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BACKGROUND

[0003] Palladium catalyzed catbon-catbon and carbon-heteroatom bond
forming reactions, also referred to hereinafter as cross-coupling reactions, such as
but not limited to conventional reactions such as Suzuki-Miyaura, Stille, Heck,
Sonagashira, Negishi, Kumada cross-coupling, Buchwald-Hartwig aminations,
catalytic ether formation, catalytic a-arylations of ketones, and catalytic thioether

formation reactions, are extremely powerful synthetic tools in organic chemistry.

[0004] However, there are major limitations associated with the use of such
reactions that would be avantageous to overcome. One such limitation is that
traditional cafalysts, such as palladium tetrakis(triphenylphosphine) or the catalysts
formed in situ from an appropriate triarylphosphine and either a Pd(IT) or Pd(0)
precursot, have a generally low activity and therefore need to be present in
comparatively high concentrations to realize high conversion rates. Both the high
cost of palladium and the high costs associated with removing palladium metal
residues due to spent catalyst in the product make the use of such high
concentrations undesirable. Another limitation is that such traditional catalysts
exhibit even lower activity in cross-coupling reactions that employ deactivated aryl

bromides and are generally ineffective with respect to coupling aryl chlorides. As
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traditional catalysts, such as pall adi um
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which limit their usefulness.
[0006] As they represent an attractive alternative to tertiaty phosphines in
homogeneous catalysis, nucleophilic heterocyclic carbene (NHC) ligands have
become incteasingly popular in the last few years. In general, NHCs exhibit reaction
behavior that is much different than phosphines, for example, displaying high
thermal stability and tolerance to oxidation conditions. Several systems based on the
combination of imidazolium salts (air-stable precursors to air sensitive N HC) and
Pd(0) or PA(II) sources have been developed to generate catalytically active species in
situ, whete such active species mediate numerous organic reactions, principally cross-
coupling reactions. These preliminary systems and others have demonstrated the
importance of the NHC/Pd ratio on the efficiency of the reactions, pointing to an
optimum 1:1 ligand to metal ratio in most cases. From there, efforts have been
aimed at the development of monomeric NHC-bearing Pd(II) complexes and the

study of their catalytic activity. Generally, shorter reaction times are observed in

these well-defined systems, since the carbene is already coordinated to the palladium
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phosphines leading to new complexes, but no catalytic applications were reported.

Recently, others have extensively researched the use of such types of complexes as

hydrogenation catalysts.

[0009] Thus, the use of currently known catalyst systems for carbon-carbon
and carbon-hetetoatom formation can often be problematic. Such issues include (i)
telatively difficult or Iaborious synthesis, (ii) expensive catalyst precutsors and/or
ligand sets, (iii) oxygen and water sensitivity of ligands or metal catalysts,

(iv) optimization of activity is difficult because of disparate pre-catalyst structures
and unusual and non-modular ligands, and (v) catalysts for the activation of aryl
chloride need to be used in relative high concentrations. Therefore, it would be
desirable to have catalysts or catalyst systems that provide solutions to the above-
identified problems. It would also be desirable if such catalyst systems could be
used ditectly on the industrial scale without the need for their isolation and are stable
over wide ranges of temperature and pressure. Further, it would be desirable if such
complexes could be prepared in a single reaction step from readily available starting

matetials.
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[0013] As used above, and throughout the specification, the following terms,

unless otherwise indicated, will be understood to have the meanings provided below.

[0014] By “cross-coupling” is meant as a teaction or series of reactions which

result in the formation of new carbon-catrbon or catbon-heteroatom bonds.

[0015] By "hydrocarbyl" is meant that the substituent is hydrogen ot is
composed solely of catbon and hydrogen atoms. As one skilled in the art knows,
hydrocarbyl is inclusive of the following where the definitions apply regardless of
whether a term is used by itself ot in combination with other terms, unless otherwise
indicated. Therefore, the definition of “alkyl” applies to “alkyl” as well as the

“alkyl” portions of “aralkyl”, “alkaryl”, etc
[0016] As used herein, the term "alkyl" means an aliphatic hydrocatbon group

that can be linear or branched acyclic or cyclic and comprises 1 to 25 carbon atoms

in the chain. In one embodiment, useful alkyl groups comprise 1 to 12 carbon atoms
in the chain. “Branched” means that one or more lower alkyl groups such as methyl,
ethyl or propyl, are attached to a linear alkyl chain. The alkyl group can contain one

or more heteroatoms selected from F, O, N, and Si. N on-limiting examples of



relatively difficult or |aborious synthesis, ()
expensive catal yst precursors and/or |igand sets,

W@ pios)i2s9%ygen and water sensitivity of |igandsPCI/URED&D20664
catalysts, (iv) optimzation of activity is difficult
because of disparate pre-catal yst structures and

suitphlg sl stanpsrioruddetlayl, ¢thglandsopsl dso@yc)%ﬁ,aﬁ—@lu 1SbE©L, n-
chlori e used in

penpT5h e Rbhadh Bl aitafe S ?%?mrgpme:wggl d be
i n e
0 G Sef AR ORI ol R R

provide solfutions to the ovel
compsising s b4 berboesitomls] Erefdralsly chockl cair}jlsﬁ aﬁdh?:%] errtﬁe t@fhw bEbup
directly on the industrjal scale w.thou e
con RERHBFBp b hehat Pin saitaral o Gha oversiaitie ary group
can bangesitatedt it ©ha ot eoRNHinR G SSH &bshHh e whikh %nl‘gegthe

irabl e if such conplexées could be prepared |
Samgi%ﬁ g‘f@éﬁe%@flﬁdﬁclg%bycirpsmbvbada'snweami Nabtlenisingrethmgles of

i ' P . THE 00 Fi g.
e P B PG o ELEy BSOS B P} a7
indff‘[ﬁb’]ocedure described in Exanple 47. DETAI LED
SCRIPTI ON [0011] O her than in the operat i ng
[00185 anpl esArdkylnger atyéalka? weses pndidalled-gratp 1mw_i’mﬁrlsqfth aryl
i.gns._referring,.to quantitie
i e oo L R s Bl Do ] 1
compfeei foveatallon gamp. cNanABmaing dx@mkp%slb’fdﬁfcﬁtsﬁﬂﬂbla%ralkyl groups
sta term "about." [0012]

PSS i Conb . L o
L 65e. Spent FLaALTy Thten or oty s Rl PRI pigwr
cal (AR ARCRId RE R eEIR2 Ry edeetd denoh Fr Bndbamh i every

[001YP! U8 Cyclic alkyl" or cycloalkyl means a non-aromatic mono- or multicyclic
ting system generally encompassing 3 to 10 carbon atoms, in some embodiments 5 to
10 carbon atoms and in other embodiments 5 to 7 carbon atoms. The cycloalkyl can
be substituted with one or more "ting system substituents" which may be the same
or diffetent, and include hydrocarbyl or aryl substituents. Non-limiting examples of
suitable monocyclic cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and the like. Non-limiting examples of suitable multicyclic cycloalkyls

include 1-decalinyl, norbornyl, adamantyl and the like.

[0020] As used herein, terms BPin, BCat, and 9-BBN mean:
CH3 O
0
/ CHg /
—8B —B —B
\ CHs, \
0 CHs 0
BPin BCat 9-BBN
[0021] Embodiments in accordance with the present invention provide

simple to synthesize catalysts or catalyst systems for carbon-carbon and carbon-

heteroatom bond forming reactions. Such catalysts are advantageously based on
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portions of "arﬁ?kyr”7<<3 karyl", etc. [0016] As used
herein, the term "al kyl " \reaps an aliphatic
hydr ocar bon groﬁp that capdde |inear or branched
acyclic or cyclig¢ and co rk§es 1 to 25 carbon atons
in the chain. Iﬁang_gwﬁggimNNC useful  al kyl groups
conprise 1 to 12 carbon atons in the& iln. " Branched"
means that one or nmore | ower al kyl groups such as
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cycl opr opy! et : n

use
rovi
p unle

R? Formula II

whete each of X and Y are independently selected from O, N, or S and where R’, R?,
R’, RY, R®, R® and R’ independently represent hydrogen, methyl, linear ot branched
Cy-Cyo alkyl, C;-Cy4 cycloalkyl, C,-C,, aralkyl, or Cy-C,, aryl ot substituted aryl, n
represents an integer of 0, 1, or 2; NHC is a nucleophilic heterocyclic carbene; and Z
is an anionic ligand, subject to the proviso that when either X or Y are O or S, R!

and R, respectively, do not exist.

[0023] Further, R® and R® and the catbons to which they are attached or R*
and R® and the carbon and X to which they are respectively attached can form a

substituted or unsubstituted aromatic ring.

[0024] In some representations of Formulae I and II, X-Y is a bidentate
monoanionic ligand, i.e., a chelate characterized by the presence of bonds from two

bonding sites within the same ligand to a central metal atom, or a hemilabile group
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[0020] As used herein, terns BPin, BCat, and 9-BBN
mean: BPin BCat 9-BBN [0021] Enbodi nents in accordance
wowaok/1280e7 pr esent i nvention provi de sinple to PCT/US2006/020664

synt hesi ze catal ysts or catal yst systens for
car bon-car bon and car bonhet er oat om bond form ng
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[0022] A cordip to some enbodi ent's i n/accor dance
with the present inventifp, a B (pal I adi unm) conpl ex,

generically represented by Formula I, is provided:
Formula | where A is a bidentate nonoanionic |igand
represented by Fornula I, below _Egrmula II e

each of X and Y are independentl
or S and whength, RQ’LBE’ R4, R5
independenlhy represe

ect fr N,
RA anggh7
ydrogen,/ nmet hyl, |ingar\or

KyT ' C3- C10 /Tyt oal kyl , Ncoo i-Pr
A\ or stituted [, n
&h i ye 0 2; )
T i i ' ene; an S an anionic
| i gand, subject to the proviso that when ejther X or Y

are Oor S, RlL and R5, respectively, do not exist.

HsC /H H5C . /CH3 HsC, /CMe3 HsC, /Ph
=N N —N —N
T N WP

H3C H3C H;C HyC

i-Pr

H3C /CH3 H3C /CMe3 H3C /Ph H3C
=N —N —N —N i-Pr
) N ) N \ N \ N i-Pr

HsC CH; H,C CHy; H;C Ph  H,C

i-Pr—<\ />

[0027] In still other embodiments the bidentate anion is one of the tropolone
derivatives shown below or a derivative of any other appropriate substituted or

unsubstituted hydrocarbyl.



[0023] Further, R2 and R3 and the carbons to which

they are attached or R4 and R5 and the carbon and X to
wokioch280bey are respectively attached can for nP@r/US2006/020664

substituted or unsubstituted aromatic ring. [0024] In

sone representatlons of Formulae | and Il, X-Yis a
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Forrmula 11, the bidentate anionic species X-Y is

gener at ed fron1tQ§ neut peci es HX-Y. The groups X
and Y are sel ected o1 or S, where Rl through
R5 are as defined abg ne fornul a bel ow,
exenplary X-Y |igandg di/ket onato (OGO,

b-di keti m nato (N Ny nato (N-O and Schiff
base (N-O |ig&He$. Th e’ bi dent at e ani oni ¢ speci es
exists in tautomeric fornms as shown bel ow. [ 0026] In

ot her enbodi ngR{sH, @&n&ggmﬁkg%ggk)lnventlon t he

bi dentate anion X-Y i s se rom

Br, I, OTf , OTs,

[0028] In some embodiments of the present invention, the palladium soutce
and X-Y sources are selected from Pd(acac),, bis(trifluoroacetylacetonate)Pd,
bis(hexafluoroacetylacetonate)Pd; bis(dibenzoylmethanate)Pd,
bis(benzoylacetonate)Pd, bis(tettamethylheptanedionate)Pd, ox

bis(tropolonato)palladium (IT).

[0029] In some embodiments in accordance with the invention, the

nucleophilic heterocyclic carbene (NHC) is selected from Formulae A, B ot C:

) \ —\

R8T N\ p# RRTIN,7 R RTIN 7 R

A B c

where R® is independently selected from hydrogen, alkyl, substituted alkyl, cycloalkyl,

substituted cycloalkyl, aryl, or substituted aryl.



[0027] In still other enbodi ments the bidentate anion

is one of the tropol one derivatives shown bel ow or a
walessuzgpve of any ot her appropriate substit ut BCI/082006/020664

unsubstituted hydrocarbyl.tropol one ion

i sopt opyl tropol one ion thiotropone ion N, N -D ne

[oow]am nouﬁ@pﬁm dnfih dEimleats, N MetHdyham 06¢ bdledtt @ BRAE nle@Ryl, ethyl,
% ome enbodi nents. of the )gresent i nventi on,
lsOPF‘Pﬂ@’ ﬁéP‘I"été{ GertBirle ey ohexrl woskninge sdapenth Pet dimethylphenyl,

2,4 5’%@1@@@1 henbi, 9(d- Hhidﬁfoé?Enat e,)%’?hfé@ﬁ‘}lﬁﬂ?ﬁfiﬂl

| 'uor oacet ylac

[003:11] s( d| beﬂ ZeybitRt babatahbits ibhedRenzeyiac el onat&Revention,
& blg (tetramet hyI hept anedi onat e) Pd, or bis (tropol onat 0)
¢ F

BTG 9 §eleterbiom (NHE o R (2etrdo INFERPs] (3aac) CL

(NEROPQUIROAS, WNHTIPAR AL (BIQERRIMME) GoRRyb @n{w
(NPK)PB(tthK); (N\HE)EdwwdﬁaC]RaNPHZ)Pddmpgnﬂe(NHQ)lhf(bﬁ?Chdvhere the
NHE P TENES AR it BNy BRER b i - 52 Sllten,
sIMasr gN N 03@&(@ 14.4- &1@@@1@@?1?%8&1%&8&1@&0501-511%&@19,?:

ect ed from , |sopropyl i sobuty

IPr {l&l\{ Higyprd uwemﬁ@b(myl)uﬁ@.a%lbﬁwh eaglamant yl ,

S n y c
LD B D ytptenth 3.4 BRIl B35 5[6%% M yet
IAdthIér—bJe(th@manaﬂl)llmldanolaéqbddm)ce with the present
he car ben |et |s selected from

ICy 6%%&3&8 §xyRImE Cl%ﬁ&f pandeag (NHO) Pd( hf acac) 2
ItBu (WS Bak((Ff- b ag)])Ghidat HDHT) Rdé 2, ( NHC) Pd( dbm O,

(NHC) Pd(t mhd) 2 ( NHC) Pd tnhd) Cl ( NHC) Pd( bac) 2 or
[0032HHC) Pd (b &l €l emivdibmentshef the present invention, specific complexes,

(IPr)Pd(acac), (Pd Complex 1) and (IP£)Pd(acac)Cl (Pd Complex 2), exhibit catalytic
activity in the Buchwald-Hartwig aryl amination reaction and the a-ketone arylation

reaction.

[0033] In comparison with the reported (PPh,)Pd(acac),, a NHC-beating
analogue has been synthesized by the procedure of Scheme 1, shown below. Direct
reaction of free carbene IPr with Pd(acac), at room temperature in dry toluene
yielded (IPr)Pd(acac), (Pd Complex 1) in very high yield as a yellow powder. The
presence of one oxygen-chelating ligand and one C-bound ligand in the complex was
appatent by both °C and '"H NMR. In the ’C NMR spectrum, 6 different signals
above 160 ppm: 207.5 (C-bound acac), 192.9, 188.1, 185.6, 183.3 (carbonyl carbons)
and 161.2 (carbenic carbon) were observed. In the "H NMR spectrum, four methyl-
proton singlet signals were observed each at 2.63, 2.01, 1.63 and 1.31, together with
two signals at 5.90 and 4.78. The lowest-field methyl peaks are assigned to the
catbon-bonded acéc, together with the lowest-field methenic hydrogen, while the
other three signals are assigned to the oxygen-chelating ligand. It is of note that the
PPh;, analogue showed only one peak for the methyls of the carbon bound ligand,
due to free rotation. Clearly, the sterically demanding NHC ligand inhibits this
rotation. The disposition of the ligands was unequivocally assigned when the crystal

sttucture was resolved by X-ray diffraction. A square planar configuration around

- 10 -



NHC is selected from I Mes
(N, N -bis(2,4,6-trinethyl phenyl)im dazol)-2-ylidene),

W@ (8428097 PCT/US2006/020664
(N, N -bis(2,4,6-trinmethyl phenyl) -4, 5-di hydroi m dazol ) -
2-ylidene), IPr

the pNIdiui @0 fer @aflible TREGRY] RRB ALY RbdBZB o2 Kb e4FERAd, the

| P
Pd-Egapbenis distange iisdle 5pIMenyingledl b ondir BhaPda@diondy

o B YT P ORET 42 s g Pgond due to  swon

trang Nffdct. bi s(cycl ohexyl )i ni dazol - 2-ylidene), or ItBu

(N,N -bis (tert-butyl)imdazol -2-ylidene) . [0032] In

ot BehemeNOE] tic Phin RS PP PP SEERIpIEET

conpl exes, ¢ {ngb; Pd?acac) dg{§g§m®zp?‘g‘{>%tdl%qarﬁl3@€ PT )

(IPr)yPd(acac)d (Pd Conplex 2), exhibit catalytic SN

activity in the Buchwal d-Hartwi g aryl am nat ié)n/N/ﬁ

reaction and the a-ketone aryl ation reaction.” [0083]

In conmparisgn with the repo%t ed (PPh3)Pd(\acac) 2, N
| be®n synthesi zed e R

beay anal ogue
rocedlre Schema@mé own beTabweneDi r ecy [ east fon of
r ee Pdar bepe | Pr+wi \h Pd( acac)y2—at—r®om tefper aPdre in
£ o\ yi el ded W1Pr) Pd( acd®bient( pg .eX 1\
ver hicg ield as d yeliow p §£3:g e prEseft
one oxygen- chel at i n@ | i gand and one” C- boyhd |i gan
the conpl ex was apparent by both 13C and 1H NMR™ |
the 13C NWVR spectttuaquialahts f er ent si gnal s above 160 0
ppm 207.5 (C bowrd2actisdprofhyfhedyl 188. 1, 185.6, 183.3
(carbonyl carbons) and 161.2 (carbenic carbonfd &emplex 1

observed. In the 1H NWR spectrum four nethylproton
[0034]ngl et Tspigrefl devstEeitnps Fdveempleat far the Bachpalditagwis

: § ; . Sj | op- a4 8. £
o, BT CORRE B AN, LA, 380 A0l
4-chlorotoluene and morpholine, showed moderate catalyst activity (43% product in

N

1 hour with 1 mol% catalyst loading). The same modetate activity was observed for
the coupling of 4-chlorotoluene and propiophenone using NaOtBu as base and
toluene as solvent at 60 °C. The reaction required 2 houts to reach completion using
1 mol% catalyst loading. The complex was modified with the idea of inctreasing the
activity in catalysis.

[0035] The reaction of (PPh,)Pd(acac), with benzoyl chloride to yield the new
species(PPh;)Pd(acac)Cl has been reported, proposing a sequence of oxidative
addition-reductive elimination reactions. In a similar way, Pd Complex 1 reacts with
one equivalent of HCI at room temperature to produce the new species
(IPr)Pd(acac)Cl (Pd Complex 2) as a yellow powdet in neatly quantitative yield
(Scheme 2). The loss of the C-bound ligand is again cleatly evidenced by NMR. In
BC NMR, only two carbonyl carbons (187.1, 184.1) and the catbenic carbon (156.4)
appear, whereas in 'H NMR, only one acac ligand can be assigned: singlet at 5.12,
accounting for one hydrogen, and two methylic singlets (1.84, 1.82). Again, the
structure features were unequivocally assigned when the structure was determined by

single crystal X-ray diffraction. For this complex, the Pd-O distances are more

11 -



car bon- bonded acac, together with the |owest-field

nmet heni ¢ hydrogen, while the other three signals are
w@s@egesed’ t o t he oxygen-chelating |igand. |t iBCDUSIW04/620664

that the PPh3 anal ogue showed only one peak for the

met hyl s of the carbon bound |igand, due to free
similat @t036n2.08H k) kx&‘l,eretabl ehéhﬁj’alré? plahy: eesrandiing MNskad tgand

inhibits this rot di sposition of the |igands

pallgdiun centes Resomasys é@YﬁHﬁﬁdWﬁéﬁ“%he crystal structure

was resolved by X-ray diffraction. A square planar

c Geheguer At $yorthatio pradb headialy | tadl BejiPak at a1) Gt {Rd@omplex 2)

observed, with nearly no distortion. As expected, the
Pd- C car, R distance is in the range of a single
Pd-fc-bdnd. The Pd- O bond opposite to the NHC i s SN
el ongat ared to the other Pd-O bond duegtona
strong tfans effect. Scheme 1. Synthetlc path | ead ng N

PrjPd(acac) 2 (Pd 1.1 equhvalents R '\
i M L8[ 0034] sig of the R

d Conplex 1 flg‘r the Buchwal d
[ t 50
g{\ol |

KO Bu as D' éma DMVE as
me rmderate

OC for thHe cou®ing of 4- ﬁéi‘-&h.@l uene an
erate catal yst ac2hatrsy (43% pr
nmol % cat al yst | oadi ng). The
activity was observed for the coupling of

R 42 éHdiiseppopyiptengl and pr opi ophenone usi ng NaQ deqr_% 9(2
and toluene as solvent at 60 C. The reaction reqw re

[oo%ghows\%fﬂhé ﬁ@PBelﬁg%Bhﬁh'tQQgﬁ ghé'm (sh gféa b the

adi ng. The conpl8x was no
forthmgoreat PdgComeleact and the subsapteal Yeinsation of Pd Complex 2 occur

by the pathway illustrated in Scheme 3, shown below. Thus the coordination of the
sterically demanding IPt by palladium is accompanied by the transition of one acac
ligand from the 12-O,0-chelate to the O-monodentate form, with subsequent
transformation to the T-hydroxoallyl form and further to the C-bonded form. Thus
the oxidative addition of HCI to Complex 1, followed by reductive elimination of

acacH yields Complex 2.

-12 -



[0035] The reaction of (PPh3)Pd(acac), wth benzoyl
chloride to yield the new species (PPh3)Pd(acac)d has
whe@n/128pdr t ed, proposi ng a sequence of oxi dat PE&BEUS2006/020664
addi tion-reductive elimnation reactions. In a simlar
way, Pd Conplex 1 reacts with one equivalent of HO at
Sch&Q 3. FYBEHIE & Mee dHh né AHIE Bhd 18+ AR oPSC PASComplexes 1 and 2

(IPr)yPd(acac)d (Pd Conplex 2) as a yell ow powder in
nearly quantitative yield (Sche 2). The loss of th
C-bound ligand is again cl eamr~yNeviHenced by NVRz_L
13C N only two carbonyl, carbo r(\187. 1, 184.1) a N
heo beni c M (156.4 gpear, vhereas in\1H N¥R 'R
(gr‘gdfy aca I/ggand can b Gs‘gdgned: singlet A 5/12,
goount/i ng f ai—ene hydr ogexny. and\ met hylic ngrdex(‘,
q.82\1.82) / Again, the syruture Reatures wepe 0 .
unequi vocal | y assi gned wheh the strugture was
r=288E S MAed by single crystal X-r i ffraction. For
this conmpl ex, the Pd-O di stances are\noresiml ar
(2.036, 2.044 A), whereas the square planar
coordi nati on around the palladi um center becones
slightly nore distorted. eme 2. Synthetic path
| eadi to (IPr)Pd(acac) d. Conpl ex 2) R=

g e
i i gopropy[ phenyl Bd npl ex 2 [0036] Wiile Rot \
AN
on §

[ ospd to any one thepry\ it is thought t\hat t
Amati on” of . Pd Conpl ex=1° anfd subsequgnt f t
of Conprex—2-occur {Ry t at hway +Hustr akad i b

or di BEETSN o

emel 3, SIS bel ow. sélt h
sterically demandi ng r by pdlladiumis acconpanie
by the transition of one acac |ligand fromthe
h2-O O chelate to the O nonodentate form wth
ELEUWER&nt transformation to the p-hydroxoal |yl "PSPAR!ex?
and further to the Cbonded form Thus the oxidative

addition of HJ to Conplex 1, followed by reductive
[003]i ni natliberrctvity of Pd Complex 2 for the Buchwald-Hartwig coupling

reaction of morpholine and 4-chlorotoluene in the previously mentioned conditions

was then tested. Using 1 mol% of Complex 2, the coupling occutred in 97% yield in
only 30 minutes (Table 1, entry 1, isolated yield). Advantageously, the product could
be obtained in good yield using low catalyst loading (0.1 mol %) or at room

temperature where the reaction time was increased.

[0038] Results for the amination of aryl chlorides using Pd Compound 2 as
catalyst are shown in Table 1. Various substrates were examined: heteroaromatic
(entry 2), sterically demanding (entry 3) and deactivated chlorides (eatry 4). The
coupling of the sterically demanding dibutylamine with 4-chlorotoluene required a
longer time (entry 5), and was the only reaction in which dehalogenation of the aryl
chloride was observed (3 % by GC). As the synthesis of unsymmetrical tertiary
amines starting with primary amines remains a challenge, the reaction between
aniline and 2-chloropyridine was investigated. One-pot syntheses of N,N-bis(2-
pyridyl)amino ligands, especially with aryl chlorides, are attractive due to the number
of applications in which these compounds can take part: C-C bond formation,

homogeneous and heterogeneous catalysis, DNA binding and nonlinear optical

13-



acacH yi el ds Conpl ex 2. Schene 3. Proposed Mechani sm
for the Formation of Pd Conplexes 1 and 2 Pd Conpl ex 2
wedoocoebex 1 [0037] The activity of Pd Conpl eRCRUBING/020664
t he Buchwal d-Hartwi g coupling reaction of norpholine
and 4-chl orotol uene in the previously nentioned
mat&GM ThORS Rt drethet RbEAp yidi1afiGn b rBBLYHWLs SHEPI@NnZo0d
t he coupling occurred in 9P7y % yi eId in only 30 mnutes
yield when 8- 11equarlangs of theelaridd Wererend (A ageousl y,
t he product could be obtained in good yield using | ow
Cdhbley st Bh slaelalagHa0cvwign®dly1Amiiiatédn 66 APyl ORdefidésBing
where the reaction ti npdv@sSmiphéd gased. [ 0038] Results
for the am nation of aryl chlorides using Pd Conpound
2 as catalyst are shown in Tabh®wl% Various substrates

were ex het er,qar ofe@iBy, (Icheayiv2) , erically
demndlw(ﬁt Y 3)&%‘% ValtﬁwldChl R@ﬁent ry
4). The ¢qoupling o Eﬂﬁ' &% emandi ng '
di butyl ai‘[rﬂjél wi th 1j!-c oroto uene required a | onger
time (entry 5), and was the only reaction in which

qﬁﬁla{bﬁg@natl ogpk the aryl ri de was @%(ﬁ)'ved \(yi'élda(%)’

hy (X)) As the synthesis of unsymetrical tertiar
am nes starting Wit h primary am nes remnmins a

cha nge, th eacti on hetweon aniline and
2-7@;? pyn@%vas |nv qt g~ One- pdt® synt hese¥
of N, N-bis(2- pyridyl)am no Ilgands especially with
aryl chlorides, are attractive due to the nunber of

appjt+igat i ons which th ounds can_ take part:
C G bond forﬁ% iWh, hompfen U&E%nd het erbyeneous %
aly

cat si s, DNA bi ndi ng and nonlinear optical materials.
The formation of t he doubl e p ridilation product was
obs ed in gpod ield equi val ents of the
4 chl d (entr le 1. 18 0
Buch Id Hartvvlg Atyl Ani matl n of Aryl Chlorides
Usi ng
5 Meo—©_0| d\_/‘NH o\/:\/ OMe 4 %
—@—m Bu,NH BuzN—Q—- 6 95
6
7\
N - —N
O O O o
— N
7\
"Isolated yields, average of two runs. ?2.1 equivalents of aryl chloride used.
[0039] As for the Buchwald-Hartwig reaction, Pd Complex 2 performed more

effectively than did Pd Complex 1 for the a-ketone arylation reaction. The time for
the coupling of propiophenone and 4-chlorotoluene (Table 2, entry 1) was reduced
by half. Futther, by using Pd Complex 2, the coupling of aryl-aryl and aryl-alkyl

ketones with a variety of aryl chlorides was advantageously obtained.

- 14 -



Pd Conplex 2 1 nol % aryl chloride arrine predict
linmB(h) yield (%' isolated yields, average of two

wo oovs/ 128027 1 equi val ents of aryl chloride usedpCT/0888¢/020664
As for the Buchwal d-Hartwi g reaction, Pd Conplex 2
performed nore effectively than did Pd Conplex 1 for
tirgbR-X & oot XkdAutioh WwRAAU Ay Chidfided Ukeng Pd Chmplex 2
coupllng of propi ophenone and 4-chl orotol uene (Table
2, entry 1) was reduced by half. o @/thher by using Pd

&

Conpl ex the cou pI a(f}BYl' u|(;md aryl~ al kyl
ket one; Q) a+vi# S §as

advariRayebusl y obt d. Tiad)il.le%rﬁﬁéan}tetone yIBatl on
Wi th lorid Usmg Pd lex 2 arylgh]oride
keton{jm&ct tiﬁé yi eld (%' 1 1sol at \lﬁel ds,
average of two runs. [0040] Since Pd Conplex 2
di splays a higher activity than Pd Conplex 1, the
con@f&rﬁi(‘@h@% of syeloresi zi ng PEdGnpl ex g Ehoutieli)’
need of isolating the (I1Pr)Pd(acag i nternedi ate
woul d be desirable. o that el amJItigram
one- pgz t hesi rrp devel ogped and ch
s su ed i | ow. Reacti oﬁ of thegzzjree
carbene | Pr W|th Pd(acac)2 in dry 1, 4-di oxane at room

terrp ure, folj}qwe byt |t|on of an

eqU| ar a o thelFormati @ of
t he d red pro che t Protocol for the
Synt hesis of (I d(acac) (Pd Conmplex 2) tnL, HC

in

(SN

¢)a (o (%/Q 2 &

A
4
Q—.
-

8

&,
S

<QZ
7\
\

N

8

" Isolated yields, average of two runs.

[0040] Since Pd Complex 2 displays a higher activity than Pd Complex 1, the
convenience of synthesizing Pd Complex 2 without the need of isolating the
(IPt)Pd(acac), intermediate would be desirable. To that effect, a multigram one-pot
synthesis of Complex 2 was developed and such is summarized in Scheme 4, below.
Reaction of the free catbene IPr with Pd(acac), in dry 1,4-dioxane at room
temperature, followed by the addition of an equimolecular amount of HCI, leads to

the formation of the desired product.

- 15 -



2 hours R = 2,6-diisopropyl phenyl pd Conplex 2 [0041]

I n sonme enbodi nents of the present invention, the
w@emwenztopon of Pd Conpl ex 2 can be achi eved byPCTHES2006/020664

reaction path shown in Schene 5, below. In this

procedure the imdazoyliumsalt (N, N-bis (2, 6-

di isemeaPy! ORBSIVA ProtbEslaee thé Sy A M Qid QﬁXIP@Pd(acac)Cl
deprotected in situ by the Pd(acac)2 conpl ex
generat e NHC whi ch bi H&4 @@mtpg@iﬁ)st al center, a

chl ori de ani on which repl aces the acac nDiety, and

free acetyl acetonate. Advantageously, this synt
met hod does not require the isolation of freeMHC and

t he\pr oduct exhibits ac/Hgtable air-stability. me
t ocol Iéb\ (5%_rmﬁih®&jsﬂmnf | ex E
aqd ours C ia
Cdii sopﬁgzlc: phenys m| 0042) T o'fl‘vdlty of
f or ne /vvlth t iR eseh BPUSchen® 5 was
eval uated for ‘the aryl am nation of aryl brom des

and C?L&o des z%md is shown in Table 3. Table 3. iV-Aryl
Ani Fa P ‘prlﬁr’ﬁ/l Broni des and Chl ori des n'%S’I“%"eéﬁt ry
aryl halide am ne product tinme (h) yield (% 8

[004%}; MeOl# sgmemigglimentstdfothe papetint inyestiony thie gﬁafzna@en(of Pd

Corr&)&ggg %11 b@?cﬂ%védlb;l tlmTPealflox{ l)Etrh) ﬁl%(x% %@cgem(a]S %%iov/‘) In this

procedure the imidazoylium salt (N, N'-bis (2, 6- diisopropyl phenyl) imidazolium
chloride) is deprotected in situ by the Pd(acac), complex to generate NHC which
binds to the metal center, a chloride anion which replaces the acac moiety, and free
acetylacetonate. Advantageously, this synthetic method does not require the

isolation of free NHC and the product exhibits acceptable air-stability.

Scheme 5 One-pot Protocol for the Synthesis of Pd Complex 2
from Pd(acac)2 and NHC.HCI1

Dioxane, 100°C
+ IPrHCl >
6 hours

R = 2,6-diisopropylphenyl

[0042] The activity of Pd Complex 2 formed with the method of Scheme 5 was

evaluated for the N-aryl amination of aryl bromides and chlorides and is shown in Table 3.

-16 -



mol ), DWE (1 nL). b Isolated yields, average of two

runs. [ 0043] Overall, the present catal ytic system
waoele@phispetd good efficiency toward cyclic di al kpCEHIBI066020664

with activated (entry 1), neutral (entry 2) and

unacti vated brom des (entry 3). In the latter entry,

it is notrgpRid. W&ﬁ%fnﬁﬁo&@ﬂm‘ﬂ PFrbiBMe9tind OBlorides

unf avor abl e el ectronjc effelg:dt of Ithe net hoxy gr oug and

the addithopal + stgyit hi grg;§F
r/i>-dubstitution dmes notkdmamheto-domss of Rae?i viry.
As sho#fiCh§ entry 4, a secondary dial kyl ani ne,
traditionally nore reluctant to couple, reacted with
- br oewf obmene i n exedel ent yi el d.phd044] Tenelnbir fidngehye
chal

+enge—fhe~fo%eraﬁce—of—fhe—Po—toﬁp+exes—o+——————
enbodi nw@ian accay dance V\AthNQnti on to 9
sterical |l y“encunber substrat es tions with the
2, 6-diis pyl ani | ipe were per
Advaﬁ%agezf£+ tris_and even t -r?/ -substit &t ed
di aryl am nes mere obt ai ned under mld reaction
condi ti ons_{&ntries and 6). Furffier, the reactivity

of the le seacti W& _aryl chlor . was exafr ned®and,
as shown by entry 8, even an unactivated chloride

coul d be Ied W t steric y dered am ne. As
obserted rthe b*gﬁfﬁes ex /h/n\ncunbered%
substrates could be obtained in good yields in
reasonable eacti on ] nes u3|n rldes (entrles
9-11)s H ley, thex hesi s 92

2- naphthyl nes was vestlgat h conpounds are

wel | - known as hol e transport naterl | s or photoactive

chronophores, and pl an |nport n roIe as a
phar ngacop e‘B ina, %er of i bmt g catg]ytic
systen1e iment o e i nvent V|ded for a
rapi d coupling of these substrates r sulting in
napht hyl am nes bein forned wi th go |elds under

mld 7cons (en es 7, 12, 88

PR PN
Cl HN M O—< :>—N 4 86
© NN

NN
%3 CP@ 05 o

HaN _Q‘“??D 6 97
HaN dﬁ;%? 45 89

0 / 2 86

O
o 8o ' -

& Reaction conditions: aryl halide (1 mmo), amine (1.1 mmol), (IPr)Pd(acac)C! (1 mol %), KOBu (1.1
mmol), DME (1 mL). ? Isolated yields, average of two runs.

8 MeO

=3

Q

10

Q

1"

Q

12

Q
I
-4

13

OO g QL
e
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[0045] Heterocyclic noieties are wwdely represented in

bi ol ogically active nol ecul es. Therefore, heterocyclic
whaloede®and particularly hetero aromati c hal i BEBUS2086/020664

coupling partners of great interest. Table 4 presents

the results obtained with such heterocyclic aryl

[004@ om de®pdl, ek Pdseicatalif: §BRSE u&btaye@%fsmg@dlmt@ward

of the present catal ytic syst'em toward
cyclis-digllylatmines gvite petipesr(cnery Al feivenl ensreRnzrderhctivitetle

brorﬁ%ﬂle?g&e%tstg’y V\% O 1SRE a2 e%@% § i€ Q0L gthQF{h%r ?‘X?ﬁlﬁt(f‘on of the

severa es were not success
unfaie exbid dieturdsngc keéfeer of:ylod methbrlgdeﬁp mﬁd ehd aldidotad sheic

. Suitabl.e couplin rtoers pyri di ne was
hindBERe 04 R SRTHEVET Y SRR EPBARE 6 R (i 7 eis: As
show€6PRARLW, G)é@&dxﬁa@ﬁﬂﬂﬁ%rla(rﬁl%f 1r88itidnARImee re@uc&@x&%%le

acyclic’ amne (entry 6) and aniline (entry 7).

reacikgyeith adeomstgluene h?a@@p&l?ﬁtm@é and quinoline, strongly

activat ar.ed 2- hal qpyr i di ne
[0042’{ upl ed *Pri® ﬂﬁhﬁﬁ%ﬁ%@P theg ‘?‘t'f"é%e %é g‘ ifﬁjc%l}’lpﬁe%sr% ver,
embbBEn GAYMR ARG+ @fncpi 'vﬂﬁf bl iRGeAsh & nahpﬂwen@h&%emssubstmes
successful with simlar reaction tinmes’(entries 3 and

reacipnsTaithehd 2, pAdiiapgtopalaintine were pferfoymednt’edvantigeously, tri- and
cve FL L S 58 g LSRRG e b el 9
condifibny (emttsits hahd d)e Hmther phiochactivity of tdlesyteaktve é}f()yl chlorldes
was examined and, as shown by entry 8, even an unactivated chloride could be
coupled with a sterically hindered amine. As observed with the bromides, extremely
encumbered substrates could be obtained in good yields in reasonable reaction times
using chlorides (entries 9-11). Finally, the synthesis of 1- and 2-naphthylamines was
investigated. Such compounds are well-known as hole transport materials or
photoactive chromophores, and play an important role as a pharmacophore in a
number of inhibitors. The catalytic system embodiment of the invention provided
for a rapid coupling of these substrates resulting in naphthylamines being formed

with good yields under mild conditions (entries 7, 12, and 13).

[0045] Heterocyclic moieties are widely represented in biologically active
molecules. Therefore, heterocyclic halides and particularly heteroaromatic halides
are coupling partners of great interest. Table 4 presents the results obtained with
such heterocyclic aryl bromides and chlorides. The reactivity of embodiments of the
present catalytic system towards N-, O- and S-containing heterocyclic halides was
examined. While attempts to react O- and S-containing heterocyclic halides with
several amines were not successful, N-containing heterocyclic halides were found to
be suitable coupling partners. Thus, 2-Halopyridine was reacted in extremely short
reaction times with secondary cyclic amines (eatries 1 and 2), a secondary acyclic
amine (entry 6) and aniline (entry 7). Advantageously, 3-halopyridine and quinoline,
strongly unactivated when compared to 2-halopyridines, are coupled in high yields
(entries 3-5 and 8). Moreover, the coupling of piperidine and 3-halopyridine was

successful with similar reaction times (entries 3 and 4).
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HN O86 - N1TV/ 0.2 Br O Q0 3.5 79 A HNO QO 87 a
Reaction conditions: aryl halide ( 1 mml), amne (1
WO 200a1re8097 (1 Pr)Pd(acac)Cl 1 (1 nmol %, KO Bu PAT/11S2006/020664

mml), DME (1 nL). b Isolated yields, average of two
runs. [0046] To further investigate the reactivity

pr of i I'Baldé 4t NeAdytl Aacingt otvofof-CenfanindTEBlefoc9Elid Helides®
present invention, the efficiency of the a-arylation
of ketones was tested as only a few systens are known
that can pef;?ém wel+ Rus [ImgdEdedcigtiar etk ar yt- I*brl des.

[ 0047] The“s cata y;tl C psi@ngenbodi ne t,)o,i t he

pr esent inveET®fon used for P¥eTNP%ryl amination

ct—rOﬁ'ref—iFabFe—A—mﬂ—s—ex%—ua{—ed—h—pst——ErxpLow_ng
thi s*Br o8¥HiFe, t he®P®act i on bet weskst chl or ¢ben2erednd
pr opi ophe reached-conpl eti onafter three hours.
Fur t Her ogﬁ]ﬁrﬁ zati df_st udi es sh@d'\tjﬁ’at i n%&ddi t¥ on
to the nature of the solvent and base, stoichionetry
is an inp ant fac in the cogks f the reaction.
Tabl e 5 sm\E he r%gats of the@(iml ng of?sevér al
ket ones vvlth dlfferent aryI hal i des. As shown by
entrizes 3 neu and act @ aryl chl or| des
reacted r c?[y wi t'h C:}r opi ophen expeéfed,
| ess reactive ketonesuch as a- tetral one requi r)ed mﬁre
time tor h full version (epkri 5 and 6 The
coupl’i ng @i/ St eri caﬂ@ hi nder ed @FP@S such as ¥
ort ho-substituted 2-chloro- and 2-bronotol uene reacted
effl mnt@(ghth botﬁacetophenm(,entn es 1 and 2)

and a-t et e (enff\y’ 10). Advipraledusly, *the &
catal ytic systens of enbodi nents in

= P VN 7 N\ P
6 Q—m HN\/\/ . NW 4 86

Me
— HN = [
7 O—m OvN 4 91
W & SAe
Me
Br !
GO, seh o
i -

@ Reaction conditions: aryl halide (1 mmol), amine (1.1 mmol), (IPr)Pd(acac)Cl 1 (1 mol %), KO'Bu (1.1
mmol), DME (1 mL). ® Isolated yields, average of two runs.

[0046] To further investigate the reactivity profile of the Pd complex of
embodiments of the present invention, the efficiency of the ot-arylation of ketones

was tested as only a few systems are known that can perform well using hindeted aryl

chlorides.

[0047] The same catalytic system embodiment of the present invention used
for the N-aryl amination reactions of Table 4 was evaluated first. Employing this
procedute, the reaction between chlotobenzene and propiophenone reached
completion after three houts. Further optimization studies showed that in addition
to the nature of the solvent and base, stoichiometry is an important factor in the
course of the reaction. Table 5 shows the results of the coupling of several ketones
with different aryl halides. As shown by entries 3 and 4, neutral and activated aryl

chlorides reacted rapidly with propiophenone. As expected, a less reactive ketone
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accordance with the present invention efficiently
served to activate the coupling of unactivated
wgar@eilzsabt y demandi ng aryl chlorides wi th hi ghrgT/852086/020664
realized in relatively short tines (entry 7). Table 5.
a- Ketone Arylation Reactions of Aryl Chlorides and
sucBRe - tesldde req¥ired (dd2E MR @ﬁ@&l@@nﬂﬂ-cérﬂve?@&n %@ntﬂe& InR 6).
NaO Bu, PhMe % = 600CR T R = , Br entry aryl
Theerurhegiadt %ﬁrécaélwém@qred hn!ede(srs)aclymebdthp%ubbnauabaabmn and

2RSS LA U5 IO SRS iy TR o

o-tét0d1oed Eenfdy rné) Adwatatsskly itRt 85talyaY 8)A0Es OF d¥¥bdiments in
runs. [ 0048 urt her nor e, conpatlbllla% of catalytic

accqidapenihibe Phessns inrastisn efftFiedtlysedy dvoiveighbe icouplony of
h t9
R AT T B e R e TN R
shovhénBuGMW@VB Hartwi g reaction. As an added advant age,
a heteroaromatic ketone wa s a-arylated w thout |oss
of activity (Table 5, entry 11). Finally, the use of
pol yaromati c halides as coupling partners was exam ned
and three propi ophenones, possessing respectively the
1- napht hyl , 2-napht hyl and 4-bi phenylyl noiety at the
a position, were obtained in near quantitative yields
(Table 5, entries 12-14). Advantageously, these
products were isolated without purification by colum
chromat ography on silica gel. Taking advantage of the
| ow solubility of the product in al kanes, a sinple
pent ane wash followed by a filtration was sufficient
to isolate pure conmpounds 12, 13 and 14 which, it is
bel i eved, denonstrated the first tine that such
conpounds were fornmed by a Pd-catal yzed cross-coupling
reaction.
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[0049] Additionally, the catal ytic system enbodi nents
of the present invention are useful for the

waoelewelizgpent of synthetic strategies that utilP@BUS2006/020664
functional i zed norbornene nononer substrate as a
synthetic synthon for obtaining other useful
nor bpakiese aREdne BAGARITSR Mcofs §F A1 EnPriaeishd Bromides

formati on, where the C-C bond fornéd is regarded as

al kyl -al kyl, al kyl 7axy!, anghs@dalsiph viadoph)kyl . 9EX | ary
speci es t are usefwl as ST HA ES.Lan t ed
from any oRe of tde 8ol | ow ng nononers, D, ERand

where n is selected from0O or 1, mis selected fromO

to 5 @nd RE&ngikuncti esal G oup) i scael ect edid HPMRRY:

of themerars [such as but— ot tinitedto Bt My
A, Zn,, Si, or c Y groups, X ups, Qr any,
combi natio t hereof /—as descri @i off any of the

reactions in the Reaction Exanples section below. In
one adwant S ne m ting enodi t, FGis
selected fr a, Br/1, Orf, , ZnBr, MyBr,

SiF3, Si(OR)3,, B(OH) 2, Beat, 9-BBN, in, ketones,
al dehydes, E@)‘e\m ne 0050] Ex or gani c 98
reacti ons tthat 'can e oy the c lytic system

enbodi nents of, the present invention.can be selected
from a4t ransition m&' catal yzed Rritfansitign o
net al - cat am coupng%r eacte specifically,
exenpl ary transition nmetal -catal yzgd reactions are
Suzuki ,s SUﬁEM y U3 Mur ahashi da, 4 62
Kurmada- Cor Kumada="Tamao, No Nozaki - Gshi e,
Negi shi, H yampa, Tamao-Kumada, Hi yana; Hat anaka,
Stille, M gigd: Kosygi Buchwal d-Hailt W §, Murahashi, |
Cyanati on, @ ar bony+H" Aryl ati onogashi ra,

Cadi ot - Chodki ewi cz, Heck reactions, catalytic ether
formati_on, caffal yt iy @ aryl ati ons of tones, and
catal yt'i ¢ t{hijogt her,_$drmation r oxts. 25 o1

: e
1.5 83
MeO O OMe

B

by

4.5 84

YA
3

10 Br

11

e
o

12

13

97

14

Q.9 4
5 A od oy
3

Oo

e

@ Reaction conditions: ary! halide (1 mmol), ketone (1.1 mmol), (IPr)Pd(acac)Cl 1 (1 mol %), NaO'Bu
(1.5 mmol), toluene (1 mL). © Isolated yields, average of two runs.
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[ 0051] Advant ageously, any of nononmers D, E or F can

be reacted with appropriate reagents in the presence
wobooa/12889al yti ¢ system enbodi ment of the presePCT/US2006/020664

i nvention, for exanple Pd(NHC) (acac)d, and

appropriate additives to generate cross-coupl ed

[004B8]0duCt Fur{iROPdle, EBUDatibilith of @Al sREDPOdLIBM S tPlvas

this_invention provide for the synthésis of new

foung ithedirqrtlep-pel Sriveicd ik vnpro béshlighting iPdiigl talyranas fathe
extrEﬁjleBIr G828 sub ﬁgﬂ%ﬁ %ﬁ%ﬁg)_ug&b&qicgg P ltl?@(Bac}g&féie—l(}%}/rtvbigg h

actrvity for t rtwg reaction an

reacliolie tAgn addddaidvantaps, Shiabrdaadfa 8hREbnE &AE lol-Riy1dtkdRSthout
with very mld conditions. [0053] In other

] o
losscafirsdivitEnt 2ble ai potradd)- nbingtinthe seani aolardmastiqhalides as
| A : .
coof P53, U L FUNT L 900 gL, DOSRRLEY By
the Optaphttad-hashth@aeid @Bi})hbﬁﬁl@ﬁﬁl@ibtir heite @R@Witan, ¥ed obtained
. PR3, and NHC | igand nmotifs. [0054] Thus, the catalyst
in nggr quratitatiyeiqldn(iablasemitios b-14). whdeanjagaowsly, dese products

. ot S | ¢ . ‘ '
v OB 050U AR 00 O B i
adviniegeudle thenlowf wiltlglitynef fhegeoidoasinRélantes,onsiEpdarptesne wash

00 nobor ons.( Suzuki - aura or_ Suzukj
foll o Rb B 8 ARG H7° Togeint fgolted BibSe PhoSHit 12,43 ppdd s
whié)dt iR beliteed, ddppandoal ltie dEyt imbetR 0 Ybmpahk@ ke Pkmed
al kyl and R can additionally be alkynyl; Y is one of
by aRyfpatalyred exesy-sopplargeraretion C1 to C3 alkyl: (Q(R")O

[OOA{M(]tCrl_]'z;?[n é?c@lll_‘gc?r?_ ?%ﬁg;cr{a%tg_?y)st%mzémbodiments of the present
invention are useful for the development of synthetic strategies that utilize a
functionalized norbornene monomer substrate as a synthetic synthon for obtaining
other useful norbornene (NB) monomets via C-C ot C-X bond formation, where the
C-C bond formed is regarded as alkyl-alkyl, alkyl-aryl, and alkyl-aralkyl. Exemplaty
species that are useful as substrates can be selected from any one of the following

monomers, D, E and F :

(CH,)n——FG

n

O(CHZWFG
(CH)
n E

G
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et hyl, propyl or 9-BBN, R'3Z* where R' is C1 to C3
al kyl and Z* = Li+, Na+ or K+; [(OR')3Z*] where R' and
wQ@200ane8095 defi ned above; [(OWe) (9-BBN)Z* w t PCEUSHE6/020664
defi ned above; or (F3Z*) with Z* is Li+, Na+, K+ or
(NBu4) 1 ; and Xis |, Br, d, OIf, OIs, OWs,
whefdPh ) {fddd o8 0 NZEFﬂ'x 1s[sQQ5§:]d ﬁ%ﬁ@éﬂ 5 tz’mdL!F"@ (Functlonal
(Murahashi. Reaction) R-Li + X-R [Pd cat al yst
Gr ‘APDelrSée]RC@ﬁcff‘P@é@é sthg endtals dsushoasdwamet Jnited to EsrLloMg, Al

20, ) 4 8050 L SRUTEREBL P IR B TS SO o

any B Fhavrareodd iantie Reaatien Esaglpldsnectiabbelew. Ynige@dyaBageous

rol. ;. X,is.l, B d, . Orf, () r
non Jrpiing e HORBEORS S5I5SHT EPBEo D M VRO 3R L
Mgmlogﬁ:kl S1@R)3[TB(©H)£B§E'¢1§|'D -BBeR@Ji®Metbhed] A1Mdhydek-dR dnfldes.

ySt] ere Ris alkenyl or aIkyI and R is
[OOSzﬂﬂ yI hExemphiy brgalikanytionathey oyl emplal thylcatalticsybtem
OSi Me3,
embeétnasn(tbe?ﬁwaiewsmmm carpbe P@lgczm F%“ﬂ?fasgl% Ryl
cataBREd &r tindilidn oNadl-Oftallfded Qpdhg EARRAZ IMER dedicatl,
eaction) R-Zn(Y) + XXR P d caigal St ] R- Rwher e "and
exermplazyt wansidep eedrdreataly zedyreactions aro naiki, SHzrish)liyaura,

oSy, R, 60 g3 8. B0

Negishi, Hiyama, Tamao-Kumada, Hiyama- Hatanaka, Stille, Migita-Kosugi,

Buchwald-Hartwig, Murahashi , Cyanation, a-“Catbonyl” Arylation, Sonogashira,
Cadiot-Chodkiewicz, Heck reactions, catalytic ether formation, catalytic a-arylations

of ketones, and catalytic throether formation reactions.

[0051] Advantageously, any of monomers D, E or F can be reacted with
appropriate reagents in the presence of a catalytic system embodiment of the
present invention, for example Pd(NHC)(acac)Cl, and appropriate additives to

generate cross-coupled products.

[0052] Thus it is seen that embodiments of this invention provide for the
synthesis of new NHC-bearing palladium complexes using Pd(acac), as the Pd
precursor. Embodiments of Pd Complex 2 display high activity for the Buchwald-
Hartwig reaction and a-ketone arylation as such have short reaction times with very

mild conditions.

[0053] In other embodiments, air- and moisture-stable palladium complexes
of the Formulae I and II, are prepared on multigram scale in high yields, and their
activity optimized for reactions based on their modular X-Y, PR,, and NHC ligand

motifs.

[0054] Thus, the catalyst of the invention is useful for a wide variety of
reactions. Non-limiting examples of reaction schemes for which the catalyst of the

invention can be used include the following reactions.
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Ors, OAc, S2Ph, or SMe; Y is |, Br, ord. [0060]
Organosi licons (H yama or Tanmo- Kunada or

woigoaresobiat anaka Reaction) R-Si(Y) + X-R P d Ba/ab2006/020664
R-R where R and R are independently aryl,
heteroaryl, al kenyl, or alkyl and R can additionally
be al kynyl; Xis |l , Br, d, OIf, ONf, or N2BF4; Y is

ReadtienExphksor (OR111 3 or HR "2 where R1" is Cl to C3
al kyl ; RI% 3-nFn or RV 3.n(CH) n where RV is alkyl

0053 aryl adnBpbrond (SBYuliMBYLY Br LRI Radfigh)RVI are
[ aF kyl arﬁ%gogndt;o Rv(p 3unI1?Vm$;M\/\he’r[e R\/pl i saal ky)IRvand

Rv ip is heteroaryl an <<'S4ZvvnereZis Li +,

Na+, K+ RB(YNBu4XR' F&%E%Mi s R-R' Na+, K+ or

(NBu4) +; (ORI X)4Z where RIX is alkyl and Zis Li+

Na+yhét R @hd RNBHAInHepdLRAHY 26 H&@Eda%ﬁ?ﬁlﬂc@ﬁ'ﬁ, &NgIShid R can

Reaction) [Pd catalyst] R-Zr + X- R-R
additionally be alkynyl; Y is one of (OH), or (OR"), whete R" is C, to C,
alkyl; (OR™O) with R™ being one of [C(CH,),],, [(CH,)-C(CH,),-(CH,)],
ethyl, propyl or 9-BBN; R",Z* where R" is C, to C, alkyl and Z* = Li", Na*
or K¥; [(OR"),Z*] where R" and Z* are as defined above; [(OMe)(9-BBN)Z*
with Z* as defined above; or (F,Z*) with Z* is Li", Na*, K" ot (NBu,)"; and
X is I, Br, Cl, OTf, OTs, OMs, OP(O)(OPh), or N,BF,.

[0056] Organolithiums (Murahashi Reaction)

RIi + XR' [Pd catalyst] . RR

where R and R' are as defined above and X is I, Br ot CL
[0057] Organomagnesiums (Kumada or Kumada-Corriu or Kumada-

Tamao Reaction)

R-Mg(Y) + X-R [Pd catalyst] . RR

where R and R' are as defined above; Y is Cl, Br, ot I; X is I, Br, Cl, OTH,
OTs, Oms, OC(O)NZ, whete Z is alkyl, or OAc.
[0058] Organoaluminums (Nozaki or Nozaki-Oshima or Negishi

Reaction)

R-AIY) + XR _Pdcatalyst] g

whete R is alkenyl or alkyl and R' is aryl, heteroaryl, alkenyl, alkynyl or alkyl;
X is I, Br, Cl, OAc, OAlMe,, OSiMe,, OT{, OP(O)(OPh), or OP(O)(OELt),; Y
is (O R"), or R",Z where R" is alkyl and Z is Li*, Na* or K*

[0059] Organozincs (Negishi Reaction)

R-Zn(Y) + X-R' [Pd catalyst] ~ RR
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where R and R are independently al kenyl and R can
additionally be aryl; Xis | or Br; Y is (Cp)2d.
WO 0@62280€r ganotins (Stille or M gita-Kosugi ReBCT/US0D6/020664
[Pd catalyst] R-Sn(Y) + XR R R where Rand R are
i ndependently aryl, heteroaryl, alkenyl, alkynyl, or
al kyherarRl 2Rd Ramrcaidiepéatvakly yarbe h&@bﬂgi, ﬂkerﬂ}(,l\al&oﬁ_}d, or alkyl
where R ° i s alkr%/k; Xis.l, B, d,  OIf, or I_JrPhg;Il fl)r
R 23 adgitiortaty b L GNBY evhere & s ek Ris/LiBe SLKQTE ONE,
or BYRMDAZ sbane RS ¥ H2p2Qkjand RVl is al kyl .
0063] Am nes (Buchvval d-Hartw g Reaction) \ [Pd
[00%%\1 al ystPrganesilicons (iygnr oRTanwer-KuradwloRHigama-Hatanaka
Re'&gﬁﬁendent ly H alkyl, alkenyl, aryl, heteroaryl
:%Wlt N being intracyclic, pyrroles, i PSO: es, or I
carbazoles); C(OR " wh R'' is H alkyl, or aryl;
C2RI V megigyﬁew Y pal &55 cgipsthiR v 2Rv1?ere RV is H,

al kyl, or ary ;

SC2RVI where RVI is aryl; =S(OR vp 2
where Rvp is alkyl or aryl; =CPh 2, N=CPh 2, SiPh3 or

Li; R" is aryl, heteroaryl, alkenyl, or alkyl (if Xis

OH); X iwshdte RBind & are idtefdddeftly afylahd&ytoarylHikenyDNbs alkyl and

TSk 2 2 TBR0AMY be alkynyls X is I, Br, CL, OTE, ONE, or N,BE,: Y is one of
R"™; or (OR™), or HR", where R" is C, to C, alkyl; R", F, or RY, .(OH),
where R is alkyl or aryl and 0<n<3; RY, .,(OR™), where RY and R" are alkyl
and 0=n<3; R", R"™ where R"" is alkyl and R is heteroaryl and 0<n<3;
F,Z where Z is Li*, Na*, K* ot (NBu4)+; F.Z, where Z is Li", Na*, K* or

(NBu,)"; (OR™),Z where R™ is alkyl and Z is Li*, Na*, K*, or (NBu,)".

[0061] Otganozirconiums (Negishi Reaction)
[Pd catalyst]
R-Zt(Y) + X-R' » R-R

where R and R' are independently alkenyl and R' can additionally be aryl; X is
I orBr; Y is (C,),CL
[0062] Otganotins (Stille or Migita-Kosugi Reaction)

[Pd catalyst]
R-S5a(Y) + X-R' » R-R

where R and R' are independently aryl, heteroaryl, alkenyl, alkynyl, or alkyl
and R' can additionally be C(O)R" or C(N)R™ where R" is alkyl; X is I, Br, Cl,
OT{, or I+Ph(OTf)'; Y is Me,, Bu,, R"VZ, where Z is Cl and R is alkyl, or
R'R", where R" is (CH,),OMe and R" is alkyl.

[0063] Amines (Buchwald-Hartwig Reaction)
R R
[Pd catalyst] .
N_H + X—R‘ - N____,Rl
/
R K
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[ 0064] Al cohols (Buchwal d-Hattw g Reaction) [Pd

catalyst] OH+ XXR OR R R where Ris alkyl, aryl,
w@bkdwengdos7 or Si R3 where R is al kyl (for the abP@BUS2006/020664

al cohol s, the correspondi ng al koxi de salts (e.g., Li,

Na, or K) can be enployed); Rl is aryl or heteroaryl;

X ivcheBé ROhndIR' a&@(i)&&]p i{mral Musydhabiyl PtHe@é}:)) { th N
cat al yst ] Ié H+ X-RL S FgSIF_{I(v\hg?e y Rﬁ% a Y'PQWI

é’éﬁ’éﬂﬂ’é%ﬂcv’iﬁcari’g}’f“oé"ﬁd Hﬁiq,lasn c&deﬁrbm%%ﬁ)a Q(@éR'"l\kl}qre 4 is H,
S a |piv e v c a o
L PO AT T ol MR TR e Ty o o
KChiryINGOBR ' ZrE@R)R 2 is e GHBF (@) (' ONherdVBISii{ @Xy] opnryl; =CPh,,

UNEERN by gt onliy By e 90 Ol SyBAH 90 onn

R- H, Bt, Cl, OH (if R" is alkyl), OTf, ONf, OTs, or OSO,Ph.

[0064] Alcohols (Buchwald-Hartwig Reaction)
[Pd catalyst]
/O——I—I + X-R' > /O——-R'
R R

where R is alkyl, aryl, alkenyl, or SiR; whete R is alkyl (fot the above alcohols,
the corresponding alkoxide salts (e.g., Li, Na, or K) can be employed); R' is
aryl or heteroaryl; X is Br of Cl.

[0065] Thiols (Murahashi Reaction)
[Pd catalyst]
/S—H + X-R' > /S—R'
R : R

where R and R' are independently aryl and R can additionally be alkyl and
Si(iP1),; X is I, Br, Cl, OTHE, or OTs.
[0066] Cyanation

[Pd catalyst]
[CN] + X-R » NC—R

where [CN] is KCN, NaCN, Zn(CN),, (CH,),C(OH)(CN), Me,Si(CN), or
K, [Fe(CN).]; X is I; Br, Cl, or OTf; R is aryl or heteroaryl.
[0067] Dehalogenation

[Pd catalyst]
R-X > R-H

where R is aryl or heteroaryl; X is I, Bt, or Cl
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where Ris aryl or heteroaryl; Xis I, Br, or C[0068]
a-"Carbonyl" Arylation where RL is al kyl, aryl,
whedoenesapyl , ORS where R5 is al kyl; NR6 2 wherPCTRES1086/020664
al kyl or aryl; R2'3 are independently H, F, alkyl,
N=CPh 2, aryl, or CO2R7 where R7 is alkyl; Xis I, Br,
[0063], Or q{f“Ca%oh »ay( atidgteroaryl, or al kenyl. [0069]

Al'’kynes ( Sonogas eaction) [when R' = al kynyl,

cal | enl Cad| ot Chodk| ewi cz Reaction] [Pdocatal yst] R-C
CGR R.Crs C RPdwtdsé R is aryll, heteroaryl,

al k%ny aI kynyl Ral kyl, SIR "3 whereR |]§ al kyl or

Q al kit )R? SiR VR 2 where RV is al kyl alﬁdRﬁv is aryl,
or where RIVis OHand Rv is alkyl; R is H SiRVlI 3
where RVI is alkyl; Xis | Br, d, or OIf; R is aryl,
het €Noaryl , al kg %(L al Ry et al kyl , BRLRO) Rv p
V\hereﬁ is alkyl.[0070] Al kenes (He(:k2 gact i on)
wher °RE 2 3 are independently H, F, h%té?‘oaryl,

al kenyl, al kynyl, alkyl, C(OR5 vvhere R5 is H alkyl,
aryI or heteroaryl S(O)R6 where R6 is aI kyl , aryI

eterqary CO2 7 where R7 |.s aryl
het ec'i%ery e hieroarRg R %(F'RVI Br 1Saf‘1}FIY1 %&9 where R is

Whetg éx sylaR ¥y elde 0,] " whete
or qlgyl : gyl kfyregﬁ%r ﬁlntﬁsﬁ;@kélky%gi?gﬁz’ ; @Jéw"‘R her

is alkyl; X is I, Bt, Cl, or OTF; R” is aryl, heteroaryl, or alkenyl
[0069] Alkynes (Sonogashira Reaction) [when R” = alkynyl, called

Cadiot-Chodkiewicz Reaction]

[Pd catalyst]
R—C=—=C—R' + X-R" » R—C—C—R"

where R is aryl, heteroaryl, alkenyl, alkynyl, alkyl, SiR", where R" is alkyl or
O(alkyl); SiR"RY, where R™ is alkyl and RY is atyl, or where R'V is OH and R
is alkyl; R” is H, SiR"'; where R"" is alkyl; X is I, Br, Cl, or OTf; R" is aryl,
heteroaryl, alkenyl, alkynyl, alkyl, or C(O) R"" where R"" is alkyl.
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2 where R12 is H, alkyl, aryl or heteroaryl; NO2; PR13

2 where R13 is alkyl or aryl; P(OR 14 2 where R14 is
wa@bkdogh2g0e7 aryl; Xis |, Br, d, C(Od, COR(COELDES2006/020664

where R15 is alkyl; CO2 R16 where R16 is Hor aryl;

Orf; ONf; Ofs; S2d; OP(O(0Ph) 2; OP(O (Ort) 2;
[00NBBF4; BilRbdes BHéckRedctidn)Z) where Z is OIf, BF4;

Rd4is aryl, heteroaryl, or al kenyl Experinmental Details

[0071] 1m!and 13C nucl ear nagnetic resonancg spectra

were recgrded on a Varian-300 or Varian-400] MHz

er atyganbient te atyre in CDO 4
( Canbygd-dge 512% glgzprat gﬁf‘i%ﬁt‘ﬂl’sﬁq}, u R
ot herwi se nojed. El ntal anal yses “wer B per f oifmed at
Robertson Mtyolit Laboratories, Inc., Madisonl NJ.

IPr HCl was™synt hesi zed according to literat uR&
procedures. Exanple 1 Synthesis of (IPr)Pd(acac) 2 (Pd

Conmpl ex 1) [0072] In a glove box, a Schlenk flask
equilpped® ' tie adepgrienhily HaF, Masohodddlemilt ik fykealkyl, C(O)R®

Ot B eBp el (Sohesiesing GUE! bieta R 1 Mol sy, o

r ulteedrosgh. CONE WhdeUtsis V.[@,Salﬁtl,i £1ry§,d)r<'ﬂetér%9fyl; CN; OR® where R®

tenperature for ,two hours. The solvent was ‘evaporated

i n 1% abalorarl PR wixse A js olisl avded. SiRie veledratR ofs olisl or aryl;

filg,gned,a he ;saqli shed Wwit=h (8x5, . th

sol vgnt3 vvaglq' e{/hapéfaa!tugg ?ﬁ aegc u%?{ t h\gtgrgnp e>l<sn\t/\ﬁ/a’s ai[{ﬁ’gnaryl o

t riktetarat gt MOLHPR'S) ehperR ‘Afealkyl or aryl; P(O)R', where R™ is alkyl or
aryl; X is I, Br, Cl, C(O)Cl, CO,(CO)R" where R is alkyl; CO, R'® where R
is H ot aryl; OTf; ONf; OTs; SO,Cl; OP(O)(OPh),; OP(O)(OEt),; N,BF,;

BiPh,"BF,; or I'Ph(Z)” where Z is OTf, BF,; R*is aryl, heteroaryl, ot alkenyl

Experimental Details

[0071] 'H and "C nuclear magnetic resonance spectra were recorded on a
Varian-300 or Varian-400 MHz spectrometer at ambient temperature in CDCI,
(Cambridge Isotope Laboratories, Inc), unless otherwise noted. Elemental analyses
were performed at Robertson Microlit Laboratories, Inc., Madison, NJ. TPt ‘HCl was

synthesized according to literature procedutes.

Example 1 Synthesis of (IPr)Pd(acac), (Pd Complex 1)

[0072] In a glove box, a Schlenk flask equipped with a magnetic bar was
loaded with free catbene IPr (855 mg, 2.2 mmol), Pd(acac), (609 mg, 2 mmol) and
dry toluene (30 mL), and sealed with a rubber cap. The mixture was stirred at room
temperature for two hours. The solvent was evaporated in vacuo and THF (25 mL)
was added. The solution was filtered and the solid washed with THF (2x5 mL). The
solvent was evaporated in vacuo; the complex was then triturated with cold pentane
(25 mL) and filtered out the solution. Recrystallization in a chloroform/pentane
mixture (25/75) yielded 1.28 g (93%) of the desired compound. '"H-NMR (400 MHz
CeDy): 81 7.28-7.24 (m, 2H), 7.18 (d, J= 8.0 Hz, 4H), 6.47 (s, 2H), 5.90 (s, 1H), 4.78
(s, 1H), 2.88 (q, J= 6.8 Hz, 4H), 2.63 (d, J= 0.8 Hz, 3H), 2.01 (d, J= 0.8 Hz, 3H),

2

- 028 -



(25 m) and filtered out the solution. _
Recrystal lization in a chloroform pentane m xture
WO 2b6/13809Yyi el ded 1.28 g (93% of the desired cPOPUSINA6/020664
1H-NI\/R (400 MHz, C6D6) : 8D 7.28-7.24 (m 2H), 7.18
4H), 6.47 (s, 2H), 5.90 (s, IH), 4.78
1. 6{@ 3H1>|)1 352 (@ﬁéﬁ 12H),6.3 ([ 3HAH). 972:1@% ¢.6, 12y "@. SJMR (100

MPﬂE'ZC Bah 20725011923)(_8’3;8% 19f§ Y%,ar&sf% %ﬁz@ ?353%31 4,21;00 4,
125173¢2NMR1MV)01M12 10€.8D1D0.3, 207, $1.9 1925 %o, 31828) (9-’28]985861 27.0,
26.5 3252515549, 238,254, égglegtali%éléw ﬁ\%gg ot o, o1 5,11, 7.7

N, £04.Fouad: 0, 6280.%1, 28¢1n: 3860, 26.5, 26.2, 25.1, 24.0,
23.8, 23. 4. Elenental Anal ysi s: Anal . Calcd C

H
o sl 283 e e b e 2 iy e

ove. bo Schl enk fl ask
[0t Sorgh %tlﬁ) SR Al il MRl wfh SAgoeHe b s
1oaa@§mdn@m ﬁi’ce «;a@ba@s Ij?r (2.1 7) R, @) (f $35g359nm%1) and dry
gxane (50, nil),, and sealed Wi t
d1o39r:ngg QO mﬁLg ediwith a kubber %alpl Themigfure @@pnstured at room
temp @ANRE BdiH ﬁ@tﬁrstMﬂef‘%'% Sim A3 mb NGH 1ld] MRy 1rf|'d1%§ar(1:f3 Wﬁs
M n_di oxane was injected in the solution an
mle‘r%%f‘hf e sphetian pad the mixtursoms sirpet ateoen feanpanokd it shother
rated jin v cuo an

2 hot&?éé:ﬁre s-ggfsﬁg ‘ra}aaa(ﬁgén &%‘gamg}{ i e¥g u% r?tt)lrde(gg efhay gzét%p until
0o YPH Sﬂ{ﬁ dlS—Ehb’edG{P_QImIQ nMSOTUJtﬂoh%ﬁCﬁl&ﬁgd taﬁ@ tBOLdIH washed with

h 2 10 ni The sol vent was
eS80 Fe b LT s iR o <onererebbianoanR e pamder
obtaitmedlitept aueEN@htumt &veYﬂR/%lzlgtcz i8Rl 985 %8(98/‘%/0)0& he e‘%ﬁéd/ pg duct.
: duct . 1H NVR (400
H-NUX @@& MHzg6D0Qly): 025 (k= 2|,|6|)Hz PHR 70, (d2 F .8 Bz 18), 7.12

(5 23,5 ii"ks, 18989 gq,j‘l 54414 {ﬂé) 1A§§)|—§5 §1‘158A10§2(5@ 3 300 )=
6.4 12@4 101(3,(3‘.=NMZ£ 400 H}HYC-RIMR 31 00 MI8Z,. ADCL34 8.1, 184.1,
156.4, 147.0, 135.5, 134.8, 130.9, 125.7, 124.7, 124.6, 99.9, 29.1, 30.0, 27.6, 26.8,

23.7, 23.5. Elemental Analysis: Anal. Caled.: C, 61.05; H, 6.88; N, 4.45. Found: C,

60.78; H, 7.15; N: 4.29.

Example 3 One-pot Synthesis of (IPr)Pd(acac)Cl (Pd Complex 2)
[0074] In a glove box, a Schlenk flask equipped with a magnetic bar is loaded
with the imidazolium salt IPr HCI (2.96 g, 7 mmol), Pd(acac), (1.53 g, 5 mmol) and
dry dioxane (100 mL). The flask was taken outside the glove box and placed in an oil
bath at 100 °C over a magnetic stirrer for 6 hours. After that time, the solution
looked clear with no solid remaining. The solvent was evaporated in vacuo and
diethyl ether was added until no more solid was dissolved. The solution is filtered
and the solid washed with diethyl ether (2 x 10 mL). The solvent was evaporated in

vacuo to yield 2.99 g (95 %) of the desired compound as a yellow powdet.

‘H NMR (3, 400 MHz, CDCL): 7.51 (t, ] = 7.8 Hz, 2H), 7.35 (d, ] = 7.8 Haz, 4H),
712 (s, 2H), 5.12 (5, 1H), 2.95 (q, ] = 6.4 Hz, 4H), 1.84 (s, 3H), 1.82 (s, 3H), 1.34 (4,
J = 6.4 Hz, 12H), 1.10 (d, ] = 6.4 Hz, 12H).
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156.4, 147.0, 135.5, 134.8, 130.9, 125.7, 124.7,

124.6, 99.9, 29.1, 30.0, 27.6, 26.8, 23.7, 23.5.
waEb@aaegoat Anal ysis: Anal. Calcd.: C  61.05; HCBUBRDG6/020664

N, 4.45. Found: C, 60.78; H 7.15; N 4.29. Exanple 3

h f (I'Pr)Pd(acac)d (Pd Conplex 2)
“C [IBM#Q? e bﬁ%ﬁtuﬂéc&ﬁb al%)SchI k1, F 156K equo ppsds wlzdns 21309,

125?9?%% gﬁ)@r %%9' f%%ga\(ygfgt % ' g %?g"' Ig;umq;?l) t and

d
Anddr (}athdoiaﬂ€3q(fﬂ4glﬂNIt)) Pd vaféb@%& AP O S 9B L Mg,

‘over

<, 6%&@?12{ f%s%?r“’l" a;:gtri I(thgzrgl. After that tine, the

solution | ooked clear with no solid remaining. The

| vent was evapor at ed EswplgQ-and di ethyl ether was
ad no ED re_solid mgs di ssol ved. The sol uti on

SO B M ebaor vl vasmeis BackodiodtAwsll Coldvbtes(with

| d
x 10 nmi). The solpygnl.wag SEYARALAUSE LD vacuo to yie
2.99 ¢ )(95 % of t%ggrdem red congounla as a yell ow

[0075dwder . Id bhm Eﬁtamﬁ&@ M, th@%ﬂo?b}m ploéédu% ﬁé us%d Ygere the
= 7.8 iz, 7r 2
spec'—%d’ arfl‘i:xge’ anfl_ :ggl (( orlyle amelcnred.kand4p4)odu§t Bﬂ:n(fzsl foBlstich dxadbles is

in "Bit) | = 6.4 Hz, 12H), 1.10 (d, / = 6.4
fouﬁl,n 12%31’%52%{[5/%&{1&1 100 MHz, CDO 3) : 187.1, 184.1,

[OO7§!56 4 Ma‘fgﬂw;gﬁ)% 3, ( Jqﬂjog% 6 é?g@ £6ta831'1%§é fert- %%%gd e (.1 mmol,

124 ﬁl and I}glgﬁ @Mggq\m#dn (A ®OvET y:qm@ ecBﬁntﬁEa, mbgneuc bat,

and fba&al. WMn a‘gcf@v c gpﬂﬂ:gd 0 hi aﬁ ge %fgc?xuéﬁgle ?he Qove box the amine
SS

(1.1 nﬁﬁp@ ﬂmiqtmrb\plgoﬁda(él nmnolg)fwe@er jedebd f h38ShMWdoh the septum.
The P Tas e P acSé:%Cglna%a(lebath ar‘l 50 °C and the mixture stirred on 2 stirring
plate. The reaction was monitored by gas chromatography. When the reaction
reached completion, or no further conversion could be obsetved, the vial was
allowed to cool down to room temperature. Water was added to the reaction mixture;
the organic layer was extracted with diethyl ether and dtied over magnesium sulfate.
The solvent was then evaporated in vacuo. When necessary the product was purified

by flash chromatography on silica gel (pentane/ ethyl acetate: .9/ 1). Reported yields

are the average of two runs.

[0077] Example 4 4-(4-Methylphenyl)morpholine (Table 1, entry 1). The
procedure afforded 171 mg (97 %) of the title compound.

[0078] Example 5 4-(2-Pyridinyl)motpholine (Table 1, entry 2). The
procedute afforded 160 mg (98 %) of the title compound.

[0079] Example 6 4-(2,6-Dimethylphenyl)morpholine (Table 1, entry 3). The
procedure afforded 170 mg (90 %) of the title compound.

[0080] Example 7 4-(4-Methoxyphenyl)morpholine (Table 1, entry 4). The
procedure afforded 190 mg (99 %) of the title compound.

[0081] Example 8 NN -Dibutyl-p-toluidine (Table 1, entry 5). The procedure
afforded 207 mg (95 %) of the title compound.
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0075] In each of Exanples 6-11, the follow ng

Lrocegure was used where the specific am ne and aryl
webkdoonzsde7 enpl oyed, and product forned for suchCT/US2006/020664

exanples is found in Table 1, as indicated. [0076] In

% otassi umtert-butoxi de
ww?zfl!gl " bOX éérés Pgwlqurl‘glﬂ%)'ﬂwghmddﬁﬂmer(ﬁbﬂél'l entry
and seal ed

6). TlQe ro\éhé'«!lreevgllt‘ﬁ Epc%?oropg%d%e{@ qgiexéélgt‘lgwlmnglpr@e(it thaol, 93 pL),

a Screw cap

KOs ol a1, 0 Y MR

wer e ected In
££ o t dd. BHINMR (&0 2handdheo): §
i 0§%§ﬂyﬁﬁ§gﬂﬂ%ﬁﬁp}a@@dlhhmanpqu Tée reactg%hbmas)

t r N at
S U IS TR
(d, J~etd il 2EDPIGLG. M(m,OIdeicg %Nghte(gogg%mr@tmf eyl f P's9b§ ©),
149 2 2B Bhb 6 O B o SRS 2 BB 06 GGt 110 & <CH>
118. 0m@H@rmme@tdlaMﬁnst@%n%tdﬂ&é %}&" ggﬁ%@@@%ﬁ%ﬂ M

over nesi um sul fate.
53OSV igP%IERPq41 42U8; HWaehT; hpdé9sary thF produrt was
urified by flash chromatography on silica ge
?pentane/e?hyl acet at & Xagﬂi?SIWQQbrted yields are the

2 (et 1 SRS Ay AT Ok SR &l Kepmey 1) 7he
[008@]’ ocedLﬂirleeaathdrEﬁillﬂlZﬂlﬂgg,( %% f;@lgfﬁrll d[]!';&% ?J#JSSXE) s u[sed where
the sﬁe‘r’cqﬁ neé’lﬁg }7123? 5 51}31»1@@ wnd Ia?bﬂmtdﬁ@de:G(Ioﬂga(ﬂlQS

! o [0079] Exanple 6
ot e R o070 S

[00843he pr d@adglbee Bb4,r (efol 70 6gf QUi @fc BBt 4.8 mmol, 144
mg) an%nt%?uene (1 mL) were added in tutn to a vial equipped with a magnetic bar,
and sealed with a screw cap fitted with a septum. Outside the glove box, the ketone
(1.1 mmol) and the aryl chloride (1 mmol) were injected in turn through the septum.
The vial was then placed in an oil bath at 60 °C and the mixture stirred on a stirring
plate. The reaction was monitored by gas chromatography. When reaction reached
completion, or no further conversion could be observed, the vial was allowed to cool
down to room temperature. Water was added to the reaction mixture; the organic
layer was extracted with diethyl ether and dried over magnesium sulfate. The solvent
was then evaporated in vacuo. When necessary the product was purified by flash
chromatography on silica gel (pentane/ ethyl acetate: 9/1). The reported yields are

the average of two runs.

[0085] Example 10 2-(4- -Methylphenyl)-1-phenyl-1-propanone (Table 2, entty
1). The procedure afforded 216 mg (97 %) of the title compound.

[0086] Example 11 1-(N aphthyl)-2-phenylethanone (Table 2, entry 2). The
procedure afforded 173 mg (70 %) of the title compound.

[0087] Example 12 o-Phenylcyclohexanone (Table 2, entty 3). The procedure
afforded 150 mg (86 %0) of the title compound.
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80] Exanple 7 4-(4-Methoxyphenyl) norpholine (Table
[1,00en1ry 4;1..p The prgcedure af forded 190 ng (99 % of
w0 b@ot1280b2 conmpound. [0081] Exanple 8 PCT/US2006/020664
N, N-Di butyl -p-toluidine (Table 1, entry 5). The
rocedure afforded 207 nmg (95 %9 of the title
[Oog%]rrpounoE’FiUUBIeJ1@‘&2{,}§F1@1r@ethylphenyl) 1-phenylethanone (Table 2, entty

o EpEnl s ers Dk e (T o

2
Mm%mt%%r&;g lob;1 EZJC:( i3 2nBIQ| ZHf% dﬁi—éltzyi@z (1213)2[;?]%’%2]—”%% Hz,
2H)”?flétr HEe (g ozé{)oz 2t lge 6H)t IP€ NMR)(ngdM
197(53&@ My (<§)CE’§ Xg)q{)%%z%?(c g gcqthzphs @q}) 128 édgﬁ)
127 3(CH), 21804Chz40. ZE@HZ)GZQB (@P%gmmneaﬁl Arnh NMBal( 4. for
Cm}%'é@ @E%&ﬁ)ﬁ% 8,&?%4; (Do Fapndog, 85 S s6 16 7 T(2H) 1103

lcd. f
ng) 6HL3N3 hs“(a%bé% 2253 ﬁ%go"?’?h?&%#etsP%éinoaf;q (ngleg% entry 5).

The&xsgn@iureaffaﬁfdeagzo%g@ﬁ%) A th:GitB3eo es 10-15
a-Ketone Arylation of AlKyl or Aryl Ketones [0083] In

[0090%ch of Exeatipleds 112harwl-2b@epsfrni1hﬂ§é“1 %opﬁgﬁ%ﬁaglee"@%mw 6).
f t.one a ary
Thegégfjed\){}(geggﬁo; %pir%%em t(é#:({lsffgdth]ecﬂ' %}p&lﬁm es is

found in Table 2, E‘§za|!n %sfgggéa%%%é In a gl ove 222

2(1rm|%6rrg)so e (1.5 mmol ,

009 S dsRi€) GUAGHTHA cAlyBt %8s Brophafld in th
[ ﬁb) o Ymmmxuwlgﬁ%a)r a?d segle V\Atsﬁrae\bscrel\?v ¢

Same Ep’i%se#sﬁllf?# ! g‘e"ﬁTHﬁ’ﬁ tofEamale $he gl ove box, the
ketone (1.1 mmol ) and the aryl chloride (1 rmol) wer e
injected in turn through the septum

Buchwald~Hartwig Cross—Coupling of Aryl Halides with Primary and

Secondary Amines.

[0092] General procedure: In a glove box, (IP1)Pd(acac)Cl (0.01 mmol, 6.3 mg),
potassium fert-butoxide (1.1 mmol, 124 mg) and anhydrous dimethoxyethane (DME)
(1 mL) were added in turn to a vial equipped with a magnetic bar, and sealed with a
screw cap fitted with a septum. Outside the glove box, the amine (1.1 mmol) and the
aryl halide (1 mmol) were injected in turn through the septum. If one of the two
starting materials was a solid, it was added to the vial inside the glove box and DME
and the second starting material were added outside the glove box under argon. The
reaction mixture was then stirred at room temperature unless otherwise indicated.
When the reaction reached completion, or no further conversion could be observed
by Gas Chromatogtaphy (GC), water was added to the reaction mixture, the organic
layer was extracted with ters-butylmethyl ether (MTBE), dried over magnesium
sulfate and the solvent was evaporated 7z racno. When necessary the product was
purified by flash chromatography on silica gel. The reported yields are the average of

at least two runs.

Example 16 N-4-(Cyanophenyl)piperidine (Table 3, entry 1)
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The vial was then placed in an oil bath at 60 0C and

the m xture stirred on a stirring plate. The reaction
wormeiresent or ed by gas chronmat ography. \Wien r eaBtT/082006/020664

reached conpletion, or no further conversion could be

Ooggﬂgrved the vial was allowed to cool down to room
[ er at [heab W@mem@rmm ylddéﬂ,eaftcﬁai‘dsh%rém%tbgfﬁ)hy on

ilidake] 85 G r rac thyl ether and
° :gleee overegrl}ka%gé? e(t)s'l’/ﬁ)e égr C%E"‘#%n
evaporated in vacuo. V\hen necessary the product was

purified by flash chromat ogr aphy on silica gel

(pent ane/ ethyl acet 3\#2 97 1) . g reported yields are
t he average of two r . $) gnple 10

2- (4- Met hyl phenyl ) -1 - phenyl - I - propanone (Tabl e 2,
entry 1). The procedure af forded 216 ng (97 % of the

H le\{; ‘%t f“ﬁi’# °2- pheic'} Cef %2‘6“/2 (&rétﬁf% 4, I?;Ir’-‘f ,r§»8%)(d JTFe9.0 Hz,
2H ;ﬁ‘%s)céomr(e BEfsot deg 417 310164 B oa8 ¢ ﬁhﬁl . X)
onexanone

5C f\f-’g\g”&"””d Eﬂao?@f)g%agpngg@l &2@@1@? élfagéraaq ¢59 109 86 ),
g e ok T G B e s o R B4 341 675, €.

t 4E:Erdm DeROUre] né¥2, of the
?lnt :rg CZ)rrpounIémlHNﬁl(ul\/R (%%%Qfﬂl%@ %%)% B’[Q3( gétéy%) 09 (d,

[0094] = 7. 2Thg aboy gerierflprotedute =y1eYdeZi ber ﬂlfgh ch@oﬁﬁtc(zér%%h]y on

silied, §é @ﬂ?ﬁnié@fﬁwﬁb@ ﬁ/?&gn o b?4tf§9¢§50{n@pun437 7
(C) 133.7 (CH), 133.4 (C), 129.2 (CH), 128.5 (CH),

128.3 (CH), 127.3 (CH), 114.0 (O, 40.2 (CH2), 20.6
(CH3) . Elenental Analysig: Anal. Calcd. for Cl6H160

(MN 224.30): C, 85.68; 7 r\iKQ_\Found C, 85.36; H,
7.23. [0089] Exanple 1%
2- (p- Met hoxyphenyl ) - acetophenone (Table 2, entry 5).

'H NMR (300 MHz, CDCL): § 7.20-7.15 (m, 2H, H"), 7.03-6.97 (m, 2H, H A )s
3.84 (t, ] = 4.6 Hz, O—CH,), 2.90 (t, ] = 4.6 Hz, 6H, N-CH,), 2.31 (s, 3H, CH,).
“C NMR (75 MHz, CDCL): 8 151.5 (C, C*9, 132.8 (CH, C*), 131.3 (CH, C™,
126.8 (CH, C*), 123.6 (CH, C*), 119.2 (CH, C*), 67.5 (CH,, O-CH,), 52.5 (CH,,
N-CH,), 18 .0 (CH,, CH,).

Example 18 N-(2-Methoxyphenyl)morpholine (Table 3, entry 3)

[0095] The above general procedure yielded, after flash chromatography on
silica gel (pentane/MTBE, 90/10), 186 mg (96 %) of the title compound.

OMe
-0
N 0
__/
'H NMR (300 MHz, CDClS): 4 7.00-6.95 (m, 2H, HA‘), 6.89 (d, J = 6.6 Hz, 1H

H™), 6.83 (d, ] = 7.5 Hz, 1H, H*), 3.85 (t, ] = 4.5 Hy, 2H, O-CH,), 3.81 (s, 3H
OMe), 3.03 (t, ] = 4.5 Hz, 2H, N-CH,).
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The procedure afforded 208 ng (92 % of the title
conpound. [0090] Exanple 15

WO 200aaespb7 2- ( 3- pyri di nyl ) -1 -propanone (Tabl e 2PCENB2096/020664
6). The procedure afforded 188 ng (89 % of the title
conmpound. Exanples 16-28 (Table 3) [0091] Synthesis of

“C (VMR P MHe) ODCL)::5 Ts®1 ¢af ahyst), Waso rec,e@aLﬁg 1236 ber, ¢,
lzoéa%nﬁg er as described with respect to Exanple 3.

U Hald) Hat - hi(gHe 09s 1 EbBIGERGC BF. 6Arly (CHial OYES, §4.2 HCH,, O—
mﬁgsmggmpg_&%{ndary Ami nes. [0092] General

procedure: In a’glove box, (IPr)Pd(acac)d (0.01 mmol,

6. 3 ngFxapuladdiNN-/Dibutyd:dVge i) dmimenTable 24 ey 4and

hydr o di et hoxyet hane (DVE) (1 DiL) were added in

009} 1 1 aAbgve ggurpbptpogilets vaeldedyrbter Elablachreamatography on
silicaeal | C fittedow th,a tum Qut side

T Ot e R b G iy 3 e

halide (1 mmol) were injected in turn through the

septum | f one of the two starting materials was a

solid, it was added to_the vi4al i2n,?i de the gl ove box

and DVE and the seco ar,\pi/ﬁg/rﬁﬁ erial were added

out si de the gl ove box er ~argen~ The reaction

m xture was then stirred at roomtenperature unless

ot herwi se indicated. Wen the reaction reached

"H NoIR! 800 MIH 20 Ug ther- ebEl QAnCRULC obsgr
By G G et ag a1 P RATEE SO B S (B RE H, 320
(& Jredet Fon 40, H lr 819 t(he3 10y GARCEL),alyB6-1WBS (e XAM ABPRd 36127 (m,

Fekak - I . ether (MIBE), dried over magnesi um
4H, A - § et Xl elae |

su ’f(g%%ytazgl )é(eHZs’o elﬁt)' was evaporated in vacuo. Wen
C NMRS@IMHECDAGY§t1 4085 (R WA 1184 oy {dagsh, As

chr omat ogra hy Aon“gsi lica gél. )The report ed y%’zel(glél’acr » 115.3
(CHy /&) alkdy @@ﬁop %, 50.9 (CH,, C*), 29.6 (CH,, C%), 20.4 (CH,, C%, 16.7 (CH,,
C*-CH,), 14.0 (CH,, CY.

Example 20 N-(2,6-Diisopropylphenyl)-N-(s-tolyl)amine (Table 3, entry 5)

[0097] The above general procedure yielded, after flash chromatography on
silica gel (pentane/DCM, 90/10), 246 mg (92 %) of the title compound.

ot

‘H NMR (300 MHz, CDCL,): § 7.27-7.20 (m, 3H, H*), 7.07 (d, ] = 7.2 Hz, 1H, H
), 6.91 (t, ] = 7.5 Hz, 1H, H*), 6.63 (t, ] = 6.0 Hz, 1H, H*, 6.12 (d, ] = 8.4 Hz,
1H, H"), 3.12 (septet, ] = 6.5 Hz, 2H, CH(CH,),), 2.30 (s, 3H, C*-CH,), 1.16 d, J
= 6.5 Hz, 6H, CH(CH,),), 1.10 (d, ] = 6.5 Hz, 6H, CH(CH,),).

“C NMR (75 MHz, CDCL): § 147.3 (C, C**_N), 146.2 (C, C*"-N), 135.9 (C, C9,
130.3 (CH, C™), 127.2 (CH, C*), 127.1 (CH, C*9, 123.9 (CH, C*), 121.3 (C, C*),
117.7 (CH, C*), 111.6 (CH, C*™), 28.4 (CH, CH(CH,),), 24.8 (CH,, CH(CH,),), 23.2
(CH,, CH(CH,),), 17.7 (CH,, C*-CH,).
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at least two runs. Exanple 16
JV- 4- (Cyanophenyl ) pi peridine (Table 3, entry 1)[0093]

wab@ealsove general procedure yielded, after flBSHUS2006/020664

chromat ography on silica gel (pentane/ MIBE, 95/5), 168
ng (90 %9 of the title conpound. 1H NMR (400 MHz, CDC
3) Exdmpld21(d(2,6-RiispRopidphatyl)- NAR)G-din8Bylplenyl)smife O
Hz, 2H, HAr), 3.31 (t'ééﬁ 5 , 4H, Hl), 1.64 (s

broad, 6H, H2 + HB) MvR Mz, cDd 3) : 153.5

[Oo%ﬁ’r ) C’ Cg%he7 ( ?{( %8&69_'1 H&h?ﬁégda)aﬁeﬁgagﬂ (:E]j')]féato&%fcﬁy on

silicagge ({e@HMe /TR)M, IEADPLGE thg (M CAfTatl thle)tirhy @hapbuel.

"H
HA:
6H
13C

(Table 3, entry 2) [0094] The above general procedure
yi el ded, after flash chromatography on silica gel
(pent ane/ MIBE, 90/10), 170 ng (96 % of the title
compound. 1H NWR (300 MHz DG : 7.20-7.15 (m 2H,

HAr ) , 7.03-6.97 (m 2H 3.84 (t, | = 4.6 Hz,
OCH 2), 2.90 (t, / : N-CH 2), 2.31 (s,
3H, CH3) . 13C NVR (75“M%, ) : d 151.5 (C,
CAr), 132.8 (CH CAr), 131.3

, CAr), 126.8 (CH,
CAr), 123.6 (CH CAr), 119.2 (CH, CAr), 67.5 (CHz,
0-CH 2), 52.5 (CH2, N-CH 2), 18 .0 (CH3 5 CH3) .
Exanple 18 i V- (2~Met hoxyphenyl)rmr phol i ne (Table 3,
NMRy(»’SbO WQBFH‘E’@) ab avis- -gOReal 3hbr BéRd6¢ ¢ ¢ldady Hz, 2H,

ey | |
Bt andr v 987 1057 "R GRiectod 4 Softze 7 GHIGEDD. 197 s
C{D“I‘FF(OH 1 AHAYR: 6300 Mz, CBGEB) d700695

Qj 6g9V(RZIGIiGGHZ |ﬁ%) 683(élm/:
NMR'W MEZHRD§1,):35 8546t (C, /C"S, 445.3HE, CZ“H 189.0HQ), ,.C™), 129.7

RS st V80 el P G s 5

(CHQ@H(EDHQZJZ% D (CHE, CRACH,),), 19.5 (CH,, C*-CH,).

Example 22 N-(2-Naphthyl)piperidine (Table 3, entry 7)

[0099] The above general procedure yielded, after flash chromatography on
silica gel (pentane/DCM, 95/5), 186 mg (88 %) of the title compound.

Son

'H NMR (400 MHz, CDCL): § 7.69-7.65 (m, 3H, H"), 7.39-7.35 (m, 1H, H*),
7.28-7.23 (m, 2H, H™), 7.11 (s, 1H, H*), 3.23 (¢, ] = 4.8 Hz, 4H, H"), 1.77-1.71 (m,

4H,

H?), 1.62-1.58 (m, 2H, H?).

”C NMR (100 MHz, CDCL): § 150.3 (C, N-C*), 134.9 (C, C*), 128.7 (CH, C29,

128.
120.

5 (C, C*), 127.6 (CH, C*), 126.9 (CH, C*), 126.3 (CH, C*), 123.3 (CH, C*),
4 (CH, C*), 110.5 (CH, C*), 51.2 (CH,, C"), 26.1 (CH,, C?), 24.6 (CH,, C?).
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120.9 (CH, CAl'), 117.9 (CH, CAr), 111.2 (CH CA),
67.1 (CH3, Ow), 55.2 (CH2, OCH 2), 51.0 (CH2, N-CH 2)
WO 2@6ap9be 19 N, N-Di butyl -N-(o-tolyl) am ne (TeGi/@SB06/020664
entry 4) [0096] The above general procedure yielded,
after flash chromat ography on silica gel (pentane/DCM
90/Exmp1ZB MYN(Dibuil-191(4-toeh bxiphenglpipee (Wabli 3, MRy 8)
300 MHz, DA 3) : d 7.17-7.12 (m 2H,
[01¢0]62- 6. 5@“{ APORHg eninl) prc@eQ@e(peld@d aftelSﬂsz, chtdgmd-ﬂégj;aphy on

i g8 (e U S5 28 85 G .00 e povag

13C NMR (75 MHz, CDO 3) : d 148.3 (C, CAr), 131.9 (C,
CAr), 129.2 (CH, CAr), 115.3 (CH, CAr), 111.9 (CH,

CAr), 50.9 (CH2, C4), 29-& (CH22 €31 20.4 (CH2, C2),
16.7 (CH3, CAr-CH 3yeO @ @, Cl) . Exanple 20
I V-(2,6-Disopropyl pheny N- (WOl y) am ne (Table 3,

entry 5) [0097] The above general procedure yielded,
after flash chromat ography on silica gel (pentane/DCM
'H DOVIR0(3002MH-Lrgy CIURL, PAS 680t(He) zneHzozmpmﬁt; 6.’ISBI (NI\/R z 1 Hz,

o300, 305 L5 2T 0 () i L00 0

13@1@3&1 4H, H?6o©3fdzt[=ll7t5 FIW@H ﬁ)12 (d, / =8.4 He,
2 (septe , 2H, CH(CH 3)2),
BC NMR (15 Mz, CRICIGH, ) 15113 1<6 ca 1343655CHZA’ —Bb), 1@ QEH, C*),

114MCHCBC$ %9 (cai31957c§5 C?ﬁ&ﬁﬂf,ﬁi')é% 71#%%%’}(520&@7?(}%, c?,

1411@51{;%@1 CAr), 130 3 (CH CAI) 155123(?(14: g)
11EX?H(K!F| 246%& 6- @1@6@5’1(9@@57@:—4&?-)(0 tozﬂ)am@@réiTaI@H@cpntry 9)

[Ol(ﬁ)] 2) 24_[' gbove gene gq_lpr%cegure ylelﬁed after flash chromatography on
silica gel (pentane/MTBE, 95/5), 180 mg (85 %) of the title compound.

S

'H NMR (300 MHz, CDCL): § 7.15-7.09 (m, 4H, H*'), 6.99-6.96 (m, 1H, H*9,
6.72 (t, ] =4.8 Hz, 1H, H"), 6.19 (d, ] = 6.0 Hz, 1H, H*), 2.32 (s, 3H, C*-CH,),
2.20 (s, 6H, C*~CH),).
“C NMR (75 MHz, CDCL): § 144.3 (C, C*), 139.9 (C, C*, 135.7 (C, C*9, 130.4
(CH, C*), 128.7 (CH, C), 127.0 (CH, C*), 125.7 (CH, C*), 122.4 (C, C*, 118.2
(CH, C*), 111.8 (CH, C*), 18.3 (CH,, C**~CH,), 17.7 (CH,, C*~CH.,).

Example 25 N-(2,6-Diisopropylphenyl)-N-(p-tolyl)amine (Table 3, entry 10)
[0102] The above general procedure yielded, after flash chromatography on
silica gel (pentane/DCM, 90/10), 259 mg (97 %) of the title compound.
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(CH3, CH(CH3)2), 17.7 (CH3, CAr-CH 3) .Exanple 21
I V- (2, 6- Dusopr opyl phenyl ) -N- (2, 6-di net hyl phenyl ) am ne

W@ Tabl128037 entry 6) [0098] The above general pPOTESM0€020664
yi el ded, after flash chromatography on silica gel
(pentane/ DCM 90/10), 264 ng (94 %9 of the title
conpound. 1H NWR (300 MHz, CDC d 7.13-7.09 (m

) -
2H,

3H, HAr), 6.91 (d, / = 7.5 HAr), 6.69 (t, / =
7.5 Hz, |H HAr), 3.15 pt,qt = 6.6 Hz, 2H, CH(CH
3)2), 1.97 (s, 6H, CA , , d, / = 6.6 Hz, 12H,
CH(CH )2) . 13C NMR (75-Miz 5 3) : d 144.3 (G

CAr). 143.3 (C, CAt) , 139.0 CAr) , 129.7 (CH,
CAr), 125.8 (C, CAt), 125.0 (CH CAr), 123.4 (CH,
CAr) 119.8 (CH, CAr), 28.2 (CH, CH(CH 3)2), 23.7
CH(CH 3)2), 19.5 (CH3, CA-CH 3) . Exanple 22

'H N—ME (IQQQhMIH'*,) ﬁﬂféls)l 0 ﬁéG(ml(@, 3H efri‘f‘ ),y7-93 (0P 99p-OTHe, 2H,

R LTt L NN LTI A Y

3H, g §,86194d,gf = toteeHk| 1218, € . 1H NI\/R (400 MHz,
coc#s) %tdq; 69- 7. 65 (mmgﬁﬂ’m

5C AR (75, M7, OB ok oHHBE) CorD1 1660 (UCTAY) 1357b(E, €9,
129.9' 630 Cof AT G} P28 P3G Y T M et 352 (G €
28. 4]1(52{ ?H@HDE)QZAO?L(.%;E%@I—QC@Z) ,OB89 (CHgECHS—((ﬁH C‘A ).

EeC?r_ﬁ l\a&lé -Difsogropy le,qnyw)(o tolj_lign@e((ﬁ.lgle éop)\try 11)
[010(153425 E:%BI aé@g)ﬁﬁege p(rg(I:_eI:Zdure y}e’ldezd6 a}teg CA‘th c%zgfnagography on

silicdNg & (BeRidhy ) DM, LD0re v 03y YR tRe (ifleRotpdundnt ry
8) [%00] The above Eene?ﬁ?(&gr oogedure yi el dgg) after

flash chromat ography on silica gel (pentane/ MIBE,
95/5), 219 ng (93 %9 of the tigle conpound.

s

'"H NMR (300 MHz, CDCL): & 7.27-7.20 (m, 3H, H*), 7.07 (d, ] = 7.2 Hz, 1H,
H*), 6.91 (t, ] = 7.5 Hz, 1H, H"), 6.63 (t, ] = 6.0 Hz, 1H, H"), 6.12 (d, ] = 8.4 Hz,
1H, H*), 3.12 (septet, | = 6.5 Hz, 2H, CH(CH,),), 2.30 (s, 3H, C*~CH,), 1.16 (d, |
= 6.5 Hz, 6H, CH(CH,),), 1.10 (d, ] = 6.5 Hz, 6H, CH(CH,),).

¥C NMR (75 MHz, CDCL): § 147.3 (C, C*-N), 146.2 (C, C*-N), 135.9 (C, C*),
130.3 (CH, C*), 127.2 (CH, C*), 127.1 (CH, C*), 123.9 (CH, C*), 121.3 (C, C*),
117.7 (CH, C*), 111.6 (CH, C*), 28.4 (CH, CH(CH,),), 24.8 (CH,, CH(CH,),), 23.2
(CH,, CH(CH,),), 17.7 (CH,, C*-CH,).

Example 27 N-(1-Naphthyl)morpholine (Table 3, entry 12)

[0104] The above general procedure yielded, after flash chromatography on
silica gel (pentane/DCM, 90/10), 183 mg (86 %) of the title compound.
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1H NWMR (300 MHz, CDC3) : d 6.80 (d, / = 2.1 Hz, 2H
HAr), 6.63 (d, / = 2.1 Hz, 2H, HLt), 3.72 (s, 3H,
W@ROb1328098. 16 (t, / = 7.8 Hz, 4H, H4), 1.56- 1. BGI/{/2006/020664
4H, H3), 1.38-1.26 (m 4H, H2), 0.93 (t, / = 7.5 Hz,
6H, Hl). 13C NWR (75 Mz, CDA 3) : d 151.3 (C
CAt-0O, 143.5 (C, CAr- 14/9“(CH C), 114.7 (CH,
CAr), 55.9 (CH3, (D ( , C4), 29.7 (CH2,
C3), 20.6 (CHz2, C2), Cl) . Exanple 24
N- (2, 6- Di net hyl phenyl ) - / onI)anine (Table 3, entry
9) [0101] The above general procedure yi el ded, after
flash chronatography on silica gel pentane/NWBE

'H ?%@ ,@é%gqj&,}f CI§9(33 ; s}@egﬁ'é&'n‘f raCHOZE[%)g%ﬁs;;' 75 (m, 1H, HY),
7. 5@7%& @n 9% (m%ldios H;&“f])z 762 17%% {1, H/Aa 3(?59 EE%ZL égﬁ{éj%) OCH),),
3. OQ(tzf)—(éS f@ﬂ%cmce&n) '13c NI\/R (75 M, CDCI 3)

; C 9 135, 7 '
C IR 75 e, PRl 365 0T 3B (! 14&@@ Crs 128.5
1 , A A
(CHCAQFIM) GA¥9.93 %@?1 Acf(é)Arm%"s) CHl %3 (1?.‘:'5 t%‘}&rc %_']t%? s(fa, can
1238 4@’*‘251 147 @%;%éﬁr&:@ﬂiplﬁﬁ%)) SBLNGTD), Mﬁm ne
Tabl d
yi of gt XMl NP ke DRSS e (P goratey 15
[01Q5z]ent anéﬂ'l%%ox%éé&):al @Me@e(ﬁ&d% Sed AgsH hfnlo@nato erhy on
ound. 11} §§/058 3) ; d 7.26-7.18 3
sili n? pepizpng P&M/ P (2%31 /O)H;bfr jhe glagomppound.= e
Hz, 2H HAr), 3.19 (septet, / = 6.3 Hz, 2H CH(CH
3)2), 2.22 (s, 3H, CH), 1.13 (dj = 6.3 Hz, 12H, CH(CH

)2). 13C NMR (75 Mz, 3) Med 147.5 (C, Ar-N),
146.0 (C, CAr-N), 135.7 ),

'H NMR (8, 300 MHz, CDCL): 7.86-7.80 (m, 2H, H*), 7.69 (d, ] = 8.4 Hz, 1H,
- HY), 7.42-7.27 (m, 4H, HY), 7.12-7.07 (m, 2H, H"), 6.68 (t, ] = 7.2 Hz, 1H, H*,
6.58 (d, ] = 7.8 Hz, 2H, H*), 3.30 (s, 3H, Me).

“C NMR (3, 75 MHz, CDCL,): 150.3 (C, N—C*), 145.6 (C, N—C™), 135.3 (C, C29,
131.5 (C, C*), 129.1 (CH, C*), 128.6 (CH, C*), 126.8 (CH, C*), 126.6 (CH, C*),
126.5 (CH, C*), 126.4 (CH, C*), 125.3 (CH, C*), 124.0 (CH, C*), 117.4 (CH, C*),
113.8 (CH, C*), 40.3 (CH,, Me).

Examples 29-35 (Table 4)
Example 29 N-(2-Pytidyl)morpholine (Table 4, entry 1)

[0106] The above general procedure yielded, after flash chromatography on
silica gel (pentane/MTBE, 85/15), 141 mg (86 %) of the title compound.

OO
\_ /"
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129.9 (CH, CAt), 127.17 (C, CAr), 126.99 (C, CA),
123.9 (CH CAr), 113.2 (CH, CAr), 28.4 (CH CH(CH 3)2),
WQ@2000/1880618, CH(CH3) 2), 20.6 (CH3, CH3- CA ) . BXHIP1066/020664
26 N-(2,6-Diisopropyl phenyl)-Nf-tolyl)amne (Table 3,
entry 11) [0103] The above general procedure yielded,
H MR (BOQMEELr CPMll)gréapizy-ans i, 108 Hiet), mqm wgwg@% H),

6. 6%23@0«%@?%@9 é?&t § 745, & f'@% (ﬁﬁpoun P (5 ] =7 4@7HEd4H, N-

CHN.= 7.2 Hz, IH, HAr), 6.91 (t, / = 7.5 Hz, IH, HAr),
g63(t /' =6.0 Hz, |H HAr), 6.12 (d, / = 8.4 Hz,

BC INMBIAT5 )MEB:, 12DCI9p et 59. yi ée @AaNﬂ; ,1425 %Z (@I:P 3@37)3 (c Ch),
o1
113555k S Yol s TR G o (s Conipian, 759 <cm35ﬂm>(75
cDdl
155 0 (G, ch i30T GGy e Ptaett Rt <))
010747 1 ( Gae drgve, gqgggalgpI(OGbﬂurEAnélded,Za‘lfI& flsh ﬂﬁfo)natography on

siich k) e %%/%‘%E @ﬂlgfq l%%gf%)@ s (tg}("@w?o(o‘%)

17.7 (CH3, CAr-CH 3) . Exanpl e 27

N- ( 1- Napht hyl ) nor phol i n Table 3, entry 12) [0104]
The above general procegdur {el ded, after flash
chromat ography on silic el tane/ DCM 90/10), 183
ng (86 % of the title conmpound. 1H NWVR (d, 300 MHz,

cDAl 3) : 8.19-8.16 (m |H HAr), 7.78-7.75 (m |H,

o bl S s e (5L -
Hz, 415 HEY), 469 (HICfI:fZ)B 7 P&S@}N\ﬁ%‘\? %503 grzc ﬁ){giéI_AQ’ 3.49 (s

bros(ldg;%?{%é{%—l\l)iiéo% beexd, 6@»@@125 88 (CH CAI ) , 125.5
°C N | Mrre CckiDs e 16 €Ny Ve oy 171 o,
C*), 112.2 (CH, C*9, 106.9 (C, C*, 46.2 (CH,, CH,—N), 25.4 (CHZ, CH,), 25.7 (CH,,
CH,).

Example 31 N-(3-Pyridyl)piperidine (Table 4, entries 3 and 4)
[0108] A) The above general procedure with the aryl chloride yielded, after
flash chromatography on silica gel (pentane/MTBE, 80/20), 128 mg (79 %) of the
title compound.
[0109] B) The above general procedure with the aryl bromide yielded, after
flash chromatography on silica gel (pentane/MTBE, 80/20), 141 mg (87 %) of the

title compound.

2 1
Y

'H NMR (300 MHz, CDCL): § 8.30 (s, 1H, =CH-N), 8.05 (d, ] = 4.5 Hz, 1H,
=CH-N), 7.19-7.10 (m, 2H, H*), 3.18 (t, | = 5.1 Hz, 4H, H"), 1.75-1.67 (m, 4H, H?,
1.63-1.57 (m, 2H, H%).
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Exanpl e 28 N Met hyl - N- (I - napht hyl ) phenyl am ne (Tabl e

3, entry 13) [0105] The above general procedure
wQe@odesd97 af t er flash chromat ography on sili caP@EUS2006/020664

(pentane/ DCM 95/5), 222 ng (95 %9 of the title

conpound. 1H NMR (d, 300 MHz, CDCl 3) : 7.86-7.80 (m

B oA t dorr e 7 A
c%lrMIEIﬁlvs) I\l_/bIA\Ir—I)Z @ﬁ?éﬂ) 8 1&7%@: i CQArMM ()c %4)2 1/73921 (€, C*)
123157 (CH H:Ar)—|Ar2¥ 7 (@:rg,scm Jso.{) (CI8,, leri) ZZH' (GAL, )c %,2430(qH,, CY).

145 & (EIRPE -GBS toanpie (IS ey By )

[011029. 1 (@"H;e %@e éln%&tl Ko%ﬂur%ﬁéldeclzﬁté} {1544, m&aa’tography on
126 %/ 26.4 (CH, C]grgg
silicg el ep@qe/MEE E, 8%’2@) 014(@3% (@F9 of tilﬂlﬂ& qearpovask ) |
113.8 (CH, CAr), 40.3 (CH3, M). Exanples 29-35 (Table
4) Exanple 29 N—(2-Pyridy|)n0rpho|ine (Table 4, entry
1) [0106] The above generad pr dure yielded, after
fl ash chromat ography o si ( pent ane/ MIBE
85/15), 141 ng (86 %9 o e ﬁLLVe conpound. 1H NWVR
(300 MHz, CDCI3) : d 8.20-8.18 (tn, IH HLr),
7.51-7.45 (m |H HAt), 6 66 6 60 (n1 2H, HAr) 3 80

vor (Jors] = 4 44, O-
NI, (400 MIREACDIEh N, 5360t HiE T 56832 @, Ty HO 7.19-7.10
[/ : 13/ 6
(m, éﬁ6}g§(§§ 3‘.%%§ L i—%zéHEI %\Lcéﬁz ) (JCH%@"*&FC}E _CH,).
BC NMR EX(HIMHZ3@IDK213§26PM6I ayt) rzr‘)pe.mnm] e ( Iﬁtyl €343 (CH C*),
go O7| Thqhabove eneral_procedure |elde
123z§f )a R20 0lg PPN Em XiGllgat§61(CH,, N-CH,).
ent a 4 4.t
cﬁmou%MﬁﬁN%%@’é%S%mé Nl Gl PR
[011f | H, Tlr(e;l—pkN)ve Fen@&l (procéduze §idlded, after flash chromatography on
silica gel (pentane/DCM, 90/10), 178 mg (86 %) of the title compound.

/\ N/\/\1
NN

'H NMR (300 MHz, CDCL): § 8.03 (d, J = 3.3 Hz, 1H, =CH-N), 7.27-7.23 (m,
1H, H"), 6.35-6.30 (m, 2H, H"), 3.32 (t, ] = 5.7 Hz, 4H, H*), 1.51-1.43 (m, 4H, H?),
1.33-1.20 (m, 4H, H?, 0.85 (t, ] = 5.1 Hz, 6H, H").
“C NMR (75 MHz, CDCL): § 158.0 (C, C*-N), 148.1 (CH, C*-N), 136.8 (CH,
C*), 110.7 (CH, C*), 105.5 (CH, C*9), 48.5 (CH,, C%, 29.9 (CH,, C%), 20.4 (CH,, C%,
14.1 (CH,, CY.

Example 34 N-Methyl-N-phenyl-N-(2-pyridyl)amine (Table 4, entry 7)
[0112] The above general procedure yielded, after flash chromatography on
silica gel (pentane, DCM, 90/10), 168 mg (91 %) of the title compound.

l\llle
"
N
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Hz, IH HAr), 6.59 (d, / = 8.7 Hz, IH HA), 6.50 (t,
| = 1.4 Hz, |H HAr), 3.49 (s broad, 4H CH2-N), 1.60
W@ 2000128807 6H, CH2) . 13C NMR (75 MHz, CDCl 3) PCTYUSH®6/G0664
(C, Ar-N), 147.8 (CH, CAr-N), 137.1 (CH, CAr), 112.2
(CH CAr), 106.9 (C, CAr), 46.2 (CH2, CH2-N), 25.4
(CH2, CH2), 25.7 (CH2, CH2) . Exanple 31
|

s N ) B A0S R0 - o
.A [ A | Al —

Ha (P Ao 2ae W 2HoT50) 067 i 0votdy (Bt H e it (67 = 6.

Hz,ciipkitid. 45 10681, MB). The above general procedure wth

s~the aryl bromde yielded, after flash chronmatography
C ONMIE (75 MEen (REMaAINGE, BOCEBN), 1AL6nGH.AP 94D 0146.7 (C,

A ' 1 a3 3)e h
o7 163 Seprpettas AR OR9 om0 g 2 B, 112
(CHZ,.'9); 708.0 (CH, @¥, SB-IAr(I;I—I331g/ga$. (t,7 /| = g.Hl x 411;"0 Hﬁ/%?

(75 REBmPibab & Moy 2lingo-f alipby Deimiey S aplas eniey 9
t), 1 a : e\vielde e ogta on

O L% s Ry AR o

sﬂl%@&irme@taa@/ N32:4A)i &4 agdP piio) dhthe Tdbtemnpourht ry 5)
[0110] The above general procedure yielded, after

flash chromat ography on silica gel (pentane/ MIBE
80/20), 144 ny (88 %9 of the Metle conmpound. 1H NWR

(400 MHz, CDA3) : d 8.31 LS, NlHH5), 8.14-8.12 (m
IH, HL), 7.19-7.10 ( , +, 3.88 (t, | = 4.4
Hz, 4H 0-CH 2), 3.19N#N(P= 4 bz, 4H N-CH 2) .

'H NMR (400 MHz, CDCL): § 8.68 (d, ] = 3.2 Hz, 1H, H*), 8.00 (d, ] = 8.4 Hz,
1H, H*), 7.59 (d, ] = 7.6 Hz, 1H, H*), 7.48-7.38 (m, 3H, H*Y, 7.28 (t, ] = 8.0 Hz,
2H, H*), 6.58 (d, ] = 7.8 Hz, 2H, H"), 7.09-7.02 (m, 3H, H*, 3.32 (s, 3H, Me).

“C NMR (100 MHz, CDCL): § 148.0 (C, C*), 146.1 (CH, C*), 143.1 (C, C*),
142.3 (C, C*), 129.6 (CH, C*), 129.0 (CH, C*), 126.9 (CH, C*), 126.51 (CH, C*),
126.45 (CH, C*), 123.3 (CH, C*), 122.2 (CH, C*9, 119.2 (CH, C*), 40.4 (CH,, Me).

Examples 36-46 (Table 5)
a-Ketone Arylation of Aryl Halides.
[0114] General procedure: In a glove box, (IPt)Pd(acac)Cl (0.01 mmol, 6.3 mg),
sodium fer-butoxide (1.5 mmol, 144 mg) and anhydrous toluene (1 mL) were added
in turn to a vial equipped with a magnetic bar, and sealed with a screw cap fitted
with a septum. Outside the glove box, the ketone (1.1 mmol) and the aryl halide (1
mmol) were injected in turn through the septum. If one of the two starting materials
was a solid, it was added to the vial inside the glove box and toluene and the second
starting material were added outside the glove box under argon. The reaction
mixture was then stitred at 60°C. When the reaction reached completion, ot no
further conversion could be observed by Gas Chromatography (GC), water was

added to the reaction mixture, the organic layer was extracted with tert-butylmethyl
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13C NWR (100 MHz, CDCl 3) : d 146.9 (C, <4), 141.0
(CH, CA), 138.3 (CH, CAt), 123.5 (CH CAr), 122.0
W@ OHe/12889) , 66.6 (CH2, 0-CH 2), 48.6 (CH2, N GPCRYS2006/020664
Exanpl e 33 N,JV-Di butyl -i V-f2-pyridyl)am ne (Table 4,
entry 6) [0111] The above general procedure yiel ded,
ethaf (TBE), afedcdired m&ztg(ﬁgfiaﬂhshlﬁl?e ghd ticas dednt(RRMNvE @fawﬂ vacuo.
90/ 10), 17 of the t| tl e conpound. 1
he%@ecq@p&ty t&@r L%jct wa§ e (I?Y as cl'g:ogmp;ﬁgrap]p.y on@g.lp.cm)g’el. The
repgrtgc'Y yl%ld%garé e H’e’mz}gﬂf) at lgaﬁﬁwg 48 (m 2H HAr), 3.32
1-1.43 (m 4H, H3),
1 33- 1Ezomple 36H-Phiyl- 260 %yléthanbnc (Eable Bizent6ikk 1 b} 2)

[011}‘%3 NVR A)7 h%@vg g(ewa &?3ed111g§§71t}1 %_fxry% or1c%0%11]§ed after

ﬂash(&lﬂ,roﬁéfdg,rapl& 6n (s@idd, gelApentdBe AMTEHY, 90¢$O)). 1%0 #hg(@bth) of the
(CH3, Cl) . Exanple 34

tlﬂel\‘#‘%%ﬁ‘?’rwdll\l- phenyl - N-(2-pyridyl)anmine (Table 4, entry
[OllQ [ OllEE The .8bey %eﬂ&gﬁgfgcegﬁﬁc@%r Yy Zi g?&md%f }i@lrded after

flash chrormto rap [ica pent
ﬂasbcﬁlxwpat%@hmmq gﬂlc%ged;f(pm@mt/MTBEc &W@@mdw HngII\(RO%) of the

(3 I\/|—|25CDC13):d822(d/=2.7Hz,IH CH N),
“ﬂef"%gp?‘%“d = 6.0 Hz, IH HA). 7.23-7.14 (m 2H, HAr).

6.55 (t, / =3.9 Hz, IH HA), 6.50 (d, / = 6.6 Hz,

4H, HAr), 3.45 (s, 3H, M). 13C MR (75 MHz, CDCl 3)

d 158.6 (C, NNC Ar-N), : CAr-N), 1467(C

CAr-N), 136.3 (CH CAr 29, , 126.1 (CH,

CA), 125.2 (CH CA), 108.9 (CH,

CAr), 38.2 (CH3, Me). Bx¢&

N- Met hyl - JV- phenyl - N- (3-qui nol yl )am ne (Table 4, entry

8) [0113] The above general procedure yielded, after
'H N (300 SrRLO@sehy ©7.98 (d, J = 7.2 Hz, 2H, HY), 7.52-7.42 (m, 1H,

H"), 7.40-7.37 (m, 2H, H*), 7.16-7.07 (m, 4H, H*), 4.23 (s, 2H, CH,), 2.21 (s, 3H,
CH,).

®C NMR (75 MHz, CDCL): § 197.4 (C, C=0), 136.9 (C, C*), 133.5 (C, C*), 133.1

(CH, C*), 130.3 (CH, C"), 128.7 (CH, C*), 128.5 (CH, C*), 128.3 (CH, C*), 128.1

(C, C*), 127.2 (CH, C*), 126.1 (CH, C*), 43.4 (CH,, CH,), 19.8 (CH,, CH,).
Example 37 1,2-Diphenylpropan-1-one (Table 5, entry 3)

[0117] The above general procedure yielded, after flash chromatography on

silica gel (pentane/MTBE, 80/20), 206 mg (98 %) of the title compound.

8 ]

'H NMR (300 MHz, CDCL): § 7.93 (d, ] = 7.2 Hz, 2H, H*), 7.43 (t, ] = 7.2 Hz,
1H, H*), 7.34 (t, ] = 7.5 He, 2H, H™), 7.26 (d, ] = 3.6 Hz, 2H, H*), 7.21-7.16 (m,
1H, H"), 4.66 (q, ] = 6.9 Hz, 1H, CH-CH,), 1.52 (d, ] = 6.9 Hz, 3H, CH-CH,).
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silica gel (pentane/DCM 95/5), 225 ng (96 % of the
title conpound. 1H NMR (400 MHz, CDCl 3) : d 8.68 (d,
w0 20063289Hz, IH HAr), 8.00 (d, / = 8.4 Hz, | HCHBEI6/020664

7.59 (d, / = 7.6 Hz, IH HAr), 7.48-7.38 (m 3H, HAr),
7.28 (t, / = 8.0 Hz, 2H, HAr), 6.58 (d, / = 7.8 Hz,
BC AMRIYH MH=08DC

. Ary 3 . Ar
13GC_NVR (100 ngzcb%m%)g :chatbﬂ%).’éa%%z(c&/?r v “124%?@1% C™), 129.2
(CH,G#), GROY) (A3 CH)( ©28-CACH, 42,138 0OCHIACH), 12291 GCEHE™), 48.2

CAr), 126.9 (CH, CAr), 126.51 (CH,
(Cﬂé%%’),’ 1%?2@%3(’%%?'CA2), 123. 3((CH, CAZ), 122. 2 ECH,
CAr), EXanibl¢G8,1-Phkyyl-240- 4riflGhidm Byl t&n36046
(Ta%le 5)n§z&etone ﬁgil ?}(ﬁﬂof X?y|}H§F%§g§fg?0112]
General procedure: In a?5@39é>ﬁ%¥¥4klPr)Pd(acac)O
.01 e a era | idlafuit, . o
[01‘1334 ng;mlm Bovd fher lsg?%:cmrtee;{l%ld%%{) R AgsH é}é%nfgggémphy n

. and _anhydr ous uene wer e ad

silicp \geh (Reg taney E4PAsq0 A9 5 b (23 fragriethiegitrarompachd.
sealed wwth a screw cap fitted wwth a septum CQutside
the gl ove box, the ketone (1.1 mmol) and the aryl -
halide (1 nmol) were injected Ap C#gn through the
septum |f one of the tw¥ ‘iiinng materials was a
solid, it was added %G ¢ &l~1 nsi de the gl ove box
and tol uene and the nd starting material were
added outside the gl ové box under argon. The reaction
m xture was then stirred at 600C. When the reaction
reached conpletion, or no further conversion could be

"H DIMBr (580 MH o€ DTIy)odel.0f (aphy: 1.0 %, Mat B WaS5 dddpe 8.4 Hz,
r

t.Qa, action, m re, the organic_layer was
20,09 NES L b 1 Al e e s He B ey i 59 e, 18,
CHOQUEY), MBgn@sy g .5 4hf are @ndcie sol vent was evapor at ed

i n vacuo. en necessary the product was purified by

BC NMEn(T5hMides 6RGIphy t19.3i(Cj Ca@eli45.5HE, Caponted (C, C*-CF,),
133%' @ B85 WY BRI L B h853%hs bIQCH W 12588 (ch, v,

128.4 (CH, C*), 128.4 (CH, C*), 47.8 (CH, CH-CH,), 19.6 (CH,, CH—CH,).

Example 39 2-Phenyl-a-tetralone (Table 5, entties 5 and 6)
[0119] A) The above general procedure with the aryl chloride yielded, after
flash chromatography on silica gel (pentane/MTBE, 90/10), 138 mg (62 %) of the
title compound.
[0120] B) The above general procedure with the aryl bromide yielded, after
flash chromatography on silica gel (pentane/MTBE, 90/10), 160 mg (72 %) of the

title compound.

p

'H NMR (300 MHz, CDCL): § 7.09 (d, ] = 7.8 Hz, 1H, H*), 7.49 (t, ] = 7.2 Hz,
1H, H*), 7.35-7.23 (m, 4H, H*, 7.18 (d, J = 7.2 Hz, 3H, H*), 3.79 (t, ] = 7.8 Hz,
1H, C(O)-CH), 3.14-2.99 (m, 2H, C*-CH,), 2.46-2.39 (m, 2H, CH-CH,).
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Exanpl e 36 | -Phenyl -2--tolyl ethanone (Table 5, entries
1 and 2) [0115] A) The above general procedure with
w0 b@oaresph7 chl ori de yi el ded, after flash chronaPCOUSMN§020664
on silica gel (pentane/ MIBE, 90/10), 187 ng (89% of
the title conpound. [0116] B) The above genera
13 eduyr t r1yl I t18p of
C RMRrg's MY, EDAS: 6 . zbgco'tf YA, Q@WB‘EJ 18.9 {Sﬁ%ﬂ) 133.5

chr omat ography on”sili ca ( p€nt ane 90/

(CH1 89§28 9q@g, &™), ﬂé816l Qrg, €BpP@srid CHHCRMR 2(7393©CHH£1 D, 127.0

cHe R zs 0w B (65 68, B3t B eda il

4H, HAr) Edadgld 40 ZQHM@H&WP}?@ %@ (-phedfthro )1 onel3C

NVR (75 Mz, 1974 ( c-% 136.9 (C,

CAl), 133.5 (C, CAr) aivé% aseqtgrs 7@ad)s) 130.3 (CH, CA
[012)‘%81%8 (Zé ’ﬁlfé a%;e) %erileg? C%:o(c%r)e%til th;z‘?&Hcl(lgﬁde %laed after
flask @hﬂ)rm(tblgl)a,phjtg)rﬁsl(la—@gal @eBlane/ BB 8/38), 219 mg (91 %) of the
. 1, 2-Di genylpropan-l-one (Table 5, entry 3) [0117] The
ttie 8BRS 8 heral procedure yielded, after flash

[0122fr omat @gmwlybm édérﬂa?@ekd&ﬂaemtart@é M?%Ecmsaaaqr)dded after
206 of the title conEPund

flas lcabfosﬂjlatogﬁpiﬂyg@ tikica gel-(ppntangy MTRE, §9x15), 1799431g(ﬁ83 N of e
titlebofugemal ALY 7.34 (1. | = 7.5 Hz, 2H HA), 7.26
(4, 5723.6 Hz, 2H HA), 7.21-7.16(m IH, HAr), 4.66

(q,/=69Hz IH CH-CH3), 1.52 (d, / = 6.9 Hz, 3H,
CHCH) .13C NW\R (75 Mz, @&Dd - d2005(C c=0,
141.8 (C5 CAr), 132.9 (G ( CLr), 129.0

.2 (CH,
(CH, CAr), 128.7 (CH, (CH CAr), 127.1
(CH CAl), 48.2 (CH 19.7 Q@&3, CH3) .

'"H NMR (300 MHz, CDCL): & 7.94 (d, ] = 7.8 Hz, 2H, H*), 7.38 (t, ] = 6.9 Hz,
1H, HY), 7.31 (t, ] = 6.6 Hz, 2H, H*), 7.17-7.09 (m, 2H, H*), 6.86-6.81 (m, 2H,
H*Y, 5.07 (g, ] = 6.8 Hz, 1H, CH-CH,), 3.83 (s, 3H, OCH,), 1.46 (d, ] = 6.8 Hz, 3H,
CH-CH,).
®C NMR (75 MHz, CDCL): § 201.5 (C, C=0), 155.9 (C, C*-Q), 136.7 (C, C*),
132.6 (C, C*), 128.6 (CH, C*), 128.4 (CH, C™), 128.2 (CH, C*), 128.1 (CH, C™),
128.0 (CH, C*), 121.2 (CH, C*), 110.9 (CH, C*), 55.6 (CH, CH-CH,), 40.5 (CH,,
OCH,), 17.7 (CH,, CH-CH,).

Example 41 1-Phenyl-2-(2,4,6-trimethylphenyl)propan-1-one (Table 5, entry 9)
[0123] The above general procedure yielded, after flash chromatography on
silica gel (pentane/MTBE, 90/10), 212 mg (84 %) of the title compound.

2 X

'"H NMR (300 MHz, CDCL): § 7.70 (d, ] = 8.4 Hz, 2H, H"), 7.37 (t, ] = 7.2 Hz,
1H, HY), 7.25 (t, ] = 7.5 Hz, 2H, HY), 6.77 (s, 2H, H"), 4.47 (q, ] = 6.6 Hz, 1H,
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Exanpl e 38
| - Phenyl -2-[4-(trifluoronethyl)phenyl]propan-I-one
W@ Tabl128097 entry 4) [0118] The above general pPOTES2M0€020664
yi el ded, after flash chromatography on silica ge
(pent ane/ Et OAc, 90/10), 259 ng (93 %9 of the title
cHSompound. (s16HNNR (S, M, (LCBE, E)—CH), 198 (9] < 635 Hz, 3H,
7.2 Hz, 2& HAr) 7?@6 (d,(i =’8. 4 I—E,Q)ZH, IS|Até
CHCH9.7.48 (m |H HAt), 7.43-7.38 (m 4H HA), 4.77

°C R 75 Met Dt p ARy B G5, 1abadt O 1356

s L ) { 3@ ( , " ; -@ .
S (5, i i e o s

, . C,
(Crigh )‘761%)8 268 C(gd:h; CEACH, 5% 61({@4:% P, 1&@2@36 EH—CH,).
ol o sdEsamtedt Pl tbmiaigrbiof it Sledly10) o

[012apd 6) [(0219ovA)gchbal PoVIuge Hal@ld, RIFRE ETh echitbinAtdghgphy on

__aryl chloride yielded, after flash chromatography on

silicg; ptlj (pantger/ ME@\%&, 941w BES nun(87pe) of 3he File eeelp%méf t he
title conpound. [0120] B) The above general procedure
with the aryl brom de yielded, after flash
chromat ography on silica gel (penyane/ MIBE, 90/ 10),
160 mg (72 % of the ti poutid. 1H NVR (300 Mz,
cbd 3) :d 7.09 (d, IH, HAr), 7.49 (t, /
= 7.2 Hz, |H HAr ), 4 3 (m 4H, HA), 7.18 (d,
/| = 7.2 Hz, 3H, HAr), 3.79 (t, / = 7.8 Hz, |H,
C(O-CH), 3.14-2.99 (m 2H, CAr-CH 2), 2.46-2.39 (m

= e e L L A L e
1H, , 9.37CH29 Gl 2H, , 6.26CGH 5 G, 3H, , 2.000H04 GAL 1H, HY), 3.98
(dd,i]rgz?.é, %’ H%nzr, C%?—'COH), 3.16-3.04 (m, 2H, C**~CH,), 2.53-2.27 (m, 2H,
CH-CH,), 2.32 (s, 3H, CH,).

S =

C NMR (75 MHz, CDCL): 8 198.2 (C, C=0), 164.3 (C, C*), 144.3 (C, C"), 138.9
(C, C*), 136.7 (C, C*), 133.6 (CH, C*), 130.8 (CH, C*), 129.0 (CH, C*), 128.0 (CH,
C*9, 127.8 (CH, C*9, 127.1 (CH, C*), 127.0 (CH, C*), 126.4 (CH, C*), 51.7 (CH,
C(0)- CH), 30.6 (CH,, CH,), 29.7 (CH,, CH,), 20.1 (CH,, CH,).
Example 43 2-(2,6-Dimethyl-phenyl)-1-(1-methyl-1H-pyrrol-2-yl)-ethanone
(Table 5, entry 11)

[0125] The above general procedure yielded, after a pentane wash, 218 mg
(96%) of the title compound.

'"H NMR (300 MHz, CDCL,): 8 7.12-7.10 (m, 1H, H*), 7.04-7.02 (m, 3H, H*), 6.75
(s, 1H, H"), 6.14-6.12 (m, 1H, H*", 4.28 (s, 2H, C(O)-CH,), 3.96 (s, 3H, N-CH,),
2.32 (s, 6H, C*-CH,).
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(CH, CAr), 126.9 (CH, CAt), 54.5 (CH C(O-CH, 31.3
(CH2), 28.9 (CH2) . Exanple 40

wQ2qoaAdevhoxyphenyl ) -1 - phenyl propan-1 - one ( TabP&T/552006/020664
entries 7 and 8) [0121] A) The above general procedure
with the aryl chloride yielded, after flash

13 sgl4i | -{ t An 131,

c@%ﬁ{@‘s(gl O,fUD@? gltS:@"l‘) &ﬁggg@@@@% 1§§’9¥§9c3 31.0

(CHab:avelg@me(ﬂchm de8AUCGHMWCE D, 1268 €3, G, dﬂB(ﬁe(CH C*), 108.0

oy e Shi (e (BT sy 50 g e by 206 - P P

AnaCOCRRIAN ;I c()3g@vw/lzlz7 50)(1@ 7826; HY 7(584N( 6,16, Found: C,
MSHzor](HNIRI 69|—|2le H(Ar)7§il
793?tH/724%Té7ﬁ|z 2H HAr ) | 717709(m 2H, HAt),

ﬁ§a§r§)§é 4&@@3&@%&{%}&4 - @})h(eﬂﬁl Iéropaﬁ 180&2 FéTan!ré 5 Qe 2)

[OlZG,]-I— CH B)Fhe A3Ce We(ﬂ@r%ﬂlut@@@ld@ afdarZzOpeﬁta@@ W:@hQ)ZSO mg
o155 ( 136.7 (C, CAr), 132.6 (C, CAt),

069155t g“e(*&ﬁ“f C&P?&ﬁ‘izsA (CH, CAr). 128.2 (CH CAr),
128.1 (CH, CAr), 128.0 (CH, CAr), 121.2 (CH, CAr),
110.9 (CH, CAr), 55.6 (CH, CHCH 3), 40.5 (CH3, OCH3),
17.7 (CH3, CHCH 3) . Example
| - Phenyl -2-(2,4,6-tri pr
5, entry 9) [0123] T al procedure
yi el ded, after flash aphy on silica ge
(pentane/ MIBE, 90/10), 212 ng (84 % of the title
conpound. 1H NWMR (300 WHz, CDO 3) : d 7.70 (d, / =

‘1 RMRTBoo At AED CLY: 88.41 (4,7 = 8f BiAH, HY), 7.84 (d, ] = 7.5 Hz,
2H, H*), 7.65 (d, ] = 8.1 Hz, 1H, H*), 7.57 (t, J = 7.8 Hz, 1H, H*), 7.48 (t, ] = 7.2
Hz, 1H, H), 7.34-7.21 (m, 2H, H*), 7.20-7.17 (m, 2H, H*), 5.34 (q, ] = 6.7 Hz, 1H,
CH-CH,), 1.61 (d, ] = 6.7 Hz, 3H, CH-CH,).

C NMR (75 MHz, CDCL,): § 200.7 (C, C=0), 138.1 (C, C*), 136.5 (C, C*), 134.5
(C, CM), 132.7 (CH, C*), 130.7 (C, C*7), 129.4 (CH, C*), 128.7 (CH, C*), 128.5 (CH,
C49, 127.7 (CH, C*), 126.8 (CH, C*), 125.9 (CH, C*), 125.1 (CH, C*), 122.6 (CH,
C*9, 43.8 (CH, CH-CH,), 18.6 (CH,, CH-CHy,).

Example 45 2-(Naphthalen-2-yl)-1-phenylpropan-1-one (Table 5, entry 13)

pr opan-1| -one (Tabl e

[0127] The above general procedutre yielded, after a pentane wash, 253 mg
(97%) of the title compound.

? LI

'H NMR (300 MHz, CDCL): 8 7.96 (d, ] = 5.7 Hz, 2H, H*), 7.73-7.69 (m, 4H,
H*), 7.39-7.31 (m, 4H, H*), 7.26 (t, ] = 5.7 Hz, 2H, H*), 4.77 (q, ] = 5.1 Hz, 1H,
CH-CH,), 1.58 (d, ] = 5.1 Hz, 3H, CH-CH,).

3C NMR (75 MHz, CDCL): § 200.3 (C, C=0), 139.1 (C, C*), 136.5 (C, C*9, 133.7
(C, C*), 132.9 (CH, C*), 132.4 (C, C*?, 128.9 (CH, C*?, 128.8 (CH, C*, 128.5 (CH,
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IH HAt), 7.25 (t, / 7.5 Hz, 2H, HAr), 6.77 (s, 2H,

HA ), 4.47 (q, /| = 6.6 Hz, IH CHCH3), 2.24 (s, 6H
W@Lao6T2808) , 2.19 (s, 3H, CAr-CH 3), 1.48 (d, /PEr/6S1806/020664

Hz5 3H5 CH CH 3). 13C NWR (75 MHz, CDCI3) : d 202.4

(C CO, 137.0 (C, CAt), 136.2 (C5 CAt), 135.6 (C

cﬁ%m (@1312 cﬁ‘f) %CS@HECKI)?QZ@ 5(@!1'1(?6&') 12:52§(GH @“lg 126.0 (CH,
CM)y %(@ﬁrc ‘@M@%%@&)d@ 6@%)@%@)(&3 CH-CH

t
oG BB 00 Rty T ashait o o (Babhec o e s
fl aﬂxad(plem&tZ}QBJ@bhiyylehylss-llLplmyt[ﬂbp(rpémrar(é'hMEEE entry 14)

/10), ,206 87 9 the ti n 1
[0122800 ) ’ed%gre:(%en_ﬁr% p§O§ u(.a y1e;ld g?lz'lpg?ﬁnw:)!vﬁ 272 mg
(95°/§}§f1t}(etmt1é compodndiz, IH HAr), 7.37- 7 29 (m 2H HA),
25-7.15 (m "3H HAr), 7.07-7.04 (m IH HAr), 3.98
(dd, / =11.4, 4.8 Hz IH5 C(O-CH)_ 5 3.16-3.04 (m 2H
CAr-CH 2), 2.53-2.27 (m 2HCH- 2.32 (S 3H CH3) .
13C NWR (75 MHz, CDC 3) : /; C=0, 164.3 (C
CAr) 144.3 (C C‘Ar) 138.9 ( r) 136.7 (C, CAr),
133.6 (CH CAr), 130 7 129.0 (CH, CAr), 128.0
(CH CAr) 127.8 (CH, 27.1 (CH CAr), 127.0 (CH CA
), 126.4(CHCAr), ¥77 (CH C(O- CH, 30.6 (CH2,
CH2), 29.7 (CH2 CH2) 20.1 (CH3, CH3). Exarrple 43 2-(2
6- Di net hyl - phenyl )-1-(l-methyl -1 H pyrrol -2-yl)-ethanon
'H BMERa(306 MHanCDCll)l)B [O126] JThe. 4ty HeHAD Al .52-7.47 (m, 4H,

TR T P B - THORRRS (FogHi o] (S * Y’ H, 15
HA/ 412- @, e { mud, HEHAR BL-CHA,04:56 @27 €513, MM ) CHECTR).

BC NMR (75 MHz, CDCL): § 200.5 (C, C=0), 140.8 (C, C*), 140.6 (C, C*"), 139.9
(C, C*), 136.6 (C, C*), 133.0 (C, C*), 128.9 (CH, C*), 128.8 (CH, C*), 128.7 (CH,
C*v), 128.3 (CH, C*), 127.8 (CH, C*), 127.4 (CH, C*), 127.1 (CH, C*), 47.6 (CH,
CH—CH,), 19.6 (CH,, CH-CH,).

Example 47

[0129] The following general ptrocedure was followed to evaluate the
convetsion percentage using the catalysts discussed below.

[0130] General procedure: In a glove box, one of the catalysts (IPr)Pd(acac)Cl,
(IPt)Pd(acacdiPh)Cl, (IPr)Pd(acactBu)Cl, (IPr)Pd(acacMePh)Cl, and
(IPt)Pd(acacF)Cl (0.01 mmol), was combined with potassium fer£-butoxide (1.1
mmol, 124 mg) and anhydrous dimethoxyethane (DME) (1 mL) were added in turn
to a vial equipped with a magnetic bar, and sealed with a screw cap fitted with a
septum. Outside the glovebox, dibutylamine (185 pL, 1.1 mmol) and 4-chlorotoluene

(118 pL, 1 mmol) were injected in turn through the septum. The reaction mixture

was then stitred at 50°C. The teaction was monitored by gas chromatograph. The
petrcent conversions shown in Fig. 1 represent the average of three runs.

[0131] It will be appreciated by those skilled in the art that changes could be
made to the embodiments described above without departing from the broad

inventive concept thereof. It is understood, therefore, that this invention is not
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(s, IHHAr) 6.14-6.12 (m |IH, HAr), 4.28 (s, 2H
C(O-CH ?2), 3.96 (s, 3H NCH3), 2.32 (s, 6H CAr-CH
WQR006A3BINVR (75 Mz, CDCl 3) : d 188.0 (C, C=QrCT/LS2008020664
(C, CAr), 132.9 (C, CLt), 131.0 (CH, CAl), 130.7 (C
CLt), 128.0 (CH, CAl) , 126.8 (CH CAr), 118.8 (CH,
limifell Yo @8 Qrt(c@ﬁr @ﬁlb))dmg&tz §ic8se (Bt GH i2) intéded to cover
(CH3 Cﬁ 6 (CH3, CAr-CH 32 Anal . Calcd. for
, mod@@ﬁwm@{tm zzf#ura@l;e sgrit 7od peope-pf thesipvengiory apglefined by the
appc—!: %%Rla n‘%ﬁ al{% bg t %ezre]g‘l th%r %gg% %@gﬁés%?f" %venuon has been
deso@:bbdWlﬂz)ref{e&ms]toTslpec@boiﬁem@emfe paﬂthgt@mmcbmnal dwedeof it is
0/
o B AR T A Bt U pcpe o e
inve8tidn ldZeepthhs §A¥ed) aboZ'e Shséfdr aé aird €o 5théxteﬁchd‘tV%h}y ate. B8luded
(d, / =8.1 Hz, IH HAr), 7.57 (t, / = 7.8 Hz, IH
in thqmcyomPaarengtclalms— 7.2 Hz, |H HAr), 7.34-7.21 (m 2H,
HAr), 7.20-7.17 (m 2H, HAr), 5.34 (q,/ = 6.7 Hz, |IH,
CH CH 3), 1.61 (d, / =6.7 H, 3H CHCH 3) . 13C NWR
(75 Mz, CDA 3) : 5 200.7 (C, CO, 138.1 (C, CAt),
136.5 (C, CAr), 134.5 (C, CAr), 132.7 (CH, CAr), 130.7
(C CAr), 129.4 (CH, CLr), 128.7 (CH, CAr), 128.5 (CH
CAr), 127.7 (CH, CAr), 126.8 (CH, CAr), 125.9 (CH,
CAr), 125.1 (CH, CAr), 122.6 (CH, CAr), 43.8 (CH,
CHCH3), 18.6 (CH3, CH CH 3) . Exanple 45
2- (Napht hal en-2-yl) -1 - phenyl propan-1-one (Table 5,
entry 13) [0127] The above general procedure yielded,
after a pentane wash, 253 nmg (97% of the title
conmpound. 1H NWR (300 MHz, CDCl 3) : d 7.96 (d, / =
5.7 Hz, 2H, HAl), 7.73-7.69 (m 4H,
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HAt), 7.39-7.31 (m 4H, HAr), 7.26 (t, / = 5.7 Hz, 2H,
HAr), 4.77 (q, / = 5.1 Hz, IH CHCH3), 1.58 (d, / =
W®o206H28098H, CH CH 3) . 13C NWR (75 MHz, CDC BQT/USZH06/020664
200.3 (C, O, 139.1 (C, CAt), 136.5 (C, CAl), 133.7
(C CAr), 132.9 (CH, CAr), 132.4 (C, CAr), 128.9 (CH,
CAt), 128.8 (CH CAt), 128.5 (CH CAr), 127.8 (CH,
CLAAIS:, 127.7 (CH, CAt), 126.5 (CH, CAt), 125.2 (CH,
CLr), 126.0 (CH CAl), 125.8 (CH, CA ), 48.0 (CH
Whaeht Ghhrddd is19. 6 (CH3, CH-CH 3) . Anal. Calcd. for
C19H160 (MWN 260.33): C, 87.66; H, 6.19. Found: C,
1. g7Ag@lladinmgogplex Ekgmp&h@ed by the general formula:
2- (Bi phenyl -4-yl) -1 -phenyl propan-1-one (Table 5, entry
14) [0128] The above proeedure yiel ded, after
a pentane wash, 272 mfhe title conmpound. 1H
NMR (300 MHz, CDCIS) 7.97 = 5.4 Hz, 2H,

HAr), 7.52-7 47 (m 4 43 (d, / =54 Hz, 2H,
HAI). 7.39-7.33 (m W\;ﬁ d / =57 H IH
HAr). 4.72 (q. / = 5.1 3)155(d/:

5.1 Hz, 3H, CHCH 3) . 13C NMR (75 MHz, CDA 3)
200. Fhee Adropidepage gngmoangmiy liganh I\éHeies a@aac}wphg@ 9

(C 128.9 (CH,
hf%%h'%%%&fé %Rd)cﬂ %i}’ig?%ﬁ,‘g ‘), 128.3 (CH,
127.8 (CH, CAr), 127.4 (CH, CAr), 127.1 (CH,
CAr) 47.6 (CH, CHCH 3), 19.6 (CH3, CHCH 3) .
2. Exz’ﬂrp pelladizing @mlﬂfx JHlaifof, Iwiwrm@ igeleeted fropy Gk Bddr Q@ApAIMs,
ate nv I‘SI on_per cent age usi ng
C{?%ebg‘\g,ﬁquyé& %tlys%:eﬁ%nsaeed8 &b S '@? ©@heral
hptaflaefbdte@yilacetonate ghave); Iamenz@hﬁetbzfnater(ebmgﬂaahz@hwonate (bac), ot

(1 Pr) Pd( aca a, r) Pd(acacdi Ph) d ,
tf(t‘lam"' E% fdg"hflr Pr)Pd(acacMePh) Cl, and
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(IPr)yPd(acacF)d (0.01 ntnol), was conbined with
potassium /~r/-butoxide (1.1 mol, 124 ng) and
wa@rivgdesoes di met hoxyet hane (DVE) (1 nl) were apdpuSi006/020664
turn to a vial equipped with a magnetic bar, and
3 seﬁ}%d ith a screwcap fitted wwth a septum CQutside
“ th |Paﬁgéi§f69,cmeplsﬁp§@aml Aevlicrgd istepresertedrpl ) and
4-chl orotol uene (118 niL, 1 mmol) were injected in turn
t hrough the septum The rggction m xture was then
stirred at 50C. The reacti was ngaitored by gas
chromat ogr aph. The perRent Qnvergi ons shown in Fig. 1
represent the average o ree~ixuns. [0131] It will be
appreci at ed by thos&®sk] 8 in the art that changes
could be nmade to the e I ments described above
W t hout departing fromt broad i nventive concept
thereof. It is undertood\{ herefore, that this
invention is notlimted to e pgrticul ar enbodi nents
di scl osed, but it is intended to gover nodifications
that are within the spiritrand scope of the invention,
as defined by the appended clains. It will also be
r eal iged ofFhat, i : r nt ;inventio S en .
descyibed, wi t ﬁa\@e%%rlgﬁ eeq[’ltd gf?tg}bgeecl?%e%?ré’é’f g)l :@ 061?56 and where R,
park, & B, RenBbaidBhimslephedanty; reptestst Matrofdd, MABA . linear or
th C etai l.s .b egar de s.limtations upon the
sc g;pr 3§ 0 elz{t ﬁééi"na\lll%’t ¢6§10e‘32/8g3ﬁﬂ‘}’ﬁa%‘§10 atdlylappGeCoy atyl or
i nsobatituas subjeth® gxtHBlishbhal: kh F el I N
t he, ac ﬁ??ng klains. AINB:H%M%tﬁ%%Rcﬁgfﬁg%ﬁgggnawhcn
A %lafl%% 1% Dvp feR e BBl Adtintageedf By 11 dre2;geder ad selected from
f orauBa: 1 \Wes [ i t no ni.onic |igand,
NHC s a nucl S%ngﬁ’i Iéng (?gg’g?bﬁ%’ f%qufg?%gﬂ%tf (5??3 Zis
an tefborasetylagatvate? heFafopeddeadicenocnaphfaracyf C ai m
1, d%‘eq{z%ylélétﬁansa%la ?cﬁ}rg)q bfcerrlgcg?lgeion%rte’ (bla'c),%c’ OB,

tetramethylheptanedionate (tmhd).

4. The palladium complex of Claim 3, where X-Y is a hemilabile group.

5. The palladium complex of Claim 3 whete X-Y is selected from p-diketonato (O-O),
B-diketiminato (N-N), B-ketiminato (N-O) or Schiff base (N-O) ligands.

6. The palladium complex of Claim 3, wherein X-Y is the X-Y(a) and X-Y(b) tautomets

shown below:

R4 RS
_/
X

X/a5

-

% -
\., N

X-Y (a) X-Y (b)

- 50 -



orf, Ors, 2CCF3, acetyl acetonate (acac),
trifluoroacetyl acetonate, hexafl uoroacetyl acetonate

w@ hdoaa 2807 di benzoyl met hanate (dbn), benzoyl acEC€DNSL0686/020664
(bac), or tetranethyl heptanedi onate (tmhd).3. The
pal | adi um conplex of Cdaim1, where Ais represented

7. by: Thesefaditm xompltx vf Ghém i nebgre Ade nté 9f e beatheds fogm Helow :
N, or S and where Rl, R2, R3, R4, R5, R6 and R7
i ndependent |y represent dr ogen, nethyl, |inear or
br anched \C2- C103@l kyl C10 c#tel oal kyh, C7-C20
ar al kyl , & -C2 gbsti ed axyly subject
to the prfovi SO t at Rl a R5 arg only present when X .
and/ or Y\ esen n ingeger Q 1, or 2;
and Z is elect fromd / Br, | c, OTf Ors,
O2CCF3, acetyl aéet onat & pacac), Ph
trifluoroacetyl acet onat hexaf | uor oacet yl acet onat e
(hfacac); di benzoyl net hanat e (dbm, benzoyl acet onat e
(bac), or tetramethyl heptanedionate (tmhd) . 4. The
pal | adi um conpl ex of Claim3, whe )
hem | abil e grey f) 5. ThePpaI | adi um cg
where X-Y isselec

ted f/romb di key/onat o (OO)
b- di ket i na?lo( Y- ket i ni 0 (N-O op=8thi ffi-Pr
base (/ Ilga 6 The spal | adi um o/ ex of daim
3, wh&rei 7 ()X-Y(()X-Y Nit
shown b& ow? pal | adi dm—¢onpl ex o aim1l, where

A is one of the structures shown bel ow :
pal | adi um conplex of Claim7, where NHCis one of A B
or C, Beach R8 is independently one of of hydrogen

met hyl, linear or branched C2-Cl0 aI kyI ClO

cyclleg&l kyl H C7H{€20 acag kyt, orcMe

substi ,qa(d aryI N The p N{\dl um C Néx of Caim?7,
where NHC i s
\. 0

HC H;C

1Pr
CH; H5C CMe3 H,C, Ph H3C

_/
N —N —\ =N i-Pr
N\ , i-Pr
H3C CH; HyC H4C Ph H4C
i-Pr

The palladium complex of Claim 7, whete NHC is one of A, B or C,

) \ —\

N N N
R N Spe R \/N\RS R8/N\"/N\R8
A B c
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-N N -R8 each R8 is one of nethyl, ethyl, isopropyl,
i sobutyl, tert-butyl, cyclohexyl, norbornyl,
w@odaaaegoyt , 2, 6- di met hyl phenyl, 2,4, 6-tri met hyP@es3006/020664
2,6- diisopropyl phenyl or 2-nethyl phenyl. 10. The
pal | adi um conpl ex of Caim1, where such conplex is
one chc REE) Rdepeusnty opkieE) HdliatragdClimethyl, linear or branched

( NHC) Pd( kf C)2 Pd(hf acac) ., ( ) Pd(db -
( N::é)_(gﬂ% %C%‘%:“’(C&Hg)‘%agt @}) aﬁ’hky(l,l\w_&;gﬂ fﬁ%ﬁ?%}u’%sututed aryl.
(NHC) Pd(bac)2 or (NHC) Pd(bac)d , where NHC is one of
IMes (N, N -bis
9. (2, Pheatladivre chypleh efiClam ) WazeNHQisy| | dene), sl Mes
(N, N -bis(2,4,6-trinethyl phenyl)-4,5-di hydroi m dazol) -
2-ylidene), IPr —
(N, N -bis(2,6-diisopropyl/pheny )i m dazol)-2-ylidene),

sl Pr N N

(N, N - bi s(2, 6-di i sof¥opyl Dhen§! ) -2RE_ di hydr oi i dazol ) -

2-ylidene), 1Ad * ,

(N, N - bi s(adamant yl ) kni dazol - 2-y] i dene), 1Cy

g N, N eztghﬁgdy ohe La)éwbt})iyl,rieg@rld:sotﬂ:oysltrli, gbbbﬁgy,l, t@ft—lbl%tﬁ.l;l cyclohexyl,
N, N -bis(tert-but7])imdazpl-2-ylidene).11 The

p alnloél&‘i’ﬁ?ﬁé’ @EWF%SYLC#’&@%F%V%,}ICWE%& ’%HHHC%@W%&L £&-

(| R EBHORSRELEN, o RBBRpRAF1.aS: 12. A process for the

preparation of the pall'adi um conplex of Claiml

conprising: reacting a group VIII netal source with an

0. LA B0 01 AL, SELYENt o A SORTOPT LS

(NedyPd @aCIALNSHOPRRARS, RRHGBIRRLIFP 8N C)PA(dbm),,

(NHC)Pd(dbm)Cl, NHC)Pd(tmhd),, INHC)Pd(tmhd)Cl, (NHC)Pd(bac), ot

(NHC)Pd(bac)Cl, where NHC is one of

IMes (N,N'-bis(2,4,6-trimethylphenyl)imidazol) -2-ylidene),

sIMes (N,N'-bis (2,4,6-trimethylphenyl)-4,5-dihydroimidazol)-2-ylidene),

IPt (N,N'-bis(2,6-diisoptopylphenyl)imidazol)-2-ylidene),

sIPr (N,N'-bis (2,6-dusopropylphenyl)-4,5-dihydroimidazol)-2-ylidene),

IAd (N,N'-bis(adamantyl)imidazol-2-ylidene),

ICy (N,N"-bis(cyclohexyl)imidazol-2-ylidene), or

ItBu (N,N'"-bis(tert-butyl)imidazol-2-ylidene).
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13. The process of Caim12 further conprising
i solating the palladiumconplex. 14. The process of
w@h@ioegh27 wherein the Goup VIIT metal sour ceBCT/ES2006/020664
Pd(acac) 2, the organic solvent is diethyl ether, and
the reactjon tenperature is anbient. 15. The process
11 of Ehepafiedigm comples of Rlaimylovhere orrh cofplexBs GPrRBcac)Gind
h,R8 ks independently one of hydrogen, nethyl
1 near or branched C2- C10 al kyl, C3-C10 cycl oal kyl ,
C7-C20 aral kyl, . or C-C24 aryl or substituted aryl. 16.

The process of aim 12, where -N.N -R8
and each R8 is ong—ofOrethgl, e opr opyl ,

i sobutyl, tert-bgdryl, hyc ohexyl , nyl ,
adamantyl, 2, 6-djnethyl enyl , met hyl phenyl ,
2, 6- dsopropyl pheywyl o y 17. A process
for the preparati Dap i Rex of Caiml
conprising: providingya soluftionXQf a palladium netal
source and an imdazoNNumsalt in/an organic sol vent;

heating the solution t
an appropriate period &
conpl ex. 18. The prod of Claim 17, where the

pal | adi um net al sour de g RJ(acac) 2, the imdazolium
salt is 1-PrHCO, the organi g\solvent is dioxane, the
reaction tenperature is

|ne{ and isolating the

12. A process for the preparation of the palladium complex of Claim 1 comprising:

reacting a group VIII metal source with an NHC in an organic solvent at an

approptiate temperature for an apptroptiate period of time, where such reacting

forms the palladium complex.

13. The process of Claim 12 further comprising isolating the palladium complex.

14. The process of Claim 12, wherein the Gtroup VIII metal sources is Pd(acac),, the

organic solvent is diethyl ether, and the reaction temperature is ambient.

15. The process of Claim 12, where the NHC is one of A, B or C

) —\ —\

N N
R&T N ge Rg/N\/N\R8 Rs/N\../N\RS

A B o

,and

each R is independently one of hydrogen, methyl, lineat or branched C,-

Cyo alkyl, C5-Cy4 cycloalkyl, C,-C,, aralkyl, or C4-C,, aryl or substituted aryl.
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100C, the appropriate period of tine is 6 hours and

where the conplex isolated is (LPr) Pd(acac)d . 19.
wab@epeseeess of Claim 17, where the pall adi um PEL/EB2006/020664

source i s one of Pd(acac)z

bis(trifl uor oacet | acet onat e) Pd,

16.pj g af9ss olde , pihseedVHEHs 2) Pd:
bi s(di benzoyl net hanat e) Pd, bi s( benzoyl acet onat e) Pd,
bi s(t etranet hyl hept anedi ) Pd, or

bi s(tropol onat o) paUadi up(ir).\0. A process of formng a
car bon-carbon or a gar«kfrbgﬁﬂgﬂém ©m bond conpri si ng:
providing a pall aleum co X reptesented by Formul a
| where NHC i s a nucl eophilic heter®dyclic carbene; Z

I's an ani ognl c | |C%and and A is a bidentate nonoanionic
| i ganerohdhris Sastaddmpibyh sthll iaoptopylh ir blugyls teet bunmeyelohexy1,

eaghyR WAl dent and
vvheré %rll%l%ggﬂ%{ﬁ’%ﬁ%%gg%hgn egrcl: N hﬁg%’ﬁ 2’(& |y
r epliesemipylphdnpgen-nrebiiyhenyl.i near or branched C2- C10
al kyl, C3-Cl10 cycl oal kyl, C7-C20 aral kyl, or C6-C24

aryI or substituted aryl, subj ect to the pr ovi so t hat
re onl res enXad/ is N n
7. % repr %e%? sfg‘ratﬁe PrPes Xmg ’%‘e R a3 exé’% &k’zmu Icogipusige:
a, 1%Vv1d1h a%@uncgvgf %’Jll'ad% me%%%ce REELY llr%?(?atzoﬁgrtnesalt in

(acac) t r| fl uor oacet yl acet onat
an Q#E%aﬁlsghmiacetyl acetonate (hf acac) di benzoyl net hanat e
(d nzo cet onat e . )
t e?l p%\ﬁ et hyl hep uf Q%8P OE?%Fﬁcf?’?lpﬁjf?aurFoﬁoﬁiaﬁgaPé’mPﬂate period

of trA&;bmd- car bon or carbon-het eroat om bond usi ng one of
t.h Suz%léi : Slizuki -M yaura, Mirahashi, Kunada,
Kiﬂi%ntﬂu%ﬁ r9"PKumada- Tammo, Nozaki, Nozaki - Oshi na,
Negi shi, Hi yama, Tamao- Kumada, Hi yana-
18. The process of Claim 17, where the palladium metal soutce is Pd(acac),, the
imidazolium salt is I-PrHCI, the organic solvent is dioxane, the reaction temperature is

100°C, the approprtiate petiod of time is 6 houts and where the complex isolated is (I-
Pr)Pd(acac)Cl

19.  The process of Claim 17, whete the palladium metal soutce is one of Pd(acac),,
bis(trifluoroacetylacetonate)Pd, bis(hexafluoroacetylacetonate)Pd;
bis(dibenzoylmethanate)Pd, bis(benzoylacetonate)Pd, bis (tetramethylheptanedionate)Pd,
or bis(tropolonato)palladium(II).
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Hat anaka, Stille, M gita-Kosugi, Buchwal d-Hartw g,
Mur ahashi , Cyanation, oc- "Carbonyl" Arylation,

w@ewega®hi ra , Cadi ot - Chodki ewi cz, Heck react i BOBEUS2006/020664

20.

catal ytic ether formation, catalytic a-arylations of

ket ones, catalytic thioether formation reactions, or
subs pratsof drthingactbaecaplbot oer arlidvelieeabatdh bobdeomprising:
process of Claim 20, where the bonding formng

r eact PEYidiag ainaiedivgm seenlsalirapisaetted §y diopmula hi nat i on
or an a-arylation of ketones. 22. The process of O aim
20 in which the pall adi conplex enpl oyed is one of
(NHC) Pd(acac) 2, ( , (NHC) Pd( hfacac) 2
(NHC) Pd( hfacac) d, , (NHC) Pd(d 2, (NHC) Pd(dbm C

CNHC) Pd( t mhd) 2, (NﬁC) Pd(t mhd)/ @, (NHC) Pd(bac) 2,

(NHC) Pd(bac) A, or YNHC) Pd(acag) X, where X is a halide
or pseudohal i de; and NHC NECone of 11 Mes

(N, N -bis (2,4, 6-tonmenyl phenyl )i m dazol)-2-ylidene) ,

sl Mes . . . . .
(N, N YBeeMHE & ¢ mgpieephilic fistsrgryclis, aehaingy dt isiami apowir Jigand;

- 2-%li denehideh Bi ionic 1i by, Formula II;
(N'NC-Bis( 2 6o Somranianis deand cepregentefl by, Fopmaia 1Ly
sl Pr 4
(N, N -bis(2,6-dii soprg yl phenyés) -4, 5-di hydr oi m dazol ) -
2-yHdene), 1 Ad (NRN - bi\s
reexe) , 1Oy
1 dazol - 2-ylidene), or 1tBu

(adamant yl )i m dazol\

(N, N -bi s(cycl ok

(N, N -bis(tert-but i m dazol -2-y]idene). 23. The
process of Claim 22 |in which the bond form ng reaction
i s Buchwal d Har s | arpination, the palladi um
conplex is (IPr)Pd(aca o%(lPr)Pd(acac) Br and the

<

aryl chloride or aryl Qgrom de,js one of
2-chl oropyridine, 2,6-gh meth chloroben;ﬁne,
4- chl or ot ol uene, 4-nmet hoxychl or obenzene,

2-br Od },urr!c}gelrrxlv ’ere2 ’eac%_ gé ge;nl’l%/{(tg ?nrlggggge%r‘gl?r’one of O,N, or S
and where R', R?, R?, R*, R®, R® and R’ each independently represent
hydrogen, methyl, linear or branched C,-C,, alkyl, C,-C,, cycloalkyl, C,-C,,
aralkyl, or C4-C,, aryl or substituted aryl, subject to the proviso that R' and R®
are only present when X and/or Y is N; n represents an integer of 0, 1, or 2;
and Z is one of Cl, Br, I, OAc, OMs, OTE, OTs, O,CCF,, acetylacetonate
(acac), trifluoroacetylacetonate, hexafluoroacetylacetonate (hfacac);
dibenzoylmethanate (dbm), benzoylacetonate (bac), or
tetramethylheptanedionate (tmhd); and

forming a carbon-carbon or carbon-heteroatom bond using one of the
Suzuki, Suzuki-Miyaura, Mutrahashi, Kumada, Kumada-Cozrriu, Kumada-
Tamao, Nozaki, Nozaki-Oshima, Negishi, Hiyama, Tamao-Kumada, Hiyama-
Hatanaka, Stille, Migita-Kosugi, Buchwald-Hartwig, Murahashi , Cyanation, a-
“Carbonyl” Arylation, Sonogashira , Cadiot-Chodkiewicz, Heck reactions,
catalytic ether formation, catalytic a-arylations of ketones, catalytic thioether

formation reactions, ot substrates and reactive partners thereof.
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or 6-net hoxybronobenzene, and the amne is one of
ani l i ne, dibutylam ne, or norpholine. 24. The process
w@200Gi128001 22 i n whi ch the bond form ng reacti oPCT/FSZN6/020664
oc- ketone aryl ation, the palladiumconplex is
(IPr)yPd(acac)d or (IPr)Pd(acac)Br and the aryl
21. chl Bird gtecass oClyim 20, o:rliemhé boﬂﬁﬁg fofrmiig] reactibe vzeither, 2 Buchwald
}ﬁl 6-.di net hyl chl or obenz 4- chl or ot ol uene,
I8 HEATEATIR B AR Fa B at‘?n BEIF%?‘%?MH di ne,
2- bronopyri di ne, 2, 6-di net hyl br onobenzene,
6- nethoxybronnbenzene respectively, and the ketone is

22. onq'hefprcﬂ:ysssl dﬂma{ﬁhm@nﬁﬁwhm&hi by c;lgqﬂ@;r&n_rh plejeliyd cﬁﬁe?yl
R es ke FHOPaBER SR latring: Ao B EL: he
b
B O AT I HTPU Bk LB P em IR U

(WH6oRBEbaays (XHE)PH (06) ClubrePBiG Pdfreac ¥ibshara¥as # balskeloect ed
fr . 2Br,. NBCH 21, NBCH 20Vs, NBCH
Pied%%ah% éﬁdévgﬁ ﬁﬁ%ﬁoﬁ%m n NBCH 2Bcat, NBCH 2- 9- BBN,
TMBCRN, R1-bis (2NBCH 2V fp 2pBrytdMBH 2Si F3, NBCH
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ugggb BBN, NBCH 2CH2Li
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RekRFdHs (2 PR@HkBEaH)-4.3; dﬂm@@@mﬁa@@# ylidenBBCH

2, or NBC6H4BCH2

%W@da%ﬁnl\g%dagf* q(?(i_elﬁ (20(}0 wherei n t he subst ggt_')e
ICﬁ@SN’%&(@dolﬁerx@mrﬂdnyoDZ—ylid&ﬁe)f@ﬂ | owi ng nononers: 28. A

r n nd made. by the process of C aim 27.
IHSO (%o Nnbels(teertgbou i 1midazol- 2—yhder¥e) P

23.  The process of Claim 22 in which the bond forming reaction is Buchwald Hartwig
aryl amination, the palladium complex is (IPf)Pd(acac)Cl ot (IPf)Pd(acac)Br and the atyl
chloride or aryl bromide is one of 2-chloropyridine, 2,6-dimethylchlotobenzene,
4-chlorotoluene, 4-methoxychlorobenzene, 2-bromopytidine, 2, 6-dimethylbromobenzene,
or 6-methoxybromobenzene, and the amine is one of aniline, dibutylamine, or

morpholine.

24.  The process of Claim 22 in which the bond forming reaction is an a-ketone arylation,
the palladium complex is (IPt)Pd(acac)Cl or (IPf)Pd(acac)Br and the atyl chloride ot aryl
bromide is one of chlorobenzene, 2,6-dimethylchlorobenzene, 4-4-chlototoluene,
4-methoxychlorobenzene, 2-chloropyridine, 2-bromopyridine,
2,6-dimethylbromobenzene, 6-methoxybromobenzene, respectively, and the ketone is one

of cyclohexanone, methylphenyl ketone, ethylphenyl ketone, or methylnaphthyl ketone.

25. The process of Claim 24 further comprising adding a base, whete the base is selected
from sodium tert-butoxide, potassium tert-butoxide, K,CO,, K,PO,, KF, and Cs,CO,;.
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29. A process for the preparation of a palladium
conplex of Caim1l conprising reacting a palladium
woreaoal12®our ce directly with an i m dazol i um sal PCT/0S1006/00664
t he pal | adi um conpl ex. 30. The process of Caim 29,
i ncludi ng addi ng the palladi um netal source and
26. | mMihazabiesmod allaing A0 awharefathecubeirvenis seaded Efdnkxi ng

th uLta I xture, 3 The ocess of Ol aim 29
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100@ @ndcHghF ki N8 dHO/CES, Blow)s . NBE, H H® 1), 0885SHE H,B(OH),,
Clai m 30, where the organic solvent Is dioxane. 36.
Th&BrBeledsC ot BEPADm 2d\NBrbid RCHNOBAI | adi um net al
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bi s(trifluoroacetyl acet onat e) Pd, )
27. bi Thiegxattssosfo@tnyl@oeharntl dePeibsatte is selected from any of the
f@ gé.t et ramet hyl hept anedi onate) Pd. 37. The process of
A'AE SR ErPe the imidazoliumsalt is selected from
I Pr*HC or | Mes' .
the process pf  hai
wherein the ii
sel ected frox /
N-(o-tol yl)norpholing, MNn2- nethoxvphenyl)norpholi ne,
N, N-di butyl -N-(o-tolyl) am ne,
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28. A notrbornene compound made by the process of Claim 27.

Aerpall@di um conpl ex made by
4 39. The process of Caim 23,
he bond formng reaction is

29. A process for the preparation of a palladium complex of Claim 1 comptising reacting

a palladium metal source directly with an imidazolium salt to form the palladium complex.

30.  The process of Claim 29, including adding the palladium metal soutce and

mmidazolium salt to an otganic solvent and refluxing the resultant mixture.

- 57 -



(o-tolyl)am ne,
N- (2, 6-diisopropyl phenyl)-N-(2,6-di methyl phenyl)an ne
w0 20d6(12809Mapht hyl ) pi peri di ne, PCT/US2006/020664
N- N- di but yl - N- (4- met hoxyphenyl ) am ne,
N- (2, 6-di net hyl phenyl )-N- (o-tolyl)am ne,
31. N- ([Be pratsapf QinPicwldry -tH\d-f(aﬂadiﬂhyahétﬁ Rbutee and the imidazolium salt

aiﬁ_p%m 3 dsgﬁr Op?\%p%mzﬁ alla Smtngel ¥ ())&I’Cré ngereater than 1 equivalent

nﬁbgﬁh@ﬁ@ﬂN-(l-naphthyl)phenylan1ne, N-(2-
pyridyl) nmorpholine, N-(2-pyridyl)piperidine,
N-(3-pyridyl)piperidine, N (3- pyridyl)norpholine,
N-N- di but ylI - N-(2-2pyt| dyl ) am ne,
32. N Bt ﬁchgsm_o'gﬁ‘éqw| 9N;d(1ge ﬂwﬁc@l?p}sa;m:q@é ougjn an ait atmosphere.
N-nmetliyl-N phenyl - N (3-quinolyl)am ne.0. The process
of Claim 24, wherein the product of the bond form ng

33, reem& bRJteds Df ERIRBOEE IhLAREh Eit&%%l%’ﬂnix%m@td Pl RERAAB e range
di phen Ipro an-1 - one, enyl

of $qa§| tg éﬁ@) neyeelstirenfpk » mspa ﬁlq raggeeof 2 hours to 8 houts.

2- phenyl -a-tetral one,
2- (2- met hoxyphenyl ) - | phenyl propan- 1-one,
34. |2 (ﬁg@?%ceé 1A 53! LB D KERRE 7Yd hRERP#10°€8d refluxing for 6

olyl)-a- tetral one;
hout.2 6-di netliyl-phenyl)-1-(l-nethyl-l1Hpyrrol-2-yl)-e
t hanone, 2-(naphthal en-1yl)- |-phenyl-propan-I|-one,
2- (nat ht hal en-2-yl) -1 - phenyl propan-1 -one, or

35. 2- (0L Bp)%gs\é '0?4:19)(1’11)30, 471’18:@ %y(lrgingyé%ﬁ]&fehf 8% xane.

36.  The process of Claim 29, whete the palladium metal source is selected from Pd(acac),,
bis(trifluoroacetylacetonate)Pd, bis(hexafluotoacetylacetonate)Pd, or

bis(tetramethylheptanedionate)Pd.

37. The process of Claim 29, where the imidazolium salt is selected from IPr*HC1 or
IMes*HC1.

38. A palladium complex made by the process of Claim 29.

39. The process of Claim 23, wherein the product of the bond forming reaction is
selected from N-4-(cyanophenyl)pipetidine, N-(o-tolyl)morpholine, N-(2-
methoxyphenyl)morpholine, N,N-dibutyl-N-(o-tolyl)amine, N-(2,6-diisopropylphenyl)-N-
(o-tolyl)amine, N-(2,6-diisopropylphenyl)-N-(2,6-dimethylphenyl)amine, N-(2-
naphthyl)piperidine, N-N-dibutyl-N-(4-methoxyphenyl)amine, N-(2,6-dimethylphenyl)-N-
(o-tolyl)amine, N-(2,6-diisopropylphenyl)-N-(p-tolyl)amine, N-(2,6-diisopropylphenyl)-N-
(o-tolyl)amine, N-(1-naphthyl)morpholine, N-methyl-N-(1-naphthyl)phenylamine, N-(2-
pytidy)morpholine, N-(2-pyridyl)piperidine, N-(3-pyridyl)pipetidine, N-(3-
pyridyl)morpholine, N-N-dibutyl-N-(2-pytidyl)amine, N-methyl-N-phenyl-N-(2-
pyridyl)amine, or N-methyl-N-phenyl-N-(3-quinolyl)amine.
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40.  The process of Claim 24, wherein the product of the bond forming reaction is

selected from 1-phenyl-2-o-tolylethanone, 1,2-diphenylpropan-1-one, 1-phenyl-2-[4-
(trifluoromethyl)phenyl]propan-1-one, 2-phenyl-a-tetralone, 2-(2-methoxyphenyl)-1-
phenylpropan-1-one, 1-phenyl-2-(2,4,6-trimethylphenyl)propan-1-one, 2-(o-tolyl)-a-
tetralone, 2-(2,6-dimethyl-phenyl)-1-(1-methyl-1H-pytrol-2-yl)-ethanone, 2-(naphthalen-1- .
y1)-1-phenyl-propan-1-one, 2-(naththalen-2-yl)-1-phenylpropan-1-one, ot 2-(biphenyl-4-yl)-
1-phenylpropan-1-one.
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