- |- SELECTI VE. CATALYTI C. THERVAL FUNCTI ONALI ZATI ON.OF SECONDARY.-OR AROVATI C
C-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 aromati ¢ C-Hsite by thermally reacting a
5 functionalizing reagent and the cyclic hydrocarbon in the presence of a
transition netal catalyst. Background of the Invent-ion Several years ago,
it was reported in KM Waltz, C N Mihoro, J.F. Hartwi g, Oganonetallics,

1999, 21 and 10._..n K Sci ence 1997, 277, 211, that
| ow val ent trang e F - ; ugedols_Qibact ed
with |inear and on of

o EA

i gand to produce [ Ry T 101010 1STR I i el mmiomn
organoboronate esters were fornmed in a stoichionetric fashion by the

regi ospeci fiEi¢Bdl afethat 1o¢eqngofydrogen on a term nal position with a
boryl group. It was also reported in H Chen, J.F. Hartw g,
Angew. Chem | nt . EBh€ngield o9b thetivventichapéytavas! abl ehR2BBRActive
(R2=pi nacol a gi 20 regﬁents apd substitute c%clopentadlenyl (Cp*) Re(CO3
woul d cat al yiFeF19PR00EP? B KANBECL ¢ al KT BorBRANe2ted £ 8T SeGRRERTY
phot ocher cal.. reaGhd 00 CON L1005,y EHOLACIEP £al-pipGegses, however, are
inpractical at an industria sca?%. t 1S desirabfeto functionalize a
cyclig hydropaidoional izi8g Secagert yand ehengy¢Ti& hy8rbearbbni $natge
desirable that the process for the functionalization
presence of a transition metal catalyst.
ack h A Lon
Several years ago, it was reported in K.M. Waltz,
C.N. Muhoro, J.F. Hartwig, Organometallics, 1999, 21 and
10 in K. Waltz, J.F. Hartwig, Science 1997, 277, 211, that
low valent transition metal complexes containing boryl
ligands reacted with linear and cyclic hydrocarbons by
photochemical dissociation of ligand to produce
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




occw thermally rather than through other means such as photochem cal
processes. It is'also an object of the invention to manufacture a
functionalized cyclic 5 hydrocarbon by a process which is catalytic rather
than stoichionmetric in metal. Sunmary of 4He Invention There is now

provi ded a process for the catalytic coupling of cyclic hydrocarbons with
certain reagedesirablentdatt drenglreeesd theansheo fumeticali g tde cyclic
hydrocarbon at its secondary or aromatic CH site. In accordance with the
present invenPFEHY CREFEAY Frdviedediamtduesghy et amaidaralsung s
cyclic hydrogar : econdary. . or arQmatic.,C H cyclic 15 hydrocarbon
bond, conpri s?ﬁaggﬁgﬁ%?ﬁﬁl i%é’(‘::ﬁ F A ¢t S&A AhgHestemE dhe t he
cyclic hydrocapbenatriBnt ke f ja l; 7 :SAal thal yst
conprising: a) a source of n?ﬁ?ﬁ?&%%rg) aafg%t&‘r%clé%o l}%gdtcﬁf%&,l%ycl ic or
non-cyélic, RBedacoambbo by aopracemst whicheuls’ alataQaitihieNrGtder FHQN C.
substituted or unsubstituted, electron donor noiety which does not

di ssoci at e un8ePiFREPREFTEEadt B8tédnditions; and c) a source of |igands

capabl e of fo n%%l dopating, 23 an _electron pair to rhodi umand which
di ssoci ate t%%Tﬂ%¥¥y§£a%%§mﬁ5¥39gl§5|d functionalizing reagent conprises a
source of boron. fﬁ@f@r§§|Mowtﬁ%o@i@é&cah¥§69ggéb@grceﬂgrE§%§l§ti%0
cycloparaffin. Mire preferably, said b) nbiety: -

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 dyclic

15 ”'hydrocarbon bond, comprising thermally reacting a

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

a) a source of rhodium;

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

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

25 an electron pair to rhodium and which dissociate
thermally;

and wherein said functionalizing reagent comprises a
source of boron.

Preferably, the cyclic hydrocarbon comprises a

30 cycloparaffin. More preferably, said b) moiety:



(i) 4acks aromatic C-H bonds on the nmoiety directly bonded to the rhodium
or (ii) contains sterically hindered aromatic CH bonds on the noiety
directly bonded to the rhodium 5 In another enbodinment, there is provided
"a catalytic process having nore than 50 tdrnovers conprising thermally
activating said catalyst in the presence of a functionalizing reagent and

a cyclic hydrocarbbin) leorips | stdigs e aC ORBbbEd € A5 Ot rﬁEi@t)QY@:lPéj@E?}fi n 10
conpound | acking primary C-H bonds, said catalyst 15 conprising: a) a
source of a transi?eRfiedet@l the)rkodbumececnf a 3 to 8, cyclic or

non-cycli c, arorra{}jblg) or non-tar.omat ic, neutral, cationic or anionic,
substituted or unstlistit utEdEHRR DS Y mdtetdeigd cregemat ot C-H

di ssoci ate under r ti | 11 c) .2 saurce of. |igands
capabl e of formal I%&g{)ﬂ? ntg?éarﬂﬁ&{el?%g?@%%é palsf @g‘dq%% %2 atﬂé?tf‘b Htal a)
and 20 shich di ssdoi afretither redBod i ettt Whekek i@igkaﬂnféd Oélaéé@élgﬂciégagent
conprises a source of B, C, N, O, Si, P, § Ge, , A, or Se, al

cyclic hydr oc®UsEe S diasfidly ynaxsprian ngo at uoyasteoparadipmi simpound | acki ng

primary C H bonds and_sai d noiety. (b referably (i) lacking aromatic
C-H bonds on tH& WY 2ahirvaking b?%’diogi”gﬂt}f% tihidie irresanes ofora (ii)

contai ni ng st ghirealslon N NAHPL AU | fna G HyddAW S, 2 A6 Wl ety directly
bonded to the o _
comprising an aromatic compound or a cycloparaffin
10 compound lacking primary C-H bonds, =aid 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, ¢, N, O, Si, 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
(1i) containing sterically hindered aromatic
C-H bonds on the moiety directly bonded to the

30 transition metal.



30 transiti-on 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 thermally
activated catalyst and a functionalizing reagent conprising a source of
boron, wherein sairh prercessotlensemboy@iméhe ofit ehyspréfent imventisrs and
at |east 80% of the functionalizing reagent is converted. 10 Preferably,
the catal yst dowposiis grresitdednat fencpioratizatienepppeeent CONPThEiog is

conprised of, or obtained, by conbining a.source of the followng in an
soquence: a) dWRRICAI SRS ASFYT bHC Ml SFOCAEDE) SOWRRFLEIGR a 3 to 8

cyclic or non- | Lo s r&g@%' . Qr - I.C I o0nLEC .

ani oni c, substclct fel?iglol}gunsu ésltg}?u%egé ﬁ‘%%'f‘%%ﬁi’ﬁ%ﬁ%%%ﬁ,fg% %Jﬁfc&ﬁﬁéoes
not di ssoci at euieteFy tdveH NBdnd €Aci h othe Optle e, ofNgd Yhermaheycyclic
hydr ocar bon O is a cycloparaffin, said noiety (i) lacks aromatic CH
bonds on the roitsivated rextalypomed aolunetionabizion weagentor (i)

contains sterically. hindered CGH bonds on the nDiet%gd%rectl bonded to
the transiti oG RE 4 | SAELT)Oh RAErRe TS Ha MRl LOREPFEFRoEULS

trialkylsilam%%er the catalyst 50 or more times and at least 80% of
the functionalizing reagent is converted.

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

a) a source of a transition metal;

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

20 is a cycloparaffin, said moiety

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

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

hydrocarbon is a cycloparaffin, the n arene

30 compounds



unsaturated aliphatic conpounds, it allyl conpounds, or it arene
conpounds, provided that when the cyclic hydrocarbon is a cycloparaffin,
the it arene conpounds (i) lack aromatic C H bonds on the moiety directly
~ bonded to the transition netal, or (ii) contain sterically hindered
aromatic CGH bonds on the nojety directly bonded to the 5 transition
netal . The process of tHa&)prebadt iaramatiioh prf crandy empltdyes modetyl yst

it i sed of,, bt ai ned nbi ni .a, f th
compos! 1 on corbrised oLt PhLRkagd BY pRIPLILIG B soce of the
C5 noi ety having a n- cq9di natgd, £l ect LNk £1 B MK &E&@@r&ﬁéﬁa@g%-%r -

aromati ¢ CG-H bonds; and c) ligands conprising “aliphatic unsa

arene conpounds, provi dednibabnwbre hbtetycliieedbl PyHonganbes erpapri ses a
cycloparaffin, the it arene conpounds (i) lack aromatic CH bonds on the
moi ety3 directly bondedttrangheierametalon metal, or (ii) contain

sterically hinderged aromatic C>F#20 bonds on,the npiety directly bonded to
the transition 2IPTIRETR PE FOF tAEFSPRbOVIRERNGI PR deksEeFbly

T e T S Pt St e e
| acki ng primsy déatbihdngsaasohhee rofir ohat £61 dowbeg ondasyy Gébhbendesi t es,
a) Rh or Ir;
10 b) a fully substituted cyclic C; moiety having a =n-
coordinated electronic structure and lacking
‘ aromatic C-H bonds; and

c) ligands comprising aliphatic unsaturated or =n

arene compounds, provided that when the cyclic

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

directly bonded to the transition metal, or
(1i) 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 cbmprising

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

30 and wherein the functionalizing reagent comprises a



respectively, with a functionalizing reagent in the presence of a
thermal |y activated catalyst, wherein at |east 80% of the functionalizing
reagent is converted, 30 and wherein the functionalizing reagent conprises
a - 6 conpound containing a noiety repreéented by the follow ng
structure: -0\ / 0 B-B -0/ 5 Detailed pescription of the Invention The
process of theompeseat cbN¥&Dhing kS maRablerepresenvest bpgeBA% or nore of
the functionalizing reagent to a reaction product of the functionalizing
reagent and tfelleyoh§cstyderoeaebon. In particular, the process of the 10
present invention functionalizes the secondary or aromatic C-H bonds on
cyclic hydrocarbon nol ecte3 W th Ohe—f unctional i zi ng reagent at high
conversion, is catalytic, ang+eBies on thermal rather than photolytic or
phot ochemni cal processes to.gdpply thg_activation 15 energy required for
di ssociating the ligand fromthe catalyst. The process of the present
invention also does noL require the presence of a sacrificial hydrogen
acceptor to obtain high conversion and catalytic activity. The reaction
proceefls i n Dsitanl et Bes oni nnafineiei invéntiancyclic hydrocarbon, a
catalyst, and a functionalizipg reagent are contacted, in a reactiagn
vessel and heat ed?® RFaTert urke FFestivel R eRci?yat® ceRaPliealti on
towards the fungid anald zgdd - Aot 0o EYERL Cru WO 9521 PRI rahgLiRSEONE Of
its secondary or aro i C :

a reaction product of the functionalizing reagent and the

B 1 1PE QUL ID)

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 required for dissociating the ligand from the
catalyst. The process of the present invention also does
not reguire the presence of a sacrificial hydrogen
acceptor to obtain high conversion and catalytic
activity. The reaction proceeds in a straightforward

20 manner in that a cyclic hydrocarbon, a catalyst, and a
functionalizing reagent are contacted in a reaction
vessel and heated to a temperature effective to activate
the reaction towards the 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.



25 CGH 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 gsecondary or aromatic C-H bond
site. In the process of the present invention, the cyclic hydrocarbon is

functionalized in the presence of % catal yst and a functionalizing
reagent. The cat al JRt*RERECFHSE HRt r ERet PERSAGt LPECBRECMI chhescrapianl e of

5 bei th I ' - i yat] f_.th | yst i
veant The pr oceler ST B8 aes of tng Lot 3SR VA AR, Brnttlee cBhiee by °

appl i cation of chealy el avathefuherDenal Vs engt rakéehe t hend &éeéﬂgsédesc” bed
bel ow) dissociates fromthe netal centre, and at | east above the 10

t enper at ur e ofusé@d bmvihennentt bonwhingdt the ofieincvhdrial i2i agpabbgest i S
stored. A useful screening test to determ ne whether a catalyst is one
whi ch i & capalPelRd bes A by | et Bt eRer nBY | Yhexmal 2ehtvietioneof etleei on

i n the dark. C oun whi ¢ hemcally react, fo _assist
t he di ssoci at %%%#%%%%%n%{@nﬁr%ee%%e%? %%%%%CWE#‘? h2 cc’:’aih’i’% in
the process offfdmcd inadl Zdtra By HSSBI 89P0 her G & Vst dgeghd n the
process nust be of a type which is capable of being thermally activated 20
i n the absencearfipeargtwonpdurwhivh ctheh2m tgdnd (destsibed theldwe) reagent to
assist the actjvation of the reagent. Accordingly, a process which

appl i es- heat i HSHAATGTH TEDIHE BEI VT Sre i aihsl catfe AkRVE Heie cal
o IO L PR NSRS S AR gV
functionalizing reagent is stored.

i 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 thermally activated

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

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

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

catalyst or photons.



the_present- invention if the particular catalyst is
functionalizing 'the hydrocarbon at a

absence of a

co- catalyst or photons. 8 Ot her published systens for

activating hydrocarbons at a GH bond reqliiTe the presence of a

sacrifici al
advant age of

olefin to achieve high catalyst turnover nunbers. An

the prontess mibXished espntend VESE | 98 iat DaG Byarsasibbhei a
hydr ogen acceptor is not required to provide a catalytic process wth

capable of thermally
secondary or aromatic C-H bond in the

hi gh

turnover. Hydradgen Ciklhomwddrdqwine Hehe-pregenerarbon dondifibesabot readily

present inventiQ, .t

react with the functionalized hydraqcarbon under reaction conditions.
Al t hough t he ﬁlﬁ'&&{bé:%fa%vc?gé}ﬂ'%&c‘@pq ¥t FUrROYRE BwEPeERd fABmM t he
achi eving high ™ turnover

HEOYIRE RREPEERd TADm !
I i e

acceptoy. By

i nclude any conpound as descri bed bel ow whi ch operates
cyclic hydrocarsonide SecmtdalMriot prageas oviCH tiggid, tamibver not Hy@angeho

reacgtion hani sm efficiency, or fate_of the reagent .
38, T D ZEATG TR (DU G RYTFRABELY at

define the

a 'dawiatiigiall ziynrdfagefideptioene sl foqiesdd b5 to

compound it sefE+e2F

secondary or
functionali zi ng reagent resi

AR WA 57 RO MRl Sorfl) 18 SR e Ol QG DO L, L

seco i s any bond

a hydrogen at e@ndid iams .Cc Mt RiioraHe rdig e Gddijd i

25 These bonds are present on cycl oparaffin conmpounds.

10

15

20

25

are not excluded from the 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
te include any compound as described below which operates
to functionaliée a cyclic hydrocarbon’s secondary or
aromatic C-H bond, and is not meant to define the
reaction mechanism, efficlency, or fate of the reagent
compound itself.

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.
These bonds are present on c¢ycloparaffin 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

to functionalize a

etween

n@%ﬁ&&%&@tmﬂ
An

a



-aromatic CGH bond is any bond between a hydrogen atom and the carbon atom
in the aromatic nucleus. It is to be wunderstood that a "bond" as used

t hroughout the specification neans a covakent bond, a conplex, a - 9

" coordination, or any. other formof a |linkage between the stated atons.

The cyclic hydrocarbons,used in_the Eﬁocegs of the _present invention are
saturated or UTRILHBREUOprIhcRBY O5N8F LABFaPEn2al18kd3e| Patwdenrthe

unsubsti t ut ed | unds selected fromaromatic or cycloparaffin
conmpounds, pr o%‘%%dée%&t%g?atghe cycl oparaffin conpounds do not have an al kyl

branch contai ni ng prh@eeycGidl hpagocarbehs AsQIBLN CtKONPAYEESs "By Nt ai n
al kyl branches with 10 primary C-H bond sites since the aromati c secondary

C-H bonds ar ereRsent chnvéneiomdant | sapurde@ndt alhgat doaced pristazehad t h
the functionalizin rea%tg%n% over the gri mary C-H bond sites on an al kyl

branch.® A pri i yE¥RD s?"fiés‘?%t‘ét_ Bna” HeR et B yRR 0GRl 8€ om and any
15 carbon atom 4% Bﬁ%%&l}é@@r@tﬁ%%&ﬁ Ché/ﬁd_rcgg%ei;%??a%gﬁgjd?me cyclic

hydr ocar bons nmay “be use gly or in m xture. h ocar bons may

be substi t ut edoMgduRie, PBroeided Ubsit  URAT Sy SRASESEE {4 Adhed 998D, g&l koxy,
amno 20 and nitro. The cyclic hydrocarbon nmay contain heteroatons wthin

the cyclic hydrdcardon ahalkys lkersh oxgneninrng mtigen. CHoviewed , t he
nunber of heteroatons is no, nore tha&l het er oat om for every 3 carbon

atoms, pref er &HYP o ArRFE- 1 hAPIPHERE? FATORIYr2 By Yl dardnhet ofth and
more 2y pref enghlyh Lhes Gy Gld ks WA QS as Bl | Shd TS e L SLOMLIE) c-n

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 heteroatoms
within the cyclic hydrocarbon chain, such as oxygen or
nitrogen. However, the number of hetercatoms is no more
than 1 heteroatom for every 3 carbon atoms, preferably no
more than 1 heterocatom for every 6 carbon atoms, and more
25 preferably the cyclic hydrocarbon is free of heteroatoms.
Examples of suitable aromatic compounds include
benzene, toluene, o-, m-, p- Xylene or a mixture of
xylene isomers, 1,3,5-trimethylbenzene(mesitylene) and

other isomers of trimethylbenzene, or a mixture thereof,



Exanpl es of- suitable aromatic conpounds include benzene,
p- Xxylene or a mxture of xylene isoners,
1, 3,5-trinethyl benzene(nesityl ene) and other isoners of

tol uene, o-, m,

trimet hyl benzene,

or a mxture thereof, - 10 1,2,4,5 tetra Ayl benzene(durene) or ot her
I somers of tetramethyl benzene(i sodurene) or a m xture thereof,
et hyl benzene, 1,2-4.4,etmndtiydberhyhbédurarebron othénr tsohesai df

n- but yl -

i somers, n-propyl benzene, 1,2-, 51, 3-_or 1, 4-di propyl benzene,

benzene or a ﬁ$%§{ﬁ¥?{h§iEﬁq%ﬁ%eéﬁ%?@uE%B§li?ﬁt%dmb§ﬁ§éﬁe§he€ﬂpérotoIuene,

~di chl orot ol ue qﬁ$£ ne, 4etralin, thrac .vPphenant hr ene,
chIorobenzene?&ﬂaﬂb 5%%%§h§%ﬁ%,'b?b%nﬁ%ﬂ?ghg,éﬁ?@ﬁY%?%%@%?%ne, 10

di chl or odi br omsibenzene; ukd|of enandt hebmees, anipidSylbenzene, 1,2-,

4, 41- et hyl enebi s(ani l i ne), phenol, catechol, 4- nitrobenzyl i odide,

2, 6-di chl or obénAH dar dini dted ipomhl endene y | neitoy1 debeBzeid or obeazyl

chl ori de, 4- chloro-2-q§trob¢nz
i

ﬁgéoride, 2-chl oro-6-fl
chloride, 3-bMBdtEz\AL BrompE 2L

i xt th £ QAL | '
e e LA P R R

uor obenzyl 15

bnBRTE Y B i RRAZER8S i di ne,  or

benzene, . t ol uene,

" or eIt EDr e

cycl opar af fi n sgemetdse WiKdhardthth N 0tcle it sbheh 24he al Kyl groups with
primary G-H bond sites include cycl opropane, cyclobutane, cyclopentane,

cycl ohexane, ejichdivapthangensy.cltosmabanzeyel ohiorae olmnzenet ures t her eof .

The catal yst used.in t rocess of th resent
10 y diaglorod¥%£%mo enzene, C f%ronaphthalene,

aniline,

4,4'-methylenebis(aniline), phenol, catechol, 4-

nitrobenzyl iodide, 2,6-dichlorcbenzyl bromide, 4-

chlorobenzyl chloride, 3-chlorobenzyl chloride, 4-

chloro-2-nitrobenzyl chloride, 2-chloro-é6-fluorocbenzyl

15 chloride, 3-bromobenzyl bromide, 2-bromobenzylbromide,

pyridine, or mixtures thereof. Preferred aromatic

compounds comprise benzene, toluene, o-, m-

phenol, pyridine and aniline.

P pjxylene,

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

25 invention comprises:

present

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



"25 imnvention conprises: a) a source of a transition netal, preferably
rhodium b) a source of a 3 to 8, cyclic or non-cyclic, aromatic or
_hon-aromatic, neutral, cationic or 30 anionic, substituted or
unsubstituted, electron - 11 donor noiety which does not dissociate under
~thermal reaction conditions, c) a source of |igands capable of formally
donating an el ect FRYaMPUF % H‘@"t‘:}hﬁ%‘?@ﬁ &?trréigélsoé’)laéﬁd undgi chermal
di ssoci ate thermal Ly Rrefer dﬁﬁggggﬁource of ¢) ligands conprise
trial kylsilanes, unsaturated aliphatic conpounds, it allyls, or n arene
conpounds, provideg)t hatsodier dre 1igesds d’&)ﬂi‘b‘?.‘éablio'fo%ﬁﬁﬁrlg/s?% Atin
cycloparaffin as described 10 herein, the it arene conpound |F l'ac
aromati ¢ C-H bonds aon efleetnoinepa i mditce ey 'thranded iba ke aflr ansiakhijon net al
or (ii) contain sterically hindered aromatic CGH bonds on the noiety
di rect I’y bonded t o“PA&Eh1 GiEERTdatEokreeT@llWhen the cyclic hydrocarbon to
be functionalizedg,i yC araffin described herein, the b) nmoiety in
the catalyst: (ifkéggkggéﬁbngggcs%- “Sor sc6n9%ﬁ3n i 6PPPT38%di rect !y

bonded to theritansiisenafetal uneaclirak @0t abAat $EeEbRBLLY1ARI nger ed
aromatic CGH bonds on the noiety directly bohded to the transition netal.
allyls, or n 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:
(1) lacks aromatic C-H bonds on the moiety
20 directly bonded to the transition metal, or
{i1) contains sterically hindered aromatic C—H

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

the following structures:



In an enbodi ment of the present invention, the 25 . catal yst can be
conveniently represented by any one of the followng structures: - 12 X
(1) (i) R (M REXX M~ - Z wherein X and Y together represent the c)

| i gands bonded directly or indirectly to ¥ "and wherein X and Y may be
bridged to forma cyclic arene conmpound, whi ch may contain branches,
substituents, or fused aromatic rings; -MAh repj@sentszhe a) transition
netal centre; Z represents 4D cyclic oﬁénon-cyclic, aromati c or
non-aromatic, neutral, cationic or aniYonic, substituted or unsubstituted
conpound havi ng a n-coordi nated el ectronic ruefure, and when the

hydr ocarbon to be functionalized is a 1§xy paraffin, Z |lacks aromatic

C-H bonds on the moiety whi will directly bond to the transition netal
a), R represents one or nore’ optional subsgyifuentsyor branches, and n
represents an integer ranging fromO to 8. e or nore of the ligands are

bonded to the Mnetal 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 |o@ation of tR&I| irkagdeetwdn the ligands to

et e e P Laa-agesparckon oLna LI Teagani pSRLNe X
will provide &icdad MstomhigditreceifeesiMg andfwnetéonaki 28dCY may be
bridged to form a cyclic arene compound which may contain
branches, substituents, or fused aromatic rings; M
5 represents the a) transition metal centre; Z represents a |
" cyclic or non-cyclic, aromatic or non-aromatic, neutral,
cationic or anionic, substituted or unsubstituted
compound having a m-coordinated electronic structure, and
when the hydrocarbon to be functionalized is a
10 cycloparaffin, Z lacks aromatic C-H bonds on the moiety
| which will directly bond to the transition metal a), R
represents one or more optional substituents or branches,
and n represents an integer ranging from 0 to 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 functiocnalize C-
H bonds on the cyclic hydrocarbon molecule.

Suitable transition metals a) (or M) include

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



" H bonds on the 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 enployja transition netal that is

capable of traversing 2 or nore formal oxidation states, nore preferably 4
or nore formal oxidation states. Exanples of suitable transition netals 5
i ncl ude Fe, COXiJatign shptess Itptis mEelgrrede tonemploy Wb transidridrn he

nmetals fromthe,l gnthani de d tini series. Rreferred tals are Re,
Rh, and Ir. MIFE ﬁprté’faeq:r rlesd%gar%%e a%nf;eﬁ’?afveﬁ&%& Pr SRS g’rl“ba to

i nprove the reaGiia@N ot A, Iho@N Gl d YHNIQV G 118 mbeC §RYSG-SI On of the
functionalizing reagent to the cyclic¢ hydrocarbon-functionalizing reagent
adduct and ot keridahnjproducttes | tExisnpdenerc |gnitelblev edanfdt ilon thied2Sid i on
~metal centres pronote faster reaction rates and nore conpletely convert
C-H borids t hadnRAudsi F§ e dift v A entRins RY .g&ds PAnd Bdeadi.oResoidi tdrons.

Sur pri singly, however, have .f gund. t hat .t he reacti.an rate usi.n as a
transition nef'%l’vﬁgnt raél%l\ﬁth(?oﬁr\l/eetratq‘st %erc}%r%ﬁ glﬁﬁ%i%f’inr’fée F@Qg@ﬁttlﬂ'g‘é%he
functional i zedegyelsi ¢ BYURGHP MRS s TAY Re,aRg MG GUTP! §ffl han its I
counterpart. 20 Accordingly, in a nost preferred enbodi nent, the
transition nepaiefiesred abwe Riatald/dir ,used imestherpifecess dk Rbhe tjor esent

i nvention al so conprises a source of a 3 to 8, cyclic or non-cyclic,
aromatic or ndAPEPIRANE LFERTIAN IEAE GYieE 23 FRdafPoAMProygbstiet ut ed or

unsubsgy tut ed, 2l aeki ol €31 %he Hintid oHl14L:48°eAgknl 280CHE 2, 404Y
hydrocarbon-functionalizing reagent adduct and other
byproducts. It 1s generally believed that Ir transition
metal centres promote faster reaction rates and more
completely convert C-H bonds than Rh using equivalent

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

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

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

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

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

30 directly bonded to the transition metal, or



condi tions;- and when the cyclic hydrocarbon to be. functionalized is a
cycloparaffin, said noiety (1) |acks aromatic CH bonds on the noiety 30
directly bonded to the transition netal, or - 14 (ii) contains sterically
hi ndered aromatic CGH bonds on the nniét§4d1rectly bonded to the
transition netal; The Z noiety depicted in the structural diagrans above
(correspondi ng to theé)b) coneeyhsi starl3cBlélyebindaredoavomhigend-whi ch does
not di ssoci ate under thernal, reaction conditions. Thernmal reaction
conditions are al | PPRESpRYPsFBEI MPe&LYi G4 &6Vt PEREEENEPoEE i n practice to
functionalize the Le. bydr Qn at its secondary or 10 aromatic CH
bond site, includi%égbégtggﬁ ﬁ%ﬁ??éd to the pressure, tenperature, and

space vel oci ty copdet#oRsietit Aepithedr gacthens¥esseliraP 83agkrahison of the
Z noiety results in the degradation of the catalyst, thereby termnating
its acbivity.aliGv@8hécZrmeeponpdahgotdonheed)ehedecgh densi By st elestralin | ze
the oxidation state_of the transition netal of the active catalyst.
Preferably, t&NeFetigdhfcvBhangeoest NPhe d2sEpréayewinRerutherarabilize the

T Tt acti verSTar soh TReHIREsHE, Okl FREER 8 PPfRResen STy BT
conpl exed cycihé& ShyS0PatyebhbtidhOBBhHS t@bnBOBMBIBYBLI ¢n pREULERL ¢alionic
or anionic, substituted or unsubstituted Iligand. It is preferably a n
coor di nat ed, fwyrtttoRsl arenehéccgohpouhgtdiobhybsubsti ftsedecandamgr er
prefqubly aromatic C-H bond site, including but not limited to the
pressure, temperature, -and space velocity conditions
within the reaction vessel. Dissociation of the Z wmoiety
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 2 moiety may be between an 12 and an n8
compleked cyclic or non-cyclic, aromatic or non-aromatic,
neutral cationic or anionic, substituted or unsubstituted
ligand. It is preferably a @ 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
1°-1® cyclic moiety having a 5-8 carbon membered ring.
The Z moiety preferably comprises a fully substituted n°

30 cyclopentadienyl moiety. Said n° cyclopentadienyl moiety



~a cyclic, fully substituted aromatic, anionic noiety. The Z noiety
preferably conprises a fully substituted 115-i6 cyclic noiety having a 5-8
carbon menmbered ring. The Z noiety prefefably conprises a fully

" substituted TI5 30 cycl opentadi enyl noiety. Said r95 cycl opent adi enyl -
noiety | - 15 is preferably a T15 pentanet hyl cycl opent adi enyl noiety. In
one enbodi-ments plrefZrabipoany>i peathuklthylohslopeheddienglli moizt§.8 carbon
menbered ring. The Z noiety nmay be coordinated to the Mnetal centre 5 in
sever al d.ffeF@npnPsewbpﬁémeeﬁfu§Bﬁa?|6@@@0p5d igxambHélyt BubBtitused in
the r15 configuration.may be in one of the S W or Uisoneric states. In
a nore prefeFY@élénﬁgdﬁnﬁnFarpﬁé repbeEed ringhe U isomer in the  T15

bonded conf t to_be underst t the, 10 i ti
o e Goupl o banBBor hobskyplF, 48 EESkaH=HEE 5h PudCy e BatoeeBozt by

the d6|oca|'Z?ﬁ'QQveﬁgieQEffEPénﬁxﬁgBhérléncbﬁgi u§a9§85§d'e@o§ yl group is
i dentical to the rl15-1,4--pentadien-3-yl group. Tt is to be further

under st ood thakaablei SEARr ECmb2ep$ ©h @hé5n59b8ﬁf§§u§éélbﬂchH9€ﬁe'Qnany
reference to a Z noiety identified herein. Furthefnore, it 15 not critical

to the presenhei a¥ehheof, tHatori Vhesotnheinattiaeest the al mbkage between
the Z noiety and_the netal centre, or t_le _carbon number to which the Z
moi ety is cooPBPAGFEEd SNPBIRMERT oFheoApleielYt 65t RBenHt AFOREHt L8, the
known, so Iong as sone formof a linka 9e between the Z noiety and the
metal centre BXi 8PRdad %9%5%9??6%1ﬂﬁrch i L bPo@?dBndﬁrFEﬁéﬂléhéFlEhﬁg

reageny, MhICho£fgf££fC£5¥ft£8n of the double bonds of a dienyl ligand

need not be identified because of the delocalization
effect. For example, an n5—1,3-pentadien—3-yl group 1is
identical to the n>-1,4-pentadien-3-yl group. It is to
be further understood that all isomeric forms of Z

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

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

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

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



functionalize a secondary or aromatic C-H bond. 25 The Z noiety nust |ack
aromatic CG-H bonds on the noiety directly bonded to the transition netal,
or contain sterically hindered aromatic C-H bonds on the noiety
directly-bonded to the transition netal .- Ad -aromatic CH bond is a bond
bet ween a hydrogen atomand - 16 one of the carbon atons formng the

aromatic ri ng.on‘r%h\%ﬁ ﬁrﬁ%&{ alid G s (RE GARS | Dk S i _Ci--iszhé)onds on

the noiety whic rectly bond to the transition netal &

undesi rabl e whersded ichaltdentingalilhe o oyed idfar affommst e ST H heshderen n
because they conpete with_ the functionalization of the secondary GH
cycl opar af f i n thigomesetvhatdigh meddcidigragie yikang dio fihreth omes i ten

cycl oparaffin. Accordingly, when cycloparaffin is to . be functionalized,
the Z noiety SRGE dagi eg“rﬁig]sdgr&%}e% ) CHSHA AT Yohds on the
moi ety (i rectl ded 69 nd Reeddraniid MUY Hlecdilsd feifdip SRt i G H
bonds as(rje pré: gﬁ%?)they snhoul d be sterically ierfaccsessi bl’e by "ot her *
activat ed cat ahgstfunitdenladd dat itdre off dit tsedamddmi @28 cywrl@avaiaffin
functionalizing the Z noiety aromatic G H sites. 15 In a nore preferred

enbodi nent, ebengssi tdegiehphereduaimeithe iMaldialy funaieiarakizsmi ch are
et 200 St oo el Y oe A0 LIS AL IR A L g 2
ei ther |ackingedi B Ry idrRMBled, Ctite2 hds orsHeANIRidY 13HeF | LRl dgethdider ed
CHsites. It will be appreciated that suitable substituents are bul ky
gr oupsiognhi ch amekgerenaltliy Ceghidedsaorsttérd caliaty dineedi . bddted itd ti ng
exanpl es of S%%g Egggéition metal, or if such aromatic C-H bonds are
present, they should be sterically inaccessible by other
activated catalyst molecules in the wvicinity to minimize
or avoid functionalizing the Z moiety aromatic C-H sites.
15 In a more preferred embodiment, every site on the Z
moiety, including those sites which are directly and only
indirectly bonded to the transition metal through a
substituent on the Z moiety directly bonded to the
transition metal, are either lacking in any aromatic C-H
20 bonds or contain sterically hindered C-H sites.

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

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

fluorine or chlorine, especially fluoro or fluorcalkyl

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



© substituents on aromatic ring carbon atons adjacent to 25 the aromatic CGH
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 fluoro or fluoroal kyl 30 groups, aryl, phenyl which
optional |y maprBe@arfofdeosame pr ¢hirfd asfenth & ubatd tovendist. f edédaryl,

bstit ts, _glkl | |k h h | al k b |, .bul k
substituents 2aE mERSTERY o NENE TRy RSy s LW LY SRPsHigHents
al kyl)silyl, «NBRZimiNGPRne BN horanhetRePR-En238ch o XY 6 A d

esters. Any of the Z ndOiety substituents may be joined together on the Z
moi ety to foralky®)eCFlsat-Phized -NHh, -Brap| esdof-BHpehgear Ayld gr oups

i ncl ude Cl-C20 branched or unbranched al kyl groups, preferably Cl-C6
branched or leéawbbxgldleedcdldkwistgraups such as nethyl, ethyl, isopropyl,
propyl, butyl, t-butyl, isobutyl, neopentyl, and 3- phenyl-neopentyl. O her
exanpl es of ~hydr oBBYbPE §P8upfs MoiferuDERd trenesomaybbei o aiagdr adi cal s,

P ernal Y aubeLecale o URe Oh LIt I ogen, & e cny R LA e e "

a hal ogen radi'Cc an am do radi cal, phosp

hal o | Ya “phospl fo™ar s |
Funct onal i ¢ yExPretes B8 EPRcoCaR A0 e BH10RE' Honcdh BPBRERGH fonsity

to the Ii d i I trib t i th
ot 11 920, SUchcAULA YS9 agner v 20 CORL LLULS 1y Lok seoi 10 e
cyclig hydroGarROR-nas Wikl 128rbipkeasingatNfetfibi Vi L¥ngl, t B8opropyl,

( propyl, butyl, t-butyl, isobutyl, neopentyl, and 3-

phenyl-neopentyl. Other examples of hydrocarbyl groups

include the C;-Cy9 substituted radicals, optionally

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



catal yst. Exanples of preferred substituents conprise 25 trinethylsilyl and
Cl-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 subsiftuted to sterically protect the
remai ning aromatic CH bonds. The - 18 aromatic carbon atons which are

substituted i gebmndeitheaebonanbomsaivbiivh Arar eudisitd tht@®Rii SRR thdde
aromatic ring bonded directly to the netal centre M as well as the
aromatic nucl@arbﬁalﬁé@mﬁylﬂeﬁﬁéméﬁlﬁoDuﬁéeuréﬁ@ﬁ@l@@ 28 metomia ttilr atighyg t he

non-di ssoci atj ng .el.e tron n dlrectl bonded _t.0 the transition
metal . Exanpl %ggG?db IR5FE Egﬁ g*ﬁrt cte8t1rﬁe afpietlile s Sdiq abl e for

functionali Z'QQO@QEler H{IEELEE %HEhr%Y:E& %@%L_&edhw R l&%glsqet%%f | bed

herei n include ut 10 are not limte nmet hyl cycl opent adi éng;
ethy|CYC|Open&édaEHEhrbuéhtyh@yﬂbﬁpdﬁb&db&ﬁeAnghéXﬁbtiﬁhDﬁﬁﬂk&qm%ﬂe
octyl cycl opent adi ene; 1, 2- dinethyl cycl opent adi ene;

1, 3-di net hyl cyebopediaareAE: bOEd&ddF@EFh?ItKEBSlEé@Daﬁﬁéﬁll yl: 1,

5-di nmet hyl - 115 ent adi e 2. 4-di n-3-yl, 1; 5-

i methylS 15 - pentAATBhes. oF: By 3038t deR TERUK Kb FRpe RondPEne

pentanEthylCyﬁ%??@ﬂé@g'§ﬁ§tagletf5r fhnEtEoﬁaﬁ%hlﬁgzthé RirSmatic and

(trimethylsily 9- -pentadien-.3-yl; 1, L,

t et ranet hyl cye{opeptadt éns,; h&dr@caﬁboﬁstdbsarébhﬂlhetéln 2thiclude, but

cycl ohexadi en-4-yl; 1,2,4,6,6-pentanethyl-15 - cycl ohexadi en-3-yl; 1, 2, 4,

6, 6-pgentanet&ye- RS limited to, methylcyclopentadiene;
ethylcyclopentadiene; t-butylcyclopentadiene;
hexylcyclopentadiene; octylcyclopentadiene; 1,2-
dimethylcyclopentadiene; 1,3-dimethylcyclopentadiene;

" 2,4-dimethyl-n® -pentadien-1-yl; 1, S5-dimethyl-n>® -
15 pentadien-2-yl; 2,4-dimethyl-n® -pentadien-3-yl, 1; 5-

dimethyl- n° -pentadien-3-yl; 1,2,4-

trimethylcyclopentadiene; pentamethylcyclopentadiene; 1,

tetramethylcyclopentadiene; 1, 2, 6, 6-tetramethyl-n> -
20 cyclohexadien-4-vyl; 1,2,4,6,6—pentamethyl-n5 -
cyclohexadien-3-yl; 1, 2, 4, 6, 6-pentamethylﬂn5 -
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-yi; 1, 2-
dihydronaphthalen-1-yl; 1, 2-dihydronaphthalen-2-vyl;
1,1-dimethyl-1,2-dihydronaphthalen-2-y1; 1, l1-dimethyl-
1,2—dihydronaph£halen—4-yl; diphenylmethyl- di(l-
cyclohexenyl)methyl; 1, l-dimethyl-1,2, 5, 6, 7, B-



- cyclohexadien-5-yl; 1, 2, 5, 6, 6-pentanethyl-i5 - cycl ohexadien-4-yl; 1,
2, 4, 5, 6, 6-hexanethyl-r5 - cycl ohexadien-3-yl; 1,2, 4, 5-tetranethyl-6,
6 25 cyclotrinethyl ene-r15 -cycl ohexadien;g-yl; 1, 2-

"~ di hydronapht hal en-1-yl; 1, 2-dihydronaphtﬁa|en-2-y|;

1, 1-di net hyl -1, 2-di hydr onapht hal en-2-yl; 1, 1-dinethyl -

1, 2- di hydr onapRkREYEFCRaphth@lsReAyYist Ryl 1 -diperhydclotex &ny 6 mt-h@- 1,
1-di met hyl - 1, 5 7, 1 _hexahydronapht hal en-4-yl; 1

1-dimethyl -1, ﬁ?XEPYg?O??Pthﬁ]e[%é’hedP’gnagm Eaﬁénm?%‘%a; %1%'1-% et By 21, 5, 6,
7, B 9- hexah&siaapa&&ha@h%ﬂehw-;z,ll,, 4,3 bebragrilbethyd-192,65, 6,

8- hexahydronapht halen-4-yl; 1,1,2,3-tetranethyl-1,4, 5 g, 6, 7,

8- hexahydr onafiht Aahemabhyg@ironaphth2led-detylandt AyR- B-t&tr@methy8,-1,4,
9-hexahydronaghthalen-4- l|; 9, . 10-di hydr oant hracen-9-yl;

9, 10- di‘hydr oa thﬁac@m-ﬁféﬁfagyerP&PP§¥ﬁ9Fpgﬁ‘V@Jdﬂhy&raan@ﬁracen-IO-yI;
1,2,3,4,9, 10._h nthracen- 9+-yl,; 1,2 - 4.

_10hexahydroanfﬁ?gggﬁgkgél?1,%}3?4,3} fi-ghgggéngégﬁFﬁpggg%ﬁg¥;l?1’ 3
1,4,5,8,9, 101pbaxabpydeaanhiageanolyll;; 99109ddhiarbiht hrdced- 1819, 910-
hexahydroant hracen-10-yl; 9, 9-dinethyl-1,4, 5 8, 9, 10-
hexahydr oant heademeRhyll - 98, 18-diihydpanthracgn-80-¢g110118,3,4,9, 10-
hexahydr oant hracen-1.0-yl; 1,2, 3,4, 5 , I, 8, 9,10-
decahydroanthPﬁE@HYd§9§PFhf?§?n3?“X?;5?'2; 7: 8: 9:4%-
decahy%roa”thﬁéﬁgﬂ?aiéhhtﬁra%éﬁLHegﬂ¥'112ﬁ’ﬁ§’44’95’1§h 7, g’

9, 10- decahydr oant hf acen-10-yl; 9 dimethyl-1,2, "'3, 74, 5 6, 7, 8,
9, 11- decahydr narahideeankGrykend 97y20 di et Byl Bpdeneyo-
4,5, 6, 7-tetrahydroi ndene; 3- nethyl cycl opent adi enyl si |l ane; 1, 2-

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

hexahydroanthracen-10-yl; 9, 9-dimethyl-1,4, S5, 8, 9, 10-
hexahydroanthracen-2-yl; 8, 8-dimethyl-1,4, 5, 8, 9,10-

15 hexahydroanthracen-10-yl; 1,2, 3, 4, 5, 6, 7, 8, 9,10~
decahydroanthracen-92-y1; 1,2, 3, 4, 5, 6, 7, 8, 9,11-
decahydroanthracen-9-yl; 9, 9%-dimethyl-1,2, 3, 4, 5, 6,
7, 8, 9,10-decahydroanthracen-10-yl; 9, Q-dimethyl—l,2,
3, 4, 5, 6, 7, 8, 9,1l1l-decahydroanthracen-10-yl; 4,7-

20 . dimethylindene; 4,5,6,7-tetrahydroindene; 3-
methylecyclopentadienylsilane; 1,2~
dimethylcyclopentadienylsilane; 1,3-
dimethylcyclopentadienylsilane; 1,2,4-
trimethyleyclopentadienylsilane; 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 cyel opent adi enyl si | ane; 1, 3- di net hyl cycl opent adi enyl si |l ane; 1, 2, 4-
tri met hyl cycl opent adi enyl silane; 1,2,3,4 25

t et ramet hyl cycl opent adi enyl si |l ane; pent anet hyl cycl opent adi enyl si | ane;
1,2,4- trimethylindenylsilane; 1,2,3,4-téetf@nethylindenylsilane; and

pent anet hyl i ndenyl sil ane and each of their equivalent |I|igands. O her Z

noi eti es i ncl udempbandisl ieatbStietutied US3Q-ar satieniscaldy didderedand
substituted noieties of the - 20 conpounds identified in US-A-57541 349 as
the L ligand EReFEiR: In addition to the above mentioned Z noieties, the

follow ng noieties_.are.glso suitable for functignalizing 5 the aromatic
hydr ocar bons deschBeﬁdaéEéPﬁ.k?hggg Pﬁ8W3d@?nB&Pn§ﬁeZn%PH%ﬁﬁﬁFedtﬁﬁ
pent adi enyl , f&ﬁk@@@ﬁgaﬂbgexhe503950Q@é@ﬂb%&%hb1%Y%b&S@q$Qei alizin
cycl ohept adi enyl , cycl doct adi enyl, ant hracenyl, and naphthalenyl groups.
More spécific ehanpkesatihcl hgdrotarbpalsodestadbede heiredene, These
4-met hyl -1 -indene,. 4,7 dinmethylindene, 4,5, 65, 7-tetrahydroi ndene;

cycl ohept at ri ebRCIWBE hy PRy cRERePPEt AiBAEEd &gl DEBtatdenadne,
nethylcyclooctgte%ra a ne zul ene, azul ene, fluorene,

met hyl f 1 uor ene? 1 Oﬂ‘gﬁg%%z}é%em SH’Fgﬁ’b%%ﬁéﬁ’é‘? bi Eg’tﬁ@\ﬁlﬁdéﬁtd&&“éﬂyl si | ane.
triscycl opent agienyhsbt 8€enyl ot Egkl se¥ehAREALAdI gRYLSLIARE | .
blscyclopentadlenylnDnonetthS|Iane, bi scycl opent adi enyl noefﬁ915|lane,
20 bi scycl opemaplhenyl enykt gybepbaneMore 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,
biscyclopentadienylmoncethoxysilane,
triscyclopentadienylmonomethylsilane,

30 triscyclopentadienylmonoethylsilane,



-

* bi seycl opent adi enyl di et hyl sil ane, biscycl opent adi enyl net hyl et hyl si | ane,
bi scycl opent adi enyl di propyl sil ane, bi scycl opent adi enyl et hyl propyl si | ane,
25 bi scycl opent adi enyl di phenyl silane, _ 59 _ '

" bi scycl opent adi enyl phenyl net hyl si | ane,

bi scycl opent adi enyl mpnonet hoxysi |.ane, .

bi scycl opent a8Féf¢l] yitgippomethoxysilane,

triSCyC|0pent§gE§E Fggﬁ%%?%yﬁ%%#h%@%bé%%qusilane, monoindenylsilane,

triscycl opent adi en sirane, 1 -

triscycl opent pdisenseryneiaEhe)y sigiedenylsilane,
triscycl opent adi enyl nonoet hoxysi | ane, nonoi ndenyl si |l ane, bisindenylsil ane,
tri si ndenyl si tebrakisdndgydisidamy sivicavs ndenyd modeme hwisridiamel, si | ane, S

nmonoi ndenyl nonoet hyl si | ane, nonoi ndenyl di net hyl si | ane,, ,
nnnoinéenyldi@?ﬁ??gﬁﬁgﬁ MORST SﬁgéﬁﬁpﬁﬁhoFﬁ@?ﬁ&%ﬁ?Yﬂgﬁ@?thyls11anef
nonoi ndenyl no ] ' Lnden ' .

Bi 5i ndeny! monAEP AT YA Py S adeny| tonoar iy T nghethionystlane.
bi si ndenyl di rebhyh aikand mohdchhskpaanynei, et hyl si | ane,

bi si ndenyl net hyl et hyl si |l ane, bi si ndenyl di propyl si | ane, .
bi si ndenyl et hpbpeopiesylavacrhenekgadpingi phésyhdenydmonomethylsilane,

RRpE et SRR R T el LI

111 oy maogt i i e 3SR ERGAEL 0K L AP 1

3- met hyl i ndenpi sihdaayldipebhylsddengnebligliadeapéethy2propylsilane,

diFEthylindenggggggggy?g?phenylsilane, bisindenylphenylmethylsilane,
bisindenylmonomethoxysilane, bisindenylmonoethoxysilane,
trisindenylmonomethylsilane, trisindenylmonoethylsilane,

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

20 When Z is cyclic, the ring may optionally be
comprised of heteroatoms, such as nitrogen or oxygen. 2
can be a 4-50 member non-hydrogen atom group, preferably
a 4-10 membered fully substituted cyclic moiety or a
sterically hindered moiety comprised of a single or fused

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

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



1, 3=di rnet-hyl i ndenyl silane. 20 When Z is cyclic,..the ring may optionally
be conprised 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 stericall®¢ hindered npoiety conprised of a
single or fused 25 ring system Exanples of any of the above conpounds

bonded t hr ougltr oy ladrieh ienE grmigngus ubsdpyrapb(B; preferably 2 to 3,
carbon atons) are suitable as the Z noiety. Exanples of such conpounds

. . iety
i ncl ude bi s(48iegyA) avthapfiai ienedchiphernkmthylene (S-

1, 3- propanedinyl bi si ndene,, 30 . . ,

13- pr opanedithI TR 56 LRI A% | HRRRSPYIcyslopentadienyl -1~
propyl enebi s(e4+jJ1dens)s od PRI dyle1 ditaryd derfy ¢1 Opent adi ene,

di phenyl net hyl ene(9- f1 uorenyl)cycl opent adi ene,

i soprapyl cycl opert adixenyde bf faryoreeih di reo pr fopydnie raciyorieap erdrgsthetds  faA

m xture of any of the aforenentioned conpounds may be used in the

synt hesi s of behals@st diry dthe myathempietelesshmyrataliritubst it ut ed

cycl opent adi enyl _.congpounds.. Nost_ preferre s .the noi-eti es are alXkyl
substi tuted cycl3%@%?@3Péﬁyﬁe@o§5'u%’sﬁ%ﬁﬁ#%ﬁ%ﬁ%ﬁ%ﬁi?Iﬁﬁpgﬁﬁﬁﬁégﬁﬁx

al kyl substi uhedunas oPeiadirait e S YN Ushe SHGbRS {de JRNa1diy tri,
tetra, or penta nethyl, ethyl, propyl, isopropyl, or t-butyl

cycl opent adi enyds tdampedh dy c Logpegit adlimthly |aympopels adirehyln particular

met hyl cycl opent adi enyl , _ tetranet hyl cycl opent adi eny] ,

di et I cycl op®8t &di- yP}HW11§HQERHQﬂﬁ%4n§§ﬁ%ﬁHQHﬁﬂql%ﬂﬁﬂ compounds

pent anet hyl cycl opent adi enyl ) g@@ t he. hydroxy and Cl-C4 al kyl_ substituted
i ndenyl and StCiorenyhecdigcunds,: ddch FE%&r ffeBfRTnhdEHY L. ethyl,

propyl, iseopropyl, or t-butyl cyclopentadienyl compounds

{(e.g. dimethylcyclopentadienyl, methylcyclopentadienyl,

tetramethylcyclopentadienyl, diethylcyclopentadienyl, t-
15 butylecyclopentadienyl, 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:



t et rahydrof | uorenyl, and octahydrofl uorenyl. Sonme- exanples of cyclic Z

noi ety structures are 20 represented below - 23 0 or or or wherein Zis
fully substituted with R groups or suffisgi ent nunbers of R groups to

" sterically hinder the aromatic G H bonds. The nunber of R groups may range
froml to S. 5 The catal yst qfed in the process of the invention is also
conprised of one gr nore c) l1gands. The catal yst - contai#as at | east 1 c)

| i gand, and preferably cont a 2=TQ. | i gand 8 c) ligand is
derived froma s of g an 10

el ectron pair to t PANng ate thermally.
The c) ligand is derived frew On density to the
transition netal and which contain either a non-bond pair of electrons
or a 15 bonding pair of electrons. By "donating" a pair of electrons is
meant that the |igand does not transfer electrons to the netal, and upon
di ssociation, the electrons leaveiwth the ligand. It is not necessary
that the bond®Finkage occur between a coordinating atom 20 and t he netal
centre. The bond |i nkage cclur between the nmetal centre and a n bond
or a it coordinated ri

R

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

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

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

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

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

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

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



- 24 each-of which can donate electron density to stabilize the oxidation
state of the netal centre M or the bond I|inkage may be a o bond between a
ligand atom and the transition netal centre. 5 The c) |igand should be one
" whi ch dissociates from the catal yst upon?4pplication of thermal energy-
Since it is desirable to both increase product yield and reaction rates,
not all of theddgasisivilchbaeimiatdiel dompomianshre togtdlyi hizel to the
transition nmetal 10 centre, and not all |igands should dissociate fromthe

cat al yst sl owlitheooxgifiat ian s Lrtde aghadactfigre e eecorpdeerd on

tenperature of the catalyst. Accardingl at | t_one of the.ligands
shoul d t her nalllwgsesd'lﬁ%tstée g r%ﬂ?‘?rﬁgq%%tf"éq%ta. F‘%;gaq P hAT 1 3791 §%ci at i ng”
is meant 15 that theildpandds &apakl e of dissociating fromthe netal
centre using thermal energy at tenperatures below the tenperature at which
the b) ymiety di sgoei at)ed ifgand tdiulnketta arentwischwd deowidtes efardd i n t he
degradation of the catalyst. In a preferred enbodiment, the c) Iligand 20
di ssoci at es f ithe tdedadss W raprdicat iemsd fheeeel REVER50E B above

foom and 11 iike AT Sl I LSt FRHRBICC | REFBHN GHEE beside
the functionalizig J4£3980s, tls 20 rajalotsd 1 {dihdy Ghsuly Ao boe and a
solvent. The (‘:e) CII'Ll gand preferably conprises allphatic unsaturated or it
arene conpoundspesailidi afensigioripouredsi Hadtieng rdnsitenen Gdtdbnds. The
°) |IgﬁPd Canc%itzigaghxiaﬁﬁfeiﬁptf¥géggérgiould 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. In a preferred embodiment, the c) ligand
20 dissociates from the metal centre a) at temperatures
below 250°C and above 70°C. Evidence of thermal
dissociation is to conduct the reaction in a dark room :
and in the absence of any co-catalyst or other
ingredients beside the functionalizing reagent, the
25 catalyst, the cyclic hydrocarbon, and a solvent.
The ¢) ligand preferably comprises aliphatic
unsaturated or n arene compounds, said m arene compounds
lacking n arene C-H bonds.

The c) ligand can be broadly represented by the

30 following structural formulae:



~ 30 following structural formulae: - 25- X Y XY R ,,X wherein X and Y
each independently represent one or nore of H C B, S N Si, Sn, P, and
~As and conbi nations 5 thereof, to which sakucrated or unsaturated, branched
or unbranched al kyl, aromatic, alicyclic, or alkaryl groups may be
bonded, and wherein X and Y may be bridged to form a cyclic arene conpound
whi ch may contai n branches, substltuent]gl1 or fused aromatic rings, R
represents 10 hydgogen or one or ptiQnal branches or substituents,
and n represents @hiinteger rani am 0 B 8. The unsaturation between
X and Y may be ol flnlc acetylenlc or aromatic. However, X and Y may al so
be bound by a sirle coval ent bond when X or Y is hydrogen 15 An exanpl e
of a fused X-Y structure is represented by a 6 nenbered aromatic ring-as
shown in the structure below 20 Preferred c) |igands satisfying the above

criteria arewlreded ¥ raomd & seidvic e mfepdRant NR dpHYdRt. ord st Wated
al i phatic conpounds, n allyl, and n arene conpounds. Mre preferred c)
| i gands conpr |0§efh Soube S, 2% S, 1BIRE, PshiAF ars Cainbdrestt ionsonpounds,

it allyl] and i e .co ds. Most eferred are nsaturated
allpharéc conpy 3? it aRBV1qb5ﬁHBHﬁH§£{ %£%§1 % & and

gzﬁgglu ﬁljlsy t he RS -WeRE d 1, p%%tdnf‘at%c.cormql&%iﬁld ofﬁ‘%l']éarfi;rle%%oups
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 0
to 8. The uﬁsaturation 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 aromatic ring as shown in the structure

below:
; R
M
20 Preferred c¢) ligands satisfying the above criteria

are derived from a source of :PR3, :NR'a, HSiRg,

unsaturated aliphatic compounds, m allyl, and n arene

compounds. More preferred c¢) ligands comprise a source



Tertiary phosphines suitable as the c) ligand include the nono and

bi sphosphi nes. Monophosphi nes are represented by the fornmula: :PR3 10
wherein R is independently an aromatic of up to 14 carbon atons,
optionally substituted; or a Cl-C40 al kyl 26r- alicyclic group, optionally
contai ning atons other than carbon and hydrogen in the form of nonoval ent

.- substituents whieh, auasptatatadl ¥1apeeiien cerdadnas, ng 13 1s4bsiHd yent s
such as hal o, preferably the m ddl e halogens chloro and brond, nitro and

trifluoronet hykenExaspbeandt. aMoER! G elRerdec@URTel RElURsRROMPELed Ol YI and
naphthyl. The aromatic groups are optionally substituted aryl groups with

hal ogen at onmsadmghakkygl compphindal koxpll2d cempoxyndscarbdl kiveyn acyhe
triha1ogennethg|, c¥%no, ialkélanago, géighon | al kyl. and al kanoyl oxy
groups. O heFOUBBENFPe BRANPBFEECHALSY £AF SNSRGYFRRESs 2adiphatic

bi s(1, 1-di.net n hgsphine, ' | phenyl phosphi ne,
cycrohéxyldipﬁ%ﬁgégﬁgépﬁﬁﬁeghgzg g?%ﬂ?yﬁgﬁgggﬁgﬁbsphine,

met hyl di phenyl phosght peryt phebpnyhpbospht BBl et his- BhBUEY! phgaphi Aec1iudes (4-
t ol yl ) phosphi ne, tris(4-chlorophenyl)phosphine, tris(4-
nethoxyphenylyphomph©nepdtbisPBOﬁeghnﬂypheﬁyhpphosphﬁnes are

tris(2-methoxyphenyl)phosphine, tris(4 30 butyl phenyl) phosphi ne,
tris(4-trif|u%%@ﬁ%%?%?ﬁﬁo@%hFﬂ%,%?§mui6’15 tris(4-fluorophenyl) phosphi ne
and 2-carboxyphep¥k3 di phenyl phosphi ne, tri-p-tolyl phosphine, tri-p-

10 wherein R is independently an aromatic of up to 14 carbon

atoms, optionally substituted; or a C;-C4p alkyl or {

alicyclic group, optionally containing atoms other than
carbon and hydrogen in the form of monovalent
--substituents which are preferably electron-withdrawing
15 substituents such as halo, preferably the middle halogens
chloro and bromo, nitro and trifluoromethyl. Examples of

aromatic R' groups include phenyl, tolyl and naphthyl.

groups with haiogen atoms and alkyl, aryl, alkoxy,

20 carboxy, carbalkoxy, acyl, trihalogenmethyl, cyano,

dialkylamino, sulphonylalkyl and alkanoyloxy groups.
Other specific examples of suitable phosphines are

bis(l,1-dimethylethyl) phenylphosphine,

dimethylphenylphosphine, cyclohexyldiphenylphosphine,

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

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



" met hoxyphenyl phosphi ne, o-di phenyl phosphi nobenzoic acid, and in particular
“tri phenyl phosphi ne, tri butyl phosphi ne, trinethyl phosphine,

.triethyl phosphine, tripropylphosphine, angh any Cl-C6 al kyl combi nation as
an R group, 1,2-bis (diphenyl phosphino) ethane, 1, 2-

bi s(di phenyl ph I po - hi . diLphenyl phosphi no r popane,
1,3-bis(diethy?%ﬁ%ggh%%§§98%§%%%%g?pééﬁyggé %ﬁ?p%gﬁ§F§ﬂ6§B%?ﬁ5 but ane,

1, 3-bi s(di - i s@pplo@ey) PHRSHPhDNY, PEPPapecand1dhdsPhsné di e s P=p- _

met hoxyphenyl phosphi no) propane. Tertiary am nes suitable a% the ¢c) ligand
are represent®etyyxypleetylpabaphiniR 3o0-dhphenyl fiosplsi hbise sa0Ec NBaDANg as
R above with r%%$ept to ;Rﬁf, as well as the polyam nes such as the

di am nes, tri me? RE hent ahi retPheRyhpiesPhing| ek ot vibphesplying . ani ne

| i gandss20 incluge. tyd 1 ne, | lL.ne,_tri-n- propyl am ne,
triisop?opylaﬁ%nezt¢$¥¥§%é%é a%jn%%Ié€$§?$§§%éﬁ§qsanine,

N, N- - di met hy| gyt i parspy Iptidépiyd el Nend Q@ﬁzdiité@ﬂ&ﬁr&%ina%i nas, .
tris(di met hyl am nomet hyl ) phenol, di net hyl et hanol am ne, n-net hyl nor phol i ne,
triethyl ene 2%rlirmdoudy MELMBI®T PDbhérey 1 g B Rhahdme, diet hyl -

et hanol - am ne, N-coconorpholine, | -nethyl-4-di methyl - am no-ethyl pi perazine,
3- net hoxypr opyilsdidimhgnaiphrs N -ethenmt hyl3 Suipy opyl  propyl enedi ani ne
3-di et hyl am no, pr | 30 diethylani ne, di nethyl henzy| am ne, - 28

di met hyl cycl oh@ﬁ%yﬁg%@@| i R e, é-'gﬂﬁ/{dlzﬁthylphosphmo)

10 propane, 1,4-bis {diphenylphosphino) butane, 1,3-bis(di-
isoprbpylphosphino) propane and 1,3-bis (di-p-
methoxyphenylphosphino) propane.

Tertiary amines suitable as the <) 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 domating 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-diethylamino propyl-

30 diethylamine,dimethylbenzylamine,



met Ryl i m dazol e, 2,4,6-tris(dimethyl am nonet hyl)phenol,

1, 4-di azabi cycl o( 2, 2, 2)-octane, 1,5-diazabicyclo(5,4,0)- undecane,

di et hyl dodecyl am ne, pyridine, 4-(1 5 Qu&glpentyl)pyridine, qgui nol i ne,

i soqui noline, |ipdine, quinaldine, nonylpyridine, 2,6-lutidirie, 2,4,6-
col I'i di ne, 2-unde%¥&inidazole, 2- hept adecyl i m dazol e, 2- phenyli m dazol e,
2- et hyl - 4- met By:Pefhyd£yicd chexydggyiines- 2mmethvilamigiessle, 2-ethyl-4-
1--propyl -2-nethyl imi.dazol e. | 10 cyanoethy].- 2- methyl.ini dazol.e,

1- cyanoet hyl - E‘%%‘P@/I -W-léﬁéf’ﬁﬁfi d5 olté",lsrl](- &gﬁ%rl-‘?%ﬁfé“éfég)lmﬁ%lzol e,
1- cyanoet hyl 125 pheRyhibiicdea@) (@, 21 2gupamioethy - St d 18 gazp! ),

N, N- di met hyl ani Iine. N, prl e e bt gﬁﬁeﬁﬁ%d}a%n%'i%@e,

p- hal ogeno 15uidbedinert Hy meahiyllidoeec2-1Nmdnley,| gyidiidimest an@l, tri-n-
butyl am ne, pyridine, quinoline, N-nmethylnorpholine, triethanolanne, and
N, N, N 5N -t et PHAFLRPENEYE AR¥ELAARe. THHECIdiSs e igawigelimet ed igdipmt i ¢
conpounds as the- L1 gand st _cantain_.C_and H,..al thqugh heteroatons nmay
20 al so be prggéﬂ?i%lﬁn?henggﬁgyﬁ&,%lBFOVizdgdril"ﬁé‘fh%ﬁ' %U%e 4]'han 1

het er oat om f og,@YHY n, cgtQaaeawmaé%o@@e,sgnhepté% 11 iR £ 160 mppund
contai ni ng unsaturation which dissociates fromthe transition nmetal centre
at a tenperapheaylawedathae,t beetbpferametbydtimildiacoliche Ibbeyiniety (Z

group) dissociates, is a suitable conpound for_ use as _a ligand. The
al i phati ¢ unsaeth¥lénidarpdand ImByoRN e 2f Moyl imd dgzodgnbdm at ons,

Bt o, 0The ol FRRAPFEPEb AR0RE0T M BA o8B B6and G a8 A Cye e A
linear or - 2Qethylimidazole, l-cyanoethyl-2-undecylimidazole, 1-
cyanoethyl-2-phenylimidazole, l-guanaminoethyl-2-
methylimidazole, N,N-dimethylaniline, N,N-
dimethyltoluidine, N,N-dimethyl-p-anisidine, p-halogeno-
15 N,N-dimethyl-aniline, 2-N-ethylanilino ethanecl, tri-n-
butylamine, pyridine, quinoline, N-methylmorpholine,
triethancolamine, and N,N,N' ,N'-tetramethylbutanediamine.
The source of unsaturated aliphatic compounds as the-
c) 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 (Z group) dissociates, is a suitable compound for
use as a ligand.
The aliphatic unsaturated compound may have from 2
to 32 carbon atoms, preferably from 2 to B carbon atoms,
more preferably from 2 to 6 carbon atoms. The aliphatic

30 unsaturated compound may be alicyclic or in a linear or



"1 branched non-ring structure. Mono- or poly- olefins straight or branched
chai n conpounds are preferred, wiwth nono-olefins being nore preferred. A
.c) ligand conprising a linear or branchedoaliphatic olefinic group 5
having from2 to 8 carbon atons is preferred. Suitable unsaturated

al i phatic CO”B?H%Q?.%Enb%ﬁr&hﬁéskgﬁ@@u clug? ”8r°5%ﬁ Ca%&q as the

| i near ol efins cki ng of par fin wax, nnerC|a Sol efin

product s nmanukaghdiged by etraylcted ehiagoneorpaiuinds and #Qe&%&&%ﬁedwﬁ%kihe
United States by Shell Chem cal Conpany under the trademark NEODENE

| i near |nternmpn@I@ﬂﬁﬁsnﬁabélnﬁympﬁé @WﬁéﬁmwadlonAdehydngehﬂorlnatlon of
paraffins, raffln deﬁgdro enat i on gngb i Eonerlz thn of al pha-
ol efins, deteFB Hflﬁéﬁge i °5r ZPPRRSI RAAPREGE 16, O16 L3RECaAERY®,
nmono- ogeflns ﬁQO%ﬁ?”EQSmfQOEbaEOEErﬁohoa%B&g 256%?E99g atonms such as

those in the car nmber range of C10 Cis 15, Cl2 to C13,
and C15 to Cl18, asndtabhyl eneatprapgbleatiphabitesempduhdtene, chepent ene,
2-pentene, isopentene, hexene-1, 2-hexene, 3-hexene, 4 20 nethyl pentene-1,
2- nethylpentehégﬁnd4lﬁ§@H9Pb@P§ﬁe°leflnshéHFénéS phhepinrar 9lk&pnene,

1- oct 2- oct Lhyl hept t 3, 4- di | , 1
decone, hnd 190GRCRENE S aRISEA RS TR BBTE6042 RaFbofio"dPBResL ATEASE and

trienes incl ubvtaghRlactudedSrpesta
1, 3- hexadlenggf? 2 hexadlenaelC u1e5 gxadlgggﬁg °11§§@§gﬁggg ?gng?d

1, 4- cmolohexaﬂaehetedl;ﬁ dbeatintned $taBesebyadheddi ehemi2ab- donphhyl - 1, 5-
heptadlene 2-met hyl -2, 7- oct adi ene, 2, 7-di net hyl - 2, 6- oct adi ene,
dlnethbeHP@ﬁFeHEe srAgeTaEheNROPENEnehénear 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 unbranched, mono-olefins containing from about 8 to about
22 carbon atoms such as those in the carbon number range

. of C10 to Cl1l2, Cll toc C1S5, Cl1l2 to Cl3, and C15 to Ci8,
and ethylene, propylene, l-butene, 2-butene, l-pentene,
2-pentene, isopentene, hexene-1, 2-hexene, 3-hexene, 4-

20 methylpentene-1, 2—methy1pentene-1,'4—methylbutene-1, 1-
heptene, 2-heptene, 3-heptene, l-octene, 2-octene, 2-
methylheptene-1, 4-octene, 3,4-dimethyl-3-hexene, 1-
decene, and l-dédecene, and so forth up to 32 carbon
atoms ; dienes and trienes including butadiene, 1,3-

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

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



30 dicycl opent adi ene, isoprene, 1,3,7-octaroriene, 1,5,9 - 30 decartriene,
4-vinyl cycl ohexene, vinyl cycl ohexane; divinyl benzene, and cyclic ol efins
including cyclopentene, cyclobutene, cyclghexene, 3- nethylcycl ohexene,
cycl ooct ene, cycl odecene, cyclododecene, 715-cycl ohexadi enyl,
rl6-cyc|ohept2%eiene,.rl 8 -cycl poctatetracene tetracycl odecene,

oct acycl odece ,Ca§ﬁﬁ¥ﬁﬁ%eﬁ%fv§9¥£?ﬁ9f9§?ﬁ69%0rﬁéﬂE}CBCéPh9FaEEnorbornene,

5-i sobut yl - 2- nor. 6- di ggt - n n :
S 56t met hy S ey rare: oy SYEHEF ot SEBE I nekucing such as
acetyl ene, netdpdlagrindane, drerehytene, dy2lsharihy| agetyl ene,

| 3-pentenyl, and norbornadi ene. The aliphatic conpound preferably
conpri ses et hylediw 1l Ststraleexerte t heytlooftt ghe conpolmdenmye contain from 3 to

64 carbon atons. Tgﬁxflectroni§ cogi%ﬁura lon of the it. 15 allyl.is not
particul arly [SYAYCHPAGMHRISY 11° et Ae3ALa&RY bn 1heCyalehapRat Aigne: &l | vl
whi ch di ssoci at e i L at ture | owner
than the ten%erg lﬁlgmeﬁé |t£:1f1 t%eéb &ﬁ%lf%é%%b)o&ﬁgﬁgég 85"%1s a
sui t abl e conpewithdraternsse Ssnet hy gartho 26bSpesed f i $- | 2sn@fbbinahky!
conpounds include allyl acrylate, 2-propen-1-ol, allylamne, allylbrom de,
al lyl hexano&tésoaunyl Aramxkorngnsgl Tof bbimatdy -2t ngibdrnene,

hydr oxybenzene, _allyl -.al pha-j apone,. allyl isocyanate,. allyl
isothiocyanatgfsaﬁﬁ&rﬁﬂﬁ% Y14 TRATHEHERS 1372 agetslenic " compounds

al 1yl - gy met hoxyReRal o Atdllatle 1.e fa/@il},eﬂé Qﬁ{‘g@é‘&;; ly{ 5.
pelargﬁaate, al Iyl suﬁfié%{ aﬁa MI%ﬁytréo reéggyT e n- %ﬁé&bo%b%und may
contai n from gitetbd-1edrgn erad 0 - peredediyad) Yardd a8 Fodenddi &8¢ bonrréons. .

The aliphatic compound preferably comprises ethylene. !
Sources of the n allyl compound may contain from 3 to
64 carbon atoms. The electronic configuration of the =n
15 allyl is not particularly limited, but will generally
take on the n’ 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-1-ol, allylamine, allylbromide, allyl
hexanoate, allyl cyanide, allyl carbonate, l-allyl-4-
hydroxybenzene, allyl-alpha-ionone, allyl isocyanate,
allyl isothiocyanate, allyl thicl, allyl methacrylate, 4-
25 allyl-2-methoxyphenol, 4-allyl-1,2-methylenedioxybenzene,
aliyl pelargonate, allyl sulfide, and allyl thioureés.
The nm-arene compound may contain from 5 to 64 carbon
atoms, preferably from 5 to 14 carbon atoms. The
electronic configuration of the n allyl and the n-arene

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



~electronic configuration of the it allyl and the n-arene 30 conpound is not
particularly limted, and may take on the i - 31 i3, 14, .15, 11 6, r)7,
cand i states, and nay al so have any isomsnic structure within each |
configuration, including the W U, and S configurations. Any it arene
conpound, whet h;er substgtutéad, 4 used of bri dged, which dissociates 5 from
the transiti oM et dEnt rE ath a t3HheM atTF2EEHnednNd thadh A hee thapranlre at

whi ch the b) nmj . i j at d i C cks arg ic. CH
bonds on the %oﬁ%yl%i%%u%%nm%% % %h?r?a%%ﬁli%#aﬁé At Jbﬁ%%‘rﬂ%i ns
sterical ly hindgred @ Hhends csntitpur®t 8bys 1006 e Gdend dia t he
transition netal, is a suitable conpound for use as a |ligand. Reference
can be had t o whdtdet repibettyi toutbest i tfuesed, desdrtidgedboxteidlo diedssodates
suitabl e substituents to sterically hinder the presence of aromatic CH

bonds oh the &FaM §Aifd.ErENSSHIAbIEERL FURTL AL thd TPITYHHE | HRMarde
divinylb - -trijet S 1yl
Lviny enzen;e/cl%aql )%ee'{ee{r}p%x%é#e[ | wf}?/}bggr\gl{a@q)) RSy 8% roup)

1,2, 4-trineth enzene, riisopylbenzene,

1, 2,3, 4-tetr armtdnddienzee and b dh IRikanetddhianzene bonds on the
1,2,4,5-tetranet hyl benzene (durene), 20 pentamethyl benzene,
hexanet hyl benmerigtyf Idigreentd,y hdfinstad ds dire gl rans tteldrumsisene or

phenot hi arsi ne, sel enant hr.ene, enoxaphpsphj ne, phenarsazi ne,
phenat el | ur aziG&taERs $LLIAL By gllrt%eﬁgerfij)lc%g{ ﬁiﬁ‘?‘%er?é) 450 MEHE SYand
(1,2, 3, 42, S8izckd 2R e dHL RGN TSNS TeBUUR OF ©)
gand may al so conpri se conpounds
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 Suitéble n arenes as the c¢) ligand include
divinylbenzene, p-xylene, 1,3,5-trimethylbenzene
(mesitylene), 1,2,4-trimethylbenzene, 1,3,5-
triisopylbenzene, 1,2,3,4-tetramethylbenzene, 1,2,3,5-
teﬁramethylbenzene, 1,2,4,5-tetramethylbenzene (durene),
20 pentamethylbenzene, hexamethylbenzene, fluorene,
dibenzostannepine, tellurophene, phenothiarsine,
selenanthrene, phenoxaphosphine, phenarsazine,
phenatellurazine, 1,2,3,4,44,9%9a)-9-
(phenylmethylidene) fluorene, and (1,2,3,4,4a,%a)-9-(3-
25 phenyl-2-propenylidene) fluorene.
The source of ¢) ligand may also comprise compounds
derived from polyalkylsilanes. Such silanes can be
represented by the following formula:

R''.Si



derived from pol yal kyl silanes. Such silanes can be represented by the
followng formula: R "ASi 32 wherein R' is hydrogen, or has the sane
nmeaning as R above with respect to suit e phosphi ne conpounds as the «c¢)
ligand, and n is an integer ranging from3-4, provided that the silane
contains no nore than two hydrogen atons 5 bonded to the silicon _atom
Most pr ef er r edhex&ipl BS ' ofi St h¥dEPIRngaRd BRE thepFevenfMed™3y:a B ol | owi ng
structural forpulae; .Ca"' it R', wherein each R._in ndent |

Fepresents hyaPBYEn“or RaTotEosh (ParRACoP AnERPAPACEE COMBHUE §F the
unbranched al kyl 3 ; ghaAet heg al heyahl (intetEje%' kahyhng g¥Raavisng drieidkd 0 15
carbon atons or oné or nore fused ring sfructures, nore preferably

hydr ogen or atkatuthtedjilbnaencbedadns vobmamehétbaal kyo dgrydmoglesyiangnfs om 1
to 8 carbon atons, 15 nost pneterabl¥ from1l to 4 carbon atons; and n
represénts t heondfBeEcofhr s1l3FEHp&taMd is an integer ranging from2 to
6. The el ectronic,copfigurati a L.C .k adli be in the rr4,
ri5, or 16 statesmoﬁgaﬁ%Fggrggat%%gégﬁggtggrggérfzdgé§g |g§%3s i nclude 20
et hyl ene, pr Obeﬁagenéean?neherbmt_LawngZSaehbyhramr gpanerrlle :t ol uene,

p- et hyl benzene, " p-i sopropyl benzene, p-propyl benzene, p-t-butyl benzene,
1,4-di-t-butyl benzene, 1,3,5-trinethyl benzene (nesitylene), 1,2, 4-

trimet hyl benzene, 1,3,5-triisopy|b%@ﬁ@ne, 1, 4
’ I "
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 n%, 13, or n® states.
Examples of these most preferred c¢) ligands include i

20 ethylene, propylene, 1l-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 tetraméthylbenzene, 1,2,3,5-tetramethylbenzene, 1,2,4,5-
tetramethylbenzene (durene), pentamethylbenzene,

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



- 25 tetramet hyl benzene, 1, 2,3, 5-tetranethyl benzene; 1, 2,4, 5-

t et ranet hyl benzene (durene), pentanethyl benzene, hexanethyl benzene, and
.di-t-butyl benzene. Anpong these, - 33 ethgbene and al kyl substituted C6
conpounds, such an tri-, tetra-, penta-, and hexa- Cl-C4 al kyl substituted

C6 are partic ui (ICETN g | i f |y 14
hexanet hyl ben%lgﬁlgllégévﬁ?ﬁ; arqr'écr%-&i %r%ﬁgﬁgét%%e%g r%sédg%érﬁoglr}rlp cSyiS%ll hc)anl i gands,

any other conpeynd %@ng_tog%%k as arld ﬁﬂ?%ﬁ%%a%i%glb%ﬁﬁ%&q%%k%ﬁetO t he

c) ligand. Exanplés of additional ‘ I'i gands

transition rrez:g_:oﬁfgg,fa&%iiaaﬁla%gd@a%%%qré. C2nePRYSRLLRS 3ikoxy. am do, 10

aryl oxi de, pho arseni ¢ radi cal, carbonates suc ,

sul fonates such as S@3-, and silyl groups. The total sum of electrons
donat ed by thBrF%§5%§§Yéﬁ& fihe 5@8%5@83$€%FFBFS possessed by the
transition netal wh$1gOKRMRESDhANbed U EEN £ Lyl ey s 15
cases. This rule states tﬁ%t t he nnsfzstable g?ga§@§i§2%§?|?& %g o?ﬁds
tend to be thasg emheaundsnpounhilktowt heosartohst ke Bl enid onsy dpraieedy

the ligands and the netal is eighteen Those skilled in the -art, ~ er,
Z71 ., knéWw tadditirn etar &hscept ildeand t hiExarpilesanelf t agdizdonal

organo-netal | i ¢_conpl ex, coppounds ,having .a .,sum of_.16, 17, 19, and 20
electrons are é??SHEnOVE}CQEé?%ﬁ(NQ§ %ngﬁg- ﬂ%teﬁq?(:%ﬁﬂﬁﬁﬁﬁﬁﬂy'd@?E?ﬂbed
herein in whighnthe GoMlexedyaRbabnM Naye BnbaplicaUmofds, 124ni48 19,
or 20 electrons in the valence shéll and a residual net 25 positive charge
of 1, 12 or 3 arglordcHadeghosphidot herssadperaflithi, pragbbhatrgesticbnas

CF3C057, sulfonates such as CF35037, 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 eleétron rule" in most

15 cases. This rule states that the most stable organo-
metallic compounds tend to be those compdunds in which
the sum of the electrons donated by the ligands and the
metal ig eighteen. Those gkilled in the a3
know that there are exceptions to this fule and that

20 organo-metallic complex compounds having a sum of 16, 17,
13, and 20 electrons are alsoc 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,



|iterature nethods.
be synt hesized by the nethods
- 34 510 15 20_2§ 30 A Yates, P.MMitlis, Inorg.
Synth. 1992, V29, 228-234. The catal yst Ttay be manuf actured by conbi ning
in any sequence, but preferably by ~conmbining c) with the reaction
product of a)Aatatey. PoMrMpiraipy aparbabhBSenZhnpil8Py.cdFH.ered-@Sdal s
such as cycl opent adj enyl  net al are general L.y, conplexed w.th a |igand
other than aﬁg%?e??ﬁag¥55r8ﬁ§tﬁg WPBE%&F%$rEPyBVC%B"&?&&H@ iR @drer ci a
avai | abl e CVCAQQGQE@QLGBML p%ké&asqwgwggmban-iﬁ@ Ay ikpowp et hod f or
substituting on I gand for another may be used t0 prepare the catalyst.
The synt hesi srasadt poni pirodtuconodf a)t hedcafal yst incl uding the 1 gands can
be perfornmed according to_the nethods des ribed in TMG|lbert, RG
Bergmaf, |norg. SypmRerciabby gvaplabderd | mRigby¥erefplexed mriads.p. M
Maitlis, J. ~hem Soc. A, 1970, . 2875-83; Bower J. W Nerkert
o e oethoR: ArriablnsaRlEely mebidpRome el ENe gt e
J- Chem Soc. A J97}, 23824a3d26cnkh GRAR 8h 02eF2habr' Bkbatdl Z18RkA. hal ide
salt noieties to the c)J |igand

typical ligand in commercial#y available cyclopentadienyl

The_cat al yst may be synthesized by any of ithe known

The halide of tHe netal -Z noiety can
described in C. Wite,

metal compounds is -CO. Any | known method for

10 substituting one ligand for

15

20

25

30

prepare the catalyst. The s
the catalyst including the 1

according to the methods des
|

nother may be used to
thesis and purification of
gands can be performed

ribed in T.M.Gilbert, R.G.

Bergman, Inorg. Synth., 19904 V.27, 15-22; K.Moseley,

J.W. Kang, P.M. Maitlis, J.

hem.Soc. A, 1970, 2875-83;

W.J.Bowyer, J.W.Merkert, W.E?Geiger, Organometallics,

1989, V.8, 191-1928;

J.Chem.Soc.A 1971, 3322-3326

of Z-metal halide salt moietiles to the cj}

and C.White,

P.M. Maitlis,
In general, a molar ratio

ligand

compound, as determined by tie desired number of ligand

compounds bonded to the tran

ition metal, are mixed

together in the presence of an optional solvent and acid

under heat at -78°C to 100°C

fully exchange the halide ligands with the c)

for a time sufficient to

ligands,

after which the product is cooled and the acid removed by

distillation under vacuum.

washed with water and filtered.

weakly coordinating anion suq

the filtrate to precipitate {

may then be washed with more

The resulting scolid may be

An aqueous source of a
rh as NH4PFg is mixed with
the desired product, which

water and dried.




conpound, as determ ned by the desired nunber of Iigand conpounds bonded
to the transition netal, are m xed together in the presence of an optional
. solvent and acid wunder heat at -78C to-189G for a time sufficient to
fully exchange the halide ligands with the c) ligands, after which the

roduct is cooled id.r I stillation.under .vacuum_ The
Pesulting solid nggaggﬁgﬁagﬁe%cﬁggﬁ%%gF§¥ 3%d§%Fk%grga.lRHl§&& guEC86ur ce

of a weakly eherHaladengoathen cangh eas iNJABEE s dooed Keddy, the filtrate
to precipitate the desired product, which may t hen be washed with nore
wat er and dri 8&:H- 3% @dem| wealely actosdimat ing ascadent sSExampbad cak | y bond

the halide to gge conglex I ncl ude CF3CEEE, RCOOH, CF3- SO H, and ot her
weakl y coordi RafFhg2BePH3C ERHAHFEs Y t her PARF&RAEasBuUEBEs casaflyistt o
preci pist ate t?ﬁcﬁé&@'ﬁﬁﬁE% i”ﬁhgﬂgF HARES o Ngﬁésﬁg yE4CH and NBa4PF6. The
process of the present |ny8nt|p se éctl eﬁy unc?ﬁonérizes a cyclic
hydrocarbon with gnef Uackbogabezing peagent . sdhenlingtLonalizlng,reagent
conprises any group having an el ectropositive atom capable bonding to
the metal cenfuschliandlirksng aycittohgdbo€abbof whereaE is the
el ectropositive elenent. The overall reaction is between the reagent
contai ning tHenertenadpsingi yeageafent TReEfundt ibeataebog- hgdgegen G H
converting to an %&Frbond and a carbon 15 elgctrogositive bond C-E, where X
can be hydr og&hT® hﬁ%?h%?Ye$58PPo§8¥%P9v8“a? AT BrPP3Eher vEaBEPR ci al
10 capable 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, or other sacrificial

portion of the molecule. The electropositive element

should be chosen such that the absolute value of the C-H,

X-E, C-E, and X-H bond energies satisfy the following
20 egquation:

C-H + X-E > C-E + X-H
Preferably, the functionalizing reagent comprises a

source of boron. The source of boron compounds include

numercous boron alkyl, boron aryl, organoboron hydride, or
25 organoboron halide compounds that are known and/or may be

prepared in a known manner. The types of boron compounds

and their methods of preparation are described in

"Mechanism of the Complexation of Boron Acids with

Catechol and Substituted Catechols" by Pizer, R. and

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



portion of--the nol ecule. The electropositive elenent should be chosen such
that the absolute value of the GH X-E, GC-E, and X-H bond energies
satisfy the follow ng 20 equation: CH + XeE_> GE + X-H Pr eferably, the
functionalizing reagent conprises a source of boron. The source of boron

conmpounds include nunerous boron al kyl, boron aryl organoboron hydri de,
or 25 or ganobdrétY 18 He(kBtbourkls ¥ haBoerkmamonhn ahd/ ¢ rcﬁﬁ?cbél beepar ed

in a known na The types ,pf bor ds nmet hod
preparation a %d‘e% Ui bed in of?ﬁ r%%%]% c ng?ég 8h BP- Bf)?gi'Aci ds
with Catechol; and Shsdiduted Mﬁé’&@i}@" BYe PiR&droR L@eel 3995@b09§'f

| norgani ¢ Chemistry, vol. 16, . 7 pp. - 36 1677-1681 (1977)° R

Boeckman et al3283-Gatesthd. E)or'mr:kéna,l I de3avidson, 10. Redchakdr on Letter
1985, . 26, pp. 1411- 1414; S.Pereira, M Srebnik, Tetrahedron Lett. 1996,

V37, 3283- 3285019 @hemc«elr”%l Divd s ot 88 hdkheBowEe g @ §: CHeRITaYe9?2,

V.57, 3482; R Bowi Q.EMI 945-3949; and
Herbert C. Br Che gan c nt e‘isii?lg3 w%]l g}?cgnn}geggb %’ghn V%:ey & Sons,
1975. Typi cal "ro%l&jaffﬁ@t%}dﬁfrﬁésﬁ Wil tEdtghsPur CRShOfWPDEPNs g@g@oupgssare
pol yal kyl nobnobor anes and di bor ane conpounds 10 or Lew s base adducts of
di bor ane. Exanpl eSygficrdnatrpasntatcivake cbduimdolehsouides pbtlagseom

bor ohydride, |ithium borohydride, SOdI um,_ trineth oroh dri de, potassium
tri propoxy- boCSHPRINE AR RAnd t%b‘% Ff“i“’ph‘éﬂ PPorede,

sodi umgl5 tetigphenylborale ,adaJéwref e&@@&ﬁ{y' b0k R i1 SQULHM

monoboranes include sodium borohydride, potassium
borohydride, lithium borohydride, sodium
trimethylborohydride, potassium tripropoxy-borochydride,
tetramethylammoniumborohydride, triphenylborane, sodium

15 tetraphenylborate, lithium tetraphenylborate, sodium
hydrido tris(i-pyrazol)borate, potassium dihydro bis(1-
pyrazol)borate, lithium triethylborohydride, lithium tri-
seé—butylborohydride, potassium tri-sec-butylborohydride,
sodium cyanobbrohydride, zinc borchydride,

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

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

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



“hydrido tris(1-pyrazol)borate, potassium di hydro bis(1- pyrazol)borate,
lithiumtriethyl borohydride, lithiumtri- sec-butyl borohydride, potassium
.tri-sec-butyl borohydride, sodium cyanoberehydride, zinc borohydride, 20
bi s(tri phenyl phosphi ne) copper (1) borohydride potassium
tetraphenylbor | trigt. haor at e hi_ um

%@bdllsgé QQ&%% &Y p ﬁﬂﬂﬁﬁ%¥ bogaﬂﬁl”n

phenyl trimetho orate di-Um et ‘"hoXytTri

dlethylaWInotthag?nayamaﬁé&,1a@@ﬁaﬁ@ U AN Qe 1P BRRalHROr 25 In

general , boranes rived fromolefin hydroboration are useful. These

boranes can bdinpirédchylyddoaes. di cycl ohexyl bor ane, dlhexylborane

di et hyl borane, ethyl borane, boron al kyls such as 9-bora-bicycl o-
[3.3.11ri onane, dFFISPRROERABRBYE BOR&RES @iftc FerenbRyPISe Barareaction
2, 3-di et hyl - bar-ane I orlnane 37. an i1so
borane,rgediisoérgégéltshg)flri & %1%yﬁ%o%§%@%g% hg%yﬁ 'Borams g&ﬂ §l%|nnnyl

borane, and diRQERBLFYBRERRS Fuﬁtherb@&bhabh@d&qa@cqaoqylﬁaaQeQ%baneS are
reaction 5 products of 1,2-di hydroxybenzenes or 4,6--dinmethyl, 1,2

dihydroxybenzenebomyﬂh4b6rdnmhyhyﬂdet€bbnﬂl eaﬁe@hmkn -butldr Yoroxine.

4, 6- di met hyl cat echol ) _and tr|- - byt yl . bor oxi ne. bor yl conpounds in
their halogenggﬁdg FQ%eCBWBQP s 1ns§HFH5tP61P88Pét?9 FERCRgPERY ide a
funct onali zi gg. ragent roaQeB%ylnaﬁgf{gomsfm 98@%%&%& rBablaghr hal o-

formwth the or organo-neta s or-co R exanpl e
of a tygpe of Bafpboewhpaaﬂﬁ@umdylsetb@aﬁaéulynothehalﬁﬁabecthQﬁr%a%h

avail able commercially. Any halide is suitable, including d, Br, and I
The hal oboryl the metal or organo-metallic compounds or complexes. An
! example of a type of haloboryl compound is -the family of
halocatecholborane, available commercially. Any halide
is suitable, including Cl, Br, and I. The haloboryl

15 " compounds in this family may be prepared by reacting an

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

Examples of structures for sources of haloboryl

compounds are represented by the following formulae:

o E{0~\411 _~C4Hg
A cr—B
0~ \C4Hs
O
s
{10
20 Bis{dioxaborolane) compounds may be conveniently

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

Preferred boron containing functionalizing reagents

25 are the branched or unbranched, substituted or



15 conpounds in this famly may be prepared by reacting an R(OH) 2 conpound
with BX3, where X is a halide. Exanples of structures for sources of

hal oboryl conpounds are represented by the followi ng fornulae: C4H8 Cr- B
Cl CAH8 20 Bi s(di oxaborol ane) conpounds~” m&® be conveniently prepared by
reduction of hal odi am noboranes using sodium netal, and subsequent
reaction withuséabstioutsd piasentedeefivaeitesPoel ebned Ber @1 -c RN Ng
functionalizing reagents 25 are the branched or unbranched, substituted or
- 3B unsubstPtlerdepanater aérfibervéds adﬂu@ﬁﬁom@ﬂude- tetwakis Ot her
exanpl es of di di met_.hyl am nodi bor on,

b dduct | ude, t et
bi scat echol at%* or%%¥§ mgéﬁalbggﬁgtfpﬁggé EoéﬁFgcﬂb QEEdi B&n. Preferred
di boryl 5 Cor@@yaé&&@@aawsaca%emlﬁeer a&ge&sﬁ by pl- B¢ i lel0W;

structural fornula: B- - - I n anot nbodi ment, a pre e??ed
di bory} anmﬁmmpmmma$ngoneagﬁna msléepre&paéednbydtbg shéuﬁbumbwungFﬂ-O \

/ Rl BBR O\ OR]
structural formula:

In ancther embodiment, a preferred dibeoryl

functionalizing reagent is represented by the structure:

R—O O—R;

AN

Rr——-O// \\O———Rl
wherein each R, independently represents a linear or
branched, opticnally halogen substituted, alkyl group
having from 1 to 24 carbon atoms, an alkoxy group ‘
containing from 3 to 24 carbon atoms, a cyclecaliphatic
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 cycloaliphatic 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
atoms, preferably from 1 to 4 carbon atoms, and

optionally each R, group attached to the same boron atom



" wherein each Rl i ndependently represents a |inear or branched, optionally
hal ogen substituted, alkyl group having from1 to 24 carbon atons, an

. al koxy group containing from3 to 24 carben atons, a cycloaliphatic 15
group containing from3 to 8 carbon atons, or an aryI group contai ni ng

from5 to 16 a h I I d
cycloal|phat|gh§g§ggsggxggﬁea% %rghgag%%ﬁuﬁ%ﬁyoxa or%é% e g%ﬁ%%ﬁhdguhay be
linear or brafchad; agbresbst &uked Wallkdidl, 08603 0aluphars d Id101H9q 20 or
brom ne, or al kyl groups having from1 to 16 carbon atons, preferably from

l1to 4 carbongaoups and optionally each Rl group attached to the sane

boron atom - t hrough oxygen tOﬂB fused or bridged through any
of the aforesald EFEVPgeﬁlﬁ x?r ?EF@QFEBF&%F@XB OFPYRRed, GEHSaiRiagpl es of

preferred blsgg%géaﬁa%yh %OP&%I% %.ccﬁa%%”@%ﬁggﬁn'ﬁﬁhu QSQ|S pi nacol ate

dlboron and b ate oron unctionalizing reagent

preferably coggtysggtachdaata1 ddbblios-., oxa-, aza-borol ane, borinane, or
di boron conpound. 10 The cyclic hydrocarbon is functionalized at a
secondary or ar onﬁhecf(msitspnelbyleemﬁygeeﬁbpﬁeﬁgrahéy carpyses a
functronalrzrag reageg ﬁnd cyclic hydro arbg ger .functionalj zi g
reaction condPtRrEAS: FHSPARTY aPE* rh&2Pe 8 P ﬁnﬁ PIiBergri 7§ FHEOF Fand
fromthe 15 cg ﬁg ¥sha the reaction mxture is heated to any, tenperature
above the tenperature at which the catalyst is stored, or room

t enperiat ure, whi chrgetytsitehgdrandrbon is functionalized at a

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

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

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

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

30 respectively. The amount of catalyst is also not



bel aw t he ‘thermal deconposition tenperature of the catal yst or
tunctionalizing reagent. It is desirable 20 that the reagent species

enpl oyed activates at tenperatures above those the reagent woul d encounter
during shipping or storage to ensure stbrﬂbé stability.. Accordingly,
suitabl e reaction tenperatures range from 70C to 250C, nore preferably
from 100C t o ga@f€Ciclbavhy| dimheedol aHowaview, ofni rgredicentts casadgtstcri ti cal ,
it is desirable to use a stoichionetric¢c excess of _functionalizing reagent
over the metaF2R3tRPyEFOR>Y- 1) to JRgmBlefer REPYeE2Reat rPat Oo loto>£0: 1, and

et or codbYeg!00adeacnd PRE! BERETHEN oTeR0GE: (3 hospectlvely. The

anount of cataly al so not - particu Imte

amount of catgysbcarBogi A8df FAALOidnk0iiOngokesagentef @iabl ypbkapel.th to 5
nol e, based on the conbined nol es of catalyst, cyclic hydrocarbon and

functi 6nal i zi fignecedgeal izei theopgrdie hydsofambbhnontl the skeonyelryc or
hydr ocarbon at the secondﬁﬁé ar .aromatic G-H bond site. O her reaction
conditions araFeBRtpartTEuPaPfySiFfnited. The reaction time is not limted,

other than the r@@ﬁééoPe%éE?o hBHLHiﬁfoﬁé é?QrLoéspQQE§EBhSrﬁgrlo reduce

cycle tinme and increase throughput. Reactron tines may range omO0.5
hours to 48 hpufstedhe TRacieadtidBytbRecasrhed DiinidkdanyptHes te&n

pressure. Pressures wthin the range of 101 kPa (a) (0 p.s.i.g.) to 791
kPa (a) 100 ghs. Fegctipe simeasheuldsbghasreherFonasheeacéhlengo
functi,gnal i zi ng, r eagent, and; Lhe 6velic hydr pgarhon Ln thg presence of the
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.) te 791 kPa
(a) 100 p.s.i.g. are suitable.

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

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

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

25 reaction mixture by distillation, chromatography, or
crystallization.

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

preferably 80% or more, and most preferably 95% or more

30 of the functionalizing reagent.



"may be carried out in any solvent for both the reagent and cyelic

hydr ocarbon. The process of the present invention advantageously enpl oys
“the cyclic hydrocarbon 20 as the solvent_fgr the functionalizing reagent
wi t hout need to add additional solvent. e catalyst is preferably
soluble in the cyclic hydrocarbon. Once the reaction is conplete, the
functionalized cyERrfcPRYERSEatBoR!FRYCREALEDEF at cBharereeesatell them t he

25 reaction m %%g%pyigbéﬁkkggt%Rgblggrgggtgg;@g?ym%gﬁxegégﬁ%alIi ation

The process of Fesent rnvenfion Is capa %6 o1 nor e,

preferably 50%9falpse, whille "RER: bvPAGT 66 a8L YmEPY0 O riD¥Ers aNdrRDSt
preferably 95% or nore 30 of the functionalizing reagent. - 41 The

process is al snudsgernl gfi catFhesprogessvefst be capleskated nvendiwhd amabl es
one to thermally activate_the catalgst whil e achieving 50 or nore

turnovers. ThehfimBRIEBFOERPEPTIFE tHRABVRY stie Bl et af ctPByl v hi aideds5 the
s o proshes i bl mhescalyosel vk afORRAS IS ey,

Preferably, the c urns over nore nore pre

100 tines or nil#gn TOSEimPsef eeodl yreboribIPs1o0 thres MW thesd, beisg bound
to a theory, and for illustration 10 purposes only, it is believed that
one possi bl e mectkarabdy {250 thendgneriopaei zati on of the cyclic

hydr ocar bon, using. B2Pi n2 and * C2H2) 2 *=r5 Me5). and benzene
as illustrative e Rt e%%%%ﬂ%?laﬁ‘i')z}?‘?é‘%'r é%ﬂj%%s?r c}a]t]dfgy'ﬁa}t’a{?fa
cyclicyflydrocgr g, £ &SR | VEL Yis believed that one possible mechanism
| for the functionalization of the cyclic hydrocarbon,
using Bppiny and a Cp*Rh(CaHp)y (Cp*=n® CgMes) and
benzene as illustrative examples of the functionalizing
reagent, catalyst, and cyclic hydrocarbon, respectively,
15 proceeds according to the catalytic cycles shown in
Figures 1 and 2 of the accompanying drawings, in which:

Figure 1 shows First Stage, Bopins 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, 19885;
and H.C. Brown, "Organic Synthesis via Boranes," New
York, New York, 1975. For example, phencls can be
manufactured by the oxidation of the phenyl-boryl adduct

30 using hydroxide and peroxide, or the adducts may be



15 proceeds according to the catalytic cycles shawn in Figures 1 and 2 of
t he acconpanyi ng drawi ngs, in which: Figure 1 shows First Stage, B2Pin2 as
reagent; and Figure 2 shows Second Stage, HBpin as reagent. Once the
cyclic hydrocarbon is functionalized asS éé 20 boryl adduct of the cyclic
hydr ocarbon at a secondary or aromatic C-H site, the adduct may be
converted i ng@rediylatiar tbydnoadrbilolctiyt aienicnd nbuntisi eyall igr oup usi ng
wel | known and conventional processes, such as those described in HC
Brown, "Hydrbpdraceohon-rosyl RdeuCEarl@cvéhezereeeﬁsﬁeﬁéngaor@oe gani ¢
Transfornatlons A_Quide _To nctio G ou r rati. s " NEM/Ybrk New
York, 1989; m%ﬂBxHP% Sigeli e ah gani %§}ﬁtﬁfglg %ggrﬁgf ueh&®  vor k
New Yor k, 19¥§ géﬁnple phenol s can be nanufactured by the oxidation
of the pheny %ory adduct 30 using hydroxi de and peroxide, or the adducts
may bg - 42 carbanpbaykict acadsakechbe pyepexeti by thédeydlnc of the

hydr ocar bon- boryl adduct in the presence of carbon nonoxide, water and an
al kali netal b@yanexfaecw@ﬁa&ezmyer igoRydzocarbeRy Hoc azc PdE bR be
prepared by n_of the rane f | i.zed.cychi dr.ac on to
an al cohol | g?%? dbgyc88H$nQ?P%ﬁ§|°%§i gﬁ%@no% qp%e%%F%h%& t%b%t

aci d. Am ne éef.'&t'Qﬂﬁhecmhbﬁlaﬁenoe@@m&s h§&Foka rbBneP @aed Hay reactl on of
borane functionalized cyclic 10 hydrocarbon w th o-hydroxyl am ne sul fonic
acid and chpeepanedebyTheattnoni ofiabozedebdnassiopelliieeldy dyeddrchons

converted to -OH, -000H, and -NH2 or -NHR bear|Q% ) X
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 eontaining ester, amide, imide, carbonate and
polycarbonate, sulfonate, ether, polyether, and glycidyl

ether groups.

Examples

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

were dried over appropriate reagents and distilled under

nitrogen before use. IH NMR and 13C NMR spectra were

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

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

external standards of BF3 Et50 and 85% H3POg4,




- conmpounds nmay be further converted to cyclic hydrecarbons 15 containing
ester, am de, imde, carbonate and pol ycarbonate, sulfonate, ether;

pol yet her, and gl ycidyl ether groups. Exepgles Unl ess ot herw se not ed,
“all manipulations were 20 carried out in an inert atnosphere glovebox or by
using standard Schlenk Iine techniques. Solids were handled in a vacuum
At nospher es drgdpgcthdetyni t Pogean phemigaleshnsftaearedrepdrbedrin ppm

appropriate reagents and distilled_under itrogen before use._.1H NVR and
100 MR apectarent ke B, SEot BunToRT Bt thbrd o eERER s S8l bR FEARE: 300 of

Bruker AM 50 ect 1aR4 ; angd. 31P %%ﬁ% PEGt
recorded on a%t%ﬁg%§8300égﬁg%§%gctroﬁ%%g%Q 1%%%a%§gf p ébsghéﬁ%%ﬁfighifts
are reported micpphabe| arhve, t of Byrerosk, standasdsnef BESake20 and 85%

H3P04; i - 43 respectively. Proton chem cal shifts are reported in ppm
relati e to restlvibiyptonesasg apdveanzgse| weee ndistil hadafyomEl enent a

| ysi f d_by., Atl | | ab Inc., of No . GA
i ane, decanto s RLRYF oY o BRERahE KhaDbEroon WEF o dPRRPEREds A

sodi um benzopfenofec¥et VsoRi 1Ry b Rz8pRenBEO 2ROy D. aM@Sdedh s 863 ONEEore
sodi unf benzophenone ketyl and degassed before use. B2pih2 and HBpin were

pur chased fromdronBjpin, sendndBpbdn Wedei phiranalsedr Erasedrastiecei ved.
1-Cctene, 10 1-decene, ethylene, trinmethyl borate, triethylsilane,
vinyl tri net hydsiémme, canhydroos anduvgireetded , amndeceldded ahytrottephenyl ene
-were purchased from Al drich_and _ ) i
10 1-decene, ethylene, trimethylborate, triethylsilane,
vinyltrimethylsilane, anhydrous n-butyl ether, and
dodecahydrotriphenylene were purchased from Aldrich and
were used as received without further purification. The
metal compounds RhC1,#3H,0 and IrCl,sH,0 were obtained from

15 Johnson-Matthey.
31lp NMR was operating at 121 MHz, and lH NMR was
operating at 300 or 500 Hz. 1lB NMR was operating at
96.4 MHz. All 31lP NMR spectra were proton-decoupled.

Integration of the 31P resonances were carried out on
20 spectra that were acquiréd with gated decoupling and 10

second delay times between acquisition pulse sequences.

1y chemical shifts were measured relative to partially

deuterated solvent peaks.

Catalyst Precursor Example 1

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

[CsMegRhCly] o was synthesized according to the

following procedure: A sclution of 0.0042 wmoles of



were used -as received wthout further purification. The netal conpounds
RhnC13. 3H20 and Ird 3. H2O were obtained from 15 Johnson-Matthey. 31P NWR
was operating at 121 MHz, and 1H NVR was operating at 300 or 500 Hz. 11B
NVR was operating at 96.4 Miz. Al 31P NWR spectra were proton-decoupl ed.
Integration of the 31P resonances were carried out on 20 spectra that were
acqui red w t hrgatiedmdeedahlbrgdantyiittateeccomthedeliay 1tyi rva leibleefrom

acqui sition pul se sequences. 1H chemi cal _shifts were nmeasured relative to
partially de%té?@t653§éF9éﬁtaﬁ@aQSOD@aﬁQﬂ?§tDﬁrecursor Exanple 1 25 This

ot cur sor  uscRFRbeNERA7 AT aBaNT R RN R T REC Y O THE bR G
i nvention. [GhMepRRE 2}124maﬁlsmethaﬁbaedaac%@E@u&adt Anldlde nﬁ'ﬂoggrﬁ
procedure: A solution of 0.0042 noles of - 44 rhodiumtrichl e hy&?ate

comersgially a&ahbabbewithnstsrrengCheﬁhaalgrandd&r@Oisnﬂb@&nﬂbed in

pent anet hyl cycl opent adi ene connerC|aIIg available from Aldrich in 40 n
net hanol was ¢ ef Vaked. uﬁd@?tﬁﬁtrBQEnmﬁ £ 5348IHBHBSSWPFH -s@%r i2RG.- 2P s

D20 234 (190250t borksrliea oS sl ecpprriBeiinal ShVohr.elamtipet G " %
col | ect ed and, pur 1L} ¢doPyar g galégﬁkgagﬁtbgnraer stlhguotenhexane. The

yield was 0.93 grans. i sexanpf el rates
synthesi s of [¢17or6BbER) Rak¥A6- Co5MhE) Jiean @EBOML BBNGraisa catal yst within

10 ata 2

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

[ (n®-CgMeg)Rh(n>-CsMes) ] (PFg) catalyst precursor was

15 synthesized according to the following procedure:

Following preparation of the [CgMegRhCl;]; intermediate

as described in example 1, 195 mg, or 0.31émmcl, of
[C;Me,RhC1l,], and 233 g, or 1.38 mmol, of hexamethylbenzene
was combined with 4.5 ml of trifluorocacetic acid. The

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

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

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

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

2 hours.



~the-scope of the present invention. [ (r16-C6Me6).-Rh(715-C5Me5) ] (PF6)
catal yst precursor was 15 synthesized according to the foll ow ng )
procedure: Follow ng preparation of the [[CSMe5RNC12]2 internediate as

" described in exanple 1, 195 ng, or 0.316mmol, of [C5Me5RhC 2] 2 and 233 g,
or 1.3B mmol, of hexanethyl benzene was conbined with 4.5 m of
trifluoroacetic ab(Tu‘l.-G'd;féﬁémmrﬁtﬁﬁda\gb] vas | sechd ot zed hoet Sradhg t ben
cooled to room tenperature. Trifluoroacetic acid was renoved under

vacuum The rgsall téTowhhd eobsdédur@s sossahves. 11 Ignoll Of er. The
slurry was filtered through a nedium fritted funnel. An aqueous sol ution

of NHAPF6 ( 345;Md); ) RI2Bn2-d2Men) JpMes wadletedied ey | ¢4 £ihg PEegiphtate

the catalyst as an off white solid. The solid was collected “hy filtration

and washed wizdp wajer1iB8Xmel) aisy &t AM4BTdidnyt dhsa ol {4 Yese gk ede under
hi gh vacuum and 100C for 2 hours. - 45 [ (114-C6Me6) Rh(r 15-C5Me5) |was
synt hesi zed @t digwperatute fof |lv owing othelseir 505 My, h&u781 e, of

[ (t16- C6Me6) Rh(r 15- C5Me5, F5 S uced. by c ining it with 250 ng,

132 mol , di & t 5T e#%ﬁglp%to%jamayl’iﬁgreﬁ? 'att%?]r tRAPEFBRYRE f or

al l owi ng the $ftidefind MPW-Fapdhift i B Qdisd x V*@écd%?' ated by filtration,
val n

foll owed by re of pentane by evaporation under vacuum The yield of

the [(r16-C5Ne6) RS 15-d3Ma5) Jt 1t BlnSilc M QUL 34 ’%%(Kflg\,\%{%ﬁp 637

mol ). The spectroscopic 10 characterization was a VR (C6D6) :

52.05 (s, 6HprokiR4 (as dd 25k 4 (5.0 &7 @)l 28 d SspfrosfYPeLio

alization Exanple 3
10 characterization was as follows: 1HNMR (CgDg): 82.05 (s,
(
6H), 1.64 (s. 15H), 1.42 (s, 6H), and 1.28B (s, 6H).

A commercially available functionalizing reagent

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

functionalized benzylboryl adduct according to the

following equation:



A comercially available functionalizing reagent

4,475 5-tetranethyl -1, 3, 2-di oxaborol ane was reacted with 15 benzene in the
presence of the [ (116-C6Me6) Rh(T15 CoMe5)]catal yst as prepared in exanple
2 to produce a functionalized benzylborinadduct according to the

foll owi ng equation: - 46 + H2 cat OO cat Aln a dry box, a solution
containing 0.66 ng (O. 00165 5 mol , 0.5§nnle@6based on nol es of al

i ngredi ents) of.the (116- \ Rh ﬁi eS\Ve5) | gatal yst and 83 ng (0.33
mol ) B2pin, pin2= 4+ 4, %, 5- Ee%Banethy —132diexaberebane) obtai ned
fromCallery Eigﬁlcals [ dﬁ of(g nzene w&re conbined in a

screw cap NVR sanpl e tube and seal ed 10 tlghtly The sanpl e was renoved
fromthe box and placed - 47 in a 150C oil bath. The solution was heated
for 45 hours at 150C and nonitored periodically by 11B NVR spectroscopy.
11B NWR spectroscopy showed that HBpi n was conpletely consuned. 5 The

sanpl e was brought into 9 y box and a sol of

dodecahydr ot ri phg s: ng, 0.042 nnolng/in benze

pi pette. An alild ?? renmoved and anah y GC. e yheld of the
benzyl Bpi n func al iz prdduct 10 was 82%  100% of th 2pi n2 was

reacted and convert ed.
O o
B I . H
\ 2

cat =

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

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



- . The catal yst turnover count was 328. The total reaction time was 4.5
hours. Characterization of the benzyl-Bpin adduct product by G M and
1HNMR reveal ed that benzene was functionglization at the aromatic CH
"bond. 15 Functionalization Exanple- 4 The sane procedures as set forth in
Example 3 was followed in Exanples 4, except that the anpunt of catalyst
was 5 nol e anlzlntﬁelﬁgcf%loﬂed@frfbn tThe SRLUDERN HRE IeaERf eFeF B of B2pi n2

% b d that_b f I d
the arommti ¢ PEPLENALoHE JRAITEH TURL PO Dot Pedtinc Willo0ss | The
tal yst t . h
more 1 han éé”%’%?%%%’é‘?gwemﬁ??s “eheFrEpPook: PhEr¥gtelr chBRta fee

t he presencecg$ pPefingt LOABLIMEANT reagent and a cycllc hydr ocar bon
conpri-sing an aronatlc conmpound or a 5 cycl oparaffin conpound | acking

primary CH bondsThsasahphﬁanstbcoughtsnngo theadspubor afdaatransition

netal; b) a source of a to 8, éC|IC or non-cyclic aromatic or
non- ar omat i ¢, SPEGEEAR, OEaQ?GﬁFEhB r@éréHF8HYEen§uﬁs%Ptﬂged00942 mmo1)

oo Tt ot n REFRLAD wEQ R6ALR g%ygwgeel@edo £nn2d 1 415806La! enunder

t her mal reac%lon conditions ource of |1 gands capab e of

formal |y donatih@ved@nagheghaDipz@dl bytacthe transition netal a) and 15 which
di ssociate thermally; and wherein said functionalizing re gent conprises a
The yield of the benzylBpin functionalized product

10 was 82%. 100% of the Bsppin,; was reacted and converted.

" The catalyst turnover count was 328. The total reaction

time was 4.5 hours. Characterization of the benzyl-Bpin

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

15 Functionalization Example 4

The same proéedures 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 Bopiny was 100%. Analysis by GC

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

The catalyst turnover was 37.



source of B C N, O Si, P, S, Ge, As, A, or Se. 2. The process of claim
1, wherein the cyclic hydrocarbon conprises a cycloparaffin. 20 3. The
process of claim2, wherein said noiety (b) preferably (i) |acking
aromatic C-H bonds on the noiety dirg& ly bonded to the transition netal,
or (ii) containing sterically hindered aromatic GH 25 bonds on the noiety
directly bonded to the transition netal. 4. The process of claim1, 2 or

3, wherein the b) noiety conprises an al kyl substituted cycl opentadi enyl
conpound or an unsubstituted cycl opentadi enyl conpound. -49 5. The proces
of claim1, 2, 3 or 4, wherein the @ 1|4 ggng gonprises a linear or ‘
branched aliphatic olefinic group lmavrng from2 to 8 carbon atons. 6. The
process of claim1, 2, 3 or 4, wherein the ¢c) 5 ligand conprises a C6
conpound subgt.i t utedamallyitiv eeracessibaGrig Gers KyfhamrYUpELITOVERR process

of any one of the preceding clains, wierein said functiopali z| reagent
conpri ses a §@ﬂP€F5¥ﬂ9liﬂé%ﬂaﬁlY CELYA T 3301 C ?@i%ﬁg %ﬁ #Eg precedi ng
claim, whetelidhe ial i Anpl 200411 PROS et hendVal bgcLbydr ocar bon

are reacted n the presenc said catalyst at a tenperature ranging from
70C to 250C. nrdrbum garc esswofi sityg ope afomdelpreempdwydcdhi @s, 15 wherein

the transition Hetal 18 {0 cdfeodd PLOEERS SELADYy °B% °bohhE, PLSEEUI nO
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 dissoclate under thermal
reaction conditions, and
¢) a source of ligands capable of formally donating
an electron pair to the transition metal a) and
15 which dissociate thermally;
and wherein said functionalizing reagént comprises a
source of B, ¢, N, 0, 8i, P, S, 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, wherein said moiety (b)
preferably
(i} lacking aromatic C-H bonds on the meiety
directly bonded to the transitien metal, or
(ii}) containing sterically hindered aromatic C-B
25 bonds on the_mciety directly bonded tc the
transition metal. _ K
4. The process of claim 1, 2 or 3, wherein the b)
moiety comprises an alkyl substituted cyclopentadienyl

compound or an unsubstituted cyclopentadienyl compound.



wherein the functionalizing reagent is represented by the structure: Rt O\
/0O R Rt 0 20 wherein each R independently represents a |inear or
branched, optionally hal ogen substituted, alkyl group having froml to 24

carbon atons, an al koxy group contaip% g from3 to 24 carbon atons, a
cycloaliphatic group containing from3 to 8 carbon atons, or an aryl 25
group containing from5 to 16 atons, and each of the alkyl, aryl, al koxy,
and cycl oal i phat i Ther pupseiss toife clafigr dnerti dned di-oxdisgiedinatdie shipounds

may be |inear or branched; or substituted wth hal ogens,.or .alkyl .qroups.
-50 havi ng ftefpRdt §OFELEF 5o iﬁﬁﬁfF §HH%5Eﬁ95ﬁﬁﬂ%¥%é§ﬁ¥*%.é%ﬁ%%ﬁﬁg
attached to é?ﬁugai{%vﬁ%o&ﬁrp@ tdy QUG BNt omaf. 0ms may be fused or

g

6

bridged thro ny of tthe aforesaid al kyl, al koxy, cycloaliphatic or aryl
groups. 5 The process of claim 1, 2, 3 or 4, wherein the c)

5§ ligand comprises a Cg compound substituted with thres to
six C1-Cq4 alkyl groups.

7. The process of any one of the preceding ¢laims,
wherein said functionalizing reagent comprises a sourceé
of boron.

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

9. The process of any one of the preceding claims,

15 wherein the transition metal is Ir. '

10. The process of any one of the preceding claims,

wherein the functionalizing reagent is represented by the

structure:
R—O 0—Ry
\B__B/
R]_—— O/ \O—RI |

90 wherein each R; independently represents a linear or
branched, optionally halogen substituted, alkyl group
having from 1 to 24 carbon atoms, an alkoxy group
containing from 3 to 24 carbon atoms, 2 cycloaliphatic
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 cyclealiphatic groups in the
aforementioned dioxaborolane compounds may be linear or

wranched; or substituted with halogens, ot alkyl groups
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having from 1 to 16 carbon atoms, and opticnally each R
group attached to the same boron atom through oxygen
atoms may be fused or bridged through any of the

aforesaid alkyl, alkoxy, cycloaliphatic or aryl groups.



