WD 01/64688 - 1 - PCT/EP01/02406 SELECTIVE, CATALYTIC, THERVAL
FUNCTI ONALI ZATI ON OF SECONDARY OR AROVATI C C-H CYCLI C HYDROCARBON BONDS
Field of 4&\éentlon The field of the invention pertalqﬁgbﬁmﬁmeﬂgelectlve
functionallzing of a cyclic hydrocarbenlat its secondary or aromatic CH
site by thermally reacting a 5 functionalizing reagent and the cyclic

hydr ocarbon in the presence of a transition netal catalyst. Background of
the Invention Several years ago, it was reported in KM Waltz, C N
Muhoro, J.F. Hartw g, Crganonetalllcs 1999 21 and 10 in K valtz J. F.

Hartw g, Sci encEELEGYIV ATHUYT THRRYAL ; A ST OIe G conplexes
cont ai ni ng bory, céﬁé&ﬁ@ i i i drocarbons by
phot ocheni cal di AR AN PR

hydrocarbons. It was reported that 15 organoboronate esters were formed in

a stoichiongtieng ofasheonnb¥nthenr egi ospecific replacenent of one hydrogen
on a termnal position with a boryl group. It was also reported in H. Chen,
J.F. Hartwi g, AlbewfcChéh Phttha. Eﬁgﬁnt1999P@hE@l@§nﬁerbhelSyleve1Vable

R2BBR2 (R2= glnagolat %220 reagents ﬁ astétu ed cg .0 entadlg ¥ (Cp*)
Re(CI»S woaHg® éP&F? iR conng AHERCEHCRI kG boF Bn8EEoe_t%r s under
phot ochem cgl peaghter eondsttens tRQQﬁQED?”ké&&tPﬁ cgsses, however, are
inpractical at an industrial scale. 25 It 1s desirable to functional i ze a

cycl iSc hydr 6uarbopnait zing sesgadhr gndr theomacl tcCayisotarbon is ahso WO

01/ 64688 PCT/EPC1/02496 g o _
presence of a transition metal catalyst.

Background of the Invention
Several years ago, it was reported in K.M. Waltz,
C.N. Muhoro, J.F. Hartwig, Organometallics, 1999, 21 and

10 in K. Waltz, J.F. Hartwig, Science 1997, 277, 211, that
low valent transition metal complexes containing boryl
ligands reacted with linear and cyclic hydrocarbons by
photochemical dissociation of ligand to produce
functicnalized hydrocarbons. It was reported that

15 organoboronate esters were formed in a stoichiometric
fashion by the regiospecific replacement of one hydrogen
on a terminal position with a boryl group. It was also
reported in H.Chen, J.F. Hartwig, Angew.Chem.Int.Ed.Engl
1999 that commercially available R,BBR, (R,=pinacolate)

20 reagents and substituted cyclopentadienyl (Cp*) Re (CO),
would catalytically convert alkanes to alkylboronate
esterg under photochemical reaction conditions.
Photochemical processes, however, are impractical at an
industrial scale.

25 It is desirable to functionalize '‘a cyclic hydrocarbon

at its secondary or aromatic C-H site. It is also



desirabl e that the process for the functionalization occur thermally

rat her than through other neans such as photochem cal processes. It is

al so an oY) ekd468%f the invention to nanufacture a functi oPGI/EREI2406c] ic 5
hydr ocar bon by a process which is catalyfit rather than stoichionetric in
metal . Summary of the Invention There is now provided a process for the
catal ytic cdapliraglefthytl| thehypdooeasbbns whe hfeect sdomal eagends 10 under
thermal conditions to functionalize the cyclic hydrocarbon at its secondary
or aromatic ESFNE| tRerMAli¥cERrbARE et WRENCRRRUPR e3ERET i PRams i Dtch tdere i s
provided a p : ngi. LZi ng clq dr,ocar bon. at. a secondary
or aromatic %@éﬁ%ég%ﬁgc%g g%%?%%%%%bn %gng¥ %%%%r?%i%§y$.%r%%f?@ereacting a
functional i zingeneagentoandntiheceyedi & hydtocandHonzéd dheliPpresence of a
catal yst, sajd _catalyst conprising: a) a source of rhodium b) a source of
a3te 8, cyéydéowr%%-]@ycwza,rOC%Sa%hﬁl@iJes ofa Rk Erere ke r ndwan al |
cationic or i Qni ti r unsubstituted, electron donor noiety
whi ch does n%?g%gggﬁ%?gggéu%%g%gg%efnal reaction conditions; and c) a
source of |igandsreapabtiee ofnteitddhy donating 25 an electron pair to
rhodi um and which dissociate thermally; and wherein said functionalizing
reagent conpri seBhere sbfire@ Broyordnt Prfegess yon Hda yastiad yyidr ocar bon
comprises a o 30,pYShoBAT &lL1 e APESPLESSISR! Yon LA D), TRl £, MO 01/64688

10 under thermal conditions to functionalize the cyclic

hydrocarbon at its secondary or aromatic C-H site.

In accordance with the present invention, there is
provided a process for functionalizing a cyclic
hydrocarbon at a secondary or aromatic C-H cyclic

15 hydrocarbon bond, comprising thermally reacting a

functionalizing reagent and the cyclic hydrocarbon in the
presence of a catalyst, said catalyst comprising:

a) a source of rhodium;

b) a source of a 3 to 8, cyclic or non-cyclic,

20 aromatic or non-aromatic, neutral, cationic or
anionic, substituted or unsubstituted, electron
donor moiety which does not dissociate under thermal
reaction conditions; and
c) a source of ligands capable of formally donating

25 an electron pair to rhodium and which dissociate
thermally;

and wherein said functionalizing reagent comprises a
source of boron.

Preferably, the cyclic hydrocarbon comprises a

30 cycloparaffin. More preferably, said b) moiety:



3 (i) lacks aromatic C-H bonds on the noiety directly bonded to the
rhodium or (ii) contains sterically hindered aromatic CGH bonds on the

moi ety diwegikywsponded to the rhodium 5 In another enbodipggitpoibiagse 1S
provi ded a catal ytic process having noresthan 50 turnovers conpri sing
thermally activating said catalyst in the presence of a functionalizing

reagent and a cyclif fwdrocarhon ; Coppyi ]2191 omati.c .conpound or a
cycl oparaffin 10 E:ofrpound | acki ngl pri mar]@6 - acg_bﬁ; se,m%l]iscgalled:%a laﬁeycg“tly
conprising: a) alsouded b thé ramsdiuweon oetal; b) a source of a 3 to 8§,

cyclic or non-cyclic, aromatic or non-aromatic, neutral, cationic or 15
ani oni c, substitut®l or FRAURNT utE T ErREY oligsiniedhoi atgmaghich @des not

capabl e of formi Ty Sonati v M arba el R AR TR o)
and 20s5whi ch di ssneiaicchdieramdyimeand, wiesei n s airbJinre ionaldaiig & eagent
conprises a source of B C N, 0, Si, P, S GCe, As, A, or Se, "said
cyclic hydr ocef®essHriederng yoronhasi 1 rngmgmsparaafddis iswmpound | acki ng
AT B A 0 B B Ul R e
cont ai ni ng st@rieal dyahi ey ad Afamtika £SdPdandsendhemi ety directly
bonded to the 30 transition netal.
comprising an aromatic compound or a cycloparaffin
10 compound lacking primary C-H bonds, said catalyst
comprising:
a) a source of a transition metal;
b) a source of a 3 to 8, cyclic or non-cyclic,
aromatic or non-aromatic, neutral, cationic or
15 anionic, substituted or unsubstituted, electron
donor moiety which does not dissociate under
thermal reaction conditions, and
c¢) a source of ligands capable of formally donating
an electron pair to the transition metal a) and
20 which dissociate thermally;
and wherein said functionalizing reagent comprises a
source of B, C, N, O, Si, P, S, Ge, As, Al, or Se,
said cyclic hydrocarbon preferably comprising a
cycloparaffin compound lacking primary C-H bonds,
25 and said moiety (b) preferably
(i) lacking aromatic C-H bonds on the moiety
directly bonded to the transition metal, or
(ii) containing sterically hindered aromatic

C-H bonds on the moiety directly bonded to the

30 transition metal.



WO 01/ 64688 PCT/ EP01/ 02406 4 In yet another enbodi nent of the present
invention, there is provided a functionalization process conprising

functi onavopi/ewg8& cyclic hydrocarbon conposition conpri SPEYERIAIHG C
conpounds or cycloparaffins lacking 5 prifrary C-H bonds, in the presence of
a thermally activated catalyst and a functionalizing reagent conprising a
source of boron, wheyetnasatheprenbsditeniinsof ovies phesemt alnpsdnthibror nore
times and at |east 80%of the functionalizing reagent is converted. 10
Preferably, thBeEat AFyBYO¥bAPEsPt FBRCLEHAT HZahECT pPERE]SS oFomie. g ent

nvention'i s gamELeth 980" QPLEL O uosapblal NgnA s ge Of ihe

follow ng in any “sequence: a” source ansi n netal; 15 b) a
source of a 3cb@pBistig§! &eo@at DONcOYEILtds GF OPPd]EpDFa AP A My
neutral, cationic or anionic, substituted or unsubstituted, electron
donor Moi ety MAiBArYoesHnbends ssbei fee RFeRenehcrhed themabiy conditi ons,
and when the cgclic Qadég gibog agg isfghcgféo {agﬁiqf said noiety (i)

| acks aromati e ¥ PboRdE bR {he DI e?y df ¢ y HordedI5 T he transition
nmetal, or (ikdmSPPLahdSastenieal by borsier aphdrdi bonsy roddies sty
directly bonded to the transition 25 netal; and c) a source of |igands
conpri sing troeekytse | ameslystunsat o arere at ipgmtand conpoasts,80% o |yl
conpounds, or it_arene CO£?ounds, grovided t hat mhgy the cyclic

hydr ocar bon i §P2 EYRFopardtt 19 ther9i i ardheonverted.

10 Preferably, the catalyst composition used in the
process of the present invention is comprised of, or
obtained by combining a source of the following in any
sequence:

a) a source of a transition metal;

15 b) a source of a 3 to 8, cyclic or non-cyclic,
aromatic or non-aromatic, neutral, cationic or
anionic, substituted or unsubstituted, electron
donor moiety which does not dissociate under thermal
reaction conditions, and when the cyclic hydrocarbon

20 is a cycloparaffin, said moiety

(i) lacks aromatic C-H bonds on the moiety
directly bonded to the transition metal, or
(ii) contains sterically hindered C-H bonds on
the moiety directly bonded to the transition

25 metal; and
c) a source of ligands comprising trialkylsilanes,
unsaturated aliphatic compounds, m allyl compounds,
or m arene compounds, provided that when the cyclic
hydrocarbon is a cycloparaffin, the m arene

30 compounds



30 conmpounds WD 01/ 64688 PCT/EPO /02406 - 5 (i) lack aromatic C H bonds
on the noiety directly bonded to the transition nmetal, or (ii) contain
steri cal WO bii/aadssr ed aromatic CH bonds on the noiety di rRCVEROIWR4ded t o
the 5 transition netal. The process of tRe-present invention preferably
enpl oys a catal yst conposition conprised of, or obtained by conbining a
source of the follow ngi)n abyckequsheetic ac-Bh bondis; 0 hea flibyy
substituted cyclic C5 noiety having a it- coordinated el ectronic structure
and | acking aromatic GiMessAdsoadgdcyol thandsansipipsi mgtali phatic
unsaturated or it arene.go vi degd, t hat en.the cyclic

hydr ocar bon conpri ses g%é§crg§§$%$?i%§g¥hggﬁﬁyar%%eer%%ﬁﬁaﬂﬁ% l?ig}$ack

aromati ¢ C-H bonds on thedoeat ¥hedinbeetlysheadedyt Bohheqat eansihki on netal ,
or (ii) contain sterically hindered aromatic CH 20 bonds on the noiety

directdy bonded to thetraengasiiphomefidlal. There is further provided a
process for functionalizing clic hydrocarbon. conposition. conprising
contacting a cyc&h@_ﬁﬁ&?SEﬁngn%§8n8F?§¥ﬂg ?%V%?gh%??gr%tﬁﬁﬁﬁ%ﬂs or
cycIOparaffla§phayglagca&bm?gx EbHﬁogQﬂgéna&oﬁﬁﬁiéeérQE?tbE gh-8egQpdary
C-H bond sites, respectively, with a functionalizing reagent 1n the
presence of ayt hembahlingaet evated ot ahgsfolibeirgniatany sequence:

a) Rh or Ir;

10 b) a fully substituted cyclic C;, moiety having a 7-
coordinated electronic structure and lacking
aromatic C-H bonds; and

¢) ligands comprising aliphatic unsaturated or =

arene compounds, provided that when the cyclic

15 hydrocarbon comprises a cycloparaffin, the @ arene
compounds
(1) lack aromatic C-H bonds on the moiety

directly bonded to the transition metal, or
(ii) contain sterically hindered aromatic C-H

20 bonds on the moiety directly bonded to the
transition metal.

There is further provided a process for
functionalizing a cyclic hydrocarbon composition
comprising contacting a cyclic hydrocarbon comprising

25 aromatic compounds or cycloparaffins lacking primary C-H
bonds at their aromatic or secondary C-H bond sites,
respectively, with a functionalizing reagent in the
presence of a thermally activated catalyst, wherein at
least 80% of the functionalizing reagent is converted,

30 and wherein the functionalizing reagent comprises a



| east 80% of the functionalizing reagent is converted, 30 and wherein the
functionalizing reagent conprises a WD 01/ 64688 PCT/ EPO /02406 6 conpound
cont ai ni m@ @/eav8sety represented by the follow ng struct UPGI/ERDI/0296 B- B

Q ~-O5 Detailed Description of the Invéntion The process of the present
invention is capable of converting 80% or nore of the functionalizing
reagent to aocmpatindoroptedudingofa t heiktrctieprasentag bgagrat and the
cyclic hydrocarbon. In particular, the process of the 10 present invention
functional i zé®lR¥ 15 IR USE: aromati c C-H bonds on cyclic hydrocarbon
nol ecules with the functionalizing reagent at high conversion, is
catalytic, and relies omtRermal rather than photolytic or photocheni cal
processes to supply the acti tféh\lS energy required for dissociating the
ligand fromthe catalyst—0O'he prod@ss—of the present invention also does
not require the presence of a sacrificial hydrogen acceptor to obtain high
conversion and catalytic activity. The reaction proceeds in a

Lo OO VB0 IRIeE LR o8 BHE LG RE DO, 3 setalyst, a2
temperature effeghbVprbeeast b¥atBe phesepaCtho8nt O¥ARrds theable of
functionalization of the cyclic hydrocarbon on at |east one of its
secondary or carvputicg280&- HrboatespfesheThunaaionel btinhereaganystoand
funCtiohaliZgngeggggggtp%gdgggcgkbggei?uggEEggglggigélreagent and the
cyclic hydrocarbon. 1In particular, the process of the
10 present invention functionalizes the secondary or
aromatic C-H bonds on cyclic hydrocarbon molecules with
the functionalizing reagent at high conversion, is
catalytic, and relies on thermal rather than photolytic
or photochemical processes to supply the activation
15 energy required for dissociating the ligand from the
catalyst. The process of the present invention also does
not require the presence of a sacrificial hydrogen
acceptor to obtain high conversion and catalytic
activity. The reaction proceeds in a straightforward
20 manner in that a cyclic hydrocarbon, a catalyst, and a
functionalizing reagent are contacted in a reaction
vessel and heated to a temperature effective to activate
the reaction towards the functionalization of the cyclic
hydrocarbon on at least one of its secondary or aromatic
25 C-H bond sites. The nature of the catalyst and
functionalizing reagent as described in further detail
below enable one to thermally manufacture a cyclic

hydrocarbon functionalized at its secondary or aromatic

C-H bond site.



bel ow enabl e one to thermally manufacture a cyclic hydrocarbon
functionalized at its secondary or aromatic C-H bond site. WO 01/ 64688
PCT/ EPO M32d1066887 | n the process of the present inventi oRCTERE/ZYISI i c
hydrocarbon is functionalized in the presence of a catalyst and a
functionalizing reagent. The catalyst wused in the reaction nust be one
whi ch is capabl e of thebeimgdsweratalthe artdssaited nvByttikver, malthac iciy¢vatiicon of
the catalyst is neant the process of dissociating a c)ligand froma netal
centre by appERGHPIF IedirdliGhaHeed dipdid hresscghiacdha he z |i gand

(described bel Q‘%’%ﬁg% Sc}sfh%iaatf‘%&cftri%éﬂezi’%“aﬂc a%t%h%tgr.ewh%”%a%tal'y%%st above

the 10 terrperaaf e environment "at functionalizi ng reagent
is stored. Awsefuln sHearatg itest rustdelecniene wihiethhars aapeatial wgt is one
which is capable of being activated thermally is to conduct the reaction

in thesSdark. DESnN ttHwugR actdomi®@shds BihitéleratedmacaliMptiencrtt theassi st
t he dissociatiqgn.of .the c) ligand nay be us .al an i.th the,catal yst in

the process o‘"Taq:faLHc?ttl onal |ez‘_’linr?g%hae %rc(ﬁacsasr ﬁ%fhtsﬁgcgg}tgalp%ta &%gdgfaﬁl he

process nust fen Qf @ tPeMtireh Uys sgapaklae ioh bei meatheeneld ¥hactivated 20
in the absence of any conpound which chemically reacts wth the reagent to

assi st the adtenpstriagmref athevhdigdgdde Z Adgendi dglepcrabedobedownhi ch appl i es

heat in additjon to other_activation chani sns, such as chem cal r
ohot ol Yt i ¢ mEHEECCHAY S, CaETS R O VP RE ot hBTS5 Sbat Rgst apeve the
neverfhel ess & 06835 Wdlehithet REIGRRMR: athenREgsent invention if the
particul ar catalyst is

functionalizing reagent is stored.

A useful screening test to determine whether a
catalyst is one which is capable of being activated
thermally is to conduct the reaction in the dark.

15 Although other compounds which chemically react to
assist the dissociation of the c¢) ligand may be used
along with the catalyst in the process of functionalizing
a hydrocarbon, the catalyst used in the process must be
of a type which is capable of being thermally activated

20 in the absence of any compound which chemically reacts
with the reagent to assist the activation of the reagent.

Accordingly, a process which applies heat in
addition to other activation mechanisms, such as chemical
or photolytic means, and successfully activates the

25 catalyst is nevertheless a process within the scope of
the present invention if the particular catalyst is
capable of thermally functionalizing the hydrocarbon at a
secondary or aromatic C-H bond in the absence of a co-

catalyst or photomns.



capable of thermally functionalizing the hydrocarbon at a secondary or
aromatic CGH bond in the absence of a co- catalyst or photons. WO 01/ 64688
PCT/ EPO mapei(@dess8 O her publi shed systens for activati ngPCi/ERGSH24060Ns at
a CHbond require the presence of a sacr§ficial olefin to achieve high:
catal yst turnover nunmbers. An advantage of the process of the present
invention is that Stlesasublished dysireagentaccept BFat Sty deatEARshd 0
provide a catalytic process with high turnover. drogen released fromthe
C-H hydr ocar bd ddadH deerd needvehei tye Peeranes tof thesFamicticimal i zed

hydr ocar bon under. reacti on. _condj t. ons. t.hqugh t he presence of hydrogen
acceptors 10 A %flrﬁl)tt%x%(f uh?a%e?l?l ht a}atapﬁflessten l%ll}]?/%en i ”HF,%DPTJ?% p ess of

the present igyenttfse st capabbeo®dsachi eMdp i ihe tURaMEIoNUPeSd n the
absence of a sacrificial hydrogen acceptor. By a "functionalizing reagent”
is genérical ly seenifiqbal chydedarie aeserionpoihdicls wpoitidseddel ow whi ch

operates to functionalize cyclic hydrocar.bqgn' s secondary or omatic C-H
bgnd, and i s FotVHtan Cf&btﬁgftr%% Q%%cgsfsed'& '}bﬁ"@bﬁé’rﬁ%e%ﬁi}@%ﬁﬁn or
fate of the rgagentes COPRRUNKEL i ¢SlydQEBbord uUngld epald 284" desd@gnt the

repl acenent of H at a secondary or aromatic C-H bond site on the cyclic
hydr ocar bon wrédrct heiflunche ohahdtzi onp kiesye ity dresiaddenn Aindsec ardartyi o H bond

is any bond between a hydrogen ato and any carbqon at om beari ng one
addi ti onal hy‘Eﬁ’%’e‘?ﬂ%&%mAlZ%“ﬁ*I‘%éetrpb%ﬁﬁ%e epﬁbfséﬁfdr&?edﬁ/(ﬂ%ﬁﬁ%é’ﬁﬁ n
conpoygds. AN, QrQatd.e. (b pofithh Sy Rand, detwuren &1y 440 Ry and
of the present invention is capable of achieving high
turnover numbers in the absence of a sacrificial hydrogen
acceptor.
By a “functionalizing reagent” is generically meant
15 to include any compound as described below which operates
to functionalize a cyclic hydrocarbon’s secondary or
aromatic C-H bond, and is not meant to define the
reaction mechanism, efficiency, or fate of the reagent
compound itself.
20 By "functionalized" is meant the replacement of H at
a secondary or aromatic C-H bond site on the cyclic
hydrocarbon with the functionalizing reagent residue. A
secondary C-H bond is any bond between a hydrogen atom
and any carbon atom bearing one additional hydrogen atom.
25 These bonds are present on cycloparaffin compounds. An
aromatic C-H bond is any bond between a hydrogen atom and
the carbon atom in the aromatic nucleus. It is to be
understood that a "bond" as used throughout the

specification means a covalent bond, a complex, a



the carbon atomin the aromatic nucleus. It is to be understood that a
"bond" as used throughout the specification neans a coval ent bond, a

conpl ex, O V4688 64688 PCT/ EPO /02406 - 9 coordi nati on, PGT/ERMyO2¢n6her form
of a linkage between the stated atons. ~The-cyclic hydrocarbons used in the
process of the present invention are saturated or unsaturated, branched 5

or unbranchedcosuishatubrd or angubshétufesmcye!d cl LonRunss:waleqtied from
aromatic or cycloparaffin conmpounds, provided that the cycloparaffin
conpounds do ShaES@a@ECBA- al kyl branch containing primary GH bond sites.
Aromati c corrpoundsTHgy | _branches.w t rimary G H bond

i | k 0
sites since the aronmat ?gggie%ﬁ}éa??/g‘glb—fm%o‘ﬁ%esd ajrlémr%? ég)lf%%%ﬁgl\%f ditE wi | |

preferential lyrefsnet igvaht 26nvatd sheufaned i OPallLd NardEage HY8led he
primary CH bond sites on an al kyl branch. A primary CGH bond site I1s a

bond bét ween ar hyuboerephed onsapelt iyt dd euriosulstombest icyrtiwo or nore

addi tional hydrogen _atons. Th clic hydrocarbons may be used singly or
in mxture. ﬁ%%@?csr@%?%%ir‘ﬁ%%@ e %tel%LFb’éth‘iﬂt%éWQ@ane or nore

substituents é&hﬁ&ﬁﬁésfr%@ﬂ@@%a@lwy@&@ﬁ&aﬁﬂrﬁ%@% OanC&.re1 cyclic

hydr ocarbon may contain eroatons withinthe cyclic ain,
such as oxygemwrhawve tamgehky Howsverh ¢drecanumibey pofinketyer®mat agmd S no nore
than 1 heteroatom for ever%/:OS carbon_atons, preferahly no nore than 1

het er oat om f o+ &&@r TR Yo YR 2P IRTTE 5 Threfkerla B Raie c it
hydr oggr bon i %ﬁeaaey et P B < A RS Mol ol & LR Ly

conpounds inclu
bonds are more reactive and will preferentially

functionalize with the functionalizing reagent over the
primary C-H bond sites on an alkyl branch. A primary C-H
bond site is a bond between a hydrogen atom and any

15 carbon atom bearing two or more additional hydrogen
atoms. The cyclic hydrocarbons may be used singly or in
mixture.

The cyclic hydrocarbons may be substituted with one

or more substituents selected from halogen, alkoxy, amino

20 and nitro. The cyclic hydrocarbon may contain heterocatoms
within the cyclic hydrocarbon chain, such as oxygen or
nitrogen. However, the number of heterocatoms is no more
than 1 heteroatom for every 3 carbon atoms, preferably no
more than 1 heterocatom for every 6 carbon atoms, and more

25 preferably the cyclic hydrocarbon is free of heteroatoms.

Examples of suitable aromatic compounds include

benzene, toluene, o-, m-, p- Xylene or a mixture of
Xylene isomers, 1,3,5-trimethylbenzene (mesitylene) and

other isomers of trimethylbenzene, or a mixture thereof,



benzene, toluene, o-, m, p- xylene or a mxture of xylene isoners,
1,3,5-trinethyl benzene(nesitylene) and other isoners of trinethyl benzene,
or a m xtwo el/¢46gx eof , WO 01/ 64688 PCT/ EPO /02406 - 10 1PCTAP@I/02406

t et ranet hyl benzene(durene) or ot her isong®s-of

tetramet hyl benzene(i sodurene) or a mxture thereof, ethylbenzene, 1, 2-,
1,3- or 1, 4-d et hy) bergernemarhal bexteme (dirasd)d 65 s: IbdanyldEenzene,
1,2-, 5 1,3- or 1,4-dipropyl benzene, n-butyl- benzene or a mxture of
various al kylt%%%@?‘%k&b(ﬁbe%@ﬁ%hje%?duw% dtolueMest Wi Hitsrmstad .uene,

napht hal ene, ég}w érpz%n@ntﬂr@penfmgh&;%aptﬁ_rﬁ%ecfﬁﬁggleor obenzene,

di chl or obenzene,” br onobenzene, dic robenzene, cHorodi br onobenzene,
chl or onapht hadene, mai it o Al-Teddwtenebisdaiilidiflenphenal.,, catechol
4- nitrobenzyl iodide, 2,6-dichlorobenzyl brom de, 4- chlorobenzyl

chlori dle, 3- chi%r obenzy4 - iR yidenzens grdutwit rswend ol eri de,

2-chl or o- 6-f | uor.obenz 5 chloride,. 3-hramgbenzyl, brom de,
SRR el alg(ryl 'lef%sq;q%%%%r/é)&gzeﬁreé:f’erred aromatic

1
2-bron0benzy|“t1)lr}‘(:)rﬁdae, pyridi ne, m Xt ures

conmpounds COMHI & RENZANRE, didHIRNStSued®, mpitinene Phenglyy ipyri dine
and aniline. Exanples of suitable cycloparaffin corrpounds which™ 20 do not

contai n any argliragengs phatapglirerey, G dmidnzsiness i ncl ude cycl opr opane,
oyl obutane. sl onent anens oxclshone, oyl ate, corel ooctane, "
B;:?:?gbl 55 | VBN QN (BN RS e ), AR 1A 16hRNS ;97 Jret al
4,4'-methylenebis(aniline), phenol, catechol, 4-
nitrobenzyl iodide, 2,6-dichlorobenzyl bromide, 4-
chlorobenzyl chloride, 3-chlorobenzyl chloride, 4-
chloro-2-nitrobenzyl chloride, 2-chloro-6-fluorobenzyl
15 chloride, 3-bromobenzyl bromide, 2-bromobenzylbromide,
pyridine, or mixtures thereof. Preferred aromatic
compounds comprise benzene, toluene, o-, m-, p-Xylene,
phenol, pyridine and aniline.
Examples of suitable cycloparaffin compounds which
20 do not contain any alkyl groups with primary C-H bond
sites include cyclopropane, cyclobutane, cyclopentane,
cyclohexane, cycloheptane, cyclooctane, cyclononane, or
mixtures thereof.
The catalyst used in the process of the present
25 invention comprises:
a) a source of a transition metal, preferably
rhodium;
b) a source of a 3 to 8, cyclic or non-cyclic,
aromatic or non-aromatic, neutral, cationic or

30 anionic, substituted or unsubstituted, electron



rhodium b) a source of a 3 to 8, cyclic or non-cyclic, aromatic or
non-aromatic, neutral, cationic or 30 anionic, substituted or

unsubst i wo ®dkaessl ectron WO 01/ 64688 PCT/ EP01/ 02406 - 11 PCIGRRN/0p496et y

whi ch does not dissociate under thermal l¥eaction conditions, c¢) a source
of ligands capable of formally donating an electron pair to the transition
nmetal a) and 5 whidhodi ssdatat evitileér rieldsy nolr éfiesabliyret hadeguehernablc)

| i gands conprise trialkylsilanes, unsaturated aliphatic conpounds, n
allyls, or 1t areA®3&SHsBurPRditiofisded t hat when the cyclic hydrocarbon
conprises a cycl oparaffJj SGI 1 LN, ct n nds (i)
| ack aromatic CGH o%‘dgoo%ﬁhg)%ngilgtgﬁﬁsdgrag%)?% gnggga?gﬁ?hgoﬁrgggggti on
metal, or (ii) centalectten @aliky thi nter edaaserabhcmEeHl bpndsgon t he

nmoi ety directly bonded to the 15 transition nmetal. Wen the cyclic

hydr ocar bon to be whigét ddsgiociege $hepmaldyel oparaffin described herein,
the b) noiety in_th catal yst: (i) _lacks aromatic.C-H bonds on the noiety
20 directly bondggeﬁgrﬁﬁgyt’rghsei (fslc%‘lﬁcr?efjal Fsoﬁ??fl§scgﬁ?‘8fﬁ§est erically

hi ndered ar opatjig k11 1h0REs onshherawieat ¥1dbhaet bycBRpdedat) he
transition nmetal. I'n an enbodi nent of the present invention, the 25

cat al yst canaldydenvem entirgneepgrapenndd, bpravydedetbit when the

cyclic hydrocarbon comprises a cycloparaffin as described

10 herein, the n arene compounds

(i) lack aromatic C-H bonds on the moiety

directly bonded to the transition metal, or

(ii) contain sterically hindered aromatic C-H

bonds on the moiety directly bonded to the
15 trangsition metal.

When the cyclic hydrocarbon to be functionalized is

the cycloparaffin described herein, the b) moiety in the

catalyst:
(1) lacks aromatic C-H bonds on the moiety
20 directly bonded to the transition metal, or
(ii) contains sterically hindered aromatic C-H

bonds on the moiety directly bonded to the
transition metal.
In an embodiment of the present inventiqn, the

25 catalyst can be conveniently represented by any one of

the following structures:



the follow ng structures: WD 01/64688 PCT/EPO1/02406 - 12 X ME Z Rn X%
(n) MEZ (M R,,X MZ wherein X and Y together represent the c) |igands
bonded dwoeessesor indirectly to M and wherein X and Y P&I/BP81/0p6 dged t o
forma cyclic arene conpound which may td®tain branches, substituents, or
fused aromatic rings; M5 represents Bpe a) transition netal centre; Z
represents a cyclic or non-cyclic, afomati,cppk non-aronatic, neutral,
cationic or anionic, substi®uted or ub/'flubstitut ed conpound having a
7t-coordi nated el ectronic structure, d when the hydrocarbon to be
functionalized is a 10 cycloparaffin, Z | Rt omatic G H bonds on the
noiety which will directly bond to th& rj@nsYtion netal a), R represents
one or nore optional substi(th}lents or branghes, and n represents an integer
ranging fromO to 8 One or “nore of the Iyjgands are bonded to the M netal
centre, and 15 preferably nore than one ligand is bonded to the netal
centre M It is not critical to the present invention that either the
nature or |location of the |inkage between the ligands to the netal centre
be known, so long as some fBrmof a BetkagePeMwem ¢he X or the X and Y
| i gands 20 anghéheiex adndent t egexhst srapresqosittheo e whi tdandd Iborfiteavi de a
catal yst which is effective to functionalize G
directly or indirectly to M, and wherein X and Y may be
bridged to form a cyclic arene compound which may contain
branches, substituents, or fused aromatic rings; M
5 represents the a) transition metal centre; Z represents a
" ¢cyclic or non-cyclic, aromatic or non-aromatic, neutral,
cationic or anionic, substituted or unsubstituted
compound having a m-coordinated electronic structure, and
when the hydrocarbon to be functionalized is a
10 cycloparaffin, Z lacks aromatic C-H bonds on the moiety
which will directly bond to the transition metal a), R
represents one or more optional substituents or branches,
and n represents an integer ranging from 0 to 8. One or
more of the ligands are bonded to the M metal centre, and
15 preferably more than one ligand is bonded to the metal
centre M. It is not critical to the present invention
that either the nature or location of the linkage between
the ligands to the metal centre be known, so long as some
form of a linkage between the X or the X and Y ligands
20 and the metal centre exists at a position which will
provide a catalyst which is effective to functionalize C-
H bonds on the cyclic hydrocarbon molecule.

Suitable transition metals a) (or M) include

transition metals in the 0, +1,+2, +3, +4, +5, or +6



H bonds on the cyclic hydrocarbon nolecule. Suitable transition netals a)
(or M include transition nmetals in the 0, +1,+2, +3, +4, +5, or +6 WO

01/ 64688 WRLIV/ERE3L/ 02406 - 13 oxidation state. It is prePEVERH/RM6enpl oy a
transition netal that is capable of traversing 2 or nore formal oxidation
states, nore preferably 4 or nore formal oxidation states. Exanpl es of

sui tabl e tranrsiiida@ioretalaad imclivderegerged No, efBloRUa ©anBhiciBd, M,

Re, W C, M, Ir, and the netals fromthe | anthani de and acti ni de

series. Pref@ated ridedl s sacarReleRief &agversiner @ opr mpeer 6drmré Rh and Ir,
and nost prefetr%%.is RQ t0 iqB&pve t he rg&ction rate oyer IE and to

i nprove the T CRWEFSISGHR S + KOTFUREETSRAPYi g FedgEhit tPE™ he cyclic

hydr ocar bon- fgnelicQral iZiated eagenb1addust sand 8t ek raA¥PEQEHCHStaht 1S
generally believed that Ir transition netal centres pronote faster

reaction rat éscdmdendies Coonpliet &hy &unvest €tH Bdndi¥nt hae, RA, usicng
equi val ent 15 |igands and reactign gondit'on ) Sg%Brisin however, we
Sy agt

. Ly, howe
have found t A% the {06n LA g RRCa 3ASi ePEn2fetBidgentre to
convert the fungtisonalphziragroieagent st arbNRel upgt i gnal ized gyelic
hydr ocarbon was faster and nore conplete than its Ir counterpart. 20
Accor di ngl y, prefarmest ageeRér aad émhodndembstt peeftraadi t sorRhnedal is Rh.
The catal yst used in the process of the present _invention also conprises a
source of a AMPEOFe EPEl FEAGEICRoR2EGCPVET AFofREi ECotMRBAVEr BRAL I C,

UL oo ORISR LA un S Lo (ML et B gt o1
hydrocarbon-functionalizing reagent adduct and other
byproducts. It is generally believed that Ir transition
metal centres promote faster reaction rates and more
completely convert C-H bonds than Rh using equivalent

15 ligands and reaction conditions. Surprisingly, however,
we have found that the reaction rate using Rh as a
transition metal centre to convert the functionalizing
reagent to the functionalized cyclic hydrocarbon was
faster and more complete than its Ir counterpart.

20 Accordingly, in a most preferred embodiment, the
transition metal is Rh.

The catalyst used in the process of the present
invention also comprises a source of a 3 to 8, cyclic or
non-cyclic, aromatic or non-aromatic, neutral, cationic

25 or anionic, substituted or unsubstituted, electron donor
moiety which does not dissociate under thermal reaction
conditions, and when the cyclic hydrocarbon to be
functionalized is a cycloparaffin, said moiety

(i) lacks aromatic C-H bonds on the moiety

30 directly bonded to the transition metal, or



conditions, and when the cyclic hydrocarbon to be functionalized is a
cycloparaffin, said noiety (i) l|acks aromatic CH bonds on the noiety 30
di rect| yWsptiddeBst o t he transition netal, or WO 01/ 64688 PEIV/ERDR2ME406 -
14 (ii) contains sterically hindered arbhatic GH bonds on the noiety
directly bonded to the transition nmetal; The Z noiety depicted in the
structural diagransi3 aboeetfdosr espendandyt biherbll apoetylcis-Rr 3-8

el ectron donor |igand which does not dissociate under thermal reaction
condi tions. Ther m&PEEadf &htccaRdietivons tacé 14l Pondird pRysheal reaction
condi ti ons enpl oy LR pLact | tqQ functionalize the cyclic hydrocarbon at
its secondary or %gaggéﬁégﬁbh%?ﬁlbond site, including but not limted to
the pressure, t@ahperamvtetryaddpipaed wal@ﬁbtgtﬁaadhfhmnaiaﬁkémgn t he
reacti on vessel. Dissociation of the Z noiety results in the degradation
of the cat al pbPPVet HEPEBYRSPPBAi Fatong et &) aBPietyy. 135aTRe8Zeheierynal so
donat es el ectyron_densi . stabilize the oxidation state of the
transition me gﬁroﬁla?hé ggﬁf@eéggfapﬁgt.lﬁ?@?é?éﬁl??a?ﬁeggFﬁ@? oni ¢ charge
of the Z noi ekuceibh tuhbytsbabi.l i zaet-hg1netabt€6At E6nddEPSALI AP URPD t he
oxidation state of the netal centre M 20 in its active state. The Z noiety

may be bet wetheaphib2cahdrapction compliétedscyubicyed honpryctice woomatic
or non-aromati c, .neugnal ggtioni&.or agionic substituted or unsubstituted
ligand. It i UBFELEPABE7Cat T E86LdFnaYEEORERPR 2551 bF oRBEPRIRBHpRINd
full yjpsubsti putedciane-aoOhrenRr i eeablyciuding but not limited to the
pressure, temperature, and space velocity conditions
within the reaction vessel. Dissociation of the Z moiety
results in the degradation of the catalyst, thereby
terminating its activity.
15 The Z moiety also donates electron density to
stabilize the oxidation state of the transition metal of
the active catalyst. Preferably, the electronic charge
of the Z moiety will fully stabilize the metal centre

depending upon the oxidation state of the metal centre M

20 in its active state.

The Z moiety may be between an 12 and an n8
complexed cyclic or non-cyclic, aromatic or non-aromatic,
neutral cationic or anionic, substituted or unsubstituted
ligand. It is preferably a m coordinated, cyclic

25 aromatic compound fully substituted, and more preferably
a cyclic, fully substituted aromatic, anionic moiety.

The Z moiety preferably comprises a fully substituted
N°-n% cyclic moiety having a 5-8 carbon membered ring.
The Z moiety preferably comprises a fully substituted n°

30 cyclopentadienyl moiety. Said n° cyclopentadienyl moiety



a cyclic, fully substituted aromatic, anionic noiety. The Z noiety
preferably conprises a fully substituted 71 5-11 6 cyclic noiety having a
5-8 carbovo needog ed ring. The Z noiety preferably conpri BEFERTZHA6Y
substituted 115 30 cycl opentadi enyl noi éby: Said 115 cycl opent adi enyl

nmoi ety WO 01/ 64688 PCT/ EP01/ 02406 - 15 is preferably a 115

pent anet hyl cyicd opetadiranyla i ¢ldht anldt NGRS hggg&en%ﬁgnéi%gggound is a

fully substitutéd cyclic¢ 715 5-8 carbon nenbered ring. ty may be
coor di nat ed tIo tdvee Mmietdhlmegent rthe ¥ iconpexerdali sdisf fferapt suberBiiuged

configurations. For exanple, the Z noiety in the 715 configuration may be
in one of theycSiaAno5-8 icsomem mestetres rimga nore preferred embodi nent,

the Z noiety is the Uisanmer in tgg i 5 %8nded configuration. It is to be
under st ood that thE f0"GrEGYnIRYpEs £PoxdRetRE GoubPe Momgsass canbrenyl

| gands need ot g iadetidiced heqaune.at. Lasrdelocalibaal i opo.ef fect . For

exanple, an fl5-1,3-pentadien-3-yl group is ntica

115- 1, 4- pent adizgf13, Y b Har QURo ikl yi an_tehebﬁsf ebhhehuyadsrat aag phatqall
isoneric forms of Z 15 noieties are included in any reference to a Z noiety
identified hemei of Elwet ISer Wor er Ut issmeaticcsttieal. t @n theopeesent
invention that either, th ature of the |inkage between the Z noiety and

the netal ceRFFeeTER% RELOCAPEBE nGRber TEIREYCcASt hBeZUndpeRgri én the
coordi nated, 20, bonded, or..conplexed tqg the netal centre, be kpown, so
long as sonen%okﬁf%F%aCFPﬁ%gﬁggBéPﬁeenthéSZtﬁngétVnaﬁH?tPﬂg Hﬁ?éltE%ptre_
exi st at a pesighhal WRkGRiwh! brpeaui deundel HBRLEOAR! LzhAg [eageginghich is
effective to functionalize a secondary or aronmatic CH ond:

7 need not be identified because of the delocalization

effect. For example, an n5—l,3—pentadien—3—yl group is
identical to the n5-1,4~pentadien—3-y1 group. It is to
be further understood that all isomeric forms of Z

15 moieties are included in any reference to a Z moiety
identified herein. Furthermore, it is not critical to
the present invention that either the nature of the
linkage between the Z moiety and the metal centre, or the
carbon number to which the Z moiety is coordinated,

20 bonded, or complexed to the metal centre, be known, so
long as some form of a linkage between the Z moiety and
the metal centre exists at a position which will provide
a functionalizing reagent which is effective to
functionalize a secondary or aromatic C-H bond.

25 The Z moiety must lack aromatic C-H bonds on the
moiety directly bonded to the transition metal, or
contain sterically hindered aromatic C-H bonds on the
moiety directly bonded to the transition metal. An

aromatic C-H bond is a bond between a hydrogen atom and



25 The Z noiety nust |lack aromatic C-H bonds on the npiety directly bonded
to the transition netal, or <contain sterically hindered aromatic C H bonds
on the wvo etsaesdi rectly bonded to the transition netal. APCT/EP@IrfA466c C- H
bond is a bond between a hydrogen atom-ahe WO 01/ 64688 PCT/ EPO /02406 - 16
one of the carbon atons formng the aromatic ring. The presence of
sterically achassddlhar@midc Edhdardnion thee areieiy oMiel . wirhk directly
bond to the transition metal a) is undesirable when functionalizing the 5
cycl opar af f i e sl ﬂf@r@%ldé/cmstsﬁ@}ec@ﬁﬁéﬁélﬂ hH pigads on

funct!onal|z%§#gﬁﬁg%?%$e%segpn é:reé%ﬁ0|%%ar?%%hth %nd%Fﬁ Egaeazen N

reduci ng the ifonal |ze cyclopara cCoO

cycloparaffi ndisit &) hes fmﬁﬂféslqraahlezament Fenétivnatl ¥ zshouldeei t her
al toget her 10 | ack aronatlc C-H bonds on the noiety directly bonded to the

transifion nmywlomraﬂfmrdmadc heridibohdsagse theasentipetkeyishoul d
be sterically.in CC€SSIb| othe tivated catalyst nolecul es_i.n the
vicinity to mf RPEt I Egii | PECRGPRY Exﬁb F}°§F5ﬁ§FFE C-H
sites. 15 In /R0 e Jgy&iafy %&@9@ Rt 1 RY @ b Irt,8c@1 kg 1 Zegnoi et y,

i ncluding those si'tes which are directly and only indirectly bonded to the
transi ti on netallddareifghim 9&&&&@&@@&&'owheheachnﬂepyrdﬁfeuthy bonded to
the transition nmetal, are either lacking in any_aromatic C-H 20 bonds or

contain sterﬁ@aﬂgﬁqﬁhﬂﬁﬁ%%$Q§+ﬂ%F%éé“DPﬁtM FRobd dapptberatddoBREPSEui t abl e
S“bSt'%j(S”e”ts %cffc Ky Q7 QURS ARG @f ‘Eh%eﬁx‘éﬁé'tg/ygﬁ?:g@"cq pRfasherheal ly

demandi ng. Non-11 mt1ng exanpl es o Stch stituents on aromatic
ring carbon atens radjAddrin etal, or if such aromatic C-H bonds are
present, they should be sterically inaccessible by other
activated catalyst molecules in the vicinity to minimize
or avoid functionalizing the Z moiety aromatic C-H sites.
15 In a more preferred embodiment, every site on the Z
moiety, including those sites which are directly and only
indirectly bonded to the transition metal through a
substituent on the Z moiety directly bonded to the
transition metal, are either lacking in any aromatic C-H
20 bonds or contain sterically hindered C-H sites.

It will be appreciated that suitable substituents are
bulky groups which are generally regarded as sterically
demanding. Non-limiting examples of such bulky
substituents on aromatic ring carbon atoms adjacent to

25 the aromatic C-H site include hydrocarbyl, hydrocarbyl
substituted metalloid radicals wherein the metalloid is
selected from Group IV A of the Periodic Table, silyl,
germyl, cyano, hydroxyl, amino, and halo groups, such as
fluorine or chlorine, especially fluoro or fluorocalkyl

30 groups, aryl, phenyl which optionally may bear one or



25 the aromatic C-H site include hydrocarbyl, hydrocarbyl substituted

netalloid radicals wherein the netalloid is selected fromGoup IV A of

the Peri odboi/ddagd e, silyl, gernyl, cyano, hydroxyl, am nBCT/&Re/1l60

groups, such as fluorine or chlorine, edpgecially fluoro or fluoroalkyl 30

groups, aryl, phenyl which optionally may bear one or WO 01/ 64688

PCT/ EPQOL/ 024QGfbre dff thersamd dihelistierart dddarieniersid)stEikuents,, al kl aryl,
phenyl al koxy, benzyl, bul ky substituents containing one

al koxy, pheng%y, .
or nore het erdl kB RIRIPAES RIS IbhWdroxyal IBADNZIY vy [bulkypiszbstNgpientsBpPh2,

and - B(CPh) 2,_and bggyl' id.e S. Qf. the Z. noi

substituents Cmay %lﬁ%’f ne (%Iggngqt eerhe(i%]eq{ ém% rrsnis]:a C§1 {%5’ orm E%%ﬁf-rczo
saturated ringkyl5aimptles -afpydr-oaenby| - Eptoypsddcleudenl- C2@gbr anched or
unbranched al kyl groups, preferably Cl-C6 branched or 10 unbranched al kyl

groupsssuch asartethylic etdid ,edtsopr.opyl, propyl, butyl, t-butyl, isobutyl
neopentyl, and 3- phen I-neggenpyl. O her exanpl es of hydrocarbyl groups
i ncl ude” t he Cl- C20WswHsttiteutZe drigdive SUPstdpieats May Weedeisse or nore of

Lne,nydrogen Ao e be.ie agaddp i, helonen Ladiagl o anano

radi cal, a pho ino Tadical, an Koxy ra

containing a i ifH G, sl JTQPQ i ity |t i S pr r that the

substi t uent ongkgf% é%traﬁ#xg%%éﬁ?y 0R¥%£qf¥6§€§.Eéu?ﬁ?s%%gbfgggn 3

general |y 20 contrihite 510 Jingheagidng ﬁr@%e%%ﬁ?ab S—(Z%bglr'ah)éh%ti bhe

catal yst under reaction conditions with the cy lid ydrocarbon, as well as

i ncregsi ng t heaGldcHdd Ak ihgrkAl®th as methyl, ethyl, isopropyl,
propyl, butyl, t-butyl, isobutyl, neopentyl, and 3-
phenyl-neopentyl. Other examples of hydrocarbyl groups

include the C1-Cyp substituted radicals, optionally

where one or more of the hydrogen atoms may be replaced
15 with a halogen radical, an amido radical, a phosphino
radical, and an alkoxy radical or any other radical
containing a Lewis acidic or basic functionality.
It is preferred that the substituent donate electron
density to the ligand. Such substituents generally
20 contribute to increasing the thermal stability of the
catalyst under reaction conditions with the cyclic
hydrocarbon, as well as increasing the activity of the
catalyst.
Examples of preferred substituents comprise
25 trimethylsilyl and C;-C4 branched or unbranched alkyl
groups, such as methyl, isopropyl, t-butyl.
The number of substituents is sufficient to create a
fully substituted Z moiety or sufficiently substituted to

sterically protect the remaining aromatic C-H bonds. The



Exanpl es of preferred substituents conprise 25 trinmethylsilyl and C1-C4

branched or unbranched al kyl groups, such as nethyl, isopropyl, t-butyl.
The nunbevo of64s&8osti tuents is sufficient to create a ful PI/ERUAR#MSUt ed Z
moi ety or sufficiently substituted to “st®rically protect the remaining

aromati ¢ CH bonds. The WD 01/ 64688 PCT/EPO /02406 - 18 aromatic carbon
at ons whi ch aremsuhst iceubed etomgdehticbserecaubehiatiors incanasathessucl ei
fused to an arogytic ring. bonded directly to the metal centre M as well

as the ar om&tr Oﬁu@F@FSiﬁBi?€8PP§lFeFH€9@d_FBS?ﬁetPr§H§PFP6ﬁtSCn§#a9
through the Ropdiss3Q¢kathIcel RELS g\)@tg@_r‘%hwe At OB ﬁé&%cggygggnged to

the transition netal. Exanples o noi et1 es (equi val ent

noi eti es) suitrabke itonutlrdt iodakezicdg tkeharedatbcthadrraueh opanaffin
hydrocarbons described herein include, but 10 are not limted to,

net hylcycl opBftadi éReougbhiheceropéReadienandt ehacyrepcriepahiagdi ene;

hexyl cycl opent adi.ene; ¢k Iggﬁég eptadiene;. % 2e:4L % cycl opent adi ene;

. ] t X ’

1, 3-di net hyl cyc gpentggleﬁe; ,g-glnet%yﬁ-? 5 -ﬁen?ﬁ ?é%-l-yl; 1,

5-dinethyl-il5 thappbhtadoenb?-pbieRidsdileaghhvbiddd tpentadren-3-yl, 1; 5-

di met hyl - 715 7pentadien13-gl; 1,2,4- trimethyl cycl opentadi ene;

pent anet hyl ¢ abic¢ y en fen- 3-yl;
t amet hyl cjerepéreadreatabie forpfyprrinsehyrsngythe Frgmapéntamien- 3-yl

1,2,3,4- tetranmethyl cyclap néadien 1, 2, 6,. 6-tetramethyl-TL5 20

oyol ohexadi eRTALyPArEio 8 BVReBe R BrRThg o 85Pod FEr Shex er BHES: yhuE 1, 2,

4, 6,106'pent_@:E‘EtH?élc'[LHﬁiteﬁ}’@bQhﬂé@ﬁyﬁﬂﬁéibﬁbén@adj?ené; 6, 6-pentanethyl-ri5

- cyclonexadien-4-yl; 1, 2, 4, 5, 6, b-hexanethyl-r -

| oh d 4-yl; 1, 2, 4, 5 6, 6 thyl -r15
ethylcyclopentadiene; t-butylcyclopentadiene;
hexylcyclopentadiene; octylcyclopentadiene; 1,2-
dimethylcyclopentadiene; 1,3-dimethylcyclopentadiene;
2,4-dimethyl-n°® -pentadien-1-yl; 1, 5-dimethyl-n® -

15 pentadien-2-yl; 2,4-dimethyl-n® -pentadien-3-yl, 1; 5-
dimethyl- n° -pentadien-3-yl; 1,2,4-
trimethylcyclopentadiene; pentamethylcyclopentadiene; 1,

S5-bis (trimethylsilyl) - n° -pentadien-3-y1; 1,2,3,4-
tetramethylcyclopentadiene; 1, 2, 6, 6—tetramethyl—n5 -

20 cyclohexadien-4-vyl; 1,2,4,6,6-pentamethyl—n5 -
cyclohexadien-3-yl; 1, 2, 4, 6, 6-pentamethyl-n> -
cyclohexadien-5-yl; 1, 2, 5, 6, 6-pentamethyl-n> -
cyclohexadien-4-yl; 1, 2, 4, 5, 6, 6-hexamethyl-n°> -
cyclohexadien-3-yl; 1,2, 4, 5-tetramethyl-6, 6-

25 cyclotrimethylene—n5 -cyclohexadien-3-yl; 1, 2-
dihydronaphthalen-1-yl; 1, 2-dihydronaphthalen-2-vy1;
1,1-dimethyl-1,2-dihydronaphthalen-2-yl; 1, 1-dimethyl-
1,2-dihydronaphthalen-4-yl; diphenylmethyl- di(1-

cyclohexenyl)methyl; 1, 1-dimethyl-1,2, 5, 6, 7, 8-



cycl ohexadi en-3-yl; 1,2, 4, 5-tetramethyl-6, 6 25 cyclotrinethylene-r)5
-cycl ohexadi en-3-yl; 1, 2- dihydronaphthal en-1-yl; 1,

2- di hydr ov@apid4egd en- 2-yl; 1, 1-di met hyl - 1, 2- di hydr onapht haC®EP@H02406 1
1-di net hyl - 1, 2-di hydronapht hal en-4-yl-; 18i phenyl met hyl - di (1-

cycl ohexenyl )nethyl; 1, 1-dinmethyl-1,2, 5, 6, 7, 8 WO 01/ 64688

PCT/ EPOL/ 0240@xa—hy}:ﬁrori@¢r&lnedlremaapl}t1h;aljen 14=d)aJmethy111d|4rret5hyI6- 74, 85, 6, 7,
8- hexahydronapht hal en-4-yl; 1, 1-dinethyl-1,5, 6, 7, 8,
hexahydronapmﬁﬁiwpht@@@@ﬂ&rreilrretlhﬁl-ff@til}f%l &, 67 7, 8, 9-

8- hexahydron etyr t hy
8- hexahydronapﬁq{a}lﬁ}1 }@qtha%e]nl%z%/]? te!talpgrfg't hﬁjtrfme§§1Y§ L 6.
9- hexahydrona;phtdl&iee&rgr@mna%htﬂaﬁﬁhnmoam flr@C@rl't%t)Hamethyl 1 4,

9, 10-di hydroant hracen-1-yl; 9, 9-dinethyl-9, 10- dlhydroanthracen '0- yl;
1,2,3,%,9, 16 @xa?hycﬁrﬁmwymmwhalﬁnﬂ—yl,m 9116.,16-

ORI TR I it PR

hexahydroanthﬂﬁQﬁﬁﬁﬂd%d&ntH%aé%ﬂﬂ9n§ﬂhy@Tho4d1§yd§oa%th%gcen 1-vl; 9,
hexahydr oant hracen-2-yl; 8, 8-dinethyl-1,4, 5,78, 9,

hexahydroantHk@be@ﬂhybﬂ9' ﬂqzdx&yd¢0&ith&acép 80- 91101 2 3,4,9, 10-
decahydr oant hr acen- 9- vyl 2, 3, 4_.5_6, 7, 8 9,11-
decahydroantWF%@gﬁd59ﬂnth?aQ§Qﬂ%ﬂ§§hyP £ 23'34 49 50-6, 7,
9, 10- gecahydroan d%%tlhf}aw -9.-33-diymet hyl - 31-4 5,
9,11- decahydroant%ﬁacen- i ¥%20 dlnethyllndene
4,5,6,7- tetrahyﬂmgﬁmdamehxﬁceme@hyﬂcyalGpeﬁtadleaylsoLane 1, 2-

di et hyl cycl opent adi enyl si | ane; 1, 3- dlnethylc clopentadlenyIS|Iane 1,2, 4-
hexahydroanthracen-1-yl; 9, 9-dimethyl-1 5, 8, 9, 10-

8,
6, 7, 8§,

hexahydroanthracen-10-yl; 9, 9-dimethyl-1,4, 5, 8, 9, 10-
hexahydroanthracen-2-yl; 8, 8-dimethyl-1,4, 5, 8, 9,10-

15 hexahydroanthracen-10-yl; 1,2, 3, 4, 5, 6, 7, 8, 9,10-
decahydroanthracen-9-yl; 1,2, 3, 4, 5, 6, 7, 8, 9,11-
decahydroanthracen-9-y1; 9, 9-dimethyl-1,2, 3, 4, 5, 6,
7, 8, 9,10-decahydroanthracen-10-yl; 9, 9-dimethyl-1,2,
3, 4, 5, 6, 7, 8, 9,11-decahydroanthracen-10-yl; 4,7-

20 dimethylindene; 4,5,6,7-tetrahydroindene; 3-
methylcyclopentadienylsilane; 1,2-
dimethylcyclopentadienylsilane; 1,3-
dimethylcyclopentadienylsilane; 1,2,4-
trimethylcyclopentadienylsilane; 1,2,3,4-

25 tetramethylcyclopentadienylsilane;
pentamethylcyclopentadienylsilane; 1,2,4-
trimethylindenylsilane; 1,2,3,4-tetramethylindenylsilane;
and pentamethylindenylsilane and each of their equivalent
ligands. Other Z moieties include the fully substituted

30 or sterically hindered substituted moieties of the



trimethyl cycl opentadi enyl silane; 1,2,3,4 25

t et ranet hyl cycl opent adi enyl si | ane; pent anet hyl cycl opent adi enyl si | ane;

1, 2, 4- tr weetigédsndenyl sil ane; 1, 2, 3, 4-tetranet hyl i ndeny| skCTERN1/02496d
pett anet hyl i ndenyl sil ane and each of theif#%equivalent I|igands. Cther Z
noieties include the fully substituted 30 or sterically hindered

substi tut ed nuicetpcesndsf ideatWDiet/ 64688 -RChH/ ERQ15@2466 the2D 1ge6aRAQUNdS
identified in US-A-5 541 349 as the L ligand therein. In addition to the
above nentionédSZSidi-eties, the following noieties are also suitable for

functional i ing —3q!BAGAELORRt LE RXA' aEALRORS,AESELAPEILBEERLD, ThRS®
i nclude, but are not Iimted to, pentadienyl, "~cyclopentadienyl,

cycl ohexadi enyb]lloythasimbaeitéryl arecudkohept adbeaykorcyaheesbadi epyhy
ant hracenyl, and naphthal enyl groups. More sgecific exanpl es include 10
cycl opent adi ef8e PREEAEICAhNETrRERIPONFIERECTAbPd HERBERY| | HHenAe,

4,5,6,7-tetrah i;nd ' atri hyl I tatri ,
Syl obct at ot 1 ALRA OGt RUFcsEFoneral el s Sne CaziPARBLL FBTRY! azul cno.

et hyl azul ene, ciuepeneadiehhyl f byetenexadibnyronosyel epenhadigpy! sil ane,
bi scycl opent adi enyl sil ane, triscycl opentadienylsilane,
t et r aki scycl opgat abepAplsehdhe, CYBLoegErdpenyhdi enyhnanenel hyasd| ane,

bi scycl opent adi e noet hyl si | ane, ..20 bi scyclopent adi enyl di net hyl si | ane,
bi scycl opent atFEHL AT ERYI STTARG,  BPSGyPonoht B EROPHEENSTEIHSR si | ane.

10 cyclopentadiene, indene, 4-methyl-1-indene, 4,7-
dimethylindene, 4,5,6,7-tetrahydroindene;
cycloheptatriene, methylcycloheptatriene,
cyclooctatetraene, methylcyclooctatetraene, azulene,
methylazulene, ethylazulene, fluorene, methylfluorene,

15 monocyclopentadienylsilane, biscyclopentadienylsilane,
triscyclopentadienylsilane,
tetrakiscyclopentadienylsilane,
biscyclopentadienylmonomethylsilane,
biscyclopentadienylmonoethylsilane,

20 biscyclopentadienyldimethylsilane,
biscyclopentadienyldiethylsilane,
biscyclopentadienylmethylethylsilane,
biscyclopentadienyldipropylsilane,
biscyclopentadienylethylpropylsilane,

25 biscyclopentadienyldiphenylsilane,
biscyclopentadienylphenylmethylsilane,
biscyclopentadienylmonomethoxysilane,
biscyclopentadienylmonoethoxysilane,
triscyclopentadienylmonomethylsilane,

30 triscyclopentadienylmonoethylgilane,



bi scycl opent adi enyl di propyl sil ane, bi scycl opent adi enyl et hyl propyl si | ane,
25 bi scycl opent adi enyl di phenyl si | ane,

bi scycl opendiadéssny| phenyl net hyl si | ane, PCT/EP01/02406

bi scycl opent adi enyl nononet hoxysi | ane, -b2&cycl opent adi enyl nonoet hoxysi | ane,
tri scycl opent adi enyl nononet hyl si | ane, 30

tri scycl openttadiRid 1epaadtyil e iaeond@Hdikh64688PCT/ EP01/ 02406 - 21
triscycl opent adi enyl nrononet hoxysi | ane,

t ri scycl openttadissmd innridtatenyilingnes thoxyisidemel, s moagae ndebiydisndenyl, si | ane,
trisindenyl sil.ane t et r.aki si ndenyl.sil ane, .qonoi ndenyl nononet hyl sil ane, 5
nnnoindenylm&ﬁﬁéq%ﬁﬁﬁ %ﬁ%ﬁnﬁhﬁéﬁﬁ% gﬁfﬁﬁﬁﬁéﬁ%ﬁﬁgilane,

nmonoi ndeny! dicedthdksid idRnyIIQiaREE N YoM rRhR xibh@R8:1 silane,

nmonoi ndenyl nonoet hoxysi | ane, nnnoindenylnnnophehoxysi?ane,

bi si ndeny| nomomstimdesivilapaoe thivdisidemel, nowoet ndegylldimethylsilane,

bi si ndenyl di net hyl sj | ane,. i si,ndenyl di et hyl si L ane, )

b o1 ndeny! metRTbrrT e by s dP G R a s Y AP ame thowysi Lane,

bi si ndenyl et i oRrSi1hRRRe t HBkSIsAdaRy!, di phenyl si | ane,

bi si ndenyl phenyl net hyl'si | ane, bi si ndenyl nononet hoxysi | ane,

bi si ndeny| nmomoeichimdesiyllamaophenosiysdéaykenobasehighgilhanemethylsilane,

tri si ndenyl nonoet hyl si_l ane, 15_trisi ndenyl nononet hoxysi | ane

trisindenyl rr@ﬁ&é(‘ﬁ%’i?’ MoRee thyl s RPEi nBafyPepPyhdimgraylsilane,

G Iy e ot e LM S B st s e
the ring maybaptndealllyibeopyiepiaaeqd bishatengatonplpsuphliaslanklr ogen or
oxygen. z bisindenyldiphenylsilane, bisindenylphenylmethylsilane,
bisindenylmonomethoxysilane, bisindenylmoncethoxysilane,
trisindenylmonomethylsilane, trisindenylmonoethylsilane,
15 trisindenylmonomethoxysilane,
trisindenylmonoethoxysilane, 3-methylindenylsilane, bis-
3-methylindenylsilane, 3-methylindenymethylsilane, 1,2-
dimethylindenylsilane and
1,3-dimethylindenylsilane.
20 When Z is cyclic, the ring may optionally be
comprised of heteroatoms, such as nitrogen or oxygen. Z
can be a 4-50 member non-hydrogen atom group, preferably
a 4-10 membered fully substituted cyclic moiety or a
sterically hindered moiety comprised of a single or fused
25 ring system. Examples of any of the above compounds
bonded through an alkylene group (usually 2 to 8,
preferably 2 to 3, carbon atoms) are suitable as the Z
moiety. Examples of such compounds include bis(4,5,6,7-
tetrahydro-1-indenyl)ethane, 1,3-propanedinylbisindene,

30 1,3-propanedinylbis(4,5,6,7-tetrahydro) indene,



can be a 4-50 nenber non-hydrogen atom group, preferably a 4-10 nenbered
fully substituted cyclic noiety or a sterically hindered noiety conprised
of a singbaigissused 25 ring system Exanples of any of tAGI/ERO00R0€0NMPOUNds
bonded t hrough an al kyl ene group (usuall2¢g 2 to 8, preferably 2 to 3,
carbon atons) are suitable as the Z noiety. Exanples of such conpounds

i ncl ude bi Sﬁ%)ﬁlgneﬁﬁé (ahysdond r j ndesytdhane,

1, 3- propane i sindene, 30
1, 3- pr opanedi mydiy 5) dy Gl @pant ad t eths dr &3 plrefeniane WY 1EL6688 PCT/ EPOl / 02406

- 22 propyl gpebi s(1-i ndene i sopropyl (1- indenyl). cycl opent adi ene,
di phenyl net ‘é‘h’é‘f’gyjl>f‘Fﬁ%&%ﬁag@?ﬁ%peﬁ%o&?égygloﬁ,entapﬁeny -i-

i sopropy! cyct ppept adi eyt spy 1] oy enehsopi eyl scycl opent adi ene. 5 A
m xture of any of the aforenenti oned conpounds may be used in the

synthesis of thes caixdiwyst .offheny abiBie esf armgmdrg igmsyb stdnpeuedis may

cycl opent adi enyl conpounds. NMpst preferred as the Z noieties are al kyl
subst it ut ed %@c?%%ﬁ%oq%ﬁy%%%%o%? i 93t Farihcul ar 10 the Cl-C4

al kyl substitut eg, cyclopentadi epul compaunds 5 SHHY %fyc{q%m%&ie%l tri,

tetra, or penta nethyl, ethyl, propyl, 1sopropyl, ty

cycl opent adi @whowodgountsst (reraf extrarbtdry | tdyc | Dperiteadieanydre alkyl

met hyl cycl opent adi enyl t et ramet hyl cycl opent adi enyl ) ,

di et hyl cycl cpEedaHIErsd | CHC HOP i 3RS b RISl anghdn particular

pent t hyl cycl opent adi-enyl ) ]%gg- Y. - I stituted
i ndeilg?3 and t}/}ﬁ uc‘&f enén‘i/lalg{c}ynlposulh S, %ﬁﬁ%$ag@g%}eg%dﬁ%qﬁd?ﬁy ,Ou Lé% .
tetrahydrof | yenenyl . ang,ed aydr ol uoralvly | M exaMlds,Af, kel 2

noi ety structures are represented bel ow
propyl, isopropyl, or t-butyl cyclopentadienyl compounds

(e.g. dimethylcyclopentadienyl, methylcyclopentadienyl,
tetramethylcyclopentadienyl, diethylcyclopentadienyl, t-
15 butylcyclopentadienyl, and pentamethylcyclopentadienyl)
and the hydroxy and C,-C, alkyl substituted indenyl and
fluorenyl compounds, such as tetramethylindenyl,
tetrahydrofluorenyl, and octahydrofluorenyl.
Some examples of cyclic Z moiety structures are

20 represented below:



WO 01/ 64688 PCT/ EP01/02406 - 23 0 R +1 +2 or or GRor (DR or R wherein
Zis fully substituted with R groups or sufficient nunbers of R groups to
sterical wobueessr the aromatic C H bonds. The nunber of KCHERUM#2406my range
froml to 8. 5 The catalyst used in the 9rocess of the invention is also
conprised of one or nore c) ligands. The catalyst contains at |least 1 c)
| i gand, and preferably contabns 2 or nore c) |igands. Tge c) ligand is
derived froma sdéurce of |igah v .tlng an 10
el ectron pair to t r angjx ogi ate thermal ly.
The c¢) ligand i i vard rfoR density to the
transition netal d whic > pai r of el ectrons
or a 15 bonding pair of electrons. By donatlng a pa+—0f electrons is
meant that the |igand does not transfer electrons to the netal, and upon
di ssociation, the electrons leave with the ligand. It is not necessary
that the bond | i nkage occur betwegn a coordinating atom 20 and the netal
centre. The band |inkage nay occur between the netal centre and a it bond
or a it coordinated 64688 PCTI EPOL/ 02406 - 24 each of which
can donate el ectron stabili ze

wherein Z is fully substituted with R groups or
sufficient numbers of R groups to sterically hinder the
aromatic C-H bonds. The number of R groups may range
from 1 to 8.

5 The catalyst used in the process of the invention is
also comprised of one or more c) ligands. The catalyst
contains at least 1 c) ligand, and preferably contains 2
or more c¢) ligands. The c¢) ligand is derived from a
source of ligands capable of formally donating an

10 electron pair to the transition metal a) and which
dissociate thermally.

The ¢) ligand is derived from sources which donate
electron density to the transition metal and which
contain either a non-bonding pair of electrons or a

15 bonding pair of electrons. By "donating" a pair of
electrons is meant that the ligand does not transfer
electrons to the metal, and upon dissociation, the
electrons leave with the ligand. It is not necessary
that the bond linkage occur between a coordinating atom

20 and the metal centre. The bond linkage may occur between

the metal centre and a ©m bond or a n coordinated ring,



the oxidation state of the nmetal centre M or the bond |I|inkage may be a a
bond between a ligand atomand the transition netal centre. 5 The ¢)

| i gand shombik4b88 one whi ch di ssociates from the catal ystPGHEPO1&R46i cat i on
of thermal energy. Since it is desirabl&4to both increase product yield
and reaction rates, not all of the ligands should be of the type which are
tightly hel d éachheftwiahshtcon detate 1€ eentsre,dand mptt@ldtdbigands shoul d
di ssociate fromthe _catalyst slowy or only at tenperatures approaching
the deconpostie opxi@apePat fFatefot Hehe dteltdsstcetcedrdi iy ythe &onckast one

“thermal Iy di SYSEFAT IR 7 hebrt 1S THACThel 1] a1 2 Dhial ¢ 75

di ssoci ati ng f¥omiheomehetal ceabtee Usi ng thermal energy at tenperatures
bel ow the tenperature at which the b) noiety dissociates fromthe netal

centres whi ch woufke resul 19and tfeowedyrerianovhgich [dissamidatest fyom a

preferred enbadi nent,.the c) ligand. 20 dissociates fromthe netal centre a)
at tenperatur@%e R B 250 %%aaq%%glvcea : Ci‘:":)\:/it S8 o R el ince

di ssociation i§ {9 gonduet1d hes resct | ibidh e gdauomy g ighd he absence
of any co-catalyst or other ingredients beside the functionalizing

reagent, the 2sacaial ysites heneycdlil &y drioe drigemdsamthaulsblheertf. thiEhe c)

| i gand preferably copprises aliphatic nsat yrated or, it arene _conmpounds,
said it arene-&fnp alf%c%g}gtﬁX %%&%—tﬁ?%mmﬁ@%)mqtiadand can be

br oadl f ol { oW 5 o / 64688
br oadyy ! 822896&9@@%5 bynd heor 301 T of 1 WA St Widls Sl a8 o Prl

catalyst slowly or only at temperatures approaching the
decompogition temperature of the catalyst. Accordingly,
at least one of the ligands should thermally dissociate
from the catalyst. By “thermally dissociating” is meant

15 that the ligand is capable of dissociating from the metal
centre using thermal energy at temperatures below the
temperature at which the b) moiety dissociates from the
metal centre, which would result in the degradation of
the catalyst. In a preferred embodiment, the c) ligand

20 dissociates from the metal centre a) at temperatures
below 250°C and above 70°C. Evidence of thermal
dissociation is to conduct the reaction in a dark room
and in the absence of any co-catalyst or other
ingredients beside the functionalizing reagent, the

25 catalyst, the cyclic hydrocarbon, and a solvent.

The c¢) ligand preferably comprises aliphatic

unsaturated or m arene compounds, said 7 arene compounds

lacking m arene C-H bonds.
The c¢) ligand can be broadly represented by the

30 following structural formulae:



X |'i XY RX wherein X and Y each independently represent one or nore
of H C B, S, N Si, Sn, P, and As and conbi nations 5 thereof, to which
sat ur at edvopnr/endsat ur at ed, branched or unbranched al kyl, BEDER1/02406
alicyclic, or alkaryl groups nmnay be bond@éd; and wherein X and Y nmay be
bridged to form a cyclic arene conpound which may contain branches,
substituents, or fused aromatic rings, R represents 10 hydrogen or one or

nore optional branches or substitueniB and n represents an integer
ranging from0 t&. 8. The unsa betwggn X and Y may be ol efinic,

acetylenic or ar¢imatic. Howevei,” X and Y may al so be bound by a single
coval ent bond whép' X or Y is hydrogen. 15 An exanple of a fused X-Y
structure is represented by a 6 nmenbered aromatic ring as shown in the
structure below. R M 20 Preferred c) |igands satisfying the above

criteria ar [V f SOl X : i R3, __unsaturated
aliphatic corq}”p}geﬁrﬁ]édlslqu ta(rg(ﬂisl, an&%%paﬁiﬁxtlﬂ%gjfﬁ%%%ﬁgpg %r%e erred c)
| i gands conpréseal,a sow ces Wi 01964688 RCT/&D 102406 comb3dbatabndSi R3,
unsaturated aliphatic conmpounds, it al I%I and it arene conpounds. Most

preferted arehareaisdturdtied ATPHRRIE Lompeatdsatied, abrpnchedpesnds, and
e L e RIS iB08 cspsallly s satur et Rlighatin By |
c) ligand ingldid®e bonded, and wherein X and Y may be bridged to form
a cyclic arene compound which may contain branches,
substituents, or fused aromatic rings, R represents
10 hydrogen or one or more optional branches or
substituents, and n represents an integer ranging from 0
to 8. The unsaturation between X and Y may be olefinic,
acetylenic or aromatic. However, X and Y may also be
bound by a single covalent bond when X or Y is hydrogen.
15 An example of a fused X-Y structure is represented by

a 6 membered arocmatic ring as shown in the structure

below:

20 Preferred c¢) ligands satisfying the above criteria

are derived from a source of :PR3, :NR'y, HSiR3,

unsaturated aliphatic compounds, m allyl, and @ arene

compounds. More preferred c) ligands comprise a source



t he nono and bi sphosphi nes. Mnophosphi nes are represented by the formul a:
PR3 10 wherein R is independently an aromatic of up to 14 carbon atons,

optional lwosybssd tuted; or a O -C40 al kyl or alicyclic gpeypoRRusconal |y
contai ning atons other than carbon and hydrogen in the form of nonoval ent
substituents which are preferably el ectron-w thdrawi ng 15 substituents such

as hal o, prefgaraidik i hefi-adle dhal %Q%%lgﬁ@ U Qr,o%oa%@kglr gr@gﬁyl and

trifluoronmethyl. Exanples of aromatic groups i nclude phe

napht hyl .  The eHOMRnDUBIRUPS MR QRIdFRAY 234bshict Uhed rak¥k eqgroups with
hal ogen atons and al kyl, aryl, al koxy, 20 carboxy, carbal koxy, acyl,

t ri hal ogennetayiiphadyigneompgivaldey| &nriaddyls gopbonylal kphdantdeahkaneskoxy

groups. Oher_specific _exanpl es of -suitabl e phosphines_are .

bi s(1, 1-di n’gstcf%?lpgims)’ Sﬁg’ﬁﬁsﬁ%slﬁ‘&ilﬁ’e,tthediuﬁét"‘ﬁwaﬁsayPﬂjﬁaéaﬁilﬁe,

cycl ohexyl di phepdupliesBRidnehe 25 agHebdt ¥bRBBAYKRNOSPhI ne, _ _

nmet hyl di phenyl phosphi ne, tri phenyl phosphine, tri-n-butyl phosphine, tris(4-
t ol yl ) phosphi ne, Terits@4ycphosppheryl rphosphenes thes¢d- ligand include

met hoxyphenyl ) phosphi ne,_ tr.i s(3-nmet hoxyphenyl ) phosphi ne,
tris(2-metho h@ﬁgFﬁﬁﬁéséH?H os 1§€&-30M8H99B8ﬁ3g9p?6h6§6hine,

tris(4-trifl nykLahesphine ¢ 164688 PCT/ EPQ /02406 - 27
tris(4-f|uorg% gﬁél)pﬁospﬁiﬁe@an ¥§@géfboxyphenyl di phenyl phosphi ne,

tri-p-tolyl phosplprAae, tri-p- methoxyphenyl phosphi ne,

o- di phenyl phosphi nobenzoic acid, and in particular triphenyl phosphine,

tri butdyl phosphiemreinSkt isnmehigbphdsphilgeant airetmhyli phosptibnee 14 carbon
atoms, optionally substituted; or a C1-Cgqg alkyl or
alicyclic group, optionally containing atoms other than
carbon and hydrogen in the form of monovalent
substituents which are preferably electron-withdrawing

15 substituents such as halo, preferably the middle halogens
chloro and bromo, nitro and trifluoromethyl. Examples of
aromatic R' groups include phenyl, tolyl and naphthyl.
The aromatic groups are optionally substituted aryl
groups with halogen atoms and alkyl, aryl, alkoxy,

20 carboxy, carbalkoxy, acyl, trihalogenmethyl, cyano,
dialkylamino, sulphonylalkyl and alkanoyloxy groups.

Other specific examples of suitable phosphines are
bis(1,1-dimethylethyl) phenylphosphine,
dimethylphenylphosphine, cyclohexyldiphenylphosphine,

25 dibutylphenylphosphine, methyldiphenylphosphine,
triphenylphosphine, tri-n-butylphosphine, tris(4-
tolyl)phosphine, tris(4-chlorophenyl)phosphine, tris(4-
methoxyphenyl)phosphine, tris(3-methoxyphenyl)phosphine,
tris (2-methoxyphenyl)phosphine, tris(4-

30 butylphenyl)phosphine, tris(4-triflurophenyl)phosphine,



tripropyl phosphi ne, and any C1-C6 al kyl conbination as an R group,

1, 2-bi s (di phenyl phosphi no) ethane, 1,2- bis(di phenyl phosphi no) ethene,

1, 3-bi s (Wophetsyd phosphi no) propane, 1, 3-bi s(di et hyl phospRCHEP1/RA6r opane,
1, 4-bi s (di phenyl phosphi no) butane, 1,3=W’s(di- isopropyl phosphino) propane
and 1, 3-bis (di-p- nethoxyphenyl phosphi no) propane. Tertiary am nes

suitabl e as theie)4}igandophenyl gphesehied dyd thecddsomihshiedyyl | NR 3

wherein R has the sane neaning as, R above with respect to :PR3, as well
as the pol yaniheerythhaeriiee di thi mRstolYiphesRieinand e ani nes. Exanpl es

of electron i ] i ds . _ i [ l ne, .
triethylam n?gﬁ#%ﬁ%?g%ﬁqﬁﬁﬁ‘%@@t r?i%%ﬂﬁ%%%ér%ﬁqﬁ%%%ﬁ%l Caln(%1 ne,
tri(isobutyl)andnen phdtcwedhyt etphémel phedthind anifidbutylphosphine,

benzyl di met hyl am ne, tris(dimethyl am nonet hyl) phenol,
di met hyl et hanet Hag Hey 1 phesRhinenr phot t el Phesriting ene 25 di ani ne,

N- et hyl nor phol i ne t hyl.oor phol | ne, di et hyl -_-et hanol - am ne,

N- coconor pholtfrnlel?fqgg%e@?g%}}lcﬁ%m%{#-a% %o% hailllei(r}f peT AR et ipn as

met hoxypr opyl di II% 1 n NN -f8i- i ; I [ | enedi am ne,
3-di et hyl am n%ﬁ go Ill&% E(I}t %#aréé\ie?%{r@%%%ﬁgﬁzy arﬁtﬁ'lea?-p %U /1 64688
PCT/ EPQ / 02406i s ¢d dsheh It dwibieyed Johedtyd e e, 3 -2t hyl i m dazol e,

2-ethyl-4- methyl imdazole, 2, 4,6-tris(dinmethylan nonethyl)phenol,
1, 4- di azabi cytdigey InhewRiaee) RBRARGabi Sydtic Blietdyl phefatdms)

diHthgldOde%¥géggﬂg? f?qjgﬁgm%dfgﬁéhylphosphino) butane, 1,3-bis(di-
isopropylphosphino) propane and 1,3-bis (di-p-
methoxyphenylphosphino) propane.
Tertiary amines suitable as the c¢) ligand are
represented by the formula:
15 :NR'3
wherein R' has the same meaning as R above with respect

to :PR3, as well as the polyamines such as the diamines,

triamine, and pentamines.
Examples of electron donating c¢) amine ligands
20 include trimethylamine, triethylamine, tri-n-
propylamine, triisopropylamine,tri (n-butyl)amine,
tri(isobutyl)amine, N,N-dimethylaniline, tributylamine,
benzyldimethylamine, tris(dimethylaminomethyl)phenol,
dimethylethanolamine, n-methylmorpholine, triethylene
25 diamine, N-methylmorpholine, N-ethylmorpholine, diethyl-
ethanol-amine, N-cocomorpholine,l-methyl-4-dimethyl-
amino-ethylpiperazine, 3-
methoxypropyldimethylamine,N,N,N'-tri-methylisopropyl
propylenediamine, 3-diethylamino propyl-

30 diethylamine,dimethylbenzylamine,



5 butyl pentyl)pyridine, quinoline, isoquinoline, |ipdine, quinaldine,
nonyl pyridine, 2,6-lutidine, 2,4,6- collidine, 2-undecylim dazol e,

2- hept adeoydi/aspsdazol e, 2- phenylim dazol e, 2-ethyl -4-net hpCT/RPUA24l6e,
1-benzyl -2- nethylinm dazol e, 1-propyl-2-#&thylim dazole, 1 10

cyanoet hyl - 2- net hyl i m dazol e, 1-cyanoet hyl -2-et hyl -4- nethyli m dazol e,

1- cyanoethyl<£hmﬁuhyndydﬁdhﬁmyhamlbe cwam@ehbyhmZdahenfliaLdahyhe4—
1- guanam noet hyl - 2- net hyl i_m dazol e, N—dlnethylanlllne N, N-
dlnethyltoILmWﬁqﬂ¥1 NWN@%%ﬂéﬁhyﬁdﬁdéﬁF§1&|ﬁémeﬁhﬁéﬁﬂgéﬁ@erbyl)Phenol

N, N- di et hyl I I |
YT di ne,  auol HE AT SRRy s ROl PRSP RAAGE AR Y LB AG 2+ O

N, NN, N -tehrnair@aamé bldhm@llyamo@%cy_l[h&u&@ur99r@filﬂ€$af4ur@t-ed ali phatl C
conpounds as the_c) ligand nust contain C and H, although heteroatons nmay
20 al sv be pbele?éfrl@anﬁnlg@%éﬁlﬁ@@ndquamﬂaéd iReEUABPLlADRe Lhadide,

het eroat om f or d% 6 cargp atons are preiggtd Any allghatlc conpound
cont ai ni ng uﬁ%afﬁra on ﬂﬁlghpy5]5300|agés tR& t FansPtion netal centre

at a tenperapunediower 2thagethe itgapenatyr e - abpﬂfaageymﬁl&zgﬁemzety (Z
group) dissociates, is a suitable conpound for use as a ligand. The

al i phati c unpaenydtieddeswpeund - ﬁE@Y&aéemEtbni2m1dez628caibbenaybﬁﬁ;
preferably fro carbon_at ons nor e from2 to 6 carbon
atoms. The apﬁgh§9991§6 agat&r8F8Hy&oﬁp8ﬁﬁgYﬁéWl @Zéﬂﬁcy&ric or in a

| neagy or VDQ1LGA0881 PETHERAY1 0240801291 DEPBERENPEN,L LG, BLE uCt ure.

Mono- or poly- olefins “straight or branched thain cbnmpounds” are preferred,
with nono- ohethyslmedagomenelpcg&abeedylAzemnﬁeg@hﬁmldazole, 1-

cyanoethyl-2-phenylimidazole, l-guanaminoethyl-2-
methylimidazole, N,N-dimethylaniline, N,N-
dimethyltoluidine, N,N-dimethyl-p-anisidine, p-halogeno-
15 N,N-dimethyl-aniline, 2-N-ethylanilino ethanol, tri-n-
butylamine, pyridine, gquinoline, N-methylmorpholine,
triethanolamine, and N,N,N', N'-tetramethylbutanediamine.
The source of unsaturated aliphatic compounds as the
c) ligand must contain C and H, although heterocatoms may
20 also be present in the compound, provided that not more
than 1 hetercatom for every 6 carbon atoms are present.
Any aliphatic compound éontaining unsaturation which
dissociates from the transition metal centre at a
temperature lower than the temperature at which the b)
25 moiety (Z group) dissociates, is a suitable compound for
use as a ligand.
The aliphatic unsaturated compound may have from 2
to 32 carbon atoms, preferably from 2 to 8 carbon atoms,
more preferably from 2 to 6 carbon atoms. The aliphatic

30 unsaturated compound may be alicyclic or in a linear or



conprising a |linear or branched aliphatic olefinic group 5 having from2 to
8 carbon atons is preferred. Suitable unsaturated aliphatic conmpounds as
the ¢) MW@enesssncl ude nono-ol efins such as the |inear ol BET/EB0I/G¢MGe by t he
cracking of paraffin wax, commercial ofef3m products manufactured by

et hyl ene oligonerization and 10 marketed in the United States by Shel

Chem cal Conbaray.cheaideont-hre ntr adematkhrNECDHENEN -1 bnepoliyAt eledlinsl ef i ns nmade

by the chlorination-dehydrochlorination of paraffins, by paraffin
dehydr ogenat B&6F2IGRE By PLeRePrdactheANofCBPRHAS o EE | REETBE B geit thange

i nternal or Bﬂgabig%qg%h%gig %grgngﬁg@ggggd.nnﬂoéngg%gﬁgcontaining from

about 8 to about carbon atons su as those I'n on nunber range
of Cl0 to ClzomptlistiagCh51i6eArt 6rCh3anahddCabipha€i8, olandnet hykeng,
propyl ene, 1-butene, 2-butene, 1l-pentene, 2-pentene, isopentene, hexene-I,
2-hexéne, 3- haXéng, fxop02mérh§l penbPereatons. et Ryepenrede- 1,

4-met hyl but ene- 15} ept ge,  2Dephene; Apept eg, odz gt ene, 2-optene, 2-

nmet hyl hept ene- 1, ctene, I met hy eXEne, ecene, “and

1- dodecene, angasd fiacihdepmbao3d1edrihensudho8E théi BNRSaaNgl1LEigRES

i ncludi ng butadiene, 1,3 25 pentadi ene, 1, 4-pentadiene, 1, 3-hexadi ene,
1, 4- hexadi enmadel1by- Ragagiraasing, gfcparahéxadvene, camderytdbhekafliene,
1, 9-decadi ene -1, 5- heptadi ene

et byl - 2. 7o58RRa EnEer ot SE R RER Ny “5PRYA BB Lt iAo SR LT RR SR but adi ene,
ethyljgdene ngpboepeRein30ndi oxetonestade8NBy SROPI EfRemile) /cHRLRLPM | €NE,
1,5,9 WO 01/ 64688 PCT/ EP01/ 02406 - 30 decartriene, 4-vinylcycl ohexene,
vi nyl cycl ohexader tHevtmgpbbeazrkn8EORENEcytineanp| efitersnahcdlef figs made
by the chlorination-dehydrochlorination of paraffins, by
paraffin dehydrogenation, and by isomerization of alpha-
olefins, detergent-range internal or alpha, branched or

15 unbranched, mono-olefins containing from about 8 to about
22 carbon atoms such as those in the carbon number range
of C10 to C12, Cl1 teo C15, Cl2 to C13, and Cl5 to C18,
and ethylene, propylene, 1l-butene, 2-butene, 1-pentene,
2-pentene, isopentene, hexene-1, 2-hexene, 3-hexene, 4-

20 methylpentene-1, 2-methylpentene-1, 4-methylbutene-1, 1-
heptene, 2-heptene, 3-heptene, l-octene, 2-octene, 2-
methylheptene-1, 4-octene, 3,4-dimethyl-3-hexene, 1-
decene, and l-dodecene, and so forth up to 32 carbon
atomsg ; dienes and trienes including butadiene, 1,3-

25 pentadiene, 1,4-pentadiene, 1,3-hexadiene, 1,4-hexadiene,
1,5-hexadiene, 1,3-cyclohexadiene, 1,4-cyclohexadiene,
1,9-decadiene, 1,13-tetradecadiene, 2,6-dimethyl-1,5-
heptadiene, 2-methyl-2,7-octadiene, 2,7-dimethyl-2,6-
octadiene, 2,3-dimethylbutadiene, ethylidene norbornene,

30 dicyclopentadiene, isoprene, 1,3,7-octaroriene, 1,5,9-



cycl opent ene, cycl obutene, cycl ohexene, 3- nethyl cycl ohexene, cycl ooctene,
cycl odecene, 5 cycl ododecene, r)5-cycl ohexadi enyl, r)6-cycl oheptatriene, 11
8 -cycl ook0at/et6Bhcene tetracycl odecene, octacycl odecene, PaDFEPOL/EoRE,

5- net hyl - 2- nor bor nene, 5-et hyl - 2- nor borneélfe; ~ 5-i sobut yl - 2- nor bor nene,

5, 6-di net hyl - 2-nor bor nene, 5,5, 6-trinethyl -2-norbornene; and acetyl enic
conpounds 10dstrhtasereet 1 eheyl et hvhexetyl eneyy divaciettydenes; 1, 2-

di met hyl acetyl ene 13- pentenyl , and. nor bor padi ene.. The aliphatic conpound
preferably co‘hrbﬂ%‘égbeerf%ﬁ%he%/n%owge%co‘FﬂF § (12434 bnpound may contain
from3 to 6%&@1%@%-c§$@o}%@&ﬁé9“&f¢f&fgi atjon of the it 15
allyl is not particularly limted, but will generally take on the ri3

state. Any i tmethylcwhiciexkmsoctatbsodream, theagdasdrid, on metal centre at

a tenperature | owe han the tenperature at which the b) noiety (Z group)
di ssoc?at es, ‘?%C]a{”é?fgef%% T hgfadienyly 9 igaiehemraspdans.cn

exanpl es of id : I wm%' lude, I at - prHopen-1 - ol ,

al Iyl am ne, aﬁf |y %c%/loom de, ally é%exano%%%oﬁﬁﬁ&édygﬁt&é@ﬂ%i “C4r'bonat e,
1-al Iyl - 4- hytrophenzene -yt ad phasbonone;, aJadhyilsocyaididgnend! | !

i sot hi ocyanate, allyl thiol, allyl methacrylate, 4 25

al | yl - 2- met hoxXyigtiHY 1 2 A8 NeNGret T thiberherdornginey|

pel ar gonat e, %Igt%é_g?%{a%%?nl_g_%@ﬂggn%tﬂg ,o%rn)e}ias.cet'lﬁ; %Fg-ci%%glg)lgglo Sound may

contain from ons, preferab rom at ons.

The eb ect ronuric iy ige@tlicate 0fmdthe lidcelidneand ithe thti=akeng 230 conpound
is not particularly limted, and may take on the WD 01/64688 PCT/ EPO1/ 02406

- 31 11 3, Rimgthyl Ketyl efie,q3 -arehtEI® Ist anes noadrmayiieneo hawhe any
aliphatic compound preferably comprises ethylene.
Sources of the m allyl compound may contain from 3 to
64 carbon atoms. The electronic configuration of the =
15 allyl is not particularly limited, but will generally
take on the 71’ state. Any = allyl which dissociates from
the transition metal centre at a temperature lower than
the temperature at which the b) moiety (Z group)
dissociates, is a suitable compound for use as a ligand.
20 Specific examples of © allyl compounds include allyl
acrylate, 2-propen-1-ol, allylamine, allylbromide, allyl
hexanoate, allyl cyanide, allyl carbonate, 1l-allyl-4-
hydroxybenzene, allyl-alpha-ionone, allyl isocyanate,
allyl isothiocyanate, allyl thiol, allyl methacrylate, 4-
25 allyl-2-methoxyphenol, 4-allyl-1,2-methylenedioxybenzene,
aliyl pelargonate, allyl sulfide, and allyl thioureas.
The m-arene compound may contain from 5 to 64 carbon
atoms, preferably from 5 to 14 carbon atoms. The
electronic configuration of the m allyl and the m-arene

30 compound is not particularly limited, and may take on the



isoneric structure within each rj configuration, including the W U, and s
configurations. Any it arene conpound, whether substituted, fused, or
bri dged, wibnréscgh ssoci ates 5 fromthe transition netal ceRCTEP&HI02406
tenperature lower than the tenperature at which the b) noiety (Z group)
di ssoci ates, and which | acks aromatic CG-H bonds on the noiety directly

bonded to the3raasi tjson et g7, Qhg LS St %rnidcg‘la{yyaliisgdgggg G bonds
on the noiety 10 directly bonded to the transition nefal, is a suitable
conpound f or iusmeas ca dtirgentoir eRefidrhamc e acdn npeondd gurattibae , Z imoi ety ng
substituents described above to deternmi.ne suitable substituents to
sterical ly hithfeMt Ne Fresen&oM IR ANY BoRISPEnCPRBOR) i gand. 15

Suitable it ; lJs0a incl -y ng,: .p- ,
i A e e
triisopyl benfensm the? tIahstieticamatylberrene, at, 2, Bebpetratuaset bykbenzene,
1,2,4,5-tetranet hyl benzene (durene), 20 pent anethyl benzene,

hexanet hy| bert?éRe the (6rEFE 2t Ugeh &tz 34&tndbien®) FelPGYopkeAECOUP)

phenot hi ar si ng, I nt ne,..phe h i henar i ne,
phenatelIuragﬁﬁgf%ﬁfg%%/4?%§;§%fg -q%%%%n%%%gﬁﬁgFi eﬁe??ﬁééréﬁe?hgnd
(1,2, 3,4, 4a, Q)ie¥y( AiZechenpondepr epeiyl deaaxfiktuonenetalheogource of c)
|l igand may al so conprise conpounds derived from polyal kyl sil anes. Such
sil anes can lsentpdpseserrédaly vt hanfereewiCng Ponggl an RhenSpiwoy01/ 64688

PCT/EfP1/ 02498 1 2c39 pMi8Ed LoRene' S NEL98N nQEaRa5;:LNg 8aTR fPaNI N9 as R
compound for use as a ligand. Reference can be had to
the Z moiety substituents described above to determine
suitable substituents to sterically hinder the presence
of aromatic C-H bonds on the c¢) ligand.

15 Suitable m arenes as the c¢) ligand include
divinylbenzene, p-xylene, 1,3,5-trimethylbenzene
(mesitylene), 1,2,4-trimethylbenzene, 1,3,5-
triisopylbenzene, 1,2,3,4-tetramethylbenzene, 1,2,3,5-
tetramethylbenzene, 1,2,4,5-tetramethylbenzene (durene),

20 pentamethylbenzene, hexamethylbenzene, fluorene,
dibenzostannepine, tellurophene, phenothiarsine,
selenanthrene, phenoxaphosphine, phenarsazine,
phenatellurazine, 1,2,3,4,4a,9a)-9-

(phenylmethylidene) fluorene, and (1,2,3,4,4a,9a)-9-(3-

25 phenyl-2-propenylidene) fluorene.

The source of c¢) ligand may also comprise compounds
derived from polyalkylsilanes. Such silanes can be
represented by the following formula:

R'' Si



above with respect to suitable phosphine conpounds as the <¢) ligand, and n
is an integer ranging from3-4, provided that the silane contains no nore
t han t wowuyaweaeesn atons 5 bonded to the silicon atom MBET/BPE{02406ed
exanpl es of the c¢) ligand are represent®&d by the follow ng structural

formulae: CHR'" I | Rf~ CHR'' n wherein each R ' independently
represents hwiheagem @' 'a 180 hyairviganed oar hassaher ahed, meranahedsor
unbranched al kyl, aromatic, alicyclic, or alkaryl group having from1l to

15 carbon aB&RyeoMiske I6EPRGTe tPuSEd tAPAE BRPERRARES CORBPENAFr 8FeERBI v
hydr ogen or a,sat. ted,._hrancghed or a I group Ik rom1l
to 8 carbon 5?0%@%% ’n8€? %rg e%gbﬁ§tggg%1%ggggﬂacg%%gngagbng?xgggeé
represents theatumber saflaRe cogtaips abdmbgeanhibnit eger hytdasgengateam 2 to
6. The electronic configuration of the aromatic radical may be in the rl4,
ri5, or 116 Heamdes tex&msl 63 13CorhéseMapst preferred c) |igands include 20
et hyl ene, propyl ene, 1-butene - , 2 hyl - ne-|, toluene,

p- et hyl benzene, §2F508F8%$F5892§ﬁ§g£§%gp?gpgﬁéeﬁge%géggstgﬁ%tylbenzene,

1, 4-di-t-but ylbgrzenged by3chet Fomebhyhbepzenec(pesi Fykanele:1, 2, 4-
trimethyl benzene, 1,3,5-triisopylbenzene, 1,2,3,4 25 tetranethyl benzene,
1,2,3,5-tetranet hyl benzene, 1,2, 4,5- tetranethyl benzene (durene),

pent anet hyl benzene, hexanet hyl bepggine, and di<t-butyl benzene. Anpbng these,
WD 01/ 64688 PCTI EPOI /02406 - 33 jiet hyl ene @ kyl, substituted C6
n

conpounds, such an CHR™
wherein each R''' independently represents hydrogen or a
10 saturated or unsaturated, branched or unbranched alkyl,

aromatic, alicyclic, or alkaryl group having from 1 to 15
carbon atoms or one or more fused ring structures, more
preferably hydrogen or a saturated, branched or

unbranched alkyl group having from 1 to 8 carbon atoms,

15 most preferably from 1 to 4 carbon atoms; and n
represents the number of R''' groups and is an integer
ranging from 2 to 6. The electronic configuration of the

aromatic radical may be in the n%, n°, or n® states.
Examples of these most preferred c) ligands include

20 ethylene, propylene, l-butene, 2-butene, 2-methyl-
propene-1, toluene, p-ethylbenzene, p-isopropylbenzene,
p-propylbenzene, p-t-butylbenzene, 1,4-di-t-butylbenzene,
1,3,5-trimethylbenzene (mesitylene), 1,2,4-
trimethylbenzene, 1,3,5-triisopylbenzene, 1,2,3,4-

25 tetramethylbenzene, 1,2,3,5-tetramethylbenzene, 1,2,4,5-
tetramethylbenzene (durene), pentamethylbenzene,

hexamethylbenzene, and di-t-butylbenzene. Among these,



tri-, tetra-, penta-, and hexa- Cl1-C4 al kyl substituted C6 are
particularly suitable. The c) ligand is preferably an 114

hexamet hwidoarsagese. 5 VWil e nention has been nade of enpl BGTHPEN2406 gands,
any ot her conpound known to act as a |fgdhd may be used in addition to the
c) ligand. Exanples of additional I|igands which may be bonded to the
transiti on netalklecentne ai&yideubgdiogerd CP cphpsphdse, satkoxy, am do, 10
aryl oxi de, phosphi do, arsenic radical, carbonates such as CF3CO2-,

sul fonat es such-astEEIBCR- peatd-si bpd besapsCi-Thealbyal ssbatdfueééctrons
donated by the ligands and the val ence el ectrons possessed by the
transiti on n€sakrei pagbicvpedlyy suhtabdieght €ba el etigandrise” in nost 15
cases. This rule states that the nost stable organo- netallic conmpounds
tend to be tpescecabpoundsninhelkbobthyhbeananef the el ectrons donated by
the ligands and the_ netal is eighteen. Those skilled in the art, however,
know that there YhélexBeptioRs Fes hfes MAde ld eTRECYINDr gandbliaeeast i c

conpl ex conp d i §H@ , 9, .and -2 I r | so
known. There§§9e§t®%§;noﬁﬁheta ﬁ%gigétégy%?% 885%rﬁé%&gﬁgﬁkﬁgqﬁ%aﬂﬁ?gh t he
conpl exed netal Mdiasem tot alhessum ofligBndl7, EBampesOlof 203€1 €€bhONS in
the val ence shell and a residual net 25 positive charge of 1, 2 or 3 are
i ncl uded wit higande webpe dfax h&eprbsegedi niventtihen. tThaséatahnysneray be

nt hesi zed b ny of t.he. kn liter re t hods. The.halide_ of .t he
ﬁ%tal-%lﬁnieféngﬁ% %ﬂ?%ﬁ%ﬁhgm?£8%éﬁy ?%e n%gﬁﬁaglg%Sc ﬁﬁ@ﬁﬁ%1??l@ﬁite, WO
01/ 6488 PCZéEl}%&QaéQGPhoséﬂidA-, Yat8sniP. Madbitl i ScatbOheeSYHtEn 4992,

V29, 228-234.
CF3CO,~, sulfonates such as CF38037, and silyl groups.

The total sum of electrons donated by the ligands and
the valence electrons possessed by the transition metal
is governed by the "eighteen electron rule" in most

15 cases. This rule states that the most stable organo-
metallic compounds tend to be those compounds in which
the sum of the electrons donated by the ligands and the
metal is eighteen. Those skilled in the art, however,
know that there are exceptions to this rule and that

20 organo-metallic complex compounds having a sum of 16, 17,
19, and 20 electrons are also known. Therefore, organo-
metallic catalysts described herein in which the
complexed metal M have a total sum of 16, 17, 18, 19, or
20 electrons in the valence shell and a residual net

25 positive charge of 1, 2 or 3 are included within the
scope of the present invention.

The catalyst may be synthesized by any of the known
literature methods. The halide of the metal-Z moiety can

be synthesized by the methods described in C. White,



The catal yst may be manufactured by conmbining in any sequence, but
preferably by conbining c) wwth the reaction product of a) and b). 5
Commer ci &¥0 ¢1/&688i | abl e Z noi ety conpl exed netals, such aBCTHEIER46t adi enyl
metals, are generally conplexed with a ftgand other than an olefin or
aromatic ligand. A typical ligand in comercially avail able

cycl opent adi enylatempt &. Mcdipalids iInorgG0 Spmyhknawa2nevhod bops-204.

substituting one ligand for another may be used to _prepare the catalyst.
The synt hesi $REnFA5GLYFEc TBYoRSoMAHECEHE Sy SY CREPLBILRY tRe@PVgands can

be perfornmed rdin 0 L iny T i rt, RG
Ber gnan, Inof§§%%3ﬁgﬁ.%u%Q8%2%6g%%?9?3yg%§%%?%ggglg%,w¥kg5¥8§ Kang, P.M
Maitlis, J. CeamtSot pApdlet0o0f2875a88; b)W J. Bowyer, J. W Merkert,

WE. Geiger, Oganonetal lics, 1989, V.8, 191-198; and C Wite, P.M
Maitli%, J.Chenf-SBECAC19¥1y 832218836 2| RogBREr aPTPASHBHaReEalFo of

Z-metal hali I Leti . L d d i.hed b
(he desired ROTReR o oL Ganl ™ eammotAtS banded 08 PRBCKPARE, CPOR. FETAl . ar o

m xed togethethi a thgapaesenee ehaanaapbienah sel ¥eshaand ag'%gndundﬁr heat
at -78C to 100C for a tine sufficient to fully exchange the halide |igands
with the c) kiygardd, 1252aaflt ép gRMERrchalpryodvetlpbleocyedonadt adéenyl d

ETove B shal LapLaindt veewu g rgsulLng spLLd ay be, vached

with water afg- : _ eots sou gakl y°toor di nati ng ani on
such gs NH4PEﬁbb§iEhKQHﬁ“bhE 1t Benfli FbrabRotRePr @& PHLakgeihg desi red

product, which 30 may then be washed with nore water and dried. WO 01/ 64688
PCT/ EPQ / 02466epar85the catalyst. The synthesis and purification of
the catalyst including the ligands can be performed
according to the methods described in T.M.Gilbert, R.G.
Bergman, Inorg. Synth., 1990, V.27, 19-22; K.Moseley,
15 J.W. Kang, P.M. Maitlis, J. Chem.Soc. A, 1970, 2875-83;
W.J.Bowyer, J.W.Merkert, W.E.Geiger, Organometallics,
1989, V.8, 191-198; and C.White, P.M. Maitlis,
J.Chem.Soc.A 1971, 3322-3326. In general, a molar ratio
of Z-metal halide salt moieties to the c¢) ligand
20 compound, as determined by the desired number of ligand
compounds bonded to the transition metal, are mixed
together in the presence of an optional solvent and acid
under heat at -78°C to 100°C for a time sufficient to
fully exchange the halide ligands with the c¢) ligands,
25 after which the product is cooled and the acid removed by
distillation under vacuum. The resulting solid may be
washed with water and filtered. An aqueous source of a

weakly coordinating anion such as NH4PFg is mixed with

the filtrate to precipitate the desired product, which

30 may then be washed with more water and dried.



Exanpl es of acids useful as agents to ionically bond the halide to the
conpl ex include CF3COOH, RCOOH, CF3- SMBH, and ot her weakly coordinating
aci ds. EBExamlasessof ot her anionic sources useful to precipCT/BPE/02406

catal yst 5 include NH4ABF6, NH4AsF6, NHACGH and NBa4PF6. The process of the
present invention selectively functionalizes a cyclic hydrocarbon with a

functionalizing mEeagenes Bieakudet ueedhilzaBdaeagento €6ARERSES BHMAIr OUp
having an el ectropositive atom 10 capabl e of bonding to the netal centre M
and maki ng athst hedgde Chéhe WeEPe ek 18ClHdeeCEERWPoskEPUR, IRmrent. The

overall reaction is_be nth agent .cont ai ni ng. .the el ectropositive
el enent X-E té;r? th%n%)aér)'\éﬁ(;%hvf/ ro%gngg%?ﬁ%%t—fﬁ/%? 355 o 3@9—#%‘8%& and a

carbon 15 el geheepesiibnie kongcesEuseianety 9@@c@§ih¥€é096@7ca@Q@%Q@r
el ectropositive atom or other sacrificial portion of the nolecule. The

el ect roposi t ilnelaldenthiy BFgholHd A& schddefHsaol NRayPFhe absol ute val ue of
the GH X-E, GE, and X-H bond energies satisfy the follow ng 20
equation: CH + XhE precess RXEHtPeePEPEBRY, invWent ipet fohartzvadyreagent

conprises a .squrce .haron. The.source of horon. ounds incl ude
nuner ous borangF%ﬁpgﬁﬁgggnaafyfilgrégng §?6§°Hyﬁ%§§gg or 25 organoboron

hal i de c0npo@uﬁ@taaabla&@ngn@wag@ﬁdlorTﬁgyfﬁﬁctpbﬁaﬂiQﬂngnréaggﬁwﬂ manner .
The types of boron conpounds and their nethods of preparation are
descri bed i ncotpdlsani snyobrehe Bawphexani eheotr@peont Acedstemt h  Cat echol

o st ed.gateciol st F ety Ripand 20, Babegeky Lo 97 gan ©
strong E-C bond where E is the electropositive element.
The overall reaction is between the>reagent containing
the electropositive element X-E and the carbon-hydrogen
C-H converting to an X-H bond and a carbon-

15 electropositive bond C-E, where X can be hydrogen,
another electropositive atom, or other sacrificial
portion of the molecule. The electropositive element
should be chosen such that the absolute value of the C-H,
X-E, C-E, and X-H bond energies satisfy the following

20 equation:

C-H + X-E > C-E + X-H
Preferably, the functionalizing reagent comprises a
source of boron. The source of boron compounds include
numerous boron alkyl, boron aryl, organoboron hydride, or

25 organoboron halide compounds that are known and/or may be
prepared in a known manner. The types of boron compounds
and their methods of preparation are described in
"Mechanism of the Complexation of Boron Acids with
Catechol and Substituted Catechols" by Pizer, R. and

30 Babcock, L., Inorganic Chemistry, vol. 16, No. 7 pp.



- 36 1677-1681 (1977); R K Boecknman et al. if Catechol boron halides:

. " Tetrahedron Letter, 1985, 26, pp. 1411- 1414; S.Pereira, M Srebnik,
Tet r ahedrven 0L/64688 1996, V37 3283-3286; C. E. Tucker, J.DRCTASOIM2406
P. Knochel, 5 J.Org. Chem, 1992, V.57, 348% -R A Bowie, O C. Musgr ave,
J. Chem Soc. 1963, 3945-3949; and Herbert C. Brown, "Organic Synthesis via
Bor anes", JohneVwlegs& Honz7) 19R5. KTy}pdaea}kmauepastesam at i vesSecto S bdad e
sources of boron _conmpounds are al kyl nonobor anes and di borane conpounds
10 or Lewi s bB3é&id@8ucts-of dib® ﬁﬂ%edm%nlp%%%f Hohobot and® i nd Lide

sodi um bor onyl | e, paLASSLYM DL W] deec LLASI M, borobydrd e, <apl um

tri met hyl boro ride, potassiumtrlpropoxy oro
t et ranet hyl anwpai upbes phy dE i deuckéet phenydbod smne, Bqdrhcufnelb

tetraphenyl borate, |ithiumtetraphenyl borate, sodium hydrl do

tris(lSpyr azoF)‘B@SBa@}éempot 8337 u d$71yd3‘b8%1 sli 1A - BRIl ) D attbisdravs um
triethyl borohyd |de I|th tr hdrlde tassi um
tri-sec-butyl oro y 7 de, iy@%ﬂl%%]%%%o oro (119 SRe %% ror"f)rf*{ydri de, 20

bi s(triphenyl p@ﬁé&hi@eéyﬁ@@@@:[s(ﬂa Do eyt i derom@tmyara Sons, 1975.
tetraphenyl borate, |ithiumphenyltriethylborate, |ithium
phenyl tri met hoxybbyg;@al SerPXEN el Hokye $ |Cgﬁ1eﬂ¢wtt&itﬂaﬂ esoursmﬁ wh boron

i etny) am not £ LBhSILboL gl <, A00 soflumy koLt ehel borate, 2 L
e o s o
[3.3.1] nonanenombbmmcamm Sortiame , bakrahyyed oy |[pBth dxaname,

2, 3-dinethyl - Zogglg}ycllrjl?doé ,anlelthlum dklaon;:%#}grblodrel ,nasnoe dium
trimethylborohydride, potassium tripropoxy-borohydride,
tetramethylammoniumborohydride, triphenylborane, sodium

15 tetraphenylborate, lithium tetraphenylborate, sodium
hydrido tris(l-pyrazol)borate, potassium dihydro bis (1-
pyrazol)borate, lithium triethylborohydride, lithium tri-
seé—butylborohydride, potassium tri-sec-butylborohydride,
sodium cyanoborohydride, zinc borohydride,

20 bis (triphenylphosphine) copper (I) borohydride, potassium
tetraphenylborate, lithium phenyltriethylborate, lithium
phenyltrimethoxyborate, sodium methoxytriphenylborate,
sodium diethylaminotriphenylborate, and sodium
hydroxytriphenylborate.

25 In general, boranes derived from olefin hydroboration
are useful. These boranes can be triethylborane,
dicyclohexylborane, dihexylborane, diethylborane,
ethylborane, boron alkyls such as 9-bora-bicyclo-

[3.3.1]nonane, diisopinocampheyl borane, dicyclohexyl

30 borane, 2,3-dimethyl-2-butyl borane, 3,5-dimethylborinane



WO 01/ 64688 - 37 - PCI/EPO /02406 and diisoanyl borane, diisopinocanpheyl
borane, thexylcycl ohexyl borane, thexyllinonyl borane, and

di nor bor nybboe4ss® Furt her suitable sources of nbno- boraneBCaERIVEAMS i on 5
products of 1,2-dihydroxybenzenes or 4;6Himnethyl, 1,2- dihydroxybenzenes
Wi th boron hydrlde (boryl catechol or boryl 4,6- dlnethylcatechol) and
tri-n-butyl hedodiieoamifie bbaayk, cdmmeupdsobampheyn batagenated state
provide a synthetic route to making the functionalizing reagent. 10 Boryl
conpounds nayhﬁéyﬁ€§€9@@eﬁﬂltP@FﬁnﬁalBheFBﬂHﬂWPpﬁl PRE2RBL aRfTEr

or gano- net al | conpl exes. An exanple of a type of hal oboryl
conpound is ﬁ% %anlﬁgﬂgérghélocatecholborane, avai l abl e comercially. Any

hal ide is suitablerhetckudiapl€ soBfceandf| molbebbahaber yte lbegeppoynds in
this famly may be prepared by reacting an R(OH)2 conpound with BX3, where
X is & hal i deroguaigl €§ af 2sfibreupEEbrBresstr ees4of - ﬁaqn@bbﬂu 1c€)rrpounds

are representegys%8IX fo%kgane% EHrnggg n ydgﬁ g% C458 OcC1

BOOCL\ 2 oro conpounds na Yen??y prepared by

reduction of Bab@@yamaln@bam@eﬁymalaﬂgcﬁ@d»uarhdrret:aLn Bty 3 UBSLEKEAL .
reaction with diols in the presence of acid. Preferred boron contai ning
functi onal i zThg beayéntomp2sngdpeinhehpiinbhédoonatadr ahehedpreubdei auted or

synthetic route to making the functionalizing reagent.

10 Boryl compounds may be reacted in their halo- form with
the metal or organo-metallic compounds or complexes. An
example of a type of haloboryl compound is the family of
halocatecholborane, available commercially. Any halide
is suitable, including Cl, Br, and I. The haloboryl

15 compounds in this family may be prepared by reacting an

R(OH) 5 compound with BX3, where X is a halide.

Examples of structures for sources of haloboryl

compounds are represented by the following formulae:

o B})\\fil _~C4Hg
B Cr—B

— NG

0\ C4Hg

O

/

¥ j@

20 Bis (dioxaborolane) compounds may be conveniently

prepared by reduction of halodiaminoboranes using sodium
metal, and subsequent reaction with dicls in the presence
of acid.

Preferred boron containing functionalizing reagents

25 are the branched or unbranched, substituted or



WO 01/ 64688 PCTI EPO /02406 - 38 wunsubstituted pinacol derivatives
nono-
di et hyl
bi s-catechol ate di boron. Preferred di beryéd 5 conpounds contain a noi
represented by the followng structural formula: O\ O B- B O 0

anot her enbodirmehise 1Rupeel ohtadod borylachyge! bonablelng.r gaoent by

represented by the structure: BB10 RL O\O

or

di -

|ndependentlptbemrexempiea bifneaboaryl bddnchedinoptidenaktyakakogen

substituted, alk

rou

of

boron. O her exanples of diboryl adducts include tetrakis
3pb0peliceer on, bi scatechol ate diboron, and substi bEirR$o1/02406

ety
In

1 wherein éach R1

ving fram 1l to 24 carhon atons, an al koxy group

cont ai ni ng fé&ﬁ@%hy a@Ageéﬂ Bﬁogtoﬁ%scétéﬁéPééFFpﬁaPP€OE5 grdup cont ai ni ng
froms to 8 Gabuen Aoyl calcRhbh a8l QUBEANt Al BLOGLLOM 8,18, 36

and each of the alkyl, aryl, alkoxy,

cycloal i phatic™ groups

at ons,

af or ersent i onedmgboxdaborohanencanpodierdy maprbecht8@aby ot he branthedn or
substituted with hal ogens, such as fluorine 20 or brom ne, or alky
havi ng from ft¥gcipre rB@ﬁmuéﬁonB preferably from1l to 4 carbon atons, and

optionally each R1L group attached to the sane boron atom WO 01/ 64688

gr oups

PCT/ EPOL/ 02406 - 39 through oxygen atons may be fused or bridged through

any

10

15

20

In another embodiment, a preferred diboryl

functionalizing reagent is represented by the structure:

R—O O—TR,

N,/

/N

R—O 0—R,

wherein each R, independently represents a linear or
branched, optionally halogen substituted, alkyl group
having from 1 to 24 carbon atoms, an alkoxy group
containing from 3 to 24 carbon atoms, a cycloaliphatic
group containing from 3 to 8 carbon atoms, or an aryl
group containing from 5 to 16 atoms, and each of the
alkyl, aryl, alkoxy, and cycloaliphatic groups in the
aforementioned dioxaborolane compounds may be linear or
branched; or substituted with halogens, such as fluorine
or bromine, or alkyl groups having from 1 to 16 carbon

atoms, preferably from 1 to 4 carbon atoms, and

optiocnally each R, group attached to the same boron atom



of the aforesaid al kyl, al koxy, cycloaliphatic or aryl groups. Exanples of
preferred bi s(di oxaborol ane) containing 5 conpounds include bis-pinacol ate
di boron amdobs4gs - butyl cat echol ate) di boron. The functi oRalliEPONER4ECagent
preferably conprises a diaza-, dithia-,39xa-, aza-borol ane, borinane, or

di boron compound. 10 The cyclic hydrocarbon is functionalized at a
secondary or tihroweh ox@gdrsidtensy rsiyniley fomebi pirndpriidgedc ahabygh, any
functionaliziqg reagent and cyclic hydrocarbon _under functionali zing
reaction con®ft ithfs 2EPFSSHS &Y vhéoxeri G BPadinsstiiat PAgakké |1 gand
fromthe 15 %%%% t, the reaction mxture is heated to any tenperature
above the tenmperature at which the catalyst is stored, or room

t enperat ure, whi Ekewell eiss ofepsefandedbeliewdibaabbebimhefeeonpasht hgn
tenperature of the catalyst or functionalizing reagent. It is desirable 20
that the reaGORPOSPES éscdipicopdd RirpraleseatiiPpErperatubas (8bove t hose

t he reagent %%gggfgg%%ﬁ%H%%e)?gg%@go%hipping or storage to ensure storage

stability.. Sui reaction tenperatures range from 70C to

250C, nore preferabl yuheeaohdCzti0g2086gedt Yhikerhbeymebaprkakk0a of
ingredients is not critical, it is desirable to use a stoichionetric
excess of fdA@Zeonalbizhdg reg¥ent &¢erberelaeeal beatapryst esi1diporomnd
preferably a nmplar _ratio of >10:1, and nore preferably >100:1, and nost
preferably >506PP"™80 respectively. The amount of catalyst is also not WD

01/6ﬁﬁﬁ8 - 40 - PeE ERB14B24Q6ropakbbauliar Funkt ibhedi zkgweves, an anmount of
catalyst secondary or aromatic C-H site by simply combining the
catalyst, functionalizing reagent and cyclic hydrocarbon
under functionalizing reaction conditions. To initiate
the reaction by dissociating the ligand from the

15 catalyst, the reaction mixture is heated to any
temperature above the temperature at which the catalyst
is stored, or room temperature, whichever is less, and
below the thermal decomposition temperature of the
catalyst or functionalizing reagent. It is desirable

20 that the reagent species employed activates at
temperatures above those the reagent would encounter
during shipping or storage to ensure storage stability..
Accordingly, suitable reaction temperatures range from
70°C to 250°C, more preferably from 100°C to 200°C.

25 While the molar ratio of ingredients is not critical,
it is desirable to use a stoichiometric excess of
functionalizing reagent over the metal catalyst (>1:1),
and preferably a molar ratio of >10:1, and more
preferably >100:1, and most preferably >200:1,

- 30 respectively. The amount of catalyst is also not



ranging fromO0.1 to 10 nole% preferably fromO0.1 to 5 nole% based on the
conbi ned nol es of catalyst, cyclic hydrocarbon and functionali zing
reagent, wloi/ssperate to 5 functionalize the cyclic hydro®amiEen /e he
secondary or aromatic C-H bond site. O*¥er reaction conditions are not
particularly limted. The reaction tine is not limted, other than the
reaction tinpashouhdlabéya$ishoed . asHpesseb| eah oariunedot ecatyalest i ne and

i ncrease throughput. Reaction tines range from 0,5 hours to 48 hours.

The reactionr2h8y"BetEalrPed bt 18t™3 ?%IdeE’F‘?E%r%?Je%sfﬁ%‘? Presstres  within
the range Ofm%gé%BPBagéb 5 Phé"cgmﬁiﬁgd7§&l§§bof(éatégps@;Sc&c icare

suitable. 15 e reaction between the functionalizing reagent "an t he
cyclic hydrorgdbesarbohhengr Esroctondl t hengatehysiht , nayl beosardatedcOUt in
any solvent for both the reagent _and cyclic hydrocarbon. The_process of
the pfesent fPREEAPRBALAEVEREagEBLETF YREMHPETELPPe by ERE cSHRRGTEF Ko 20 as

t he sol vent ];](_;(r) L ?JEDQ%E?H&' Lzipg reagent without need to add additional

sol vent. The catalyst is “preferably soluble in the cyclic hydrocarbon.
Once the reacti opthércpspteien ¢hedftnehs aned ized payel dwl dwidr ocar bon may
be separated and isolated fromthe 25 reaction mxture by distillation,
chromat ogr aphymibed. cr Jee arerghiPBnt iMhel prveskimitede Prherthdmyenti on

is capable o converting, 5% or preferably 50% 0 e,, and nore
preferably 8%5}630Feﬁ%£é?na% m?mss]?glg'}g(gf%éf)aﬁ yélécgbé/oarls C?éeSl of° t he

f unctjgonal i zi-pgureagepie MONO14H4688cPEILERNS OOt - deaction

times may range from 0.5 hours to 48 hours. The reaction
may be carried out at any desired pressure. Pressures
within the range of 101 kPa (a) (0 p.s.i.g.) to 791 kPa
(a) 100 p.s.i.g. are suitable.

15 The reaction between the functionalizing reagent and
the cyclic hydrocarbon in the presence of the catalyst
may be carried out in any solvent for both the reagent
and cyclic hydrocarbon. The process of the present
invention advantageously employs the cyclic hydrocarbon

20 as the solvent for the functionalizing reagent without
need to add additional solvent. The catalyst is
preferably soluble in the cyclic hydrocarbon.

Once the reaction is complete, the functionalized
cyclic hydrocarbon may be separated and isolated from the

25 reaction mixture by distillation, chromatography, or
crystallization.

The process of the present invention is capable of
converting 5% or more, preferably 50% or more, and more
preferably 80% or more, and most preferably 95% or more

30 of the functionalizing reagent.



The process is also catalytic. The process of the present invention
enables one to thermally activate the catalyst while achieving 50 or nore
t ur nover o hetessnunber of catal yst turnovers is cal cul at eBCDYPU/O2#WI ng 5
the nol es of product nade by the nol es offlcatal yst added to the process.
Preferably, the catalyst turns over nore than 75 tinmes, nore preferably
100 ti nmes or noreThavstocesefl es abl yo 288 41weisc or Ty eardddwuwif bdieng bound

to a theory, and for illustration 10 purposes only, it is believed that
one possi bi e HERRARF sERVEBELPReCRURLEF oPRT | Tt TRl Pheadykate the

nydr ocar bon, cus) g B2 07, afch & CHLRI C25P) 20 LR .0, (BNES) e benzene

as illustrative exanples o unctionalizing reagent, catalyst, and
cyclic hydrocaihesr 6£specilyet yrutbopsnsebdscaladratiany b dhe diaiqal ytic
cycles shown in Figures 1 and 2 of the accompanyi ng draw ngs, in which:

Fi gure51 shovishi paiest afepTEIprhanade rigagert ;™ F gty shagddeskbcond
Stage, HBpin as E%?ﬁ%m%?e %P«%f&n}‘é;tﬁb% hé/}?é Oé:aqfﬂgns Sfupetdpnalized as a
¢Tic hydrocarboh a

20 boryl adduct © e cy a secondary or -aronmatic CH

site, the adduginnpy bemeonVestetbiratorasyy Diheriddracaidyd, a@d@i ni ng
functional group using well known and conventional processes, such as
t hose descri ereféenabl 280 owines iyl rde ati on, " 1962; R C. Larock, 25

" Conpr ehensive O i c Transformations; A .Guide To cti.onal G qup
Preparations,"” Ne PHE Redpddran Qr%@;a t%edb lp(’C.ar’éir:(%)an\/?/r*]f, ﬁgr atrﬁagtlon
Synthggi s Vi a,BOsEHES, on]NeW i YOI K, bWV Kshal® The RYs AR cHigNl s can
be nmanufactured by the oxidation of the phenyl-boryl adduct 30 using
hydr oxi de andfqreroixé dEunor i el boluots emytle WO 10 648Bcarton,
PCTI EPQOL/ 02406
using Bopingy and a Cp*Rh(CyHp) o (Cp*=n® CgMes) and
benzene as illustrative examples of the functionalizing
reagent, catalyst, and cyclic hydrocarbon, respectively,
15 proceeds according to the catalytic cycles shown in

Figures 1 and 2 of the accompanying drawings, in which:

Figure 1 shows First Stage, Boping as reagent; and

Figure 2 shows Second Stage, HBpin as reagent.
Once the cyclic hydrocarbon is functionalized as a

20 boryl adduct of the cyclic hydrocarbon at a secondary or
aromatic C-H site, the adduct may be converted into any
other hydrocarbyl containing functional group using well
known and conventional processes, such as those described
in H.C. Brown, "Hydroboration," 1962; R.C. Larock,

25 "Comprehensive Organic Transformations; A Guide To
Functional Group Preparations," New York, New York, 1989;
and H.C. Brown, "Organic Synthesis via Boranes," New
York, New York, 1975. For example, phenols can be
manufactured by the oxidation of the phenyl-boryl adduct

30 using hydroxide and peroxide, or the adducts may be



carbonylated to an al cohol by reacting the cyclic hydrocarbon-boryl adduct
in the presence of carbon nonoxide, water and an al kali netal hydroxide
such as wiadddsess KOH. 5 Carboxylic acids can be prepared myr/ppo1d2d06 on of
the borane functionalized cyclic hydroéarbon to an al cohol, followed by
conventional oxidation of the alcohol to the acid. Amne functional cyclic
hydr ocar bong=sgasbrie atpicepar ed byl dodadt ibgn refachdhane hkurgtilanal i zed cyclic
10 hydrocarbon with o-hydroxylam ne sulfonic acid and chl oroam ne. The

f unct i onal i 2edussEERe nvd RPdstarifoidie PERFERCed ofo caoHen- COOH, and

-NH2 or - NHR beariflg GQUnounds Jaay, ! 1&%@%& £oRYeLL 8d ts%chy‘é's' ¢
hydr ocar bons cont'aining ester, amde, imde, carbonate an

pol ycar bonateomrs Wf aoat.e, et her, polyether, and glycidyl ether groups.
Exanpl es Unl ess otherw se noted, all manipul ations were 20 carried out in
an inert at nosplferdoglvdiebagice BprudengrespandaPd SERHaskoni pé tBehni ques.

Solids were,handl ed in, .a_Vacuum At nms s drybox under. nitr n. Al
sol vents wERE S g n&&ér"“&%ﬁ?&?r iczi‘trgeil%ggl eﬁf’gaé%gndiggt Py é%cﬁﬁgir

nitrogen befreya Hee biHMMReard ch3C WMRdsResh arwehe 32chaedr dedcgn either
a General Electric QE-300 or Bruker AM500 NWR spectroneter, and 11B and

31P(H NWR spsct.r Amiwer é unetdoted oy can cOygao8e@bNNR spacbeoneter. 11B and
31lp(H) chem cal shifts are reported,i m.rel ative.to .external standards

n
of | BF3 Et 20 BHEPESsh BYPOT = Cib oL Faa ke e, §une é?PE%bf?éz&%ilFespecti vely.
Prot gn chemycad, shirkls #ieh enekiedsxhNaki®e sulfonic acid and

chloroamine.

The functionalized borane cyclic hydrocarbons
converted to -OH, -COOH, and -NH, or -NHR bearing
compounds may be further converted to cyclic hydrocarbons

15 éontaining ester, amide, imide, carbonate and
polycarbonate, sulfonate, ether, polyether, and glycidyl

ether groups.

Examples

Unless otherwise noted, all manipulations were
20 carried out in an inert atmosphere glovebox or by using
standard Schlenk line techniques. Solids were handled in
a Vacuum Atmospheres drybox under nitrogen. All solvents

were dried over appropriate reagents and distilled under

nitrogen before use. 1H NMR and 13C NMR spectra were

25 recorded on either a General Electric QE-300 or Bruker
AM-500 NMR spectrometer, and 11B and 31P(H) NMR spectra
were recorded on an Omega 300 NMR spectrometer. 11 and

3lp(H) chemical shifts are reported in ppm relative to

external standards of BF3 Et,0 and 85% H3POg4,



relative to residual protiated solvent as internal standard. El enental
anal ysis were perforned by Atlantic Mcrolabs, Inc., of Norcross, GA

Cct ane, (er@ngsss® Met hyl cycl ohexane and benzene were di stpdi/Erbiforsom

sodi unf benzophenone ketyl prior to use-r Benzene D6 was dried over

sodi unf benzophenone ketyl and degassed before wuse. B2pin2 and HBpin were

pur chased fr emsheRitiveny . ScirgrtenoichAdichehsandtwereeusedoascnesai yef.
1-Cctene, 10 1-decene, ethylene, trinethyl borate, triethylsilane,
vi nyl tri met hyledigltdive, tanbpaidyslnprotyktedheplvand adodacalpdtot ri phenyl ene

wer e purchased from Al dcj.ch and., were used as receiived w tho further

ur 11 6at | on SCPREATRGr aF GORRG TS TR I3 2B B ST F L SFBO Weh b LB E AP ne
from 15 Johpgerdyaisheync31lp JiVRoMeEcRRrer hi Ncahnd2laMdaneand 1H NMR was
operating at 300 or 500 Hz. '11B NMVR was operating at 96.4 Miz. All 31P NWR

spect ra wer ermptaydnyddobeplase. andnbegrzaneonest thetillPedefvnances were

carried out on 20 spectra.that r cqui.red with gated decoupling and 10
second del ay SCAHEE/ §Fﬁ8@ﬁe§€8§rgfgygn%5&P§et§eaﬁ§nceg?nzfﬁec eMTal shifts

wer e measur e, felaliye %%daam/ho@hlzxsphgﬁ%@r ﬁtewlsghaeae?aegga- pEabakyst

Precursor Exanple 1 25 This exanple illustrates the synthesis of one

enbodi nent ofuskhe ®3pdhnygstnpr @Bprsowersegutroheakd adrowaFabysiewi thin the
scope of the present invention. [C5Me5RhC 2] 2 was synt hesi zed according to
the follow sgipnoeedur &ldaishl andoweyt 0s6042snukesivedWD 01P61688,
PCT/ EROL/ 02406 s - 44~ Lhodiumt richlotide, hydrate comrercially availabl e
vinyltrimethylsilane, anhydrous n-butyl ether, and
dodecahydrotriphenylene were purchased from Aldrich and
were used as received without further purification. The
metal compounds RhC1,e3H,0 and IrCl,eH,0 were obtained from
15 Johnson-Matthey.
31lp NMR was operating at 121 MHz, and 1H NMR was
operating at 300 or 500 Hz. 1lp NMR was operating at
96.4 MHz. All 31p NMR spectra were proton-decoupled.

Integration of the 3lp resonances were carried out on
20 spectra that were acquired with gated decoupling and 10

second delay times between acquisition pulse sequences.

ly chemical shifts were measured relative to partially

deuterated solvent peaks.

Catalyst Precursor Example 1

25 This example illustrates the synthesis of one
embodiment of the catalyst precursor used to make a
catalyst within the scope of the present invention.

[CgMegRhCly] o was synthesized according to the

following procedure: A solution of 0.0042 moles of



Strem Chem cal s and 0. 007 nol es of pentanethyl cycl opentadi ene comrercially
available from Aldrich in 40 m nethanol was refluxed under nitrogen for 5
48 hours wobiiess8d rring. This procedure is described in CrPCTEPeI2404 Yat es,
P.M Matilis, Inorg.Synth. 29, 228-234 ~(4%92). [ C5Me5RhC12]2 precipitated
out of solution. It was collected and purified by recrystallization in a
chl or of or nm hestarkl urT her dlellad- iwkes HY. B3 tgr arenme rH( aCdtyalaysti 1BbARplEeod Thi s
exanple illustrates that synthesis of ] (-q4- C6Me6) Rh(15-C5Me5)], an

embodi ment ofs%%t%%cﬁﬁist AT -0 sé‘t?ﬁ@sopft he present invention. [

(16- OONEE) RY(TASANBA)c | 1CPED): LAY ShoniBeHRIAL WRS 111515V BLAgST zed

according to"t ng procedure: OW ng preparation o

[ CSMe5RNC12] 2lidrtiethreidi afe mlasnetdsardibeds regltaelde uhdel9nim@ogeh for

0. 316mmol , of C5Me5RNC 2] 2 and 233 g, or 1.38 mmol, of hexamnet hyl benzene
was cohbi ned 4fi H1IPWESs It S HATNGor 0dEei Pracrdurthé s20efrkibrd has

refluxed for 7 r.s, and cqpl QO re,oIriflu acetic
acid was remove &r‘lC ér%'\}{;a%%%m %'(I)‘ﬁ'g%ratetgl}lltgi’%n\%ﬁgggglgtgh'dzalag%%égé?ved in
12 nL of wat@mszlhe [FmagsrRheAs 1hi Irercagithtredgbud BEdiswmutfibhtt edef unnel .
An aqueous sol ution of NHAPF6 (345 ng., 25 2.12 nmmol) was added to the
filtrate to precidultlaioeadhendepalifdtdadyameetfsnhiliezaakbd. ithe solid was
collected by filtration and washed with water (3X7 m) and Et20(3X7 m).
The sol i d washdaredordecmrgh vabgumiatd Y86COF88 9¥alurs. WO 01/ 64688

PCTI ERQAI / 02408+ .. AR Elx%%i‘l%&y%) Rh(15- C5Me5) ] was synt hesi zed according to

This example illustrates that synthesis of [ (n%-
CgMeg)Rh(n>-CsMes) ], an embodiment of a catalyst within
the scope of the present invention.

[(n6—C6Me6)Rh(n5—C5Me5)](PF6) catalyst precursor was

15 synthesized according to the following procedure:

Following preparation of the [CgMegRhClj;], intermediate

as described in example 1, 195 mg, or 0.316mmol, of
[C,Me,RhC1,], and 233 g, or 1.38 mmol, of hexamethylbenzene
was combined with 4.5 ml of trifluorocacetic acid. The

20 mixture was refluxed for 7 hours and then cooled to room
temperature. Trifluoroacetic acid was removed under
vacuum. The resulting white solid was dissolved in 12
mL of water. The slurry was filtered through a medium
fritted funnel. An agueous solution of NH,PF, (345 mg.,

25 2.12 mmol) was added to the filtrate to precipitate the
catalyst as an off white solid. The solid was collected

by filtration and washed with water (3X7 ml) and Et,0(3X7

ml). The solid was dried under high vacuum and 100°C for

2 hours.



the foll ow ng procedure: 505 ng, 0.731 nmmol, of [(116-

C6Me6) Rh( 15- C5Me5) ] (PF6) was reduced by conmbining it with 250 ng, 132
nol , di syobpewess adi enyl cobalt in pentane at 5 room t enpPCHERGIF2H0Br
allowing the stir for 9 hours. The prodict was isolated by filtration,
foll owed by renoval of pentane by evaporation under vacuum The yield of

the [016 - ONE6) Rty B GOMER (45 COLALY S| wab! OpChe YRS I HASE T, 0. 637

nmol ). The spectroscopic “10 characterization was as foll ows: VR (C6D6) :
52.05 (s, 6 1 .15 (s apd , _

Functi onal i zHg ?oﬁggé\?’rﬁflé @S\c%g#@m?%ﬂ%gavgﬂ%%@“ Ehc‘?lf%hgﬂ?zi ng

reagent 4, 4.5,5- I ABE - - di b I S 1 .

benzene in tﬁéM% segér(lﬁe g?M{eﬁi} ?P%ﬁﬁé@%l\/g% uéR?l&(% %ﬁ%&# ;}“sufégs
prepared in gxgnphe 23b0npEedugecRc1bP86E L@NahiZedbbenzy] basyl uct
according to the follow ng equation: WD 01/ 64688 46 - PCT/'EP01/ 02406 (ONO)

cat B-B O Or3dth BémpiBrétuat fOrGOowigd Bhe +stHr Goxal hows. | Me dry
0.5 nol e% based on

7ol bs-of al | PFASHER) GAPS) SBFATRS T (Tt COVERY R (1] SHNBE) TEaE) yst  and
83 my (0.33 gﬁbﬁ%ntane by evaporation under vacuum.
The yield of the [(n®-CgMeg)Rh(n>-CsMes)] catalyst
product was 96% (255 mg., 0.637 mmol). The spectroscopic
10 characterization was as follows: Z1HNMR (CgDg): 82.05 (s,

6H), 1.64 (s. 15H), 1.42 (s, 6H), and 1.28 (s, 6H).

Functionalization Example 3

A commercially available functionalizing reagent

4,4,5,5-tetramethyl-1,3,2-dioxaborolane was reacted with
15 benzene in the presence of the [(n®-CgMeg)Rh(n>-
CgMeg) Jcatalyst as prepared in example 2 to produce a

functionalized benzylboryl adduct according to the

following equation:



B2pi n2 (B2pi n2= 4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol ane) obtained from
Callery Chemcals in 0.4 mM of dry benzene were conbined in a screwcap
NVR sanphyo hiMagssand seal ed 10 tightly. The sanpl e was renpeedréwmmst he box
and placed WD 01/ 64688 - 47 - PCTIEPO10¥406 in a 150C oil bath. The
solution was heated for 45 hours at 150C and nonitored periodically by 11B
NVR spectroscopy. 11B NIVR spectro opy,.~showed that HBpin was conpletely
consuned. 5 The _sanple cgughtf(? othe dry &mwx and a solution of
dodecahydr ot enyl ene* ( rr/@—ﬁ 042 mot )y penzene™as added by

pi pette. An aKFquot was Oreno ad anal yz&l by GC. The yield of the
benzyl Bpi n functional i zed pr oduct 10 was 82% 100% of the B2pi n2 was
reacted and converted. The catal yst turnover count was 328. The total
reaction time was 4.5 hours. Characterization of the benzyl-Bpin adduct
product by GO/ M5 and 1H Leveal ed that benzene ~was functionalization at
the aromatic G ond. nctionalization Eﬁ e 4 The sarmt pr ocedur es
as set forth i 7pI& 3 was fol l bwed i nBxa Ies4 EXCED

amount of cat wasUS nmel'e % and the to ctlo rTeAwas 25

hours. Conversi on” of B2pin2 was 100% Anal ysis by GC 20 |nd| cated that
benzene was functionalized at the aromatic GC-H bond. The yield of
functionalized benzene was 92% The catal yst turnover was 37. WD 01/ 64688
PCT/ EPO1/ 02406 - 48 CGI MS 1. A process for functionalizing a cyclic

hydr ocar bon at ©_

cat =

In a dry box, a solution containing 0.66 mg (0.00165
5 mmol, 0.5 mole% based on moles of all ingredients) of the
[ (n°-CMe,)Rh(n°-CMe,) ]catalyst and 83 mg (0.33 mmol)
B,pin, (B,pin,= 4,4,5,5-tetramethyl-1,3,2-dioxaborolane)
obtained from Callery Chemicals in 0.4 ml of dry benzene
were combined in a screw-cap NMR sample tube and sealed

10 tightly. The sample was removed from the box and placed



a secondary or aromatic G H cyclic hydrocarbon bond conprising thermally
reacting a functionalizing reagent and the cyclic hydrocarbon in the
presence ywah oidesesdt al yst, 5 said catal yst conprising: a) apemEPOI®2406
rhodium b) a source of a 3 to 8, cyclid7r non-cyclic, aromatic or
non-aromatic, neutral, cationic or anionic, substituted or unsubstituted,
el ectron 10 ¢dgngriswicetys Whdh doemaaiolditSisnr ivaise Hepdera tfer mal  reaction
conditions; and c) a source of ligands capable of fornally donating an

el ectron pai hotvs r 4odl 8Pl @rrNAIEH tdizssh degtied iidadrdpnoyy; 'BL3™hd wher ei n
said functionalizing reagemr congri ses a source of boron. 2. The process
of claimil, APEFErAsSEPRY cyclPNMRyIPIEEFPOFCRONPRPERS Bhaly Rk 433 n. 3.

The process of claij , rein said b) noiety: 20 (i) lacks aromatic CH
bonds on thec?rrBPie?ygl%i?éé\%%@é%bnded to the rhodium or (ii) contains
sterigal |y hinderied as0pBiwasblobgindsimio ttiee nethoxlidsettd y bonded to
the rhodium and. 25 4. The process of claiml1, 2 or 3, wherein the b)

moi ety conpsdbesian af kgrdecdyd¥otetPlsey bpent adi @iy . cdripburidobr an

unsubsti tut ed cycl opent adi en ound.,  WO01/64688. - 49 - PCT/ EPO / 02406
e Lt oeba W OPaF 75 SRNaed PP Wl 4D T ROl Gudt vl BT 020

l'inear or braggbedsakh@hatdcyoéefbpicc. group having from2 to 8 carbon
atons. 6. The process of claim1l, 2, 3 or 4, wherein the c)
The yield of the benzylBpin functionalized product

10 was 82%. 100% of the Byping was reacted and converted.

The catalyst turnover count was 328. The total reaction
time was 4.5 hours. Characterization of the benzyl-Bpin
adduct product by GC/MS and 1HNMR revealed that benzene
was functionalization at the aromatic C-H bond.

15 Functionalization Example 4

The same procedures as set forth in Example 3 was
followed in Examples 4, except that the amount of
catalyst was 5 mole %, and the total reaction time was 25
hours. Conversion of Boping was 100%. Analysis by GC

20 indicated that benzene was functionalized at the aromatic
C-H bond. The yield of functionalized benzene was 92%.

The catalyst turnover was 37.



5 ligand conprises a C6 conmpound substituted with three to six Cl1-C4 al kyl
groups. 7. The process of any one of the preceding clains, wherein said
functi onavoai/eu@ss eagent conprises a source of boron al kypcTiERoRNR4ET VI |

or ganoboron hydride, or 10 organoboron-h#¥ide conpounds. 8. The process of
any one of the preceding clains, wherein the functionalizing reagent and
the cyclic hydrocarbon are reacted in the presence of said catalyst at a
tenperature ranging from70C to 250C. 15 9. The process of any one of the
preceding clains, wherein the nolar ratio of functionalizing reagent to
catalyst is greater than 10:1. 10. FhéPrde¥sS of any one of the preceding
clainms, wherein the catalyst turns over 50 times or nore, and 20 80 % or

more of the funchi QRAlZisNG He2gett ibsat99Y8Et 8dcyclic hydrocarbon at
a gecondary or aromatic C-H cyclic hydrocarbon bond
comprising thermally reacting a functionalizing reagent
and the cyclic hydrocarbon in the presence of a catalyst,
5 said catalyst comprising:
a) a source of rhodium;
b) a source of a 3 to 8, cyclic or non-cyclic,
aromatic or non-aromatic, neutral, cationic or
anionic, substituted or unsubstituted, electron
10 donor moiety which does not dissociate under thermal
reaction conditions; and
c) a source of ligands capable of formally donating
an electron pair to rhodium and which dissociate
thermally;
15 and wherein said functionalizing reagent comprises a
source of boron.
2. The process of claim 1, wherein the cyclic
hydrocarbon comprises a cycloparaffin.
3. The process of claim 2, wherein said b) moiety:
20 (1) lacks aromatic C-H bonds on the moiety
directly bonded to the rhodium, or
(ii) contains sterically hindered aromatic C-H
bonds on the moiety directly bonded to the rhédium;
and.
25 4. The process of claim 1, 2 or 3, wherein the b) moiety
comprises an alkyl substituted cyclopentadienyl compound

or an unsubstituted cyclopentadienyl compound.
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5. The process of claim 1,2, 3 or 4, wherein the c¢)
ligand comprises a linear or branched aliphatic olefinic
group having from 2 to 8 carbon atoms.

6. The process of claim 1, 2, 3 or 4, wherein the c)
ligand comprises a Cg compound substituted with three to
six Cq-C4 alkyl groups.

7. The process of any one of the preceding claims,
wherein said functionalizing reagent comprises a source
of boron alkyl, boron aryl, organoboron hydride, or
organoboron halide compounds.

8. The process of any one of the preceding claims,
wherein the functionalizing reagent and the cyclic
hydrocarbon are reacted in the presence of said catalyst
at a temperature ranging from 70°C to 250°C.

9. The process of any one of the preceding claims,
wherein the molar ratio of functionalizing reagent to
catalyst is greater than 10:1.

10. The process of any one of the preceding claims,
wherein the catalyst turns over 50 times or more, and

80 % or more of the functionalizing reagent is converted.



