hygi ©X Honfpitindl N6RY tHRNPetidngidn cprdohdednexi Hefprogeneous

preferably in a suitable solvent as escr, bed herein.
20c@yalyrt t ethare etdcogenBBaYNdc aPH y'gi‘ewe"- ion” and the

cat al [o €7 1 c oung ; atdée ' i O '

[ ss%%gé%%da%% %lhgggpg?tg. %Tﬁﬁgf kaccorédhi{ar?grat% ﬂns%gﬁ?ﬁ ester.
asptde, tavipe psentaj rivetnd i @nouRs provi des a catal yst

system conprising a support, preferably an insoluble
support, and a conpound of the invention as defined

hefglNchGaReendentbictibg Wonddfidhs to link a compound of

the present invention to the support depend upon the

nature of the substituents(s) of the compound and the
groups of the support. For example, reagents such as
carbodiimides, 1,1 -carbonyldiimidazole, and processes
such as the use of mixed anhydrides, reductive animation

may be employed.

According to an eighth aspect, the present invention
provides the use of a compound of the invention or a
compound of the invention attached to a support as a

catalyst.

It will be appreciated that any of the features set forth
in the first aspect of the invention may be regarded as
preferred features of the second, third, fourth, £fifth,
sixth, seventh and eighth aspect of the present invention

and vice versa.



i nsol ubl e support permts easy separation of the
catal yst, for exanple by filtration, fromthe
wo e@aneoe2 nedi um 30 Preferably, the support cPOPGB2@S3/003936

a polynmer such as a polyolefin, polystyrene and

pol yst yrene/ di vi nyl benezene cdBol ymer; a silicon

derivative such as a functionalised WO 2004/ 024322

PCT/ GB2003/ 003936 77 silica, a silicone or a silioone

rumher iaveathen paidls npartbeul deecrabedi ab gasof the

e | e inorganic oxides and inorganic c or| es

gﬁ ngPSnPﬁ& hOitiBEt AEATPL6AIte. 5 Preferably the

support material is porous silica which has a surface:

area in the range of from10 to 700 n2/g, a tota

po 5amgﬂané in the range of from0.1 to 4.0 cc/g and

range of rronr 50 to 500,n2/g, the pore volune isin
the range_ of from 0.5 to 2.5 cc/g and the average
paRrBer¥ldithipg |%mﬁ@chlan§e5 ofmolegm @ hexape,m24 ml, 54

Mb, sirably.the s | in_the ran
fr%ﬁr%go to 4%% nﬂlggapﬁe pore vol uffe is i gfﬁglon of
ramgémethYRamlﬁoﬁethyB)ﬁertbgeﬁéd (hedrbyiey age3s .13 g, 10.69

I nther from30_to 100 pm
10 fiblaveFa 322669 ) sinedetEyD; eahepolB0s Tappaher Bltrogen at

meg etbAperhtukl bbezgaﬁgﬁnaftEéOQEQQtEingggﬁﬁre stirred for
Preferably, a support material is used that an

avér dypun® pdhe dzreﬁfmhexn@f ITerd)rrSGDUtDOEOOL:-A thed nosoled to
de 75 £.Q 350, trouIaH
de%##gg%ém%gggghydrgte? ggxb %ﬁ%ﬁ%rebth and
f rRschéffoser80@G1t (ICHzNMez) (Aldrlch 10 g, 54 mmol) is
15 added. The reaction is allowed to warm to room temperature

and stirred oVernight.

The resultant solution is quenched with excess aqueous
sodium hydroxide and the resulting product extracted with
20 diethyl ether (3 x 80 ml) dried over anhydrous magnesium
sulfate, filtered over celite, and volatiles removed in
vacuo to yield the crude title compound as a light orange
crystalline solid. The crude product is recrystallised
from 1light petrol with cooling to -17°C and the
25 recrystallised product washed with cold petrol to yield
the title compound as a light orange solid (13.2 g, 74%).
The compound can be further purified by sublimation to

give 8.5 g (52%) of the title compound (mpt 74°C).

30 'H NMR(250 MHz; CDCls):54.23(brd, 2H); 4.11-4.10(t, 1H) ;
4.04(s, 5H); 3.43, 3.38, 3.23, 3.18 (AB quartet, 2H);
2.22(s, 6H).



anywhere from 3 to 24 hours. 25 Suitably, the support
may be flexible or a rigid support, the insoluble
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conpound of the invention by techniques well known to

those skilled in the art. AltePRatively, the conpound

of the invention is fixed to the surface of insoluble

30 support, optionally via a coval ent bond, and

opticon@r Y63 MHzudeHA . pi:5gBcBILENAD.gpacep . bl e6ll.845057. 35,
space the conpound fromthe insoluble support. WO
2008/.824322 PCT/ GB2003/ 003936 78 The conpounds of the
invention may be fixed to the surface of the

i nsol ubl e support by pronoting reaction of a

f upcbienaklgeaapypisserFoumdt he corfpdmd of f & @u9% s N 9.5%

for exanple a substituen JL1 or o o
substituent K, 5 D and %?iﬁuiﬁ%esyé#q%gﬁtddleﬁ§% 1%; N 9.4%

noiety, with a conplinentary reactive group present
on or previously inserted into the support. The
coExampfieo® of the reactive group of the support wth

a conp tar%‘s bstituentss frtkﬁ%. ABALAY nBfelthi ]

t he conpound of the |nvent|on and the support are
linked via a Ilnkage such as_an ether est er,

de
aniDie temtbatylohosphias Pt celoflfe d%agg finol) was

con%dtr isons to Link a conpound of 5o13t888 presentof 1,2-
i nventron to the support depend upon the nature of

th%x%uﬂmmduhyﬂamiﬂbmﬁthyﬁéﬂamnmmﬁnﬁzﬁﬂ#&ﬁﬁleglouﬁs5oﬂr 1.66
t he syppart. For exanple I eage a
r“HEﬁBI g RDYATPUS, J5H d'% lr# (atl'%qcm " dper%cnelsts%sg en an
Su%eﬁ‘%e@ﬂﬂtﬂfﬁ% afi ¥rueed i hydnhaes at EBilfCE[ ifi;r 72 hours. The

animation 20 may be enpl oyed.
anhydrous acetic acid is removed in vacuo at approximately
70°C to yield the crude title product as an orange/yellow
solid. The crude product is recrystallised £from ethanol
with cooling to -17°C, filtered and the filtrate washed
with cold ethanol to yield the title compound as a pale

yellow solid (0.365 g, 44%, 84°C).

¥ NMR (250 MHz; CDCl;): d4.4 (2H, d, J = 2Hz); 3.95(5H,
s); 3.75 (1H, t, 2Hz); 2.8 (2H, dd, 12Hz, 2Hz); 2.6 (2H,
dd, 12Hz, 2Hz); 1.1 (36H, m).

3¢ NMR (63 MHz; CDCl;): 586.73 (d, 5.46 Hz); 70.08 (d,
4.41 Hz); 69.4665(s); 63.75(s); 31.80 (d, 2Hz); 31.45 (4,
1.98Hz); 29.89 (d, 1.88 Hz).

31p NMR (101 MHz; CDCl;): 515.00 ppm.

Elemental analysis: Found: C:66.79%; H:9.57%
Calculated: C:66.93%; H:9.63%



According to an eighth aspect, the present invention

provi des the use of a conpound of the invention or a
wa@eopoedse2 of the invention attached to a supporPCT/&B2@3/003936

25 catalyst. It will be appreciated that any of the

features set forth in the fir%t aspect of the

invention may be regarded as preferred features of

the second, third, fourth, fifth, 30 sixth, seventh

and ei ghth aspect of the present invention and vice

versa. WO 2004/024322 PCT/ GB2003/003936 79 The

|npxmmgbm WMl now be described by way of the

folLlow ng, non. | i Mhti N9 £XAURL 62 mEAPPL £ d;Rethylaninonethyl

EePci—c S o S v e Y13 O1E Y, E ot ellie

n- Batybeehdi um (Aldrich, 2.5 nolar in hexane, 24 n,

54—mmol) Is added to a sol ution of
5 (di met hyl am nomet hyl ) ferrocene (Al drich, 13.13 g,
10%©§u&?%niitﬂ§uﬁ7(ﬂﬁaklchp di gt Aylast DAr 46 8EHHL) ether, 5.14
under nttrogen at a tenperature of 25C and the
regmti IorB &t ummcdt)i rr éd f ordded howos. The Pedutbippg of  1-
red.solutjon,is then.cqooled to ipatel g - 70C.i :
- gigorbu) Bspene BEL n P araooeBen dRnaE el o g o (AT idmoL) in
(| @igplYb?) etAkd | @OmLY0 thddrd dgdn) . i BhdSraddedonThe stirred
reaction is allowed to warmto roomtenperature

) nd .
10 st iﬁﬁrea doums gnd denelansd tanreddish EﬁlP’érqueF@ﬁefOlutlon
Wt cess ueou (o]o " ' e : -
r eSl t%l g pcroa%glu%c? g&t ?ag d {vl\#jlfﬁaca%%ﬁid? gltg <ah{):/ili' et I?érc 1?3? d para
;(. i&@rﬁihgddhyaé over. 2anhydr aus timgses exvesd)f attglded and  the
iltered over celite, and vqlatiles moved_in _ vacuo
t orgbfanke RIXHES | ?Férf‘aﬁ'pt‘?ﬂﬁ&n&?h I?@hfogpan‘g%ﬁberature‘
The reaction is then quenched with water, extracted with

15 diethyl ether, dried over MgSOs, and filtered over celite.
The solvent is removed in vacuo to yield crude title
compound. The crude product is applied to a neutral
alumina column, which is eluted with petrol/diethyl ether
(9:1 ratio) to remove the starting material, 1-

20 dimethylaminomethyl ferrocene. The column is then eluted

with substantially pure ethyl acetate to elute the title

compound. The ethyl acetate is removed in vacuo, to yield

the title compound as an orange oil/crystalline mass.

25 M NMR (250 MHz; CDCl;) 82.131 (s, 6 H), 82.735 (d, 1 H,
12.512 Hz), 63.853 (4, 1 H, 12.512 Hz), 83.984 (dd, 1 H,
2.156 Hz), 64.035 (s, 5 H), 84.060 (dd, 1 H, 2.136 Hz)

$4.071 (4, 1 H, 12.207 Hz), 84.154 (m, 1 H), 064.73 (4, 1
H, 12.207 Hz).

30 |
3¢ NMR (61 MHz; CDCls;) 87.688, 084.519, 670.615, 068.871,

568.447, 865.369, 860.077, 058.318, 844.414



crystalline solid. The crude product is recrystallised
fromlight petrol with cooling to -17C and the 25
wo emnysesad | i sed product washed with col d petr oPCT/GB2003/003936
yield the title conpound as a light orange solid
(13.2 g, 74%. The conpound ch be further purified
by sublimation to give 8.5 g (52% of the title
compound (npt 74C). 30 1H NVR(250 MHz;
CDC13): 64 23(brd 2H); 4.11-4.10(t, 1H); 4.04(s, 5H);
3. 43, , 23, 3.18 (AB quartet, 2H); 2.22(s, 6H).
V\@CZEUO@Q) ESWRPCT/ GB2003/ 003936 80 13C NWR (63 Miz;
, O 0. 69 /- i¢8. Zbupling to
i O fredl RIS 2 (o OhivEr B 8 Somine
CaihmldbeetC 4. D993 g 9en N netds Exanpl e 2
Preparat|§n of ( 0 8mL)
5 1, BExaredi SRECHER vI FASHi dGdendie) 88 Vo lerf
Di ;44 tdutytphospiemes (At i efs2d). 061cﬁn‘r’r1,, 238334mmﬁ)‘ 1104.9
was . added to a solution of 1, 2-
b|smd|nethylan1nonethyl)ferrocene (Exanple 1, 0.5 g,
1.66 mmol) in anhydrous acetic acid (100 nml) under
nitrogen and the resulting mxture is stirred at 80C
fqugggh@u4s The 15 anhydrous acetic acid is renoved
i i vacuo at apprOX|nater YOC to
10 ¢ PreparabieR @5 hn2pPhBghd :
product is recrystalllsed fron1ethano| mnth coollng
to -17C, filtered and the filtrate washed wth cold .
et hanobrtbuyytbboshbinet | Aldnsund 0addn Pake 2993 mwol) is

|| | 0. 365 g, MR 5 -
éﬁﬂ ¢d. s I%@((ZH a3 -{%‘ﬁ%@’@ 3. 9’1%1%\'(5H(% w%’?y?‘?thyl -2
(HTE.méth?tganlnoﬁeEhf(ZH fehtrodedl, (ample?. 8,(26,2 g, 0.753

15 mmol) in anhydrous acetic acid (15 ml) and acetic

anhydride (0.753 mmol) under argon and the resulting
mixture is stirred at 80°C for 72 hours. The anhydrous
acetic acid is removed in vacuo at approximately 70°C to
yield the crude title product as an orange/yellow solid.
20 The crude product is recrystallised from ethanol with
cooling to -17°C, filtered and the filtrate washed with
cold ethanol to yield the title compound as an orange

solid (0.23 g)

25 M NMR (250 MHz; CDCl;) 84.351 (d, 2 H, 2Hz), 04.022 (s, 5
H),83.827 (t, 1 H, 2 Hz), 82.858 (ddd, 2 H, Jm 15.869 Hz,
Jup13.320 Hz, Jgpz 1.831 Hz), 82.679 (dd, 2 H, Jm 15.869 Hz,
Jugp 2.441 Hz), 81.166 (4, 18 H, 12.817 Hz), 81.123 (4, 18
H, 12.512 Hz)

30

FTIR (Chloroform, NaCl plates)
1104.1 cm!, 2863cm™, 2896.0 cm™*, 2940.0 cm™', 2951.8 cm?t



dd, 12Hz, 2Hz) ; 1.1 (36H, m 25 13C NWR (63 Mz
CDC13) : 586.73 (d, 5.46 Hz) ; 70.08 (d, 4.41 Hz) ;
WO N040566¢%5) ; 63. 75(s) 31.80 (d, 2Hz) ; 31.45 ¥dT/GB2003/003936
1.98Hz); 29.89 (d, 1.88 Hz). 30 31P NWR (101 MHz;
CDC13): 515.00 ppm Elenental &hal ysi s: Found:
C. 66.79% H 9.57% Calculated: C 66.93% H:9.63% WO
2004/ 024322 PCT/ GB2003/ 003936 81 Exanple 3
Preparation of 1-hydroxynethyl-2-dimethyl am nomet hyl
ferrocene 5 n-Butyl lithium (Aldrich, 1.6 nolar in
di BPhyMRet( R, MEZ14CDRL;) B. 3U5 RDIJPTs added to a
sol ution of 1- dinethylam nonethyl ferrocene (Al drich,
1.0g, 4.12mmol) in diethyl et her (20nmL) under argon.
ThelsrastaDnanslgsisred ' Foudr: I 166U ;art Jéfiel opes
a reddi sh col our. The soI fi.on_ is
5dry icel/acetone bath, cal lﬁi@ﬁf fe(gieg oﬁefhx}%lrb 6%
(0.247g, 2 tinmes excess) added and the resultant
m xture stirred overnight at roomtenperature. The
r eBgémphei § t hen quenched with water, extracted with

15 dleth ethe ari \ a flltered over
ce ¥ - QOQ Le §C5 3= Bgs o yield

CfWQQméth&Eamﬂﬁﬁﬁ@unﬁl)fberccaﬂe pr oduct |s applied to
a NeutTal alum na colum, which is eluted with

10 petrol/diethyl ether (9:1 ratio) to renove the

StRpL A9 E@.{fféﬁ u?@léh W%éﬂylla@mr@t(mmé&fﬂmmmethyl)

Thé "colum 1's then uted with substantially pure

ethgkracenatdﬂmamahﬁEﬂxh@ ¥9g) e2.32 mmol) 1in diethyl ether
(15 cm®) under argon is added 1.2 equivalents n-butyl

lithium (Aldrich, 1.75mL, 1.6M in diethyl ether) and the

15 mixture stirred for three hours to yield a red solution.
The reaction mixture is cooled in a dry ice/acetone bath,
calcined paraformaldehyde added in 2:1 eXcess, and the
resultant mixture stirred at room temperature overnight.
The mixture is quenched with water and extracted with

20 diethyl ether. The ethereal extracts are dried over MgSO,
filtered over celite and the solvent removed in vacuo, to
yield the title compound (0.79 , 2.12 mmol, 91%) as an

orange oil., which partially crystallized on cooling.

25 H NMR (250 MHz; CDCls;) & 2.133 (s, 6 H ), 6 2.171 (s, 6
H), § 2.910 (4, 1 H, 12.817 Hz), 6 2.998 (d, 1 H, 12.512
Hz), & 3.425 (4, 1 H, 12.817 Hz), 0 3.812 (d, 1 H, 12.512
Hz), & 3.962 (s, 5 H), 8 3.99 (4, 1 H, 12.207 Hz) (partly
obscured by large cp-ring peak at & 3.962), & 4.068 (4, 1

30 H, 82.136 Hz), & 4.125 )d, 1 H, 6 2.136 Hz), & 4.747 (4, 1
H, 12.207 Hz)



compound. The ethyl acetate is renpved in vacuo, to
yield the title conmpound as an orange oil/crystalline

woe®@s/0243%2 ' H NVR (250 MHz; CDC13) 52.131 (s, 6rP&#/GB2003/003936

10

15
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25

30

52.735 (d, 1 H  12.512 Hz), 53.853 (d, 1 H 12.512

Hz), 53.984 (dd, 1 H 2.156 HA, 54.035 (s, 5 H),

54 060 (dd, 1 H 2. 136 Hz) 54.071 (d, 1 H 12.207
54.154 (m 1 H), 64.73 (d, 1 H 12.207 Hz). 30

13@
esCaM qé@%&%@ L TS S VA TR A

WR 200471024322 oRGT/ §8808370088366182 S6BERD S8 NMAR
Partl’y obscured doubl et at 4. 071ppm and its coupling

to the doubl et at 4.73 ppmconfirmed. 5 Infrared

SRkt D P R ety

Exﬁ@d)es%ﬁlﬂ Rbef)ar aloisen 70fem™ (m), 2862.6 cm™ , 2825.9 cm™
1, 2-bi s-(ditertbutyl phosphi nonet hyl ),f errocepe
Di (mker t BUFE-Bhesp |ne(m()AI drikar5 004 m) 2. 580%md| F s ()

sol 1xh gﬁnxy thyI
diﬁe?%ygd%?nongbﬁ g?rgcéne (Exanpl e 3, 0.2 g, 0.753
15hngolé in anhydrous acetic acid (15 m) and acetic
an ride O 75 der argo e resu td.ng °
iI%‘F‘%nT—% sER{ %ﬁlﬁt 8 Ig:du:%% L‘H‘He I'gnhu)y rJ;’usI\T 8.8%
acetl c acid is renoved Idallcﬁﬂléteﬁ. appoeyately. HC N:8.5%

to yield the crude title product as an orange/yellow
solid. 20 The crude product is recrystallised from

etpanol -with cooling to -17C, filtered and the
{1 B2pBpLE B ched i th

Preparation of

1,2,3-tris- (ditertbutylphosphinomethyl) ferrocene

Di-tert-butylphosphine (Aldrich, 2.60 mL, 13.98 mmol) and
acetic anhydride (0.24 mL, 2.33 mmol) is added to a
solution of 1-hydroxymethyl-2,3-bis-
(dimethylaminomethyl) ferrocene (Example 5, 0.70g, 2.12
mmol) in acetic acid (freshly distilled from acetic
anhydride 25 cm® ), under argon. The solution is then
stirred at 80°C for 7 days, during which time the solution
becomes a dark orangé colour. The solvent is then removed
in vacuo and recrystallisation effected from refluxing
ethanol together with cooling to -17°C overnight to yield
the title compound (0.43 g, 0.7 mmol, 31%) as a

yellow/orange powder.

¥y NMR (250 MHz, CDCls;) & 1.12 (dd - pseudo triplet, 36 H,
12.1 Hz), ©&1.26 (4, 18H, 10.7 Hz), 82.68 (d, 2 H, 17.7
Hz), 62.95 (s, 2 H), 83.07, (m, 2 H), 84.01 (s, 5 H) &
4.33 (s, 2 H)



cold ethanol to yield the title conpound as an orange
solid (0.23 g) 25 1H NWR (250 MHz; CDC13) 84.351 (d, 2

woi20028024322 84.022 (s, 5 H) , 83.827 (t, 1 H PCFH&B2003/003936

5

10

15
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82.858 (ddd, 2 H, JHH 15.869 Hz, JHP13 .320 Hz, JHP2

1.831 Hz) , 82.679 (dd, 2 H, J#¥M 15.869 Hz, JHP 2.441 .
Hz), 81.166 (d, 18 H, 12.817 Hz), 81.123 (d, 18 H

12.512 Hz) 30 FTIR (Chloroform NaC plates) 1104.1

cml1l, 2863cm1, 2896.0 cm 1, 2940.0 cm 1, 2951.8 cm-1

WD 2004/ 024322 PCT/ GB2003/ 003936 83 31p NMR (101 MHz;
CDrAByare815peotpam (EHShent dhigndiidn NaGh piptes )

C66.5% H9 6% | cul-at ed; , G665, 9%1 H: % mpl e

S BPERapaFTor art /iy owy PRyl <2, iy g 20628 P, €2896..7
(diget hylamionaneihyl ) ferrocene 10 To a stirred

sol ution of 1,2-bis-(dinethylam nonethyl) ferrocene
(Exanmple 1, 0.70g, 2.32 nmmol) in diethyl.ether (15

cnB) under argon is added 1.2 equival ents n-butyl

[ithium (Aldrich, 1.75nm., 1.6Min diethyl ether) and

t hexafmplrextture stirred for three hours to yield a red
solution. _ng reg&tion nixkure i.s _cool ed_| e

: 1 velohexy l plosDl
G o & =G Sie O o Cl VO AT T U T 11

2:}e§§g@é§é and the resultant mixture stirred at room

temperature overnight. The m xture is quenched with

wat er and extracted with 20 diethyl ether. The

ethereal, extr [dgd MySOfn  oldddriffkePVRLith the

ce&?‘?egjh?% hg%gn IO\%\@I d‘?'éeﬁo (%%%:‘ar? vacuo, *to _
procedure of Example 2 employing dicyclohexylphosphine

(strem of 48 High Street Orwell, Royston, United Kingdom
SG8 50QW, 659 mg, 3.33 mmol) , 1,2-
bis (dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
anhydrous acetic acid (100 ml). Yield 0.421 g.

Example 8
Preparation of 1,2-bis- (di-iso-butylphosphinomethyl)

ferrocene

The title compound was prepared in accordance with the
procedure of Example 2 employing di-iso-butylphosphine
(Strem 486 mg, 3.33 mmol) , i,2-
bis (dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
anhydrous acetic acid (100 ml). Yield 0.372 g.

Example 9
Preparation of 1,2-bis- (dicyclopentylphosphinomethyl)

ferrocene

The title compound was prepared in accordance with the

procedure of Example 2 employing dicyclopentylphosphine



yield the title conmpound (0.7g , 2.12 mvol, 91% as an
orange oil., which partially crystallized on cooling.

wWQ@3001i249MR (250 MHz; CDCl13) 5 2.133 (s, 6 H ) PCBGB2w31003936

10

(s, 6 H , 52 910 (d, 1 H 12.817 Hz) , S 2.998 (d,

1 H 12.512 Hz) , S 3.425 (d,88 H, 12.817 Hz), S

3.812 (d, 1 H 12.512 Hz), 5 3.962 (s, 5 H, S 3.99

(d, 1 H 12.207 Hz) (partly obscured by large cp-ring

pepd-Adm S 3. 96256 5 4. 06%,(d, 1 39.38 52. 13tmd2)),, S 1,2-
4.125 )d, 1 H S 2.136 Hz 54.747 (d, 1 H _12._207

Hz) i N ety bans pomeiy Bk ricy aeense (082 ®c AvRE(#Fol) and

VHz; 13) 544,529 5 : 5. 7,
e TN
Infrared spectra (CDC13 / thin filmNaC plates 5
3380.6 cm-1 (br), 2955.7 cm-1 (n), 2862.6 cm-1
28B%amptenlq (m , (m), 2774.3 cm-1 (n), 1353.5 cm

Elpé 98n 9%eM ; 1-3938(81i 61 hdsphOREmEtEPL ] f6¥rocene
! —C. 3% H. 7.8% N 8.8%
H 7.9% N 8.5% Exanple 6

10 Cal cul ated: C: 61. 8%

Pr epar at,i qn of . .

1 She' i S dFPEPPBRE o sBRERBREEhyiT £ 3FFQESRRCe gvith the
Di pi@ééd@k‘é)"o@%&_hﬁf& (A diplloyidgbdethdBoldspinbhg (Strem
and acetic anhydride (0.24 nL, 2.33 npol) is a%qi? to

a 298| ogi.ord 3 1mAgH} oxyrerhyp(dinephylaminomethyl) ferrocene
(di hy| am n N e c I 1 0. 8044 2(1é0 ml).
Zo(ﬁﬁél¥iiHiéggfﬁg*ggidééﬁr%@ﬁ?ﬁﬁ%?§$i$?€%l€ron1aceéic "
anfgydidde.254caB ), under argon. The solution is then




stirred at 80C for 7 days, during which tinme the
sol ution becones a dark orange colour. The solvent is
wo b@a/oesepved in vacuo and recrystallisati on pET/eB2@d/003936
fromrefluxing 25 ethanol together with cooling to
-17C overnight to yield the tB{le conpound (0.43 g,
0.7 mol, 31% as a yellow orange powder. 1H NWVR (250
MHz, CDC13) S 1.12 (dd - pseudo triplet, 36 H 30
iéEiaHﬁle 51.262(d, 18H, 10.7 Hz), 52.68 (d, 2 H, 17.7
. 52.95 (s, 53. 07, 2 , 54.01 , 5. H S
4. 7Bsep@.raszii(stp o) Iz_gﬁw 0212a7l(o@ﬁﬂ&?ﬁnﬁmrﬁaﬁios@%omethyl)
I nfr ectra (CHC13 / thin film Nad plates '
13 % 8eh . 1470.3 cm1 , 2357.1 cm1 , 2862. 8)cm1
2896.7 cm1l1l, 2939.1 cm 1 5 Exanple 7 Preparation of

1, 2- bi s- (di cycl ohexyl phosphi hyl ). f 10 _,
5 Thahe! (1A Lo GOTRA M T B CRar A Aibr AEROCOAPER (HACR Ehe
?[5,?98%3 el EXamplsgAd £np! %ﬂlﬂoﬁi@cmhaw-@&g@mmasphine

remof 48 H gh Street Owell, 'Royston, Unite
Ki {pdgntadGespewiabbey nfhemizalgnoBy2 my 1§.33 mmol), 1,2-

o B LR pR L THAOBERR A RRERRERE" § & 8% BB o) ana
Exapph@rdulr apetdc aeidf (100 ml). Yield 0.262 g.

1, 2-bi's-(di-iso-butyl phosphi nomethyl) 20 ferrocene
10The title conpound was prepared in accordance with the

Example 12

Preparation of 1,2-bis-(dimethylphosphinomethyl) ferrocene

The title compound was prepared in accordance with the

15 procedure of Example 2 employing dimethylphosphine
(Digital Speciality Chemicals, 206 mg, 3.33 mmol), 1,2-
bis (dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
anhydrous acetic acid (100 ml). Yield 0.285 g.

20 Example 13

Preparation of 1,2-bis-(diadamantylphosphinomethyl)ferrocene

bis-methanesulphonate

Di-adamantylphosphine (prepared according to J.R.Goerlich,
25 R.Schmutzler; Phosphorus Sulphur and Silicon; 1995, 102,
211-215, 20.0g, 0.066 mol) was added to a solution of 1,2-
bis (dimethylaminomethyl) ferrocene (Example 1, 10 g, 0.033
mol) in anhydrous acetic acid (100 ml) under nitrogen and
the resulting mixture is stirred at 80°C for 72 hours. The
30 orange yellow precipitate which forms is filtered and
dried in vacuo at approximately 70°C to yield the title
compound as an orange/yellow solid. The title compound is

insoluble in a range of organic solvents and it is



procedure of Exanple 2 enploying di-iso-butyl phosphi ne
(Strem 486 ng, 3.33 mol ), 1,2 25

whe@gde4ser hyl ami nonet hyl )ferrocene (0.5 g, 1. 6BCTEBR)03/003936

and anhydrous acetic acid (100 m). Yield 0.372 g.
Exanpl e 9 Preparation of 88

1, 2-bi s- (dicycl opentyl phosphi nonethyl) 30 ferrocene
The title conpound was prepared-in accordance with the

Pr pREQWESLOf Eﬁﬁgﬁkﬁea enYpyi Nnonversion to  the  bis-
di cycl opent yl phosphi ne WD 2004/ 024322

PCRe tB206sulplosste 86 (T¥em 588 ny, 29938 ipRp| ), Of 2. excess

bi s (di methylann 1) re 0. .
o SRR ol § SR, ) 8, g, ome
%- Eéo&aaﬁpl e TRifr eparudifeah bh complete dissolution of the

bi s- (di et hyl phosphi nonet hyl ) .f Th '
5 oBEOURAEWAR L CBALEN MR oncEBVHAIEE LALER e Temoval® of the

10
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25

30

rem mg, 3.33

1, arpingditmetdipearimnet hie ) tompovade as( & Payle 1yeblow solid
nmol ) and anbxdrous acetic acid (100 m). Yield 0.254

g. ‘Wb-9804P834322 PCT/ GB2003/ 003936 87 Exanple 11
Preparation of 1, 2-bis(di-isopropyl phosphi nonethyl)
ferrocene 5 The title conpound was _ prepared
gp&ﬁrﬂ@hcézﬁptHHFheCDp?%béd@4e56f( anﬁreJ2=e2§Féjiﬁg35 (5H,
I - SO-,pLapyk ghogphi (B gigt alygSpegiyal bty g . -
SQf)r‘rg,‘l‘%.c}Séh%'r‘ml‘%fp, b%,%%-'(@"% AuPerhal bly Qe w9, 2.35

bi 3(.disms(tllayﬂ air) nogetlbyR). er(l6tiendx(0. 3 .§2-1..68 g, br).
an

?g&gﬁﬂggﬂglgg@pa‘%lﬁn Zf%m'ffrg.:o;aijéidngb?i eliAyh PROSRMi e ether and

31p NMR (101 MHz; CDisCN): 8526.58 ppm.

Elemental analysis: Found: C:64.15%; H:7.88% Calculated:
C:64.29%; H:7.94%

Example 14
Preparation of 1,2 bis(di-1-adamantylphosphinomethyl)

ferrocene-bis-methane sulphonate

The preparation of this ligand was carried out as follows:

14.1 Préparation of (1-Ad).P(0O)Cl

Phosphorous trichloride (83 cm®, 0.98 mol) was added
rapidly via cannula to a combination of aluminium chloride
(25.0 g, 0.19 mol) and adamantane (27.2 g, 0.20 mol)
affording a tan suspension. The reaction was heated to
reflux. After 10 minutes, a yellow-orange suspension was
formed. The reaction was refluxed for a total of 6 hours.

The excess PCl; was removed by distillation at atmospheric



anhydrous acetic acid (100 m). Yield 0.262 g. 10
Exanpl e 12 Preparation of

wa 2@4lo2432% di met hyl phosphi nonet hyl ) ferrocene HROEGBRINBHOO3I36

5
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conmpound was prepared in accorgdance with the 15

procedure of Exanple 2 enploying di nethyl phosphine

(Digital Speciality Chem cals, 206 ng, 3.33 mmol),

1, 2- bis(dinethyl am nonet hyl)ferrocene (0.5 g, 1.66
mupiresande aB® o) acet i coating (to0ambjienyi dethp@r283ire, an

. 20 Ex le 13 P ti s
0 TG, Ratidalies PO noBLREPFPER, oA o) was added

bi siauhakesih Pheaage [Fussaimn, PhRsehi RRs( ESPBE@dto 0°C.
according to J.R Goerlich, 25 R Schnutzl er; _
Ph#eysear ud 58ulgmir wasd agdedc ¢d-owlyys infidially) flpe ssuspension
20 . . ad tQ a [ut | . , 2:= b

i s(di r(r:é)% H}%@gmﬂr%%%r%%\%% )fgjr%g:ocg%e f?'%}arr%@glg?o%o%t: water the
0. @33 cordltyy | Tessdayeld ouFramettiltisacpdifiO@hd )remcdeion was no

nitrogen and the_resulting mxture i.s_stirred at 80C ,
f orloeo KePt THASH 3 AGEOTERFES BF obFpi (e HFREASION Was

fogihnesd i | £ €dhr&dd tri bridye/actRe al yRARLAXIJRIRlY solid
70Cto yield the title conpound as an ofange/yellow

solimpurtity .t i The fddprate icondisimdibpE ian twoapypessf system.
orc%%naiagtﬁsy% ven%s gnd ist | S V}theo 4/ 0213132%1 e t4 funnel
P D0BY3E° ¥85 HFRASHE DuttHied bf ESMier&t%n !
t 0 diedbisrerraidie0L atid RPichrefaklilbyraddi tthen vwilatiles were
excess methanesul phonic acid to a methanol slurry of

t h&ESFONGE  PHIAHOEATYhi SV IRAATIQR i ndEBipPetfdnally in-vacuo,

di is t s t ' sat ReNngoe 31 .
i sol ate 18{# :%nm%%@‘%gﬁéﬁﬁénﬁé?ﬂ %\gégogfolglgg\ﬂed P NMR:
by =nw&Shppm , WixHs eurer. &l = 352.85.

14.2 Preparation of (1-Ad).PH

LiAlH, (2.54 g, 67.0 mmol) was added over 90 minutes to a
chilled (-10°C) solution of (1-Ad,P(0)Cl (10.00 g, 28.3
mmol) in THF (120 cm®). The reaction was allowed to warm
to ambient temperature then stirred for 20 hours. The grey
suspension was cooled to -10°C. HCl (ag. 5 cm® c. HCl in
50 cm® degassed water) was added slowly via syringe
(initially very slowly due to exotherm of reaction),
yielding a two phase system, with some solid material in
the lower phase. Further HCl (~ 5 cm® c¢. HCl) was added to
improve the separation of the layers. The upper phase was
removed via flat ended cannula, dried over MgSO, and
filtered via cannula. The volatiles were removed in-vacuo
affording the product as a white powder, isolated in the
glovebox. Yield 6.00 g, 70%. *P NMR: = 17 ppm, 100% pure.
FW = 302.44.



drying to give the title conpound as a pale yell ow

solid (14.0g, 540-0. 10 1H NMR (250 MHz; CD3CN) :
wo®2003/M2432H, d, J = 2Hz) ; 4.35 (5H, s); 4.27 PAFGBR03/003936

2Hz); 3.34 (4H, br); 2.6 (6H, br,); 2.35- 2.18 (18H

br): 2.16-2.0 (18H, br); 1.92-3072 (24H, br). 31P N\R

(101 MHz; CD3CN): 526.58 ppm 15 El enental anal ysis:

Found: C:.64.15% H:7.88% Cal cul ated: C.64.29%

H:1ls 94% Bevapfralidicl) Preparationopf 1,2 1,2-bis(di-1-
bm(al 1= adarant y1 pnosphl nonmet hyT)
U3, PRl ¥ Phdigrrocene hisreihapesylphonate

thls | igand was carried out as fol lows: 25 14.1

Preparation of (1-Ad)2P(O Cl Phosphorous trichloride

( 8the M8, t0.e98compunas wasdeprepaped| yinvi accandahast avigh the

conbi nation of alum pi n]chlorl §é§5 0 g, 0.19 nol)
5 arF AERMEFR apEeTRYI51e0 qf affording a tan

suspensi on. The reacti on vvas heated to ref lux. After

10 m nutes, a yell ow orange suspension was forned.

ThExamptelbﬁ was refl uxed for a total of 6 hours. The
exces P 3o

75§%osﬁnlﬁ@@étngliOfaﬁbbcametbﬂpemetnanesamphonange
sortd-was forned. Chlforoform (250 cnB) was added
10 yi el ding an orange suspension, which was cooled to OC

i%s (150D£n§)- (¥as_ &gﬂgghg?ié’&éﬂantﬁﬂ' aph¥sbhenic chloride

St+of vi—SCOosStty rncreased, ouatr o TUl addrtion
ofwaat prephﬁedvnncas:cbydtaaseeweuh EhenmelthodpeifnExapple 14.1

;fggéégnsﬁg%gﬂgl&H%Ma§£megg§lg3g§£n€angt pﬁere ?6.132 mol)

instead of adamantane, and AlCl; (18.5 g, 0.14 mol). Yield

15 23.5 g FW: 409.08. *P NMR: &: 87 ppm (s).

15.2 Di-1-(3,5-dimethyladamantyl) phosphine

was prepared as Example 14.2 above except using 25.0 g Di-
1-(3,5-dimethyladamantyl) phosphinic chloride instead of

20 di-l-adamantyl phosphinic chloride. Yield 15.7 g, FW:
358.58.. 3P NMR: &: 15.7 ppm (s).

15.3 1,2-bis-(di-1-(3,5-dimehtyl-

adamantylphosphinomethyl) ferrocene-bis-methanesulphonate

25

The title compound was prepared in accordance with the
procedure exemplified in Example 13 except using di-1-
2(3,5-dimethyl-adamantyl) phosphine (23.69 g, 0.066 mol)
instead of di-adamantylphosphine. Yield 15 g.

30

Example 16
Preparation of 1,2-bis(di-1-(4-tert-butyl-adamantyl)

phosphinomethyl) ferrocene-bis-methanesulphonate




Buchner filtered to renove the yell ow orange solid
inmpurity. The filtrate consisted of a two phase

weyauem32210 The | ower phase was separat ed usi nBCEGB2003/003936
separating funnel, dried over MJSO4 and Buchner
filtered. The volatiles were Tenmoved via rotary
evaporation, drying finally in-vacuo, affording an
of f-white powder. Yield 35.0 g, 99% 31P NVR = 85
ppm 99% pure. FW= 352.85. 15 14.2 Preparation of
(1-Ad)2PH Li Al H4 (2.54 g, 670nm3|24| dde% over 90. .
m h6t és t oDh- 1rh4rt@ﬁtrbu¢wiaiamam )nfp 19SRASBAE) oF loride
(18a99 Fe %%e% 'ﬂliitéaiﬁéﬂé¥h spHffic chloride of
reacti on S a Io to warmto anbien te erature
t hEraspller ed ﬂoreﬁ@emuuslnghé-g:rea;t wantare 25.37 g

| ed cnB
S GodAs 138 MRiar I rRsEatants SoRBarT vy &P ALTST118.5 9, 0.14
(i Bbﬁ.')a' E{Xe‘iﬁr%25%0§4ar‘wdugsh09§><0”tem110f §:eaqt ippi) (s) .

25yielding a two phase system wth some solid
material in the |ower phase. Further HCl ( 5 cn8 c.

Ca%ﬁ%' %ré’glﬁé.leéﬁ O&QV ﬁ\&SCﬁlamdadémhheyed phcﬂs;ﬂ‘arrrml af Example
The vol at

es were renoved in-vacuo 30 af fordi.ng the
10 pr 34u@t &XCEDHRhi VEiPGdR, 5 s@ a¥d I nl41HeT Ezpﬁkxﬁggamantyl)

JoShfebidit IS WWEread) GPPEL 108dAEyL Dicsphinic

Pr epacatiden ofidld- bis(di,- IFw:adananagl phiespliRomdt hylls). 62 ppm

ferrocene- bi s- met hanesul phonate The title conpound
wadSpr-epared in accordance with the 5 procedure

exenplified in Exanple 13.

15 16.3 1,2-bis(di-1-(4-tert-butyl-adamantyl)

phosphinomethyl) ferrocene-bis-methanesulphonate

The title compound was prepared in accordance with the
procedure exemplified in Example 13 except using di-1-(4-

20 tert-butyladamantyl)phosphine (27.39 g, 0.066 mol) instead
of di-adamantyl phosphine. Yield 14.52 g.

Example 17

Preparation of 1,2-bis-(l-adamantyl tert-butyl-

25 phosphinomethyl) ferrocene-bis-methanesulphonate

17.1 1-adamantylphosphonic acid dichloride

This compound was synthesised according to the method of
30 Olah et al (J. Org. Chem. 1990, 55, 1224-1227).



Exanpl e 15 Preparati on of
1, 2-bis(di-1-(3,5-di net hyl adamantyl) phosphi nonet hyl )

W0 eronozsE- bi s- met hanesul phonate 10 15.1 PCT/GB2003/003936
Di -1-(3, 5-di met hyl adamantyl ) phosphinic chloride was
prepared in accordance with th&2method of Exanple 14.1
except using 1,3 dinmethyl adamantane 21.7 g (0.132 nol)

i nstead of adamantane, and A1C13 (18.5 g, 0.14 nol).
Yi ghds 15 235 35fa N1 49odSnisd P NVRS: 87 ppm (s).
157 —t=(3;5-drnethyradamantyl ) phosphi ne was
prepared as Exanple 14.2 above except using 25.0 g D -

“1- (3, 5-di pet hyl ad n SPRE DL C 0k L-astea

ot LEpfi [TIDG ST ) JRP°RIBAFGTLLOS  dBuieteny coonea
9, s5Witi888. 682¢) 3UE NVRad&SnahbyTphpsphshiclsadid dichloride
1, 2-bis-(di-1-(3,5-di nehtyl - adarmggyl phosphi nonet hyl

5 f edL6c&he- B9 sTReL hadds (FFhonaPe ©8%5) Th tlf%acétbjrﬁ)%u‘ffés then
m%l&%ﬁgar gg RMQE@C‘EW daReen¥ thmbBeatRiecedd fras stirred for
exempliTred in anpl e 13 except "using di-1-

2( 3p5-ured hyThadameyt \$ygpespiomewds3 theng ceobsd (0°C) - and

ey 756 Y epipthy 1B SOy A8AEH U YRtk Go Yrrora
1, 2R spihad - (Ardernd - RuEM! -hmBbYil present in the lower

phosphihomet hyl) f er r ocene- bi s- met hanesul phonat e WO
10 209hAGRA 3 220RGTACER003/ 5630368 oM 16 14M) was then added to

Di-.1-(4-tert-bu y, sphini ori

or SEREST S o bWy T aaeed y PO h G AT el o Fe ) THT
Exphalse lWad esagpiedising Ldrentlebuapfadiiied apye2s. wygnesium
g

sulphate. After filtration via cannula, the volatiles were
removed in-vacuo to afford the product.
15

17.3 1-adamantyl tert-butyl phosphine

nBulLi (20 cm®, 32 mmol 1.6M soln) was added over 1 hour to
a cooled solution of 1l-adamantyl phosphine (5.0 g, 30
20 mmol) in THF (100 cm®). The solution was allowed to warm
to room temperature and stirred for a further 2 hours. The
solution was recooled to 0°C and tert-butylchloride (2.78
g, 30 mmol) was added and stirring continued for a further
16 hours at room temperature. The reaction mixture was
25 quenched with water and the aqueous phase extracted with
dichloromethane (2 x 50 ml). The organic phase was dried
over sodium sulphate and evaporated in-vacuo to yield the

title compound.

30



5 (0.132 nol) instead of adamantine, and A1Cl13 (18.5
g, 0.14 nol). Yield 22.6 g FW 464.98. 31P N\R S: 87

WQ@pin(34322 16. 2 Di -1- (4-tert-butyl adamantyl ) phpepbBa@®3/003936
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was prepared as per Di -i-adanag%yl phosphi ne of
Exanple 10 14.2 except using .50
Di-1-(4-tert-butyladamantyl) phosphinic chloride

i nstead of di-I|-adamantyl phosphinic chloride. Yield

9. 4794 FW14d4p48- (3PadifuntSy1l 18t62tpbutylsphosphinomethyl)

16.3 I, 2-bis(di-1-(4--ter -butg - adamant yl )
phﬁgﬁﬁﬁﬁﬁﬁﬁih&fiﬂiéhang BPRaLSt hanesul phonat e The

title conpound was prepared in accordance with the
procedure exenplified in Exanple 13 except using )
di The( 41t2@ t eotpbunsl| atzeraprepppedsphit neccerdgacy with the

0. 08810 et - o0 00T Mo Ging 1

1, dabinant {1 adaempt puthar t gidsphindd (14.78 g, 0.066 mol)
phosphi nonet hyl ) ferrocene- bi s- net hanesuyl phonate 17.1

1- angheadyPEhespheaAmansy Ll dPBreRhdPPde YRS EofPodnd
was synt hesi sed according to the nmethod of 30 O ah et
al (J. Og. Chem 1990, 55, 1224-1227). WD 2004/024322
PCEk&RP06831.603936 92 17.2 1-adanantyl phosphine

2

Li AlH4 (3. , 74 mmol added _over QU t
coRF@PagahgﬁginnOFOf)Jgéﬂﬁgéﬁéu ARG Eﬁ%é@gﬁé@fhomethyl)

di ¢hl-ebbage-BiklRe8handsiBhbnbiteTHE (250 cnB). The
reactrTom was then altowed to warm to ambi ent
tenperature and was stirred for 20 hours. The grey
suspensi on cooled (0C) and HC1L (75 cnB, 1M
wa 8 Digla PSHe syringe, to afford a two phase

systemw th sone solid present in the | ower

Dy

This was synthesised according to the method of Tamara et

al. Organic Syntheses, CV 6, 378.

18.2 Di-1- (diamantane) phosphinic chloride

Prepared as per Di-l-adamantyl phosphinic chloride of
Example 14.1 except using diamantane 20.0 g (0.106 mol)
and AlCl; (16.0 g, 0.12 mol). Yield 25.5 g FW: 456.5.. 31p

NMR: 6: 87 ppm (8).

18.3 Di-1- (diamantane) phosphine

Prepared as per Di-l-adamantyl phosphine of Example 14.2
except using 25.0 g Di-1-(diamantane) phosphinic chloride.

Yield 14.0 g FW: 406.. 3'P NMR: §: 16.5 ppm (s).



10 phase. Concentrated HC1L (8 cnB, 11M was then added
to inprove the separation of the two |ayers. The

W@ appeeds2lTHE  phase was renoved via cannul a aneCTGB2@3/003936
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over magnesium sul phate. After filtration via

cannul a, the volatiles were r2hoved in-vacuo to
afford the product. 15 17.3 1-adamantyl tert-butyl
phosphi ne nBuLi (20 cn8, 32 mmol 1.6M soln) was added

oveg 4 hour, 3.0vi @ Pl BdiSMaiitypidsphiadsmentiyl ) ferrocene-
phosphrne (b 0 30 20 mmol) 1n THE (100 cnB). The
Sdlw_%ﬂfmm warmto roomtenperature and
stirred for a further 2 hours. The solution was

recooled to OC and tert-butyl chloride (2.78 g, 30

mthe Wit laddedmpodndt iwad n]greparédue'mfaccarﬂamcnerwith the
16 hours at roomter%fe tuyre. |on ur.e. Was

25PHREAEHER \VAHSTRAR nd tHFex ph§§‘é‘°—8§t R -1
Wi flam Qhegﬁéfg@i%%%&ﬁe(&% o ngp) OTbésoﬁr@ﬂ.m Cifdesed of di-
was r| ed sodi um sul fhate and evaporated

i nadamaotyd phebghihe. Yiel@ 3drPodind. 30 WO '
2004/ 024322 PCT/ GB2003/ 003936 93 17.4

1, 2-bis-(-1-adamantyl tert-butyl-phosphi nonet hyl)

f ek omBeNE- bbs- met hanesul phonate The title conpound
vvas_‘ﬁg_pﬁr—e—d in accordancg vvlth Eihe 5 dur e

Prepar atl on of 1 2 bi s. (d| -1 - d| armntyl phosphl nomet hyl)

fe:rLr,g(':Ene g'e%rg%teré%?r.etsﬂl thn%rloxa 6-phospha-adamantane

(obtained from Cytec, 14.0g, 0.066 mol) was added to a
solution of 1,2-bis(dimethylaminomethyl)ferrocene (Example
1, 10 g, 0.033 mol) in anhydrous acetic acid (100 ml)
under nitrogen and the resulting mixture is stirred at
80°C for 72 hours. The anhydrous acetic acid is removed in
vacuo at approximately 70°C to yield the crude title
product as an orange/yellow solid. This is washed with
hot methanol to give the product as a mixture of isomers

as an orange solid. (12.0g, 58%).

¥ NMR (250 MHz; CDCl;): 54.25-3.95 (8H, br, m); 3.46 (4H,
br); 1.57-2.0 (8H, br, m); 1.43-1.23 (24H, br m).

31p NMR (101 MHz; CDCl;): & -27.41 (br), -29.01 (s), -33.9
(br) ppm.

Elemental analysis: Found: C:57.80%; H:7.35% Calculated:
C:57.87%; H:7.40%



18.1 Di amantane 15 This was synthesised according to
the nmethod of Tamara et al. Organic Syntheses, CV 6,

WQ@Z®4/01822 D -1 - (di amant ane) phosphi ni ¢ chl or i BET/&82003/003936
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Prepared as per Di-|-adamantyl hosphi nic chloride of
Exanpl e 14.1 except using di an%nt ane 20.0 g (0.106
nmol) and A1C13 (16.0 g, 0. 12 nol) . Yield 25.5 g FW
: 456.5.. 31p NWMR S: 87 ppm(s) . 25 18.3
DlEzlar(lpllanzmt ane) phosphi ne Prepared as per

15| -adarrgnt I [ hj f.

14mQ fWoéQ@e 31PNI\/R S 16 5 ppm(s) 30 WO
Oﬁﬁig%ﬁSQQ—ﬁCT/G82003/003936 94 18.4
1, 2-bi s-(di - 1-di amant yl phosphi nonet hyl ) f errocene- bi

esul ti I 0 n e
S JEHIRNCTHRAE 0 T 14 L BB Gr A B i EBLucton
Exagpl & h3bﬁ>sG€(|6I1m&ih‘yg.ad11-nbmemmnmrﬁeameqdmh| (Bxample 1,

(26.79 0. 066 npl), instead of di- ada
808k b 057 aralh2 )18 GHegasH e MESTEGOR bl ik rofand - the

1, &19&3 d'sé%rﬁeé 5t et t werhtie under a nitrogen

trioxa- phos a- adamant met hyl”) ) f err ocene .
1, Stﬁpgphereanﬁcbhylz?réz hp&-rlsrl o¥he6- pe@shhingd argrignidcate is

(obtalne f.rom 4 Og 086 d to
15TEBPYERorPb1 fcf’}ﬂ’f {"ﬁ?}l?ﬁ] n"gﬁ%% hygiﬁlf%rjrgggned&ed to
(Byaaphethd, 1018, c@m@&ﬁn@'()&m nganhydrous acetic acid

(100 M) under nitrogen and the resulting mxture is

stirred at 80C for 72 hours. The anhydrous acetic
aChq I @nt8MP%Ed1L8is: Found: C:36.8%; H:5.1%; N,4.8%
Calculated: C:37.0%; H:5.2%; N,4.8%

3¢ NMR (D,0) : &53.27, &53.21, 6&53.15, d64.68, 871.77,

8673.24, 674.13, 874.95

Example 21

Preparation of 1,2-bis(dihydroxymethylphosphinomethyl)

ferrocene

Potassium hydroxide (8.52g, 0.152 mol) is added to a
solution of tetrakis(hydroxymethyl) phosphonium chloride
(Aldrich, 38.54g of 80% w/w agqueous solution, 0.162 mol)
in degassed methanol (40 ml), and stirred at room
temperature under a nitrogen atmosphere for 1 hour. The
resultant mixture is added dropwise to a degassed solution
of 1,2-bis- (dimethylaminomethyl) ferrocene-bis-methyl
iodide (Example 20, 19.98g, 52.2 mmol) in methanol (40 ml)
under nitrogen at room temperature with stirring. The
resultant mixture is refluxed under nitrogen for 20 hours,

and the solvent removed in <vacuo to form a red



vacuo at approximately 70C to yield the crude title 20
product as an orange/yellow solid. This is washed with

woet4peeshanol to give the product as a m xtur ePCF/GB2003/003936
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i somers as an orange solid. (12.0g, 58%. 1H NWR (250
Mz; CDC13) : 54.25-3.95 (8H, BFf, m) ; 3.46 (4H, 25
br) ; 1.57-2.0 (8H, br, m : 1.43-1.23 (24H, br nj.
31P NMR (101 MHz; CDC13) : 5 -27.41 (br) , -29.01 (s)
§éc@ ithey.PELe® ERenmemlp) anadmsﬂs eEherd: (85 ml) and

c: B7780% i 7.35% Cal cul ated:. . G 57.87% H. 7. 40% WO n
2o@zrxieizhtyiamm¢/ ¢B3008/ 0339 F81dash L g Rropiritate and the
Pr
t £ 1 hour. The
%8@5@& %hr]feacrin n%tnetrt?ﬁ%fgretrn cence: bi s O]r:ret hyl

i odqdeoﬁslvadnyéru ddi dEet(\d\BeQSga,nd) té4embraciedadaeth t diethyl

| ut f 1, 2- di net hyl
faelse?:@)‘gé‘lnggz ( %Xa%r?)l S ( %me Cd%lggirén’lq,f& fEF%rggéaS%%%racts are
methangly @H%%'ﬁ&bef”@htﬂezommﬂﬂ”dtﬁédré@éraboﬂﬂﬁﬁlsulphate

tenperature under a nitrogen atnosphere for 24 hours,
Thanldesi,lliltha‘.rgﬂ)r Shei etlher | is1genoNeded VAT r P Uﬁeld the

vvash her and dried t yig dt itl
Ss (hafg) Pumkhbdl Lhuryifel ronh gl e o
H %ﬁ%bc&l t&%llﬁél cmdx@tr@@ @&171&)% The. 20rulled. pdoduct  is

15 13C NVR (D20): 853.27, 853.21, 853 15, 864 68 Panol
g7rerrystgiiized g73ren, g¥4. 9HRINamslichpl oxietiane/methano

Pr%&ﬁ%@&dﬂngtﬁléﬁé”éﬁéﬁéwgﬁoéf"EEBMEpBQQEBH%%HF%Hﬂ)coollng

ferroce
to yleld the title compound (10.69g, 70% yield) as yello-

orange crystals.

Elemental analysis: Found: C:48.44%; H:4.12%; N,0.0%
Calculated: C:48.24%; H:4.02%;
N,0.0%

4 NMR: 51.75 (s, br), 52.70 (dd, 2 H, J%m 14.2 Hz, I’m
6.6 Hz), 52.85 (dd, 2 H, J%m 14.2 Hz, J%p 7.9 Hz), &3.71
(¢, 1 H, Jm 2.44 Hz), 83.58 (s, 5 H), 53.98 (d, 2 H, Jm
2.40 Hz), 4.06 (m, 8 H).

'{*P} NMR: 51.75 (s, br), 52.70 (d, 14.3 Hz), 82.85 (d,
14.3 Hz), 54.04 (m, 1 H), 34.06 (s, 8 H), 54.08 (s, 5H),
4.1 (m, 2 H)

3¢ NMR: 823.7 (d, J%c 15.6 Hz), 863.0 (d, J%c 15.6 Hz),
566.0 (s), 567.2 (d, J%c 9.2 Hz), 569.6 (s), 382.6 (d, J%c

14.7 Hz)

31p NMR: 5-14.7



Pot assi um hydroxi de (8.52g, 0.152 nol) is added to a
sol ution of tetrakis(hydroxynethyl) phosphoni um

wa@ bdoatopede2 25 (Al drich, 38.54g of 80% w w aquePUBEGB2003/003936
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solution, 0.162 nol) in degassed nethanol (40 m), and
stirred at room tenperature ufder a nitrogen :
at nosphere for 1 hour. The resultant m xture is added
dropwi se to a degassed solution of

1, Znbi-grédi gﬁbbwram paoel hyl 9Hat rocenevddls -pied tys )30
|od| de (Exanp e 20, 19.98g, 52.2 mmol) in methgnol éﬁj
m )333Unaercnhl {gogelrit rﬁi@‘rﬁh%pﬁ?%]ﬁ%r & L% 1CRBt r#979,0 cm

g r3e§ul fant gaggtbbr% -8 refluxed under nitrogen for
20°R8

urs, ~and theé 'solvent renoved in vacuo to forma
red WD 2004/ 024322 PCT/ GB2003/ 003936 96 precipitate.
Water (30 m), diethyl ether (85 m) and
trEEEEPEESm%ﬁe (35 mM) is added to the precipitate and

t h%reggka@l% o Al edpaks (a@gﬁbggmabaéuhgn gerkdeete.
an re-extracte Wt

diethyl 5 ether (2 x 30 m). The conbi ned et hereal

g)éf}lr’ %m&)&&a( r%%ﬁ%eﬁk&igﬁé%ﬁh}&é tﬁxglﬁkr@dc%eov QExample

I's renoved in
vagyo tm, 4/$§J ditheo aimisie) t ahde szﬁimmuntdeta]dlsﬁ@;flge% 5.21g,
yi el d) as a__mcrocrystalline orange solid. The q: c
pr@d’uélt mgnalg r ekt ys2EHed sebC f r 3m FWRaPARSE 1ven system

Sipd k4 0P i fuld) t BagaddigHtopetroleum
t ptéjlléaqﬁauman c%%llng tgylet)jthetlt &

codmnﬂ)(.lorlﬁa@gmliﬂ%:w eBd)reééuyt@Idl Fomrangeurs 1n air. The

crystals. nment al] anal ysis: J] 4 49
it FePRREAN 0 TR CLF Ara0lot A5 o0 PR, G3fh aqueous layer
N, Q-iévd . N'\?ﬂ%e Frdanis, 18yer, 152wABhbdd wihHdikHHled water
14.2 Hz, J2H
and the organ:Lc solvent removed in vacuo to yield the
title compound (2.66g, 70% yield) as an orange crystalline

solid.

Elemental analysis: Found: C:51.65%; H:5.75%
Calculated: C:51.80%, H:5.76%

ly NMR (250 MHz; CDCl;): & 2.7-2.8 (m, 4H), & 3.17 (m,
2H), & 3.18 (m, 2H), & 4.04 (t, 1H, J=2.54 Hz), & 4.09 (d,
SH, Jwp 0.4 Hz), & 4.13 (d, 2H, J=2.54 Hz)

31p NMR (101 MHz; CDCls): & 130.0 (t, Jgp 193.0 Hz)

3¢ NMR (60 MHz; CDCl;): & 12.9, & 65.6, & 67.3, d 69.4, &
86.9

3¢ DEPT NMR (CDCl;): & 12.9 (CH®)), & 65.6 (CH), & 67.3
(CH), & 69.40 (5 x CH)



20 6.6 Hz) , 52.85 (dd, 2 H, J2HH 14.2 Hz, J2Hp 7.9
Hz) , 53.71 (t, 1 H JHH 2.44 Hz), 53.58 (s, 5 H),
woe00982432 2 H JHH 2.40 Hz), 4.06 (m 8 H). BREK/8BR}03/003936
NVR: 51.75 (s, br), 52.70 (d, 14.3 Hz), 52.85 (d, 25 ‘
14.3 Hz), 54.04 (m 1 H), 54.08%(s, 8 H), 54.08 (s,
5H), 54.1 (m 2 H 13C NWVR 523.7 (d, Jlpc 15.6 Hz)
663.0 (d, Jlpc 15.6 Hz) , 566.0 (s) , 567.2 (d, J3pc
9 ﬂTtK)(Chiéﬁoﬁofﬁ) Na8B2pBatés) J2p2o8 39 d#='7 (Hrrodgp
6-14.7 WO 2004/024322 PCT/ GB2003/ 003936 97
Infrared spectra (CHC13 / thin film NaC plates 3337.8

32%§%§(St f%rt)rélgg ftmdpe@ygll%B‘:'@O‘B% 2928aPc¢lltled m/z

22 Pr'eparation of

1,279Leodvphosph|nonethyl)ferrocene

1, 2- bi s(di hydr oxymnet hyl phosphi nonet hyl ) f err ocene
5(Exanple 21, 5.45g, 13.70 mmol) and sodi um

mekabj fhbeke (5.21g, 10 27.4 mmol ) is added to a

mgg%h e levent system consisting of distilled

mapgépéﬁatﬁbh and |i ght ofiet rol eum aﬁa MIB -0, Phe(P-(2,2,6,6, -

mXxXture 1s ref Tuxed for 3 hours |n The

r esgErapethyphpsphinaRafsane 5

| ayer renoved. The organic |ayer is mashed Wi th

distilled water 15 and the organic sol vent renpved in .
10 vaeyeé -Dameyhglld 2t Behepiadécvenpoong (216669, 70@6%@@Id¥ﬂ4 18

o e A S oot BB gl Sshanne 22

H 5475é)1%'@§§(ﬂéﬂ)wﬁhd GGEl 3mixthred. heatdd nto 4HRP°68 under
(m

nltrogen for 20 hours. The reaction mixture is cooled, the

us

crude title compound removed by filtration, washed with
15 pentene (20 ml) and dried in vacuo to yield the title
compound as a yellow-orange solid (24.9g, 85% yield). The
title compound was characterised by 3lp NMR and mass

spectrum.

20 !H NMR (250 MHz; CDCl;): d 4.32 (1H, br); 4.08 (5H, br);
4.02 (1H, br); 3.94 (1H br); 2.84 (4H, br); 1.8-2.5 (8H,
br); 1.05-1.4 (24H, br,).

31p NMR (101 MHz; CDCl;): 4 4.15 ppm.

25
Elemental analysis: Found: C:64.26%; H:7.88%
Calculated: C:65.03%; H:7.94%



2H), 6 3.18 (m 2H), 6 4.04 (t, 1H, J=2.54 Hz), 6 4.09
(d, 5H, JHP 0.4 Hz), 6 4.13 (d, 2H, J=2.54 Hz) 25 31P
WORR401G2L2 MHz; CDC13) : 6 130.0 (t, JHP 193.0 PZI/GBD3/003936

NVR (60 MHz; CDC13) : 6 12.9, 65.6, 5 67.3, 6 69.4,

6 86.9 30 13C DEPT NMR (CDC13y°: 5 12. 9 (CH2) , 5

65. 6 (CH , 6 67.3 (CH), 5 69.40 (5 x CH WO

2004/ 024322 PCT/ GB2003/ 003936 98 FTIR (Chl orof orm

2?§kam§abegh 2298.5 cnl (strong) Mass spectrun1 Found
Z

8; Calculated mz 278,007
Pr Eﬁspmra&ﬁoaf qf o mgtdysl aPFﬁPﬁ§0§t§ aZrom t'H)ylene, carbon

teh\bﬂgﬁﬁ.ﬁél p&ﬂaph{lé'@ﬂ @Pn(@a)t%'l%éa’ ?*réceé@npéﬂl@ of the
4 —orhetnyr=2; o- neptadrene=-4 -one (14.0g, U. 1Uo nol)
|Spaédedttmnyeﬁtboa-(d|phosphlnonethyl)ferrocene‘
(Exanple 22, 14.7g, 0.053 nol) and the m xture heated
5to 120C under nitrogen for 20 hours. The reaction
M OAl WhEothsn L0l Bfl, stheredr W ddltdwe CQHEQUGIHlbyWD\tﬁﬂ 2 litre
by filtration, washed with 15 pentene (20 m) and
dr icepaici tyacwids t @VAcEIRE e6heOf | Bl  @BApJhRR a§h§r9ed with a

LR Bac  na A P ERy IR e Fipadgelditn. (1.4s

spe_(nt'? um 2fo1esNVR (25Q, Mmlseu@ms)termbumya@r(omhlmcynethyl)
- 4,08 (5H, br 2 (IH br (1H br), ; _2.84
10(4Ffierl§PFenel %2235‘5‘(‘13&@ ) (7 §2p3420 mfe%?r,?vd methane

sulfonic acid (2.25 x 10'3 moles) in 300 ml of methyl

propanoate/methanol (70 wt% methyl propanoate).. The
autoclave was heated to 100°C and when at that
temperature, ethylene (8 x 10°Nm™?) was added on top of the
15 vapour pressure of the solvents and immediately an
equimolar mixture of carbon monoxide and ethylene (2 x
10°Nm™2) added to the system through a pressure regulating
valve set to 10 x 10°Nm? above the solvent vapour
pressure. Suitably, the molar ratio of ethylene to carbon
20 monoxide in the reactor is approximately 9:1. The
temperature of the reactor was maintained at 100°C and as
the reaction proceeded additional carbon monoxide and
ethylene was added (on an equimolar basis) through the
pressure regulating Tescom valve. No catalyst

25 precipitation was observed.

Initial reaction rates measured in moles of methyl
propancate (MeP) per mole of palladium per hour and
turnover measured in moles of methyl propanocate per mole
30 of palladium were determined for the catalyst. This may be
accomplished by an analysis of the amount of gas consumed

per unit time (rate) and the total amount of gas consumed



31P NWR (101 Mz ; CDC13) : d 4.15 ppm 25 Elenenta
anal ysis: Found: C.64.26% H 7.88% Calcul ated:

w@2@3/008% H: 7. 94% WO 2004/ 024322 PCT/ GB2003/ ORGP 882003003936
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Exanpl e 24 Preparation of nethyl propanoate from

et hyl ene, carbon nonoxi de and%%et hanol catal ysed by a
conpound of the present invention 5 A nechanically

stirred autoclave (Hastelloy) of 2 litre capacity was
evaguahgdrRE akaceidn| hessehangeddsal hgas Behatviouroénd 100%
tri(di benzylideneacetone)dipalladium(1.44 x 10-5
nmobedctivetyi so(wethel t PUPHRPABSPhi nonet hyl ) 10

ferrocene of Exanple 2, (7.61 x 10-5 nol es) and

nmet hane sulfonic acid (2.25 x 10-3 noles) in 300 m

of THet mdactpi@panaat efepetatabl (Rﬂﬂ V)% apdhyinitial reaction
propanoate).. The autocl ave maeb ted . to 1

hEACRE Phdl TSRS I5AkAE % 365 o5 Eagge above.

gﬁg BQtEOEObeBEﬁ %§n¥aE§U519b§§§éaelﬁfT&BEeSQ|VentS
I medi ately an equinolar m xture of carbon

nDnOX|de and ethylene (2 x 105Nn1 2 ) added to the

Ssystemthro “"""sur t tve ot
%1 105NT2 a%a(‘fglé“uf%g n?lﬂ vapourT %r erégure aTEDLJ‘P'LS'<';1}3| ;’fep/m‘ﬂe

t he nol ar| pattix cuﬁl’eidrﬂylm t o claRdiwr) 20unpem éEideri 3 hours

t N . ronact

Fe—-eattpt—+S—3ap atety— 94 —Fhe—tenp { of
t h&YPedct e e o

or was ned at 100C and as

I €@ 9n proceedecgcgcyzyztl onal cafrbon nonoxi d&s el
et.hyl ene i ar basis) throughthe

pressure regul ating Tescom val ve. No cat al yst
Table 1

Comparative Example 25

Preparation of methyl propanoate from ethylene, carbon

monoxide and methanol catalysed by a known catalyst

Example 24 was repeated twice (Runs 3 and 4 respectively)
except the catalyst system was as disclosed in WO 96/19434
and obtained by charging the autoclave with
tri(dibenzylideneacetone)dipalladium (1.44 X 10™° moles),
1,2 Dbis(di-t-butylphosphinomethyl)benzene (7.61 x 107°
moles) and methane sulfonic acid (2.25 x 107 moles) in
methyl propanoate/methanol (300 ml, 70 wt% methyl

propanoate) .

The initial reaction rates (moles MeP/mole Pd per hour)
and turnover numbers (moles Pd/moles MeP) for the catalyst
were calculated as described in Example 24 above. The

results are presented in Table 2 below.



25 precipitation was observed. Initial reaction rates
nmeasured in noles of nethyl propanoate (MeP) per nole

w@btoopab43azli um per hour and turnover neasured POT/GBR@S/003936

5

10

15

20

25

of nmet hyl propanoate per nole 30 of palladium were
determ ned for the catal yst. s may be acconplished
by an anal ysis of the anount of gas consunmed per unit
time (rate) and the total amount of gas consumed WO

2004/ 024322 PCT/ GB2003/ 003936 100 during the
reaction, assum ng ideal gas behaviour and 100%

sel ecti vi [Yeriaumeinitisk &F&Roat e.| THRBOVRAJIYHPTWgEter 3 hours
repeat ed | Rbned) palfloldd tMedl/nEfaqt (meesSpd Aice Med)

t Urnover unhers calculated as déescribed

daRanf 8r poth runs2?s73Pspl ayed iln Table 1. M8¢i3®m

(IW—W frrote—TuL o (motes—ePrmote—Paizr)
| nital Rat e Pd/hr?bh%%%er after |3 hours Rugiigff,810

59,941 Run 2 30, 322 63,941 Table 1 10 Conparative

Exanpl e 25 Preparation of nethyl propanoate from

et hyl ene, carbon nonoxi de aﬁﬁﬁﬂ%ghanol catal ysed by a

known catal yst 15 Exanple 24 was repeated tw ce (Runs

3 and 4 respectively) except the catal yst system was

as Thes ctas ek  Nd¥@oABL 18484 (smed Tadble nédd and chabbeng) . that

t he aut ocl ave mﬁtg V . . , ‘ ,

tri%d b%‘?ﬁ%r}f%t_en% c&‘&néﬁﬁsﬁ?&ﬁ aﬁ?\ﬁﬂ?’fﬁ?ﬂ4p§‘1}3§§'um 1i;2-bis-

Mol @8)-t -bht 1?}z%fé$hﬂrrdﬁ{étt\ﬂylﬁlf)(f%¥ﬂd&@iﬁt hyl hh@nzenghe  known

(7.61 x 10- 0 nol es) and nethane sulfonic acid (2.25

x meldaddues) in  netRAPIE CHaroRusrRhesrinaws il ) benzene

7Oé%ﬁ{'¥gt“@omparable initial catalytic reaction rates.
However, the turnover number for the catalyst of the
present invention is significantly higher than that for
the known palladium 1,2-bis(di-t-
butylphosphinomethyl)benzene catalyst, thereby indicating
that the compound of the present invention increases the
rate of the carbonylation reaction compared to the known

bidentate system.

Example 26

Preparation of methyl propanocate from ethylene, carbon

monoxide and methanol catalysed by a compound of the

present invention

Example 24 was repeated (Runs 5 to 9 respectively) except
the catalyst system employed was obtained by charging the
autoclave with 1,2-bis- (di-1-adamantylphosphinomethyl)
ferrocene-bis-methane sulphonate (Example 13 or 14, 7.61 x
10™° moles), tri(dibenzylideneacetone)dipalladium (1.44 x

105 moles) and methane sulfonic acid (2.25 x 102 moles)



propanoate). The initial reaction rates (noles
MeP/ nol e Pd per hour) 25 and turnover nunbers (noles

weddoaob4s2 MeP) for the catal yst were cal cul at BCI/&82003/003936

10

15

20

descri bed in Exanple 24 above. The results are

presented in Table 2 bel ow Wb%3004/ 024322

PCT/ GB2003/ 003936 101 Maximum Initial Rate Turnover

nunber after 3 hours (noles Pd/noles MeP/ hr) (noles

Pdi{ 70l getief) RirophithtanethaifRd R3004 80Q,335051w087 methyl
Table 2 5 The results denonstrate (see Table 1 and
TaPFePamoat@ht the catal yst of the present invention

pal | adi um 1, 2- bi s-

(di-t-butyl phosphi nonet hyl )ferrocene and t he known
paThadiimitizd- bredckion buapephdsstiesonieRjnybenPeneer hour)

exhi Qit conparable, initial.catalyti e \O a .

L0 RWEVEROVERenbtPRE e FrtfBero B TeRcRER) ofgt( thP catalyst
t hferBl &SEiul AVeEdt ben 8ss6i-Upedi dant Exathpdeer24 haibove. The
that for the known palladium 1, 2-bjs(di-t-
burysphﬁgphrﬁonﬁﬁﬁ9n?eéeh§eﬁéb%at%|?@ OW¢ her eby

indicating that the conpound of the present invention
increases the 15 rate of the carbonylation reaction

cpnpar ed [trstihemk noirialbiRdeat at e | Spshever Exapsireageer 3 hours

2" onowi (A8 BE{ KR "EA(ar Lad BeoS iRl
t
t
e

heunpsesent i nvens2 pgs£xanpl e 24 was repeat ¥ ,BRdns 5
i tha. cat al vyct cvat oam
LI Ty ot Qyol\gélIQQG

nt
BUBy6d Mas obt ai #edO%% chargi nd t he

Run 7 35,986 64,441

Run 8 40,781 62,108

Run 9 39,251 62,108
Table 3

The results demonstrate (see Table 3 and Table 2), that
the catalyst of the present invention palladium 1,2-
bis (di-1-adamantylphosphinomethyl) ferrocene-bis-methane

sulphonate exhibits a significantly higher initial
catalytic rate and a significantly higher turnover number
than the known catalyst palladium 1,2-bis-(di-t-
butylphosphinomethyl)benzene, thereby indicating the
compound of the present invention increases the rate of

the carbonylation reaction compared to the known bidentate

system.



25 autoclave with
1, 2-bis-(di-I|-adamant yl phosphi nonet hyl )
w0 evonozeee- bi s- met hane sul phonat e (Exanpl e 13 BCT/G82003/003936
7.61 x 10-5 nol es), 3
tri(dibenzylideneacetone)dipaﬂPadiun1(1.44 x 10-5
nol es) and net hane sulfonic acid (2.25 x 10-3 nol es)
WO 2004/ 024322 PCT/ GB2003/ 003936 102 in met hyl
pr@eimat e/ net hanol (300 m, 70 w % net hyl
propanoate). The initial reaction rates (noles
MeP/ nol e Pd per hour) 5 and turnover nunbers (noles
Pd{ IMoA esoibRlnd 0sbt dEnAsillealbys tcomeimimad cul ated as
descri bed in Exanple 24 above. The results are
presd@ted a @ wgiilﬁeméﬁalwﬁflﬁuﬁPWﬁPFPQit%ﬁFEOf" and
Turn r nu el g /| B 2P/ hr)
5 (ol 68 pafing rqa’%ﬁg’%’)td fggg‘g,i?sgng’% 3t %ﬁ%dg, 034
64,996 Run 7 35,986 64 441 Run 8 40,781 62,108 Run
9 39,251 62,108 10 Table 3 The results denonstrate
"(see Table 3 and Table 2), that Xt he catal yst of the
present invention palladiuml, 2- pyis(yH
i -adamant yl phosphi nonet hyl ) f & r océne- bi s- net hane 15
sul phonate exhibits a significantlly higher initia
catalytic rate and a si 2hi gher turnover
nunber than the known cat pal | adi um
1, 2-bis-(di-t- butyl phosphi t hyl) nzene, thereby
i ndi cating the conpound ent invention
increases the rate of 20 Nparb nyl'a{j,on reaction
conpared to the known biggﬂf te syste

(Lo)m
(L1)n

(1)

wherein:

10

15

20

A, and A, and A;, A, and As (when present), each

independently represent lower alkylene;

K is selected from the group consisting of hydrogen, lower
alkyl, aryl, Het, halo, cyano, nitro, -OR'Y, -OC(0)R*,
-C(0)R?, -C(O)OR??, -N(R**)R?**, -C(O)N(R*®)R*, -C(S) (R*")R*®,
-SR*®, -C(0)SR*®, -CFs or -A;-Q°(X°)X%;

D is selected from the group consisting of hydrogen, lower
alkyl, aryl, Het, halo, cyano, nitro, -OR*®, -0C(0O)R?*°,
-C(0)R?*, -C(0)OR*?, -N(R?*)R?*, -C(O)N(R**)R?*, -cC(8) (R*)R*,
-SR*®, -C(0)SR*®, -CF; or -A,-Q*(X")X%;

E is selected from the group comnsisting of hydrogen, lower

alkyl, aryl, Het, halo, cyano, nitro, -ORY, -0C (0)R??,



WD 2004/ 024322 PCT/ GB2003/003936 103 Cdains 1. A
conpound obt ai nable by conbining: (a) a Goup VIIIB

waoredoal243e2 a conpound thereof; and, 5 (b) a coPmHGBdooozﬁ)03936

10

15

. 20

25

30

formula | or salt thereof: X4|6 X3 D2 X2 *EA~- M
@ \X31 (L2)m(-1)n (~) whéer’éi n: 10 A, and A2, and
A3, A4 and A5 (when present), each independently
represent |ower alkylene; Kis selected fromthe grou
congiS}RAg ofc (kv)(mzé@,en-N(RﬁRaaRz‘*,al-IQ/GQ)mm?F R¥%et -cn(a)o(R”)R28
cyan nltro - C(O R21, -C
O SRR22 -C. F@(?Rza) -@4 orc- %*@)lef g°) Rag )-c (S
(R27) Ras -SR29, -C(O SR 30, -CF3 or -A3- QS(XS) X6; D
is selected fromthe group consisti n% of hydrogen,
| ooer baltkyD, amdy|E Megetheiro, witansheni eaihon ORtgms of the

: %&%@Régéééggy%(c§§oé s ‘ﬂﬁ%h) %éz’ar Nét%;e}bﬁ 4form an
- G5Bt 9bna My Yubs¥) tXBed Ephéngt! echge from the group 4

consi sting of hydrogen, lower alkyl, aryl, Het, halo,
cyano, nitro, -OR19, -OC (O R20, V\D 2004/ 024322

PCEH @Q&ﬁé@&?@éﬁ CR'(R?) (R®), congressyl or adamantyl, X?

represents CR*(R®) (R®), congressyl or adamantyl, or X' and
X% together with Q* to which they are attached form an
optionally substituted 2-phospha-adamantyl group, or xt
and X? together with Q* to which they are attached form a

ring system of formula la;

X® represents CR’(R®) (R°), congressyl or adamantyl, X*
represents CRY(R*) (R*?), congressyl or adamantyl, or X
and X* together with Q' to which they are attached form an
optionally substituted 2-phospha-adamantyl group, or x3
and X* together with Q' to which they are attached form a

ring system of formula 1b;

X5 represents CR*(RM) (R*®), congressyl or adamantyl, X°
represents CR*(R') (R*®), congressyl or adamantyl, or X’
and X° together with Q® to which they are attached form an
optionally substituted 2-phospha-adamantyl group, or el
and X° together with Q® to which they are attached form a

ring system of formula 1lc¢;

X’ represents CR(R*) (R*), congressyl or adamantyl, X°
represents CR**(R%°) (R*®), congressyl or adamantyl, or X’
and X® together with Q* to which they are attached form an
optionally substituted 2-phospha-adamantyl group, or X’



104 -C (O R21, -C (0) OR22, -N (R23) R4, -C (O N
(R25) R26, -C (S). (R27) R28, -SR29, -C (O SR 30,

WO @l3/021322 A5- (B( X9) X' ; or both D and E t oget hePCTMGBR003/003936

5
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the carbon atons of the 5 cyclopentadienyl ring to

which they are attached form a%> optionally

substituted phenyl ring: Xl represents CRL(R2) (R3) ,
congressyl or adamantyl, X2 represents CR4 (R5) (R6)

. £089%eSe¥eOheAdRNBAL P, tOF wilcAndhell 262 taigeddised form a

with Q2 to which they are attached forman optionally

subtngt syegen- phoSpraubdakdntyl group, or X1 and X2

together with @ to which they are attached form a

ring systemof fornula la; 15 X3 represents CR7 (R8) 10

EF@ ) r(ep@&géﬂsssylcw’F (R¥fanmit)y) , c¥tgreepydsent s adRmantyl, X
R11 R12) , ¢ ress or adamantyl, or_X3 . and X 9

to’@%Pﬁ@Feﬂz:?h C@@ %ﬁaﬁ%%r? 1t hsg?nanS§¥ilac%d afd&“}%“&ﬁ’ﬁ' or X

optLgnatd ¥ ahsdit Wi phesphacadaneyt wrega@tpched form an

nghgng X)l{f: toget hrfalrﬂl\?\:nglt ﬁle to which they are attached

f coptaonadlyi neubyttewtred fophespharadeiantiflesgmoyp, or X°
CR13.(R1d) congr . y X

r epPEsént st(é%@?]ﬁl%&?ég)s% ‘@%ﬁ%?ess %feaggﬁgﬁthﬁi, form a
or rXag apdt&h begebkrulwi 1; B to which they are

attacﬁed forman 25 optionally substituted

2- phospha- adamantyl group, or X5 and X6 together with
B0 Wi chyd hey, af e @t taghed fhar Mm@ 1RGNSy PriBeft), each
roPhoi i Cles e © O e des e (RgP

mula 1c;~ X7 represents .
codgtepeydent lgd aspreglentXphosphoapses ensendR3 1 RBSLMONY ;
(R36) , congressyl or adamantyl, or X7 and X8
together with 4 to which they are attached form an

opj +eShst it gh-edp2\iwsphavadagamadalgr ovpmetal cation
X7 WO 024/024322 PCT/ GB2003/ 003936 105
thereof;

I, represents an optionally substituted cyclopentadienyl,

indenyl or aryl group;

L, represents one or more ligands each of which are
independently selected from hydrogen, lower alkyl,
alkylaryl, halo, CO, P(R®) (R*)R* or N(R*®) (R*)R*;

R! to R' and R* to R*!, when present, each independently

represent hydrogen, lower alkyl, aryl, halo or Het;

R to R* and R*® to R®, when present, each independently

represent hydrogen, lower alkyl, aryl or Het;

the ring systems of formula 1la, 1lb, 1lc, 1d and le are

represented by the formulae



and X8 together with Q4 to which they are attached
forma ring systemof formula Id; X9 represents CR37

W@ RB8)243R89) , congressyl or adamantyl, X10 5PCT/GB2003/003936
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represents CR40 (R41) (R42) , congressyl or adamantyl,
or X9 and X10 together with ¥ to which they are
attached forman optionally substituted

2- phospha- adamantyl group, or X9 and X10 toget her »
Wi th , Lo which they are attaghed forma y4ing systg@

of formula le; 19 nd 2, nand 8, Han (when ||

pr ? |, Reéack léleﬁdeﬁ”\ | RS B ROrRES) Re
arsenic ¢r anti M repres B

meit al R 5 R T r epr %ngé RE

b
opt i,;gmngl | weesubstret ut e@2- cyclrspent Bdi eny RS i n8&nyl ror  R®
aryl gigup; 20 L2 mgpresents opg or nore |ggands eaciue)

of which are independently selected from hydrogen,

l?ﬁer %Skyland akkeyl agybh halqepes@er®(134 3y epiRédERt4Ghypdrogen,
N(R46) (R47) R48; Rl to RI8 ggd R31 tg R42, whep 1
priesent, @®Hehli ndepepdEnt| yR 25 k@prRsentedfhir oyefependently

| ower al kyl,., a al ' 9 RA3nHo v, v?,
reprst faYbaell | Pofiks i/ TLD sy 1X0E Hde Ridnko v,
hyehr 0gen andower, alakyl irateplendientdly, prasent norkygen, sulfur
systems of fornula la, Ib, Ic, id and le are

r e &¥dht ed by the fornmul ae WD 2004/ 024322

PCT/ GB2003/ 003936 106 Y1 Y2 Y3 Y4 Y5 H 11 H R49 \

R54 Rases H R54 R49 H R54 Ras R64 R4s \ H R54 R R53

RGp £ RS3rRLRS53 R R53s R53

and m = 0 to 5;

provided that when n = 1 then m equals 0, and when n

equals 0 then m does not equal 0.

2. A compound as claimed in claim 1, wherein if both K
represents -A;-Q°(X°)X°® and E represents -2s-0° (X°)X*°, then

D represents -As-Q*(X")X°.

3. A compound as claimed in claim 1 or 2, wherein R! to
R¥® and R®' to R*? each independently represent hydrogen,
optionally substituted C1-Cs¢ alkyl or optionally
substituted phenyl.

4. A compound as claimed in any one of claims 1 to 3,
wherein R* to R¥® and R** to R** each independently

represent hydrogen or non-substituted C;-Cg alkyl.

5. A compound as claimed in any one of claims 1 to 3,

wherein one or more of the groups R' to R?®, R* to R®, R’ to



R51 Q R52 R51 R52 R51 R52 R51 R52 R51 R52 (la) (1b)
(1c) (1d) (le) R49, R54 and R55, each independently

wo egmmssat hydrogen, |ower alkyl or aryl; R50P€DGB2®3/003936

each i ndependently represent h drogen, |ower alkyl,

aryl or Het; and Y', Y2, 5 Y3,Y%% and Y5, each

i ndependent |y represent oxygen, sulfur or NR55; n =

O or 1; 10 and m= 0 to 5; provided that when n = 1

thef, nRé‘iqlxai R0, ahtl wher'sp REGUed SRY,t IREh m:daé%, Rt to RS,
eq ug; 152. roonpoqu as clainmed,in cla|n11

2o
V\:hgl’ ei £ fRPot KK GpResdrRIsther qwiths)the gHarhen atom to
nt 53{8( XL YcheliN@RAcHD SR SSEIM S T/ Efm clic
i%? t<5ﬂ?f\aconpoung gs cl 5 med in claln1fﬁor 2, & cyest
wheﬂ&wd Rtruetu2@.R18 and R31 to R42 each ‘
i ndependently represent hydrogen, optionally

Ssubstituted Cl-C6 al kyl or optionally substituted

10

15

20
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phenyl . a4.cofhgeRmdo s asathedNBe idhyanynenefofcrdmgsl to 3,
1to 3, 25 wherein R1 to R18 and R31 go R42 gach, 5 .
|nmm§ehtqf§ﬁ e presenet hjhrogERUBE Fo aéleibﬁ vt B egnd R°, R

C1- ag% qifkle;Lo é\ ﬁﬂrrp%undaﬁ ﬁitzal ﬁed éﬁaﬁy oReL oénd R32, R*

cl ai'ms wher éi n one or ndre of e groups RI
toaRy ®:, tCR3P6anR7 R%®, VW°ZCE&4& 0R#32>gether with the carbon

PCT/ GB2003/ 003936 . 107 R9, Rl to to
toaﬁfg‘ 59 R RIBNEYR3AT E 02 REBC 9@13985%@ RiaR A, form a

t 0Q&tdare Wity 1t ke qaithe atomto which they are
attached each independently forma cycllc al kyl

structure. 5

7. A compound as claimed in any one of the preceding
claims, wherein each of R' to R! and R* to R*? does not

represent hydrogen.

8. A compound as claimed in any one of the preceding
claims, wherein adamantyl represents unsubstituted
adamantyl or adamantyl substituted with one or more
unsubstituted C;-Cg alkyl substituents, or a combination

thereof.

9. A compound as claimed in any one of the preceding
claims, wherein 2-phospha-adamantyl represents
unsubstituted 2-phospha-adamantyl or 2-phospha-adamantyl
substituted with one or more unsubstituted C;~Cg alkyl

substituents, or a combination thereof.

10. A compound as claimed in any one of the preceding
claims, wherein 2-phospha-adamantyl includes one or more

oxygen atoms in the 2-phospha-adamantyl skeleton.



6. A compound as clainmed in any one of clains 1 to 3,
wherein one or nore of the groups RL and R2, R4 and
wR2004B2432n1d R8 , Rl and R11, R13 and R14 , R16PENGBRD3/003936
, R31 and R32 , R34 and R35, R37 and R38, Roo and R4l
together with the carbon to at®%hto which they are
attached each independently forma cyclic alkyl
structure. 7. A conmpound as clained in any one of the

preacedi ng  Edriddtind Vher elaiereh if Ryt @ridl8ofn@h83lpreceding
to R42 does not 15 represent hydrogen. 8. A conpound |

as Claifed | WhekPisne SPRIRESHYécedt PRYCRPRF A, unsubstituted
mhq&g%#% intyl represents unsubstituted adamantyl

or a ntyl substituted with one or nore 20

unsubstituted Cl-C8 al kyl substituents, or a

conhi nation therepf. 9. _A.conpound as clained in an \
Sonctor t he GHIRGHGGES cICHAIEE A opRy cre Sf the”Breceding
2- phosikiia- adaseatyl gepresenss e%t%HJ%HQéFéhaéﬁdl represent

2- phospha- adamantyl or 2-phospha-adamantyl substitute
Wi tapteimnadrl o st uedCel -aekyl ky| trifluoromethyl or

Suby é'rh}’ie”&]%ti8£a‘i‘1§gr%{;&f:#8{\:éci‘eg&%fh- %cgnE%IIS%?%EQd C;-Ce

as “clrar‘med rn-any o e preceding
wherliyl 2ophosptia-witarenky! repredeatenenon-subetituted C;-C
oxygen atons in the 2-phospha-adamantyl skel eton. WO
1020@%/1’6@4-322 PCT/ GB2003/ 003936 108 11. A conpound as
clainmed in any one of the preceding clains, wherein
congressyl represents unsubstituted congressyl. 5 12.
A dohpoudd eempderndredsi ¢ladiypesheinf anlye qgnecedi fdie preceding

cl aiqms, wWherein RS0 1.0 R53 eaah iq%ipen ent |
e CHBEPORE N s | Bt A ABCEHeently represent
t ridydsgEretdy Indif-substituted C;-Cs alkyl.
15
14. A compound as claimed in any one of the preceding

claims, wherein each of ¥' to Y° represents oxygen.

15. A compound as claimed in any one of the preceding
20 claims, wherein X' is identical to X3, and Xx°, X’ and X°

when present.

16. A compound as claimed in any one of the preceding
claims, wherein X? is identical to X%, and X%, XxX® and x*°

25 when present.

17. A compound as claimed in any one of claims 1 to 14,

wherein X'  represents CR'(R?) (R%), ' represents

CR*(R®) (R®), X*® represents CR’(R®)(R°) and X' represents
30  CR™(R™) (R*?).



phenyl optionally substituted with non-substituted

Cl-C6 alkyl or ORL9 where R19 represents
woedsedsst i tuted C1-C6 10 al kyl. 13. A conpoupdI/&a82003/003936

claimed in any one of the preceding clainms, wherein

R49 and R54 each independent|yl®2present hydrogen or

non-substituted Cl1-C6 al kyl. 15 14. A conpound as

claimed in any one of the preceding clainms, wherein

eaqly .of ArlcdipNdnd eRs €6BAL Me8XYEERNYl DA 6ONBRERAMsAY to 14,
claimed in any one of the preceding 20 clains,

whathereinl ¥'s reparsenss 8 £B)) Bhd XX XPrasends waamantyl,
D& hbrrdlents CORPANIARAS Shd! £F adk A S finddin

X6, X8 and X10 25 when present. 17. A conpound as

clained in any one of clains_1.to 14, wherein_X,

5 eprPeserft SC@F—%‘E‘F??; pRaflained, dpr Sduhine ERBIMERE) to 14,
. XhereRpesentss W%l@eﬂt@) apg? éécz_llr(@zesent}? 30represents
CRO (RIl) (RL2) .. 2004/ 024322 1'GB2003/ 003936
10¢omgressydnpo¥nd xepussanial IOR'4RY) 6RO oknd aKis nepresents
to 14, wherein X1 represents CR (R2) (R3) , X2
r efoESESCEYAdanant yl, X3 represents CR7 (R8) (R9) and
X4 represents adamantyl. 5 19. A conpound as cl ai ned
in any one of clains 1 to 14, wherein X1 represents

10CREQ-R2)A (FBYPOUNG REpFda3dAEd Idheseye, okzclaims 1 to 14,
CoERRET Xho08. K iR SO BPLr b eseny anamapeyl-
clains 1 to 14, wherein X1 to X4 each i ndependently
re%rle.serg‘ ggmag&%éi' as claimed in any one of claims 1 to 14,

wherein X' to X* each independently represent congressyl.

15 '

22. A compound as claimed in any one of claims 1 to 14,
wherein X' and X* together with Q* to which they are
attached form a ring system of formula Ia, and X* and X*

together with Q' to which they are attached form a ring
20 system of formula Ib.

23. A compound as claimed in any one of claims 1 to 14,
wherein X' and X® together with Q> to which they are
attached form a 2-phospha-adamantyl group, and X*® and X*

25 together with Q' to which they are attached form a 2-
phospha-adamantyl group.

24. A compound as claimed in any one of the preceding
claims, wherein K represents hydrogen.

30
25. A compound as claimed in any one of claims 1 to 23,

wherein K represents -A;-Q3(x%)XS.



21. A conpound as clainmed in any one of clains 1 to

14, wherein X1 to X4 each independently represent
wa@orgnessyl . 15 22. A conpound as cl ai med i n PO/GBR@®3/003936

of claims 1 to 14, wherein X1 and X2 together with @

to which they are attached f ot a ring system of

formula la, and X3 and X4 together with QL to which

they are attached forma ring 20 systemof formula

| bpe23. A cesppviuddasas! ailedteidn dny ciwimf 28 ,ai whetein -A;-

to 14,  wherein X1 and X2 together with Q2 to which

t hey (BN ast adpalirsinte 22piddghiXadamant yl group,

and X3 and X4 25 together with QL to which they are

attached forma 2- phospha-adamantyl group. 24. A

cogpoundAasanipaiumeld as ahpioed dn tdaeyposeedrfigthe preceding

5 glogbggmvl\ggvr}gr%%(r?e qu.}'ﬁi%t %?]%hé/gl{lg]g Ie‘gé‘ﬁéojf%&o c'%g,bon atoms of

whenei i lrc?é’rﬁt%@lte%{lA?ri% (2%) wibch Ven2P04@243%2ched form
PCT/ GB2003/ 003936 _ 110 26. A conpound as clained in

cl anmupsubatiditaited pBegyl( X8N9IX6 is identical to

-A2-QL (X3) X4. 27. A compound as clained in any one

of the preceding 5 clains, wherein D and E together

Wi tlg .t heac ardapowaidnas ok latimedcyiol opept adieengf riheg preceding

whi ch they are attached form _an unsubstituted phenyl
101 fgaips.” AheERIsund 288 & Yot rieﬁ’rﬁi?%nte*‘y&‘?r%%&-
preceding 10 clainms, wherein D and E both represent

hydrogen. 29. A conpound as clainmed in any one of
cl @ions 1At compeundhaeeicAdapmedprigs it ong- off( Xipigs 1 to 26,

wherein D represents -BAs-Q*(X")X%.

15 30. A compound as claimed in claim 29, wherein -A;-

0! (X")X® is identical to -A;-Q'(X?)X:.

31. A compound as claimed in any one claims 29 or 30,
wherein E represents hydrogen.

20
32. A compound as claimed in any one claims 1 to 26, 29

or 30, wherein E represents -As-Q°(X°)X'.

33. A compound as claimed in claim 32, wherein -As-

25 0°(X°)X'° is identical to -A;-Q*(X?)X:.

34. A compound as claimed in any one of the preceding
claims, wherein A; and A;, and A;, A, and As when present,
each independently represent -CHz- or -CoHs-.

30
35. A compound as claimed in any one of the preceding
claims, wherein each A; and A;, and A;, A; and As when

present are identical and preferably represent -CH-.



15 30. A conpound as clained in claim?29, wherein -A4-
A(X7)X8 is identical to -A2-Q (X3) X4. 31. A
w@ormpoeasd2 as cl ainmed in any one clains 29 or 3PCT/GB2003/003936

wherein E represents hydrogen., 20 32. A conpound as
claimed in any one clains 1 to , 29 or 30, wherein
E represents -A5-(B(X9) X . 33. A conpound as cl ai ned
in claim 32, wherein -A5- 25 (B(X9) X1 is identical to

A2-Q "' (X3)X4. 34. A conmpound as cl ai ned in any one

he pxecedin n an 3
g \ﬁ?mﬁ O%n a‘elt mél%%%&l N eg%n tn F’y r ep?géeﬁ) receding

CHZa:Lﬁl.B G&h&reerOeaﬁh Ap'coanqumd, aSamdan‘rBdQ n am:y Q° when
one of the preceding_ clains, wherein each Al _and A2,
anBTASENE4 arRFAS whéﬁntweéent ok | dBREfERAPAHg represent

pr present -CH2-. WD 2004/ 024322
5PC§%§§§§%§P8§3936 111 36. A conpound as clainmed in
any one of the preceding cl ai ms, wherein each QL and

o 37 er abf'y FIRFEEEh 22 5SHEBHorSls2a5 O Gt bl ERsoeding

cl algefgi, N aMmerig ofnthe pmeoedisi@ chLpi nBs WeellecBed from
n=1, m0 and L1 is selected from c cl opent adi enyl ,

phetgllopentesyenyd  nahenyl, piadenyhl yor t gapthyl, preferably
1o“|”§ Eu%s‘t‘i‘t%@e‘&y‘ég%ﬁﬁge %‘?1%53&38 A conpound as '

i an e precedi'ng clainms, wherein M
represents iron or a netal cation thereof. 15

38. A compound as claimed in any one of the preceding

claims, wherein M represents iron or a metal cation

thereof.

15
39. A compound as claimed in any one of the preceding
claims obtainable by combining: (a) palladium or a
compound thereof; and (b) a compound of formula I as
defined in any one of the preceding claims.

20

40. A process for preparing a compound as defined in any
one of claims 1 to 39 comprising combining (a) a Group
VIIIB metal or compound thereof; and, (b) a compound of
formula I as defined in any one of claims 1 to 38.

25

41. A compound of formula I



39. A conpound as clainmed in any one of the preceding
cl ai ns obtainable by conbining: (a) palladiumor a
w@ormpoedsd2 t her eof ; and (b) a conpound of for muPEI/GBa®3/003936
defined in any one of the preceding clains. 20 40. A
process for preparing a conpound as defined in any
one of clains 1 to 39 conprising conbining (a) a G oup
VII1B netal or conpound thereof; and, (b) a conpound
of formula | as defined in any e of clains 1 to 38.
25 41. A conpound of fornmula | WD.2004/ 024322
PCT/ GB2003/ 003936 112 X4 K 1K X3 Xx2 EA Q \x1
(L2)mOn (1) wherein Al, A2, K, Db, E, M L2, L1, Qi,
@, X1, X2, X3, X4, n a m gke a :pefined in any one
of clains 1 to 38. 5 47 ess for preparing a
conmpound of forrmula | as ed in ¢fai m 41,
conprising reacting a conp f foznula Il wherein
Al,” A2, K, D, E,L M L1, LE p andim&e as defined
for a conpound of formula I nd LGL a L& 10
represent suitable Ieakaq/a}oups, Wi th a conpound of
2/m

(L)
(1)

Wherein All AZI KI DI EI MI L21 Lll Qll Q2I Xll le X3I X4l n

and m are as defined in any one of claims 1 to 38.

42. A process for preparing a compound of formula I as
defined in claim 41, comprising reacting a compound of
formula II wherein A;, A;, K, D, E, M, Li, Lz, n and m are
as defined for a compound of formula I, and LG; and LG;
10 represent suitable leaving groups, with a compound of

formula IIIa and IIIb

K G,
D 2
e
E A ATLG,
////
(Lo)m
(L1 )n



formula Illa and Ilib K& DE2 kj LGL M(L2)m On
(1) WD 2004/024322 PCT/ GB2003/ 003936 113 HQ2 (X1) X2

woie402X3822 X4 (1lia) (Ilib) 5 wherein X1, X2, PRT/GE3003/003936

c
5D

10

15

20

X4 and QL are as defined in anyone of clains 1 to 38.
43. A conpound of fornula Il Mefined in claim42.
10 44. A process for preparing a conpound of fornula I
wherein K, Db EE M A2, Al, L2, L1, Q, @@, mand n
are as defined in any one of clains 1 to 38 and X1
and X2 together with 2 to which they are attache
forma ringQ° &9%Em of fornmula la as defi nd®Ri(X &8&yone
of clains 1t 38 and X3 and X4 together wi Q to
whi ch t hey argm%gt ("P’a

Ib as defined in any one of clains 1 to 38, :

onprisin eacting,a ¢ ound _of. formula XV H K 1-H
g%ﬁreén%ma@xg, 82, X9,npxy and Q' are as defined ]:'Ln anyone -

tached forma ring system of rmul a

of claims 1 to 38.
43. A compound of formula II as defined in claim 42.

44. A process for preparing a compound of formula I
wherein K, D, E, M, Az, A;, Lz, Ly, Q', 0°, m and n are as
defined in any one of claims 1 to 38 and X' and X?
together with Q® to which they are attached form a ring
system of formula Ia as defined in anyone of claims 1 to
38 and X* and X' together with Q' to which they are
attached form a ring system of formula Ib as defined in
any one of claims 1 to 38, comprising reacting a compound

of formula XV

wherein X, D, E, M, B,, A;, Lz, In, QY Q% m and n are as
defined in any one of claims 1 to 38, with a compound of

formula XVIa and XVIb



H (L2)mOn (XV) 20 wherein K, Db EE M A2, Al, L2,
L1, QL, @, mand n are as defined in any one of

w@b@imosi322t o 38, with a conpound of fornula XRCEGBRAW3/003936

10

15

20

25

XVl b WO 2004/ 024322 PCT/GBZOO%@%03936 114 Y1 Y2 RA49

R54 RA9 R4 R RG3 R I | Rya R52 R51 R52 ( XVIa)
(XVIb) wherein Y1, Y2, R49 to R55 are as defined for
a compound of formula I. 5 45. A conpound of fornula

XV as defined in claym44. 46. A processyZor the
carbonyl ation of an @thylenically
conpound conpr iR# ng i
unsat ur at ed conpo
co-reactant in

in any one of Blw

h carbon nonoXj
§3of a Ccgjg defi ned
& 47, pryocess\as'\defi ned

in claim46 wher { inclgges a

hydr oxyl group cohtaini ng conpound. "48. A process as

clained in claim46 (XVIa)7 wherein the d&XMenically
unsat ur at ed conpound conpri ses et hyl ene,

1, 3-but adi ene, oct-1-ene or vinyl acetate, preferably

Zowﬁgg kgn%i, Y2, R* to R®® are as defined for a compound of

formula I.

45. A compound of formula XV as defined in claim 44.

46. A process for the carbonylation of an ethylenically

unsaturated compound comprising contacting

ethylenically unsaturated compound with carbon monoxide

and a co-reactant in the presence of a compound as defined

in any one of claims 1 to 39.

47. A process as defined in claim 46 wherein the co-

reactant includes a hydroxyl group containing compound.

48. A process as claimed in claim 46 or 47 wherein the
ethylenically unsaturated compound comprises ethylene,

1,3-butadiene, oct-l-ene or vinyl acetate, preferably

ethylene.

49. A process as claimed in any one of claims 46 to 48,

further including the step of including a source of

anions.

50. A composition comprising a compound as defined in any

one of claims 1 to 39 attached to a support.



49. A process as clainmed in any one of clains 46 to
48, further including the step of including a source
wobRoosanizens. 25 50. A conposition conprisi ng aPCDGBoWAM03936

as defined in any one of clains_1 to 39 attached to a
support. WD 2004/ 024322 PCT/ GB2893/ 003936 115 51. Use
of a conpound as defined in anyone of clains 1 to 39

or a conposition as defined in claimb50 as a catal yst.

51. Use of a compound as defined in anyone of claims 1 to

39 or a composition as defined in claim 50 as a catalyst.



