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NH, X
@ o Amines activation strategies

NH,

o

Leaving Group Ability

s A
Leaving Group pPKp Comment
I -10
N, <-10
TfO" <-10
Br -9 a. diazotization b. polyalkylation c. iminization d. pyridinium salts

Excellent to good

ArSO; 7 leaving groups
CI -7
CF4CO, 0.2
e B e, Y Y Y Y.

F 3.2 RUI_R

CH,CO, 4.8 ®_N R R Na
: a1 Vo N NS R @c r
' @ x o @ R ,©

NH; 9.2 X
RNH,, R;NH, R3N 10 Fair to poor Katrizky-type pyridinium salts
CH;CH,S" 10.6 leaving groups
CH;0" 155
HO" 15.7
CH;CH,0" 15.9
(CH;)3CO" 18
-------------------------------------------------------------------------------- C-Hal, C-N
HyN- 36 . C-C, C-OH C-C, C-Hal C-Hal
CH.- 49 Not leaving groups C-B, C-P c-C, C-OH c-0 c-C,C-B
. 3 J C-Sn, C-S

Leaving group ability is related with it's pKp,.
The less basic the leaving group is, the easier it is to dissociate.
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Synthesis of diazo compounds

Diazotization of amine

p )
NH, NaNO, or tBuONO, HX N
. 2 > @ x®

. = aryl, alkyl(unstable)

Prepare diazo compounds from diazo-transfer reagent

e A
diazo-transfer reagent

0\\3/10 0\\//0 )N\?’
R =/ A

diazo-transfer reagent

EWG”™ "R' 1
EWG” "R

R' = EWG, alkyl

Stability of diazo compounds

(el D el SR ittt il .~
: 'stabilizaed" diazo i1 'semi-stabilizaed' diazo 'non-stabilizaed' diazo
H compounds N compounds compounds H
E proximal EWG group E E proximal w-system proximal H or alkyl groups E
: N, o b N, N N :
H H 2 2 H
ERT])I\R Ro-P "R b R NAg I A
H 1] v H H Alk Alk
i o N Nz s
N, N, N2
2 G G e JC :
! NC” R RFC”T TR i R Alk™ H :
i__well known and isolable : i more difficult to prepare ! i more difficult to prepare ;
L T B e T i e

Sandmeyer reaction(1884)

X
CuX, heat ©/ X =Br, 1, CN

SR
RSH
NH, N,* X >
HX, NaNO,
R S —_— i N —
L L H,0 ©/OH
1
e
Mechanism:
-
X @N”fN cul'x
7N
R— ©
TN X
Cu'X + R
=
cu'Xx, N=N °
7N
R
=
X diazo_nium
R radical
4
aryl radical
N2
\

The mechanism of the Sandmeyer reaction is not completely understood.
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Safer Sandmeyer Reaction

NH, X
A . S
RE —— | 2-Ethexnitrate TBANO; 1K2Ng|i5 ——Nreg—> R
> TBACI 1,2-DBE 12- =
cucl CuBr Na,$,0; MeCN
16h, reflux X=Cl,Br,|
Et ONO, + ClorBr
nBu + CuCl or CuBr
K -NO3”
or / Nreq > 0, ~— 20, ~—mmm o*
KNO; + 82032-
N Nred N 03- Nred
+ .
NH, N* X
o - (Y e—— 1o’ o |
X=CI,Brorl
Mechanism:
( ) ( +CuBr )
+TBANO,
cucl  + TBACI ——  TBA[CuCI,] BB ——— A ONO2 4+ TBACUBr,
Et [CuCl,] o - [CuBr,]
ONO e — ONO J— —
nBu)\/ 2 Nreq NO, + nBu)\/OCUCIZ Br/\/ 2 red NO, + Br/\/OCuBrz
Et
+ . + + - . o
cl <——  NOI cucl . )\/o + Brr - NO,CI + CuBr + g\
g J _ Y,

Ritter et al., Science 2024, 384, 446
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C-C Bond Formations

Difunctionalization

1. ArylRadical Intermediates

eosin Y

(o}
Ar—N;BF, CO(50 bz:r) )L
ROH, 18 °C Ar OR
525 nm green LED
Wangelin et al., Angew. Chem., Int. Ed. 2015, 54, 2270
NH ®N’¢N R
| A 2 1.NaNO,, HX X ° 2. TiCl; or CuCl O N
_ R—
P R R I)ZO
R Oy N Ar
-
=
Zhao et al., RSC Adv. 2016, 6, 23438
N.B eosin Y (5 mol%) 1
N,BF, . _NO ° A
- + 2 2
Ar' AT DMF, rt, 12h Ar
530 nm LED
B Wang et al., Chem. Commun. 2016, 52, 14234
mechanism:
s N
N,BF, .
el N+ N, o+ BF
1 AN / N \ . R—| _ 2 4
Rw eosin Y eosin Y
NO
green LED l A N0 N,BF,
X
| R R
J S P
N‘O\; SET .
A
X R
| R %
ArT
\ J

xR (VIR ) Ar, R .,
] R Nu-
Nu =~ Ar
| R
Ar
xR
SET R/\/ > )\/ SET )\/
Ar—N,yX N Are > o < R
-N2
| Ar
R
(o]
CuSCF3, Phen A
Ar—N,BF, DMSO, Ar, r.t. /—R
Ar
SCF;
Chen et al., J. Org. Chem. 2018, 83, 5836
KOAc O
_or no additive _ additive |  —rR!
=
MeCN/H,0, 70 °C Ar

HO R?

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

Ru(bpy) 3C|2'6H20

N

Ry
1 2
Ar—NBF, + RN\ ZOH 0 Ar)\IrOR
» O2
Blue LED, rt 0
mechanism: Jiang et al.,Eur. J. Org. Chem. 2015, 2015, 5775
-
Ar—N,BF » Are ——» , ~_-CN
2BF4 ﬂi\ . /\CN Ar 1 —$
Ru(ll)” Ru(lll)

visible Iight&
Ru(ll)
CN

OR2
/\[r R20H

CcN CcN
- AT/Y

OH (o}

J
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C-C Bond Formations

2. Transition-Metal-Catalyzed

B,Pin,, Pdy(dba)s
TCyP, m-CF3-dba Bpin

Ar—N,BF, Na;PO, ELO A AR
r

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

Bpin

/'\/R

+ N2
B,Pin, \‘

Ar—Pd TCyp
TCyp
S-elimin.
&relnsertlon
TCyp~ Pd
[Ph3PAUINTf,
YH
Rz [Rulbpy)sIPFo), v RZR!

Ar—N,BF, + R°— MeOH, r.t. > R3l/
A 23 W fluorescent bulb e

n

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

Ar—N,BF Are -AU
2BF, 7T> SET Ph;P-Au —<\0
Ru(l Ru(lll) N
p U
|
Ph3P—Au"—<\ on
visible light o

Ru(ll)

o)

Ar \) > (/\/M"

+
PhyP-Au'" ]
3 — [PPh;Au'] + product

C-X Bond Formations

1). C-O Formations

Ar—N,BF, + AgOCF; MeCN, 40°C-rt. ArOCF,

Org. Lett. 2019, 21, 8003

+ _N2
Ar—N, Are AI’OCF3
SET

Ag'OCF;  Ag"(OCF;)(BF,) AgBF,

2). C-N Formations

tBUONO, TSOH Ar
i FeCl,, DMSO _N___CO,iPr
ANH, + pro,c-NeyCOPT —2——— jpio,c u’ 2

RSC Adv. 2015, 5, 80698

( \
- N2
Ar—NZBF4 > Are
SET lDIAD
Fe(ll) Fe(lll) Ar
o NJ /COZiPr
visible light iPrO,C N
II\r
i H,0
_N_ _CO,iPr 2
iPro,c” N°~ 2 ——— > product
~ _ J

3). C-B Formations

i BPO, MeCN
ArNH, + ByPin, + BuONO > ArBpin

MeCN

Y

AryegNH, + ByPiny + t-BuONO AryeBpin

Angew. Chem., Int. Ed. 2010, 49, 1846
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4). C-P Bond Formations

PhzAuCl

o
Ru(bpy)3(PFg)2 1l 1
MeCNMeoH, rt. . T F—(OR

OR? 26 W household bulb OR?

1]
Ar—Ny,BF, + H—T—(O)R"

Chem. Sci. 2015, 6, 1194

5). C-Sn Bond Formations

tBuONO, TsOH

0,
ArNH, +  (SnMej), % Ar—SnMe;

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

6). C-S Bond Formations

tBuONO, TsOH
Ru(bpy)sCl,

+ RSH -
ArNH, MGCN, 25°C ArSR
20 W CFL bulb
Angew. Chem., Int. Ed. 2013, 52, 7860
( \
+
Ar—N, + RSH
N\ N—SR -N, _
7 > Are + RS
Ar—N /7 SET X\
Ru(l Ru(ll)
N _s.
visible light Ar R
Ru(ll)
S
Ar” R

P

ArB(OH),

NH,CI

Alkyl diazo compounds

NaNO,, 0 °C ArB(OH), CF,
DCE/H,0 ] orRBFK
— 2 —
[ FiC™ N, R)\ BX

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

NaNOz, HCOzK EWG
EWG  phmelH,0, 80 °C
> Ar—<

CH;NT R R

+

R = alkyl, EWG = CO,R’, CN

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

. -
Ar—NMe;OTf + HOR ——————»  Ar—OR

DMF, rt
R = alkyl, aryl
NMe;OTf B(OH),
Ni(COD);, ligand Angew.Chem. Int.Ed. 2018, 57, 3641
A R | N CsF, dioxane, 80 °C
I P )
R' R2
Me :
e, O " |
PPh, PPh, ; ~ :
: Me '
(tBu),P : Me .
IMes ,
J. Am. Chem. Soc. 2003, 125, 6046
Ar?B(OH),
~F Ni(cod),/PPh,Cy At AR
— Ar'” “NMe, CoF 2K P; -
“OTf SF or K3POy t t.
. dioxane, 40 °C up fo quan
A NMe, " Me
e R2B(OH),, Ni(cod),
"+
L Ar1/\NMe3 P(o-Tol)3 or tBu-Xantphos A1 R?
“OTf CsF or K3PO,
>98% ee dioxane, 70 °C up to 96%
= ’ up to 99% ee
-
Me Me ArB(OH),
: Ni(PR3), K3PO, or CsF
—_— R —_—
R A NMe;OTf -NMe; o @ N Ni(PRg)n
L inversion via 2 oTf
Sy2 addition
Me
Me
A Ar net inversion of
Y Ni(PRy), ———=> R iqurati
R— ) - Ni(PR ! configuration
1 — Ar ( 3)n Z
|\ J

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

NH,
-
@ o,
N) radical
— R! transposition NC R!
"(&Rz X \M"/?(Rz
Me, _co,H
Meﬁ/ selectfluor X=F
.0 NCS X=Cl
)Nl\ ArSO,N; X =N,
R R! SET . o
N"\ radical
L )]\/\IH/R1 _transposition . RJI\/Yw
X
R R2 . X R?
( N
N MMe COLH
_OAr 2 s e
N SET R! <« SET o)
)I\ +e R2 s N|
R R -Ar0~ - CO,, acetone R)\ R
Ar = 2,4-NO,-CgH;
1
R 649G
NC\/\),\:;?\ X-Y
=)
(CYPP R \a vy & 5 ©
Y SET SET Y
R1
X R?

J

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

o R
cl o R? .
td kY
N X ‘hett _1(10 mol% het >
cl o +  Chet} ( "‘°o°) R1__NDet
o N DMA, 25 °C rT
c” & X=NBoc, OAr H X
TCPhth™
Q +> N—1Bu
S, _—Bil
L]
By

Direct SET
Oxidation

N
R-’i ,R4 h Boc
(o] f;l R*
Radical El‘>_<OTCPhth H
recombination Boc
TCPhth™
2 +
"N—Bu NBoc
Sy—"Bi /
Bu
TCPhth™
+ N—Bu
S Billl -
N— Co,
e, f o
Bu NBoc cl D
N N
cl Boc
a—Amino alkyl bbismuth(lll) adduct o
(accumulation observed at -40 °C) cl Cl

Nat. Chem. 2023, 15, 1138




Hu GM

Aliphatic Amines Activation Strategies in Organic Synthesis

WSF

Imine Derivatives

2>(])\NH2

CO,Et
HO, Cat. 1 Ph, CO,Et
Ph 3,5-DNBA NH,
8;])\ 2 co,R GOkt 4 CHCl3, 30 °C N
+ N  OMe [Ir(dF-CF3-ppy),(dtbbpy)IPF ¢ H,N” ~CO,Et N
o om activation I TMG, DCE, rt. 427 nm LEDS_ N N
© CO,R H
H MeO OMe
MeO OMe ON COH
3,5-DNBA =
J. Am. Chem. Soc. 2020, 142, 18310 NO,
f ) Chem. Sci. 2014, 5, 1988
ol (
N CO,Et Ph HO(_en
.
el H Ar CO,Et \I;l = Co,Et 3,5|-IDgBA A
/ -n2
H,N” CO,Et oz N N
i H
@ St R "
N
l Me
radical “Ar A
CHO
o0
" B-scission OH A )\
It I \. OH product \ HaN CO,Et
99
o :
Et0,C, CO,Et
+ *
SN
ZcoR OO :
H
oJ ... ol J 2 i e
i °H
COR CO,R H,0 O‘ (o]
\ J Me

~
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Imine Derivatives

VRN

+ 2
NP *R4NBr’ (C-4 or CD-11) NP R~Z° NP
A g > o NRg > Wo

R R" “H R Y

R' = alkyl R2

NP
Ty oy 1’ Ar
NHCO,Me R
! NHCO,Me
Ar
e A
Ar
OtBu
Ar
C-4
NO,
Ph
NP = PYR =
NZ “CN

\ ' J

Nat. Catal., 2024, 7, 1076

NO,
Ar?0H (A1)
*
TS

NZ “CN Deprotonation

R 1
Ar2OH (A1) Ar!
ag. LiOH
§ = NZ > CN
LiOAr3(A1") LiBr )_ .

+ : 1 +_ R *
*R,N Br *R,N OAR o NR,
c-4 c-4

Protonation
Ar'

/k Ar?0H (A1) 1,4-Addition

NZ ~CN .
/'\/\/O Ar!

~
R )\ - TSI
3 N CN NRj MO
0

Ar' = p-nitrophenyl R

Ar? = 3,5-dimethylphenyl 3l

TS8-Il (front view)
TS-I (front view) AGH = 7.8 keal ol
=7.8 kcal mo

AG* =8.5 kecal mol™

10
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Imine Derivatives Transfer to Ketone(Aldehyde)
( )
NH R1\rNH2 R1\]¢o
Me\';lJL';l,Me R2 R2
Me Me
(o) R'__NR |
'S 3DPAFIPN, TMG H f
R N DMF, rt. blue LEDs R N CO,M s N R
+  (nBusN),C,0, - e
BN (nBuaaCa0s then el i G, O Ph F  Ph
Ph” “Ph o Ph Ph N N o
Ph” “Ph z o
X i OH
Z N o
NZ S J° ﬁ_® OH
PR N o
Ph”" “Ph N S
Me
\___ 3DPAFIPN )
~
pathway a o
_ — e (o) (o] > \>® nBuyN* o
O *
- -0 1
o _ (o] \‘( /R
o- o 0. N 0 R /NCH N___R'
o_-w SET radical anion SET _ Ph— o J\ “R2 Z Y
2
Ph._N o ol A R? "NH, B _cH B R
o N + 2 +
z Ph. _N -0 N N NG
Ph O - L NG \(N | co, then Mel me ¥ me ¥ me Y
—  EDA complex —> Ph O - Ph\( %
Intd Ph  Intdl H*
! CHO, L
pathway b ! radical-radical
\..__coupling NH, N_ _R! N_ _R! N _R!
Bz. el Y N | N S
SET o — )lN\ o _ H0 R2 o R2 N R2
> CO, + CHO,+ a <2 <tH _—
) P 8t || BT L i
avll <—| )S( | -
Int-l or Int-ll » MeO | | | Y
P{/C» l or Ph\g/ Me Me Me Me
It —_______ co,
ACS Catal. 2024, 14, 10053
&

"
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Katritzky salts

g
Ph
SN
|,
Ph” 0

vinylogous amide
Pathway A
Ph

PAthway B
Ph Ph
z RNH, | =
Ph —> ®-
P So %, Ph” N” Ph

Ph Ph
RNH -
Bas; fl fi /fl
NH R NHR NHR
Ph catalysis 2
ysis  Pph Ph” 07N, PRS0 N,

fast
OHz OH

SN, or SN, Type

Vs

( ) e N
x® «©
Ph@ o~ Ph &Ph o~ Ph
RONy —» R Nuc Aﬁ" 5 —>» Ar—Nuc
/A Ph Py
Nuc ‘\, I\Cc_
widely studied (katritzky)

) L steric hindrance: seldom examples
s N
intremolecular displacement
Ph o Ph e 7 Ph
Xy BF4 NO, D NO, X NO,
Lo, o= [} I | R
Ph Ph RZOR3 RZOR3 —~ R 1
. Ph™ @ l:l Ph Ph N Ph R
R' R J
EDA complex
Tetrahedron Lett. 1980, 21, 1723
s A
intramolecular displacement

Ar HN _

R BF4
H
.N
Arl" SAr?

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

12
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Metal-Catalyzed Cross-Couplings

Ph Co(acac),, L
NCBF, R3OH, KHCO o
| o, CO, DMF, 100 °C . R R
e N(OAS) AHLO Ph” > NZ “Ph . o
i(OAC),*4H, S R
Ph=~Ph B(OH)2 BPhen, KOtBu, EtOH R3G R1J\R2
® I N R =
R' YN + RS - >
\'/ = 1,4-dioxane, 60 °C
R2 Ph R? Org. Lett. 2019, 21, 6919
( A
J. Am. Chem.Soc. 2017, 139, 5313 BFL Ph Ph
j — . Ph_~_-Ph RN
R\gN\ | N
Ph
| N Ph
Z SET
Ph o Ph ph >N pn Ph
XX 0 OR‘ CoL |
| LNi()Y I ZI A, LNiary A7 R/\n/ " Coln N
@, _ R1TRZ — 1J\ , o |
Ph N Ph - LNi(l)Y Ph N Ph -LNi(ly R R Ph N/ Ph
. R
R J\ R2 SET reduction R R2 \8
\\§ J
R'OH
base R /\n/Co"L,,
o
S
Ph \\_iR co'L,
© .
BF Ni], L
| B 4, Rx [Ni] R1/R co
@/ Zn g J
Ph” "N~ “Ph
R1
r 3 e U e Photoinduced Reactions C-C Bond Constructions
sp2-sp® sp-sp sp-sp
!
|/ _ TIPS—=—Br R2-Br Ph o
R Ni(acac) Ni(cod), N BFs [Ir(PPY) (ctbbpy)IPF &
NiBr,ediglyme 2 dbb: | ® DMA, r.t., 5 W blue LEDs R!
tpy dbbpy . Py z + -
Ph” “N” “Ph
dimethylamine J\ 1
up to 99% R
& i ° J J _ J R1 R2

Sci.Adv. 2019, 5, 9516.

Angew. Chem. Int. Ed. 2017, 56, 12336

13
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Desulfonylative Alkynylation/Alkenylation

Ph eosin Y, DIPEA
BF, 2 MeOH/DCE, r.t. 2
| N * = R green LEDs /R
®z * Z > F
Ph l;l Ph Ts R
R!
ph eosin Y, DIPEA
Xy BF4 R2 MeOH/DCE, r.t. R2
) + PhO S\)\ green LEDs _ R1\)\
Z -
Ph ':l ’ R3 R3
R1

Desulfonylative Allylation

X @BF4 R2

ACS Catal. 2018, 8, 11362

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

| @, + )\/sozph
l;l Ph
R1

Kinetic study

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

R1/\R2
R1 @N\
Ph
Ph R2 Ph
| X @N—( ,o
@, A me
Ph N Ph I @,
Ph N Ph
N —Me
Ph
/
Ph Me—‘<
Stablity
> \ o"
- — /\
1
Reactivity L R )

Vs

X Ph_— ‘ Ph
0 -
R2 PhX
PC
Reduction

Reoxidation

Ph

PC

Favoured for less
stabilized radicals

N Ph
i Rl _N—=
e PC+. Y Pc+- X
R2 Ph
Fragmentatation Ph__~ Ph
Favoured for stabilized radicals N~ !
benzylic, a-esters, R, R'= H
Ph
R1
R2
Mechanistic aspects of photoredox-catalysed activation of N-alkyl pyridiniums salts

\ J

Ph

€] B,(cat),, DMA pinacol
Xy BFs blue LEDs, r.t. _ _Bcat Et;N _Bpin
| @/ » R —> R~

Ph | Ph

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

e A
Ph Me, Me
X, + ON= (o}
| © o-g
Ph Ph o
BF4 . B,cat,

14
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