- 1 SELECTI VE CATALYTI C THERVAL FUNCTI ONALI ZATI ON OF SECONDARY OR ARQVATI C
- G- H CYCLI C HYDROCARBON BONDS Field of the Invention The field of the
invention pertains to the selective functionalizing of a cyclic hydrocarbon
. at its secondary or aromatic C-H site-by thermally reacting a 5
functionalizing reagent and the cyclic hydrocarbon in the presence of a
transition netal catalyst. Background of the Invention Several years ago, it
was reported in KM Waltz, C N Mihoro, J.F. Hartwig, Organonetallics,
1999, 21 and 10 in K waltz J. F. Fbrtmng, SC|ence 1997, 277, 211, that | ow
val ent transiti drldEed] RATAEETEG Nt BHERWAL hF TIONABAGATIONCOE] wit h
| i near and cycli 1 I, Lati |igand to
produce functi GHarf ' - Tort et : *ganobor onat e
esters were fornmed in a st0|ch|onetr|c fashi on by t he regi ospecific

repl acenent giggaeghygégg%ﬁvegﬁl@ntern1naI position with a boryl group. It
was also reported in H Chen, J.F. Hartw g, Angew. Chem Int. Ed. Engl 1999
t hat connercialthevﬁﬁbaﬁlefR;BBRZn@Eﬁtnbnapekaadhsz&cr&agemﬁﬂammive

substituted cycl opentadienyl (Cp*) Re(CO 3 . would catalytically convert
al kanes to afkpFbaPBAALEINEsPEr & Eﬁﬁéﬂcp PFeRambeR ateddtS FRCHBNEW ons.

Phot ochem ca ch IQRFQ -1 |ndustr|al scal e.
25 It is des#?a%?éggggﬁuncgrgég%i?gr%h cyc |§§L% rggar o at its secondary
or argmatic Ehk-8ibRallking @ak3@edt and the cyclic hydrocarbon in the

presence of a transition metal catalyst.
‘( Ba rou of the Invention
Several years ago, it was reported in K.M. Waltz,
C.N. Muhoro, J.F. Hartwig, Organcmetallics, 1999, 21 and
10 in K. Waltz, J.F. Hartwig, Science 1997, 277, 211, that
| low Qalent transition metal complexes containing boryl
ligands reacted with linear and cyclic hydrocarbons by
photochemical dissociation of ligand to produce
functionalized hydrocarbons. It was reported that

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

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

25 It is desirable to functionalize 'a cyclic hydrocarbon

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



desirabl e that the process for the functionalization occur thermally rather
t han t hrough ot her neans such as photochenical processes. It is also an
object of the invention to manufacture a functionalized cyclic 5
hydrocarbon by a process which is catal yti€ Tather than stoichionetric in
metal . Summary of the Invention There is now provided a process for the
catal ytic codplsingbdfe eyt o Hey drogardonSomi the cert el intebyent Sonl10 under
thermal conditions to functionalize the cyclic hydrocarbon at its secondary
or aromatic CoMcsirt &hermadelcorhdta viihah tHE et erithehvesarsnsuchere is

provi ded a pro %%ééh%bi%qﬁyﬁc;@é%gg aItcyfé ‘acls&yéjﬁ 0g a#;c??r;a% ytgfv}i)secondar y

or aromatic C¥ ocarbon bond,”conpri sing Bacting a

functional i zi RgieeRdeM taNGhdier Lnalde hyriqoardon i sed e, cpresence of a
catal yst, said catalyst conprising: a) a source of rhodium b) a source of a

3 to 85 cycli tiydromenwteyclby,a R ersamathiclorimoratalonstd cratleet r ghan
cationic or aniagnic, substituted or. unsubstituted, electron donor noiety
whi ch does noft@r&Edamatd imddt MHeéal reaction conditions; and c) a source

of ligands capahl.& ﬁ% ;ffor]:rifpé Iﬁ::%{drpg 25 an electron pair to rhodi um and

whi ch di ssoci y, an erein said functionalizing reagent

conprises a sourcggegl herenw Preferdd v gditeayc|icr il et LONpri ses a

30 cycloparaffin_ More preferably, said b) noiety:

coupling of cyclic hydrocarbons with certain reagents

10 under thermal conditions to functionalize the cyclic

hydrocarbon at its secondary or aromatic C-H site.

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

15 .Hﬁydrocarbon bond, comprising thermally reacting a

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

a) a source of rhedium;

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

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

25 an electron pair to rhodium and which dissociate
thermally;

and wherein said functionalizing reagent comprises a
source of boron.

Preferably, the cyclic hydrocarbon comprises a

30 cycloparaffin. More preferably, said b) moiety:



.3 (@) lacks aromatic C-H bonds on the noiety directly bonded to the
rhodium or (ii) contains sterically hindered aromatic CGH bonds on the
noiety directly bonded to the rhodium 5 In another enbodinment, there is
-provided a catalytic process having nore han 50 turnovers conprising
thermally activating said catalyst in the presence of a functionalizing
reagent and a cycl { £) hysltiesasbowatr LonprHsbegdancAr onat inéieegpairdcolya
cycloparaffin 10 conpound | acking primary C H bonds, said catalyst
conprising: a) a seeréedotoatheapBPeivm . nBral; b) a source of a 3 to 8,
cyclic or non-cyclic aromatic. or ngp-aro ic,,neytral,, cationic or, _15
ani oni c, substitutéﬁibr uﬁ%%%%?*?%teﬁ?egﬁgg?#%n abﬂg?rﬁgieF§OWﬁF&ﬁ d&eg not
di ssociate under pheasebyreRethoNe€ONditbeRsy BOHAEH BoSeHECEnB8hligands
capabl.e of formally donating an eleCtron pait to the transition netal a)
and 20 ghi ch di ssornasmother ranbydimadcwhehera sai drbundedonakezeibgtieagent
conmprises a source of B, C N, O, Si, P, S, Ge, As, Al, or Se, said cyclic
hydr ocar bon prefef@ssyhavapei 8Phg BhasyePopHEBRPYREScERPBYAGINGcKi ng primary

C H ponds, 2> afagl & RLebia(oPLELE BB LL |BoKhDapLaTRL o € bonds
sterically hingeredi 8heBiifg febbbandsnanat BecMiehyadibragbby, bonded to the
comprising an aromatic compound or a cycloparaffin
10 compound lacking primary C-H bonds, said catalyst
comprising:
a) a source of a transition metal;
b) a source of a 3 to 8, cyclic or non-cyclic,
aromatic or non-aromatic, neutral, cationic or
15 anionic, substituted or unsubstituted, electron
donor moiety which does not dissociate under
thermal reaction conditions, and
c) a source of ligands capable of formally donating
an electron pair to the transition metal a} and
20 which dissociate thermally;
and wherein said functionalizing reagent comprises a
source of B, C, N, O, 8i, P, S8, Ge, As, Al, or Se,
said cyclic hydrocarbon preferably comprising a
cycloparaffin compound lacking primary C-H bonds,
25 and said moiety (b} preferably
{i) lacking aromatic C-H bonds on the moiety
directly bonded to the transition metal, or
{ii) containing sterically hindered aromatic

C-H bonds on the moiety directly bonded to the

30 transition metal.



30 transition nmetal. 4 |In yet another enbodi nent of the present invention,
there is provided a functionalization process conprising functionalizing a
cyclic hydrocarbon conposition conprising aromatic conpounds or
cycloparaffins lacking 5 primary C H bonds,?in the presence of a thernmally
activated catalyst and a functionalizing reagent conprising a source of

bor on, wherei
| east 80% of

n sai dnpyeceshotiiens entieelinidid @At alhes tprkenit Mafwedd #ms, and at
the functionalizing reagent is converted. 10 Preferably, the

cat al yst conposheiren igs®Favidatte a grewdsonsfl 28k isTe RNCS I/ eFRIRINL $ Bng

conprised of,
sequence: a)

2 TR R P Aol IO VA OLES ) & SRATE G 83 1o B

cyclic or non- euebing singf QFRMIAE O AR cpaiAlas Cald NG Mg

ani oni c, substitu

ed or “unsubstituted, electron “donor noiety

di ssoci 8t e underitnheynal-Hr éacidsgn icondhiet iporsserared ahen tHweneyicly C

hydr ocar bon

20 is a cycloparaffin, said noiety (i) |lacks aromatic C H bonds

on the noiety 28FiEaER{ Bahded Stto Ak & FamGHiBe etidld 29911t ) cont ai ns

sterically hi

nder ed

.C-H Db ' ' | y. b d
transition 25 ﬁ%E“BF;lglﬁa %”%%u%e tot}eb oy nglerr Sin e eﬁoctegsﬁt(%e%ﬂsanes,

a a source or lTrdands conprisin T

unsaturated al pphat teeCeaRAUREE S0t & hbreL ARG & lidadt &1 cpounds,
provi ded that when the cyclic

10

15

20

25

30

the functionalizing reagent is converted.

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

a) a source of a tranmsition metal;
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 disscciate under thermal
reaction conditions, and when the cyclic hydrocarbon
is a cycloparaffin, said moiety
(i) lacks aromatic C-H bonds on the moiety
directly bonded to the transition metal, or
(ii) contains sterically hindered C-H bonds on
the moiety directly bonded to the transition
metal; and
c) a source of ligands comprising trialkylsilanes,
unsaturated aliphatic compounds, n allyl compounds,
or n arene compounds, provided that when the cyclic
hydrocarbon is a cycloparaffin, the n arene

compounds



hydrocarbon-is a cycloparaffin, the it arene 30 conmpounds - 5 (i) lack
aromati ¢ CG-H bonds on the noiety directly bonded to the transition netal,
or (ii) contain sterically hindered arqn%th C-H bonds on the noiety
directly bonded to the 5 transition netal.” The process of the present
invention preferably enploys a catal yst conposition conprised of, or

obtai ned by conbini ng disour éackf akemdbi¢ oAy Pendsy SequemeemoimtiRh or

Ir; 10 b) a fully substit.uted.cycli noi_ ety havi ng .a n- coaqrdinated
el ectronic structure and &S ﬂﬁé%xﬁﬁ%%gffbt%FHtﬁgﬁﬁé%%ﬁﬂjW?Fq irg&ifds

conprising aliphatic unsatiyratedt@ini ktedi8AL1GORPAHAYS G REOWLESE Ehat when
the cyclic 15 hydrocarbon conprises a cycloparaffin, the it arene conpounds

(i) lack aromati c C H baatksisomrt hdempicdteyy dilrecttly bhomded tte the transition
metal, or (ii) contain sterically hindered aromatic C-H 20 bonds on the
noi ety Sdirectly bonded t&Fa@fdticram§itéilon netal . There is further provided a

process for func&hgnal% Eg% %fc¥%£icrg%g%gcgﬁgggtgogp%E%%i%%b conpri si ng
contacting a cyclic h?&?ocarbon coin|S|ng 25 aromati c conﬁbun or

cycl opar af fi ngmbagkkng RaEitEBEY tCddmpbends oal cbigir sRoBE, | &r0brtegendary G H
bond sites, respectively, with a functionalizing reagent in the
by combining a source of the fcllowing in any seguence:
a) Rh or Ir;
10 b) a fully substituted cyclic C, moiety having a =-
coordinated electronic structure and lacking
aromatic C-H bonds; and

¢) ligands comprising aliphatic unsaturated or =n

arene compounds, provided that when the cyclic

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

directly bonded to the tramsition metal, or

{(ii) contain sterically hindered aromatic C-H
20 bonds on the moiety directly bonded to the

transition metal.

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

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

30 and wherein the functionalizing reagent comprises a



presence of .a thermally activated catal yst, wherein at |east 80% of the
functionalizing reagent is converted, 30 and wherein the functionali zing
reagent conprises a 6 conpound containing a noiety represented by the
followi ng structure: -O ,O0 B- B 5 Detarl&d Description of the Invention
The process of the present invention is capable of converting 80% or nore
of the functi oagdinY deRGEIMiAD a a8 mEBEtT Obeprosest e@f biyhenduncti onal i zi ng
reagent and the cyclic hydrocarbon. In particular, the process of the 10
present i nventicnldwimg ioraldteset he secondary or aromatic G- H bonds on
cyclic hydrocarbon nolecules with the functionalizing reagent at high
conversion, is catalytic—4&hd rellp@‘UN'thernal rat her than photolytic or
photochenical processes to supBkyRBhe activation 15 energy required for

di ssociating the |igand froaDt he détaLyst. The process of the present
invention also does noC require the presence of a sacrificial hydrogen
acceptor to obtain high conversion and catalytic activity. The reaction
proceeds in a straightforward 20 manner in that a cyclic hydrocarbon, a

cat al yst, andRetaided fe8qsingonaedih feiE@ited in a reaction vessel
and heated to at erature eff |ve 1o actllvatee tIhe rseactl%?ltom?r ds the
functionalization He ceycﬁl pocar on ‘OhHtt 1 ¥4hstS oneP Tt

secondary or arERIIGnBd% lé)lbméléﬁsthg hﬁir‘[@é%r@aﬁziﬁ@ fahgLyet cgnd

functionalizing reagent” as described in further detail
a reaction product of the functionalizing reagent and the

cyclic hydrocarbon. In particular, the process of the

10 present invention functionalizes the secondary or
aromatic C-H bonds on cyclic hydrocarbon molecules with
the functionalizing reagent at high conversion, is
catalytic, and relies on thermal rather than photolytic
or photochemical processes to supply the activation

15 energy reguired for dissociating the ligand from the
catalyst. The process of the present invention also does
not require the presence of a sacrificial hydrogen
acceptor to obtain high conversion and catalytic
accivity. The reaction proceeds in a straightforward

[ 20 manner in that a cyclic hydrocarbon, a catalyst, and a

functionalizing reagent are contacted in a reaction
vessel and heated to a temperature effective to activate
the reaction towards the functiocnalization of the cyclic
hydrocarbon on at least one of its secondary or aromatic

25 C-H bond sites. The nature of the catalyst and
functionalizing reagent as described in further detail
below enable one to thermally manufacture a cyclic

hydrocarbon functionalized at its secondary or aromatic

C-H bond site.



‘bel ow enable one to thermally manufacture a cyclic  hydrocarbon
functionalized at its secondary or aromatic GC-H bond site. 7 1In the
process of the present invention, the cyclic _ hydrocarbon is functionalized
in the presence of a catalyst and a functionalizing reagent. The catal yst

used in the reaction st _be one V\Qi cE@i s capable of 5 being thermally
activated. By ther 8l C88t PYSFFSR 6f thE PEECENFstAVE et t RdSHiyEdds of

di ssoci ati ng ay }ilg%g\%gggﬁf L @Med LRl ) 48U £ l%éﬁ’%gg%\%"-'% e heat bel ow

the tenperatur the Z ligand (descri I ssocl ates from
the nmetal centrearadgdtatnbeastuabeuienlid zlitd erpeyeaitur €hef ddwmlemy ronnment
at which the functionalizing reagent is stored. A useful screening test to
det er mi ne whet Heedainchhgl FEACES OBne TWSitc S $NCapablishofl shalarpbdst iofat ed
thermally is to conduct the,reaction _in the dark. 15 Al though oth

conpounds whi c e&ﬁ«%m%‘ﬁﬂ“fﬁ}gagf:s:tlgatggs'i s{%yt %@edi"?go@icgtjiv WG (e Woe
ligand may be wged),atong wehitt REeCokdlorsls I e RIQGRSHPf ) ligand
functionalizing a Kydrocar bon, the catalyst used in the process mist be of
a type which i $roapabietel bennget ber mpiplly cadctiovatdd h2@ti etllvey aleence of

any conpound which chemcally reacts. with the reagent to assist the
activation of CREPREZGERE. 2LAWRGFE Rbey Z 4 1geeCeddamtirdrednpsie®heat in

addi tion to ot her actLyaki epogeehan Sueh8s clemiaal o 0f AHYLA KiC

8}1' bS8,
means, and succeg’ggu iay activat €s th\e%%% catalyst 1's neverthel ess a process

wi thin fghe scopempbratlieepb€sent envembneentl athenpatt it ar catalyst is
functionalizing reagent is stored.

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

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

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

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

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

catalyst or photons.



capable of -thermally functionalizing the hydrocarbon at a secondary or
aromatic CG-H bond in the absence of a co- catalyst or photons. - 8 O her
publ i shed systens for activating hydrocarbons at a CH bond require the
presence of a sacrificial olefin to achiefe-high catalyst turnover nunbers.
An advantage of the process of the present invention is that 5 a
sacrificial hydrogeothegeptbl ishedotsyisequist €drt actiratide; aehtalatbdns
process with high turnover. Hydrogen released fromthe G H hydrocarbon bond
does not readi&y ar€abt banghIereifgnéticoRariszagenpdr e &asen el react i on

conditions. Although the esence .of hydrqQgen acceptors 10.are not_ excl uded
fromthe prese‘.ﬁ?e?g9eh?i Sﬁﬁlt"‘ﬁs %ﬁg%ggé%aggsfhguﬁpggeerﬁ qWeerﬁ% 'onprré capabl e
of achi eving highantHhBo¥er cRENBRGSsR biteralseneacllc amagdfdLizal dydr ogen
acceptor. By a "functionalizing reagent” is generically neant 15 to I nclude

any conpound as desettbhedabehgdraiech acpepabes ist adtunetguinadd 2= a cyclic
hydr ocarbon's secondary or aromatic C-H bond, and_ is not neant to_define

the reaction RECHAAPsH CBFRLYTRCProGESFald tof NiRE taugeer cofbsirpen
i | f. 20 By "f g i v | d
| tse Y g%%éég??kbﬁeg{xﬁgﬁégﬁg?L%irtolag e %%?ﬁe@ltoteﬁsf tr#é:agceaahl ggondary

or aromatic G H € on RAydrocarbon w

functional i zi ngeggaganthr eakddanchicsacandar hydrdckendrn urdivy hend-theiyeen a
hydrogen atom and any carbon atom beari ng one additional hydrogen atom 25

These bonds areopdiesentisonAdgbboply ahkti presepeoends. hdrogeonmdasp@dfbond i s

any boq% betmeggeanggd;ggiﬂdgho I%Egthe present invention, the process
of the present invention is capable of achieving high
turnover numbers in the absence of a sacrificial hydrogen
acceptor.

By a “functionalizing reagent” is generically meant

15 to include any compound as described below which operates
to functionalize a cyclic hydrocarbon’s secondary or
aromatic C-H bond, and is not meant to define the
reaction mechanism, efficiency, or fate of the reagent
compound itself.

20 By "functionalized" is meant the replacement of H at
a secondary or aromatic C-H bond site on the cyclic
hydrocarbon with the functionalizing reagent residue. A
secondary C-H bond is any bond between a hydrogen atom
and any carbon atom bearing one additional hydrogen atom.

25 These bonds are present on cycloparaffin compounds. An
aromatic C-H bond is any bond between a hydrogen atom and
the carbon atom in the aromatic nucleus. It is to be

understood that a "bond" as used throughout the

specification means a covalent bond, a complex, a



.the carbon-atomin the aromatic nucleus. It .is to be wunderstood that a
"bond" as used throughout the specification neans a coval ent bond, a
conplex, a 9 coordination, or any. other_formof a |inkage between the
stated atons. The cyclic hydrocarbons used 1 n the process of the present
invention are saturated or unsaturated, branched 5 or unbranched,
substituted or ceRsdESEtiGhed &y @MYe Ao dndd &f ectdakagsmbatorrsn ¢her

cycl oparaffin ﬁog% u%Q%mEprovided that the cycloparaffin conmpounds do not
have an al kyl Bran containing primary CH bond sites. Aromati c conpounds

may contain al kyl breachkes1vict hyk-drBuns Gelddbard toid @5-cHdiee Jherar omatic
secondary CH bonds are nore reactive and will preferentially

functional i ze prebenlie ifwentiiomalars R tnesded covemsalteragrddyarbratdiediond
sites -on an al kyl branch, primary C-H _ bond site is a bond hetween a
hydr ogerR at om 2Hd YRR 2I5hesk b SHLEIh WSS 9Ty YORYPSTE thditehdialishal  hydr ogen

atons. The CVC%&B%%%C%%%&@M% UseshatiiOloy Qo hdre. The cyclic

hydr ocar bons nay beé substituted with one or nore substituents selected from

hal ogen, al Kox¥ompbunds,2@rard deid oa tTheieC YeldlopAYafFEa RAMPAARO[AI N
heteroatons within the cyclic hydrocarbon chain, such as oxygen or
ni t rogen. Howewet, have mimniedkydf byeneyofomps ind ngo prsm@ryt i Pdnst er oat om

(o7 overy 3 CoGR 2t el SLall0R. I8 et L et er oslomler orery ©
heteroafpoms.  Exapmhes cQfi Peinkiaklie «ar QMRIdeL t¢RMBURAS i ddidfidary c-H
bonds are more reactive and will preferentially
functionalize with the functionalizing reagent over the
primary C-H bond sites on an alkyl branch. A primary C-H
bond site is a bond between a hydrogen atom and any
15 carbon atom bearing two or more additional hydrogen
atoms. The cyclic hydrocarbons may be used singly or in
mixture.
The cyclic hydrocarbons may be substituted with one
or more substituents selected from halogen, alkoxy, amino
20 and nitro. The cyclic hydrocarbon may contain heterocatoms
within the cyclic hydrocarbon chain, such as oxygen or
nitrogen. However, the number of heterocatoms is no more
than 1 heteroatom for every 3 carbon atoms, preferably nc
more than 1 heterocatom for every 6 carbon atoms, and more
25 preferably the cyclic hydrocarbon is free of hetercatoms.
Examples of suitable aromatic compounds include
benzene, toluene, ©-, m-, p- Xylene or a mixture of
xylene isomers, 1,3,5-trimethylbenzene (mesitylene) and

other isomers of trimethylbenzene, or a mixture thereof,



benzene, toluene, o-, m, p- xylene or a mxture of xylene isoners,
1,3,5-trimethyl benzene(nesitylene) and other isoners of trinethyl benzene,

or a mxture thereof, 10 1,2,4,5 tetranethyl benzene(durene) or other

i soners of tetramethyl benzene(i sodurene) b¥ a mxture thereof,

et hyl benzene, 1,2-, 1,3- or 1,4-diethylbenzene or a m xture of said isoners,
n- propyl benzeng, 21425, tebramdtheld bendetiepdumerze nzeneyt Hetbutsdmethenzene or a
m xture of various al kyl _substituted benzenes, chl orotol uene,

di chl or ot ol uené?tﬁaﬁlﬁtzﬁaﬂé%?w@tiﬁ-&ﬁdﬂ,ren@ﬁt ¥ e T8, X PHeh dftawraate,

chl or obenzene, HiEQEREggﬁnzﬁnﬁL b&ogqb%gzgn%kdyégﬂé¥gg§gggge, 10

di chl or odi br onBb& zene, I'or'dnapht hal ené, “dni I'I'ne,

4, 4' - met hyl enegi-sgani kinek, ofheagk, ieawReR0l n-4rdpiinrhensd, indi de,

2, 6-di chl orobenzyl brom de, 4- chl orobenzyl chloride, 3-chlorobenzyl
chlori dé, 4- chldroeo2- hi #trdbpreply Lbkingends, n2tohlydr-o-tedfdarer obenzy| 15

chl ori de, 3-bronobenzyl _brom.de, Z-grannb nzyl brom de, pyridine, or

m xtures t her eBFXEBEES BEr AT APYRR AL EY 1o SMp S tesS & I5shzene, t ol uene,

o-, m, p-xylepn py[L di L ne. I of ityahl e
cycl oparaffin %%%%ggggggéﬂFéhaaggﬂgg%%%%%%%ﬁ?aﬁﬁpgﬁy aﬁ%ﬁ'gﬁ%ﬁﬁ%ﬁ%&%h
primary C-H bogflthshtesei nphedaneyekopr, opdnercbyelzebd ane, cycl opent ane,

cycl ohexane, cycl oheptane, cycl ooctane, cyclononane, or m xtures thereof.
The catal yst usedhinrchengeoeesbromobruzgnegsentichid®robeerrensn conpri ses: a)
a Sourﬁg of & éggﬂfgggggbggkgLéngggger%%E%ronaphthalene, aniline,
4,4'-methylenebis(aniline), phenol, catechol, 4-
nitrobenzyl iodide, 2,6-dichlorobenzyl bromide, 4-
chlorobenzyl chloride, 3-chlorobenzyl chloride, 4-
chloro-2-nitrobenzyl chloride, 2-chloro-6-fluorobenzyl
15 chloride, 3-bromobenzyl bromide, 2-bromobenzylbromide,
pyridine, or mixtures thereof. Preferred aromatic
compounds comprise benzene, toluene, o-, m-, p-xylene,
phenol, pyridine and aniline.
Examples of suitable cycloparaffin compounds which
20 do not contain any alkyl groups with primary C-H bond
sites include cyclopropane, cyclobutane, cyclopentane,
‘ cyclohexane, cycloheptane, cyclooctane, cyclononane, or
mixtures thereof.
The catalyst used in the process of the present
25 invention comprises:
a) a source of a transition metal, preferably
rhodium;
b) a source of a 3 to 8, cyclic or non-cyclic,

aromatic or non-aromatic, neutral, cationic or

30 anionic, substituted or unsubstituted, electron



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

unsubstituted, electron 11 donor noiety i ch does not dissociate under
‘thermal reaction conditions, c) a source ligands capable of formally
donating an electron pair to the transition netal a) and 5 which dissociate
thermal l'y. Preferabfignorhecsetycehadthciiorsgantsitonperiaee uniarkyheihahes,
unsaturated aliphatic congounds .Lt allyls, or it arene conpounds, provided
that when the cyclFE2RyUPBcEPBOA E8RBri ses a cycloparaffin as described 10
herein, the it arengyc k) 1k r I ~ ety
directly bonded to ?%egyggﬁggﬁigg %%?%F?@OEHB%?%?C%gh?g?ﬂéé?gr?gg th&

hi ndered aromati c Gl ebeatisonnpbhe toi ehy drageityobhondedlts)tardls
transition netal. Wen the cyclic hydrocarbon to be functionalized is the
cycl opafaffin descrvbeehhdiepacighe bBhepBrdly-in the catalyst: (i) |acks

tic CGH bond th i ef 20 di |y, bonded.to the t iti
Tetal, or (11) CoErTR-SELTi ChiTy ARALE: Bt & OhHETEST FPMBBHIS on t ho

noi ety directly,. 5102008, LhaRshiheBangl 8bhat e aBogPBedhgen) of the
present invention, the 25 catal yst can be conveniently represented by any
one of allyls, or m arene compounds, provided that when the
cyclic hydrocarbon comprises a cycloparaffin as described
10 herein, the n arene compounds
(1) lack aromatic C-H bonds on the moiety
directly bonded to the transition metal, or
(ii) contain sterically hindered aromatic C-H
bonds on the moiety directly bonded to the
15 o transition metal.

When the cyclic hydrocarbon to be functionalized is

the cycloparaffin described herein, the b) moiety in the

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

1 | bonds on the moiety directly bonded to the
transition metal. |
In an embodiment of the present invention, the
25 catalyst can be conveniently represented by any one of

the following structures:



the follow-ng structures: - 12 - X UIl;; -M Z Rn XY (II~-MF Z (m
RnX: ME -- Z wherein X and Y together represent the c) |igands bonded
directly or indirectly to M and wherein X and Y nmay be bridged to forma
cyclic arene conpound which may contain "bRdnches, substituents, or fused
aromatic rings; M5 represents the a) t&ansition metal centre; Z represents
a cyclic or non-cyclic, aromatic or nof-arogefjge. neugral, cationic or

ani oni ¢, substituted or unsuf$tituted |¢onpound having a it-coordinated

el ectronic structure, and when the hydkocarbon to be functionalized is a 10
cycloparaffin, Z |acks aromatic C H bonds t h&Toi ety which will directly
bond to the transition netal a), R reprEsent'skpne or nore optional
substituents or branches, a % n representsyan integer ranging fromO to B.
One or. nore of the ligands aPe bonded to t g Muoetay centre, and 15
preferably nore than one ligand is bonded to the netal centre M It is not
critical to the present invention that either the nature or |ocation of the
| i nkage between the ligands to the netal centre be known, so_|ong as sone
formof a |inkage between the(@X or the R,&nd—Y—mi howeds- 20 and the neta

centre exists af 305kt iI0p WiGiyMildr R Ldea G 8l ysti L&D LSndea
effective to functionalize C ’ ‘
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
f 5 represents the a) transition metal centre; Z represents a

cyclic or non-cyclic, aromatic or non-aromatic, neutral,
cationic or anionic, substituted or unsubstituted
compound having a m-coordinated electronic structure, and
when the hydrocarbon to be functionalized is a

10 cycloparaffin, Z lacks aromatic C-H bonds on the moiety
which will directly bond to the transition metal a), R
represents one or more optional substituents or branches,
and n represents an integer ranging from 0 to B. One or
more of the ligands are bonded to the M metal centre, and

15 preferably more than one ligand is bonded to the metal
centre M. It is not critical to the present invention
that either the nature or location of the linkage between
the ligands to the metal centre be known, so_long as some
form of a linkage between the X or the X and Y ligands

20 and the metal centre exists at a position which will
provide a catalyst which is effective to functionalize C-
H bonds on the cyclic hydrocarbon molecule.

Suitable transition metals a) {or M) include

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



-H bonds on t-he cyclic hydrocarbon nolecule. Suitable transition netals a)

(or M include transition netals in the 0, +1,+2, +3, +4, +5, or +6 13
oxidation state. It is preferred to enploy_ a transition netal that is
‘capabl e of traversing 2 or nore fornal oxtdation states, nore preferably 4
or nore formal oxidation states. Exanples of suitable transition netals 5

i ncl ude Fe, CopxhiatRhn Roat€s, IPt isPgreNkrrrRd, tW eGployMa, tirrnsandohhe
nmetals fromthe | anthanide and a inige series. Preferred netals _are Re,

Rh, and Ir. NbW%tabrEﬁ@Fréﬁ SPERNCafd FrAVERE REst Preferredorsaikh to
Lprove the reaglyop; bat 8ravet | naadpta banpoyest B hB-coKeRsion of the
functionalizing reagent to the cyclic™ hydrocarbon-tfunctional'lizing reagent
adduct and ot hgkidhypsadeetsesl.t Examgeeer alfl guhehbevedrthat thbnt aRSNE on
nmetal centres pronote faster reaction rates and nore conpletely convert CH
bonds tlan Rh ésthgdeqgbievalent Ni5 RhgaRds &ad PeacPdenMoenBeti ¥nsCr,
Sur prisingly, however nd_t hat the_ reacti rate usin

, ave fo tio .Rh
transition netﬁP'cEﬁtr@nagtE&nW@FﬁﬂthrP@nEPFoHQPF%FHQQEr@H eﬁFtﬂgl@ﬁe
functional i zedsgyelbe hydeeeatBonmiea) of a3kereangnDagaCempl el Lhan its It
counterpart. 20 ccordingly, in a nost preferred enbodi nent, the transition
metal is Rh. Theetatakyshruskil iandt e, paadesssof prbéepiedent rRhn¥enti on al so
conprises a source of a 3 to 8, cyclic or non-cyclic, aromatic or
non-aromati c, HEBTPHuEL, tBEt FEAFE12H BACENPERFCcITrsabst FPulBRTEBVeuRBgbst i t ut ed,

el ectr o donor ol ety which dges, net : 4hst9g)Ake Ungen.t ber Rl Leaghion

hydrocarbon-functionalizing reagent adduct and other

as a

byproducts. It is generally believed that Ir transition
metal centres promote faster reaction rates and more
completely convert C-H bonds than Rh using equivalent

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

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

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

Z5 or anionic, substituted or unsubstituted, electron donor
meoiety which does not dissociate under thermal reaction
conditions, and when the cyclic hydrocarbon to be
functionalized is a cycloparaffin, said moiety

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

30 directly bonded te the transition metal, or



condi tions, _and when the cyclic hydrocarbon to be functionalized is a
cycloparaffin, said noiety (i) lacks aromatic CH bonds on the noiety 30
directly bonded to the transition netal, or 14 (ii) contains sterically

hi ndered aromatic CH bonds on the noiety4irectly bonded to the
transition netal; The Z noiety depicted in the structural diagrans 5 above
(correspondi ng to tfieb) MIRidind stteriSaE] ediimiera®@roha@addowhi ch does
not di ssociate under thermal reaction conditions. Thermal reaction
conditions are all bards phiysileal meeaicy i dhreohdyt beondednpboybd in practice to
functionalize the cyclic. hydrocarbpon at its secondary or 10 aromatic CH
bond site, inclumlﬁ%ﬂﬂﬁl§£%nlmék? tl to the pressure, tenperature, and

space vel ocity C-Orﬁ{ﬁt]ief i Ny i beefeast L Ro é/@ls&g%%rgsaggégglingn of the Z

noiety results in't egradation of the catalyst, er eby ermnating its
activity. 15 Hievwe ntietyespaodltionatestkbebl ranidensi iy &03-stabekizent he
oxi dation state of the transition netal of the active catalyst. Preferably,
t he el ectroni clostrar geigasid tHel oh ipes ynok | diseprjate apnfierethhzmadtal centre
dependi ng upon the oxi dati tal centre M..20 in its a

tate. The o MR Ty TR TGN afPea52 hnteant 118 SSUTHFERED e5el Aklor
Subst | tuted or UREBAC St T panas TSR PR LR R B e Pear 2y,
cyclic 25 aromairict icongploires fhe | gyslibsthydiedarbon aor et preéeoabhyy or

10 aromatic C-H bond site, including but not limited teo the

( pressure, temperature, and space velocity condifions
within the reaction vessel. Dissociation of the Z moiety
results in the degradation of the catalyst, thereby
terminating its activity.

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

depending upon the oxidation state of the metal centre M

20 in its active state.

The Z moiety may be between an 12 and an nf
complexed cyclic or non-cyclic, aromatic or non-aromatic, -
neutral cationic or anionic, substituted or unsubstituted
ligand. It is preferably a =m coordinated, cyclic
25 | aromatic compound fully substituted, and more preferably
a cyclic, fully substituted aromatic, anionic moiety.

The Z moiety preferably comprises a fully substituted
n5-n6 cyclic moiety having a 5-8 carbon membered ring.
The Z moiety preferably comprises a fully substituted m°

30 cyclopentadienyl moiety. Said n® cyclopentadienyl moiety



,a cyclic, fully substituted aromatic, anionic noiety. The Z noiety
preferably conprises a fully substituted 15 fl6 cyclic noiety having a 5-8
carbon nmenbered ring. The Z noiety preferably conprises a fully substituted
-715 30 cycl opent adi enyl mpiety. Said 115 cyclopentadi enyl noiety 15 is
preferably a 15 pentanet hyl cycl opent adi enyl noiety. In one enbodi nent, the

Z conpound. i s fsfﬁféyefyﬁﬁyl5UﬁEdpeﬁwghe@h§iéyéi§p§ﬁ£Q@ﬂeﬁ§ﬂbﬁ5§Q;?tng- The
Z noiety may be coordinated to the Mnetal centre 5 in several different

i someri ¢ confiBurahé omsbodFomenexabipt eZ2 thwpZundi esyai hulhg subscanfibgdrati on
may be in one of the S, W or Uisoneric states. In a nore preferred
enbodi ment, theyZlimigty5i8 tarbohiweneered rheg.T15 bonded configuration.

It is to be understood that the 10 ori inal,ﬁosi%ion of the doubl e bonds of
a dienyl ligand nEe¥ HOtOHRLY I8 i 7T ecPBELLURESD tP he BN oREF R 2 aEFBRTE

ffect. . F , r - t adi = 3= LS: | t} | to th
Lot o SXAIPLE o e pant etk 2oL prauar B oL gl 1o e

y15-1,4-pentad}en oup. I's to e furt ood all
| someric forme ol d5 fRLeLiS:8Le LACLHOCHS! BoRRYSHELELENCRALORE Fnoi €LY

identified herein. ernore, 1t°is not critic present invention
that either thend@atBrenefsthe, | bnky ageohetweestgees~ the & mpikety the netal
Il centre, or the ,oie~t.y and ~. ullcarbon nunber to which the Z noiety is
coordi nat ed, 20rpbereed erbedhprekedthe #heohetdl igehbheel beokaswAn &be | ong
as some formof_a |inkage between the Z noiety and the netal centre exists
at a position Wwhieonded | corbi@eeat 1oR unclt ohdl £2i kg vedgsntoesi tharsthe

effeCthge to fégféiggfjéggigiggcg d@ﬁg 8éugigngé£&scé goggényl ligand
u need not be identified because of the delocalization
effect. For example, an n5—1,3—pentadien—3—yl group 1s
identical to the m5-1,4-pentadien-3-yl group. It is to
be further understood that all isomeric forms of 2
15 moieties are included in any reference to a Z moiety
identified herein. PFurthermore, it is not critical to
the present invention that either the nature of the
etween the Z moiety and the wmetal centre, or the
carbon number to which the Z moiety is coordinated,
20 bonded, or complexed to the metal centre, be known, so
. long as some form of a linkage between the Z moiety and
the metal centre exists at a position which will provide
a functionalizing reagent which is effective to
functionalize a secondary or aromatic C-H bond.
25 The Z moiety must lack arcomatic C-H bonds on the
moiety directly bonded to the transition metal, or
contain sterically hindered aromatic C-H bonds on the

moiety directly bonded to the transition metal. An

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



25 The Z npiety nust |lack aromatic C-H bonds on the npiety directly bonded
to the transition netal, or <contain sterically hindered aromatic C H bonds
on the noiety directly bonded to the transition netal. An aromatic CH
bond is a bond between a hydrogen atom and1¢6- one of the carbon atons
form ng the aromatic ri ng. The presence of sterically accessible aromatic

C H. bonds on t rr11e u\rllggt %%nwa!éongg r,}ecftiltenll%jiy té)rcng%tiéany ti e net al

a) is undesi r abl'& i onal1zing oparaffins deseri ved herein

because they cgﬁ@%@d@ ¥ dthe-ifdicty ehadd Zatiien Horkdrei 8 econdssyas &h
cycloparaffin bonds, thereby reducing the yield of functionalized

cycl opar af fi n. thecocdietgt whiiewid oyl rgedrlaf fiand s-a dhdet famet tboml | zed,
the Z noiety should elther 1-’<['311_)[Lﬁt€o eth r 1"8}?@ aromatic, G H bonds on the
moi ety direct | Jeénd ctinrakizin® thenatic G H

bonds arse pres! t]_’o %{}%ﬁfﬁ%uldé H '1‘@&113{'1 '%@é'%@%?y%@%%é with

activat éd cat al ecules in the vicinity to mnim ze

functional i zi nghtehQuZ;dEmOeiamaijn ©IC-thesideondehry 101 ey el ppef £f £ 6
enbodi ment, every site on the Z noiety, including those sites which are
directly and omopdsi, ndtihem&:lyy Heghddia ¢ hehe itglahaf ibmaektehal hzedigh a
substi tuent onth Z noi directly. bonded to the tranS|t|€€+rTetal are

i
ei ther |acking<¥f é’Wrﬁf i c P68 ds BT ShtS T R 2 ERHT v Fii FRler ed
CHsites. |t Wl kB abpeagi-aled dhaly silal ersibsd 144 U@-ﬂéf 2] Eog Pty

ally mting

groups whi ch are gener al y fegarded as ste
exanpl eg of suthl&ulalﬁoma&uh@t]-wemmimmrarmnmuerumgim&mya}b@:ﬁ@e@ds;cacent
to

( the transition metal, or if such aromatic C-H bonds are
present, they should be sterically inaccessible by other
activated catalyst molecules in the vicinity to minimize
or avoid functionalizing the Z moiety aromatic C-H sites.

15 In a more preferred embodiment, every site on the 2z
moiety, including those sites which are directly and only
indirectly bonded to the transition metal through a
substituent on the Z moiety directly bonded to the
transition metal, are either lacking in any aromatic C-H

20 bonds or contain sterically hindered C-H sites.

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

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

fluorine or chlorine, especially fluoro or fluoroalkyl

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



.25 the aromatic C-H site include hydrocarbyl, hydrocarbyl substituted
netalloid radicals wherein the netalloid is selected fromGoup IV A of the
Periodic Table, silyl, gernyl, cyano, hydroxyl, am no, and hal o groups,
-such as fluorine or chlorine, especially *Tuoro or fluoroal kyl 30 groups,
aryl, phenyl which optionally may bear one or 17 nore of the sanme or

di fferent substbtreenfsthal khmeybr dalffexgntpkebexyiuphesyl allkdryylbenzyl,

bul ky substituents containing oge oa re hetero atons_such as tri (Il ower
al kyl)silyl, -R&PROXY. NPPRIOXBRhPRERY, n%(?ﬁﬁh) Senzyd . sPHAKHoRYPEE TRUPRES

esters. Any of wga_%%gggebxesggsgﬁgeﬂg%e yata%nasogpeﬂyasogﬂggpo%rt he 7

nmoiety to forma saturated ring. anples o rocar groups
i nclude Cl- C20zbkangbedyor -MphpanciE@hal kpbhgroupd, -Brebay ?bl ¥n@l- C6
branched or 10 unbranched al kyl groups such as nethyl, ethyl, isopropyl,
propyl, sbutyl, chrbokylici sebdt gkremeopentyl, and 3- phenyl - neopentyl. O her
exanples of hydrocarbyl groups include the Cl1-C20 substituted radicals,
optional |y where BRg of ﬁb?ezomoﬂﬁéYh?ébégéﬁuaﬂéﬁsmﬁﬁybﬁej@épﬁdced 15 with
a hal ogen radica n anldg radi cal. ho§ hi no i cal, and an al. koxy
o §oaiBem ¢ Sorh

radi cal or any® B?ﬁﬁﬁeFaapc oWPéFﬁVn & & gél 28 SRTHAagfFEd Ting.

functionality. L3 8 ep gd tQa% Zhe SubStIIUEnt dgng e eLectrg density

to the |igand. E?ﬁ@ﬂ 5 UBhPS geer arFyP20t6 PFFb L8 PREPERSANGTt he

t her mal stablllt t al nder act itions t.h the cyclic

hydr ocar bon, &E?FC iﬁgg gs%%éuﬁﬁé 35??3F b? 8 bﬁ?QFw%g

10 unbranched alkyl groups such as methyl, ethyl, isopropyl,

propyl, butyl, t-butyl, isobutyl, neopentyl, and 3-
phenyl-neopentyl. Other examples of hydrocarbyl groups

include the C1-Cpyp substituted radicals, optiocnally

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

sterically protect the remaining aromatic C-H bonds. The



Exanpl es of preferred substituents conprise 25 trinmethylsilyl and C1-C4
branched or unbranched al kyl groups, such as nethyl, isopropyl, t-butyl.
The nunber of substituents is sufficient to create a fully substituted Z
noiety or sufficiently substituted to steydcally protect the renaining
aromati c C-H bonds. The - 18 aromatic carbon atoms which are substituted

i ncl ude those _carbon atons_i romat ucI ) n.arg ring
bonded dlrectI%F?T)Eh %%fb?nc%ﬁ 18§ wef Sug E Eugaroﬁgfln%ﬁu5pg
indirectly tethengshtobhe iﬁaﬂ§bﬁheﬂc5ni}§léh Ehéeaghot he Ia%m@t%%oqsll

el ectron donating atons directly bonded to the transition netal Exa Ies

of b) noieti esbgredpd valeattly thetzenmeeaies¢HSUﬁtHblesfwelﬂuaetm@ﬁal|Z|ng

the aromatic and cycloparaffin hédrocarbons descri bed_herein include, but
10 are not |i XYY Wethyt cyRFOpERtadi BRENSERRYF OcyEFofeRTEAICRE:

{-butyl ycl opetadh enes o hewlevel aoastadiene: sactyLevolapantagicner 1.2

di met hy cyclopen adi éne; yl'cycl opent adi €ne;

-pent adi en- 1- W ods &:hseINYbodBed1bopentadigis2tYbn Aefadi.net hyl -r15
-pentadien-3-yl, 1; 5- dinethyl- rl15 -pentadien-3-yl; 1,2, 4-
trinethylcyclopenf%mﬁm@kesp@ﬁtbhemhyétygﬁob@@véﬁabﬁet o the 2 ,. |, 5- L 15
\trllle thylllyl/ |]- entbf I% I% ¥

tetramet hyl cy Qkﬁﬁ&%ﬁ eﬁ%lti %, +8F sYte ?aﬁﬁgﬁﬁFHQStheZGromatlc and

cycl ohexadi en- 4 3¥ar &r§f§1$ ﬁy@PQEQEB&H¥'aééérlbgﬁchggééﬁdhﬁﬁlﬁd¥' P%t 2, 4,

6, 6-pentaneth - cycl ohexadien-5-yl; 1, 2, 5, 6, 6-pentaneth ris -
10 are not limited to, methylcyclopentadiene;

ethylcyclopentadiene; t-butylcyclopentadiene;
hexylcyclopentadiene; octylcyclopentadiene; 1,2-
dimethylcyclopentadiene; 1,3-dimethylcyclopentadiene;
2,4-dimethyl-n® -pentadien-1-yl; 1, 5-dimethyl-n5 -

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

\ _-.q e F s O S B - - = A
. |7 —pelltaulclil-as-y il 1L,24,5,9-

S5-bis{trimethylsilyl
tetramethylcyclopentadiene; 1, 2, 6, 6-tetramethyl-n°® -

20 cyclohexadien-4-yl; 1,2,4,6,6-pentamethyl-n> -
cyclohexadien-3-yl; 1, 2, 4, 6, 6-pentamethyl-n> -
cyclohexadien-5-yl; 1, 2, 5, 6, 6-pentamethyl-n® -
cyclohexadien-4-yl; 1, 2, 4, 5, 6, 6-hexamethyl-n> -
cyclohexadien-3-yl; 1,2, 4, 5-tetramethyl-6, 6-

25 cyclotrimethylene—nS -cyclohexadien-3-y1l; 1, 2-
dihydronaphthalen-1-yl; 1, 2-dihydronaphthalen-2-vy1;
1,1l-dimethyl-1,2-dihydronaphthalen-2-yl; 1, 1-dimethyl-
1,2-dihydronaph£halen—4-yl; diphenylmethyl- di{1l-
cyclohexenyl)methyl; 1, 1-dimethyl-1,2, 5, 6, 7, B-



cycl ghexadien-4-yl; 1, 2, 4, 5, 6, 6-hexanethyl-fly - cycl ohexadi en-3-yl;
1,2, 4, S-tetranethyl-6, 6 25 cyclotrinethyl ene-r15 -cycl ohexadi en-3-yl; 1,
2- di hydronapht hal en-1-yl; 1, 2-dihydronaphthal en-2-yl;
1,1 dinethyl-1,2-dihydronaphthalen-Z-yI;"1}9I1dinethyl-
1, 2-di hydr onapht hal en-4-yl ; di phenyl nethyl - di (1- cycl ohexenyl)nethyl; 1,
1- di net hyl - 1, 2heSahfdreonaphthtd en-Heyadhydr.odaghimeabenl~4-yl,; 51, 6, 7, 8-
1-dinmethyl-1,4, 5, 6, 7, 8- hexahydronaphthalen-4-yl; 1, 1-dinethyl-1,5, 6,
7, 8, O- hexahbaﬁaﬁxsﬁPﬁéPEﬁgéﬁfPf41? ﬁz}s-ﬂégﬁaﬁ§¥ﬁ9r11§2,€§,76,8r7P-
8- hexahydr onap Asdubhtlal e -3-taLr angt Byh- 1.4 -1
8-hexahydronapﬁ%ﬁgbgﬁyéPékP I gﬁ'tefréné?h%ﬁ-f?ﬁgi gﬁ %f28,5’ 6
9- hexahydr onapht halBaxdhylirofaphtbadiehydr-gant hragen39tylramethyl-1, 4,
9, 10-di hydroant hracen-1-yl; 9, 9-dinethyl-9, 10-di hydroant hracen-10-yl;
1,2, 3,459, 10-ShefRahydr 8aherehydgogaphthalen-3-v4; 4.10.20 3-
hexahydr oant hracen-1-yl; 1,2, .3, 4,9, ;11 hexa roant hracen-9-yl ;. 1,4, 5,
B, 9, 10- hexaﬁ§8F83ﬁ¥hV&6%n-fin{ d: éfdﬁngFﬁ§E¥%F2Fa§% alen-f5yli s,
hexahydr oant h 86¢f; Ba¥bag¥ngdcdniBlhyl,- b 40-8ip8arantlracen-1-y1; 9,

y ) -

hexahydr oant hracen- 2=yl ; 8, 8-di methyl -1, 4, 5, 8;

hexahydr oant hr acédtimk@hyll-91, 20-8ih4drbanGhrédce8-19-3Q; 1,2,3,4,9, 10-
decahydr oant hracen-9-yl; 1,2, 3, 4, 5, 6, 7, 8, 9,11-

decahydr oant hr hesabgdypanghrgcgrmdreyli- 1.2, 3, 4, 5.16- 7, 8,

9, 10- degahydr oant en-10syl: 9 -9-dinmethyl 1,2, 3,.4, 5 6, 7, 8,
9,11-dé@ahydrogﬁ%%§§§5§?Fg?¥ Feg,%-ygongr%étﬁy|%ndgneﬁi

4,5, 6, 7- t et r ahydrahpdenant Araekhybeytl;opent adi eyl si | age; 1, 2-
di rret hyl cycl opent adi enyl si | ane; 1, 3-

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

15 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-yl; 9, 9-dimethyl-1,2, 3, 4, 5, &,
7, 8, 9,10-decahydroanthracen-10-yl; 9, S-dimethyl-1,2,
3, 4, 5, 6, 7, B, 9,11-decahydroanthracen-10-yl; 4,7-

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

. dimethylcyclopentadienylsilane; 1,3-
dimethylcyclopentadienylsilane; 1,2,4-
trimethylcyclopentadienylsilane; 1,2,3,4-

25 tetramethylcyclopentadienylsilane;
pentamethylcyclopentadienylsilane; 1,2,4-
trimethylindenylsilane; 1,2,3,4-tetramethylindenylsilane;
and pentamethylindenylsilane and each of their equivalent

ligands. Other Z moieties include the fully substituted

-30 or sterically hindered substituted moieties of the



di met hyl cycl opent adi enyl sil ane; 1,2,4- trinmethylcyclopentadi enylsilane;
1,2,3,4 25 tetranet hyl cycl opent adi enyl si | ane; '

pent anet hyl cycl opent adi enyl sil ane; 1,2,4- trinethylindenylsilane;
1,2,3,4-tetranet hyli ndenyl sil ane; and pentZnet hyli ndenyl sil ane and each of .
their equivalent Iligands. O her Z noieties include the fully substituted 30

or sterically hidgehadisubsdht vt £edmohetbes-9f sihez28 agompeunds jhdgRtified
in US-A-5 541 349 as the L ligand therein. In addition to the above
mentioned Z noitgtdmsinthe followi ng noieties are also suitable for

functionalizing 5 the aronmatic_ hydrocarbons descri bed _herein. These
i ncl ude, but areluﬁnIQ4H%Q&Pch°p ?a%?%ﬁ?l?enE§EF8§eﬁtEHF@H&F?r the

cycl ohexadi enyl fdplcly&hﬂﬁ]larﬁcgi&f%s a£¥C£9QSP£&§£§B¥L’ f8¥0k9g%%§ghsgég%n%

ant hracenyl, and ~‘nap nyl  groups. Mbre Specifrc exanmpl €s 1 nc

cycl openg adi ene;hd ndesigst 4e efdiybedrboden@esdrIbedi RBEBY hi. Nndehege
4,5,6,7-tetrahydroi ndene; cycloheptatriene, methylcycloheptatriene,
cycl ooct at et r agmes Ly hybwly e ciat et iatkhed teul paBtadéenylazul ene,

ot azul oo, LSk sney AP LU E0 sy Byl et od el g, | ne
tetr aki scycl opwq@ﬁpﬂﬂim, B SLYSL LRGN AP ?nXhHBQQE%g)S}X',SEBQ”?’

i scycl opent adi enyl nonoet hyl si | ane, 20 bi scycl opent adi enyl di et hyl si | ane,
bi scycl opent adirsmpHidigtdny Sidemeps. More specific examples include

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

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

20 biscyclopentadienyldimethylsilane,
biscyclopentadienyldiethylsilane,

‘ biscyclopentadienylmethylethylsilane,
biscyclopentadienyldipropylsilane,
biscyclopentadienylethylpropylsilane,

25 biscyclopentadienyldiphenylsilane, |
biscyclopentadienylphenylmethylsilane,
biscyclopentadienylmonomethoxysilane,
biscyclopentadienylmonoethoxysilane,

triscyclopentadienylmeonomethylsilane,

30 triscyclopentadienylmonoethylsilane,



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

"bi scycl opent adi enyl nononet hoxysi | ane, bfs%bd1opentadienylnnnoethoxysilane,
triscycl opent adi enyl nononet hyl si | ane, 30 :

triscycl opent atif tagymbapenhptsehapmongmethoxysilane,

triscycl opent adi enyl nbnonet hoxysi | ane, , , ,
r 1 Seycl opent atF SHLY REHBREHBR) STy ARBTORGROMHASAITE: | BRBC PGPV AGEATRSH | ane,

trisindenylsiIg@gindéﬁ%igghgh@geg¥hggha@gylgq@ghgdenyInDnonethyIsiIane, 5
monoi ndenyl nonoet hyl'si T ane, nonoi ndenyl di iret hyl'si [ ane,

nonoi ndenyl di etéytskiahedenpheibdanyl nonodetibayysohamethylsilane,

nmonoi ndenyl nonoet hoxysi | ane, nonoi ndenyl nonophenoxysi | ane, '

bi si ndefyl rmndﬁ@@%%éﬁ%ﬁa@?ﬂoswvﬁaé%9nﬁmn@@pﬁypéﬁnahé}methylsllane,

bi si ndenyl di net hyl si l.ane, -10. hi sLadeny! di et hyl si |l ane .

b1 51 ndenyl met HUTACRYT SR FARGot RKLET iauayl OOBPABOFErT Argomethoxysilane,
bi si ndenyl et hy,pnhopyhshl anenoebhskipdenyhdi phenyl sil ane,

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

bi si ndenyl| nonaethoxydehghmpnophesorgenyhmenobeshntishyamenomethylsilane,
trisi ndenyl nonoet hyl silane, 15 tri si ndenyl nonqQmet hoxysi| ane,,
trisindenylnnh%é?h%@?%YFQﬁB?eéhH%FH}PPﬁdeé&PéPﬂ%ﬁ@}de§thYlSllane'

G DB A P A TR OB S et

the ring may opiisonabhylbeépropylsilane, bisindenylethylpropylsilane,
bisindenyldiphenylsilane, bisindenylphenylmethylsilane,
bisindenylmonomethoxysilane, bisindenylmoncethoxysilane,
trisindenylmonomethylsilane, trisindenylmonocethylsilane,

15 trisindenylmonomethoxysilane,
trisindenylmonoethoxysilane, 3-methylindenylsilane, bis-
3-methylindenylsilane, 3-methylindenymethylsilane, 1,2-
dimethylindenylsilane and
1,3-dimethylindenylsilane.

20 When Z is cyclic, the ring may optionally be
comprised of heterocatoms, such as nitrogen or oxygen. Z
can be a 4-50 member non-hydrogen atom group, preferably
a 4-10 membered fully substituted cyclic meoiety or a
sterically hindered moiety comprised of a gingle or fused

25 ring system. Examples of any of the above compounds
bonded through an alkylene group {(usually 2 to 8,
preferably 2 to 3, carbon atoms) are suitable as the Z
moiety. Examples of such compounds include bis(4,5,6,7-
tetrahydro-1-indenyl)ethane, 1,3-propanedinylbisindene,

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



conpri sed of heteroatons, such as nitrogen or oxygen. Z can be a 4-50
menber non- hydrogen atom group, preferably a 4-10 nenbered fully
substituted cyclic noiety or a sterically hindered noiety conprised of a
single or fused 25 ring system Exanples 8¢ any of the above conpounds
bonded t hrough an al kyl ene group (usually 2 to B, preferably 2 to 3, carbon

atons) are su'Egg&qe@@hﬁ@qlzidagdgng Beym®a af- such conpounds include
bis(4,5,6,7- tetrahydro-I|-indenyl) ethane, 1,3-propanedinyl bi si ndene, 30

1, 3- pr opanedi aypdeingt4 &8 opendtaddlsydr.o)d irdemy L e hy Ymropld enebi s(1- i ndene)
i sopropyl (1- i ndenyl ycl qpent adi ene, di phenyl net hyl.ene(9- f] uorenyl)
cyclopentadieﬁéPOF§6é4§ﬁW€;ﬂBQﬂ§ %ﬁﬂQﬂnﬂﬁqgeeﬁgicQQIOPe tadlenyl’fc

f I uor enei sopr |.bi | qli; 1 X¥{:W e of any of the
aforenentionegﬁégg%%%ﬁ'§&na§&qbé uségﬁé%%Qﬁgégnthesis of the catalyst. The

Z noi eki es may beaumswstret vifedngy elfopent adicerylentdemelntdsnpdhais pief erred
as the Z noieties are alkyl substituted cyclopentadi enyl conpounds, and in
particul ar 10behusef ¢ ey |sysupthstsitsutadd tdyrc Iogyentysdi-enyl conpounds  such

as the nono, di, % i, tetra, .or penta nethyl, ethyl, ropyl, .isopropyl, or
t - butyl cyclopent_hFeﬁyWO&EFﬁgﬁng?y'?5?ﬁp%QQﬁﬁﬁ%ﬁgﬁﬂﬂ4%é;ﬁéﬁﬂﬁﬁé%?n§?
rethyl oyl opeabadiendls. ek S epentadiZiieties are alkyl
di et hyl cycl opentadi enyl, t 15 butyl cycl opent adi enyl, and
pent armet hyl cyehibpentadieen vy 1 oprch et dnydr eonpanchds],- Ghdl ky | paattishil at ed
i ndenyl and fluorenyl conpounds, such as tetranethylindenyl,
t et r alifdr of | ushenl - Can@lédtla st tischyAY C lonem taddmiles simraguds 7
noi ety structures are ) .
i such as the mono, di, tri, tetra, or penta methyl, ethyl,
propyl, isopropyl, or t-butyl cyclopentadienyl compounds
(e.g. dimethylcyclopentadienyl, methylcyclopentadienyl,
tetramethylcyclopentadienyl, diethylecyclopentadienyl, t-
15 butylcyclopentadienyl, and pentamethylcyclopentadienyl)
and the hydroxy and C,-C, alkyl substituted indenyl and
fluorenyl compounds, such as tetramethylindenyl,
tetrahydrofluorenyl, and octahydrofluorenyl.

Some examples of cyclic Z moiety structures are

20 represented below:



.20 represented below. 23 - 0O R+1 +2 or or O_Ror. (DR or UP R wherein Z
is fully substituted with R groups or sufficient nunbers of R groups to
sterically hinder the aromatic C H bonds.,,The nunmber of R groups may range
“froml to 8 5 The catalyst used in the process of the invention is also
conprised of one or nore c) ligands. The catalyst contains at |least 1 c)

| i gand, and prefergbly contaifs, 2 or nore,¢) ligands. Thesc) ligand is
derived froma s e of |
el ectron pair to ransi
The c¢) ligand is el f
transition netal and which of el ectrons
or a 15 bonding pair of electrons. By "donating" a pai el ectrons is
meant that the |igand does not transfer electrons to the netal, and upon
di ssociation, the electrons leave with the ligand. It is not necessary
that the bond |inkage_occur between;ja coordinating atom 20 and the net al
centre. The bofd |inkage may occuyr between the netal centre and a it bond

or a it coordinated rji ng, @

wherein Z is fully substituted with R groups or

% thermal ly.
ensity to the

sufficient numbers of R groups to sterically hinder the
aromatic C-H bonds. The number of R groups may range
from 1 to 8.

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

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

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

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

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

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



each of whi.ch can donate electron density to stabilize the oxidation state
of the netal centre M or the bond |inkage may be a a bond between a |igand
atomand the transition netal centre. 5 The ¢) ligand should be one which
di ssociates from the catal yst upon applité® on of thermal energy. Since it
is desirable to both increase product yield and reaction rates, not all of

the |igands shaidch her afhidie cdypgonbiehe Beer tbghibiishel dcbosthBitiansition
metal 10 centre, and not all ligands should dissociate fromthe catalyst
slowly or only tdte tstistataien estapprobchagnethel derbrpol¥it Ponthenbendt ure of

t he catal yst. Accordingl at_| east e of the ligands should theymally
di ssoci ate frd‘rﬁ”{q?‘f’égecg?%f S ab?lﬁ(g:&ﬁ%tf‘f?/e%i%si)%?%?anatof"saﬁéaﬁ{‘ew t hat
the ligand is ¢gpaghla Qs dissoci athpg-fromthe netal centre using thernal
energy at tenperatures below the tenperature at which the b) noiety

di ssoci at es fromt Ihe et dl igeend rehowid dbe vang dvlieshil 8issctbetdegfadat i on of
the catalyst. In a preferred enbodi nent, thesg%: | i gand_20 di ssoci ates from
the nmetal cent ré&)CaialieipetRAnrarPl et oip Hreirapdyengogy - EvEdBrge of

thermal di ssociat.ion,|is. conduct t.he. reaction in.a dark.rogm and in the
absence of any lcto-ltsatdrﬁsylslgaa%lre &%gk?o&? ng7 edr ent spﬁ%%ﬁlag tﬁée?un%{’lgonal i zi ng

reagent, the 25 Lat@alystraddle, Gvst | £1 hysl ogd bplgyadid 8nsQh¥eBt. of ThReC)
| igand preferably conprises aliphatic unsaturated or n arene conpounds,

said it arene comEowidsch lzackimigght Larkenkd G:dH Hondsrafibet £pnl mgaad can be
broadly represented by the 30 follow ng_structural fornulae:
10 centre, and not all ligands should dissociate from the
; catalyst slowly or only at temperatures approaching the
decomposition temperature of the catalyst. Accordingly,
at least one of the ligands should thermally dissociate
from the catalyst. By “thermally dissociating” is meant
15 that the ligand is capable of dissociating from the metal
centre using thermal energy at temperatures below the
temperature at which the b) moiety dissociates from the
metal centre, which would result in the degradation of
the catalyst. 1In a preferred embodiment, the ¢} ligand
20 dissociates from the metal centre a) at temperatures
below 250°C and above 70°C. Evidence of thermal
dissociation is to conduct the reaction in a dark room
and in the absence of any co-catalyst or other
ingredients beside the functionalizing reagent, the
25 catalyst, the cyclic hydrocarbon, and a solvent.
The c¢) ligand preferably comprises aliphatic

unsaturated or n arene compounds, said 7T arene compounds

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

30 following structural formulae:



25 - X2V R XYRX Y wherein X and Y each i ndependently represent one
or nore of H C B, S, N S, Sn, P, and As and conbi nations 5 thereof, to
whi ch saturated or unsaturated, branched o unbranched al kyl, aromati c,
~alicyclic, or alkaryl groups may be bondeé5 ‘and wherein X and Y nay be
bridged to form a cyclic arene conpound which may contain branches,
substituents, or fused aromatic rlngs R represents 10 hydrogen or one or

nore opti onal bransﬁes or substitu Rnand n represents an integer ranging
fromO to 8. The jdnhsaturation bg ¥ andRyXmay be olefinic, acetylenic
or aromati c. Fbmej X and Y may al so be bound by a single covalent bond
when X or Y is hy gen 15 An exanple of a fused X-Y structure is

represented by a menbered aromatic ring as shown in the structure bel ow
R OM. 20 Preferred c) Iigands satisfying the above criteria are derived

froma source of o, BR3, x- BR43 S@élclﬁ&mdlé Sy g&gdralpketg hLiC ogampeupds. it

allyl, and it arene conpoun Mor e pr ferre gan S conpriSe a source
26  of HSi R3, gaAsaf{ucated 8l i phakiic senpeyndsd Rt ahbykoabdnitiocasene
conpounds. Most preferred are the unsaturated aliphatic conmpounds, it allyl
conpounds, andth&zepf, at@n@hl§6n§éﬁﬁaﬁte§n@re§p§étarﬁyeﬂhebmﬁgahadapgd
ali phatic 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
10 hydrogen or one or more optional branches or
substituents, and n represents an integer ranging from O
to 8. The uhsaturation between X and Y may be olefinic,
acetylenic or aromatic. However, X and Y may also be
bound by a single covalent bond when X or Y is hydrogen.
15 An example of a fused X-Y structure is represented by

a 6 membered arcmatic ring as shown in the structure

below:

20 Preferred c) ligands satisfying the above criteria
are derived from a source of :PR3, :NR'3, HSiRj3,
unsaturated aliphatic compounds, m allyl, and n arene

compounds. More preferred c) ligands comprise a source



5 conpounds. and the it arene conmpounds. Tertiary phosphines suitable as the
c) ligand include the nono and bi sphosphi nes. Monophosphi nes are
represented by the fornula: : PR3 10 wherein R is independently an aronatic
of up to 14 carbon atons, optionally subsisi tuted; or a Cl1-C40 al kyl or
alicyclic group, optionally containing atons other than carbon and hydrogen

in the form of £ | enfne AUBSLL Lyien] C%Q%gghgé%gﬁﬁé$é?glﬁ%l¥%eand

el ect r on- wi t hd¥awi stituents sucl pre i ddl e

hal ogens —chl %%e@pﬁcecﬂﬂﬁﬁm%%%]{/ |t r@o@@dpf%f%#gapﬁnféhyﬂle GHageLeg.gh aromtic

R groups inclu and napht i1le aromat groups are
optional ly Jl H5tghdtid Bebrmsyhdgy otpsl Wl hedabogeds atons end =l kybnearyl ,

al koxy, 20 carboxy, carbal koxy, acyl, trihal ogennethyl, cyano,

di al kyl ami no, cangphisig alayd <srealdbhoyl o yunsatipsat € hat 1Bpatiti ¢ exanpl es

of suitable phosphines are i S(1 1-dinethyYl ethyl) phenyl phosphine,
di met h phenylcﬁ:ﬁ"%ﬁ‘m ,arb%/cqb%e&ﬁﬁﬁrb%e?@?%%%%% ne, 25

di but yl phenyl phos%maﬁg‘qA%@%Im%@%s did pbenyl sRagPbLRCude

tri-n-butyl phosphine, tri’s hosphi ne,

tri s(4-chl or ophenyigmhaaphinespiidss{ dnesret dooypbienybh phes parae,
tris(3-nmethoxyphenyl ) phosphine, tris(2-nmethoxyphenyl)phosphine, tris(4 30
but yl phenyl ) phssptasratad iz £he | §f9gebhenyl ) phosphi ne, 27 -
tris(4-f|uorophenx%%yhosphine and 2- car boxyphenyl di phenyl phosphi ne,
tri-p-tolyl phosphime] tri-p- nmethoxyphenyl phosphi ne,
O-dlphﬁpylpho%ﬂﬂhﬂ&ﬁ?%%%ézfﬁéé&endently an aromatic of up to 14 carbon

i
i

atoms, optionally substituted; or a Cy3-Cyqg alkyl or { )

alicyclic group, optionally containing atoms other than
carbon and hydrogen in the form of monovalent
--substituents which are preferably electron-withdrawing

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

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

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

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

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



-and in particul ar triphenyl phosphine, tributyl phosphine, 5

1.ri met hyl phosphi ne, triethyl phosphine, tripropyl phosphine, and any Cl-C6
al kyl combi nation as an BY group, 1,2-bis,Gdiphenyl phosphino) ethane, 1,2-
‘bi s(di phenyl phosphi no) ethene, 1,3-bis (di phenyl phosphi no) propane,

1, 3- bi s(di et hyl phos hlno) 10 propane, bi s dlphenylphosphlno) but ane,
1, 3-bi s(di - i séFFdp ﬁrc}ﬂ%ﬁﬁp%ﬁeﬁ bt sSRRprphenyl

met hoxyphenyl p {1 éﬁ§ bl the c) ligand
are represent relﬁigm&éﬂ?{ rrur}ge -11;% Iﬁlg %Fﬂ Ei r&i‘% h%%ia e sane meaning
as R above wit mert&ﬁ:ﬁ@t};ihedﬂpk&%phm waiid@érkyelmmmmm@wirb agcide

di am nes, triamne, and pentam nes. | es of electron donating c) am ne
| i gands 20 i nangddrt maritttllw-ﬂeﬁﬁ rréflnhﬁtféf FRInale ¢ ricibuty hpydsphans,

tr||sopropylan1ne trlgr nlne tri obut am ne,

et byl anitERE RO %ﬁ? 'TVN%
'It\lr |N_s((jith me?%i/?gl W&%ﬂﬁ qu%@ m'm ne{ﬂrm Eﬁg]ol i ne,
triethylene 25 &H' t ;Tnnrp ollne 4)é% %@gﬁho I ne, Jﬂgt yl

et hanol - am ne, Qﬁg{ olyi ne.pk-4Te heds Mg gidy!pi-perazi ne,
3- nethoxypropfldlnet ﬂgﬂlne N, N, N-&?ﬁé-né$%y|ﬁ§%§f§gy| proﬁylenedlanlne

3-di et hyl am no bprsdmdlpmmlpeidaﬁmmcﬂe ehhm’ldqyl]b,en—zryalmm ne, 28 -

di met hyl cycl ohexyl am ne, 2-nethylim dazole, 2-ethyl-4- methyl imdazole,
2,4, 6-tri s(di netdipherrahaspiiishedgiopane, 1,3-bis (diethylphosphino)
10 propane, 1,4-bis {diphenylphosphino} butane, 1,3-big{di-

isopropylphosphino) propane and 1,3-bis (di-p-
methoxyphenylphosphino) propane.
Tertiary amines suitable as the c¢) ligand are
represented by the formula:
15 _ *NR'3
wherein R' has the same meaning as R above with respect

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

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

30 diethylamine,dimethylbenzylamine,



1, 4-di azabi-eycl o( 2, 2, 2) -oct ane, 1, 5-di azabicycl o(5, 4,0)- undecane,

di net hyl dodecyl am ne, pyridine, 4-(1 5 butyl pentyl)pyridine, quinoline,

i soqui noline, lipdine, quinaldine, nonylpgridine, 2,6-1utidine, 2,4,6-
col l'i di ne, 2-undecylimidazole, 2-heptadetyt? m dazole, 2- phenyli nidazol e,
2-ethyl -4-met hyl i m dazol e, 1-benzyl-2- nethylim dazol e,

1- propyl - 2- mret dyhévhgazgbephéxiQanyarceRhyketRyietiyeiznldgzad-eathyl-4 -
1-cyanoethy|-2-ethy|-4-_nethXIinidazole,,1-cyanoethy112-undecylinidazole, 1-
cyanoet hyl - 2- pReRYY L niBaZBFeLle1- guinsritrdet Aymerhyheminiang tduzgirhenol ,

N, N-di met hyl anj 1 jn LhetBybt gh ui.di N, Nedi - R:.ani & di

p- hal ogeno 15 ktkkg%ﬁg%ﬁgfggg?ﬁ?hgfgi-hgg?ﬁ§ragfﬁi%?%%%%ﬁéﬁ%ﬂ%¢$§%?ﬁ_

butyl am ne, pynhdéBgnefuinakitnglabdaehuiaenhekiradine,risget hanol am ne, and

N, N, N, N -tetranet hyl but anedi am ne. The source of unsaturated aliphatic
conpounfls as tlvetytpehtgahgymiadineonguiinoCiand BEsogitimodgmehetldnotitrans may
20 al so be present La,the Co gundh Qrovided ﬁhat not mpre than 1 heteroatom
for every 6 cafhvh™: bﬂﬁ'aP8g§ B¥ZhHineAny Bt At EScofpdurdd cont ai ni ng
unsaturation i€, 461 ss06i : ansi_t.i : I
tenperature | \c,)\@\/\%gf%ﬁg}r}éf hg ?g%g&g?ﬁ}ggg?&\%ﬁi %hhteg)galrgﬁ)%@%ﬁrr@{ggtz%l(aéz gzr oup)
di ssoci ates, ighénglikhabheotenpouadhi,0r4-tsehgsiaikbdagane, Theealdyahatd c
unsat urated conpound may have from2 to 32 carbon atons, preferably from 2
to 8 carbon atoeshyliviéapeéter abbyobyone2meshglémibgmodteons.- The al i phatic

30 unsaturated conpound y be alicyglic.or in a linear _or 29 ranched
non-ri n struc?ﬂ?%.eﬁgﬁﬁ?géweﬁgV;3mgg8FPﬁ§' 1-cyanoet Yl‘z'Eth;1'4'

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

30 unsaturated compound may be alicyclic or in a linear or



-straikght or 'branched chain conpounds are preferred; with nono-olefins being
nore preferred. A c) ligand conprising a |inear or branched aliphatic

ol efinic group 5 having from2 to 8 carboma@tons is preferred. Suitable
‘unsat urated aliphatic conpounds as the c¢c) I|igand include nono-olefins such
as the linear g|6flﬁ made bx thg crEcklng ﬁf ﬁgraffln wax, nmer ci al
olefin product’ ﬁéaEPﬁfga By SeFRYFBAS - ol 1'gBRer PraPPdy” aﬁ&e 3"%ar ket ed in
the United Stags§a9§h§heklbgaﬁ&healcﬁeﬁﬁaewmpanﬁag hbe bragendply NEOPENE,
linear internal olefins made by the chiorination-dehydrochlorination of

paraffins, by mpababﬁeﬁ1dshydungemareopreﬁadrbﬂ i sanmet i 2ageod of al pha-
ol efins, detergent-range internal or pha, hranched or 15 unbranched,
mono- ol ef i ns cEATRFAFAGI RorBBBEt OB PSaESBG@ aé2P53F56n°&?§ﬁ§l§uSﬁoé@ t hose

in the: garbonegﬁgggﬁef%nge E glgi£§ ﬁiéto% 1, g%%e gla to C13, and C15

to C18, - and propylene ene pentene 2- pent ene,

| sopent ene, hexeneShatgbméxﬁﬁgatﬁraeéénﬁl1ﬂh89189&BMbBQﬂH§ngslthe )
2- met hyl pent ene-1, 4-nethyl butene-1, 1- heptene, 2-heptene, 3-heptene,

1- octene, 2- oclegendZAnnéudylmgpoeﬂéEiln&-euEéneS 8h4- anneahyblafhexene 1-

decene, and 1-dodecene,_ and so, forth E to 22 carbon atons di enes and
trienes incl udPRgebBY afiPEnEraek3ng50fcRELaEERB, WE4- fORPGHFERS, Oletin

1, 3- hexadi ene, gogugg§ agLeleac t&réahs§agtﬁg$enéeca 8&8@§§an§ -

1, 4- cyclohexad?e ecadr ene tra ene
hEDtadnene 2- fethyted, Inochadugneed2s¥aderebhybhal 6- chehadheneompany

2, 3-di net hyl but adi ene, ethylidene norbornene, 30 dicycl opentadiene,

i soprene, 1,3, 7nderatbei enademagkgNBQDENE, linear internal olefins made

| by the chlorination-dehydrochlorination of paraffins, by
paraffin dehydrogenation, and by isomerization of alpha-
olefins, detergent-range internal or alpha, branched or

15 urnibranched, mono-olefins containing from about 8 to about
22 carbon atoms such as those in the carbon number range
of Ci10 to Cl2, Cll to Ci5, Cl2 to C13, and C15 to Cl8,
and ethylene, propylene, l1l-butene, 2-butene, l-pentene,
Z-pentene, isopentene, hexene-1, Z-hexene, 3-hexene, 4-

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

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

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



decartriene, 4-vinylcycl ohexene, vinylcyclohexane; divinylbenzene, and
cyclic olefins including cyclopentene, cycl obutene, cycl ohexene, 3-

nmet hyl cycl ohexene, cycl ooct ene, cyclodeceng 5 cyclododecene

715-cycl ohexadi enyl, r)6-cycl oheptatriene, Pj 8 -cycl ooctatetracene
tetracycl odecene, octacyclodecene nor bor nene, 5-nethyl - 2-nor bor nene,

5- et hyl - 2- norbdﬁnénérleﬁﬁhsébwwﬂYkFkaﬁﬁﬁwﬁﬁe YiﬂykﬂYﬁ&¢h¢xapmorbornene

5,5, 6-trimethyl - 2- no or nene; acet | eni.c 10 such as
acetyl ene, netﬂﬁVéBX F@ﬁ&nedl ﬁ?@ﬁé f%?é%ﬁg;ﬁﬁ1 YY1 ene,

13-pentenyl, ap CQBPQQEQQQIEQ%TiHy%téHé[ﬂyydfbﬂgﬁgﬁgﬂmbpreferably conpri ses

et hyl ene. Sourc the it al'lyl compound may contain from3 to 64 carbon
atons. The el egktthpleyetnhiegenat,i aycfoddrerdd, dhaoladdedernss, not particul arly
limted, but will generally take on the if state. Any it allyl which

di ssoci ates fr smflpﬁ@dﬁﬁaﬁ!@ut NG FYstahegaaianyss mﬁﬁw&%w@qm@et han
the tenperatur

h h (Z bl
conpound f or uge “§¥© B%F&%n%tr)fﬁ:?pem rca%fqﬁ% er%ﬁssom a%‘?f/?l%%‘?% %%;jga ©

include allyl naghykakfe,2spreReA 11 AQno@drHeaE nes - Ayl by o desr@dhy |
hexanoate, allyl cyanide, allyl carbonate, 1- aIIy -4- hydr oxybenzene,

al 1 yl - al pha-i ohenepbaki}l-2i-socyenateme , aIQHdmmHnﬁykx%ﬁnummprm&qu t hi ol
allyl methacrylate, 4 25 aIIﬁI-Z met hoxyphenol ,
4-al 1yl -1, 2- neBh§l BnEdLBRyHY z@néwrboﬂnrsﬂnepe|aawgmtéfleawy|C%rmww and

al lyl t |ourea T [ 4 bon

at ons, grefera ?hf$§n1§gtga%f car boﬁ%ﬁcnn?yﬁﬁﬁg 4 n|c %on i‘gur ati on
of the it allyalaeéhwscat%%% 33 %@m@fmlsﬁr{&)tnd&%fr%?éﬂa lippd ed,
and may take on th §

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

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



313, t4 .t5 71 6 71 and H3 states, and may al so-have any isoneric
structure within each it configuration, including the W U and S
configurations. Any it arene conpound, whgther substituted, fused, or
bridged, which dissociates 5 fromthe transition netal centre at a
tenperature IO\;]\%r than5theéerrp rature at which the b) noiety (Z group)
di ssoci ates, anmtf whioh M2acky® arvhatard A perers orprhatavibsy Mivecy

bonded to the transition netal, or ..contains stericall hi ndered G- H. bonds
on the moi ety IOHTAS 15 BT (5 TRE (PRI T | SR PRt 1 e U LM
conpound for usgeag,ay, gad o Relef eneeacathde m%d 4 Grddie dodmhly,
substituents descri bed above to determ ne suitable substituents to
sterically hindéretthee prdsandeated, afwsed) co€-bi bhadapets, orhidie @)sdo@backs 15
Suitable it arenes as the c) |igand inc]Jude divinylbenzene, p-xylene,

1, 3, 5- t ri net hy ez e fERs iAandietal ContTe it | LRkt une 3lawer
triisopyl benze 1,2, 3,.4-te Y. ene, ,o-.tetr t hyl benzene,
1,2,4,5-tetrane aﬂ géﬁzé%g&iéﬁaﬁfe%{,éggﬂéleﬁa%%? ﬁ?/)lsbrg%ﬁee e, ?fegré/ugp)

hexanet hyl benzengsddib@eane andliienzost e pi fenat £ | HORHSHEs on the
phenot hi arsi ne, sel enant hrene, phenoxaphosphi ne, phenarsazi ne,

phenat el | ur azi meidty? d3 veotd Wdjorgled gierierst s deim) femrlenesr and
[ gand’ may Bl SIS & RIS R § ThHIOTS dikyiies | LY Such
silanes;gan be 4;reprasenfedly dhedold oag A Mild: Ris - Dsuitable
compound for use as a ligand. Reference can be had to
the Z moiety substituents described above to determine
suitable substituents to sterically hinder the presence
of aromatic C-H bonds on the ¢} ligand.
15 Suitable m arenes as the ¢} ligand include
divinylbenzene, p-xylene, 1,3,5-trimethylbenzene
(mesitylene), 1,2,4-trimethylbenzene, 1,3,5-
triisopylbenzene, 1,2,3,4-tetramethylbenzene, 1,2,3,5-
tetramethylbenzene, 1,2,4,5-tetramethylbenzene {durene),
20 pentamethylbenzene, hexamethylbenzene, fluorene,
dibenzostannepine, tellurophene, phenothiarsine,
‘ | selenanthrene, phenoxaphosphine, phenarsazine,
phenatellurazine, 1,2,3,4,4a,9a)-9-
(phenylmethylidene) fluorene, and (1,2,3,4,4a,9a)-9-(3-
25 phenyl-2-propenylidene) fluorene.
The source of c¢) ligand may alsoc comprise compounds
derived from polyalkylsilanes. Such silanes can be
represented by the following formula:

R'',Si



32 wherein-R is hydrogen, or has the same nmeaning as R above wth respect
to suitabl e phosphi ne conpounds as the ¢) ligand, and n is an integer
rangi ng from 3-4, provided that the silane contains no nore than two
hydrogen atons 5 bonded to the silicon at®m~ Most preferred exanples of the
c) ligand are represented by the follow ng structural fornulae: CHR'' 11
R, CHR'' n @nhebeiai R'eadk Rydrogetependant| yheepresentemrhiydr egemr or a 10
saturated or unsaturated, branched or unbranched al kyl, aromatic,

alicyclic, or aPREPyWi§RoUESREFINGOf FYALRPLE PHOSPALEGH CAHAHISS @ife tdre nore
fused ring structures, .nor referabl.y, hydro r..a urat.ed, brangched or
unbr anched alkﬁf gﬁgﬁBdha3§ﬁng§§nF E§t§§8§r%§ﬁ9§F ne, %ﬁ%ﬁ qﬁ%ﬁ¥$ﬁﬁly
from1l to 4 carhgp ahankiland Bont@RNHRSEB! fothe cAdD ek PhyRYod@PURSANd is
an integer ranging from2 to 6. The electronic configuration of the
aromati 6 radi cabndayl be kthet belitdn erbm.or r16 states. Exanples of these
nost preferred c) |igands include 20 Tthylene propyl ene,_ 1-butene,

2- but ene, 2-nethyIMOEFoE€ﬁ§?FFEQOF§§WB,eE-@fh§hBeﬁie§éEa&q €85 opy| benzene,
p- propyl benzen -1- | hen ee - 1ad-di-t- e .
1,3,5-trinethy?%@%%%ﬁgg%éeggtéﬁgngfiléwgbg-S??P%%B%yabgﬁggﬁiae'
1,3,5-triisopyl benzene, 1,2,3,4 25 tetranethyl benzene,
1,2,3,5-tetranet hyl benzene, 1,2,4,5- tetranmethylbenzene (durene),

pent amet hyl benzene, ﬁHR '
CHR™ R'n
wherein each R''' independently represents hydrogen or a
10 saturated or unsaturated, branched or unbranched alkyl,

aromatic, alicyclic, or alkaryl group having from 1 to 15
carbon atoms or one or more fused ring structures, more
preferably hydrogen or a saturated, branched or
unbranched alkyl group having from 1 to 8 carbon atoms,

15 most-preferably from 1 to 4 carbon atoms; and n
represents the number of R''' groups and is an integer

ranging from 2 to 6. The electronic configuration of the

aromatic radical may be in the 7%, 13, or nb states.
Examples of these most preferred c) ligands include

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

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

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



-hexanet hyl bénzene, and di-t-butyl benzene. Anong these, 33 ethylene and
al kyl substituted C6 conpounds, such an tri-, tetra-, penta-, and hexa-
Cl-C4 al kyl substituted C6 are particulariy suitable. The c) ligand is
‘preferably an r14 hexanet hyl benzene. 5 Wiile nention has been nade of

Goed i n adi 1PORYTBENEnE) SHEGand LU EXRRGFE0 b SOECOMBAGY - SFUaRs whi ch

may be bonded to the ansitj metal _.centre ude ro
phosphi te, al kbk ﬁFéEa 1opgﬂtﬁok| ad Eﬁ%%ph? oty 9 SPRat &gzked

car bonat es sucg6 %F%c?rons 1§Hkggggggéﬁigch @ﬁaggisg§?ﬁngngF5|lyl gr oups.

The total sum ona e€’ligan ence el ectrons
possessed by the transition taI i S governed by the "eighteen el ectron
rule” in nost RBeE§§é§1YTﬁPs“ruP%X§W§F ¥1Pﬁ5FePﬁe nost stabl e organo-

metal | i conpoundsgéf?%e&gnggoghggg QRP%QQE'5EV€?%PE%%Q§nEyn%9fakg§|||ed

el ectrons donat ed I'gands and t net a

in the -art, hgwevetnekn@wnidaaind hetdwar o exeepticons 1iyddd smapl Beandetihat
20 or gano- netalllc conpl ex conpounds having a sumof 16, 17, 19, and 20
el ectrons are ahS@dd‘mMPn Ther &her e¢) odgairad . met Elxam@léat a:b@/stasiddes@naﬂ\ed

herein in whic the xed net§ N%haéeda t ot sunlof 16, 17, 18, .19,
or 20 el ect rohsIfRD ?h ? nd&¥shefl gRB°S rég?d € n&trPE Ian | PEehar ge

of 1, 2 or 3 agg,ipgluded éthdLBS?nSCQR? OﬁhEQ?hﬁ?Egse’Hm&Y nt (%\Qx@do-rhe

catalyst may bé synfhesized by any of fhe kn Iterature The
hal i de 1of the se{abxZdepi phygsphAbdo, arsenic radical, carbonates such as

! CF3C05~, sulfonates such as CF3S037, and silyl groups.

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

15 cases. This rule states that the most stable organo-
metallic compounds tend to be those compounds in which

the sum of the electrons donated by the ligands and the

metal ig eighteen. Thoge gkilled in the art, however

- L= 422 JOT Ofiae mw L T i weaaln Ao o r

know that there are exceptions to this rule and that

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

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

The catalyst may be synthesized by any of the known

literature methods. The halide of the metal-Z moiety can

be synthesized by the methods described in C. White,



be synthesi.zed by the nmethods described in C. Wiite, 34 A Yates,
P.MMitlis, Inorg. Synth. 1992, V29, 228-234. The catalyst may be

manuf actured by conbining in any sequence, but preferably by conbining c)
with the reaction product of a) and b). 5%“omercially available Z noiety
conpl exed netals, such as cyclopentadienyl netals, are generally conpl exed
with a |igand oitthered hah.lanMaiel ia, olnargmastiothi gand2, Avaweypizeal- 2Bisagand i n

comercially avail abl e cycl opent adi enyl. nmetal conpounds is -CO Any known
met hod for 10 Stbsti%tyHy Bre PEgRATLFBFtYREENEY RRPLBE1HSed™ 0Ypr epar e

t he catal yst. g%ﬁy§gggpgg&gcéggggyégi%c?%iggmg-n-h ecgaagk%§khincluding t he

| i gands can be or ne Ing t e met hods-désécribed in T.M G | bert,
R G Bergman,rd41f fon JyRbduct 1890a) Vadd, b19-22; K Mseley, 15 J. W Kang,
P.M Mitlis, J. Chem Soc. A, 1970, 2875-83; WJ.Bower, J.WMerkert,

W E. Gei fler, O gandigesid¢ially 1889118b8e 29m0ieBy aauplewaidt eetR1M, Maitlis,

J. Chem Soc. A 1971, 3322-3326. Ig genergl, a gnlar rati o OB Z-net al, hal j de
salt noieties §Y kﬁ?c)CY?ﬁ%ﬁﬁn BELoH¥OUREt 248 dBE&r AEREG 2y Yt RETBEESEY
nunber of lig o qpﬂggg§ d t LtLan . a i.xed
together in tﬁ@gg}égenc 0 gﬁﬂggtF%ﬁglggo%%gg§haﬁg ggﬁhgk&ﬁdgﬁg%géf aﬁ‘-?BC
to 100C for a dypicsufligaedt ihocohmblyiextiangeil hplbakiyde cbegaads ewith t he

c) ligands, 25 after which the product is cooled and the acid renoved by
distillation umlerl erpennddel $esePt i ningoknawrapepbodwdslied with wat er and

filtergd. An aguequs source of foveakly cogrdinating anign sueh as NH4PF6
prepare the catalyst. The synthesis and purification of
the catalyst including the ligands can be performed
according to the methods described in T.M.Gilbert, R.G.
Bexrgman, Inorg. Synth., 1990, V.27, 19-22; K.Moseley,

15 J.W. Kang, P.M. Maitlis, J. Chem.Soc. A, 1970, 2875-83;
W.J.Bowyer, J.W.Merkert, W.E.Geiger, Organometallics,
1989, V.8, 191-198; and C.White, P.M. Maitlis,
J.Chem.Soc.A 1971, 3322-3326. In general, a molar ratio
cf Z-metal halide salt moieties to the c¢) ligand

20 compound, as determined by the desired number of ligand
compounds bonded to the transition metal, are mixed
together in the presence of an optional scolvent and acid
under heat at -78°C to 100°C for a time sufficient to
fully exchange the halide ligands with the c¢) ligands,

25 after which the product is cooled and the acid removed by
distillation under wvacuum. The resulting solid may be

washed with water and filtered. 2An aqueous source of a

weakly coordinating anion such as NH4PFg is mixed with

the filtrate to precipitate the desired product, which

30 may then be washed with more water and dried.



the filtrate to precipitate the desired product, which 30 may then be washed
with nore water and dried. 35 Exanples of acids useful as agents to
ionically bond the halide to the conpl exigncl ude CF3COOH, RCOOH, CF3- SQO3H,
"and ot her weakly coordinating acids. Exanples of other anionic sources

useful to precipitate thhe catalyst 5 ingclude NHABE6, NHAASFG and
NBa4PF6. The proc?g%énlﬁl%%eoa%r%%éﬁ ‘f%?/%h#iao% as%ﬁ%tc%i%lﬁlon*?ﬁm%q?zes a
cyclic hydrocaihoman #de ao femetéamesd éxi Ne-Tepgard cobre Reaeid opad L zi ng
reagent conprises any group having an el ectropositive atom 10 capabl e of
bondi ng to t heMBt ahndepthe rMwaadlyakiorgdanasingngckds .bokanpdes B s t he
el ectropositive elenent.  The overall rg;i:ti on i s between the reagent

containing tIREEREPHIOS (FIFF 2RI U EARFIHP R Bty cagehysc H
converting to YRS tiﬁ-an@”d Wy AL Pon (ﬁ{ egtd q@gi%ﬁ ve bond C-E, where X
thet” dl'e eta it

can be Jnydr ogen,  ano ct r‘bposﬁ'ti v om  or othet sacrificial

portion of the nolegul Iggeﬁ itd : ,pe_[Pgﬂ-tE SEB%! osen such
that the absol utei\?la e of 1 ?%@ﬁ{@&?{éééé%eé%l an ' ondr’dtefn)‘gergles satisfy
the foll ow ng f2hRGuatid biteds-d dydt i Sh@focarbdh Riefterabl y, the
functionalizing reagent. conprises a source of boron. The source of boron
conpounds i nclivget inneriGindoreorsentky| , Tivoriomariona by gardbosagemydr i de, or

25 organoboron hal.i.de coarﬁjounds ti}gt are kno% a‘{ld/or may be %‘rlepared in a
known nanner . Vs BtY bOTOIP cShpothdd St tHE IS et okt 9F preparati on

are deﬁ?ribEdéébable of bonding to the metal centre M and making a
strong E-C bond where E is the electropositive element.
The overall reaction is between the.reagent containing
the electropositive element X-E and the carbon-hydrogen
C-H converting to an X-H bond and a carbon-

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

20 © eguation:

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

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

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



"Mechani sm.of the Conpl exation of Boron Acids with Catechol and Substituted
Cat echol s" by Pizer, R and 30 Babcock, L., Inorganic Chem stry, vol. 16,

No. 7 pp. 36 1677-1681 (1977); R K Boeckman et al. " Catechol boron
halides: . . . " Tetrahedron Letter, 1985, 86, pp. 1411- 1414; S.Pereira,

M Srebni k, Tetrahedron Lett. 1996, V37, 3283-3286; C.E. Tucker, J.Davidson,
P. Knochel , 5 J.1@7F.-Qledm |, (11002, ; \R 57 . BBckrRxrA eBoal e, " CC&ebhisiraveon

J. Chem Soc. 1963, 3945-3949; and Her erci%:rc. Brown, "Organic Synthesis via
Bor anes", JohnPtrEEss Sons, - 1971‘158.1:11%3'& nrﬁﬁ%‘%’ént%@?%eszéf BBi t bl é-

sources of bor co %q% e 2 rroﬁ@gp&[ L bo o ounds
10 or Lew s bageqlgddlrjgéts ) Igal['bo}?'génﬁ/e@@la'np es oi rm?]lggg?g%és-ilgggl uggHSOdi um
bor ohydri de, pabassiwns bar.ghydridiesr/ it hamdasohyelrkaechsndi um

trimet hyl borohydri de, potassiumtripropoxy-borohydride,
t et r ametthyl ammdniCngbéiretiy-dr iIRE 2 + 'V Fhenyd 495t arfe. A sRpwihe 150.C. Musgrave,

tetraphenyl borate, lithium.tetraphenylborate, q%IFm hydri do
tris(l-pyrazol Pborst S5ot &fsqt%mpqu%' 0 bi s‘s’(Il‘f Lié%'f)(gor%’f‘é‘,ml i thium
triethyl bor ohydropj'__%% ild IRHAddi s See R Lor ohydrd dg; 1 POt ASELHT 197
tri-sec-butyl boro ygllrli de, sodilusm cyanobor ohydri de,  zi 1nc@%or O%ygri de? 30
bi s(tri phenyl phosphiyie)-adopeerr«dentzariomadrd deuipottelssi svirces of boron

tetraphenyl borate, |ithium phenyltriethylborate, |ithium
phenyl t ri met hogpbpeares 3@ malie Prendsoran@, dikeerngm compounds

T}

Gener 41 1 bor ane GEH el ToB 6T h Ty IR on PAFELERIal . These

boEanes can beHe-siee a8hlude sodium borohydride, potassium
borohydride, lithium borohydride, sodium
trimethylborohydride, potassium tripropoxy-borohydride,
tetramethylammoniumborohydride, triphenylborane, sodium

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

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

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

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



-di cycl ohexyt'borane, dihexyl borane, diethyl borane, -ethylborane, boron al kyls
such as 9-bora-bicyclo- [3.3.1] nonane, diisopi nocanpheyl borane,

di cycl ohexyl 30 borane, 2, 3-dinethyl-2-buty] borane, 3,5-dinmethylborinane 37
‘and di i soanyl borane, diisopinocanpheyl borane, thexylcyclohexyl borane,

t hexyl I i nonyl borane, and _dj norbornyl boron. Further_suitable sources of
nmono- bor anes &% r@aEEPRRY L SPPFRARct 41 1FCRIDCARRGAPEkyBeR2BRes or

4, 6-di et hyl , - 4di i . i I tech
Doyl 4 6 o mehoTEar B RO L BePEe I\ L ROLERaOMAL! B6ranBD  XbA®E rmounds
in their hal ogenadeoshal BopbAYi de a synthetic route to making the

functionalizing reagent. 10 Boryl conpounds may be reacted in their hal o-
formwith the netBhrigrenrgahbaiet atdurcednpdundsooboranpserts. réacteranpl e

of a type of hal oboryl c¢ ound.is.the famly of hal ocatechol borane,
Vel abbe comBrerarYs, SRp AR eV RaT et s oF nat SaRhESeRY tor & gnd |

The hal oboryl i hi s; £am y : gpar Al an
R(OH) 2 conpoun%éh t 3€§3%§?% Xﬁ%%ﬁa %%F?ge.gggg%%?eéﬁg¥pgt?%gggpgg for

sources of hale@bdsytyl conpedivdstlaybcseprirsent eddbyri he-botldwbbgokanseul ae:
O/CACd- B OG- BOtOHS OOC - B\ Od 20 Bis(dioxaborolane) conpounds
may be conveni Bt |§oryl compounds in their halogenated state provide a
synthetic route to making the functionalizing reagent.
10 Boryl compounds may be reacted in their halo- form with
the metal or organo-metallic compounds or complexes. An
example of a type of haloboryl compound is the family of
haleocatecholborane, available commercially. Any halide
is suitable, including Cl, Br, and I. The haloboryl

5 HAcompounds in this family may be prepared by reacting an

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

Examples of structures for sources of haloboryl

compounds are represented by the following formulae:

. 5 /O - /C4H8
A cr—B
- \

N CiHg

( o
| CI—*—EK cl
0 T N
20 Bis(dioxaborolane} compounds may be conveniently

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

Preferred boron containing functionalizing reagents

25 are the branched or unbranched, substituted or



prepared by. reduction of hal odi am noboranes using sodium netal, and
subSequent reaction with diols in the presence of acid. Preferred boron
contai ning functionalizing reagents 25 are the branched or unbranched,
substituted or 38 unsubstituted pinacol- derivatives of nono- or di- boron.
O her exanpl es of diboryl adducts include tetrakis dinethylam nodi boron,

bi scat echol at i SHhsty t I 5;cat e di.bgron ferred
di boryl 5 con%g%k%gtggr?ttgzﬁ pal nol ejf y&grﬁ%éeé%l%%d&%t}%ﬁ% fcg#l gé\n nlgjoggﬁ'
structural foorter ex@mple@ oB-diborfd addudts anodhede epbodirest, a
preferred diboryl functionalizing reagent is represented by the structure:
R- O / - R dgmeghypamimoddiRron g hheeateckekit Ridikeiependendl y represents

a linear or branched, i.onal | al pgen bstitut | kyl .gr.0 avi ng
from1 to 24 Eggﬁ%ﬁﬁﬁfgﬁg%ﬁﬁf%ﬁ%&ékpé%hﬁp ﬂ%%ﬁ?ﬁinﬁ%ff%%%?% ?bggﬁygarbon
atoms, sa cycl QaljPhaHsC b t0UR GRM &N A fdomad o8 CRLDEY BLQRR, OF an
aryl group containing from5 to 16 atons, ‘and each of” the alkyl, a?yl,

al koxy, and cychoaltiypiadt iforgndups in the aforenmentioned di oxaborol ane
conpounds may be linear or branched; or substituted with hal ogens, such as
fluorine

In another embodiment, a preferred diboryl

functionalizing reagent is represented by the structure:

Rl—O O_—R]
N, 7
B———B\\

R!“"“—O/ O_R]

wherein each R, independently represents a linear or
branched, opticnally halogen substituted, alkyl group
having from 1 to 24 carbonh atoms, an alkoxy group
containing from 3 to 24 carbon atoms, a cycloaliphatic

15 group containing from 3 to 8 carbon atoms, or an aryl
group containing from 5 to 16 atoms, and each of the
alkyl, aryl, alkoxy, and cycleoaliphatic groups in the
aforementioned dioxaborolane compounds may be linear or
branched; or substituted with halogens, such as fluorine

20 or bromine, or alkyl groups having from 1 to 16 carbon
atomg, preferably from 1 to 4 carbon atoms, and

opticnally each R, group attached to the same boron atom



-20 of brom ne, or, alkyl groups having from1l to 16 carbon atons, preferably
froml to 4 carbon atons, and optionally each Rl group attached to the sane
boron atom 39 through oxygen atons may bey;dused or bridged through any of
‘the aforesaid alkyl, alkoxy, cycloaliphatic or aryl groups Exanpl es of
preferred bis( oxaborolane% cont ai ni ng i |nacolate

ds 1. de  bi
di boron and bi ¥Ou%ﬁt9¥¥%? cﬁBPQFeTangSr Hsggoggfgﬁéa ﬁ EP%%%Q r 88Yent

preferably conpfisgs frofbazay, atih i az1x8%9;, <pea Logne, or
di boron compound. %0 %e cycl |% hgdrogarbog |§§fuﬁ§??g%§P?§e§Q;thﬂ

secondary or agoompsc C-H site by sinply conbining the catalyst,
functionalizing reagent_and cyclic hydrocarbon under _functionalizing
reacti on conditi on&Xampl ?%l??aPéef?ﬁée@eQéﬁlghoﬁﬁbﬁFQ%ééﬁétFﬁ@tﬁhélpggand

from the 15 Caalslesl NEal PAALI DS TEXRCE LoCNBREEHoLO-ARY p Laper al ure

above the terrper ure at IS store t enper at ur e,

whi chever is I@§§Y1@@Qecpgigwé;hglbbgbﬁal deconposition tenperature of the
catal yst or functionalizing reagent. It is desirable 20 that the reagent

speci es enpl oyed dBhé¢ varest henat enpegarergenabpvef ehabsyt hempeagest awoul d
encounter during shippi or storage to ensure storage stability
Accordingly, sut¥%dle $%ggf?on ?Eﬁperﬁ?ﬁrggr?iﬁﬁﬁ'fEB%Fn?BE t8r2§6é°rﬁﬂre
preferably frogg%é?ﬁhap 200C. 25 Wiile the nolar ratio of ingredients is not
critical, it 1s desirable to use a stoichionmetric excess of

10 The cyclic hydrocarbon is functionalized at a

secondary or aromatic C-H site by simply combining the
catalyst, functiocnalizing reagent and cyclic hydrocarbon
under functionalizing reaction conditions. To initiate
the reaction by dissociating the ligand from the

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

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

23 While the molar ratio of ingredients is not critical,
it is desirable to use a stoichiometric excess of
functionalizing reagent over the metal catalyst (51:1),
and preferably a molar ratio of >»10:1, and more
preferably >100:1, and most preferably >200:1,

30 respectively. The amount of catalyst is also not



functionalizing reagent over the netal catalyst (>1:1), and preferably a
nolar ratio of >10:1, and nore preferably >100:1, and nost preferably
>200: 1, 30 respectively. The anount of catalyst is also not 40 particularly
limted. However, an anount of catalyst ~r@nhging from0.1 to 10 nol e%
preferably from0.1 to 5 nole% based on the conbined nol es of catalyst,
cyclic hydroganbomrarar fyincinoned i zi higweeagendn amblinopefatethdyst
functionalize the cyclic hydrocarbon at_the secondarX or aromatic CH bond
site. Other rd@AToHE ottt ohst@r &0 Belphr tPEREGFRYLY| EHPRed. 1THE Beacti on

time 1s not |ipied oIles dhathe! NEudiSatls ol LEBENAULD: DR AS SAYNY, as

possi ble to 10 teduce cycle tine and | ncrease roughpu acti t1 nes
may range fromyiidotsen tand 8f ittt Sond Nz 18§ CEEQGeniRYwh@1CabELRE Ol at
any desired pressure. Pressures wthin the range of 101 kPa (a) (O
p.s.i.g?) to MInKPeongh)zaoohp. ey¢lic hydrgoirhpheat 18hFheereadairon dret ween
the functionalizing rea t. an the cyclic hydrocarbon in the presence of
the catal yst %ﬁﬁﬂ%ﬁ%%éf%?éaﬂ% t5t+ any solvent for both the reagent and

cyclic hydrocar borye e fuoess, aloddi: pigsente hgvephion-aduantageousl y

enpl oys the cyclic hydrocarbon 20 as the solvent for the functiodnalizing
reagent w t houtiminesdl. t orles draaskeli 1dronaimsol yembt Theicadal gsheirs thphef er abl y
soluble in the cyclic hydrocarbon. Once the reaction is conglete, t he

)

functional i zed-h& %33t Infiriotes bWy PR aepafarkdaandcpsébacedof romt he
25 reag&ion mf%&ﬁé%t%§c-§téi$glég ’iggégggéogﬂ% Qéhpgé. Reaction
times may range from 0.5 hours to 48 hours. The reaction
may be carried out at any desired pressure. Pressures
within the range of 101 kPa (a) {0 p.s.i.g.) to 791 kPa
(a) 100 p.s.i.g. are suitable.

15 o The reaction between the functionalizing reagent and
the cyeclic hydrocarbon in the presence of the catalyst
may be carried out in any solvent for both the reagent
and cyclic hydrocarbon. The process of the present
invention advantagecusly employs the c¢yclic hydrocarbon

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

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

25 reaction mixture by distillation, chromatocgraphy, or
crystallization.

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

30 of the functiocnalizing reagent.



crystal li zation. The process of the present invention is capable of

converti ng 5% or nore, preferably 50% or nore, and nore preferably 80% or
nore, and nost preferably 95% or nore 30 of the functionalizing reagent. 41
The process is also catalytic. The process 43t "t he present invention enabl es
one to thermally activate the catalyst while achieving 50 or nore
turnovers. The nufiex mfomsalys;taltm eAver byt sc cal Thet aperkdrys difvicdieng 5 t he

nol es of product nade t he nol es catal yst added 1o the.process.
Preferably, th(Prc?ér’te&P‘S/sgn‘f‘iﬂ'ﬁsorbvee‘?ot?ﬂ)‘?% O’? AP TEETTRSLY el R el y 100

times or nore, rcrg}ﬁl vV efief bl ¥ 1200, {4 Jes rm(gllee %/Mf,kgg%.%rgel bound to a

theory, and fo ustration 10 purposes o eved at one
possi bl e mechanivsibef asf tdrec £ 14t i omahdvats ofs afaldel yed i1y Ftyﬁwmm_cpon
usi ng B2pin2 and a Cp*Rh(C2H2) 2 (Cp*=15 C5Me5) and benzene as illustrative
exanpl es’ of t hé&umaiemaai Arrpustedipir Dirailke yaeleamf ataky sy dardbed bon,

respectively, 15 roceeds accor to t t al t| cI es shown in
Figures 1 and % &= acco%‘rpan;‘/%’ G- T %gstai'le %%% O\ie%%%e

First Stage, B%l@ia@? B ﬂﬁwntmo@cbr&@w@lﬁ m\f@lr%&%kd n%@@eméiap' n as
reagent. Once the cyclic hydrocarbon is functionalized as a 20 boryl adduct

of the cyclic hydrfocmtbon 280 & Secomtarpoox. aromatic C-H site, the adduct
may be converted into any other hydrocarbyl cont ai ni nc%; functl onal roup

usi ng wel | known M%ﬁv@ﬁ’r%%o‘ﬁ%d_&sﬂes’: QRuch &0 on n
H C. BrRW“’ "HSHEE%EéE'éth,¥3§%sf%éiléégé“%hat one p0551ble mechanism

for the functionalization of the cyclic hydrocarbon,
using Bppin; and a Cp*Rh(C3Hs)p (Cp*=m° CcgMes) and
benzene as illustrative examples of the functionalizing
reagent, catalyst, and cyclic hydrocarbon, respectively,
15 proceeds according to the catalytic cycles shown in
Figures 1 and 2 of the accompanying drawings, in which:

Figure 1 shows First Stage, Bpping as reagent; and

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

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

25 "Comprehensive Organic Transformations; A Guide To
Functional Group Preparations," New York, New York, 1989;
and H.C. Brown, "Organic Synthesis via Boranes," New
York, New York, 1875. For example, phenols can be
manufactured by the oxidation of the phenyl-boryl adduct

30 using hydroxide and peroxide, or the adducts may be



25 " Conprehensive Organic Transformations; A Guide To Functional G oup
Preparations,"” New York, New York, 1989; and H C. Brown, "Organic Synthesis
via Boranes," New York, New York, 1975. For exanple, phenols can be

manuf actured by the oxidation of the phem2 -boryl adduct 30 using hydroxide
and peroxide, or the adducts may be 42 carbonylated to an al cohol by
reacting the &é/ﬁéxgylm&ﬁ019c§rQﬁ)naD@bMBlag?“&?éab@lhaetﬂée%%_iqgcOf car bon
nonoxi de, water an al kali netal hydroxi de such
Carboxyliczmﬁyﬁxmmﬂrmmnpb@pﬁleddﬁycoXﬂdathenpuésehee b@raaebbunctlonalized

cyclic hydrocarbon to an al cohol h g onv ntlonal oxi dation of the
al cohol to tHePNE} Aﬁ?%%rf%ﬂ@t?ﬂnﬁ §§|We ﬁidpﬁ 2PKOHE ERFbESpr epar ed
by reactiontﬁaéﬁ) edynctionalized cyclic 10 hydrocarbon with

0- hydr oxyl am'ne 'su onic acid and chloroam ne. The functionalized borane

cycl i cs hydrocar bansrb&oyves t£6ide «&h, be CGoEpaand bNHBx98arNSR beakiheg
conpounds may be further converted to cyclic hydrocarbons 15 contai ni ng
ester, am de bdranke, fureborarbland cy@lly@ahb@ﬁa@érbgul t@nanealeph@rl,,

polyether anéﬂ %%y et her_grou ﬁg se noted, al
mani pul ation %& %%f??%ﬁe%gfopgf ﬁxfaggfoﬁt ﬁ@r@ g?@%&? &€y
usi ng stand |f&‘x@ct":f@ﬂﬁlq&'?él1§0hyg§o$§£ﬁoﬂén95§dbén a Vacuum
AtnDspheres ox under nitrogen solvents were dried over appropriate
reagent s amdphéﬁaﬁé&xbywmhﬁctlon of borane functionalized cyclic
10 hydrocarbon with o-hydroxylamine sulfonic acid and
chloroamine.
The functionalized borane cyclic hydrocarbons
converted to -OH, -COOH, and -NH, or -NHR bearing
compounds may be further converted to cyclic hydrocarbons
15 éontaining ester, amide, imide, carbonate and

polycarbonate, sulfonate, ether, polyether, and glycidyl

ether groups.

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

were dried over appropriate reagents and distilled under

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

25 recorded on either a General Electric QE-300 or Bruker
AM-500 NMR spectrometer, and 1B and 31P(H) NMR spectra
were recorded on an Omega 300 NMR spectrometer. 11B ang

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

external standards of BF3 Et30 and 85% HiPO4q,



nitrogen bef-ore use. 1H NVR and 13C NMR spectra were 25 recorded on either a
General Electric QE-300 or Bruker AM 500 NMVR spectronmeter, and 11B and
31P(H) NWR spectra were recorded on an Orega 300 NWVR spectroneter. 11B and
-31p(H) chemical -shifts are reported in ppfrelative to external standards
of BF3 Et20 and 85% H3PO4, 43 respectively. Proton chemcal shifts are

reported in pprasgeteivebyl 0 PEStonathgnota RS S04 veRé BspbAt&aNgh
standard. Elenental analysis were perfornmed by Atlantic l\fcrol abs, nc of
Norcross, GA hamieve deearrsiduabt pyPeyetohe@ieenhddehzemenakre disti |1 ed

from sodi unm benzo henon ior 19 use. Benzen ed _over
sodi unf benzopherthe Két y&t%%gﬁ%g%s%%% %%*%r%er%s%er%ﬁ?ﬁ%‘ﬁdg Phiter e
purchased fromfrqniigs, Hedencsr oioAbdbieh @nd yefgndised-agnkecei ved.

1- Cctene, 10 1-decene, ethylene, trimethylborate, triethylsilahe,

vi nyl tr§net hylmssdanecyanityerans andubghzetdererandi sdotibedhfdoat ri phenyl ene

wer e purchased fromAI drich and were used as received w thout further
purification. G BT dritl $§T 3HBENGRTR BbtwESed from

@Rz Risk
ége}]g[]lnflgnalvat eor q;%%r %W%%s oper a}%g%%d @g%%%?&%ﬁfgﬁip NVR

spectra were pigy on-glgeoupl &6y Hbpieonaté ofuathd Sed 3Fom esppances were
carried out on 20 spectra that were acquired with gated decoupling and 10

second del ay tgdmesdetyeen et Shhd ohepall s etpiensesivedH cheoteaheshifts
were neasured relative to partially deuterated solvent peaks.

10 1-decene, ethylene, trimethylborate, triethylsilane,
vinyltrimethylsilane, anhydrous n-butyl ether, and
dodecahydrotripnenylene were purchased from Aldrich and
were used as received without further purification. The

metal compounds RhC1,¢3H,0 and IrCl,eH,0 were obtained from

15 Johnson-Matthey.
3i1p NMR was operating at 121 MHz, and 1H NMR was
operating at 300 or 500 Hz. 11 NMR was operating at
96.4 MHz. Aall 3lp NMR spectra were proton-decoupled.

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

1& second delay times between acquisition pulse seguences.

1 chemical shifts were measured relative to partially

deuterated solvent peaks.

Catalvst -Precursor Example 1

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

{CsMegRhCly], was synthesized according to the

following procedure: A solution of 0.0042 moles of



Cat al yst Precursor Exanple 1 25 This exanple illustrates the synthesis of
one ~ enbodi nent of the catal yst precursor used to nake a catalyst within
the scope of the present invention. [ CSMe5RhC12]2 was synt hesi zed accordi ng
to the follow ng procedure: A solution ©f440.-0042 nol es of 44 rhodium
trichloride hydrate comercially available from Strem Chem cals and 0. 007

mol es of  pentaymd fyh CyLl OPEHE Gk CREI SQPEBESHAL LY aY &l QQIa?L,lfaﬁQ@ sadrich in

40 m net hanol was refluxed under nitrogen for 5 48 hours with stirring.
Thi s procedur e tirserdeSremnbesl $ nand. 0 V0 7 epoPe¥adbes, P.M Matilis,

Inorg.' Synth. 29, 228-234 (1992). (%CSI\/ESRhClZ]Z_preci pitated out of

sol ution. It Rﬁa&wq%ﬂ%w%ﬁ F8RE BYTPREFYeLAY| pYEiLleR1en Lxom

chl or of or n hexang, . The. yi r : I Exanple 2 This
exanpl e illuséralé‘f’%lsC‘%] hlzﬁ{ %ﬂ?@?&%‘?‘f% |‘?j§§ ’é%ﬁ/%‘g%%zﬁ(ﬁé?ﬁsﬁggf??e&n%r
enbodi ment of & Gahdty Shith (4 Nrrike. SCOREs Ohrbbedrresent gB¥eAbieaNin

((rl1l6- CoMe6) Rh(r15- C5Me5) ] (PF6) catal yst precursor was 15 synthesized
accordi ng to tthe Wholtteomi giarecedtiré: MaEbdl Lowi hgopy efrnahi. oR9ef 28Re234

[ CSMe5RNC12] 2 | nt ernedj ate Fg? escribed.in exanple 1, 195 rTE or 0._316mmol ,
of [ CSMe5RhCA Y2 2SN ST H2 he PheFiPbFahedafet hyf heR2BRé O Pvas I€onbi ned
with 4.5 m of trifluoroacetic._ acid, Tefrl(g ]%0 m xture ﬁs refluxed for 7 hours
and then cool &#% cF?J(L;](fT‘ﬁtGE et R eE 199 BY (brontet Rl 2ERrE1RBs 1Pefloved under

vacuum The 1 espldl i hiiesnl] d #as liepalved o NodZgrlihsof water. The

slurry was filtered through a nedi um
10 Catalyst Example 2

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

[ (n®-CgMeg) Rh(n5-CgMes) ] (PFg) catalyst precursor was

15 synthesized according to the following procedure:

Following preparation of the [CgMegRhCls]5 intermediate

as described in example 1, 195 mg, or 0.3l6émmol, of
[C;Me,RhC1,], and 233 g, or 1.38 mmol, of hexamethylbenzene
was combined with 4.5 ml of trifluorcacetic acid. The

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

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

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

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

2 hours.



fritted funnel. An aqueous solution of NHAPF6 (345 ng., 25 2.12 nmol) was
added to the filfrate to precipitate the catalyst as an off white solid.

The solid was collected by filtration and washed with water (3X7 m) and
"Et20(3X7 m). The solid was dried under ?ﬂr’gh vacuum and 100C for 2 hours.
45 - [(r14- C6Me6) Rh(rl 5- CSMe5) Jwas synt hesi zed according to the foll ow ng

procedure: 505 ng,[ (Q478EMeRDIR (8P -DEMES) | el 6)RbielsE-CEMeRI Ry Was
reduced by conbining it with 250 ng, 132 nmol, dicycl opent adi enyl cobalt in

pentane at 5 ¢ RS Jerauald .owyrg eost7|3r1 19 hau sThe
product was is Higateg bylflbll.lgﬁ‘atlOF'IJL fol’l owed 'by rermvalO ‘of pen(t ne by

evapor ation u g%éygﬁqlﬁm c Ip@ w]qlquéqf wale r[e@%_dc@dc@\}e@bﬁ&(ﬂrﬁ%gcﬁ'\@ﬁ)ﬂth

catal yst proddct "was 96% 7 mmol ). The spectroscopic

characteri zat hgp W@S Q%ZLMM A1 EHIVR R R =84 Q:rbl'fasl’t 6k 1pe]nt_6a41e( Sat 15H)

1.42 (s, 6H), and Functional i zation Exanple 3 A commercially
avai |l alsl e fun@bbmnabmplemgtmaagémr ad 1Lbws risr toéter artmtrhyflorl S3 Hx»udtsox almireol ane

was reacted with 15 benzene_in the presence of the [(r16-C6Me6)Rh(r.15
C5MeS) | cat al yBECSYCHr ¥Rsr é&qlﬁtéﬁiaﬁyl lzlttr&%ro@duégléo“ﬁe@nﬁy A

benzy) borvl adguglRGRa" dh8vhBolaR i hOlMNG B on: 46 O OB-B OJ:

The yield of the [(nE—CsMes)Rh(ns—C5Me5)] catalyst
product was 96% (255 mg., 0.637 mmol}. The spectroscopic
10 characterization was as follows: LHNMR (CgDg): 82.05 (s,

6H), 1.64 (s. 15H}), 1.42 (s, 6H}, and 1.28 (s, 6H).
Functionalization Exam 3
A commercially available functionalizing reagent
4,4,5,5-tetramethyl-1,3,2-dioxabeorolane was reacted with
15 benzene in the presence of the [(n6-CgMeg)Rh(n>-

CgMeg) Jcatalyst as prepared in example 2 to produce a

functionalized benzylboryl adduct according to the

follewing equation:



OB/00Ocat *\00 OO0 O O-B: H cat = Rhr In a dry box, a solution
containing 0.66 ng (0.00165 5 mml, 0.5 nole-6 based on nol es of al
ingredients) of the [ (716- C6Me6) Rh (T16- C5Nb5) ]catal yst and 83 ng (0. 33
mrol ) B2pi n2 (B2pi n2= 4, 4,5, 5-tetranet hyl 44,3, 2- di oxabor ol ane) -obt ai ned
fromCallery Chem cals in04m of dry benzene were conbined in a

screw cap NWVR sanpl e tube and seal ed 10 tightly The sanple was renoved from

the box and placed 47 in & 0|I(b he sol |on was heated for 45
hours at 150C nmoni t ored erlqﬁLgell copy 11B NWR
spectroscopy s d t hat f er consynred. 5 The sanpl e was

brought into the dry box amd a solutlon “of dodecahydrotri phenyl ene ( 10 ny,
0.042 mml) in benzene was added by pipette. An aliquot was then renoved
and anal yzed by GC. The yield of the benzyl Bpin functionalized product 10
was 825. 1000% of the B2Pin2 was reacted and converted The cat al yst
turnover count was 328. T@ al reaction tin®.wWasS-4.5 hours.

Char acteri zati on-g IﬁeanI-Bpin adduct g@ﬁdu t by &M an$'1HNWR
revealed that b tionalization aﬁat aronathDC>hﬁbond 15

cat=

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

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



-The same procedures as set forth in Exanple 3 was .followed in Exanples 4,
except that the anobunt of catalyst was 5 nole % and the total reaction
time was 25 hours. Conversion of B2pin2 was 100% Analysis by GC 20

i ndi cated that benzene was functionalized %t "the aromatic CH bond. The
yield of functionalized benzene was 92% The catal yst turnover was 37. -48-
CLAI MS lirAxatz0% icd lpheddss v mplntrient heas Steatuadoiar #£5 conpri si ng

thermal |y activating said catalyst in the resence _of functionalizing
reagent and a RIS A MRft &c M5 <4 %W‘%’C@rﬁﬁ ?bﬁéon%o‘%}%l or a5
cycl oparaffin conpound | acki imary C-H bonds, said. catalyst.conprising:
a) a source of*BEGTHMNETIRONn fng?gﬁmggfgﬁcgﬁﬂ?%%p%fs O8ed ot ?tc%%?i”& BrS
non-cyclic, @I ldG0F AosghoqBtic, neutral, cationic or 10 anionic,
substituted or unsubstituted, electron donor noiety which does not

di ssoci at e under tiher mEmpleactaorbcongint | Dmso el dYy absousaed &f | i gands
capable of formally donating. an electron pair to the transition netal a)

and 15 whi ch d%sHciaRt ek HeIRFIRYIBRE WerRey HeRai 8 FUnkei ofal#2i AEt bagent
conpri ses a S'Onurt(ieenzvoéneB’wa% #ideod kﬁ'f’cpf%el_ste .GeJ[Ale‘SaliA‘I uogrw§§'the2f1 The
L €s5-a

1.
process of cladl erein the cyc ydrocarbon conprrs

cycl opar af fi n. 3 3a Hid ocessed®fbgl@dm 2, wherein said nmoiety (b) (i)
| acks aromatic C-H bonds on the noiety
The yield of the benzylBpin functionalized product

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

" The catalyst turnover count was 328. The total reaction

time was 4.5 hours. Characterization of the benzyl-Bpin

adduct product by GC/MS and 1IINMR revealed that benzene
was functionalization at the aromatic C-H bond.

15 Functionalization Example 4

The same probedures as set forth in Example 3 was

followed in Examples 4, except that the amount of
catalyst was 5 mole %, and the total reaction time was 25
hours. Conversion of Bopin, was 100%. Analysis by GC

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

The catalyst turnover was 37.



directly bonded to the transition netal, or (ii) contains sterically

hi ndered aromatic CH 25 bonds on the noiety directly bonded to the
transition nmetal. 4. The process of cleim1, 2 or 3, wherein the b) npiety
conprises an al kyl substituted cycl opertadi enyl conmpound or an
unsubstituted cycl opent adi enyl conmpound. -49- 5. The process of claim1, 2,
3 or 4, wherein the ¢c) ligand conprises a |linear or branched aliphatic
olefinic group having from2 to B carbon atons. 6. The process of claim]1,
2, 3 or 4, wherein the ¢c) 5 ligand conprises a C6 conpound substituted with
three to six Cl-C4 alkyl groups. 7. %hk Hdr&cMsE of any one of the preceding
clainms, wherein said functionalizing reagent conprises a source of boron.

10 R The progess qf f e i ' rej
Functi onal |21 g T edudatat 1A erPE FROMRE SbBsnture PEL Eh8abPEm e
presence of saicthpaalsAlnSitheinsl I ¢npet avat engaggiagchealy£0Ciho¢880C. 9. The

process of any one of the preceding clains, 15 wherein the transition netal
is Ir. 10. Th@nssehess of anfuppeleralheipgesedsngtcrarng, cy@dtein the

RL0/ VO RL 20NHe e Db ro T ER bRk Py o5y BUBRELRS B o
5 cycloparaffin compound lacking primary C-H bonds, said
catalyst comprising:
a) a séurce of a transition metal;
b) a source of a 3 to 8, cyclic or non-cyclic,
aromatic or non-aromatic, neutral, cationic or
10 anlonic, subétituted or unsubstituted, electron
donor moiety which does not dissociate under thermal
reaction conditions, and
c) a source of ligands capable of formally donating
an electyron pair to the transitlon metal a) and
15 which dissociate thermally:
and wherein said functionalizing reagént comprises a
source of B, ¢, N, O, 8i, P, §, Ge, As, Al, or Se.
2. The process of claim 1, wherein the cyclic
hydrocarbon comprises a cycloparaffin.

20 3. The process of claim 2, whereln said moiety (b):

{1} lacks aromatic C~H bonds on the moiety
directly bonded te the transition metal, or
(ii) contains  sterically hindered aromatic C-H
25 bonds on the moiety directly bended to the
transition metal.
4, The process of claim 1, 2 or 3, wherein the b}
moiety comprises an alkyl substituted cyclopentadienyl

compound or an unsubstituted cyclopentadienyl compound.



branched, optionally hal ogen substituted, alkyl group having from1l to 24
carbon atons, an al koxy group <containing from3 to 24 carbon atons, a
cycloaliphatic group containing from3 to 8 carbon atons, or an aryl 25
group containing from5 to 16 atons, an%%each of the alkyl, aryl, alkoxy,
and cycl oal i phatic groups in the aforefentioned di oxaborol ane conpounds may
be linear or branched; or substituted with hal ogens, or al kyl groups -50-
having from 15to 1@heaphereatsons, crdroft,i anald ywrach Riareimuphatdénched to
t he sane boron_atom through oxygen atons may be fused or bridged through
any of the afdF@sd &omBF%S,esaw&ﬁﬂeacw%ah PHAST DLRRIFLGr inlg

group having from 2 to 8 carbon atoms.
6. The process of claim 1, 2, 3 or 4, wherein the ¢)
5 ligand comprises a Cg compound substituted with three to
six Cq1-C4 alkyl groups.
7. The process of any one of the preceding c¢laims,

wherein said functionalizing reagent comprises a source

of boren.
10 8. The process of any one of the preceding claims,
( : wherein the functionalizing reagent and the cyelic

hydrocarbon are reacted in the presence of said catalyst
at a temperature ranging from 70°C to 250°C.
8. The process of any one of the preceding claims,
15 wherein the transition metal is Ir. |
13. The process of any one of thes preceding claims,

wherein the functionalizing reagent is represented by the

structure:
R—O0O O0—Ry
AN /
B—-B\\
o : RI—-—O/ 0—Ry

20 wherein each Ry independently represents a linear or
branched, optionally halogen substituted, alkyl group
having from 1 to 24 carbon atoms, an alkoxy group
containing from 3 to 24 carbon atoms, a ¢ycloaliphatic
group containing from 3 to 8 carbon atoms, or an aryl

25 group containing from 5 to 16 atoms, and each of the
alkyl, aryl, alkoxy, and cycloaliphatic groups in the
aforementioned dioxaborolane compounds may be linear or

branched; or substituted with halogens, or alkyl groups



-50-

having from 1 to 16 carbon atoms, and optionally each R;
group attached to the same boron atom through oxygen
atoms may be fused or bridged through any of the
aforesaid alkyl, alkoxry, cycloaliphatic or aryl groups.





