7. Palladium-catalyzed cross couplings: C-C couplings, usually at least one sp2 C

e general mechanism is the same for different variants; simply differ in the transmetallation reagent

e the Heck rx and Buchwald-Hartwig amination are related (but no transmetallation)

Reaction E R’ type R type Promoter

Stille SnBu", wide range sp>spZ>aryl> Cul, LiCl
allylic>sp?

Hiyama SiR”, sp?, aryl sp?, aryl F- (required)

aryl-1 best

Suzuki B(OH), sp?, aryl, alkyl  sp?, aryl, base (NaOH,
alkyl (as BR; type) Cs,CO;)

Kumada MgX various various

Negishi ZnX

Sonogashira* Cu sp2>aryl CCR Cul, base

e poor>e-rich e rich>e poor
(* without Pd this is the Stephens-Castro)



i Pd?* Pd° talvst
General mechanism: or Pd° precatalys

concerted (sp?) or

stepwise (sp3)

R'X
OA
C .\ . ) PdL,(solv)
e oxidative-addition can be step-wise or concerted depending - solvent
on R’X so inversion or retention of configuration observed
e L is generally a phosphine although NHC have been used L R'
R'-R ~
e Pd?* precatalysts work quite well provided there is a means L/Pd\x

for in situ reduction to Pd® (not usually too difficult)
e bulky alkyl phosphines (eg. PBut;, PCy,) work best: bulk RE Isomerize “

enforces a lower coordination number and strong donor

E-R

. , L R'
ability ensures an electron rich metal capable of OA solvent >p<
. . X L
e many promoters or activators are known that increase rates
o for R’X, order usually parallels leaving group ability:
I->OTf>Br>>CI- L R L R
JPd_ = _Pd_
L R R L

Isomerize E-X

Transmetallation



Examples MeO

Stille coupling

nBu3Sn
OMe -+ —_—

e carried out in polar solvents __ SnBu

e two transition states in the transmetallation

step and they lead to different stereochemistry

— explains the observation of opposite stereochemistry PdCl,(CH,CN),

being reported with same partners but different conditions J. Org. Chem. 1997, 62, 8290 DMIF, THF
MeO
H > 85%
O)—
+ \
3 ......... §n3u3 L | __.SnBu3 //
i i ) OMe
i \\\\\\L i ‘ iy
R'——Pd-X R'——Pd
X ‘ Ny

Se2 (cyclic) S¢2 (open)



Suzuki

aryl exchange with PPh,
is  observed where
transmetallation is slow

stronger bases favour

faster transmetallation

RB(OH), + RO (R=H,Me) —  [RB(OH),(OR)]

Rl

HO OR HO, OR
\és \-s
N N
HO R ?0+ R

1 \\\‘\\\L - X \\\\\\\L
Pd X R'——Pd
L / s L /
- B(OH),(OR)
\
\\\\\\\L
R'——Pd R

7”~

L

MeOOBr
+

Pd(PPh,), 3 mol%

base, DME-H,O

MeOB(OH)Z 80°C,3h
base conversion A B (03
Na,CO, 100% 66 33 1
K,PO, 88 94 4 2
NaOH 82 92 1 7

MeO



Kumada (M= Mg) and Negishi (M = Zn)

Pd(OAc), 4 mol% CN
+ -
PCy, 4 mol%
MgBr
NMP-THF
99%
20h, RT

Angew. Chem. Int. Ed. Engl. 2002, 41, 4056



Sonogashira

Cu(l) alkynide is the transmetallation species

increasing base strength of the amine speeds up the
reaction, presumably because it is better able to

deprotonate the alkyne and form a Cu-CCAr species

Cul may act as a phosphine scavenger
helping to mitigate phosphine inhibition effects
amine inhibition is observed

not too bad as amines are poor ligands Pd° but reactions

do proceed faster in mixed amine/THF than in pure amine

>:C=\ >:C—
Br [Pd(PPh,),] Cul (1-5 mol%)
+ 3)a a \\

Et,;N RT Ph

o
=

Synthesis 1983, 32 78%

| [Pd(CI),(PPh;),] Cul (1-5 mol%) | | | |

+ >
Et,NH 80 °C 10h

=—)-ono ) (

OHC CHO

Bull. Chem. Soc. Jpn. 1982, 55, 2434  35%



Heck reaction (via carbopalladation of an alkene)

R Pd? R

\= o= R'X > \=\
-HX

RI

e first reaction of this family developed (c. 1970) but fundamentally different from others in that it involves
alkene (or alkyne) insertion

e works best on monosubstituted or 1,1-disubstituted alkenes to form 3-coupled product

e same reactivity order for R’X as in other reactions: X = I>OTf>Br>>Cl|

e electron rich and bulky phosphines work best



Pd?* or Pd° precatalyst

concerted (sp?) or
stepwise (sp3)

R' R'X
OA
% PdL,(solv)
R - solvent
base-assisted '
L\ _R
RE _pPd_
. L X
(a beta H elim)
solvent Isomerize ‘
' B "Spd )
L L /— ase AP
_Pd 'H
Xj oY H
HR R
L\ _R ==
Pd
e
. ) P 4
Insertion L Ligand substitution



Heck cascades useful in synthesis:

(e et

Ph

intramolecular
Heck

(product can't beta elim)

Ph

‘ .
L -
R electrocyclization

n=1-3

)\PdBr(L)x

—/

@

Ph

7

intermolecular
Heck



Buchwald-Hartwig Amination

Pd°
ArX + RR'NH » ArNRR'
0.5-5 mol%
R = aryl, alkyl base, -HX X i
Moo
R' = alkyl, H o pd D
L \2/ Ar\ /X
Pd
_ L’ :N\/ R
e some catalysts require a strong e L H R
base like KOBut but others can
LoPd NaQiBu

utilize excess amine as base

e yields typically > 90% "‘k/
R L
‘ Ar—N HOBu

! R AT
—_ L—Pd
N—R [a)
o) B Ar_ X o
/Pd\ _R Na
(0] L N
<:>< j Pd(o-Tol,P), F,C N F{
\©/ “NaOBu' \©/ 67% e

2 mol%
Tet. Lett. 1996, 37, 6993



