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First Example

In 1958, Nilsson reported his findings regarding an Ullmann coupling.

Cl
OMe MeO cl
cl I Quinoline, 220 °C Cl O
OMe OMe cl

Cl
"...The reactive intermediate in the Ullmann reaction is likely to be an arylcopper."

Nilsson, M. Acta Chem. Scand., 1958, 12, 537-546.

In 1966, Nilsson reported the first decarboxylative Ullmann coupling.

MeO
0 OMe _
0.8 Eq Cu(l) oxide
OH ' g
Quinoline, 240 °C
NO NOy

50 % Yield

Nilsson, M. Acta Chem. Scand., 1966, 20, 423-426.



Myers’ Decarboxylative Heck Type Reaction

€ Typical Heck reactions couple aryl- or vinyl-halides with olefins.
| Pd(0), ligand P
Q/ N . Q/\/
base

€ In 2002, the Myers group reported a Heck reaction using benzoic acids.

0 N
PdX
il : [ ArPax ] T» i g 0
Ar OH :;
HX, CO, XPdH

Myers, A. G. et al. JACS, 2002, 124, 11250-11251.




Myers’ Decarboxylative Heck Type Reaction

Me O Pd(OCOCF3), (0.2 eqiv)
Ag-CO3 (3 equiv)
OH + _
M M 5% DMSO-DMF
° ° 120°C,1.5h
99 %

€ Electron-rich, -poor, and heteroaromatic acids are tolerated.

n
i F O"Bu
, F X @)
Lt ‘ N ‘ ‘ 0 7 Q N O
E E
MeO OMe Me Me L Me
91% Yield 61% Yield 66% Yield 90% Yield

Myers, A. G. et al. JACS, 2002, 124, 11250-11251.



Decarboxylative Cross Coupling

CFsy
1 mol % Pd(acac);
COoH 3 mol % Cul ‘
-
@: 1.2 equiv. K,CO4 ‘
NMP, 160 °C NO-

93%

Science 2006, 313, 662.

€ Bimetallic catalyst system-Pd/Cu
€ Lower temperature
€ Higher yield---practical industrial application



Mechanistic Studies

@]

o A Anion exchange
Oxidation 3 \:e
Ag salt LoPdX,
o) =
L

PdL,
x—bd—0 \Il/
|
HX L
Proposed mechanism CO,

HPdL,X i _
p-Hydride ) ] d_<\:>

elimination
~ /\
SN g AR

| =3 L_'!d_l' Insertion

et

JACS 2005, 127, 10323.



MeO.

MeO

CO,Na

OMe

Mechanistic Studies

ArCO,H
PdX,
CO, + HX
X—Pd—Ar
o P co
£ 3
o \\S/ /IVIe
1.0 Eq Pd(OTFA), | O, Me
- Fac)I\O—Pd*QO;
5% DMSO / DMF | L
1
80 °C, 15 min. DSC“"'ﬁ"'”CDa Me
0

Confirmed by crystal structure

JACS 2005, 127, 10323.



Mechanistic Studies

E- 2R
OQ:\\ E 3
o S Me
Fe
PR | o e
FaC o—m@o
| @
Me

X—Pd—Ar

DMSO-dg, 0 °C

\

BUO,C
M2 Ar

Fl’d
OTFA

Characterized by NMR

JACS 2005, 127, 10323.



Mechanistic Studies

X—Pd—H
R
\/‘\Ar
€D )
O\\é/ 3
Me
O /
)I\ | v {Me
F1C o—m@o
| g
oo rrcn, W
0

OBu

T

DMSO-dg, 23 °C

tBUOQC%Ar

90% NMR Yield

JACS 2005, 127, 10323.



Decarboxylative Cross Coupling

Cyclic enone as substrates

0.2 Eq PA(OTFA), 5

0
0 2.0 Eq Ag,COs5
M -
A OH 5% DMSO / DMF "
:

80 °C,<3h
Scope of the aromatic acids
O MeO (0] Me O E O
MeO OMe OMe Me Me E
92% 89% 61% 52%
MeO (@] (8] O
0 O
B MeCO.
r OH ¢ OH = OH
| /
~ OH

OMe MeO NO5 MeQ N OMe Me
58% 49% 63% 66%

Org. Lett. 2004, 6, 433



Decarboxylative Cross Coupling

Cyclic enone as substrates

0.2 Eq Pd(OTFA
0 & q Pd( )o o
2.0 Eq Ag-,CO4
OH e
5% DMSO / DMF
MeO OMe : Ar n
i 80°C.<3h
G 0
Me Me Me Me
81% 92% 65% 30% 86%

Org. Lett. 2004, 6, 433



Decarboxylative Cross Coupling

0.2 Eq PA(OTFA
3 5 q Pd( )2 o
2.0 Eq Ag,CO4
OH - 92 %
9% DMSO / DMF
MeO OMe ) Ar
80 'C,0.5h
Compare to traditional coupling methods
| 9 T
/(j: b conditions _ b
MeO OMe -
Ar
Pd(OAc), (0.1) Pd(OAc), (0.1) Pd(OAc), (0.2)
NaOAc (2.0), BusNCI (1.0) NaHCOj (3.0), Bu4NCI (1.0) NaHCOj3 (3.0), BusNCI (1.0)
DMF, 80 °C, 22 h DMF, 80 °C,17 h DMF, 80 °C, 16 h
29% 55% 59%

Org. Lett. 2004, 6, 433



Decarboxylative Cross Coupling

Ortho-substitution is required

0.2 Eq Pd(OTFA), 0

O 0
2.0 Eq Ag,CO4 _
OH - o
5% DMSO / DMF O A)
Me .
80°C,0.5h
0.2 Eq Pd(OACc), O

| 3.0 Eq NaHCO;
r
i 1.0 Eq Bu,NCI ‘ 100%
DMF, 80 °C, 21 h



Biaryl Synthesis via Decarboxylative Coupling

Tradition biaryl synthesis use organometallic reagents

catalyst
Ar-M + X-Ar S Ar-Ar + M-X

M=SnR;, BR;, ZnX, etc
X=halide, OTTf, etc

Decarboxylative biaryl coupling reaction use aromatic acids as substrates

catalyst
Ar-COOH + X-Ar —_— Ar-Ar H-X

X=halide, OTTf, etc



Biaryl Synthesis via Decarboxylative Coupling

In 2006, Goof3en reported bimetallic catalyst for decarboxylative baryl synthesis

Pd(acac
n (acac),
Cul / phen
| = OH | o -
N o N Ko,CO4, MS-3A
R r H.
NMF, 24 h
Science 2006, 313, 662
Proposed mechanlsm —
[Cu] X
%’ G \ \R oxidative \ \
addition
decarboxylation
o—d,vtCul
74 _\ R trans- L,Pd(0

metallation

anion
Oe exchage
/,
— s
O—C'/ [CulX \ 7R reductive ~

GR elimination

[Cul* = [Cu™X " T*, [CullLy]*, ...: X =1,Br, Cl




Biaryl Synthesis via Decarboxylative Coupling

Follow Up Work

1 mol% Pd(acac), cl

3% Cul / 5% phen

SRS S i B
N . K,CO3, MS-3A N

NMF, 160 °C, 24 h

JACS 2007, 129, 4824

NO3 F OMe
MeﬁcogH Me\@COZH MGOUCOEH ©/COQH ©/COQH
NO, NO;
74% 51% 71% 76% 46%
He 0 o

Me O iPro O EtsN
CFy
CO,H CO,H CO,H CO,H :l: LCO,H
69% 51%

61% A5%, 30%



Decarboxylative Cross Coupling

2.5-7.5 mol % Cu,0
e o2 5 mol % Pd(acac); Sy
R + TsOAr . R+
/ 7.5 mol % XPhos, NMP =

Angew. Chem. Int. Ed. 2008, 47, 3100

73 % 85 % 83 % 75 %

NO, NC

96% 89 % 74 %




Decarboxylative Cross Coupling

O Phe_° O __Ph
O e YU
N N N

M B Me Me
0 0
Phee Pd© 9
\’EﬁOH SOOL . gﬂOH
Me M
o)
0 Pq©) (O Ph
(o ——  §O
Ve Me

JACS 2006, 128, 11350



Decarboxylative Cross Coupling

5 mol% Pd[P(t-Bu)s],

X X
( COZH Bu,NCI - Hy,0, CsCO,4 ' Ph
\_/ - \_J
A B DMF, uW, 170 °C 3
2.0 Eq 1.0 Eq 8 minutes
On_—Ph O o
g_z/ 74% Q/_Z/ 86%
Me Me
\
w’ + 88% \D y Ph R = Me, 86%
R=H, 41%
H R
3
! S\ —Ph R = Me, 74%
w 63% ¢ ) <
N R=H, 23%
Me R

JACS 2006, 128, 11350



Decarboxylative Cross Coupling

OMe
O'Pr

Br

HOLC

\ / o
Pro O O
MeO MeO

O'Pr

Synthesis of Lamellarin L.

Pd(OAC),, PPhs

CH,CN / NEt; (3 1 1)
150 °C, 80 min.

Chem. Eur. J. 2000, 6, 1147.



Decarboxylative Cross Coupling

Potential for Combination with other Coupling Methods

5 mol% Pds(dba)s
0] 10 mol% dppf

Br—Ar
Ph—I + H%{ - - Ph——=——Ar
OH 6 Eq TBAF 90°C,12h
NMP, rt, 12 h
Ar-1 Ar-Br yield (%, isol.) Ar-l Ar-Br yield (%, isol.)

Cihle

3
Ph—I Br@ 48 Ph—I Brﬂ B1
Ph

Ph—| Br@ND: 52 Ph—I Br@ 59




Decarboxylative Cross Coupling

One-pot---combination of Sonogashira coupling and decarboxylative coupling

5 mol % Pd(PPh3)Cl,

@/I @/Br — A’O 1Dmal. % dopb O - —

¥ ¥ H - \Y — 7

R4 7 { 4 \OH DBU, DMSO 80 °C| r™ Y \ 7 R2
R

51 o

Sonogashira coupling
5 mol % Pd(PPhs)Cl»

|
A O 10 mol % dppb
| o E— ( - N e
R

DBU. DMSO RMN=— OH
50 °CJ 5h

Decarboxylative coupling

O/Br @) — —
— —_— —
R — b [B0°Clen gres_4 i

J. Org. Chem. 2010, 75, 6244.



Decarboxylative Cross Coupling

exlllc N 0.5-2 mol % Pds(dba)s | =
Lz CooK + ArX > Z Ar
N 1.5-6 mol % Xant-Phos N

X = BI', OTf 150 OC, dlglyme

I N CF3 mo X OMe
NZ N7 0> s

N

79% 88% 73%
(X = OTf 76%)
2O QO Q0"
N/ ™
84% 89% 72%
, I/
N Cl N *9\\/0/ ’\\/O/
86% 78% 85% 61%

JACS 2010, 132, 14391



Decarboxylative Cross Coupling

N

| 3 0 Ar-X
=
L,Pd(0)
Ar
L—Pd—L L
| L (*4
= I J\/ e @
o COz K
N
f K’KX
Ar
L_'!l’d_'- Ar—I!’d—O
N_ __CH,
L—pd—L L/
de o)
>
G0, . |

JACS 2010, 132, 14391



Decarboxylative Cross Coupling

CuCly * 2H,0(10 mol %)

2 Na,CO- (2.0 equiv R?
R1:COOH+RH»R3 200 ( q)p.Ph:l\f
toluene, 100 °C R3
under air
0
@) Me @)
_ o
D=ty Oy P
Bn
84 % 75 % 68 %
Ph
0 0 \
Me N
_ 0 __ 0 -
MBAQT \/J \“J’ST \,J
OOMe
76 % D % 68 %

Org. Lett. 2010, 12, 2000



Decarboxylative Cross Coupling

——COOH

BH*X"
+
2B + H,O cul'X, {
2BH*X + 1/2 O, y
xcu'l

Cu(0)

2
RI—= R A\ hez
%3
R2R3N.~ ” base \
%X

NR2R3
H+



Synthesis of Telmisartan ( E:#jbiB )

1. Cuy0, 1,10-phenanthroline

COQ!PI' ’> Pd,(dba);. 2-(biphenyl)P('Bu), Pro,C
NMP/quinoline, 170 °C, 24h
:
COzK 2. HCI, H,0/iPrOH, 80 °C, 3h

83%

o -
O obprn = S
aleeov -

Telmisartan
35% overall yield

J. Org. Chem. 2008, 73, 8631



Intramolecular Decarboxylative Coupling

Pd catalyzed decarboxylative allylic alkylation

Tsuji :
®) o) 5 mol % Pd(OAc), O
)J\/u\o/l\y\ 20 mol % PPh3 > /u\)\’;\
THF refiux Quantitative yield
Saegusa Tetrahedron Lett. 1980, 21, 3199.
O O Q
O/\/// 5 mol % Pd(PPhg)L =
DMF, rt

96%
J. Am. Chem. Soc. 1980, 102, 6381.



Decarboxylative Cross Coupling

2.5 mol % Pd,(dba)s-CHCl,

O
OJI\OM _
5.5 mol % Ligand
e
Toluene, 23 °C
h; Ph;b

<74
Qea | 3
NH HN
d d b Y ? o
PPh, Ph,P PPhy; PhoP PPh, PhyP
(R,R)-L4
73%, 31% ee 73%, 61% ee 85%, 60% ee 88%, 85% ee

JACS, 2009, 131, 18343.



Decarboxylative Cross Coupling

R‘])lY\/
R Rs
Pd(0)L,,
enantioselectivity
-determining step Recombination
Coordination
& lonization
®
[ Pl 9 el
n -
© o | 3 o N
N OJ\O
= RQ R
L R - Rs i

Decarboxylation

CO, JACS, 2009, 131, 18343.



Decarboxylative Cross Coupling

O
10 mol % Pd(PPhs)4 P~
/L 7 - =z 7
R K//’ toluene, 75 °C, 2h R
@]
/ /I\O
=
L 27
Pd(O)L,
A Coordination
Reductive & lonization
Elimination

%\/{ [/LOPdL

Decarboxylation

// PdL
JACS, 2005, 127, 13510.




Decarboxylative Cross Coupling

@

R
Z
Ph
78 %
Z
™
81 %

(10 mol % Ph(PPh),)

=
4 |
Me .
N

78 %

AN
/‘\O Ar

5 mol % Pd(PPhs),

toluene, 110 °C, 15h

/\Ar

bOC
93 %
(10 mol % Ph(PPh),)

JACS, 2010, 132, 9280



Decarboxylative Cross Coupling

Intramolecular

Intermolecular

R X0
+

O

HOJ\

Ph

Pd(PdPhs)4 (0.1 equiv) Ph | Ph
> =
toluene, 75 °C =
2h
80 % yield
_ _ Ph_
—CO
i = | Ph /

Pd(PdPhs),4 (0.1 equiv) ‘ Ph

=
toluene, 75 °C Z
1i2h

R =H, 73 % yield
R = Ph, 76% yield



