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r 2 4 JAN 2007 1 A CATALYST SYSTEM The present 9
i nvention relates to conpounds, in particular 4 JAN 2007
conmpounds for catalysing the carbonylation of 5

et hyl eni cal |y unsaturat ed cofpounds, nethods of
preparing such conmpounds and the use of such conpounds
for catalysing the carbonylation of ethylenically

unsaturated conpoungsaa: %QL¥§9 gg Egylatlon of

ethyl enically unsaturate conpoun usi ng car bon
nonoxi de in the presence of a catalyst system and an

L5003 0h, BBl LTS 2SRRI, el

CfpRluds SYSkeRs coamaﬁyam@ourth\élll Hﬁkﬁbnﬁfaﬂluﬁ5 of
pal | adium) and a phosphine Iigand (e.g. an al
Ifallyr wnstaerated peBBRANAS: | MgaRadss Df preparing

T

ﬁﬁuﬂmyaﬂqgchmangathenghabmnylafl@mhﬂmammﬁﬂiLyuhqﬁﬁﬁnﬁated
relatively high reaction rates to be achieved, there
RUES-Sts a need for inmproved catal yst systens.

Sui tably, the present invention ains to provide an

i nproved catal yst far carbonylating ethylenically 25

Tinés atar el sorpounds . e e berl Pyl 1 anﬁaty@‘aaggecttompounds

t ion V cat alyst bl e
%?Iggar tl.1 ?{%jghé% éfh é e'r'se lr])L/(‘%uns,f‘?':lt urr'g dﬁl}'rrét system
anmnﬁnmdlcmhurhneam@qgﬁ s yBQl@btaEn&@ﬂid@pondlng ester

conbining:.. (a) a Goup VIIIB netal _or a_conpoun

C’trhé?ib%?mx%]ﬂd: g} X CBRPELRIS oY f SFmifEd L W"'@al tSuitable
dhengefi systems comprise a Group VIIT metal ({e.g.

palladium) and a phosphine ligand (2.g. an alkyl phosphine
or a bidentate phosphine ligand as disclosed in WO-A-

5615434) .

Although catalyst systems have been developed which
exhibkit reasonable stability during the carbonylation
process and permit relatively high reaction rates to be
achieved, Ethere still =xists a need For improved catalyst
systems. Suitably, the present invention aims to provride
an improved catalyst for carbonylating ethylenically

unsabturated compounds.

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

obrtainable by combkining:

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

(b} a compound of formula I or salt thereof:
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2 4 JAN 2007 2 X4 K7-}(3 r1 2 E'h"A, ~ X1 (Laymrr
IL)n {1) wherein: 5 A and A2, and A3, A4 and?Ap |AN 2007
(when present), each independently represent |ower

al kyl ene; K.is selected fromzhe group consisting ~f
hydrogen, |ower alkyl, aryl, Het, halo, cyano, nitro,
-OR19, -OC(OR7D, 10 -C (O R21, -C (O OR22, -N
(RR3) R24, -C (O N (R25)R 21, -C (S (R27) R21,

-SR', -C (O SR30, -CF3 or -A3-B (XS) XG Dis

sel ected fromthe group consisging of hydrogen, | ower
al kyl, aryl, Het, halo, cyano, *nitro, -OR19,
-OC(OR21, 15 -C (O R21, ¢ C (@22, - N(R23) R24,
-C(ONR2)R26, -C(S) (Rz7) R2B| -SR29, -C (O SR3D,
-CF, or -A4-Q (X7) x EJ; ' ected fromthe group
consi sting of hydrogef, Q afkyl, aryl, Het, halo,
cyano, nitro, -OR19, -OC:Q)/R20, g;o C(O)R21

-C(O OR22, -N(R23)R29, - ) (R25)E(2C-1 -C(S) (R2-1
YR29, -SR 29, -C (O SR30 -AS-s (}9)X10. 1
2 4 JAN 2007 3 or both '%ihd r tog kher with the
carbon atons of the mfol opent adi enyl ring to which
they are attached f ol ]mn

—_—

(Lr1}n
. (1

wharein:

L, and B;, and Ay, Ay and As fwhen present}, each

independently represent lower alkylene;

K i5 selected Efrom the group consisting of hydrogen, lower
alkyl, aryl, Het, hale, cyano, nitre, -0ORY, -0c{0}R*°,
—-C(o)R¥, -C{O)OR*, -N(R*)R™, -C(O)N(R**}R®®, -c(5)(R*IR%,
—-SR™, —C(015RY, -CFy or —-A;-Q7(X*1X5;

D is selected from the group consisting of hydrogen, lower
alkyl, aryl, Het, halo, cyano, nitro, -0R'%, -0C(O)R%®,
-C{O)R*, -C{OIOR%E, -n(R¥)R¥, -C{O)N{R®*IR®*®, —C(S) (R¥)R2F,
-8R*?, -Cc{0)s5RY, -CFy or -R.~0Y(X71XE;

E is selected from the group consisting of hydrogen, lower
alkyl, aryl, Het, halo, cyano, mnitro, -OR!?, -0C{0}RZ°,
-C(0)R*™, -C{O)OR®, -N(R*IR¥, -C{OIN(R®}R®*®, -C(8) (R¥}IR*?,
-SR¥, -C(0)5R¥, —CFy or —A,-Q° (xX7)x*";
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optionally substituted phenyl ring: 5 X represents
CR1(R2) (R3), congressyl or adamantyl, X2 represérttsjAN 2007
CR1(R5) (R6), congressyl or adamantyl, or X and

together with Q2 to which the&y are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1[3,7)]decyl group or derivative

t‘%]EeE%%f'l Iﬂ'o gﬁ )& @Ege§%e§:ogﬁi§{hert af% ormg,l\LFbﬁP of the

ey are at fached rmaring sys
cl:j,‘?ﬂlapF&QHad.lenﬁ Rbdg RO RS FHiejREi‘e(ht&)ad@sd form an

resents CR7(RB) (R con SS or adamantyl, X 15
[g]r%%%ﬁt Jnglg ‘%% &L %ssyl or adamantyl,
or X3 and X4together WIthQ to which they are

gttached forman opfi onaI |y substituted 2-phospha- ,
Xri epeiresenysl. OR3(RI) tRdyl gilﬂ@@[ﬁ@ﬁ}'derp\rat ﬂvlemant!fl X

gagr}g{af IJ'ait: e%ﬂb%'ﬂrt ﬁfAfaE?lg égg;ﬂe fgqornu '1b e¥1 and

HA9tbdre e RS54 iR50 QL'*I:RS&thRBﬂ. a2y (a]r:eb)aﬁ@ached fDrm an
represents CR13(R14) ( congressyl or adamant

‘PFeLp’r‘:e'é?e]n]t CR16( R17) (Rf@}jStleb‘ﬁ&Pessyl or adarm%t’@ll“as?ha_
1OF1 KR ¥ K3 JAN 2007 ?]g]c?éE&f@gtrﬁgﬁt hef Wielrh veB it Wi Eheor,

they. are attached T or
or X' and X¢ together Wlth 0° to which they are attached

form a ring system of formula 1la

Y'l

|
Hj H
R43 - ,III.-'"'

““QZ/TRES

= REE
(1a)
¥’ represents CR’(R%) (R"), congressyl or adamantyl, X’
represents CRlD[R”} [Rlz}, congressyl or adamantyl, or X3
and X' together with Q' to which they are attached form an
opticonally substituted 2-phospha-
tricycle[3.3.1.1(3,7]]decyl group or derivative thereof,
or X* and X* together with (' to which they are attached

form a ring system of formula lb

R49 ) tlr’RE”

RW—?& -Rs3
/ \
RS1
(1b)
®X® represents CRY?{RY)(R'}, congressyl or adamantyl, X°®

represents CRY™(R'") (R¥®), congressyl or adamantyl, or X°
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optionally substituted 2-phospha-
tricyclo[3.3.1.1{3, 71] decyl group “~r derivative

thereof, or X5 and X6 together with 3 to whi chztlhekAN 2001
are attached 5 forma ring systemof forrmula Ic Y3

R'aH Hs4 R R53 R51 R52 (1 G X represents CR31

(R32) (R33) , congressyl or adamantyl, X8 represents

@t OQE%T%F( %3%6)“](5% {? \%I?u it i aﬂg%%na’{% écﬁ{a g%? mﬂgﬁm an

- opdda onal |y SubStItutﬁmb%tﬁhQﬂﬁhﬂ 2-phospha-
trj cycl o 3 3. 1%7})<Léjecy3 group or deriyvatiyve

e 03 ]X7 Skt REPUR t AT QHSS Yt icte t hRyreot,
¥ exat § aghgd thE'Ehérr LG 15 Vgt ef%oLn&@ﬁnnﬂr@;%I b4 akhbned
ni- 1. Rs4 R50 R53 R51°R52  (1d)

Ty e et e GF!B?EG(HRSE {R3®lacbngressyl or adamantyl,

X10 represents CR90 (R41l) (R92) , congressyl or

adamantyl, or X9 and X10 together with & to which

they are attached fopmtn ||opti gnal |y substituted

2- phospha- tricycl of 1- {;{3”3}5‘] decyl group or
derivative thereof, 20 dr X9i1and X10 together with Qb

to which they are atR Wﬁﬂ ring system of

formula It 2 4 JAN 200
RS R52

(1¢)

X’ represents CREIHFEJIRH}, congressyl or adamantbyl, %

represents CR¥(R™) (R*°), congressyl or adamantyl, or X’
and X8 tc;gel:her with Q' to which they are attached form an
optionally substituted 2-phospha-
tricyclo[2.2.1.1{3,7)]decyl group or derivative thereof,
or X’ and X? together with 0' to which they are attached

form a ring system of formula 1d

(1d)
X represents CR{R*®) (R*), congreaasyl or adamantyl, X°
represents CR{R') (R¥}), congressyl or adamantyl, or X°
and X' together with 0Q” to which they are attached form an
optionally substituted Z-phospha-
tricyclo(3.3.1.1.{2,7}]decyl group or derivative thereof,
or X° and X'® together with Q° to which they are attached

form a ring system of formula 1=
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Y5 ROH RSA R R53 R51 Rs2 (1 e) QL and 2, and @3,

&4 and @ (when present), each independently 24 JAN 2007

represent phosphorus, arsenic or antinony; 5 M

represents a Goup VIB or VIId H netal or netal cation

thereof; L1 represents an optionally substitulLed

cycl open tadienyl, 10 indenyl or aryl group; L2

represents one or nore |i ds each ~f which are

i ndependent|y sel ected frofn hydrogen, |ower alkyl,

al kyl aryl, hal o, CO ghs R4%3 R45 or N (R45)

(RA7)R 49; 15 R1 to R™ R42, when present,

each i ndependently repriesent hydrogen | ower al kyl,

aryl, halo or Het; H& - ar@®R63 to R4A, when

present, each |ndepend 0 represent hydrogen,

| ower al kyl, aryl or HBF" R99, RE54 and R55, when

present, each i ndependent y}represent hydr ogen, | ower

al kyl or aryl; 25 R5 to R 3 when present, each

independently represent hydrogen | ower al kyl, aryl
----------- ¢ 2 4 JAN 2001 6 Y,

Q? a?@ & andaqﬁ Rhen Eres%ﬁ? @ach“ﬁﬁﬂepeﬂﬁ%ﬁ?my}f each

{ S ESRMnOXY 08 b r SHAU RIS sPhERE N arderifc lor Phtimony;

M represents a Group VIR or VIITR metal or metal cation

thereol;

L, reprezents an opticnally substituled cyclopentadienyl,

indenyl or aryl group;

L: represenkts one or more ligands each of which are
independently selected from  hydrogen, lower alkyl,
alkylaryl, halo, co, B(R™ (R*IR? or N(R') (RT}R';

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

represent hydrogen, lowsr alkyl, aryl, halc or Het;

R 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:
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and m= 0 to 5; provided that when n = 1 then nrequals

0, and when n equals ~ then m does not equal 4 JAN 2007
Such conpounds are referred to hereinafter as "the
conpounds ~f the invention". éPreferably in a conmpound

of formula I when both K 15 represents -A3-@B(X5) X6

and E represents -A5-Q 5(X} X10, then D represents

yha- QA Xy X6.yaSulfably, LR, C ﬁPQ# ungatura e%ﬂéﬁ%ﬁéhﬁgntly

mdy catal ySe the carbonylat

COPPDSES , oXpgen C ubat fyr @0 Wikl eni cal | y unsat ur at ed
conpounds, in the presence *f carbon nonoxi de and a

coreactant. In particular, the conpounds of the

h nvemtdon yay be enployed in  hydrofornylation
reacti ons, hydrocarboxyl ation reactions,
hydr oesterification reactions and hydroam dati on 25

Jrﬁf‘%'—or@ t(t:og exanpl e, the conpounds of the invention
catal yse the conversion of an ethylenically

unsaturated conpound in the presence of carbon
NONOX r oxyl roup containin conpound to
Q%V%%?Cfesgaﬁdl‘ﬂée'&apboxy% Lhenpi g ofae’tsr - and when n

SQRPEC T isloh fleReli G Qyide ¢hoi ce of 30 hydr oxyl
group contai ni ng conpound used (i.e. a carboxylic

acid if the hydroxyl group containing conpound is

r st i f _the_hydroxyl qQroup cantainin -
%@%ﬁodﬁ%mggﬁﬂgﬁ a coholrErfl §ré9JAﬁ%20%;ré%né¥}er @ the
Lonprenidntdy , tHdh el rparmounds. of the invention may
exhibit a high stability under typical carbonylation

reaction conditions such that they require little or
B¥:ferably in a compound of formula I when both K

represents -A;-0°{X°}X® and E represents -2:-0%{x")%!°, then
D represents —2,-0"ix"yx%.

Suitably, the compcunds 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 bha employed in
hydroformylation reactions, hydrocarboxylation reactions,
hydroesterification reactions and hydreoamidation
reacticns, For example, the compounds of the invention may
catalyse the conversioen of an ethylenically unsaturated
compound in the presence of carbon monoxide and a hydroxryl
group containing compound to the corresponding carboxylic
acid or ester, respectively, depending on the choice of
hydroxyl group contalning compound used {(i.e. a carboxylic
acid if the hydroxyl group containing compound is water
and an ester if the hydroxyl group containing compound is

an alcohol.
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5 repl eni shnment. Conveniently, the conpounds of the

i nvention may increase the rate of the carbonyhghcqhn 2007
reaction of an ethylenically unsaturated conpound

conpared to known catal ysts.7 Conveniently, the

conpounds of the invention may pronote high

conversion rates of the 10 ethylenically unsaturated
conmpound, thereby yielding the desired product in

high yield with little or no inpurities.

Comsegiiently, enployhpoulide sONPRENGsSvehtiB8 may exhibit a
i pvention y increase the commercial viability of a
Q%ﬁ%on?FéngﬁtﬁrO&Eﬂﬁrsuéﬁpé§aﬂheQﬁﬁhﬂﬂﬂﬂﬁﬁ4Qﬂ1oFEéﬁtiUﬂ
don&ihydeni c un r at 0 #@Qi ui t - th
conpounds ofq%%glinégﬁyionegi igg€ é?%iM%?%EQﬁ gh%r noe
ekt $lonenit nov drorivertimnidar bonydhet | owooboands of  the

mound i cul ar| | eni cal | |
RS e Lot T n e 5AESNEE of Mbar BoRbOAYLation

renoxi e &hthR §Ohy Pon1i€4Tl pntnast @4t 8@UcBRESLAd compared
Unexpectedly, it has been found that if the carbon
S ofEIoVE SETARUS KR - bEWHEEIETE ¥and thBe @mbmad omE  the

At ARd %oy bopdsdota C%igﬂ theycamawd of farmila .

I do not include a 25 hydrogen atom then this

gty eenica brwduvestaradtdl ysimpanricgh ekbrbbys yielding the
i ncreased_catal yti g _turnover in e carbonyl ation of

5 Uneht uPAPRECEondBUund tHpared 'trW%icoibEFgﬁlecr ne
GaFpoLnch heceng=§aeheny at @éﬂfmﬁﬁ #He XtomPBENAE X% the
and X1 and/or X4 bonded to and , .30 respectively,
FHEG ey a MMr GEFe@Sem Hisst cprapsraply, vighbility of a

A T R G o s T oA P Syt wpr e
gy LexeicaBilg | arhysatfirpredent cotpeuaadr bon satiambiaf, X5 the
éﬂ%ﬁ&ﬁ%ﬂs %ﬁé %ﬁ¥32983§en ion 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 ¥' and X* bonded to §? and the carbon atoms of X% and X°
bonded teo Q' in the compound of formula I do not include a
hydrogen atom, then this typically produces a catalyst
which exhibits increased catalytic Gturnover in the
carbonylation of an unsaturated compound compared with a
comparable compound where a carbon atom present in X!
and/or X*, and X' and/or X' bonded to O and QY
respectively, includes a hydrogen atom, Most preferably,
' is bonded to a tertiary carbon atom of both X' and X7,
and ¢° is bonded to a tertiary carbon atom of both ¥!' and

X’. Similarly, if present, the carbon atoms of X° and XS,
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bonded to @B, of X and XB bonded to 4, and of X9 and

X bonded to @& do not include a hydrogen atonmg ,Mo
preferably, @3, Q@ and b, if present, are bondgd!' .@?\gfﬂﬂ?
tertiary carbon atom of both & and X6, X' and XB, and

X9 5 and X10, respectively. Preferably, RlL to R and

R31 to R 12, when present, each independently

EPRUPa°ED. B3 LREy R HRBK, PO T bt Yeh e snamt o0 sr oy’ X

bsnapdi onal | p suﬂxst i hot edinslde&i ned h?ﬂ@b@én atom, More
trifluo fneth or, phenyl .(wherein the phenyl %roup IS
BpELBRA stidutamdag’ defllﬁwearﬁéF’@Fn) A1z chopdrd to a

pe ek e abl }éarBémt%t%np S5 o R4 x\ﬂheﬁ?paﬁ&@:‘ﬂ’ and X°

each independently represent hydrogen,

@Fﬂyx Wieshsics 1¥8Llypti onal | y substituted as defined
herein, trifluoromethyl or optionally substituted
phenyl. Even nore preferably, RL to Rl15 and R31 to

Réafemdiﬂenypr @senic erth amglepéndest IRy?, raa&asqﬁesent sach
%%d non-substituted Cl1 to C6 aIkyI or heng
HEh F‘ée%‘b%?i’ oFSRLE SISt iy GEedsh t RO libr subgtituted

fb§Elﬁ%$nE§kgf|leeQ:fréﬁﬂ; ?ngﬁgggﬂ'tvﬁﬁgrégntQjﬁp phenyl

a Wher’ eSent s hydrogen or

*mmlulbst Leut @@td.‘bnatld}.FCG mﬂiqtlltlmtb rHsef eniaf;i:yecl Rlh&eein},
nd R31.10 e present,. ent | .

FEbrERr i boar oPhrn: "ot 4int e ERRRf aleie i

:S[blciblaéll'@i‘t hybhseifytedN-PEOPYEFikSdl SRePEPRY! . Even more

n-butyl, iso-butyl, tert- but?I pentyl, hexyl and

RYREFRRLY, Bspddi AT’y afdt h§TI° WosK preFB?HbngFEwlttro each

represeﬁg%%%noséﬁstltuteﬁﬁgisgén eééli&né £Q§Pt|¥h16h is

wmmigmallpthybstntptepyhﬁ|dﬁfnmaﬂnherwmﬁunytlfluoromethyl
| SO- and

0, but t N
58 ophisuit SRR Vit ea RGPV BEFHarPeg pregerably, R
1aﬂdmfFom&kiyR3bn@oorRﬁprewﬁ¢n1tﬁiéyggupseag% tﬂnﬁ@peﬁﬁently

to R6, R7 to RO, RO to R12, R13 to R15

represent hydrogen, non-substituted C; Lo CG alkyl or
phenyl which is opticonally substituted with one or more
substituents selected from non-substituted C; to C; alkyl
or ORY where R' represents hydrogen or unsubstituted C,
to Cg alkyl. More preferably, R' to R'® and R*™ te 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-substituked C; to Cy alkyl such as methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
butyl, pentyl, hexyl and cyclohexyl, especially methyl.

Alternatively, or additionally, cone or more of the groups

R' to R}, R' to R% R' to R, R' to R, R to R!®, R to
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2 4 JAN 2007 9 R18, R31 to R33, R34 to R36, R37 to

R39 or R70 to R12 (when present) together with ‘Zlqelj;g_“ 007
carbon atomto which they are attached independent

may formcyclic al kyl structweres such as 1- norbornyl

or 1-norbornadienyl. 5 Alternatively, or additionally,

one or nore of the groups Rl and R2, R4 and R5, R7

R1 3and R 4 33 and /,, R31aAnN
I§RCME% R35 R31_7 ag{d ’R3 or g andngjﬂ Y ﬂz 9-.-;11911

pzr@saam:r) together with tihe G:ﬁahh:ﬁfh aammtauvwmrﬁja:ht hﬂyay are
10 are attached independently may forma cyclic al kyl
afbardign eéﬂdﬁpgfléi?&l'filly arn@s tore; eyetie alknl structures

r ﬂ{ghféﬁ:_t ppentyl, and R3,
T E RSl ‘?lms R33. K36, Rae and R12 (when

present) each i ndependently represent hydrogen, | ower

15 tyifl t hyl def i ned
Biai e o, eanet TeneLbic op3” es” Mgt Snd e groups
Alydmege, adpeesdakfy rhamsulst ig'0t eddChlt,0 KCB ahlyR!?, Rr!®

In an_especially efer,red e di t, each, of
T Rdp &on rod RO RIS v‘@»ﬁ"éinnf%.%rgesg][ﬁ?t1 angh %%t qrepl%gséﬁfﬂ R™

{ ngeent S
@%ﬁ&?ﬂed }6\94. ondgaf%%agﬁ%ar bon at%?n&gft%wh%@h they

40, at’esmetﬂveiydepahdehtbparmago Hypdmogen atwwbic 253lkyl
Preferably, Rl, _R4, R7, O 3 fi 1, R:9,. R37

TP R e whBREFF BARAY) 2 (o e ebt cS¥RE PN Hefe oL ruCtuze
@thstiaiate@&uoﬁexymefaﬂaechI@éhtﬁ, Rhd Ré, REl, KP4, r'?,
Rl7, R32, R-38 and, R4l (when, present), each
FIfeioreﬁervft the: safe subBli t mart B defllied har&sentand each

effhgdBy 12 FUS IR Pl B0 09 30 AOLEA2 a1k,
prese repr esent % sti1tuent
ta&ﬁﬂefammbﬁterbl mr NMarelPrad ertwﬂl;nelal, avaR,, particularly
non—-substituted C; bBo Cg alkyl and hydrogen, especially
non—substituted C; to Cg alkyl.

In an especlally preferred embodiment, each of R' to R'F
and R to R, when present, do not represent hydrogen.
Suitably, such an arrangement means ¢, @, o, @' and ¢°
are bonded to a carbon atom of X' to }{m, respectively,

which bears no hydrogen atoms.

preferably, R!, R?, R’, R'’, RY, R, R¥, R, R and R"
{when present}, each represent the same subkstituent as
defined herein; R?, R®, R®, R', RY, RY, R*?), R™®, R™ and
EY fwhen presant), each represent the same substituent as
defined herein; and R?, R®, R?, R', RY, R'Y, RY, R’®, R™
and R* (when  present}, each  represent the  =ame
substituent as defined herein. More preferably r!, R, R’,
rY?, Rr'Y¥, R, R, R¥, RY and R (when present} each

represeant the same  $1-Cpg alkyl, particularly non-
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Rl R13 Rx6, R31, R34, Raj and RO0 (when present)zqfe\z‘lAN 2007
represent the sane Cl1-C6 al kyl, particularly non 2

JAN 2007 10 substituted Cl1-C6 al kyl, such as nethyl,
ethyl, n-propyl, iso-propylion-butyl, iso-butyl,
tert-butyl, pentyl, hexyl or cyclohexyl, or
trifluoronethyl; R2, R5, Ra. Rl R19 Rla Rat, R36,

4 n nt),_gach i ndent | y, 5
Fa 0, C0er PSRN e 679 |OIALIONS peomnn,
izofprmiehet Aybaotahd R3o-BatyR), Rk -Hitby1 Ribdént{B3 hexyl
06, R35  and. R92 (when present%, each ingepqueﬂﬁlé¢q 19
PepFEsknteX Rty SAnkrellegramgyiyads Hefiled Bbove; » R

qei flpror onghylng Far!  qyaapl e%r&eni%; %ZCI‘RlQndBBgndently
and R ¢ (when present) each 10 represent nethyl; ,
RpraepniR' b4 same RIA -€achalsplesant defhped(whbave, or

resent) : and R3 a 5 2, 5 and R, ( N L36 3%
D CERNdone Ay, KnaRe, FRE FBE, RS 300, Tk LR ¢, &

asperial [yhen eersedtanbogha®eninabpehacpteyentepddsent the
invention each_.R to Rya and R31 to R92 group (when
R i )Ce Pdivds &t SeHidahmP st P¥ ubhiLhdonepehayl- For

helfbile: Rreferablgy, gach Rz tg R1§rand Rah (Orfhqe) each
group represents the same Cl to Co al kyl group
pertesanbriytmoh; RUb$i t 8 edRC1- 86" &rnd/ IR’ seshhagsepresent

thyl, .ethyl, n-propyl. .20_4 sqeprgpyl ,i12n- hui yl
PR et SRt P ana s ]S R 8P g1 WU s 1 (hen
Wreddnd) U EEtdyyte s Mostnanef €1 abt Yn-@aety1 RL to R 6

and R31 to R42 group represents non-substituted Cl1-C6
al kyl, particularly nethyl. 25 The term adamantyl when

B o B DY B e o EPReY, Uy npy present
posintiom learh R' tT:ri&'?chn{iSRgtol.P(q%,Qﬁf}dppyﬁhés phesent)
MG e Tt SUBIRILNL O OUR SHEANY Ferenn,
Pre’fere’lbly, each’ R' to RY™ and R* to R* group represents
the same €3 o Cg alkyl group, parbticularly non-
substituted C;-Ce¢ alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl
and cyclohexyl, or triflucromethyl. Most preferably, each

R! to R™ and RM to R% group represents non-substituted

C1-Cs alkyl, particularly methyl.

The term adamantyl when used herein means an adamankyl
group which may be bonded to @Y, 0, ¢, @' and 0%
respectively, in position 1 or 2.
Tricyclo[2.2.1.1.{2,71)decy]l is the systematic name for an
adamantyl group, suitably o', ¢ 0% ¢' and o7,
respactively, may be bonded to the 1 position or 2
position o©of one or two tricyclo[3.3.1.1.{3,7}]ldecyl
groups. Freferably, Ql and QE, and Qa, 0" and QE, when

present, 1s beonded to a tertiary carbon of one or more
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30 respectively, may be banded to the 1 position or 2

position of one or two tricyclo[3.3.1.1.{3,7}]deagyl
groups- Preferably, QL and @, and @B, Q and 05, ?ﬁhéﬁn 2007
present, is bonded to a tertimry carbon of one or nore

2 4 JAN 2002 11 adamantyl groups. Suitably, when the
adamantyl group represents unsubstituted adamantyl .

n_present are
St S « eV oot TFCondiGpanbys  arow
tep ey 3. ﬁnéu}iéslﬁll:éﬂqﬂdagfa@ﬂm& 5 ¢' eand he? canhano?, op°
atom aof the adamantyl group bears no_ hydrogen atom

e ddandheP Gregekay 26pt | BR&FRY2BdKpr PeBUeHestgesthe 1

10@3‘[ 20 ﬁ’f E&ﬁe QP%&EE "Pff%%:‘ﬂ%;ﬁt ept ${ §e42 FF&SQ%i F§fbups

-@RZ].ZIIEC (:G)TbGRZZat@IyaM ahyl | adaNnQIE@}B) @a:mp Cbe@y= no

N R25 _C (S (R27) R26, -CF3, -P(RS6)R57,
-PBH2, -PO (OR60) (OR61) , or
-SGBR62 vvher e| n R19, R20, R21, R21, R23, R24, R25,

R26, R21, R2B, |ower al kyl, cyano and aryl are as 15
The | damtierh HPYS6 TaY REPEHRMR ] hdepediBRRi 59, besides

f{syﬁ:pfa Iy tatB}ﬁQTOQSﬁle o%’velrno Ekyéubﬂﬂéué}gté_bgelegted from

when’t he adamanty roup 1s substitute
one=r oralrbyb, sub8R*, uentac @ RF&f i nbdlaboveithioghl y-C (0} R,

d 20 bstituents incl 40 stitut 2

%é&& RET: - oRIETO/oC (o Reo, PRSI G (0 ERBAN (R° R,
uor @27y RO3H, —N(ERZS) RZMRE& RFR56) Pﬁﬁmmf@ﬁ PRNGR25) Rag.H,,

and PQ$ RS, (R59) - CF3, wherein R19 regreselnts oz -
tRRISYeh! ﬂﬁnéubs:tqtuﬁgxﬁ - @peaiekyl Br.p :R21® , R7,

2, pPR3, g 24 o2 R25, /26 nd r
lﬁz/drogén B unsubstlt'ut e%% @a‘)‘lﬁky?%]%éﬁg , Fége =S
dEitimed ndepeindeatdy RPepreseift awrdubistddpgreibr® 1CRrepresent
}lr(i(lyogeonr, CJ'.-.'E!I_ylalk].rl aryl or Hek.

Suitably, when the adamantyl group is substituted with one
or more substituents as defined above, highly preferred
substituents include unsubstituked C) to €y alkyl, —Dng,

OC{O)R*®, phenyl, -C(C)OR*, fluoro, -S50iH, -N(R¥}R™,
-P{R*")R*, -C(O)N(R®)R*® and -PO(R*) (R*®), -CF,, wherein R'®
represents hydrogen, unsubstituted C;-Cs alkyl or phenyl,
R*, Rr*?, r*, r?, R?®, R?® each independently represent
hydrogen oxr unsubstituted C;-Cp alkyl, R*® to R>, R*® esach

independently represent unsubstituted C1-Cy alkyl or

phenyl.

Suitably, the adamantyl group may comprise, besides
hydrogen atoms, up to 10 subsbtituents as defined abowe,
preferably up to 5 substituents as defined above, more
preferably up toe 3 subskibtuents as  defined above.

Suitably, when the adamantyl group comprises, besides
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Sui tably, the adamantyl group may conprise, besides

30 hydrogen atons, up to 10 substituents as defizjﬁ

above, preferably up to 5 substituents as defin JAN 2007
above, nore preferably up toz3 substituents as

defined above. Suitably, when the adamantyl group
conprises, besides 2 4 JAN 2207 12 hydrogen at ons,

B Qo Sealst | AHEN Seasndel nedoDELELR, a5 dofined

ef abl y~eac ituent TS |den
Sebsin i uenis:e BEeahing ubsdddhit edﬂ.ﬁk-tGﬂL@rkW asd identical.
trlfluoronethyl particul arly unsubstituted Cl-C8

BFRYPrEed uSHPRE LREERS. R GRISYPSTefEFFdd Gakimmtifyl and

QfPf'Puof&H@Eﬁffs hysrepem &L ofe @b bdr Lrutd® cy-cp alkyl
adamantyl group is not substituted. Preferably, whe

forle thAan washadanmadt ylhigolp |1$r@f@sre¢ﬂ adamaniyl qroup
g%gﬁ)?ugg _‘é&l‘{lﬁg ta;:bmSaChladamint ythsgroc&g)mantyl group is

r'ca erm
ﬁuph@ﬁ@ﬁﬁmtmt@aclo[3.3.1.1.(3,7}]decy| group we nean
a 2-phospha-adamantyl group forned by the 15
conmbi nation of X and X2 together with Q7 to which

]@’P@feﬂ@lf?‘t tB688ImoRe2TRRACS PR adaimtiy1 gjlocHPp fPé nﬁgesent

he conbination of X3 and X4 together W t
Mmlch tdospomrel  afft afhendiila 2T phosptia- amhmamﬁwl gggupp is
r med by the conbination of X5 and X6 together with
%i???ﬁ Whith they are 20 attached, a
2- phospha- adamantyl group fornmed by the conbination
of X7 and XH together with 44 to which tqe% are
f

BY t kiiedCRRl 2-PhoelATiradaedaha- ghodp [Poriddasyl heroup
FoIDhRgh 0%, 01 A AU A BLRGRLIIET LoD Ol Ofby  the

are attac erein Q,
Comih trea 21 25 @bsxi|anﬂ(ﬁ thga@@&aamuym ngUQ'mMi@hiChey are

It f%&#EEpr%se nghgaghaﬁg%tg?Chg%%dg’ ég%méa& é%’ the
comblnatlon of ¥° and X’ together with Q' to which they are
attached, a Z2Z2-phospha-adamantyl group formed by the
combination of X* and Xf together with Q7 to which they are
attached, a 2-phospha-adamankyl group formed by the
combinaticn of X’ and X' together with 0' to which they are
attached and a Z2-phospha-adamantyl group formed by the
corbination of X° and X' together with Q5 to which they
are attached, wherein QY ©%, ¢, ¢! and @7 is in the 2-
position of the adamantyl group of which it forms an
integral part and each of 0', 0%, ¢° ¢' and ¢° represents

phosphorus.

The Z2-phospha-tricyclo(3.3.1.1.{3,7]1decyl group {(referred
te as 2-phospha-adamantyl group heregin) may opticnally
comprise, beside hydrogen atoms, one or more substituents.
Suitable substituents include those substituents as

defined herein in respect of the adamantyl group. Highly
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phosphorus. The 2-phospha-tricyclo[3.3.1.1.(3,7)]decyl
group (referred 30 to as 2-phospha-adamantyl grdh# JAN 2007
herein) may optionally conprise, beside hydrogen

atons, one or nore substituenss. Suitable

substituents include those substituents as defined

herein in respect of the adamantyl group. Highly 2 4

[ S [ tue i_nclude | ower. .
SRl BRnBEIEREhe] e 2P e e iy P8 eLoutarty
wspEssal tiytemet hyl C-Cx i fl valeget hyl | e<PRES asher ei N methyl,
R19' is as defjined hggein particuy)arly unsubstituted i
féil-f-%%ma?w%!bfrr ar_ﬁF?g aﬁ&'effe%“doagglcy%he?ﬁ/l defgewd paerein
Pa PROSPIRr Bl anBits iR d nel udes1ppie than Qe ang 4-

substituent, preferably each substituent is

defdeny iien ¥V of @rerp| Yhe t Zeplosihbspidamamheht grogp olpcludes
' |t d or e of the 3.5 0r 7 .
A3e8 PEph RhEL subSeREarR o R taln sl Shpe gt 1o
eferadl y, the 2- phospha-adamantyl group is

substituted on each of the 1, 3 and 5 positions.

Sui tably, such an arrangenent mnmeans the phosphorous

mtoofbihe 2nRhosphis AdAm M AAUPg Sy 51%02%§Qsﬁftuted

carbon atons in thé adamantyl skel'eton havin
drydpogerncmt owee MpEt Gbreef dralldy, Sther 7 positions with a

2-.phospha-adanman ._Qro i S _substituted on h of

R G AT Sl U Breinoliophe reter 1Y, Othe 2-
WrSiPUks | ighstieSutd®rdh tdadh Iof the 1, 3

substituent preferably each substituent is 20

4nfbn i PEF1tEepEci AMhFablat-erfith sansArrgagegeate means the

T AR LT U o i i O o L
IRmataat dbt yGankven 2 tphios pha- Goa eddman gy bupke bet wddsa@bng no
fgi,? | tt;iteonna‘latgrﬁts.er %%ts%nsprg]gggébw?n I:thrllee 5—_&[1]85? hé?—re?éle?mantyl
group 1s substituted on each of the 1, 3, 5 and 7
positions. When +the Z-phospha-adamantyl group includes
more than 1 substituent preferably each subsktikbuent is
identical. Especially preferred substituents are

unsubstituted C1-Cs alkyl and Erifluoromethyl,
particularly unsubstituked C;-Cy alkyl such as methyl.

Ereferably, the 2-phospha-adamankbyl group includes
additional hetercatoms, other than the 2-phosphorous atom,
in the 2-phospha-adamantyl skeleton. Suitakle additional
hetercatoms include oxygen and sulphur atoms, especially
oxygen atoms. More preferably, the Z2-phospha-adamantyl
group includes one or more additional heterocatoms in the
&, 9 and 10 poesiticons. 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

e b,
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in the 2-phospha-adamantyl skel eton. Suitable

addi tional heteroatons include oxygen and squhuE#.JAN 2007
atons, especially oxygen atons. More preferably, the

2- phospha- adamantyl group ih¢l udes one or nore

addi ti onal heteroatons in the 30 6, 9 and 10

positions. Even nore preferably, the 2-

- aflama i ncl.ydes addit |
B S e L B R, 01 Bl 50 B okRP2kne = qgmpnty?
preierab)) y, eadien tlfe 2tphosphddiadaormit yl hgredpatoms  are
i ncl udes. two_or nore |, 4 JAN Y .19 _additiona
Hieeb et brs &9 tﬁ@%%ﬂi%}éha%ﬁﬁ%ﬁ??l 2sRBpEPBA-adagantyl

StobPe dichi ORA Q%kﬁ@ﬁ%ﬂ%ﬁ BE€ supdeitiGdlds Mth one or

especially preferred 2-phospha-adamantyl group, which

meye opubshatiente substerfined iatrighe opcbudpEe an oxygen
titue as_defined._hergei [ u . ac y _

ST i eBeRn oA R 0padt ¢ PoReSapREnesE. the 2

adanmmnt yl skeletom. H ghly preferred
2- phospha- adamantyl groups as defined 10 herein
i ncl ude 2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-

ff ioxadanBidyd - L OUR phospha—ad kvl defined
2-%ho”§pha- 1.3 5.trinethyl-6, 9, 10- trioxadamnLyl~ — -0

heoed) 2- phoshhds 1, 3, Byphospha-1,3, 5, T-tetramethyl-6,9,10-
%ﬁ%ﬁ%ééﬁé%éjﬂ oMt N, 6 - Ao LEhSXRI3MBOL Y] QERYP- 6, 9, 10-
phosph@adarsipt tri {trifl ugreapf hyl . }-6, 9, 10phakpKadapaps, 7-

tyl 15 group. Most preferablg, t he 2-phospha- adamant yl
tetra i erkbipFemph iyl -6, 9, 10-trioxadamantyl group, and 2-

pahoshba- 1, 2. 0 i r{ & F ANBE N €16, 9 189 H d o@damaindney1
group or 2-phospa-1,3,5,-trinethyl-6,9,710-
grimxadabesty| grefpraRdyprefdrabl ¢-pwesphaoedarhanyl  is

- hg- ad | | i
SO o Rata | £ el RbBachoabhar Phetfndrpyr-6. 0, 10-
o Dbbpe dAmd eyl | §&bup or 2-phospa-1,3,5,-trimethyl-6,9,10-

trioxadamanktyl group.

Preferably, when more than one 2-phospha—-adamantyl group
iz present in a campound of formula I, each 2-phospha-

adamantyl group 1s identical.

The term congressyl when wused herein means a congressyl
group {alsoc known as diamantyl group) which may be bonded
to @', ¢f, ¢, 0 and ©° respectively. Freferably, Q' and
QE, and Qz, o' and Q5, when present, is bonded to one of
the tertiary carbon atoms of the congressyl groups.
Suitably, when the congressyl group is unsubstituted, ¢
and Q?, and ©°, Q' and ¢’ when present, are preferably

tonded to the lI-position of one or more congressyl groups.
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The term congressyl when used herein neans a

congressyl 25 group (al so known as di amantyl grQWPMAN 200
whi ch nay be bonded to Q, 42, B, 44 and ® 7
respectively, Preferably, Qiand 2 3 5Q and Q Qand

Q when present, is bonded to one of the tertiary

carbon atons of the congressyl groups. Suilably, when

| ' bstitut 30 _and , .
18 B0 5 iRun” e Tenph apud it ur cr P Toponagsice
pdtdged - pagoinisQn aindnecor MY COoNGE€SEYhe FHUPSsuktable

2 4 JAN 2007 15 _The congressyl group may optionally ]
Sehiph 1 SeT besinel Ulpa EOGER AWRLL GG afor@etined herein

bst d S. o Sui l e |,{ ue i ncl 0S
ﬁﬁbs%?%%ﬁﬁ%s %g d%??ne%dﬁg$§%%1 iﬁk§g bec?ggPRPheSrEfEIIEd
sitagimht yenig oupnc Hidgh| yaps @bt T ledt & substdst uebhksl groups,

- S T T

el ecabhyessthe gedgpessW guifhdsinsubstatat edodpdises
conprises hydrogen atons only. 10 Preferably, when
9&ﬁ¥9$?ﬁuﬁ?ﬁﬁ§d@%ﬁ¥essyl group is present in a

conpound of forrmula I, each congressyl group is

identical. Preferably, where one or nore ring systens
feforatuly, Iehen Iford, than ¢ok ocohgrassybregsemp in present
fonpound of f rq%%a 1, 50 &o RS3 each i ndependent |

e PosBHPEPBIE o kyIOmA Tor FREL VHRISF Gtps SapL 18

apddonadly substituted and/or term nated as defi ned
herein. Such an arrangenent neans @ Q, @3, Q and
@ of the ring systemof forrmula la to 20 e,

e aoin G e ofhe OE BBkl A RS P 1a,
Itndebendédt by depreasentrexptnionihl| y swhgbuhdt ed Glof@oila I,
R*® to R™ each independently represent lower alkyl, aryl
or Het, which group=s are opticnally substituted and/or
terminated as defined herein. Such an arrangemant means
¢*, o', 0% Q" and Q° of the ring system of formula Ia to
Ie, respackively, is not bonded to a carbon atom bearing a

hydrogen atom. Even more preferably, R*® to R

each
indepandently represant optionally substituted Cl—ég
alkyl, preferably non-substituted C;-Cg; alkyl, phenyl
optlonally substituted with non-substituted C;-Cg alkyl or
OR'® where R'? represents non-substituted C;-Cs alkyl, or

R*® each

triflucromethyl. Even more preferably R +to
represent Lhe same group as defined herein, particularly

non-substituted Ci1-Cs 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 Cp-Cg
alkyl, preferably non-substituted C;-C; alkyl, phenyl
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al kyl, preferably non-substituted Cl-C6 al kyl, phenyl
optionally substituted with non-substituted Cl-C? N 2007
al kyl or 25 ORI9 where R19 represents non-substi ul* elé
C -C6 alkyl, or trifluoronmetéiyl. Even nore preferably
R50 to R53 each represent the sane group as defined
herei n, parti cularly non-substituted Cl1-C6 al kyl,

eci 0.Pr r y n r
nlgo%“:i/s %ﬁworw 4 Tgé oggkeggﬁgﬁgrﬁggeﬁt % gg kyl or
(ﬂdﬂpounﬁr@f kY Ml des RIS amﬂer%heaamJtuuameaandgnthykyl,
represent optionally substituted C -C6_ al kyl, <a

M tHBA- s8bs Eeae el Y EﬁFfEEHExW B gand R

AN 204 0 bsti t t n
non-Subst i %gﬁegéé&@élcg%ll%lyl §gr %EP%%% hegfeé R19
hebreament s non- substituted Cl-CG al kyl
trifluoronmethyl or hydrogen. More preferably, R79 and
R54 represent the sane group as defined herein,
mEspRaially, wheydr ogenorPmeimss ablyg whetemenerorfdmnea Ia
ring systens of fornula la to le are present iR a
T UHEE JPreful 012 99mpeuRg gfe forpuddi dal . Y I\/*Bgt’Ir are

ﬂﬂéﬁﬂﬁégly'MS@Ehﬂgefgkéﬂl\g EERReSANt §1 1@ .00 enresent 5

Preferably, where nore than one ring system of
drygan a Paeterhbliys priesent momea thmpoond ontlrli@r Fylsdem of

%e ach su%h rftn systemlnL i.dent i Cg‘rln Pr errespl ula I,
%%&%'FI?S 8f “tthe™pr BSERF |nv51nt| oRCTRMY TG
et eduth ¥ depneseit st LR Adf)cd{R3) . X2 represents

CRL (R5) (RE) , X3 represents CRL (Ra) (R9) and X4
represents CRlo (Rll) (R12) ; 20 X1 represents

| i sepEs X3 nt
T Tl S BT RS St

trheee s8I iCRI( R2) (R3), X2 represents congressyl X3

0

especially

X! represents CR'{R®) (R’), Xx? rvepresents CR'(R")(R®), X’
represents CR'{RY) (R°} and X' represents CR™(R!) (rR'?};

X' represents CRR?}{R%), X? represents adamantyl, X°

represents CR‘?{RH} {Rg} and ¥* represents adamankyl;

x! represents ERll[Rz}l{Ra}, ®2 represents congressyl, x?

represents CR7{R?) (R’} and X* represents congressyl:

X' represents CRY(R®) {R"), X? represents CR*(R®)(R®), and X°
and X' together with ©! to which they are attached form a

ring system of formula Ib or a2 2-phospha-adamantyl group;

¥! 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;
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represents CR7 (Re) (R9) and X4 represents congré&gy%qu 007
25 X1 represents CR (R2) (R3) , X2 represents CR4 (R5)

(R6) , and X3 and X4 together with QL to which they

are attached forma ring systemof fornmula Ib or a

2- phospha- adamantyl group; 30 X1 represents

CR1(R2) (R3), X2 represents adamantyl, X3 and X

ogether wi.th Qh t@ sch they are attached form 3
AT R ATR G 1@ il 1 R or P PR neoaghRRY 3 X and
X aipjethed JIANRGPT tol ikl aprgsents OR (AR H)xm X2 ring
represents congressyl, X3 and X4 together with QL to

T e t heyT ol b tHe il 3 of TRRP R A3y bf IFFRAI a
| b or a 2-phospha-adamantyl group; 5 X1 to X4 each

i ndependently represent adamantyl; X1 to X4 each
X'hdep&ideathyindppesdattipngepssyent Xadamankgleach

i ndependently represent adamantyl and X3 and 10 X
each i ndependently represent congressyl; X1 and X3

x'naeperidenthyinappeseshrdgdapBptykeAndeXRgands¥1;
i ndependently represent congressyl; 15 X1 and X2
i ndependently represent adamantyl, X3 represents CRC

)g;a)nc{ l%g) egEH th%@@ﬁﬁéﬁﬂ&?cg%geggﬁp agégllng%tiylx%mﬁmia and

I ndependent [y present ressyl, represents
CREARSincRY e ety represents cORGF=ERYL(R1Z} : 20
X1 and X2 independently represent adamantyl, and X3
and X4 together with QL to which they are attached

fordpd k¥ ndnasysh@snelyf eepbachl &datantyl and %* and ¥
2- phospha- adamantyl group; 25 X1 and K2 independently

FhrryeiRnichh greesgenta P iR ¥ together with QL

to which they are attached forma ring system of

formula I'b or a 2-phospha-adamantyl group; K1 and X2
KXlogetdhet® virtdep@hdem hihi chephesemr eaddhachel, f 87 nrepresents

cR'{R¥) (R*) and X' represents CR'Y(R'Y) (R'?);

3

X! and Xx* independently represent congressyl, X7 represents

CR’ (R®) {R%) and X' represents CRY{R!'Y} {R'?%);

¥! and X? independently represent adamantyl, and X° and X!
together with @' to which they are attached form a ring
system of formula Ib or a 2-phospha-adamantyl group;

¥ 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 Z2-phospha-adamantyl group;

%! and ®? together with Q° to which they are attached form
a ring system of formula Ia, and % and x* together with p!
te which they are attached form a ring system of formula

Ik:;
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30 aring systemof fornula la, and X3 and X4 together

with QL to which they are attached forma ring systleddN 7307

of formula Ib; 2 4 JAN 260? |B X1 and X2 together

with @ to which they are attmched form a

2- phospha adamantyl group, and X3 and X together with
to which they are attached forma

- ph d 5 Hi f d
%n%aé’efﬁéﬁta O L B b N e thegeed fomm
Aheren ¢ phd-depfieseyt sgfdht R2A4R3Y3 I nepregerher with ¢
CR(R5)(R6) X3 10 represents CR7 (Ra) é%?% and X1

‘epr“ééléihst@m’o fREL)akrached )ﬂﬁrrneplaes ospha-adamantyl
%_EERZ)(R) X2 represents adamantyl, X3 represents

7(R3) (R9) and X4 represents adarrantyl 15 X1
represents CR1(R2) (R3), X2 represents congressyl, X3

epresents ) nd X4 represents _congressyl ; .
S X e it p STHENE TGy SdenEAdaRERPUNE . Jovsgtion
i&]}ﬁﬂd@%}l{bé@dﬂp@ﬁiﬁmﬂy represent congressyl; X1 and
X2 together with Q2 to which they are attached form a

ring systemof fornula la, and X3 and X4 together with

%rrru \M%%Efgtbhe%ﬁ(l d@iafgggtrﬁelﬁ?w tiﬂ% %ﬁgt( i ﬁﬁ beoX
tém/e:aa&ret:atafadm@ﬂ {RB}r rend X plepspisenadataht M‘t“gmtfp,,

and X3 and X4 together with QL to which they are
attached form a 2-phospha-adamantyl 30 group;

)Pref :Eit@shédt@ a (GOMROpNEF of fuor Wb%ése?{%si Sah%ﬁhit;@, X3
X2 ig identical to X1 re preferably, Xl
¢@p;§sgqﬁqN(§©d§.]{R } and X' represents adamantyl;

x?! represents CRI{R2]{R3}, %2 represents congressyl; x3

represents CR’ (R} (R} and X' represents congressyl;
%' to %' each independently represent adamantyl;
X' to X' each independently represent congressyl;

X and x? together with ¢ 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;

X! and X* together with §° to which they are attached form
a 2-phoapha-adamantyl group, and X* and x* together with Q'
tee which they are attached form a Z2-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
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19 identical to X3 and X5, X7 and X9 when present, and

X2 is identical to X4 and XG Xa and X19 when

present. Even nore preferably, Xl to X' are 24 JAN 2007
identical. Mst preferably, X to X are identical to
each of X6 to X1 when present. 5 Preferably, in the
conpound of formula I, X1 and X2 represent identical

S d y X3 d X4 rep e pdentj 2
NS iR TaneitPesthE idsasy, and ¥* is
identical sabxtidnenks, X7 antl X2 (Wheen fueesait.) Even more
represent 10 jdentical substituents, and X9 and 9
RS Ptegent ) t9 dhr edént ST Hedst PrReRtenly, X7 to

¥ afrer abloye 1icR 12 te0BReNNE £0H 5T 05 Mil9a uhe nKph-@RERSENT S
-A3- @B(X5) X6, hydrogen, |ower alkyl, -CF3, phenyl or
| ower 15 al kyl phenyl. More preferably, K represents

= A3- X6,. _hydr.oge subst i t.ut 3 I Ky, z
A Dl o o ars . Lo Bt FOPTOTaC Poe g X
pendand n AdqartdLul aumprafterdmrad erbodi sadt K'i nr@presant
conpound of 20 fornula |, represents hydrogen. In an

et velenbbidi et wherdK HoeS St Biepidieht represent
Kl SPL ESEN S, - H8-LRY %) Gy e;ﬁféaf%ﬁ% %{é;pfésent

&{ p r
identical to X3 or X1, and X6 is identical
MXEnt2eabr e yrsefidnenites, Xand KdenumdalXfo behén Xpomsent)

X1, and X6. .is .id i cal, .t,o bath X2 and X4. Even nore
s yl,de-rgcsl-ca(a% S(‘;‘Rﬁt Eilgtsl‘denti cal to either
qQ

nt
-AL-Q2 (X' ) X2 or -A2- (X3) X4. Most preferably,
-A3-Q3(}%<5)X6_is identical to both -Al- @ (X ) X2 and )
Enelorplilyy) 30 a3gonpsungr efefapmplaK Tepf es8RESSENTS —A3-

dmeepgen ifydsampound,al  Lorpul a lep2 4phANy2004r  1ower
alkyl phenyl. More preferably, K represents —A5-Q7 (XY X5,
hydrogen, unsubstituted C;-Cg alkyl, unsubstituted phenyl,
trifluoromethyl or C1-Cg¢ alkyl phenyl.

In a particular preferred embodiment K in a compound of

Eormula I represents hydrogen.

In an alternative embodiment where K does not represent
hydrogen, K represents -—A;—Q°{X°)1X®. Preferably, X° is
identical toe X° or X!, and X% is identical to X° or X',
More preferably, X° is identical to both X° and X!, and X%
is identical to both X* and X*. Even more preferably, -As-
0Y(X*1X® is identical to either -2,-Q%{XY1%? or -2,-0'i¥x¥)x.
Most preferably, -A;-Q°(X°IJX® is ddentical to both -Bi-
o (x")x? and -a,-0l(x")x".

Moslt preferably, K represenkts hydrogen in a compound of

formula T.
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20 Preferably, in the conmpound of formula I, D

represents - Ad-Q4(X )X, hydrogen, |ower alkyl,. CF31
phenyl or |ower al kyl phenyl, and E represents 24 JAN 2007
- A5- B( X9) X30, hydrogen, |ower alkyl, CF3, phenyl or

| ower al kyl phenyl, or D and E 5 together with the

carbons of the cyclopentadienyl ring to which they

ed.for an_o tion ubstituted _ phenyl
B Aty SR SR T b RPERA! & SR esents -
hyﬂtg“c(génxﬁ,phawlmgeﬁ C51tﬂbek1y| ellewl crsub ht—.hyted)r lower
Ci C? IkX such as nethyl, ethyl, rgpyf Qut
pkyiphenlio RBYy| E orrG(B-‘L?SEE'trﬂe ‘e%eﬁt Rere hydrogen,
1@59£5§¥ﬂ}¥10CF?yCEH 1 BQG wer nethgﬁhﬁé{ph%ﬂylm and E

unsubsti t ut ed suc
E@Q@ymerbu@yh tpgnpﬂrnmm$lﬁﬁthecmycIEﬁEnLﬂmlémﬁllfhnq to

h arbon at ons
cyc?ope%% d|§%§l M W} T WECER + By qeiﬁFﬁééheauPﬁFﬁFUtEd
phdby phaniylg ri Egrwhllﬁﬂfbﬁéreﬂﬂy ongl |ﬁ’e§f@§éﬂt§éﬂ eq, wht {7y x8,

one or nore groups sel ected frontpheny , Cl-Co6

RSP RReny PIeTyHsub St €t @d kglpbsnalky| unsubgEgtuted Ci—Ce
aSPk}Fb' ¥nchhelt Duapd, E t%%vler geftmheﬁﬁt bon AR and

of -~ 20 the cyclopentadlenyl
mefal:he@trﬂb?m Farragpts ol d y—E&uﬂétﬂjmled hfﬂjﬂ@ﬂyd]emj Nghenyl,
atlon t ereof i S attached to an

hg%nyﬁaﬁym gtéleP%? Widhr réeer fdgyl such  as
“ﬁﬁﬁﬁﬂﬂEELhFD l@r%pymﬁﬂbﬂﬁypf pg§t§prgﬂhaﬂexyl or —CFy;

represents hydrogen. In an alternative enbodi nent

%e Peth dbedNHotE r EpRESERE  Wiyidy offes, @We«s’e@ms of the

ti to, X4, or,
T g? |s(%§%H{¥caﬁﬁgot§ixg}hié.EgggwﬁﬁgaprgFe?%%?y,Drm a
QhﬁnxildengimﬂidM)b@tthéo&BleZ5UMBi£&ut@$ with one or

identical to X1 Even no ferably, - Ad-
Hr) S e’ | GRRETERFS 1 G- 6P NBPenkE: QP X ahivlphenyl,
eI 2 -€, JIANZDOdr —CF,.

Suitably, when D and E together with the carbon atoms of
the cyclopentadienyl ring to which they are attached form
an opticnally 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 hydrogern.

In an alternative embodiment where D does not represent
hydrogen, D represents -A,-0'{X"}X®*. Freferably x! is
identical Lo X' or X?, 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—

QM (x)1%x® 1s identical to either -a,~02(xN1X° or -B,-Q!(x¥1x°.
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21 Most preferably, -Ag-Q 4(X7)XH is identical to both
-A2- QL[ X3] X4, and -A]-QB(X5)X6 if present. In a 25 JAN 2007
particul ar preferred enbodinent, E in a conpound of 5
formula | represents hydrogehlln an alternative
enbodi nent where E does not represent hydrogen, E
represents -A5-@B(X9)XIn. Preferably X10 is identical

4 X94i S~d dentecal _ t r..X3..10 Cnl
%?Se ePg[)elfé?ra)t(% is dent C{::IIF( tg%o?ﬁé)%ﬁqgﬁE KE& aﬂr@rf(g Az
o5 P ueht i med Xt (AAOXXA.f Puesemar.e preferably, - A5-

@B(X9) X10 is identical to either -A -Q@(X1)X2 or
-A2-Q (X3) X4. Most preferably, -A5-@B(X9)X1 is

Ikleat baalk 0188t hreé¥er & (embod@uaitd, - 240 o X3mgund of
and -A3-QB(X5)X5 and -Al-Q4 (X )X if 15 present
apekabl yrepFesgret s ompydrE®f fornula |, when ~ and E
together with the carbon atons of the cycl opentadi enyl
ring to which they are attached do not form an

Tpt eonallber@Asingst embbéiimphenyheriengs daeb ofotK, répresent

and E represent an identical substj;bueet. Ln an 10 -
eIt v T SOOI and B etethEy X is
widie 1her capbais f khe gwal afeniadi @aykikhng do whigh x3.

25 they are attached forman unsubstituted phenyl o
NorR). P ERHFo LY ef 81T 66 dilsodilmedt $oofb u &, and X

f.or I- __i.nclude,i h rei.n.. 30 D
llﬁge%eglalcéau s]tt'i%tﬁpént gﬁgs ef i ﬁggnhépéf%, SLETLAES
wanf K drd yi dshigriead, s anidiHe o ey eénk! iWdoegen,;-@" g®) X,
JAN 70O0O? 22 K repr esergtsgh%g]r ogen,, and D and E

Noget REFERTER e —Ruithdis! Bf the Afadp&ftladfBnytoth —Pr-

cﬁ'hmg:ftb WU chn theyxare, atdachgdof prmyen suasuBstht u'ese i f
phenyl ring;
present.

Freferably, 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 cptionally
substituted phenyl ring, each of K, D and E represent an

identical subkstituent.

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

they are attached form an unsubstituted phenyl ring.

Highly preferred embodiments of compounds of formula T

include those wherein:

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

particularly where K, D and E represent hydrogen;
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5 Krepresents -A3-Q@3(X5) X6 as defined herein and both
D and E represent H, K represents -A3-Q@B(XS) X6 aq,?] JAN 2007
defined herein and D and E together with the carbo

atons of the cycl opentadi enytz 10 ring to which they

are attached form an unsubstituted phenyl ring; K
represents -A3-@B(XS) X6, D represents -A4-Q 4(X ) Xa

nd _E_ _represent§_-Ab-05(X9)X1l. 15 .Especi all .
S rrra oy BUNERORT TRl & 1 Ao Bae T whdrl the

dotey apd EnWepcestnpehyddigaylorrin@ndoE thdek hathey are
Wi th the carbon atons of the cycl opentadienyl ring to

Fii e heyP 8 ettt Rt ot AP hATatb st 119 ed phenyl

ring, 20 particularly those conpounds where both D and

E represent hydrogen. Preferably, in the conpound of

i oreptas¢ntAl —And’AX’) ¥hdzs AdefdgednlieABipwmerd both D and
resent each i ndependently represent 25 Cl to C6
|%"§Hre?1geé%iaf@h is optional |y substituted as defined
herein, for exanple with | ower al kyl groups.

Suitably, Al and A2, and A3, A4 and A5 (when present)

FraferrREPnle afonfr & Ichr boh &sedhnedy dheFabhy anchel and E

1 B el M kRANE 9L OURS MY Chy Alst G ASLRRY ££RIESERtadieny]

are non 30 substituted. A particular preferred 1ower

wirky| éee, whhtkh thady t eTAS ablyathedperdant by repsebehtfuted
i.S )g;& or -C2H4-. Most preferably, each of Al and

SN F R A4 and A5 (when 2 4 JAN 2007 23 present),
represent the sane | ower al kyl ene as defined herein,
fgarti cularly -CH2-. |n the conpound of fornul

|
 EFBFRBPYtEachocR’ BRI X% D 5raREceRnt &) -dndOX Pifernd E
PLESEN ) 219 Lhe (s3ygps Nost

Especially preferred compounds of formula I inciude those
where both [ and E represent hydrogen ¢r D and E together
with the carbon atoms of the cyclopentadienyl ring to
which they are attached form an unsubstituted phenyl ring,
parkticularly those compounds where both D and E represent

hydtrogen.

Praferably, in the compound of feormula I, A; and A;, and
B3, B, and RA: (when present), each independently represent
C, to Oy alkylene which is optionally substituted as
defined herein, for example with lower alkyl groups.
Suitably, A, and A,, and A;, A, and A (when present} may
include a chiral carbon atom. Preferably, the lower
alkylene groups which A; to As may represent are non-
substituted. A particular preferred lower alkylens, which
&1 to As may independently represenkt, is —-CH:— or -CzH;-.

Most preferably, each of A&; and Rz, and &3, Ay and As; (when
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preferably, each QL and @@, and B3, 4 and & (when
present), represents phosphorus. It will be 24 JAN 2007
appreci ated by those skilled in the art that 10 the
conmpounds of fornmula | (refet¥ed to as (b) above) may
function as ligands that coordinate with the G oup
VIIIB netal or conpound thereof (referred to as (a)

above), to form.t C 0 S 0 he 1 nv i.on. -
pIrepgl'ecatf)l'y, g ér@@eg'gp %T%&%ﬁetg E'"grg c":gL uénrﬁé]t REr e’%’?flmﬂi
Hege oorghinaias 401 ¢ hecipre 15 or nore phosphorus,
arseni ¢ and/ or antinony atons of the conpound of

formula I. It will be appreciated that the conpounds

A EREMbRpbulRY &3¢ Fefmii£drt o e3adlp13S each ¢' and @3,
“metal | ocenes”. 20 _Suitably, whén n - 1 and L1

arepr é¥ent @ amrsbt Pdnal wiyen substdanitled agyec| 6pent adineny| Most

or ind | grou e _cqonmpeunds of far a | Y 8
A H L he o 0oyl dpettad iy BT nge™ E” @* (unen

prekem ) J i RgSrederone pHskpihdruand one cycl opent adi enyl
ring (each of which ring systens 25 nay optionally be
substituted as descri bed herein) . Such conpounds may

135 Lue_if{ b2l 4 Ase i SAIVLED LRQIROWNEST1 &5 1A NenEBtAlt Mhat

or nmetal cation thereof IS sandw ched by the two ring
dyst epmpodihds reE péorinvdacycliopdrtragdemyl andilor above} may

i ndenyl _ring,systenms be substanti al pl ahar
e e IR g ATt et e, Si by B9R Mo virzs
AN r 88 peYnmpduvdiceacike pddier {cegaRBLY tefLEr gd)t absre) to

bent netallocenes). 2 4 JAN 20x7 24 Alternatively,

@m_ Bhe @?raﬁ'amﬁésr efr é§§ntl§v§'f13ﬂl,ﬂﬁ-hér YRJ&?&duhdsF‘?ﬁ Group
[ r e Lopent

%i;ﬁoﬁng?{ ?{;}5 eny n‘?‘?ﬁ[ﬁ%&{%%cﬂj%éﬁﬁi E:%Pr?%gy&isyst errsaEltbrnale{'/]l;{é one

aptmonal phobphsubst i tarssthias adedioy badthepeynpt®mandf Lthe

r%]n(lepc?l{r}/c& E::Ifngf-::rV\I'h'nlluClha ! i.op.[ttl our}:?iiy bse“b%f:éé*éfgtgé that the
compounds of formula I may be referred to broadly as

“metallocenes®.

Suitably, when mn = 1 and L; represents an opticnally
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 f{each of which ring systems
may opticnally be substituted as described herein). Such
compounds may be referred to as “sandwich compounds” as
the metal M or metal cation thereof is sandwiched by Ehe
two ring systems. The respective cyclopenktadienyl and/or
indenyl ring =systems may be substantially coplanar with
respect to =ach other or Lhey may bhe tilted with respect

to each other {commonly referred to as bent metallocenes).
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defined herein. Suitably, when n = 1 and L1 represén sJAN 2007
aryl then the netal M of the conpounds of formula | as
defined herein is typically in the formof the netal
cation. 10 In a particul arlyzpreferred enbodi nent of
the present invention, in a conpound of formula I, n
=1, L1 is as defined herein and m= 0. 15

when.n = 1 in he cQ ound of for
FhEFREPALY lolbit B Ratorghd TRachgReerokry) vy the
@ﬁﬁﬂﬁ\o@:ﬁdsv\hbﬂfh HES #iee®pidonahnky Suostiaiw edeyh®ne one
nmore substituents sel ected fron1hydrogen | ower
%T?%?PEW%@?ﬂenﬁ%aHS ORyEt r g} e¥$a9r1nﬁrﬂ€5F Rﬂf which ring

%@rﬁ@%ay %@_%ggly 20e - %ng’igg%ed g& Qﬁ%’é&%ﬁr&6pere1nl

0, -CF3 or rroceny
1y vﬁn&ﬂwamylneamnuheWbychopEEHznpumqnallm naebyti@uted as

bopded
YRR et Bt on P LITRGTER ha 7ol r Gl “Feplesents

SEPUPLhenwheairi MmEL91t o1 RSO tﬁea&cﬁr@]‘ddﬁﬁ& hef eifarmibBe I as
25 preferably, if the cycl opentadi enyl, indenyl or

eiIned ndieTmhinchipl Meplcaplesemt it&esubeimt ytled the jmetal
preferably substituted with one or nore substituents

sel ected from unsubstituted Cl-C6 al kyl, hal o, cyano,

-OR 19, 0C(0)r<21, -C(OR21, -C(O CRZZ

- N(R23) R24 .wh 30 a 9 each
ThicheRAE TPy IPEdvecRRE TRFGFSeamins ety o kohe FgRsent
m@npi@ﬁ,er ahl Ya Ebmpbengyelropaivmdi£ny| , |=ndQny|L10r15 as
aryl ring which L, may represent is 2 4 JAN 2037 25
@ﬁ%éﬂ?@Lh%%ﬁlﬁtaW%Jbref%fably substituted with one or

nore substituents selected from unsubstituted Cl-C6

al kyl. Preferably, when n = 1, L1 represents
Eyefopdmtwadiehgh, n = 1 in the compound of formula I, I,

represents cyclopentadienyl, indenyl or aryl ring each of
which rings are optionally substituted by one or more
substituents selected from hydrogen, lower alkyl, halo,
cyanoe, nitro, -ORY™,  -—0Cc(QIR*®, -c(0)R?, -C(0)OR%,
~N(RIR*, —Cc{OIN({R™)IR®®, -—C(s5)(R*HR®"  -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 R7 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 ane or more substituents selected from
unsubstituted C;-Cs alkyl, hale, cvano, -OR'Y@, -0C(0}R??,
—C{D]Rzl, _c[O}GRZZJ —N{RH}RM where Rw; Rzﬂ, Rzlr REE: REE
and BR* each independently represent hydrogen or Ci-Ce
alkyl. Even more preferably, 1f the cyclopentadienyl,

indenyl or aryl ring which I, may represent is
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5 indenyl, phenyl or napthyl optionally substituted as
defined herein. Preferably, the cycl opentadienyl, AN 2007
i ndenyl, phenyl or napthyl groups are unsubstitutze%!l ]
More preferably, L1 represemts cycl opentadienyl,
i ndenyl or phenyl, each of which rings are
unsubstituted. Most 10 preferably, L1 represents

ed. cyclo ' I ter ive n
St e CBFOE LMY conpatl EGh EHY B CRE "more
@ybﬁopem@@ﬂ&emyle@teﬂnﬂ@mmlumémmsﬁfﬁmiemfcrmnremkp&ng
systens nay optionally be substituted as 15 descri bed
herein) . Such conmpounds may be referred to as "half
SADENE 951 $OMpRdsy - Pref enablipy, when iy =-0-1888n fhdienyl,
represents 1 to 5 so that fhe netal M of t e conpounds
mdemblnullahebnhhs an 1Raetke¢lronptbonallyn suhetituted as

ds e npoungs of rmula |.i
SO Efeq RSP AT B Ml Vo, EBP Y SR n Pt et hemy
phenyi gartds LAabshyllypi gabbysfi ece | Nuaspsticutad.y More
preferred al ternative enbodi nent of the present
FoERTARNY - | nva EERFSGRATST FY¥FAOP§nEadieayd, | pndegyl or
%ﬁeﬁﬁldefééﬁﬂ hef ei i 80d n}fnésoraée p@ﬁ&ﬁﬁHLﬁfh%e& Most
referably, when n is equal to zero and mis not equal
prefegealplyn I coppeusthted urenanstd tut el ayedopseriesiiemerl .
or nore |igands each of which are independently
selected from30 | ower alkyl, halo, -CO -P (R43)
A RdinR4bv@T vy - Netdn (RRd=) 0R4&he My direiLréd! yhe L2nvention
represents. one or nore |ligands each of which are

ToRehIh dEm ¥ yORR| evtbepen bastierybsty t hdendl ¥dngcheach of
P Dakg. PALLLEL Aty %@{%? ngwg (BB as

R45 or 4 "JAN 2001 erern
Resci hRI0hareinhdefBrdentbypogeds c rag ﬂnnnrhﬁdrmgdmto as
%QSEPSELE L%ghc%oﬁguundslky%referably, when n = 0 then m

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

typically five.

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

is5 as defined herein and m = 3 or 4, particularly 3.

Preferably, when n is egual to zero and m is5 not equal te
zero 1n a compound of formula I, L. represents one or more
ligands each of which are independently selected Erom
lower alkyl, halo, -co, -P(R™) (R™R"™ or -N(R')(R")R*S.
More preferably, L: represenks one or more ligands each of
which are independently selected from unsubstituted C; to

Cy alkyl, halo, particularly chloro, -cc, -P{R¥){R"™}R* or
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aryl, such as phenyl. 5 Suitably, the netal M or netal
cation thereof in the conpounds of forrmula I is 24 JAN 2007
typically bonded to the cyclopentadienyl ring(s), the
cycl opent adi enyl noiety of tlae indenyl ring[s] if

present, the aryl ring if present, and/or the |igands
L2 if present. Typically, the 10 cycl opentadienyl ring

0 t = e indenyl,
oo &3 Rent arsie Bonak g e Bith Sthe BCAFAndently

heleweedotireim bhpdragenpdemigiagamtdie ©, toe ¢ alkyl or
c¥ckopentﬁd|en¥h ripng or cycl opentadi enyl noiety of

ther i AdedyRSr PHG"%nd the netal, such as trihapto

coordi nation, 15 are al so enbraced by the scope of the
present invention. Mst preferably, in a conpound of
Foihabdyl, Whe metml=- B androstsls detined beeeemf in the

rlyc-un |tut cl opent eny
PRLbRSHAEL | XrUnSUBLYt 0yl Qpentafl ol e 2BV e
aycmﬁp’éﬂtlﬁldleﬁyiotrmﬂgﬂsh m&m@clcy&&o@sah@laal&w@t[ &ﬁoﬁty of
Fe, Co, Ni, Ru and Rh. For the avoi dance of

‘a}aﬁbf—“dewieﬂféﬁaéglt digRFEsentR drhanarel neing sifiepspRent,
hﬁ‘ﬁ!ﬁ"é‘ge 43 et l §20h: G qups 5 SBF§SQE9 tlge'l"ibetJEGlly, the

nodern periodic “table nonmencl at
ch@lgpenaaﬂnﬁﬂfheﬂsaﬁi Qe rtEen CMGiophat&nbepylvw&xﬂty of
fornul a |

M IIB conpound
T ine h &Hh%aeéf ?u9eP@H%F8€Pt§wQQﬂﬂ%P9tWEﬁe with
ﬂﬁé&ﬂ meahwn By cheri ndtfl\%rf orHirirdy SHdd®d "B¥tween the
ri se weakly coordinated ani ons derived from hal o,

ave PREBEAF EPKY| FROG cohcic¥clanmart aallemdi cmpiptyo of the
fdddn §E1 ABn§USha 288 ReKa¥ANAN?a52¢ rihapto coordination,

are also embraced by the scope of the present invention.

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

cyclopentadienyl.

By the Termm "M represents a Group VIP 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 &, 8, 9 and 10 in the modern pericdic

tabhle nomenclature.

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

sulphuric acid; lower alkanecic {up to Cy3) acids such as
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acetic acid and propionic acid; sul phonic acids sugh
as net hane sul phoni c acid, chlorosul phonic acid,uﬁ'l JAN 2007
fllorosul phonic acid, trifluoronmethane sul phonic acid,
benzene sul phoni c acid, naphghal ene sul phonic acid, 5
tol uene sul phonic acid, e.g. p-toluene sul phoni ¢ aci d,
t- butyl sulphonic acid and 2- hydr oxypropane

R SO fg%fé‘%c% G PSS TRUBRS, quap as
mesrHEmey | i C aclldhsnlt:h as afiigghl or o;&cmﬁccs@_cprdar&m acid,

rifluoroacetic acid; 10 orthophosphoric acid,
%’r&g&%ﬁ YU stftflas Hehzeler oppbaptoni tubeheniandacid,
HR dsheder ‘sﬁfﬂh&ﬁ@ﬁn ' rélttﬁrcﬁCt ' Hﬁﬁhtﬂgié\ﬁgn %%‘M;:ﬁo%&':ds acid,

and Broensted acids. O'her sources whic

tsyiveaist eswkiplonsic netide ehe-t ettaduenyl sWghatec acid, t-

% S r I Le resents a
A b S B LA RS refthaic acias
adypitorfatred heQnetatcmxu@e k@512 Preéenhably, ddid h8uch as
COo und of fornula I, Mrepresents Cr No, Fe, Co or

BT TP Greal catﬂ%ﬁ%ﬁ%ﬁtectveﬁrﬁewhsre?fétccébrsych as
HY T eRBsRtet i@ . FecieP or [yor a %t? % acids
ed from a oup

t hereof. Most preferably, M1s sel ect

opthophesediorgic metcdld: caph@ﬁphbeneofacAd espeli aksy Bnzene
h the mnetal

r ef ] C}oup VlII net al
pl%lﬂgg%ﬂ i n&T 1 eid acbldﬁ n cg ]f:]a"ter% 4 pjnteractions
hme;feembwwih dild= eanaSSEﬂ@eﬁH:é!dn%dﬁﬂ.duélhéba&gﬁnrces
ye to coordination with L1 and/or L2 as defined
& ManPIReiderfrtbphle anéangsda@Aede the fetrpmhenyl

borst el Qa8 igRker ed carbocyclic aromatic groups,
such as phenyl and naphthyl, which groups are

optionally substituted Wth one or nore substituents
F%% %%%%q fr HE%% esen mer alk%l VIB or VIIIB metal. In

other words fthe total eleckron count for the metal M is

18.

Preferably, in the compound of formula I, M represents Cr,
Mo, Fe, Co or Bu, or a metal cation thereof. FEven more
preferably, M represents Cr, Fe, Co or Ru or a metal
cation therecf. Most preferably, M i=s seleckted from a
Group VIIIB metal or metal cation therecf. 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 resideal charge due to coordination

with I, and/or L: as defined herein.

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

or more substituents selected from aryl, lower alkyl
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2 4 JAN 2007 211 (which alkyl group may itself be ,
optionally substituted or term nated as defined b JAN 2007
bel ow), Het, halo, cyano, nitro, -OR19, -OC (O R70,
-C (O R21, -C (O OR22, -Ni1iR21) R24,
-C(0) N(R25) R26, --SR29, -C(")SR30 or -C(S)N(R27) R28
wherein R19 5 to R30 each independently represent

dr qgen, | ower. al kyl. (which al kyl gr.oup.
(WL DB igntle A St (Y e cbef loe b otupe By e or
ofnea el aw) . dPFphetr edloanyl geeupshati chckanb, Bitro,

R55 d L1 d whi ch gd tyl
‘lei)lhgspha GHARBRIYT 23%&%3%254 and-460) Qhar al kyP R R,

% . g:tﬁed Jgieb udec pheayis Wi chr ifn QPP ﬂnaukbér31n 15
substitute

Wit one of nore substituents se ect ed
tfr o1 -ec6tal Myide(pﬂmdﬂmtdlykylregxr@@pmtt sbyArpagnbe aryl or

ti ona bst.i t ut o term nate defi ned .
Rl Stk doh s S0k 0L HEORED o5 s S Th B getionally
ﬁﬂjs’ﬂtm@tefﬁ%ﬁ taaﬁmﬁaﬁl@at Ia/srewﬂm BrdeQgen Preferred

| ower al kyl. Further rFgreferrled arg groups i ncl ude
Wrw%h"’hécbpﬂﬁro | 15 Bubs?i But etidyibh wHe Bepresent

Jﬁiewﬁygﬁl 3ﬁ?|e§L preEHQWaHQﬂHQ§ piuted GaB1  and

re|n R ent s ydrogen or
Msﬁﬂkyﬁedﬂ@ 68 a&nﬂy&l;ltpalmdcaharlme 2thenyl which is

bt t ut ed | I The t "Het "
FUHA T S R 1 g V& b prBes Efpyents

O cEd® €4n NBE! %‘ikﬁﬂlngwhiyﬁii By W 16z I OS2 1 F may be
contain one or nore heteroatons 25 selected from

aptkaEhly ofpheritytipduromngesminatesd anhededfineghdoelow),
dﬁnach flangs ,cont ai nemgn{ﬁme d%ﬁ% bopds @73 be4 g2t
y

non- aromitlc part aromati c (5r aromatlc in
n’mﬂrmztcmntl'ﬁherepngseyst évysl gy nbecmohowwel iadkyl. Further

STy oty e L g SR BpeeLn,
éﬂﬁéﬂiﬂﬁﬁﬁﬂswiﬁhthﬁﬂ b¥OMore substituents selected from
unsubstituted Ci-Ce alkyl, OR'Y™ wherein RY represents
hydrogen or unsubstituted ©i1-Cg alkyl, particularly
unsubstituted C;-Cs; alkyl.

The term “Het”, when used herein, includes four- to
twelve-membered, preferably four- to Cten-membered ring
syatems, which rings contain one or more hetercatoms
selected from nitrogen, oxygen, sulfur and mixtures
thereof, and which rings contain cne or more double bends
or be non-aromatic, partly aromatic or wholly aromatic in
character. The ring systems may be monccyclic, bicyclic ar
fused. Each “Het” group identified herein is opticnally
substituted by one or more substituents selected from
hals, cyano, nitro, oxo, lower alkyl (which alkyl group
may itself be optionally substituted or terminated as

defined below) -0RY, -—oo(o)R?°, -C{O)R?', -~C{0)OR%?,
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hal o, cyano, nitro, oxo, |ower alkyl (which alkyl

group nmy itself be optionally substituted or 24 JAN 2007

term nated as defined below) -ORs, -CC (O R20, -C
(O R21, -C(OOR 22, 2 4 JAN22007- 29 -N (R22) R20,
-C (0) N (Ras) R26, -SR29, -C (O SR30 or -C (S) N

(R27) R29 wherein R19 to R30 each i ndependently

1gpRes g h_y@l ‘5’9‘@?“ ﬁzwl Qb dBOV\Ber[%{)%)ﬁl]u( |CE{§I lﬁy{le?}Rza

group’itdel f optlional | § substitute
viee e it &lf aso dE?'? nedcheliodppendleetigr mdpHats l'Ithuﬁydrogen

i nc] udes grou ch as t| onal substitut ed
SD8L G HoeBe BHE St AL, SSP Rt ACSeLE may be

cﬁ;ﬁi BEWA11 xa@@sxll,tum%@xaaﬁl )tle,m@m@e@z Ohy| ddflirRe0! ¥eiow) .
I adi azo , triazolyl, oxatriazolyl, thiatriazolyl,

Pyri a&zrﬂny Hetmr M@qﬁ nymcllps}ﬁ mgd‘orws %W]azﬂ’-?yl optiponally

bgelialy VRSOUR ko P PR LD LB SBELY, o,

Hioanydf tdeatetiyY] ngieniawhbyr, ap@x@:ﬂ)iaab]aylat oheaoslyl,
het eroatqns. 15 "Het" grou rm%/p(al so. be

ﬁlﬁ%ﬁmﬁnf IFiEYde. TRESEEHAEOLSRer JRET{pERly L,

et e e n, neaﬂ§r§ﬂﬂiﬂhfﬂo alﬁ flﬁg@ﬁﬂﬁgludes yrazinyl,
nmet hyl, et hyI propyl pen hex dp

W@llrgvbupslswﬁuesgl@nhbm @epgge@mwéd am«s;ﬁzcmrl and

S f| cient, nunber
I%{aé)%lgn f@%m@%é??ﬁ@%@ gtbflﬁ;ncheoy %e ggt Gr actardm" atom
afisehar Heed rinke cyClélsracyspiopoiapdftat one or more of
cycl.i c/ acyclic, and/or be substituted or term nated
LR OHALE substi tuents sel ected from hal o,
cyano, nitro, -6819, -OC (O R20, 25 -C(0)R21,
-C(OO0R22, -N(R23)R24, -G (O N(R25)R26, --SR29, -C
Tt 'SRBOUPC(IE) IN(ER2) 28, trarkhie diondetof wirerkiariRED t o
R30 each independently represent hydrogen, aryl or
| oner al kyl, and/or be interrupted by one or nore
Theygearar “lower alkyl” when used herein, means C; to Cig

alkyl and includes methyl, ethyl, propyl, butyl, pentyl,
hexyl and heptyl groups. Unless ctherwise specified, alkyl
groups wmay, when there is a sufficienl number of carbon
atoems, be linear or branched, be saturated or unsaturated,
be cyclic, acyclic or partk cyclic/acyclic, and/or be
substituted or terminated by one or more substituents
selected from halo, CYano, nitro, -oRr'?, -oC {0y R0,
-C(O)R*,  -C{ojorR*,  -N(R™)R*, -C(O)N(R*)R®®,  ~3R?°,
-CteIsR®, -c{S)N{R)R*®, aryl or Het, wherein R!'? to R
egach independently represent hydrogen, aryl or lower
alkyl, and/or be interrupted by one or more oxygen or

sulfur atoms, or by silanc or dialkylsilicon groups.

Lower alkyl groups which R' to R¥, K, D, E and 1, may
represent and which aryl, Het and Lp may be substituted,

may, when there is a sufficient number of carbon atoms, be
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sul fur atons, or by silano or dialkylsilicon groups.

30 Lower al kyl groups which RL to R62, K, D, E an 2

may represent and which aryl, Het and L1 may be &4 JAN 2001
substituted, may, when theréois a sufficient nunber

of carbon atons, be 2 4 JAN 2067 30 |inear or

branched, be saturated or unsaturated, be cyclic,

@EMEE&C St pﬂELn?Mgh'C/ﬂgyCEE%PFgEQ/orDQe Hbgg 9r“@e39 be

by one or en or at ons
sytaho, or adivatlkiyd si brcorpagrtoupeycamdkabybelaubstaﬂdg@d Le
re substltuents sel ect ed fron1ha|o

%K}E%BIUPE FErBY oS TBRT} 0P REBYIEE GIRAUI LT (@foms, or

gﬂ_ d ute
%)2 S:I%SP(SID( gi?gﬂﬁ% %ﬂ@l&%ﬁzﬁ %l(o’fi?pga}yﬁ%g?mﬁﬂ%@ Eubgtlt ted
5 NG RBD EEEIR | ﬁdhﬁémuﬁﬂty rSeqilﬁefst@ﬁ ﬁydmogmi,c, cyanc,

| guer  al kyl Bo Si m 1 the ﬂome
Iﬂ"%y‘fene" whi'ch [Oﬂé A2, n@ﬁ 3 Cgﬁg &ﬁRH]RH
ﬂé@ﬂhtl}H}RéﬁareﬂﬁP |HC&D¢GH}3‘hunebcmmﬁo?r?mnFaq |ar@e@r Het
sed her i nchgides C1 to C e groups which can be

Rt a thopFacega%H LRECHRAGENEAY | ePmEsithehyfisegen,

&efingd iswéPesBpe, way as "lower alkyl™. Halo groups,
which L2 may repriesent and with which the

above- nentioned groups may be substituted or

ewhluoro, chloro 0 dio
ézlgrﬁ% a conpoun of OFRé foﬁ{n‘h I)W}?:Jor%‘a?hsa *hs, and
Tad, k ety _\,dnd gROUPwhen s pCEEeand , trﬁi}:ﬁre{s@nd SORERI JBnPdind of
flso occur. The present |nvent|on i ncl udes the

Vrudr s‘f%‘?%m‘-’?@ﬁ%r%eﬁ?l“t hel s dSt oftof oFwul groups
wHicrandanWhey en8RREAPEdt Syot M aces on the group and is

obtherwise defined in the same way as “lower alkyl”.

Hale groups, which 1, may represent and with which the
above-mentioned groups may be substituted or terminated,

include fluore, chloro, bromo and iodo.

Where a compound of the formula (I} contains an alkenyl
group, cis (E] and trans (%) isomerism may alsc occcur. The
present invention includes the individual sterecisomers of
the compounds of formula (I} and, where appropriate, the
individual tautomeric forms thereof, togethar with
mixtures thereof. 3Separation of diastereoisomers or cis
and ftrans disomers may be achieved by conventional
techniques, e.q. 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 Fformula (T) may also be prepared from a

corresponding optically pure intermediate or by

JR—



25 individual tautoneric fornms thereof, together with
m xtures thereof. Separation of diastereoisoners or 2} JAN 2061
cis and trans isoners may be achi eved by conventiona
techni ques, e.g. by fractionakh crystallisation,
chromat ography or H P.L.C. of a stereoisoneric mxture
of 30 a conpound of the fornmula (1) or a suitable salt

Evativ ereof .. An indiwvidual enantioner of a ..
e FRERT F i () e G o Do WDFep AP SPPORinT
gacepatespeidgng epiitcadlley qhirne li néaspect abe By Byactional
---------- 2007 31 resoluytion, such _as

- .4 JA b
?HS.SE%PB?%H@ 83% re¥hoHdpAGeIrYL ERNEE LTSS te Yormed by

BEAEEDLR ¥ I ’heSURPOFd s bndind I 3GlHefR®e with a suitable
crgstalllsatlon of the diastereoisoneric salts forne
Bly

igahlyi @t bvet aeidoPr cbpondi i apeehpreaitth a

suitable 5 optically active acid or base, as
appropriate. Al stereoisonmers are included within the
Btbpeefrddisonanenston. intf)l uldd abl ehGiouheVl kkBpe of the
petal s, or a conpound thereof which may be conbi ned
WYRS 1 npound of fornmula | thereby forming the
conmpounds of the invention include cobalt, nickel,

al l'adi um_rhodi um and platinum Preferably, the
10 bupblg | FBotet HIFER pakkadsumrora aconppoond theareo? which

Syj t ah| ounds, of_ such Group VLIIB netals
e i ColpiROEr Bt s aPbeGt PR oF Gritue T tneveby
formpingi npereakhpounasr dihatad aneast 0ef | Med1fem cobalt,
njtric acid; sul phuric acid; |ower alkanoic (up to

Tidfebei Be1dadhulls fdadiomcid BAAtRREP: orfikefamably, the
@f&@omﬂl@.‘:' ﬁlétﬁﬂ!_chiérlsFl%tlg@a%gﬁoﬂﬁmaOh%Bg@oﬁﬁﬁd’ thereof.

chl or osul phonic acid, f rosul phonic aci
15 Juitapbe omsimfanmdsul plionéechci@podmnXa&IdBsuinphabisc include

salts of such metals with, or compounds comprising weakly
coordinated anions derived from, nitric acid; sulphuric
acid; lower alkancic (up to ©:) acids such as acetic acid
and propionic acid; sulphonic acids =such as methane
20  sulphonic acid, chlorosulphonic acid, fluorosulphonic
acid, trifluoromethane sulphonic acid, benzene sulphonic
acid, naphthalene sulphonic acid, toluene sulphonic acid,
e.g, p-toluene sulphonic acid, t-butyl sulphonic acid, and
2-hydroxypropane sulphonic acid: sulphonated ion exchange
25 resins; perhalic acid such as perchloric acid;
perfluororated carboxylic acid such as trichleorcacetic
acid and trifluoroacetic acid; orthophosphoric acid:
phosphonic acid such as benzene phosphonic acid; and acids
derived from interactions between Lewis acids and
30 Broensted acids. Other sources, which may provide suitable
anions, include the tetraphenyl borate derivatives.
Additionally, zero valent palladium with labile ligands

e.g. tri{dibenzylideneacetone)dipalladium may be used.
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aci d, napht hal ene sul phonic acid, tol uene sulphoni024 JAN 2007

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

sul phoni ¢ acid, and 2-hydroxypropane sul phonic aci d;
sul phonat ed i on exchange 25 sesins; perhalic acid such
as perchloric acid; perfluororated carboxylic acid
such as trichloroacetic acid and trifluoroacetic

hop hori¢c_acgi cid such, as
e%gee%%ipyﬁosp%%% CV%EFEE d%rao"g:(': ggqggerq’%‘e §romth labile
1njaidctaonsehelawpomn. Lewi s aci ds and 30 Broensted

acids. Other sources, which nmay provide suitable
ani ons, include the tetraphenyl borate derivatives.

sfidmﬂ,pg,nal che é8h oMﬁBE”pr@Hea@rWEﬁ‘M:)Jg‘ p‘aﬁ | Semp ?]%ed ta

| i gands tri(di benzyli deneaceton
et alsesis thE- carbonylatiof 4HBANtBSO%n13219wefana@tyrated

ent_G& o VITIB netals.with |abil an
SRR Sy aa R, K1 e TRE S patinatlor Ry SrFAinkon the
ymm@rmf ayelon® mdy Ced adlyBEvédeb g arbnyh Bhid 08 @foup VIIIB
et hyl eni cal |l y unsaturated . conpounds include a source

ARRHBhsFREBRVENRENtISECE Heed sbir éBeofPfiesHNGrepapeyraph
ey ved by-6aubhRiNg & G euRmhL! B 1 Conﬁq%%ﬁm%%% ox

as described Tn the precedi ng paragraph
aﬂﬁmﬁnnnﬁkﬁyioﬁnu$ap¢raw¢tennaﬂxwebﬁ arickls as menticned

onaII ; a rce of aniqns as menti oned
AR Y L e A e RS e BBn R B8 TBAG: Pilsent
gttt 4 . Pmtembny. tﬂ}& SQULEBeOfo ANLRNSNAr @ re derived

derived from an acid haV|2g a pKa less than 4, nore
W eﬁ’%bﬁ?lﬁ hBP(&nEesﬁs Rimnt®ss gShagadur 9Tt pgfenpbly a

P%?losgl ut éQn m Mé@l lth prl%f"%r rgﬂ an aguegus

conpou rimul a1 ude those "where

SOluLan

Especially preferred compounds of formula I include those

wherein:

(1} X' represents CR'(R") (R’), X%? represents CR'(R"} {R%),
¥x3 represents CR?{RH}{REI, x* rapresents CRN{R;H [r%y,
wherein each of R!' to R independently represents
unsubstituted C1-Cg alkyl or trxifluocromethyl,
particularly where each of R!' te RY¥ is identical,
especially where each of R! to R'Y represents
unsubstituted C—-Cy alkyl, particularly methyl;

A; and 2y are the same and represent —CHs—;

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

Q' and §° both represent phosphorus

M represenks Fe;
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20 (1) X represents CR (R2)(R3), X2 represents

CR (R5)(R6), X3 represents CR7 (RB) (R9) , X4 2L JAN 2007
represents CR10 (R1') (R 2) , wherein each of to

R12 i ndependently represents33unsubstituted Cl-CG

al kyl or trifluoronethyl, particularly where each of

Rl to R12 is identical, 25 especially where each of Rl

to R12 represents substituted Cl- al kyl .
partiéblany ﬁgthf?ﬁPA,qﬁnd K&nggepgg saﬁécgﬁgentadlenyl'
repr egeqtt + a1 K, uhlk ainge £rat €d t becSapen padi seplesentl m =
hydrogen or unsubstituted C -C6 al kyl, particularly
hydrog%n; 30 Q1 and @ both represent phosphorus; M
represents Fe; 2 4 1AN 2007 33 n =1 and L1

represents cycl opentadienyl, _ particularly

(Asubsk txeere w5t HpERL éﬂ%etrf&?ll; affd meprefeniss (R KE) (RY),

repre ts ).( , presents_CR4(RD) , )
repreégﬂfprE%%? %%Eéﬁ%?{éﬁre§$e§SHfgﬁﬁég% %Eﬁ%&ﬂlfﬁ&u}’
(R12) K ﬁﬁ?&ﬁ%&@i?—?%%ﬁﬁ%fw%géghn X3 represents
represents an represents

CR 6 Yy (RETGF loatt o REDIGoRTE S ARoLaRdeREl’y
represgiy, 10,gnsupsti tyy ed {3&- C6: ghkyLnLQ

trifluoronetﬁgl, particularly wher e %a%hé%¥l¥a tgeaigsent
i s idamdwmtitweypeci dli-Fswheadkpgadch of RltrofRa8romethyl,
represents. supstituted C1-C6 al kyl , isi cul ar | .

net hyIE%rtﬁﬁcuﬁadr ‘é"b%r?heeascgheognggr ét;??e ent*2 CFE‘-Y‘FLEE‘L
15 Q ,efgciwll P edgdrs epegshnt oghogdhonus; f* angefresents
are the sane and represent_hydrogen or unsubstituted

Cl- C6 WISt ks hafeya hit ogeRTE MR EPE ¥ REEhES:

A and By are the same and represent —CHy—;

Q', ©0° and @ each represent phosphorus;

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

M represents Fe;

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

0.

{3) X' represents CR!{R?} (R’), X° represents CR?{R®)(R%),
%’ represents CR’[R®) (R%), X’ represents cR!?(R!'} (R1Z);
K represents -CHs-Q°(X°)X® wherein X° represents
CR™ (R™} (R} and X® represents CR'®(RY} (R'%);
each of R' to R'® independently  represent
unsubstituted C1-Cg alkyl or triflueromakhyl,
particularly where each of R' to RY is identical,
especially where each of R' to R'®" represents
unsubstituted C;-Cg alkyl, particularly methyl;
A; and A; are the same and represent —-CH»—;

@', 0% and @7 each represent phosphorus:
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n 1 and L1 represents cycl opentadienyl, 20
particul arly unsubstituted cycl opentadi enyl, and nzg IAN 7007
0. (3) xi represents CR (R2) (R3) , X2 represents CR
(R5) (R6) , X3 represents CRI (RB) (R9) , X
represents CR10 (R11) (R12) ; 25 K represents

- CH2- B( X5) X6 wherein X5 represents CR11(R14) (RL15)

ndepeRIGHITy T epPISHRET LMdhst FRE: G CISts UG 6 Ehe

trifluoypobspbytadipayli atimyf | yovhehecRach®f Rird oa%%%ched
is identical, 30 esp eC|aII%:mhere each of R1 to R b
r epr esERTR anWREeRF £ Lt de@1plrenal kyingparticul arl y

met hyly AbnAldehd¥s aF€; t he same and represent - CH2-;
QA, &z andPCB each represent phosphorus; 2 4 JAN 2007

34 N amd E—togbthesndmtquthereamba&nasonscgblbbentadlenyl,

cycl op ) dle r|n C re att Ched for
o U BEE TG B D e BBt adEdREe ) &l m -
and Llorepresents cycl opentadienyl, particularly

unsubstituted cycl opent adi enyl , and m= 0. (4) X1
represents CR (R2) (R3) , X2 represents CR (R5) (R6),

gEF)e)lXB ijepfgﬁfﬁﬁnhgrgZF%Reﬁ}ht(@?) Rf?ﬁt4 ofﬁ%ﬁel n epeﬁ‘:glﬂﬁl} (R},

repr eslé%tregnmms:ta 1R éE“JCURQO:G a’kykpeoesents CRI®(R) (R'?),

trlflu onethyl i arly where each of Rl to Rl12
i s i defhtTcat” E%ﬁ%ﬁ § wFRr & aadhdepertiens Iy prepresent

repr eaﬂm@nstlﬁtmbsttrlt—med EI1kGB al kyl, paifigutanbynyl,
met hyl ; Al and A2 are the sane and represent - CH2-
particularly where each of R! to R is identical,
especially where each of R! to R represents
unsubstituted C;-Cs alkyl, particularly methyl;
&; and Az are the same and represent —CHa-;
@' and Q? both represent phosphorus;
K represents hydrogen or Ci;-Cs alkyl, particularly
hydrogen; 1
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 1, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(5} X' represents CR'(R?) ({R%), X? represents CR*{R®) (R},
%3 represents CRT{RH “f}, x* represents CR?DHQI}{RH};
E represents —CH;-Q°{X°}X' wherein X° represents
CRYT(R™) (R*) and x'° represents CR*(R®1) (R'?};
each of R' to R'Y and RY +to R independently

represent unsubstiktuted C,—Cg alkyl or
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QL and @ both represent phosphorus; K represents

hydrogen or Cl1-C6 al kyl, particularly hydrogen; 20 %4 JAN 2007
and E together with the carbon atons of the

cycl opentadi enyl ring to whiéh they are attached form

an unsubstituted phenyl ring; Hrepresents Fe; n = |

and L, represents cycl opentadienyl, 25 particularly

unsubsti.t nt adi.enyl.; zraleslR) Hl g1 12
repres%%%giﬁgﬁs¥%%29%R3?gE§3¥Pénggen § ERE %§5f¥(§%)to R
, X3 apgrBerites CR7i6ReYfleiRIyal, Xdspepiedept shERE0=ach of
(R11) (H.2) 12 30, E ;mepresgpnts - CH2- X9) X10 wherein
AR AT s 0 e gl e S LTSS
(RA1) §Rc$2) papechubhrR, hetR}2:and R37 to R42

i ndependently represent unsubstituted Cl-C6 al kyl or

2 4 JAN 00 A3arer thieyseewe eyl repaeseatl afHy-where

each of; vil 5 S ical,
especi%VF&Emﬁgﬁé%éagﬁg%ﬁggEég?%ﬁguéﬁ%%€§£éggto R42

repr esentandingubstet uttesl Ghan@6 aabkyteppaddntculldrdnsgen or
net hyl ; qﬁél and ﬁg are_the sane and represent -CH2-;

Ql, QUBRETTEAERY epies BtYphoBpR&LGY L aplYnlyRTgpEN!

the samerapg-s&pFesenl hydrogen or unsubstituted

Cl-C6 al kyl, particularly hydrogen; Mrepresents Fe;

10 n 11 and L} reprdserdiss cyepspeansdi englyclopentadienyl,

o (6P AR O b PR PR S Pl L e = -

(RS) [®&d] ,

(&) X! represents CR'(R®) (R’), X° represents CRY(R’) (RY),
X3 rapresenks CR7[RB} (rR%y, x* represents crI® (R} (R'?) ;
K represents -CH-Q’(X°)X®* wherein X° represents
CR'™ (R'} (R'®) and X°® represents CR(RY) (R');

D represents -CH,—Q'(X")1x* wherein X’ represents
CRall[R:'z} (R*YY and x® represents cRM (R™®) (R¥%y ; ’
E represents —CH;—0°(X*}X'® wherein Xx* represents
CR*' {R*®) (R} and X' represents CR (R} (R%};

each of R' to R™ and R™ to R* independentiy
rapresent unsubstituted C1—Cg alkyl or
trifluoromethyl, particularly where each of R! to R'®
and R to R is identical, especially where each
of R' to R'Y™ and R¥ to R¥ represents unsubstituted
C1-Ce alkyl, particularly methyl;

Ay and Ay are the same and represent —CHp-;

o', 0%, ¢, o' and Q° each represent phosphorus

M represents Fe;

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

0.
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15 X3 re resents CR7 4 re 1 11 12) p [Re}(R9) , X4 CR
{RY(R; Krepresents -CH2-Q 3[ X5] Xc wherein X5 24 JAN 2007
represents CR13 (Rid) (R15) and X6 represents CR16

(R17) (Rla) ; Drepresents -@kl7- Q4(X7) X wherein X7

represents CR31 (R72) (R33) and Xa represents CR34 (R

35) (R36) ; 20 E represents -CH2- (B[ X9] X19 wherein X9
represents CR37 (R39) (R39) and X1 represents CR9

(R41) (R92) each of RL to RLA and R31 to R42

tnﬂepe}r:r'dert-t"ﬂ,y ®r eprcesehtlw@mmeﬂmpdrﬁirﬁe@t kyHamantyl,
trlfluerametf(r)tﬂ:aél tlcularlly V\,here each of RlL to R18

25 and" 2 eFﬁentxl calt® esheciZ@ATRSRAMT e EiRph same
of Rl 5,9&@&}@11(3% fo R92 represents unsubsti t ut ed

C -C6 al kyl, particu arly nmethyl; Al and A2 are the

sanme ahd ashfesahe LRz sSamE) aﬂ@reHB?S@tan@H@ each
represent ppRgSPNorUs, 30.M ISR CSEN! S Efiesdn hibddh o
represenhts cycl open Sdi enyl " particu grly
unsubsﬁmémmmrcémptelnmdaenylt padtit&Elaly hydrogen;

------ 0" and 0 both_ IEPIE?EﬂtJRRPERAmEBSU) X1, X2, X3
and Xbyi |y s epresent adamantyl, especially
where X1 to X represent t he sane . adarrantyl group; 5
Al andh A2 |are Jtheastadre eind rEQPESEﬁntECI-IZEFCKGPEHHﬂdiEl'l}"lr

are the Same A gen unsubst it ut ed
Cl- Cb %?Iktjtcu Cﬁtg curfL ro%)e%yc%i Hhe i and m =
repr esent phosphorus, M represents Fe;

{8) x', %%, x' and X! independently represent adamankyl,
especially where X' to X' represent the same
adamantyl group;

K represents —CH,—Q*{X°}X® wherein X* and Xx°
independently represent adamantyl, especially where
¥' to X% represent the same adamantyl group:

Ay and A: are the sam= and represent -CH:;—;

g', ¢ 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 =
.

{9 ¥', ¥, ¥’ and X' independently represent adamantyl,
especially where X! to ¥ represent the same

adamantyl group;
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10 n = 1 and L1 represents cycl opent adi enyl,

particul arly unsubstituted cycl opentadi enyl, and m,=
0. (8) X, X2, X3 and X1 independently represent 24 JAN 2067
adamantyl, 15 especially wh@8fe X to X represent the
same adamantyl group; K represents -CH2- QB(X } X6
wherein XS and X6 independently repr esent adanantyl,

especial |y, & Z%Q R g%gg gzﬂraeslent She-sare x and ¥°®

adamantyl group; are the sane and
represenﬂepémﬂentlfg;reﬁﬁeaedtCBuEa&hﬂnépressp¢c1ally where

phosp {qﬁ} and E &Ee same and represent
hydr o uﬁ?ﬁﬁ?ﬁﬁp t &d=cFMEe 2&FRYP, YgaEFPBErarly
hydr oggp;ar rigphesenhe E8me2and tepRdskhtr eppgsents
cyclopeptggrenyl particul arly unsubstituted

cycl opeént &i apgl L aﬁﬁchnIEPIEQEﬂKgehqeph%QUSMS and X

|ndepegdqﬂhﬁﬁgreprg%%ﬂgrad Rt Yipe Jgnan

wher e represent the sane group, 5 the
4 JAN Q@SYop&Tteﬁlembsentm; Cel2- R 2B) Xﬁwmerae:m Abtached

and X6 i ndependent sen ampntyl, especially
wher e TFMy XBH$QB§%% %%ﬁﬂ SH3%ant yl group: Al
and A2y argptheeseserand represent -CH2-; 5 Q, @2 and
@ each represent phosphorus 0O and E together with

t he cambor~at ohs cﬁndhelhcycwepenﬁauﬁénylcwnhgpeotadlenyl
r?h;h DUEYi 8L Ea A AGREGos L P AR HPSYRSLAL YL EGnPIENLg 1 =

0.

(10} %', %?, X’ and X' independently represent adamantyl,
especially where * to Xt represent  the same
adamantyl group:

N and A; are the same and represenl -CHp—;

0! and @Q° both represent phosphorus;

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

D and E together with the c¢arbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring:

M represents Fe;

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

{11y X', ¥*, x* and X' independently represent adamantyl;
K represents -Cl-0° (X"1X® wherein X* and X°
independently represent adamantyl;

W represents —CH,-0* ("1 %*  wherein x’ and x°

independently rxepresents adamanbyl:
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Mrepresents Fe; 10 n = 1 and L1 represents

cycl opentadi enyl, particularly unsubstituted 24 JAN 2007
cycl opentadi enyl, and m= 0. (10) X1, X2, X3 and X

i ndependently represent adanatwtyl, 15 especially

where X1 to X, represent the sane adanantyl group; Al

and A2 are the sane and represent -CH2-; and

bot h repr phor K B8se ogen o 10
unsubéfltgggggfggg% al kyf* ,C!égeﬁgrtllHﬁﬁgagﬁ'hygrogéH? i

D and indeggetdwtt W thepies colr Hond ahamsy Df ¢fpecially where

cyclapqntadlgpyl rin to Wﬂbch they are attached form
an unstibd€i Fut ercFEﬁf‘e%ﬂ SNG Attt oLy =

1 and 4,1 a&gph!isﬁﬁéstﬁé!%@ﬂa@n&ﬁél Eaﬁkeseﬂﬁr L{tﬁ arly
unsubstituted cycl opentﬁgleny , and m = ) X1,
X2, X'9an@° X101 ndEpende |ﬁaﬁbpr@seﬁﬁeaﬁanmwharuso K

repre%§gé ﬁé@é&%é}%é}6) X6 wherein X5 and X6

i ndepen y Tepresent adamantyl; D represents
- CH2- @ ( XB Xe wmhersgidh Xllandr%presBdEBendeptl:ypentadienyl,
represents adamantyl; -------------- T

D o DATAGHTAY el e cydereaiadisagl, and n =

wher eign xg and X10 independently represents
adamantyl, especially where X to x10 represent the
sane adanantyl group; Al and A2 are the sane and

gﬁ%re n%ndcﬁa togegHErcglgﬁ Qgﬂt f@heﬁﬁgyrg Le5EPAched

sphor s;
represents Z2-phospha-adamantyl;

X and X' together with 0' to which they are attached
represents Z-phospha-adamantyl;

Ay and Az are the same and represent -CHz-;

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

ol and OF both raprasent phosphorus;

M represent=s 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
rapresants Z2-phospha-adamantyl;
¥’ and X' together with ¢! to which they are attached
represents Z2-phospha-adamantyl:
K represents —CHy-Q°{X®1X® wherein X°® and X° together
with ©° to which they are attached represents 2-
phospha—adamantyl;
A) and A; are the same and represent —-CH:-;

@', ¢® and Q7 each represent phosphorus;
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Mrepresents Fe; n =1 and L1 represents 24 JAN 2007

cycl opentadi enyl, particularly unsubstituted

cycl opentadi enyl, and m= 0. 10 (12) X1 and X2
together with Q2 to which thgy are attached
represents 2-phospha-adamantyl; X3 and X4 together
wth QL to which they are attached represents

2- Phosphaelaganyd « eh Abafld faandd S GG ogen or

represent - E are the sane and
r epr esamtubipidriogerd a1 -Cygnslbgl | t peedi Glli&6lal kylirogen;
particularly h q%% n, QL and @ both represent
phospﬁ%rﬁﬁﬁegﬁdﬁ' %%%ents Fe; 20 n = 1 and L1
repre%ﬁnt5=cyqjOpQﬁkﬁdIQHy|,reﬁﬂékbﬁﬁbar|Myclogentadienyl,
unsubstituted cycl opentadi enyl, and m= 0. (13) X1
and XPalgetharr by tunybs ol ipieth snelopgrtadicenhbd apd m =
represgnts 2-phospha-adamantyl; X3 and X together with
QL to which they are attached represents
2- phospha- adamantyl ; K represents - CH2- Q3( X5) X6

rein XS and X6 together ~with B to which they are
e e angpos i BBEL 36 pRogpnte taHEht PRy mEdnat pached
are t hesadmeriyl ¥ d%?ﬁﬁ—ad&ﬁ%ﬁt QL, @ and @B each
represent pho§phof§g{ 4 JAN 2007 39 D and E are the
same ahdapdpfesepgehharoyéhbol Tmswibbehtvhey @e GBttached

aIkyITéﬁyggéﬁggndJﬁﬂg@ﬁﬁgﬁﬁﬁaﬂgﬁé§yﬁsents Fe
K represents —CHp-0*{X’}X® wherein X’ and X® together
with 0? to which they are attached represents 2-
phaspha—adamankyl;
Ay and A; are the same and represent —CHz—;
0!, 0% and Q! each represent phosphorus:
I and E *together with the c¢arbon atoms of Che
cyclopentadienyl ring to which they are attached
Form an unsubstituted phenyl ring;
M represent=s le;
n = 1 and L1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

{15) X' and X? together with 0% to which they are attached
rapresants 2-phospha—-adamantyl;
¥’ and X' together with Q! to which they are attached
represents Z-phospha-adamantyl:
&; and A; are the same and represent —-CH;-;
0! and ¢? both represent phosphorus;
K represesnts hydrogen or unsubstibtuted C;—Cg alkyl,
particularly hydrogen;
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n =1 and L1 represents cycl opentadienyl, 5

particul arly unsubstituted cycl opentadi enyl, and m;@#-JAN 2007

0. (14) X1 and X2 together with @2 to which they are
attached represents 2-phosphé-adamantyl; 10 X3 and X1
together wwth QL to which they are attached

represents 2-phospha-adamantyl; K represents

- 2 GFOMIH6 gihelgkRngs agd X EROS G ot LR t8s  Ehe

hey are att ch represents
phosphay atbapemt 3diedpl Alriamd A2 awﬁltheISanp ane¢ akttached

represent -CH2-; ) ch. represent
phosphotts; 2 W“%ﬁb&?%rp%‘%ﬁﬁk‘j@ar bon atons of
the ayciopesdagiienyd; ring to which they are attached

form an unsubstituted phenyl ring; 20 Mrepresents Fe;
n = 1T%nd T1 rlepre¥eht s Ioycl SpPEEAENEAY] | cyclopentadlenyl

A MR B P e -

are at@ached represents 2- phospha adamantyl; X3 and X
together with QL to which they are attached
represents 2-phospha-adanmantyl; A, and A2 are the sane

angh err%ﬁﬁﬁﬁﬁ'@H%Ethe%owgﬁhaﬁa'@8 @Hi@hr€ﬁéﬁsﬁﬂé attached

phosphorus K represents hydrogen or unsubstituted

C -C5 Eﬁm@¢sen@%r&wmhﬂsnh@ragﬁm&nﬁyﬂ,-- e

;3:’:1;‘ ;J-O-n}-{ ataonnsé}(oq%]élgﬁégggr 1t9 6mdt§ &Rggﬁhgﬁew .I:IQE-t QEtached
represents 2Z2-phospha-adamantyl;
K represents —CH2~Q3{35}K6 wherein x° and Xx° together
with @' to which they are attached represents 2-
phospha-adamantyl ;
D represents —-CHy-0*(X")X? wherein X” and ¥®* together
with Q' to which they are attached represents 2-
phospha-adamantyl:;
E represents —CH»-Q° (X°)1X' wherein X® and X*° together
with ©° to which they are attached represents 2-
phospha—adamankyI;
A; and A; are the same and represent -CH;-;
Ql, Qz, Q3, Qd and Ef' each represent phosphorus
M represents Pe;
n = 1 and In represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

{17} X' and X* together with (% to which they are attached
form a ring system of formula Ia, %' and ¥* tagether
with @' to which they are attached form a ring
system of formula Ib, wherein Y' and ¥® both

represent oxygen, R°" to R are independently
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cycl opentadi enyl ring to which they are attached f?é

an unsubstituted phenyl ring; Mrepresents Fe; i JAN 2007
and L1 represents cycl opentadi enyl, particularly
unsubstituted cycl opentadi enyll, and m= 0. (16) X1
and X2 together with @ to which they are attached 10
represents 2-phospha- adanantyl X3 and X4 toget her

with c he
2- phos%%%gaggﬁa%trgﬁ repr esecft i a—lg-‘p (ﬂ?(q%]))%r CE3, and
mherelR”XEnanﬁ?k&ﬁpmyﬂdnﬂ hwiiddye@3 to which they are

attachgd rﬁfresents % 15 phospha- adamantyl; D
repr eseht®d A A8k X fxéaWﬁePQﬁnr%?r§ﬁ8”X8 ~EBeet her

with (4, te WiLhet Bey ang atimrehadqr %%%%@)??Ozhv%dru en or

phospha adamantyl; E represents - ere
k9 andUD@mb$t@ﬁmtE¢ Co@awalhyDs perwhcuhathgyhadeagen,

attac r-es hos danpnt ; Al and A2

are th 5%%2 nggﬁépggggﬁﬁeggkﬁﬁ Sgﬁﬂr ‘B, & and CB
each nepresessemphosphprus Mrepresents Fe; 25 n =

and L1 represents cyclopentadienyl, particularly )
unsubsti t UT ed tycIPBpbnt ddi enfEPI&AANER =Cyglopenfasienyl,

and XZ,4pgetheir g th Q7 Lﬁﬁu‘ﬂytﬁﬁﬁﬂ%?yaar exg%gggtgﬂié?ﬁ%nyl

forma ring systemof fornmula |a

with Qiratexwrdhe by pue @ttdohed dorma ring system

of formula Ib, wherein Y' and Y2 both represent

oxygen, R50 to R53 are independently

{1B) X' and X® together with Q% to which they are attached

form a ring system of formulaz Ia, X* and X' together
with @' 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 CF3;, and
R*® and R™ represent hydrogen;

K represents -CH;-Q'(X’}X® wherein X* and X® together
with @’ 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¢ alkyl or CF; and R*® and R™
represent hydrogen:

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

0!, ©O° and @* each represent phosphorus;

0 and B are the same and represent hydrogen or C;—Ce
alkyl, particularly hydrogen;

M represents Fe;

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

0.
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2 4 JAN 2007 11 selected fromunsubstituted C1-C5 24§ JAN 2007

al kyl or CF3, and R99 and Rya represent hydrogen; Al
and A2 are the sanme and represent -CH2-; K, D and E
are the sanme and represent hy#rogen or 5
unsubstituted Cl1-C6 al kyl, particularly hydrogen; QL
and 2 both represent phosphorus; Mrepresents Fe; n

F angh L] Gy ¢liqprengadienyl [ a
T2hbes, rindoTCTRRhaR AR IPo0RePhieh, PASY, §EE2ht¥ached
puc) ahdrm az @ingl8ysXémawd X2rtodet Ier, Wt hn@ X¥otogether

whi ch the e attache forma ring stemof _fornula |
% CXahil B Bet FRACh withielo AL VT LACERGy SR & - Ting
att achegsf&mm arri Rerkh18ySEBM Ohnb@mwl a ¥ib, awker &2n poth

Y and Y2 both represent oxygen, R50Q,to R53 are
i ndepeFRRFEFRT sePEYUEH. f r &M uns8bs® T ut @8 CLinderergently

or CF3 d I 0 1K
repr es%%%&ﬁ-%ég@( @5‘{}%{ ﬁetrqitfér? E%g%d %ngtlogcéjf_ hg rF3 , and
20 wi tk'°’QantoRthircpidrenateddegeehed form a ring )

system,of formula lc, wherej.n_¥3 represents oxygen
F20 t of RESPEPEST hilepBHaER % ) ol BREEHLRr 3in AJEr dgehogether

unsubsiémt €F GloCoidy| e CF3-andafO9:-88d FHm a ring

represent hydrogen; 25 Al_and A2 are the sane and
repr estwitempl. fognulep Tend Weraidh Yepregestents oxygen,

phosp us; .~ angs:E are_t he. represen
hydr ogﬁéﬂr: ortal-og al E)%Ie, pé?ﬁtﬁlggﬁﬁggwﬁﬁydr S‘Sé%ﬁfiﬁfj fxom

r epr esem$sbFel tidfed € FCanclllyr epreseht,s and R and R
CyClopgggfgggﬁglﬁydrcgen;
Ay and As; are the same and represent -CHz-;
@', ¢ and @' 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 Iy represenkts cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

{20} X' and X? together with 0? to which they are attached
form & 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 ¥° both
represent oxygen, R®®" to R° are independently
selected from unsubstituted C€;-C; alkyl or CFs, and
R and R* represent hydrogen;

A and A; are the same and represent —CHa-:

Q' and 0® both represent phosphorus;




particularly unsubstituted cyclopentadienyl, and m 24 AN 7007
0. 2 JAN 2007 42 (19) X1 and X2 together vvlth @ to

which they are attached forma ring systemof fornula

la, X3 and X4 together w th4®' to which they are

attached forma ring systemof formula | b, wherein Y

and Y2 both 5 represent oxygen RO to R53 are

or SR e opEbosh Rk S B L e €8 8L b,
r epr espant 51 eCH2e TP (BB xgarner ei n X5 and X6 toget her

W th |chthe are attached forma rin 10
syste ofarfc}ghr?ul 5°FE hﬁﬁerEFHﬁYs TR pr RS @%}Pﬂé‘n of the
RS0 t oz oo écﬁ‘ﬁ@fp}el'd%'ﬂﬂ sl epheohf @By are attached
unsubstlﬁtut ed C1-C6 al kyl 3’ CF3, and R99 a'?nd R54

5 repr es@?ﬁtm haye r\dayel s 1AL TR Aheryl thiedame and
represg I(‘%ge éES?. , @ and B each represent
09

phosphoru ether with the carbon atons of
the aycl c:penthdl emd rilng t eephkbebntbey ayelaptachéddenyl,
form an unsubstltut ed hen%‘F ring, M represents Fe; 20

n = 1 BRR-19T IRk EceRt Wit G bpgFntadienyl,"and n =

particgl arly unsubsti tut ed cycl opent adi enyl and m =
0. (20) X1 and X2 together with Q2 to which they are
18  attached 25 forma ring systemof fornula la, X3 and

F24h0%8 1 LPaBhE PRLSTREY SR LAENG Lo e
repr eseitm OxXygeng BHOtEM BSSfamuued&aenqténhhM %' together
with ©' to which they are attached form a ring
system of formula Ib, wherein ¥' and ¥? both
15 represent oxygen, R’ toe B are independently
selected from unsubstituted C)-Cy alkyl or CF;, and
R"™ and R represent hydrogen;
K represents -CH»-Q (X°)X® wherein ¥X° and X° together
with 0 to which they are akttached form a ring
20 system of Formula Ic, wherein Y’ represents oxygen,
R to R are independently selected from
unsubstituted C,-Cs alkyl or CF3, and R'Y™ and R*
represent hydrogen;
D represents —CH,—0'(X"1X" wherein X’ and X° together
25 with @' 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€,—-Cg; alkyl or ©CF;, and R*® and R
represent hydrogen;
30 E represents —-CH;-Q” (X*)X'® wherein X° and X' together
with ©° to which they are attached form a ring
system of formula Ie, wherein Y° represents oXYger,

and R™ to R™ are independently selected ifrom
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sel ected fromunsubstituted C1-C6 al kyl or CF3, and

30 R99 and R54 represent hydrogen; Al and A2 are thd § JAN 2007
same and represent -CH2-; QL and @ both represent
phosphorus; --------------- 44- - ------- - ---

------- 2 4 JAN 2D07 93 K represents hydrogen or
unsubstituted CL-C6 al kyl, particularly hydrogen; D

and E to0 i e.~car at th a8 54
cycloﬁ%ﬁ%ﬁ%?%%@q%%$ngﬂtg“mﬁﬁ%ﬁﬂthggségghat Bhel sond R
f or m arepursadast iHydeskhgrhenyl ring; Mrepresents Fe; n

= 1 and L1 represents cyclopentadi enyl, particularly
unsubgﬁiP&Peéﬁc?ﬁﬁobgﬁtgﬁW@n9P? 5ﬁ8r%?§nLOTC§€'%21) X1

and X2t 0get het, Wit QP FOoub ChobligY et coRbLBRDES

forma ring systemof fornmula la, X3 and X together
with QL teprgsesits hess are attached forma ring system

of formula Ib,, wherejn Y1 an 15 . .
oxygeﬁ?uR'BO th d%- aré”indggéﬁgggbpﬁ séfgggéggk?gﬁ$nyl’
unsubsgid dtitcad £ Coned kyd = Dt u€EFSD, cphlbpESadnanRya and m =
represent hydrogen; K represents -CH2-@B(X5) X6 wherein

X5 and X6 together with @B to which they are attached
forma ring 20 systemof fornmula Ic, wherein Y3
represents _oxygen, R5 to R 53 are independently .
63 ect¥d Homt’ uandbit | tudepemlemsl vl kyproseF3tonadessyl,

B (L ROk MU IR, L A e same
congressyl group;
A; and A; are the same and represent -CH:;—;
K, D and E are the same and represent hydrogen or
unsupstituted C,-Cg alkyl, particularly hydrogen;
Q' and Q° both represent phosphorus;
M represenkts Fe;
n = 1 and L represents cyclopentadienyl,

particularly unsubstifuted cyclopentadienyl, and m =

0.

(23y x', %%, X* and X' independently represent congressyl,
espacially where X' to X' represent Lhe same
congressyl group;

K represents -CH,—Q°(X")X® wherein X°* and Xx°
independently represent congressyl, especially where
X! to X° represent the same congressyl group:

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

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

0 and E are the s=ame and represent hydrogen or
unsubstituted C1-Cg alkyl, particularly hydrogen;

M represents Fe;
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25 with O to which they are attached forma ring

system of formula Ic, wherein Y3 represents oxyge#‘!JAN 2007 .
R50 to R53 are |ndependently sel ected from

unsubstituted Cl-C6 al kyl or4a®F3, and R49 and Rya
represent hydrogen; 30 E represents -CH2- (B(X9) X10

wherein X9 and X10 together wth @ to which they are
attached fornra ri [ Ia I r.ei
represents oxygen rhq{emd 50n%8£§§§ gye Inggggﬁggﬁkﬁgygnyl,
sel ectptrfi@Marty -unsubskiktuted 2odcUADe200diedd]l, and m =
unsubstituted Cl-C6 al kyl or CF3, and H49 and R54
repreé%nt hydrogen; Al and A2 are the sane and

represent -CH2-; QL, @@, B, Q@ and b each represent
phosphorus 5 M represents Fe; n =1 and L1
fetresentsicyaropeﬁtadren@epen@emtltureprﬁsent congressyl,
;qugst&&%gg dﬁ%/(clogentadggnyltb a@g m= reséH{( E% s ame

4 ¥ngependent Iy r epr eSERT congr essyt
especi @hyradefe gdodw; X4 represent the sane

congressyl group; Al and A2 a t he sane and re resent
_CH2- XK, PeRARE SRt e t‘F"r@zs%n’fé‘c aftd r eptsIEit h

or 151 éﬁ&%ﬁdréﬂré@%ﬁ%k&&m?9@§§§PU|§§b¥31ally where
hydr ogen; Q and both represent phosphorus

repr es@ntte K&; represenhdthy sepeesengsessyl group:

¥ gggggag pre BRE pathLpd popLBsbhL e,
o', ¢ and Q' each represent phosphorus;
D and E Etogether with the carbon atoms of the
cyclopentadieny]l ring Eto which they are attached
form an unsubstituted phenyl ring:;
M represents Fe;
n = 1 and L, represents cyclopentadienyl,

particalarly unsubstituted cyclopentadienyl, and m =

0.

{257 %', %?, X’ and %' independently represent congressyl,
especially where X' to X' represent the same
congressyl group;

2; and np; are the same and represent —CH;-;

Q' and Q* both represent phosphorus;

K represents hydrogen or unsubstituted C;—Cg alkyl,
particularly hydrogen;

O and E together with the carbon atoms of Ethe
cyclapentadienyl ring to which they are attached
form an unsubstituted phenyl ring;

M represents Fe;
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(23) X1, X2, X and X4 independently represent 24 JAN 2007
congressyl, especially where X1 to X, represent the

same congressyl group; 25 K represents -CH2- QB( X5) X6
wherein X5 and X6 independeatly represent congressyl,
especially where xi to X6 represent the sane

congressyl group; A and A2 are the sane and represent

-CH2-; QL. @, an each r hosphorus: 30 2
and E are the 1sam(im%d Zra]?s'pr e%%&’?:%‘%%%rt%gen@Eﬁ:lmpén%adlenyl’
unsubspatuied)§#1 Couakkphtipatédculal byehydaogenl, Mand m =
represents Fe; 2 4 JAN 2007 45 n =1 and L1

represents cycl opentadienyl, particularly

unsubstituted cycl opentadienyl, and m= 0. 5 (24) X,

X2, X and X1 independent|y represent congressyl,

é2peci Al WwhEr eand X0 indegmmsianitl ¢ mepyement congressyl;
congr egsyl X represent s, s - x5) X6 rein G
X5 andﬁXc § nlgeé%gee"n%ent I ﬁe@ré&é%ﬁzc%‘?re%ﬁ% \M?\ﬁ and X
especi ahdypahigeet 1 0repréoen® cepfeseayli he sanme

congr essyl egﬁ{gofup; Al and_A2 are the sanme and represent

- CH2- ;P QICREEARF S8 ehth Rebt ddent 'PHySHHOru¥ D 20 X
E togef heLpdhdbni g f@%%ﬁ%ﬁﬁ% NBodrd 8y 1

cycl opent adi enyl r1ng iﬁch th%y are a'itached 15
form af umsprsisiengsed plEmA® (KIgY” Mwlepresigent ¥° Fepnd X1°

o e LEELEREDL o il st el coent culatblian
where X' to X' represent the same congressyl group;
A, and A; are the same and represenkt —-CH;-;
o', 0%, ¢°, ¢ and Q° sach represent phosphorus;
M represents Fe;
n = 1 and L1 represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

(27} X' and ¥’ independently represent adamantyl,
especially where X' and ¥? represent Lthe same
adamantyl group;

x?  represents  CR'(R") (R%) and X' represents
CR™(R") (R*?*) wherein each of R? R®, R® R, R! and
ri2 independently represent C,=Cg alkyl or
triflucromethyl, particularly where each of R!' to R®
and R'Y to R is identical, especially where each of
R' to R® and RY to R represents unsubstituted C;-Cg
alkyl, particularly methyl;

Ay and Ay are the same and represent -CHaz—;

K. D and E are the same and represent hydrogen or
unsubstituted C;—Cg alkyl, particularly hydreogen;

0! and Q° both represent phosphorus;
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20 (25) 'X, X2, X3 and X4 independently represent
congressyl, especially where X1 to X1 represent thIJﬁH 001
same congressyl group; Al and A2 are the sanme and

represent -CH2-; 25 Q and €2 both represent

phosphorus; K represents hydrogen or unsubstituted

Cl-C6 al kyl, particularly hydrogen; and E together

with t@er§8fg§gh§%g%%%of the cyclopentadienyl ring to

whi ch They are a d 30 forman unsubstituted

phenylnring; Mrepmmesentls FereprésdANs219¢ycdbpentadienyl,
and L1 represents cycl opent adi enyl , articularl B
unsubslP“'i”t"El‘%‘&il%‘f/ T opeh ﬁFJeFIS’/F‘?daﬁHChSEE“W&l%ﬂ?(gﬁ) and m =

X, X23_.X3 and X independently represent congressyl;
K represents -CE -@Q@3(X5) X6 wherein X5 and X6
i ndependently represent congressyl; D represents

S P~ Qi X whesein X i nd
FEBE e Kt s P gr Becy bl O PRERINGY sgsnapryes
wher ei @sp&caalll X1 whadepertienahy rEpresemtssent the same

congressyl, eSfeci ally where X1 to X1 represent the
sane cOWRIEEYt FFIWY A and A2 are the sane and

represgnt rafgzentd, Qp, QF (@xand,LBredgh keprespbbsents
phosphorus;™ 15 Mrepresents F&; n = 1 and L1 .
r epr esetimanyyl opeapadiedyly, vheae iXul afl yand X° represent

unsubsty L uf gd. cyglopgripdieny), and m= 0.
%X* represents CR'(R®) (R®), X' represents CR'™ (R} {R"%),
X® represents CR'®*(R'") {R!®), wherein =ach of R’ to R®,
'Y to RY and R to RY independently represent
unsubsktituted C1=Cq alkyl or trifluocromethyl,
particularly where each of R* to R% R to R'¥, and
R'® to R'® is identical, especially where each of R®
to R% RY to RY™ and R™ to R'™ represents
unsubstituted C;-C¢ alkyl, particularly methyl;
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
unsubstituked C;-C¢ alkyl, particularly hydrogen:
M represents Fe;
I = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

{28) X' and X independently represent adamantyl,
especially where #! and ¥’ represent the same

adamantyl agroup;
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20 (27) X and X3 independently represent adamantyil,,
especially where X and X3 represent the sane EIl JAN 2001
adamantyl group; X2 represents CR4 (R5) (R6) and x4
represents CR O(R11) (R12) wherein each of R4 RS Rg
R10 R11 and 25 R12 independently represent Cl-C6

al kyl or trifluoronmethyl, particularly where each of

Rl to 0 i S3 ki C ecial |

wher e ggcﬁggf%%gt%o Eé%én@ HIgg’g&to %ﬁrgggr eg{ent éePresents
unsubsidismtety D, - E6pealikilly parddecut’ar | ¥ neidyk® 26pAksent
and A2 are the sane and rePresgnt -CH2-; K, D and E

are t hES adRanydd B BXb PRI ogen or  unsubstit ut ed

C - C6 @ lodpraidiCdraky; fydr098nroflaandt Pch®tinlly (r1?),
represent phosphorus; r 2 4 JAN 2061 47 Mrepresents
Fe: n ¥ reprkdentsfiRSeRt's (8y0l.opdmomdiegach of R' to RS,

ti bstj t yhed cycl i d =
0 5 (36 K dha i ndbpeitin Y ARTEERe AEprosent

especi ahéybaberered anth-X3 reptkgent the sapBflucromethyl,
adamantyl group;. K represents -CH2-B(X5)X6 wherein X5
represfé%f'élc‘i Lhandhese, eé§|5‘e(9falrfﬂy J%he%e B %9 dha. and

X5 reppesent ghessanppadanant Hs#a%m%m@ﬁ e&§bhSor R
CR (R5) (R6) , X4 represents CR 0 (RL1) (ng%a, X6
repr esedt sSRERI6R{RI ' o (RRY , amdler &h edeh RArepresents

6, RIS {9 A eld &L8, 12158, pdependenthy h&PhGTEN
D, and B; are the same and represenk —CHp—;
Ql, Q2 and Q3 each represent phosphorus;
b 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.

(30} ®! and X’ independenktly represent adamantyl,
especially where X' and X' represent the same
adamantyl group;
¥*  represents  CRY{R") (R% and X° represents
crR'{r*") (R} wherein each of R', R’, R%, RY, R! and
R1? independently represent C1-Cg alkyl ar
triflucromethyl, particularly where each of R' to R®
and R te R is identical, especially where each of
R'" to R® and R to R'? represents unsubstituted )-C
2lkyl, particularly methyl;

By and A; are the same and represent —-CHp—:

o' and §Q° hoth represent phosphorus;
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15 unsubstituted Cl1-C6 al kyl or trifluoronethyl, .
y 15 and & JAH 2007

particularly where each of R4 to R6, R10 to R12,

R16 to Rae is identical, especially where each of R4
to R6, RL to R12 and R16 to RB6 represents
unsubstituted Cl1-C6 al kyl, particularly methyl; 20 Al
and A2 are the sane and represent -CH2-; QlL, @ and

@B eac horus D and re the sane and
represgnfﬁﬁi r%ﬁ%ﬁpgf ‘gﬂbs?FtﬁW?E%@%- Eaky1~Ce alkyl,
particphathyuhyﬂlpghpdrh@éﬁpresents Fe; 25 n 1 and L1
represents éyclopentadlenyl articularly

unsubst’i t 3 ASFEMeEAd | @ﬁ?ﬁz EEQ |ﬁaf@ﬂﬂ(2@90mﬁ &fd the
X3 Indg(pemgﬁeﬁﬂdrsﬂyfs%n%d%@nmc Qh pegial a%tfched

wher e X3 represent the same | "group
4 JAN Poom anguksveptébehed pﬁkﬂylpr(ﬁ@)Xﬁ wherei n X5

represgn tyl, especially where X, X3 and X5
repres%n%ép¥%§g§§%e¥aﬁanantyI group; X2 represents CR1

(R5) (i6) = X4lrepdmsentrs CRlQp&B%bht@RlZhyclogeﬁﬁadlenyl

represents CR16(R17) (H 6), wherein each of R4

R0 t PREBIGHERYS FRswasti hukpendenl ppenbadieent, and m =

unsubsgituted C1-C6 al kyl or trifluoronethyl,

particularly where each of R4 to R6, R10 to R12, and

R16 to R B is identical, especially where each of R4
epresents

&Q ég {ﬁ% O to Rlé an R%G to F & " n Eiomn
unsu uted - c8~SrRkyI, 2pRFT CuIE By REERGNE ALN4RH

peoal ¢t hey sprBcand rﬁ&ie§ﬁ@#:j§hﬁ§ 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 VIIIR metal or compound
thereof as defined herein in a suitable solvent such as
the wltimate end product of the carbonyilation reaction,
for example methylpropanoate where the ethylenically
unsaturated compound to be carbonylated is ethene in the
presence of methanol or methylnonancate where it is
intended to carbonylate octene in the presence ot
methanol. Preferably, the reactants are mixed at room
Eemperature under an inert atmosphere (e.q. under
nitrogen). The molar ratic af the compound of formula T
(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
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QL, @@ and @B each represent phosphorus; D and E

together with the carbon atons of the 15 4 JAN 2007

cycl opentadi enyl ring to which they are attached form
an unsubstituted phenyl ringsoMrepresents Fe; n =1
and Li represents cyclopentadienyl, particularly
unsubstituted cycl opentadienyl, and m= 20 0. (30) X

er e%( B gggﬂgnté’f ' “':pt Iadglqanglyéﬂc €3 1% m%_l lE.M.S the

repr ese e sane

éﬁhéﬁmpt¢mmsenns CRhe(fD) (uR@)aland Xéxpen@e$ent3compounds
CRIO(R ') (R') wherein each of ROr R 5, R45, Rl10r Rl1l
%H&Fa?ﬁQr{Hﬂ%ﬁgﬂﬂﬁﬂtTﬁsr%ﬁr%@%nt"ﬁ?”?ﬁ”ﬁlR?? BFepaxed in a

dépd i ongichyl ppﬁééé&iﬂn?” ¥huher e t?éf’&h 9h-B4tho '3@1 the

and R10 to R1 |s I dentical, especially where each of
cﬁ)rtﬂawbawrancrﬂc:tx@ REL r épr eséhvd consabdyi t unedturated

I kyl a riy nmeth A, andA2ar t he

S (s SIS btefT gy o ol PRpPllgh Or tne

:D'ﬁhﬁérﬂhbﬁm&najr J.ﬂt:]éludsé\l\hﬂ@ﬂﬂ.léﬂalKaﬁﬁ@ﬁ.esﬂétﬁvﬁﬂﬂéogﬁ‘ﬂm the
unsubstituted Cl-C6 al kyl particul arly hydrogen;

Tl E1L 58 e crBRoRinch HRFaet hoht aCRs 16t SMRloved, and/or
Wclt@.%ensagtswh rdg gt Osuﬁéfgtéh%ﬂ@e abtfactt%né If a

f'orm an unsubstituted phenyl ring; Mrepresents Fe; n
sefanmite Leonepe eséntaioys] openemdilepyd, theset ireu are yadded

upsybgti Luted cyel ogentadi el @ 'Brior to use in the
carbonylation reaction. Alternatively, or additicnally, a
separate  source of anicns may he added ke the

carbonylation reaction.

According to a third aspect, the present inventicon

provides a compound of formula I as defined herein.

Hccording to a fourth aspect, Ethe present invention
provides a process for the preparabion of a compound of
formula I, which comprises the reaction of a compound of
formula IT wherein 2;, A;, K, I, E, M, L, L;, n and m are

as defined for a compound of formula I, and L& and LG

represent suitable leaving groups,

K TGE
D
e
E AT—LG,
Lo
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= 0. 10 According to a second aspect, the present? & JAN 2007
i nvention provides a process for preparing the

compounds of the invention conprising conmbining (a) a
Goup VII'IB netal or conpountl thereof, as defined

herein; wth (b) a conpound 15 of formula | as

defi ned herein. Conveniently, the conmpounds of the

i nvention may be obtained by dissolving the G oup

VII1B netal or conpound thereof as defined herein in
aibhi aAabbepsohdent sSuchuas 20I&hendl LImate end product

of the carbonylation reaction, for exanple

nmet hyl propanoate where the ethylenically unsaturated
conpoundyd®d:dexear bonyl ated i s ethene ingyheypfesence

of met hanol or nethyl nonanoate where it is intended

to carbonyl dtla) octene in the presence of 25(le) hanol .
Preferably, the reactants are m xed at room

tenperature under an inert atnosphere (e.g. under
nheregan)’ fdheraodetsrak! @ of(Rfhe eonpousdydf ofonmimantyl,
Izn%referredto as gb;%ﬁtothe Goup. VIS netal or 1
Lonpsbhbsephér &6F (FreierlredCPRIERSTY)) OFs FiEMapty or X
Lhqt e f@?@@h@f Rk B2 RoSwhi OGS & &L Abt VadRed NBorm a
range of 1:1 to 3:1, "nost preferably in the range of
2-phosphatadanantphvendent | 97 Xheapdsti Kiddethheaf with Q7 to
appl yi t hese | lar._ ratjos.is advantageous, a

FEPSY oPieY (RES REYarbe 6Bt 5103 yAKF SUB2°T SHOBT el
conmpound of formula | and hence m nim ses the

consunptj on of these usugl%g egfensive conmpounds.
YRTAbT yX tFRPEDTRRURdSE off ¢ HB | nverPeBRSaYE prepdpBantyl,

kN Aop SERATEL EcRPGRID @Al NGof BRLE Yk NadhldnkPIl NG X3
and X* together with Q' te 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'Y, adamantyl, congressyl, ©' and Q% 2-phospha-
adamantyl, and the ring systems of formula Ia and Ib are

as defined for a compound oF Formula T.

sSuitable leaving groups which LG, and LGy may
independently represent include groups which are readily
displaced by nucleophilic attack by the phosphine , arsine
or stibene derivatives IITa and IITk. 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 -HMe;
or hydroxyl. Most preferably, both LG; and LGz represent -~
HMe,, or Lizz and LG: represent HNMe; or  hydroxyl,

respectively.



5 carbonyl ation reaction of an ethylenically

unsaturated conpound. As nentioned previously, th&h JAN 2007
conmpounds of the invention may include additiona

ani ons derivable fromthe Gsaup VII1IS conpound

thereof, if one is enployed, and/or by the addition

of a separate source of anions. If a 10 separate

source of anions is enployed these may be added to

t he compounds of the invention prior to use in the

The bamplcatiican npache oaccAmpeishedvesyngOrmethods which are

addi tional |y, separ at e. sour.ce of ani ons_may be
SAhLa K8 PnE© S omy P ht LbRCr 8ctPen 2HH5 Aor BRAEPLE, the
fehBkiOnasReCipe t E@c@ﬁﬁ§§§ﬁe{jn\’:§mlﬁ@£‘tiﬁ o¥i d&3 A ion of a

conpound of formula X as defined herein.” According to
aompornd aépéermulpelprwstht ai aeoneind 26 frowmidesIdiIa and

e f r rat] . co und of f | a
PP TR <oy SRR SRR R A P PRl et P EEEen 70
formo ) | poecieaiablA |, afRroKimBreky MOtA Jrdem amd Hhert
are ﬁ%é defined for a coggound of formula I, and LGL

AHPOPRDCI R e pP BERNRS sBi RLBF BIPRATRISHREREDS, 25 K *EA
@ D~G (LOM~L7)n [1I1] 2 4 JAN 2001 51 with a

conPound of fornmula 111a and I1l1b HQ(X1} X2 HQL( X3)
Kaefgralplya) whepf Hhavhesmpound pépfegsentls TIla represents

@ W){{:{Bi 21’%3} }%Pgﬁef’?ﬂdj orth%%an%ﬁteyl compound of Fformuala
11ib represents HQ'(CR7{(R®) (R*1ICR™(RM) (R*?), wherein 0! isg

2

the same as 0° and R' is the same as R’, R? is the same as

R', R’ is the same as R®°, R' is the same as R!®, R® is the

same as R, and R® is the same as R!Z.

Preferably, when the compound of formula IITa represents
HO? (')X* wherein X' and X? independently represent
adamantyl, then the compound of formula IITh repreéents
HO'(x*)X*  wherein X’ and X' independently represent
adamantyl. More preferably, ¥' ~represents the same
adamantyl greup as X°, x° represents the same adamantyl

group as X', and 0! is the same as 0Q°.

Preferably, when Che compound of formula IITa represents
HO* (%'} %*  wherein X' and X°? independently represent
congressyl, then the compound of formula IITh represents
HQ1{x3}x" wherein X° and Xx! independently represent
congressyl. More preferably, X! represents  the same
congressyl group as X, X° represents the =ame congressyl

group as X', and Q' is the same as Q7.
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X2 represents CR4(R5) (R6), congressyl or adanantyﬂﬁ JAN 7007
or X1 and X2 together with Q2 to which they are
attached forma 10 2-phospha-adamantyl group, or X
and X2 together with @ to which they are attached
forma ring systemof fornmula la; wherein X3
represents CR7(R )(R9) congr essyl or adanantyl X4

CERLESEELg, TR AR LG B A F TR I e
iﬁf&c’heﬁ ﬁmemeaﬁ é{lplamph& a:rz]bafagme;ﬂ ngrtqupcg gt%x?hanﬂ they
to to | C t he are attache orma
S e AR DB LTHIOSHR [ Aot GlnBEAGR Lhen the
ceREHRAY lof %aml@ Ix%whiaégbésgﬁt@dquﬂf % anﬂ?%gfn X3

ring gystems of fornul ? Is and Ib are as defined
angofipobpdehef opatiba Q. tsuihdishe Uheawiane groupshedi €brm a

G%hSQSm% MR¥nt fde$$8S8”t' ;SF;@%%PtgéﬁfﬁPd?xl and X?

ups are ead
tbgetheﬁhwhth grt &ak'mk%ytﬂh.ﬁ mﬁ@pmpnospmsaﬂgm@ﬁt 1 group
stibene derivatives Illa and |]1Db. mpl es of sucﬁ

Erehipd Prchimecr@Ponabaeri ofil Ar I%}*%%nﬁﬂaﬁ&hﬁédﬁlth Q.
-NR23R24 where R23 and R21 both represent |ower

al kyl, particularly methyl, and hyroxyl whether in a
Br@mmbbm, f @hﬁnorthmtcm&@om@f elfabflcy:mu_le’ m LE@presents

1i, pde ndentl 1re d p Most
By R PBRARERR! kel SRLEIC ot ier i Y YO PRty trey
and bER arBpre ¥t Iwezlag hydrty | of Eas_ma@hl viel ,Y-then the
......................... 2 4 JAN 2003 52 The

FURRE PO ﬁﬁyfﬁémﬁééoﬁﬂﬁ%mﬁwwﬁd&3%| theBgeX® and
¥l o denoyy o trhagte ki i % il atfé)éh&ﬂ(af@frﬁ a ring

the Teaction may be acco y heat 1 ng
sptemnomibf farfiudenpdbnd BfEfarm;ula, | 1t t Irmgco&pemmnh of

PEARLIM R 44 B d 1A 10 NG QU865 eSS 8.

Most preferably, the compound of formula IITa is identical

to the compound of formula ITITh.

A compound of formula II, where LG, represents hydroxyl or’
NR**R*", may be prepared by reaction of a compound of
formula IV, wherein 2&,, LG, K, D, E, M, L;, L;, n and m
are as defined for a compound of formula II, and Li

represents lithium,
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to 90C, preferably approximately SflC under an inqr,{(t JAN 2007
at nosphere, such as a nitrogen atnosphere. 10

Preferably, when the conmpound of formula Illa
represents HQE (CR1 (R2) (R3p) CR (RS) (R6) then the
conpound of forrmula 111b represents HQ (CR7 (RB)

(Rs)) CRAG (R11) (R12) , wherein Q is the sane as @
and Rl is the sane as R7, is the sane as RB, R3 is
the sane as R9, R4 is the sane as R1I0, RS is the 15
same as R', and R6 is khe § R12. Preferably,
when t he conpound of for la represents

HQR( X1) X2 wherein X1 and ndependent |y represent
adamantyl, then the conmpotnd &f fornmula Il1b
represents 20 HQL(X3) X4 F ei MIXZLERd X4
i ndependently represent gnantyl. More preferably,
X1 -represents the sa adhamantyl group as X3, X2
represents the sane a ntyl group as X4, and Q is
the same as Q2. 25 Preferagﬁy, when the conmpound of
formula Illa represents 1 IH8X1)X2 wherein X1 and X2
c r

i ndependent|y represent essyl, then the conpound
of formula Illb represents HQL(X3) X1 wherein X3 and
X4 independently represent congressyl. More

Wt Ef ep appRpovad rebr bewmesatBe sane 30 congressyl group
as X3, X2 represents the sane congressyl group as X4,
and QL is the sane as @_ 2 4 JAN 2007 53 Preferably,
when the conpound of fornulka=i4)a represents

HQR( X1) X2 wherein X1 and X2 together with @ to which
they are attached forma Zigﬁgspha-adanantyl group,
then the conpound of formula Illb represents

HQL( X3) X4 wherein X3 5 and X4 together with QL to
wint it hdy b eaat dafhnddf dom a @oprosphafadaommildd IT and

B0 MLERLE!“TaRloen L BBy [PHELIER ™ L Ryaronyn
derivative following reactien with compound IV) or NRZRZY,
Preferably, in a compound of fermula Va, A; represents
methylene and LG:; represents HMe;. For example, a compound
of formula Va may represent Eschenmeosers sall I CHoH'Me,
(see Glidewell C, Journal of Organometallic Chemistry,

227, {1997), p.255-261).

Alternatively, in a compound of formula Va, #; represents
methylens and LG; represents oxygen. For example, a
compound of Formula Va may represent formaldehyde, which

for practical purpcses may be paraformaldehyde.

The reaction may be carried out using methods which are
well known teo those skilled in the art. For example, the
reaction may be accomplished by stirring a solution of khe
compound of formula IV and Va in an approprialbe solvent,

such as diethyl ether, at room temperature.
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formed by the conbination of X3 and X4 together with
QL. 10 Preferably, when the conpound of fornula IIEq} JAN 7067

represents | 1 Q2 (X1) X2 wherein X1 and X2 together
with @ to which they are at%ached forma ring system
of formula la, then the conpound of formula Illb

represents HQ (X3) X4 where X3 and X4 together with QL

to which they are attached forma ring 15 system of
formula Ib. Preferably, the ring systemof fornula la
Prefdenishye dn the admpgmsyst e of ofonhal &W,b. LGNbsloes not

referably, the rrpound of f r la Illa is iden .
Itp THERD Liﬂ'-d] f oPFul B ‘Fl?ftir’ SO c PGl ﬁ&’”@ftLl% will
l‘;\% By ha%ert% LK ﬁ@@ﬁéé@@&is @&0@& 8ftho-lithiating

3R27,” may be prepared by reaction of a conpound of

fhoy rRASCUREORIEPERH LY E@@EOWd D/I Bye Mpw ) 180 Fhe ncgmpound

defj I
B PhEpdEelald Bl B gmand, oL LOtiha e e BNl 1v,
%6, k@preGetsL HRYRT L Vinoswi phedecanpound; ofefossanios \fiMe. .

Az=L& 5 (Va) wherein A2 is as defined for a
compound of forrmula Il and L& represents oxygen

At hetghudpr Mg @ dpdrp X vy %&V%I Vﬁrfaﬁ'aEBW NBy ortho-
reaction with conpound |IV) or NR23R24. Preferag ly,
dichizompound ef Fomprned Vaf ﬁznrrr@maeééht swherein 2,, LG,

K, 0, B, M, Li;, Lz, nm and m are as defined for a compound

of formnla IV,

{Lz}m

{L1)n
(V1)

by reaction with an alkyl lithium {e.g. n-bkutyl lithium].

Preferably, 1in a compound of formula VI, LG does not
represent hydroxyl!, as the hydroxzyl Functicnality will
typically have to be protected prior ko performing the
ortho-lithiation reaction. Preferably, in a compound of

NRE$R2|‘

formula VI, LG represents r Mmost preferably L&

represents HMes.

Typically, the worbkheo-lithiation reaction of compounds of

formula VI with an alkyl lithium is performed in an inert
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nmet hyl ene and L& represents NMe2. For exanpl e, ?[I IAN 7007
conpound of fornula Va nmay represent Eschennosers

salt | CHOwa (see didewell C, Journal of

Organonetal lic Chem stry, 52&, (1997), p.259-261). 15

Al ternatively, in a conpound of fornmula Va, A2

represents nethylene and L& represents oxygen. For

ﬁp@l €0 of repr
‘%’( d’eh%ge '\%ﬂg ﬁgefotrEf pr% ﬁ%pggesﬁﬁ%%b at low
mamémmmt@@hy@leg 207 The) J eawdé Ona ned/L begear itk o re .
usi ng net hods which are well known to those skilled

in the art. For exanple, the reaction may be
Reconpbhsdeds byoshhlsi #9, awpakdt Len EépEQSEHEQnHQHEQxyl or
of fgrrrula IV and Va in an appropriate sol vent,
NRER as wapt he préparedt frrmm {ierﬁmm:tm of zqnmujm\l VII

5 r ef.er abl [ ac l|_a

oeg%eﬁgtﬁ rie)pr g'ge * hydr ox%ﬂ 'ijhe %9 PldéxyIJEﬂA_ecél Lor a
datnednohabf t Fomnhla vypamI]LJy f\ﬂyﬁe:t&mm it ed

prior to ortho-lithiating 5 the precursor conpound
(conpound VI below) to the conpound of forrmula TV.
Preferably, in a conpound gf fornula IV, LGl

represents NR23R24, nost pfeferably LGL represents

NVe2. A conpound of for a Itf_rllrmy be prepared by

ortho 10 lithiation o d of formula VI,

wherein Al, LGL, K, *, Li, L2, n and in are as
defined for a conpound rrula IV, K DH
*EA -- LG E Li
o
(L)
{L'I}n
(VI

by reaction with a compound of formula Vb

|'t"|1= LGl
(Vb)

wherein &, is as defined for a compound of formula VI and
LG, rapresenks oOXygen {thereby forming a  hydroxyl
derivative following reaction with compound VII) or
NR?**R?'. Preferably, LG, represents NRZR™, especially NMe,.
In other words, a compound of formula Vb is preferably
Eschernmosers =salt. The reaction may be accomplished using
similar conditions as described for the preparaktion of a

compound of Formula II above.

Simtlarly, a compound of Fformula VII may be prepared by

lithiation of 2 compound of formula VIII
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(L2} {L1}ri (V1) 15 by reaction with an al kyl
lithium(e.g. n-butyl lithium. Preferably, in a 24 JAN 7007
compound of forrmula VI, LGL does not represent

hydroxyl, as the hydroxyl fumetionality wll

typically have to be protected prior to performng the
ortho-lithiation reaction. Preferably, in a conpound

of 20 formula VI, LGL represents NR23R24, nopst

preferably LG represents NMe2. Typically, the
ortho-lithiation reaction of gonmpounds of fornula Vi

with an alkyl lithiumis perfprnmed in aninert r 2 4

JAN 2007 56 solvent, for ex | e tetrahydrofuran or

hexane, at |ow tenperatld H-780C), under a

ni trogen atnosphere. A conp of formula VI, where

LGL represents hydroxyl or R23R2', may be prepared
froma conpound of formul #VII pherein K, D, E, M

L1, L2, n and mare as defingyl for a conpound of

formula VI and Li represgnfg lithhumK ~ H *EUi N

(L2), (M) by reactioflyth a conpound of fornula Vb

10 Al =LG1L (Vb)

{L‘] }n
(VI
wherein K, D, E, M, L;, Lz, n and m are as defined For a

compound of formula VII.

Suitably, a compound of formula I wherein K represents -
2;-0"(X")X® may be prepared from a compound of formula IX
wherein A, As, A3, D, B, M, Li, Lz, n and m are as defined
for a compound of formula I, and LG, LG:; and LG; represent

suitable leaving groups as defined herein,

E | AL,
(L
(Lykq
(X

by reaction with a compound of formula II¥a and IIIb as

defined herein, and a compound of formula IIIc
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wherein Al is as defined for a conpound of fornulale -
and 15 LGl represents oxygen (thereby formng a JAN 2007
hydroxyl derivative follow ng reaction with conpound

VII) or NR23R24. Preferabl y58LGL represents NR23R24,
especially Nve2. In other words, a conpound of

formula Vb is preferably Eschennpbsers salt. The

reacti on may be accoq&%{?hf gsusing 20 simlar

conditions as describ the preparation of a

conpound of formula Il ghmye. Simlarly, a conpound of
formula VI may be prepared by Ilithiation of a

compound of forrmula VIII 2 4 JAN 2007 57 DH JECH T r
Mhetb2n~L AN (Vidddesather ei rK | Ep"% ErisM, Llcoh re@s?ﬁ]d or
mare as defined for a conpoung Tor nul

adapaptyl, a ¥Snpeepdesenter miii" (RVhdéReE N Kcrmmfs or

NaREhATL otk nB$POLESGLESP By ERTBSURELRY ! AL Sona-
adafieht ped grico,a €onEduURdOfxT orsakthdr @agdhlL@F, d&2which

and LG3 represent SU|tabIe |l eaving groups as defined
E%?%lﬁfelﬁﬂﬁéc borm m‘@lQHESY?QHm nf formula Te; and

R™ to R', congressyl, adamantyl, ©Q°, 2-phospha-adamantyl,
and the ring system o¢f formula Ic are as defined for a

compound of formula I.

Preferably, when the compound of formula IITIa represents

HO® (CRY(R?) {RT))CR*(R®} (R®), then the compound of formula
IITh represents  HOM{CR'(R®) (R*)1CRY{R') (R¥}) and the
compound of formula Illc represents

HE® (CR™ (R} {R™) ) CR'(R'®) (R'?), Q' is the same as 0® and ¢,
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 RS,
R* is the same as RM and RY, and R® is the same as RY and

R'Z,

Preferably, when X' and X* in the compound of formula ITTa
independently represents adamantyl, then X* and X' in the
compound of formula ITIIL independently represent
adamantyl, and Xx* 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 IIla
independently represents congressyl, then X' and X" in the
compound of formula IITh independently represent

congressyl, and X° and X® in the compound of formula IIIc
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(L1)n (I X) by reaction with a conpound of fornmula IJ]la
and 111b as defined herein, and a conpound of f or uk alAN 2067
[1lcr 2 4 JAN 297 5a H®@ {X5) X6 (Illc) wherein X5
represents CR13 (R14) (R 5) sacongressyl or 5
adamantyl, Xc represents CR16(R1l7)(R'") congressyl or
adamantyl, or X5 and X6 together wth forma

@
- ph - ad I h hl
TS R A S SO e
Lorrepredait arik R tooRbGspongnessyl , adamantyl,

@B, 2-phospha-adamantyl, 10 and the ring syst em of
formula Ic are as defined for a conpound of fornula

bl f.of
besPELeL gD poH1an i SPTERMRA e LY Lid i ches

ahe @@hﬂﬂﬁ@(ﬁnfuhmﬂqmmxmndIbfrémmmuhﬁsl}ﬁa CGRM a 2-

B e b TeT eyt Ceenee . Fpat o o YRR with ¢! in

} BR1 Z6RpShndRo), ﬂ%kmuidfﬁﬂfﬁﬂﬁhﬁﬁ ﬁ? @ﬂﬂ ﬁB toﬁﬂthér with
L; he same as R7 and R13, R2 is the same as RB and

K- RS pempRundapd d9rrgland A5 Poth | Eo¥measanehaspha-
Rlagfde R 65:4Q9,R5_is the same as R11 and R17, and R6

i's the bant as R17 and Rib. - Preferably, when X1 and

X2 in the conmpound of formula Illa |ndependently

epresents ad nan yl, th X3 an X1|
RERECTTBLEs “PEFRUMS APFD S ndosBhasht (9 Hbgredanywhicn chey
adamapt ythednbdoXe andiXg EpsthR epnpewndlaf TEOr MMkad x3 and
Ilic |ndependently1represent adamantyl . Most
bretepgbhgr xithy Q° to which they are attached in the
compound of IITb forms a ring system of formula Ib, and X°
and x° together with 0° to which they are attached in the

compound TITc forms a ring system of formula Ic.

Moslt preferably, the compounds of formula IITa, IITh and

ITIc are identical.

Suitably, LGy represents a leaving group as defined herein
in respect of LG; and LG;. Preferably, LG; represents
NR2R%! or hydroxyl. Most preferably, LGy represents HMeg,
particularly when both LG, and LG: alsoc represent NMes.

Similarly, the compound of formula IX, where LGy
represents hydroxyl or NR™R*!, may be prepared by ortho-
lithiatiaon of a compound of formula II wherein A4, &, LG,
LGz, D, E, M, L;, Lz, n and m are as defined for a compound
of formula II and K represents hydrogen, followed by

reaction with a compound of formula Vo

FL].:LG3
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X6 represent the sane adamantyl group. 30 Preferably,

when X' and X2 in the conpound of fornula Illa 2% JAN 2067
i ndependently represents congressyl, then X3 and X in

the conmpound of formula 11162 ndependently represent
congressyl, and X5 and Xr' in the conpound of fornula

I11c 2 4 JAN 2UG/ 59 independently represent

congressyl. Mst preferably, % to X6 represent t he

same congressyl group. Preféyékly, when X and X2

together with @ to which they 5 are attached in the
conpound_of . forrmula _lIl1g forma 2- phospha-adamantyl
5?%35,1%ﬁml&s&%&ﬁ&ﬂ?%éﬂ%@ Wi ncFrPft mula IX and
ceppoyR r@fseEQrsnw@x*éjélba ad Xpramd! X6 QQ/tdhehIW,th when
Q@ in the conmpound of formula Illc both forma

pupho¥phd- adafemPgRndr oup 16cpmeier ably, taheayXthapadse a

her: wid to i ch.th a atfac forma
%%m Sgﬁétéago Sﬁﬁu alﬁg, ?ﬁbngﬁg a%gz i’t%%gthgﬁpresent
Wihof1f o ashi ¢het heydaceyat tBohedi drmiitey edMoungpdtally
I1lb forns a ring systemof. fornmula Ib, and X5 15 and

B&YE 0gk? het® WIS 158 WiIdR S hdy aP&T&PTRAREd FRet hertho-

COMROYRLoh | | G T BYeg¥shem,Of fidmul artke. M 16,
preferably, the conmpounds of fornifa Illa, Ilib and

represert | d¥RIIREA) . 2OsBUi pasferabdy r dprdsent®ra and LG
%ﬁgyéggn r as defined herein in respect of LGL and
. Préferably, LG3 represents NR23R24 or hydroxyl.
Most preferably, LG3 represents Nwe2, particularly
when both LA and L& al so represent Nve2. 25
Hrttarly, enEIRMBIFhdobr fogmndiza 1 XhaKREAB IKsrepresents

A3~ (XM x® and D represents —A,—Q%(x")x" may be prepared
Irom a compound of formula IX wherein &5, As, A;, LG, LG:,
LGi, 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 Vi{d)

FL.-]:LGq
(Vd)

wherein Ay is as defined for a compound of formula I and
LG; represents oxygen or NR™'R* as defined herein, to form
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, IIXIIbk, IIIc as

defined herein and a compound of formula IIId

o' (X7 u®
(thid)
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represents hydroxyl or NR23R24, may be prepared by 2§ JAN Zi07

ortho- litbiation of a conpound of fornula Il wherein
Al, A2, LG, L&, », EE M L1, L2, n and mare as
defined for a conpound 30 of éiornmula Il and K

represents hydrogen, followed by reaction with a
conpound of formula Vc A3=LG3 2 4 JAN 2067 60 (VG
3 ] I.nedsf gr2a,Lonmpound of formula I X
m%‘fgké%sﬁr beRESR PRt e PRRp RS sy 51 amanty,
eDEﬁrEﬂ@ﬂleI {Jg“a{p@b)’rp:d‘&pd ebnbeeREla Ur tt@amantyl, or %7
gat g@si se a ompound of formula I X, LGL and L& do
f epFé’Q@ﬁPthyﬂrt&ﬁ L e Hyahaﬁyhaf—aﬁ@mﬁnﬁaﬂu gy oup,

vl Ixt yphealtdy h 0 I qr
Eerform ng the gr?¥gl}é?| F%QEI g reac |ogEl %’r e?erﬁ%sftem of

prRuLEl dfd LErd 1RY epgresaiif, NRR3RRADEwbst @, ef Qr—@hbyapha-

98511&.31'1% Pd?%cﬁuﬁ}{eef)rﬁ%%gléFQNEeF‘ep?g]seﬁ‘?%‘Xﬂl%BT(ﬁ% are as

tﬂé(ﬁiné(ﬂ and H coppesadt 6F- AriiXd) X. may be prepared
15 from a conpound of formJIa | X wherein A, A2, A3,

Ld, L&, LG3, E, H LI, n and mare as defi ned
]f’Péf@ £e1pound-af r.gyrh a se
r I[P sgguetrﬁ%)al I?U#l% B?t I%Or o%‘ aﬁf ? e58PFSRENLS

ro en
Irh%/ Wﬁaiaohp%ﬁrims’ﬂrt?bmﬁl,a Yhen 26hAl qitﬁipol.(ﬂéﬁ) of formula
A4 f f la |
LEE C = tabhsle e G an T BT e déff?gténge “compound
ditEr darmila f Orm:=25¢ ¢p esmonnd pef ttgrmﬂlf thﬁ"ﬁ%‘wm”
ormu

ction of the resultant conpound of
l%hosﬂilﬂ"iene epEpeendor & | befiermetdvat iMdof foepoeaents

ad" @r> 18Ry (k¥hG @84 (R*%) (R®), and Q' is the same as @f, O
4 1 .

and Q°, 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® i5 the same as R@, R!'® and rR7®,

Preferably, when X' and X? in the compound of formula ITIa
independently represent adamantyl, then X* and X' in the
compound of formala IIIb independently represent
adamantyl, %> and X' in the compound ofF formula IIIc
independently represent adamantyl, and X’ and X? in the
compound of formula IITd independent 1y represent

adamantyl.

Preferably, when X' and X° in the compound of formula ITIa
independently represent congzessyl, then X° and X* in the
compound of formula IITb independently represent
congressyl, X° and X* in the compound of formula IiTc

independently represent congressyl, and X' and X% in the
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defined herein and a conpound of fornula I11d 30 -
(7t7) X$ (DI d)  =cmommmmmmmm e 273 Ry JAN 2007
2007 61 wherein X represents CR31(R32)R33,

congressyl or adamantyl, Xsgpepresents CO (R35) (R36)
, congressyl or adamantyl, or X7 and Xe together wth
&4 forma 2-phospha-adamantyl group, or X7 and Xe

Wi A for a ri systemof 5 fornula Id,
SORBRIRA, o' bE o gheRT e, ey L B nden R T ¢ yEPresent
aodgtdesying systemof formula Id are as defined for

a conpound of fornmula I. Preferably, when the conpound
of formula Illa represents 10 HR (CR (R2) (R3) )

: R6\hent Ben jt.he w0 a . lL)b.
LT T e SRR ST rdlRion cney
goapettachel for nihe |ddmpoept eséntfomB CCRIBa(RM4mn a 2-

6 7 R16 dt d of f I
PR B he 5) SRIBE ToaRiBhadh o 4o
K86 ompaied G f | Soihe1SameIBs ®3.2/P A5 taRe Rk B%tihs o in

e

the same as R7 , R13 and R31, R2 is the sane as ,
e gapPRand RE iferdasdidas R RiSamddXR3goasihés with

Bt R T P P 100’ pbR° 3R Ee Aty form
2 (£ Arked aptebt adamdrery Xlgamgp X2 in t he conpound of

formula Illa independently represent adanmantyl, then
X3 and X4 in the conpound of forrmula Illb

pralepensipn! | ynégpResanll xadaspetykr X8 G XGd NG they
conmpound of formula Illc indépendently represent
Heanant§Fhedntn Xrhangoxpopndt led I rawvhso idl of Ed s aring
d:tdiho neependam L yrLep nt.a ntyl . Preferapbly., .

en X1 and X2 |% %%é Egﬁgo&ndgggn?or%éﬁ%Fq?¥awlgﬂ ¢ in a
compound of formula IITIh, X* and X° together with Q° in a
compound of formula IT¥Ic, and X’ and X® together with 0! in
a4 compound of formula IIId, form a ring system of Formula

Ih, Ic and Id, respectively.

Most preferably, the compounds of formula IIIa, IIIbh, IIIc

arid ITIId are identical.

Suitably, when preparing the 1,2,3,4-5ubstitukted
derivative of the compound of formula I, preferably LG,
LG: and LGy of the compound of formula IX do not represent

hydroxyl, but each represents NR?R? as defined herein.

Similarly, a compound of formula T wherein K represents
—B3=07 (X°}%%, D represents -BA,.—0'(X"}%%, .and E represents

-A:-0° (X*) X' may be prepared from a compound of formula XI
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i ndependently represent congressyl, then X3 and X42in
the 30 conmpound of fornmula Illb independently & JAN 7007
represent congressyl, X5 and Xc in the conmpound of
formula Mc i ndependently repBesent congressyl, and X7
and X8 in the ---------- T R 2
4 JAN 2f1 07 62 conpound of formula I11d independently
represent congressyl. Preferably, when X1 and X2
together with @ to whic* he 5 e attached in the
conpound of forrmula Illa forma 2--phospha-adamant yl
group, then X3 and X' togethe wi th QL in the
conmpound of forrmula I1ibf,- together with 3
in the conpound of EGgnula , and X7 and XS
together with @ in the co d of formula Il1d each
i ndependently form 10 a ZEphosp mantyl group.
Preferably, when X1 and X2 ether with Q@ to which
they are attached in t? conmpound of formula Illa
forms a ring system of rnula la, then XS and X
together with QL in a 15 conpQ nd of formula Ilib, X5
and X6 together with Q3 in a 'conpound of formula
I'l'lc, and X7 and XB together vﬂjh Q4 in a conpound of
formula Il1d, forma ring systemof formula 1Ib, Ic
and Id, respectively. 20 Most preferably, the

conmpounds of_ fornmula_l1I 1 b, 11 and 111d are
VRRRE R e &ﬁ’tﬁﬁryg‘;\‘/\heﬂ%r Fi hlg fpe L2 n and'm are as
defided- subshi thpdundenEvabingl 8f Tkheacomposnddefined for
formula |, preferably LGLi 25 L& and LG3 of the
%oﬁﬁ@ﬂﬁéﬂéfcﬂ%rﬂﬁﬂﬂihx Ho hbn representshydrbsgTingugroup,

her N S [ i . i i .
e T R R
ampr esaot bon - AL 144 XZ)idBourmth do £ fTepmebe it 62}

E5ZLG5
(Ve)

wherein 2Z: is as defined for a compound of formula I and
LGy represents oxygen or NR*R* as defined herein,
followed by reaction of the resultant compound with a
phosphine, arsine or stilbene deriwvative of formula IIIa,

IITk, I1Ic, I11d as defined herein and formula IIIe=

H'Q&{xg}}:m
(Ille)
wharein X’ represents CRY (R*?) (R'), congressyl or
adamantyl, %10 represenks CR? (™) (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 Te, and R to R*, adamantyl, 2Z-phospha-
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30 -A -QS(X9) X10 may be prepared froma conpound
ol a R 2 4 A Se0y Tea i 5 L@ aTPOURS Uhy AN 2007

aC-ELA rril M(L)mrr }} 1L71, (X) mhereln Al ,
A2, A3, LA, L&, LG3, M Llg4L2, n and mare as
defined for a conpound of forrmula I X, A4 is as defined
for 5 a conpound of fornula 1, LA represents a

| eavi ro p, d ent dr oge
SRS OO B0 B BRI BE Beie 7o axe as
cm@fmmmdfcerf efofcﬁmbcmﬁé( e:)f ASshfdnla 10. (Ve) wherein A5

is as defined for a conpound of fornmula | and LG5
represents oxygen or NR23R24 as defined herein,

S0 Laueg, by pieact i ogy afﬂ??fest'ﬂlé antq conpoyne_ %}Bgtftuted

15 phosphlne ar3|ne or bene derivative of formila
degayative bpf| Kogmulial daspuiefénadlieléin afd, f 6Emubad LG,

Ille 1 QB [ X9 111le 0 rein X9 represent
raiheRIECkES) of chniruagy X R Kt miesao fyaroxyl,

IePpresant sefRée ks )NKRRY) as ceTdnessYerein.adanantyl ,
or X9 and X1 together with @ forma 2-phospha-
adamantyl group, or X9 and X10 together with @ forma

Pidfbrably, the compounds of formula IIIa, IIIb, IIIc,
IIId and IIIe are identical.

Compounds of formula IIIa wherein X' and xZ together with
0? to which they are attached form a 2-phospha-adamantyl
group may be prepared by methods well known to those
skilled in the art. Suitably, certain 2-phospha-adamantyl
compounds are cobtainable from Cytec Canada Inc of 901
Garner Road, Wiagara Falls, ©Ontaric, Canada L2E ©T4.
Likewise corresponding Z2-phospha-adamantyl compounds of
formula IIIb, IIIc, IITd and IXIe may be cbtained from the

zame supplier or prepared by analogous methods.

Compounds of formula IIIa where ¥' and ¥° represent
adamantyl may be prepared by methods well known to those
skilled in the art, for example by reacting adamantane {or
substituted derivative thersof as defined herein) with
phosphorous trichloride and aluminium chleride, followed
by reduction of the intermediate (adamantyl}s;-P{O}C1
derivative. Likewise corresponding compounds of formula
I11k, IIIc, IIId and IIIe where x° to x*° respectively

represant adamantyl may be prepared by analogous methods.

Compounds of formula IITa where X' and X° together with ¢°

to which they are attached form a ring system of feormula

-
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25 systemof fornula e, and R37 to R92, adamantyl
2-phospha r 2 4 JAN 2037 64 adamantyl, b and tﬁ%# JAN 2067
ring systemof fornula le are as defined for a

conpound of forrmula |I. Suitabbky, when preparing the
1,2,3,4,5-substituted 5 derivative of fornula I,

preferably Ld, L&, L& and L&A of the conpound of

I d d I h
147 B 2 BB AT TN, el B o, s o

compoundsopf Ebormuhaxttla, Ilib, Ilic, 10 1l1d and
Ille are identical. Conpounds of fornula Illa wherein
X1 and X2 together with @ to which they are attached
forma 2-phospha-adamantyl group nmay be prepared by
met hods well known to those 15 skilled in the art.
Suitably, certain 2-phosphdt adanantyl conpounds are
obt ai nabl e from Cytec Canafgda Inc of 901 Garner Road,
Ni agara Falls, OntariRd? da_J2F 6T4. Likew se
correspondi ng 2- phospha- ntyl conpounds of
formula Illb, Ille, fidd % ssmay be obtained from
the 20 sanme supplier or prepared by anal ogous
met hods. Conpounds of gernula gbd a where X1 and X2
represent adamantyl may be prepared by nethods well
known to those skilled |ﬁx“ﬁe art, for exanple by
reacti ng adamant ane (or 25 substituted derivative
thereof as defined herein) with phosphorous
Whe£al ori dagand® ak ymg ug-ehlQf i ger s Aoh | eyed 4 k%bmpound of
reduction of the internedi ate (adamantyl 2 P(
Hermwba i fe. Corkewbsnddngr @OpoRRngg @ﬁrpmmlu‘oflllb II1Ic,
, and_1k1e wher
FEETGa EHEP umty o bbb aitnen Sy S FadSt dhdrieray
anal ogous nethods Conpounds of fornula Illa where X1

and X2 together wth @ )
Conveniently, a compound of formula I wherein K, D, E, M,

By, B1, Ls, L, 0 @, m and n are as defined for a
compound of formula I and X' and X® together with % to
which they are attached form a ring system of formula Ia
and ¥* and X' together with Q' to which they are attached
form a ring system of formula Ik, may be formed by
reacking a compound of formula XV

H

K \?LH
D~ Ag
O
E _\A1—df
A H
{Lz}m
(L1}n
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to which they are attached forma ring system of
formula 2 4 JAN 2967 65 la may be prepared by 24 JAN 2007
reacting a phosphine (PH3) with a conmpound of formula
XIl' Y R4s Rea R Rya RB1 Re& 5 (XI1) where Y' and
RO99 to RS are as defined for a conmpound of fornula
I . Correspondi ng conpounds of fornmula Illh, Illc,

d.lllLe y .pbe .synthesi sed. by al_ @gous d
‘%ég%me%f eht’l ;g? gﬁcé%potﬁﬂﬂ i[*F"fIdf'nutﬁmzji Idl\f\hgﬂr ealr}ﬁi[l? i’:"e as
dEfthed AZorAla ddnpdind Qof EyrmBlandl ) aiehas dednpethd of
for conmpound of formula | and X1 and X2 toget her
Ireb2 X2 e YHey are attached forma ring system
of formula la 15 apgd X3 and X4 togethef,with QL to
which they are attpched forma ring systemof formula
I b, may be feuaed Py r ting ageenpound o ormul a
XV H Q -H Hﬁ &33’%@& (Lf? r _E‘SI(XV) 2 4
JAN 2G 7 66__ | | | i

R © RS2

RS3 R0
R51 R52 R=1 RS2
(XVia) (XVIb)

wherein ¥', ¥?, R'"™ to R"™™ are as defined for a compound of

formala I.

suitably, the reaction may be accomplished by heaking the

reackants at 120°C for approximately 20 hours.

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, A,
Br, Le, Li, O, 0% m and n are as defined for a compound
of formula I, X' and X° together with 0° to which they are
attached form a ring system of formula Xa, X’ and X!
together with Q' to which they are attached form a ring
system of formula Ib, and K represents —&;-0*({X")X" wherein
X and xﬁtpgether with 0% to which it is attached form a
ring sysktem of formula TIc and A: is as defined for a
compound of formula I, may be formed by reacting a

compound of formula XVIT



5

10

15

wherein K, Db EE M A2, A, L2, L1, Ql, @@, mand

are as defined for a conpound of fornmula I, wth gtf JAN 2007
compound of fornula XVla and XVIb Y1 Y2 Ras ! .R54
RAO "AR54 1i RR53 RSO f R33 R51 R52 R51 R52
(XVla) (XVib) 5 wherein Y1, Y2, R79 to R55 are as
defined for a conpound of fornmula |I. Suitably, the
reaction may be acconpli a_?ed by heating the 10
reactants at 120C for approxingtely 20 hours. Thus
according to a fifth aspecia t h@'pHesent invention
provi des a conpound of Horful a as defined herein.
15 Simlarly, a conpound of forgula | wherein D, E, M
A2, Al, L2, L1, Q, & are as defined for a
compound of fornula I, @dXZtogether with @ to
which they are attached ari system of formula
la, X3 and X4 togetherEw tth GA—tayhich they are
attached forma ring 20 sybBtem”™f fyrnmula Ib, and K
represents -A3-Q (X5) wherein X5 and X6 together
with @ to which it i(bzhitiched forma ring system of
formula Ic and A3 is as defiined for a conpound of
formula I, may be forned g'y‘l)rreacti ng a conpound of
formula XVIl r 2 4 JAN 2(%%}67 HH @B '- H

wherein D, E, M, 2;, Ay, M, Lz, L, Ql, Qz, Qj, m and n are
as defined for a compound of formula I, with a compound of

formula XVIa, XvIh, XVIc

'rr T
RE A s RE ,,[L/,Ra R M g
RS0 KU l - Ras RJ ||\ ps3 R ’_,! k— R53
. RSt Rz R51 Ro2 Ro1 RS2
(XV1a) {(XVIb) (XVic)

wherein ¥', Y%, Y?, R"™ to R™ are as defined for a compound

of formula T.

Preferably, Y' is the same as Y2 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, 0, E, M, Ls, Ly, A,
Rz, Q' 0°, n and m are as defined for a compound of

formula XV,



10

EMH 0L OVI) wherein D E M A2, Al, M L2, bl 1y gy

QL, @, B, mand n are as defined for a conpound
formula 1, with a conpound of 5 formula XVla, XVlb,
XVic Y1 yz Y3 49 49 R R54 RgkgR54 R. ~Rs4 R50 J R53
R Rsa RO 1 , RR51 R52 R51 R52 R51 R52 (XVla) (XVIb)
(XVic) wherein Yl, Y2, Y3, R49 to Rss are as defined
for a conpound of fornula I. é;‘ Preferably, Y is the
same as Y2 and Y3 in a conpou'ﬁ| of formula XVlia, XVib
and XVlic. Mst preferably, theu?con'pounds of formula
XVla, XVIb and XVIic are identical. 15 Suitably, the
conpound of formula XV nay be f red from a
conmpound of formula XVIII1,| wherne K, E, M L2, L1,
A, A2, Qd, @@, nand mare ag defined for a conpound

of formula Xv, 2 4 Bx 8 HOKQLOH ~i EI A
OH
& / TOH
E |"I||I"| A,
- _.-OH
{ E}m
{L1:'n
(XVIID

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, &, A,,
Lz, La, m and n are as defined for a compound of formula

XVIII
K  NMe,

S

SN
M

A;—NMe,

(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 XTIX followed by reackion with trias-

hydroxymethyl phosphine/stilbene/arsine.
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M~- "H {L2}m(XVIII) by reduction with for
exanpl e, sodium netabisufite. Suitably the corrpou?\& JAN 2007

of formula XVIIl may be prepared 5 froma conpound of
formula XI X wherein K, -, E &M A2, Al, Lz, L1, mand
n are as defined for a conpound of formula XViIl K
tMe2 ty ~E A -- NI\/EZ M(L2)m {L7}n (XI X) by

LT AP B ko S P8 T e ke

of Bhe 4 campound Xqf j.,orm,ll & Xk Eol t ovved bympeaatisomay he
wth tris- hydroxynethyl phosphine/stil bene/arsine. 2
PESRN PHTY TR IIIMT 1M U5r eci at ed by those skill ed
inthe art that 1, 2, 3, 4 and 1, 2, 3, 4, 5

substituted conpounds may be prepared by anal ogous

et hoee@uThe eonpetmaba of I¥ar i ol | TRIC IIIJIdJ |TEle, Va,

Vi Vi e,
‘%R/I d‘“‘o«)?? ‘}A/%X g¥ L. dgﬁ va |I§és \théjr'e};gi When n X\%& and
:@@fmiﬁﬁxaéé ytheakb@b| a/haior nsibEeduesninme rddsdnivbesivailable

may be obtai ned_usin conventional synthetic
I‘p?%ce&‘tipé§qiuﬁ“§éé'or et 10Me¥andef d CEeimssks using

AP thegysthye & | piBEa@blt8s in accordance with
standard text books on organic chemistry or literature
precedent, from readily accessible starting materials

using appropriate reagents and reaction conditiens.

It will be appreciated by those skilled in the art that,
within certain of the processes describaed, the order of
the synthetic steps employed may be wvaried and will depend
inter aliaz on factors such as the nature of other
functicnal groups present in a particular subkstrate, the
availakbility cof key intermediates and the protecting group
strategy (if any) to he adopted. Clearly, such factors
will also influence the choice of reagent For use in the

said synthatic steps.

It will also he appreciated that various =standard
substituents or functional group interconversions and
transformations within certain compounds of formula I will

provide other compounds of formula T.

According teo a sixth aspect, the present invention
provides a process for the carbonylation of an
ethylenically unsaturated compound comprising centacting

an ethylenically unsaturated compound with carbon monoxide
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precedent, fromreadily accessible starting mater iszall S

usi ng appropriate reagents and reaction conditions %1JAN 2007

will be appreciated by those skilled in the art that,

15 within certain of the progeésses described, the

order of the synthetic steps enpl oyed may be varied

and will depend inter alla on factors such as the

ure funct j ppal present i

A ParCatnr o i HRE aletRE: PHE) Lt opfigBuna of che

préeenediatest bamd. t he protecting group 20 strategy (if

any) to be adopted. Cearly, such factors wll also

i nfluence the choi ce-of reagent for use in the said

§1Y:D'_E£@1éc $osRecthhw | lir@&f&ﬂ@e éB%%ﬁhﬁE?d dchﬁ:;rising 2

various standard 25 substituents or functional "group

e beepnivbici DR3elid and anshokihei bydregen mtear.t dfiims the
rmul a | owill oV] e .

GRRREINS 87 “ReCaribenshen k) ataLpac: hvaRERaRYIap o,

hpaent s tifox P0a bl 6v] degdanps beLssitatisheanar BoAybaini 68t ion

of an, ethylenically unsaturated conpound conpri sing

ERRELEPTRLT o0 T HYY Lt 1y upR e b 58 e’ cotieeiRAwi t h

carbon nonoxide 2 4 JAN 2007 '70 and a coreactant in

the presence of a conpound of the present invention.

B f abt ed c ooeggecaans si nohcbelz orpdandd acotydsigan.a water,

n céﬁoghi I C.Hla)i et ﬁ%:ansdego ab}l e hmlr ogen aatciraesThuSsuch as

The " CotholAdS?6Y thHe THVENToh FRY' &t &fFys&aes:

dygeofDamitaf | O, N-Bydeetgnbekyllaheon,diamine, carboxylic

hydroesterificati on and hydroam dation reactions_of )

A % h{PEnPEAMPY SuASETLdFattéd TooFNPTHE mekdrird pivalic

&(F’I&acefﬁcﬁ‘térd)rﬁ&&i@eaf@&ﬁ&i% ar hydrogen, water,

al'cohol's, primry or secondary anines or am des, such
as diethyl amne, N, N-dine thyl ethylene diam ne,

E% é%g%iﬁ, the coreactant has a hydroxyl funckional group
or is molecular hydrogen. The  hydroxyl containing
compounds may be branched or linear, and comprises an
alkancl, particularly a C;-Cyw alkancl, such as negpentyl
alcohol, ethylhexyl alcochol, tert-amyl alcchol, including
aryl-alkanols, which may be optionally substitubked with
ane or more substitutents selected from lower alkyl, aryl,
Het, halo, c¢yano, nitro, ORY, oC{0)R*™, C{O)R*', C{0O}OR™,
NEPR™, CIOINRPR*®, C(5)IRPR®, SR* or CtOISR™ as defined
hexein. Highly preferred alkanels are C1-Cy alkanols such
as methancl, ethanol, propancl, iso-propancl, iso-butancl,
t-bukyl alcohol, n-kutanol, ockanol, phenal and
chlorocapryl alcohel. Although the moncalkancls are most
preferred, polyalkanols, preferably, selected from di-
octanols such as diecls, triols, tetra-ols and sugars are
also possible. Typically, such polyalkancols are seleckted
from 1,2-ethanediol, 1, 3-propanediol, glycercl, 1,2,4
butanetrieol, 2=-{hydroxymethyl) -1, 3-propanadiol, 1,2,6
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acids for exanple acetic acid, propionic acid and
pivalic acid, and aromatic al cohols. 15 Preferab@% TAN 7007
the coreactant has a hydroxyl functional group or
nol ecul ar hydrogen. The hydraxyl containing conpounds
may be branched or linear, and conprises an al kanol,
particularly a Cl-C30 al kanol, such as neopentyl 20

xyl al cohol ohoI,
e%%ﬁﬁ%%%ﬁﬁﬂg¥é$galkanols EBﬁg gg%%lg% fonally 11,1
sHbsh i tbegmat i{il ) onieand, ThaAnsEBSt isttubentss sedlectietse and
fromlower alkyl, aryl, Het, halo, cyano nitro,
TR GEQEGFR2§'Q§QE¢@ﬁ SEdeEf eRryPNd ENﬁEﬂ%PSQE(EXUCtDSE
NEORAG o) REEEZh1 DR preserldy Sﬁ@aﬁélgefdf?—:edmgéhannl

herei'n. H ghly preferred alkanols are - C8 al kanol's
auad hetlagnedkt hanol , et hanol, propanal, |so propanol ,
i so- but anol , t-butyl aIcohoI, n-butanol, oct anol ,

phenol and chlorocapryl alcohol. Al though the

THEoankand! 6fanecebstll i efdd redit el yal damet$lly, amounts
preferably, selected fromdi 30 octanols such as
@Fel susedi o8, €8CFE50l SfandiSugaiie @f soethylenically

@Hé&t@k&tea YEbﬁﬂthd %HC'EeDQJa)ﬂHfﬁHQJt%cPV SrRfd eﬁlt_l@da%rcohol

from 1, 2- et hanedi ol , 3- propanediol, glycerol, 1,
hay asetrrieolas zthhyaﬁamymhwaupr& pmpaﬁédl,olall:lhcﬁagﬂh if

4. JAN 2007 71 tr| oxyhex entaerythritol,
ti‘eﬁl’ie':l‘t T f%yﬁsetrﬁaa%egf%%%os%s 1:}c,/or base,

gal act ose and other sugars. Preferred sugars include
sucrose, fructose and glucose. Especially preferred

Wrkanbls e mmiEcdatsl addedt ndRs . erle” REBORELO fcf the
PLEOOPLy | §:sn%LE'ﬁ:}ntlh%ﬁ' at é\% | ¥n ?}?H”b tH L of

I n excess of the anount of ethylenic dnsat urate
conpatian bt ocdren@and onyddt ebBif Trusr t he a$£@h@$ the hydroxyl

group c<containing compound then the end product is the
corresponding carboxylic acid, whereas use of an alkanecl

produces the corresponding ester.

Preferahly, the ethylenically unsadbturated 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 kond, wherein

the double bonds are conjugated or non-conjugated.

Preferably, the ethylenically unsaturated compound has 1
to 3 carben-carbon doukle bonds per molecule, particularly
1 to 2 carbon-carbon doubkle bonds, especially anly 1

carbon-carbon double bond per molecule.
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10 may serve as the reaction solvent as well,

al though, if desired, separate solvents may al so b§ JAN 2007

used. It wll be appreC|ated that the end product of
the reaction is determned g |east in part by the
source of 15 coreactant conpound used. If water is
used as the hydroxyl gr oup containing conpound t hen

d pr Corr 0 car boxylic acid,
Do ] PR Se Srlde l Re SE R ERE B e SRk rated
eempmunﬁOmEpefehablyhetheaeéhﬁl%ﬁE&Qbh&n@n&@hhéﬁt%q carbon

cgngoun& |ncludes from2 to 20 carbon atons. More
PrEfEr abfy L AT thyPEANEARHY Bfs uildiced erpbimder part

b?élHgﬁﬁcﬁclQc14aﬁ@f89nheagﬁﬂ§tlggt§H'E?bkgfmgggted by one

et hylenically unsat ur at ed compoun
PRarmerre mtemm deablceeuonﬂ;nmhermer tahiyl, arvl,

%r e?%'?]égl? %?%{e’ et%nir]]"]l enle&gldl 5 El?i’ggt at eggég%%ﬁnd RER R,

@ (0BORY9 mﬁénb*on mmwﬁﬂ@blmgqor@ﬁ PeR*TOLREHEER RI° to
rticul arl car bon- car bon doubl e bonds,

sp&EIR M%W‘“yﬂqen%]a? bBRPEGFBBE AyGBgeNo My pbwer alkyl.
Pk L4 echds4 sﬁé@t%%gaed7%ng}|u%l%s ﬁa{}%&]\@ anc‘?v\ﬁf]lﬁyi egs ters

the ethylenically unsaturat conp
@ﬁer@ﬂa@@tﬁﬁ f cairbpxydarbeacbfls cardorh atgormetbauylate

nche clii,c, clic or part
B ey oF SR Bra et fs . AR ot achs A omRnay may
EHH&E&@YCﬂ@rﬂﬂﬁuﬁﬁdIEE&“&S{@?lf@&ﬁ@E{ﬁﬁﬂW|Omer al kyl ,
aryl, al kylaryl, Het, alkylHet, halo, ORZ9, OC (O
R20, C(OR21, C (O OR22, NR23R2a C (O NR25R26 NQ2,

EDbmp ey Woerglit FEQ t Qv e”t
reﬁ?géent hydr ogen or ? mggg%?égplb % ns t g compounds
g t 8t el i mlr&de:&iwmanatm alkyludst eltsleh@ of propene,

]ﬂﬂ?‘af Lgnaet ed ey b%yelrfec aci, sobui%%g,as ESE@S%%", al ehe:-:enes,
octenas, dodecenes, 1, 5—cyclooctadiene, cyclododecene,
methyl pentencate, pentene nitrile, 1,3 butadiens, 1,3
pentadiens, rinyl acetate and 1,3, hexadiene.
Particmnlarly preferred ethylenically unsaturated compounds
include ethene, oct-1-ene, vinyl acetate and 1,3

butadiene, especially ethene.

The process according to the invention may be especially
advantageous for the carbeonylation of ethylenically
unsaturated compounds which are internally unsaturated,
such as but-2-ene, pent-Z-ene nitrile, oct—-Z2-ene, oct-3-
ene, oct—-4d-sne or methyl pent=3=enocate. For these
compounds side reactions typically occcur more readily and
linear products may be more difficult to obtain.
Conveniently, the compounds of Lhe invention may permit

high regioselectivity towards a linear product following

L
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Suitably, the ethylenically unsaturated conpound nay
exhibit cis (E) and trans (Z) isonmerism = Exanpl&# JAN 2067
of suitable ethylenically unsaturated conpounds 15
having 2 or nore carbon aton®3i ncl ude et hene, propene,
but -1 -ene, but-2-ene, isobutene, pentenes, hexenes,
oct enes, dodecenes, 1,5-cycl ooctadi ene, cyci ododecene,

%g%?%%¥P§EESH°at%f pem*%g%¢g;gg'e H&sg butéd'e”eet%y§enlc

ene, Vvinyl acetate a RS AT ERE"
Pampogudlar |y preferred ethylenically unsaturated
conpounds include ethene, act-|l-ene, vinyl acetate
and 1,3 butadiene, especially ethene. The process

aﬁéﬁéﬂaﬁgytotheeclamsaﬁwgrh%y d&%mqsa'éé/rrféd out at a
advantageous or the carbony ation of ethylenically

LPRpETAENEY ebnpoamdd “whitch Fr® Gntlpyal pyeferably 40°C to
UBSaL T AL, or SHCDBS, Db a2 ey pep! -2 ene nitrile,

ene oCt “4-eng" or “het hyl
pent - 3- enoat e. For these conmpounds si de reactions
typically occur nmore readjly and 30 |inear products

Hay ARl Yor ENGi fEERARY XA Wt aPROCeEBNVeni YRl G2l i necarried

SQEPoINASy Ofp Adies i entd oMy RERM Bl ghenc regsure.
regloselect|V|ty towards a |linear product ftoll ﬁ 5
Rrgpen 2007, W@ecraa:bbwyiféal:mnoprpneesnaslyeuﬁoamadaquer a

eni ¢Qapoun ds. efer t he car.bonyl ati_on
%Er‘g%ies rfggsgé:rer |°ed gaee é tﬁ?%eﬁﬁeregt Fre 12%/ ?Lro"fn Bemm
m@rQSﬁfefﬁm]elprgf:eaabkytﬁeﬁ e <khRG twst Pred®wB| Ymost
70C to 120C. Suitably, the carbonylation process is_ .
RYDTREAPLY cafFRBBeT outthan a F es@@relof tat 1&astx  10°Nm™

BRSPS C PhESSH Son ﬂQtf%?fﬁfégégs iererfDrTed under a

car bonyl ati on process |s performed under a tot
brlesk reepturg caf ekesharhan equatiued Lox1GO5KMR)Y MM, more

preferably less than or egual to 65 x 10°Nm°, most
preferably less than or equal to 50 x 10°Hm?

Carbon monoxide partial pressures in the range of 1 to 65,
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 diexide or a noble gas such
as argon. 5Small amounts of hydrogen, typically less than

5% by wolume, may alsoc be present.

The ratio (volume/volume] of ethylenically unsaturated
compound to coreactant containing compound may vary
between wide limits and suitably lies in the range of

1:0.1 te 1:10, preferably from 2:1 te 1:2.

The amount of the catalyst of the invention used in the

carbonylation process of the ethylenically unsaturated
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nore preferably greater than or equal to 5 X 105an,

nost preferably greater than or equal to 10 x 105K JAN Z347
2. Preferably, the carbonyl ation process is perforned
under a 15 total pressure of 7hess than or equal to 100
x 105Nm 2, nore preferably less than or equal to 65 x
105Nn2, nost preferably less than or equal to 50 x

193D o o), GKIS DALl BLEPEUT B8y Bt B inca by

aséngr ef@r'r eto 1701 hano PEOLesm RECOrdifRgGabd vt heo ¢ o 1072
risent i nvention, the carbon nonoxide may be used in
Eﬁ €5f or Rfor GFMEt ed Wilth &ftHertor gad sgempaynd thereof

P-EFEIRAg GaS baR dioxi dge Qi A nEQEE 88 SUgh e@ﬁy&enically
argon. Smal | anmounts of hydlroge , typrcally less than

6= beted| galpouns- al so be present. The ratio

(vol une/ vol ume) of ethylenically unsaturated conpound

to coreactant containing conmpound may vary between
Ardeetabiys andmenictiabler Heawid) the: rgRge:9f i30performed
1:0.1 to 1,10, preferably from2:1 to 1:2. The anopunt

BY tRE ARCHWHCTHOL e PAVERE 6 Wdens 3hedefined herein

r O €SSm hyl, eni . unsatye
59 RSB 84 OB RERE S mmgluble BEVLEDLGOPhY SIS BLEY,.
poyrie obf aiavedbiy amiamptkd- From 1@he nobapoumtise of the

referably 10-6 .to 10; les, . of Go VLI 1B netal
DRI oY | s e&dﬂzﬁ‘ﬁ oR S r K% oﬂﬁgﬁgaﬁﬁéﬁepn) Ppepess.
b £e AL EY Y | AN1 @RlnlkY on2dUNRatEi Al ede KOMAMShunds of the
Preferably, as nentioned herein, the process is

berentheR 1BFluAe Enciiien of andedrce Sofitakilohs the mole
FEEASSBENAEL A S YOTLE N SO Shofe un oo
fopoinés compounits ofntéetidcmvembéon veydbetaddedrbonylate
é{ﬁ%fégfggy fli€W5£¥&§§%Eh compounds lies between wide
1imits and sultably lies between 2:1 to 2000:1, preferably
10:1 ko 200:1.

Suitably, Lie carbenylation 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}, diethylethear, tetrahydrofuran,
diphenylether, diisopropylether and the dimethylether of
di-ethylene-glycol; esters, such as for example
methylacektate, dimethyladipate and butyrolactone; amides,
such as for example dimethylacetamide and N-
methylpyrrelidone; and sulfoxides and sulphones, such as
for erxample dimethylsulphoxide, di-isopropylsulphone,
sulfclane {tetrahydrothiophene-2, 2-dioxide} 2-
methylsulfolane and 2-methyl-4-ethylsulfolane.
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Preferably, as nmentioned herein, the conpounds of the

i nvention include a source of anions. Suitably, thé JAN 2067
male ratio of anions to the noles of Goup VIIIB

nmetal in the 15 conpounds of 75he inventi on when used

to carbonylate ethylenically unsaturated conpounds

lies between wide |limts and suitably |ies between

2:1 to 2000:1, preferably 10:1 to 200:1. 20 Suitably,

t he carbonyl ation of an ethylenically unsaturated
verpouwndl ash el eied &prét Dcmmvlbenes fpatedgi . AR@1ektric
nore aprotic solvents. Suitable solvents include

kePghast &hak d fpldkafpraliet W Bty Re¥enereferably in

ehBehSingeSUHN St50R, %A &b a sg! thyl !
ether)?gé,S,S 25ttrioxanonéﬁ%q?%iglgﬁé?? |e% y ethe%? the

peepahydroftutant, dilphenjdstdmrriai icsopriopy etfiver andgiven
' hyl et her, of, di-ethylene-glycol; esters, such
L Ey ey B SR e Kb AL ARG i FEbEeSRRtiSd che
batysolkdctone, cfiadEsy osuah cnde@zcaXafie that substance
dlnethilacetan1de and N 30_nethglgﬁrrolldone; and _
§ﬁ|#b§'iEEréﬁdtguFBﬁoﬁé§?EéEEh° stheopargapprdenpe with a
I I X Lz sop ukpho :
B R Behenass, SARMES KBR D Re aPIEALRTE, constants
ahd gommbhy| c4genhyl sdlifquligise. <&M JAN 200Md 75iVer general

suiLtable are rotic solven havi ng a .dielectric,
RSP Ee TR haleh, 25 atlie P8 ctlor 8T prdraiainy and
PRysibe, r agle ofiBido, &date@9ylbakkian® 1 idi0SNM 21, and

In the 5 present context, the dielectric constant for
Buli vehed shy veRt PEeaSedni A9PPs abAndrensanfhyyofiuoted for

%f?%ﬁ?ﬁf&kﬂﬂ tOe o53kiozRbct BE ﬁépéciiyﬁofaﬁoﬁenggﬂgﬁék or

at substance as dielectric to the capac
29%. 32n¥, candeaseosphthia prassunef of.€i ehleohti T. x 10°Nm 2,
Val ues_for HP%,di | ectric c%pstants
OF C€an readily e converted te that temperature and
pressure using the conversion factors guoted., If 1o
literature data for a particular compound is available,
the dielectric constant may be readily measured using

estabklished physico-chemical methods.

For example, the dielectric constant of aniscle is 4.3 {at
294.2 K}, of diethyl ether is 4.3 (at 283.2 K), of
sulfolane is 43.4 (at 303.2 K}, of methylpentancate is 5.0
fat 283.2 K), of diphenylether is 3.7 ({(at 283.2 K}, of
dimethyladipalte is 6.8 (at 293.2 K), of tetrahydrofuran is
7.2 fat 285.2 K}, of methylnonancate is 3.9 (at 252.2 K).

A preferred selvent is anisole.

If the coreactant compound 1is an alkanel, a further
preferred aprotic =olwvent 1s the ester carbonylation
product of the ethylenically unsaturated compound, carbon

monoxide and the alkanol.
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10 of common organic liquids can be found in genera

ref erence books, such as the Handbook of Chenmistry @l 107
Physi cs, 761h edltlon edited by David R Lide et al,

and published by CRC press ## 1995, and are usually

quoted for a tenperature of about 20C or 25C, i.e.

about 293. 15k or 15 298. 15 K, and atnospheric

pressure, i.e. about 1 x 105NnR2, or can readily be
converted to that tenperature and pressure using the

TR VISF §b 08 TRES 05 Svsiei @foud vy e Lateraliuser ddhaah Okxcess
a particular conpound is available, the dielectric

ebnsrEittifay sbéveahdi | . freasili ed usahgc- 207 /65t alpffi spegotic

BOLIHEE CO LB oo SR R0 i Bon 8% ! L CERSDE 1:0.
ETiEEIaBIﬁTBEhaE 2@&ib}®angﬁs sorbfollarle Es 4Bt4(&nd more

ggg%‘% | (,Itrﬁ’ et his gni%g? a esgsgsk) I:%geréeral:%tgyg' %hlé) "ratio

S 2 K of
B e ot SL S AL (8 2285720 o

nethylnonanoate is 3.9 (at 293.2 K). A preferred

an d? %fgén %%#?% & $E #errégéggﬁEaﬂﬁvggﬁganﬂagsaCt as

rotic solvent
A hm@tsémgmdamyl .mtmstprmdtmt“}mﬁmmmmm er tcal $at .
unsat ur at ed conpound, carbon nonoxide and the
al kanol . 4 JAN 2007 76 The process may advant ageously

@f GRS | £9rRUN HohoRR n@60RFS «#fa BPEOT Ll ﬁ@&f{e'ﬂachtﬁlyst
at a ratio (v/v) of aprotic solvent to coreactant

tont aknicegpeongdowfd ote a@nveaswnf 1whicpr dfserzl ysupported

% %?%%:%i@bifg Sl%é %0 &01& angu %gh he r actants

St pre era era
&ﬂlvﬁhézuukﬁbdﬂymnﬁhdh 1ﬁ@ad&1bn THe .gat ak)st ﬁﬁnpmuﬂﬂeally
of the present invention nmay act as
unsaturated compound, the hydroxyl containing compound and
carbon monoxide), preferakly in a suitabkle solvent as

described herein.

By the term “heterogenscus" catalyst we mean a catalysk,
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 supperk,
preferably an insoluble supporkt, 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 suppert comprises a polymer such as a
polyolefin, polystyrene and polystyrene/divinylbenezene

copolymer; a silicon derivatiwve such as a functionalised
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10 a "heterogeneous" catal yst or a "honpgeneous"
catal yst. By the term "honpgeneous" catal yst we rmedh AN 2007
catalyst, i.e. a conpound of the invention, which is
not supported but is sinply7adnm xed or fornmed in-situ
with the reactants 15 of Lhe carbonyl ation reaction
(e.g. the ethylenically unsaturated conpound, the

yl _caont.ai ni conmpound.and _carban. _nonox
S8 ory e R e R RS e s porovs
Rér Biychbet temat theher egemneciss 'fant &ttt lavein®afaAic oxides
catalyst, i.e. the conpound of the invention, which
fRAcar P E  supPbPErd§Rus DY di ng5t o £1BUdt h  and

Asperbriibsnpresent invention 25 provides a catalyst

system conprising a support, preferably an insoluble

support, and a conpound of the invention as defined
i nsol ub

erein- nveni ent | t he, use_of .an e _suppor
bERfr Pao R YRR Blbatro s PRl cafopytbae FErFadfigRE nas
By shirlfiaicat | Ofea f Hom the raagki af NEdbinm1®B0to 700 mé/g, a
Preferably, the support conprises a polyner such as a

E%Fﬁ%lE?F%,v%BFW§t§FeﬁEeaﬁ@nge of from 0.1 to 4.0 cc/g and

RR! ystysgnehgivinyLbepezeds +REPLPLINIET orarpbhi €8Nt o 500um.
derivative such as a functionalissd™2 4 JAN 2007 77

Mprecprefesablgonther sardialciec eirear ulsberm dre otdmege of from
rQus rtd cul at.e material .such .as for exanpl e

PRorgam® dki‘es CIndPPREr JSATESCH or t BebPSucR TR of from

@l smcpa A cannt ARAI KhemdwsrigPreierobly Eheesuppoid the

material is porous silica which has a surface area in

THa9¢ afde BFCRr éMh 1P t 40700/ Mo desiarbpyr &Rl aREface

aPek g anjgecpt E@W@élgftgrémofﬁﬂgt@nQUﬂ m°/g, the pore
volume is in the range of from 0.8 to 3.0 cc/g and the
average parkticle size iz in the range of from 30 teo 100
pm. The awverage pore sSize of typlical peorcocus support
materials is in the range of Ffrom 10 to 1000 A.
Freferakly, a support material is used that has an average
pore diamester of from 50 bto 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 B8O00=C

anywhere from 3 to 24 hours,

Suitabkly, the support may he flexible or a rigid support,
the insoluble support is coated and/or impregnaked with
the compound of the invention by technigues well known to
those skilled in the art. BAlternatively, the compound of
the invention 1is fixed &to the surface of insoluble
support, optionally via a covalentbt bond, and optionally
includes a bifuncticnal spacer molecule to space the

compound from the inscluble suppork.
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an average particle size in the range of from10 to
500pm 10 More preferably, the surface area is £& AN 2007
range of from 50 to 500 nR/g, the pore volune is in

the range of from 0.5 to 2.%cc/g and the average
particle size is in the range of from20 to 200 pin.
Most desirably the surface area is in the range of

rom 100 to,h 400 ,.the ppore 15 volu isin e
T RO O 600G SOCRENG A (7 | GEIab Lhe surface
PRI tiHd € JHFZA B d N Sppoangeof phbemedgqgt ord@Btibhmof a
The average pore size of typical porous support
fneriensl i $rewn tpeesemgel bf the opvapeeed 19polgrmula I, for

bl y terLah s sed
R R
mesandbl Ve frefhh 75hé¢ 0 3@ 1ApehttznEenyd pantieuyarl with a

desirable to dehydrate the silica at a tenperature

f
G THIE AT B00C © S 2 W oRES £0t240oups, BESVIously
Sidally, idhe @NQDQﬁ%?QﬁN.b@hé'@%ﬁ@iﬁa@icﬁ §fOtHe reactive

support, the insol uble support is coated and/or
JTpieghit EdenizupPatie ¥bEpoandEoFblinentarehtswesipituent of

%Ch@oﬂ.l%%% pel é{k%"é“ Eﬁveg@ﬁﬁﬁ L4 Egkd N ot hﬁe@é%o eneous
ernatively, tThe conpound of = the invention'ris rXed
daxd hestsundfmaae ofthensebmpband0 sfippdrd , ieyeinarisnl yanda the

a coval ent bond, and.optiqnally includes a

BIRRACY | dFal L1Lpkedr VBl cdiekEges S die 2Rty ester,

i f hgnimsol bl e, sppRordrowp 4 JAN 207 78 The
conpounds of the invention may be fixed to the surface

of the insoluble support by pronoting reaction of a

g.unctjonal gr.ou resent _i A und, of f.or
i “Lh5R B2 ReBLE Pl clor B T fh 57 Pbbna o
Substgrasantt KinvebRtdnt Etof the oyigipopent adipemyl upon the

moi ety, with a caonpljnentary reactive grou resent
rgf‘l-]tlb'rllgppévi btig| ysubn.?ptljtuents Ys} of theg Co pc?un and the

groups of the support. For example, reagents such as
carbodiimideas, 1,1 -carkonyldiimidazole, 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, feurth, Ffiflth,
sixth, seventh and eighth aspect of the present invention

and wice wversa.
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inserted into the support. The conbination of the
reactive group of the support with a conplinentay 700
substituent of the compound of the invention prOV|c&ﬁy 07
a heterogeneous 10 catal yst where the conpound of the
invention and the support are linked via a |inkage
such as an ether, ester, amide, anmne, urea, keto
up ce _of .reactiop_co ps to
89U Ehenehghoe, o1 eRel! OBCOMLILORBOpL! T8 o cne
tlepeadinponchheimbai wgeeRimphessubsti tuents(s) of the
conpound and the groups of the support. For exanple,
reagents such as carbodiimdes, 1,
tgaﬁ$1Q0ﬂyldiin1dazole, and processes such as the use
anhydri des, reductive animation 20 may be
Enppayatiomcedr Hi dobis— dmieeghy hamspentéthyhpfpreseahe
i nvention provides the use of a conpound of the
invention or a conpound of the invention attached to
A-Buppolitiebum (3Jdedldl yst.5 | hoMhlk! e RPRARE] atad 1, sS4
t hat any of the features set forth in the first
Hapktt of tife i nveRBHBA may BE regarded as sPrdil@med of
f ift
g?%%fﬁi%%ln%%ﬁ%nﬁspﬁj% %g%%g%ctw&ﬂheﬁ préL?en]t%o g 10.89
thyehd | Bh mmmh}v1nedyetbgl tHed ANBROGDY ui8eFhaitrogen at

invention will_ poyb bed b of the

b oV eRReRRedie o A5 P8 SEISFhRCER LAY Bixtife stirred for
Pr ﬂ?ﬂﬁﬁ:@tl cmh@f resdritiistd dirdpetdyl i fonekhydpégr r&ﬁﬁ.‘é@j to
n- Butylllthlun1(Aldr|ch 2.5 nolar in hexane, 24
%PPI?F&W§t¢%Yadd@B to éJSoI®t|@ﬁYoflCEfﬂcet0ﬂE bath and
%%éﬁg%ﬁrﬁ%éﬂ”QHEEhVHIHkﬁﬁhch”?giéH heh1ol3 1859 mmol) is
added. The reaction is allowed to warm to room temperakure

and stirred overnight.

The resultant solution is gquenched with excess aqueous
sodium hydroxide and the resulting product extracted with
diethyl erher {23 x 80 mi} dried over anhydrous magnesium
sulfate, filtered over celite, and wvolatiles removed in
vacuo to yield the crude title compound as a light orange
crystalline selid. The crude product is recrystallised
from light petrel with cooling to -17°C and the
recrystallised product washed with cold petrol teo yield
the title compound as a light crange solid (13.2 g, 74%).
The compound can be further purified by sublimaticon to

give H.5 g (52%) of the title compound (mpt 74°C).

'y NMR (250 MHz; CDC13):84.23(brd, 2H); 4.11-4,10{(kc, 1H);
4.04(s, oSH): 3.43, 3.3B, 3.23, 3.1B (AB guartet, 2H};
2.22(s, GH).
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10 M, 48.97 mmol) in diethyl ether (80 nl) unde 1A 2307
nitrogen at a tenperature of 25C and the reactloﬁ C

m xture stirred for 4 hours. The resulting red

solution is then cooled to approximately -70Cin a

dry ice/acetone bath and Eschennosers salt (1 CH2NWe2)
(Aldrich, 10 g, 54 mmol ) is 15 added. The reaction is

al.l d re.. a irped_, . )
el e AT, EBGueRTpe SRRl Tall Fu chdnZhecblrens 5725
£XCEIS aqueous sodlun1hydrOX|de and the resulting

product extracted with 20 diethyl ether (3 x 80 m)

dried over anhydrous magnesiumsul fate, filtered over
@Férhéﬁtafméjné@yﬂé] e%cmfaaved I ne yacyq to yigl ﬁ%thﬁ 9.5%
crude title compound as a |ight orange ‘crystalline

solid. The crude prodwdtculabeecr sthdl.Ditsed Hf Bomrkli gt 9. 4%
petrol with cooling to -17C and the 25 recrystallised
product washed with cold petrol to yield the title
EoameLed> as a |ight orange solid (13.2 g, 74% _  The
conpound, can be further purified sublimation to
Rrepaminion (abod, i gia(ditert ke pivnomel gyl Riprrocene
1H NNR(250 MHz ; CDC13) : 54. 23( brd, ZFD 4.11- 4. IO(t

1H); 4. 04(s, SFD; 3.43, 3.3B, 3.23, 3.18 (AS quartet,
RHterth @ ph@HhineAN{RDA¥icB9 IBE1INMRIY 633 MBE; mmol) was

é%é%é) 683. 8% 70. 40; 69. 25; 66. 84 57.35; 45, 23. 1,2
nt al Pysis: FBund: C 6317%°0 8. 9% 1$%0.5% 5 -

%Mﬂr@%ﬁ%l%ﬁﬂar@ﬁhﬂ}&éﬂﬁod\é& AV ExaPl €, 20.5 g, 1.66
aratli on o
Gl by 40 (AT 3 Rickp et 10 il rorsisre nitgrogen and

mst%ﬂﬁﬂg}ﬁ%@%\ e Ilgsﬁ'sdc;i{}bzd LEUH R £6k 35 WRids. The

anhydrous acetic acid is removed in vacuo at approximabtely

70°C to yield the crude title product as an orange/vyellow
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).

Iy WMR ({250 MHz: CDCla}: &4.4 (2H, d, J = 2Hz)}: 3.95(5H,
sy: 3.75 (1H, t, Z2Hz}; 2.B (2H, dd, 12Hz, 2Hz); 2.6 (ZH,
dd, 12Hz, 2Hz); 1.1 {36H, m).

C NMR (63 MHz: CDCls): 586.73 (d, 5.46 Hz); 70.08 (d,
4.41 Hz): 69.4665(s); 63.75(s}; 31.80 (d, 2Hz); 31.45 (d,
1.98Hz);: 29.80 (d, 1.88 Hz).

P NMR (101 MHz; CDCli): &15.00 ppm.

Elemental analysis: Found: C:66.7%%; H:9.57%
Calculated: C:66.93%; H:2.63%
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hi s(di met hyl am noret hyl ) ferrocene (Exanple 1, 0.5 g,

1.66 mol) in anhydrous acetic acid (100 rH) unEle}r JF&N 2007
nitrogen and the resulting mxture is stirred at 80

for 72 hours. The 15 anhydro#s acetic acid is rem)ved

in vacuo at approximately 70C to yield the crude

title product as an orange/yellow solid. The crude
product is recrystallised fromethanol wth cooling

to -17C, filtered and the filtrate washed wth cold

Etdwgpbe 30 yield the title conpound as a pale 20

4 2 b i | tv
féﬂoé&ngl—t) : 2 B (2H dd, 12Hz oHz) ; 2.6 (2H dd,
): 1.1 (36H, m). 25 ' 3C NMR (63 MHz; CDCL3):

586. 73 (d, 5.46 Hz): 70.08 (d, 4.41 Hz): 69. 4665(s):

TRTEHn g B sieAthy s e P B
i emet. &4 anmnpdhs: f@undadc@c% 9% & 9.5wl%tion 1-

Calcul ated: C 66.93% H 9.63%2 4 JAN 2007 31 EX%HE
@9@#%&%&%ﬂ%%ﬁﬁ%ﬁh¥l errocene (Aldrich, 1.0g, 4.172mmol) in

&1éﬂﬁﬂfﬂéﬂﬂ@£h¥bnﬁL9'ﬁﬁHE%‘%E@%&”Ehmﬂ réiﬂﬂﬁ&?nﬁssstlrred
n-Butyl lithium (Aldrich, 1.6 nolar in diethyl ether,

31143 h«burs Qndnﬁshr)alpsread@ecradghafscﬂqmm ofThe solution

l am §ryocen AI d
£ TohR) POPRSGHR i1 SR PaFelabREp Endath, goTARs paxa-
Im@ﬁld&hycﬁe st{ﬂrrwgl,o for Bimeur seacesdeved@pes aand the
reddi sh col our. The solutjon is then cooled in a dry
TR HtlonBibhiRe Shidnteh Papaaight 2t room temperature.

The reaction is then guenched with water, extracted with
diethyl ether, dried over Mg50,, and filtered owver celite.
THE solvent is removed in wvacue to yield crude Eikle
compound. The crude product is applied to a neukral
alumina column, which is eluted with petreolfdiethyl ether
{o:1 ratin) to remove the starking material, 1-
dimethylaminomethyl ferrocene. The column is then eluted
with substantially pure ethyl acetate to elute the title
compeund. The ethyl acetate is removed in vacwo, to yield

the kitle compound as an orange oil/fcrystalline mass.

'H NMR (250 MHz; CDCla) 62.131 (s, 6 H), 52.735 (d, 1 H,
12.532 Hz), ©3.853 {d, 1 H, 12.512 H=z), &3.984 (dd, 1 H,
2.156 Hz), &4.035 (s, 5 H), &4.060 {dd, 1 H, 2.136 Hz}

84.071 {(d, 1 H, 12.207 Hz), 54.154 (m, 1 H), 84.73 (d, 1
H, 12.207 Hz).

B¢ NMR (61 MHz; CDCl;) §7.688, &B84.519, 370.615, &§68.871,
565,447, 565.369, 860.077, 558.318, 644.414
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formal dehyde (0.247g, 2 tines excess) added and } he
resultant m xture stirred overni ght at room Eh JAM A7
tenperature. The reaction is then quenched with

water, extracted with 15 di etghyl ether, dried over

MyS04, and filtered over celite. The solvent is

renmoved in vacuo to yield crude title conmpound- The
crude product is applied to a neutral alum na col um,
which is eluted with petrol/diethyl ether (9:1 ratio)
tostepovly tirer starting material,. 1 20

di net hyl am nonet hyl ferrocene. The columm is then

BREtéd amsavisibsiawelar | ptptLEEM apdt dtte teowpling to
the thb@etCQEp@uﬁﬁ pPRCeEhRYImagetat e 1s renoved in

vacua, to yield the |tFe conpound as an orange

onfErsrydt apEchearm:tSHCP.ﬁ} 1t N{\R{(zmg MHA] . 81 3)

%55%§%H§38i12 513060 7%‘%‘ ggﬁ%%%lﬁ &0 %)6 2231104, 9

647035 (s, 5 H), 54 060 (dd, 1 H, 2. 136 Hz) 54 071

(d, 1 H 12.207 Hz), 64.154 (m 1 H), 84.73 (d, 1 H

12.207 Hz). 30 13C NWR (61 MHz; CDCl13) 67.688,

B84mp1Q. 4670. 615, 668.871, 368.447, 865.369, 560.077,
644.414 2 4 JAN 2007 aa_ COSY 2D 1H NMR

Pmepavabbsnuoédldbubisf{aitérﬂﬂﬁpphmhmmbhiﬁom@um#1hgerrocene

to the doublet at 4.73 ppmconfirned. 5 Infrared

spectra (CHC13) (c.a. 0.06g / 0.8nmL) 2953.8 cm

B860c Brbat 1p H@gﬁhﬂn@m'{hld%% 4 emsl, Ji104.0 5L1Rnb1) is

Exanpl e 4 10 Preparati on of

3dgedj s- (@PtertUUtXIpﬁ@%pﬁiﬂ@neLhVﬂ?ferrtm%wﬁmoxymethyl 2-

Pl B4 5 PYL Y BROSPI Ned AL (R8Tl £ 9% W) 1§ 153

mmal} in anhydrous acetic acid (15 ml) and acetic

anhydride (0.753 mmol) under argon and the resulting
mixture is stirred at B0°C for 72 hours. The anhydrous
acetbic acld 1s removed in wacie ab approximately 70°C to
yield the crude title product as an orange/yellow solid.
The crude product is recrystallised £from ethanol with
coeling te -17°C, filtered and the filtrate washed with
cold ethancl to yield the title compound as an orange

solid (0.23 g)

'H NMR (250 MHz; CDCl;) 84.351 (d, 2 H, 2Hz), 54.022 (s, 5
H),93.827 (&, 1 H, 2 Hz), 62.858 (ddd, 2 H, Juz 15.869 Hz,
Jle3.320 HZF JHPE 1.831 Hz}, 52.6?9 [dd, 2 H, JHH 15.869 Hz,

Jue 2.441 Hz), 81.166 (d, 18 H, 12.B17 Hz), 81.123 (d, 18
H, 12.512 Hz)

FTIR (Chloroform, NaCl plates)
1104.1 em™, 2B63cm™®, 2896.0 cm™!, 2940.0 cm®, 2951.8 cm*
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added to a solution of 1-hydroxynethyl -

di met hyl am nomet hyl ferrocene (Exanple 3 0.2 g, bﬁ?gﬁﬂ Z007
15 mmol ) in anhydrous acetic acid (15 m) and acetic
anhydride (0.753 mmol) undergargon and the resulting
m xture is stirred at 80C for 72 hours. The anhydrous
acetic acid is renoved in vacuo at approxi mately 70C
to yield the crude title product as an orange/yell ow
solid. 20 The crude product is recrystallised from
Brhanel (wMthmHeeotbog o 315G feppdered and the
filtrate washed with cold ethanol to yield the title
compound as an orange solid (0.23 g) 25 "H NMR (250

Q22 (S, H)
Még%?iiéﬂﬂnélf}yégé ,%éjg‘{“éﬁs (gf%%é ﬁ giﬁﬁsls 869
, JBP, 3.320 Hz, 3HP2Ch18'3ﬂlaJﬁ22)ti B2 667D ddl,: 92 of,
JHH 15. 869 Hz, J11 2.441 Hz), 81.166 (d, 18 H, 12.617
Hz), 81.123 (d 18 H, 12.512 Hz) 30 FTIR (Chloroform

Netheptates) 1104.1 cm 1, 2863cm, 2896.0 cm 1, 2940.0
) m 2951 8 cn1 2 4 JAN 2007 83 1P NVR (101 MHz;

A4 by A Guf YR ] itkigs:  Found:
ggggeézglynm{#g@ fémm@gnec 86.9% 1t 9. 6% Exanpl e
hyl - 2, 3- - bi s-
(dinethylaninonethyl)ferrocene 10 To a stirred
solution of 1 2- bIS di net nonet rocene
Tt Er5 768155198 gl ) [T R BT STROTAEEREL R LTgReEhy)
§£§%u&ﬁﬂ§f{Ekgﬁﬁlbslamﬁﬂhng Egywvﬁhﬁmﬁsﬂh*ﬂﬂé%hyl ether

{15 cm’) under argon is added 1.2 eguivalents n-butyl

lithium (Aldrich, 1.75mL, 1.6M in diethyl ether) and the
mixture stirred for three hours to yield a red solukion.
The reaction mixture is cooled in a dry ice/acetone bath,
calecinad paraformaldehyde added in 2:1 excess, and the
resultant mixture stirred abt roocm Cemperature overnight.
The mixture is guenched with water and extracted with
diethyl ether. The ethereal extracts are dried over MgS50.,
[iltered over celifte and the scolvent removed Inm vacua, ko
yield the title compound (0.7g , 2.12 mmel, 351%) as an

orange oil., which partially crystallized on cooling.

4 NMR (250 MHz; CDCl3) & 2.133 (s, & H ), 8§ 2.171 (s, 6
H}y, & 2.910 (d, 1 H, 12.817 Hz), & 2.988 (d, 1 H, 12.512
Hz), & 3.425 {(d, 1 H, 12.817 Hz)}, & 3.812 {(d, 1 H, 12.512
Hz), & 3.962 (s, 5 H}, & 3.89 (d, 1 H, 12.207 Hz) (partly
obscured by large cp-ring peak at 6 3.862), © 4.068 (d, 1

H, $2.136 Hz), & 4.125 ¥d, 1 H, & 2.136 Hz), & 4.747 {(d, 1
H, 12.207 Hz)
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l'ithium (Al drich, 1.75n, 1.6Min diethyl ether) and

the 15 mixture stirred for three hours to yield a redAN 2007
solution. The reaction mxture is cooled in a dry

i ce/ acetone bath, calcined parafornmal dehyde added in

2:1 excess, and the resultant m xture stirred at room
tenperature overnight. The m xture is quenched with

R Sha ol MRS B s gy ls Pobraoga 89dr 906,

[ a ol t d % agchO eld.the
%ﬁ'I%%o%oﬁ%f’o.aﬁ,zﬂfﬁ%%ﬁ&l?'9 H ngénﬁg%r%%%e
oil _, which partially crystallized on coollng 25 1H

_%5%9 NHz ; CDClE% S 2.8/133 (s, 6 H 6 2.171 Ss, 6
r odpR¢ra DG #Hz) figm @iatesy
;128@1@ chi?) (833 ‘h&f(dr c':m (ﬂa? S%EEHZL’ cﬁﬁ 81£3Hz(51 '3 em™?

1 H, 12.512 Hz%G 2 (s, .,
2} 202 7F8) 3( sar {ndbscmfe‘ﬂ % ciar gbn}c,p 11&@ Begh at (m),

962).. 16 82.136 Hz), 8 4.125
?%5’5 §Hlm thg .lé’?ﬁ b o 1 H 12,207 Hz) 2 4
JAN 2007 84 13C NMR (60 MHz; CDCL3) 544.529, 645.244,
555. 798, . 657. 906, 660, 271, 667.944, 666.277, 569.612,
bomanknl e kpols | nf EQWW ispectria RcBEE3 H: Thidfif MNimB . 8%
NaCl plates 5 3380.6 @Hﬂmmart)ed 2%555175%11 e 9%28@42865%
cm , 2825.9 cm' (m, 2774.3 cm-1 ., 13535
(m), 1104.9 m' (m), 1038.9 cm-1 (n) 10068 om 1

éiﬁ Ei ngnt al analysis: Found: C 62.3% H 7.8% N
Calculated: C61.8% H 7.9% N:8.5% Exanple
Br & paf Bém off of

1,2,3-1Irj]s- FdltertbutylphosphlnoneL hyl )ferrocene 15
1,72,3-tris-{ditertbutylphosphinomelhyl) ferrocene

Di-tert-butylphosphine (&ldrich, 2.60 mL, 13.98 mmecl) and
acetic anhydride ({(0.24 mL, 2.33 mmol}) is added to a

solution of l-hydroxymethyl-2, 3-bis-
-{dimethylaminnm@thyl}ferrocene (BExample 5, 0.70g, 2.12

mmel)  in acetic acid {freshly distilled from acetic
anhydride 25 cm® ), under argon. The scolutieon is then
stirred at 80°C for 7 days, during which time the sclution
becomes a dark orange colour. The solwvent is then removed
In wvacuo and recrystallisation effected from refluxing
ethanol together with cooling to -17°C overnight ko yield
the title compound {0.43 1, 0.7 mmol, 21%) as a

yellow/orange powder.

4 NMR (250 MHz, CDCls) & 1.12 {dd - pseudn triplet, 36 H,
12.1 Hz), 351.26 (d, 18H, 10.7 Hz), 62.6¢3 (d, 2 H, 17.7
Hz), ©2.95 (s, 2 H}, 83.07, i{m, 2 H), 64.01 (s, 5 H} &
4.33 (s, 2 H}
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Ai-tert-butyl phosphine (Aldrich, 2.60 nt, 13.98 nnol)
and acetic anhydride (0.24 nL, 2.33 nmol) is adobd AN 2007
a solution of 1-hydroxynethyl-2, 3-bis-
(di met hyl am nonet hyl )ferrocege (Exanple 5, 0.70g, 2.12
20 mol) in acetic acid (freshly distilled from acetic
anhydride 25 cnB ), under argon- The solution is then
stirred at SOC for 7 days, during which time the
solution becones a dark orange colour. The solvent is
Lhena f €0y eect +a vacgum@r}d HHEGT Yrstiah INasat igorald @Ct ed
fron1refIqX|n% 25 et hapol gether w th cooling
139e ovefnirght 70 |QE(jrt%% ti 11 emconpdihdd 8 ¢ 2856.7
gnl MBdz033 @%mas a yel | ow orange powder. 1H NWR (250
CDC13) 1.12 (dd - pseudo triplet, 36 H 30

12 1 Hz) , 51.26 (d, 18H, 10.7 Hz), 82.68 (d, 2 H, 17.7
Hz), 52.95 (s, 2 H, 63.07, (m 2 H, 64.01 (s, 5H 6
4.33 (s, 2 FI) 2 4 JAN 2007 85 Infrared spectra
&g&@gﬁ%/7thin filmNaCl plates } 1365.5 cn1, 1470. 3

cm 57.1 cm ,2862.8 cm , 2896.7 cm' , 2939.1
REEPATA IEGim| o I Pr ephr 2t e bigyolohexy]phesph bhemeihyl)
fg§&$gé5@@th 1) ferracene 10 The title conpound was

in accordance with the procedure of Exanple

2 enpl oyi ng dlcyclohexylphosphlne (Strem of 48 High

tregt g?mell X to Uni t ed KlnngH] SGB.54W 659
ﬁ% emﬁﬁgpnﬂ Tgs prepared 1n accordance wikth the
@m@um hydsamipmengily! M eehgcepeng0. &1 dyclobux PIPhdsphine

and
{(Strem of 48 High S5treet Orwell, Royston, United Kingdom

e ) S0W, cho 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 B
Preparaticn of 1;2-bis- (di-iso-butylphosphincmethyl)

ferrocene

The title compound was prepared in accordance with the
procedure of Example 2 emnploying di-iso-butylphosphine
{Strem 486 meg, 3.33 mmal), 1l,2-
bis{dimethylaminomethyl)ferrocene (0.5 g, 1.66 mmcl} and
anhydrous acetic acid (100 ml}. Yield 0.372 g.

Example 2
Preparation ot 1,2-bis-{dicyclopentylphosphinomethyl)

ferrocene

The title compound was prepared in accordance with the

procedure of Example 2 employing dicyclopentylphesphine
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anhydrous acetic acid (100 m). Yield 0.421 g. ?
8 Pre aration of 1;2-bis-(di-iso-but 1 has h|none H-UﬁN 067
20 ferracene The title conpound was prepared in
accordance with the proceduse of Exanple 2 enpl oying
di -i so- butyl phosphine (Strem 486 ng, 3.33 nnDI), 1,2
25 bi s(di met hyl am nonet hyl ) ferrocene (0.5 g, 1.66

) _and rous acetlc aci 00 nm). Yi ld 0.372
ggpﬁ%ﬁnple 9%E¥gparat| 9.83 013, 1,2-
ﬂlaf@1@etmpmimmy$phmMM@et{Inyl5) g301{ ear aeRl® and
The title conmpound was prepared in accordance with the
PR IBCdER B %‘F%‘én‘fﬁ%dzg BBy ngtield 0.432 g.
di cycl opentyl phosphine 2 4 JAN 2067 1)6 (Street -566
ng, 3.33 nmol) , 1, 2-
Bk arpleetthyl am nonet hyl ) ferrocene (0.5 g, 1.66 mmol)

é;éh%fggzgﬁgﬁi ifg%&iﬁ9{éf%éﬂﬁ%@ﬂ%gghgggﬁékhgfﬂSgefkacene

1, 2-bi s- (di et hyl phosphi nonmet hyl ) ferrocene The title
conpound was prepared in accordance with the

Procadirle oFomRaWM e ¥2SerpFeBRFed ditet FeModpRFRe with the
9
PRST SRS oty e 2 TERpLovinal didyiggiidining (stren
mshymgoug .adetnmo i di (Rﬁlﬁlﬂt(ﬂlmewﬁlﬁlMDJ@Eﬁ,tlglefarrocene
2001 ., 8 | 11 P t
{025 bt 48 oBPODYI S oATABHEPHY | e 4t oRghd (100 ml).

Yield 0.254 g,
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5 The title conpound wasprepared in accordance\Mti1
the procedure of Exanple 2 enpl oying h JAN 20067
di -i so-propyl phosphine (Digital Speciality Chem cals
392 ng, 3.33 mmol), 1,2- bisgdine
t hyl am nonet hyl )ferrocene (0.5 g, 1.66 mmol) and
anhydrous acetic acid (100 m). Yield 0.262 g. 10
Eﬁg@g&gﬁ%ﬁ Preparation of 1,2-bis-(dinethylphos
) ferrocene The title conmpound was prepared

Pnepecatdance wdh thel,leEE@gQdmg@pggpﬁlgﬂggghgncmethyl]

| oyi ng- di net hyl phosphi ne (Digital SpeciralTty
E%Eﬁﬂéﬁﬁg, 206 ng, 3.33 mol), 1, 2-
bi s(di met hyl am nomet hyl ) ferrocene (0.5 g, 1.66 mmol)

and anhydrous acetic acid (100 nl). Yield 0.285 g. 20
E&gnmugkg;¢ﬁ@pgﬁ@dim@aﬁprepared in accordance with the

- bi;s- ( di adapant hasphi nqnet.hyl ) -ferrocene-
%F‘é?‘?r‘%'ﬁﬁéne“‘?& %‘ﬁ‘é#g 5 ggﬁ’ﬁ'é?ﬁ’tl?éph‘aﬁﬁh?ﬂ'epf‘ﬂ?%b%ﬁl%%ﬁmlﬂe
gotet thhg SpeciaRiGger thehica?2s RBEChayt z1erya oo}, 1,2-

Phosphorus Sul phur and. Silicon; 1995, 102, 211-21
Bps Bt et pekamorymgly bifrEreerne sdPubi an ol . §62mmol) and

%h%ggf@% W&éﬂ@%@ﬁ@ﬂﬁ@ﬁﬁfﬁﬁ%éﬁf%&l 10 g,

I n anhydrous acetic aci m =" under
nitrogen and the resulting mxture is stirred at BOC
o P rs. The 30 orange yel |l ow precipitate which
iltered and dried in vacua at approximtely
Hfpdatie b e 111812 (CmaUNass gl idaRge/ el f MM ocene
solid. The titlTe conpound 1S I Nnsofuble rm a range of
organic solvents and it is 2 4 JAN 2027 88 therefore
I £ bytﬁﬁﬂﬁﬁ{ [ t | s- et hanesuyl phonat
tI].;Hg\leirtE%Eigddcit| on o g?(ge sgéi:?rae%cgnégﬁlap%coﬂnri alg%c‘? dw%gha the
amtderhote sl ofry Dfarghikee cr kde employing.  dimethylphosphine

(Digital Speciality Chemicals, 2086 mg, 3.33 mmol), 1,2-

bis{dimethylaminomethyl} ferrocene (0.5 g, 1.66 mmol} and
anhydrous acetic acid {100 ml). Yield 0.285 qg.

Example 13

Preparation of 1,2-bis-{diadamantylphosphinomethyl})ferrocene-

bis-mekhanesulphonate

Di-adamantylphosphine (prepared according to J.R.Goerlich,
R.Schmutzler; Phosphorus Sulphur and Silicon: 1995, 102,
211-215, 20.0g, 0.066 mol) was added to a golukion of 1,2-
bis{dimethylaminomethyl) ferrocene {Example 1, 10 g, 0.033
mol} in anhydrous acetic acid {100 mi} under nitrogen and
the resulting mixture is stirred at B0°C Ffor 72 hours. The
orange yellow precipitate which forms is Filtered and
dried in vacuo at approximately 70°C to vield the title
compound as an crange/yellow solid. The title conmpound is

insoluble in a range of organic solvents and it is
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product. This resulted in conplete dissolution of the

5 product salt which was then isolated by renoval of

the nethanol in vacua followed by washing wit @ letlidk 2007
and drying to give the titl @sconpound as a pal e

yellow solid (14.0g, 54% . 10 1H NWR (250 MHz;

CD3CN): 64.57 (2H, d, J = 2Hz); 4.35 (5H, s); 4.27

Hz) ; . H br); 2.6 _(6H. br,); 2.35- 2.18, .
Ehbrelere's) nebyigadon Bh) BehasPRiol g priné pis-
BERhvVRs(01Pphoheke, CD3&N @ S52f. 58 fpmtikh; El ement al axcess
an%hgsi S: Fgund: C. 64, 15% H:7.88% Cal cul at ed:

BEEAB85 L RN PN9G0ASdShpFR R4 ) Iinsplar BLWBRY o1 The crude
r&0dELL - adarRat Yie RQSRNI Eﬁn%n;ﬁ/ﬂ ete dissolution, of the
errocene- bi s- net hane sul phonate "The preparation of

PRPSUFE gad hwashiahr ved others isolllhows: b@Srémo¥al of the

i op_ of - Ad).2P(0) Cl . Phosphorous tri.chloride
ﬁ%gﬂ%ﬁﬁi OQ@S T’rn‘ai() db\vva)fs%,’l&&?ﬂ’eeg ggpiWVW% é‘é‘nt:}bl Et?@ra and
doypbhyatiomyicfe athum nitme chbapbded 6250 hld. &1 1®k) solid
i\ng adamang_ane (27.2 g, 0.20 nol) 30 affording a tan

4 p Bsi 8h%! The reaction was heated to reflux. After

10 m nutes, a yell ow orange suspension was forned.

;I'he reaction was refluxed for a total of 6 hours. The
gkt FCIB Mz repsted B .distidH atd.onT at 2l mbsphedsc(5H,

S 308" Ol B FBET 503 U bl BT S8 KBeRe 15 2.95-
Znlor ol oM {2502 c18) 2 vas [ Beiietbryj el dingr amp ofange br .

suspensi on, which was coaled to 0OC. Water (150 cnB)
was added slowy: initially the suspension 5 viscosity

'BCRARS§d 01bMl Oyl adshé i on Gy water the

Elemental analysis: Found: C:64.15%; H:7.88% Calculated:
C:64.29%; H:7.94%

Example 14

Preparation of 1,2 bis(di-l-adamantylphosphinomethyl})

ferrcocene-bis-methane sulphonate

The preparation of this ligand was carried out as follows:

14.1 Preparation of [(1-2d)}.P(QIC1

Phospheorous trichloride (83 cm’, 0.98 mol) was added
rapidly via cannula to a combination of aluminium chloride
[25.0 g, 0.12 mel}) and adamanktane (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 reacticn was refluxed for a total of 6 hours.

The excess PCl; was removed by distillation at atmospheric
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viscosity |l essened. Fromthis point the reaction was

no |onger kept under an atnosphere of Ar. The 24 JAN 2007

suspensi on was Buchner filtered to renove the

yel l ow-orange solid inpuritgs The filtrate consisted
of a two phase system 10 The | ower phase was
separated using a separating funnel, dried over MySO4

uchn filt.ered.. The vol ati] es nove
BREPURDN e Hllh o s Tt 15 7 it S EERES R, &
af:.ﬁﬁd_f[dl g 1dRm Ofrd s Wiidirehel@QWIEH 1 o b £h £ 352@09,cr9$%w£apadded
NMR. = 85 ppm 99% pure. FW= 352.85. 15 14.
PrRpAEAd| R JPrANIAJFIPREREAPRY (Whish gwagy D@qiqaqion}o e

d (O)Vf=Y ch e
T e arehy Alah R 1boBb gt R |§u5ﬁenmn
ﬂiﬁ&cﬁiﬁﬂ ammﬁeaéﬁﬁ}rbatuan1ﬁﬂ$1m3dﬂmﬂimn wér mater the

nt tegperatu en s%hrred for 20 hours.  The
‘é%se'y?“ﬂ%%p ASOGN Tol ed 8 PUAL Helt® (3§2ckiopg WS no
Hedgen kéﬁtCﬂﬁdng&%S%imﬁﬁ é&éW&ﬁf@QQEdTﬁé0§b¥p¥h§10n Was
syringe %|n|t|ally very sIomAy due to exot herm of
%%I@%n) 13teFrel ditRy aremevphaddesysyehlowierargme solid

fﬁ%ﬁﬁlﬂfCSTh@ #2006 | QURE: Qgéﬁe Fupther %ﬂa4e Rystem,

1) was added to 1 nprove e separatlon of
Tihe Layerslifse uﬁpersppasatmasusﬁagovedbaparétfmg funnel,

nded cannu drie ver and iltered via
B S et pFR o Bk g e vt cvatrfiles were
pérho¥ sl Ng ihherqpducey oﬂaﬂmbﬁe @Q?Q%H f%fdlhnvacuo

t he | ovebox. Yield 6.00 g 70% pm
aDoUEPiRe. a0 FAEE-8bata4popdar sAKi 2007 3590 D4, :99% P NMR:

.Pr§§agﬁm ép&rg b@ﬁ(dlp% @amant yl phosphi nonet hyl )

ferrocene-- met hanesul phonate The title conpound
was prepared in accordance with the

14.2 Preparation of {1-Ad).PH

LialHy {2.54 g, 67.0 mmol) was added over 90 minukbes ko a
chilled (-10°C}) solution of {1-Ad;P{0}C1 (10.00 g, 28.3
mmol} in THE (120 cm?). The reaction was allowed to warm
toc ambient temperature then stirred for 20 hours. The grey
suspension was cooled to -10°C, HC1l f(ag. 5 cm® <. HC1 in
50 cm’ degassed water} was added slowly via syringe
{initially wvery slowly due to exotherm of reaction),
yielding a two phase system, with some sclid material in
the lower phase. Further HC1 (~ 5 cm® ¢. HCl) was added to
improve the separation of the layers. The upper phase was
removed wvia flat ended cannula, dried over MgS0O; 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 WMR: = 17 ppm, 100% pure.
FW = 302.44.
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5 procedure exenplified in Exanple 13. Exanple 15

Preparati on of 1,2-bis(di-1-(3,5-dinethyladananty|)24 JAN 2007

phosphi nonet hyl ) ferrocene-bi s-net hanesul phonate 10
15.1 D -1-(3,S-di nethyl adames yl ) phosphinic chloride
was prepared in accordance with the nmethod of Exanple
14.1 except using 1,3 dinethyladamantane 21.7 g
stead of adananta e, and A1C13 (}8.
4ummiﬁﬁylphd§pﬁhd&métﬁgﬂfif&f&ﬁéﬁﬁéﬁbﬁﬁﬂmaﬁﬁaﬁ&ﬁﬁﬂﬁhmwzte
was prepared as Exanple 14.2 above except using 25.0 ¢
D - 1-(3, 5-dinmethyladamantyl) phosphinic chloride

t f S n e
u@ﬁe gag%% ol Sg.geggﬁw 2 PRaS by Saecl:gea&g%gn JiD the
ﬂﬂ:cﬁ%duﬂe t&}SET(lEdllﬂlE(fB b5 ¢! cEm;m%& bdanmant
| phosphi normet hyl ) ferrocene-bi s- et hanesul phonate 25
The title conpound was prepared in accordance with the
PHAaesdyres exenplified in Exanple 13 except using di-|I-
2(3 5- dlnethyl adanant phosphlne i23 69 g, O 066

I rfgf éﬁ bls—methanesul honate

phosph|nonethyl)ferrocene bi s- net hanesul phonate 2 4

]}]ﬁ 5897.13#91}16]34 %ﬁaméth-}ﬁ@ gﬂr"‘ ﬂ"bﬁbtlﬁl advﬁ;rmntﬂl)llc chloride

.AI A\ Uuo Pbl

»Eas I ﬁ@@a@éﬂ yin nitg@@fwm@e cxtamrl | gige Ofiet IXANPEEELdmAle 14.1

except usi ng 4-tert-butyl adamant ane 25.37 g
except using 1,2 dimethyladamantane 21.7 g {0.132 mol)

instead of adamantane, and &A1Cly (18.5 g, 0.14 mol). Yield
23.5 g FW: 409.08. "'P WMR: 3: 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-IZB,‘E--dimethj,rladamantyl} phosphinic chloride insteacd of
di-l-adamantyl phoesphinic chloride. Yield 15.7 g, Fa:
358.58.. *'P NMR: &: 15.7 ppm (=).

i5.3 i,2-bis-(di-1-(3,5-dimehtyl—-

adamantylphosphinomethyl) ferrocene-bis-methanesulphonate

The title compound was prepared in accordance with the
procedure exemplified in Example 13 except using di-1-
2{3,5-dimethyl-adamantyl}phosphine ([(23.89 g, 0.0686 mol)
instead of di-adamantylphosphine. Yield 15 g.

Example 16

Preparaticn of 1,2-bis{di-1-{d—tert-butyl-adamantyl}

phosphinometbhyl) ferreocene-bis-methanesulphonate
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5 (0.132 nol) instead of adamantine, and AIC 3 (ﬂBng@N 7007
g, 0.14 nol). Yield 22.6 g FW 464.98. 31P NWVR 6:

ppm (s). 16.2 Di-l-(4-tert-butyl adamantyl) phosphine

was prepared as per Di-I|-adafaantyl phosphi ne of

Exanple 10 14.2 except using 13.5 g
Di-1-(4-tent-butyladamantyl) phosphinic chloride

i nstead of di-I-adamantyl phosphinic chloride. Yield

9.4 g, FW 414.48. 31P NVR 6: 18.62 ppm (s), 15 16.3
1621 bi s(bhi~-1- (#-tert-toutyl adawareingl) ) phosphinic chloride
gggfghinoneth | ) ferrocene-pi s-nmethanesul phonate The

TEBABBUNESWES Tprtpar s At HetorkRRfRN Mt FRéoride of
BEAGETAT § 184 Tl dddiedy, b Pn X amRLs {13 8XQ8RmSItAS%e 25.37 g
dl-éé§4- 20 tert-but yladamantyl)phosphine (27.39 g,

00 0682 o} ) | hesbaad of diamdananeyl apdodpRlael{l¥i Bl g, 0.14

305 Gig R SRR T oF el ok y1 - Bo: 8: 87 ppm (s).

phosphi nonet hyl ) ferrocene- bi s_net hanesul phonate 17.1

1- adamant yl phosphoni ¢ acid dichl oride This conpound

Bl st s e wnclarial tanl 4 dasdet ek P SEhim® O ah et

( Chem 90y; 5p.ad-a64: 7 . JAN 2007
@%S1#??9%?§ganant§%%pﬁg§p iTe Lﬁxﬁ? tngggﬁéﬁe7¢%§néf?mple
Whs2 adeleceplieru2impurs3t® agcobDiell- (4otatiehutPCrdamantyl)

- adanant yl sphani c, aci d di chl or.i de (15 g, 59 o

RS (388 Brays Cea Peadli o et abRgsBainic
to he t erat Urzg san@ WasnStignl.ed; .f

e e b wed e "con: o0, Lo pen
HZ1. (75 cnB, 1K) was slowy added via syringe, to

afford a two phase systemw th sone solid present in

the | ower 10 phase. Concentrated HC1L (8 cnB, 11M was
1deh addedPiis(di-1- {4-tert-butyl-adamantyl)

phosphinomethyl) ferrocene-his-methanesulphonate

The title compound was prepared in accordance with the
procedure exemplified in Exaﬁple 13 except using di-1-{4-
tert-butyladamantyl}phosphine (27.39% g, 0.066 mol) instead
of di-adamantyl phosphine. Yield 14.52 g.

Example 17

Freparation of 1,2-bis-({l-adamantyl tert=-butyl-

rphosphinomethyl) ferrocene-bis-methanesulphonate

17.1 l-adamantylphosphonic acid dichloride

This compound was synthesised according to the method of

Olah =t al {J. Org. Chem. 1990, 55, 1224-1227).
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i nprove the separation of the two |ayers. The (qu?il
THE phase was renoved via cannula and dried over JAN 2007
magnesi um sul phate. After filtration via cannula, the
vol atiles were renoved in-vaguo to afford the
product. 15 17.3 1-adamantyl tert-butyl phosphene
nBuLi (20 cm, 32 mmol 1.6M soln) was added over 1
to,a¢ folut| n. of 1-adamantyl phosphine
(100 cnBJ . The sol ution
vvas aIIovved to warmto roomtenperature and stirred
for.a further 2 hours, The solution was retooled to

bt g 5} -DutiA dHMREY deag sadded oVeD arBPYIHako afidegoled
@@ﬁuﬁaﬁrlmgonbfn%é&ﬁa )&riﬁﬁcg%hm% e ;s a'glE:HQE]:J_de

tenperature. The reaction m quenc
%bﬁeg:aﬁﬂatmmﬂhhue0u§ﬂﬁha5%5@xcm t efhei tfeaction was then

onet h ani c
o FOERLE MEEE 18, {rPhrtt e mneeo bty cand FasyBLopres for
3/-1':1 ehdutrbe Tiid | grepnMBRERens30n2 vhs) Abh2ZB0Z0c13dl7(d*kC) and
2-bi s-(-1-adamantyl tert-butyl-phosphinonethyl)
I#%%ré%%n‘ém |sl%t%&WWn%@%EdT‘i’PeatWPeﬂ%np'é‘Em@ffﬂfd a

YRS RIheRAY egygaaﬂca&%angsmw tdhiNe. ﬁre%gﬁ%d% fhe lower

exenplified 1n Exanpl e 13 except usi
EkﬂE&buﬂPthhmsphEdefﬂlﬂ 13 gmﬁﬁ OBBthMps|tbena¢dméd to

adama | _phosphi ne. e 1

BafeParras sPPSRBELRE okl Sl it s B oAy T) THF
ﬁ:ﬁi@cﬁl&% bismevddangsul phonal £ 218 lab aderkale dfgnesium
This was synthesised according to the nethod of Tamara
Pilphate. After filtration wia cannula, the veolatiles were

removed in-vacoo to afford the product.

17.3 l-adamantyl tert-butyl phosphine

nBulLi (20 cm’, 32 mmol 1.6M soln} was added over 1 hour to
a cooled solution of l-adamantyl phosphine (5.0 g, 30
mmol) in THF (100 cm®). The solution was allowed to warm
Lo 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
l& hours at room temperature. The reaction mixture was
quenched with water and the agquecus phase extracted with
dichloromerhane {2 = 50 ml}). The organic phase was dried
ovar sodium sulphate and evaporated in-vacuo to yield the

Eitle compound.
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al. Organic Syntheses, CV 6, 378. 18.2

Di - 1- (di amant ane) phosphi nic chloride 20 Prepar ea Ip JAN palllh
per D -|-adamantyl phosphinic chloride of Exanple

14.1 except using di amantane220.0 g (0.106 nol D and

Al1C13 (16.0 g, 0.12 mol) . Yield 25.5 g FW 456. 5.

31p NMR 5! 87 ppm(s). 25 18.3 Di-1- (d|anantane)

ﬁmpi&m-daﬂ#mﬂth&waﬂgﬂimﬂ@bo g FW 406 31P NI\/R
S: 16.5 ppm(s). 30 2 4 JAN 2207 94 18.4 1, !
2-bi s-(di-1-di amant yl phosphi normet hyl ) f err ocene-

TS - FBLhanesihphonat %aEhgpféﬂaénFe&O'IHOUMcé‘%ar%@D%%% the
I n accordance W|th t he procedure exenplified in

Berplwra 3 ex@uptlistdg o - 1Exm1almmh3we shosphi nesing  1-

%aq*éaggﬁg% OVQPEQIE@#Z}%I ngh%%gh%e 1d1 n%r atl PG moll
inP-drdb- c(ﬂld:(%cfarﬁarﬁ:ﬁfet;ﬁl‘&j@ﬁ%e 6,94 -5.80 g.

tri oxa- 2- phoshpha-adamantyl neth |))ferrocene
1,3,5 7-tetranet hyl -2, 4, 8-tri oxa- 6- phospha- adanmant ane

gg],g;qﬁ%éﬂepgfrom Cytec, 14.0g, 0.066 nol) was added to a

n of 1,2- bi s(di met hyl am nonet hyl ) f errocene

FiREmpsision, 1Gfg, D, B38iavldith-dbimambyiphesphinacethyl)
% 100 m under rl_iltro and the resulting mxture is
rrocere=bi arl o]

Haterhe anhydrous acetic

acid is renoved in “acuo at approximately 70C to

JXPnel d the crude title 20 product as an orange/yel | ow
13 d__ FHAantagshed with hot methanol to give the

product as a m xture of isoners

This was synthesised according to the method of Tamara et

al. Organic Syntheses, CV &6, 2378.

18.2 Di-1-({diamantane)} phaosphinic chloride

Prepared as per Di-l-adamantyl phosphinic chloride of
Example 14.1 except using diamantane 20.¢ g (0.106 mol)
and Alcl: (16.0 g, 0.12 mol). Yield 25.5 g FW: 456.5.. 3'p

NMR: &: 87 ppm (s).

i8.3 Di-1-{diamantane) phosphine

Frepared as per Di-l-adamantyl phosphine of Example 14.2

excepk using 25.0 g Di-l-({diamantane) phosphinic chloride.

Yield 14.0 g FW: 406.. *'P NMR: 8: 1€.5 ppm [(s}.
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as an orange solid. (12.08, 58%. 'H NWR (250 MHZ2; 3y JAM 7007
CDC13): 54.25-3.95 (8H, br, n); 3.46 (4H, 25 br);

1.57-2.0 (8H, br, m; 1.43-1.23 (24H, br m. 31P NWR

(101 MHz; CDC13) : 5 -27.41 ghr), -29.01 (s), -33.9

(br) ppm 30 El enental analysis: Found: C.57.80%

H: 7. 35% Cal cul ated: C;57.87% H. 7.40%ti 2 4 JAN 2007

ggxarrp e, 20. Prepar tion of

o tegFocene—

bQQLﬂétEaHEEBthbﬁQtée (23.28g, 0.164 nol.) is added
to a sorution of I,2-bis-(dime thylam nonethyl)

ferrocence (Exanple 1, 20g, 0.082 nol) in degassed

1 a h re stj room
n’perg{ues eggrﬁ@%;‘ng E%St greﬂgﬁﬁmgp e%é{: gdgéﬁe Wiid the
fFhecedanét igemplediipid atie |m.:aﬂrﬁp1raerm\3edeb¢yelﬁtl tl_fsalrig.)nd]_ 1-

hed with eth d h |
AT RpONR" T 48T 0GP BFor a0 dhal JsPEe PoUAc instapdogt di-

H5mA%e v, h@s/%hﬁ%cutﬁéf@ 1£,8750% H. 5.2% N, 4.82
15 13C (D20) 853. 27, 653. 21, 9853. 15, 564. 68,

871.77, 873.24, 674.13, 674.95 Exanple 21 20

tiygn of 1,2-his (dih drox eth 1 hos hinoneth i)
ity i§)Potass|umhydrOX|de (8.52g, 0.152 nol) is

Priglearabian sol oifi on Df 2+iei sakd b€ hy ds pxyTret dytdmethyl-6, 9, 10~

hosphoni um chl oride 25 EAI dri ch 38.54g of 80% W w
gaﬂa =22 )3 thyl) )} ferrocene

1,3,5,7-tetramethyl-2,4,9-tricxa-o6-phospha-adamantane

{chtained from Cytec, 14.0g, 0.066 mol) was added to a
solution of 1,2-bis{dimethylaminomethyl) ferrocens {Example
1, 10 g, 0.033 mol) in anhydrous acetic acid {100 ml)
under nitrogen and the resulting mixture is skirred at
40°C for Y2 hours. The anhydrous acetic acid i=s removed in
vactlo at approximakely 70°C to yield the crude title
product as an ocrangefyellow solid. This is washed with
hot methanol to give the product as a mixture of isomers

as an orange solid. {(12.0g, 58%).

'H 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}.

HP NMR (101 MHz; CDCli}: & =-27.41 (br}, -29.01 {s}, -33.9

{br} ppm.

Elemental analysis: Found: €C:57.80%; H:7.35% Calculated:
Cr57.8%7%; H:7.40%
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in degassed methanol (40 m), and stirred at room 24 JAN 7007

tenperature under a nitrogen atnosphere for 1 hour.
The resultant mxture is added dropwi se to a degassed
solution of a5
1, 2- bi s- (di et hyl am nanet hyl ) f errocene- bi s- et hyl 30
i odi de (Exanple 20, 19.98q, 52.2 mmol) in methanol (40
g};m fgdgp nitrogen at roomtenperature with stirring.
tant m xture is refluxed under nitrogen for

POehonasjionand the-bokveAti meeRpYafli hBm¥8EY0) E8rEBRAhAe-his
red 2.4 JAN 2001 96 precipitate. Water (30 ni),

1 (85 m) and triethylanmine (35 m) is
added to the precipitate and the solution stirred at

roomtenperature for 1 hour. The aqueous |ayer is
Hehbyédigdddee-(@a.2dg.edd widh dbdkl hyb Bdelelerto 22 xs8hukion

I8 RS SIS AT SR ke 2,

P04} emede2ThecBf heh |igeder@y@drnithuac?o t0yiald,t ed the
crude title conpound (14.338, 94%yield) as a )
FHEFBERYSsTRTTFE Aland@ bl itEMPREE e de UpAsduce | Bitpogen
LEeRLYSE I sgd- f M m dpghol t / | :
solut?oﬁkéﬁth thgqadgﬁp?%n g¥ﬁ i g tJQ%gﬁ- egﬁ%ggggtate s
rootvedg o yidtdathenti tveshedpoeuird: (£460h698,arvd%dried to

ield),.as ye - _orange.crystals. 15 El enenta
%%%Jrgsif%‘? 'éb%%%:c‘?f:“ﬂ%g‘ﬂ%ﬁt 095206 N, 0. 0%
Calculated: C: 48.24% H 4,02% N, 0.0% 1H NVMR 61. 75

éi, br%é 62.70 (dd, 2 H J2,,,, 14.2 Hz, 1 2HP 20 6.6
smenbaBranghysps H  FRUACEs Cr 3% B2 AP 5716 /1), 4.63. 71

(t, 1 H J,,,, 2.44 Hg)y 53.58 (5.5 s 53.98 o,

H JHH 2,40 Hz), 4.06 (m 8 d: |CH%(?31”§)’ did % g 4w
(s, br), 62.70 (d, 14.3 Hz), 52.85 (d,

Be nMr (Dx0): 553.27, 853.21, 853.15, &64.68, 571.77,

573.24, 874.13, 674.55

Example 21

Preparation of 1,2-bis{dihydroxymethylphosphincmethyl)

ferrocene

Potassium hydroxide (8.52g, 0.152 mol] is added to a
solution of tetrakisi{hydroxymethyl) phosphonium chloride
{Aldrich, 38.54g of B0% w/w aguecus solukion, 0.162 mol)
in degassed mekthanol ({40 ml), and stirred at room
Lemperature under & nitrogen atmosphere for 1 hour. The
resulbtant mixture is added dropwise to a degassed solution
of 1,2-bis-({dimethylaminomethyl} ferrocene-bis-methyl
iodide (Bxample 20, 18._.88g, 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 wacuo to form a red
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25 14.3 Hz), 54.04 (m 1 H), 64-06 (s, 8 H), 8
5H), 54. 1)(m 2 H)(13C N%: 523. 7 Ed, J'PC 154?69}—%!@ 2o

563.0 (d, J1PC 15.6 Hz), 1566.0 (s), 567.2 (d, J:IPC
9.2 Hz), 669.6 (s), 582.6 (dgsJ2PC 30 14.7 Hz) 312
NVR 5-14.7 Z b JAN 200? 97 Infrared spectra (CHCL3 /
thin filmNaC plates } 3337.8 cml(st br), further

lgl_fﬁaks 1th4 C Zgzgﬁggar“é][}'on 117%0{“%%}%(& 366363157 13 and

sﬂh@ﬂﬁhiﬁ@Et®5Iml)fsgra@aea to the precipitate and the
1 2- bi s(di hydr oxynet hyl phosphi nonet hyl ) f errocene

BRI PLroedisgt 13091 nheryeRRbisediims 1 hour. The
qu 2 7
A@‘iﬁ)@&}l‘wasé E(Evc(a%? ;L%métgé%dzcoﬁglmégt)%%g %?Q%?é;c?l I ?tg‘ diethyl

m\rataen‘ ({20 arl 3Canml) i glithgpetrmbéurd (&thegal Teetracts are
e is refluxed.for ho s in air The esul t

TR el o € COBFEE dat o AP aRd) ¢ e Ledueist Tagrin sElEnate

sy et edbe. OTﬁéanHéﬂﬁﬁs|féﬂﬁ$£@dlﬂﬂhEchSMd|f¥bld the

wat er 15 and the organic sol vent renpved in vacuo to

giedel t Heltlg t | ecdmayeshd 6246@@9}709§9Peld¥lﬁ§dén as a

%%&%ﬁ;ﬁﬂ@{%% Bg%glgcuﬁa ! C:ayg 88%2{%5% is

Mﬁf:ﬂﬁﬂl\d—ﬂed COGk3i 5a2. 7warfd (nqllcélh-l)l:;rrﬁeﬂ:éﬂe,(mthanol

6 3.18 2 4.04 (t, 1H, 5= Hz), 6.4.09 .
Hasmﬁﬁetg‘jid%lzﬂlg (i Pﬁizr ‘%!&)a% pling
3 0 4 1 -
% Pcl CDC1 @E)@é ):oﬁ.gé%gd t(ltu ebldp %@)d} 3 NR 1o
orange crystals

Elemental analy=sis: Found: C:48_44%; H:-4.12%; N,0.0%
Calculated: C:48.24%; H:4.,02%;
N,0.0%

'y NMR: 81.75 (s, br), 32.70 (dd, 2 H, JFy 14.2 Hz, J%
£.6 Hz), 52.85 {(dd, 2 H, J%w 14.2 Hz, J%e 7.9 Hz), &3.71
(t, 1 H, Ju 2.44 Hz), &3.58 (s, S5 H), &3.98 (d, 2 H, Jm
2.40 Hz), 4.06 (m, B8 H).

y{*p) NMR: 31.75 (s, br), 62.70 (d, 14.3 Hz), 52.85 ({d,
14.3 Hz)}, &4.04 {(m, 1 H), &4.06 (s, 8 H), 54.08 (s, BH),
84.1 (m, 2 H}

¥ NMR: 823.7 (d, T 15.6 Hz), 863.0 (d, J%: 15.6 Hz),
566.0 (s), B67.2 (d, J'% 9.2 Hz}, B69.6 (s}, 8R2.6 (d, J°m

14.7% Hz}

Np NMR: 3-14.7



10

15

20

23

30

86.9 30 13C DEPT NMR (CDC13): 6 12.9 (CH2), 6 65. 231' N 2007
(CH), 567.3 (CH), 6 69.40 (5 x CH 2 4 JAN 20071 gh
FTIR (Chloroform NaC plates): 2298.5 cm 1 (strong)

Mass spectrum Found nfz; 27870088; Calculated mz
278.0077 5 Exanple 23 Preparation of 1,2-bis-a

ct-(p-(2 2 6,6, -

efra 0S iJret hyl ferr ne
LR e POORE | ey ity ey P65 o
isaadwe&mﬂaénz brﬁ,(&m&h%ﬂﬁﬂgﬁﬁmﬁhylbﬁeRMQéeaazg 0 cm’,
§ rr_g 14.78, 0,053 nol) and the m xture heated

42 ('Frﬁnde?"iﬂﬁl f"rE@‘en for 20 hours. The reaction
m xture is cooled, the <crude title conpound renoved
by filtration, washed with 15 pentene (20 m) and

ﬁxiﬂmﬂ.a&rﬂ&acuo toyield the title conpound as a
I : '

spectrum 20 1H NI\/R (250 VHz; CDClS) d 4 32 (1H br)
4.08 (5H, _br); 4.02 (IH br) 3.94 (1H br); 2.84
%@ﬂbl%ﬂlhnﬁi%ﬂw’%m’?h?ﬁlﬁhl nomyE-hy ’(@IZIJFPCWE ). (BRgmple

i:m )%lgs Foifn%plﬁéﬁl%%ﬁ ggrg%}}}nz eI';Cléaul at 1?11:& (3-219,

T 6b. OBl H 7i94%Ad¢dI AN20@? t9&-phase solvent systam
consisting of distilled water (60 ml} and light petroleum
{60 ml}. The mixture is refluxed for 3 hours in air. The
resultant mixture is cooled stirred and the aquecus layer
removed. The organic layer is washed with distilled water
and the organic solvent removed in wvacue to yield the
title compound (Z2.66g, 70% yield} as an orange crystalline

=so0lid.

Elemental analysis: Found: C:51.65%; H:5.75%
Calculated: C:51.60%, H:5.76%

'H NMR {250 MHz; CDCl:): & 2.7-2.8 {(m, 4H}, 8 3.17 (m,
2H), & 3.18 {m, 2H), 8 4.04 {t, 1H, J=2.54 Hz), & 4.09 (d,
5H, Jgp 0.4 Hz), & 4.13 {d, 2H, J=2.54 Hz}

1p NMR (101 MHz; CDCla}: & 130.0 (b, Juy 193.0 Hz})

3¢ NMR (60 MHz; CDCli}: & 12.9, & 65.6, & 67.3, & 68.4, &
B6.9

3¢ pEPT MMR (CDCl.): & 12.9 (CH®), & 65.6 {CH}, & 67.3
(CH), & 69.40 (5 x CH)
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Exanpl e 24 Preparation of nethyl rv anoate fromgk JAN 72007
et hyl ene, carbon nonoxi de and net hanol catal ysed by a
conmpound of the present invention 5 A mechanically
stirred autoclave (Hastelloypgpof 2 litre capacity was
evacuated of air and then charged with a solution of
tri(di benzyli deneacetone)di palladium (1.44 x 10-5

S) 2-his-(dj-tertbutyl pho Lnonet hyl) 10
FErRoxentoBp eRanphats, bRstysPs 380 Ropac (aone
met hane sulfonic acid (2,25 x 10-3 noles) in 300 m
of nmethyl propanoatel net hanol (70 wt % net hyl
HidPpanGRESTUTHe EpNt| a¥ézhas 2HEalld@80 1G0T whted m/z
yhgnnaysthat tenperature, ethylene (8 x 105Nm 2) was
added on top of the 15 vapour pressure of the solvents
and i medi ately an equi nolar m xture of carbon

noxi de.and ethylene (2 x 105Nm 2) added to the
ough a pressure regulating valve set to 10

¥rd §%H@i§P°V? the so yent vapourq pLg uLe, . BLthbyE 6 —
taeramatheiphssphpnant febved y) e tHPEf e £ onpeaiat ure of

the reactor was mai ntained at 100C and as the
reacti on proceeded additional carbon nonoxi de and

2} byb et MAB- 205ekah 053 fn €041 AR ar 1RAES)  bhhewdhnbhe i
pressure regul ati ng Tescom val ve. catal yst 25
pided pi¢ at i dnbivas (SRl sRLnomEthyl ) fepredene r Besnple 22,
regd | 0 | _.pr.opan e (Me l e
gf?§§1|§d?§ﬁ?ﬁgﬁ§ho%?&§%§g pﬁﬁﬁ%@g}qﬁ%%g%?egéiﬁS%Eﬂgsunder
of t negdry | £pr op@nioat es peTheot€adDiof mixkt ek us WesSled, the
detirn1ne& for the catalyst. This nai be acconplished
 EhALFsi LCHOHHE ARBORedoRYyakt tohabkey, peshes twith

péiBeld atioh andh t Regt AfR - @MU, Oy P88 CAPRHR e tikle
compound as a yellow-orange solid (24.9g, 85% yield). The
title compound was characterised by 3P NMR and mass

spectrum.

'H NMR (250 MHz; CDCl;}: d 4.32 (1H, br}; 4.08 (5H, br};
4.02 (IH, br): 3.84 {1d br); 2.84 (4H, br); 1.8-2.5 (8H,
bry; 1.05-1.4 (Z4H, br,}.

P NMR (101 MHz; CDCla): d 4.15 ppm.

Elemental analysis: Found: C:€4.26%; H:7.B88%
Calculated: C:65.03%: H:7.594%
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2 4 JAN 2607 100 during the reaction, assum ng z'ge?AN 7007
gas behavi our and 100% selectivity to nethyl

propanoate. The reaction was repeated (Run 2) and

initial reaction 5 rates and@gturnover numnbers

cal cul ated as descri bed above. The data for both runs

is displayed in Table 1. Maxi num (nol es MeP/ nol e

éurnolgr E{!m)l es MeP/nole Pd/hr) Initial Rate Pd/ hr)
er 3 hours Run 1 31,810 59,941 Run 2 30, 322

gaegélatfahl ot %@t@{@aﬁﬁ% xﬁogﬁérmffof e@hﬁgaefn%t | 00 1 y0m
nmet hy propanoa e fro

Eﬁﬂﬂﬁibfiﬁarﬁﬂ casiihped pyagalyewd chyal ystcchfpdixahplod  the

4-vagc r epeat e va ce (Runs 3 and 4 respectively)
st systemwas as disclosed in WO

96/ 19434 and obt ai ned by charging the autoclave with
%ml"g? benz |deneacet e)di pall adium (1.44 x 10-5
1'd’rnf‘e uBYFBR&8ERI ndttRA Yhenzefie 2 litre

&;Zpﬁ&lt(}r 1Qras ZQvﬂEh.@EaedaQﬁ ”EHParkﬁw. ulhaRi G ﬁe{%tg%ézﬁ%h a

x 10-3 noles) in nethyl propanoate met hanol
fr’@lmﬁmnﬁfhytrlbcﬂblp%meﬂledenémeetmejcaipalebmnm (1.44 x

P/ nol e, P.
nur?‘g:rgn?rlrrg%s Pd;mrmlee%éll chjr % Ié%‘é?ﬁf@/égsrgw\e&%mthﬂ}
Lat outenedods Rlesgrided, | n?Banmelatlﬁ QY Es) Tla?ld methane
2Q07

1855 ults are presented in_Table 2 below. 2 4 SAM
N it Pni {7 2f ~ Rat e §ur ib94ps huritier 380t arl 3ofounethyl

propancate/methanol (/0 wt% methyl propancate). The

autoclave was heated to 100°C and when at Gthat
temperature, ethylene (8 x 10°Mm™®) was added on top of the
vapour pressure of the solvents and immediately an
equimolar mixture of carbon moneoxide and ethylene {2 x
10°Nm™®) added to the system through a pressure regulating
valve set to 10 =x 10°Mm? above the solvent Vapour
pressure. Suitably, the molar ratio of ethylene to carbon
monexide 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

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
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
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(rmol es Pd/ nol es MeP/ hr) (noles Pd/nole MeP) Run §4 JAN 7
29,730 48,386 Run 4 30,335 51,997 Table 2 5 The 007
results denonstrate (see Table 1 and Table 2), that

the catal yst of the present iomventi on pal |l adi um

1, 2-bis- (di-t-butyl phosphinonethyl)ferrocene and the
known pal |l adi um

2:-bi s(di-1-butyl phosphi nonet hyl )benzene . exhi bit
ufiR o FRRTHRT e aryRPEE Led £ o35F dfan St it ana 1008
Feyeveivitetd uieogl pospenchos. the catal yst of the
present invention is significantly higher than that
for the known palladium 1, 2-bis(di-t-
Bt YRS RRINOPERL hylhenzene (gah alyst ani N§HERY a1 reaction
indicating that the conpound of the present i1nvention
imceeases thentSeraranbknshexdanti@hddatad ordeseciben above.
ﬁﬁnp red to_the known hid@ntaie S sten% anpl e 26

SRaT T | E0 JPOHRL RIS oF 6 pSh ORI LY Y oH oL #0T enb: car bon

20 nonoxi de and net hanol catalysed b a conpound of the

prpqpnt Lnvention Examle 24 was reneated (Runs 5 to 9

r espect| {MASiRm e KBRS ﬂ?ﬁémE%ﬁeugﬁ§P°§?§tenﬂ@ﬁﬁ?%yedbﬁﬁgmﬂle
obt ai ngdR-ehesiing RAee 25 AWoGLAVRuMehafter 3 hours

1,?-hic-(d|-l-ndnnnnfvlnhnenhinnnnfhvl\

[a}

Renrbcdne- bi s- ma2h8AB sul phondte (Exanpl e523%48 14,

{af iz X | 10-5 ohgShp,t 71 (dibgnzyt—Tdenea, §9ETHE)
ipa 1 Iadlun1(?.ﬂ§ X 10-5 nmol es) and net hane

sul fonic acid (2.25 x 10-3 nol es) 243N2907 102 in
nmet hyl propanoat e/ net hanol (gOO m, 70 wt % net hyl
propanoate). The initial r &8BlE& on rates (ol es
MeP/ nol e Pd per hour)

Comparative Example 25

Freparation of methyl propancate from ethylene, carbon

monoxide and methanol catalysed by a known catalyst

Example 24 was repeated twice {(Runs 3 and 4 respectively)
except the calbalyst system was as disclosed in WO 96/19434
and obtained by charging the autoclave wikth
tri{dibenzylideneacetone}dipalladium (1.44 =x 10™° moles),
1,2 bis(di-t-butylphosphinomethyl}benzene (7.61 x 107
moles) and methane sulfeonic acid {(2.25 x 1073 moles) in
methyl propancate/methanol {300 ml, 70 wt% methyl

propancate} .

The initial reacktion rates {(moles MeP/mole Pd per hour)
and turnover numbers (moles Pd/moles MeP)] for the caktalyst
were calculated as described in Example 24 above. The

results are presented in Table 2 below.
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5 and turnover nunbers (noles Pd/noles MeP) for % helpl 207
catal yst were calculated as described in Exanple 24
above. The results are presented in Table 3 bel ow
Maxi mum I nitial Rate Turnovergnumber after 3 hours

(rmol es Pd/ noles MeP/ hr) (noles Pd/nmole MeP) Run 5

52,854 67,885 Run 6 37,034 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 Tabl e

2) 3 tgﬁtmaﬂiﬁamCaﬁﬂJ}éﬂt r@letNe pragghiet M@RELOBfter 3 hours
pal | adilu

, 2-
hi s(di -l "ﬁéﬁﬁaﬁ‘?{fﬁ%ﬁ&ﬁ'ﬁ?ﬁ%ﬁ%t hyPptes risareeptiehet han

Fud53sUl phonate axmA ts a sigfpifrcantly highegeg
initiall catalytic rate and a $ignificantly higher

By ndver nunber3Qlﬁﬂ5the known catalyst p&ll%ﬂ?um

a0

1, 2' bl b'(di 1= UUI. yl |JIIUD|JIII rrotrret Ilyl ) UCIILCIIC, t hCI cby

i ndi cating the conpound of the present invention
increases the rate of 20 tfifabka® bonyl ati on reaction
conpared to the known bidentate system 2 4 JAM 2002
103 Cainms 1. A conmpound obtai nabl e by conbi ning: (a)

Phd¥ QUBLYLY! %éﬁﬁirﬁltﬁteﬁ ?Qg@o%ﬁﬂ%{ahef eé’lfng( g%’le %1( b)that

a conmpound of forrmula | or salt t
heg 1¢apakyst of the present invention palladium 1,2 ~bis-

(di—-t-butylphosphinomethyl} ferrocene and the known
palladium 1,2-bisi{di-t-butylphosphinomethyl)benzens
exhibit comparable initial catalytic reaction rates.
However, the turnover number for the catalyst oF the
present invention 1is significantly higher than that for
the known palladium l,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 propancate frxom ethylene, carbon

monoxide and methancl 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
antoclave wikth 1,2-bis-{di-l-adamantylphosphinomethyl}
ferrocene-bis—methane sulphonate (Example 13 or 14, 7.61 x
107 moles), tri(dibenzylideneacetone)dipalladium {1.44 x

107" moles) and methane sulfonic acid (2.25 x 1077 moles)
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1 EAQ M7 ,xj (L2tm(L1l) wherein: 10 Al ardy AN 2001
and A3, A4 and A5 (when present), each independently
represent |ower alkylene; Kis selected fromthe group
consi sting of hydrogen, |owernzal kyl, aryl, Het, hal o,
cyano, nitro, -OR19, -OC (O R20, 15 -C(OR2',

C( O OR22, -N(R23)R29, -C(O N(R25)R26, -C(S) ( R27) R28,

( XB), X6;
sel ec? 1&% o%n?ﬁgn%ar%%m%glﬁ%ﬁ]@l ngi%é rogé)n %émeF’EthYl
pkkphnoatyl ., Het, hal o, cyano, nitro, -OR19, -CC (O

R2D, 20 -C (O R21, -C(OOR 21, -N (R23) R24, -C (O

N (R2S) R26, -C (S) (R27) R28, -SR29, -C(O) SR',

TRE3 19 1A Q:é%ﬁl&r{sragebs %ﬁ.st elqg]f:’frg %dgrﬁéjxfo hour}
consi sting of hydrogen, |ower alkyl Het, "hal o,
2PANBUINPYED, NUARE O iﬁﬁiee»Pﬂ@mglés4MéAN 2697thé093taly5t

- ) R2L,  -.C(LQO 2, sN(R2 a,. -CLO 5) R26,

TR5%) RO IRRSE, 55 JOJCoROT SerASIPAG. (&0 (REFXED The
pesbbil brandr&sépneether wablet Bepspshon atoms of the

5 cycl opentadienyl ring to which they are attached

forman optionally substituted phenyl ring: X1

T ePr €S8RS 1 e \ e a33) £ FONTUIT ES SV y
r epr ess ntleR4 R5) lR6) ,Racongr es;gé nﬁegg@&ﬁh&ﬁ% '?fter 3X5}°urs

and 1Q Relesgkdfierlem MREL(RCX o b Eds tR@H}HOéEeMaH ached

RQF Mg, aif OpU1 onatg=y gspst1 tuted|2-phospha-
group, for X1 and ‘X2 together pith @ to \i\lﬁltﬁ Fhey

Bue @ttlached forim, &34 ing system of fornulad]ass

Run 7 35,986 54,441

Run B8 40,781 62,108

Bun 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-l-adamantylphosphinomethyl) ferrocene-bis—-methane

sulphonate exhibits a significantly higher initial
catalytic rate and a significantly higher turnover number
than the known catalyst palladiuam 1,2-bis={di—t-
butylphosphinomethyl) benzene, thereby indicating the
compound ©f Lhe present invention increases the rate of
the carbonylation reaction compared to the known bidentate

system,
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15 X3 represents CR (R8) (R9), congressyl or ?# JaN 2001
adamantyl, X represents CR10(R11) (R 2), congressyl or
adamantyl, or X3 and X4 together with QL to which
they are attached forman ogpjonally substituted
2- phospha- adamantyl group, or X3 and X together wth
Q to which they are attached forma 20 ring system

rrmula 1b; X5 represents CRL3(R 4) (RL15),
congressyl or adamantyl, X6 represents
CR16(R17) (R A), congressyl or adamantyl, or XS and X6
together with CE to which they are attached forman 25
$ptﬁoﬁ§FP9“§ﬁb§ Frinelle-brospRaiadagant yl group, or

And ]&Rgpt tt.a
form a a?(l n ysﬂigrr%Bog&élor mﬂtzo alwo%&ggr%?ﬁlserﬁ%ft %HEP
CR3{(}R32) c(dit@f;))imd edndicesenla ar ced arEnt )tlher)éﬁf :30
represents CR3' (R35) (R36) congressyl or adamantyl,
or X7 and X8 together with Qto which they are
attached forman optionally sypstituted
2- phospha- adamant yl group, orsX7 2 4 JAN 20D? 105
and Xa together with Q4 to i cl¥'tB¢y are attached
forma ring systemof fornula ld; X9 represents CR17
(R3a) (R39), congress
represents CRO0 (R41)
or X9 and X10 toget her
attached forman option Wy subst it ut ed
2- phospha- adamantyl grokp, |or {Ehd XZ0 toget her

wth @ to which they ar t ached % PIma ring system
of formula le; 10 QL ﬂﬁgﬁf and @3, Cn and d when
enI

cohgressyl or adamantyl,
us to ich they are

present), each |nde§ y represent phosphorus,
arseni c or antinony; M re sents a Goup VIBor VIIIS

metal or netal cation reof
(1)
wherein:
By and Ry, and BA;, A; and Ay (when present), each

independently represent lower alkylens;

K is selected from the group consisting of hydrogen, lower
alkyl, aryl, Het, halo, cyano, nitro, =-0RY, -0C{0)R2°,
—C(O)RY, -C(0)OR*, -N(R”)R™, -C(O)N(R™)R®, -C($)(R”)R®,
-$R**, -C{O)SR™, -CF; or —A;-07 (x%)xS;

D is selected from the group consisting of hydrogen, lower
alkyl, aryl, Het, halo, cyano, nitre, -0R'®, =-0C(0O}R®,
-C{O)R*, -C{O)OR®, -N(R*})R*, -C{O)N(R¥)R®, —C(3) (R?") R,
-SR*”, ~C{0)SR™, -CF; or —A,-0*(xX"1x%;

E 1s selected from the group consisting of hydrogen, lower

alkyl, aryl, Het, halo, cyano, nitro, -0OR'?, -0C{0}R%",
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L1 represents an optionally substituted

cycl opentadi enyl, indenyl or aryl group; 20 L2 2y JAN 200
represents one or nore |igands each of which are

i ndependent|y sel ected fromiidr ogen, |ower al kyl,

al kyl aryl, halo, CO P (R43) (R) RO5 or N (R16) (RO07)
Roe to Rle and R31 to RR2, when present, each

den I B2re ydr o0efs al_kyl 27y g?8,
ﬂﬁ hal oE Ebigé p% E:id ancg&azbs“{ 48, i&n (R
p%le@ente,r:{easnﬂ ndemandent—hy—a"rr{eﬁﬂ #s®nt hydrogen, | ower

al kyl, aryl or Het; 30 the ring systens of fornula Ia,
| b, ic Id and le are represented by the fornulae 2 4

:Qf\Nb%Q@nl Dl%leE y%okj@ti{ér\@uﬂl RageH d‘a‘x%orReatBEns %f the
~HHVROJ/JIB )~

Gﬁh}?ﬂh‘@d@lwl Roimg1 tRs 2R8I REhRY | aRm a(':t@)ch(em)fc-rm an

5 each i ndependently
é%%gr ergeﬁzyhgﬁ% 0&3%“&? %\e&%g} Jrr?%r aryl; R50 to R53

each |ndependently repr esent hydrogen | ower al kyl,
or and _Y1.,Y2,.,5 Y3, Y and Y5, each 5
]Fndéﬁé‘rﬁ?é"ﬁﬂtf &&égehtﬁdxyg&?ngemsea’rl 6F Nagsgangyl, X

Pe;?feéen@@ @ﬂd{r{ﬂﬁﬂ@}tocéngﬁz‘e%ﬁe%ﬂ haiapiey N S x* and

t en mequals 0, an en 1 equals O then n1does not
Jéquaq:rgethqrs Wit c@zrrpbgnd-fl’as:h:l Bhewd ane chatacied form an

ef&%a if l%% stltuted 2-phospha-adamantyl group, or X!

and %% together with Q% to which they are attached form a

ring system of formula la;

¥3 represents CR?{RB} I[l;'.":"jllr congressyl or adamantyl, X'
represents CRN{RH}I{RIEI, congressyl or adamantyl, or ¥
and X’ together with Q' to which they are attached form an
optionally substituted 2-phospha-adamantyl group, or X°
and X* together with ¢' ko which they are attached form a

ring system of formula 1b;

¥* represents CR'? (RY} (R™™), congressyl or adamantyi, X°®
represents CRY¥(RY) (R'®), congressyl or adamantyl, or ¥X°
and ¥° together with @ to which they are attached form an
opticnally substituted 2-phospha-adamantyl group, or X°
and X together with @’ to which they are attached form a

ring system of formula 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 Z-phospha-adamantyl group, or X’
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represents -A3-@B(X5)X6 and E represents L JAN 2067
- A5- (B(X9) X10, then " represents -Ay-Q4 (X ) Xs. g A
compound as clained in claiml1l or 2, wherein R to 20

R16 and R1L to R42 each i ndepegsxdent|y represent

hydrogen, optionally substituted Cl-C6 al kyl or

optionally substituted phenyl . 4. A conpound as

i ped one Gl 25 wherein R. to
i Boclet-R08 B o Frodsasioitiey Feprcbepinod Fom a
bydgogescemn penrsumsi it uged Cl-C6 al kyl. 5. A conpound
as clained in any one of clains 1 to 3, wherein one

or nore of the groups RL to R3, R4 to R6, R to 2 4
}]'ANrég%seilng %’R“t{ﬁ“@]@lgﬂls ‘CBnB@S@}ﬁ@t% %ng%ty&
regeehentw tar*f h@”(‘taﬂbﬁr} at:om;lressyuﬁ]l oﬂrrtlad)amamyl or X°

B a5 e KR gouhn sheEh aPhe %'ﬁéaagftaﬁaegf form an

6beidBall {0 sibstvihai@®id Qnﬁh%%pﬁﬁLﬁdﬁﬁah@§lgr§H or x*
and Rz, R4 and R5, R7 _and RS and R11r
Fngy & arf@IRChers Widdy B3 x0 Njgcrartdmasarmtemthfcrm a

B, angd- R &ng&dﬂﬁ,h%n {h, the carbon 10 atom to which
eac

they are attache I hdependently forma cyclic
al kyl structure. 7. A conpound as clained in any one

é? th recedlng @ ai mg; wherein, each of RLto Rio
7 Ra3Ho0e® not @ 153?%prgsen whenyr deepsemt) o each
DR @S] ¢ PdiBsk 4t 5o HAeHAls [ NEr U SGe %ﬂgantlmnny,

cl ai ns, mhereln adamant yl represents unsubstituted
adanantyl or adamantyl substituted with one or nore

M represents a Group VIB or VIITB metal or metal cation

thereof:;

Ly represents an optionally substituted cyclopentadienyl,

indenyl or aryl group;

Lz represents one or more ligands each of which are
independently selected from hydrogen, lower alkyl,
alkylaryl, halo, €O, P(R*’) (R'™IR* or N(R') (R)RY;

R' ko R'™ and R™ to R%, when present, each independently

represant 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, 1b, 1lg, 14 and le are

represented by the formulae
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conbi nation thereof. 9. A conpound as clained in ;Hyjhﬂ 2007

one of the preceding clainms, wherein

2- phospha- adamantyl represert® 25 unsubstituted

2- phospha- adamantyl or 2-phospha-adamantyl substituted

Wi th one or nore unsubstituted Cl-CS al kyl

substituents, or _a conbination thereof. 10 A conpound

as HC| |qed |n an ,OQF of the firecedi ngy q gl ains,
adamant B2\ i AclUigeskBoe ‘or/ mpr as'y || ! e

en atons Ln[th 2%£gosp a- adamant I “skdl et on.

RY¥ 08" 1t IR j N xo Re
pre |ng|¢cla|mw wheﬁeln qamgresgwl I &Pt es -

unsupgﬁltuted cpegressyl. 5k2. A conpougd as claqud
in any one of the preceding clains, mhereln R50 to

@3 egah Me&@ﬂde@a'c)ﬁ rfﬁﬁ%&@éen@ J:Ie)éent hydrogen,
substltuted Cl- G5 al kyl [ uor one hyI or pheny r

b@wonaaﬂyyéubgm t wtratd ;wi tBT  nohosulBel i t etk Cin@ependently
ere R39 repres nts n sub titute
%%EHE_O ggEop T ﬁc h %:

Dxegoﬁbo nd a5 I afhe Y 3%é %
ﬁ tfe gEcedi ﬁ@cm|ﬁ1d@eﬂm&ﬁfﬂy’l ﬁ@&k@é&ﬂ%ﬁ@@ﬂ sulfur
|ndepquently represent hydrogen or non-substituted
¢i-WsRakkyl . 15 14. A conmpound as claimed in any one
of the preceding clains, wherein each of Y1 to Y5
represents oxygen 15. A conpound as clained in any one
of=theopreceding 20 clains, wherein X1 is identica
to X3, and X, X7 and X9 when present. 16. A conpound
as clainmed in any one of the preceding

and m = 0 ko 5;

provided that when n = 1 then m egquals 0, and when n

equals 0 then m does nobt agual 0.

2. A compound as claimed in claim 1, wherein if both K
represents —A;—Q°(X°}%X® and E represents -RAs-0°(X°)x'°, then

D represents —A,-Q"(X")x"

3. A compound as claimed in «laim 1 or 2, wherein R! to
R'® and RM™ to R™ each independently represent hydrogen,
optionally substituted C1—Cs alkyl or opticnally
substituted phenyl.

4, A& compound as claimed in any one of claims 1 to 3,
wherein R' to RY™ and RY to R™ each dindependently

represent hydrogen or non-substituied C;-C; 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 Rf, R’ to
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clains, wherein X2 is identical to X, and X6, X & JAN 2007
X1Q 25 when present. 17. A conpound as clained in any

one of clainms 1 to 14, wherein X1 represents

CRLI(R2) (R3), x2 represents 14 (R5) (Re) , X3

represents CR7 (Ra) R9) and X4 represents 30

CRIO(R11) (R 2) f 2 4 JAN 2007 109 18. A conpound as

;al d.in_any qbal t Q.134, _:whereifa X_3 3

re’pr%ﬁ?eﬁf)sRCR (%25) 5&3) Xzﬂfﬁegtrﬂe ntsRaW]rrFéeI!l"yF R0 R,
kEpresemts, CR Rep (558) Rk e epieaenite adamBBhylatdm to
19, A conmpound as clainmed in any one of clains 1 to

ﬁlalchwﬁéﬁéﬂ Ro8 Fieptevamt saeh drodepredenkd v s ent syclic
gpﬁgieﬁy{mta@erepresents CR7(R3) (R9) and X represents
congressyl. 10 20. A conpound as clainmed in any one of
claims 1 to 14, wherein X' to X4 each independently

epresent ada ound as c d in_an

Sho o CoBRHEN ¢8 TA<iNgr, ERnoRY (i ShagqaLms T o 3,
WReependent | yrr apres et wggﬁmyé R la5n<£!2RZ,A gompune, R’
as claimed in any one,of clajm 1 .to 14, ._wherein X1 =
apd Ko (RgerRer Rilt R G008 Wi HREhepdald’, T agRed R, R

$o4mpee I gy ﬁ&%‘ eRsof gor mylia gdea, 13 Qt%éﬁeg%% the carbon

toget hér wt to"which they are ttac
atoy t20wbysheirhefy facrrematatdﬁecﬂaaaum cmnqkmmuﬂmtly form a

cl ajmed_j ny one of clains 1 to 14, wherein X1 and
%cajtjoﬁe?jr@*fmg?ﬂ“@mf% which they are attached forma
2- phospha- adamantyl group, and X3 and X4 25 together

wth Q to which they are attached forma 2-
bhosﬁ%aspgggﬁﬁmwﬂsgpéggmed in any one of the preceding

claims, wherein each of R' to R'Y™ and R’ to R* does not

represent hydrogen.

3. A compound as claimed in any one of the preceding
claims, wherein adamantyl represents unsubstituked
adamantyl or adamantyl substituted with one or mnore

unsubstituted C;~-Cp alkyl substituents, or a combination

thereaf.
3. A compound as claimed in any one of Lhe preceding
claims, wherein Z-phospha~-adamantyl represents

unsubstituted 2-phospha-adamantyl or Z2-phospha—-adamantyl
substituted with one or more unsubstituted C;-Cy 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 Z2-phospha-adamantyl skeleton.
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24. A conpound as clainmed in any one of the precedbng

clai ns, wherein K represents hydrogen. 30 25. A 4 JAN 2007

conmpound as clained in any one of clains 1 to 23,

wherein K represents -A3 B(x®] Xfi. 2 4 JAN 2007 110

26. A conpound as clainmed in claim25, wherein -A3-

CB(XS)XG is i denti cal to - AZ- QL( X3) X1. 27. A conpound
in_any_aone th recedin

fler erh BoaRa" RN Sderret T h Lo Dar T8R. Sore 5 PrEREding

cy£impent adiaryin ri R@rigeradiyah t keprasentist achadubet ituted

an unsubstituted phenyl ring. 28. A conpound as

PRFFeFYh any one of the preceding 10 clains,

wherein D and E both represent hydrogen. 29. A

conmpound as clained in any one of clains 1 to 26,

Wher eifn Comppuedentss ¢lABL@d XipXHAnyl 5088 oA cumpopmrdceding

| | 2
FERAP a5 S B XAt S cGRSSHRI R sy FEgTesent

Gt Bérya DNE Célmmlla&@m I ~csWheLriyd, E tepresesbiethyl or
hydr ogen. 20 32. A conpound as clainmed in any one
Rhen PHF60?61129 sepsBHCuLRdr afitiE P@Bré§€ﬁ€étUtEd C1-Cs

0.
S5O0, e JPTOR ASl TBf LISt o

dX8yl X4. 34. A conpound as clainmed in any one of the
precading clains, wherein A3 and A2, and A3, A4 and
A5 when present, each independently represent -CH2-

3. - CHconpOund. aA oMW as Grdi NBfle | BfamhoNpreteding
t he precedi ng 64 )
claims, wherein R'@ and R gach indepandantly represent

hydrogen or non-substituted C;-Cg; alkyl.

14. A compound as claimed in any one o©of Lkhe preceding

claims, wherein each of Y' to Y® represents oxygen.

15. B compound as claimed in any one of the preceding

claims, wherein X' is identical to X, amnd X°, X' and X°

when present.

14, A compound as <laimed in any one of the preceding
claims, wherein X° is identical to X', and X% % and x'®

when present.

17. A compeound as claimed in any one of claims 1 to 14,
wherein x! represents CR*{R%) (RY), x? represents
CR*{R%) (R%), X® represents CR’(R%){(R®’} and X' represents
CRID{RII} {RJ_Z] .
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clainms, wherein each Al and A2, and A3, A9 and A5 when
present are identical and preferably represent -C@m—dAN 2007
2 4 JAN 2697 111 36. A compound as clained in any one
of the preceding clainms, whgrein each Q and @, and
Q?, 4 and @ when present are identical and
preferably represent 5 phosphorous. 37. A conpound as

aimed in_an ne of. the preceding claiJrs, wherein
fad' "Rl corp i 1 bt aled R oinYpEfopintha By 11 o 14,
phenyin khdeayleoenpapthY|r*)NRE] er 8Pl ¥epd@sents adamantyl,
u$subst|tute %%clggen;adlenyu. 38. A conpound as
E| diqmeIantahy- i biRihanst écedingesenipmgdanpetcyln M
represents iron or a netal cation thereof. 15 39. A
conpound as clainmed in any one of the preceding
tPai N3 aoimpicmsid eahyckaivddii 1g: ah@) opal badicddmiets a1 to 14,

conpound Lhereof; and (b) a conpoynd of forpula | as
HF T ingany GRETEFHE prégﬁ&ﬁng?%ﬂains.xzo ABEPRESents

@él@@ﬁééisfp,_f prepaebigsanegnPerNt?agrapl iNgd I aB¥presents
one of clains 1 to 39 conprising conbining (a) a oup
Ay BEFeYhl or conpound thereof; and, (b) a conpound

of formula | as defined in any one of clains 1 to 38.

25 41. A conmpound of formula I 2 4 JAN 2507 112 x4 K

28:- X3A compound as claimed in any one of claims 1 to 14,

wherein X' te X' each independently represent adamantyl.

21. A compound as claimed in any one of claims 1 to 14,

wherein X' to X! each independently represent congressyl.

22, A compound as claimed in any one of claims 1 to 14,
wherein X' and X° together with ©° to which they are
attached form a ring system of formula Ia, and X* and Xx*
together with @' te which they are attached form a ring

system of formula Ib.

23. A compound as claimed in any one of claims 1 teo 14,
wherein X' and X°® together with 0 to which they are
attached form a 2-phospha-adamantyl group, and ¥* and X%
together with Q' te which they are attached form a 2-

rhospha-adamantyl group.

24. A compound as claimed in any one of the preceding

claims, wherein K represents hydrogen.

25. A compound as claimed in any one of claims 1 to 23,

wherein K represents —ﬁy{f{KS)XR
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D 02 X2 A- CM\X®T (L)ym(L1)n (I) wherein A,

£2, K D E M L2 L1 Q. @ XL x2. x3, Xi mand, ..

m are as defined in any one of clains 1 to 38. 4
process for preparing a conpaund of formula | as
defined in claim4l, conprising reacting a conpound of
formula Il wherein Al, A2, K D,  EE M L1, L2, nandm

e as defi for, a ound of f rrrula
2o L (EohESTaacnd SIERRRRY, B, i abe. ekt s
ponpontidief idéntduhd tbl anpml (KP1H'.R2 E AEG M (L2)
~L7)n  (I1) 2 4 JAN 2007 113 HO2 {X' ) X2 HQL (X3) X4
(I'fla) (111b) 5 wherein X1, x2, 42, X3, X and QL are

23, deﬁinEQmFBuﬁayQﬂﬁ Qiafﬁéﬁnﬁnlzh%r3§ne4%f A GO TBRURL 1 ng
of formula as defined in claim42 . A process

¢baips epuhengin Boﬁpdurli'd tofgeftdraulwiih Weereanbén Btoms of
F
IEI‘ﬁeNcl:yAgbgenFanli fg'g % dl.c?a 1;2}'3-[ ;e&rag aggatlzﬁgg form

an unsubstituted phenyl ring.

Z8. & compound as claimed in any cone of the preceding

claims, wherein D and E both represent hydrogen.

29, A caompound as claimed in any one of claims 1 to 26,

wherein D represents -A,-0%(X7)x°.

30. A compound as claimed in c¢laim 29, wherein -3A;-

o' () ¥® is identical to —B,-0N(x¥)x*.

31. & compound as claimed in any one claims 28 or 30,

whersein E represents hydrogen.

32. A compound as claimed in any one claims 1 to 2&, 29

or 30, wherein E represents —ns-0° (X x10

33. A compound as claimed in claim 32, wherein 25—

0 (X)) x® is identical to -A.—Qlixiyxt.

34. & compound as <laimed in any cone of the preceding
claims, wherein Ay and A;, and AB;, A; and As when present,

each independently represent —-CHy- or -CaHp—.

35, A compound as claimed in any one of fthe preceding
claims, wherein each #; and A;, and &y, &y and BAs when

present are identical and preferably represent -CH,-.
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together with @ to which they are attached fore%

ring systemof formula la as defined in anyone ©f JAN 207
claims 1 to 15 38 and X3 and X1 together with Q to

which they are attached formla ring system of fornula

I b as defined in any one of clains 1 to 38,

conprising reacting a conpound of formula XV HO'" H

DAz H EH (L2} (L1)n (XV) 20 wherein K, D, E, M

A2, Al, L2, L1, 41, @2, mand n are as defined in any

8fAe ofa champsuidt @=38z1ladrdd aiaonpoundnef off oflmall areceding

la and XVib 2 4 JAN 2047 111,Y1 Y2 Rd8 Rsa RA~9
%%\mSR HneT S ‘PS@“ ; F@Q&R@lr Reid (&%I af’ (R0)Q° when

ﬁ@@é@hﬂ Y arf2, R4ntnP5 angdas defdnechdny a represent

conmpound of formula I. 5 45. A conpound of fornula
pogelipredsin claim 44. 46. A process for the
carbonyl ation of an ethylenically

27, A compound as claimed in any one of the preceding
claims, wherein n=1, m=0 and I; iz =selectad From
cyclopentadienyl, phenyl, indenyl or napthyl, preferably
unsubstituted cyclopentadienyl.

3B8. A compound as claimed in any one of the precaeding

claims, wherein M represents ironm or a metal cation

therecf.
39, A2 cempeund as claimed in any one of the preceding
claims obtainable by combining: fa) palladium or a

compound LChereof; and {b) a compound of formula I as

defined in any one of the preceding claims.

40, A process for preparing a compound as defined in any
one of claims 1 to 3% comprising combining {a} a Group
VIITE metal or compcound therecof; and, (b} a compound of

Formula I as defined in any one of claims 1 to 38.

41. A compound of formla T
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unsat ur at ed conpound conprising contacting an 10 24 JAN 2007
et hyl eni cal | y unsat urated conpound wi th carbon

nonoxi de and a co-reactant in the presence of a

conmpound as defined in any pne of clains 1 to 39. 47.

A process as defined in -claim46 wherein the co- 15

reactant includes a hydroxyl group containing

compound. 48. A process as clainmed in claimd46 or 47

wherein the ethylenically uns&iurated conpound

conprises ethylene, 1, 3-butadigfe.pct-1-ene or vinyl

acetate, preferably 20 ethyl eng. 46. A process as

claimed in any one of clai 46 1to 48, further

including the step of g.nc [ source of anions.

25 50. A conposition co i/ng a conmpound as defi ned

in any one of clains 1 tp139 attached to a support. 2

4 JAN 2007 115 51. Use np d as defined in

anyone of clainms 1 to a tonpgsition as defined
inclaimb0 as a catal yst” X1

L),

[L1}n
N

wherelin Ay, Az, Kr Dr Er Mr Lz; Llr er er xl.r xzr Xlr xqr n

and m are as defined in any one of claims 1 to 3H.

42. 3 process For preparing a caompound of formula I as
defined in claim 41, comprising reacting a compound of
formula II wherein 2,, A, K, D, E, M, L., L:, 1 and m are
as defined for a2 compound of formula I, and LG; and LG;
represent suitable leaving groups, with a compound of

formula IITa and IIIb

K TGz
D\;O 2

E AT LG,

M
{Lf

[L1]n
(I
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HQ? (%) x? Ho' (23 x°
(Ma) (HIb)

wherein }{1, ."{2, Qz, K:', X' and Q' are as defined in anyone

of claims 1 to 38,

43, A compound of formula II as defined in claim 42.

44, & process for preparing a compound of formula I

wherein K, D, E, M, Ay, R, Lz, Li, Q. ©°, m and n are as
defined in any one of claims 1 to 38 and X' and ¥X*
together with @ to which they are attached form a ring
syslem of formula TIa as defined in anyone of claims 1 Eo
38 and X? and X' together with ©' te which they are
attachad form a ring system of formula Ib as defined in
any one of claims 1 to 38, comprising reacling a compound
of formula XV

H\
« Q' H

DX/O\(/AZ )

e | :
7 :

{LE m

{L‘])n
(XV)

wherein K, D, B, M, Az, A1, Lz, Li, 0O, 0%, m and n are as
defined in any one of claims 1 to 3B, with a compound of

formula ¥¥Ia and XVib
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YZ
i
Y TG
=
(XVla) (XVlb)

wherein ¥Y', ¥, R' to R®® are as defined for a compound of

formula I.
45. & compound of formula XV as defined in claim 44.

46, A process for the carbonylation of an ethylenically
unsaturated compound comprising contacting an
ethylenically unsaturated compound with ¢arbon monoxide
and a co—reactant in the presence of a compound as defined

in any one of claims 1 ko 39.

47, A process as defined in claim 46 wherein the co-

reactant includes a hydroxyl group conktaining compound.

48. 2 process as claimed in claim 46 or 47 wherein the
ethylenically unsaturated compound comprises ethylene,
1l,3-butadiene, oct-l-ene or wvinyl acetate, preferably

ethylene.

42. A process as claimed in any one of claims 46 to 48,
further including khe step of including a source of

anions.

50, A composition comprising a compound as defined in any

one of claims 1 tEo 39 attached tEo a support.
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51. Use of a compound as defined in anyone of claims 1 to

32 or a composition as defined in claim 50 as a catalystb.



