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Introduction

Cross Coupling Reactions

Pd (0) catalysts

— » ArR
AX + MR1 ™ additive) L

X=Br, I, OTf, CI
M=
Mg Kumada
Sn Stille
B Suzuki
Si Hiyama
Zn Negishi

etc.

e @)
R)\/R1 R)%R1 + AX ——> ?

Ketone Enolate

Littke, Adam F.; Fu, Gregory C. Angew. Chem. Int. Ed., 2002, 41, 4183



Introduction

What is Direct a-Arylation of Ketone?

‘Direct Cross Coupling of aryl halides with ketones catalyzed by transition metals’.

o) @)
N G AP
ArX + 2 3 Ligand, Base 3 3
RoR1 R4R3 RoR1 R4R3

M = Metals

Hamann, Blake C.; Hartwig, J. F., J. Am. Chem. Soc., 1997, 119, 12382



Introduction

Drawbacks of Previous Methods of Direct a-Arylation of Ketones
B Use of toxic main-group reagents

o
eo@Pb(OA% + _CeHsN
T CHCl,
50%

®  Only one aryl group was transferred

O O
O O

Ph 74%
® Low product yields

) LDA

2)CuCN
3) Ph,l* 3) PhoI"OTT 50%

B Multiple-step preparation of stoichiometric arylation reagents

Catalytic methods to form a—aryl ketones are less common

Abramovitch, Rudolph A.; Barton, Derek H.; Finet, Jean-Pierre Tetrahedron, 1988, 44, 3039



Introduction

Discovery of Pd-Catalyzed a-Arylation of Ketone

B From byproduct of C-O coupling reactions by Prof. Buchwald in MIT:

®)
llPdH llPdH t
2%
1
C OO

B From extension of C-N coupling reactions by Prof Hartwig in Yale:

Pd,(dba)s
ArBr + HNR; Ligands, basa ~TNR2

Palucki, Michael; Buchwald, Stephen L. J. Am. Chem. Soc., 1997, 119, 11108
Hamann, Blake C.; Hartwig, J. F., J. Am. Chem. Soc., 1997, 119, 12382



Introduction

Selected Examples of Ketone a-Arylation

s

ArBr + R

}o

1.5mol%Pd,(dba);

r 3.6mol%Tol- BINAP .
NaO'Bu, THF, 70°C

63~93%, 12 examples

Ketone/ Mono/Di- | Yield

Entry ArBr Ketones ArBr Product arylation | (%)

1 Ph@Br HH\ 1.2 Ar/HH\ NoDi- | 93
° o)
o o)

t 1.2 30 67

2| s ) é 20 | & 33 83

HoN B Ar Ph

3 )/-—OB 1.2 No Di- 69

tBy 1.2 7 71

HERYsal 2.0 T 16 88

. tay Ar
S | Y 1.2 ~»®u | NoDi- | 78
o

(o}

General method for a large number of a-aryl ketones under mild conditions

Compatible with several functional groups

Good yield with high regioselectivity

In most cases mono/di arylation ratios are high

Palucki, Michael; Buchwald, Stephen L. J. Am. Chem. Soc., 1997, 119, 11108




Mechanism

Mechanism of Ketone Arylation Reaction

Arl "Pd(0)"
O R

ArBr

BH IVI+B_

MBr )OI/IR }J\iR

Proposed catalytic cycle of ketone arylation reaction with bidentate ligand

Fox, Joseph M.; Huang, X.; Chieffi, Andre; Buchwald, Stephen L. J. Am. Soc. Chem., 2000, 722, 1360



Factors Influencing the Arylation of Ketones

Main Factors Influencing the Arylation of Ketone

Aryl halides
ArX [

N:l\ Pd(0
(@) R

Ar Ar
Pd Pd Ar

9] —_— Pd:
)\ X
R O R
Base

BH M'B



Arylation of Ketones - Base

Requirement for Base

o) @)
AX + N 2 Ligand, Base 5 S
RyR1 R4R3 RoR1 R4R3

®m  Strong enough
B No introduction of side-reactions

Aldol Reaction

M\

QO . o) O OM
RUR R)J\ﬁl\R
C-0O Coupling Reaction

"Pd(0)"

ArBr + NaOCH;
Ligands

> AFOCH3
®m  Solubility in the solvent
Na,CO;< K,CO;< Cs,CO,

Pivsa-Art, Sommai; Satoh, Tetsuya; Kawamura, Yoshiki; Miura, Masahiro Bull. Chem. Soc. Jpn, 1998, 71, 476



Arylation of Ketones - Base

Some Bases Used in Arylation of Ketones

m  Strong, bulky bases

_Si(CH3)3
NaO!Bu NaO~<- NaHMDS NaN_
. . Si(CH3)3
@) @)
0.2mol% sz(dbah
ROBF "'YK/ 1, Base, toluene
Ar
Entry R Base Conditions Yield
PPh, PPh,
2 eq o
1 -CO2'Bu 80°C, 16h  67%
NaHMDS
2¢eq 1
2 -CO2NEt; 80°C, 15h  74%

NaO'Bu

Not compatible with several base-sensitive groups

Fox, Joseph M.; Huang, X.; Chieffi, Andre; Buchwald, Stephen L. J. Am. Soc. Chem., 2000, 722, 1360



Arylation of Ketones - Base

Use K;PO, as Base

1.0mol% Pd,(dba
Product
ROBr + Ketone ligand, K PO, h roduc

Entry R Ketone Product Conditions Yield
1 -CN 6 6/ 80°C, 16h  72%
Ligand: 1
toluene,
2 -COE @ @ii/( 100°C, 23h  91%
Ligand: 2
o o toluene,
3 -COMe é i}” 80°C, 15h  74%
Ligand: 1
PPh, PPh,
E g PCyz

Fox, Joseph M.; Huang, X.; Chieffi, Andre; Buchwald, Stephen L. J. Am. Soc. Chem., 2000, 722, 1360



Arylation of Ketones - Base

Use K;PO, as Base

R4 ArX
AriRz L,Pd(0
0“ "R
Ar ,Ar
LoPd” LoPd R, Ar
o) R L,Pd
2 X
R2
L,PdX(Ar)
o i
KX + KoHPO,4 R })k R1%R + K3PO,
1
H R Ry
R2
More acidic

Fox, Joseph M.; Huang, X.; Chieffi, Andre; Buchwald, Stephen L. J. Am. Soc. Chem., 2000, 722, 1360



Arylation of Ketones - Base

Excessive Base is Favored for Mono-arylated Product

= When 1eq base is used for arylation of acetophenone

Ar
LoPAX(AD) Ar _ + A / LyPAX(AL %
1eq T

More acidic
than 1

= Equilibrium between 2 and 4 will favor enolate of aryl ketone 4

=  More di-arylated products would form

Hamann, Blake C.; Hartwig, J. F., J. Am. Chem. Soc., 1997, 119, 12382



Arylation of Ketones - Base

Excessive Base is Favored for Mono-arylated Product

= When 2eq base is used for arylation of acetophenone

o)
0 ONa | bax(ar Y NaOB Ar\;\Na Ly PdX(Ar gAr\HﬁPh
NaO'Bu + )J\Ph Ph Ar\)J\ph Ph ’ Ar
2eq 1 2 3 4 S
More stable
Less reactive
than 2

/Cﬁa . |—j)\ %»Aldol products
o Ph

®  All the ketones are in their enolate form
= High ratio of mono/ di-arylated product is expected

®=  Aldol reaction can be suppressed

Hamann, Blake C.; Hartwig, J. F., J. Am. Chem. Soc., 1997, 119, 12382



Factors Influencing the Arylation of Ketones

Ligand-free Arylation of Ketones

ArX + Ketone P?(OAC)7 » Product
NaO'Bu, toluene

1.0eq 1.2eq
Entry ArX Ketone Product Conditions Yield
Br o)
O 0
80°C o
1 /CL oA P“)S/ 23h O
Me Me Ar
Br 0)
O 0
Me 80°C o
i ©/ Ph)J\/ Ph)K( 14h 6%

98]

o8]

C.—o-
Q

Ar
Ar
Br <:>:O <:§: o 7104:}? trace
Me 2 i 80°C
oA Ph)g/ 2n <%

®  Simple & Cheap

N
g

Only suitable for limited substrates

Fox, Joseph M.; Huang, X.; Chieffi, Andre; Buchwald, Stephen L. J. Am. Soc. Chem., 2000, 722, 1360



Arylation of ketones - Ligands

Characteristics of Phosphines Ligands

= Metal center can be stabilized by phosphine ligands

®  |ncrease the electron density on metal center
The o-donation ability to the metal:
P'Bu, > P(OR); > PR, = PPh,; > PF; >P(OPh),
Phosphines are also electron acceptor

The m-acceptor ability from metals:

PBu; <PRj; < PAr; < P(OMe); < P(OAr), <PCl,; <PF,
m  Steric properties can be tuned systematically

The steric effect:

P'Bu, > PPh,; >P(OPh), >PMe; > P(OR); > PF,

®  Introduction of chiral center is easy

Crabtree, Robert H. The Organometallic Chemistry of the Transition Metals, 2001, 91
McAuliffe C.A. and Levason W. Phosphine, Arsine and Stibine Complexes of the Transition Elements, 1979, 68



Arylation of Ketones - Ligands

Steric Effect of Chelating Phosphine Ligands

0 @)
catalyst / ligand R
PhB"”PhJ\/R KHMDS . Ph
THF,65°C Ph
_ Time | Yield
Entry | Ketone Catalyst Prodcut | Ligand
(h) | (%)
O | 7.5mol%Pd,(dba)s o DTPF | 0.75 | 84
1 )J\ . )J\/Ar
Ph 9.0mol%Ligand Ph DPPF 2 76
0 0
) 7.5mol%Pd,(dba)s A | DTPF | 075 | 71
Ph)H 9.0mol%Ligand Ph)ﬁ/ DPPF | 2 | 47

VS. Fe
e @_ P(o-tolyl), = $
@—P(o-tolyl)2 PPhy

DTPF DPPF

@—P(o-tolyl)z @_PPW \/©
Sp

more sterically hindered

m  Sterically hindered ligands can make reaction faster, afford higher yields

Hamann, Blake C.; Hartwig, J. F., J. Am. Chem. Soc., 1997, 119, 12382



Arylation of Ketones - Ligands

Electronic Effects of Phosphine Ligands

O

O :
catalyst /ligand
'
PhBr + Ph)]\/ base, THF Ph)l\(

Ph
- _ Yield
Entry Catalyst Condition | Ligand
(%)
7.5mol%Pdz(dba); 65°C
1 DTPF 71
9.0mol%Ligand THF
2mol%Pdz(dba)s 25°C
2 DIBPF 99
2.5mol%Ligand THF
@—P(o-tolynz
Fe
@—P(o-tolynz
DTPF

Electronically richer

Kawatsura, Motoi; Hartwig, J. F., J. Am. Chem. Soc., 1999,

Reactions afford higher yields by using electron-rich ligands

121, 1473




Arylation of ketones - Ligands

Activities of Phosphine Ligands in Ketone Arylation Reactions

M Electron-richer phosphines accelerate oxidative addition

u Sterically hindered ligands facilitate reductive elimination

Ar
ArBr
j\ "Pd(0)"
O R
Reductive eIimination%

Ar
Npg? N\ AT
Pd\
Br
@) R

Oxidative addition

MBr )\R )I\R

Littke, Adam F.; Fu, Gregory C. Angew. Chem. Int. Ed., 2002, 41, 4183



Arylation of Ketones - Ligands

Further Discussion of Chelating Model

—Ilow temperature 3'"P NMR

o)
Ar  _78%C 25°C AF%J\ + t
¢ _20C S A (D'BPF),,Pd(0)
(DBPAPK , —— (O BPF)Pol/\enoIate <& "
2
1 Can be observed by NMR
BU‘ QBU
Ar Proposed Chelation of two phosphorous atoms

@_ / enalate mmm) Two 3'P singlets around 57ppm

t/ /tBu

2

Bu!

2

Experimentally observed:
One 3'P singlet at 57.2ppm, another singlet at 24.6ppm

Ar

- L =) One phosphorous atom is bound to palladium center
; te
7 '/tBu enola

Sterically hindered monophosphines PR; may work for ketone arylation

Kawatsura, Motoi; Hartwig, J. F., J. Am. Chem. Soc., 1999, 121, 1473



Arylation of Ketones - Ligands

Ketone Arylation Catalyzed by Alkyl-monophosphines

O 0
R
R2 Pd(OAc),/ P'Bus !
PhBr + t - R
R4 NaO'Bu, THF Ph
Yield
Entry  Ketones Catalyst Cond. Prodcut %)
(o]
0 0.5mol% Pd(OAc) 25°C i
.5mol% C)2 °
1 97
ph)l\/ 0.625mol%Ligand 2h Ph)l\(
Ph
(0]
0 1mol%Pd(OAC) 2 25°C
2 )]\ . Ph 97
Ph 1.25mol%Ligand 6h

1mol%Pd(OAC) 2 50°C
3 Ph Phk’< 82
1.25mol%Ligand 12h

Ph

® Alkyl-monophosphines can promote ketone arylation in high yield

B Reaction condition is mild

Usually only work well for aromatic ketones

Kawatsura, Motoi; Hartwig, J. F., J. Am. Chem. Soc., 1999, 121, 1473



Arylation of Ketones - Ligands

Ketone Arylation Catalyzed by Buchwald’s Ligand 4

O @)
ArBr + R, —AOACKI 4 Ro
R1 NaO'Bu R R
Rs Ar >
Mol%Pd Yield
Entry ArBr Ketone Cond. Prodcut
Solvent (%)
O 70°C 0.5 1
1 BrOtBu ' )S/O“" 83
N T e f
0
t 85°C | 05 i
2 BrOBu 61
\HH/ 24h toluene Ykﬁr
i 85°C | 0.5 i
3 Br@—NMez 70
\HJ\/ 24h toluene \HJ\A/
]
o | go°c | 0.2 T,
4 Br@—cozEt m 85
24h THF
T 1 70°C | 05 2
5 Me Me . Ar 64
23h toluene

Fox, Joseph M.; Huang, X.; Chieffi, Andre; Buchwald, Stephen L. J. Am. Soc. Chem., 2000, 722, 1360



Factors Influencing the Arylation of Ketones

a-Arylation of Ketone with Chloroarenes

®=  Readily available and cheap
m  Stable, easy to handle and store

Less reactive than bromo- & iodoarenes

Bond dissociation energies for C-X bond in Ph-X:

C-Cl: 96 kcal/mol, C-Br: 81 kcal/mol, C-l: 65 kcal/mol

u C-ClI bond is difficult to be activated than other C-X bond

Grushin, V.V; Alper, H Chem. Rev, 1994, 94, 1047



Factors Influencing the Arylation of Ketones
Methods to Activate Aryl Chlorides

B Oxidative addition of aryl halides:

Ar—x | + | L,Pd(0) — > LPd(IX(Ar)

Electrophilic Nucleophilic

More electron density

®  Activate chloroarenes by electron-withdrawing groups on aromatic rings

u Increase electron density on metals by use of electron-rich ligands

Littke, Adam F.; Fu, Gregory C. Angew. Chem. Int. Ed., 2002, 41, 4183



Factors Influencing the Arylation of Ketones

Active Ligands For Aryl Chlorides

@Bu S “y

: :PCyz : :PCyz PN

®  They can facilitate oxidative addition
Increase electron-density on metal because of their electron richness
Formation of highly active Pd(PR;),_; species due to steric hindrance
= They can promote reductive elimination

They are highly sterically hindered ligands

Ehrentraut, Andreas; Zapf, Alex; Beller, Matthias Adv. Synth. Catal. 2002, 344, 209



Factors Influencing the Arylation of Ketones

Arylation of Ketones by Aryl Chlorides

O
O .
72\ cat./ ligand A
Cl > r
RQ ' Ph)J\ NaO'Bu or Ph)J\/

NaHMDS
Entry R Catalyst Conditions Yield (%)
1 2-Me Pd(dba)2/1 70°C, 12h 80
2 4-OMe Pd(OAc)./2 70°C, 12h 91
3 4-Me Pd(OACc)./3 80°C, 12h 91
4 4-COMe  Pd(OAc):5 80°C, 6h 76
5 4-CN Pd(OAc)2/4 80°C, 18h 78
® ®
t
@—P( Bu), )( J< )i\PCh PCy PCy>
Fe P i

& pimy, K

1 2

i l 'Pr

4 5

.0

Ehrentraut, Andreas; Zapf, Alex; Beller, Matthias Adv. Synth. Catal. 2002, 344, 209



Arylation of Kefones by Aryl Chlorides

Ketone Arylation Catalyzed by Pd-N-Heterocyclic Carbene

Complex
RigdD T RO
R o-Donation from carbene to metal
R,() <-—
R UL n-Back bonding from metal to carbene

Typical carbenes

Strong donation from nitrogen to carbene center

;A\r
[N> / Ar
N / Weak m-acceptor
\
Ar \Ar

N-heterocyclic carbenes( NHC )

m Efficiently increase electron-density on metal center

m  Steric effect can be tuned by aryl groups on nitrogen

Bourissou, D.; Guerret, O.; Gabbai, F..P.; Bertrand, G. Chem. Rev, 2000, 700, 39



Arylation of Ketones by Aryl Chlorides

Arylation of Ketones Catalyzed by Pd-NHC Complex

Q lyst / ligand i
catalyst / ligan
; N + )K/R yst-19ang,, R
Ar @—P(‘Bu)z
Fe
Yield @ e
Entry ArCl Ketone Catalyst  Condition (%) ] (Bu2
(1)
0 Pd(dba)2/1  70°C,3h 86
O
PhJ\/ 7 50°C, 1h 91 DN
> | weo C . o Pd(OAc)2/6 100°C, 20h 25 T
e
Ph)j\ 7 70°C, 1h 78 Pd
\ @CI O Pd(OAc)/6 100°C,20h 59 >/
N 7 70°C, 1h 93 i
Me
0 Pd(dba)1  70°C, 12h 80 @\
4 p/\/\
@*U Ph)J\/ 7 60°C, 1h 87
OMe e}
5 @CI h)\ 7 60°C, 1h 91 -

= Air stable, well-defined palladium N-heterocyclic carbene complex
= Efficiently catalyze ketone arylation reaction with aryl chlorides

Viciu, Mihai S; Germaneau, Romain F.; Nolan, Steven P. Org Lett., 2002, 4, 4053



Arylation of Other Stabilized Anions

Stabilized Anions as Potential Substrates of Arylation Reaction

Examples Acidity constant | pKa
Diones CH,(COCH3), 1.26x107 9
Hydrocyanic acids HCN 6.3%10"° 9.2
Nitroalkanes CH3NO, 6.3x107!! 10.2
Malonitrile CH,(CN), 1.0x10™"! 11.0
Ketoacetates CH;COCH,CO,CH; 1.0x107! 11.0
Malonates CH,(COOQOEt), 3.2x10™" 13.5
Aldehydes RCH,CHO 2.0x10™"7 16.7
Ketones RCOCH:; 1.0x10%° 20
Esters RCH,COOEt 1.0x10% 25
Nitriles RCH,CN 1.0x10™% 25
Amides R'CH,CONR, 1.0x107° 35
i B ©  ArPdL(X T .
ase r
R)\ 7 R/\Z X R Z )\

1

Z: Electron-withdrawing group




Arylation of Other Stabilized Anions

Arylation of Cyclo-Diketones and Nitroalkanes

Ar
O O 1.0mol%Pdy(dba); o
ArBr + U 8 (2.2mol%),
KsPOy4, THF
’ 84~96%, 4 examples
70-100°C, 10-19h > % examp
X
Pd,(dba); (1.5-5mol%) A
;
) e, e f
= 2LUg, ~0OQ0
R1/ 50.60°C. 8-30 R” "NO,  62~98%, 19 examples
X = Br, Cl
R.= R, COOMe, OR, NR,, COMe
R = Me, Et, nPent., Bn O
PBus
m Reaction can undergo by using mild base O
= Excellent functional group tolerance for arylation of nitroalkanes 8

Fox, Joseph M.; Huang, X.; Chieffi, Andre; Buchwald, Stephen L. J. Am. Soc. Chem., 2000, 722, 1360.



Arylation of Nitroalkanes

Group Tolerance in Nitroalkane Arylation Reaction

X

A
| + MeO,C

NO, _5MOI% Pdy(dba)s, 8

KA s

Cs,CO3, DME
R1

50°C, 22-24h

X =Br, Cl
R,=COOMe, OMe, NMe,, Ph

Br
2-3mol% Pd,(dba)s, 8
+ NO2 2
© Y/ Cs,CO5 DME

+-50°C. 18-60h
COOMe t-50°C,

u Reaction condition is mild

u No di-arylated products observed

u Excellent chemoselectivity

Ar

MeOzc/\)\NO

67~78%, 4 examples

2

Ms)\Noz

64~67%, 2 examples

O P'Bu,

8

Vogl, Erasmus. M.; Buchwald, S..L., J. Org. Chem., 2002, 67, 106.



Arylation of Other Stabilized Anions

Arylation of Malonates
1-2mol% Pd(dba), o o

o9 2-4mol%ligand
- (o]
+ ArX
ROJ\/U\OR ' base, solvent - ROMOR

Ar

R= Ethyl, ‘Bu
Challenge: Low reactivity toward arylation reaction due to:
Stabilizing effect of two carbonyl retards the reductive elimination

1n%-0,0-coordination mode of of malonate anion

m Approach: Use of more sterically hindered ligands

R R R
L\ /O L' (@) L (@)
Pd > — P — r
/ \ N\
Ar O 0 Ar 0
R R R

L' : More sterically-hindered ligand

Wolkowski, Joanna P.; Hartwig, J. F., Angew. Chem. Int. Ed., 2002, 41, 4289



Arylation of Malonates

Arylation of Malonates

O O ] 0 o o o
)J\/U\ . @x 1-2mol% Pd(dba)y, 2-4%ligand
RO OR R{= base, solvent RO oR
A
R= Ethyl, tBu X= Br, Cl r

_ N Yield
Entry R X | Lig. Conditions

(%)
] 4-F3C, OMe, | Br 2 70°C, NaH, THF 69-91
CHsCO Cl | 9,10 | 100°C, KsPOsg4, toluene | 81-90
4-F3C, OMe, | Br 2 85-90

2 70°C, NaH, THF, 6h
4-Me:2N Cl 2 84-90

@-p(‘su)2 P('Bu),
Fe
t Ph Ph
P(Bus *@"P“
2 g 10
Limitation: Few aryl groups such as pyridyl group can not be transferred

Beare, Neil A.; Hartwig, J. F.,.J. Org. Chem., 2002, 67, 541



Arylation of Other Stabilized Anions — Esters

Arylation of Esters

o Pd catalyst, ligand o

+ A ’ > R
R R
1%@? base, solvent 1\<)J\OR
Ro Ar
0 No regioselectivity issues to be considered

Challenge: Lower reactivity of esters
Unstable under basic condition — Claisen reaction

M
(5 ] Ay 0
R1\)I\ R’I\)\ — R COOR R1 COOR

M Approach: Use of sterically hindered fert-butyl esters
LDA remove solvent
)k J< Hexane r.t \)k J<

95-100% yield
Stable at room temperature

Rathke, M. W.; Sullivan, D. F. J. Am. Chem. Soc. 1973, 95, 3050.



Arylation of Esters
Promotion of Mono-Arylation Products of Esters

0 Br o '®)
Pd(OAc),, 3
PN QAT -~ SR .
oBu Bu! NaHMDS, toluene O'Bu O'Bu
Ar

rt, 15h 46% of Mixture

Challenge: Double arylation of ester enolates

u Change base from NaHMDS to LIHMDS
Excessive enolates(2.3eq of tert-Butyl esters, 2.5eq of LIHMDS)

O i O
Pd catalyst, ligand .

+  ArX R2
R1 ﬁ)kotBu " LIHMDS, toluene R1 \a)J\OtBu
r.t., 0.2-5h

R> Ar
48-90%, 21 examples

‘ PCy» : PBus ! : PBu,
O NM92 O NM62 OO NM62

3 11 12

Moradi, W. A.; Buchwald, S. L., J..Am. Chem. Soc., 2001, 123, 7996



Arylation of Esters

Promotion of Mono-Arylation Products of Esters

m Twofold of base

@)

o 0.5-5mol% Pd(dba),, 7 =
R1\)]\OtBu+ ArBr base, toluene > 1j)J\OtBu
r.t., 12-15h Ar
1.1eq
Ry=H, 2.3eq of LIHMDS 80-98%yield, 8 examples
R4 = CHj3, 2.3eq of NaHMDS 66-88%yield, 6 examples
m Use of stronger base
o) Pd(dba),, P(‘Bu), 0
+ ArBr ; = R1
R
1%OR 1.3eq I_t|N1C2yzz,;EIuene RQA‘)J\OR
Ro i e Ar

11
. 70-97%yield

47 examples

Jogensen, Morten; Hartwig, J. F., et. al, J. Am. Chem. Soc., 2002, 124, 12557



Application of Arylation Reaction
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Applications — Construction of Heterocyclic

Intramolecular Arylation Reaction of Stabilized Anions

u Provide a simple way to construct many ring systems
m Represent a valuable synthetic building blocks for further reaction

Beare, Neil A.; Hartwig, J. F., J. Org. Chem., 2001, 66, 3402
Gaertzen, Oliver and Buchwald, Stephen L. J. Org. Chem., 2002, 67, 465



Applications — Total synthesis

Synthesis of Analogs of Duocarmycin SA

MeO
OMe

\ OMe

Duocarmycin SA

®m  Resource: isolated from streptomyces species in Japan.

®=  Bio-activities: extremely potent antitumor antibiotic

Muratake, H., Natsume, M. Tetrahedron letters 1997, 38, 7577



Applications — Total synthesis

Synthesis of Analogs of Duocarmycin SA

R 6

OCOQMe

\

z = |
X 10mol% PdCl,(PPh,) CICO.Me N —
74 | » 2 - 74 _—
% 3eq Cs,CO3, 30mol%PPhy NaH X
S bezene, reflux 1.5-6h ScoMe X yield
2
4 3 0, 90%
CHCH, 91%
S, 86%

. Muratake, H., Natsume, M. Tetrahedron letters 1997, 38, 7577



Applications — Asymmetric Quaternary Center Construction

Enantioselective Construction of Quaternary Centers

=  New catalytic methods of formation of quaternary stereocenters

®=  Preparation of some important intermediates for natural product synthesis

2 Tochuinyl Acetate

Ahman, Jens; Wolfe, John, P.; Troutman, Malisa V.; Palucki, Michael; Buchwald, Stephen L.
J. Am. Soc. Chem., 1998, 120, 1980



Applications — Asymmetric Quaternary Center Construction

Enantioselective Construction of Quaternary Centers

O
O Me.yH Q 2.0eq ArBr R
I

HCOOEt L 2eq NaO'Bu, toluente Bh g
3-40h, rt (R)-
80-86%yield
. , . , 88-94%ee
= High enantioselectivity and yield 8 examples

® | ow catalysts loadings

® Mild conditions

Not efficient for ortho-substituted aryl bromides

9) @)
e v
’sh Ph " 2) 1M NaOH Ph
(R)-2k (R)-5
93%ee 91%yield
93%ee

Hamada, Takayuki; Cheffi, Andre; Ahman, Jens; Buchwald, Stephen L.. J. Am. Soc. Chem.,
2002, 124, 1261



Prospects — Use of Other Metal Catalysts

Prospects of Arylation Reactions of Stabilized Carbanions

= Arylation of malonates catalyzed by copper
O @) 0 0
7 N\ - )J\/U\ 5mo1l/;;ulc,:1028m 15> j\(ﬁ\
A : 2 3
R\=— EtO OEt
THF, 70°C =to OFt

Ar
R = OMe, CF5, NO,, MeCO,CN
COzEt, OH,MeCONH, NH,

= Cheap catalyst and ligand, excellent functional group tolerance

Only aryl iodide is reactive

70-98% yield

16 examples

OH
15

= Enantioselective arylation of y-butyrolactones catalyzed by nickel

o 5mol% Ni(COD), o

R+ Arx _ 8:5mol% (S)-BINAP R 89-99%ee
0 ' 2.3eq NaHMDS, > O Y, ~ 57-95%yield

15% ZnBr,, 60°C 15 examples
= High ee and good yield

Not efficient for ortho-substituted aryl bromides

Hennessy, Edward; Buchwald, Stephen L.. Org. Lett., 2002, 4, 269

Spielvogel, Dirk J.; Buchwald, Stephen L.. J. Am. Soc. Chem., 2002, 124, 3500



Prospects — Tandem & One-pot Synthesis

Tandem and One-pot Synthesis
® Tandem synthesis of 1-Vinyl-1H-isochromene derivatives
By | 'Bu

” Q  Pd,(dba),, ligand b
. o(dba)s, ligand,_ N [
)LtBu LiIHMDS ©
| OR OR ™
1

1-Vinyl-1H-isochromene
direvatives

= One-pot preparation of diethyl 2-Aryl-2-methylmalonates

¢ O O
M + ArRr_do(dba)s, P(Bu)3 ~ CHsl M 89-91% yield
EtO OEt K3PO, Et?_l o s OEt 4 examples
3

Mutter, Roger; Campbell, lan B., Wills, Martin; et. al. J. Org. Chem., 2001, 66, 3284
Beare, Neil A.; Hartwig, J. F., J. Org. Chem., 2002, 67, 541



Conclusions

Conclusions

Direct ketone arylation reaction is a general method to selectively install
aryl group at a-position of ketones.

Ketone arylation reaction has been greatly extended to other stable
carbanions

The intramolecular arylation reaction can furnish a number of
heterocyclics.

Asymmetric arylation reactions have been established

Most recent work was briefly discussed. Their potential development is
expected
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