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Leaving Group Ability

Leaving Group pKb Comment

-10

<-10

<-10

-9

-7

-7

CF3CO2
- 0.2

H2PO4
- 2.2

F- 3.2

CH3CO2
- 4.8

NH3 9.2

RNH2, R2NH, R3N 10

CH3CH2S
- 10.6

CH3O
- 15.5

HO- 15.7

CH3CH2O
- 15.9

(CH3)3CO
- 18

H2N
- 36

CH3
- 49

CN- 9.1

I-

N2

TfO-

Br-

ArSO3
-

Cl-

Excellent to good
leaving groups

Fair to poor
leaving groups

Not leaving groups

Leaving group ability is related with it's pKb.
The less basic the leaving group is, the easier it is to dissociate.

Amines activation strategies

NH2

a. diazotization b. polyalkylation d. pyridinium salts

N N
N

X R

R
R

X

N

R
R

R

R
R

X

c. iminization

N R

C-Hal, C-N
C-C, C-OH
C-B, C-P
C-Sn, C-S

C-C, C-OH
C-C, C-Hal

C-O
C-Hal

C-C, C-B

Katrizky-type pyridinium salts

NH2 X
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Diazotization of amine

NH2 NaNO2 or tBuONO, HX N
N

X

= aryl, alkyl(unstable)

'stabilizaed' diazo
compounds

R
R

O

N2

P R

O

N2
RO

RO

NC R

N2

RF2C R

N2

well known and isolable

proximal EWG group

'semi-stabilizaed' diazo
compounds

more difficult to prepare

proximal -system

R R

N2

R

N2

R

N2

R

'non-stabilizaed' diazo
compounds

more difficult to prepare

proximal H or alkyl groups

H H

N2

Alk H

N2

Alk Alk

N2

diazo-transfer reagent

S
N3

R

OO

N
S

N3

OO

N
N

N

N

N3

MeO OMe

EWG R1
diazo-transfer reagent

EWG R1

N2

R1 = EWG, alkyl

Stability of diazo compounds

Prepare diazo compounds from diazo-transfer reagent

Sandmeyer reaction(1884)
Synthesis of diazo compounds

NH2

HX, NaNO2

CuX, heat
X

X = Br, I, CN

RSH

H2O

KI

SR

OH

I

R

N2
+X-

R

R

N
N

X

CuIIX

R

N N

diazonium
radical

N2

aryl radical

CuIIX2

R

X

CuIX +

Mechanism:

The mechanism of the Sandmeyer reaction is not completely understood.
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nBu

Et
ONO2 +

+

Cl- or Br-

CuCl or CuBr

or

KNO3 + S2O3
2-

NV Nred NIII

Nred NO2 N2O4

-NO3
-

NO+

NO3
- Nred diazotization

NO3
- +

NH2
Nred NO+

N
N

X
Cu

X = Cl-, Br- or I-

Mechanism:

CuCl + TBACl TBA[CuCl2]

ONO2
nBu

Et

Nred NO2 +
OCuCl2

nBu

Et

NO2 + Cl• NO2Cl + CuCl + O
nBu

Et

TBA[CuBr2]

Nred NO2 +

NO2 + Br• NO2Cl + CuBr + O
Br

Br
Br

Br
ONO2 +

+CuBr
+TBANO3

[CuCl2]
- [CuBr2]

-

Br
ONO2

Br
OCuBr2

Safer Sandmeyer Reaction

Ritter et al., Science 2024, 384, 446

NH2

R

chlorination

2-Ethexnitrate
TBACl
CuCl

bromination

TBANO3
1,2-DBE
CuBr

iodination

KNO3
1,2-DIE
Na2S2O3

Nred

MeCN
16h, reflux

X

R

X = Cl, Br, I
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NH2

R

C−C Bond Formations

1. ArylRadical Intermediates

1. NaNO2, HX 2. TiCl3 or CuCl
N

R

N

X

NO

O

R'

NO

O

R'

Ar

Zhao et al., RSC Adv. 2016, 6, 23438

Ar1
N2BF4 + Ar2

NO2
eosin Y (5 mol%)

DMF, rt, 12h
530 nm LED

Ar2
Ar1

Wang et al., Chem. Commun. 2016, 52, 14234

R

N2BF4

R + N2 + BF4
-

Ar
NO2

eosin Y*

eosin Y

eosin Y

NO2

Ar

R

Ar

R

R

N2BF4

R

SET
SET

NO2

mechanism:

Difunctionalization

N2XAr
R

R

-Nu

+

O

R

R

Nu

Ar

Ar N2X
SET

-N2
Ar

R
R

R
R

Ar

SET
R

R

Ar

R
R

Ar

Nu

R
R

Ar

O

Ar N2BF4 + R

CuSCF3, Phen
DMSO, Ar, r.t. R

Ar

SCF3

Chen et al., J. Org. Chem. 2018, 83, 5836

Ar N2BF4

+
R1

KOAc
or no additive R1

Ar

Heinrich et al., Angew.Chem., Int. Ed. 2016, 55, 8744

R2
MeCN/H2O, 70

oC
HO R2

Ar N2BF4 +
Ru(bpy)3Cl2•6H2O

ArR2OH, O2

Blue LED, rt

R1

CN

O

R1

OR2

Jiang et al.,Eur. J. Org. Chem. 2015, 2015, 5775

Ru(II)*

mechanism:

Ar
CN

CN
Ar

CN
Ar

O
O

CN
Ar

CN
Ar

O

CN
Ar

OH

CN
Ar

O

OR2

Ar

O R2OH

SET
Ru(III)

Ru(II)

visible light

green LED

Ar N2BF4

eosin Y
CO(50 bar)

ROH, 18 oC

525 nm green LED
Ar

O

OR

Wangelin et al., Angew. Chem., Int. Ed. 2015, 54, 2270



WSFAliphatic Amines Activation Strategies in Organic SynthesisHu GM

5

C−C Bond Formations

2. Transition-Metal-Catalyzed

Ar N2BF4

B2Pin2, Pd2(dba)3
TCyP, m-CF3-dba
Na3PO4, Et2O

Ar

Bpin

R

Ar

N2

Pd0

N2

Ar Pd TCyp

Ar
R

Pd+TCyp

Ar
R

TCyp

Pd+

Ar

Bpin

R

B2Pin2

-elimin.
reinsertion

J. Am. Chem. Soc. 2015, 137, 3213

Ar N2BF4

[Ph3PAu]NTf2
[Ru(bpy)3])PF6)2

MeOH, r.t.

J. Am. Chem. Soc. 2013, 135, 5505

R2YH

R3

R1
n

Y = O, NTs
n = 1, 2

+
23 W fluorescent bulb

Y
R3

n

R2

Ar

R1

Ar N2BF4

Ru(II)*

Ar
SET

Ru(III)

Ru(II)

visible light

AuII

O

Ar

Ph3P

AuIII

O

Ar

Ph3P

+

[PPh3Au
I] + product

AuI

O

Ph3P

SM

C−X Bond Formations

1). C-O Formations

Ar N2BF4 MeCN, -40 oC - r.t.

Org. Lett. 2019, 21, 8003

+ AgOCF3 ArOCF3

Ar N2
-N2

AgIOCF3

SET

AgII(OCF3)(BF4)

Ar

AgBF4

ArOCF3

2). C-N Formations

ArNH2 N
CO2iPrN

iPrO2C
+

tBuONO, TsOH
FeCl2, DMSO

N
CO2iPrN

iPrO2C

Ar

H

Ar N2BF4 Ar

visible light

product

Fe(II) Fe(III)

SET

- N2

DIAD

N
CO2iPrN

iPrO2C

Ar

N
CO2iPrN

iPrO2C

Ar
H2O

RSC Adv. 2015, 5, 80698

3). C-B Formations

ArNH2 + B2Pin2 + t-BuONO
BPO, MeCN

ArBpin

ArHetNH2 + B2Pin2 + t-BuONO ArHetBpin
MeCN

Angew. Chem., Int. Ed. 2010, 49, 1846

OH

Me
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C−X Bond Formations

4). C-P Bond Formations

Ar N2BF4

Ph3AuCl
Ru(bpy)3(PF6)2

Chem. Sci. 2015, 6, 1194

+

5). C-Sn Bond Formations

ArNH2 +

tBuONO, TsOH

DCE, 0 oC

Angew.Chem., Int. Ed. 2013, 52, 11581

6). C-S Bond Formations

ArNH2 +

tBuONO, TsOH

Ru(bpy)3Cl2
MeCN, 25 oC

20 W CFL bulb

ArSR

Angew. Chem., Int. Ed. 2013, 52, 7860

P

OR2

(O)R1H

O

MeCN/MeOH, r.t.
26 W household bulb

P

OR2

(O)R1Ar

O

(SnMe3)2 SnMe3Ar

RSH

Ar N2

Ru(II)*

Ar
SET

Ru(III)

Ru(II)

visible light

+ RSH

Ar N

N SR - N2
+ RS

Ar
S

R

Ar
S

R

Alkyl diazo compounds

F3C NH3Cl

NaNO2, 0
oC

DCE/H2O
F3C N2

ArB(OH)2
or RBF3K

R BX

CF3

Angew. Chem. Int. Ed. 2013, 52, 13656.

ArB(OH)2 +
ClH3N R

EWG
NaNO2, HCO2K

PhMe/H2O, 80
oC

Ar

EWG

R

R = alkyl, EWG = CO2R', CN

Angew. Chem. Int. Ed. 2014, 53, 10510.
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Quaternary Ammonium Salt

NMe3OTf

+

B(OH)2
Ni(COD)2, ligand

CsF, dioxane, 80 oC

PPh2 PPh2

(tBu)2P

N N

Me

Me
Me Me

Me

Me

IMes

up to 98%

R1 R2

R1

R2

J. Am. Chem. Soc. 2003, 125, 6046

Ar1 NMe2

R1

Ar1 NMe3
-OTf

Ar1 NMe3
-OTf

Me

Ar2B(OH)2
Ni(cod)2/PPh2Cy

CsF or K3PO4

dioxane, 40 oC

Ar1 Ar2

R2B(OH)2, Ni(cod)2
P(o-Tol)3 or tBu-Xantphos

CsF or K3PO4

dioxane, 70 oC

Ar1 R2

Me

up to 96%
up to 99% ee

up to quant.

≥98% ee

NMe3OTf

Me
Ni(PR3)n
- NMe3

inversion via
SN2 addition

R
Ni(PR3)n

Me

R
OTf

ArB(OH)2
K3PO4 or CsF

Ni(PR3)n

Me

R
Ar

- Ni(PR3)n

Ar

Me

R
net inversion of
configuration

J. Am. Chem. Soc. 2013, 135, 280

Ar NMe3•OTf + HOR
KOtBu or KHMDS

DMF, rt
Ar OR

R = alkyl, aryl

Angew.Chem. Int.Ed. 2018, 57, 3641
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Imine Derivatives

R

N

R1

O

CO2H
Me

Me

SET

N

R2

R1

R

N

R2

R1H

radical
transposition

[X]

radical
transposition

[X]

NC R1

n

X R2

R

O

R1

X R2

R

N

R1

O

CO2H
Me

Me
SET
- e-

- CO2, acetone

N

R2

R1

R

N

R1

OAr
SET
+ e-

- ArO

Ar = 2,4-NO2-C6H3

R2NC

R1

X-Y

R1

X R2
NC

YY
SET

+ e-

YSET

- e-

Y

Angew.Chem. Int. Ed. 2018, 57, 744

selectfluor
NCS

ArSO2N3

X = F
X = Cl
X = N3

n

Nat. Chem. 2023, 15, 1138

NH2
N

R

N

O
O

O

X

R1

R2
Cl

Cl

Cl Cl

O

X = NBoc, OAr

N
het

H

NR1

X
R1

het

N

N
Bi

tBu

tBu
1

1 (10 mol%)

DMA, 25 oC

N

N
BiII

tBu

tBu

N

N
BiIII

tBu

tBu
NBoc

TCPhth

N

N
Bi

tBu

tBu

N

O

OTCPhth

NBoc

Boc

OA

CO2

TCPhth

Direct SET
Oxidation

Radical
recombination

Amino alkyl bbismuth(III) adduct

(accumulation observed at -40 oC)

NBoc

TCPhth

N

H

R3 R4
NN

R3

R4
Boc

N

O
Cl

Cl

Cl Cl

O

N
Boc

+
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Imine Derivatives

NH2

+

OMeO

H

MeO OMe

activation

N

H

OMe

MeO OMe

CO2R
[Ir(dF-CF3-ppy)2(dtbbpy)]PF 6

TMG, DCE, rt. 427 nm LEDs

CO2R

IrIIIrIII

*IrIII

ET/PT

ET/PT

N

H Ar

N

Arradical

-scission

ArCN

CO2R

CO2RCO2R

J. Am. Chem. Soc. 2020, 142, 18310

H2N

CO2Et

CO2Et
+

N
H

Ph
HO Cat. 1

3,5-DNBA

CHCl3, 30
oC

N
H

Ph

NH2

CO2Et
CO2Et

OH

CHO

OH

Me

H2N

CO2Et

CO2Et O

O

Me

N

CO2Et

CO2Et

H

H

H
N

Ph

3,5-DNBA
-H2O

N
H

Ph
HO

O

O

Me

N

CO2Et

CO2Et

H

H

H

N Ph

H

O

O

Me

N

H

H
HN

CO2EtEtO2C

Ph

H2O

H2N

CO2Et

CO2Etproduct

3,5-DNBA =

CO2HO2N

NO2

Chem. Sci. 2014, 5, 1988
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Imine Derivatives

R1

NP *R4NBr (C-4 or CD-11)

R1 = alkyl

R1

NP

H
NR4*

R2 O

R1

NP

R2

O

Ar

NHCO2Me R1

NP

NHCO2Me

Ar

N

N

Ar

Ar

OtBu

O
PYR

Br

N

Ar

Ar

BuOt

Br

TIPSO

O

N

N

ClPh

Ph

tButBu

N

RYP

C-4 CD-11

PYR = Ar =NP =

NO2

CNN

Nat. Catal., 2024, 7, 1076
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Imine Derivatives

Ph Ph

N
+ (nBu4N)2C2O4

3DPAFIPN, TMG
DMF, rt. blue LEDs N CO2Me

Ph Ph
then MeI

H

O

R

N N

NH

Me

Me

Me

Me

TMG

F

N

NN
Ph

Ph

Ph

Ph

PhPh

NN

3DPAFIPN

O

O

O

O

NPh

Ph O

EDA complex

*

O

OO

O

radical anion

NPh

Ph O

CO2

O

O

N
Ph

Ph
O

O
O

SET SET

N
Ph

Ph
O

O
OnBu4N

+

CO2

pathway b

SET

PC

PC

PC*

hv

Int-I Int-II

Int-III

then MeI

H+

MeO

O

N

Ph Ph

Ph

O

H
CO2 + CHO2 +

Ph Ph

N
Bz

Int-I Int-IIor

Int-III CO2

CHO2

radical-radical
coupling

pathway a

ACS Catal. 2024, 14, 10053

R

O

NH2R1 OR1

N

O

Me

SO

O

O
OH

OH

O

O

O
C6H11

O

NRR1

N

O

Me
Y-

R2 NH2

R1

N

NCH

Me
Y-

R1

R2

- H+

N

N

Me
Y-

R2

R1

N

N

Me Y-

R2

R1

N

N

Me

R2

R1

+ H+

N

N

Me

R2

R1

H2O

N

NH2

Me

R1 R2

O

R2 R2

R2

Transfer to Ketone(Aldehyde)
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Pyridinium Salts

N

R

R1

RO

Alkyl

CF3 CF3O

ClCF2

ArCO2

N

N

R3

R2

NH2 OR R

R

R

R

X

N

R
R

R

R
R

X

R'

OPh Ph

Ph

RNH2

Base
catalysis OPh

Ph

Ph

NH2R
OPh

Ph

Ph
NHR

OPh

Ph

Ph

NHR

vinylogous amide

H2O

OPh

Ph

Ph

OH2

fast

OPh

Ph

Ph

OH
OPh

Ph

O
Ph NPh Ph

Ph

R

RNH2

Pathway A

PAthway B

Katritzky salts

NPh Ph

Ph

R1

BF4

+
R2 R3

NO2

NPh Ph

Ph

R1

R2 R3

NO2

e

EDA complex

NPh Ph

Ph

R2 R3

NO2

R1

N

Ph

PhPh
X

R

Nuc

R Nuc N
Ar

Ph

PhPh
X

Nuc

NucAr

widely studied (katritzky) steric hindrance: seldom examples

intramolecular displacement

NPh

Ph

Ar1

BF4

HN

O

Ar2

NPh

Ph

BF4

N

O

Ar2Ar1

Ar1
N

Ar2

H

intremolecular displacement

Tetrahedron Lett. 1980, 21, 1723

J. Chem. Soc., Perkin Trans. 1983, 1, 2611

SN2 or SN1 Type
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Metal-Catalyzed Cross-Couplings

N

Ph

PhPh
BF4

R1

R2

+ R3

B(OH)2
Ni(OAc)2•4H2O

BPhen, KOtBu, EtOH

1,4-dioxane, 60 oC
R2

R1
R3

N N

Ph Ph

BPhen

NPh Ph

Ph

X

R1 R2

LNi(I)Y

- LNi(II)Y

SET reduction

NPh Ph

Ph

R1 R2

NPh Ph

Ph

R1 R2
LNi(II)ArY

- LNi(I)Y

Ar

R1 R2

J. Am. Chem.Soc. 2017, 139, 5313

NPh Ph

Ph

R1

BF4
+ RX

[Ni], L

Zn R1
R

I

R2

sp2-sp3

NiBr2•diglyme
tpy

sp-sp3

Ni(acac)2
dbbpy

BrTIPS

sp3-sp3

Ni(cod)2
dbbpy

BrR2

dimethylamine
up to 99%

Sci.Adv. 2019, 5, 9516.

NPh Ph

Ph

BF4

R1 R2

Co(acac)2, L

R3OH, KHCO3

CO, DMF, 100 oC R1

R2

O

O

R3

N N

OHHO

L

N

Ph

PhPh
BF4

R
N

Ph

PhPh

R

SET

R

R CoIILn

CO

R
CoIILn

O

R
OR‘

O

R'OH
base

Co0Ln CoILn

NPh Ph

Ph

Org. Lett. 2019, 21, 6919

Photoinduced Reactions C–C Bond Constructions

NPh Ph

Ph

BF4

R1 R2

het+

[Ir(ppy)2(dtbbpy)]PF 6

DMA, r.t., 5 W blue LEDs het
R1

R1

Angew. Chem. Int. Ed. 2017, 56, 12336
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Desulfonylative Alkynylation/Alkenylation

NPh Ph

Ph

R1

BF4

eosin Y, DIPEA
MeOH/DCE, r.t.
green LEDs

+
Ts

R2

R1

R2

NPh Ph

Ph

R1

BF4

eosin Y, DIPEA
MeOH/DCE, r.t.
green LEDs

+

R2

PhO2S
R3 R3

R2

R1

Desulfonylative Allylation

NPh Ph

Ph

R1

BF4

eosin Y, DIPEA
MeOH/DCE, r.t.
green LEDs

+

R2
R2

SO2Ph R1

Kinetic study

NPh Ph

Ph

Ph

NPh Ph

Ph

NPh Ph

Ph

Ph

Stablity

Reactivity

ACS Catal. 2018, 8, 11362

Angew. Chem. Int. Ed. 2019, 58, 5697

PC

PC*

PC+•e-

N

Ph

PhPh

X

R1

R2

Reduction Reoxidation

N

Ph

PhPh

R1

R2

PC

PC+• X-

Favoured for less
stabilized radicals

R1

R2

Fragmentatation

Favoured for stabilized radicals

benzylic, -esters, R, R1 H
N

Ph

PhPh

Mechanistic aspects of photoredox-catalysed activation of N-alkyl pyridiniums salts

NPh Ph

Ph

R

BF4
B2(cat)2, DMA
blue LEDs, r.t.

R
Bcat

pinacol
Et3N

R
Bpin

N

Ph

PhPh
BF4

R1

R2

NPh Ph

Ph

+

O
B
O

O

Me

N

Me

Me

O
B
O

O

Me

N

Me

Me

R1 R2

B2cat2

O
B
O

B
O

O
R1 R2

O
B
O

B
O

O
R1 R2

O

N

Me

Me
Me

O
B
O

R1

R2

J. Am. Chem. Soc. 2018, 140, 10700
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