Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

UCT PRAGUE

» General scheme for transition-metal-catalyzed cross-coupling reactions

M-cat
Nu—M + X—E Nu=—E
X=F CIl Br, |
* Simplified mechanism
Reductive Elimination Oxidative Addition
m° E )—X
E J=Nu 7/
E E
/ /
Mll MII
\ \
Nu X
M— Nu

Transmetallation
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

UCT PRAGUE

» General scheme for transition-metal-catalyzed cross-coupling reactions

Nu—M + X—E M-cat Nu=—E
X=F, Cl, Br |
o I BanJLCOZEt . o CO,Et
Negishi reaction w Pd(P(o-Tol)3),Cl, (5 mol%)

DMF, 70 °C, 3 h 96%

Synthesis 2002, 2681.

1.Br—©—CN

TMSOK
Me, Me Pd(dba), (2.5 mol%)
__piOH dioxane, rt, 30 min

Hiyama reaction Me, /=/J 2 |—©—CN
Me-Si '

S Pd(dba), (2.5 mol%)
CsF, dioxane, rt, 30 min

74% (2 steps) J. Am. Chem. Soc. 2005, 127, 8004
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

UCT PRAGUE

n
Fd | wi
Mg
.

» General scheme for transition-metal-catalyzed cross-coupling reactions

M-cat

Nu—M + X—E —— Nu==E

X=F Cl,Br |

Kumada reaction
(Kumada—Tamao—Corriu)

Stille reaction
(Migita—Kosugi—Stille)

Me

Cl.~ P Ph2
\)\Me Ve cat P
MgBr  cat (1 mol%) Z M ©: \N'CI
/© THF, 30 °C, 12 h ° oty
Me Me

=N
oo T
Me

Synlett 2013, 2081.

Br —
/ Bu3sn\¢\SnBu3 ‘
PdCl, (2 mol%), Pt-Bus (4 mol%),
MeO OMe Cul (4 mol%), CsF, DMF, 45 °C

Angew. Chem. Int. Ed. 2004, 43, 1132.
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

UCT PRAGUE

Zn
Pd | NI
Mg
.

» General scheme for transition-metal-catalyzed cross-coupling reactions

Nu—M + X—E) M-cat N F

X=F ClBr |

Me
Br Mq

Suzuki reaction @'B/Ni“l‘ MG—Q—B(OH)z O Me.N

(Suzuki—Miyaura) 00" Pd(OAc); (2 mol%) & B((g}o
Ligand (4 mol%) 0=<0
K;PO,, THF, 65 °C 85%

J. Am. Chem. Soc. 2007, 129, 6716
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

UCT PRAGUE

» General scheme for transition-metal-catalyzed cross-coupling reactions

Nu—M + X—E M Nu=—"E ml BanJLCOzEt - &/E:HLCOZI&
Pd(P(o-Tol)3),Cl, (5 mol%)

DMF, 70 °C, 3 h 96%

Synthesis 2002, 2681.

* Simplified mechanism

[Pd"]

[Pd9] E —X

Yo g

/ /
L(n_1)Pd\ L(n_1)Pd\

wx

M— Nu
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

UCT PRAGUE

[Pd"]

> Pd0—pd(" —pd(0) catalytic cycle |
] 2 [Pd°] E—X
* Generation of Pd from Pd" 7/5 \Q =
L(,,_1)Po( Ln-1)Pd,
Nu X
o From amine \/
@ — Nu
Me” “N""Me )
J
Me Et;N Et;NeHX
Et_® j
Et,N
Pailx, — >~ Et—N-Pd®"X - HPd("X "~ pd©
L ] reductive
Me HH dehydropalladation elimination
o From alkene
2 X
wy HCsCH,  M2CYCH2 X o
Pd™X2 coordination :(") halopallad. XPd‘")/Y dehydropallad. HPd™X
X,Pd H \
HX + PdO©
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

[Pd']

> Pd0—pd(" —pd(0) catalytic cycle |

et [Pd°] E—X

* Generation of Pd?from Pd" = 7/5 \Q .

L(,,_1)Po( Ln-1)Pd,

. Nu X

o By transmetallation \/
R-M _ R . M— Nu
Pd(")Xz ligand ;Pd" reductive Pd® + R-R

substitution R elimination

o From phosphine

PdOAc, * 4PPh; * H,0 —— PdOPPh;), * O0=PPh; * 2AcOH
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

» Negishi Reaction Nu—znx ——-> Nu—(E

* Selected examples

O_/—NMEZ
NMe
o/ 2 ZnCl Q
Ph

+ Pd(PPh3)4 (5 mol%)
Ph toluene, 110 °C -

o A

99% (tamoxifen)

h
>

J. Org. Chem. 1990, 55, 6184

y/ p
PdCl,(PPhs), (5 mol%) O O
A
. Z“C'OMOM DIBAH  MOMO ey HO
MOMO /\/@ THF, 25 °C O oMOM ~— O OH
— 7

I z

68% (magnolol)

J. Org. Chem. 1995, 60, 1856
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

UCT PRAGUE

Zn
Pd | NI
Mg
.

NMe,
> Negishi Reaction o~/

0_/_NMez ZnCl Q
p . @ Pd(PPh;), (5 mol%) Ph _
Ph toluene, 110 °C Et
Et Br Q

99% (tamoxifen)

* Generally accepted mechanism 0—\_NM
€

Ph Ar
L, Pd°
L. .Pd° Oxidative Addition
Reductive EI|m|nat|on (" 1)

>_<Et

[Pd"] [Pd]

ol

\T/ L{@/O\/\Nmez

Ar =
e

Transmetallation

Nu—znX

M-cat

Nu=—E
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

UCT PRAGUE

» Negishi Reaction
* Side reactions — 3-elimination

Pd-cat

Nu—M + X—E Nu=—E
Reductive Elimination Oxidative Addition
[Pd] E —X
E =Nu 7/ \g
/E E
[Pd"]. [P
Nu X
XZn— Nu

Transmetallation

Y
E

Nu—znX Mocar Nu=E
?
NuU—M + X’\'E Pd-cat o —E
p
R
H—’/'é B—Elimination TROR
L Pdi\ b = LnM_JI
n RR R™ R
Oxidative Addition
X
[Pd°] e~
ﬁ -
[Pd",
X
E) PB-Elimination
HX + —
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

Zn
Pd | NI
Mg
.

» Negishi Reaction
* Side reactions — 3-elimination

NiBryediglym, (S)-iPr-pybox

DMA, rt .
> X + Yan— NiCl,eDME, (R)-iPr-pybox :’>’W
DMI/THF
NiBr,ediglym (10 mol%) NiCl,eDME (10 mol%)
(S)-i-Pr-PYBOX (13 mol%) (R)-i-Pr-PYBOX (13 mol%)
DMA, rt DMI/THF, rt
(o) (o)
Cl B"“r;l Me Bn“N Et
‘ Ph o) Ph
e 5

69 %, 94 % ee 72 %, 98 % ee

OBn
B
O Z,
Me <’, N
63 %, 75 % ee N
i-PF l-Pr l-Pr
J. Am. Chem. Soc. 2005, 127, 10482 (R)-PYBOX

60 %, 98 % ee

oS TP

51 %, 96 % ee

58 %, 92 % ee

(S)-PYBOX %pr
J. Am. Chem. Soc. 2005, 127, 4594
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions t“'l\

» Negishi Reaction Nu—znx ——-> Nu—(E
 Side reactions — Acid-base reaction

Pd-cat

Nu—M + X—E Nu=E

* Dry solvents (THF, Et,0, 1,4-dioxane, toluene)

Reductive Elimination Oxidative Addition

2 o [Pd°] E —X
7o\ g
[Pd":li [Pd"]/\
Nu X

XZn—Nu + H,O —— H—Nu
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UCTGUE Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions #&Zg

X—E
] ] ) N —Z X N — E
» Negishi Reaction U=ZnX Ncat M

* Negishi reaction of substrates with acidic functional group

. 1 equiv PhNH, . 1 equiv BuNH,
Q-znXeLiCl —peose (QHH (Q—2ZnXeLiCl = (QH

THF, 25 °C
100 1040 —
— —h— al ___"_““———f‘_____f:_ A

—
B B0 =
5 -
E —&#— PhZnl i
; B0 +'DGE|'|EF -E 70 1 —ip—PhZnl
5 —&— BnZnCl ; —8— OciZnBr
2 = —&— BnZnCl
B 40 % &0 -
= 5
o 20 =
=

40 +
o ‘I o 5 10 15 20 25
0 0.5 1 1.5 2 2.5 3 3.5 4 time [h]

time ]

J. Org. Chem. 2008, 73, 8422
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

UCT PRAGUE

» Negishi Reaction Nu—znx ——-> Nu—(E
* Negishi reaction of substrates with acidic functional groups

H
ZnCleLiCl Br N.
H Ph
* AN
Et0.,C Ph EtO,C
2 Pd(OAc), (1 mol%) 2 75 %
0
- SPhos (2 mol%) Et0,C
@,ZnCIoUCI THF, 25 °C O
H
94 %

OH

. |
NC” ~"ZnBrsLiCl
neret ¥ \©)\ Pd(OAc), (1 mol%) /\/\©)\

SPhos (2 mol%
THF, 25 °C 88 %

Cl

0
ZnCleLiCl 4 |_©_q OH
he
CO,Me COzMe
Org. Lett. 2008, 10, 2765, J. Org. Chem. 2008, 73, 8422
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

UCT PRAGUE

n
Fd | wi
Mg
.

» Negishi Reaction

* Side reactions — oxidation

Pd-cat

Nu—Mm + X—E Nu=E

Oxidative Addition
E —X

0
E-Nu7/ [Pdlﬁ
E E

[Pd"]i [Pd"]/\
Nu X

Reductive Elimination

XZn— Nu
Transmetallation

Pd-cat

Nu—M + X—E Nu=E
O, .
minor
Nu
7
[Pd"] + NU—M Transmetal= [Pd"]
S
Nu

Nu—znX
n M-cat
Nu==Nu
major
Reductive
— —> Nu
elimination

Oxidatjve Addition

[Pd"] &; [PdO]

-Nu/\ [Pd"]

Reductive Elimination

[Pd"]/

/

XZn—Nu

Nu=—E

=N U
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

» Negishi Reaction Nu—znx ——-> Nu—(E
* Negishi reaction ,,on water” under aerobic conditions

AN+ 2nCl A "zncl

2-MeTHF

Pd(PtBU3)2 (25 mOI%)

H,0, NaCl, rt X
BI’-@-CHO + /\/\ch| air, 20 s > /_/—Q’CHO

98%

1- 2-

1~ — |- Cl — [ LPA LiCl maintains the longevity of Pd-p f)sp Ine catalyst
. and speed up the transmetallation step

more reactive

in oxidative addition

Angew. Chem. Int. Ed. 2021, 60, 10632
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

» Negishi Reaction Nu—znx ——-> Nu—(E
* Negishi reaction ,,on water” under aerobic conditions

Pd(P'Bus), (2.5 mol%)

NU—ZnX + X—E qu, NaCl, rt NU—E
air, 20 s

o Selected examples
0

o)
WCOZEt ’©)LCH3 O OEt
N’ H,C O
63% 87% 76%

Angew. Chem. Int. Ed. 2021, 60, 10632
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

X—

» Suzuki Reaction (Suzuki—Miyaura reaction) NU=B(OR), ot NU—E
Nu—B(OR), + X—(E) 2. Nu—E
* Simplified mechanism
Reductive Elimination Oxidative Addition
[Pd] E —X
E =Nu

E E
/ /

L(n_1)Pd\ L(n_1)Pd\
Nu X

(RO),B—Nu
Transmetallation
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

X_
» Suzuki Reaction (Suzuki—Miyaura reaction) NU=B(OR), ot NU—E

* Synthesis of boronic acids or boronic acid esters

o Li (Mg)—B Exchange reaction (suitable for arylboronic acids)

E—X —— Nu—Lj (MgX) TY;’ NU—B(OR)2

X= CI, Br, I! H
F : F
m LDA (1.2 equiv), 0-5 °C_ mB(OH)z
N B("Pr0);, THF N
Boc then HCI (aq) Boc
73%

J. Org. Chem. 2002, 67, 7551.

SO,NEt, SO,NEt;
n . . o

N\ 1. "BuLi (1.3 equiv), 0 C= N\ Bpin

N 2. MeOBpin, -78 °C to rt N

MOM 77% MOM

Org. Lett. 2011, 13, 3588
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

X_
» Suzuki Reaction (Suzuki—Miyaura reaction) NU=B(OR), ot NU—E

* Synthesis of boronic acids or boronic acid esters

o Syn hydroboration (suitable for vinylboronic acids)

+
H BR
__ R,BH 2
{ H"BRJ
< o
o) /—\ __ 1.HBBr, DCM H B-OH
H3C >

/ \ — J _
7 catBH, 70 .c  H_BO 2. NaOH J_)_,
¢ ; H;C
d_, 94%

J. Org. Chem. 1980, 45, 389
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

X_
» Suzuki Reaction (Suzuki—Miyaura reaction) NU=B(OR), ot NU—E

* Synthesis of boronic acids or boronic acid esters

o Anti hydroboration (suitable for vinylboronic acids)

O

"BusP (10 mol%) PinB,_ CO,Me
DinB-H /LOMQ usP ( ) PR
_ Ph "t PH H
g— 87%
t "Bu,P
leBH ’
N—f ©
H BR Ill"éRz Ph =(O @ ! Bpin
2 O =" "BusP~ O
—( "Bu,p’  OMe L
Ph"OY “OMe
H
. pin
H pinB-H oB pinB\O
H_ /\
BR, Ph_HP ”fow.e
? nBU3P OMG\_/ Ph PnBU3

J. Org. Chem. 2018, 83, 10436
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

X_
» Suzuki Reaction (Suzuki—Miyaura reaction) NU=B(OR), ot NU—E

* Synthesis of boronic acids or boronic acid esters

o Syn bromoboration (suitable for vinylboronic acids)

+

BB Br BBr,

— E = Y=
Br--BR,
(i) BBr;
o_— DCM 78°Ctort  HC W-—2nX =
3b— (i) pinacol Br>_\B-O PdCI,(PPhj3), (5 mol%) Nu  Bpin
3 THF, rt
87%

Org. Lett. 2009, 77, 4092
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘l\

X_
» Suzuki Reaction (Suzuki—Miyaura reaction) NU=B(OR), ot NU—E

* Synthesis of boronic acids or boronic acid esters
o Madification of boronic acids or boronic acid esters sidechain - organotrifluoroborates

Ox 04 o (Transmetallation)
KHF, | O3 1. RLIIRMgX O
MeOH/H,0 Br 2.B(OR); BF,K
B(OH), BF,K 3. H,O/H"
4. KHF,

J. Org. Chem. 2006, 71, 5743.
J. Org. Chem. 2006, 71, 5743.

o (Hydroboration)

o H .
Me,Si——= 1.HZGC202I E;(rl-r:lc:)l %o, HBpin Me3s'\/\BF3K
- 2

J. Organomet. Chem. 2000, 598, 127.
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

X_
» Suzuki Reaction (Suzuki—Miyaura reaction) NU=B(OR), ot NU—E

* Synthesis of boronic acids or boronic acid esters
o Madification of boronic acids or boronic acid esters sidechain - organotrifluoroborates

CH, 0
1.0,
- BF;K
RJL(\*)nBF3K 2. Zn/AcOH RJL(\*)n 3

70-95 %

J. Org. Chem. 2007, 72, 3558.

- S BF;K o)
I« BF.K Nucleophile E)_/ 3 D_COOMe

86 % 88 % 98 %

KF,B
76 %

Org. Lett. 2007, 9, 1597; Org. Lett. 2006, 8, 2031.

KF3B
Ny N0 PONOEL), 4guLi KFsBa A EWG
_ N - |l
REWG 2. Bu,NOH Z R

J. Org. Chem. 2006, 71, 6135.
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

UCT PRAGUE

» Suzuki Reaction (Suzuki—Miyaura reaction)

* Earlier results

R2

R,

Pd(PPh,), (1 mol%)

EtONa, benzene 80 °C

NNXIAR-Ph

86 %
Ph/\wr
R2 56 0/0
RAV R,
R
1 ph/\W/Ph
78 %

Ph
86 %

Y
E

Nu=—"E

X—

NU=B(OR) ot

J. Am. Chem. Soc. 1985, 107, 972
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UCT PRAGUE

Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

n
Fd | wi
Mg
.

» Suzuki Reaction (Suzuki—Miyaura reaction)

* Suzuki Reaction — Selected examples

F—@—CI + (OH)ZB—®—<O

0™<0
20
+
MeO Bpin

I
MefS:O +
o)

MeO

X—E

NU=B(OR), oo
Pd(OAc), (2 mol%)
PCy;HBF, (4 mol%) - O
K,CO3 MeOH
30 Hz, 99 min
J. Org. Chem. 2016, 81, 10049
OH Pd(OAc), (0.003 mol%) OH O
Br SPhos (0.006 mol%) _ O (0]
Cs,CO03, dioxane-H;0 a0
on %% <
OH
Tetrahedron 2013, 69, 2093
Cq2H2s
pinB—\ PdCl,dppf (3 mol%)= =
_\_C1zH25 CsF, TBAB MMg o O
THF/H,0, MW, €
120 OC, 40 min Tetrahedron Lett. 2013, 54, 3522

Nu=—"E
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

UCT PRAGUE

X—E
» Suzuki reaction (Suzuki—Miyaura reaction) NU=B(OR), ot NU—E

 Asymmetric Suzuki reaction

Br O @ B(OH), Pd,(dba); (5 mol%) OO o
\©/\LN . ligand (6 mol%), _ N,@
N OO KsPO,, THF N
50 °C, 99 min

85%, 78% ee

hgand
OMe
): P(Ar)2 X@\K

Beilstein J. Org. Chem. 2020, 16, 966
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

X_
» Suzuki reaction (Suzuki—Miyaura reaction) NU=B(OR), ot NU—E

e Alkyl—alkyl Suzuki reaction

O

/\/\/\/\)LOEt

n-Bu 58%

Pd(OAc), (4 mol%)

_/—Br . 9'BBN_\_ PCy; (8 mol%) _ /@/\/\/\/\/Me
K,POy, THF, rt MeO 80%

J. Am. Chem. Soc. 2001, 123, 10099
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

UCT PRAGUE

» Suzuki Reaction (Suzuki—Miyaura reaction) .

* Simplified mechanism

L,Pd°
Oxidative Addition
E —X

b
E)=Nu Hn1)Pd
/8 :

/ /
L(n_1)Pd\ L(n_1)Pd\

Nu X

Reductive Elimination

(RO),B—Nu
Transmetallation

Advanced mechanism

Y
E

X_
M-cat

Nu—B(OR),

Pd(PPh
E —X + Nu-B(OH), % E =Nu

E =Nu

Oxidative Addition

OH
Pd(PPhs),

E —PciI(PPh3)2 E)-PdBr(PPh,),
Nu
OHG)
B(OH);
E -PdOH(PPh;), o
Nu-B(OH) B
- 2
| v’
©)
OH
H PP,
o o o E —Pld—(?®
u-B(0); PPh; m Chem. Eur. J. 2013, 19, 10082
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“‘1\

UCT PRAGUE

X—E
» Suzuki—Miyaura borylation Nu—B(OR), = Nu—(E

* Typically AcOM or PhOK are used as base

M-cat M-cat
inB-Bpin + X—E > pinB=E - (E = E
P P Weak base P Strong base

 Mechanism of the Suzuki—Miyaura borylation

. PdCI,(PPhs), (3 mol%) @ E)—X
O\Br + (Bpin) PPh; (6 mol%) Bpin E)=Bpin
PhOK, toluene 99%
50 °C, 5 h E
Chem. Lett., 2000, 126 L(n 1)P L(n 1)Pd
Bpln X
(allyl)PdCI-XPhos (0.5 mol%) E Jpe
. XPhos (0.5 mol%) inB-Bpin L(n 1)Pd c
+ (Bpin), P P
Cl K 2-ethyl hexanoate, Bpin
isopropyl acetate 100%
35°C,1h

J. Org. Chem., 2021, 86, 103
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions t“'l\

X_
» Suzuki—Miyaura borylation Nu—B(OR), = Nu—(E

* Suzuki—Miyaura borylation for the synthesis of boronic acids

0 0
o o

90 % 87 %

o
weo—{ ) %
bo) CO,H

72%
HO—()—OH
CII_'Pd (1 mol%)

N

H,
HO, OH ° OH
O—CI N B-B Xphos (2 mol%) {O_B

Y t-BuOK (1 mol% P
HO  OH - cok Et(OH 80 t)c OH Meo—©—BF3K Phoc—©—BF3K
KHF, \
90 %
MeOH 90 % °
Me02C

©~BF3K OHC—< >—BF3K

76 % 80 %

J. Am. Chem. Soc. 2010, 132, 17701
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Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions ‘“Z\

UCT PRAGUE

x—E)
» Base-catalyzed Suzuki—Miyaura reaction Nu—B(OR), ——— Nu—(E)

natre ARTICLES
CataIYSlS https://doi.org/10,1038/541929-020-00564-2

‘.) Check for updates

The amine-catalysed Suzuki-Miyaura-type
coupling of aryl halides and arylboronic acids

Lei Xu®1, Fu-Yue Liu', Qi Zhang', Wei-Jun Chang', Zhong-Lin Liu', Ying Lv?, Hai-Zhu Yu®?2&,
Jun Xu®?, Jian-Jun Dai®' and Hua-Jian Xu®'&

Suzuki-Miyaura coupling is a practical and attractive carbon—carbon bond formation reaction due to its high efficiency and
wide functional group compatibility, but its industrial applications are limited because it is typically catalysed by expen-
sive palladium-containing transition-metal complexes. Here we show a robust and chemoselective organocatalytic Suzuki—
Miyaura-type coupling of aryl halides with arylboronic acids catalysed by amines. The utility and scope of this reaction were
demonstrated by the synthesis of several commercially relevant small molecules and a selection of derivatives of pharmaceuti-

cal drugs.

NATURE CATALYSIS ARTICLES

26 (5 mol%)
26 (5 mol%) Cs2C03 (3.0 equiv.)

K>CO3 (3.0 equiv.) 18-crown-6 (10 mol%)
‘/ ’ __oxene, 110°C.2h L oyene 125°C.on /‘ ‘/
Cat
Me""°° A Method B cl

X=8r,1

oo ‘.’ﬁ.’*&’*‘ scudd

3, X=Cl, 93% 27, X =Cl, 63% 28, X = Br, 70% 29, X = Cl, 82% 30, X = Cl, 90% 31, X = Br, 67%° x, Ww.nature Jnate
X = Br, 92% X =Br, 91% X =Br, 41% X = Br. 47% NATURE CATALYSIS | VOL 4 | JANUARY 2021| 71-78 | www.nature.com/natcatal

=L

Pfechodné kovy v organické syntéze



Formation of C—C Bond by Transtion-Metal-Catalyzed Reactions

UCT PRAGUE

Nu—B(OR),

» Base-catalyzed Suzuki—Miyaura reaction M-cat
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» Base-catalyzed Suzuki—Miyaura reaction
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Fig. 6 | Mechanistic probes. a, Radical-trapping experiments. b, Deuterium-labelling experiments with deuterobromobenzene. ¢, Kine 4 vic media player
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» Base-catalyzed Suzuki—Miyaura reaction
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Zn
Pd | NI
Mg
.

> Activation of C—F bond

* Bond dissociation energy of C—Halogen bond (kcal/mol)

0 cy  (F)
272 339

402 645

Oxidative Addition
Reductive Elimination

m° E —X
E E R F R F
[MII]/ [MII]/ 4@7 Ni(PEt;), . Q’EE_%
\ \ F F Tt 4 weeks F Ni—F
Nu X ’ AR PEt;

45 %

J. Am. Chem. Soc. 1977, 99, 2501
M— Nu

Transmetallation
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» Activation of C—F bond
* Selected examples

F<_N_F
| Y
F cl” AN (10 moi%) .
Et,P-Ni—PEt, F
NJ§N F NJ§N O Me
\Z * BOM:  <s,co,, THF L =4
F F S2453 Ph Ph |
Cl 50 °C, 36 h Cl
E 70 %
88 % .
Q /i M ZnCI PdCl,dppp (0.01 mol%)
Organometallics 2005, 25, 4057 ! + Me n THF, reflux, 48 h +
F ®
™ s
85 %
B(OH), Pd,(dba); (5 mol%) °
NO, Me;P (20 mol%) NO;
+ F Cs,CO;, DME, reflux F Synlett 2005, 1771
0 %
NO, NO,

Chem. Comm. 2003, 578
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n
ed | Ni
Mg
.

» Alternative electrophiles for cross-coupling reactions

Nu—M + X—E M Nu=—E
X=F, Cl,Br, |

acid-base reaction_ 0@

ArOH + Nu-znx Arr

Ar’OH
* The simplest alternative is less suitable base

solvent, H,0
ApOH + Nu-B(OH),
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» Alternative electrophilic templates for the cross-coupling reactions

Me
2cr, o2J o :
ar 8T a8 Ar’o‘lgigg ar e R arcMNrR  arOwme
0 0 0 o

e Easily available from phenols or ketones

o Acid-base reaction

O (0]
© ('P?'OEt Q )OL 0° cr'g:gE: 0"'5:851
OH base_ _ o~ CI” "OEt _ oY OR ArCH, 2258 A
' _— -’ > P I o A CH
Ar Ar Ar” Pl 3 r 5 A CH,

o The Perkow reaction

OEt Q OEt
OEt i OEt
Ar QHZ Ar CH2
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» Alternative electrophilic templates for the cross-coupling reactions

* Selected examples of Ni-catalyzed cross-coupling reactions

NiCl,(PCys) (5 mol%) O
OCONEt, PCy3*HBF,4 (10 mol%)

(PhBO)3/PhB(OH), (10:1)

’ >~ 7
Me K;PO,, o-xylene, 150 °C  Me O
Me~ O Me Me~ O Me
54%

J. Am. Chem. Soc. 2009, 131, 17750

@—ZnCI

J

O O °\n/°t"3” NiCl,(PCys) (5 mol%)
0 THF/DMA, 50 °C

(@)
.\
OMe Li©= "TMS g
toluene, 80 °C
82%

Angew. Chem. Int. Ed. 2014, 53, 12912

- QUL

o
71%

Angew. Chem. Int. Ed. 2008, 47, 10124
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» Alternative electrophilic templates for the cross-coupling reactions

* Simplified general catalytic scheme for the cross-couplings of activated C—O bonds
Ni(PCy3),Cl, o _(-Bu

OO e
LoNi Oxidative addition

reductive elimination

a L

Me L-Ni-Ph L'l‘ii-Ph
OPiv .B. Ni(PCy;),Cl, _ O_ _t-Bu

©’ * Q9 K3PO,, H,0, dioxane, 110 °C O T

B...B
(@) Me
/©/ \CL 61%
Me Me

OR
OR

transmetallation
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» Alternative electrophilic templates for the cross-coupling reactions

e Cross-coupling reactions of unprotected phenols

o The simplest alternative is less suitable ArOH

" - "
MeO,C NiCl,(cod) (10 mol%) MeO,C

PCy; (40 mol%)
NaH (1 equiv), BEt; (3 equiv)
o-xylene/THF, 110 °C

o)
isesd
MeO,C Ar

Angew. Chem. Int. Ed. 2011, 50, 7097
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» Alternative electrophilic templates for the cross-coupling reactions

* Chemoselectivity in mixed templates

Pd,(dba); (0.5 mol%)

P(t-Bu); (1.2 mol%
o ) + 0B Y — emea T~

98 %

| > Br = OTf >> Cl

Pd,(dba); (1.5 mol%)

Tf0—©—m + (HO)zs—Q P(t':;‘)?rﬁ’l:mr‘:'%L TfO

Me Me
95 %

Pd,(dba); (3 mol%)

PCy; (6 mol%) -
TfO—@—CI + (HO)zB‘Q KF, THF, rt C'_</_\>_§\ />
Me

Me

87 %
J. Am. Chem. Soc. 2000, 122, 4020
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