Car bonyl ati on of Conjugated Dienes This invention
relates to the carbonyl ation of conjugated dienes.

w@p@siofileml |y, the invention relates to the  PCT/GB2007/050775
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carbonyl ati on of a conjugated diene in the presence of

an | aromatic carboxylic acidj_The car bonyl ati on of

et hyl eni cal | y unsat urat ed conpounds usi ng carbon

nonoxi de in the presence of an _al cohol or water and a

cat al yst syst%ﬁ?geﬁﬁ}PEFﬂ@ afgtenpugated Digngs 10

nmetal, for exanple, palladium and a phosphine |igand,

for exanple an al kyl phosphine, cycl oal kyl phosphi ne,

aTWisphosphtmen pylidyls plosphd neadvoly dent @t eof conjugated
hi ne, een escrihed in_nunerous Euro ean

ph
AT S an L ERenE g cHitons P or Cogtmprg 12 to  che

@a%@@?ﬁ%is@nEBfAao%%%‘&é%teapﬂ'le%@@%?gﬁhe presence of an
EP- A- 0235864, EP-A-02 74795, EP-A-0499329 , EP-A-

03868331 C EPR pb oAl a 7acEP- A- 0489472 , EP- A- 0282142

EP- A- 0227160, EP-A-0495547 and EP- A-0495548 . In
particul ar, EP-A-0227160, EP-A-0495547 and

EPaA- 0495048 lditsohoser t kahyhicdentatle phmmwﬁﬁﬁtédgald§ounds
provi de catal yst s stgns whi ch enabl e high reactio

r%?b%gwaﬁ Oc T eVed S T3 1l Kyte bPFEGES Chet Wee't H%lcoml or
phosphorys at @gﬁa@;{/@,teé@/@rﬁle&nf icghd:n EPRAIBEAR, Lo0et hel 9 or

with tertiary but substituents on the phosphorus .
W0 6m¢94 34 §@ﬁs@q<@émlley diaslcllagkiath t Fetd a2 pahepebiae 1igand,

gﬁ&a'g’%%mgige%a&?kQTOSRQEBﬁiSQEmS%898519%‘_\}&”%hégpﬁ‘ﬁ}{'e, aryl
phosphine, pyridyl phosphine or bidentate phosphine, has
been described 1in numerous European patents and patent
applications, for example EP-A-0055875, EP-A-04489472, EP-
A-0106379, EP-A-0235864, EP-A-0274795, EP-A-0499329, EP-A-
0386833, EP-A-0441447, EP-A-0489472, EP-A-0282142, EP-A-
0227160, EP-A-0495547 and EP-A-0495548. In particular,
EP-A-0227160, EP-A-0495547 and EP-A-0495548 disclose that
bidentate phosphine ligands provide catalyst systems which
enable high reaction rates to be achieved. C3 alkyl
bridges between the phosphorus atoms are exemplified in
EP0495548 together with tertiary butyl substituents on the

phosphorus.

W096/19434 subsequently disclosed that a particular group
of bidentate phosphine compounds having an aryl bridge
could provide remarkably stable catalysts which require
little or no replenishment; that use of such bidentate
catalysts leads to reaction rates which are significantly
higher than those previously disclosed; and that little or

no impurities are produced at high conversions.
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coul d provide remarkably stable catal ysts which
require little or no replenishnent; that use of such
whrwenrave catal ysts | eads to reaction rates wWETBBa02/050775

significantly higher than those previously disclosed;

and that little or no inpurities are produced at high
conversions. WO 01/ 68583 di scl oses rates for the sane

process as WD 96/ 19434 when used for higher al kenes
dﬁa WHER 858 3t Hel pFesedt e Taf- S8n %%?eFﬁﬁll%a%%déaocess as WO

a@éPEM golyent . W0 98/ 42717 discl o8es. & mdif i GALLON Ly tne
to the |dentate phosphi nes dsed in EP0495548 wherein

opec 9endot hf phosphiorusa At pneddee@ apcor por et dennt o an
optionally substituted 2-phospha-tricyclo [3 .3 .1.1{3
, 7}]decyl group or a derivative thereof in which one

5 OkoMygy Of7t-he dGachoR cat oOFs As@ifephacsd Mo the bidentate
het eroatons ("2 -PA" group). The exanpl es include a

%@hb$e%lk@%ﬁ@arb@hyl&?péﬁ§5éﬁ et'HeRieS 1pr opefe ail  Pboth

Sgggagggggexte §p?E§%$g$% 589% %@f %$§%71¥€%b optionally

b$@bmmat@tehOSpph03§haavrngydlo [2.3ubstiBufetddacryl group or
bri dges of .the scl os n W096/19434. The

o PR oL iy Rl Srn o RS chl ey bToladE duerly carbon
t ¥p&ss hayiag y@ﬁl@@@dSUQ§t|B@@QE@atoM@(GQL@@894§roup The
descri bes both the above types of |igand bridges as

useibl¢9r 1ncl3dsut adinewdegar bonyd ldtdxoiraaprwpations of

Q%{QgggSozﬂfﬁﬁﬁk?e%ﬁ%_sg ﬁgtlﬁpgﬁgr\m%é¥% %94%ﬂ%heﬁgternal

olefins.

WO 03/070370 extends the teaching of WO 98/42717 to
bidentate phosphines having 1, 2 substituted aryl bridges
of the type disclosed in W096/19434. The suitable olefin
substrates disclosed include several types having various

substituents.

WO 04/103948 describes Dboth the above types of ligand
bridges as useful for 1,3-butadiene carbonylation and WO
05/082830 describes a selection of WO 04/103948 where the
tertiary carbon substituents are different from each other

on the respective phosphorus atoms.

WO 00/56695 relates to the use of phobane ligands for
diene alkoxycarbonylation, optionally in the presence of
benzoic acids as a source of anions. Hydroxycarbonylation
is mentioned as a further possibility but is not
exemplified; 1t 1s stated 1in this case that that the

carbonylation product is used as the source of anions.
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al koxycar bonyl ation, optionally in the presence of

benzoic acids as a source of anions.

Hydr oxycar bonyl ation is nentioned as a further

possibility but is not exenplified; it is stated in

t PSP a3 e ¢ hat ﬂﬁaﬂ“ﬁhen%%ngéﬁyléﬁﬁﬁﬁﬂﬁﬁﬁﬂ%c¥h@% asegrkably

aﬁlc&ﬂi‘esn‘é%ﬁ?t?f Y NS . ]_Sé’a(cﬁglf gﬁd n%%e khnhas now, beely witn

di scovered that remarkably stabrlity and/or

rlead¢n ont ¢ at ege@ams bey achi eyed withibebent ab evéngasdsten.
by using a particular solvent system According to a
first aspect of the present invention there is

POV E@On g PEOgessrEoratpecearbonybabi-eBedt @nvention there
conj ugated di ene conprising the steps of reacting said
cbﬁju@é?éédéﬁen@\MH#PQ%ﬁ%onfﬁ@no%PGe &g kpnylation  of

a%i;‘%{i@@é havifg QBmﬁpEEYS hy@r{é)g%f&ng% the ?{) %eﬁ'l%? said

vent systemco risiAg an aromatic ca
acémju@at@ﬂaby@hesysiem1aadboophﬁmmmﬂiq@z andou&ceoeteactant

h%drog t he cat al systen]obt i nable b con?ining:
§VE e R ?t@%u%-‘@rogﬁ%rlfio F &' olvent
@fé@@% cehgrfBblng Bhd%&k@bﬁﬂdihﬁy%dﬁ Ekﬂﬁﬁéﬁdfoénub@alyst

X1 (X2)- @-A-R - Q - (D wherein:
Asm@ers 2adh Ppdependent | § ﬁ@p?@@eﬁf hm\é@gankytéﬁecatalyst

system obtainable by combining:

(a) a metal of Group 8, 9 or 10 or a compound thereof:
and
(b) a bidentate ligand of general formula (I)

2

x*(x%)- o* - A - rR-B - Q' - x*(xH (I)

wherein:

A and B each independently represent lower alkylene

linking groups;

R represents a cyclic hydrocarbyl structure to which Q'
and Q° are linked, via the said linking group, on
available adjacent cyclic atoms of the cyclic hydrocarbyl
structure;

2

the groups X!, %%, X

and x* independently represent
univalent radicals of up to 30 atoms having at least one
tertiary carbon atom or X' and X* and/or X° and X’ together

form a bivalent radical of up to 40 atoms having at least



I'i nki ng groups; R represents a cyclic hydrocar byl
structure to which QL and @ are |linked, via the said
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the cyclic hydrocarbyl structure; the groups X1, X2,

X3 and X4 independently represent univalent radicals

of up to 3 0 atons having at |least one tertiary carbon
atomor X1 and X2 and/or X3 and X4 together forma
b?W%IEﬁftﬂéaVc5@1$P“uﬁﬂyﬁnﬂowg?6ﬁ%“hﬁﬁpﬁgfﬁF‘ie%%%Y@%ﬁ“t or

tﬁi& ?éMtC§5898a§tQH§ %@Pﬁ@&nv§écﬁﬁég% unh¥akent, oF or tyo

bival ent radical is Joined via sai Teast one or
twer t eaty acyricam banomas onsspespecelivety tbet hppropriate atom

a ri,ate atomQlL or @2; QL and @ each
Raspert

éntly represent phosphorus, arsenic or
antimony; and optionally, a source or further source
of anions, . According to a second aspect of the
p@eS%ﬁi @nv%%ﬁh(ﬂﬁ@@ﬁﬁ%ﬁ@%tbwo@@@@@s%nbrﬁbééﬁhﬁbﬂsthérsenlc

C@fbgﬁyiﬁéhgn g oé@DbHQ?Egd Q'g@grEQ”BE!% Qhég source of

steps o ing s conj ugat e I ene Mﬁt car
nomoxhgle and a co-reactant having an active hydrogen
in the presence of a solvent system conprising a
carboxylic acid, a catalyst systemand, optionally, a

S@@&@ﬁdﬂﬁghMﬂfOgense&®@jc%k§k¥§4 system oraiRah! eiRyention
conbining: (a) a netal of Goup 8 , 9 or 10 or a

ddwy@@ndsth@yqyﬁded a process for the carbonylation of a
conjugated diene comprising the steps of reacting said
conjugated diene with carbon monoxide and a co-reactant
having an active hydrogen in the presence of a solvent
system comprising a carboxylic acid, a catalyst system

and, optionally, a source of hydrogen, the catalyst system

obtainable by combining:

(a) a metal of Group 8, 9 or 10 or a compound thereof:
and
(b) a bidentate ligand of general formula (I)

x*(x%)- o* - A - rR-B - Q' - x*(xH (I)

wherein:

A and B each independently represent lower alkylene

linking groups;

R represents a cyclic hydrocarbyl structure to which Q'
and Q° are linked, via the said linking group, on
available adjacent cyclic atoms of the cyclic hydrocarbyl

structure;



and (b) a bidentate |igand of general fornmula (1) X1
(X2)- @- A-R - Q - X3 (X4) (Dwerein: A and B
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groups; R represents a cyclic hydrocarbyl structure to
which QL and 2 are |inked, vi5a the said |inking
group, on avail abl e adjacent cyclic atons of the
cyclic hydrocarbyl structure;the groups X1, X2, X3 and
X4 independently represent univalent radicals of up to

at ong,, Vi at,2| eagt terti 0
)%tlkq%nd X2 Eg%d/%? X§< énd§x4odt}gjgete){16rgfhgregggg%%gpe%%resent

radicalenf updtioad® atfons havi B atoheastavtiwy tartiasyt one
carbon atons wherejn each_sai d. un val ent > bi val_en

G OoP T SCRETHRCTUTE G5 § ' dhst bH@ ot t A5 X together
testhasypeanbentat-gas ceespectivaly 4® 4henapRseprdate least

atom QL or @@2; QL and 2 each independently represent

pheR phEF G 2T dr SeFiReTora &t ndRgr < and Saept ional |yiglent or
' ; r el e ratiQ . 1d e

PR gfous aL, " of 10 metar IS Gr 6ot ef “Fhgn oI5 107 T

(et i bty . chnban conthnuoespeeactedn, tot the ppeteprédte atom

to, add g |large excess of ligand at the start of the

r'eadti dhiand then feed a less than 10:1 | i gand: net al

ratio into the reactor

Q' and Q° each independently represent phosphorus, arsenic

or antimony; and, opticnally, a source of anions;

wherein the ratio of bidentate ligand : group 8, 9 or 10

metal is greater than 10:1 (mol:mol).

In a continuous reaction, it is preferred to add a large
excess of ligand at the start of the reaction and then
feed a less than 10:1 ligand:metal ratio into the reactor
until the ligand ratio falls below a pre-determined lower
level ( above 10:1) at which point the ligand ratio can be
topped up again to a pre-determined upper level. To
monitor this process the metal level may be determined
using ICP MS using standards and the ligand concentration
may be determined using GC, again using standards. Typical

feed rates may be approximately 1:1.

Particularly preferred is when the ratio of bidentate
ligand : group 8, 9 or 10 metal is greater than 20:1
(mol:mol), more preferably, 30:1 (mol:mol), most
preferably 40:1(mol:mol). A typical range is greater than
10:1 to 1000:1, for example 20:1 to 500:1.



until the ligand ratio falls bel ow a pre-determ ned
| oner | evel ( above 10:1) at which point the |igand
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| evel. To nmonitor this process the netal |evel may be
determ ned using I CP M5 using standards and the |igand
concentration may be determ ned using GC, again using
standards. Typical feed rates may be apprOX|nateI¥
159 Papt FERFARPGE ppef @prel, | SShhEREhe Fat FEOBP 9 or 10

QhQ§QI§tﬁekegﬁn%hougﬁoqﬂa8tak$n°£olqngﬁhab kﬁxﬂﬁﬁ@tfr 9 and

than 20:1 (nol:nol), nore preferably, 30:1 (nol ,
nbst ipr eher abldyr40 pet i(onplc (tadd e .ndndrypic@alre ange tse term

gf ater tha L0 1000: exanple 20;1 to

PGS of  Thedhub haiceo0r Hab0BLY F B BPEnBBL S BPGipes RY,
8Rh 9 @, 1Gdet @ks hanel PdSh0U|EdeJJﬁerta%<l tadanchiddels are
C}oups g8 , 9 and 10 in the nodern perio ic table
neprenel ot uf EOMBRUL heé tt a3l " B oup MBLe @Rﬁfeﬂ(ﬁb% the metal
p{gfﬁéably select nmetals such as Ru, Rh, Gs, Ir, Pt
and Pd. Preferably, the netals are selected fronmRu
Pt and Pd. More preferably, the nmetal is Pd. The ratio
(v/v) of di ene and co-reactant in the feed can vary

bEtheEA W dd Vi 1% dhtF'STi A1 yOrFES TR the 't arlfe %?ed can

105 dy 119 43 SOP. wihe EI%lf@agﬁ@nEu9£abD§ presenth the range of
i nventi on may be any conpound havi ng a nobil e hydrogen

atonl andl capabl e of reacting as a nucleophile with
t he di ene under catalytic

The co- reactant of the present invention may be any
compound having a mobile hydrogen atom, and capable of
reacting as a nucleophile with the diene under catalytic
conditions. The chemical nature of the co-reactant
determines the type of product formed. An especially
advantageous co reactant is water SO that
hydroxcarbonylation is especially ©preferred. However,
other co-reactants are also possible and may be
advantageous such as a carboxylic acid, alcohol, ammonia
or an amine, a thiol, or a combination thereof. If the co-
reactant i1s water, the product obtained will be an
unsaturated carboxylic acid. In the case of carboxylic
acids the product 1is an unsaturated anhydride. For an
alcohol co reactant, the product of the carbonylation is

an ester.

Similarly, the wuse of ammonia (NH3) or a primary or
secondary amine RYNH, or R¥R®NH will produce an amide,
and the use of a thiol R®'SH will produce a thioester. In

82

the above-defined coreactants, R®! R and/or R% represent

alkyl, alkenyl or aryl groups which may be unsubstituted
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hydr oxcar bonyl ation is especially preferred. However,

ot her co-reactants are al so possible and may be

advant ageous such as a carboxylic acid, alcohol,

amoni a or an amine, a thiol, or a conbination

tPer8sy . OFf Sthet tbrkadt Akt ong Rét@?retﬁébéFéHHéﬁts selected
oBLghned1 ¥ | lo e An nsal urgked qarbopyb] ccagh 2 I e (o) or”,
the case of carboxylic acids the product’is an

URRART,at@ )aryRIT i, dSR* ForC &m) S’ 380h6|(s¢NRF7é§%x antylt he Het,

pr.oduct of gbe arb ylatlon [ te Si.mlarl

t HeSUSE" of annnﬁ H3) °6F a(%? Le§§&8ndar%ﬁa/or be
amwrﬁl@wd onyRoReNHrvadrepr&@l@ceel aﬂ agi dehudngdc dhe, or by
use of a thiol R81SH will produce a thioester. In the

abbbeb et néte toy batt anit sYr REAS R2 and/ or R83

represent al kyl, al kenyl or aryl groups which may be
unsubstitutedor may be substituted by one or nore
sUbstinmeeht soseppered amnﬁeml@ye@yaﬁosmﬁur@oromg of co-

HARH, AT U SOR L, NER G0N L., .

RiSrho R3G aaﬁldefun&ﬂ hereim, andkeﬁobe i nierript edase of
by one or nore oxygen or sul phur atons, or by silano
?m®?%}%y@%|@%b%eg?%ub%acW$“%%nDnl%@%@rah$n%%e%?%t

enpl oyed, a small portion of coreactants will react

Wth acid present in the reaction to

Preferably the carboxylic acid co-reactant has the same

number of carbon atoms as the diene reactant, plus one.

Preferred amine co-reactants have from 1 to 22, more
preferably having 1 to 8 carbon atoms per molecule, and
diamine co-reactants - having 2-22, more preferably 2 to
10 carbon atoms per molecule. The amines can be cyclic,
part-cyclic, acylic, saturated or unsaturated(including
aromatic), unsubstituted or substituted by one or more
substituents selected from halo, cyano, nitro, ORM,
0C(0)R*", C(O)R*', C(0)OR”, NR”R’®, C(O)NR"R*®, SR”,
C(0)sSrR’®, C(sS)NR’'R*®, aryl, alkyl, Het, wherein R' to R
are as defined herein and/or be interrupted by one or more
(preferably 1less than a total of 4) oxygen, nitrogen,
sulphur, silicon atoms or by silano or dialkyl silicon

groups or mixtures thereof

The thiol co-reactants can be cyclic, part-cyclic, acylic,
saturated or unsaturated (including aromatic),

unsubstituted or substituted by one or more substituents



forman am de and water. Therefore, in the case of
anmoni a or am ne-co-reactants, water is present.
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same nunber of carbon atons as the diene reactant,
plus one. Preferred am ne co-reactants have from1l to
22, nore preferably having 1 to 8 carbon atons per

mol ecul e, and di am ne co-reactants - hqying 2-22,,nore .
pfeferadly L2000 REG car bom @t ofe tper Ml ecuPe(OTRe » C(OIR™,

am HpSrCaN RReycl i G (Paf=gycl i ggrracyli g, sgat ur %ﬁ(%ci NR”'R”?,
or unsaturated (including aromatic) , unsubstituted or
substi t alkdlbyHene ohemerie Ribstbt Béntarsetectedifiednmherein

hal cyano itro, OR19 OR 20 OR.2 1 C(OOR
22 ROl PO R 35RE6 7 Shoo Db O/ SR 507 161 ) RT3 £
&2Borarybr alkWxyddet,, nherejdh RIS 1gh B30 arei@sn atoms or
defined herein and/or be interrupted by one or nore

(pr ePerlabPy dressiaHanl aSt bt &P ofr@upSoxygeh X wik¢dgehsreor .
syl PAUL, o §1 LHGaR aloms or | ss'éﬁé‘o 9t oAbl Kyl sidiLon; vy o
groups or mixtures thereof e Thiof "cb-reactants can

beo cyd,i cpopar tereyfddaiylvacylith, ksatutat &d oarbon atoms per
unsat urated (i ncl udi n% aromat i ubsti t uted or

n
R B o] e netantear e L tptart cour it od Prgm  more

hat Ofc £8P, 2 NES 1Y, c RIS O Rk, i QR 21, (O OR
22 | NR23R24, C(O)NR 25R26 , SR29, C(O) SR 30, C(S)NR 2

7R28, aryl, alkyl, Het, wherein R19 to R30 are as

defi ned, —e]!%l&z%?/ Qb e 4 “E%é#‘pﬁ%bytr?é‘ea8ﬁd”°§eefving as
(preferably Tess than a total 0 ) oxygen, nitrogen,
ssbpheks , i | kadnnat onsh@t the amount of the acid to co-
reactant should be chosen such that a suitable amount of
free acid is present. Generally, a large surplus of acid

over the co-reactant 1s preferred due to the enhanced -

reaction rates.

As mentioned above, the present invention provides a
process for the carbonylation of ethylenically unsaturated
compound comprising contacting an ethylenically
unsaturated compound with carbon monoxide and a co-
reactant. The co-reactant 1s preferably a source of
hydroxyl groups such as water , as mentioned above, or an
alkanol in the presence of a catalyst compound as defined

in the present invention.

Suitably, the source of hydroxyl groups includes an
organic molecule having an hydroxyl functional group.
Preferably, the organic molecule having a hydroxyl
functional group may be branched or linear, and comprises

an alkanol, particularly a C;-Csy alkanol, including aryl



by silano or dialkyl silicon groups or m xtures
thereof. Preferred thiol co-reactants are aliphatic
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carbon atons per nol ecule, and aliphatic dithiols wth
2-22, nore preferably 2 to 8 garbon atons per

nol ecule. If a co-reactant should react with the acid
serving as source of anions, then the anount of the

a%l%a@%l%or@%éﬁﬁnmaghéﬁl@H&§QHﬁ%#¥1%HRﬂF%q%ﬁe%1Wlth one or
Sf%f@bls%b%@t&@enc&f fé@f"e@@écg IS oRresenty, Gaperal Iy, a halo,
l'arge surplus of acid over the co-reactant i3g

prederr echdueo t o Gme, er@@h@)e@lzo r 640t Ron r at(@s ORK' ,s NR°R??

ed.abo he.pre i nv oprovi des. a .
358§Q§§ goﬂ t%gg%%rgonyli§loﬁ)of8é§h§$%nfghﬁg§§lned herein.
umsagih Ly at el £ONPOMINd, CIOAMRE1 §1 Ngr&ont acti Nng18Bnols such as
et hyl enical |y unsaturated conpound w th carbon
nopekidel andt a2 eot eakt@peOoThelgo-Peaeeant i §so-butanol, t-

a ouy C dr r S e
e et T onai Sbove. 51 b o KaRe (hn: RAGF SESRba of L5oRoL
c@lmmyﬁghconheundoasadebhned i mrtehe nreEsenpréfwentdpn. poly-

t abl the sour of dro % %roups I ncl udes _an

Y| BE g et RR vy S FOFLMEL 1 O flougpuch as

Prebesabtyiotbe Qéﬁ@BLélgob%@mé%dﬁﬁérﬁb@ ayes oxy¥l utilised.
functi onal group may be branched or |inear, and

cBript ¢sbby an @l®andtelyperidwular larea CRIC3U e kdnom 1, 2-
.Q‘gljl ' i gh tional |
;U S#?%%?eﬁryhah %%gbépeg@bg’ QBX“QSXQR IPP§,iybutanetrlol,

d wf
2—(hydroxymethyl) -1, 3-propanediol, 1,2,6 trihydroxyhexane,

pentaerythritol, 1,1,1 tri(hydroxymethyl)ethane, nannose,

sorbase, galactose and other sugars. Preferred sugars
include sucrose, fructose and glucose. Especially
preferred alkanols are methanol and ethanol. The most

preferred alkanol is methanol.

The amount of alcohol is not critical. Generally, amounts
are used 1in excess of the amount of substrate to be
carbonylated. Thus the alcohol may serve as the reaction
solvent as well, although, 1if desired, separate solvents

may also be used.

It will Dbe appreciated that the end product of the

reaction is determined at least in part by the source of

alkanol used. For instance, use of methanol produces the
corresponding methyl ester. Conversely, use of water
produces the corresponding acids. Accordingly, the

invention provides a convenient way of adding the group -
C(0)0O C1-C3p alkyl or aryl or -C(0)0OH across the

ethylenically unsaturated bond.



nore substituents selected fromal kyl, aryl, Het,
hal o, cyano, nitro, OR19, OC(OR 20, C(OR 21, C(OOR
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C(O SR 30 as defined herein. H ghly preferred al kanol s
are C -Cs al kanols such as ne Fanol, et hanol ,

propanol , iso-propanol, iso-butanol, tbutyl alcohol,

n- but anol, phenol and chl orocapryl al cohol. Although
the nonoal kanol s are nost preferred, polyal kanol s,

Gl ¥ é%ﬁ%tse d;ﬁt%@@'ﬁ@“l@aglts %Chc@r?j%é%éd double

trlo s, tetra-ols and sugars may al so be utilised.
@m@al Fy, tguzchmpbdégaltkanﬁlys Carrmlsmtemredlér mmallt tZhat the

hanedi ol di ol
citanediol .ol oFpropnatiol, alVestel. L2 4y can overven

lo@ndrt rdﬂb/ldf@whqmn@hepeﬂab@@wwtI tohus 1, krk tkiffects of
(hydr oxymet hyl )Ih et hane, nannose, sorbase, gal actose
aPe P Wetd S stigabs.atPr éﬁéﬁFe&%g%‘P@W%@W@ed@@@ﬂ@sebonds are

féygéﬁsﬁl%%grgkgcg% ano|8§%ga%k§§fr§%§§e%%o lk angpmpounds

are net hanol rre

i B1net hanobn jddhet admoiboitd®©f al cohol is not cri t| cal .
General ly, amounts are used in excess of the anount of
substrate to be carbonyl ated. Thus the al cohol nay

serye @s hhgideacienssobventrasiyel 1s al t Roughgaitled diene
desired, separate solvents nay al so be used. It wll
bléa‘apmeérameé theat24 henerne prodacebdy themr dactd ohli sarbon

dg{g&gin%%rat RS?éEuEQ.pthu?y %%%j%%%%%%.Ofdiene can be

substituted with one or more further substituents selected
from aryl, alkyl, hetero (preferably oxygen), Het, halo, cyano,
nitro, -OR"™, -0C(O)R*®, -C(O)R*, -C(O)OR**, -N(R*)R™,
C(O)N(R*)R*®, -SR*’, -C(0O)SR’ , -C(S)N(R*)R*® or -CF: wherein R"
R*”® are as defined herein or non-substituted. Most
preferably, the conjugated diene is selected from
conjugated pentadienes, conjugated hexadienes,
cyclopentadiene and cyclohexadiene all of which may be
substituted as set out above or unsubstituted. Especially
preferred are 1,3-butadiene and 2-methyl-1,3-butadiene
and most especially preferred is non-substituted 1,3-

butadiene.

The person with average skill in the art will further
realise that the process of the present invention can also
be used to prepare carboxylic mono—-acids and/or carboxylic
diacids. Carboxylic mono-acids and/or carboxylic diacids
are prepared by reacting conjugated dienes with carbon
monoxide and using water as a hydroxyl group containing

compound. In this case, the carbonylation product, i.e.



al kanol used. For instance, use of nethanol produces
the correspondi ng nethyl ester. Conversely, use of

weeRasn7ysduces the correspondi ng aci ds. AccorBECTGB07/050775
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the invention provides a conveni ent way of adding the

group - C(O O G -C30 al kyl orlgryl or -C(O) OH across

the ethylenically unsaturated bond. Conjugated di enes
contain at | east two conjugated doubl e bonds in the
n%m%CLﬁ%Fb?§¥%%%JU@%V?oﬁ”is<%%anﬁﬂﬁﬁbtCﬁﬁb P&catis6fl ofS an

Qﬁ f@lgggitgﬁgfgesgﬁh?ﬁp %It can overl ap other

Itals | ecu the effects of
compounds with at |east two conjugated doubl e bonds
are often different in several ways fromthose of
conmpounds with no conjugated bonds. The conjugated

diese pigferiabl ¥aksoayCon) ugated udicenei RawHg treBbAylation
to 22, nore preferably from4 to 10 carbon atons per .
ot 2ei en TﬁéCbonJa@gataed Iy e e e shbston ut Bee @k tan  1s

h t t f I
L
ndztbmp)QuH(ﬂRl@suchCX:(@ R2@;hos@( Oded - Co0) OR2ZBNnvIN( RZBapthyl,

255%&%? S e o R 5° koa wt BIGGY et | nBUThOrBF  and

8£5yﬂ9]?1§1«|b%ﬁfbhiﬁbﬁse%nd\/bﬁbv@ﬁ@f efabl ¥ast hereonjdgadef ic acid
iene is selected from conjugated pentadi enes,

conpugapedoreradilendsh cylet opeanadiiéne idrwd more preferably

CXS'OW?Xa@'e”% al . ,of Q!HChc%%%xﬁﬁmf bstiitted as, gt one

Ut? above or UAsubStltuted
carboxyllc acid group. The pKa of the acid is preferably

greater than about 2 measured in dilute aqueous solution
at 18°C. The pKa is preferably less than about 6 measured
in dilute aqueous solution at 18°C, more preferably, less

than 5.

The carboxylic acid group means a —-COOH group and this may
be attached directly to a cyclic ring atom of the aromatic
ring but may also be attached to an o or p carbon to the
ring, more preferably either attached to an o carbon or
directly to the ring, most preferably, attached directly
to the ring.

The aromatic compound may be substituted with one or more
of the following: alkyl groups; aryl groups; hydroxy
groups; alkoxy groups such as, for example, methoxy; amino
groups or halo groups such as, for example F, Cl, I and

Br.

The aromatic ring of the carboxylic acid may substituted

on any available carbon atom. Preferably, the aromatic



preferred are 1 ,3-butadi ene and 2-nethyl -1,
3-but adi ene and nost especially preferred is

W@wssTI8s i t uted 1, 3- butadi ene . The person wWe@€TGB2007/050775
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average skill in the art will further realise that the
process of the present invention can also be used to
prepare carboxylic nono-aci ds and/ or carboxylic

di aci ds. Carboxylic nono-acids and/or carboxylic

df 4e? ds Sar®Tsrepaf ed by TEuTh iy ¥onj ufarew [dicenes suitable
méf@m&@i@°@aﬂ@8£§lgg Q@gdgsiﬁg%ﬁ?éeﬁeﬁ§o§%ﬂé958§¥|naphthoic

group contai ni ng- conpound. | S case,
cachony| ahioryprlogacttadicaytthe catdhoxyiiciaclar by direferred

acid can bpe ed as an, additignal ,souyrce of _ani on

R S TS oo R L Ry 1 PR ERE B Bl PR eg e Com

r@@ctipgﬁucau@§t@pay§aoxwéarz6@ayl aldiens,reagtdon 48 2,4, 6-
a

prefer any optionally substituted C1-C30 aromatic

C ey SuBRNEa8 1those based 6nopRéRgLhvhapgygoic acid and
cyc adi I L [ L pYLidinyl ,_ac ,
YT OTT T  arsubs ahd RBvIKG af TBASE ohs CAf pofylrgropenzois
agd 1d gr oup- @sisooi - etk i st o tieen zar iamat iae ik, ng, 4rmameénobenzoic
pr ef er apl ny Ci to Ci6 aromatic, conpound having.at .
FRELE onete i bsoT PSR TrHRGaRe. The0pRa BF SPHECRERAC acid,
i s-pyeherablyigreater shan, about 24neasHpgdnikpidilute acig
aqueous solution at 18 0OC . The pKa is preferably |ess

t hahd Aol o sy perzsered Brnditirgbenaqicousc sl ulirbheay lipgnzoic
Ogéidpnr%—Q%%Eg%%Q§XbeE%%§cthaﬁbfﬁ; 2-napthoic acid, 1-
napthoic acid, 2,4-dimethylbenzoic acid, 3-methylbenzoic
acid, 3,5-dimethylbenzoic acid, 4-hydroxybenzoic acid, 2-
fluorobenzoic acid, 3-propoxybenzoic acid, 3-ethoxybenzoic
acid, Z2-propoxybenzoic acid, 2,2-diphenylpropionic acid,
2-mevhoxyphenylacetic acid, ortho-anisic acid, meta-anisic

acid, 4-tert-butylbenzoic acid and 2-ethoxybenzoic acid,

Preferably, the aromatic carboxylic acid is substituted by
only one group 1n addition to the group bearing the
carboxylic acid. Preferably, an alkyl group substitutes
the aromatic ring of the carboxylic acid. An especially

preferred compound is O-toluic acid.

The carboxylic acid used in the second aspect of the
present invention may be any optionally substituted C:-Csp
compound having, in addition, at least one carboxylic acid
group, more preferably any C; to Ci;¢ compound having at
least one carboxylic acid group. The pKa of the acid is
preferably greater than about 2 measured in dilute aqueous
solution at 18°C. The pKa is preferably less than about 6

measured in dilute aqueous solution at 18°C. Examples of



The carboxylic acid group neans a -COOH group and this
may be attached directly to a cyclic ring atomof the

WwW@e@a®riles ri ng but may al so be attached to an BCDGBR007/050775

10

15

20

25

30

carbon to the ring, nore preferably either attached to
an a carbon or directly to the,ring, nost preferably,
attached directly to the ring. The aromati c conpound
may be substituted with one or nore of the foll ow ng:

a$1kwa1@%%u5§rbawlll@r GERSES HyHHOIaR gr eRipsonal koxjubstituted
%jlo%%af}%‘&ti‘of‘é Pcﬁs %‘f’i‘@ﬁ?' Es EF&P%yac?&‘ nop%BHBﬁlgramds,

0 groups such or exanple [ and Br.
aromatic acmgsoprheaoanbOﬁyHM@ aC|mbx&W©smbstLdﬂtedonan01c
on_any a ablf car bon_at m Pr ef er abl t he . : N
arorati c ’rn%‘ FOPOLC oPCUrs S iatsute%fof&%\%?e%%?s sue
Sal t a@kma&oa&&uc earkexyld & Adssidel ddembenzeiglic acid,
aci ds; naphthoic acids; and cycl opent adi enyl acids,
p@@@‘i%@l@h@l yaptes er regxarelsubstidat edndr ohEPrENaEFdsacids;

'fgéygéngcggé Gal emagnilg%v?#%XJ i&$§% I@t%g lhnear or

benzoi ¢ aci suc ; enzol ¢ acl
omrénﬁh@ﬂnekﬁyﬂjbsnzpazta&hdﬂ&ndcﬁ:tabyb¢130|ahd. apart from

benzoic_acid 2- nltroben
ST orbest nlE by B bety e “BEr SLa MSRERD 0l 1 gmay b
2urichieras 6edy dr oxybenzet o-waeidd, watayammbenZﬁjc e, further

n ben oi C anoben oi Cc .ac
4dﬁ%g‘% en20|ccg§dn|{r3be Ke ac? 1 Zrecero (preferavly

Ze@m@nylbeeionﬁﬂacldyaﬂaxemt{butylben20|c aci d,
2-hapt hol Goaghod, _di0 52 _c(0)or??, —N(R?%)R*,

~C(O)N(R*)R*, -SR*, -C(0)SR” , -C(S)N(R’)R*”® or -CF; wherein
R” - R*® are as defined herein;. and aromatic carboxylic

acids such as those described above.

A particularly preferred carboxylic acid 1s the acid

product of the carbonylation reaction.

In the carbonylation reaction such as a
hydroxycarbonylation reaction of the first aspect of the
invention, preferably, the ratio of equivalents of
bidentate ligand to group 8, 9 or 10 metal is at least 1:1
mol/mol. Preferably, the ligand is in excess of metal
mol/mol. Preferably, the ratio of equivalents of
bidentate ligand : group 8, 9 or 10 metal is greater than
1:1, ©preferably, greater than 4:1, more ©preferably,
greater than 10:1.

Preferably, the solvent system comprises a carboxylic acid
as defined above (preferably an aromatic carboxylic acid)

and at least one co-solvent.



napthoic acid, 2 , 4-dinethyl benzoic acid,
3-net hyl benzoi ¢ acid, 3 ,5-dinethyl benzoi c aci d,

wa 2067088/ benzoi ¢ acid, 2- fluorobenzoic acid, PCT/GB2007/050775
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3- propoxybenzoi ¢ acid, 3-ethoxybenzoic acid,

2- propoxybenzoi ¢ acid, 2 ,2-diphenyl propionic acid,

2- meyhoxyphenyl acetic acid, ortho-anisic acid,

neta-anisic acid, 4-tert- butylben20|c acid and . .
25%%%%&§%eﬁ%bl%9%ﬁﬁQ$s fpﬁef@?ﬁbly“ tHe aPgrgtn¢ 1nvention
C%@%@'&' c}:te%%'n%s' S §H@§t It ?grbye%@’l@”ﬁeﬁﬁQ?Bu‘c?lketone,
addition to the group bearing the carboxylic acid
F&emerablyu0hnaalkgt gx@mplsubBLBDMEe$mehhyarphahy¢ ether),

f_the carboxylic acid. An es aIIy referred.
ot o 6 areT o LS nedl corBefin B S cadipernny
thensecondeaspact cof -the ypeesert | nventi on pBYrbeyaR¥furan,
optionally substituted Cl-C30 conpound haV|n in

addpit N CBReT eaSt 1RO TORIVBERYIIC Wdtéﬁoﬁm@ﬁ?@ether of
f n fo 0 Vi

2L ALl OoRsSommaUns, 19Ving LSS QBB

pﬁ@ﬁ@rablyugMeaﬁefothanampmetméthgasueedten dilmateyladipate

aqueou olution at 18 0 is prefer | ess .

TRESRUD Ity SERSE T b e as s eGPt Pohvap T3gtone;

Q&h;déganp@%%hofsyétahkﬁ;caé@@%%héc Qﬁﬁﬁ&tﬂ§¥3d§kﬁmlde, N-

optionally substituted C -G 2al kanoi ¢ aci ds such as

aeethclacidol igpopi ondc &eids)y butyringmagids,sulfoxides and

g@@g& acigds ngaﬁé’kc QL1 05y o NAANQH l%%llg)%ox:Lde, di-
- a kenoi ¢ acids such as ropenoi ¢ aci uc

acsybtcpacsdl photh@noi csacfdsasach aseaethadeykbhdopobde-2, 2-
pent enoi ¢ aci ds, hexenoi c_aci ds and hegten0|c aci ds;

dioxide), 2-methylsulfolane, stilphone,
tetrahydrothiophene 1,1-dioxide and 2-methyl-4-
ethylsulfolane; aromatic compounds, including halo

variants of such compounds e.g. benzene, toluene, ethyl
benzene o-xylene, m-xylene, p-xylene, chlorobenzene, o0-
dichlorobenzene, m—dichlorobenzene: alkanes, including
halo wvariants of such compounds e.g. hexane, heptane,
2,2,3-trimethylpentane, methylene chloride and carbon
tetrachloride; nitriles e.qg. benzonitrile and

acetonitrile.

Alternatively, the co-solvent can be any one or more
further carboxylic acid such as any of those carboxylic

acids mentioned above.

Very suitable are aprotic co-solvents having a dielectric
constant that is below a value of 50, more preferably 1-
30, most preferably, 1-10, especially in the range of 2 to
8, at 298 or 293K and 1 x 10°Nm . In the context herein

, the dielectric constant for a given co-solvent 1is used



| actic acid; which may all where possible be Iinear or
branched, cyclic, part cyclic, or acyclic and apart

WO e@atdies they may be interrupted w th het er oPGI/GB2007/050775
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may be unsubstituted or substituted with one or nore
further substituents selected,fromaryl, alkyl, hetero
(preferably oxygen) , Het, haﬂo cyano, nitro, -OR19,

-OC(O) R20, -C(O R21, C(O)CR22 -N(R23 ) R24,
C%O)IN(SRZBOSIF@% MegRAG I @?OFSRS@SGULEEU(JS)WEE Rrgpyrogt the

0&ap§€?t¥m85ebnc%%%ens%%sW@%%E%hé%”éﬁ%@kgﬁ%g' del@mgctrlc

aromati ¢ carboxylic acids such as those descri
abovéheA qaradiou avt ytpeefsameedcwmwl giati ¢ isathen for
aci d. product f t he arb a n reaction
At bb %ﬁf%%?on ?éﬁ%?u f*s &@ﬁ a%le%ﬁ%%&y%%?%%?%\t%ncommon
@@%ﬁﬂlﬂ@ of ghhesf idsst @spestn@f ihheydmvent i 8terence books,
erably, the rati o of equivalents of bidentate

|$@<a1ﬁd 39 gilomp Bandlooek 10f we@laeﬁm@:@f |aa@t Hhysics, 767"
”&#JI + F’éﬁﬁﬁ‘ééb ﬂaLlEc{'IQa”E esasncf)f?%iélghed by
no e

"Preferab ratio o equwa ‘ent's
bitrRient ateski galmd 19;%'3),up &1(,1 9aoe l@smetldly | sygrteat erfor a

h fe h
D eTT bt §E© o EarbP Uil 20: 4% RpaFer dbfy, THEsof Yant* oF

Sysg ey C@“’Déﬂa@%txﬁo@@lﬁ@@%&' %Ee@%ge asidefi pgduabove 10°Nm?,
(preferably an aromatic carboxylic acid) and at | east .
owed c6aBolrgantt lSuikabtencersof véat $forl SJude #mdt Remospheric

Pﬁ?&?@&ré”vﬁgiﬁ8” the conversion factors quoted. If no

literature data for a particular compound 1is available,
the dielectric constant may be readily measured using

established physico-chemical methods.

Measurement of a dielectric constant of a ligquid can
easily be performed by wvarious sensors, such as immersion
probes, flow-through probes, and cup-type probes, attached
to various meters, such as those available from the
Brookhaven Instruments Corporation of Holtsville, N.Y.
(e.g., model BI-870) and the Scientifica Company of
Princeton, N.J. (e.g. models 850 and 870). For consistency
of comparison, preferably all measurements for a
particular filter system are performed at substantially
the same sample temperature, e.g., by use of a water bath.
Generally, the measured dielectric constant of a substance
will increase at lower temperatures and decrease at higher
temperatures. The dielectric constants falling within any
ranges herein, may be determined in accordance with ASTM

D924



i ncl ude ketones, such as for exanple
nmet hyl but yl ket one; ethers, such as for exanple anisole

W@ pslydophenyl ether), 2 , 5, 8-tri oxanonanePCT/GB2007/050775
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(diglynme) , diethyl ether, dinethyl ether,

nmet hyl -tert-butyl et her (I\/TI'BE)16 t et rahydrof uran,

di phenyl et her, diisopropyl ether and the di nethyl et her

of di-ethyl ene- %chol oxanes, such as for exanple

dil o%arer - estér & %ﬁ%h“hé”%ﬁteﬁénﬁpeWﬁﬁ@@ﬂ%&&%ﬁ%?e to use

dﬁgeﬁg¥b§ﬁ.B@tQﬂﬂﬁtﬁyel@@@gpétgongkggEh%J §@££ﬁ%f%fba Model

and butyrol act one; am des, such r exanpl e
ds net byt deet ant deon doeb hyVepyer ovidone and0di rerhybe setting

formam de; sul f oxi des and sul phones, such as for
e?%%%f%d%¢n%?%?tsulphOX|de di i sopropyl sul phone,
sul fol ane (tetrahydrothi ophene-2, 2- dioxide),

2-met hyl sul f ol ane, di ethyl sul phone,
tBe¥ afyarBl fir ophenel B IR ded P 2t nef hypthy1-tert-butyl

ethylsul £ gl ane; arofpdig, C°8P°Hg8§anb”‘i' Ud%.rbgl hal© 295 k),
vari ants of ‘such conpounds’ e. g enzene uene,
emﬁytobeemenESOZXQBenet %y l1ene, t¢tn@hyﬂmpfuran is 7.5 (at

benzene |chlorobenze hl or oben
e e P e LR P EnE 1 i e eno ) . he
ejgel@@%ﬁﬂ@,vgﬁﬁéﬁngreztakgn,§r&ﬁ|HﬁéhMbﬁﬁﬁb@Beof chemistry
nmet hyl ene chl ori de and carbon tetrachloride; nitriles

ea@ﬁ-kﬂﬂﬁﬁﬁﬂﬁl'ﬁpé alte adempsinatiure . OAIt@@@aﬂWiﬂﬂqaement is
t% 0-solvent can be any one or nore further
r%oxyllc acid such as any of those carboxylic

Alternatively, the reaction may proceed in the absence of
an aprotic co-solvent not generated by the reaction

itself.

Alternatively, a protic co-solvent may be used. The
protic co-solvent may include a further carboxylic acid or
an alcohol. Suitable protic co-solvents i1include the
conventional protic solvents known to the person skilled
in the art, such as water, lower alcohols, such as, for
example, methanol, ethancl and isocopropanol, and primary
and secondary amines. Mixtures of the aprotic and protic

co-solvents may also be employed.

By protic co-solvent is meant any solvent that carries a
donatable hydrogen ion such as those attached to oxygen as
in a hydroxyl group or nitrogen as in a amine group. By
aprotic co-solvent 1s meant a type of solvent which

neither donates nor accepts protons.



aci ds nentioned above. Very suitable are aprotic
co-solvents having a dielectric constant that is bel ow

w@20ahraonf 50, nore preferably 1- 30, nost pre¢EGBRIY/050775
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1-10, especially in the range of 2 to 8 , at 298 or

293K and 1 x 105Nm 2 . In thelgontext herein , the
dielectric constant for a given co-solvent is usedin

its normal neaning of representing the ratio of the
cipadiiey BFCaCedINFESE LN htPhdthiSsuBsEanee addivention, the

dighsstr fn?nEQl&Qe %?p%“é té{s%’cﬁ thesame f%‘%’?r{je&secﬁl%wd with

a vacuum for dielectric ues for the dielectric
comstiants gkscammwn of gantcofequi dsrban be dxagied am a noble
general reference books, such as the Handbook of

G S¥FY AR BAYSIi cs, 76th edition, edited by David R
Lide et al, and published by CRC press in 1995, and

are usually quoted for a tenperature of about 20 0C or

2EyHogen . @aabomt 1293115k 6 Zgéj@% Ko &Rg carbonylation

a%é@éfb@% %o°f§ﬁ§yé$e r% %g&“ 1055‘[1&%%?80' “@L1s of
readi e converted to an at nospheric
pMﬁSB@g@nUﬁheg Uhelcsedem&yomefaﬂtdﬂﬁeqmmﬂﬁﬁ of fbabween 0.1

it ure data for_a particular conpound is

] 2BFe ol i o ok hec CONSRnOTEy e i | referably,
n§a§@%edoy$bag gst abld shedPhysd o chem gate NBEROESaL1y, 2-
Measurenment of a dielectric constant of a |liquid can

ehst | yobévper Pér vbg IBpna U Sertor stosuchraserably 3-10%
igg%yéépn??rg es., floytheough probes, and cup-type
pr o

ed to various neters, such as those
avai l able fromthe

Hydrogen, if present, is preferably present at a partial
pressure of between 1 x 10° and 20 x 10° Pa, preferably
between 2 x 10° and 10 x 10° Pa, and most preferably, at a

partial pressure of about 5 x 10° Pa.

The molar ratio of the amount of conjugated diene,
especially 1,3-butadiene used in the reaction to the
amount of carboxylic acid 1s not critical and may vary
between wide limits, e.g. from 0.001:1 to 100:1 mol/mol.
Preferably, the molar ratio of conjugated diene,
especially 1,3-butadiene to carboxylic acid is selected to
minimise the diene concentration such that it reacts
preferentially to form the corresponding acid, in the case
of 1,3-butadiene, pentenoic acids. Typically, in a
process of the invention, particularly a continuous
process, the molar ratio is between 1:1 and 70:1, more

preferably, 1:1 to 50:1.

The amount of the catalyst of the invention used in the

carbonylation reaction such as a hydroxycarbonylation



Br ookhaven Instrunments Corporation of Holtsville, N.Y
(e.g., nodel BI-870) and the Scientifica Conpany of
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consi stency of conparison, preferably all neasurenents

for a particular filter systeg%are performed at
substantially the sane sanple tenperature, e.g., by

use of a water bath. Cenerally, the nmeasured .

dr eteet?ic é@néﬁﬁhtc%¥t%9%bbs¥8ﬁéeﬁﬁqqltﬁnéWEés%eantal“edr

'&"@fe%%r%é‘ﬁe§hé‘”?rg&’§ﬁ£eé‘§ee%uﬁi ghet or 10 metal is in

tenperatures. The dielectric constants falling wthin
anlyer aages héreitm hiy beldet greni medld nofccongdanegeed diene,

ith ASTM D924 er.. if there i doubt to icch 5
e R o e i dilan b af erabebTe: cobliante 10
anStéent ifdea Medele 871 yDi ebect ebc Conistant e dBtRIr Wndhe of

a 1-200 e range setting should be used. For exanple,
t pen g et eed r idd Benst arftr e TR hyl - C&Ft - BOPYRT etdfer Pitgentate

4 2 dioxane, | s. - , : of

o RN o7, SETTR 7208 ) et FRtyar of Gran 165, 5re Tanee
(ah '295.® K1) gnd ebracetmoriftardid vi,s 3705 (ato2980K),. most
The dielectric values are,taken fromthe handbqgok of |
CRER LT3 nd Physi €2 ai“t BT Ripaiet urB 81 O conjugated
NBASHE ENBMr dr% rGiien -t t ehpahtveky cdthe yLactd oBufBYcient
proceed in the absence of an aprotic co-solvent not
genepadddchyrrpduceart i on d¢sebfable rate commercially.

Preferably, the carbonylation is carried out at
temperatures of between -30 to 170°C, more preferably -
10°C to 160°C, most preferably 20°C to 150°C. An
especially preferred temperature 1is one chosen between
40°C to 150°C. Alternatively, the carbonylation can be
carried out at moderate temperatures, it 1is particularly
advantageous to be able to carry out the reaction at room

temperature (20°C).

Preferably, when operating a low temperature
carbonylation, the carbonylation is carried out between -
30°C to 49°C, more preferably, -10°C to 45°C, still more
preferably 0°C to 45°C, most preferably 10°C to 45°C.

Especially preferred is a range of 10 to 35°C.

Preferably, the carbonylation 1s carried out at a CO

partial pressure of between 1 x 10° N.m“-120 x 10°N.m %,

more preferably 10 x 10° N.m“-100 x 10°N.m?, most

2

preferably 20-90 x 10° N.m“. Especially preferred is a

CO partial pressure of 40 to 80 x 10°N.m “.



Alternatively, a protic co-solvent may be used. The
protic co-solvent may include a further carboxylic

wa@eiod/ozyiosan al cohol . Suitable protic co-sol veneGI/GB2007/050775
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i nclude the conventional protic solvents known to the
person skilled in the art, su as water, |ower
al cohol s, such as, for exanple, nethanol, ethanol and
|sopropanol and primary and secondary ani nes.
Mt uresl o Breraprebye %EHU%F6¥?cWEbcgonéﬁP§eﬁﬁ9tS may be
350 pe: erpayeds B Aot ixf: £05 SalyeRt 1S JRANhoAN ronatic,
solvent that carries a donatabl e hydrogen 1on such
th@@@—atﬂachedtto—oxygenp@$y¢m03@hydﬂmmykﬁgtoap ounbrldged,
n|tro en _as in a amne oup. By aprotic co-solvent is
e iR B uSPVRRe 2R R PRLPEBERERCBHORRE b2 more
acsepts Bproekens..iti henpr geess saccaHdi ngnkontherity of the
present invention, the carbon nonoxide may be used in
pey el For mtemsdi [ 4P ed9Hiq htRAD] d@%fgaénsuéheasstructure are
hLrgen. ¢REDANdhoxhde O AGD & A% SHALASLAN 00fcn the
rogen may optionally be e e car ony ati1on
r@hc&m@n@foatmmsow&a%ﬂﬂmkém tatéoﬂﬁupabteoﬁewm:ﬂﬁﬁst one
drogen_when utilised nma n.the rnatio of between
0¥1.Ln%nd 209 vof FU81 6P t lEEr bdhenofoxi 8% nbre atoms are
prehed abt vy 11 200k N0k A Yol hef 1&*&&&@%& NexJ dey s&Df €pe an
preferably, 2- 15%vol/vol of the carbon nonoxi de,
n@@@m@¢7e¢e@@bwnsaq@l%w:/%mgof BhehohhAphAbRPdES which the

*% i e ol T aRb&8eMpe | %0 8NAPLY  RERREN AL 8 he 1linking

group 1is non-aromatic, any further rings in a bicyclic,

o+

tricyclic or polycyclic structure can be aromatic or non-
aromatic or a combination thereof. Similarly, when the
ring to which the Q' and Q° atoms are immmediately
attached wvia the 1linking group is aromatic, any further
rings in the hydrocarbyl structure may be non-aromatic or

aromatic or a combination thereof.

For simplicity, these two types of bridging group R will
be referred to as an aromatic bridged cyclic hydrocarbyl
structure or a non-aromatic bridged cyclic hydrocarbyl
structure irrespective o0of the nature of any further rings
joined to the at least one ring to which the Q' and Q*

atoms are linked via the linking groups directly.

The non-aromatic bridged cyclic hydrocarbyl structure which is
substituted by A and B at adjacent positions on the at least
one non-—-aromatic ring preferably, has a cis- conformation with
respect to the A and B substituents i.e. A and B extend away

from the structure on the same side thereof.



pressure of between 1 x 105 and 20 x 105 Pa,
preferably between 2 x 105 and 10 x 105 Pa, and nost
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The nolar ratio of the anmpbunt of conjugated diene,
especially 1 ,3-butadiene used.in the reaction to the
anount of carboxylic acid is not critical and nmay vary
between wide limts, e.g. from0,001:1 to 100; 1

ol 91 PLLPr ef &f4bl )Font ﬁéo%’Pacr r 8F+ ot c%ﬁ?ldgcat egydrocarbyl
dieneruespecisaldryml 3, 3nbutadieneyt0i €anbexy! | §oBCi fréSerably
selected to m.nimse the diene concentration such that

i t*Fedct® grefér éatiaf| §E8 f Sttt RECEBT Hosporidinhg P t°
agjd,id mtche case «@hbeliaBrpus adbene cypent engicemaches. may be

TypicallLy, in a rocesofthelnentlon articul ar
R AL RIS S R SR RS

amek 4@, 1 whepkeen preferahley, tb: ]hett@rSOhéreil'ﬂneaﬁémmmer@fnces to
Cﬁ?%%ﬁé?é??%ﬁ%%etgp/lnv%ﬂ%k%gggseqyplca %n the non-aromatic
h}yrdnrd@eyicaybbmllla,tdr@naemzl|smruc$ulaet hes i tdezal2. uood 30 cyclic

resul be obt ai ne ferabl y,when .t h
oS Popr et ar e B B R 8 e 7 o earbon
n@dc&@,p@pstmbeebéracmm dgatned dp ene, 1%m@dual Icyr}ion atoms and

r era ICT6 to | CT2 | es .
gp F%rablqp %jgyf égxmg{ ﬁb el%? ﬁgﬁocycllc or
cmﬂjyurgatled dmenelayProef efraa’blr},o,t tkhae aﬂmmmpoéédbbﬂennat @r more

cormound af, sTorpula 1, Lo canpugated, di LS.l ihgq 11
range %r to 1 é &e pre era%l y(,) Ia%flbznatocl%,gee cyeste
n@yﬁrocarbyl structure is polycylic it is preferably bicyclic or

or

tricyclic. The non-aromatic bridged cyclic hydrocarbyl
structure as defined herein may include unsaturated bonds. By
cyclic atom is meant an atom which forms part of a cyclic

skeleton.

The non-aromatic bridged cyclic hydrocarbyl structure, apart
from that it may be interrupted with hetero atoms may be
unsubstituted or substituted with one or more further
substituents selected from aryl, alkyl, hetero (preferably
oxygen), Het, halo, cyano, nitro,

-OR", -0C(0)R*, -C(0)R™, -C(O)OR**, -N(R*)R*%,

—C(O)N(R”)R*, -SR*’, -C(O)SR™ , -C(S)N(R*)HR*® or -CF, wherein

RY” - R?® are as defined herein.

The non-aromatic bridged cyclic hydrocarbyl structure may be

selected from cyclohexyl, cyclopentyl, cyclobutyl,
cyclopropyl, cycloheptyl, cyclooctyl, cyclononyl,
tricyclodecyl, piperidinyl, morpholinyl, norbornyl,

isonorbornyl, norbornenyl, isonorbornenyl, bicyclol[2,2,2]octyl,
tetrahydrofuryl, dioxanyl, 0-2,3-isopropylidene-2,3-dihydroxy-
ethvyl, cyclopentanonyl ’ cyclohexanonyl, cyclopentenyl,
cyclohexenyl, cyclohexadienyl, cyclobutenyl , cyclopentenonyl,



preferably, I1CT5 to I CT2 nol es per nole of conjugated
di ene. Preferably, the anmount of catalyst is

w@edoBloziieht to produce product at an accept abl BCT/&B2007/050775
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commercially. Preferably, the carbonylation is carried
out at tenperatures of betweep,-30 to 170 0C, nore
preferably - 100C to 160 0C , "nost preferably 200C to

150 0OC . An especially preferred tenperature is one
choseh epetaRelr 460E" G150 BEansal t BY ritivelys thexene, 1.4

cafhomyl, at badc&d) be-earpi g QU2 .al 1 MPEeIAle pentamethylene
t enper at ur es, I s particularl ﬁ advant ageous to be
t

It

abt @6 car ty° out theFeact't 6n AtT1 G0t enperattse (DEFtone
Ok dyro1Beebes abbysonshenswepenat i aghaddow,t effperaidur@ans 1,2-
car honyl ati on, the carbonylation . is carrjed qut :
pet s n s GG G A0,  morEERerRr abl yIiFG6C ¢ oRnhydride,
45019t dk he jrone ppiret efi@bl Y mAQ&z4 0= A5C, 4pDSttfikeberabdnpnane,
100C to 45C. Especjally preferred is., a range of 10 to

350 b &f o ABTY LAEhE=Rht horyi EORO L s T ed oAt S 475"
COgramtyilaby pressyile of ket weephdnyl -1@b1dhéxy12- 1205xdimethyl-

105N .irT2, norge preferably 105 N.irT2-100 x 105N.
.WCII\"ZO,heﬁ%ét preter aBDIry Zogg%ét)%y?ﬁy ?ﬁ%l?x%gpeci gl’?y&ecal\‘[myl’
pz F e, 8d5i 6, & T@Ooparhyvatopiessdee 0f640,t 0 803, 105N, 7, 7Ta-

-ﬁ%x%-ﬁgz%r‘&y‘fﬁlfn dr0 %% yl st rHCtourre:%lelﬂgg‘mRL—:%&, 4,5,6,7,7a
repre ents may e afo I c, non-aromati cC, xXe
arorrtyide oahid- holsnabofaylc, nomngesthyilenet ri noppornanyl, 3a,
pel yoyekie, . dr%g_%ﬁ—%dé‘f(‘—bs’,gqg@’ pubspityted gt ipy1  _3q,
unsubstitute or |nterrupte y one or nore
4,5,6,7,7a-hexahydro-1H-inden 5,6-yls, 1,3-bis(trimethylsilyl)-
3a,4,5,6,7, 7Ta-hexahydro-3H-isobenzofuran and wherein the
linking group A or B 1is Jjoined to available non-substituted

adjacent cyclic atoms.

R may represent a non-aromatic bridged «c¢yclic hydrocarbyl
structure having at least one non-aromatic ring to which the Q'
and Q° atoms are linked on available adjacent cyclic atoms of
the at least one ring. Apart from that it may be in the form
of a polycyclic structure, the non-aromatic bridged cyclic
hydrocarbyl structure may be unsubstituted or substituted with
at least one substituent, preferably on at least one further

non—-adjacent cyclic atom of the at least one ring.

By the term one further non-adjacent cyclic atom is meant any
further cyclic atom in the ring which is not adjacent to any
one of said available adjacent cyclic atoms to which the Q' and

0’ atoms are linked.

However, the cyclic atoms adjacent to the said available
adjacent cyclic atoms and cyclic atoms elsewhere in the
hydrocarbyl structure may also Dbe substituted suitable

substituents for the cyclic atom(s) are defined herein.



hetero atonms, with the proviso that the mgjority of
the cyclic atons (ie nore than half) in the structure
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which the QL and 2 atons are linked to form part of

at least one ring. This ring to which the QL and 2

atons are imedi ately |inked via the |inking group may
itself be an aromatic or non-aromatic ring. Wen the

ring to which the QL and 2 atons are directly

atdached vhailde-d i BKi BQuEr PUR S &QEAr OFBthe, ARYic atoms
further rings in a bicyclic, tricyclic or polycyclic

st URctdre ant e %ﬁ’%ﬂm%?’%ﬂ&blﬁo IGAERF ¢ CBFLaC atoms or the
COiHY nat el theseodd 3 Melrarl yo shernnt eer isagdt ewshi-edi1able
thﬁkﬁ% and .atops are inngpdiately attached via thelh 1
| § Jtgrdaptt s hrBhat T e S any St urthél FrAGR TN ¢ heyclonexy
hydipcaribgl sbrHCHUILR ofY i BepfON-ianomalinC tae arfeddL joined
or a conbination thereof. For sinplicity, these two

types fe i ggrnBCGrioRs R @1 Fbe 106f BR? e’ aa8 Aprther non

s oymRidne Rrtdgedaeyed i hydrigear byl rﬁhc%} USE 48 ol 48 and 5 and
non-aromati c bridged cyclic hydrocarbyl structure

i TP SPEEFRIR OfCltive 2haPar B° ofcaiy ifurt heletiengs I p o Hefyctic
t o duie a@t pbeastordne h&dg t o which the QL and Q2 atons

are linked via the linking groups directly. The
non-aromati c bridged cyclic hydrocarbyl structure

WhiC ht é:5n sabsbht ut @ehdly AvanrdeB alycadpacedtoposSiitll OfSructure
on the at | east one non-aronmatic rin referably, has
d“%ﬁ%ﬁ-tgéﬁf%??nﬂﬁ gﬁaaft?pe ring to whgk é%e Q agé Q° atom are
linked wvia B & A respectively 1s non-aromatic, and aromatic
should be interpreted broadly to include not only a phenyl type
structure but other rings with aromaticity such as that found
in the cyclopentadienyl anion ring of ferrocenyl, but, in any
case, does not exclude aromatic substituents on this non-

aromatic at least one ring.

The substituents on the said cyclic atoms of the non-aromatic
bridged hydrocarbyl structure may be selected to encourage
greater stability but not rigidity of conformation in the
cyclic hydrocarbyl structure. The substituents may, therefore,
be selected to be of the appropriate size to discourage or
lower the rate of non-aromatic ring conformation changes.
Such groups may be independently selected from lower alkyl,
aryl, het, hetero, halo, cyano, nitro,

-OR", -0C(0)R*", -C(O)R*", -C(O)OR**, -N(R”)R®*, -C(O)N(R*)R*,
SRw, —C(O)SR30 ’ —C(S)N(R27)R28 or —-CF;, more preferably, lower
alkyl, or hetero most preferably, C;—-C¢ alkyl. Where there are
two or more further cyclic atoms in the hydrocarbyl structure
they may each be independently substituted as detailed herein.
Accordingly, where two such cyclic atoms are substituted, the
substituents may combine to form a further ring structure such

as a 3-20 atom ring structure. Such a further ring structure



respect to the A and B substituents i.e. A and B
extend away fromthe structure on the sane side

W b@seof1ofPr ef erably, the non-aromatic bridged BEDIGBL007/050775
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hydr ocar byl structure has from3 up to 30 cyclic

atons, nore preferably from4 gp to 18 cyclic atonms,

nost preferably from4 up to cyclic atons and

especially 5 to 8 cyclic atonms and nmay be nonocycl i
dT@%OT%C§%ﬁqﬁ?te?hércyﬁﬁﬁéuﬁf%ﬁ%'ﬂﬁyﬂﬁﬁtééPBﬁﬁ or substituted
het ess wWhefi®id Jgfseneneess t &=heleno rfhenehh18)f €cyano, nitro,

references 10 sul phur, oxyggn and/.or nitroge
b A G Rt heC o ar SRV DR br NBGEG CSTE Ry dr 8Ear L10)3

st (MQJR%@ has i1 omzypp 10 30,14ekiinC REarRROR LB, a5 defined
nore preferab F from3 up t'o 18 cyclic carbon atonms,
n%%$3%Wéﬂ§VQEI&@fﬂéﬁﬁsrwkﬁ$% nY eyel PE BaFbokrEE ARy less

anwhespegiah }éf34§00§{§éﬁ3| G te8hboN AlQYM®r, MY1D&n atonms or
nmonocyclic or polycyclic and may or may not be

i Pt eYirlapP et B adme lof I hbt® WEPEP® @t SHELUTHHI Eetiaps -

when the non-aromatic bridged cyclic hydrocarbyl

structure is ylic it is preferably bicyclic or
t??%ﬁ%%@ér1Wh%r%%ﬂiﬁpoﬁ&P?ElB?@Hﬁb&KEyéptey y dF oREr byt oPY L/
sigdtﬁto@g/@ apndaliped:per eiyurory, i Relrudprdnsahirdf edyano and
bonds. %§C|IC atomis neant an atom which forns

p%ﬁ'ﬁbodiﬁ’ a CYEFI e sKeleoRTer THE T ArFgRaET ¢V bt dg&g or more
cyed drerhysbrocan hyderst r gt Lire, ag@ad t abeomubbat thtedmyre x,y-

be interrupted etero a y be unsubstituted

STISTT ¢ Ut et AR G BrydHRE CFUTL het- SUBSERPREMIG -
seleetred, f r opy-anadny 1akkyy 1, het,erac(pyeferablly oxygerdted or
Pﬁ%éaéﬁ%ggédC%gQ?bpentny saturated or wunsaturated cyclohexyl,
1,3 substituted or unsubstituted 1,3H-furyl, un-substituted
cyclohexyl, x,y-oxo/ethyl, x,y-oxo/methyl, disubstitution at a
single ring atom 1is also envisaged, typically, x,x-lower
dialkyl. More typical substituents are methyl, ethyl, n-
propyl, iso-propyl, n-butyl, isobutyl, t-butyl, or oxo, most
typically methyl or ethyl, or oxo most typically, methyl;

wherein x and y stand for available atom positions in the at

least one ring.

Preferably, further substitution of said non-aromatic cyclic
hydrocarbyl structure is not on said available adjacent carbon
atoms to which said Q' and @® atoms are linked. The non-
aromatic cyclic hydrocarbyl structure may be substituted at one
or more said further cyclic atoms of the hydrocarbyl structure
but is preferably substituted at 1, 2, 3 or 4 such cyclic
atoms, more preferably 1, 2 or 3, most preferably at 1 or 2
such cyclic atoms, preferably on the at least one non-aromatic
ring. The substituted cyclic atoms may be carbon or hetero but

are preferably carbon.



“OR19, -OC(OR 20, -C(OR 21, -C(OOR 22, -N(R23
YR24, -C(ON(R 25 )R26 , -SR29 , -C(O)SR 30 , -C (S)N

W@ RRPIREB or - CF3 wherein R19 - R28 are as deP¢Tie#2007/050775
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herein. The non-aromatic bridged cyclic hydrocarbyl
structure may be sel ected fromg)cycl ohexyl,
cycl opentyl, cycl obutyl, cycl opropyl, cycloheptyl,
cycl ooctyl, cyclononyl, tricyclodecyl, piperidinyl, ,
BhotrTHA | 2ifor BBP nyF, oSEnotBEAy e or BBr héRy[Satd cyclic
I 1sanchennenylrubt eyl enée, mdy, 2leet Wo &t ahydniefher ring
uryl, dioxanfl, 0-2, 3-isopraopylidene-2,
3= Uyt Gx e ?ﬁﬁ,eX€§EF%ﬁéﬁF§ﬁ8nyl , cycl ohexanonyl ,
cycl opentenyl, cycl ohexenyl, cycl ohexadi enyl,
cycl obutenyl , cycl gpentenony|, cycl ohexenonyl ,
HmROYIE R dhe PragRahs VAL alBREHE P 4 FORAHeS may be
oxacened froxahi eyalor[2 12wed]depliane]opedasretihyl-anel, 4
sul phide, 1,3 dithiane, 1,4 dithiane, furanone
R ne S Y IR BAES  pyh-dné L baoc e, anhgaR/aE, © lover
calkyangclpaastdne2- tyzidlyéxanedi,casboxyl i c eandaydtdrde; lower
glutaric.anhydride,, pyrollidinpe, piperazine,
i%#iafg'é?oﬁ%%fe7 tHV%zgé %1onghan£ﬁ 1(?’5,9p and/or &  lower
txilaZagytboderane, tlhedbyphol ihe, arhi/azol i @i nejowlgb- alkyl
di phenyl. - | ohexyl., 4 o - phenyl - cycl oh | . B
SRR T aneyi T a o S2ENE Vs WErEnERy forsnolinane
, 2-deGalli nyd-2,3-180pBeryl4dend-2, dihgdroxy-ethane- 2,3-diyl,
7a- O- i_nden-5, ; 6-yl, _0 4 _
PRy B 1% [ ndences oo fTonduandhegaralyy, - otover
428538, 7@l dhexahyde o3/ Hdinden-15106ey| alkyi metvisybeaetene-3, 4-
nerpor nanyly, o382 Aower! - LeLE ghydrQ-| B ijndepr S,
6-yqu, 1,798 8- af et hayllkzz-aSa? y AR B LRI 2 and/or 3
7TEfexapidre- | By heletrssligngts, 516,38twlirs S lower alkyl

(Eydnetehyhshlyle- -1, 2-qiy1l, adamantyl-1-2-diy1, 5 and/or 6
lower alkyl tetrahydropyran-2,3 diyl, 6-lower alkyl
dihydropyran-2,3 diyl, 2-lower alkyl 1,3 dioxane - 5,6-diyl, 5
and/or 6 lower alkyl-1,4 dioxane -2,3-diyl, 2-lower alkyl
pentamethylene sulphide 4,5-diyl, 2-lower alkyl-1,3 dithiane-
5,6- diyl, 2 and/or 3-lower alkyl 1,4 dithiane -5,6-diyl,
tetrahydro-furan-2-one -4,5-diyl, delta-valero lactone 4,5-
diyl, gamma-butyrolactone 3,4-diyl, 2H-dihydropyrone 5,6-divyl,
glutaric anhydride 3,4-diyl, 1l-lower alkyl pyrollidine -3,4-
diyl , 2,3 di-lower alkyl piperazine -5,6-diyl, 2-lower alkyl
dihydro imidazole -4,5-diyl, 2,3,5 and/or 6 lower alkyl-1,4,7
triazacyclononane -8,9-diyl, 2,3,4 and/or 10 lower alkyl-
1,5,9 triazacyclodecane 6,7-divyl, 2,3- di-lower alkyl
thiomorpholine -5,6 -diyl, 2-lower alkyl- thiazolidine -4,5-
diyl, 4,5-diphenyl-cyclohexane -1,2-diyl, 4 and/or 5-phenyl-
cyclohexane-1,2-diyl, 4,5-dimethyl-cyclohexane- 1,2-diyl, 4 or
5-methylcyclohexane—- 1,2-diyl, 2, 3, 4 and/or 5 lower alkyl-
decahydronaphthalene 8,9-diyl, bicyclo[4.3.0] nonane-3,4 divyl,
3a,4,5,6,7,7a-hexahydro-1H-inden-5, 6-diyl, 1, 2 and/or 3
methyl-3a, 4,5,6,7,7a hexahydro-1H-inden-5,6-diyl, Octahydro -



3a, 4 ,5,6 , 7, 7a-hexahydro-3Hisobenzof uran and
wherein the linking group Aor Bis joined to

wW@e@Blzab&e non-substituted adjacent cyclic at oPGI/GB2G9ay9s0775
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represent a non-aromatic bridged cyclic hydrocar byl
structure having at | east one,pon-aromatic ring to
which the QL and @ atons are Tinked on avail abl e
adj acent cyclic atons of the at Ieast one rin

rt
f oM HEE Pt ~nBS BE i EheL Y br Mef 4a p6?y%%&ﬂ%ﬂ¥dfo 1H-inden-

st rauctiyne, 1t he nap7ar opedinGthrindged, cypbm hydraeasbydro-11-
structure na% be unsubstituted or substituted Mﬁth
S

| €48t" one substitiient, prefebablly 8Rtar east ofe? 86,7, 7a-

fhﬁidﬂ@drﬂ@ﬂﬁéﬁhdﬁéﬁﬂbfﬁyﬁipc5a%ealﬁd.the at | east one
ring. By the termone further non-adjacent cyclic atom
is nmeant any further cyclic atomin the ring which is
rmﬂtdmﬂaaﬁeelyx()ta@y @mmsuﬁtwsatd amaikablesaﬂjaeﬁntleast one
cI|c atoms 10 g ﬁg g gaons are |I@‘ bridaed
Wever, e ac €1C68 Ladfhdéntt §Eh&o8arprmatic bridge
dwankabkeyadpacemﬁumycmam HQOHBgandpcyChﬂmmatOﬁﬂmmmesents a

el sewher.e én .t he h drocarbyl stru ﬁg{%ﬁﬁegrln

sUbet (Ut SU|€abIe Substi tuents %F %henyl and

awmm(sbh%mf aef | ted herewneF@mbshet@mﬂnﬂahcehey doebtach as
rsetfeerfl%%ﬁ glnéé‘re gyc' I G %tno'isa%gl/é‘ 995 59, hce Sfao'r% a group
&' a cyc ic e T Ke

avai l ab jacen ons ofr

i wiierided m0r$eﬁeﬂip@lbméuJMEKhegsamﬁnumﬂnaWalIable

adj acent cyclic atoms thenselves. As an exanple, a

cycl ohexyl ring joined to a Q atomvia position 1 on
tPreefreirag LandY | oeprethbang sa -GR“at 8m wiharposi 6i oapReomtshéi, C,

thQLhQ§(§ﬂM%r§§lgn&uﬁhﬂeﬁﬂngge as defined herein. Preferably

each Y and/or combination of two or more Y groups 1s at least

as sterically hindering as t-butyl.

More preferably, when there is only one substituent Y, it is at
least as sterically hindering as t-butyl whereas where there
are two or more substituents Y, they are each at least as
sterically hindering as phenyl and at least as sterically

hindering as t-butyl if combined into a single group.

Preferably, when S is aryl, R*, R* and R*” are independently
hydrogen, alkyl, -BQ’-X’(X"') (wherein B, X’ and X' are as defined
herein and Q° is defined as Q' or Q? above), phosphorus, aryl,
arylene, alkaryl, arylenalkyl, alkenyl, alkynyl, het, hetero,
halo, <c¢yano, nitro, -ORY, -0OC(0)R*, -C(O)R?*, -C(O)OR%*,
N(R”)R*®, -C(O)N(R**)R**, -SR*’, -C(0)SR’’, -C(S)N(R*)R*, -CF,,
SiRRR" or alkylphosphorus.

Preferably, when S is Si, C, N, S or 0O, R*, R* and R* are
independently hydrogen, alkyl, phosphorus, aryl, arylene,
alkaryl, aralkyl, arylenalkyl, alkenyl, alkynyl, het, hetero,
halo, <c¢yano, nitro, -ORY, -0OC(0)R*, -C(O)R?*, -C(O)OR%*,



adj acent cyclic atons as defined at ring position 4
and 5 and two adj acent cyclic atons to the said

w@raslzibe adj acent cyclic atonms at positions BCHGHB2@7/050775
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The term a non-aromatic bridged cyclic hydrocar byl
structure neans that the at |gast one ring to which

the QL and 2 atomare linked via B & A respectively

i s non-aromatic, and, aromatic shoul d, be interpreted
7GRNy 4 6 HERSBa RS onFy & GHOM 7 v SR FRGttre —CF
batr'64"AEF, 1 dNOS MR oapRemMId GitleyeSHChAE asedtatonkodmrdri®AR®? is
t he cycl opent adi enyl anion riong of ferraocenyl, but, in o
At caSeCIgded hat ek uie ar orati ¢° stigstPfuBht s o and R -
th¥s arenadgrmakic a8 Ré€ast ane rimy. pFbesthst id.uent S1kyl or
on the said cyclic atons of the non-aromatic bridged
h@%?ﬁ%arbyl structure nmay be selected to encourage

greater stability but not rigidity of conformation in

t he clic hydrocarbyl structure. The substituents
S VR o1 of o.° bG8l BL1 B Lo BB T SEnd apprbnpi At 21o0 be
spzefdroedi seovhageromokewerf the ratgeoopsnon- avobmtdd groups.

rin nf or matj on changes.. Such groups may_be
Tidlephident 1y Sel Botad F7OR1 oWr Al kYT &Pyl HWSET can be
heterlenthak®, - cyanogn miltspope - BREI pai©S( O) R 20, -C(OR

21 , -C(OOR 22, -N(R 23 )R24, -C (0) N (R 25 )R26 ,

- SRR9 , -C(OSR 30, -C(S)YN(R 27)R28 or -CF3, nore
prefferably, boweddatkyt , tor gheter 8, nost preferatdbic bridged

%Eﬁ%tﬁ%yl mayBL eeJrE)‘?l%@tﬂ‘rﬁtb%/ci"DoW AR LUrLNGE st uted with

r
cyclic atonsin th roca structure they may
eachidse sehdepehder Y, sabsyit wred, asrdets | edkherei lmralkyl,

arylenalkyl, alkenyl, alkynyl, het, hetero, halo, cyano, nitro,
-OR', -0C(0)R?*°, -C(O)R?*, -C(O)OR?, -N(R*’)R**, -C(O)N(R*)R?*,
SR??, -C(0) SR, —C(S)N(R?")R??, ~CF, , -SiRM™R™R", or

 are as defined herein; and R’'-

alkylphosphorus wherein RY-R
R” are defined as R*-R*” but are preferably C,;-C, alkyl or

phenyl.

In addition, when S is aryl, the aryl may be substituted with
in addition to R*, R*, R*® any of the further substituents

defined for the non-aromatic bridged structure above.

More preferred Y substituents may be selected from t-alkyl or
t-alkyl,aryl such as -t-butyl, -SiMe,, or 2-phenylprop-2-yl ,
-phenyl, alkylphenyl-, phenylalkyl- or phosphinocalkyl- such as
phosphinomethyl.

Preferably, when S is Si or C and one or more of R*-R* are
hydrogen, at least one of R*® -R* should be sufficiently bulky
to give the required steric hindrance and such groups are
preferably phosphorus, phosphinocalkyl-, a tertiary carbon
bearing group such as -t-butyl, -aryl, -alkaryl, -aralkyl or
tertiary silyl.



Accordingly, where two such cyclic atons are
substituted, the substituents may conbine to forma

WO 008/023108 | Nng Sstructure such as a 3-20 at om r i PQGI/GB2007/050775

10

15

20

structure. Such a further ring structuremay be

saturated or unsaturated, unsybstituted or substituted

by one or nore substituents selected from hal o, cyano,

nitro, ORI9 , CC(OR 20, C(OR2 1, C(OOR 22, NR23R24

, CCONR 25R26 , SR29 , C(O SR 30 , C(S)NR 27R28,

aryl ,sadekylkembbetmentrer eicne A9 hy R3Q aﬁ:@loasoﬂefﬁl@ﬁd said Y

herei n and/ or be |nterru ted by one or

(PHEFEEBIGS | €88 tThan” ﬁrto?%ﬁll& &t?m%x@fen thﬁutPBEjearFomath

swmm@ siddeenrat on®mrohy1 5§, anener diaakkyltwsd | i 68N more
s or mxtures thereof. Partic Iarl¥ preferred

H%tBSHFE Are £, S8t AJT™ propyineti EdpPopyucture such

pﬁenybycmxglymyﬁh@xy;n@egmﬁmkareanlno cyano and
carboxy. Particularly preferred substituents when two
or nore further non adjacent cyclic atons are
Stbst ittyptiedl am;ejmcyadibwt hiyﬂucbo,ryé-sdhedé hylqwrX below wherein R’,

di propyl, %, ,y-di |so ydi phenyl , x
Rl Vet vl "YU okl el EoTY palfe opray s ene
umﬂaﬂuﬁa&edscy&iom@ntybycsaIUEabad o&bunsa&mmatmdy also be

yI, , 3 jtuted S i tut

GRREN o TeERaT e L SRR PALDE sp et ituted
x1fybmx@ﬁnéthyﬂﬂad¢9ub5h$¢qnq(mﬁoat a @mhglewW|hg EMQnﬁame or
[ nvi e y r. dicglk
TP S bt ugnt s e P AR ohrepp o e (not
i steyropyk, simevutiyl ceatkobrseyl , t-butyl, or oxo nost
typically methyl or ethyl, or oxo nost typically,
met hyl; wherein x and y stand for avail abl e atom
positions in the at |east one ring.

Rl
j::]:::::::[::::::: '
Rl
4 and/or 5 substituted cyclohexyl 4 substituted

cyclopentyl

Rl
Rl
Rl
Rl
Rl
Rl
Rl



Preferably, further substitution of said non-aromatic
cyclic hydrocarbyl structure is not on said avail able

W@e080zxv8 car bon atons to which said Q and Q arPCIEBaNE/050775
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15

| i nked. The nonaromatic cyclic hydrocarbyl structure
may be substituted at one or ggre said further cyclic
atons of the hydrocarbyl structure but is preferably
substituted at 1, 2, 3 or 4 such cyclic atons nor e
pteferabf{on © Pupt3tutepsevpreherably 4 1%0r @ sueqor 7
cyclic atons, preferably on the at |east ;,0R€+ityuted
non-aromatic ring. The substituted cyclic atons nay be
carbon or hetero but are preferably carbogcWrerntt/here
are two or nore substituents on the said cyclic
hydrocar byl structure they may neet to forma further
ring strwture unl ess excluded herein. The

non- aronat'c bri dged cyclic hydrocarbyl Btructure may

y cycfoheptane-
yl cycl ooct ane-

di yl, 0-2R
! 2 3-diyl, cycl opentan-one

-3, 4-di , lcycl ohexanone-3, 4-diyl, 6-lgwer alkyl
cycl ohexanore-3, 4-diyl, 1-lower al kyl cycl opentene-3,
4- diyl, 1 and/or 6 | ower alkyl cycl ohexene- 3,4-diyl,
2 and/or 3 I ower al kyl cycl ohexadi ene- 5,6-diyl, 5

| pwerg ah kyhd/or 8 substituted cyclononyl 2,3,4 and/or 5

substituted
decahydronaphthalene
Rll
R' N
Rl
R' N
R' @)

Rll

5 and/or 6 substituted piperidines 5 and/or 6 substituted

morpholines



cycl ohexen-4-one- 1,2-diyl, adamantyl-I-2-diyl, 5
and/or 6 |l ower al kyl tetrahydropyran-2, 3 diyl,

w®@20080e3108l kyl di hydropyran-2 ,3 diyl, 2-1owerP€l/&BR007/050775
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1,3 dioxane - 5,6-diyl, 5 and/or 6 |ower alkyl -

di oxane -2,3-diyl, 2-1ower alé | pent anet hyl ene

sul phide 4,5-diyl, 2-lower alkyl-1,3 dithiane- 5, 6-

diyl, 2 and/or 3-lower alkyl 1,4 dithiane -5,6-diyl,

t et rahydr ox -2-one -4,5-diyl, deltrval erm

yl, gama- butyrolactone 3,

2g-di hydsopyrofe 5,6-diyl, glutaric anhydri

r al kyl pyrollidine -3, 4- di

y erazine -5,6-diyl, 2-lo

di hydro i m dazol e - -diyl, 2,3, 5 and/Bf 6 | oVRT

al kyl-1,4, 7 trlazacyclononane -8 9-diyl, 2,3,4 and/or

10 lower alkyl- 1,5,9 triazacycl odecane 6 7-diyl, 2,3-

di -1 ower al kyl thionorpholine -5,6 -diyl, 2-Iower

al kyl - thiazolidine -4,5- diyl, 4

, b- dipbenytuicye| Dhexavne -1, 2-di yI5, shdfwd/ o8 substituted 1,4

5- phenyl cycl ohexane- 1, 2-diyl, 4

. 5-di met hyl - cycl ohexane- 1, 2-di yPto¥28¢

5- met hyl cycl ohexane- 1, 2- dlyl 2, 3, 4 and/or 5

| oner aIkyldecahydronaphthalene 8,9-diyl, bicyclo [4.3

.0 ] nonane-3,4 diyl, 3a, 4 ,5,6, 7,

7a- hexahydro-| Hinden-5, 6-diyl, 1, 2gand/or 3

gﬁ%hyl- , 7, 7a hexahydro-| H i nden- ~di
ygfo - 7 nethano - indene -1,2-diyl, |3a, 4

7a-te ahydr -l Hinden- 5,6-diyl, 1, 2 and/or

3-di yl -Ra, 4, 5, 6 7, 7a- hexahyd

5B-diyle7 1 -bis (trlnethyIS|IyI) -3a, 4,

7 , T7ahexahydr o- i sobenzof uran - 5,6-diyl.

Al ternatively, the substituents on the said at |east

one

substituted DIOP 2 — substituted 1,3 dioxane
)

)
Rll

cyclopentanone 6—- substituted cyclohexanone
Rl

Rl
Rl



further non adjacent cyclic atomof the non-aromatic
bri dged hydrocarbyl structure nmay be a group Y where Y

WO Bezam s a group which is at | east as steriR@l/GB2007/050775
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hi nderi ng as phenyl and when there are two or nore
substituents Y they are each gs sterically hindering
as phenyl and/or conbine to forma group which is nore
sterically hindering than phenyl. Preferably, Y
represents - SRAOR41R42 wherein S represents Si, C, N
1S, : 4O0RAIRA2. are a [N her ej -
ﬁ%efe?§%$§l€%% digg%d é%k%%%%%na?ioﬁng?g%mggor n§P§S$ltuted
groups is at |east as stericallydvicidéexegyds t - butyl

More preferably, when there is only one substituent
Y, it is at least as sterically hindering as t-butyl
whereas where there are two or nore substituents Y ,
they are each at |east as sterically hindering as
phenyl and at |east as sterically hindering as t-butyl
if conmbined into a single group. Preferably, when Sis
aryl, R40 , R41 and R42 are independently hydrogen,
al kyl, -B@-X3 (X 4) (wherein B, X3 and X4 are as
defined herein and B is defined as QL or @ above) ,
phosphorus, aryl, arylene, alkaryl, aryl enal kyl,

het— hetero, hal o, cyano, nitro,

- OR19 RF20 , -C(OR 21, -C(O 23

) R24, R 25 )R26, -SR29 , -C(O SR 3 -C ( (R

27) R28 Si R71R72R73 or al kyl phosphprus .

Pr ef er 24biN RS is Si, C, N, Sor O R40 , R41

andgR42 ar¥ i ndepe 'y hydrogen, aug Qsphio

aryl, aryl ene,

2 and/or 3 substituted cyclohexadienyl 2 and/or 3
substituted 1,4
dithiane

0 o R'Ys

Rll

3 - substituted pyrones 2 — substituted 1,3 dithiane



al karyl, aral kyl, arylenal kyl, al kenyl, al kynyl, het,

hetero, halo, cyano, nitro, -OR19 , -OCC(OR 20
WO g{ogpmigsl, -C(O OR 22, N(R 23 )R24, -C(O N(R 2BC)/BB8&107/050775

-SR29 , -C(O SR 30, -C(S)N (R 27)R28, -CF3 , -

Si R71R72R73 , or aIkyIphosphogys wherein at |east one

of R40-R42 is not hydrogen and wherein R19-R30 are as

defined herein, ; and R71- R73 are defined as R40-R42

but are piﬁferably C -4 al kyl or phenyl. Preferably,

Sis Si,

pRef erredNas o re of the Y groups
e avoi dance of doubt, as oxygen
sul phyr can He bivalent, R40 - R42 &4an alNso be [l one
pairs.| Preferlably, in addition to group Y
non; ti i dged structure may be unsubStitu
wi th groups selected fromyY ,

al kyl, aryl, arylene, alkaryl, aralkyl, arylenal kyl,

al kenyl , rRl kynyl, het, hetero, halo, cyano, nitro,

-OR19, -OC(OR 20, -C(OR21, -CCOOR 22, -NR 23

JR24, -C (0) N(R 25 )R26 , - SR29 , -C(O SR 30,

-C(S)N(R 27 )R28 , -CF3 , -SiR 71R72R73 , or

al kyl phosphorus wherein R19-R30 are as defined herein;

ahd R713 R78 aylesdbfihed REPRADZRAQ But are pref 8phBEytuted

C -C alkyl or phenyl. In addition, N ryl,
> the aryl may be substituted with in Wenaahing R40,

R41 , R42 any of the further substituents defined for

t he non-aﬁpnatic bri dged structure above. More

preferred;Y substituents may be sel ected fromt-al kyl

or t-alky|,aryl such as -t-butyl, -Si 3, or

2Rghenyl pXqp- 2- -

or aryl . However, N, S or O may al so be
onbi

)
R' S
10 1, 2, 3 substituted thiomorphiline 5 substituted
cyclohexen-4-one
15
bicyclo[4.2.0] octane bicyclo[4.3.0]nonane

20



- phenyl , al kyl phenyl -, phenyl al kyl - or phosphi noal kyl -
such as phosphi nonethyl . Preferably, when Sis Si or

w@2@at7ame or nore of R40-R42 are hydrogen, atPCEGBR007/050775

10

15
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one of R40 -R42 should be sufficiently bulky to give
the required steric hindrance3 nd such groups are
pref erably phosphorus, phosphinoal kyl-, a tertiary
carbon bearing group such as -t-butyl, -aryl,
-al karyl, -aralkyl or tertiary si
enbgeNyents, there may be two or nore
spb d¢nts on further cyclic atons
np pmiti ¢ bridged structure.g

bre substituents may conbi ne\to for urt her

structur¥ one typical hydrocar byl
shown bel owwherein R, R', R''", R''' etc are
defined in the same way as the substituents on the
cyclic atons above but may al so be hydrogen, or
FEPTESENT The’ HERer o at om beii§Shoh Sith<Eit ot ¥ Gy ran
linked directly to a hetero atom and nmay be the sane
or different. The diyl nethylene |inkages to the
phosphorus (not shown) are shown in each case. 4

and/ or 5 substituted cycl ohexyl 4 substituted

cycl opentyl, 5 r 6 substituted cycl oheptyl 4 , 5
, 6 and/or 7 stituted cyclooctyl ,5,6,7 [ or
substitud clononyl 2,3,4 and/or 5 S

Rl
Rl

Substituted dihydropyran substituted pentamethylene
sulphide (substituted tetrahydro-

thiopyran
O O
0 0
tetrahydro-furan-2-one delta-valero lactone 4,5-diyl
0 o) )



substi tuted decahydronapht hal ene and/or 6 substituted
pi peridines 5 and/or 6 substituted norpholinesl-

waeasn7m ed furans 5 and/or 6 substituted 1, 4PCii/CBaNG/050775

10

15

substituted DIOP 2 - substituted 1,3 di oxane

cycl opent anone 6- substituted gyclohexanone-
substituted cycl opentenyl 1 and/or 6 - substituted
cycl ohexenyl  and/or 3 substituted cycl ohexadi enyl 2
I P8t ELpst i WEed 1, 4 dithiane - QEBEfttQHQQEYdrlde
pyrones 2 - substi t ut ed 1,3 dithianel , 2, 3, 4
substituted piperizine 1 substituted pyrollidine 1, 2,
3 substituted thionorphiline 5 substituted

cycl ohexen- 4-one bicyclo [4.2.0] octane bicycl o[ 4.3.0]
nonaneAdamantyl -1,2-diyl substituted tetrahydropyran
Substituted di hydropyran substituted pentangthyl eng
sul phide (substituted tetrahydrothiopyran
tetrahydtb furap e delta-valero |l acton

5-di yl ggn Qut yro [ actone gl utaric anhydfi de

sgbstl i hydro im dazole Substitutgd 1,4,7 NH
triaza nane substituted 1, 5,8 zacyclodec ne
substit Rj azol idine3a, 4 ,5 ,6 ,

7a-hexahyﬂto I ndene substit ut ed 3a, 5,6,7,7a
hexahydr o- | Hi ndene

substituted dihydro imidazole Substituted 1,4,7

triazacyclononane

Rl
H
N R
HN H
N
Ru Rl R'4<
S
N R
H
substituted 1,5,9 triazacyclodecane substituted
thiazolidine

Rll



Octahydro -4, 7 nethano - indene 3a, 4, 7,
7a-tetrahydro-| H ndene Substituted 3a, 4 ,5 ,6 , 7,

wQ 20080%AM/dr o- | H-i ndene I n the structures her ePCI/GBR®TO50775

10

15

20
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there is nore than one stereisoneric form possible,

all such stereoisoners are intended. However, where

there are substituents it is preferable that the at

| east one substituent on at | east one further cyclic
atorh/of 1 he’ HOWXEPEHRP T L1 br°Gg68d hydrP8ear by St ructure 32~
extends in a trans direction with respect, 1,04 haecha@pto-11-
or B atomie extends outwardly on the osite side of

the ring. Preferably, each adjacent cﬁ@ﬁg Catomto the

sai d avail abl e adj acent cyclic atomis not substituted

so as to forma further 3-8 atomring structure via

the other adjacent cyclic atomto the said avail able

adj acent cyclic atons in the at |east one ring or via

adj acent to the said other adjacent atom but

the at least one ring in the no'--ronatlc
structure;

ng to which QL and @
t he respeC' e |inking group, on avail able adjacent
cyclic atons O e at |east one aromatic ring. The

aromatic structure may be substituted with one or nore

%ﬂgﬁﬂl%ggnt (§%%ﬁhggg aﬁ_ %EC b%%gged hygﬁogékg¥kahydro—lH—
structure
indene

Rll
Rll

Rll
Substituted 3a, 4,5,6,7,7a-hexahydro-1H-indene

In the structures herein, where there 1s more than one
stereisomeric form ©possible, all such stereoisomers are
intended. However, where there are substituents it is
preferable that the at least one substituent on at least one
further c¢yclic atom of the non-aromatic bridged hydrocarbyl
structure extends in a trans direction with respect to the A
and or B atom ie extends outwardly on the opposite side of the

ring.



possi bl e, be substituted with one or nore substituents
sel ected fromal kyl, aryl, Het, halo, cyano, nitro,

WORDS/HN7IE O R 20, C(OR 21 , C(OOR 22 , NR23RM1/GB2007/050775
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C(ONR 25R26 , C(S)R 25R26 , SR2 7, C(O SR 2 7, or
-J-Q3 (CR13 (R 14 ) (R 15 )C§%6 (R17) (R 18 ) where
J represents | ower al kyl ene; or two adj acent

substituents together with the cyclic atons of the
Py PRI cFFRey9dfEcat t SERGHC f 6F A a FPurtersdichgaivatlable

W fteing eptionaldon sebsst tated ibytoMesdradm@beform a further

subst ituents selected from al kyl, halo, Nﬁ%ano nitro
OR19, ' ORI26 T EF BT 212 O GR22 irD3R24SY ¢ RIRO™ ©°

255&6sa1dXé9d21%5886adj§5§hﬂ &ycﬂﬁi)éﬂamg Tn wher eitn 1IR3t one

to R2 7 are deflnedh ein e of substltu§

o i St S LG ROk e arher ard Lhbir TGt aton

shibxstéttsant Yhev\/atch]eaﬁty bee prasentn aheOn@nebri@steic bridged
furth r cycl ic aton(s), preferably aromatic cyclic

at oM<t “the aromatic bridged cyclic hydrocar byl

structure Preferably, when present, the substituent (s

). YX the aromatic structure_has otal x=1 nStY;

G s St DTral TRERERS e ogeh AR P ALt PRELS nef vECPEd,When R
degpibieser  bs thenoliad putbeedohysubstidientsdsudtdie ie.
and tYx represents the total nunber of atons other
t]P]%‘ﬁleﬁégé@a@ﬁ aoppfar%l?%rﬂii%%cs%@ﬂl figerifhysh | Q and Q° are

T al | en e no e Y
hé(é?éek?na tXeFQgI o) %erﬁr}zed t%gggg%lgley f(ﬂk}ﬁ{tanfu V\% %%’ on
beviotabed ondideesanmecyorlid f faaremnt ofcl itheat ans dkast one
e e omat Lo Bri dged rehle Sy AraRarbyle SHLPCLY Supseitutea

with one or more substituent(s).

The aromatic Dbridged hydrocarbyl structure may, where
possible, be substituted with one or more substituents
selected from alkyl, aryl, Het, halo, cyano, nitro, OR'?,
OC(0)R™®, C(0)R*", C(0)OR*”, NRR’", C(0)NR’R™, C(S)R”R*"

SR”’, C(0)SR?, or -J-Q°(CR(R'") (R")CR'"(R') (R'®) where J
represents lower alkylene; or two adjacent substituents
together with the cyclic atoms of the ring to which they
are attached form a further ring, which 1s optionally
substituted by one or more substituents selected from
alkyl, halo, cyano, nitro, OR', 0C(O)R?’, C(0O)R*

C(0)OR™, NR?R”*, C(O)NR™R?®, C(S)R™R’®, SR’ or C(0)SR"’;

wherein RY to R?’ are defined herein.

One type of substituent for the aromatic bridged
hydrocarbyl structure is the substituent Y* which may be
present on one or more further cyclic atom(s), preferably
aromatic cyclic atom of the aromatic bridged cyclic

hydrocarbyl structure.



10 Y groups ienis 1 to 10, nore preferably there are
1-6 Y groups, nost preferably 1-4 Y groups on the

W@e@AAri1es structure and, especially, 1, 2 or BCT/GB2007/050775
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substituent Y groups on the aromatic structure. The
substituted cyclic aromatic atons nay be carbon or

hetero but are preferably carbon. Preferably, when

present, x=1 nStYx is between 4-100, nore preferably,

4-60, nost preferably, 4-20, especially 4-12.

Prefrrabhy, whenh greeeat] stenes@istutien) X o the aromatic
represents a group which is at |east as sterically

h# HoEtuAg Bas pheiialand whén ofhefemar ethsio tépnpby@rogen such
spbsti tuept g Y they are eagh.as sterically Nindering,.. o
as phenyl —and/ or conbi'ne to forma group whichis nore
stw@rdtgalibyt hs ndeT iamg tthanrehementsByhst eptghl hymber of atoms

hi.nder i her ej whet her_.i.n t cont.ex f. the groups
ﬁ%i 2t§g§c$?é2§§eﬁePgi%é%Fgfcgggfh%ﬁgﬁﬁéﬁg Uent Y , or
ot herwi se, we nean the termas readily understood by

t hose illed. in the art but for t avoi dance of an .
Be=lke ¢ SPR oS eribal TS i GER ng Ehan BRERpIeRt ¥
Claar dieatraken dlGoneartdiavdngc@ beweringegr ee obny two may be
substitution,(DS) than PH2Ph when PH2Y (representing .

t#éf%ﬁ%guﬁnthgi§%?Ea8feglmf%ﬁ?qﬁ (@§16€I§£2£?no§ the Yaromatic
ebghtdedl dyexcessyaccormdivig dtaukbhereondi¢iondlhel alwere are <

Sj il ar] ref erences t,0 estericall {?nd ring than
£ IV h 1.6 v
CEOUT YT CRT BS Caken s T orér oReSs 6 D © valtea® o 16
conparsedmag t hoRH2raBlyet €4 1 ,grfoopsi nst @nceromapiy structure

9L QHPS r‘é'%fi' g ;conpar.ed Rl de 1 $ QoL IO £
steﬂicgﬁﬁyl |ﬁ§eréd t han”the reference %%%5? Pﬁ@ f{p aromatic
structure. The substituted cyclic aromatic atoms may be carbon

or hetero but are preferably carbon.

Preferably, when present, *'"Lty* is between 4-100, more

preferably, 4-60, most preferably, 4-20, especially 4-12.

Preferably, when there is one substituent Y, Y represents a
group which is at least as sterically hindering as phenyl and
when there are two or more substituents Y they are each as
sterically hindering as phenyl and/or combine to form a group

which is more sterically hindering than phenyl.

By sterically hindering herein, whether in the context of
the groups R'-R' described hereinafter or the substituent
Y, or otherwise, we mean the term as readily understood by
those skilled in the art but for the avoidance of any
doubt, the term more sterically hindering than phenyl can
be taken to mean having a lower degree of substitution
(DS) than PHy;Ph when PH;Y (representing the group Y) is
reacted with Ni(0) (CO), in eightfold excess according to

the conditions Dbelow. Similarly, references to more



shoul d be conpared with the reference. Simlarly, if
three Y groups are being conpared and PHY 1 or PHY 1Y2

W e@snotosl ready determ ned to be nore steri cabCHGB2007/050775
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hi ndered than the standard then PY 1Y2Y3 shoul d be
conpared. If there are nore than three Y groups they
shoul d be taken to be nore sterically hindered than

t-butyl. Steric hindrance in the context of the
i fivent Fohl hier BLAIEE 18Ps clidsed on- palgel 148t sé&f oftaken  as

"Fgﬁé’ﬂﬁﬁé’é‘é E!_éaﬁ§' 559%5’9&%}2%‘%@' ¥$k8 pri BN téw‘?f 1f, for

Mast er s apnan and
1918&taﬂ'©¢natJW(>" E’h@splm@BU$rl§| gmmdﬁfxcc@am@ee@qamdil BHira is not
on Zeroval ent ckel ant le for Steric

BT S e omdl St AREFT Cd Balt SRiRLGE ghen PHY'Y?

194 8u1 2956- @8@5&@@3@@1&ctugeget@aén&@e PiRPeRtYyOfif three
the ligands which prinmarily determ nes the stablr
of (IHEUNIS( GrreomsiédesCPBrehedr agidzePHat her {RA Y heﬁlﬁre not

eéfféé ”'&e?@%?ﬁé&rt TBedﬁ&ﬁé”EQS D& £ 'ﬁ&hﬁ&é&e%hgn the

i ndr ant group Y or ot her substrtuént t
oitél’mﬁm t bedePerynesDS: mhybdecusesref. t he there are more

oS horus analo ue of t e gro to be determned a
R el Yo GRS sfet] GHOWR NPPoOy Hohore be  more
té@@ff@aﬂ§%@rﬁd@f@@t{@éﬁ exeesy1 of phosphorus |igand;
substitution of CO by Iigand was fol | owed by neans of

the carbonyl stretching vibrations in the infrared
SpeGLum; e sal ut] ong. wepg equi Librhated by heathng.:, ;g
discussed on page 14 et seqg of “Homogenous Transition Metal
Catalysis - A Gentle Art”, by C. Masters, published by Chapman
and Hall 1981.

Tolman (“Phosphorus Ligand Exchange Equilibria on Zerovalent
Nickel. A Dominant Role for Steric Effects”, Journal of
American Chemical Society, 92, 1970, 2956-2965) has concluded
that the property of the ligands which primarily determines the
stability of the Ni(0) complexes is their size rather than

their electronic character.

To determine the relative steric hindrance of a group Y or
other substituent the method of Tolman to determine DS may be
used on the phosphorus analogue of the group to be determined

as set out above.

Toluene solutions of Ni(CO), were treated with an eightfold
excess of phosphorus ligand; substitution of CO by ligand was
followed by means of the carbonyl stretching vibrations in the
infrared spectrum. The solutions were equilibriated by heating
in sealed tubes for 64 hr at 100°. Further heating at 100° for
an additional 74hrs did not significantly change the spectra.

The frequencies and intensities of the carbonyl stretching



in sealed tubes for 64 hr at 100. Further heating at
100 for an additional 74hrs did not significantly

webasgesivhe spectra. The frequenci es and i nt enBCT/GB2000/050775
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t he carbonyl stretchingbands in the spectra of the
equi libriated solutions are tggn determ ned. The
degree of substitution can be estimated

sem quantitatively fromthe relative intensities and

ks st O e RIFAE t e et ricHi o PEoRFTd cPetis °of vhE then

b@étdasmah@dall afhet hgegde ordesuft imagnbhudesn FBE estimated
in the case of P(C6Hn) 3 the Al band of

l\ﬁ"?“é@)ua%l%\?ﬁjl‘fe&éf Bf'64nd-Bf NF?%%)”?LZ TRFEN Ot ifouend  the
t hessaeohntensi ke %&tth@tldrhec@i@gﬁeeeafssubsttmtautUaaas are
IS es ted at 1.5. If _this experinment fails t

Houh be

di'st | ¥HE PESPRCET v {1daNas t K&n Fﬁ%m]%llrephelﬁ‘ylthe case
pho spterys-. PRPR2H, obatd -4 £ hut (do ) pih osfpharmigs Bshmthcd dre Ni (CO),L,
argd to the Y2H equi vaI ent.as the ¢

ar R Tt b Eh) S5CFAM &t o i SETRGUIER ¢ fleTmee of
| $ gands ut hen imeeﬂﬁh&ted E’t(lLB'm) 314 itgsaird e&beuhrderbte fails to

c ared.to PY3 nay ch f
eCE()lperLln Shtat F'on Ilneasfeigel\r’%qu Q{_anéls Fﬁns fral Idj1 Hg phosphorus
WhHTCH foml Idy substy i L@le)m@rms(@@uﬂd cbﬁ'pberxpafléhie tgrome PY,H

\Aﬁm%a%'e% be f'”dQ ?%f %Ee”%‘% b t%tﬁ&”e g gt%ls also

can be defi ne cont ext € 1 nven
asailze tapelxsangLeL stf taecyigéndia cakncone TEnt pedP aﬂBui) heligand

M 400iNt, Of. E?a%ﬁeo%‘tﬂ)ﬁe“ . tv\%l %98% b8, Ay, 8 yrener

p0|nt inthe I's equi di stant
feamrtimencyeldre mayngveatr@ms.lr@ﬂ eferabingllt Regeone wnglhe fully

of 316 cate! EASLIQRE) 9T UM 1 X OF

The group Y may also be defined by reference to its cone
angle which can be defined in the context of the invention
as the apex angle of a cylindrical cone centred at the
midpoint of the aromatic ring. By midpoint 1is meant a
point in the plane of the ring which is equidistant from

the cyclic ring atoms.

Preferably, the cone angle of the at least one group Y or
the sum of the cone angles of two or more Y groups is at
least 10°, more preferably, at least 20° most preferably,
at least 30°. Cone angle should be measured according to
the method of Tolman {C. A. Tolman Chem. Rev. 77, (1977),
313-348} except that the apex angle of the cone 1is now
centred at the midpoint of the aromatic ring. This
modified use of Tolman cone angles has been used in other
systems to measure steric effects such as those in

cyclopentadienyl zirconium ethene polymerisation catalysts



the sum of the cone angles of two or nore Y groups is
at least 10, nore preferably, at |east 20, npst

w@e@BeTHM y, at | east 30. Cone angl e shoul d bePecEaB0H50775
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according to the nethod of Tolman {C. A . Tol nan Chem
Rev. 77, (1977), 313-348} excegt that the apex angle
of the cone is now centred at "the m dpoint of the
aromatic ring. This nodified use of Tol man cone ang
hasoween! usedPheorher Syseensiee RBEBUFRlstErr 2002)
effgcts such as those in cyclopentadi enyl zirconium
ethene pol yneri sati on catal ysts(Journal of Mol ecul ar
Catal ysis: Chem cal 188, (2002), 105- 113) . The
Sﬂpétédﬂé%%ﬁegté‘r@ $el eﬁé& 0 kg of to'%etﬁgpglgg%;%{%%te size
Sl ze to provide steric rance with respect to the

akct i peoside PermisemiriveaQte amd tOR rasofst H@vve@er ,adtive site
|5 NkepkRQUNWNEINQY: LRB SUbSEIfLIRRL T8 BLeygnt 0%t Nehether
metal |eaving, directing its i ncom ng pat hway,
qeﬁer%ﬂh%ylEPQVWd%%gp%?%ﬁ@ﬁengtéb?em%%ﬁkﬂ%ﬁﬂvengr directing its
COM drfiMBL I0R K OF, agéﬂlékgalqtyh%%eem& RapbiLubatbye catalytic
preferred l'igand i s found when Y represents -
SRATRATRE2OWheteidf tSNE e Edenes-Si, C, N, S, Oor

aryl and RAOR4A1R42 are as defined hereinafter

Preferably each Y and/or conbination of two or nore Y
&0&&?%§%¥%@§§ﬁ%§%%dﬂ%&qfﬁuﬁwﬂ%ﬂ@%&% -BRGAsents -
csivbrerpr efrei-abhy,s Wwheprdhere isionky ane subst |<§1U98t:yl and
Y , Lkt is at least as sterically hindering as t-b

wheF els #RBr @5t HEF & &t et "6 “ibr e §EB§?¥%QE%H%9QP Y and/or
theypianeieachr atwd e@stm@S v groups is at least as sterically

105-

hindering as t-butyl.

More preferably, when there is only one substituent Y, it is at
least as sterically hindering as t-butyl whereas where there
are two or more substituents Y, they are each at least as
sterically hindering as phenyl and at least as sterically

hindering as t-butyl if considered as a single group.

Preferably, when S is aryl, R*, R* and R*” are independently
hydrogen, alkyl, -BQ’-X’(X"') (wherein B, X’ and X' are as defined
herein and Q° is defined as Q' or Q? above), phosphorus, aryl,
arylene, alkaryl, arylenalkyl, alkenyl, alkynyl, het, hetero,
halo, <c¢yano, nitro, -ORY, -0OC(0)R*, -C(O)R?*, -C(O)OR%*,
N(R”)R*®, -C(O)N(R**)R**, -SR*’, -C(0)SR’®, -C(S)N(R*)R*, -CF.,
SiR"RR"” or alkylphosphorus.

Preferably, when S is Si, C, N, S or 0O, R*, R* and R* are
independently hydrogen, alkyl, phosphorus, aryl, arylene,
alkaryl, aralkyl, arylenalkyl, alkenyl, alkynyl, het, hetero,
halo, <c¢yano, nitro, —OR”, —OC(O)R”, —C(O)Rm, —C(O)OR”, -
N(R*)R*®, -C(O)N(R**)R*®, -SR*’, -C(0)SR, -C(S)N(R*)R*, -CF, ,

SiR™RR’’, or alkylphosphorus wherein at least one of R*-R* is



sterically hindering as phenyl and at |east as
sterically hindering as t-butyl if considered as a

W@ 200gles108 oup. Preferably, when S is aryl, RAOPCT/BB1007/050775
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and R42 are independently hydrogen, alkyl, -B@3-X3 (X
4) (wherein B, X3 and X4 are4§s defined herein and B3
is defined as QL or @ above) phosphorus, aryl,

arylene al karyl , arylena!k o aIkenyI aIkynyI het ,
w&ﬁeﬁa'rﬁgﬁe a%%dﬁﬁ”eﬁpt X OR19 aS(%ﬁ%EFQ %reln" and R''-

-10( OaRe213e £1GEQ) AR 2R4°- MZRk%% ) B4, pr&fé?)ahsl(llﬁ 2@ rR2B1kyl or
“SR29 , -C(O SR 30, -C (S)N (R 27)R28, -

SF@W?@WZR?S or al kyl phosphorus . Preferably, mhen Sis

Si, C, N, Sor 0, RA0, R4l and R42 are

i ndependent | drog phosphor us,
PTRRAC IR Ky Siar B k1o by 1 GRAERYT: 5 Ry 0 may also be
apdamredhet, oﬂ@tdﬁ(moﬂeaba teyanogrdids dn <ORdOned or in the

PR 908 B AR H NE B won,

279R28, orCE3ilphur ScRI1BE2R78a]emr, ak’RKytpROsphor usSso be lone
wherein at | east one of R40-R42 isnot hydrogen and

wherei'n RL9-R30 are as defined herein, ; and R71- R73

are defined as R40-R42 but are preferably C -4 al kyl

%[!Z eﬂ%r@%llg Pr( egcfc{l%lge tre(‘lll % tgé ercyrllatch% %fg%% cyclic

"as’'one or nore
\hxﬂnmypsbyh etrﬁnﬂwee maylbetdnewbaSetuﬁednﬂnA MhenYPOSSlble be

gf T FQ&b%ﬁ?%u@%S' 'P%eRQ% &E%U %elé%% ygg alkgl, aryl,
ur can bi val ent can on

pewykene Peekerabl yarqhkxédd@tvbﬁnakkxyunﬂékvnylthelkynyl, het,
aronal cybrj dged cycli erdercgﬁa,r byfc (&) RUCT UF 6o JRRY, b& (o) 0r??,

unsubstltuted or, when possi be

~N(R7)R®, -C(O)N(R”)R*, —-SR°, —-C(0)SR*, -C(S)N(R’)R™, -CF, ,
-SiR™R"R”, or alkylphosphorus wherein R"-R® are as defined
herein; and R™-R” are defined as R'-R* but are preferably C.-C.
alkyl or phenyl. In addition, the at least one aromatic ring
can be part of a metallocene complex, for instance when R is a
cyclopentadienyl or indenyl anion it may form part of a metal

complex such as ferrocenyl, ruthenocyl, molybdenccenyl or

indenyl equivalents.

Such complexes should be considered as aromatic bridged cyclic
hydrocarbyl structures within the context of the present
invention and when they include more than one aromatic ring,
the substituent(s) Y* or otherwise may be on the same aromatic
ring as that to which the Q' and Q° atoms are linked or a
further aromatic ring of the structure. For instance, in the
case of a metallocene, the substituents may be on any one or
more rings of the metallocene structure and this may be the
same or a different ring than that to which Q' and Q* are

linked.



further substituted with groups selected from al kyl,
aryl, arylene, alkaryl, aral kyl, arylenal kyl, al kenyl,
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-OC(OR 20, -CCOR21, -CCOOR 22, -N(R23 ) R24,

-C(ON(R 25 )R26 , -SR29, -C(Q) SR 30, -C (S)N (R 27

JR28 , -CF3 , -SiR 71R72R73 , "or al kyl phosphor us

wherein R19-R30 are as defined herein; and R71-R73 are
detifiéd cageRAbI R D UtYPar - prefer HBE 1 chextaPal RypStortuted as
phenied IHeraddi tiian, ddexadwd east cape RLOMBAT pebbdE and are
can be part of a netall ocene caonplex, for instance
WHEPRI'§1R ¢YciBpentallt ehyl Y or 2Endeny it @rivoAtiY Regferred ¥
f pptpanknof fa neical aconpl ieX asiehs ass fudlenogsenylsi.

rut henocyl, nol ybdenocenyl or indenyl equival ents.

Such conpl exes shoul d be considered as aronmatic

bri dgedheeyc| i chbwadreagar byibnst s ucidir es-yi, t hithet heryl may be

context .of the present invention and when .t hey, ji.ncl ud 20
TRt ol CER ey (et s e &L G o Sl PSo8 B0 me,
or'' ot IRt Wi seymayt behon fhelsanesasanatieot i nipfasethator the

to whi.ch tpe Cgl and 9@ atons are |linked or a further
aromatic struc e, ab . . h
aromati ¢ rrng of the S¥ructure. For inst ance, in the

case of a netallocene, the substituents nmay be on any

ne or e_rikngs of the tal.l o e_structur d
0 O LS L 192 <o LN M2 001 80° pRLLUE WA A op may be
whe ctrt@l dndm(QR-atlevl itked-al8uilt aby e sethaldocendutypeor 2-

[ ich may be sti as [ erej _
V\ﬁg: i gbgréﬁo%}]lt’o the skil | egH%Jggls'onagﬁfdlpglr%gym  “pHenylalkyl
ext erwispe i yodefilned sivph WB GdoeRA32xetAvdarti cul arly

preferred Y substituent for such aromatic anions is
when Sis Si.

Preferably, when S is Si or C and one or more of R*-R* are
hydrogen, at least one of R*® -R* should be sufficiently bulky
to give the required steric hindrance and such groups are
preferably phosphorus, phosphinocalkyl-, a tertiary carbon
bearing group such as -t-butyl, -aryl, -alkaryl, -aralkyl or
tertiary silyl.

Preferably, the aromatic bridged cyclic hydrocarbyl structure
has, including substituents, from 5 up to 70 cyclic atoms, more
preferably, 5 to 40 cyclic atoms, most preferably, 5-22 cyclic
atoms; especially 5 or 6 cyclic atoms, if not a metallocene

complex.

Preferably, the aromatic bridged cyclic hydrocarbyl structure
may be monocyclic or polycyclic. The cyclic aromatic atoms may
be carbon or hetero, wherein references to hetero herein are
references to sulphur, oxygen and/or nitrogen. However, it is
preferred that the Q' and Q° atoms are linked to available
adjacent cyclic carbon atoms of the at least one aromatic ring.
Typically, when the cyclic hydrocarbyl structure is polycylic

it is preferably bicyclic or tricyclic. The further cycles in



In general, however, when S is aryl, the aryl may be
unsubstituted or further substituted with, in addition

WO 00ROCE10RA1, R42, any of the further substit uRCt/6€B2007/050775
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defined for the aromatic structure above. Mre

preferred Y substituents in the present invention nay

be selected fromt-al kyl or t-alkyl, aryl such as

-t-butyl or 2- phenyl prop- , _Si Me 3, heny
IV?I%ﬁQQﬁHlC kﬁﬁ@ﬁ?ﬂaFWﬁEb? éﬁ%@&ﬁﬁﬁ?ﬁélﬁ%Fuc HE% Q%Y or may

mwMeﬂl@@{r@éﬂbe al?roanﬁei@biryd tMeRedni Sr&atdl Grafged cyclic

nore of R40-R42 are drogen, at | east one, of

F@MﬁrQQ&E §hoiﬁﬁPQ£¥r§uFF?%¥%H%ﬂ9”1EFREOQQ)iﬁQQé thety- A non-

reciiiased stekiechi pdnanse and suehigddDUpPSe@i® may include

pref erab ho§§$orus Eogghlnoalkyl- atertiar

o et R B ouby s GERL B S phfypeanG Ay 2ol nich forns

-pdkaryl 2 eacal Kylkeortdertiary silyl. Preferably, t he
aromati c bridged cyclic hydrocarbyl structure has,

i ncl udi ng substituents, from5 up to 70 cyclic atons,

noref prefier abhy, abohot 4O oyildeel atyal8c M@sitocarbyl structure

pr eft%r abl 'Ivletltl%%i y%lrl 8t %gvfrglsocéjn% ra?b]l[yy comprlges less than

cycli ¢ afons ot & cofplie
RNHTenghw, th@raropaef@rdhﬂydgedeeyclthaMydlb@ari@dms, more

aér[e“fcer%? may, he tﬁ]ﬁ%no‘fé{& & _polycyclic. The cyclic

at ons may “be carbon or hetero, wherein
references to hetero herein are references to sul phur,

0%3)’9 e a@gé J oHét Q@8I - l_p%\ilvl 1af tm IOS ]i?é eéf&ﬁa‘ctl%atbrldged
t he and atons are |linked to availa

hydrocarbyl structure is meant any further cyclic atom in the
aromatic structure which is not an available adjacent cyclic
atom of the at least one aromatic ring to which the Q' or Q7

atoms are linked, wvia the linking group.

As mentioned above, the immediate adjacent c¢yclic atoms on
either side of the said available adjacent cyclic atoms are
preferably not substituted. As an example, an aromatic phenyl
ring joined to a Q' atom via position 1 on the ring and joined
to a Q? atom via position 2 on the ring has preferably one or
more said further aromatic cyclic atoms substituted at ring
position 4 and/or 5 and two immediate adjacent cyclic atoms to
the said available adjacent c¢cyclic atoms not substituted at
positions 3 and 6. However, this is only a preferred
substituent arrangement and substitution at ring positions 3

and 6, for example, is possible.

The term aromatic ring or aromatic bridged means that the at
least one ring or bridge to which the Q' and Q° atom are
immediately linked wvia B & A respectively is aromatic, and
aromatic should preferably be interpreted broadly to include
not only a phenyl, cyclopentadienyl anion, pyrollyl, pyridinyl,

type structures but other rings with aromaticity such as that



adj acent cyclic carbon atons of the at |east one
aromatic ring. Typically, when the cyclic hydrocar byl

w@rwaotuse is polycylic it is preferably bicycP@TGBR007/050775
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tricyclic. The further cycles inthe aromatic bridged
cyclic hydrocarbyl structure y or may not thensel ves
be aromatic and the term aromaiic bridged cyclic
hydr ocar byl structure should be understood
% VB Hyl §7Y A Wehdridraticd ceget 72 rihgesjcae defined to move
hereily rBych&cdude rupgat urated bonds. By cyclic atom
is meant an atom which fornms part of a cyclic
skel eton. Preferably, the aromatic bridged cyclic
hyseh recaehylarstb et UEenybehhes sulst id U&B@msor iﬁJt heewrseg but
pr ef er abl conprlses | ess_than 200
prET%Y dbiY, “Feds %t Ran® i%@ R iR i1 éopPSFE%%Jtﬁ yUuGheds [14]
t hran 106, ai[mn;.anayaltehe,étefm one further cyclic atom of
t he aronatic bri dged hydrocarbyl structure is neant
any further cyclic atomin the aromatic structure
Wﬁkchdn@maotcaﬁmam@bbabbgchﬂjaG@ﬂtocynbjm attonrcofiré henay be
st, one, aronatlc rin whi ch_the QL at .
are % Aked, V& the |nE|%gf8%oup%iXﬁ eﬁﬁﬁegne_fvgidlyl’
ammphxhaﬂheeflnﬁaﬁLaﬂe adpacentetdydl bena¢mnﬁﬂ,@ﬁdeythel’—methyl
de of _th aidavy | acent L L to

efera % ?hotjghbstl §%Hé§r %i élk g%gp gm%n gﬁ%ﬁgﬁ7é 3
pﬁ%ﬂnﬂnyﬂrhgn;ﬁnawed ﬁodaytﬂ.%uanﬁAﬂra5p9$emykﬂbeﬁzenefh£2 diyl,
U;,“ﬁoﬁ”‘é -LOLDe %eﬂe 1350&1 12 Qog'rt 00 _ %m@ 1}5&%ene— 1,2-
ring has pre era y one Or € said further aromatic
cyttli.c at obs §ub9ﬂV@utédtaﬁlKth p@Bhthaﬁ¢n¢ arfdPodigl,  1H-

anghdwe ingedi ate adj ageni CyQl i f@LAMeyt Ongen -5, 6-diyl, 4,7
methano —-1H- indene -1,2-diyl, 1, 2 and/or 3-dimethyl —-1H-inden
5,6-diyls, 1,3-bis(trimethylsilyl)- isobenzofuran - 5,6-diyl,
4—(trimethylsilyl) benzene-1,2 diyl, 4-phosphinomethyl benzene
-1,2 diyl, 4-(2'-phenylprop-2’'-yl) Dbenzene - 1,2 diyl, 4-
dimethylsilylbenzene-1,2diyl, 4-di-t-butyl,methylsilyl benzene-

1,2divy1, 4-(t-butyldimethylsilyl)-benzene-1,2diyl, 4-t-
butylsilyl-benzene-1,2diyl, 4- (tri-t-butylsilyl)-benzene-
1,2divy1, 4-(2'-tert-butylprop-2'-yl)benzene-1,2 divyl, 4-

(27,27,3",4",4" pentamethyl-pent-3’-yl)-benzene-1,2divyl, 4—
(27,2",4",4"-tetramethyl,3'-t-butyl-pent-3’'-yl)-benzene-1,2

divyl, 4-(or 17)t-alkylferrocene- 1,2-divy1, 4,5-diphenyl-
ferrocene -1,2-diyl, 4-(or 1’)phenyl-ferrocene-1,2-diyl, 4,5-
di-t-butyl-ferrocene- 1,2-diyl, 4-(or 1')t-butylferrocene- 1,2-
diyl, 4— (or 17) (trimethylsilyl) ferrocene-1,2 diyl, 4—(or

1’ )phosphinomethyl ferrocene -1,2 diyl, 4—(or 1)y (2"-
phenylprop-2'-yl) ferrocene - 1,2 divyl, 4-(or
1’)dimethylsilylferrocene-1,2divyl, 4— (or 17)di-t-
butyl,methylsilyl ferrocene-1,2diyl, 4-(or 17)(t-

butyldimethylsilyl)-ferrocene-1,2diyl, 4-(or 1')t-butylsilyl-
ferrocene-1,2diyl, 4—(or 17) (tri-t-butylsilyl)-ferrocene-
1,2diyl, 4-(or 1')(2'-tert-butylprop-2'-yl)ferrocene-1,2 divyl,



the said avail abl e adj acent cyclic atons not
substituted at positions 3 and 6 . However, this is

wo@op/025108 ef erred substituent arrangement and PCT/GB2007/050775
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substitution at ring positions 3 and 6 , for exanple,
i s possible. The termaromati¢,ring or aromatic
bri dged neans that the at Ieas% one ring or bridge to
whi ch the Cﬂ and q% atomare imredi ately linked via B
&N Fespectilvel § % 4r offat i cPSHTIArShat Tet shoylty-ferrocene-
pr efarabl y4b@m nt ey preteed by padl ot e@et AEL Ugle tRBLL P Yent -3 7 -
henyl , cl opent adi enyl anion, pyrollyl, pyridinyl,

%ﬁ f?FFBE? Fes At Yot her rings Wi t h aromaticity such
as thatfound in any ring with delocalised Pi electrons
abl e o moye freel n the said ring, Preferred
afbmat’i®c PrhystHave éeﬁ?l% aﬂ%ﬁﬁelng??1elwlﬁg Bateritye ©
Widredrome?i i ebect rofnssiarne, al 01possichl e ssucdo aomers  are
[1ﬁ% %nﬁulene, [ 18] annul ene,etc The aromatic bridged
cVe15° ¢ hydr ocar byl “structure nay be sel ected from
benzene-1,2 diyl, ferrocene-1, 2-diyl, naphthalene 1,
2; di 4 or. 5 t hyl benzene 1' 5 net
2280 Mo, 00 SLBLIV henzgiie-du 2oy LMol e o
ZSmb%ﬂltUQDES Qh;ﬁuﬂm%brbenQIﬂueatbmSZQﬂly%e skrcapdhiorstructure.

henyl, - ben e y 5-di.-t.-.bu - benzene- :

O IR E R uE i L s e s JRE S Eapdeiasy

andﬁoroﬁ me¥ﬁﬂbpmrlnaphyhed@netOQS&)Qﬁ@ﬂinelﬁbndEnm B further

rfﬂ1 str%FFEgeszEogs aW%kQX%&EE%&Pﬂ?Qu%. g%f@é@uré4 7

ano - ene -
3-di methyl -I1Hinden 5, 6- dlyls 1, 3-bis

(éﬁéﬂnﬂéy%hggh¥$ﬁafié 8999320§t955!h5é55 mgydiﬁé’ saturated or
unsaturated, bridged or unbridged, substituted with alkyl, Y
groups as defined herein, aryl, arylene, alkaryl, aralkyl,
arylenalkyl, alkenyl, alkynyl, het, hetero, halo, cyano, nitro,
-OR", -0C(0)R*", -C(O)R*", -C(O)OR**, -N(R”)R**, -C(O)N(R*)R*,

SR*, -C(0) SR*, —-C(S)N(R*")R*, -CF, -SiR™R"R"”, or
phosphinoalkyl wherein, when present, at least one of R*-R* is
not hydrogen and wherein R"-R’® are as defined herein; and R™-
R” are defined as R*-R*” but are preferably C,-C, alkyl or
phenyl and/or be interrupted by one or more (preferably less
than a total of 4) oxygen, nitrogen, sulphur, silicon atoms or

by silano or dialkyl silicon groups or mixtures thereof.

Examples of such structures include ©piperidine, pyridine,
morpholine, cyclohexane, cycloheptane, cyclooctane,

cyclononane, furan, dioxane, alkyl substituted DIOP, 2-alkyl

substituted 1,3 dioxane, cyclopentanone, cyclohexanone,
cyclopentene, cyclohexene, cyclohexadiene, 1,4 dithiane,
piperizine, pyrollidine, thiomorpholine, cyclohexenone,
bicyclo[4.2.0]octane, bicyclo[4.3.0]nonane, adamantane,

tetrahydropyran, dihydropyran, tetrahydrothiopyran, tetrahydro-

furan-2-one, delta valerolactone, gamma-butyrolactone, glutaric



4- (trimethylsilyl ) benzene-1,2 diyl,
4- phosphi nonet hyl benzene -1,2 diyl, 4- (2

WO 2pBemibprop-2 ' -yl) benzene - 1,2 diyl, 4- PCT/GB2007/050775
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di net hyl si |l yl benzene-1 | 2di yl,

4-di-t-butyl,methylsilyl benzepel, 2diyl, 4-

(t-butyldinmethylsilyl )- benzene 1, 2diyl,

4-tbutylsilyl- benzene-1 ,2diy 4- (trl-t butyIS|I¥I)
Fendf, 2diyl, 44 é’?rmri”éjratzoﬂﬁtyl pr op- 2 brigacyclononane,

)tb&@lz%@@cl@d@cad{ew, %hléz?olldan,e 3' ,hérxahy‘ﬁro 1H-indene (5,6

pent amet hyl - pent - 3' -yl ) -benzene- 1, 2d|yI

4 2'
4d1y14., e ?H%{%yﬂ 7 yethﬁnBu{%erﬁen(tl -dlyll Sd tetrahydro-
)1Hummaene 15,2 ddy@L 4a1(<3bf1 Qﬁldﬂ km£§ eer ogengstltuted or

di errocen 2-diyl, 4-(or 1
SR oy o S el ST A

errocene- 1 , 2- d|yI, 4- (or 1' )t-butylf errocene-

1,2- diyl, 4- (or 1') (trimethylsilyl) ferrocene-1, 2

diyl, 4- (or 1 '")phosphinonethyl ferrocene -1,2 diyl,

4S§€&1f é(zbutphe@@ﬂ¥ﬁfﬁhéﬁngyle&aﬁ%ﬁ%gcenﬁf &ngubstltuted
- (or 1" )dinethylsilylf errocene-1, 2diy 4-

(@womat)dlbtbdgyﬁ et id yligendecenehlin dey$ lnventlon

0 ") (tbuty] di met hyl si.l ferrocene- 2 I
(bé ud%t but yi P?ylferroégxi %i "92diyl, 4% Eog % (df tert-
(ﬁﬁtylp@@éﬁﬁﬁﬁ&ﬂéﬂhyiE&é@ﬁ@@@J 2diyl, 4- QQQ bis- Xdﬁztert—

-tert-butyl prop-2 ' f )ferrocene 1, 2 d| I (or 1

ge@tylghosghlnqmetmy %%%%%@%thyl pent 3 grbls—(dl tert-
' , 4

?%g ranegﬁﬁi gﬁ%€%¥ ﬁ é?{%%%%% ferrocene 1, L2

Zbdsyﬁladamamhplgmmwpmumemeh@ye)menmmmee t Here i piAndée-3, 5-
t han one %%EYEISO ric fornwggssible all such

S?b@%%?%% e%a%}% %?%%%b omethyl)benzene, 1,2 bis(di-5-
tert-butyladamantylphosphinomethyl)benzene, 1,2 bis(1-

adamantyl tert-butyl-phosphinomethyl)benzene, 1-
(diadamantylphosphinomethyl)—-2—-(di-tert-
butylphosphinomethyl)benzene, 1-(di-tert-
butylphosphinomethyl) -2-
(dicongressylphosphinomethyl)benzene, 1-(di-tert-
butylphosphino)-2-(phospha-adamantyl)o-xylene, 1-
(diadamantylphosphino)-2- (phospha-adamantyl)o-xylene, 1-
(di-tert-butylphosphinomethyl)—-2- (phospha-

adamantyl)benzene, 1-(diadamantylphosphinomethyl)-2-
(phospha—-adamantyl)benzene, 1- (phospha-adamantyl)-2-
(phospha-adamantyl)methylbenzene, 1-(di-tert-

butylphosphinomethyl)-2-(di-tert-butylphosphino)benzene,
1-(diadamantylphosphinomethyl)-2-
(diadamantylphosphino)benzene, 1-(di-tert-
butylphosphinomethyl)-2-(diadamantylphosphino)benzene, 1-
(di-tert-butylphosphino)-2-(P-(2,2,6,6- tetramethyl-
phospha-cyclohexan—-4-one) o-xylene, 1-(di-tert-

butylphosphinomethyl)-2-(P-(2,2,6,6- tetramethyl-phospha-



A s nentioned above,

in sone enbodi nents, there may be

two substituents on further cyclic atons of the

WQ@r@anriles st ruct ur e.
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substituents may,
cyclic atoms,

Optionally, the said two BPCT/GBR@®7/050775

especi al | y when on nei ghbouri ng
conbine to forma further ring structure

such as a cycloaliphatic ring Structure. Such
cycloaliphatic ring structures nmay be saturated or
upsat Ar ke, 4 bPihed AN AR dged, substitdtéd WWrh2, 2, 6,6

g* yfamg%ﬂ§9%§§?’ hgg §@§

aryl, ara

n. Ayl arylene )
ary ena?%%%%ﬁa?k%ﬁéy% a?ﬁ%%ﬁ 2.2,6,6

yl, het,

hie¢ er ane hiay b; ployspina —ay ¢ FohexOR1D;or€C(O) R 20, -C(OlR(tert-

Bgph 22

SRR S o bb T

OR 22

-N(R 23 4, - N (R 25 )R26 ,
I&ﬁ%@%@?é@ﬂ@%&%%‘ ‘R&g}T -E:FS , 2s,i R
TARRR(By 1 p 196 s PhOsHRE IOl Kydn kres ei n, avken present,2ab, 6, 6-

| east one of R40-R42 is not hydrogen and wherein
RA9C RE0C e el aRh el freely ke ¥ ahioRY)L- 2 RV3h @grha -

e1n

but ar g,
terrupte

%%%%ﬁ?‘%?gﬁ%%—%%n%l” is

(peréetabl y | esnt han a-pbobaphef143) Soxygenranetheden, 9, 10—

hur, silic

n.atons or

sul

or PSR T & b 228 SR QT e |
St ¥ USk s £8ah ¢l udeoppresbdhne, 3pyr hdiBeraMeERROLLRBethy 1) -
c%clohexane, cycl oh
for anl O di okamesamikyyl substi t ut éF DI OP, 2- aPkyhospha-1,3,5-
SEPBLLLNE £ Jore 10
cycl ohexanone, cyc
cyel obexadt eheh o dpdi dohdit lane) £ erpecézd ne, pyroll idepe;tris-
t hi onor phol i ne, g%clohexenone bicyclo [4.2

] et Bl DB ey o8

ept ane,

KRNE. o O

opent ehe

y_silanp or djal kyl_ silicon
i geSor saend 18
cycl ooct ane, cycl ononane,

&lQPle%‘%%ﬁ‘%&tyl—, 1,2-bis-

, CyC exene,

| .0 .
1 oM h hbhbder CGefARmnt ang; 2 Pis (1,3,5,7-

tetramethyl-6,9,10-trioxa-2-phospha-

adamantylmethyl) ferrocene,

1,2-bis-o,a—-(P-(2,2,6,6-

tetramethyl-phospha-cyclohexan-4-one))dimethylferrocene

and

l1-(ditertbutylphosphinomethyl)-2-(P-(2,2,6,06—-

tetramethyl-phospha-cyclohexan-4-one) ) ferrocene and 1,2-

bis(

1,3,5, 7-tetramethyl-6,9,10-trioxa-2-phospha-

adamantylmethyl)benzene.

Examples of suitable substituted non-aromatic bridged bidentate

ligands are cis-1,2-
dimethyl cyclohexane; cis—
5- methylcyclopentane; cis

bis(di-t-butylphosphinomethyl) -4, 5-
1,2-bis(di-t-butylphosphinomethyl) -
-1,2-bis(2-phosphinomethyl-1,3,5, 7-

tetramethyl-6,9,10-trioxa-adamantyl) -4, 5—-dimethylcyclohexane;

cis-1,2-bis(2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-

trioxa-adamantyl)

5-methylcyclopentane; cis-1,2-bis(di-

adamantylphosphinomethyl)-4,5 dimethylcyclohexane; cis-1,2-

bis(di-adamantylphosphinomethyl)-5-methyl cyclopentane; cis-1-

(P, P

adamantyl,

butylphosphinomethyl) -4, 5-

adamantyl,

t-butyl phosphinomethyl)-2—-(di-t-
dimethylcyclohexane; cis-1- (P, P
t-butyl phosphinomethyl)-2—-(di-t-
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t et rahydr opyran, di hydropyran, tetrahydrothiopyran,

tetrahydrof uran- 2-one, delta val

gl ut ari canhydri de,

er ol act one,

di hydr oi mi dazol e, triazacycl ononane,
triazacycl odecane, thiazolidinpe, hexahydro-I|Hindene
(5,6 diyl), octahydro-4, 7 nethano i ndene (1,2 diyl)

and tetrahydrol H |ndene (5,6 diy

) all of which naY
b UnShBsP Rt vted e sﬂt@ﬁﬁhﬁ}Féalﬁge%ﬁﬁqened for &f§ri-

PCT/GB2007/050775

(2-

het®ighinSpeehfi-c ,BUE, Noteddamet hpg-€xanplesiofa-adamantyl) -

unsubstituted aromati.c bridged bi
Wf thi KT ST RO "PRET e

dent ate |igands

he ot ot iy’

clfhexane, cis-1-

2¢134p3ros(>dnn&reéﬁm,utyl ph@smet@@ratahwl) dq@nzenefldxa adamantyl)

2-bj s- rtpe hos hi n h benzene,

- o & (B DOy RS R HonHC Ry o) RapHoRarBRatage;, cis-1-
iﬁpho@@had@ﬂaﬂﬁMJph@SDhTﬂﬁﬁEhhythyb&nBeme tidicka-adamantyl)

: 5 ol @ et 2B g1 RARHRNT 71 PGSO PRy o 101

béhﬁﬂmephin@mhﬂgﬂladanﬁnTjdetramethyl 6,9,10-trioxa-

dg Xky?p(§gga%%8 ﬂ%“#f)%géggghﬂ%15—methyl
cﬁcqu@mbah§1phosp¢nSﬁwﬁaﬁhyhosmhﬂnp@nehyl—l 3,5, 7-tetramethyl-

(g1 Ler LbutyLohospnl poret 1) - 2

(dlcongressy phosp

onhet hyl ) benzene, 1-

-2

(dtutbmﬁbuyywmﬂﬁﬂﬂohpmawnﬂzcy@éhpspha%adanantyI) cis-1-(di-t-
obﬁ%JEﬁ%sgélnéﬂg @%nagtylphosR%#ﬂgkwhg§lphosphinomethyl)—4,5—

amant yI') " o- xyl ene,

(Ehnstént - butgophosparaomet hy$)l=i-Cphosphdadaraneydjhyl) —2-
b@ﬂ%ﬁﬂﬁmn%&lﬁﬁgéﬁ%qggﬂéyﬂ§¥“x%gﬁ599§Ft@¥Eio§é%tane; cis-

1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-

trioxatricyclo—-{3.3.1.1[3.7]}decyl)

-4,5-dimethyl

cyclohexane;

cis-1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-

trioxatricyclo—-{3.3.1.1[3.7]}decyl)

-5-methyl

cyclopentane;

cis-1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-

{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)

-4,5-dimethyl

cyclohexane; cis-1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-

trioxatricyclo-{3.3.1.1[3.7]}decyl)-

—(di-t-

butylphosphinomethyl)-5-methyl cyclopentane;

cis-1-(2-

phosphinomethyl-1, 3, 5-trimethyl-6,9,10-trioxatricyclo-

{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)-4, 5-

dimethyl cyclohexane; cis-1-(2-phosphinomethyl-1,3,5-trimethyl-

6,9,10-trioxatricyclo-{3.3.1.1[3.7]

}decyl)-2-

(diadamantylphosphinomethyl)-5-methyl cyclopentane; cis-

1,2-bis-perfluoro(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-

trioxatricyclo{3.3.1.1[3.7]}-decyl)

-4,5-dimethyl

cyclohexane;

cis-1,2-bis-perfluoro(2-phosphinomethyl-1,3,5, 7-tetramethyl-

6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-5-methyl

cyclopentane; cis-1,2-bis-
tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)

(2-phosphinomethyl-1,3,5, 7-

-4,5-dimethyl

cyclohexane;
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(phospha- adamantyl ) benzene, 1- (phospha-adanmantyl
)-2- (phospha-adanmantyl) nethyl benzene,
wo 2¢odio731e8 t but yl phosphi nonet hyl ) - 2-

(di-tert-butyl phosphi no) benzene, 1-
(di adamant yl phosphi nonet hyl) ;2-

(di adamant yl phosphi no) benzene, 1-
(dl-tertbutylphosphlnonethyl) - 2-

PCT/GB2007/050775

(ﬂFh&aﬁa %?TphosphlnﬁﬁFﬁ@ﬁ?%h%Pm?thl 1,3,5,7-tetra(trifluoro-

(@Btﬁyintﬁbut3@4ﬂﬂl5aatﬁgaycﬁ%13(@ 1(2:2ﬁﬁ}éecy1 ~5-methyl
tetranethé?ghos ha- cycl ohexan- 4-one) o-Xxy

(W H&EFPD

1-
| phospHi nortet RYP§raisio(ps: ¢! ZF%§Q§methyl 6,9,10-

t( eﬁf@d&ebgyhamsgnaqygLM@npéo epe)ndaenzaene, 4,1s- ( 2-
tfgwe%rz?’e@wi%%h%?aﬁa- cycl ShExXan- 4- odé)y PROBEHAPTPEhY -1, 3,5, 7-

Qet&a@pﬁhyl%[%m@t Iﬁyho ﬂcyml{meoea@héspmﬁ;o -X-, 3,5, 7-
tertbu ho |no
T T O am Ot TOT ek s b gt et sl pgolgpenane;
cib .1-6- t@ﬂ+ﬂymatpyph¢ﬂphmmba zycdxﬁuaUanyﬂpmw&ghlnzmethyl) -
(EUQ%ﬁhaQQagﬂc lqﬁkxaé éeFes—-— %ﬁ_adima?E%ﬁﬂ$osPh1%o (di-

"phospha-a cted

rom

5t~ bdkyﬂ@hpapmﬂdqmetﬁle T4 1D-dimrdtbyadayahbydxane; cis-1- (di-

25 ERSRN ooy L OB Il By LRI a5

HimekOytlr icxddaramtyil  of sZphospitesipni8os B35/~ éetrimethyl—

| 1oy %EEPX!;%a a%a%ﬁnjc mst%y@ 2!1%513{4

(dit'ert but yl phosphin erroc

gh%fp%gn§ﬁ§%hyl -4,5-

(cdlineemtyBut ylypholsgptrmronetchiyl)-f efr oeeng; 2, 6,6~ tetramethyl-

2- bi t et ranget

| .3.5,7- hyl:6,..9 |
T st B PGS EH S ahann Y by T j o FerebegRpinonetiyl) -

| 4 ZRiisetaya- (P- ( 2% @hBxane;

tetramethyl-phospha-cyclohexan-4-one)-[18S,

2,2,6,6—- tetramethyl-phospha-cyclohexan—4-

1-74,5-dimethyl-2-P-(2,2,6, 6~

2R]cyclohexylmethyl] -P-

one.

Examples of suitable non-substituted non-aromatic bridged

bidentate ligands are
butylphosphinomethyl)cyclohexane;
butylphosphinomethyl)cyclopentane;
butylphosphinomethyl)cyclobutane;

cis-1,2-bis(di-t-
cis-1,2-bis(di-t-
cis-1,2-bis(di-t-

cis—-1,2-bis(2-

phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-

adamantyl) cyclohexane; cis-1,2-bis(2-phosphinomethyl-1,3,5,7-

tetramethyl-6,9,10-trioxa-adamantyl)cyclopentane; cis-1,2-

bis(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-

adamantyl)cyclobutane;
adamantylphosphinomethyl)cyclohexane;
adamantylphosphinomethyl)cyclopentane;
adamantylphosphinomethyl)cyclobutane;
butyl-phosphinomethyl)-2-(di-t—-

butylphosphinomethyl)cyclohexane; cis-—

tetramethyl-6,9,10-trioxa-adamantyl) -

cis-1,2-bis(di-
cis-1,2-bis(di-
cis-1,2-bis(di-
cis-1- (P,P-adamantyl, t-

1- (2-phosphino-1,3,5,7-

—(di-t-



t et ramet hyl - phospha- cycl ohexan-4-one) )di net hyl f
errocene and 1- (ditertbutyl phosphi nonethyl) -2- (P-
W@ 200805188 t et r anet hyl - phospha- cycl ohexan- 4- onegT/GB2007/050775
)ferrocene and 1,2- bis ( 1, 3, 5, 7-tetranethyl-6,
9, 10-trioxa-2- phosphaadanang | met hyl )benzene .
Exanpl es of suitable substltuted non aromati c bridged
bi dentate |igands are cis-1, 2-b
%Ht&l 8?9Ptﬁﬂﬂﬁﬂ%yﬁbﬁ%?¥8ﬂﬁxanﬁ' c%ﬁ &ethqu phosphinomethyl-
cy,cj Q'J)e’xaﬁﬁrarﬁétﬁryl 629 bl@—‘drdloxb @@J&M&@Qspm nprmid@phuno—
met hyl c clopenta Cis-
(b-prrodph HETRAKY I S o015 L0np  afai it fyplgiergnes cis—1-

, (Dt mxgiﬂd@dmnwl 2 41 -5-diurel fydgyre hohexaye);,cyclohexane;
CIS , 2-bis (2-phosphinonet hy] -

l, 3,5, . .
> Zi%tranethyl -6, 9 , 10- trioxgyéﬁgﬁﬂﬁP§Y5phOSphlno)_2_(dl‘t‘

10

15

20

25

30

35

Seumtiybeyrl opentgnesy€idrekan2+ bi s cis-1- (di-
(Q#ggﬁgggyg?%ﬂgxgﬁegog$£Q%k%ﬁntgl%hosphlnomethyl)cyclohexane,

(cﬁsim}anantylph0$zﬁphuﬂp®hhykl)3££7methytamauﬂyipen9an@—trloxa—

nt but
a“{at?t&? fJ?o %m.”%s%%pﬂosﬁ Bgmet qxc%co% eXanCelS o
CPS 2,2(61649 adanaméyhyltpbutyhaphpsphhe@antnybnéa2— (di-t-
d|-tbutylghosph|noneth | )-5-net hyl cycl opent ane ;
CPe=YEPhPSPh ISPV AORBE IAISAERe | 557 t et r anet ﬁy| (2626, 6~
9t@tﬂ§héfhf%ap@§§@@@lyl&l@héxan 4-one)) -(2, 2 6,6-
di -t - but yl phosphi nonet hyl )4 , 5- dlnethylcyclohexane
ct%tnam%Qhrh0B®@$m@®e¢%@lOmeX%n54 qne¢ ettt Ay £ L @hexgine;
0; trloxa- C(di-t—
( |-€'buty phospﬁanHéph I %1”“?hyPh°§%?%E€ﬁ?3 e ldint
cb@ﬁxﬂthSPthQmﬂﬂhwémeyhy¢pdntage5 71$fﬁﬂ'am§bﬁyhd@ma4¥yl, t-
105t 11i_0xa=ad Qx_ 22 (di_adamant yl phosphi nonet hyl
R T ohiahe? 5T

cycl ohexane; cis-1- (2-phosphinonethyl-Il, 3
by 1pnopeh faonettiyil) 6yCOoLUtEOLt r | oXEadamantdiphosphinomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl) - 2 - (di-t-
butylphosphinomethyl) c¢yclohexane; c¢is-1- (2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl) - 2 - (di-t-
butylphosphinomethyl)cyclopentane; cis-1- (2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl) - 2 - (di-t-

butylphosphinomethyl) cyclobutane; cis—-1-(2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl) -2-
(diadamantylphosphinomethyl)cyclohexane; cis-1-(2-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa—-adamantyl)-2-
(diadamantylphosphinomethyl)cyclopentane; cis-1-(2-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa—-adamantyl) -
2- (diadamantylphosphinomethyl)cyclobutane; cis-1-(di-t-
butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)cyclohexane; cis-1-(di-t-
butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)cyclopentane; cis-1-(di-t-
butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)cyclobutane; cis-1,2-bis(2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-



)-2- (di adamant yl phosphi nonet hyl )-5-net hyl
cycl opentane; cis-1- (2-phosphinonethyl-l1, 3,5,

wQaaosnraset hyl - 6 , 9 , 10-trioxa-adamantyl) -PET/GB2007/050775
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(di adamant yl phosphi nonmet hyl ) cycl obut ane; ci s-1-
(di -t butyl phosphi nonmet hyl ) - 2z
(diadanantylphosphinonethyl) % 5- di net hyl

c cl ohexane; cis-1- (di-t-butyl phosphi nonethyl )-2-
Sddmant yl DS RSN 5 met hyl  cycl opeﬁtlan% 2-bis

Cﬁ)l‘-ﬁcsplunoaetblhyﬂ—(ﬁ{%pbgﬁﬁmmt—b)/b 10-tFioRat Fiapiiyl -
- trloxatrlcic o-{ 1.1[3.7] }decyl )-4,

Lt AP - Oy HOLHEL SREALS 2 i o do-1,2-pis -
(éhdﬂﬁ%iﬂbh@f%ﬁﬂJIVB b+t BimdaHyi-aed hyd - ﬂilogatrﬂé&clo—

tricy o-{ 3.7] }decyl

i bgent ands ey 11 E UG nont RYP-1 (3 p)flosphmomethyl—
, b1 ramﬁhyth@ 99,10~ tfid)aea;&ﬁbwme{:a 3313113 1{1B3.déky 1) -

decyl )-2- but h|n met hyl )-4,5- dlnethyl
c§%¥3ﬁ%%§xé§ R BT 1 3 - (2-
ﬁhdsﬁhﬁebhythjﬂ 19316rttimﬁbﬁ¥1F6cycl@ﬁﬂﬁio%airﬂcjéldﬂ
€§1opentan7fﬂic§H¥t¥lgg = Jﬁu@o h?mﬁq%qomigE%Pxxmﬂopentane,
é&iﬂﬂ—ﬂétpybsﬁhld@metm@lfIA33iatrnm§thyi 6{3 $Oitﬂ;qx&t?ﬁcyclo—

) I adamantyl phasphi n
ety eyl Ghexaner G- 1o (oo PROSEH RESE Ry 2i° o5 canes
@ﬂ&ﬂﬂ-ﬁékhy®sphiﬂ@melbylfl0Méimr@W@¢MMH}§ 931Oﬂtr1b453r1¢yclo—

1621 L2900 DRGSO PO Dy R s
(vaﬁw@hph@miﬂwethygs 3, P-tetraprthyl 96109; dipxatricyclo-
t[éngtﬁ %3 Rk§§1§ ; 1[3.7]} -decyl )-4, 5-dinethyl
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trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl)-4-t-butyl benzene; 1,2-bis-
perfluoro (2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}-decyl)—-4,5- di—-(2'-phenylprop-2'-
yvl) benzene; 1,2-bis-perfluoro(2-phosphinomethyl-1,3,5, 7~
tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(2'~-
phenylprop-2'-yl) benzene; 1,2-bis-perfluoro (2-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9, 10~
trioxatricyclo{3.3.1.1[3.7]}-decyl)—-4,5-(di-t-butyl) benzene;
1,2-bis-perfluoro(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-4-t-butyl benzene; 1,2-bis-
(2-phosphinomethyl-1,3,5, 7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-di-(2'-phenylprop-2'-yl)
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tetra(trifluoromethyl)-6,9,10-trioxadamantyl or Z2-phospha-
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phospha-cyclohexan-4-one))

—4—(trimethylsilyl) ferrocene,
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butylphosphinomethyl) -4, 5-diphenylferrocene;

adamantyl, t-butyl phosphinomethyl)-2—(
butylphosphinomethyl)-4-(or 1’ )phenylferrocene; 1-
adamantyl, t-butyl phosphinomethyl)-2—(

butylphosphinomethyl)—-4,5- bis—(

(P, P

adamantyl, t-butyl

trimethylsilyl)ferrocene;

phosphinomethyl)-2—(

butylphosphinomethyl)-4-(or 1') (trimethylsilyl)ferrocene;

1,2-bis(2-

s (di-

R N R e

1,2-
bis—(
s (di-
cene;

(di-t-

di-t-
1-
di-t-
1-

(2-phosphinomethyl-1,3,5, 7-tetramethyl-6, 9, 10-trioxa—adamantyl)

- 2

- (di-t-butylphosphinomethyl)

4,5-diphenylferrocene; 1- (2-

phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa—-adamantyl) -

2 —
1-

(di-t-butylphosphinomethyl)

—-4—(or 1')phenyl ferrocene; ;

(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-

adamantyl) - 2 - (di-t-butylphosphinomethyl) 4, 5-

trimethylsilyl)ferrocene; 1-

(2-phosphinomethyl-1,3,

tetramethyl-6,9,10-trioxa—-adamantyl) - 2 - (

butylphosphinomethyl)-4-(or 1') (t

rimethylsilyl) ferrocene;

bis—(
5,7-
di-t-

1—

(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9, 10-trioxa-adamantyl)

-2

(diadamantylphosphinomethyl)

-4,5-diphenyl ferrocene;

1-(2-
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(trinethylsilyl) benzene; 1- (2-phosphinonethyl-1, 3
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}decyl )-2- (diadanantylphosp i nonet hyl ) -4-phenyl
benzene; ; hosphi nonmet hyl -1, 3 | 5- trlnetQ¥
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ne; 2- bi s-per uor o
(o RGBRT REHEE T - 7305791 orF Gt by g Rgosphinomechyl)
19- t ri oxetrboyct W{phdspBindndtHy3.) 71, } degHeny 14-flghenyéne; 1-
benzene; 1.,2-hi.s oro (2- hos h|no th
PR e et R £ PO SRR g gyt -
.4A-(B. 7T']pBerddcykyrrdodnehi s- - ¢dﬂ ﬁebhnypHQﬁbhlnomethyl) -2-
benze r 27 sphi nonet hyl. - o1
&g'CQSHPeY%éﬁgghlﬁgégt%gﬂ 1 % Qatrlcyclo %é %tqéﬁ tyd)
[Eéﬂﬂoqueeyl) 4- (trlnethyIS|I3H dﬁ behzenayhobphifohgighyl) -

-4 etra rime si
(ﬁ%?%%ﬁ%?%gﬁgﬁﬁg%ynom%%@ﬂ§10 trloxatr|cycl%{ ‘t thylsilyl)
A Frbcep8; 7] }deeybiy 4 phssdhphamrhybehzeéne;trin@thy5=6,9, 10~
(@%fH¥§%QQEQQﬂ?thyb h 1§3'ﬁ}@eZyE? ﬁaichphen ferrocene;

(trifluoro- neth 10-trioxatricyclo
31 2-biF[(3- pf}os}mewrneyhnlp]hén@rtbmewé 619, 19= bi s-
(é%iH%%%@QEQQﬂ?h@yb h. 1@3'@}@ez fetfa, Li)phenyl ferrocene;

(trifluoro-nethyl) 10- trloxatrlcyclo 3
[g,%ﬂbypdécymoaphgnogebhgl k 3,5-trimethyl-6,9,10-

trioxatricyclo-{3.3.1.1[3.7]}decyl)-4,5-bis—( trimethylsilyl)
ferrocene; 1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-
trioxatricyclo-{3.3.1.1[3.7]}decyl)-4-(or 17) (trimethylsilyl)
ferrocene; 1- (2-phosphinomethyl-1,3,5-trimethyl-6,9,10-
trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-(di-t—-
butylphosphinomethyl) -4, 5-diphenyl ferrocene; 1-(2-
phosphinomethyl-1, 3, 5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4-(or

17 )phenyl ferrocene; 1-(2-phosphinomethyl-1,3,5-trimethyl-
6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-(di-t—-
butylphosphinomethyl) -4, 5-bis—( trimethylsilyl) ferrocene;
1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4-(or

1) (trimethylsilyl) ferrocene; 1-(2-phosphinomethyl-1,3,5-
trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl) -4, 5-diphenyl ferrocene; 1-(2-
phosphinomethyl-1, 3, 5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)-4- (or
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[3.7] }decyl)-4- (trinethylsilyl ) benzene; 1, 2-bis
(di-t-butylphosphinonethyl )-gg 5-di- (2

" -phenyl prop-2 '- vyl )benzene 1, 2- bis
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% - phenylﬁgﬁ%y "yl %%gnééne , Q%_ perfluoro(z
amhnﬁm@nybphthuﬂﬁln@nétﬁytegnametsyl(@A9¢lObutyI) benzene,
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é%%f%ﬁ§r§§§ %gﬁﬁg édgﬁggigldgggg X > J%sphlng%%mﬁ§$y1511yl)
) frocdinet but yl phosbfﬂ—ﬁmm—zphyf-ll)am 25ph@i$ph1(r@methyl 1,3,5,7-
'%Jk%‘?&élt RLOPs %, 1ovk) : be é‘»jzz% 3713 [3da H1) -4
tE utyI osphlﬁbnethy Q%Cl ?3 Edt;'phogg %ﬁ%ﬁet
)1 9- tGZmetbhhﬁyhﬁ{opf@?f&%ﬂne)benjeﬁeblsi (3}phpsph1nomethyl—
adagrantyk e L5 BUtiyh ebesfpéu Ehyl19-2-
(di -tbutyephapé%tl ngmet S é (di-t-butyl)
Ugwfgﬁérlgyc¥¢P }decyl) 5-dipheny

1,2-bis- (2-phosphinomethyl-1,3,5,7-tetra(trifluoro-methyl) -

ferrocene;

6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(or "Yphenyl
ferrocene; 1,2-bis- (2-phosphinomethyl-1,3,5, 7-
tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-bis—( trimethylsilyl)
ferrocene; 1,2-bis- (2-phosphinomethyl-1,3,5,7-tetra(trifluoro-
methyl)-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(or

1) (trimethylsilyl) ferrocene; 1,2-bis(di-t-
butylphosphinomethyl)—-4,5-di- (2’ -phenylprop-2'-yl)ferrocene;
1,2-bis(di-t-butylphosphinomethyl)-4-(or 1) (2" -phenylprop-2'-

yl) ferrocene; 1,2-bis(di-t-butylphosphinomethyl)-4,5- di-t-
butyl ferrocene; 1,2-bis(di-t-butylphosphinomethyl)-4-(or
1")t-butylferrocene; 1,2-bis(2-phosphinomethyl-1,3,5,7-

tetramethyl-6,9,10-trioxa-adamantyl)-4,5- di-(2'-phenylprop-2'-

yl)ferrocene; 1,2-bis(2-phosphinomethyl-1,3,5, 7-tetramethyl-
6,9,10-trioxa-adamantyl)-4-(or 17)(2'-phenylprop-2'-
yl)ferrocene; 1,2-bis(2-phosphinomethyl-1,3,5, 7-tetramethyl-

6,9,10-trioxa-adamantyl)—-4,5-(di-t-butyl)ferrocene; 1,2-bis(2-
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phosphinomethyl-1,3,5, 7-tetramethyl-6, 9, 10-trioxa—-adamantyl) -
2 — (di-t-butylphosphinomethyl)-4-(or 1’)t-butyl ferrocene; 1-
(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa—adamantyl)
—-2- (diadamantylphosphinomethyl)-4,5- di-(2'-phenylprop-2'-yl)
ferrocene; 1- (2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9, 10—
trioxa—-adamantyl)-2-(diadamantylphosphinomethyl)-4-(or 17y (27—
phenylprop-2'-yl) ferrocene; 1-(2-phosphinomethyl-1,3,5,7-
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(diadamantylphosphinomethyl)—-4-(or 1')t-butyl ferrocene; 1-
(di-t-butylphosphinomethyl)-2- (diadamantylphosphinomethyl) -
4,5- di- (2’ -phenylprop-2'-yl) ferrocene; 1-(di-t-
butylphosphinomethyl)-2- (diadamantylphosphinomethyl)-4- (or

1) (2'-phenylprop-2'-yl) ferrocene; 1-(di-t-



10

15

20

25

30

35

(di adamant yl phosphi nonet hyl ) -4, 5-

benzene; 1- (dit- butyl phosphi nonet hyl

W@ cioagizremt yl phosphi nomet hyl

-(2'- phenylprop-2 '-yl ) benzene

)-4-tbutyl

2 hosphlnonettéj-l 3 ,5-trinethyl -

Rk G5

(di-t-butyl )
)_

2-

benzenkCT/GB2007/050775
2-bis (2-phosphi nonethyl-1, 3 ,5-trinethyl-
6,9,10-trioxatricyclo-{3.3 1. % [3.7] }decyl)-4,5-

1 ,
9
yl{BZ 3 1 ﬁqqua?Pn}H%Q%Q3ph1&om?9hyl -4, 5-

2-bi s

ptteln%l -pLepip 'ﬁ’érr)@déﬁ@lene 11, %nbrtSbutylphosphlnomethyl)—2—

phosphlnonet

1@%%%‘%8?%@

tr neth
1n€§et%yl f4 0F317

{ }%Hﬁﬁ}i)fegfocgne, 1,2-

(lﬁisd%@hkﬁbﬁ)hﬂﬁfﬂe&ﬂ@l 1,3, Q‘l’li*llsleeﬁyprﬂ),@phIOn@HEctztB’dmbycSo—

s BRIV 6 o8y 40111 oa

(2- ZﬁhrﬁﬂhkpﬁwﬁﬁHﬂﬂombthﬁﬂ fiilBFﬂEih@ﬂhjl—699,lO—

10- trloxatr

Lohexs

S&xﬁ% -v1) %érrocene,

.1 [3.7
| o S B ST Gt 91 DhoSOHIERGIB! Wy 22, B1) (' paenyiprop-2'-
phbnylpﬁﬁﬁzﬂcengj ) berzéne2dphd2hphosptiicmethgletimethyl-
, t ' | o- .3 .1,
EMMN G - A Ty N e
' £gphenyghpr op- 21, 2ybig Zmeh@epb;nquﬂ&yl 1,3,5-trimethyl-6,9,10-
%9§E£JQOHE£Pg|{3,3 ?3 EBt{ 1 %; g or’l’ 5 butyl ferrocene;

trioxat clo-

(lJH@a—pb@tsyhprh@wmmoﬂmiih%t)rlmthﬁl q@ﬁ,-ltoburwz)atrlcyclo—

b?g%ﬁﬂ?a 274 A 9§9? %PE§Q%% ?%hﬁ?ﬂ?j%ﬁkgﬁ%?yul%L fi-(27-

trloxatrlcy

(ehervBurybphosphi nonetdrrocpng; t - buﬂyIZbEMZHﬁemomethyl 1,3,5-
(EEJMB%%QE'@°§?&h¥klfia§r<§fh. WFt?YiJ§3 9 ﬂdfsyl (di-t-

O-trioxatricycl o-

(TlitaderAph YA qsoSpR) nérevhyl 1) (24, pse@ylpr(op 2'~yl) ferrocene;
Ip LB Qpnc%let'h)f/ll i ?eglthq%etﬂyliéi @h@%@%h@%@&'&kf%—

-trlneth

“"trioxatricyclo-{

}bl%@yll) 113. 7{ﬁ%&ﬁaﬁtﬂbﬁe@ﬁﬁwhﬁwwmﬁeahﬁ(>Z (di-t-
'pRRENY! BEORsZnes Y1) (PSRZEPRI nomethyl-1, 3, 5-trimethyl-6,9, 10—

—(di-t-

trioxatricyclo—-{3.3.1.1[3.7]}decyl)-2

butylphosphinomethyl)-4-(or 17)t-butyl

ferrocene; 1-(2-

phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo—

{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)-4,5-di-(2'-

phenylprop-2'-yl) ferrocene;

1-(2-phosphinomethyl-1,3,5-

trimethyl-6,9,10-trioxatricyclo—-{3.3.1.1[3.7]}decyl)-2-

(diadamantylphosphinomethyl)-4- (or

1 14

) (

2'-phenylprop-2'-yl)

ferrocene; 1-(2-phosphinomethyl-1, 3, 5-trimethyl-6,9,10-

trioxatricyclo-{3.3.1.1[3.7]}decyl)

—2—

(diadamantylphosphinomethyl) -4, 5-(di-t-butyl) ferrocene; 1-(2-

phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo—

{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)-4-(or 1')t-

butyl ferrocene; 1,2-bis-perfluoro(2-phosphinomethyl-1,3,5, 7-
tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}-decyl)-4,5- di-

(2"-phenylprop-2'-yl) ferrocene;

phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-

trioxatricyclo{3.3.1.1[3.7]}decyl)

—4—

(or

1 14

1,2-bis-perfluoro(2-

) (2’ -phenylprop-2'-



1- (2-phosphinonethyl-1, 3 ,5-trimethyl-6, 9
,10-trioxatricyclo- {3.3.1.1[3.7] }decyl) -2-
W@ dioagiziremt yl phosphi nonmet hyl) -4, 5- (di-tbutyPQT/GB2007/050775
benzene; 1- (2-phosphinonmethyl-I, 3 ,5-trinethyl-6, 9
,10- trioxatricyclo-{3.3.1.1 E%.?] }decyl ) - 2-
(diadanantylphosphinonethyl) t-butyl benzene;
2- bi sperf luoro hasphi nonet hyl -
7Y]t et ri&TeCR§PEB, 9 1 %lSFP%&deqrod)?cP%o?pohln?meihyll ]['33 5 7=
Héﬂrdme@ﬁyylé 9%105trﬂbxaﬁﬁﬁcycgbeayipwQg327 3— d@&yl —(di-
benzene; - bi s- erf | uor o_(2- phosphi nonet h
5 butyd) tethéFr%f 6, 9, 116-%19 é’)?éﬂ?‘&%% %@Spémﬁmethyl‘
bﬂ.iis 72t§tﬁ&ﬁ%ﬁﬂyﬁ 4; 9§£? trlp&?ﬂyi¢%$mb1% 31 yl1D3|7 }decyl) -
nzene; per uoro (2 osphi nome -1, 3
£ g ]téFrS %yl =6," 9" C10- tﬂrgx%& Tcydé O%phlnomethyl_
{B:Bfﬁ71t8tﬂawnﬂde®¢ko}mékhyi 6d9 te-butyl) benzene; 1

O HBL YIS B0 16 LPRORALr T Cyels (¢3 Eaemgerper3 v

ﬁbﬂr@uéeeylﬂ 2Abis{nM%thbephfmmmethyZ bi 375, 7-tetra(trifluoro-

phi p th 7stety L , .
@}vﬂio?o bt f?loxa%“?}’ E3fd3 FrioxhtridseretyE gt 1)
10 ﬁth&lp?op %deﬁvl) fefrobeder (2 1, pHeinH proppRosphinomethyl-
¥4 )d bi sphinpethyl -1, 3,5
71f%tﬂa %g Iﬁ%ﬁgog?ﬁ&%fgag *Bob/ PlO trloxatr|cyclo{
3tr:3>xa$r1cycalo7{]3 pdécgd:a)uzl}de(czlv 4 ghremjibpropel ) - yFejrocene;

?tﬁ%—sﬂl‘%ol 2-BL éh?&%ﬁ g!&%%@ﬂ{;i{oﬁe} hybe- 4 3 F’crlh%g% Qnethyl) -

r 0- NBt -"t'rioxatricyclo
L& 9, L0F8rigxdtdigecyb) 3 -2, 1.5-[3(.di i dedut)yl4-Xobenzenel ' It -butyl
S ne(2- phosphi nomethyl -1, 3,5, 7-tetra

1o kt I fluoro-nmethyl) - 6 , 9, 10 trloxatrlcyclo{s 3. 1
.1 [3 7] }decyl )-4-t-butyl benzene, 1-
(éjél_et eh Q?%M%&ﬁ%%pgk”ﬂ@%%' kf ¢re (RNQ5R0E, adamantyl)
- A- ( Sl
(di danantylphosphlnonethyl) - 2-
PBuU',
PBuU',
20

1,2-bis(di-tert-butylphosphinomethyl)benzene

Bu',P PBU',

L

Fe

2+

=

1,2-bis(di-tert-butylphospinomethyl ferrocene
25



(phospha-adamantyl) -4- (trimethylsilyl) benzene, 1-
(phospha- adamantyl) -2- (phospha-adamantyl) -A-
w@ poosmetibg/l sil yl ) net hyl benzene, 1- PCT/GB2007/050775
(di -tertbutyl phosphi nonet hyl) -2-
(di-tert-butyl phosphi no) -A- Egrinethylsilyl ) benzene,
1- (di adamant yl phosphi nonet hyl ™) - 2-
(di adamant yl phosphi no) -4- (trinethylsilyl) benzene,
ef t ~\but yl phosphi nonet hyl ) - 2-
ﬁfylphosphlno) -4- (trinethylsilyl) benzene,
F?ert but yl phosphi nonet hyl) - 2- (P- (2, 2, 6,
6- tatramst Ryl - phospha- cycl ohexan- 4-one) -A-

| -(di-teftbutyl phosphi nomethyl) -2- (P- (2, 2, 6, 6-
tetranet yI phosphacyclohexan- 4-one) -4-
vBehe, 1-(2- (P- (2,2,6,6-

thyIS|IbeenzyI )-2, 2, 6
-phosphacyclohexan- 4-one, 1-
anpyltphosphi no) - 2-
(di adama tylphosphlnonethyl ) -4- (trimethylsilyl)
and wher ei n "phospha-adamantyl " is sel ected
1,3,5, 7-tetranmethyl-6, 9 ,
antyl, 2-phospha-I, 3 ,5- trinethyl-6, 9 ,
antyl, 2-phospha-I, 3, 5, 7- tetra (trif
-6, 9, 10-trioxadamantyl or 2-phospha- 1
, (trif luoronmethyl) -6, 9
10- trioxadamantyl -, 1- (ditertbutyl phosphi nonethyl)
-2- (P- (2,2,6,6- tetranethylphospha-
cy@@ﬁ%ﬁam ée%t%lpﬁoséﬁfdo%tchyi)ﬂﬂ ¥ hl{)ﬁéﬁ%—%n%—gilmethyl
bis (di-t-butyl phosphinonethyl )-4, 5-diphenyl
fle?t<58ene ; 1 , 2-bis (di-t-butyl phosphinonethyl )-4-
5 (or 1')phenyl ferrocene;

PBU',

PBU',

10 1,2-bis(di-tert-butyl (phosphinomethyl)-4,5-diphenyl

benzene



wa@ 2ioso7dae yl phosphi nonet hyl )-4- (or 1') PCT/GB2007/050775

10

1, 2-bis (di-t-butyl phosphi nonethyl )-4,5- bis-
(trimethylsilyl ) ferrocene; 1 ,2-bis

(trinmethylsilyl )ferrocene ; 1 ,2-bis

(2- phosphi normet hyl - 1,3,5, 7-tetramethyl-6, 9

, 10-tri oxa-adamantyl )-4, 5- diphenyl ferrocene ; 1
2-bis (2- phosphlnonethyl-

3,5, 7- tetramethyl-6, 9
r

, B0 oxa- adanant PﬁUé (or 1 ")phenylf errocene; 1
,2-bis omethyl -1, 3,5, 7-tetranethyl-6, 9
, 10-tri oNaadamaptyl )-4, 5-bis- (trinmethylsilyl)
ferrocene -bis (2- phosphinonethyl -1, 3,5,
7-tetra 9 ,10-tri oxa-adamantyl) 4- (or 1' )
(trinethyl )ferrocene

|, 2- bi s(di adamant yl phosphi nonet hyl) -4, 5 diphenyl f
errocene; 1g,2-bis (di adamantyl phosphi nonet hyl) -4-
(or 1 ' )phenyl ferrocene; 1,2- bis
(di - adanantyiphosphlnonethyl Y-4, 5 bis-(
trimet hy errocene; 1 ,2- bIS
(di adama phi nonet hyl ) L 4- (or 1')
(trinmethylsilyl) ferrocene; 1- (P, P adamantyl,
t-buz%l hosphi nonet hyl ) - 2-
(di- ﬂf | phosphi nonet hyl) -4, 5-di phenylf errocene;
1- (P, P adamantyl, t-butyl phosphi nonethyl )-2-
(dl-tbutylphosphlnonethyl) -4- (or 1 zphen yl f
ekr %t:}éh%(dlite]ﬂ}b@t%%i@ﬁ%ﬂ?ymom@t%m yt 1 phiosphe Hores hiy 1
fgrr%ﬁ L4 butyl phosphi nonethyl) -4, 5- bis-(
trime yTS|IyI )ferrocene ; 1- (P, P adamantyl,
t-butyl phosphi nonet hyl )-2-
(di -t butyl phosphi nonet hyl) -4- (or 1 ' )
(trimethylsilyl) ferrocene; 1- (2-phosphinonethyl-I,
385’ 7-tetramethyl -605% , 10-trioxa-adanmantyl )

u 2P 2

>

1,2-bis(di-tert-butylphospinomethyl)-1'-tert-butyl

ferrocene



- 2 - (di-t-butyl phosphi nonmet hyl )4 ,5-di phenyl f
errocene; 1- (2- phosphinonethyl-1, 3,5,
wQaa080rHset hyl -6, 9 ,10-tri oxa-adamantyl) 2 - PCT/GB2007/050775
(di -t-butyl phosphi nonmethyl) -4- (or |')phenyl
ferrocene; ; 1- (2-phosphinongghyl-l, 3,5,
7-tetranethyl -6, 9 ,10-tri oxaadamantyl) - 2 -
(di-t- butylphosph|nonethyl) 4 , 5- bis-(
tri -PFVIS|IyI) ferrocene; 1- (2-phosphinonethyl-I1, 3
7- tet anethyl 6 9 10 tri oxa-adamantyl ) - 2 -
) ' -4- (or 1)
1- (2-phosphi nonet hyl -1,
, 10- tri oxa-adamantyl ) -2-
eyl )-4, 5-di phenyl ferrocene;
M1 N1, 3, 5, 7-tetranethyl-6, 9 ,
10-t|ri oxa- adamantyl) -2- (di adamantyl phosphi nonet hyl
)-4sidel, 1 ° )phenyl ferrocene; |-(2-
phosphlnonethyl 1, 3, 5, 7-tetranethyl-6, 9 ,
10-tri oxa-adamantyl) 2- (di adamantyl phosphi nonet hyl
)-4, 5-bis- ( trinethylsilyl ) ferrocene; 1-
(2- phosphi nonethyl -1, 3, 5, 7-tetranethyl-6, 9 ,10-
t5j@x@¢@d@ﬂa@éyt Puy 116k astiamanhyt phosph) nopet hyl ) - 4-
%%§tr|neth I silyl) ferrocene; 1-
5 1@;11{1@ Jﬁbh%]sp 1%0@136]% Jfoaso}?enzofuran
(dladanantylphosphlnonethyl) -4, 5-di phenyl ferrocene;
1- (di-t-butyl phosphi nonet hyl )-2-
(diadanantylphosphinonethyl )- 4- (or 1 ' )phenyl
1- (di-t-butyl phosphi nonmet hyl )-2-
| tylphosphlnonethyl) -4, 5-bis- (
yIS|IyI ) ferrocene; 1-
utyl phosphi nonet hyl ) - 2-
pnt yl phosphi nonet hyl ) -4- (or 1')
et hylsilyl) ferrocene; 1, 2-bis

(2- phosphi nonet hyl -1, 3 ,5-trinethyl-6, 9 , 10-
' ' 83 -1.1[3.7] }decyl )-4,
errocene;
PBU',

10 1, 2-bis (di-tert-butylphosphinomethyl)-3, 6-diphenyl benzene



1, 2-bis (2-phosphinonethyl-1, 3 ,5-trimethyl-6, 9,
10- trioxatricyclo-{ 3 .3 .1.1[3 .7 ] }decyl )-4- (or

wazoospphiesyl ferrocene; 1 , 2-bis (2-phosphi noP@&r/GBRe7/050775

3 ,5-trinmethyl-6, 9 , 10- trioxatricyclo-{
3.3.1.1[3.7] }decyl )-4, 5- blﬁ ( trimethylsilyl )
ferrocene; 1, 2- bIS (2- phosphi nonet hyl -1, 3
,b-trinmethyl -6, 9 , 10- trioxatricyclo-{3.3.1.1 [3.7]
}decyl )-4- (or ' [ hyl silyl) ferrocene; 1-

(2- phosphi nomethyf -1, 3 ,5-trinethyl-6, 9, 10-
trioxatri 3.3.1.1 [3.7] }decyl )-2-

(Kleg! onmet hyl )-4, 5-diphenyl ferrocene;

| -(2- phosph® 1 {% , 5-trinethyl-6, 9 ,
10-trioxatridycl o- {3.3.1.1F3.7] }decyl) -2-

(di -t-butyl phesphi nonet hyl) -4- (or |')phenyl
ferrocene; ﬂ33(2-phosphinonethyl-l, 3 ,5-trinethyl -
6,9, 10-trioxatricyclo-{3 .3 .1 .1 [3 .7 ] }decyl) -2-
(di -t butyl phosphi nonmet hyl) -4, 5-bis- (
tri met hyksd errocene; 1- (2-phosphinonethyl-1, 3
, b-trinet 9 ,10-trioxatricyclo- {3.3.1.1[3.7]
}decyl) -2- (di-t-butyl phosphinonethyl) -4- (or 1' )
(trinmethylsilyl ) ferrocene; 1- (2-phosphinonethyl-I,
31, 5-pis(aBlytcBoudyl wsﬁmem%pych%riﬁetﬁyléilﬁl
[3 7] }decyl)-2- (di adamantyl phosphi nonet hyl ) -4,

Stelk phenyt ferrocene; |-(2- phosphinonethyl-1, 3

,5-trimethyl-6, 9, 10-trioxatricyclo- {3.3.1.1 [3.7]
}decyl)-2- (di adamant yl phosphi nonet hyl ) -4-

(orl ') phenyl ferrocene; ; 1- (2-phosphinonmethyl-I, 3
, S<trlimethyl- 6,9, 10-trioxatricyclo-{3.3.1.1 [3.7]
}decy di adamant yl phosphi nonet hyl )-4, 5-bis- (

ferrocene; 1- (2-phosphinonethyl-1, 3

PBU',

PBU',

1,2 bis(di-tert-butyl (phosphinomethyl))-4,5- di(4’'-tert

butyl phenyl) benzene

PBUY,

PBUY,



trioxatricyclo-{3.3.1.1 [3.7] }decyl)-2-
(di adamant yl phosphi nonet hyl )-4- (or 1')

W@ eosetibg/l silyl) ferrocene; 1 , 2-bis-perf | uR€DGB2007/050775
(2- phosphi nonet hyl -1, 3,5,7- tetranmethyl-6, 9 ,
10-trioxatricyclof 3 .3 .1 .1653. 7] }-decyl) -4,5-

di phenyl ferrocene; 1 , 2-bis-perf luoro
(2- phosphi nonmethyl - 1,3,5, 7-tetramethyl-6, 9 ,
10- trioxatricyclo{ 3.3.1.1][3. 7 ] }decyl)- 4- (or
'1)@ ny dieﬁéPSeﬁﬁt ﬂ(ph@sﬁ%?n@@é h PP{°44@rlmethy1s11y1
phosphi nonet 5 7-tetranet Y
tb$@xam$|cyclo{ 3.3.1, 113.7] }- decyl) -4 5 bIS- (
trinmethylsilyl) ferrocene; 1 ,2-bis-perf luoro
(2- phosphi nonethyl -1, 3,5,7- tetranethyl-6, 9
10 trioxatricyclo {3 3.1.11[3.7] }decyl)-4- (or
net hyl si |l yl) ferrocene; 1, 2-bis-

( inonethyl - 1,3,5, 7-tetra (trifluoro-nethy
) ' > Sgd; 1- 1[3. 7] }decyl )-4,
5 1 ,2-bis* (2- phosphlnonethyl-
3 7-tetrjga (trif uor o- met hyl ) -
6,9, 10-tri oxatN cyefo{3. 3 _2PAu{3.7] }decyl) -4- (or
5 I )phenyl ferrocenhe; 1,2<bis- (2-phosphinonethyl-1, 3
, - tetra (tr|fluoro met hyl) -6, 9 , 10-
trloxatrlcyclo {3.3.1.1[3.7] }decyl )-4, 5-bis- (
tTi rebhylditydytflentrptépeosdh Padimsthyl) ) -4- (tert-
(2-ph hi nonet hyl - 3.5, 7-tetra (trif
S OPRTR YR e e Bt { cyel o {3 3 .1 .1 [3 .7
] }decyl) -4- (or 1 ' ) (trinmethylsilyl) ferrocene; 1
,2-bis (di -t butyl phosphi nomethyl) -4, 5-di- (2
-pherylprop 2 '-yl )ferrocene; 1 ,2-bis
(d$\\ butylphosphlnonethyl )-4- (or 1') (2
- phefivy] pra
PBU2
PBuUY
s
/|
10
1,2-bis(di-tert-butyl (phosphinomethyl))-4,5-
bis(trimethylsilyl)benzene
15
Bu'
PBUY,
PBuUY

1,2-bis(di-tert-butyl (phosphinomethyl))-4-tert-butyl
benzene

20



10

15

yl) ferrocene; 1 , 2-bis (di-t-butylphosphi nonethyl)
-4, 5- di-tbutyl ferrocene; 1 ,2-bis

W@ iosn73108 yl phosphi nonet hyl )-4- (or 1')t - but yPCT/GB2007/050775

ferrocene; 1 , 2-bis (2-phosphinonethyl-I, 3,5,7-
tetranethyl-6, 9 , 10-trioxa-gganantyl) -4,5- di- (2

"-phenyl prop-2 '- yl )ferrocene; 1 ,2-bis
(2- phosphlnonethyl-l 3,5, 7-tetranethyl- 6 , 9,

18" -4- (or 1') (2 '-phenylprop-2 -
FBs', ( 2- phosphi nomet hyl -1, 3 ,5 ,
6,9, 10-trioxa-adamantyl) -4, 5 (di-t
1Fﬁ%rb38 (2- phosphi nonet hyl -1, 3,

-trioxa-adamantyl) -4- (or

1Bu)t butylf errocene; 1 ,2-bis
(d| adanantylphosphlnonethyl )- 4, 5-di- (2
eny op- - errocene;
(%.u %d%h%ﬁ%ﬂb%%pwmhé%wpl)llaom%wyh ) )~¢po-di-tert-butyl

'pohebylprop-2 '-yl ) ferrocene; 1, 2-bis

(di -adamant yl phosphi nonethyl) -4, 5- (di-tbutyl)
ferrocemk; 1 , 2-bis (di-adamantyl phosphi nonethyl )-4-
")t-butyl ferrocene; 1- (P, P adamantyl, t-butyl

phosp"nonethyl) d|-t butylphosphlnonethyl) -4, 5-
dy' ﬁ*ﬂ yferrocene; 1- (P, P
adamant yl , énet hyl) -2-

(di-t-butyl -4- (or 1") (2" -

phenyl prop gok; 1- (P, P adamantyl,

t - butyl phosp~ -2-

(di-t- butylphosph|nonethyl) -4, 5- (di-tbutyl)
ferrocene; 1- (P, P adamantyl, t-butyl
phpgp}blmocﬂrﬂmﬁ—bmzyl (16th o & pioUt yhphies PN) n@ne&flyltér&
(or 1' )t-butylf errocene; 1- (2 -phosphi nonethyl -
Pwty mehy ahethg$e®, 9 , 10-tri oxa-adamantyl ) - 2 -
(di-t- butylphosphlnonethyl) 4 , 5- di- (2

"-phenyl prop-2 '- yl )ferrocene; 1-

(2- phosphi nonet hyl -1, 3 ,5 , 7-tetranethyl -
t
BU\|
Bd”’&
PBU',
PBUY,

1,2-bis(di-tert-butyl (phosphinomethyl))-4-(tri-tert-
butylsilyl)benzene

PBUY,

PBUY,



10

6, 9, 10-trioxa-adamantyl) - 2 -
(di -t-butyl phosphi nonet hyl) -4- (or 1') (2

WO 2Remsibprop-2 -yl ) ferrocene; 1- PCT/GB2007/050775

(2- phosphi nonethyl - 1,3,5, 7-tetranmethyl-6, 9 ,
10-tri oxa-adamantyl) - 2 - (dk-tbutylphosphlnonethyl
)4 ,5- (di-t-butyl )ferrocene; 1- (2-

hosphlnoneth I 7-tetranethyl -6, 9
1bL%r@b&édhd%%%%r%@SYb(Ph?%@h%n%%$9¢bh%épﬁTh%hﬁ#ﬁvw}prop—

£r3ﬁ9%e%zé%% butyl ferrocene; 1-

(2- phosphi nonet hyl -1, 3,5, 7-tetranethyl-6, 9

, 10-trioxa-adamantyl ) -2- (di adamantyl phosphi nonet hyl
)-4, 5- di- (2 '-phenylprop-2 '-yl) ferrocene; 1-

( 291 [ 3 5, 7-tetramethyl-6, 9 , 10-
(dladanantylphosphlnonethyl) -4-
"-yl ) ferrocene; 1-

, 7- tetramethyl-6, 9 ,
gBagdamant yl phosphi nonet hyl )
ferrocene; I-(2-

, 5,5 1tetrarrethyl 6, 9,
10-tri oxa- adams dlaﬁanantylphosphlnonethyl)
-4- (or 1' )t- butyl ferrocene; 1-

(di -t-butyl phosphi nonet hyl ) - 2-

gf%ﬁgﬁg?g%%l hosp@+@§f§éﬁ¥%%%h%om%ﬁhyi (ELphenyl benzene

(di -t butyl phosphi nonet hyl ) - 2-
(dladanantylphosphlnonethyl )-4- (or 1') (2
[ ‘-yl ) ferrocene; 1-

) - 2-
tylpho-phlnonethyl )-4, 5- (di-t-butyl)
2, Iphosphlnonethyl) - 2-

: pt10s PRizpahet Ny t-4- (or 1 '")t-butyl
ferrocene 1}|2- bis|(2- phospﬁlnonethyl-l 3
, 5- trlnethyl 6, 9, 10 trioxatricyclo- {3 3.1.1 [3.7]
, i ' -pheR§¥prop-2 '-yl ) ferrocene;
2- pho-phlno pthyl -1, 3 ,5-trinme thyl-6,

1,2-bis(di-tert-butyl (phosphinomethyl))-3,6-dimethyl-4,5-

diphenyl benzene



trioxatricyclo-{3.3.1.1 [3.7] }decyl) -4- (or 1 ")(2
"-phenyl prop-2 '- yl) ferrocene; 1 ,2-bis

w@ 2e0plazaphi nonet hyl -1, 3 ,5-trinethyl - PCT/GB2007/050775
6,9,10-trioxatricyclo-{3.3.1.1 [3.7] }decyl )-4, 5-
(di-t-butyl ) ferrocene; 1 , Obis
(2- phosphi nonethyl -1, 3 ,5-trinethyl-6, 9 ,10-

trioxatricyclo- {3 .3 1.1 [3 .7 ] }decyl) -4- (or
)t-butyl ferroceRg, 1- (2-phosphinonethyl-1, 3

, 5-trimethyl 10-trioxatricyclo- {3. 3 .1.1 [3.
7 ] }decyl) t - but yl phosphi nonet hyl) -4, 5-
di "-yl) ferrocene; 1-

y 3, 5-

. 9, trioxatricyclo-{3.3.1.1 [3.7] }decyl)
(di -t but yl phosphi nonethyl) -4- (or 1' ) (2

S ocene; 1-

, SPBFBnethyI 6, 9,

3. 3.1.1 [3. 7] }decyl) -2-

'-nethyIpBa4 5- (di-tbutyl)

RE; j onetﬁyl-l, 3 ,5-trinethyl -

| rioxatricyclo-{3.3.1.1 [3.7] }decyl) - 2-

-4- (or 1 ' ) t-butyl

Rhosphi nonet hyl -1, 3 ,5-trinethyl -6,

p- {3. 3 .1.1[3. 7] }decyl) -2-

onethyl) -4, 5-di- (2'-

ferrocene; 1-

(2- phosphi noneRy , 3 ,5- trimethyl-6, 9
10-trioxatricyclo-{ 3 .3 .1 .1 [3. 7 ; }decyl ) -2-

(bn %ldlah%\h@wm@spwmhé@mwl)lmom%hvlyll )—¢24,5

(oL ot ie) 37 etri et hyl -6, 9, 10-

trloxatrlcyclo {3 . 3.1 .1 [3 .7 ] }decyl) -2-
(diadanantylphosphinonethyl )-4, 5- (di-t-butyl)
ferrogene; |-(2- phosphinonethyl-1, 3 ,5-trinethyl-6,

9 ,104ftrioxatricycl o-

4-(1-{3,4-Bis-[(di-tert-butyl-phosphanyl)-methyl]-phenyl } - 1-methyl-ethyl)-benzoyl chloride



w@ 2e0plazaphi nonet hyl -1, 3, 5, 7- PCT/GB2007/050775

10

15

{3.3.1.1[3.7] }decyl)-2- (diadamantyl phosphi nonet hyl)
-4- (or 1')tbutyl ferrocene; 1 ,2-bis-perf luoro

tetranethyl -6,9,10-trioxatricyclo{3.3.1.1 [3.7]
}-decyl) -4, 5- di- (2 '-phenylprop-2 -yl )
ferrocene; 1 ,2-bis-perf luoro (2- phosphi nonethyl -
3,5, 7-tetranethyl-6, 9,10- trioxatricyclo{3.3.1.1
D decyl )-4- (or 1 ')(2 '-phenylprop-2 '-yl)

;1 ,2-bis-perf luoro (2-phosphinonethyl-I1, 3

S -6, 9, 10-trioxatricyclo{ 3 .3
, (dit- butyl) ferrocene; 1
Iuoro (2-phosphinonethy| 1,3,5,

errocene 1 2 bi s-

PBU2

9, 10- trioxatricyclo{3

3 .1 .1 [3 .7 ] }de 5-di - pPgd,"' - phenyl prop- 2

yI ) ferrocene 1, 2- Rosphi nonet hyl -1, 3 |5
7-tetra (trifluoronethyl)- 6, 9 ; 10-trioxatricycl of
.3 .1.1[3.7] }decyl )-4- (or 1 ')(2'- phenylprop-2

' tyé }})15%{9’@§P@+b&t 1 §os61$1¥1§&9§ﬂhyﬂpﬂ@1 pyt- 1,3,5,
et yl)
18

(2 phosphlnonethyl [
7-tetra(trifluoro- nei

ra(trifluoro-neth ) trloxatrlcyclo
010dafBoryl jeleeyy ) H aedzerei -t - butyl ) ferrocene; 1
2-bi s- (2-phosphinonethyl-1, 3,5, 7-tetra
rifluoro-nethyl) - 6,9, 10-trioxatricyclo{3.3.1.1
1" ) t-butyl ferrocene .

i ncl ude: i s (di-tert-butyl phosphi nonet hyl

) benzene [ di t er t but ylphospi nonet
hyl ferro F%clfli-tert-butylphosphinonethyl
)-3, 6- dlphenyl - di net hyl

1,2-bis(di-tert-butyl (phosphinomethyl))-4-

(phosphinomethyl)benzene
PBU',

PBU',

1,2-bis(di-tert-butyl (phosphinomethyl))-4-(2'-

naphthylprop-2’'-yl) benzene



benzene 1 ,2-bis (di-tert-butyl (phosphinonethyl) -4,
5-di phenyl benzeneFe2+ 1 ,2-bis
W@ 2iosHzx1d8 but yl phospi nonet hyl) - 1 '-trinet hyl BCT/¢B2007/050775
ferrocene 1 ,2-bis (di-tert-butyl phospi nonethyl) - 1
‘-tert-butyl ferrocene5 ,6-bis,
(di -tert-butyl phosphi nonet hyl ) -1,
3-bistrinmethylsilyl- 1 ,3-dihydroi sobenzof uran . 1
QOS Pl et hyl ) -3, 6-di phenyl
\§|-tert-@ﬁﬁwlphospinonethyl)
ne 1, 2 bis (di-tert-butyl
5- diPg# -tert butyl phenyl
pbut yl (phosphi nonet hyl)
imethy| silyl benzene 1 , 2-bis (di-tert-butyl
(phoglphi nonef hyl) )-4- (tertbutyldinmethylsilyl)
S 1///2-bis (di-tert-butyl (phosphinonethyl)
)f4, pis (trinmethylsilyl) benzene 1 , 2-bis
(phosphi nonmethyl ) )-4-tert-butyl
bemzenel), 2-bis (di-tert-butyl (phosphinonethyl; -4,
'ﬂi-rt-butyl benzene 1 ,2-bis (di-tert-butyl
(phosphi nomethyl ) )-4- (tri-tertbutylnmethyl) benzene 1
,2-bis (di-tert-butyl (phosphinonethyl) )-4-

(tri-tertbutglsilgl , , ,
1,2-bis(di-tert-bButyl (phosphinomethyl))-4-(3’,4'-bis(di-

benzeneFe2+ 1 , 3
-4-trimethyl si
(phosphiaQmet h

tert-butyl (phosphinomethyl) )phenyl)benzene

PBU',

PBU',

PBU',
PBU',

1,2-bis(di-tert-butyl (phosphinomethyl))-3-(2’,3"'-bis(di-

tert-butyl (phosphinomethyl) )phenyl)benzene

Bu',P PBu',

Bu',R PBU',



) benzenel , 2-bis (di-tert -butyl (phosphinonethyl)
)-4- (2 '-phenylprop- 2'-yl )benzene 1 , 2-bis
W@ diosoe1o8 but yl  ( phosphi nonet hyl ) ) -4-phenyl beCZEB2001/050775
, 2-bis (di-tert-butyl (phosphinonethyl) )-
6-di met hyl -4, 5- di phenyl benz $ne1 ,2-bis
(di-tert-butyl (phosphinonethyl) )-3, 4, 5, 6 -
tetraphenyl benzene 4-(1-{3, 4-Bi s-
[ (di -terZ-butyl-phosphanyl)-net hyl]-phenyl

-1l ) n | 5_(0r_
_%u%3?1@%%035%%%0%2?%f?%ﬁo Pﬁéﬂ@%l%g%gagb%%§T$gﬁeny (2
) benzZeney 1-4 2, bl sb{sidiere¢xbut yl (phosphlnonethyl)

i honet hyl nzen bi s -tert-butyl

UBhoehhrRoRgs hgPse s Hud) ¢ @“%gio}ﬂ?%%?o S

5 benzenel ,2-bis (di-tert-butyl (phosphinonethyl) )-4-
(3, 4 “bis (ditert -butyl (phosphinonethyl) )phenyl)
benzene 1 ,2-bis (di-tert-butyl (phosphinonethyl)
)-3-(2' 3 -bis(ditert -butyl (phosphinonethyl)

, \Qﬁézenel , 2-bis (di-tert-butyl

(phogphi thyl) )-4-tertbutyl-5- (2 ' tertbutyl-

' ‘|- bi di -tertbutyl (phosphinonethyl) )phenyl)

benzene ' /- -PBu. cis-1, 2-bis

(di -tertyYbutyl phosphi nonet hyl ), 3, 6, diphenyl -

di met hyl { cycl ohexane Exanpl es of norbornyl bridge

nQn-aronktic bridged |igands include :-(2-exo,

3- exQ)<bi Cy loNQ‘?‘iT%Eptane 2, 3-bis(di-tert-butyl phos

sph -th, ) Exanples of substltuted non- aronatlc
br1 dged |gand‘%ffuéﬁubes i ncl ude : -

10  cis-1, 2-bis (di-tert-butylphosphinomethyl), 3, 6, diphenyl-4,5 dimethyl-cyclohexane

15

Examples of norbornyl bridge non-aromatic bridged ligands
include: -
\\\\\\\ P Butg
/aty PBul,

20



w@ aiosoz1vs but yl phosphi nonmethyl ), 1, 2, 4, 5 PCT/GB2007/050775

10

15

20

cis-1, 2-bis (di-tJt-butyl phosphinonethyl), 4, 5
di net hyl cycl ohexane cis-1, 2-bis

t et ramet hyl cycl ohexaneci s-1, 2- bis

(di-tert- butylphosphlnonethylé

di phenyl cycl ohexane ci s- bi s

(di-tert-butyl phosphi nonet hyl) cyclohexane cis-1, 2

bis (di-tert-butyl (phosphinonethyl) -4, 5 diphenyl

C&@x@'%ﬂﬁ&yéo[ﬁz lﬁ‘re?taie-(z@ Lpib@i- Iertbwtylgﬁ&?ﬁi%h]@ﬁ&ﬁt hyl)
1, 3- bis (trinet yf) - 3a

7a- hexahydro I, 3H|sobenzof uran . In the above

exanpl e, structures of | i gands of general formula (1),

one or nore of the X1-X4 tertiary carbon bearing

groups, t-butyl, attached to the QL and/or @ group

orus nmay be replaced by a suitable alternative.

Prefe.‘ed alternatives are adamantyl, 1,3 di nethyl
ada , congressyl, norbornyl or 1- norbondienyl,
or ' ogether and/ or X3 and X4 together form

t gge e | usphorus a 2-phosphatricyclo [3 .3
) group or a ring systemof fornula la
re|n such as 2-phospha- 1, 3,5,

7-tetranet hyl -6, 9° 10- tri oxadamantyl, 2- phospha- 1

3 ,5- trinethyl 6, 9 , 10- trioxadanantyl or P-2, 2,6, 6-

T e AR R LRSS A b RaREbstiad o

t he conbi ned X1 X2 and X3/X4 groups are the sane but

it my al so be advantageous to use different groups to
produce asymetry around the active site in these

sel ected |igands

Examples of substituted non-aromatic bridged ligand

structures include:-

H,;C

it PBul,

.n,’///
HaC ” PBU';

cis-1, 2-bis (di-zert-butylphosphinomethyl), 4, 5 dimethylcyclohexane

HsC

ot PBU',

. "I,/
////

PBuU',

cis-1, 2-bis (di-tert-butylphosphinomethyl), 1, 2, 4, 5 tetramethylcyclohexane



and generally in this invention. Typically, the group
X1 represents CRL R 2)(R 3) , X2 represents CR4 (R

WQLR0EN08 X3 represents CR7 (R 8)(R 9) and  PCT/GB2007/050775
X4represents CR10 (R 11 )(R 12 ), wherein Rl to R12
represent al kyl, aryl or het Particularly preferred
is when the organic groups R1 - R3, R4-R6, R7- RO and
/or R10- R12 or, alternatively, R R6 and/or R7-R12

ociated with their respective tertiary carbon

orm conposite groups which are at | east as

y hindering as t-butyl(s). The steric

e groups may be cyclic, part-cyclic or

When cyclic or part cyclic, the group may be

subst|i tuted or unsubstituted or saturated or

unsaturated The cyclic or part cyclic groups may

The cycllc structure may be substituted by
S nnréWs;imﬁ&ﬁuents sel ected from hal o, cyano,

), OR19, OC(OR 20, C(OR 21, C(O) OR 22, NR23R24,
C(O) R 25R26, SR29, C(O SR 30, C(S)NR 2 7R28, aryl or
erein R19 to R30 are as defined herein, and/or
upted by one or nore oxygen or sulphur at ons,
ano or dial kylsilcon groups. In particular,
ic, X1, X2, X3 and/or X4 may represent
eSsyl, norbornyl, 1-norbornadienyl or

cis-1, 2-bis (di-tert-butylphosphinomethyl), 3, 6, diphenylcyclohexane

il PBUY
oy,
c “——paut,
cis—- 1, 2-bis (di-tert-butylphosphinomethyl) cyclohexane
t
PBu 2
t
PBu 2

10
cis-1,2 bis(di-tert-butyl (phosphinomethyl)-4,5 diphenyl

cyclohexane



adamantyl, or X1 and X2 together with Q2 to which they
are attached forman optionally substituted 2- Q-

wao ejospzdies [3 .3 . 1.1{3 , 7}]decyl group or derPWHGB®7/050775

10

15

20

25

thereof, or X1 and X2 together with @ to which they
are attached forma ring systemof formula la(la)
Simlarly, X3 and X4 together wth QL to which they
are attached may forman optionally substituted 2-Ql-
tri s [3 .3 .1.1{3 , 7}]decyl group or derivative
or X3 and X4 together with QL to which they
Forq a ring systemof formula Ib (1

one B#Usore of the groups X1, X2, X3
present a solid phase to which the
wpid'cul arly preferred i s when X1,

' and X2 together with its

resgective @2 atom and X3 and X4 together with its
respgfiei,ve QL atom are the same or when X1 and X3 are
the same whilst X2 and X4 are different but the sane
as each other In preferred enbodi nents, RL to R12

each n lent epres al k t o
% eac nﬁe%%%% ???Egepr%%%%?m% d¥oge{ é_IZIkyI

abi/é(’@flﬂrl&thyﬂélﬂlﬁllﬂ BBA4, wheni preseskahe@ch-1, 3H-

|ndependently repr esent hydrogen al kyl or aryl;R50 to

R530LepRehu bt esent, each independent!|y represent

aIkyI, aryl or Het;

In the above example, structures of ligands of general
formula (I), one or more of the X -x* tertiary carbon
bearing groups, t-butyl, attached to the Q' and/or Q2
group phosphorus may be replaced by a suitable
alternative. Preferred alternatives are adamantyl, 1,3
dimethyl adamantyl, congressyl, norbornyl or 1-

> and x*

norbondienyl, or X' and X together and/or X
together form together with the phosphorus a 2-phospha-
tricyclo[3.3.1.1{3,7} decyl group or a ring system of

formula 1la or 1b as defined herein such as 2-phospha-

1,3,5, 7-tetramethyl-6,9,10-trioxadamantyl, 2-phospha-
1,3,5-trimethyl-6,9, 10-trioxadamantyl or P-2,2,6,6-
tetramethyl-phospha-cyclohexan-4-one. In most

embodiments, it is preferred that the X'-X* groups or the
combined X'/X’ and X°/X' groups are the same but it may
also be advantageous to use different groups to produce
asymmetry around the active site in these selected ligands
and generally in this invention.

Typically, the group x? represents CRlﬂg)(R3), X?

3

represents CR*(R’) (R®), X’ represents CR(R’)(R’) and Xx*



YY1 and YY2, when present, each independently
represent oxygen, sulfur or NNR 55, wherein R55

W0 epsezam s hydrogen, al kyl or aryl. An exanplBCT/GB2007/050775

10

15

20

25

30

conmpound of the above fornulas la or Ib, when R50-R53
are nethyl, R49 and R54 are H,, YYl or YY2 are 0 and
QL or @ are phosphorus is 2 % 6
6-t et ranet hyl - phospha- cyclohexan -one . Preferablg
RSP 6e Dt 24 % Kﬁdép@hdéntW?e¥%b?e§eﬁﬂ>éfkyFeBFe§?9 alkyl,
Morey prefeLably, RL to R12 each independently
represent Ci1 to C6 alkyl, C-Cg al kyl phenyl (wherein
t he phenyl group is optlonally substituted as aryl as

fined in) o he (wherein the e roup is
Bt Orai TS BlnbeFFaPEat s s e Moo B e S RS- R,
Evemépore’ pr @Peramiy /Rl RO°-Rlz'each, |n§@@@£‘ﬁ§ﬁﬁ_{7¥ly, R'-R°
represent Cl1 to C6 alkyl, which is optlonally

s@rb@f@lf ut B4-Rs aliAn asadeprhedcfer gilwh Mosteir respective

I .
2oL L) Ve Mok 040 AR P REDL OO LR are
i 302 pr opy| $te§1fbcuaiyly hsodbutyd, as ertbbuyyls) pentyl,

hexyl and cycl ohexyl, especially nethyl. In a
particularly preferred enbodi nent of the present

I ventEeni RlcoR osBzea@QoB%@ BEPELSENE, t€2r§aﬁ§clic or
al kyl , aryl or t noiety as defined her ei n, , R5,
REC AR R 1 SHI r 6pFésentont hZ@aébn@Yeﬂlﬁ—)ﬂ takﬁeyl gspuRetmay be

ML ELY; t?ﬁ%@e%n@%{’b@t%u@% R3. %S%uf?té‘cg‘doﬁl%nég%ﬂrated.
represen e sane al kKyl, aryl or noi ety as
dBﬁenegcmebadr orte yeiECabkpuBk 4, e iR1P contain,

each represent the sane C - §¥ PartlcuIaH
nbiRc SEbsR t Gted €Lt s Al Wffbogu A8 et hyF OMetGyyCoer  moTe

Ns PEOPYA 1 ¥ S@: PEOPY Imo ¥ PYEY¥Eerably CL0-Cyy carbon atoms in
the cyclic structure. The cyclic structure may be
substituted by one or more substituents selected from
halo, c¢yano, nitro, OR'Y, 0C(0)R?*°, <C(O)R?, C(0)OR?

NR?’R?*, C(0)NR*’R*®, SR?’, C(0)SR’®, C(S)NR?'R?®, aryl or Het,
wherein R to R are as defined herein, and/or be
interrupted by one or more oxygen or sulphur atoms, or by
silano or dialkylsilcon groups.

2

In particular, when cyclic, Xl, X, x?

and/or X° may
represent congressyl, norbornyl, l-norbornadienyl or
adamantyl, or X' and X? together with Q° to which they are
attached form an optionally substituted 2-Q%-
tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof,
or X' and X? together with Q° to which they are attached

form a ring system of formula la



i so-butyl, tert-butyl, pentyl, hexyl or cycl ohexyl;
R2, R5, R8 and Rl11l each independently represent the

W@ 2008/05108C6 al kyl as defi ned above; and R3, RGPCRGB2wd/050775

10

15

20

25

R12 each independently represent the sane C -C6 al kyl
as defined above. For exanple§8R1, R4, R7 and R10 each
represent nethyl; R2, R5, R8 and Rl1l eachrepresent
ethyl; and, R3, R6, RO and R12 each represent n-butyl
or n-p&\lyl . In an especially preferred enbodi ment of
the pye an1invention each R1 to R12 group represents
ay R34 aryl, or Het noiety as defined herein.
Preferably] when al kyl groups, each Rl to Rl12
ssame Ci to C6 al kyl group
n-substituted G -C 6 al kyl, such as
met tpgi, et hykse n-propyl, iso-propyl, n-butyl,
iso-butgl tert-butyl, pentyl, hexyl and cycl ohexyl.
Mor e préﬁ%rably, each R1L to R12 represents nethyl or
tert-butyl, nost preferably, nethyl. The 2-Q (or
Q)-tricyclo [3 .3 .1 .1 .{3, 7}]decyl group
(s efiarred, t ©° hedexhafdeerhas ait2r MEt Ao adamanttylkeygadeipattached
for conveni ence wherein 2-neta-adamantyl js
r ?%renceg?%ncn or®t@ beﬁﬂggﬁﬁaiggenic,Sgh??ﬁﬂﬁfdor 2-01-
phoisplapls . at bm i3, €. 1 2eays agadamat Herdrdf Ove 2ehereof, or X°
sti bas.adamaptyl and/ or; 2-phospha- adamant yl
P oAbty bt RO, B RO L ardery mey form @
coirpr isyefebesi dermpdrofien at ons, one or nore
substituents . Suitable substituents include those
substitdents as defined herein in respect of the
o%ﬁ. Hi ghly preferred substituents include
idtil'arly unsubstituted G -C 8 al kyl,

(1b)

Alternatively, one or more of the groups xt, x*, X’ and/or Xx* may

represent a solid phase to which the ligand is attached.

Particularly preferred is when X', X*, X’ and X' or X' and X*
together with its respective Q? atom and X° and X' together with
its respective Q' atom are the same or when X' and X° are the

same whilst X? and X* are different but the same as each other.

In preferred embodiments, R' to R' each independently represent
alkyl, aryl, or Het;

30

R to R each independently represent hydrogen, alkyl, aryl or

Het;

R* and R’*, when present, each independently represent hydrogen,

alkyl or arvyl;



trif luoronethyl, -OR19 wherein R19 is as defined
herein particularly unsubstituted G -C8 al kyl or aryl,

waews47siodwdecyl phenyl . Wien the 2-net a- adamanegl/Gge@aps0775

10

15

20

25

30

35

i ncl udes nore than one substituent, preferably each
substituent is identical. Pref ?rably, t he

2- et a- adanantyl group is substituted on one or nore
of_,the 1 , 5 or 7 positions w a substituent as

defi hed ther e‘i”i*\en BT &° Pitef eroab! ymdteﬁ@nﬁe?r’é]t% Ry atkyl,
00 oirsusupstituted on each of the 1, 3 and 5

positions. Suitably, such an arrangenent neans the Q
atom of the 2-neta-adamantyl group is bonded to carbon
atvmantinythe vadanmpptyéniskelehonnhapé ngma yhydpogesnt oxygen,

at ons. Most ref rabl t.he 2-neta-adanmantyl group is
SUbSTIT GEed B ¢AEH ST Rhe 17 S0t o8 NAREP oSty o 2rvL-
V%en t he 2 neta adanantyl group |ncludes nor e than 1
bstitu refera ch_substitue i dent
P g BrBr TRt e Fottnte e bt | s ggen RO
CieC n&taﬂyliyl RﬁandnhaRﬁahbeH, par't |o®uIYa?Iq/raerwbsit iof ubedd’ are
al kyl s d fluo ated G -C 8
GHETSLR b5 4r1 10 1 Ior O MY | B GGl e onestan—d-one.
2 neta adanantyl represents unsubstituted
mant 2~Net a- ada nt stituted w
o%%e %Ve ﬁ%s&k?st%{tut CEhc TEETA QﬁPtg b§FPfﬁ%‘?ﬁts a%)]FYl or
daanbi Mateoprdﬂyaeemﬁ ]?PtefEPabéqh ﬂd@%pendently represent C;
amant gro ncl udes dition
hé?e%%a%ﬂiqs ¥h8 #gh %1 %' gglrelP %Pﬁephenyl group is

zﬂﬁek@aadan&mbytlsk@kbt@m aSpltablekﬁddeﬁlamabln or phenyl

teroato in en and, sul ur
CEUSLRAhOTR BELC INEOD 00 SR AN Bk ruted a5 ary as

defined herein). Even more preferably, R* to R each
independently represent C; to Cg; alkyl, which is optionally
substituted as alkyl as defined herein. Most preferably, R' to
R' each represent non-substituted C; to C; alkyl such as methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl,
pentyl, hexyl and cyclohexyl, especially methyl.

In a particularly preferred embodiment of the present invention
R', R', R’ and R' each represent the same alkyl, aryl or Het
moiety as defined herein, R?, R’, R’ and R'" each represent the
same alkyl, aryl or Het moiety as defined herein, and R’, R°, R’
and R'” each represent the same alkyl, aryl or Het moiety as
defined herein. More preferably R', R* R’ and R each
represent the same C,-C; alkyl, particularly non-substituted C;-
C¢ alkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, tert-butyl, pentyl, hexyl or cyclohexyl; R? R°, R’
and R'" each independently represent the same C;-C; alkyl as
defined above; and R?’, R°, R’ and R'” each independently
represent the same C;-C; alkyl as defined above. For example:

R', R*, R’ and R' each represent methyl; R? R°, R’ and RY" each



nmet a- adamantyl group includes one or nore additiona
heteroatons in the 6 , 9 and 10 positions. Even nore

w@e@Beram y, the 2-neta-adamantyl group incl udesr/aB2007/050775
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addi ti onal heteroatomin each of the 6 , 9 and 10
positions. Mst preferably, mggn the 2- neta-adamantyl
group includes two or nore additional heteroatons in

t he 2-neta-adamantyl skgleton each of the additiona

het BT oaLonBt aY e idénti &al .} Bfe?%%ﬂ% §47¢ represent n-butyl
2oirei-aadapant yl i ncl udes one or nore oxygen atons in

the 2-netaadamantyl skeleton. An especially preferred

2- met a- adamantyl group, which may optionally be

subsdn taHed i Wi if ENer Ofr A0 kebsaDsdrtt uﬂwtt&ea@rdséhmeﬂnvention
her%&dﬁ'ln0|q es _an oxygen aton1|n each of t

oS U ond o { PP S, S AmareY Oate gAYl of met
fﬂ@ﬂaay pﬁehﬁﬁnaédzhﬁeéﬂnadamamﬂwklgroupsna51k¥ﬁ|gmnhps, each

in 1nc|ude 2- ha 7-tetranethyl-6,. 9
RO R, xR ToE aln fhatd oot L6F} [ Firnypagt i Garly
ndd%duhsoxaﬂaﬂnneyhﬁ aiphbsphaeh1a$ aethﬁlh atmfmwzm.propyl
| uo onmet 0- trlox P,
SRR TSPt AT T o oret Ry ey 2 ana

1<Qyzct1rqh@xaalanmﬂwIpr@rfeupblMsetacmr af etrcakﬂli/ refresents methyl or
t&ﬂ7ﬁﬁga aqg n%nge%ag %O e%g Eron12 phospha-1, 3
te

rane rlgxadanantyl group or
2-phospha-1, 3 ,5 ,-trinethyl-6, 9 , 10- trloxadanantyl

Of,0U B, %Z?SJ?rélql%rlwgPo e 1t gaf‘% ONe d% I i&%gg@%fyelrred to

group i's present in a conmpoun fornmu
2heretigaddanant yd gretp-pdandentli gabur HowevaEmvept egah wherein

a} s be .adyant.ageous, 'Ie 'I@EE%”t é}“ gands ALy an arsenic,

prepared and 1'f such |igands inclu
2anfeitnad AranPyPSYraws | dFeor pbrat | Agat e adkmanom t hed/or  2-

oéggﬂé—adamantyl and/or 2-phospha-adamantyl, preferably, 2-
phospha-adamantyl) may optionally comprise, beside hydrogen
atoms, one or more substituents. Suitable substituents include
those substituents as defined herein 1in respect of the
adamantyl group. Highly preferred substituents include alkyl,
particularly unsubstituted C;-Cg alkyl, especially methyl,
trifluoromethyl, -OR"” wherein R is as defined herein
particularly unsubstituted C;-Cs alkyl or aryl, and 4-
dodecylphenyl. When the 2-meta-adamantyl group includes more

than one substituent, preferably each substituent is identical.

Preferably, the 2-meta-adamantyl group is substituted on one or
more of the 1, 3, 5 or 7 positions with a substituent as
defined herein. More preferably, the 2-meta-adamantyl group is
substituted on each of the 1, 3 and 5 positions. Suitably, such
an arrangement means the Q atom of the 2-meta-adamantyl group
is bonded to carbon atoms in the adamantyl skeleton having no
hydrogen atoms. Most preferably, the 2-meta-adamantyl group is
substituted on each of the 1, 3, 5 and 7 positions. When the 2-

meta-adamantyl group includes more than 1 substituent



groups can be found on the 2 atomor vice versa. The
2- net a- adamantyl group may be prepared by nethods well

wopwsa731e8 t hose skilled in the art. Suitably, PEr/GBRIO7/050775
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2- phosphaadamant yl conpounds are obtai nable from Cytec
Canada I nc, Canada. Likew se gﬁrrespondi ng
2- net a- adamantyl conpounds of formula | etc rray be

obtai ned_fromthe sane suiepl i er or prepared
A T GG6HSY nBERdAS RS Pl érat r éd é%%ﬁ%%t?s@fecﬂﬁely preferred

pélﬁﬁﬁﬁttuieﬂt’ﬁntéﬁbn Inchudei those whecei ralkyXS and haloakyls,
resents CR7 (R é%&& %? X4 represents %

)p rt)%furléﬁr%sérﬂsélb te Cﬁ) CR3) *andt XZSLrCebr é‘§en gthyl and

R Rn3)}ed R 6L ;alX3 1r epeesentts iER{of Fd)yRI) , X4

represents CR (R11 (R12 ) , and X1 and X2 together

wWth @ to which they are attached forma
Zrpdresphaadarantyh-giouwmt vX3 degpeesend S ueRIb R B)EeR9)2-met a-

, X4 r esent 1 and.

R L . CoTE e reRnr by WPBTAE ETehodiFBy qug or more
romguisysteneof ¢oCaul alkar (dé)X3tuepresentss CR7(Ebmbination
8QI§R9 o X4 represents adamantyl, and X1 and X2

toget er with @ to which they are attached forma

2- phosphaadamantyl group; X3 represents CR7(R 8) (R9)
>iDre\rlf\’(e‘leD EE%GZRIS &da@tmew ngr? %nd %Egogletc ude th(%clonal
ey are ‘attache rma rin

fMﬂUﬁﬂoatbae,(oﬂh@g than the 2-Q atom, in the 2- meta adamantyl
skeleton. Suitable additional heterocatoms include oxygen and
sulphur atoms, especially oxygen atoms. More preferably, the 2-
meta-adamantyl group includes one or more additional
heteroatoms in the 6, 9 and 10 positions. Even more preferably,
the 2-meta-adamantyl group includes an additional heterocatom in
each of the 6, 9 and 10 positions. Most preferably, when the 2-
meta-adamantyl group includes two or more additional
hetercatoms in the 2-meta-adamantyl skeleton, each of the
additional heterocatoms are identical. Preferably, the 2-meta-
adamantyl includes one or more oxygen atoms in the 2-meta-
adamantyl skeleton. An especially preferred 2-meta-adamantyl
group, which may optionally be substituted with one or more
substituents as defined herein, includes an oxygen atom in each

of the 6, 9 and 10 positions of the 2-meta-adamantyl skeleton.

Highly preferred 2-meta-adamantyl groups as defined herein
include 2-phospha-1,3,5, 7-tetramethyl-6,9,10-trioxadamantyl, 2-
phospha-1,3,5-trimethyl-6, 9, 10-trioxadamantyl, 2-phospha-
1,3,5,7-tetra(trifluoromethyl)-6,9,10-trioxadamantyl group, and
2-phospha-1,3,5-tri(trifluoromethyl)-6,9,10-trioxadamantyl

group. Most preferably, the 2-phospha-adamantyl 1is selected
from 2-phospha-1,3,5,7-tetramethyl-6,9,10-trioxadamantyl group
or 2-phospha-1,3,5,-trimethyl-6,9,10-trioxadamantyl group.



X3 represents CR7(R 8) (R 9) , X4 represents adamantyl,
X1 represents CR RRM R3) and X2 represents CR4 (R

WG L(0RE)5198 X3 represents CR7(R 8)(R 9) , X4 repPE&B6BR®7/050775
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congressyl, and X1 and X2 together with 2 to which

they are attached forma 2-ph§§phaadarrantyl group; X3
represents CR7 (R 8) (R 9) , X4 represents congressyl,

X1 represents CR R2 (R3) and X2 represents CR4 (R 5)(R ,
6)T STeX8PARd XS Thdépéfdehtty r8pr esefittadditartyyl anPue 1
XFr ittt X2nt ggedherund bl €Brd0 ai, cBathey-e -atbashed group
forma 2-phosphaadamantyl group; X3 and X4 ,
i ftlep&RAENtR Y r epr@YENET adatfanty?, and° xPanddxgntageous  if
togetrkeriw thgfad camhiwhfahey ane att achedifgdmasa include a

ring systemof fornula la;( la) X3 and X4 .

RS GTHaNE! § ST S ed He T Batataney NS0 epF@befbgn other
CR &M R3) androddr epresert’satid (fRvBrERBIrsa . X1, X2,

X3 and X4 represent adamantyl; X3 and X4 together with

QL to which they are attached may forma ring system

ofhd opnmd g Hablamib} vy andr Xip andyX2bd ogetberedM dh @Rthods well

ich they are attached forma .ri . em of _forml
S g B P R aeperirii'y Fobr Qb CoRG Bobyy o
amthréhtghd Xndcogethearan tofvt@2nélolevhifchmt heytear eCanada  Inc,

aéé&%ﬁl?d ffgﬁg#%s%_QQ%%QQ@%%%%@EPt)dmeta—adamantyl compounds of
formula I etc may be obtained from the same supplier or

prepared by analogous methods.

Preferred embodiments of the present invention include those

wherein:

X’ represents CR'(RY)(R’), X' represents CR'(R')(RY), X'

represents CR'(R?) (R’) and X® represents CR*(R’) (R®);

X’ represents CR'(RY) (R’), X' represents CR'(R') (R*¥), and X' and
X* together with Q? to which they are attached form a 2-phospha-

adamantyl group;

X’ represents CR'(RY) (R’), X' represents CR'(R') (R*¥); and X' and
X’ together with Q° to which they are attached form a ring

system of formula la;

YY!

R53
R51 R52




group; X3 and X4 together with QL to which they are
attached may forma ring systemof formula Ib ( 1 b)

w@easHIsiehd X2 together with 2, to which t heyPE¥/€B2007/050775
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attached form a 2-phospha-adamantyl group; X3 and X4

I ndependent |y represent congr%%syl, and X1 represents

CR RZM R3) and X2 represents 4 (R 5)(R6) ; X3 and X4
together with to which ,they are attached may forma )
r¥ ng S8yt e D T 6F iRa 1 B (TEPBYSRE Sr épFBeRnty ORIRF and X
(RYetard ¥2thept esentisi CRAHIR ShERG)ktacKSd angr4a 2-phospha-
together with QL to which they are attached forma 2-

ph Y3dahaimyl group, and X1 and X2 together with

@ to which they are attached forma

2-phospha- adamant yl group_Hi ghl referred enbodi nents 5
oF R B atan e b dr b ¥ neiadaboPhos cdarar g, a8 R Sand
reprasent i CR70R 8) (RA)kh, tXdy r &pr esanicheCREORL 1a (Rl2y )system
, repr es nts CR R2 (R3) and X2 represents CR4 (R

53%%6? 8 gae’ci ally where R -R12 are nmethyl.Preferably

in a conpound of formula | , X3 is identical to X4

and/or X1 is identical to X2. Particularly preferred

combi ndth'ons in the present invention include those

T -H1l) X3 represents CR7 (R 8)(R9) , X4
r /CABY (R 11 )(R 12 ), Xl represents CR R2
(R3) represents CR4 (R 5)(R6) ;
R R53

R51 R52

X’ represents CR'(RY) (R’), X' represents adamantyl, X' represents

CR?(Rz)(R3) and X2 represents CRA(RE)(RG);

X3 represents CR7(R8)(R9), x* represents congressyl, and X! and %%
together with Q° to which they are attached form a 2-phospha-

adamantyl group;

X3 represents CR7(R8)(R9), x* represents congressyl, x!

represents CR'(R?) (R’) and X® represents CR*(R’) (R®);

X’ and X' independently represent adamantyl, and X' and X°
together with Q° to which they are attached form a 2-phospha-

adamantyl group;

X’ and X' independently represent adamantyl, and X' and X°
together with Q° to which they are attached form a ring system

of formula la;



A and B are the sane and represent -CH2- ; QL and
both represent phosphorus linked to the R group at

wo pevg/opasdtions 1 and 2 ; R repr esents 4- PCT/GB2007/050775
(trinmethylsilyl) -benzene-1, 2-diyl (2) X3 represents
CR7 (R8)(R9) , X4 represent (R11 (R12 ) , X1
represents CR (R 2)(R3) and Xﬁ represents CR4 (R
5)(R6) ; A and B are the sane and represent -CH2- ; QL
and Y6t h represent phosphorus |inked to the R group

at og3itions 1 and 2 ; R represents

4-R% -berR®ne-1, 2-diyl . (3) X3 and X4 together
with to V\/nichthey are attached forma

2 ar%Qtyl group, and, X1 and X2 toget her
Wi th h they are attachedforma

2- phsphaadagaant yl group; A and B are the sane and
represent -CH2- ; QL and 2 both represent phosphorus
li nked {18)t he Rgroup at ring positions 1 and 2 ; R

repres nts 4- tr| | silyl) -benzene -diyl .
S, st Fepr SR Saa G A andt B GrRresents
td:ré Ré)n(&z anﬁhcr epr esentsenChRer® (RQL(ENE 2 bot h
represent phosphorus linked to the R group at ring
positions 1 and 2 ; R represents 4- (trinmethylsilyl)
5 -benzxener lan@-di yépredemef edabinsyli;n t he conpound of
formula | , A and B each independently represents C i

to C6 al kyl ene which is optionally
X’ and X® together with Q' to which they are attached may form a

ring system of formula 1b

YY2

10 (1b)
and X' and X? together with Q” to which they are attached form a

ring system of formula la;

YY!
R4° H /H R54
R30 R53
RS51 R52

15

X’ and X' independently represent congressyl, and X' and X°
together with Q° to which they are attached form a 2-phospha-

adamantyl group;



substituted as defined herein, for exanple wth alkyl
groups. Preferably, the | ower al kyl ene groups which A

wWa@eesB7y1epr esent are non-substituted. Parti cul B€T/GB2007/050775
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preferred al kyl ene which A and B nmay i ndependently
represent are -CH2- or -C2H4-.. Most preferably, each

of A and B represent the sane al kyl ene as defi ned

herein, particularly -CH2- . Alternatively, one of A

or Bis Cie @ or QL is connected directly to the
gr'oupdRrand gthge pthah Q@ gfrOUMiich BBLy CoMEstedhed may form a
directly to the group Rand is a Ci to C6 al kyl ene,

pr Bt % ryBF§™ - CH OB e coMa- |, nost preferably, - CH2- .

Still {yether preferred conpounds of fornmula I include

t hos jn: RL to R12 are al kyl and are the sane

argkopr efler ablyss each represents Ci to C6 al kyl,

y nethyl. Especially preferred specific
cpapounds pf formula | include those wherein: each Rl

' eRshne and represents methyl; A and B are
thnga ang,;sepresent -CH2- ; R represents

4-t-butyl -behzene-1, 2-diyl or 4 (trinmethylsilyl) -
benzendi) 2-diyl . The term "l ower alkylene" which A

and B.represent in a conpound of formula | , when used
h&teith, 2PAckudedcense1dr gt 1 t0 €14 grsups hhithechst form
thedabkehacasmmantan Heolonded at two pl aceson the

group to thereby connect the group QL or 2 to the R

group, and, in the latter case, is otherw se defined

I X tihe X* independently represent congressyl, and X' represents

CR?(Rz)(R3) and X2 represents CRA(RE)(RG);

X’ and X® together with Q' to which they are attached may form a

ring system of formula 1b

YY2

(1b)

X' represents CR'(R?) (R’) and X? represents CR*(R°) (R°);

X’ and X' together with Q' to which they are attached form a 2-
phospha-adamantyl group, and X' and X’ together with Q° to which
they are attached form a 2-phospha-adamantyl group

Highly preferred embodiments of the present invention include

those wherein:

X’ represents CR'(RY)(R’), X' represents CR'(R')(RY), X'
represents CRlﬂf)(R3) and X° represents CR4ﬂf)(Rﬁ); especially

where R'-R' are methyl.



same way as "al kyl" below. Nevertheless, in the latter
case, nethylene is nost preferred. In the fornmer case,

Wh9008073188 meant that the group QL or 2 i s conPEGBA07/050775
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directly to the R group and there is no G-GO0 |ower

al kyl ene group and in this cagg only one of A and B is
a G-Go lower alkylene. In any case, when one of the
groups Aor Bis C then the other group cannot be CO
and nmust be a Cl1-C 0 group as defined herein and,

therefrarey ah heashpongl chf Afcﬁzﬂd,lla i1 ax@ 16 Qachowel to x*
alk%;lene1 graup. The term’al kyl" when used herein,
Lk JﬁbléePBl%?%ylchﬁd i ncl udes nethyl, ethyl,

et henyl , propyl, propenyl butyl, butenyl, pentyl

penten ex hex and hepty| groups. Unle
m@grgﬁbe%ﬁeffeéae Ry SERe T R PHer g e o

81Héﬂumeeﬁhomymb&ﬁe®ﬁ carbon atons, be |inear or

branched (particularly preferred br anched gr oups

include t-butyl and isopropyl), be saturated or
UHSatundtedeptmsqnﬂﬂice Iéaykﬂic af pEamesents CR'(R') (RY), X'

cycllc/a clic 1 |tut substituted .qrs ‘)
Cr i nar 55 bRe o e SuE T BT St BotRdRr ) B
hal o, cyama, Bniate ot;heORJs@g O QeRr20enC(-OR-21, C(O OR

22, NR?Q%R%%%Sﬁ QMR 22 ebns?ﬁ%?lotsggéodsﬁ n%red%@%ﬁ R group

27R28, unsu tuted o
unsubstat utied posguhswlﬂuae@ Het and/or be interrupted

by one jor, JOLE (P e4‘ et%%&:'g)@s S 16030140 ) d%l E)‘E}Pgwcon

sul phur, SiTicon atons ano or
groups, or mxtures thereof. R19 to R30 herein each
i ndependent|y represent hydrogen, hal o,

(2) X’ represents CR'(RY) (R’) , X' represents CR'V(R') (R'?), X'
represents CR'(R?) (R’) and X? represents CR'(R®) (R°);
A and B are the same and represent -CH,—;
Q' and Q° both represent phosphorus linked to the R group
at ring positions 1 and 2;

R represents 4-t-butyl-benzene-1,2-diyl.

(3) X’ and X' together with Q' to which they are attached form
a 2-phospha-adamantyl group, and, X' and X* together with
Q° to which they are attached form a Z2-phospha-
adamantyl group;
A and B are the same and represent -CH,—;
Q' and Q° both represent phosphorus linked to the R group
at ring positions 1 and 2;

R represents 4-(trimethylsilyl)-benzene-1,2-diyl.

(4) X', x?, X’ and X' represent adamantyl;



unsubstituted or substituted aryl or unsubstituted or
substituted alkyl, or, in the case of R21

wa@emsviamal |y, halo, nitro, cyano, thio and anPCOGBIING/050775
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term"Ar" or "aryl" when used herein, includes
five-to-tennenbered, preferabgy five to eight
nmenber ed, carbocyclic aromati ¢ or pseudo aromatic

gr oups, such as phenyl , cycl opent adi enyl and i ndenyl
anlonsZéﬁ@dngpﬁfﬁfﬂmfﬁﬁpéha@?dﬁﬁgﬁﬁﬁnBe(Uﬁsubstltuted

or as agteaapt pomosubstptadad WnbBpBHEUOITIMER to the R group
substituents sel ect ed fron1unsubst|tuted or

subst i t3ft éd78r PSR L(*RTFch group may itsel f be

unsubstz trsped sent s ubsitirt uk eiely 091 1tyen nbeated-as 2defyned
herein), Het (which group may itself be unsubstituted
or substituted or term nated as defined herein), halo,

CyadT@rabit f 0,1iORL e, &K%ﬁ@deZOofCXﬂaﬂauZi ,IC(@ ORn22 B each
R24, NR 25R26 R.30 S) NR .
et R o8 PR Dap B M gorsomanas

t ermatiavkenayb? vhémasdthemnei Mfornmeanasp2 totliC &akyl groups.
aék%£¥1 ?hd EHC|EQQ§ etn§Q%hé roggnyl <9yt£ Xﬁd B represent
pen an exen ups S otherw se

S@emlmaaaiubakkewykigroaﬁwixnnﬁarWMeprehermedsakkylene which A

sid 1 gl gt ny §£no9 ntgarbo%réégura be Eﬂear CoHim. Most

I
branc ybe urat unsa ed,
awwdar@béy,paathcyélHC/au@cBlcfﬁbesaHSUbselm@medalkylene as

fiehu %geQE t?ﬁﬁ@fﬁ%ﬁ%@lQV ohe On WDLE L%%ﬁg %%Qt%f A or

e ected fromha cyano, “nifro,
@ ORQ1ic FOPORL24s NR2GRIAD OLOENRI25R26.1eSRROup R and the

%t@e%Rngro% S_M\Ro?glgggne(y{]ec&'”%lsﬂr EUE;dt@rth%uB'%Bbﬁ)u& egld is a
aryl, or "unsubstituted or substi t ut ed , Wherein
C; to C4 alkylene, preferably -CH,- or -C H4 ;, most preferably, -

CH,—.

Still further preferred compounds of formula I include those

wherein:

R' to RY are alkyl and are the same and preferably, each

represents C; to C¢ alkyl, particularly methyl.

Especially preferred specific compounds of formula I include

those wherein:

each R' to RY is the same and represents methyl;

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

R represents 4-t-butyl-benzene-1,2-diyl or 4(trimethylsilyl)-—
benzene-1,2-diyl.

The term “lower alkylene” which A and B represent in a compound

of formula I, when used herein, includes Cy—C or C; to Cy

10

groups which, in the latter case, can be bonded at two places



R19 to R30 are defined herein and/or be interrupted by
one or nore (preferably Iess than 4 ) oxygen, sul phur,

W@ 2os0DI108t ons, or by silano or dial kyl sil con BCDGB2007/050775
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or m xtures thereof. The term "al kynyl" when used

herein, nmeans Cto Co alkynylsand includes ethynyl,
propynyl, butynyl, pentynyl, and hexynyl groups.

Unl ess ot her wi se speC|f|ed al kynyl groups may, m@en

tPer 7% sTRCEUF FY Rt ursEnest ¢ FbOR°4Poffs, Obe? to the R

lineay, oind)r anchedk Decsat uralsd 1o_cr Mﬂﬁe&twlirs@t e@dribed in the
cyclic, acycljc or part cyclic/acyc
t

IC,
R STE (od SSUBET IICSY 0P Eor A YRd By ife Ttter case,
nfﬁ&tﬁly&lélﬂéthé ueiHts psekected. f mramhal ﬂ;rn@yaaasenlw@, 1s meant

OR 20 R.21 NR23R24,

Sl tRaRIbouE O o S 505 EPIN S AShe UeGs T Kt oup and
orrhe&wbs:ts tidt ed -aryllower unsyubsitd tat@c @rndsubstﬂﬁmteﬁse only
ein 9to O are defin erei n and/ or
e T G ot o1 ot e LCHES! BPRBI T T castl AN 450er when

oxygert, tadl @hcuurps SN Ion:cenlathrrsbemrtﬁey oshkan@r@rp cannot be C

dlak | |Icon r mxtures er eof . Th t
CLF%/ SC 12 ar al kqu‘li UI?ar 'd,ef'l \i Ieenreeallnk ﬁ %?%efore’ at

Ild»eestslooal df A rartche absemaeCQf ”iLmem m&ky@an@’o drivep .
contrary, be taken to be in accordance with the above
definition of "alkyl" as far as the alkyl or alk

pore | oerrof “4hey 1dr odpn susoncerrred., Treenabdietdr Cor alkyl and

up be che n re c U
boﬁ/nédlsugibg ﬁle le’nceézf'I ?61," a% ¥ 0%51;,0 ;I en§¥%§r&l or YL
thednvke n@nélyrh,sh@@ut@lnbb uh@arlst oloekeay 1t vincc oveattenit groups.
btg;{h%s%t tAaghpEnL b e&tf'l%ﬁv"' sexbe gdefined as AmQr (dL¥k is 4

ove as far as the arylene portion of the ‘group is
coidarciedt Raf®regnces§ t@rbon atoms, be linear or Dbranched

(particularly preferred branched groups include t-butyl and
isopropyl), be saturated or unsaturated, be cyclic, acyclic or
part cyclic/acyclic, be unsubstituted, substituted or
terminated by one or more substituents selected from halo,
cyano, nitro, OR'Y™, 0OC(O)R*, C(O)R**, C(O)OR*), NR*R*,
C(O)NR*R*®,  SR*, C(O)SR™, C(S)NR*'R*®,  unsubstituted or
substituted aryl, or unsubstituted or substituted Het and/or be
interrupted by one or more (preferably less than 4) oxygen,
sulphur, silicon atoms, or by silano or dialkylsilcon groups,

or mixtures thereof.

R” to R’ herein each independently represent hydrogen, halo,
unsubstituted or substituted aryl or unsubstituted or
substituted alkyl, or, in the case of R*, additionally, halo,

nitro, cyano, thio and amino.

The term “Ar” or “aryl” when used herein, includes five-to-ten-
membered, preferably five to eight membered, carbocyclic
aromatic or pseudo aromatic groups, such as phenvyl,

cyclopentadienyl and indenyl anions and naphthyl, which groups



"al karyl", "aralkyl" or the like should be taken as
references to Ar or aryl above as far as the Ar or

w@eopB/opang i on of the group is concerned. Hal o BECDGB007/050775
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wi th which the above-nenti oned groups may be
substituted or term nated i nc%yde fluoro, chloro,
bronb and iodo . The term "Het”, when used herein,

i ncludes four- to twel venenbered, preferably f our -
BN RSTDBTRR SF iRt &Y sters® Wi &?trlloﬁg§u€65%%¥‘i?doﬁi%t8r one or

e hetiedoatieRBs seleetedd f £oBk NiuhEQES t gk substltuted
sul fur and m xtures thereof, and which rings cont

i, Y 'one 20FY hor BHGbI 87 BRI BT rraySbe nvh- W&Hﬁ??btuted or

p@msltthat@aabrCt@fml\ndmlebyaar aenihad inerehayactetr . (dienh group
rin st e

R et I e teq—'mlnated as
udnsiibsi thﬁr@in@lr sudast, i tated, byn one, orom%r e 0C ( C(O)Rzl,
Z#‘EQ?@R%*&E.” Bkt GFBuE Ty €60 He RsUBEY »%u%;a

Ok’ stub st tauteed sode forad hatetinas defi ned herein) -OR19

, -OC(OR 20, -C(OR 21, - C(OOR 22, -N(R 23 )R24,

(O N(R 25 )R26, -SR29 , -C(O SR 30 or C (S)N (R
Zvljd?z&rvmefaékﬁnﬂlg WhenR30edr keasirdefiecned herei AioThtkenyl and

t" u3|ncl es _groups, such a nal |
IL&]N H%t ed azngtl di ]ro1 P yrro l|1to|‘T§nr¥§;1’, ?egtg&zy afd hexenyl
|<mtoigsl anﬁaﬁyloth@xazmybpecizis@')@ﬂzol@ﬂlken&iaehr@mgbylmay, when
{;A 0| i/é t @H}%@HQE tyI hu kgérazg yl arﬁ)%(ﬁt 5'&%9' ylae linear or

atriazol pyri dazi nyl, nor phol 1 ny pyrim di nyl,
pyraEhegl b@msrmlumytd psoqtursﬂbﬂurémﬁld giperydiieyl | acyclic or

pyL.azol yl, -and, pipanazi nyl. . SUbSLitutiony at 'é'%sE@é’uted or
terminated by one or more substituents selected from halo,
cyano, nitro, OR'Y™, 0OC(O)R*, C(O)R**, C(O)OR*), NR*R*,
C(O)NR*R*®,  SR*, C(O)SR™, C(S)NR*'R*®,  unsubstituted or
substituted aryl, or unsubstituted or substituted Het, wherein
R” to R are defined herein and/or be interrupted by one or

more (preferably less than 4) oxygen, sulphur, silicon atoms,

or by silano or dialkylsilcon groups, or mixtures thereof.

The term “alkynyl” when used herein, means C; to Cip alkynyl and
includes ethynyl, propynyl, butynyl, pentynyl, and hexynyl
groups. Unless otherwise specified, alkynyl groups may, when
there is a sufficient number of carbon atoms, be linear or
branched, be saturated or unsaturated, be c¢yclic, acyclic or
part cyclic/acyclic, be unsubstituted, substituted or
terminated by one or more substituents selected from halo,
cyano, nitro, OR'Y™, 0OC(O)R*, C(O)R**, C(O)OR*), NR*R*,
C(O)NR*R*®,  SR*, C(O)SR™, C(S)NR*'R*®,  unsubstituted or
substituted aryl, or unsubstituted or substituted Het, wherein
R” to R are defined herein and/or be interrupted by one or
more (preferably less than 4) oxygen, sulphur, silicon atoms,

or by silano or dialkylsilcon groups, or mixtures thereof.



be at a carbon atomof the Het ring or, where
appropriate, at one or nore of the heteroatons . "Het"

wQ@e@apz1omy al so be in the formof an N oxi de. PANIEBR@H50775

10

15

20

25

30

35

hetero as nmentioned herein nmeans nitrogen, oxygen,

sul fur or mxtures thereof. The adamantyl, congressyl,

nor bornyl or 1-norborndienyl group may optionally

conpri se, besides hydrogen atonms, one or nore

substituents selected fromal kyl, -OR19, -OC(OR 20

had e, t sl a1k ("0 RazélkquO)Qikazyl"py'mleaéyrkyl" or the

-N( 23 )Rad, -C (0) N (R S) %n
o lé( Rt}:lﬁ) abS@@e oﬁ( Rng%rrsaﬁ%-?)n t@ot](“r?e g t)rary, be

&E%Hﬁi ko,be fﬁxﬁﬁbﬂﬂgaﬁééﬁhfﬁh) dH@Rﬁio§% O inSOBBRO 205 “alkyl”

erein R19-R3 al o are as
BT 50 “Reb ot F S Fbe: o S5 GHoR i e eRbBrE] ot cerned.
represent hydrogen al kyl, aryl or Fbt Sui t ably, when
ih amant y con sgl, norborgg 1}h q

ot %Ivenﬁ arou% ISupst i P'oY ed”wi't a% & ofY nBPe ©F more
smb&ﬂmhmebbsdaﬁmde&emedeabay&p Wﬁgpﬂymﬁr&ﬁﬁﬂ%@ﬂlenealkyl" or

? bStHEHgEEES nClu ﬁ thbﬁ g»d to CBt%%S%%galent bond
S%Hh,menﬁ\l( Ru1'23ot)11%24useP©R 8617 rR@? as- Gr( 0y Ar{R &%ve as far

Gch%n% g }gg gcﬁ )n(R 51%1% QE otugdi(e:wg%gea egl References to

represen unsu
pﬁ@ﬂ%ﬂrlezo”aféﬂkyl"Rzg tR24 i R25shdREl é@chaken as references

i ndepen ! sent hydro QOr unsubst it ut e

09 ?i % y%&%&%%a 9 eachE?n epé%dé%%l%gre F%géﬁF of the
uwsubseﬁtg@ewbmmaKB al kyl or phenyl. In a particularly
preferred enbodi nent the substituents are Ci to C8

al kyl, nore preferably, nmethyl such as
Halo groups with which the above-mentioned groups may be

substituted or terminated include fluoro, chloro, bromo and

iodo.

The term “Het”, when used herein, includes four—- to twelve-
membered, preferably four- to ten-membered ring systems, which
rings contain one or more heteroatoms selected from nitrogen,
oxygen, sulfur and mixtures thereof, and which rings contain
no, one or more double bonds or may be non-aromatic, partly
aromatic or wholly aromatic in character. The ring systems may
be monocyclic, bicyclic or fused. Each “Het” group identified
herein may be wunsubstituted or substituted by one or more
substituents selected from halo, c¢yano, nitro, oxo, alkyl
(which alkyl group may itself be unsubstituted or substituted
or terminated as defined herein) -OR'?, -0OC(0)R?*°, -C(0)R%*,

C(0)OR*, -N(R*)R*, -C(O)N(R*)R**, -SR*’, -C(O)SR™® or -
C(S)N(R”)R28 wherein RY to R*® are as defined herein The term
“Het” thus includes groups such as optionally substituted
azetidinyl, pyrrolidinyl, imidazolyl, indolyl, furanyl,
oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl,
triazolyl, oxatriazolyl, thiatriazolyl, pyridazinyl,



found in 1,3 dinethyl adamantyl. Suitably, the
adamantyl, congressyl, norbornyl or 1- norborndi enyl
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substituents as defined above, preferably up to 5
substituents as defined above,,nore preferably up to
3substituents as defined abovée. Suitably, when the

adamantyl , congressyl , norbornyl ~or 1:norborndienyl
JPOULoRBE i SRE e Hes Py OGER afiBhRo L GHe  or SRBPEPOLInYL,

spiysddituent s gsroefiynednhesgidrazphef erablgtieaehon at Het may
substituent is identical Preferred substituents are

us ubistd tTRERTCRATES aF ki afer 17119 | For OREERypPPEOPriate, at
patd igUhmark yotunsubstt b atbndd.- C8 al kyl such as met hyl .

A highly preferred adamantyl, congressyl, norbornyl or

1- nor bor ndi enyl group conprises hydrogen atons only

i “i=t "t heocagamant vl seongrassyle, foom bor nyl NObxide.

1- nor borndi enyl group is not substituted. Preferably,

when nore than one adamantyl, congressyl, norbornyl or
Iﬂnorb@mmdhenghagasupehSi@m@$enéréih.amemnﬁomrmkqﬁen, oxygen,
fqh_dra g@qmﬂ g group is identical. Preferably,

the Bi'd8ht 58 IS a bidentate phosphine, arsine

or stlblne Ilgand preferably, a bidentate phosphi ne

an or. the e o t, refer .
e B 5° NALIANES, Sl LT SLRMERSLA R arour
|mmyLmktianm;Qs 8omp9iamd B@sidest heydrodenn apemgodipoe or more

§ﬁ§§%1@9g§9§|%%fgé%ed3¥ Lhe f.grm ﬁ@@@qp-%c«o ROT 1010 W& i tro,
erably sel ect metals such as Ru,

R**, " -C(0)OR**, cyano, aryl, -N(R*)R**, -C(O)N(R**)R*,
C(S)(RN)R%, —SR”, -C(0)SR*® ,-CF;, -P(R™)R’’, -PO(R) (R*),
PO-H,, -PO(OR®®) (OR®*'), or -SO0sR*), wherein R"-R’¥, alkyl, halo,
cyano and aryl are as defined herein and R® to R* each

independently represent hydrogen, alkyl, aryl or Het.

Suitably, when the adamantyl, congressyl, norbornyl or 1-
norborndienyl group 1is substituted with one or more
substituents as defined above, highly preferred substituents
include unsubstituted C; to Cs alkyl, —-ORY, -0OC(O)R*, phenyl,

C(0)OR**, fluoro, -SOs;H, -N(R*)R*, -P(R’°)R’/, -C(O)N(R**)R** and -
PO(R’) (R*?), —CF;, wherein R'’ represents hydrogen, unsubstituted
Ci-Cs alkyl or phenyl, R*, R*, R*, R*, R*, R*® each
independently represent hydrogen or unsubstituted C;-C; alkyl,
R°® to R each independently represent unsubstituted C;-Cs alkyl
or phenyl. In a particularly preferred embodiment the
substituents are C; to Cg alkyl, more preferably, methyl such as

found in 1,3 dimethyl adamantyl.

Suitably, the adamantyl, congressyl, norbornyl or 1-
norborndienyl group may comprise, besides hydrogen atoms, up
to 10 substituents as defined above, preferably up to 5

substituents as defined above, more preferably up to 3



Rh, Gs, Ir, Pt and Pd. Preferably, the netals are
selected fromRu, Pt and Pd. Mre preferably, the
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10 nmetal s include salts of such netals with, or

conmpounds conpri sing weakly cogrdi nated ani ons derived
from nitric acid; sul phuric acid; |ower alkanoic (up
to Ci aci ds such as acetic acid and praopionic acid;

2) . ( ;
stHpHahiPe aei 68 SGER"ES ABPKaneSSutPHoni cigdi dthe adamantyl,
chdarresulphonicrraehds fduonosubphaniienaci d, drdub  comprises,
| uor omret hanesul phoni ¢ aci d, benzene sul phoni ¢ acid, ,
napht¥al ene*SaFPhSHCESaciods t%61 UBHe st UEPRE} @5 defined
eh@ceiml-%t gémawkp%hf ﬁl@ﬂ)ﬁ;itﬁlbugyhsﬁrhﬁ)m&lad oheferred
and 2- r oxypr opane sul phoni c_aci d;_ sul phonated._ion
R i S B B P T PPt o Vael Qo Eromety1,
resifisulpel hahheumtidusdehcas, perighl onice aei flethyl. A highly
hal o enageddparbox%Jic aci ds guch aﬁ trighlorqgcetic 44 1
A dEARa % AP oY vackt € BEd:  YER8pRGs pRbr ifcaEr Y ndteny
phosghoniompackds shigdr @snberzenephosphoniice aci dye anglamantyl
acidsderived [rom | nfer agti ons, betucen hawi s agids oo oo
and Bréénst ed "acirds.Y O h&r sour Ces Wwhi ch ‘may Provi de
suiltsablcetaai ons i ncl ude the optionally hal ogenated
tetraphenyl borate derivatives, e.g. perf
| uorot et raphenyl borate. Additionally, zero val ent
pai 4 fEdiabiry € onipd rexes epahen cobarddamehog e, wartyrleabil e norbornyl

| 103098 18 o1 J1111PREBYL PROSBINAG 08 8l kefER W 3UCDE BBormula 1,
di benzyl i deneacet one or styrene or tri

(¢h derszyghi demsacet odert digal | adi um may be used. The

above anions may be introduced directly as a conpound

of

Preferably, the bidentate ligand is a bidentate phosphine,
arsine or stibine ligand, preferably, a bidentate

phosphine ligand.

For the avoidance of doubt, references to Group 8, 9 or 10
metals herein should be taken to include Groups 8, 9 and
10 in the modern periodic table nomenclature. By the term
“Group 8, 9 or 10" we preferably select metals such as Ru,
Rh, Os, 1Ir, Pt and Pd. Preferably, the metals are
selected from Ru, Pt and Pd. More preferably, the metal

is Pd.

Suitable compounds of such Group 8, 9 or 10 metals include
salts of such metals with, or compounds comprising weakly
coordinated anions derived from, nitric acid; sulphuric acid;
lower alkanoic (up to Ci;z) acids such as acetic acid and
propionic acid; sulphonic acids such as methane sulphonic acid,

chlorosulphonic acid, fluorosulphonic acid, trifluoromethane



the netal but may al so be introduced to the catal yst
system i ndependently of the netal or netal conpound.

woe@Bera y, they are introduced as the acid. PCT/GB2007/050775
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Preferably, an acid is selected to have a pKa in the
same range as that for the ca%poxylic aci ds and
aromati c carboxylic acids |listed supra The pKa of the

acid is preferably greater_than about 2 neasured in ,
d?W{HWQHéauéﬁag'SGPHF?%% AL APTGE ACTHe ﬁ@QhFEalene sulphonic

psefgr abhyehessuidhaniabguld 6 dieasuredlihdhadidudbBonic acid, t-
aqueaqus solution at 18 OC . Suitable acids and salts ,

Ny e SBIRIES f Fomit né dei dS"EHP IRI PRATT st%¥dPEtpta. 2c1d
Partdreuwbaely jref ekersha@ni easifhor tihelcathbenylati e8id level

reaction such as a hydroxycarbgnylation are the , .
CRTBURPE e 5OT 0% and APONKL | G 04T bOXYH | c acidS PReTky 2ot

shrcrenfbet e caayo:be ia roibdr euveh asi anschubrqrefrarableyd and
only..one source of .anions,is added.to the praocess. . .

VBT OR e SHouRd  bo. SbpPERTSINE "t hat" d (furl ke ronic acids
sourlce of amirorsepsogeneriat ecichy;t henpr oeesss i eddthiered from

aci.dpr.oduct o%ekhe caiggg | at.i. n,é&gr gnstanc

pentenoi ¢ aci doi n"the “carbonylati on oflfmﬁﬁﬁﬁgtf'ﬁgﬁé Other

.sodnretshe wharchbonylagt | grorvédet | enisaiche a snipns include the

hydr.o rb | ati eacti qn h ntity.o.f _anj
B " Pl PR e hs, BB BashaveBOveSy oo
tihe Caabystraysingmh Therabtar ratdigiohadhyon tzero valent

9 t al fro 1t o
s, S AT SR P S oAt R,
pr ef ertabbyenf Homst00ne or calGBies| sanll @spedicalzyidegedeetone
a&%’g@}QQhé orV!Fyk%ikggzfﬁydgﬁebﬁepéﬁéﬁdi%ngaMium may be used.

The above anions may be introduced directly as a compound of
the metal but may also be introduced to the catalyst system
independently of the metal or metal compound. Preferably, they
are introduced as the acid. Preferably, an acid is selected to
have a pKa in the same range as that for the carboxylic acids

and aromatic carboxylic acids listed supra

The pKa of the acid 1is preferably greater than about 2
measured 1in dilute agueous solution at 18°C. The pKa 1is
preferably less than about 6 measured in dilute aqueous
solution at 18°C. Suitable acids and salts may be selected

from the acids and salts listed supra.

Particularly preferred anions for the carbonylation reaction
such as a hydroxycarbonylation are the carboxylic acids and
aromatic carboxylic acids listed supra. There may be a mixture
of anions but preferably only one source of anions is added to
the process. However, it should be appreciated that a further

source of anions 1s generated by the process ie the acid



an acid and salt, the relative proportion of the acid
and salt is not critical Accordingly, if a co-reactant

w@bwahtsipeact with the acid serving a s sour ceP@F/GB2007/050775
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ani ons, then the anpunt of the acid t o co-reactant
should b e chosen such that a,gsuitable amount of free
acid is present. A s nentioned, the catal yst system of
the present invention nag%b e used honogeneously or

h&t Erogertdoustsy CaPrraperabry, the tatist ESW§F€HFFsaCid in
usied herpgengous! vr The-prweeesseof the present

invention is particularly efficacious for the

production of pentenoic acid isonmers. Adipic acid may

bre produeed fromppertienqice aci dd=s0meys b ysdau t heras a
car bonyl ati on of the pentenoic acid. Adipic acid is .
VAR AGeVURPYY tReHO™ sT&2SEAPRI ng tEGnpoiR Gt heot anion
tion.o l.on 6,64 Ther r jov |0 SQf +tnh
e e e hec P alTy 1o (ho ar Bomyl At on Tede) ag oF che
sugtha By st as hydeoxyTlae booydat reniof o€oanpugat ed drenge, 8, 9 or

especially 1  3-butadiene, and, in particular but no
SRR fsal ot oot e ¢aPBony| At 6 | Bt oRFSrerably
spebhnacs 12 ydr oxycamnbeny latd e do19pr ovirdema fdgst to 10°:1
step in the production of adipic acid from pentenoic.
aeihd stRPchsl By pEifeandi1€0Giti dih@ee ok de nghyoni AsarrhAvided by
ect . of e _prese i NV i.Qn t e .S provid a
e e L
acath; ibensai drpracess xomprdisidigy t hef steps-oéactant should
hydroxycarbon%latin% 1 , 3-butadi ene according,to t he
feact "with the acid serving as source of anions, then the
amount of the acid to co-reactant should be chosen such

that a suitable amount of free acid is present.

As mentioned, the catalyst system of the present invention
may be used homogeneously or heterogeneously. Preferably,

the catalyst system is used homogeneously.

The process of the present invention 1is particularly
efficacious for the production of pentenoic acid isomers.
Adipic acid may be produced from pentenoic acid isomers by
further carbonylation of the pentenoic acid. Adipic acid
is advantageously used as a starting compound in the

production of Nylon 6,6.

Therefore, the invention also relates specifically to the
carbonylation reaction such as a hydroxycarbonylation of
conjugated diene, especially 1,3-butadiene, and, in
particular but not exclusively, the use of the

carbonylation reaction such as a hydroxycarbonylation to



first or second aspect of the invention. Therefore,
according to a fourth aspect of the present invention

WO b@Bs©73188 pr ovi ded a process for the producti oPCDEB2007/050775
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adi pic acid, said process conprising the steps of
hydroxycarbonyl ating 1 ,3-butgdi ene in accordance with

the first or second aspect of "the present invention to
produce a product conprising an isoner (s) of .

PRt eHoT c2 abi BSWhieBP nhy becsbbseifhted 6f adipic acid from

U}@éﬁ*@éﬂéf&'t§Qi<ﬁn§u§ﬂ1tQ@@—%@r@EQ@Qi@raéi@?ar and
treatnent of the said pentenoic acid product to
produce adipic acid. Alternatively, depending on the

co-reactant other reactigons can be carried out . .
BT SRRt By f urthet EReBEnEibe®y of eafnggroent invention
treateNt PepeliAels aMpaliccGdf MHME It pF QBi¢NE€on of isomers

chem cal treatnent such as carbonylation on the
p?oduentenotRe acarhonyiat fardr BACCFER tPTRTOdUCY the steps

adi pi o Iy f hydroxycar yl ati .Qr
h%mn@f%ﬁ&%%ﬁ%m lgfﬁtsgf}&e-lc’?gro fgj?la%oél}n 5 deoqfc%lalglé:j of © the
afmoat acor sanoad depeespetttvel ynvdceicosdi ng to a fifth
aspect of the present invention there is provided the

use of the catalyst systemas defined in any of the

appect Bood, the Rresert tovent EgArfAr A dy oductian, present
preferably, industrial production, of adipic acid, the
shidepr belucthenecompriztniglatheaspepsess for the production

°£PYQ££§¥99VQ§ﬂ¥Lat%gﬁdof%%oc§%9“3§%ﬁ§ fé{@%|Q%ﬁg %%eps of
treatment of € ‘pentenoi ¢ acird product o he

hydroxycarbonylating 1,3-butadiene in accordance with the
first or second aspect of the present invention to produce
a product comprising an isomer(s) of pentenoic acid which
may be substituted or unsubstituted and either branched or

linear and treatment of the said pentenoic acid product to

produce adipic acid.

Alternatively, depending on the co-reactant other
reactions can be carried out followed Dby further
treatment. By treating or treatment herein is meant
carrying out routine chemical Lreatment such as
carbonylation on the product of the carbonylation reaction
to produce adipic acid in the case of hydroxycarbonylation
or hexamethylenediamine, or e¢-caprolactam in the case of

ammonia or an amide respectively.

According to a fifth aspect of the present invention there
is provided the use of the catalyst system as defined in
any of the aspects of the present invention for the
production, preferably, industrial production, of adipic

acid, the said production comprising the steps of



hydr oxycar bonyl ati on to produce the adipic acid.
Preferably, the treatnent as nentioned above is

w@200B0mbsat i on . A suitable process for the  PCT/GB2007/050775

10

15

20

25

30

carbonyl ati on of pentenoic acid is described in

W00248094A1 where 3- pentenoi96acid IS

hydr oxycar bonyl ated. The product adipic acid may be

used in the preparation of Nylon 6,6. For ease of

rBYSF SRR T RTYY bRELOF mDPE of lvhe BEpEdERcf tHellowed Dby

tfﬂﬁ’@@%&@t may, be referred,to,perei ”aé‘f'dth%arlﬁlfcﬂ&eés off  the

e 1nvention. Conveniently, the process of the
i myéntxpremeaynutatice he ght ydstabtlee codjpoundscumder
typi cal carbonyl ation reaction such as a
hydr oxycar bonyl ati on reacti on conditions such that

theyréeegive | idid e arrdanap enishmetentGomveni eabbye  is
the process of the invention may have a high rate for
t%@r@%@%b®¥¥%$ro% PehetPbh BUeRcas Hor the carbonylation of

% 8§£b°£‘é’l<ﬁt'9£‘ r&é‘&&k?ﬂ?ﬁf €0ni §gaLedoghgne. cwhere 3-

nveni ent | rocess o e invention nay pro
hp@mt@m@y®rs¢nm Iﬂt@ﬁdn@xp@@ih@@ibﬂt@ﬂene t her eby
yielding the desired product in high yield with little
or no inpurities. Consequently, the commercia

vigdi bibyuet thepear beayl aldyonbd eafdd o of h@N¥reparation of
conj ugat ed di ene may be i ncreased by enpl oyi ng tﬁ

PFoEessé of -t he i nvention. Especially advant ageously,
the process of the invention

For ease of reference, any one or more of the aspects of
the invention may be referred to herein as the process of

the invention.

Conveniently, the process of the invention may utilise
highly stable compounds under typical <carbonylation
reaction such as a hydroxycarbonylation reaction
conditions such that they require little or no
replenishment. Conveniently, the process of the invention
may have a high rate for the carbonylation reaction such
as a hydroxycarbonylation reaction of conjugated diene.
Conveniently, the process of the invention may promote
high conversion rates of conjugated diene, thereby
yielding the desired product in high yield with little or
no impurities. Consequently, the commercial wviability of
the carbonylation reaction of any conjugated diene may be
increased by employing the process of the invention.
Especially advantageously, the process of the invention
allows for a carbonylation reaction such as a
hydroxycarbonylation reaction with a high TON number and a

high rate of reaction.



allows for a carbonylation reaction such as a
hydr oxycar bonyl ati on reaction with a high TON nunber

wapwsa7iidgyh rate of reaction.lt will be apprecP@r/e#209y/050775
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those skilled in the art that the conpounds of fornula
(1) may function as ligands that coordinate with the
Goup 8, 9 or 10 netal or cofrpound thereof to form

t he conpounds for use in the invention. Typically, the
Goup 8 , 9 or 10 netal or conpound thereof

C?Pf%ii%t%%tQpéchPQ@e&fbngt%o%osﬁl‘Pwéd ALSEMNL art that
and/ or antinony atons of the conpound of fornula (I? )
Thiee preseotndavent fommprlovi(des nepriocessi fioras héigands that

car bonyl ati on.reaction_such a, hydr oxycar bonyl ati on
of O o %@%?eﬁfl&gentel%e cGRBHPsitg 3oﬁ’traci<¥n5‘egaq or  compound
cong tgat ed odienen Whe ecamomniRnoxddeukd tike Piesencention.

of a solvent system conprising an aromatic carboxylic
abyeiical tat aFyst GAREP Gpt i%orvdl 1 )0 Besduree epPMRydR@géRereot

as,Ged | ned. | ”t%h%hef%%%”tqﬂ Y& io@%s Hhe, cat AL ¥Shic and/or
conpounds of the present Inventi act as a

"Hhet enogeneoust cht @hy stomwoand hofrofeneous” (Tat al yst
preferably, a honbgenous catalyst. By the term

"honbgeneous” catalyst we nean a catalyst, i.e. a

CORPOURE c@bfthe 1nyention, whoehdes nol suyppeeked bidr  the
is sinply adm xed or formed in-situ with the reactants
ofaripencar body| dERGH lPEactU®h, apr &f erabf gxygrgoonylation of

SQ&&?@&&tgg'égéxggtcgﬁp9§§f£&b89npgégkgg a conjugated diene

with carbon monoxide in the presence of a solvent system
comprising an aromatic carboxylic acid, a catalyst and,
optionally, a source of hydrogen as defined in the present

invention.

The catalyst compounds of the present invention may act as
a “heterogeneous” catalyst or a *“homogeneous” catalyst,

preferably, a homogenous catalyst.

By the term *“homogeneous” catalyst we mean a catalyst,
i.e. a compound of the invention, which is not supported
but is simply admixed or formed in-situ with the reactants
of the carbonylation reaction, preferably in a suitable

co—-solvent as described herein.

By the term “heterogeneous” catalyst we mean a catalyst,
i.e. the compound of the invention, which is carried on a

support.

Thus according to a further aspect, the present invention

provides a process for the carbonylation of a conjugated



By the term "heterogeneous" catal yst we nean a
catal yst, i.e. the conpound of the invention, which is
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aspect, the present invention provides a process for
the carbonyl ation of a conjugggeddiene as defined
herein wherein the process is carried out wwth the

cat al yst congrising a support, preferably an insol uble
stippor t2S Plef erabl yorehe shppott EBRpPrSESSa pél gaeFied out

Spehy as i polyohefin, -pabyskynene, OVSL&%%&SJ)” %@%fteréarbly an

copol ynmer such as a divinyl benzene copol yner or oth
sim$abhlel posyprerst or copol yners known to those skilled
inthe art; a silicon derivative such as a
functionalised silica, a silicone or a silicone

rebes a9y ot hefe palugUsrpartbhpht as€s Mt epbakmsuchs@sh as a
for exanpl e inorgani c oxi des and inorganic chlorides .
Prefer &bl Nt heo suppor e eraperPal YPsYporousoBpPlyBarwiieh as a

h r ' rapnge rom . 7
ndr e R e SRR D | B he P Snge b T am 0.1 7F5TT O
dcQpocetygeand kanwaveragehpast isélid 1eidzein nthhe arangea okilicon

from 10 to 500 . More preferably, the surface area

4T 7 Thb" s anbE” of °f Forh 86 (06 500- 58 ¢ * L /paf 651 1Lcone or
V@'%H&ib%ﬁdiEﬁﬁbéﬁﬁg%ﬂﬁQ{H&@W90§oh@ 25 g A hheerial
average particle size is in the range of from20 to

280chm asderdesixeamily t Ne ®iFdrHce a@eedes | angheinorganic
range of from 100 to 400 m/g, the pore

Preferably the support material is porous silica which has
a surface area in the range of from 10 to 700 m’/g, a
total pore volume in the range of from 0.1 to 4.0 cc/g and
an average particle size in the range of from 10 to 500um.
More preferably, the surface area is in the range of from
50 to 500 m?/g, the pore volume is in the range of from
0.5 to 2.5 cc/g and the average particle size 1is in the
range of from 20 to 200 pm. Most desirably the surface
area 1is in the range of from 100 to 400 m?/g, the pore
volume 1is in the range of from 0.8 to 3.0 cc/g and the
average particle size is in the range of from 30 to 100
um. The average pore size of typical porous support
materials is 1in the &range of from 10 to 1000 A.
Preferably, a support material is used that has an average
pore diameter of from 50 to 500 ﬁ, and most desirably from
75 to 350 A. It may be particularly desirable to dehydrate
the silica at a temperature of from 100°C to 800¢°C

anywhere from 3 to 24 hours.



volume is in the range of fromO0.8 to 3.0 cc/g and the
average particle size is in the range of from3 0 to
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support materials is in the range of from10 to 1000 A
Preferably, a support materjpal is used that has an

average pore dianeter of from50 to 500 A, and nost

desirably from75 to 350 A . It may be particularly

de'si bl e t BhaehyaPare RE 19 ifcle*atPle tenperatdte §pprort,

f{@én :!tglg_ongtl% 8%%3}9&@nwéheé@aﬂ‘%cgn}alﬁdt/grzélimpregnate% with

hours. Sui t abl vy, e support nay exible or arigi
stppor tpmpheniasolaibl eclsuppproceésscoatfed t@md/ ornvention by

[ ted W th d f ot f th
IRLeonaed MLD Lhe omoindn o e et oLl
the art. Alternatively, the conpounds of the process

of the invention are fixed to the surface of an
i hsoP bt el sEppor t Lhopt CORRPIYAP a %4 covil erRr bemes apfl the

the area e”?fé optiogal Ly i@ﬁéUdgﬁréaPEfUB%tigﬂa'insoluble
spacer nolecule to space the conpound fromthe
i sisopabt £ seppdphallye cotpounds afvd hent nventiden rnayl the

be fixed to the surfa of . the insol ubl e, support b
DT TTEET Bact R OHOOT L oY f uRTTBAAT gPoup’pFBGeRtFh  SPacer

the1 sonpoung obatorvmld acdmpbtfa ar COAPEh&BNE 86 Yuble support.
reactive group present on or previously inserted into

the support. The conbination of the reactive group of
tPﬁe388@8£¢n¥%tQfatEQ”PkaEPEQBVmgbe%i%998& 0f, LhE surface
conmpound o e 1 nvention prOV|des a neterogeneous

of the insoluble support by promoting reaction of a
functional group present in the compound of formula I with
a complimentary reactive group present on or previously
inserted into the support. The combination of the reactive
group o0f the support with a complimentary substituent of
the compound of the invention provides a heterogeneous
catalyst where the compound of the invention and the

support are linked via a linkage such as an ether, ester,

amide, amine, urea, keto group.

The choice of reaction conditions to link a compound of
the process of the present 1invention to the support
depends upon the groups of the support. For example,
reagents such as carbodiimides, 1,1'—carbonyldiimidazole,
and processes such as the wuse o0of mixed anhydrides,

reductive amination may be employed.

According to a further aspect, the present invention
provides the use of the process or catalyst of any aspect
of the invention wherein the catalyst is attached to a

support.
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reaction conditions to link a conmpound of the process
of the present invention to HQ% support depends upon
the groups of the support. For exanple, reagents such
as carbodiimdes, 1,1 -carbonyldiimdazole, and
processes such as the use of m xed anhydri des,

Fﬁﬂyfﬁiyﬁaﬁﬂ}ﬁaﬁhﬁﬁ gﬁﬁeg@a@gplP¥§Qndpﬁﬁg;d§@g LOh&ed to a

further aspect, the present invention provides the use

ofut heb pe ogeslsynor icat alustt refteany iaspect bfatthe one of the
i.nvention erein the catalyst.is attached to a

B 0re e Eoner s, THECERhhT aceh PGSR  Rey BEoms)  the
bendedito araid akl e pol ymenke ngubgtsape Vi aoat deastinking
one of the bridge substituents ??ngludlng the cyclic

avomsy the Brigdgi /g Sgreup2XPist hédirhkPAgYgPBaprPRingmethyl)
t L ki grou g. .CLS: -bi s .
(%$?%%€utgﬁﬁhggbﬂﬁﬁéﬁg%hy??égg%%gﬁ ’ngﬁ éle%n%éd%’ > or 6
peetetabtyrbyna dthetBe, bdnzebeogrbupytchbi potasbgnsnef to give
t he benzen roup to polystyrene to give an i mobile

¢ et B dnbbts Cat AP SO LT 4 Ehe catal ysts of the
invention are prepared in a separate step preceding

their use in-situ in the carbonylation reaction. .
Convenpent | yhet et proeessobdf thhelnWoeht PONaRayPbeprared in a

C@éﬁéﬁ%&e step preceding their use in-situ in the

carbonylation reaction.

Conveniently, the process of the invention may be carried
out by dissolving the Group 8, 9 or 10 metal or compound
thereof as defined herein in a suitable solvent such as
one of the alkanols or aprotic solvents previously
described (a particularly preferred solvent would be the
product of the specific carbonylation reaction and
subsequently admixing with a compound of formula I as

defined herein.

The carbon monoxide may be used in the presence of other
gases which are inert in the reaction. Examples of such
gases 1include hydrogen, nitrogen, carbon dioxide and the

noble gases such as argon.

The product of the reaction may be separated from the
other components by any suitable means. However, it is an
advantage of the present process that significantly fewer
by-products are formed thereby reducing the need for

further purification after the initial separation of the
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sol vents previously described (a particularly

preferred sol vent would be t %1product of the specific
carbonyl ati on reaction and subsequently adm xing with

a compound of forrmula | as defined herein. The carbon
nofexrde Aay"Be @%e@VFﬁe@ﬁ%dpP%sEH@egﬁﬁeéﬁﬁéY gagesficantly

V‘I‘i‘i&kﬁ‘e@%ié‘@ﬂvi{‘ytheArEéEEhé’P a@éﬂ%&é Of SHGP tre other

gases I nclude hydrogen, nitrogen, carbon di oxi de and
th@mpmmﬁﬁt@aﬁbscsuchnaslarg@@ CHie lprsdductstofm thiei ch may be

reacti e arated framthe other co onent .
R DR B ing S iaover | P R ort SRl By DTt punimal
pé@ﬁ@ﬁém@ﬁ@&@ﬁ@ntﬁﬁtfﬁé@rﬂl {Ea@@méﬁ/. fewer by-products

are forned thereby reducing the need for further

purification after the initial separation of

?dygt ?Spg§¥1%%l%¥|4%£&%chx.kb%ng yatlon of the
S|gm

i cant her "sel ectivit urt er advanta e
|sath@mylmel@mhen«&qﬁpomﬁats mhrbhngbataon the a tlmescale

t al yst system whi ch nmay be recycled and/ or reused in
T e e R T e SEL S o et o oo Elrrea.

feeshoept @t ysh . iAher 8aikenne p@ltticeuldry restd igtdan on up to
the duration of the carbonylation except that
ca? bdprati oRorA d YRkl e Vil chPi sscoAteriepar$y and most

a&f@g&&‘f’i L% o Vltockj LZ B%%E%rr%l?i%‘ng%ﬂy'8£%8&§fa&on is
ba reaction e pllace’'in-up to

for at least 5 minutes, more typically, at 1least 30
minutes, most typically, at least 1 hour. In a continuous
reaction such time scales are obviously irrelevant and a
continuous reaction can continue as long as the TON is

commercially acceptable before catalyst requires

replenishment.

The catalyst system of the present invention is preferably
constituted in the liquid phase which may be formed by one

or more of the reactants or by the use of the solvent.

The use of stabilising compounds with the catalyst system
may also Dbe beneficial in improving recovery of metal
which has been lost from the catalyst system. When the
catalyst system 1is utilized in a 1liquid reaction medium
such stabilizing compounds may assist recovery of the

group 8, 9 or 10 metal.

Preferably, therefore, the catalyst system includes in a
liquid reaction medium a polymeric dispersant dissolved in

a liquid carrier, said polymeric dispersant being capable



48 hours, nore typically, in up to 24 hours and nost
typically in up to 12 hours. Typically, carbonylation
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O mnutes, nost typically, at least 1 hour. In a

continuous reaction such tinmg scales are obviously

irrel evant and a continuous reaction can continue as

long as the TON is comercially acceptable before

cat afyablteglnded repleridsAnesmMSPeri@ tdtial Ratt systenyt the

°%r$€§ present. inyention s Regher ablnpLoapstdis utgd bQFalyst
the Il quid phase which nay be forned by one or nore o

t festemct apth sn orthdyltdreidiseanfi¢he sol vent. The use of
stabilising conpounds with the catal yst system nay

al so be beneficial in inproving recovery of netal

Wh&@hjhaﬁuhﬁe&éaQ&HLﬁ{Oﬁbbﬁ©mcahékysbesy§tQﬁﬂxﬂ%ﬁﬂ tthe the
catal yst systemis utilized in a [iquid reaction
MERi? T Suc AT sabi 1992107y SConpistinds Ry Casdi sthe eeovergnts or

o%e&@@igéogpoguctg Qhe %e%@%@h' %ﬁﬁieEéﬁ%@éa%@?éﬁ&OQSaction
the catal yst systemincludes in aliquid reaction

nedodinias pohy renicddifsper sant i ssidwigdle nwathi qui dissolved
carrier,_ said golineriﬁ gi per sant bei ng capabl eof
stap? I FSThgta @bl FoTgH bi%%%%ion of particles of the
group 8 , 9 or 10 netal or netal conpound of the

catal yst systemw thin the liquid carrier. The liquid

r Eet Pohvhedi and heyebeant sopvept ubbe thetheadtfivhdoreaction

"RYq COHPT | $,0Nes L, MR € Qfy tNe; LRACLANGS 19T increase the

viscosity of the reaction medium in a way which would be
detrimental to reaction kinetics or heat transfer. The
solubility of the dispersant in the liquid medium under
the reaction conditions of temperature and pressure should
not be so great as to deter significantly the adsorption

of the dispersant molecules onto the metal particles.

The polymeric dispersant 1is capable of stabilising a
colloidal suspension of particles of said group 8, 9 or 10
metal or metal compound within the liguid reaction medium
such that the metal particles formed as a result of
catalyst degradation are held in suspension in the liquid
reaction medium and are discharged from the reactor along
with the ligquid for reclamation and optionally for re-use
in making further guantities of catalyst. The metal
particles are normally of colloidal dimensions, e.g. in
the range 5 - 100 nm average particle size although larger
particles may form in some cases. Portions of the
polymeric dispersant are adsorbed onto the surface of the
metal particles whilst the remainder of the dispersant

molecules remain at least partially solvated by the liquid



reaction products thensel ves. The reactants and
reaction products in liquid formmay be mscible with
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pol ymeric dispersant is soluble in the |iquid reaction

medi um but shoul d not signif %antly i ncrease the
viscosity of the reaction ned‘un1|n a way which would

be detrimental to reaction kinetics or heat transfer.
T%%a%%}®%im?@yu%faﬁﬁelai§Béﬁs&ﬁﬂiq@QEﬂ§39%ﬁﬁQﬁrﬁﬁﬁQHn 8

undgy ib‘em%f%t bope QEPQH 598%‘8513&?![‘9@&%55%@@settllng on

pressure s not be so great as to deter
st@aiMbdaﬁtquthEeadgﬁKnKnnnoofJtherﬂasp@rsdﬁtmi spaces and

nol ecul es_onto th t al rtlcles The

e era e ol Oal el bRe 8RR Pt i i B0 UG LeS wnicn may
SgsPR NS0 Of1 iRArdd CJ)ﬁspQEt_S;@ll@sgra@M:p SvenQudT110coagulate.
nmetal or metal conpound within the [iquid reaction

neeemasiidPmerRt ide AEt aPapakEles eddfior AEGUAs @ven in the
Tﬁf‘é‘%}én?& gatal st degr a%@}é %'}s%ret held dn r?“%ﬂ% %cﬁg?nersant
| t he | ro

urd reaction ne nman are di scharge
thﬁpéeachnd al opgceitiratthenl i quisd f ovptriel sedt | obhand  such

fnall for re- u§§ hn nakln further g antl i es_ of
a

G+ Y8ET 2 The! neb gy Fi éled eelarjfdr"r?&ﬂﬁ evel and the

CQ@@P&ﬂ@iaQéﬂeﬂé&onﬁ@rﬁ &n 1N I@@Sé§@9@05tﬂuﬁgotﬁ€y may be
average particle size although larger particles may

florPiien Sonen¢askes. PPOFi¢bns 0fdidRepRPYnyiegitation.

di spersant are adsorbed onto the surface of the netal
particles whilst the remai nder of the dispersant

The polymeric dispersant may include homopolymers or

copolymers including polymers such as graft copolymers and

star polymers.

Preferably, the polymeric dispersant has sufficiently
acidic or basic functionality to substantially stabilise
the colloidal suspension of said group 8, 9 or 10 metal or

metal compound.

By substantially stabilise is meant that the precipitation
of the group 8, 9 or 10 metal from the solution phase 1is

substantially avoided.

Particularly preferred dispersants for this purpose
include acidic or basic polymers including carboxylic
acids, sulphonic acids, amines and amides such as
polyacrylates or heterocycle, particularly nitrogen
heterocycle, substituted polyvinyl polymers such as

polyvinyl pyrrolidone or copolymers of the aforesaid.



nol ecul es remain at | east partially solvated by the
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agai nst settling on the walls of the reactor or in

react or dead spaces and agaiQ§M form ng aggl oner ates

of nmetal particles which nmay grow by collision of

particles and eventual ly coagul ate. Sone aggl onerati on
ofxparteel & nmayChbeitl BV ¢ nOikecpréséRcendy ¢ selected

spiLabl e di Speﬁéﬁ{?@fiwip%%?&‘ﬂﬁ@ngiSpersant L¥R€a8Rd1 amide,

concentration 1s optimsed then such aggl oneration
sholyachel atiarikdat i vel ydlow tdhereln ianichet,he polyglycine,

a onerates may formonly | oosely sao that they nmay be
T SREIE g Snd CHE St | e RERaRaatE by Agiat; onboLy (3-
Thea POk YIDBE I €1 €h SPET santodmy-1i-neide djonogeh ynerselhionine,

copol ynmers 1 ncluding polynmers such as graft copolyners
ardl stlarPpol ymers. Prefsrlablly, sathé ol yneri Boly-L-tyrosine,

' LCl cidic ar. _basi : :
R TErT A e e e B QoA DePPRy (wapvasagphonic
saspénsi oacefasadd godyptdylediorinkEQ net afuodtalktal acylated

conpound. . By substantially stabilise_is nmeant that the .
ST B LR FOHTDISE net G GBRCBLES8 bR BOSRePaF ST oRiPhacation
sobut 30N phaseahs Substanti @by avoided. Particularly
preferred dispersants for this purpose include acidic

or basic polyners including carboxylic acids,

SP%@P@Péﬁl?FiQ%e %ﬂlﬁﬁﬁe@@g 8&%%%%85H%h fgborporates acidic

or basic moieties either pendant or within the polymer
backbone. Preferably, the acidic moieties have a
dissociation constant (PK.) of less than 6.0, more
preferably, less than 5.0, most preferably less than 4.5.
Preferably, the basic moieties have a base dissociation
constant (pKp) being of less than 6.0, more preferably
less than 5.0 and most preferably less than 4.5, pK, and

PKy, being measured in dilute aqueous solution at 25°C.

Suitable polymeric dispersants, in addition to being
soluble in the reaction medium at reaction conditions,
contain at least one acidic or basic moiety, either within
the polymer backbone or as a pendant group. We have found
that polymers incorporating acid and amide moieties such
as polyvinylpyrollidone (PVP) and polyacrylates such as
polyacrylic acid (PAA) are particularly suitable. The
molecular weight of the polymer which is suitable for use
in the invention depends upon the nature of the reaction
medium and the solubility of the polymer therein. We have
found that normally the average molecular weight is 1less

than 100,000. Preferably, the average molecular weight is
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af or esai d. Exanpl es of such polyneric di spersants nay

be sel ected from polyvinyl pyrrelidone, polyacrylam de,

pol yacrylonitrile, polyethylenimne, polyglycine,

pol yacrylic acid, onnethacryllc acid, poly (3-
h&@réﬁ?bu%@@g%aévgpo PolY L IP&ucitere preferably, 5,000 -

p9¢d GO@EtnhRﬂin%me%@f%kﬁyprohbnﬁoopo'y L SEFAN& g, mw is

po y-L-tyrosine, poly (vinyl benzenesul phonic aC|d) and
gfénamyYsuhpWMQ(I&ﬂg&blOaQQDaPedﬁdeyEthy¢ea|praéerably

S e d poly yl eni mi nes _are_descri d in
st Bt et plbl | Cher ShT EPASI0508 Af Ghdctl bPser' Be 1,000
6, 723, 882. ifreherabty, ot henpol ymeri c di spersant
incorporates acidic or basic noieties either pendant

or wthin the polyner backbone. Preferably, the acidic

| et a I cons t f . -
TRAS! LegeheteR diransianlon conSLA KR B e¥finan cne
prefetabhy | esditinan 4hbulBr ef éraabl yettdwenbasic for each

noi eti es have e di ssoci ation const ant Kb) bei ng
T ek e A e oS e SR oY bralbl 3 | RRao N - 0 ang

nost preferably less than 4.5, pKa and pKb bei ng

nmeasured in dilute aqueous solution at 25C. Suitable

Py Nt feedsspersanb s, i h addiPi BAted Bevngessvkagbierpd from

t@ﬁereﬁ% o4 "Egké‘%atrérﬁé’%\%aonf%éi’ﬂd'EBS”Sr?%SE&@" Ne8L. 1y

| east acid basic nbiety,
filtration and then either disposed of or processed for

re-use as a catalyst or other applications. In a
continuous process the liquid stream may be circulated
through an external heat-exchanger and in such cases it
may be convenient to locate filters for the palladium

particles in these circulation apparatus.

Preferably, the polymer:metal mass ratio in g/g is between
1:1 and 1000:1, more preferably, between 1:1 and 400:1,
most preferably, between 1:1 and 200:1. Preferably, the
polymer:metal mass ratio in g/g 1is up to 1000, more

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

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 or other aspect of

the present invention and vice versa.

The invention also extends to novel bidentate ligands of
formula (I) and novel complexes of such ligands with the

metal of Group 8, 9 or 10 or a compound thereof.
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pol yacryl ates such as polyacrylic acid (PAA) are
particularly suitable. The | ecul ar wei ght of the

pol ymer which is suitable for use in the invention

depends upon the nature of the reaction nediumand the
solubility of the polyner therein. W have found that
noLITEl bye hheoavel agen Rl eCUbal ¥ehht oh LeSasthaBed by way
100, 000. Pre?erably, the average nol ecular weight isin

the rEdrge £21000 1092000000 i mirbi egprefanabty, ashdd00omparative
100 oog nost preferably, 10,000 - 40,000 e.g. Mvis

pretBr bty in the range 10,000 - 80,000, nore

preferably 20,000 - 60,000 when PVP is used and of the
order of 1,000 - 10,000 in the case of PAA. The

et g 2 e -HPic PeoeftE heP HPSPAEEANt Within the
reacti on nmedi um shoul d be determ ned for each

reaction/ catal yst systemwhich is to be used. The

dikspet Sed grodup i®ns were 1@ metaaledmaysbegr edoveiead Schlenk

fromthe liquid stre renove romthe reactor_e.q.
b T | EERETOURG 1 ot eriher JaPeRosub 16t Tor by Bosdbgy: and
fos4r@- Use 28s @B d) Yot onoOt Beneappkecatis hhNoapis (di-

continuous process the liquid stream may be Qircufated
t e Dlughutanl rixe el ohelhl v Exehanges an@ren siidlvhegsesinto  a

i}?ﬁgangtggﬂv. Eﬁﬁg.ﬁg Igcq&gnﬂ%%%pr uE%E tgonebox. The
pal T'adi um particles in these cir at ron-appar at us.
round-bottom flask was then transferred to a Schlenk line.

100ml of degassed solvent (as defined in the following
examples), 100ml of degassed carboxylic acid (as defined
in the following examples) (if the carboxylic acid 1is a
liquid) and 25ml of degassed demineralised water were
added to yield a two-phase solution, of which the upper,
yellow, organic-rich phase contained the catalyst. If the
carboxylic acid (as defined in the following examples)was
a solid, it was added to the autoclave as a solid (as

defined below).

The two-phase catalyst solution was added to an autoclave
by suction from the round bottom flask and approximately
100grams of 1,3-butadiene was added to the catalyst
solution by suction from a 300ml Whitey pressure vessel.
The autoclave was heated to 135°C. The reaction was
started by the introduction of 40bar CO into the autoclave
from a main-line gas supply, followed by immediately
connecting the reaction autoclave to a 2.25 litre feed
reservoir vessel containing CO. The autoclave pressure was

held constant by maintaining a CO feed from the reservoir



Preferably, the polyner :metal mass ratio in g/g is
between 1:1 and 1000: 1, nore preferably, between 1:1

W@rws4ta08, nost preferably, between 1:1 and 2BOI/GB2007/050775
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Preferably, the polymer :nmetal mass ratio in g/g is up
to 1000, nore preferably, up o 400, nost preferably,
up to 200. It will be appreciated that any of the
features set forth in the first aspect of the

i FYehPPoRPMRY She GGt as PfePer Pedorest ties ©f thed was
S§§8P§teéhéﬁg Qﬁeo%%%%CQ%Q%C%dHlé&"%é¥§ﬁ§nEhénﬁ?@%éﬁ?e was
and vice versa. The invention al so extends to nove
bvelent @t e Thiegainidsuiof foinmba was) ambt neviehiconplexestracted
of such ligands w he tal of ou 9 or 10, or
D P RS BOPE TG o G o] Soh 4 HBLEFTbed 13-
ape: ddi1 aisd r abedidygamy a0f thed obt pvh8g RARY idBtidWed for
exanpl es and conparative exanples . Carbonylation
ExperYPeht al Procedure Reaction solutions were

prepared using standard Schl enk |ine techni ques. 112.

5ng (0.500 mmol es) of Pd(QAc) 2 and 494ng (1.25

ntmi €59 1 ofreche ibindentate lamgandukbn2veirs (ciutleets (TON) were
but yl phosphi ponet hyl ) benzepe were weighed into a

Ot Bor o PRSKE N ACR, OF oGBR gar GE BF 5OEBGS. Senghe 2.25
r ouingls bebt aradd asksavas, theastnansgenned 1t o Sedh&akour and
line. 100m of degassed solvent (as defined in the

f b0 0 pwk Pt ekarpt eso 1O0RENof C deghd skereal boxyl i ¢ aci d

(as defined in the follow ng exanples) (if the

carboxylic acid is a

Examples 1 - 4 and Comparative Examples 1-5 - Variation

of carboxvylic acid

The procedure outlined above was carried out with wvarious
carboxylic acids. All reactions were run with 100ml of
toluene (solvent), palladium to bidentate ligand ratio of
1:2.5 and the same number of moles of carboxylic acid as
there are in 100ml of nonanoic acid i.e 0.573moles (unless
otherwise stated). Example 2 was run with the same number
of moles of acid as there are in 50ml of nonanoic acid.

The results are detailed in table 1 below.



liquid) and 25m of degassed denin
added to yield a two-phase solutio
waipmsn7siyel | ow, organic-rich phase
catalyst. If the carboxylic acid (
foll owm ng exanpl es) was a sol. [

eralised water were

n, of which the
cont ai ned tPET/GB2007/050775
as defined in the

t was added to the

autoclave as a solid (as defined bel ow) The
ﬁgase catal yst solution was added to an autocl ave
b?a% tton fromthe round bottom flask and
approximately 1 O0Ograns of 1 | 3-butadiene was added to
tlhe Barwlpst| sol ubron bybget PBN [ r oAPH BOGH: Mhi tey rate
Fressure yessﬁ%le %% QHE@QL%%?l@a heated to 1 ﬁopﬁﬁol/hr
The reaction was started by the iptroduction of 40
CO i nto the |&96el BveFatomral Bmhl 1 i ne gas supply,
flol  owed by [i mediat.ghy: copnesting the reactio
gutoclave td a 2.25 litre feed repservoir vesse
gontai ning ¢O. The autocl ave pressure was held
cnnof onf |r'\\1 nrn| ni- o| n| nn a f‘f'\ 'F ee
tlop up the reactedogE%. i5f 6093 hpurS°the CO f s
i co! at er*l ah t ho alt OC! e r\r\ol ed haf ore the
pas vented. [The Ii quidwsl @feTwas| | eft wit hi n
gxtract ed altechaveleaverni gbhh1ter jpl |l ow t he di spsol ved
ynreacted 1,|3- but adi ene to(Pe gas and vent before
hei ng col | edted f6Y'?4Rafy3is" . Injtial reaction rates
Cnrl URov-er numerc /'rm\l\ were——¢ ! C”! at ed fr At ha
rate‘%%)&hange of B?%@% FﬁdtheEZ.Eéglitre do f 644
ffleservoir agsum ng i deal gas behayi our and
Comp 2 Lactic acid 52 31
Comp 3 Succinic acid 0 0
3 3-phenyl propionic 233 146
acid
Comp 4 Malonic acid decomp decomp
Comp 5 Pivalic acid 191 147
4 Diphenyl acetic 476 359

acid
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100% sel ectivity to pentenoic acid formati on. Exanpl es
1 - 4 and Conparative Exanples 1-5 - Variation of
W@ 2008073108 ¢ aci d The procedure outlined above R&EEGB2007/050775
carried out with various carboxylic acids. Al
reactions were run with 100n, Qof toluene (solvent),
pal | adiumto bidentate Ilgand'ratlo of 1:2.5 and the

sane nunber_of nol es of car boxylic aC|d as there ar e
i AR S of SRAnamad eiRaraklfe grbrangle - Effect of

o4 hies Wi 5& StHEEdbarbﬁkaﬂnbe 208@S riin wind theasap®n under

nurrber H rmltesof Cld s there are in 50n of
""" TCTe < S Hetailed in table 1
beIom1TabIe 1 Exanples 5-9 and Conparative Exanple
Efﬁgc;tmeocfhc% t %%' ”Qxéﬂ l&arlbo | ' chﬂfg%ﬁn CBLPLE rwSLEEq'lt' 08+rious
under partially opti con |t|ons
e&@h@@%yal%a§0éeﬁrwe@eéuﬁhﬁtﬂﬁﬁﬁﬂ@%ﬁ& eeib@kyedccondltlons

agf ds gRderqt e @@r&h@bh%aQ@“ﬂnggﬂé(¥Hﬁh6|&m810§ But using
palladlun1to blden ate and ratio of 1:5 but usin

t hies s%%%eaﬂﬁﬁﬁ?to? Féﬁgbﬁ?aéstEBepPE9V68§Se§§ﬁBPg§S The
Thestesul d5c aletaetad |l ed tabtabl eb@lbel ow. Table 2

. Exanpl es 10-13 - Variation of co-solvent. The nethod
of exanple 1 was carried out using o-toluic acid as
thgprarboxylic acid, and with various co-solvents
(100m ) . The reactions were again carried out in the

FESEL 1@ 4 pau&ggjun1hgmpépent € 1Al hat 1 O Yax rate
1:5 as in the|previous exanpl es. Changi ng the

do- sol vent wagwoles of acid used is
equal to that

in 50ml of nonanoic

acid)
5 O-toluic acid 1257 656
9 Benzoic acid 1067 692
7 2,4,6-trimethyl 1000 917

benzoic acid

8 Benzilic acid 179 58

9 Phenoxy acetic acid 151 244

Comp 6 Pyruvic acid 0 0




done in two parts; one where the co-solvent used was
m scible with water and the second where the

w@ooogofalent used was i nm scible with water. ThRCTUEB2@7/050775
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di oxane, acetonitrile, and THF co-sol vents gave a

nono- phasi ¢ sol ution when the hidentate |igand,

Pal | adi um acet ate, cosol vent and wat er were added

toget her The use. of Tol uene and I\/Eth -tert but yl
J H VP % o

bi dentate i gand pal | adi um acet at e, cosol vent and
wat er were added together. The results are detailed in
t Blipd e 1@ theldown £ TabllampaeKely wiEBEC s mistchy buterdsing yb-toluic

th THF t f Th h [ ut
BT £ o8 oF BB S5 Gd e A BT CRL CF n B RRegogrOLvents

di ox@ne) and r@agorﬁ@m&lm&l mERd atga(hnchheieasedf in the
THF) . The bi-phasic solutions were observed to give

h@@hsel@\ﬁ (PR theackse g top uehepnandchilglyamexitamo of 1:5
h f Ex
e T e b e ST

eok@mal erl Was cpartefd aute usihrgeo- tbkui coatd vast t hesed was
car bo L |hd t he reactions re.run wiith 100m

o@l?%f% ewé§ ‘““’%toefli/eﬁf1 ratroof "bitdéntd@te co-solvent
| gand +0s palﬁr@pédvhrm/@s Wwiadl edrasrout Iihred uise t akl eqdoxane,

bel ow but now based on 0.125muvl es Pd(OAc) 2) -
acetonitrile, and THF co-solvents gave a mono-phasic

solution when the bidentate ligand, Palladium acetate, co-
solvent and water were added together. The use of Toluene
and Methy-tert-butyl ether (MTBE) gave a Dbi-phasic
solution when the bidentate ligand, palladium acetate, co-
solvent and water were added together. The results are

detailed in table 3 below.

Table 3
Example Co-Solvent TON number Max rate
10 Dioxane 1073 414
11 Toluene 1257 656
12 MTBE 742 880
13 THF 765 670
Key: MTBE = methyl-tert-butyl ether

THF = tetrahydrofuran



Tabl e 4 Exanples 17-21 - Addition of 5 bar of
hydr ogenThe net hod of exanple 1 was carried out with

W®24080t8168 aci d and vari ous pal |l adi um to bi dentB€EGB2007/050775
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ligand ratios. However, when hydrogen was used in the
reaction the autoclave and its.contents were heated to

H QC . Wen the tenperature reached H Q0OC the heater

and stirrer were stopped and a partial pressure of 5

bar of hydrogen gas was added from an external bonb.

After the hydrogen had been added, the heater and

sthe repnoepeasest aptedl ang Wﬁéer@h@@r@ﬁdarpoqeaet@easonable

e a S I
be?% oo Wal e (0P HERULRS) Abeh NUMLADAAD faBimun rate
alinpapess andedocfiments) whi Chearpifphediconedtnenbhy were
with or previous to this s eC|f|cat|on i n connectjon

WEPETRES &Ppl FEEt i BA9End hi EhMaré Sopenst o Qpuptirene) and
| RSPeChl QNmWh t ha L b §l§p@@éf¢§§éu§>ﬁ vmege) the contents

of all such papers and docunents are |ncorporated

herein by reference. Al of the features disclosed in

this specification (including any acconpanyi ng cl ai s,
absampates and 4eiéw ngs)Vaanai oonal bfof dilergtages ofi@myd to
qg gﬁdgor process so di scl osed, may be conbi ned in any

C ept conblnatlons where at | east sone

of such features and/ or steps are nutually excl usive.

Each feature disclosed in this specification
(T@%|g@¢ﬁ@d. of example 1 was carried out using o-toluic

acid as the carboxylic acid. A1l the reactions were run
with 100ml of toluene as co-solvent. The ratio of
bidentate ligand to palladium was varied as outlined in

table 4 below but now based on 0.l2bmmoles Pd(OAcC),,

Table 4

Example Acid (number | Equivalent of | TON Maximum
of moles of | Alpha ligand number rate
acid used is
equal to that
in 50ml of
nonanoic acid)

14 O-toluic acid 10 - 1173

15 O-toluic acid 40 - 1613

16 O-toluic acid 80 - 2648

Examples 17-21 - Addition of 5 bar of hydrogen




any acconpanyi ng cl ai ns, abstract and draw ngs), nay
be replaced by alternative features serving the sane,

weeuwswziemt or simlar purpose, unless expressPyI/&EBaI02M50775
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ot herwi se. Thus, unless expressly stated ot herw se,

each feature disclosed is one.exanple only of a

generic series of equivalent or simlar features. The
invention is not restricted to the details of the . .
f hegBP HgCcenpbder P les} "aThearavent Poh BxtBndstpoulc acid
anyq noyel o,en aPIa@fQ(mnﬁéfei}i&QHp?E@tﬂ?@an?f rb0€0s . However,
features disclosed in this specification (including
anyeacbpapagyinngacl aigms] absthactreand idmaviiigsyytoclave and

any nove| ope, or a ovel conbipatio of the steps

or s REeRbs P pr G e Lo i Sepobed. ARvE S EfBRrature
progessaf anovhe wad bpaytati engofs @i cani ugated di d and a
conprising the steps of reacting said conjugated di ene

WP ht €atk bBACABABRI @ éhdb%fc@frgaéﬁﬁﬁﬁnhéV%hgmﬁﬁ added from
act i ve. pydrogen hn the or e@‘?é‘cﬁﬂ&o ego'h‘é%”tbese%’ét%%ed, the
conprising an aronmtic carboxylic acid, a catalyst

systear angl optrooal vyrearsouacecof ahydtbgencatheéon allowed
cat al yst system obt ai nabl e by conbining: ( a_net al

oF bR Rl o ke boany -Cnatsof hana thy Geble S
bhdentate |igand of general fornmula (I) X1 (X 2)- @@ -

A- R B- Q - X3 (X4) (I)

Table 5:
Example | Acid Hydrogen Equivalents TON Max rate
Added of Alpha | number
ligand

17 O-toluic Yes 5 1301 1066
acid

18 O-toluic No 5 1257 656
acid

19 O-toluic Yes 10 1011 1289
acid

20 O-toluic Yes 10 1207 1341
acid

21 O-toluic No 10 1419 745
acid




wherein : A and B each independently represent |ower
al kyl ene Iinking groups; R represents a cyclic

wWhywsoTHarbyl structure to which QL and Q2 are PECTHK807/050775
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via the said Iinking group, on avail abl e adj acent
cyclic atons of the cyclic h%q%ocarbyl structure; the
groups X1, X2, X3 and X4 independently represent
uni val ent radicals of up to 3 0 atons having at | east
one tertiary carbon atomor X1 and X2 and/or X3 and X4
together form a bivalent radical of up to 40 atons
having at |least two tertiary carbon atons wherei n each
said univalent or bivalent radical is joined via said

| east _one, or twotertiary carbon atons respectivel
?%h?hé: erﬁ}igFge %6ﬁ¥tngér %ﬁ?eﬁﬁe ndt%Q hPapers and
i@@@m@ﬂ@@tJﬂyi&@paleéem1@@0§@ﬂ@ﬁﬂ§en@[§em§h06r previous to
anti nony; and optionally, a source or further source
ofhapi specifpcat poprbeessniortthe cakbohlat pBRLofFaR1ion and
coni gat eg di eng, Gomprisi g, L g St s L eagti ng; 38 d this
conj ugat ed di ene wth carbon nonoxi de and a
coe¢eatt antitayi rgdantiact iooathydrsogef iallt heuphegseneses and

of a solgent systen1con$r|%|n a,caébox%éic acid, a

CHR ISt Syt ent And; Popt ronal Ty, A SburCes ot hiydr ogen,

the catal yst system obtai nabl e by conbi ni ng

A1l of +the features disclosed 1in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.

Fach feature disclosed in this specification (including
any accompanying claims, abstract and drawings), may be
replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series

of equivalent or similar features.

The invention 1is not restricted to the details of the
foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any

method or process so disclosed.



(a) a netal of Goup 8 , 9 or 10 or a conpound
thereof: and (b) a bidentate |igand of general fornula

W@ RQOSHIS10K 2)- @ - A- R - QL - X3 (X 4) (D PIBGBRWINS07TS
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A and B each independently represent |ower alkylene

l'inking groups; R represents g ,cyclic hydrocarbyl

structure to which QL and @ are |inked, via the said

i nki ng group, on avail abl e adjacent cyclic atons of

tHerE¥¢l i ¢ hydrocarbyl structure; the groups X1, X2,

X3 and X4 independently represent univalent radicals

of up to 3 0 atons having at |east onetertiary carbon

at omdrpXicand X2ranmdkorcaxXdcand aX4 aroget her céoinyated diene

bi val ent . r adi g}ag?l o]é ug to_ 40 at gms havi n% at | eastt t a3
t%??%ﬁxl%%r& at bk SwHeT el °64dhH s af & Gni SP1 e &t tene
bi; vah eatirbadi Gadnd:sidoi Bed W acsaidaatah€ashvaRg Mn active

two tertiary carbon atonms respectively to the o
appitepieat & atlom EIcBENCR; oDl afdlpneaghstem comprising an

ié‘P&Rﬂ‘PS”“%J&B&%%%“ phagphor us, é‘%éﬁr}%&t Of system  and,
antinmony; and, optionally, a source of anions; erein
thettata 0l pf K dentatee | bgandyvdrggenp &he 9carcal@st system
metal .is greater than 10:1 (nol :npol). 3 . A process
a%btb?hﬁl?@geilﬁyc?%rpmﬂl%gﬁ , wherein the coreactant is
sel ected fromwater, a carboxylic acid,

(a) a metal of Group 8, 9 or 10 or a compound thereof:

and
(b) a bidentate ligand of general formula (I)

2

x*(x%)- o* - A - rR-B - Q' - x*(xH (I)

wherein:

A and B each independently represent lower alkylene

linking groups;

R represents a cyclic hydrocarbyl structure to which Q'
and Q° are linked, via the said linking group, on
available adjacent cyclic atoms of the cyclic hydrocarbyl
structure;

2

the groups X!, %%, X

and x* independently represent
univalent radicals of up to 30 atoms having at least one
tertiary carbon atom or X' and X* and/or X° and X’ together
form a bivalent radical of up to 40 atoms having at least
two tertiary carbon atoms wherein each said univalent or

bivalent radical 1s Jjoined via said at least one or two



al cohol, ammonia or an amne, a thiol, or a
conbi nation thereof . 4 . A process as clained in any

W@R0080Z1NEs 1 to 3 , wherein the conjugated di ePEI/GB2@M050775
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optionally substituted conjugated di ene having from4

to 22 atonms per nolecule. 5 .1{A process as claimed in

any of clains 1, 3 or 4 , wherein the aromatic

carboxylic acid used in the carbonylation reaction is

any* opt T onaf FHOR ubseTt uf eEPErt 1C80Y aF et c2EBRPBHAGLS atom
synhna§f§hose based on phenyl, napthyl,

cycl opent adi enyl anion(s), indenyl, pyridinyl, and

pyrol lyl groups and having at |east one carboxylic

aci d 0 associated with the aromatic rin nor e :
A erdRhEy Sy O TOGR T B PE CoNpotNa YT Ry af ™ Sente
| @asinongo £Af boxy| bllﬁt@@hglgwua BourPePHOCESSLtASTr source of
clainmed in any of clainms 1 to 5, wherein the pKa of
thel@e?fd is greater than about 2 neasured in dilute

aqueous solution at 18 0OC. 7 . A process as clained

inany of clains 1 to 6 , wherein the pKa of the acid

i 3. | essptbansabout Gheeasutecyilatdidnutef agueonsugated diene
sol ution, at 1§1OC ., 8 . ﬁaprocess as clainmed in any of .
crAME 3119 #1€ WAEFBFNn the "€ArbdXyl i T34 Fqyugated diene
Swbsih | tH-@dnW hdh Qne1or aABr & of ot Aea EOLhOWHRE:i ndl kW active
groups; aryl groups; hydroxy groups; al koxy groups

suchr agsn f o eRanpiresemeeh®fy ;2 a3t ey otpstedr champbpising a

géQP@éx?ff@ %ﬁﬁxioraexégpg?ygt’ g%stémaQQKL optionally, a
source of hydrogen, the catalyst system obtainable by

combining:

(a) a metal of Group 8, 9 or 10 or a compound
thereof: and
(b) a bidentate ligand of general formula (I)

2

x*(x%)- o* - A - rR-B - Q' - x*(xH (I)

wherein:

A and B each independently represent lower alkylene

linking groups;

R represents a cyclic hydrocarbyl structure to which Q'
and Q° are linked, via the said linking group, on
available adjacent cyclic atoms of the cyclic hydrocarbyl
structure;

2

the groups X', X°, X°

and X' independently represent

univalent radicals of up to 30 atoms having at least one



Br. 9 . Aprocess as clainmed in any preceding claim
wherei n, when present, the aromatic ring of the

W@ 2008053108 ¢ acid i s nono- or di- substituted. ROI/GB2007/050775
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process as clainmed in any preceding claim wherein the

carboxylic acid is selected fromthe aromatic

carboxylic acids of benzoic acids; naphthoic acids; or

cycl opent adi enyl acids. 11, A cess as cl.ai med i,n
%rb%%%%d?%@b%ma@ﬁ?mmﬁérélnangh% §€h9< fRe X' together

af@f&ﬁt écb%&?@%’%' E%d%bqs o %psuctbshiq U et arpIRLE at 1east

carboxylic acid . A process as alned in any
pt@@edenglakalmanMMH%ﬁUpmwmenepeeseRBCMJﬁﬁzﬂ(wmﬂV@lent or

carboxylic_ a s selected fromd
FLE Tk cathafize BT ab TR Tad s & Yrpabempe or two
beszoi £+ act frbén 6aﬂb1ﬂ§t hykpbenzobtyachbdrnpdaPprbpbih€e atom
acid (2-nmethyl benzoic acid), 2-nitrobenzoic
ai - hl or o- 2- net hyl ol benzoi ¢ acid, 4-ani nobenzoic
acid, 2- chloro-6-hydroxybenzoic aC|d 2- cyanobenzoi c
acid, 3- cyanobenzoic acid, 4- cyanoben20|c acid 2 ,
4@%hyﬁdOxyb&nﬂolrndéb@md@mmkmzrmpr@$$mt phosphorus, arsenic
ﬁhen | benzoi c gC|d 2- teii but yl benzoi c_aci d
22 hapt hbieMati &9 1- ORahtho Yac?dso%ﬁed%ei‘%%%nzou c
acid, 3- nethylben20|c acid, 3 ,5-dinethyl benzoic acid,
4-hydroxybenzoic acid, 2- f I uor obenzoi ¢ aci d,
vl opoxybbazeipt lacicd, Bidesttmg behzand aciogoup 8, 9 or 10

Zﬁ@{gpofgbgpgg{gragﬁgm 20 41 (mol:mol) .

3. A process as claimed in claim 1 or 2, wherein the co-
reactant 1s selected from water, a carboxylic acid,
alcohol, ammonia or an amine, a thiol, or a combination

thereof.

4. A process as claimed in any of claims 1 to 3, wherein
the conjugated diene is an optionally substituted

conjugated diene having from 4 to 22 atoms per molecule.

5. A process as claimed in any of claims 1, 3 or 4,
wherein the aromatic carboxylic acid used in the
carbonylation reaction 1is any optionally substituted C;-
Csp aromatic compound such as those based on phenyl,
napthyl, cyclopentadienyl anion(s), indenyl, pyridinyl,
and pyrollyl groups and having at least one carboxylic
acid group associated with the aromatic ring, more
preferably any C; to Cis aromatic compound having at least

one carboxylic acid group.
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di phenyl propi oni ¢ aci d, 2-nethoxyphenyl acetic acid,
ort ho-anisic acid, neta-anisic acid,

Wa@2G08075181t yI benzoi ¢ aci d and 2- et hoxybenzoi c BCT/GB2W3/050775

A process as clained in any preceding claim wherein,

when present, the aromatic carboxylic acid is

substituted by only one groupin addition to the group
beari ng the carboxylic acid. 14. A process according .
to- any BFOEPEF nes2clagmedyin gny plocclginsphkriep not hgherein
Carboxyhi o Acii | soagy saptd.analdy subst Bbuted L1rtB0ireq in
conpound having, 1n addition, at |east one carboxylic

ati tduige cupuedbs #opuocessaactdrdi ng to any of clainms 2

, 3,4, 6, 7, 8 or 14, wherein the carboxylic acid

is the acid product of the carbonylation reaction. 16.

A processoassor dsng1tomany ipr eeediory €lains whesebN wherein
the sol vent systemconprises in addition to a .
cdifboxPKic @i 8has aefd néd asoife, taen| edxtutone measured in

CQiisl%tVeergqueous solution at 18°C.

8. A process as claimed in any of claims 1 to 7, wherein
the carboxylic acid 1is substituted with one or more of
the following: alkyl groups; aryl groups; hydroxy groups;
alkoxy groups such as, for example, methoxy; amino
groups; or halo groups such as, for example F, Cl, I and

Br.

9. A process as claimed in any preceding claim, wherein,
when present, the aromatic ring of the carboxylic acid is

mono— or di- substituted.

10. A process as claimed in any preceding claim, wherein
the carboxylic acid 1s selected from the aromatic
carboxylic acids of benzoic acids; naphthoic acids; or

cyclopentadienyl acids.

11.A process as claimed in any preceding claim, wherein,
when present, the aromatic carboxylic acids are

substituted aromatic carboxylic acids.

12. A process as claimed in any preceding claim, wherein,
when present, the aromatic carboxylic acid is selected
from C;-C, alkyl substituted benzoic acids, such as 2,4,6-
trimethyl benzoic acid, 2,6-dimethyl benzoic acid and O-

toluic acid (2-methyl benzoic acid), 2-nitrobenzoic acid,
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6-chloro-2-methylolbenzoic acid, 4-aminobenzoic acid, 2-
chloro-6-hydroxybenzoic acid, 2-cyanobenzoic acid, 3-
cyanobenzoic acid, 4—-cyanobenzoic acid
2,4dihydroxybenzoic, 3-nitrobenzoic acid, 2-phenylbenzoic
acid, 2-tert-butylbenzoic acid, 2-napthoic acid, 1-
napthoic acid, 2,4-dimethylbenzoic acid, 3-methylbenzoic

acid, 3,5-dimethylbenzoic acid, 4-hydroxybenzoic acid, 2-

fluorobenzoic acid, 3-propoxybenzoic acid, 3-
ethoxybenzoic acid, 2-propoxybenzoic acid, 2,2-
diphenylpropionic acid, 2-methoxyphenylacetic acid,

ortho-anisic acid, meta-anisic acid, 4-tert-butylbenzoic

acid and 2-ethoxybenzoic acid.

13. A process as claimed in any preceding claim, wherein,
when present, the aromatic carboxylic acid is substituted
by only one group 1n addition to the group bearing the

carboxylic acid.

14.A process according to any of claims 2, 3, 4, 6, 7 or
8, wherein the carboxylic acid 1s any opticnally
substituted C;:-C3¢ compound having, in addition, at least

one carboxylic acid group.

15. A process according to any of claims 2, 3, 4, 6, 7, 8
or 14, wherein the carboxylic acid is the acid product of

the carbonylation reaction.

16. A process according to any preceding claim, wherein
the solvent system comprises in addition to a carboxylic

acid as defined above, at least one co-solvent.



