WO 01/ 64689 PCT/ EPOL/ 02407 - 1 SELECTIVE, CATALYTIC, AND THERMALLY

| NDUCED FUNCTI ONALI ZATI ON OF PRI MARY C-H BONDS | N HYDROCARBONS Fi el d of
the Invention The present invention relates to the selective

functi onal of a hydrocarbon at its primary CGH 5 sit ,Q¥ IIy
reacting ébégk'1ponalizing reagent and the hydrocarbon inlﬁﬁ %b@ ce of
an transition netal catalyst. Background;of the Invention Aliphatic
conpounds, and especially al kanes, are 10 anong the npost abundant but

| east reactive nolecules. Chemcal synthesis relies on reactions that form
one product selectively, and-few reactions involving aliphatic conpounds,
such as al kabRECTIVE CATALYHICT AN THERYELY INDURER FENG TIONAAEAATIONIOF PRIMARYaSH BONDS
hal ogeRdYRFRSARMINS 15 aut oxi dations, typically produce m xtures of

products; even enzynmes do not react regiospecifically with linear al kanes.
Transition nmetal conpounds are known to react wth al kanes to give
termnal al kyl conplexes selectively, but these reactions are typically 20

stoichionetrigj%@dgggakheTfﬁgéﬁ%QQ@ met al - cat al yzed dehydrogenation
suffers fromuntavorable thernodynam cs and isonerization of termnal to
i nternal al kenes Thei pgeséhe imeettitmm Eardioey|tad itdre feladddnes i s al so
endot herni c, and t he g?otochenl I pro esses produce 25 secondar

phot opr oduct sTUBETEPRRLYEAF LR 310 G B &F iKW A~ E N

gg??&g 1f0§40§?£é“59 tﬁéﬂﬂ&?ﬂ?téééé€§ngJé*¥hné%hdﬁgiﬂ@?ﬂg“ﬂ%%@%%t and

the hydrocarbon in the presence of an transition metal

catalyst.

Background of the Inventi

Aliphatic compounds, and especially alkanes, are
10 among the most abundant but least reactive molecules.
Chemical synthesis relies on reactions that form one
product selectively, and few reactions involving
aliphatic compounds, such as alkanes, occur in this
fashion. Radical reactions, such as halogenations and
15 autoxidations, typically produce mixtures of products;
even enzymes do not react regiospecifically with linear
alkanes. Transition metal compounds are known to react
with alkanes to give terminal alkyl complexes
selectively, but these reactions are typically
20 stoichiometric in metal. Transition metal-catalyzed
dehydrogenation suffers from unfavorable thermodynamics
and isomerization of terminal to internal alkenes during
the reaction. Carbonylation of alkanes is also
endothermic, and the photochemical processes produce
25 secondary photoproducts.
Several years ago, it was reported in K.M. Waltz,

C.N. Muhoro, J.F. Hartwig, Organometallics, 1999, 21 and



2 in K Wiltz, J.F. Hartwi g, Science 1997, 277, 211, that | ow val ent
transition netal conplexes containing boryl Iligands reacted with
hydr ocar bons, including al kanes, by photochem cal dissociation of |igand
to produc f yncti onal i zed hydrocarbons. It was reported
or ganobor gvré?léag ters were forned in a stoichionetric fasF\lJi&g.?lEPt%/o%“We
regi ospecific repl acenent of one hydrog_er} _on a termnal position with a
boryl group. It was also reported in H Chen, J.F. Hartwi g, 10
Angew. Chem I nt . Ed. Engl 1999 that commrercially avail able R2BBR2
( R2=pi nacol at® I?-anE’gr’Ft% ahd’ -s dFHEWGr e § CLEFEFoBER adi2dy | 28&p* FhRe( CO) 3
woul d cat al yt4i ¢al al. n nde
phot ochemi calloﬁga}ca)tdieg%oc@o&%r |Stl?%@%%ﬁtg?o%hg‘ﬁlh%gl%gl%Bglfgzggégsgoﬁ%é\ever, are
i mpractical dtigamdsndusictieal wistahgdrbrarbotlesi tabledtiagf ungrhhesal E%e
regiospecifically an aliphatic conpound at its termnal CHsite. 1t is
al so desi r affetIrhenice lpddceosipsiophett dagtrenkri PEPABAC20 occur
thermakly ra - .hr ou ns c S hepi cal processes.
It is highl ytfglg%:ltr %bqﬁ%étl{}g%rrgl t?%%%tggpgﬁg fégc?i—ﬁ%ng nggggl ?%]ﬁ%\ti c conpound,
and especi al lorgandbsrehiaaeakiszedsalkaaefobyed phnoaessonbhebmésrLat al ytic 25
rather than stoichionetric in netal. Summary of the Invention The present
i nvention pr &@S@éena byr §88sFePdPSPEER EEE| V@PiaﬁeweﬂFoﬁé| PRe Ngydregsn phat i ¢
hydr ocar bon nd/ qr__al. ranch Leycely dr rbon at a primary 30
C-H hydrocar gglngbgﬁé%ég?%r gggggggﬂer@%{%l% ﬂ?é@?% %gggp'

It was also reported in H.Chen, J.F. Hartwig,

10 Angew.Chem.Int.Ed.Engl 1999 that commercially available

R>BBRy (Rp=pinacolate) reagents and substituted
cyclopentadienyl (Cp*) Re(CO)3 would catalytically

convert alkanes to alkylboronate esters under

photochemical reaction conditions. Photochemical
15 processes, however, are impractical at an industrial
scale.

It is desirable to functionalize regiospecifically an
aliphatic compound at its terminal C-H site. It is also
desirable that the process for the functionalizétion

20 occur thermally rather than through other means such as
photochemical processes.

It is highly desirable to manufacture a
functionalized aliphatic compound, and especially a
functionalized alkane, by a process which is catalytic

25 rather than stoichiometric in metal.
Summary of the Tnvention

The present invention provides a process for
selectively functionalizing an aliphatic hydrocarbon
and/or alkyl branched alicyclic hydrocarbon at a primary

30 C-H hydrocarbon bond comprising thermally reacting a



WO 01/ 64689 PCTI EPO /02407 3 functionalizing reagent and the hydrocarbon
in the presence of a catalyst, said catalyst conprising: a) a source of a
transition nmetal; b) a source of a 3 to 8, cyclic or non-cyclic, 5

aronati c @¥o béksgy omati ¢, neutral, cationic or anionic, SWPCIERWBLTOr
unsubstituted, electron donor noiety which does not dissociate under
thermal reaction conditions, wherein saidinoiety (i) |lacks aromatic CGH
bonds on the nmoiety 10 directly bonded to the transition netal, or (ii)

contains st er%gﬁé&yogéfpﬂ,ﬁ%t%ﬁ%%ca I@héog?}é&}ogglﬁ%% i ety directly

bonded to the transition C) a so gands capabl e of
formal |y donaptregendd @f ®lectalbretpaigaid ddwmliyisansiompai sieigal of a) and
whi ch di ssociate thermally; and wherein said functionalizing reagent
conprises a sourc® it HHTHFE TetdiiERDSAn FEtéd iof the Invention 20 The

f h . . . % | ; d
process of the preé)eirﬁméré)}i’zgl%_"cgé; d S 8Qer Ny . 3 %%h'—‘é?xgg?‘g?‘r

functionalizing a pr nd on ~ hydrocarbon nol ecu i's catal ytic,
and rebies on thesmmhatiat her rdmeajpheitaly)t ineuetraphotachenieabrpr ocesses
to supply the activation energy required for dissociating 25 the Iigand
fromthe catal yst . 2R IGadtURSAt idese @5 iunsabstisugRes oPh&EETABNNEr in

that a hydr ocar bor& r?orcﬁoqle%? wh %ofe%n?&%itoﬁglsi 5EQgter8§gggt AL ¥ma
contacted in a reaction vessel an eated to a Fenperature &f F&g |v% to
activate the reactdeitdidtrcdmditions, wherein said moiety
(1) lacks aromatic C-H bonds on the moiety
10 directly bonded to the transition metal, or
(ii) céntains sterically hindered aromatic C-H
bonds on the moiety directly bonded tec the
transition metal; and
c) a source of ligands capable of formally donating
15 an electron pair to the transition metal of a) and
which dissociate thermally;
and wherein said functionalizing reagent comprises a
source of boron.
Detailed Description of the Invention
20 The process of the present invention is 80% or more
selective toward functionalizing a primary C-H bond on
hydrocarbon molecules, is catalytic, and relies on
thermal rather than photolytic or photochemical processes
to supply the activation energy required for dissociating
25 the ligand from the catalyst.
The reaction proceeds in a straightforward manner in
that a hydrocarbon, a catalyst, and a functionalizing

reagent are contacted in a reaction vessel and heated to

a temperature effective to activate the reaction towards



WO 01/ 64689 PCT/ EPO /02407 4 the functionalization of the hydrocarbon at
its primary C-Hsite. The nature of the catalyst and functionali zing
reagent as described in further detail bel ow enable one 5 to manufacture
sel ecti vel wogigadgoer mal | y a hydrocarbon functionalized at ipeTmronesy? C-H
site. The catalyst used in the reaction nust be one which is capable of
being thermally activated, and the procegas-functionalizes the primary CH
bond of a 10 hydrocarbon by thermally activating the catalyst. By "thernal

activation’ ofedde sl ib3cT8aNG el e AYAEEEarBhndbesocLabliga
c)ligand froma netal centre by applicatioh o eat below the tenperature
at which the Z-H iggard (described bel ow) dissociates fromthe netal 15

centre, and at | east above the tenperature of the environpent at which the
functional i zi ng r @genatnse efofbg. CAtad¥fhl 28¢r ERRFMPR_thAIREie t o

funct onal i 2 e Stokbs. cA% _ _ .
eterm ne whetfiol e 63! ALLSLMEL SACHLYRLE-AGDELIR! ¥e Fot! bODEY Lo

foll ows. 20 one sires to e IS mxed wt d%%%erated

ligand sit a Myamamifeetwrehsaltheikangeani thepmally & ochydAdcafbéhe
presence of an appropriate_ solvent, such as decane or cycl ohexane-d12. The
mxture is arfaingtdengyized ANVRICS1IBrAVRIY1FFHMRIE@nd 2H NVR. The 25

mxture is subsqu%ptEth ag%edugggekx pﬁeapgééggéﬁnggﬁblggq&néor 48 hours

or less at no noré Thah Teacti on pr eéssures and erature at which
reaction takeshiphace bupabebowrt BeihgmpRéahsl By adctdvatedhealhd twméety and

c) ligands dissociate fromthe netal centre.
process functionalizes the primary C-H bond of a
10 hydrocarbon by thermally activating the catalyst.

By “thermal activation” of the catalyst is meant the
process of dissociating a c)ligand from a metal centre by
application of heat below the temperature at which the Z
ligand (described below) dissociates from the metal

15 centre, and at least above the temperature of the
environment at which the functionalizing reagent is
stored.

A useful screening technique to determine whether a
catalyst will activate a primary C-H bond is as follows.

20 The catalyst one desires to employ is mixed with a
deuterated ligand at a molar ratio within the range of
from 1:1 to 1:10 in the presence of an appropriate

solvent, such as decane or cyclohexane-d;;. The mixture

is analyzed by 31p NMR, 11B NMR, lH NMR, and 2H NMR. The

25 mixture is subsequently reacted solely by application of
heat for 48 hours or less at no more than reaction
pressures and at a temperature at which reaction takes
place but below the temperature at which the b) moiety
and c¢) ligands dissociate from the metal centre.

30 Analytical results of a catalyst which has been thermally



30 Analytical results of a catalyst which has been thermally WO 01/ 64689
PCT/ EPO1/ 02407 - 5 activated will show the formation of a peak
corresponding to free dissociated |ligand and the formation of a
deut er at edygaidedst . and the reduction or elimnation of p&a@kBP01/02407
corresponding to the presence of free deuterated 5 |igand. A useful
screening test to determ ne whether a cafalyst is one which is capabl e of
bei ng activated therrrally isto conduct the reaction in the dark. Although
st _the dissociation of

ot her conpounds which.c rea 10 a

the c) Iigand®9&y” Pe=ds Jgﬂa?a}b%% tclﬁnal ;f:t TN &P FrEE8884RT
functionalizifng rade hyds acas boty ﬂl@r@taaid/stthél%ﬂaﬁtﬂo&eo@r gcess nust be
of a type which is capable of being thermally activated in the absence of

any conpound ditcdratedi cattd ysteacrsl Hheninedudtd one @ge gt imdnasspst ofhe
activation of the reagen ccordin a proces ich applies heat in
addition to &® a%cflig{faﬂ?%?fﬁﬁj&ﬁzfmtgﬂ% PISTEREs O?h@%e(‘?afieggﬁrﬁﬁﬁflol ytic
means, sand S ully activates the catalyst is neverthel ess a process
within the scope of 20 the invention if the particular catalyst is capable

of thermally furctismfall zscrzgeetmelghy&s@capbdntamnpr whetherCaH bond in the
absence of a co-catalyst or phatons. Qhe hed cat al ﬁtl c .systens for

publ_i
activating AR ail g Hﬁqepr"l’ 1€ Haﬁ’éi?&er BhuPFéPhachidathde of a 25
sacrificial OA@MM% aGhi Ry & gt %QO\f%cmheaﬁ A8 adypntage of the

process of the prese Invention is that a sacrificial hydrogen acceptor
is not required t®lgirayidetheratalmpbuadgr gbésh whehibajhyt veaoveto

Hydroqgn assist the dissociation of the c¢) ligand may be used

along with the catalyst in the process of functionalizing

an hydrocarbon, the catalyst used in the process must be

of a type which is capable of being thermally activated

in the absence of any compound which chemically reacts

15 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
catalyst is nevertheless a process within the scope of

20 the invention if the particular catalyst is capable of
thermally functionalizing the hydrocarbon at a primary
C-H bond in the absence of a co-catalyst or photons.

Other published catalytic systems for activating

alkanes at the primary C-H bond require the presence of a

25 sacrificial olefin to achieve high turnover numbers. An
advantage of the process cf the present invention is that
a sacrificial hydrogen acceptor is not required to
provide a catalytic process with high turnover. Hydrogen
released from the primary C-H hydrocarbon bond does not

30 readily react with the functionalized hydrocarbon under



rel eased fromthe primary C H hydrocarbon bond does not 30 readily react
with the functionalized hydrocarbon under WO 01/ 64689 PCT/ EP0O1/ 02407 6
reaction conditions. Although the presence of hydrogen acceptors is not

excl uded f invention, the process of the invention j of
%48 iCrEmRRls

achi evi ng urnover nunbers in the absence of a sacrifici rogen 5
acceptor. By a "functionalizing reagent” is generically neant to include
any conpound as descri bed bel ow which o'peera't es to functionalize a
hydrocarbon's primary C-H bond, and is not neant to define the reaction
mechani sm effeafeiry, candbiiens e Afthdwgh dhgemresemssued hysigbfien Suitabl e

hydr ocar bon substrates which are . functionalized in the process of the
i nvention ar ea%%ipt%fl%rjo%a?%%n%x%]o‘ﬁ#eéfrﬁrr?én &6 ﬁ"r‘é’reﬁté-%?bgﬁﬁﬁ, PZPSESRnown
as its termg@lthe Hbeswkidd BY cdgamd Qﬁalaicﬁﬁ@r'\]riir@ R cLkacLepl acement

of Hat a primary C-H bond of a hydrocarbon with the unctional i zi ng

reagent resi duambedys airt prligrealysahde ohd!' siasnigact adnyydewdebet ween a
hydrogen at om and .any carbon atom bearing two or nore 20 additi onal
hydr ogén at oSSBT rimary G- H bond is to be distinguished froma

secondary C H bondiag, S‘iﬁﬁcé’mﬁ{a@i@inbh?ceﬁ?%ﬁ‘en %ogbhérécﬁﬁwnﬂé%ﬂtcar bon
atom and any functional group replacing ifs hydrogén at om woul e
consi der ed a tsecondarde famctdamslumb lasc deecr2bebit bed owowhéchndpessoesd t hat

a "bond" as use% thr,ouga out th?_e,[sdﬁ_ecif' cation neans a coval ent bond, a
conpl ex, a cdit di'Hth 287y TOFErarBPM §f PA1PRARaGe Pond, and is

not meant to define the reaction mechanism, efficiency,

10 or fate of the reagent compound itself.

Suitable hydrocarbon substrates which are
functionalized in the process of the invention are any
hydrocarbons containing a primary C-H bond, also known as
its terminal C-H bond.

15 By "functionalized" is meant the replacement of H at
a primary C-H bond of a hydrocarbon with the
functiocnalizing reagent residue.

By a "“primary C-H bond” is meant any bond between a
hydrogen atom and any carbon atom bearing two or more

20 additional hydrogen atoms. The primary C-H bond is to be
distinguished from a secondary C-H bonding site, wherein
the carbon atom is a secondary carbon atom and any
functional group replacing its hydrogen atom would be
considered a secondary functional molecule.

25 It is to be understood that a "bond" as used
throughout the specification means a covalent bond, a
complex, a coordination, or any other form of a linkage
between the stated atoms.

A hydrocarbon which is functicnalized in the process

30 of the invention is a saturated or unsaturated, branched



bet ween the stated atons. A hydrocarbon which is functionalized in the
process 30 of the invention is a saturated or unsaturated, branched WO
01/ 64689 PCTI EPO1/ 02407 7 or unbranched, substituted or unsubstituted

al i phatic rocarbon (e.g. al kanes or al kenes); or a sat

unsat ur at e%&xﬂﬁ'gg%i tuted or unsubstituted, al kyl branched yﬁ/@&@#@"
conpounds, each having at |east one prinaky CGH 5 bond, and which do not
deactivate the catalyst at reaction tenperatures. The hydrocarbons may be
used singly or in mxture, The hydrocarbon conposition contains aliphatic

and/ or al kyl obr aRehaRcked c yTIP et Myt @st 0D oS uRAFtorEd p1diphedito with
ot her hydroca |l es, . s r omat4.¢ . cqnpaounds. _The hydrocar bon
conposi ti on p%g‘?g?g%:@&goﬁ%’rq Sgaéq]%%§6$e%sta%nﬁ53% acl%rﬁhastai-gélrgﬁé’%opral kyl
branched al i cysbheurdysi ocamhonssuteier ablsuaic ilersld, 7% 11 % riPEB e &5

preferably at |east 90 wt.% and nost preferably at |east 95 wt.%or nore
up to 100 wt .84 iqyel soraersindhe damr dearinen atad €86 tapyec pmimaciyalC-Hsour ce

avai l al e, such as from.a refjned crude oil_ source r.a _Fisher-Tropsch
str eamlg and g%%n%’e aﬁ%‘gdv hi‘ln(:hcrduoden %o % 3GEs eo;érhgt C?%)?lplg\?efatof refi nenent,

any fracti on r&oft fdhi dighpideanfses.and at any purity. Further, any olefin
having from3 to 30 carbon atons, and their diners or triners, are also

usef ul  hydr ocar B ydowicdedborisamayhéenwisedulsangdy art énninpatus.site

having one sat urahed ,car bon B oM. oL HCANEBEEa FhL oL T L AL 8. 05n k) gRChed

alkyl branched alicyclic hydrocarbons, optionally mixed
10 with other hydrocarbon molecules, such as aromatic
compounds.

The hydrocarbon composition preferably comprises at
least 50 wt.% aliphatic and/or alkyl branched alicyclic
hydrocarbons, preferably at least 75 wt.%, more

15 preferably at least 90 wt.%, and most preferably at least
95 wt.% or more up to 100 wt.%.

The source of the hydrocarbon can be any commercial
source available, such as from a refined crude oil source
or a Fisher-Tropsch stream, and can be used in crude

20 mixtures or at any level of refinement, any fraction
containing alkanes, and at any purity.

Further, any olefin having from 3 to 30 carbon
atoms, and their dimers or trimers, are also useful
hydrocarbons provided that the molecule has a terminal

25 site having one saturated carbon atom.

Alkyl branched alicyclic (e.g. branched
cycloparaffins or cycloolefins) are also useful, so long
as the alkyl group contains at least one saturated carbon

atom containing a primary C-H bond site.



cycl oparaffins or cycloolefins) are also useful, so long as the alkyl
group contains at |east one saturated carbon atomcontaining a primary CGH
bond site. WD 01/64689 PCTIEPO /02407 8 1n one enbodi nment, the

hydr ocar bQyp 606igd ses a |inear or branched al kane (by def ipgTtEramp240avi ng
no wunsaturation, cyclic or aryl noieties attached). Suitable exanples of
al kanes may include those having 5 fromlgto 32 carbon atons, preferably
from3 to 24 carbon atons, and nore preferably from®6 to 18 carbon atons.

Exanpl es of |inear_hydrocarbons inclyde .n-hexan n-. hept.ane, _n-oct ane,
n- nonane, n-dodecéﬂé¥n%-? %é&%i E’réhﬁipﬁéﬁqgfﬁggﬁhéfm‘Fﬁ?ﬁ?a&ecane,

n- hexadecane, 1 inbgpt 36eSAdY:hdl Ocliagecans, deMenadesgndaving ¢@sane, and
the like. Exanples of branched aliphatic hydrocarbons incl ude

2,2, 3, 3-t et r auneahytduieme, cy i ad-ar jamthytlqiahigre attacheiddont ane,

2- met hyl but ane, , 2- net hyl pent ane, _ 3 15 net hyl pent ane, 2-net hyl hexane,
37nethylhexan%?lﬁggﬁ%p%ﬁéﬁé;ﬁﬁﬂﬁf %i#ﬁﬂ?ﬁd pt* F%f-%gfﬁflﬁgﬂFgﬁ , 2, 2-
di met hyl but angyoR, 8- b Mt U8R onts 2 PHdRIAHIREHIBRE 3 to 24

2, 3-di et hyl pent ane, 2, 4-di net hyl pent ane, 3, 3- di net hyl pent ane,

2, 2- di et hyl heazben &;emali regtchyddiex anes £ 2l y5 -fdiome tthlohdBaraerbon

3, 4-di net hyl hexane, 2, 3- di nethyl heptane, other 2-nethyl or ethyl-C6-C28
al kanes, ni x®tPBR- thereof, and the |like. Exanples of al kyl branched

alicyclic hydfocaé;bs%.gﬁeé NG yde Bt hyla O eRexanacimehyl nexghaochane,
ethyl 25 cycl ohexane, ethyl cycl ooct'ane, isopropyl cycl ohexane, and the
i ke. heptane, n-octane, n-nonane, n-dodecane, n-tridecane, n-

10 tetradecane, n-pentadecane, n-hexadecane, n-heptadecane,

n-octadecane, n-nonadecane, n-eicosane, and the like.
Examples of branched aliphatic hydrocarbons include

2,2,3,3-tetra-methylbutane, 2,2,4-trimethylpentane, n-

tricontane, 2-methylbutane, 2-methylpentane, 3-

15 methylpentane, 2-methylhexane, 3-methylhexane, 2-
methylheptane, 3-methylheptane, 4-methylheptane, 2,2-
dimethylbutane, 2,3-dimethylbutane, 2,2-dimethylpentane,
2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-
dimethylpentane, 2,2-dimethylhexane, 2,4-dimethylhexane,

20 2,5-dimethylhexane, 3,4-dimethylhexane, 2,3-
dimethylheptane, other 2-methyl or ethyl-Cg-Cyg alkanes,

mixtures thereof, and the like.

Examples of alkyl branched alicyclic hydrocarbons
include methyl cyclohexane, methyl cyclooctane, ethyl

25 cyclohexane, ethyl cyclooctane, isopropyl cyclohexane,

and the like.

The hydrocarbon may contain heteroatoms within the
hydrocarbon chain, such as oxygen or nitrogen. However,
generally the number of heterocatoms will be no more than

30 1 heterocatom for every 4 carbon atoms, preferably no more



The hydrocarbon may contain heteroatons wthin the hydrocarbon chain, such
as oxygen or nitrogen. However, generally the nunber of heteroatons wl|
be no nore than 30 1 heteroatom for every 4 carbon atons, preferably no

nore WO 01/ 646 PCT/ EPO1/ 02407 9 than 1 heteroatomfor e on
at ons, andéﬁﬂpg%mﬁreferably t he hydrocarbon wll be free of¥§g¥gg%%?%ﬁs.

The catal yst used in the process of the present invention conprises: 5 a)
a source of atransition netal; b) a source of a 3 to 8, cyclic or
non-cyclic, aromatic or non-aromatic, neutral, cationic or anionic,
substituted orthamsubsheteneatore| st reyerydéneanipoine & omsi c Andomsraot

di ssoci ate under thernal 10 reagtion.condi.tions, ;wherei.n. sai d ety (i)

| acks aromati &G Ib%l?"lr%\é t(])}he t}ﬁ’e %aé"tb_)?n a'ilraé'c{gley fES_ﬁd&lj PSgFﬁ8gE?‘§ﬁsi tion
netal, or (ii) comeaidiaShayd Galddy Al Reer pdoaeaBBbiCtheHprboagds on the
noiety directly bonded to the 15 transition netal; and c) a source of

| i gands capabligwsntfigmeddmpriGest:i ng an electron pair to the transition

nmet al og a) and wh”ch dissociagﬁ t@ernaLlé. PreLeﬁably, t he source of c)
|i gands® conpri se 26*'t 1t dRBAS 1°4n&s FXGREAT rat 88-&ri phati c conpounds, n
al lyl  conpounds, @) n AR LYPAURDSo Wheesbnisabd ﬂoﬁte?@lieprmounds (i)

| ack aromatic C-H bonds on the noiety directly bonded to the transition
metal, or 25 (ii) commEms stemopakblpmhtnder sdubratmt fatohlic or
anionic, substituted or unsubstituted, electron
donor moiety which does not dissociate under thermal
10 reaction conditions, wherein said moiety
(1) lacks aromatic C-H bonds on the moiety
directly bonded to the transition metal, or
{ii) contains sterically hindered aromatic C-H
bonds on the moiety directly bonded to the
15 transition metal; and
c) a source of ligands capable of formally donating
an electron pair to the transition metal of a) and
which dissociate thermally.
Preferably, the source of c) ligands comprise
20 trialkylsilanes, unsaturated aliphatic compounds, m allyl
compounds, or © arene compounds, wherein said n arene
compounds
(i) lack aromatic C-H bonds on the moiety
directly bonded to the transition metal, or
25 (ii) contains sterically hindered aromatic C-H
bonds on the moiety directly bonded to the
transition metal.
A more preferred catalyst for use in the process of
the present invention comprises, or is obtained by

30 combining a source of the following in any seguence:



bonds on the noiety directly bonded to the transition netal. A nore
preferred catalyst for use in the process of the present invention

conpri ses,

or is obtained by 30 conbining a source of the followi ng in any

sequence: Wiy k4689 PCT/ EPO1/ 02407 - 10 a) Rh or Ir; bcardprolbior
substituted cyclic C. noiety having a it- coordinated el ectronic structure
and |l acking aromatic G H bonds; and 5 c)qligands conprising aliphatic
unsaturated or it arene conpounds, and wherein said it arene conpounds
(i) lack aromatic C}ELbondeon the moiety directly bonded to the

transition netal A &br

(1)

ontain sterically hindered aromatic C-H 10

bonds on the noiety difecty Vshondaddy the1 itd alshbiapyBhifing |4 AN
enbodi ment of the present invention, the” catal yst can be conveniently

represented by anyoondimdted hel dai tapwian g tetuaicting esid XatkikgZarbthtic, Rn
Y (1) ME Z (iig RX: MMZ %? wherein X and Y together represent the c)

| i gands bonded

5

10

15

20

H bonds; an
c) ligands comprising aliphatic unsaturated or =
arene compounds, and wherein said m arene compounds
(i) 1lack 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
transition metal.
In an embodiment of the present invention, the
catalyst can be conveniently represented by any one of

the following structures:

) (3 —> M7
Rn
x/fﬁ
(1) Mt 7
(iii) RX: —» Me—Z

wherein X and Y together represent the c¢) ligands bonded
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
represents the transition metal centre of a); Z

represents a cyclic or non-cyclic, aromatic or non-



directly or indirectly to M and wherein X and Y may be bridged to forma
cyclic arene conpound which may contain 20 branches, substituents, or fused
aromatic rings; M represents the transition netal centre of a); Z

r epr esent jc or non-cyclic, aromatic or non WD 01/6
PCT/ EPO1/ S‘gﬁﬁ&%y 11 aromatic, neutral, cationic or ani onﬁlgélg it ”so%fogut ed

or unsubstituted el ectron donor noiety b) having a it- coordi nated

el ectronic structure and | acki ng aronati ¢1C"H bonds on the noi ety which
will directly bond to the 5 transition netal of a) or containing sterically
hi ndered ar ofBPNet T H pRMEsal R ¢apiertntsr ol @i ratpgtioned or
substituents or _branches, .a n_represents an integer. ranging fromO to 8.
One or nore o?nfﬁ%sﬂ%%%és E %C%{)?fge B (P ttb(r%aﬁﬁ“f]iri% Tal centre M
and pref er abl YosBiend el ONE-t+btd tsd subandeddd 118k tHANSIdd A1 TRy

centre M It is not critica_l to the invention that either the nature or
| ocati on of thends$ nadgehsdatavesty twisi¢h ganids dioredtd y thomssittd arheret al centre

M be known, so |ong as so for 5 of a |inkage between the X or the X and
Y |igadds and“T#&° Foi 1 h Hotdl %rﬁ%we%gsts&eare%wsmn&ﬁrm ch

Wil | providespokat & Yoin Wirds | R efd@dd i 4 @rfauRet i@l igR i@nari mary C-H
hydr ocarbon bond. Suitable transition netals of a) (or M include 20
transiti on neswbstituartts «f ¥xancdjest4 andb,n arepr@sentisdal dmtstgatre. It i s
preferred to %‘r}FIo transition mnmetal that is capable of traversing 2 or
nmore for mal '%’af%lq W&t &L Srore preferably 4 or nore formal oxidation

states. Accordi n@ye dyt doraP'cBf Ef:rl‘feeqitg%nggjlaglé bonded to the

10 transition metal centre M, and preferably more than one
ligand is bonded to the transition metal centre M. It
is not critical to the invention that either the nature
or location of the linkage between the ligands to the
transition metal centre M be known, so long as some form

15 of a linkage between the X or the X and Y ligands and the
transition metal centre M exists at a position which will
provide a catalyst which is effective to functionalize a
primary C-H hydrocarbon bond.

Suitable transition metals of a) (or M) include

20 transition metals in the +1,+2, +3, +4, +5, oOr +6
oxidation state. It is preferred to employ a transition
metal that is capable of traversing 2 or more formal
oxidation states, more preferably 4 or more formal
oxidation states. Accordingly, it is preferred to employ

25 a metal having a formal oxidation state prior to bonding
with the b) compound and the ¢) ligand(s) of +4, +5, or
+6.

Examples of suitable transition metals include Fe,
Co, Ni, Rh, Ru, Os, Pt, Pd, Mn, Re, W, Cr, Mo, Ir, and

30 the metals from the lanthanide and actinide series.



25 a netal having a formal oxidation state prior to bonding wth the b)
conmpound and the c¢) ligand(s) of +4, +5, or +6. Exanples of suitable
transition metals include Fe, Co, Ni, Rh, Ru, Gs, Pt, Pd, M, Re, W Cr,
Mo, Ir, angooifdsdshe netals fromthe | ant hani de and acti ni depgggpaso2a0fO

01/ 64689 PCT/ EPO1/ 02407 - 12 Preferred netals are Re, Rh, and Ir. Mre
preferred are Rh and Ir, and nost preferged_is Rh to inprove the reaction
rate over Ir and to irrprove the conversion of the functionalizing reagent

to the hydroca bo nct i nal i Zi r ent duct and oth by roducts.
It is generall ’g??’é?/‘g 5139 ggei’isi ’#‘?2 Yentr B§egfz6 hbte®F8st er
reaction ratesggngh@rer erﬁi n‘:‘dHHf"};?xteEﬂéhcé?f‘\i%r tRhC’tH bapdsvkhapeRn using

equi val ent ligands and reaction conditions. Surprisingly, however, 10 it

has now been foeadtidmtrate owactlinrodte umpmgvﬁhtas canveansohi of net al
centre to convert he functl onalizin rea en&_f\ % t.he fupctionalized

hydr ocar bon waS™f as{Ft el irme &t ¥drpcaghfbar part .
Accor di Bgl y, l@u@ctmlﬂﬂgerﬂe%e%b%d@t anﬁh%théi‘nﬁgf\;’rg wBBLal is R

15 The Z noiety depicted in“the structural diagrams corr espondi ng
to the b) noiety) Its iz Yehesladdtyr belidoredr thagalid whanhitdbes metali ssoci ate
under thermal reaction conditions. "Thermal reaction _conditions" are all

the physical XFHERT IRFPOGRILASSRE ERFCsyER FALEFaBRRcRTEo™PERCti onal i ze
the hydrocar boébngélétteslypréo%re)ftCCHHsbbﬁds' EﬁEHdhﬂgusPH% cf@iyaigpted to the

pressure, tenperature, “space velocity, etc., conditio
reacti on vesseligands and reaction conditions. Surprisingly, however,

10 it has now been found that the reaction rate using Rh as
a transition metal centre to convert the functionalizing
reagent to the functionalized hydrocarbon was faster and
more complete than its Ir counterpart. Accordingly, in a
most preferred embodiment, the transition metal is Rh.

15 The Z moiety depicted in the structural diagrams
above (corresponding to the b) moiety) is a 3-8 electron
donor ligand which does not dissociate under thermal
reaction conditions.

“Thermal reaction conditions” are all the physical

20 reaction conditions employed in practice to functionalize
the hydrocarbon at its primary C-H site, including, but
not limited to the pressure, temperature, space velocity,
etc., conditions within the reaction vessel.

Dissociation of the Z moiety results in the

25 degradation of the catalyst, thereby terminating its
activity.

The Z moiety also donates electron density to
stabilize the oxidation state of the transition metal of
the active catalyst. Preferably, the electronic charge

30 of the Z moiety will fully stabilize the metal centre



Di ssociation of the Z noiety results in the 25 degradation of the catalyst,
thereby termnating its activity. The Z noiety al so donates el ectron
density to stabilize the oxidation state of the transition netal of the
active ca\‘q*yl%%”Pr eferably, the electronic charge 30 of tperTZPonoabty wll
fully stabilize the netal centre WO 01/ 64689 PCT/ EPO1/ 02407 - 13
dependi ng upon the oxidation state of thg netal centre M in its active
state. The Z noiety may be between an 11 2 and an rie conpl exed cyclic or
non-cyclic, aromatjc or non 5 neutral r _anj oni

Subst 1 tut ed &FHE%QHE&H%%%%&%EIPé&ﬂathP Pt brymafal’ BBt NG ea
cyclic fully itdied ar@patic conpound, and nmore preferably a cyclic,
fully substltute aromatic, anionic noiety. In one enbodinment, the Z noiety
isafully 10 sub&k&&hhedemycmay bksbetge8n8avarhormmerdzemédd ring. The Z
noi ety may be coordlnated to the tran5|ilon netal .centre Min several

different isGRERLEXeSRMGdCalroRSt BEFlixanpFeMathe 9F nBPRIF TRt He | g5
confi gyrati O%egﬂalie aafal%qc%rt Qﬁlénlx\/ Qlipkk i EOPEBSI srlénﬁ@é@&udéa a more

preferred enb ment moi ety 1s the Uisomer in the , 0S bonded
configurationidgand.s U& be pmaderabbpdathatobhélnatgdna¢ygﬁmntﬁuﬂiaof t he
doubl e bonds of a dienyl ligand need not be identified because of the

del ocal i zat i GWbStAEAMEEIFGZOBREARI ECMBAVRH G- RPE. BRRE BT eRSTZMB-31 group is

dentical o hg 1S hadypeibagdiens dayloGhotpe | inidnlo REidey L her

under st ood t ffiat a1’ |so orns of nol eties are 1 ncluded in any
reference to a ZIn one embodiment, the Z moiety is a fully

10 substituted cyclic n°-n® 5-8 carbon membered ring.

The Z moiety may be coordinated to the transition
metal centre M in several different isomeric
configurations. For example, the Z moiety in the 1k
configuration may be in one of the S, W, or U isomeric

15 states. In a more preferred embodiment, the Z moiety is
the U isomer in the 71° bonded configuratiza. It is to be
understood that the original position of the double bonds
of a dienyl ligand need not be identified because of the
delocalization effect. For example, an n°-1,3-pentadien-

20 3-yl group is identical to the m°-1,4-pentadien-3-yl
group. It is to be further understood that all isomeric
forms of Z moieties are included in any reference to a 2
moiety identified herein. Furthermore, it is not
critical to the invention that either the nature of the

25 linkage between the Z moiety and the transition metal
centre M, or the carbon number to which the Z moiety is
coordinated, bonded, or complexed to the transition metal
centre M, be known, so long as some form of a linkage
between the Z moiety and the transition metal centre M

30 exists at a position which will provide a functionalizing



noiety identified herein. Furthernore, it is not critical to the invention
that either the nature of the 25 |inkage between the Z noiety and the
transition nmetal centre M or the carbon nunber to which the Z noiety is
coor di nat efo opgsyded, or conplexed to the transition netal eertraobdorbe
known, so long as sone formof a |inkage between the Z noiety and the
transition netal centre M 30 exists at a pgsiLtion which will provide a
functionalizing WO 01/ 64689 PCT/ EP01/ 02407 - 14 reagent which is

effective to functiopaljze, a.terpinal.. C.H bond. nj i qned _pr.eviously,
The 7 moi ety (BREPEaTorrifn ™ horBrSoh YS e i S & EoaRiBAde on t he
noi ety 5 directly bended to the transition netal, or contain sterically

hi ndered aromatic C-H bonds on the noiety directly bonded to the
transition netal . @ manohenéd mxeviously. $he Fompistivdequavhaydnbgen atom

and one of the carbaon ons formng the aro ic 10. ring. .The presence of
sterical l'y acc@%éﬂ)}’ebgi orﬁléfﬁ—' c{‘?f:ﬁ a%%??&slcpgﬁ%g)?%ioé?f}ﬁﬂ“(?ﬁeﬁm I
directly bond §ortbe1ytranAgedi 08 #Bd &l ralsilcS JNARYd18bls- Reprugg they
conpete wth the functionalization of the primry C H hydrocarbon bonds,

t her eby reduci sgetrheaylygl bindefemctromet ic ¢t HL Sdngd eeartbienmoAetyr di ngl y,

the Z noiety should either |ack aromatic .CG.H bonds .altogether on the
noi ety directl lﬁ%‘ﬁﬁ%ﬂ Pondsd tQ rRi B R "S5 Lt such aromatic G H

bonds are presentant hgyodiowt dohe ik 6@l by Hop@C eReweBheabhyQEB§EN20
activated catal yst nolecules in the vicinity in order to mnimze or avoid
functionalizi ngtatheazd noetyf arloretdmpon atoms forming the aromatic
10 ring. The presence of sterically accessible aromatic C-H
bonds on the Z moiety which will directly bond to the
transition metal a) is undesirable because they compete
with the functionalization of the primary C-H hydrocarbon
bonds, thereby reducing the yield of functionalized
15 hydrocarbon.
Accordingly, the Z moiety should either lack aromatic
C-H bonds altogether on the moiety directly bonded to the
transition metal, or if such aromatic C-H bonds are
present, they should be sterically inaccessible by other
20 activated catalyst molecules in the vicinity in order to
minimize or avoid functionalizing the Z moiety aromatic
C-H sites.
In a more preferred embodiment, every site on the Z
moiety, including those sites which are directly and only
25 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
bonds or contain sterically hindered C-H sites.
It will be appreciated that suitable substituents are

30 bulky groups which are generally regarded as sterically



CHsites. In a nore preferred enbodi nent, every site on the Z nviety,

i ncluding those sites which are directly and only 25 indirectly bonded to
the transition netal through a substituent on the Z noiety directly bonded
to the trap9sikdeg) netal, are either |acking in any aromatirRCT@EHRdI/0DONdDS or
contain sterically hindered CGH sites. It will be appreciated that suitable
substituents are 30 bul ky groups whi ch ase-generally regarded as
sterically WO 01/ 64689 PCT/ EPO1/ 02407 - 15 denmanding. Non-limting

exanpl es of s 5 t j rRRon atons adj acent
to the ar orra%ilg@agaliﬁ%i t%@n%f%%l%%@dér%% %Ela,d‘iysréirdggéj‘r{%ﬁp substituted

met al | oi d r adsabbk6ivhentes nort heromdtal ¢ of thd scdrieel ectoed fadgmcamupol V A of
the Periodic Table, silyl, I9er,rry| , . cyano, hydroxyl, _.am no, and hal o
groups, such BBe #remfie GrH chiler i HeCludgdwidnqopdoer SYsaoagdyadal kyl

groups, aryl, s@ﬂg@y{%@a gﬁfﬁi '1%3/%{%133%{%1%% Uhe %rt%]lafoitdh%ssane of

di fferent substrituen aryl’, Xy, phenoxy, phenylal’koxy, benzyl,
bul ky substit BehéSted Oftidin MEIELPITE K FDrthe@ledtioddicomabiech sag yir, i

(loweral kyl')silyl, -NPh2, -NHPh, -BPh2, and -B(OPh)2, wherein n nmay be an
i nteger of freeFWio AanyefffEmxyl f M t N2 Hadongreupsef ughl §sfrom 0

to 1, and m be. 15 an i.nt eger of ol 0 refer fr to 2 and
nor e preferaﬁ%u Tom oC}{I]L,oeiglﬁ{ ‘car oexy alqcltyagi%goggt ggséahﬁﬁﬁag?yghe Z

noi ety substigrents, ey ibe giimiad Jinget gt iohalle Aagobeby baef egkm a C4- C20
saturated ring. Exanples of hydrocarbyl groups include Cl-C20 branched or
20 unbr anchednef&yrf grivuEnmepraf alififigrapt cabistaheRrBgser alklaryl,

10 alkoxy, phenoxy, phenylalkoxy, benzyl, bulky substituents
containing one or more hetero atoms such as tri
(loweralkyl)silyl, -NPh2, -NHPh, -BPh2, and -B(OPh)2,
wherein n may be an integer of from 0 to 4, preferably
from 0 to 2 and more preferably from 0 to 1, and m may be

15 an integer of from 0 to 3, preferably from 0 to 2 and
more preferably from 0 to 1, and carboxylic acid esters.

Any of the Z moiety substituents may be joined

together on the Z moiety to form a C4-Cpp saturated ring.
Examples of hydrocarbyl groups include C7-Cpg branched or
20 unbranched alkyl groups, preferably C;-Cg branched or

unbranched alkyl groups such as methyl, ethyl, isopropyl,
propyl, butyl, t-butyl, isobutyl, neopentyl, and 3-
phenyl-necpentyl. Other examples of hydrocarbyl groups

include the C1-Cpg substituted radicals, optionally

25 where one or more of the hydrogen atoms may be replaced
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 subsitituent donate electron

30 density to the ligand. Such substituents generally



unbranched al kyl groups such as nethyl, ethyl, isopropyl, propyl, butyl,
t-butyl, isobutyl, neopentyl, and 3- phenyl-neopentyl. O her exanples of
hydr ocar byl groups include the G -C20 substituted radicals, optionally 25
wher e one wo orress89 of t he hydrogen atons may be replaced wRAT/EPOHER49Gen
radi cal, an am do radical, a phosphino radical, and an al koxy radical or
any other radical containing a Lewis aciigdic or basic functionality. It is
preferred that the subsitituent donate electron 30 density to the |igand.

Such subst i tuegrs. g0ee ) ys N0 011 SADS POHLERI QAT oo l0e GOl T DUt L0

i ncreasing the therml stabi cat st u ction conditions
w th the hydreaaabpst usdemerdacisidmcd@adi thigpridaviadt itkd hydrddiagebeat, al yst.
Exanpl es of preferred substituents conprise 5 trimethylsilyl and Cl1-C4
branched or ufBr¥ftheds alkgFeagirmpshe sarhivis-ytthyahe icadsdagE-, t- butyl .
The nunber of subgjli S 4 1 Cl ; |y substituted Z
noi ety or suffici %%H‘I\Bjjfés%b%% F%%%%édll]t%o(f%%%s%lcqae%%;t%p?c&"%%{lst%he remai ni ng
aromatisc C-H bengdethyhei 1] airdred | 0C£ oty Whbdarasheds ulxiAt ut ed

i nclude those carbon atons in aromatic nuclei fused to an aromatic ring

bonded direct gyotipsi heudtetad neetliyle, Msasromstll, asbuegl .aromati ¢ nucl ei
indirectly tethered to the transition netal through the non-dissociating
el ectron donati ngt2® RHHEF Gf CISF I3RS 6 e LECAREEL tONCHBRER. 21 n one

I b T L
enbodi ment t hetdyis®dl Bt preagud 38 adndining aromatic C-H bonds. The

10 aromatic carbon atoms which are substituted include those
carbon atoms in aromatic nuclei fused to an aromatic ring
bonded directly to the metal centre M, as well as the
aromatic nuclei indirectly tethered to the transition
metal through the non-dissociating electron donating

15 atoms directly bonded to the transition metal.

In one embodiment, the b) moiety contains no aromatic
C-H bonds. Preferably, the b) moiety is fully
substituted with C;-C4 alkyl groups.

In another embodiment the b) moiety comprises a fully

20 substituted n° cyclopentadienyl moiety, preferably a n°
pentamethyl cyclopentadienyl moiety.

Examples of b) moieties (equivalent to the Z
moieties) include, but are not limited to,
methylcyclopentadiene, ethylcyclopentadiene, t-

25 butylcyclopentadiene, hexylcyclopentadiene,
octylcyclopentadiene, 1,2-dimethylcyclopentadiene, 1,3-
dimethylcyclopentadiene, 2,4-dimethyl-n° -pentadien-1-y1,
1, 5-dimethyl-m°® -pentadien-2-yl, 2, 4-dimethyl-n’® -
pentadien-3-yl, 1, 5-dimethyl- 7n° -pentadien-3-yl, 1,2,4-

30 trimethylcyclopentadiene, pentamethylcyclopentadiene, 1,



20 substituted rls cyclopentadi enyl noiety, preferably a rls pentanethyl
cycl opent adi enyl noiety. Exanples of b) npieties (equivalent to the Z
noi eties) include, but are not |limted to, nethylcyclopentadi ene,

et hyl cycl eyreoveaessene,
octyl cycl opent adi ene,
di net hyl cycl opent adi ene,
5-dinmethyl -fl5 -pentadi en-2-yl,
5-di et hyl ent adj
pentanethylcy%l%geg%

2,

tetranethylcyclogentadlene

cycl ohexadi enc¥c

cyclohexadlen
1,2, 45 5-tet¢
2- dlhydronaphthalen 1-yl;
1, 1- di met hyl - Qy@ldhﬁyddbﬁapﬁfhbléh-

2- dlhydronaphth X nyJ
1- di net hyl - 1, 9¥€ Oh%xa lé%’ h§

6, 7, 8- hexa@%

hexahydronap

ly|4'

toI

onap

al en-4-yl ;

t 25 butyl cycl opent adi ene,
1, 2-di met hyl cycl opent adi ene,
2,4-dinethyl-L517pentadien-1-yl,
4-di net hyl -rls -

iR it 21 bR oo e

5-bi s(trinmet hytsthikihyifgcippahegifms-yil, 21, 3,3 étetramethyl-n®
1, 2, 6, 6- tetranethyl-

phexagdianes svhent dwd Hyl & Wntaé%ﬁﬂfbﬁe%hdr en- 3-yl ,

6, 6-pentaneth 5.cycl ohexadj en; 5-yl , ? atanethyl
% %/?ge’ftadﬁgn 5 ei( g‘{ r56'5’he43/<’arr61c,‘t hyIp mGe't-’hglcl ohexadi en- 3-

PEELR¥ka8ich- scypj of r igrethylene—gEn

1, 2- dlhydronaphthalen 2-yl;

1- h
s %ﬁ(tefﬁm#?ﬁﬁ iR
I@@?Pﬂé@@yf%héLﬁH rC}CléhékQ@i@ML31y57 6, 7, 8, 915
1,2,3-tetranmethyl -1, 2

hexyl cycl @pEMPAHIBINE,
1, 3-
11

pent adi en-3-yl, 1,

s -

1, 2, 4,
"IS -
yl;
1

tdﬂéﬂh@heﬁadlen 3-yl;

N HiemBeRATethy L T -

| ) met hyl ;
di et hyl -

11
1,4, 5,

5 6, 7,

8- hexahydrona@thdmemamhwhalettﬂ-243 ﬂetﬂ&#bﬁh@ﬁona@hthglea 27yl;

8- hexahydr on
9- hex ﬂydron

gghth

1,2-dihydronaphthalen-4-y1;

tgy§1 %ﬁdéﬁéﬁra%égﬁ?ﬂgi Byyl ’l T 1- dlmétgyl-

diphenylmethyl- di(1-

cyclohexenyl)methyl; 1, 1-dimethyl-1,2, 5, 6, 7, 8-
hexahydronaphthalen-4-yl; 1, l1-dimethyl-1,4, 5, 6, 7, 8-
hexahydronaphthalen-4-yl; 1, l1-dimethyl-1,5, 6, 7, 8, 9-
15 hexahydronaphthalen-4-yl; 1,1,2,3-tetramethyl-1,2, 5, 6,
7, 8-hexahydronaphthalen-4-yl; 1,1,2,3-tetramethyl-1,4,
5, 6, 7, 8-hexahydronaphthalen-4-yl; 1, 1,2, 3-
tetramethyl-1, 5, 6, 7, 8, 9-hexahydronaphthalen-4-yl; 9,
10-dihydroanthracen-9-yl; 9,lO—dihydroanthracen?l—yl; 9,
20 9-dimethyl-9, 10-dihydroanthracen-10-yl; 1,2,3,4,9, 10-
hexahydroanthracen-9-yl; 1,2, 3, 4, 9,10-
hexanhydroanthracen-1-yl; 1,2, 3, 4, 9, 1l-
hexahydroanthracen-9-yi1; 1,4, 5, 8, 9, 10-
hexahydroanthracen-1-yl; 9, 9-dimethyl-1,4, 5, 8, 9, 10-
25 hexahydroanthracen-10-yl; 9, 9-dimethyl-1,4, 5, 8, 9, 10-
hexahydroanthracen-2-yl; 8, 8-dimethyl-1,4, 5, 8, 9,10-
hexahydroanthracen-10-yl; 1,2, 3, 4, 5, 6, 7, 8, 9,10-
decahydroanthracen-9-y1; 1,2, 3, 4, 5, 6, 7, 8, 9,11-
decahydroanthracen-9-y1l; 9, 9-dimethyl-1,2, 3, 4, 5, 6,
30 7, 8, 9,10-decahydroanthracen-10-yl; 9, 9-dimethyl-1,2,



10- di hydr oant hracen-9-yl; 9, 10-di hydroant hracen-1-yl; 9, 20 9-di net hyl -9,
10- di hydroant hracen-10-yl; 1,2,3,4,9, 10- hexahydroanthracen-9-yl; 1,2, 3,
4, 9,10- hexahydroant hracen-1-yl; 1,2, 3, 4, 9, 11-
hexahydr oavo braésn-9-yl ; 1,4, 5, 8, 9, 10- hexahydr oant hr ad&T/ER0/02409
9-dinmethyl-1,4, 5, 8 9, 10 25 hexahydroant hracen-10-yl; 9, 9-di nethyl -
5, 8, 9, 10- hexahydroant hracen-2-yl; 8, 18-dinethyl-1,4, 5, 8, 9,10-
hexahydr oant hracen-10-yl; 1,2, 3, 4 5 6, 7, 8, 9,10-

t

decahydr oant hgacgn- ; 4. 2g, 3 Hhvdh g%tﬁ%égg 10-v1
decahydr oant hr acen- g y%', 9 d?rre h&fclyz R S i 5. 30 7, 8

9, 10- decahydrdanéhh;al:ﬁmdélﬁ)eylé 9, 6,97«oherteiam;y}drb121déma 0]3/—64689

PCT/ EPO1/ 02407 - 18 3, 4, 6, 7 8, 9, 11-decahydroant hracen-10-yl, 4, 7-

d|nethyllndenQEtQY%FXF#QE%R?%@ﬁ%RXﬁ § %nethylcyclopentadlenyIS|Iane
1, 2- dlne;hylﬁyﬁ fﬁ%gg%ééP%ég 1éﬁf% 2 qg;hylcyclopentadlenyIS|Iane
yleyc , 2, 3,'4-

1,2,4- trimet I enyl si [fane,

tetransthylCyﬁiﬁéﬁﬁ&fﬁ&éﬂb@én&éﬂmhnynymﬂammathquwelopentadienylsiIane
1,2,4- trinethylindenylsilane, 1,2, 3, tetranetEgllndenyIS|lane 10 and
pentanethylln@@ﬁ??%@Yi%ﬁ?%ﬁﬁﬁ%ﬁﬁdiﬁﬂykﬁ%%ﬁneeqGi Perft- |igands. Cther Z

Toi ot o5 of t he EOHEaine < M A S Y L e o, 5, 541, 349 as the L
ligand 15 t hepehthmedh et Ssdeasisd dryy fsdlllayiel, nagrpar-at ed herein by
reference. Wien Z is cyclic, the ring may optionally be
trlmethyllndenylsllane, 1,2,3,4-tetramethylindenylsilane
10 and pentamethylindenylsilane and each of their equivalent
ligands.

Other Z moieties include the fully substituted or
sterically hindered substituted moieties of the compounds
identified in U.S. Patent No. 5,541,349 as the L ligand

15 therein, which disclosure is fully incorporated herein by
reference.

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

20 a 4-10 membered fully substituted cyclic moiety or a
sterically hindered moiety comprised of a single or fused
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

25 moiety.

Examples of such compounds include bis(4,5,6,7-
tetrahydro-1-indenyl)ethane, 1,3-propanedinylbisindene,
1,3-propanedinylbis(4,5,6,7-tetrahydro) indene,
propylenebis (1-indene), isopropyl (1-

30 indenyl) cyclopentadiene, diphenylmethylene (9-



conprised of heteroatons, such as nitrogen or oxygen. Z can be a 4-50
menber non- hydrogen atom group, preferably 20 a 4-10 nenbered fully
substituted cyclic noiety or a sterically hindered noiety conprised of a

single or wWyopehesy | N system Exanples of any of the above peamrovosser
bonded t hrough an al kyl ene group (usually 2 to 8, preferably 2 to 3,
carbon atons) are suitable as the Z 25 mpyigety. Exanples of such conpounds
i ncl ude bis(4,5,6,7- tetrahydro-I-indenyl)ethane,

1, 3- propanedi nyl bi si ndene 1, 3- pr.opanedi nyl bi s(4, 5,6, 7-tetrahydro)i ndene,
propsleﬁebisk%ﬁPﬁééhggfcygﬁﬁP%ﬁ§$?i %@'i%ﬂ%?§é§§$ﬁ¥9ﬂﬁﬁﬁQﬁﬁQ%ﬁ£§l'BJ

di phenyl met hylregean¥0s03+646881 E&FE EEQd A Oedne - 19

fl uorenyl ) cycl opent adi ene, 1sopropyl cycl opent adi enyl -1 -

f 1 uor enei sopr opyl Bi stychopent aginenef the midramernsficaed afortdoeinds may

af orenenti oned co unds. may be used in_the synthesis of the catalyst. 5
Mobst preferregeagggﬁel% E%?e?Y%%h%?bsa?ﬁtheé%ﬁ§9ﬂ§&ted cycl opent adi enyl

conpounds, and i nypat th el Ared Nes Qi aldad e ;3ubstict Whgd cycl opent adi enyl

conmpounds such as the nono, di, tri, tetra, or penta nethyl, ethyl,
propyl, isopreppstivutéd buggl omsret adisrtyali emtouhdsc ormaurics peetdcular

dinethylcyclogentadienyl met hyl cycl opent adi enyl , .
t et ranet hyl cy F%p%ht%ﬁl%;ﬁﬁ% Sty et | Bfehpsditenyenyl compounds
and O~ Ch- - al ROFA Stbotid UTBP+ Homyi= bk T4eor £y PoBb Ao TREEY Jsuch 15 as
tetramethylindenyl, teigahydrfdignenylor angyuc9at abrdepthvanenyl g
10 compounds (e.g. dimethylcyclopentadienyl,
methylcyclopentadienyl, tetramethylcyclopentadienyl,
diethylcyclopentadienyl, t-butylcyclopentadienyl, and
pentamethylcyclopentadienyl) and the hydroxy and C;-Cy4
alkyl substituted indenyl and fluorenyl compounds, such
15 as tetramethylindenyl, tetrahydrofluorenyl, and
octahydrofluorenyl.

Some examples of cyclic Z moiety structures are

represented below:

20



Some exanples of cyclic Z noiety structures are represented below 20 WO
01/ 64689 PCT/ EP01/02407 - 20 O R +1 +2 or or C-Ror or R wherein Zis
fully substituted with R groups or sufficient nunbers of R groups to
sterical | ywhigidggget he aromatic G H bonds. The nunber of R pepups/ex®yr r ange
5 from1l to 8 The catalyst used in the process of the invention is also
conprised of one or nore c) ligands. The ggtalyst contains at |east one c)
| i gand, and preferably contains 2 or nore c¢) ligands. The c) ligand is
derived froma 10 source of ligands capable of formally donating an
electron pair to tRe transitiongnetal a and which dissoetate thermally.

The c) ligand is d ed fr our ces donat e ectren density ‘to the
transition netal nQ§| ngn- blongd & rof
el ectrons or a bo g pa| By " donat{ n pal r of

el ectrons is neant that t he gand doe pot transfer rons to the
nmetal, and upon dissociation, the electrons |eave with the ligand. It is
not necessary 20 that the bond |inkage occur between a coordinating atom
and the transition netal centre M Fhe bond | i nkage may WO 01/ 64689

PCT/ EPO1/ 02407 of -

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

5 from 1 to 8.

The catalyst used in the process of the invention is
also comprised of one or more c) ligands. The catalyst
contains at least one c) ligand, and preferably contains
2 or more c) ligands. The c) ligand is derived from a

10 source of ligands capable of formally donating an
electron pair to the transition metal a) and which
dissociate thermally.

The c) ligand is derived from sources which donate
electron density to the transition metal and which

15 contain either a non-bonding pair of electrons or a
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

20 that the bond linkage occur between a coordinating atom

and the transition metal centre M. The bond linkage may



- 21 occur between the transition netal centre Mand a n bond or an
coordi nated ring, each of which can donate electron density to stabilize
the oxidation state of the transition netal centre M or the bond |inkage
may be a awb ope#sd9bet ween a |igand atom and the transition MEVEPOVRERtre M
The c) ligand shoul d be one which dissociates from the catal yst upon
application of thernmal energy. Since it 2x desirable to both increase
product yield and 10 reaction rates, not all of the |ligands should be of

the type whi cpafe ddeididny chel Qrﬁﬁsihgohr ﬁ@ﬁ!ﬂ' @@nﬂ?éaﬂ/l afk@M £, bcﬁﬂfi not
all ligands should dissociate fromthe catalyst slowy or only at

t enper at ur es approac lvoogdinetederdonposedcbnof ewhbecht cae dbndte cat al yst.

Accordingly, 15 at |east one of the Jigands should.thermally dissociate
from tho et aJSEET Y SERELEx Fy GraBoLiar: hae P- Aehnvh A t?rféflql"gaand is

capabl e of di $39¢i-atiing HHeeAnt BentLrangi t Len: ARt E&ndcfﬂﬁkél?é/'rh%
energy at tenperatures below the 20 tenperature at which nnlety

di ssoci at es f bomdt betweeansi figandeaabmcandr ehd/| twansht womllreetragisul t i n t he
degradation of the catalyst. In a preferred enbodi nent, the c) |igand
di ssoci ates fFFBMENS netal centre a) at tenperatures in the range of 25

from 70C to 250C. Ry ?n%ggﬁdt bREIBL 1k SSOLT @hi QN dSsd S LANAUGH

reaction in a dark roomand in the absence of any co-catal yst or other
i ngredi ents beaedeathéystunpohoagpl kcagiomagenthetthel catatgst , Silmee
hydr ocarbon, and a solvent. WO 01/64689 PCT/ EP01/ 02407
it is desirable to both increase product yield and
10 reaction rates, not all of the ligands should be of the
type which are tightly held to the transition metal
centre, and not all ligands should dissociate from the
catalyst slowly or only at temperatures approaching the
decomposition temperature of the catalyst. Accordingly,
15 at least one of the ligands should thermally dissociate
from the catalyst.

By “thermally dissociating” is meant that the ligand
is capable of dissociating from the transition metal
centre M using thermal energy at temperatures below the

20 temperature at which the b) moiety dissociates from the
transition metal centre M, which would result in the
degradation of the catalyst.

In a preferred embodiment, the c) ligand dissociates
from the metal centre a) at temperatures in the range of

25 from 70°C to 250°C. Evidence of thermal dissociation is
to conduct the reaction in a dark rocom and in the absence
of any co-catalyst or other ingredients beside the

functionalizing reagent, the catalyst, the hydrocarbon,

and a solvent.



- 22 In one enbodinent, the c) ligand conprises aliphatic unsaturated or
n arene conpounds, said 7t arene conpounds |acking 7t arene C-H bonds. The
c) ligand can be broadly represented by the 5 follow ng structural

formul ae: WOXIA6BI X: Y wherein X and Y each independent |y REFFRM&207one or
mre of H C B, S N Si, Sn, P, and As and conbi nations thereof, to
whi ch saturated or unsaturated, branched 2w -10 unbranched al kyl, aromati c,
alicyclic, or alkaryl groups my be bonded, and wherein X and Y may be
bridged to form arCcygld %n@b@ﬂﬁeﬁeﬁpekledcy\hl9@aﬁ@k&ﬁ%ﬁ§éé§ by anahas: -
substituents, or fused aromatic rings, R represents ydrogen or one or
nore opti onal uisatchesedr oS nsalehiet vempsundsd saidpr essnis AmpdUrRBer
ranging fromQ to 8. The unsaturation between X and Y may be ol efinic,
aromatic or ad@ojiag & ameReverH Ror@dd-Y may al so be bound by a single
coval ent bond whep, X ar Y.i ydr ogen. ., 20 exanpl e of fused X-Y
structure is reprgggnf:édYbL?gng gargrerg;%elr”é @%n%:f? cesreelr%]tbecgsb%at in the
structuse belrewl oWPngls64689ulPeT/ EPOR102407 - 23 R af-~~ M The c)

| i gand may be conveniently represented by the follow ng structural

f or mul a:

Rn

X//\\'(Y RpX:

R

wherein X and Y each independently represent one or more
of H, C, B, S, N, Si, &n, P, and As and combinations
thereof, to which saturated or unsaturated, branched or

10 unbranched alkyl, aromatic, alicyclic, or alkaryl groups
may be bonded, and wherein X and Y may be bridged to form
a cyclic arene compound which may contain branches,
gubstituents, or fused aromatic rings, R represents
hydrogen or one or more optional branches or

15 substituents, and n represents an integer rangihg from 0
to 8.

The unsaturation between X and Y may be olefinic,
aromatic or acetylenic. However, X and Y may also be
bound by a single covalent bond when X or Y is hydrogen.

20 An example of a fused X-Y structure is represented by
a 6 membered aromatic ring as shown in the structure

below:



5 R'n wherein R'' independently represents hydrogen or a saturated or
unsat urated, branched or unbranched al kyl or alkaryl group having from1
to 15 carbon atons or one or nore fused ring structures, and n represents
t he nunberw@OI/6%68R111 groups and is an integer ranging froRCI/ERRIIG2407 | n 5
preferred enbodi nent, R111 is a saturated, branched or unbranched Cl-C4
alkyl and nis an integer ranging from23te 6. It is particularly
preferred that c) ligand conprises 15 an i' hexanethyl benzyl group.
Preferred c) ligands satisfying the above criteria may be derived froma
source of :PR3, :NR 3, HSiR3, unsaturated alipghatic conpounds, n allyl,
and it arene conpounds. More preferred igands conprise a source 20 of
HSIi R* unsaturated aliphatic compounds, d it arene conpounds.
Most preferred are the unsaturated ali conpounds, it allyl
conpounds, and the it arene WD 01/64689 PCT/ EP01/ 02407 - 24 conpounds,
and especially the unsaturated aliphatic conpounds and the it arene

conpounds. Tertiary phosphines suitable as the ¢) ligand include the nono
and bi sphosphi nesThopHE K MY i BPHVEHEREAY e dSBY SERE LS RYI Bhe : PR3

wherein Ris Ln ndent.| 0 i .up to 14 carbon atons,
optionally suggf$$§ %ﬁ;é%%la Eﬁjcg%;aikg{'or alicyclic group, optionally

cont ai Bi ng atons other than 10 carbon and hydrogen in the form of
nmonoval ent

R"l n

wherein R''' independently represents hydrogen or a
saturated or unsaturated, branched or unbranched alkyl or
alkaryl group having from 1 to 15 carbon atoms or one or
more fused ring structures, and n represents the number
10 of R''' groups and is an integer ranging from 2 to 6.
In a preferred embodiment, R’’’ is a saturated,

branched or unbranched C1-Cs alkyl and n is an integer

ranging from 3 to 6.
It is particularly preferred that c¢) ligand comprises
15 an 1n* hexamethylbenzyl group.
Preferred c) ligands satisfying the above criteria

may be derived from a source of :PR3, :NR'3, HSiRj,

unsaturated aliphatic compounds, n allyl, and n arene

compounds. More preferred c) ligands comprise a source
20 of HSiR,, unsaturated aliphatic compounds, n allyl and 7

arene compounds. Most preferred are the unsaturated

aliphatic compounds, m allyl compounds, and the m arene



substituents which are preferably electron-wi thdrawi ng substituents such
as halo, preferably the m ddl e hal ogens chloro and bronmo, nitro and
trifluoronmethyl. Exanples of aromatic R groups include phenyl, tolyl and
napht hyl . W 01%6468%r omat i ¢ groups are optional |y substitut edpé?’??m/“@%&ups
wi th hal ogen atons and al kyl, aryl, al koxy, carboxy, carbal koxy, acyl,
tri hal ogennet hyl, cyano, dial kyl am no,- gal phonyl al kyl and al kanoyl oxy
groups. Ot her specific exanples of suitable phosphines are 20

bi s(1, 1-di methyhediydd, RN HhsRhiRe chdinRiiHakResy LRhgsRRi Re,

cycl ohexyl di phenyl phosphi ne, “di butyl'phenyl phosphi ne,

met hyl di phenytphomsphdsend tbliep e mdepieo sywmposindsr.i - n- but yl phosphi ne, tris(4-
t ol yl phosphine), tris(4-chlorophenyl)phosphine, tris(4 25 )

met hoxypheny! ) phosiihi iy tﬂhoé(lglﬁlﬂ%rﬁgvﬁﬁ%ﬂﬁ ?ﬁh&éﬁhgzﬁeilgénd include
tris(2-met hoxyphenyld RIS R dMhoddH sl bionopReayh) pResRBENE,
tris(4-triflurophenyl)phosphine, ™ tris(4-fluorophenyl) phosphi ne and

2- car b6xyphenydpreal ey lhyh adehifoesmutlai:- p- t ol yl phosphine, tri-p 30
nethoxyphenylpho%Phine, o- di phenyl phosphi nobenzoi ¢ acid, WO 01/ 64689

PCT/ EPO1/ 02407 +*FR% and in particul ar triphenyl posphi ne,

L1 pr opy| phoSBHERER dhd Sy AP RBseRERy 2BofBPAAE Fonc Re VP aho R4 g BERen
ig B:S (?Lpffisﬁksl-,pﬁmagn&q)lyets%@%at%téd? B&ssdb?hegglabta%ph&m) et hene,
, phenyl phosphi no) "propane, 1, 3-bis(di et hyl phosphi no) propane,
1,4-bis (di pfﬁ%yﬁ&l@%@@r&%,bub%aaonaa?lybbaﬁdbinhﬁgpé@@tﬁé PHEESAI f1gdn Pr opane
and 1, 3-bis (di-p- nethoxyphenyl phosphino) propane.
10 carbon and hydrogen in the form of monovalent
substituents which are preferably electron-withdrawing
substituents such as halo, preferably the middle halogens
chloro and bromo, nitro and trifluoromethyl. Examples of
aromatic R groups include phenyl, tolyl and naphthyl.
15 The aromatic groups are optipnally substituted aryl
groups with halogen atoms and alkyl, aryl, alkoxy,
carboxy, carbalkoxy, acyl, trihalogenmethyl, cyano,
dialkylamino, sulphonylalkyl and alkanoyloxy groups.
Other specific examples of suitable phosphines are
20 bis(1,1-dimethylethyl) phenylphosphine,
dimethylphenylphosphine, cyclohexyldiphenylphosphine,
dibutylphenylphosphine, methyldiphenylphosphine,
triphenylphosphine, tri-n-butylphosphine, tris(4-
tolylphosphine), tris(4-chlorophenyl)phosphine, tris(4-
25 methoxyphenyl) phosphine, tris(3-methoxyphenyl)phosphine,
tris (2-methoxyphenyl)phosphine, tris(4-
butylphenyl)phosphine, tris(4-triflurophenyl)phosphine,
tris(4-fluorophenyl)phosphine and 2-carboxyphenyl
diphenylphosphine, tri-p-tolylphosphine, tri-p-
30 methoxyphenylphosphine, o-diphenylphosphinobenzoic acid,



10 Tertiary am nes suitable as the c) ligand are represented by the
formula: :NR 3 wherein R has the sane neaning as R above with respect to
PR3, as well as the polyam nes such as the diamnes, 15 triamne, and
pent am nesWOBK646B? es of el ectron donating c) am ne |igands POTYRAOYE07
trinmethylamne, triethylamne, tri-n- propylam ne,
triisopropylamne,tri(n-butyl)amne, tr2gisobutyl)am ne,

N, N-di met hyl ani | ine, 20 tributylam ne, benzyl di net hyl am ne,

tris(dinet hy|z§"£’&1%Mﬂﬁ&lﬁ%@'wﬂh@?&h}%@bﬂéﬂ@' aﬂkﬂgutyﬂpﬁgéﬁb{iz‘i@r phol i ne,
triethylene diam ne, N- nethyl nor phol i ne, N-et hyl nor phol i ne,

di et hyl - et hammtlm@tﬂnyﬂephdﬂ;pdnammrtml@ltMéphosphhylbv4 di met hyl -am no 25
ethylplperazme 3- met hoxypr.opyl di Iamne N, N, N - tri-nmethylisopropyl
propyl enedi anf T 2R ¥H Eg?‘?%ﬁ'&rﬂp “ﬁ | Car Eﬁh?ﬂgﬁngoﬂﬁﬁﬁ?ﬁyq’%éﬁ%yl ani ne,
di met hyl cycl ohe | am ne yI i

phenyl i ni dazoal‘ré &%‘g}fpﬂ%wg‘?h}s (%E%BVZ P§°2P%1§8’ ethane, 1,2-

tris(digmet hylaya nes IgHeRelino}, 4:WonA1/ 64688 ECT/ EP01/ 02407 - 26
di azabi cycl o( 2, 2, 2)- oéc}%ﬁ}ane, I 5nc?| azabi cycl o(5, 410) - undecane,

di net hyl dodecgdiamﬁmlmwsipﬂim@ propanbut ¥l pehttyl ﬁpythﬂlpleqsmnrm)l i ne,

i soqui nol i ne, |ipdine, naI i, di 6- Iu idin 4,6 5
col |'i di ne, Z—Rﬁﬁi%c’ﬁﬁ'l i (fa %?Pﬁgﬁygﬁéi?g%flﬁf‘a Z]B’I“éél L bls(cgl
phenyl i mi dazqseo;?rc?ﬁmh gfﬁtn'ay' F%Béﬁ@' &nk- @eﬁlzuis2<dl -p-

met hyl i m dazol e, 1- propyl - 2- net hyl'i m dazol e, 1-

cyanoet hyl - 2-wstHoptyiphietaZol @hlosphanoet pybpanet hyl -

10 Tertiary amines suitable as the c) ligand are
represented by the formula:
:NR '3
wherein R' has the same meaning as R above with respect

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

15 triamine, and pentamines.

Examples of electron donating c¢) amine ligands
include trimethylamine, triethylamine, tri-n-
propylamine, triisopropylamine,tri(n-butyl)amine,
tri (isobutyl)amine, N,N-dimethylaniline,

20 tributylamine,benzyldimethylamine,
tris (dimethylaminomethyl)phenol, dimethylethanolamine,
n-methylmorpholine, triethylene diamine, N-
methylmorpholine,N-ethylmorpholine, diethyl-ethanol-
amine, N-cocomorpholine,l-methyl-4-dimethyl-amino-

25 ethylpiperazine, 3-methoxypropyldimethylamine,N,N,N'-
tri-methylisopropyl propylenediamine, 3-diethylamino
propyl-diethylamine,dimethylbenzylamine,
dimethylcyclohexylamine, 2-methylimidazole, 2-
phenylimidazole,2~-ethyl-4-methyl imidazole, 2,4,6-

30 tris(dimethylaminomethyl)phenol, 1,4-



met hyl i m dazol e, 1-cyanoet hyl - 2-undecyl i m dazole,| 10

cyanoet hyl - 2- phenyl i m dazol e, 1-guanam noet hyl -2- net hyli m dazol e,

N, N-di met hyl ani line, N, N di methyltoluidine, N Ndinethyl-p-anisidine,
p- hal ogenowON1M4@Pnet hyl -ani |l i ne, 2-N-ethyl anilino ethanol ,PEFEPH2407
butyl am ne, pyridine, quinoline, N-nethylnorpholine, 15 triethanol am ne,
and N, N, N , N -tetranet hyl but anedi am ne. - Ife- source of unsaturated

al i phatic conpounds as the <c¢) ligand nust contain C and H, although

het eroat om o AR PrRsEN) duddhie CaTROURd-aBs By g st ) not rore

than 1 heteroatom for ‘every 6 carbon atons are presen al i phatic
conpound cont aimewpnms atimegth ydrlodeicogll amdings oplyati dénér om {he transition
netal centre Z%at a erature lower than the tenperature at which the b)

te ) ) L : 4
noi ety (Z noi %BY%R%EﬁiﬂiﬂﬁﬁidHQ$'aq§&PPéBP€'céﬁﬁBHhH°¥b¥eru%%PQ&ﬁ%»Ii gand.
25 The ali phatdc pnsalyy abed, agbolidermy Bave:lpem2 219 g2 carbon af ors,
OIS,

preferably from2 to 8 carbon moré preferably from2 to 6 carbon
atons. The al igidtidineynatumdaioyd imddpavnd, nayhbptatiecytihtd®toid, al i near
or branched ngn-ring structure. Mno- or Eoly-_olefin, WO 01/ 64689

PCT/ EPOL/ 0240 Phenyiimigdazeilene -6t byl afchebhyharhdeappduhtkengel Ref erred,

with nono-ol éﬂg%ﬂyﬂﬂagz %919F§%§§5§9Lm F%%fp%§dggﬁf%§r€;ed aliphatic

conmpounds as the i gand i'nc nono- o I NS suc he |inear ol efins
5 made by t he waarkithyleh -parallinidaxoleprreyshedtvy il neqryduct s

manuf actured by ethyl ene oligonerization are marketed in the United States
by Shell Cheniedhvddmisazolender cypeoeERAE ndr RnAEEDENE dd3dearl 4 nt er nal

Olef'n§0nade cyanoethyl-2-phenylimidazole, 1l-guanaminoethyl-2-

methylimidazole, N,N-dimethylaniline, N,N-
dimethyltoluidine, N,N-dimethyl-p-anisidine, p-halogeno-
N,N-dimethyl-aniline, 2-N-ethylanilino ethanol, tri-n-
butylamine, pyridine, quinoline, N-methylmorpholine,

15 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
also be present in the compound, provided that not more
than 1 heterocatom for every 6 carbon atoms are present.

20 Any aliphatic compound containing unsaturation which
dissociates from the transition metal centre M at a
temperature lower than the temperature at which the b)
moiety (Z moiety) dissociates, is a suitable compound for
use as a ligand.

25 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
unsaturated compound may be alicyclic or in a linear or

branched non-ring structure. Mono- or poly- olefin,



by the chlorination-dehydrochlorination of paraffins, by 10 paraffin

dehydr ogenati on,
internal or al pha, branched or

and by isonerization of alpha- olefins, detergent-range
unbranched, nono-ol efins containing from

about 8 towelnae689 22 carbon atons such as those in the car REI/ERMH2407r ange

of Cl10 to Cl2, Cl1 to C15, Cl12 to C13, and Cl15 to Cl18, 15 and ethyl ene,

propyl ene, 1-butene, 2-butene, 1-pentene,27 2-pentene, isopentene, hexene-|,
2- hexene, 3-hexene, 4- nethyl pentene-1, 2-nethyl pentene-1,

4- et hyl but enestlsa ihthept %nc%elale@h%'l?x cBmPERhEse; %0}9 £LEDE 4 OCt ne,
met hyl hept ene-1, 4-octene, 3, 4-di nethyl -3-hexene,

aﬁ@ﬂgnCﬂ@ﬁuwSu@ea@QBmocarpmafeareﬁs ; dlenes and trlenes

1- dodecene,

decease,’

ent adi ene, hexadi ene,

| udi but adi t adi ene,
L hexadi ene. 1 S8t ablE g‘ﬁgagfgfgté%%h%ﬁ%?%rféomﬂowlé‘g/cq%ﬁé;@m
d
o decadlenedlga%%-gggqgggc%?ﬁgngieg% -ggg%adéé%g§ %é%Q%P a'=|{j€?1i§1rﬁ;l’1tad|ene

2-nmet hyl -2, 7-octadi ene, 2,7

et hyl i dene nomiadenbdre thedccpckopgnbadpaenes f 115 Op:eN &; ommed; I+ JC tAleGTirene,
H 4- V|n¥IcycIohexene vi nyl cycl ohexane; divinyl benzene,
5

hBC8BTEY Py peRRElRNe (Gldanmarimat igr lasieexene,
WO 01/ 64689 PGLAERPLL0240¢ - Uﬁgtcyc$@#&é/§$;g '19 %lqogﬁt%nmeﬁémfene

1,5,9- decartriene
and cyclic ol &F

cycl odecene,

8 -cyclooctatehdarenheterademafbdeemENEpCIfﬁéaﬂ(ﬂhﬁéﬁﬁél AXMNNGRGe
5- et hyl - 2- nog bor nene, _ 5- et hyl - 2-nor bor nene, 5 5-isobutyl -2-norbornene,
YnbRBorhtaEina 1%n6d?¢Y¢ﬁﬁ¢ﬂ4Q$?qﬁﬁﬂ9ﬂ'ﬁéh@ﬁlaﬁdlagethenlc

5, 6-di net hyl -

SFRcrag

cycl ododecene, exadi ) cyc

conpoufyls SUﬁgrgffﬁﬁe&Xﬂf@@bgéEﬁ%@%fcQ%%A%w'1§gﬁggiégg?y% o alpha—

15

20

25

30

olefins, detergent-range internal or alpha, branched or
unbranched, mono-olefins containing from about 8 to about
22 carbon atoms such as those in the carbon number range
of C10 to Cl12, C1l1 to C15, Cl2 to C13, and Cl15 to 18,
and ethylene, propylene, 1l-butene, 2-butene, l-pentene,
2-pentene, isopentene, hexene-1, 2-hexene, 3-hexene, 4-
methylpentene-1, 2-methylpentene-1, 4-methylbutene-1, 1-
heptene, 2-heptene, 3-heptene, l-octene, 2-coctene, 2-
methylheptene-1, 4-octene, 3,4—dimethyl—3-hexené, 1-
decene, and 1-dodecene, and so forth up to 32 carbon
atoms ; dienes and trienes including butadiene, 1,3-
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,
dicyclopentadiene, isoprene, 1,3,7-octaroriene, 1,5,9-
decartriene, 4-vinylcyclohexene, vinylcyclohexane;
divinylbenzene, and cyclic olefins including

cyclopentene, cyclobutene, cyclohexene, 3-

2-

3
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di met hyl acetyl ene, eta 3-pentenyl, and norbornadi ene. Sources of the it
allyl conpound may contain from3 to 10 64 carbon atons. The el ectronic
configuration of the it allyl is not particularly limted, but wll
general | y WOAKe468h the r13 state. Any it allyl which di ssodiCGEBYINI4EM t he
transition netal centre at a tenperature |ower than the tenperature at
which the b) noiety (Z group) 15 dissoci ases, is a suitable conpound for
use as a ligand. Specific exanples of it allyl conmpounds include allyl

acrylate, 2- pﬁl@@ﬁ?lby@iohé&éﬂéa%}?@zo@éﬂéﬂebr@?c‘i%de%lérbé' hexanoate, allyl

cyanide, allyl carbonate, 1-allyl™-4- hydroxybénzene, all'yl-al pha-ionone,
al lyl isocyanayeloé@d@¢¢w¢,|Biﬁ¢y¢ighﬁxﬁd;enﬂﬂgﬂnaﬂmymlohaptytrmehhacnylate

4- allyl-2-nme hox eno| th di oxybenzene al |yl
el argonate Bl TOYELERS et Serhg IHAE AR GHOCAC s O A CRAORBRBBANd. ray
contai n from fofBofiesdl BDme @LANS: - Y8R RRIY, ey ?119 -h4-58LAGR. 8t Ons.

The 25 el ectronic conflguratlon of the it allyl "and the n-arene cofpound
i s not Sparti chtasdyutyin2 ethrizoxherey, tSalee dimetthgl-2-sosbprhéne, 1 , 716,

TI', and r)8 stat and al so _have any TI isoneri¢ structure within
each | configgrgt o%Flmgﬁﬁgﬁ}%mPO THAFnRRey, a&ﬁdageegﬁﬁpéﬁrEPWEﬁgndﬁny it

arene conpoun whet tﬂiq 0 whi ¢
di ssoci at es V%?%%?%4689 CT/E#OfF% QCEE¥§%QE rgﬁggﬁggﬁggﬁ5|%i%n net al

centre at a ténhmperiatlacetydware, Ehan3&@entenperahndenatbmhnahléh@ b) noiety
(Z noiety) dissociates, and which_|acks aromatic CH bonds on the noiety
direct!y bonded t3PUHES rdndihS Fnaketal coppound may contain from 3 to

10 64 carbon atoms. The electronic configuration of the =
allyl is not particularly limited, but will generally
take on the 7m® state. Any = allyl which dissociates from
the transition metal centre at a temperature lower than
the temperature at which the b) moiety (Z group)

15 dissociates, is a suitable compound for use as a ligand.

Specific examples of n 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,

20 allyl isothiocyanate, allyl thiol, allyl methacrylate, 4-
allyl-2-methoxyphenol, 4-allyl-1,2-methylenedioxybenzene,
allyl pelargonate, allyl sulfide, and allyl thioureas.

The n-arene compound may contain from 5 to 64 carbon
atoms, preferably from 5 to 14 carbon atoms. The

25 electronic configuration of the m allyl and the m-arene
compound is not particularly limited, and may take on the
n°, n*, n°, n°, n’, and n® states, and may also have any
isomeric structure within each n configuration, including
the W, U, and S configurations. Any m arene compound,

30 whether substituted, fused, or bridged, which dissociates



5 contains sterically hindered CH bonds on the noiety directly bonded to
the transition netal, is a suitable conpound for use as a |igand.

Ref erence can be had to the Z noiety substituents described above to
det er mi ne WOAH64$Pe substituents to sterically hinder the pPEREPUI®2400 of
aromatic C-H bonds on the c) ligand. Suitable 1t arenes as the c) |igand

i nclude tolyl, p- ethylbenzyl, p-isopropy?denzyl, p-propylbenzyl, p-t-

but yl benzyl, di-t-butyl benzene, divinyl benzene, p-xylene,

1,3, 5-tri met hyidwenzdre Hmesiityoanepral, 2eAt18 Lti SeLOMbOLIZEAL 1ower
1,3,5-triisopyl benzene, 1,2, 3,4- tetranethyl benzene,

1,2, 3, 5- t et r arfd¥ ItenZeperatare st whichnehaybbencbey (U mensty)

pent amet hyl bengzene, . ; a y ene,. fluorene, djibenzostannepi ne,
teIIurophene,Q%hené?ﬁ&%%@?%é? gg?%ﬁa#?ﬁ%ﬁnﬁfoﬁﬁt%ﬁéﬁﬂggﬁﬁﬁgbﬁﬁhéﬁe
phenar sazi ne, rofienst elilrec@ZiyNBonded to the transition metal, or

1,2, 3,4, 4a, 9a) - 9- (phenyl net hyl i dene) f | uorene, and

(1, 2, 3,4, 4a, 9&PPEALBSpRERYICRL pY obengeTe@n@) i | bondmern Titee seirarsy of ¢)

i gand may al n derived. from yal kyl si | anes. Such

si lanes can bggféggggigggﬁgggggygﬁﬁet¥%ﬁf%ﬁ&?ﬂ;T?#gﬁﬂeis R SUIEgPLgher ei n

R ' is hydrogesmpeunbagothessan® &eRNGHEdas B raaue Wdh JLIReCh ot O
sui t abl e phosphi ne conpounds as the <¢) ligand, and n is an integer ranging
from 3-4, pro%hged WOLOLY 6468t POTRIERY IdOA0bed Bdve hat ddrersiihane
contai ns no ”BE? to fhe silicon atom Most

d b d
preferred exanp 5§B§$ %ﬁgsg¥tﬁq$‘g§%dta‘%?%se’?l§%r}g§eﬁlé{ﬂi% thge PEEEEBRENG

structural fopAuk@Bmatic C-H bonds on the c) ligand.

Suitable n arenes as the c) ligand include tolyl, p-
ethylbenzyl, p-isopropylbenzyl, p-propylbenzyl, p-t-
butylbenzyl, di-t-butylbenzene, divinylbenzene, p-xylene,
1,3,5-trimethylbenzene (mesitylene), 1,2,4-

15 trimethylbenzene, 1,3,5-triisopylbenzene, 1,2,3,4-
tetramethylbenzene, 1,2,3,5-tetramethylbenzene, 1,2,4,5-
tetramethylbenzene (durene), pentamethylbenzene,
hexamethylbenzene, fluorene, dibenzostannepine,
tellurophene, phenothiarsine, selenanthrene,

20 phenoxaphosphine, phenarsazine, phenatellurazine,
1,2,3,4,4a,9%a)-9- (phenylmethylidene) fluorene, and
(1,2,3,4,4a,9a) -9- (3-phenyl -2-propenylidene) fluorene.

The source of c¢) ligand may also comprise compounds
derived from polyalkylsilanes. Such silanes can be

25 represented by the following formula:
R'' Si

wherein R'' is hydrogen, or has the same meaning as R
above with respect to suitable phosphine compounds as the

c) ligand, and n is an integer ranging from 3-4, provided



CHR'" I I R n CHR'" O0O- 5 wherein each R ' independently represents
hydrogen or a saturated or unsaturated, branched or unbranched al kyl,
aromatic, alicyclic, or alkaryl group having from1l to 15 carbon atons or
one or nor¥WOrAUSdEBIri ng structures, nore preferably hydrogePCHEP/02407
saturated, branched or 10 unbranched al kyl group having fromfrom1 to 8
carbon atons, nost preferably from1l te o carbon atons; and n represents
the nunber of R ' groups and is an integer ranging from2 to 6. The

el ectroni ¢ confhguratd Ak 1tind @ntahieERhicC mbadi €ahn Yo P dR4he a(tljodm ris,

or 116 states. 15 Exanples of these nost preferred c) ligands Inc Ude

et hyl ene, propydraded te hiteersd,lizopueepm,. 2-net hyl - propene-|
1,4-di-t-butyl benzene, 1,3, 5-trinmethylbenzene (nesjtylene),
1,2,4-trinethylbeﬁgﬁﬁepr%%§F§?dtFFF@%E?Fb@ zEH%,gF {1dandAze

1,2,3, 4-tetranridid onzeney tnd 3031301 hgt LAPRLPYLRENZSARI ae :
1,2,4,5-tetranet hyl benzene (durene), pentanethyl benzene,

hexanet hyl benzene, and di-t- butyl benzene. Anobng these, ethylene and al kyl
substituted C6 conmpounds, such an tri-, tetra-, penta-, and hexa- Cl-C4

al kyl substituted C6 are particula@h§w25 Sui WO 01/ 64689

PCT/ EPO1/ 02407 - 31 \Wile nention has bee «enmpl oying c) |igands,
any ot her conpound known to act asCHRI"i gand $ed in addition to the
c) ligand. Exanples of additional

5 wherein each R''' independently represents hydrogen or a
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

10 unbranched alkyl group having from from 1 to 8 carbon
atoms, 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*, 7n°, or n° states.

15 Examples of these most preferred c¢) ligands include
ethylene, propylene, 1l-butene, 2-butene, 2-methyl-
propene-1, 1,4-di-t-butylbenzene, 1,3,5-trimethylbenzene
(mesitylene), 1,2,4-trimethylbenzene, 1,3,5-
triisopylbenzene, 1,2,3,4-tetramethylbenzene, 1,2,3,5-

20 tetramethylbenzene, 1,2,4,5-tetramethylbenzene (durene),
pentamethylbenzene, hexamethylbenzene, and di-t-
butylbenzene. Among these, ethylene and alkyl

substituted Cg compounds, such an tri-, tetra-, penta-,
and hexa- C7-C4 alkyl substituted Cg are particularly

25 suitable.



| i gands which may be bonded to the transition netal 5 centre include

hydr ogen, CO, phosphite, al koxy, am do, aryloxide, phosphido, arsenic

radi cal, carbonates such as CF3CO2-, sul fonates such as CF3SO3-, and silyl
groups. Th¥QW64689sum of el ectrons donated by the |igands aRdI/EPHO24H| ence
el ectrons possessed by the transition netal 10 is governed by the
"eighteen electron rule" in nost cases. -This-rule states that the nost
stabl e organo- netallic conpounds tend to be those conpounds in which the

sum of the el ectroms; donadredh by Khie Bddangduard Lhe1 LA ci)sl‘ﬂggr@ésee”'

Those skilled in the art, however, 15 know that there are exceptions'to
this rule and &patoteyarwnerud i knoonpiexaomsoands shad rgyabsuased 16,

17, 19, and 20_electrons are .als nown. Therefore, aorganonetallic
catal ysts descrTi b%cg&r%r%r? 9 nt%icghk"t NG o eved Sfe Pl 2NERsYenalt ot al sum

of 16, 17, 18.1d8an@s 00 Rl PAUs Winddy tHhe cval enghashell pnd.g residual
net positive charge of 1, 2 or 3 are included wthin the scope of the
inventi én. Thecerttuzd yistclnde by dnyogeesicwed physahytef throkpovamidd! erature
met hods. The halide o teﬁ}neﬁﬁl-z noi ety can _ 25 _be synthesized by the
met hods descr i Vet PRI WRSPRIAyfESenpoMEREiERL s, CREBPEAL Sy nEUch 1092,

V29, 228-234. ngbcat : b n d b opgbiknkng_in_any
sequence, but(%refé%ébggyﬁénggﬁﬁiﬁPﬁg %%a§§¥%§%hexngegg?ygngﬁ?ﬁaﬁct of a)

and b). WO 01/ 646&91ep@-5/t5|?%9124ﬁ7elécé%on@%ﬁé@é@l}LI)%’ @Y@ii@a} a0 ety

conpl exed netals, such as cycl opentadi enyl netals, are gener y conpl exed
with a |igand Wdisheralienge siegitebns posaremati by | tigantdra®sition metal

10 is governed by the "eighteen electron rule" in most
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,

15 know that there are exceptions to this rule and that
organometallic complex compounds having a sum of 16, 17,
19, and 20 electrons are also known. Therefore,
organometallic catalysts described herein in which the
complexed metal M have a total sum of 16, 17, lé, 13, or

20 20 electrons in the valence shell and a residual net
positive charge of 1, 2 or 3 are included within the
scope of the invention.

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

25 be synthesized by the methods described in C. White,
A.Yates, P.M.Maitlis, Inorg. Synth. 1992, V29, 228-234.
The catalyst may be manufactured by combining in any
sequence, but preferably by combining c¢) with the

reaction product of a) and b).



typical ligand in commercially available cyclopentadienyl 5 netal
compounds is -CO Any known method for substituting one ligand for another
may be used to repare the catalyst. The synthesis and purification of
t he cat al y%’P"il/ﬁ‘éq%&di ng the ligands can be perforned accor RGRER/02492
met hods described in T_TMGlbert, RG 10 Bergman, Inorg. Synth., 1990,
V.27, 19-22; K Mseley, J.W Kang, P.M 3Rmaitlis, J. Chem Soc. A, 1970,
2875-83; WJ.Bower, J.W Merkert, WE. Geiger, Oganonetallics, 1989, V.8,
191-198; and C. WhommefcMlMaigvaslablk (mmjml .th@lbxe&B&étaﬁgﬁ- ) I In g
eneral, a nmolar ratio 15 of Z-nmetal halide salt noieties to the c i gan
gorrpound, as GBEBr AT net BYPRHRE eld MRfde Gfrq i%&aléans@}mbsxgd?qw I
to the transi i r ] et Rer-.in nce.o n optiona
sol vent and a%ingH %ﬁ%géaﬁga%%%%aé%gl gg%élfjo?&g%tr?’#%%gﬁfﬁilgﬁgﬁt t9 20
fully exchangeypheahal igiend i ganssmwirndi 4116 e)valilganes cycabpent ¥ hyt he
product_ is cooled and the acid renoved by distillation under vacuum The
resul ti'ng sol PAF#hyCHPOURE EF iiGh wrer kaswns F“F-‘Félpéd.golin ﬁqggou?; sour ce
of a weakl j ' | on: i ' Wit t he
filtrate toypf’g%%?g%’{? hcg{gdgggfd&?#%dgﬁ?ﬁg  Ba¥ ﬁ%y“?ﬁ%n_tﬁe_ washed wi t h
nore water anprepars.tixamqss of. atiedsyusebel saanagpatsrieat ophcak!y bond
the halide to the conplex include CF3COOH, RCOOH, CF3-SO3H, and ot her
weakly coor di & i $rf Hoisds 1nsdaidsings the dfgsnHer cani bai Eegé‘gm@ié gse:‘\"tflIZLB}:g

recipitate t ; 6 P P01/ 02407 .. - .33 al.yst inc ,
RIH4ASIF:)6, NFMéfcc}élgal%%% %%15 ﬁ]gé:%o%%kgescrlbed in E‘%.&beert, lg(g

10 Bergman, Inorg. Synth., 1990, V.27, 19-22; K.Moseley,

J.W. Kang, P.M. Maitlis, J. Chem.Soc. A, 1970, 2875-83;
W.J.Bowyer, J.W.Merkert, W.E.Geiger, Organometallicsg,
1989, Vv.8, 191-198; and C.White, P.M. Maitlis,
J.Chem.Soc.A 1971, 3322-3326. In general, a molar ratio

15 of Z-metal halide salt moieties to the c) ligand
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

20 fully exchange the halide ligands with the c) ligands,
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 NHyPFg is mixed with

25 the filtrate to precipitate the desired product, which
may then be washed with more water and dried.
Examples of acids useful as agents to ionically bond
the halide to the complex include CF3COOH, RCOOH,

CF3-S03H, and other weakly coordinating acids. Examples

30 of other anionic sources useful to precipitate the



The functionalizing reagent of the present invention nay conprise any
group having an el ectropositive atom5 capable of bonding to the transition
netal centre Mand naking a strong CE bond, where E is the

el ect r oposVPiOl84682| enent. The overall reaction is between tR(E/EROAGAGY
containing the electropositive elenent X-E and the carbon-hydrogen CGH
converting to an X-H bond and a 10 carboR3et ectropositive bond CGE, where X
can be hydrogen, another electropositive atom or other sacrificial
portion of theahalpsulEncﬂWEeeNHgBRguxNHgASR% .ehenen, NsaQekd,banahesen such
that the absolute value of the GH, X-E, CGE, and X-H bond energies
satisfy the fbikew ng 15 equati on: C-H + X-E < GE + X-H Preferably, the

functionali zi ng reage C rlses source of boron. The source of boron
conpounds i ncl ude %uﬁ%?'%gy EﬁageHGrSﬁ &P PTEP§RROBBY SRt HG®r i de,

or  or ganobor sy, habi, e Hanify KOWN ARGLA0TRY be, B P epar ed

in a known manner. e types boron corpoun eir s of

prepar ation m@mb@rmbdcbndmg\/&@hamecmxahsulaeonOmaprXaénoﬁeoM &edaon Aci ds
wi th Catechol and Substltuted techol s" by Pizer, R _and Babcock, L., 25
I nor gani ¢ ChelstRY, & voitonss C i Popdpp whege7 E1 681 the 99¥$CtrapoRi t Boeckman

et al. " Catechgepor et ap e 26, pp
1411-1414; S. Perell?g %ﬁﬁ %Jr‘}ee%%?l% r%?ﬁ%ﬁ&d&%n g{”tggnlgg% £?/§%g§§283 3286:

C. E. WO 01/ 64688 SECTicPAHe024@tropdéitivekel emdnbaxi Hsand th&nochel ,

J.Og.Chem, 1992, V.57, 3482, R A Bowe, OC NUsgrave J. Chen1Soc.

1963. 3945- carbon-hydrogen C-H converting to an H bond and a

10 carbon-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

15 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
organoboron halide compounds that are known and/or may be

20 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 Babcock, L.,

25 Inorganic Chemistry, vol. 16, No. 7 pp. 1677-1681 (1977);
R. K. Boeckman et al. " Catechol boron halides: . . . "
Tetrahedron Letter, 1985, 26, pp. 1411-1414; S.Pereira,

M.Srebnik, Tetrahedron Lett. 1996, V37, 3283-3286; C.E.



3949; and Herbert C. Brown, "Organic Synthesis via Boranes", John Wley &
Sons, 1975. 5 Typical representatives of suitable sources of boron
conmpounds are pol yal kyl nonobor anes and di borane conpounds or Lew s base
adduct s of WHiW6#8he. Exanpl es of nonoboranes include sodi REHERGBIBH | de,
pot assi um borohydride, Iithium borohydride, sodium 10

tri met hyl bor ohydri de, potassiumtripropox34 borohydri de,

t et r amet hyl anmoni unbor ohydri de, tri phenyl borane, sodi um tetraphenyl borate,
li thi um t et r agherkdhordaDevisisdingmp . Kydehda, t Ol oty - Oemzpl ) dor ate, s-pot assi um

di hydro bis(1-_ pyrazol)borate, lithiumtriethyl borohydride, lithiumtri 15
sec-butylboroﬁVﬁ%?dé?ApoF5§§FunptFr-¥HEQBEY9Pb6r6h?@r$@%; 190Yi (AA45-
cyanobor ohydr i Zi I ri~de LS(tKl I hi ne). copper (1)
bor ohydri de, S%agsfsia&% %%erig:(%gh'ecﬁy%gggf e, 6#??%%m§%§§%ﬁﬁ i ‘etthyl bor at e,

| i thium phenHdraneat"hoxphar atieeysedsons et bpxytri phenyl borate, 20 sodi um
di et hyl am notri phenyl borate, and sodi um hydroxytriphenyl borate. In
general® boranes d¥Pi¢ed FPBH?éPEFFﬁlﬁ?%r@%o@%&¢%ﬁﬂ%u&PuHQﬁaan'ﬁm&gm

boranes can b i | borane; i xyl borane, di.hexyl bor ane,
diethylboraneEC&gg%%? yPESr§§é¥a2%§%ﬁ£§$§?¥%n%%c n%ﬁé%ﬁ%f . fioEpaUgds
[ 3. 3. 1] nonane pxdiLiespi basanpiaytt HosaNGibsi-£& | ohswatp ey e,
2, 3-di met hyl - 2- butyl borane, 3, 5-dinethyl borinane and diisoanyl borane,
di i sopi nocanpRepresraae, inchesdy| 29di wherggohstainte, wabaddiumony| bor ane,
and 30 di norbor Lon, .01/ 64689 PCT/ EP01/02407 - 35 Further suitable
sour ces of nn%8?éé9aﬁg§ea¥%£géé% ?%$F°hyérl €, sodium

10 trimethylborohydride, potassium tripropoxy-borohydride,

tetramethylammoniumborohydride, triphenylborane, sodium
tetraphenylborate, lithium tetraphenylborate, sodium
hydrido tris(l-pyrazol)borate, potassium dihydro bis(1-
pyrazol)borate, lithium triethylborohydride, lithium tri-

15 sec-butylborohydride, potassium tri-sec-butylborohydride,
sodium cyanoborohydride, zinc borohydride,
bis(triphenylphosphine) copper (I) borohydride, potassium
tetraphenylborate, lithium phenyltriethylborate, lithium
phenyltrimethoxyborate, sodium methoxytriphenylborate,

20 sodium diethylaminotriphenylborate, and sodium
hydroxytriphenylborate.

In general, boranes derived from olefin hydroboration
are useful. These boranes can be triethylborane,
dicyclohexylborane, dihexylborane, diethylborane,

25 ethylborane, boron alkyls such as 9-bora-bicyclo-
[3.3.1]lnonane, diisopinocampheyl borane, dicyclohexyl
borane, 2,3-dimethyl-2-butyl borane, 3,5-dimethylborinane
and diisocamyl borane, diisopinocampheyl borane,
thexylcyclohexyl borane, thexyllimonyl borane, and

30 dinorbornylboron.



products of 1, 2-di hydroxybenzenes or 4,6-dinethyl, 1,2- dihydroxybenzenes
with boron hydride (boryl catechol or boryl 4,6-dinethylcatechol) and
tri-n-butyl boroxine. 5 The boryl conmpounds in their hal ogenated state
provi de a WOYHERSPi ¢ route to nmaking the functionalizing reBgERPOVO2¢y y|
conpounds may be reacted in their halo- formwith the netal or
organo-netal li c conpounds or conpl exes. -ABs exanple of a type of hal oboryl
conmpound is the famly of 10 hal ocat echol borane, avail able comrercially.

Any halide is suitwablitar iigliveding SurdBs o2Nfoho- EBfaHQEOQQé%ea ”%ﬁ““ds
inthis famly may be prepared by reacting an R(OH) 2 conpound w 3,

where X is a HEFYMEtERhP & dih y‘ﬂmwh&msnésroso&lréedlméthgalpbp;;yi 15
conmpounds are ed by the follo | a O/ c4H8 O d B C -
2 Ot 0 o1 Bl BB it B Bhe PUEL Ton 4Py hoabmhotr o
bor ol ane, bor igianryar @Isb@rl%twm@%@%ol?oaﬁasﬁﬁi %6‘1919{381 a]S'SQo;?m’Q’O“”dS
may be conveniently prepared by reduction of hal odi am noboranes usin

sodi um Jnet al T%&Qﬁ)’@sé’@ﬂ‘@@uﬂd@aan theirt hatiboésated t deatps eseReRie of aC| d.

WO 01/ 64689 PCT/ 1.02407 t greferred boron caont ai ni ng
functional i zi na'nr«g’ 4 EoUkPe f’hg‘a FRAchBE BricnbRmthetnd skprgsnitut ed or

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

10 halocatecholborane, available commercially. Any halide
is suitable, including Cl, Br, and I. The haloboryl
compounds in this family may be prepared by reacting an
R(OH), compound with BX,, where X is a halide.

Examples of structures for sources of haloboryl

15 compounds are represented by the following formulae:
o . 0 -~ _~C4Hg
\ C— B
0 Nen
N C,H;

O
/
Ci—B
\O Cl— \

Also suitable as the functionalising agent are
borolane, borinane, or diboron compounds .
20 Bis (dioxaborolane) compounds may be conveniently
prepared by reduction of halodiaminoboranes using sodium
metal, and subsequent reaction with diols in the presence

of acid.



unsubstituted pinacol derivatives of nono- or di- boron. O her exanples of
di boryl adducts include tetrakis 5 di nethylam nodi boron, biscatechol ate

di boron, and substituted bis-catechol ate di boron. Preferred diboryl
compounds WOISH#¢39a noiety represented by the followi ng stPGEER}IAR407
formula: O /0 B-B O 10 In another enbodi ment, a preferred diboryl
functionalizing reagent is represented by3édhe structure: RL OORI B -B R
QO O Rl wherein each Rl independently represents a |linear or 15 branched,
optional |y hal ogerpsdthsirddititRtoraldonl adheHE FRA¥E DAL 081 Agt e 24k 53d bON
atons, al koxy groups containing from3 to 24 carbon atons, cycloaliphatic
group cont ai ni ke flmiZransied s ombreasbedor suhsaiyhitegroup cont ai ni ng

from5 to 16 ato and .each .of the ,20.al | . aryl, al koxy, .an
cycl oal i phat i cungsr%usptslncluﬁc e[ﬁéa g ((ﬁe%ﬁtli‘%géﬁéﬁi 8§a‘f98?8T a‘ﬁ% Lo - may be

linear or branghed eseimpalstdst wiedryit Bahakegense1s8ehc @srdkuori ne  or
brom ne, or alkyl groups having from1l to 16 carbon atons, preferably from

1 to 4 &arbon Gt yiamd resligsrioonabligcabeph®lage odpbaremchemi t o t he sanme
boron atom WO 01/ 64689 PCT/.EPQ_/ 0240 - 37, through oxygen atons nay be
fused or briddé ﬁ%ﬁﬁéﬁfﬁ%ﬁf’cﬁefﬂéﬁ%ré%g?ﬁorér kyl, al koxy,
cycloaliphatic or p¥eflerred diboryl compounds contain a moiety

represented by the following structural formula:

—O0. /O___

10
In another embodiment, a preferred diboryl

functionalizing reagent is represented by the structure:

R—O O—R,

AN

VAN

Rl_ O O_Rl

wherein each R, independently represents a linear or

15 branched, optionally halogen substituted, alkyl group
having from 1 to 24 carbon atoms, alkoxy groups
containing from 3 to 24 carbon atoms, cycloaliphatic
group containing from 3 to 8 carbon atoms, or an aryl
group containing from 5 to 16 atoms, and each of the

20 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

25 optionally each R, group attached to the same boron atom



groups. Exanpl es of preferred bis(di oxaborol ane) containing 5 conpounds
i ncl ude bi s-pi nacol ate di boron and bis(t- butyl catechol ate) di boron. The
hydr ocar bon, preferably an al kane, is selectively functionalized at the
primary C WOS1{64688y sinply conbining the catal yst, functi oPGI/ERIIHd4¢eagent
and 10 hydrocarbon under functionalizing reaction conditions. To initiate
the reaction by dissociating the |ligand-f3yom the catalyst, the reaction
m xture is heated to any tenperature above the tenperature at which the

catalyst is shgrfithh UxyRAMtemBeralube, riRbaheyehri§gb8Ssnr Lh el ow
the thermal deconposition tenperaturé of-the <catalyst~or functionali zing
reagent. |t isoddia afloresalidt alkgl eadknkyspegtisakiphayed actdmal es at

t enper at ures above those the reagent would encounter during shipping or
storage to enslf®'Rtorage stability. 20 Accordingly, suitable reaction

Lenperatures 1 angglipiles’0E boe2B0tea BLE (RIELELGRLYaLL LRAAN 110, 200C

Wiile the nolar ratio of ingredients Is not critica esir
use a sioichi emetpdundexdesdudeé bfisnpihenalazéendibeagedndVveis tthe net al

catalyst (>1:1), 25 and_ preferahly a nolar ratio of >10:1, and nore
preferably >1%¥Wﬁc€ﬁﬁcﬁ‘8§?tﬁ$e$é¥8’6$’9->200: 1, respectively. The anmpunt of

catalyst is also I |y ]-d Fl I—Qwe% n t. _of. _catal yst
ranging fromO0. 1 :121%189%f3!e:_8£i:éﬁbr% ée%%%’;hfrom ﬁiaz% 0 Blasggglégo cg'%veggsed on

the the conbi fethctiloaslokedatal ysé pnimd, 03/ K468 RGT/HRepN02407 - 38
hydrocarbon will operate to functionalize the hydrocarbon
combining the catalyst, functionalizing reagent and
10 hydrocarbon under functionalizing reaction conditions.
To initiate the reaction by dissociating the ligand from
the 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
15 below the thermal decomposition temperature of .the
catalyst or functionalizing reagent. It is desirable
that the reagent species employed activates at
temperatures above those the reagent would encounter
during shipping or storage to ensure storage stébility.
20 Accordingly, suitable reaction temperatures range from
70°C to 250°C, more preferably from 100°C to 200°C.

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),

25 and preferably a molar ratio of >10:1, and more
preferably >100:1, and most preferably >200:1,
respectively. The amount of catalyst is also not
particularly limited. However, an amount of catalyst
ranging from 0.1 to 10 mole%, preferably from 0.1 to 5

30 mole%, based on the the combined moles of catalyst and



at the primary GH site. Qher reaction conditions are not particularly
limted. The reaction tine is not limted, other than the 5 reaction tine
shoul d be as short as possible to reduce cycle tinme. and increase
t hr oughputwoflsegggspon times may range from 0.5 hours to 48 wewErer/oiie
reaction may be carried out at any desired pressure. Pressures within the
range of 0 to 0.69 MPa (0O to 100 p.s.i.g.jgare 10 suitable. The reaction
bet ween the functionalizing reagent and the hydrocarbon in the presence of
in.an | vent fo e reagent and

t he catal yst be rried - out S ,both t

hydr ocar bon. éhﬁ¥§%%%§l3Fq§h53eﬁﬁgﬁt¥8n%3895ﬁ?3§£bﬁ§lghﬁgh%$£9%®§b?%e
hydrocar bon asat hthes @rvialryf @-H B tef Unethapalbzifgoh €268 £ Whidhawt, need to
add additional solvent. In a preferred enbodi nent, the catalyst 1s soluble

in the hydr od®h@drtigd amidr déarbed.conveni ently conprising 20 an

al kane. Once the action_i.s_conplete, the funpctionalized hydrocarbon nmay
be separated and ﬁgglg 88t%P8n?gﬁ8 1P B8Rt DHOHE ur%FqﬁFcﬁQﬁ$quﬁj on,

chromat ogr aphyea@tt iotf ¥shal khzaliioBe 28 JHEr I 2665Ssfpidiad Mgldon is 80%
or nore selective toward functionalizing a primary G H bond on hydrocarbon
nol ecul es, i ncyeder 4dmet end docoadaeytitréhigiomai ng Redat iorOft intes Grdy Sit es

on the hydrocarbaon ich are, converted the process of the invention is
capabl e of Se|r88?IeV§kf}$m38'%UHE?PFBnEPi 48 P E6% or o rEaPrice sl 5% or

nmore, and WO Qé&@é@§9oB€TéEPQﬁ§0§éQZred ﬁ%%ssure. Pressures within
the range of 0 to 0.69 MPa (0 to 100 p.s.i.g.) are

10 suitable.

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

15 employs the hydrocarbon as the solvent for the
functionalizing reagent without need to add additional
solvent.

In a preferred embodiment, the catal st is soluble in
the hydrocarbon, said hydrocarbon conveniently éomprising

20 an alkane.

Once the reaction is complete, the functionalized
hydrocarbon may be separated and isolated from the
reaction mixture by distillation, chromatography, or
crystallization.

25 The process of the invention is 80% or more selective
toward functionalizing a primary C-H bond on hydrocarbon
molecules, in contrast to a secondary C-H bonding site.
Of the C-H sites on the hydrocarbon which are converted,
the process of the invention is capable of selectively

30 functionalizing 90% or more, preferably 95% or more, and



nore preferably 980 or nore, and nost preferably 99% or nore of the
converted C-H sites on the hydrocarbon at the primary CH site. The
process is also catalytic. The process of the 5 invention enables one to
thermal |y XQ9N6468 t he catal yst while achieving 50 or nor ePEWERNBAY. The
nunber of catalyst turnovers is calculated by dividing the noles of
product rmade by the noles of catalyst addé® to the process. Preferably,
the catal yst turns over nore than 10 75 tinmes, nore preferably 100 tinmes or

nore. |n anot hebrenppdteeablyt heseot smproyided mbiatplafdapI1R @6esshavi ng
more than 50 turnovers conprising thermally activating said catalyst in
the presence off°e PhinEReorarYerhed redfesitehdrarrhe imitatticarivpdr acathen or

15 al kyl branc?ggmg{,&c g}lligi@gdrocar bon containing primary C-H bonds, said
catal yst conprfTsing: a? a source of a transition netal; b) a source of a 3

to 8, cyclic or nonheYstocess Al OrElds @At~ 0MahieC prBedtEabe £ALI ONiC or
20 anionic, substituted or unsubstituted, electron donor noiety i ch does
not di sSoci at el BYigleFi¢hermaltleeaene dip ddwrdimeildns acmiargien tiai damalesy (i)

| acks aromati c b S noi et irectly bonded to the transition

netal, or 25 (Yﬁ%oﬁ%%‘g&é 2% cal I“ﬁ/c}%wel dlgflé’éfeéﬁonaggé EUIPeBoRtls on the

noi ety direct|yatwnged tworiderd l’iaéﬁsd'aﬂicQﬂa'E%Hab%/ an¢iekng §Herﬁ818£t$}[ ga]pds
o] al o

capable of formally donating an electron pair the transition ne
a) and 30 whiRFPHSEJEdE X Hdramaidles WD 02t63989 RGILEPEOL/ OR407

process. Preferably, the catalyst turns over more than
10 75 times, more preferably 100 times or more.

In another embodiment, there is provided a catalytic
process having more than 50 turnovers comprising
thermally activating said catalyst in the presence of a
functionalizing reagent and an aliphatic hydrocarbon or

15 alkyl branched alicyclic hydrocarbon containing 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

20 anionic, substituted or unsubstituted, electron
donor moiety which does not dissociate under thermal
reaction conditions, wherein said moiety
(1) lacks aromatic C-H bonds on the moiety
directly bonded to the transition metal, or
25 (ii) contains sterically hindered aromatic C-H
bonds on the moiety directly bonded to the
transition metal; and

c) a source of ligands capable of formally donating

an electron pair to the transition metal of a) and

30 which dissociate thermally;



- 40 and wherein said functionalizing reagent conprises a source of B, C,
N, 0, Si, P, S Ge As, A, or Se. In yet another enbodi nent of the
invention, there is provided a functionalization process conprising 5

sel ecti vel YOr0Mede8Ponal i zi ng 80% or nore of primary GH hydGUEFHORBonds
in a hydrocarbon conposition in the presence of a thermally activated
catal yst, wherein said process turns ovet0 t-he catalyst 50 or nore tines.
There is further provided a functionalization process 10 conpri sing

sel ectively fungt voRaldizi RGiB0¥URECABARI Ok i ngr LEBGYNE EbhyF acarbon bonds
in a hydrocarbon conposition in the presence of a thernmally activated
catal yst and @#ukFE icdn&:i £/.nd.r @agEat, Pwhér efa, shsd Afuneti$mal i zi ng
reagent conpri ses conpound. contaj ni.ng a 15_npj ety represented by the

fol lowi ng struct urI%: ¥e6 fmfbggeﬁ- Embﬁfh ent %fv’\i'lﬂﬂo%}?v%’gtrjrfﬁ"b & 35
theory, and f@rdvildest katuartiPHEPOE8E: Rl Yrobdsd Schrbs£yHe t hat one

possi bl e mechanism for the functionalization of the hydrocarbon, using
B2pi n2 and a GFIRGCEFERY2 fpgptitnsltsies)sahdononeme @ pR20ndryt 4T at i ve
exanpl es of t@le f unct 'éona i Zi ng.reaggn%, ca}tPaI yst, and hydr.ocarbon,
respect i vel y, ‘ProCS8aS8° LB A oY HECTHF PN Y RAT H AT dkydi%es shown
in the acco B¥keRgdel bgUREShe WRST €Y Na o % h | wth
B2Pi n2 as reggjgnt; 25 and Figure Zys%%%%ﬁd;cecon stj’:t'ag'\’elifévﬁretsiﬁ1 %E%% as
reagent. WO 0Pr64688 PTTHhEPOILD2URF catalyst 50 or more times.

There is further provided a functionalization process
10 comprising selectively functionalizing 80% or more of
primary C-H hydrocarbon bonds in a hydrocarbon
composition in the presence of a thermally activated
catalyst and a functionalizing reagent, wherein said

functionalizing reagent comprises a compound containing a

15 moiety represented by the following structure:
—0 O—
N v
B—B
—07 ~No—

Without being bound to a theory, and for illustration
purposes only, it is believed that one possible mechanism
for the functionalization of the hydrocarbon, using
B,pin, and a Cp*Rh(CyHy), (Cp*=m° CsMes) and nonane as

20 illustrative examples of the functionalizing reagent,
catalyst, and hydrocarbon, respectively, proceeds
according to the following catalytic cycles shown in the
accompanying figures, wherein:-

Figure 1 shows the first stage with Bsopins as reagent;

25 and

Figure 2 shows the second stage with HBpin as reagent.



- 41 Once the hydrocarbon is functionalized as a boryl adduct of the

hydr ocarbon at a primary CGH site, the adduct nmay be converted into any

ot her hydrocarbyl containing functional group using well known and 5
convent i on¥O Predé8¥sses, such as those described in H C.  BrBAEP01/02407
"Hydroboration," 1962; R C. Larock, "Conprehensive Oganic
Transformations; A Guide To Functional Geuwp- Preparations,” New York, New
York, 1989; and H C. Brown, "Organic Synthesis via Boranes,” New York, New

York, 10 1975. Forog@nmphe, hyRidmdvbdi qgﬂ(ﬁu%&aan@@l%a%?cg%s 1Dy the
oxXi dat| on of the primary al Kyl boryl adduct using an al nmetal ~ hydr oxi de

solution in thadguetentetld hydymmrapbiaie ator premadducts sayebetrar bonyl at ed
to an al cohol %ﬁareactl ng, the rimary .al kyl boryl adduct. in the. 15 presence

of carbon nonoXFARCE WAL PP RIF 9 O eRY OhParokYHECSaERYAs NaOH or

KOH.  Car boxyl i goeh g1 %thc&ro%ﬁar o %'1 ALy wegloﬁnwﬁ afgrane
functionalized hydrocarbon to an al ¢ohol, owe y conventl onal

oxi dati én of t¢ren‘a¢1¢btmia1t @ rdve sEEisd . SZﬁ:hAmsnehbsacﬁesnﬁibé&di@qarcbonS can
be prepared by, reacti borane functionalized hydrocarbon wth

of
o- hydr oxyl am reFO%& %%&r&t&ﬁ& chitdfdanfnE" FRECFkinct FomRTehenpbor ane
hydr ocar bons %&@/&H@drxta%sfo%tlggg"' A28 1 alH2o OFua MER, D réxncgh corrpounds

may be 25 further converted to hyd rocar bons confai ni g es
i mde, carbon®eeEaKhipangdr BewalrterksuNkendbek, edbef, amlpyem hgrovamd

gl ycidyl ether groups. The present invention wll now be illustrat ed by the
fol | owi ng exanﬁ?‘@f‘r\%rﬁ SYRLPEsASt ViLat BRYEHSE0" | NaW t YORe New skuwde of the

i nventi@n in ayysvay .oy example, primary alcohols can be manufactured
by the oxidation of the primary alkylboryl adduct using
an alkali metal hydroxide solution in the presence of a
peroxide, or the adducts may be carbonylated to an
alcohol by reacting the primary alkylboryl adduct in the

15 presence of carbon monoxide, water and an alkali metal
hydroxide such as NaOH or KOH.

Carboxylic acids can be prepared by oxidation of the
borane functionalized hydrocarbon to an alcohol, followed
by conventional oxidation of the alcohol to the acid.

20 Amine functional hydrocarbons can be prepared by reaction
of borane functionalized hydrocarbon with o-hydroxylamine
sulfonic acid and chloroamine"

The functionalized borane hydrocarbons converted to -

OH, -COOH, and -NHp or -NHR bearing compounds may be

25 further converted to hydrocarbons containing ester,
amide, imide, carbonate and polycarbonate, sulfonate,
ether, polyether, and glycidyl ether groups.

The present invention will now be illustrated by the
following examples which are not intended to limit the

30 scope of the invention in any way.



WO 01/ 64689 PCT/ EPO1/ 02407 - 42 Exanples Unless otherw se noted, all
mani pul ati ons were carried out in an inert atnosphere gl ovebox or by using
standard Schl enk |ine techniques. Solids were handled in 5 a Vacuum

At nospher eWH{ME? under nitrogen. Al solvents were dri edPGI/EP01/02407
appropriate reagents and distilled under nitrogen before use. 1H NVR and
13C NWVR spectra were recorded on either @a General Electric Q& 300 or
Bruker AM 500 NWR spectroneter, and 11B and 31P(H) NVR spectra 10 were
recorded on aneLXROPes300 NVR spectrometer. 11B and 31p(H) chem cal shifts
are reported in ppmrelative to external standards of BF3, Et20 and 85%
H3PO4, respectivéinleds gitdremher calteshi £l3 amsipepatiedsiweppm rel ative
to residual protiate Cf sal vent_as i nternal %esta ard, El enental anal yS| S

were perfor e AT G 0 Mt ASieEhs 2 EReP! PEFBeE, oBabY Cis iR
decan, met hylwﬁmmlm Q%%e%‘éc%ﬁau%St sbhgésf&% andled in

sodi un1 benzophenone ketyl prior to use. Benzene D. was dried over

sodi um benzopmmmtwmcaﬁmled@@a@w@ohehnder 20tusgen B2pAhD sdilvédaps n
wer e purchsed from d;l er Science . or Aldrich and were used as received.

1- Cct ene,  1- A& & V&Te 2PPFCRELRYFLEPEEEN £ RRE MY 8F 1 hbrd under
V|nyltr|nethyIS|Iane drous n-byty t her odecahydr ot ri phenyl ene
wer e purchaseduftrr(ﬁ% R %’relt}y Cali¥ <25 Wg g”ﬁséad Ed%‘lgv%%e% hotRTS urt her
purification. Eherd@t ah %Q%%%”geéeﬁg%§3ﬂ@&éﬂﬂc | %%@Q:wﬁm ai ned
from Johnson- Matt hey. 31P NMR was operating at 12 and 1H NWVR was

operating at 300 sp0 MR HpectiBmbiVRrWasnapelat Lhg alP(H) NMR spectra
10 were recorded on an Omega 300 NMR spectrometer. 11B and

31p(H) chemical shifts are reported in ppm relative to

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

respectively. Proton chemical shifts are reported in ppm
relative to residual protiated solvent as internal

15 standard. Elemental analysis were performed by Atlantic
Microlabs, Inc., of Norcross, GA. Octane, decan,
methylcyclohexane and benzene were distilled from
sodium/benzophenone ketyl prior to use. Benzene D, was
dried over sodium/benzophenone ketyl and degassed before

20 use. B,pin, and HBpin were purchsed from Frontier
Science or Aldrich and were used as received. 1-Octene,
l-decene, ethylene, trimethylborate, triethylsilane,
vinyltrimethylsilane, anhydrous n-butyl ether, and
dodecahydrotriphenylene were purchased from Aldrich and

25 were used as received without further purification. The

metal compoundes RhCl13e3H,0 and IrClieH,0 were obtained
from Johnson-Matthey.
3lp NMR was operating at 121 MHz, and 1H NMR was

operating at 300 or 500 Hz. 11B NMR was operating at



WO 01/ 64689 PCT/ EPO1/ 02407 - 43 96.4 MHz. Al 31P NMR spectra were
proton-decoupl ed. Integration of the 31P resonances were carried out on
spectra that were acquired with gated decoupling and 10 second delay tines
bet ween acouw @leidson pul se sequences. 5 1H chem cal shifts werErpRAsMWed
relative to partially deuterated solvent peaks. Catalyst Precursor Exanple
1 This exanple illustrates the synthesis @f one enbodinent of the catalyst
precursor used to nake a 10 catalyst within the scope of the invention.

[ C5SMe5RNC12] 2 was s nthesizeqyﬁ%cording to the follow ng procedure: A
sol ution of 0.%04% es Bl T INMImsREcErRoMede Ayatanedeocompiedal |y

available fro 1 a 7. moles of 15 .
pentanethylecS%?é%éﬁ%gfl eggpggﬁ%eﬁgiéﬁ%%%ﬁgﬁﬁslgﬁf& ngﬁFeﬂ!HPfcﬂnin 40 n
met hanol was refdamed tinderwatd re@pidedr widd Baves wekBuplingi fgy 114 S
procedure is described in C Wite, A Yates, P.MMtilis, Ihorg.Synth.
29., 228-234 99¥ delfy ddmesntetyrephperuasat ipnoppbdsat seqhenais. by 20

. LRI d t._of lution. . It S || ect ed
i por 11 et b CRoileh? PEELR LBHE Aot Dla SR, e PR AIY 0 vins

0.93 grans. CalealtstatecdisentEpxaapse 2 This exanple illustrates that
synthesis of another 25 enbodi nent of the catal yst precursor to nake a

catal yst wi t hidthiRe+seepeddihexibpyent jon. [CoMeSIrd 2] 2 was synt hesi zed
according to the ol  owm ng procedure: sol ution of about 0.0058 nol es of

iridiumtrichlori daibyexatpleonidnstabtys antae | spltchds i of one
embodiment of the catalyst precursor used to make a
10 catalyst within the scope of the invention.

[CsMesRhCls]1, was synthesized according to the

following procedure: A solution of 0.0042 moles of
rhodium trichloride hydrate commercially available from
Strem Chemicals and 0.007 moles of

15 pentamethylecyclopentadiene commercially available from
Aldrich in 40 ml methanol was refluxed under nitrogen for
48 hours with stirring. This procedure is described in
C. White, A.Yates, P.M Matilis, Inorg.Synth. 29, 228-234
(1992), the contents of which are incorporated herein by

20 reference. [CgMegRhCl,], precipitated out of solution.

It was ccllected and purified by recrystallization in a
chloroform/hexane. The yield was 0.93 grams.

Catalyst Precursor Example 2

This example illustrates that synthesis of another
25 embodiment of the catalyst precursor to make a catalyst
within the scope of the invention.

[CsMesIrClyl, was synthesized according to the

following procedure: A solution of about 0.0058 moles of

iridium trichloride hydrate commercially available from



WO 01/ 64689 PCT/ EPO /02407 - 44 Strem Chemicals and 0.0085 nol es of

pent anet hyl cycl opent adi ene comrercially available from Aldrich in 40 n
nmet hanol was refluxed under nitrgen for 48 hours with stirring. The

[ C5Me5I r ClYP216#683uct 5 precipitated out of solution. It wRCTERN1E2402d and
purified by recrystallization from chl orofornf hexane. The yield was 1.05
grans. Catal yst Exanple 3 This exanple tl4aistrates that synthesis of

anot her 10 enbodi ment of the catalyst within the scope of the invention.

CoMe5l r H4 was s eHez8@a2&CoRadNg . bggghﬁoigglggnng procedure: Air stable
[Ir (CSMe5) 1| 2 (MH) 3 [PF6] , wherein M is the bridging Iigand, was
prepared by bmtiaﬁ@thvdm@éﬁpﬁstgdsenhrgggmeacsa;lllyl@mnlalble@(ﬂ)ﬂﬁﬂ mol es

Vol ume rati o GFzish Lrrgh %éiw‘)i:rlﬁagf-‘)@g%"é%%@wt F1965 e Sroduct

was isol ated lug hbm&@r@ﬁtgnstgygpﬁgatl@Heoﬁc g@%ﬂ§h§gﬂkﬁpa”°' and 20
treatnent with a an aqueous solution of O. 00 in 3 nm of water.

[1r (Coe5) ] prelchidlit3tkBF6hitvwas soelhected by waété@ﬁlé&eﬁ{l%ﬁlrl fied by
crystallization from CHC13 and heptane. 200 ng, or 0.249 nmoles of the [Ir
(C5Me5) 1 2 (REFiSipAFBY peesvetahbabzatieri fdom chiexnforn/iexeed.ed to

about -40C, a 1 5 Li[BEt3H in 2 nmL of toluene was
ﬁ% ygggﬁewgs gnn¥ur?y The

added by pi pe cool e in a inert atnosphere gl ovebox.
resul ting CoMeakahWspragugpbivas isolated by filtering the slurry through
an alum na colum, followed by renoval of
This example illustrates that synthesis of another
10 embodiment of the catalyst within the scope of the
invention.

CgMegIrHy was synthesized according to the following
procedure: Air stable [Ir(CgMeg)],(M-H)3([PFg]l, wherein M
is the bridging ligand, was prepared by bubbling hydrogen
15 gas through a solution of 0.000834 moles of [CgMegIrCl,]s

in a mixture of 2-propanol, acetone, and water in a
volume ratio of 2:2:1. The resulting

[Ir(CgMeg) ]o (NH) 3 [PFg] product was isolated by

filtration, evaporation of acetone and isopropanol and

20 treatment with a an aqueous solution of 0.001 mol NH4PFg¢
in 3 mL of water. [Ir(CgMeg)]y(NH)3[PFg]l was collected
by filtration and purified by crystallization from CHC1;

and heptane. 200 mg, or 0.249 mmoles of the
[Ir(CsMes) ], (NH) 3 [PFg] product was slurried in hexane,
25 cooled to about -40°C, after which a 1.5 mmol of

Li[BEt3H] in 2 mL of toluene was added by pipette to the

cooled slurry in a inert atmosphere glovebox. The

resulting CgMeglrHy; product was isolated by filtering the

slurry through an alumina column, followed by removal of



WO 01/ 64689 PCT/ EPO1/ 02407 - 45 the solvent through by evaporation under
vacuum 128 ng of the crude catal yst product was purified by sublimation
at 30-40 C and 2.67 Pa (20 ntorr). The procedure for synthesis of this

cat al yst iwoalisesexpl ained in Glbert, 5 R G Bergnman, | norgetr/Byids 727,
19-22 (1990). The yield of the ('95C5Me5)IrH4 catal yst product was 36% (59
ng., 0.18 mmol). The spectroscopic charasterization was as follows: 1HNVR
(C6D6): 51.99 (s, 15H), -15.4 (s. 4H). 10 Catal yst Exanple 4 This exanple

illustrates t [ ]ﬁg]ig i en t al wi t hin

t he scope of ?ﬁ% §?£§/€ﬁ‘t§i%¥lgu Ngslfegvéa y g%é%%u\%\l/adgrs%t%#g@ﬁ'ze?gcggr di ng
to the 15 fobfowvhagecpudeechitelydit hriehe tvasHllied ednbg gubstsaenshon of
240 nmg, or 0.301_mol, of [C5Me51rCl2]2 in anhydrous sodi um carbonate in
et hanol under2d #Pt$%geh aghd 2t 7de F&0 Iusars. The erggedpredfiers were

obt ai ned by f] I - f S : vapor ati on.
The crude %:lat %ﬁ%@é%\gﬁ' %&}%l%cﬁagt{m%é ths %3%87%B§§%gn%%§or%g) Ef‘ggﬁﬁ ffy. The
proceddre forRtte Beygdresihadfg .t lHysiteat al7ystioi-g2deésopobed in K Mosel ey,
J.W Kang, P.M Matilis, J. Chem Soc A 2875-83 (1970), the contents of
whi ch are incor pdflat edidiet eifn thye A% CeMesedety Thealiyetdppbdube was

CoMeSlr (et hyl ene) 2 catal yst product was 82% 189ng., 0.492 mmol). The

spect r oscopi c36heradier.i Latlifommeds -as Thel kpestrobvRi€C6D6): 61.78 (m

4H), 1.56 (s. 15H), 1.14 (m 4H).
g ( chaggcterizaéion WEL as follows: lHNMR (CgDg): 81.99

(s, 15H), -15.4 (s. 4H).
10 Catalyst Example 4
This example illustrates that synthesis of another
embodiment of the catalyst within the scope of the
invention.

CgMesIr(ethylene), was synthesized according to the

15 following procedure: Ethylene was bubbled into a

suspension of 240 mg, or 0.301 mmol, of [CgMegIrCl,]l, in

anhydrous sodium carbonate in ethanol under a nitrogen
pad at 70°C for 3 hours. The crude products were
obtained by filtration and the removal of the solvent by

20 evaporation. The crude catalyst was sublimed at 25°C at
0.67 Pa (5 mtorr) to purify. The procedure for the
synthesis of this catalyst is described in K. Moseley,
J.W. Kang, P.M. Matilis, J. Chem. Soc A, 2875-83 (1970),
the contents of which are incorporated herein by

25 reference.

The yield of the CgMegIr(ethylene), catalyst product
was 82%(189mg., 0.492 mmol). The spectroscopic
characterization was as follows: IHNMR (CgDg): 81.78

(m, 4H), 1.56 (s. 15H), 1.14 (m, 4H).



WO 01/ 64689 PCT/ EP01/ 02407 - 46 Catalyst Exanple 5 This exanple
illustrates that synthesis of another enbodi nent of the catalyst within
the scope of the invention. 5 C5Me5Rh(ethyl ene)2 was synthesized accordi ng
to the foMOAMOASOprocedure: Ethyl ene was bubbled into a sPCPHERY@#Tof 240
ng, or 0.324 mmol, of [C5Me5RhC12]2 in anhydrous sodi um carbonate in

et hanol under a nitrogen pad at 70C for- 3sheurs. The crude products was
obtained 10 by filtration and the renoval of the solvent by evaporation.
The crude cat akwsbiwes subfpmedsat 25C at  0.67 Pa (5 ntorr) to purify. The
procedure for the synthesis of this catalyst is described in K Msel ey,
J.W Kang, P.M MaFThipsexgmptheillSotrate3mtBIytdzG)is t5 thethert ents of

whi ch are i ncorpor ereipn by _reference.. The yield of the

T15- CG5Me5Rh( et iy 8%%?‘%“?:&’% €*§? c ‘P%%Yr%‘i ‘%ﬂa@‘%&%}%@?@?@o?ﬁﬁ%l). The
spectroscopi c ighanaebari zation was as follows: 1HNVR (C6D6): 81.96 20 (m
4H), 1.58 (s. 15H), 1.51 (m 4H). Catalyst Exanple 6 This exanple
illustrates that systeskhsetiykemthewasespothaentedfatberdatqlysttivét hin

t he scope of the__invention. 25 CSMe5Rh( C2H3Si Me3) 2 was synt hesi zed
according to thellPBingwreceieeed Fidy Jarsvesls tubbledasntedaced by zinc

B sor ution of FarbRGEReTTan Al "0l o 328 MBkRe. ofhd CHBEBEE  abearied was
isolated by  aphydrous sodium carbonate in ethanol under a nitrogen
pad at 70°C for 3 hours. The crude products was obtained
10 by filtration and the removal of the solvent by
evaporation. The crude catalyst was sublimed at 25°C at
0.67 Pa (5 mtorr) to purify. The procedure for the
synthesis of this catalyst is described in K. Moseley,
J.W. Kang, P.M. Matilis, J. Chem. Soc A, 2875-83 (1970),
15 the contents of which are incorporated herein by

reference.

The yield of the n>-CgMesRh(ethylene), catalyst
product was 41% (79mg.,0.267mmol). The spectroscopic
characterization was as follows: 2IHNMR (CgDg): 81.96

20 (m, 4H), 1.58 (s. 15H), 1.51 (m, 4H).

Catalyst Example 6

This example illustrates that synthesis of another
embodiment of the catalyst within the scope of the
invention.

25 CsMesRh (Co;H3SiMes ) was synthesized according to the
following procedure: [CgMegIrCl,;]l,; was reduced by zinc

powder 411 mg in the presence of 489 mg, 4.8 mmol,
vinyltrimethylsilane in a solution of tetrhydrofuran at

20°C for 12 hours. The product obtained was isolated by



WO 01/ 64689 PCT/ EPA /02407 - 47 filtration and the renoval of solvents by
evaporation. The procedure for the synthesis of this catalyst is

described in K. Mseley, J.W Kang, P.M Matilis, J. Chem Soc A 2875-83
(1970), thevaandsesst s of which are 5 incorporated herein by perapengde; The
yield of the [ CSMe5Rh( C2H3SI Me3) 2 cat al yst product was 82% 143 ng., 0. 326
mol ). The spectroscopic characterizatiop,was as follows: 1HNVR (C6D6)
82.2 (dd, J=11.0, 2.3 2H), (s. 15H), 1.50 (s, 15H), 1.22 (m 4H), 10 0.28

, 18H). Cat I Thi le illystrates that nt hesi s of
g?\ot helr_i) cat aﬁ%/%ﬁr%%%ﬁ%e %Fﬁﬂ-?zl ?Iﬁe“)éi%’@zec\ﬁa§oi§'ﬁ‘glﬁés?’i’e&véeg)élﬁﬁi‘hél- f o the
15 fol | owi ng prigeesits@edd@y Mk the iPHYs;ef oE%NﬁéRﬁglghgrsglV"?é combi ned

with 820 ng., 7.05 mmol, triethylsilane under stirring in ol uene for 8

hours at 60C efRECHIRsd &) s Mased®®, Th#.cKadg, ppoMucManaiissolat ed by
orator. The 20 product was

t he renoval of | vent rotar va

pui fied by ext?%‘%fi picloe i 2%27?:7?@, Aoo3ne hepGOoRKEBhE 8§r Wpheh el or osi | .
The prosedur e friadorddtratedntthesis (p)}, tRirsegtal yst is described in MJ.
Fernandez, et at., J. Am Chem Soc. 106, 5458-5463 (1984) the contents of
whi ch are incor porfee Yieddi ofbyhes [CeMesRh¢e; HTbiMy4 ) deaf alyer

715- CSMe5RhH2( Si Et 3) 2 catal yst product was 68% 172 ny.,0.365 mmol ). The
spect r oscopi ¢ RAPAUECt #ieisz 821%dA 4Rad9as 0f 3R F owsol 1 HNVFhe (€686) rosdbit (s,

15 , 1.09 (t, J=7.2 Hz, 18 , 0.89 , J=7.2 Hz, 12
H) (characterlzatiog)was as fgglows: 1aNMR (CQ%G): 82.2 (44,

J=11.0, 2.3 2H), (s. 15H), 1.50 (s, 15H), 1.22 (m, 4H),
10 0.28 (s, 18H).

Catalyst Example 7

This example illustrates that synthesis of another

catalyst.
n5—C5Me5RhH2(SiEt3)2 was synthesized according to the
15 following procedure: 167 mg, 0.210 mmol of [CsMesRhClj,] 5

was combined with 820 mg., 7.05 mmol, triethylsilane
under stirring in dry toluene for 8 hours at 60°C and
then 3 days at 20°C. The crude product was isolated by
the removal of the solvent on a rotary evaporator. The
20 product was puified by extraction with hexane, followed
by chromatography on Florosil. The procedure for the
synthesis of this catalyst is described in M.J.
Fernandez, et at., J.Am.Chem.Soc. 106, 5458-5463 (1984)

the contents of which are incorporate herein by

25 reference. The yield of the n5-CgMesRhH, (SiEtj),
catalyst product was 68%(172 mg.,0.365 mmol). The
spectroscopic characterization was as follows: 1HNMR

(CgDg) : 81.7 (s, 15H), 1.09 (t, J=7.2 Hz, 18H), 0.89 (q,

J=7.2 Hz, 12H).



WO 01/ 64689 PCT/ EPO1/ 02407 - 48 Catal yst Exanple 8 This exanple
illustrates the synthesis of another enbodi mnent of the catalyst within the
scope of the invention. 5 [016 -C6MeG Rh(115-CSMeS)] (PF6) catal yst

precur sor XA@P648Nt hesi zed according to the followi ng proceftERO/0RHI | owi ng
preparation of the [C5SMe5RhC12]2 internediate as described in Exanple 1,
195 ng, or 0.316mmol, of [C5Me5RhC 2]2 &hd 233 g, or 1.38 mmol, of 10
hexanet hyl benzene was conbined with 4.5 m of trifluoroacetic acid. The

m xture was redtalest fRxamplena@urs and then cooled to roomtenperature.
Trifluoroacetic acid was renoved under vacuum The resulting white solid
was di ssol ved i n BPSreXHmBds érllufgr?ﬁéssf:ﬁ?r?Y%Beﬂ?t%?e@“?t?ﬁ%gh a

medium {11t etuidiielne A0 dfueais sakulien  af (NEMEEBRE3dp tRe, 2. 12 mol)

was added t trate to precipitate e cata ys as an off white
solid. The salnvkermisorcol | ected by fi I tration and washed with water (3X7
m) and Et20(3X7 m ). The 20 solid was dried under high vacuum and 100C for

2 hours. P714 - CGBMS6)RMeL1Bh-(@SMEEMEWAS (BF Bt hest akpsacpoedingt avad he
foll ow ng procedure: 505 ng, 0.731 mmol, of [ (rl6-C6Me6) Rh (rl5-C5Me5)]
(PF6) was reditodddsi zsohisiationgling tei theZSOlhgwillSZmedure

ST Tor o MU T B5PBauer (e oF cbhe SASBGSFRELAoe [t CTBraNEd Dy
(116: Oonee) HIb (RS TeaRen ™) BeafRader” sPaatl chct obgelint™ 0. a7
ol ). The spREMeQREQNIG, and 233 g, or 1.38 mmol, of
10 hexamethylbenzene was combined with 4.5 ml of
trifluorocacetic acid. The 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.
15 The slurry was filtered through a medium fritted funnel.
An aqueous solution of NHgqPFg (345 mg., 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
20 solid was dried under high wvacuum and 100°C for 2 hours.
[(n4—C6Me6)Rh(n5—C5Me5)]was synthesgsized according to
the following procedure: 505 mg, 0.731 mmol, of
[(n®-CgMeg)Rh(n>-CsMesg) ] (PFg) was reduced by combining it
with 250 mg, 132 mmol, dicyclopentadienyl cobalt in
25 pentane at room tempertare for allowing the stir for 9
hours. The product was isolated by filtration, followed
by removal of pentane by evaporation under vacuum.
The yield of the [(n®-CgMeg)Rh(n>-CgMes)] catalyst

product was 96% (255 mg., 0.637 mmol). The spectroscopic



WO 01/ 64689 PCT/ EPOL/ 02407 - 49 characterization was as follows: 1HNWR

(C6D6): 82.05 (s, 6H), 1.64 (s. 15H), 1.42 (s, 6H), and 1.28 (s, 6H)

Or ganoborane Exanple 9 2-octyl-4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol ane was

5 prepar edVOPISHEI ng 272 ng, or 2.42 mmol, of 1-octene andPCH/BROIG407or

1. 07 mmol, of pinacol borane into an NVR sanple tube. The sol ution was

frozen, the system was evacuated under -hirgh-vacuum and the sanple tube

was flame-seal ed. The sanple was the heated at 120C for 14 hours. The 10

reaction vesse ' dry_bo nd th ctj m xture was
Eh&@ﬁc???%?%%i%#a%??.a%-ﬁgﬂgﬁghdeg ekﬁgﬁaﬁ e %50l vent

passed t hrough a sna i C

was evaporat ed undg VAC proyidi ng 25 ogt yl -1_1?,4 5-t_ r anet -1, 3, 2-
di oxabor ol ane (Sls' a %? ear é(;‘?msThie%%)i ’elrhg 4V?\21as(°st83(% 213%91;,1 %% 8.888@4 ).
Thi s sanpl e wasrgappavesihasEeamEierence standard to detect the presence of

internal isomers in a functionalization reaction where selectivity towards
the primary C H bonFsyt e oh 3 1he URFdEoestyan 1( dcRafépxprbogetanedwadhi s
product swas ¢ § Z i d B O ganobor ane Exanpl e
10 2- descyl - 4%%?%%%%%%%%3&3—@0?&%%‘%%a%g\}\asng?eﬁgggﬂe| A he
sane way as i nlExanp) eon(,.Exeeptl t kit pinaeeleseanssinepl agedvmwi thnd decyl,

to produce a product 25 yield of 70% This sanple was prepared as a
ref erence stant@f® t orneIStFME itHe Wase faREenof thAt BYRREM| Wafeevatnated

functi onal i zat Log. ; aach] G MAGY © 561 €54 Wik LORRLES, Lhery BRLMELY, G5 H bond
site on the hydrocar (decané) i's
The sample was the heated at 120°C for 14 hours. The
10 reaction vessel was opened in a dry box, and the reaction
mixture was passed through a small plug of silica
suspended in pentane. The solvent was evaporated under
vacuum, providing 2-octyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane as a clear oil. The yield was 83% (213 mg,
15 0.885 mmol). This sample was prepared as a reference
standard to detect the presence of internal isomers in a

functionalization reaction where selectivity towards the

primary C-H bond site on the hydrocarbon (octane) is
desired. This product was characterized by GC/MS, lH and
20 11BNMR.

Organoborane Example 10
2-decyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane was
prepared in the same way as in Example 10, except that 1-
octene was replaced with 1-decyl, to produce a product
25 yield of 70%.
This sample was prepared as a reference standard to
detect the presence of internal isomers in a
functionalization reaction where selectivity towards the

primary C-H bond site on the hydrocarbon (decane) is



WO 01/ 64689 PCT/ EPO1/ 02407 - 50 desired. This product was characterized
by GO M, 1H and 11BNVR O ganoborane Exanple 11

2- (1l -nmethyl -heptyl)-4,4,5 5-tetranmethyl -1, 3,2- 5 di oxaborol ane was prepared
in situ byWodd6#e§® 2.5 g (12.9 mmol ) of 2-bronooctane and OPGBEPY/RHT. 1
mmol) My turnings in anhydrous 10 mMl THE at 22C. The solution was
transferred slowy by cannula into a dietlRyl ether solution of 1.42 g
(13.7 mmol ) B(Owe)3 with stirring at 10 72C under nitrogen. The sol ution
was reacted a t r BaTelll s dq I warrred
to room terrpgretg?ﬁég gi_ngtE 1?2% Elt{; ?‘gans was az:fé}d* nLHﬁ}]wat ég{ o%lt ai n| ng
(1.0 nL) H2SOAlp§he.resulting solution was stirred for 1 hours. The ether
| ayer of the mxture was 15 separat ed, and the solvent was evaporat ed under
vacuumto faRol8 il SO|Id W thout further purification,

553 of the cru oron aci d was conbi ne th_430 of
pi naggl in THF. éfr'g%@#% 1Y o%%%é:ﬁtgﬁn‘&ttg‘y flug - ?orn?wo 20

days, after Wai&shabbs®1ihe s V;?fgpa\’i@e%l eMARANAL @ YRdelng qraceum (Ihes
resul ting crude product was purified by silica gel chrofatography,

provi di ng a cmtacal Jf 211bneochpcsiame)fand 0 756 g (31.1 mmol) Mg

-(l-methyl - %/ﬁ’i 4,5, 5- t Ci}rramet 3 2- di o>§aborol ane was, 22% (426
my, 1.77 mml BET eLih Y e dné2 Fhi sT}é%m'T’J‘P%u’%\ia%nprepar ed
as a referencg,standaret,0q dethsty tﬂyea% :#200Ceneh LNLELRAL | SPABES |1 o
functionalization reaction where sSeléctivity toward rimary C-H bond
site on the hydiociarbat (loct2are)(1li3s 7 mmol) B(OMe), with stirring at -

10 72°C under nitrogen. The solution was reacted at this
temperature for 4 hours and was then gradually warmed to
room temperature. To the solution was added 10 mlL water
containing (1.0 mL) H,80,. The resulting solution was
stirred for 1 hours. The ether layer of the mixture was

15 separated, and the solvent was evaporated under vacuum to
provide 894 mg of a white solid.

Without further purification, 553 mg of the crude 2-
octylboronic acid was combined with 430 mg of pinacol in
THF. The reaction solution was heated at refluﬁ for two

20 days, after which time the solvent was evaporated under
vacuum. The resulting crude product was purified by
silica gel chromatography, providing a clear oil. The
yield of - (l1-methyl-heptyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane was 22% (426 mg, 1.77 mmol) with respect to

25 2-bromooctane.

This sample was prepared as a reference standard to
detect the presence of internal isomers in a
functionalization reaction where selectivity towards the

primary C-H bond site on the hydrocarbon (octane) is



WO 01/ 64689 PCT/ EPO1/ 02407 - 51 desired. This product was characterized
by G&M5, 1H and 11BNMR, 13CNMR and Hi gh Resol ution Mass Spectroscopy.
Functionalization Exanple 12 A conmercially available functionalizing
reagent 5 WOPIH4689¢ ot r anet hyl - 1, 3, 2- di oxabor ol ane was r eact REI/BP1§2407
n-decane in the presence of the 115-C5Me5lr(ethylene)2 catalyst as
prepared in Exanple 4 to produce a functionalized decyl boryl adduct
according to the following equation. OOcat + B-B O'O + O cat HB\ o]

SO:—E“ ;nocgﬁi af n%%gég \é%%ééﬁoiggg?gq#zp%%{%%%%%%e;%gp|d&/?,lsdrX bo
catal yst and 331ﬁ1\nl7[ﬁ 19@31@@ rEE%)ng%g Iﬂ%cﬁgﬁ% lo@?Mafsrsoﬁ]pEé:tlrgrscoEKem ol

4,4,5, 5-tetranet hyl - 2 d| oxabor tal ned
in 0.7 mM 5 ofEu honebhzet s Frka 12 an NVR sanpl e tube attached

A commercially available functionalizing reagent

5 4,4,5,5-tetramethyl-1,3,2-dioxaborolane was reacted with
n-decane in the presence of the n5—C5Me5Ir(ethylene)2

catalyst as prepared in Example 4 to produce a
functionalized decylboryl adduct according to the

following equation:

o /O
NN TN +I /B—B cat .
—~0 0o 8
o /O : cat
\/\/\/\/\-——B\ + HB\ I ~ >
O o NN SN
/O
NN B + H;
\
@)
cat=
/ Ir\
10 AN



to a kontes vacuum adapter using a Cajon Utratorr connector. The solution
was frozen, and the sytemwas evacuated under high vacuum The sanple tube
was then flane seal ed. The sanple was renoved fromthe box and 10 pl aced
in a 190C WOI0146468%. The sol uti on was heated for 130 hours RET/ERMO24id
nonitored periodically by 112 NVR spectroscopy. 11B NVMR spectroscopy
showed that B2Pin2 was conpletely consurdgd-and that HBpin was fornmed as
acconpanyi ng product. 15 The HBpin sanple was then heated at 210C for 115

hours, after whiclin iamerih®ok]BaNMRLEPEEH! 688 £InSHOVED 1 SONMRIAL &£
consunpti on of pinacol borane. The sanple was brought into the dry box and

a sol ution of theodpcdhydniion hphepwdene M )2 Jda,a19.s8632dmsel. 5 ing benzene 20
was added. An aliquot was then renoved and anal yzed by GC. The yield of

t he 1-decyl Bpi(® -L32cmmodal Bzednpr dBppin, was, 469% 5 10800 afe ttha -B2[@, 22 was
reacted. 98% of the HBpin was reacted. The catal yst turnover count was 8.
The reaction giexebgs@lanew ybhsinedi fuordCdllete Ghrautalds iof of.i7menlt aken

to substantial |y .completely convert the . B2Pi uncti.onal i zi ng reagent.
Char actgeri zat Pgndgyr?‘h ec#ﬁe‘@?? BB#%C%$OJCRIC n%ﬂ W]fnc?uﬂ%\lﬁ‘%t@é’\lﬂééi ed
functional i zatbon abnthe PEEABRYadDS:d LN £dARandnQfgcdecane. The
selectivity toward the 1-decyl Bpin product 01/ 64689 PCT/ EPO1/ 02407 - 53

at the primar gognpcbkond wikeegelwsior, wam fiwzar.dendfthed®yd%n washer decyl

by- products were not detected.. Conparative Functiqgnalization Exanple 12
Tﬁepsarre reachﬁFgaéﬁg V%‘g%f idl'c\hgléo‘f:%"ﬁ%ns The Lﬁ‘?é‘l?%ien LUSeEyasp 82 wer e

fol lowed in thlsmeoBPAIESON BXRPARD1 M4l removed from the box and

10 placed in a 190°C oil bath. The solution was heated for
130 hours at 190°C and monitored periodically by 11B NMR
spectroscopy. 11B NMR spectroscopy showed that Boping was

completely consumed and that HBpin was formed as
accompanying product.

15 The HBpin sample was then heated at 210°C for 115

hours, after which time the 11B NMR spectrometer showed
complete consumption of pinacolborane. The sample was
brought into the dry box and a solution of
dodecahydrotriphenylene (15.2 mg, 0.0632 mmol) in benzene
20 was added. An aliquot was then removed and analyzed by
GC. The yield of the l-decylBpin functionalized product

was 46%. 100% of the Bpping was reacted. 98% of the

HBpin was reacted. The catalyst turnover count was 8.
The reaction proceeded slowly as indicated by the amount
25 of time taken to substantially completely convert the
Bopin, functionalizing reagent. Characterization of the
1-decylBpin product by GC/MS and 'HNMR revealed

functionalization at the primary and terminal C-H bond of

decane. The selectivity toward the 1-decylBpin product



the follow ng differences: The catal yst enployed did not contain an
unsaturated aliphatic ligand or a n arene |ligand. Instead, the catalyst
used was the X15- C5Me5IrH4 catal yst conpound 10 obtained in Catalyst

Exanpl e 3, M6 he following structure: H  The anount BET/EBYIARZ¢E:
enpl oyed was 10% and the reaction m xture was reacted at 170C. After 4
"days, the 15 yield of 1-decylBpin was onby 46% indicating |ow catalytic
activity. It is believed that hydrogen does not readily dissociate from

the metal centae bye gpphdSAtd-GD B¥nd ReldRixAreriegy, bherebyorgadeskng this
conpound unsuitable as a catalyst for use in a thermal 20 process.

Functi onal i zat PBndErantéer3 dpwy ¥ hictnzasiidts wgreeagéntdetected.

4,4,5 5-tetra - - di oxabor-al_ ane obtained frgm Cal'l ery Chemi cal s
was reacted g - 7l 3 IS q 5Rh( et hyl ene) 2
catal yst as prepargge iganfxamRld antis0 48 0b:64689 PERAEPY3IAS240Tuseqd S5én
produce a functionalized decyl boryl adduct according to the foll ow ng

equati oA: 0 0 Fxammlegk2 werg ga@dlewed: iMBtdds comparfjigon example, with
the following differences:

The catalyst employed did not contain an unsaturated

aliphatic ligand or a @ arene ligand. 1Instead, the
catalyst used was the n°-CsMegIrH, catalyst compound

10 obtained in Catalyst Example 3, having the following

structure:

The amount of catalyst employed was 10%, and the
reaction mixture was reacted at 170°C. After 4 days, the
15 yvield of 1-decylBpin was only 16%, indicating low
catalytic activity. It is believed that hydrogen does
not readily dissociate from the metal centre by
application of thermal energy, thereby rendering this
compound unsuitable as a catalyst for use in a thermal
20 process.
Functionalization Example 13
The functionalizing reagent 4,4,5,5-tetramethyl-
1,3,2-dioxaborolane obtained from Callery Chemicals was
reacted with n-octane in the presence of

25 CgsMegRh (ethylene), catalyst as prepared in Example 5 to



+ Ocat- O5 In a dry box, a solution containing 0.00125 mmol of the
Cp*Rh(C2H2) 2 (Cp*=fly CoMe5) catalyst and 31.7 ng (0.125 nmol) B2pi n2
(B2pi n2= 4, 4,5, 5-tetranet hyl -1, 3, 2- di oxaborol ane) obtained from Callery
Chericals MR W/64688i 10 of dry n-octane was placed in a screRFEERIRMAsanpl e
tube and sealed tightly. The sanple was renoved fromthe box WO 01/ 64689
PCT/ EPO1/ 02407 - 55 and placed in a 156¢ oil bath. The sol ution was
heated for 80 hours at 150C and nonitored periodically by 11B NWR

spect r oscopy. preBulivRas fentt dsvapyzaedodecy thmty HBglductwas: coarddinet eloy
consuned. 5 TQ sgn‘ﬁe was brought into the dry box and a solution of
dodecahydr ot ri glﬁe Pt eRE P95 A4p*°B: 0632 mpl) in benzene was added by
pipette. An aliquot was then renoved and analyzed by GC. The yield of the
1-octyl Bpin functionalized productX 10powas 78% -100% of the B2pi n2 was
reacted. The catal yst tuuQuer gount m)q?_gmj"ig anoggit of time taken to
convert B2Pin2 was 80 minutes. Characterization of thea 1-octyl Bpin product
by GC/ M5 and 1HNMR reveal ed functionalizat in at” the primary and terminal
C-H bond of 15 octane. The selectivity toward the 1-octyl Bpin product at

the primary CG-H bond was exclusive, 99 9+% Qher octyl by-products were

not detected. Functionalization Exg f. 14-20 The sa recedures gs set

forth in Exanple 13 was™>">"—38 * HB >
o

A : )
NN

(O N
\/\/M/ I + H2
\
00—

cat=

In a dry box, a solution containing 0.00125 mmol of
the Cp*Rh(CyHy) 5 (Cp*=n> CsMes) catalyst and 31.7 mg
(0.125 mmol) Bypins, (Boping= 4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) obtained from Callery Chemicals in 0.7 ml

10 of dry n-octane was placed in a screw-cap NMR sample tube

and sealed tightly. The sample was removed from the box



20 followed in Exanpl es 14-22, except the amobunts and type of catalyst,
type of hydrocarbon substrate, and tinme of reaction were varied as set
forth in Table 1 below. The catalyst turnover and selectivity to the
primary C-YOBYE¥3? position on the hydrocarbon substrate reRfYEPUAOMOZ| so 25
set forth in Table 1. Conversion of B2pin2 in each case was 100% except
in Exanple 19, which was 99% Yields wer® determi ned by GC. Wien benzene
was used as the substrate, a solution containing the catal yst was heated
at 150C, and anknpimcedount aofl 506cesahyshtof r i ghenyWdang i3 was addeddas an
internal standard before or after the WO 01/ 64689 PCTI EPOL/ 02407 - 56
reaction. |In ésechs8éxaopirs, 2B2PFAC wasd used tasadh perfiundicdadngl bgi Agrr eagent
in the amounts specified in Exanples 12-13. WO 01/ 64689 PCT/ EPO1/ 02407
-57- > V 41NMR gpgctroscppyl UfB NMR dhectiozmeRry Glowed thad UBpdin O 0 0

000O0"I 0 EaglLompyegeﬁyHcéhsE%ég.N O r-lI-1 rd0 -H
5 The sample was brought into the dry box and a
solution of dodecahydrotriphenylene (15.2 mg, 0.0632
mmol) in benzene was added by pipette. An aliquot was
then removed and analyzed by GC.
The yield of the l-octylBpin functionalized product

10 was 72%. 100% of the Bypiny was reacted. The catalyst

turnover count was 144. The amount of time taken to

convert Bppiny was 80 minutes. Characterization of the

l-octylBpin product by GC/MS and 1HNMR revealed
functionalization at the primary and terminal C-H bond of

15 octane. The selectivity toward the l-octylBpin product
at the primary C-H bond was exclusive, 99.9+%. Other
octyl by-products were not detected.

Functionalization Examples 14-20

The same procedures as set forth in Example 13 was
20 followed in Examples 14-22, except the amounts and type
of catalyst, type of hydrocarbon substrate, and time of
reaction were varied as set forth in Table 1 below. The
catalyst turnover and selectivity to the primary C-H bond
position on the hydrocarbon substrate results are also
25 set forth in Table 1. ConverSion of B,pin, in each case
was 100%, except in Example 19, which was 99%. Yields
were determined by GC. When benzene was used as the
substrate, a solution containing the catalyst was heated
at 150°C, and a known amount of dodecahydrotriphenylene

30 was added as an internal standard before or after the
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reaction. In each example, Bypiny was used as the
functionalizing reagent in the amounts specified in

Examples 12-13.
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4--1 CAUUUUUa) a) J) a) 41'd ala) 'Lf AOOOOOA,PEO04 EO4
111 11 421 ()1 ad?4 .r7". U PPPOa N,i, Nrl 4.) "a) 104
O a) -HJ~ 115wz XInwNauO%orl cro'Pr -1 HHHri 1-1 NN 4.
4) WO 01/ 6¥BY/6868%/ EPO1/ 02407 - 58 In Exanple 14, reacti oRCHEPHR24Ne wit h
B2Pin2 at 150C for 50 m nutes gave conpl ete conversion of B2pin2 to

octyl Bpin and HBpin. In this case, the Vi®¥ d of octylBpin was hi gher than
t he amount of converted di boron 5 reagent, suggesting that the reaction of
HBpi n with octanénwasampie décureagtibutobhtoctmtieowerth B pirpaatt he
reaction of B2Pin2. Upon further heating the reaction solution at the sane
t enper at ure f 3505C hbor s5@ onbiut ¢Bave \eendeRs soaiversdesumsd Bopaabysi s of
t he borane products 10 by GC/ M5 showed that 1-octyl Bpin was the only isoner
formed by thi §oppeE¥iBrivoapar FBBiNof tHe Whasaiet Hike wWrodh@E with the

GC/ M5 of 2-oct Ln.pr r | 10 reyv t hat._.no, 2-.0ct yl Bpin
I nt ernal isoﬁ%kg%glﬁagggaggah%ﬁ@%gﬁ% ¢ ﬂ'#}lgr%gzc%ﬁ%oeﬁr}ge- toerdyld]%)?rbfl’g‘
products deri vedgknem khggesbyhgnehit gene v&sier i et athpiby W3@HVS. Exanpl e
16 enpl oyed the catal yst from Exanple 7 containing (HSi Et3)l|igands. The
reacti on rateoctane was also occuring, but at a slower rate than the

reaction of Boping. Upon further heating the reaction

solution at the same temperature for 5 hours total, HBpin
was completely consumed. Analysis of the borane products

10 by GC/MS showed that 1l-octylBpin was the only isomer
formed by this process. Comparison of the GC/MS of this
product with the GC/MS of 2-octylBpin prepared in
Example 10 revealed that no 2-octylBpin internal isomer
was made as a by-product. Other ethylene-boryl by-

15 products derived from the ethylene ligand were detected
by GC/MS. Example 16 employed the catalyst from Exampie
7 containing (HSiEt3)ligands. The reaction rate,
however, was slower than that for Example 15, and the
yields were unsatisfactory.

20 The functionalization of n-octane in Example 16,
using the aromatic n%-CgMeg ligand on the catalyst,
proceeded selectively to the terminal l-octylBpin product
in high yield, at a reaction rate intermediate to the
rate in Examples 14 and 15. ll1BNMR spectrometry showed

25 clean conversion of Boping to the l-octylBpin and HBpin
within 1 hour. Within 25 hours, the HBpin was completely
converted to the l-octylBpin.

The yield and selectivity in Examples 20 and 21 were

based on functionalization at the primary C-H bond site



however, was slower than that for Exanple 15, and the vyields were

unsati sfactory. 20 The functionalization of n-octane in Exanple 16, using
the aromatic fl4-C6Me6 |igand on the catal yst, proceeded selectively to

t he term n¥O 064689y | Bpi n product in high yield, at a react PEREP@R407
internediate to the rate in Exanples 14 and 15. 11BNMR spectronetry showed
25 cl ean conversion of B2Pin2 to the 1-6c§%erin and HBpin wthin 1 hour.
Wthin 25 hours, the HBpin was conpletely converted to the 1-octyl Epin.
The yi el d and ¥eltdee imgthyl rEumiplods the amthglcwelehepasedsabstrate.
functionalizatjon at t rinar -H bond site 01/ 64689 PCT/ EPO1/ 02407

- 59 on the &%%ﬁ“%*bﬂgﬁéﬁ;5?3?%5%ﬁbFﬁVPB§§F858¥£ﬁatsabEY BpeerP®kanpl e 19
is shown to demsisivaley thaleta AovdoncarRogentonhel BE NG BebEl L AAL QM

oxygen, may be selectively and thermally functionalized at a prinmary CH
bond. WO 01/ 64683 TRARNVERYCGZi00R1ized0at CalpAithay SC1H Bomd ocess for

sel ectively functionalizing an aliphatic hydrocarbon and/or al kyl branched
alicyclic 5 hydrocarbon at a primary C H hydrocarbon bond-conpri sing
thermally reacting a functionalizing reagent and the hydrocarbon in the
presence of a catalyst, said catalyst conprising: a) a source of a
transition netal; 10 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 noiety which



does not dissociate under thermal reaction conditions, wherein said noiety
15 (i) lacks aromatic C-H bonds on the noiety directly bonded to the
transition metal, or (ii) contains sterically hindered aronmatic CH bonds
on the noi¥OWPIE#8&ct Iy bonded to the transition netal; andPCERNOMEour ce
of ligands capable of formally donating an electron pair to the transition
metal of a) and which dissociate thermal®%y;” and wherein said
functionalizing reagent conprises a source of boron. 25 2. The process of
claim1l1, wherein the selectivity to functionalizing the hydrocarbon at a
primary CGH bond is 80%or nore, in contrast to a secondary C H bondi ng
site. WO 01/64689 PCT/EPO /02407 - 61 3. The process of claim1l or 2,

wherein the transition netal conpriges BhI ®Wng the aliphatic hydrocarbon
conprises an al kane. 4. The process of any one of clains 1 to 3, wherein
the 5 b) noiety conprises a fully substituted fl 5 cycl opentadi enyl

nmoi ety. 5. Tha .pracesscebksabgroselott L@l ysfundtoi shaMeine) md he b) noiety
contains no aromati ¢ C-H bonds. 6. The process of any one of clains 1 to 5,

wherein the £8ighatigahddrecreppresendéer byllany Hrmndied e ¥widlow ng
StrUCtugal f°%§ﬁ&%%ér§8n étxéYbE@%gry C-H hydrocarbon bond comprising
thermally reacting a functionalizing reagent and the
hydrocarbon in the presence of a catalyst, said catalyst
comprising:
a) a source of a transition metal;

10 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,
wherein said moiety

15 (i) lacks aromatic C-H bonds on the moiety directly
bonded to the transition metal, or
(i1i) contains sterically hindered aromatic C-H bonds
on the moiety directly bonded to the transition metal;
and

20 c) a source of ligands capable of formally donating an
electron pair to the transition metal of a) and which
dissociate thermally;
and wherein said functionalizing reagent comprises a
source of boron.

25 2. The process of claim 1, wherein the selectivity to
functionalizing the hydrocarbon at a primary C-H bond is

80% or more, in contrast to a secondary C-H bonding site.



Y wherein X and Y each independently represent one or nore of H C, B, S
N, Si, Sn, P, and As, and conbi nations 15 thereof, to which saturated or
unsaturated, branched or unbranched alkyl, aromatic, alicyclic, or alkaryl

groups rrawObﬁ,(;mgded and wherein X and Y may be br| dged tge¥/Bhdflo2d7cyclic
arene conpound which may contain branches, substituents, or fused aromatic

rings, R represents 20 hydrogen or one et #more optlonal branches or
substituents, and n represents an integer ranging fromO to 8. 7. The

process of any. ongnofp A de L0 fim WELLN LhEreth Lhaandsfompriges a
aI| 0

| i near or branch phatic 25 ol efinic group having ron1 car bon
atons. WO 01/ G468 KUipER¥Ed (407and Gz H.iphae ipr agesscatrbany one of
claims 1 to 7, wherein said_ functionalizing reagent conprises a source of
boron al kyl, C%%Pﬁhs%ﬁyqn %ﬁ%&&ﬁbboron hydri de, or organoboron halide

conpounds. 5 9 fggg%} fe chai
functlonaI|2|ng reagB%t an the Eédroca?ﬁb%lgﬁggreacteg %HSE %Hpéggence of

sai d catal ystpptn@i d@PRABIM RS ANFHND v s%%%kZQGtEQ 450C. 10 The process
of any one of clains 1 to 9, wherein the 10 nolar ratio of functionalizing

reagent to ca¢y¢$a@emmadxﬁn¥ﬂ<monﬁtmn 10: 1.

5. The process of any one of claims 1 to 4, wherein the

b) moiety contains no aromatic C-H bonds.

6. The process of any one of claims 1 to 5, wherein the
10 c) ligand is represented by any one of the following

structural formulae:

Rn

X X% RpX:

wherein X and Y each independently represent one or more
of H, C, B, S, N, 8i, Sn, P, and As, and combinations

15 thereof, to which saturated or unsaturated, branched or
unbranched alkyl, aromatic, alicyclic, or alkaryl groups
may be 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

20 hydrogen or one or more optional branches or
substituents, and n represents an integer ranging from 0
to 8.
7. The process of any one of claims 1 to 6, wherein the
c) ligand comprises a linear or branched aliphatic

25 olefinic group having from 2 to 8 carbon atoms.
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8. The process of any one of claims 1 to 7, wherein said
functionalizing reagent comprises a source of boron
alkyl, boron aryl, organoboron hydride, or organoboron
halide compounds.

9. The process of any one of claims 1 to 8, wherein the
functionalizing reagent and the hydrocarbon are reacted
in the presence of said catalyst at a temperature ranging
from 70°C to 250°C.

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

greater than 10:1.



