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Amination of aryl halides

First Ni(NHC)-catalyzed amination of aryl chlorides

Ni(acac); (5 or 10 mol%)

R! SIPr-HCI (5 or 10 mol%) R
Cl + H-=N - M
'Rz NaH (1.6 equiv.) / +-BuCH (1.5 equiv.) RZ
. solvent, temperature
(1.5 equiv.) 5-10h

Secondary amines: THF, 65 °C, Ni(acac); (5 mol%), SIPr-HCI (5 mol%) Eﬁﬁg:iagn;%es
Anilines: dioxane, 100 "C, Ni{acac); (5 mol%), SIPr-HCI {10 mol%) 224?“_39";%33
3 examples

Primary amines: dioxane, 100 °C, Nijacac)s (10 mol%), SIPr-HCI (10 mol%) 37 - 85%

Fort, Y. et al. J. Org. Chem. 2002, 67, 3029-3036.



Amination of aryl halides

Proposed mechanism for the amination of aryl chlorides
Ni(acac), + L (L= SIPr)
activated NaH

2 Na(acac) + Hy
R2

0
Ar—N /> L-Ni \&
1

LN "SR LN
substrate
- BUOH deproton. coord.
+ NaCl RU ~R?
NaOt-Bu L- N,al
Ar

Fort, Y. et al. J. Org. Chem. 2002, 67, 3029-3036.



Amination of aryl halides

PMHS as a reducing agent

Ni(acac), (0.1 mol%)
IPr-HCI (0.2 mol%)
:C— )—Cl + HNS F4C NS
NaOf-Bu (1.4 Equw}
(12 equiv) PMHS m 8 equiv.) 86%
dioxane, 100 °C, 12 h

PHMS: Polymethylhydroxysilane
Ph-Bpin as a reducing agent
1 NiCl,-DME (5 - 20 mol%) t
R SIPr-HCI (10 - 40 mol%) R
- R2 NaOt-Bu (1.4 - 3.75 equiv.) - B2
_ . Ph-Bpin (0.15 - 1.4 equiv.)
(1.2-2.4equiv)  gioxane, 80 °C, 3 h

OR = 0S(0);NMe, 22 examples
53 - 98%

OR = OC(O)NEt, 22 examples
40 - 91%

Knochel, P. et al. J. Org. Chem. 2008, 73, 1429-1434.
Garg, N. K. etal. Org. Lett. 2012, 14, 4182-4185.



Amination of aryl halides

Possible pathway for activating aryl Nickel(ll) halide complexes

PPh PPh
;e HNR; T L |

Ar—Nill-X = Ar—Ni'-NR, ———= (PPh3)Ni’L, + Ar—NR,
| hase | RE
PPhs PPhs

Without the aid of a reducing agent. by attack of a
nucleophile and then reductive elimination to generate in situ
an active Ni(0) species.

Yang, L. -M. et al. J. Org. Chem. 2007, 72, 6324-6327.



Amination of aryl halides

Amination of aryl chlorides, tosylates, and phosphates

2-4 (3 - 5 mol%)

R' " IPr-HCI (3 - 10 mol%) R! |
x TR g @ N Ar—Ni-X
‘ R2 base, solvent, temperature R2 |

PPh,
(1-3 equiv.)
2: Ar=Ph, X = Br
X = Cl and cyclic secondary amines: 3: Ar = 1-(p-acetylnaphtyl),
2 (3 mol%), IPr-HCI (3 mol%), NaOt-Bu (1.3 equiv.), 9 examples 4 i(r::{::ll-naphtyl X = Cl
THF (65 °C) or dioxane (80 °C), 1-3h 72 - 99% [ref. 34] " ’
4 (5 mol%), IPr-HCI (5 mol%), KOt-Bu (4.0 equiv.), 19 examples
toluene (RT), 24 h 50 - 99% [ref. 36]
X = Cl and anilines:
3 (5 mol%), IPr-HCI (10 mol%), NaO¢#-Bu (1.3 equiv.) 10 examples
dioxane (100-120 °C), 3-6 h 66 - 99% [ref. 34]
X = OTs and cyclic secondary amines:
4 (5 mol%), IPr-HCI (5 mol%), NaOt-Bu (1.6 equiv.) 14 examples
dioxane (110 °C), 15 min 24 - 96% [ref. 37]
X = OTs and anilines:
4 (5 mol%), IPr-HCI (10 mol%), NaOt-Bu (1.6 equiv.) 19 examples
dioxane (110 °C), 30 min 37 - 95% [ref. 37]
X = 0P(0)(OAr); and cyclic secondary amines, aliphatic primary amines and anilines
4 (5 mol%), IPr-HCI (10 mol%), NaH (2.0 equiv.) 28 examples
dioxane (110 °C), 30 min - 1 h 21 - 95% [ref. 38]

Yang, L.-M. et al. J. Org. Chem. 2007, 72, 6324-6327.

Yang, L.-M. et al. J. Organomet. Chem. 2011, 696, 2482-2484.
Yang, L.-M. et al. J. Org. Chem. 2008, 73, 1624-1627.

Yang, L.-M. et al. Org. Lett. 2011, 13, 3750-3753.



Amination of aryl halides

Proposed mechanism

Ar’
(PhsP),Ni'_  +IPr-HCI + NaOt-Bu (or KOt-Bu)
X
HNR'R2
TM and RE
Ar'NR'R? + {-BuOH + NaX
Ar—N ArX
R! -
(X = Cl, OTs)
RE OA
R’1
1
N X
L Nill'f R2 17
" NaAr L,Ni ~Ar
™
RE
t-BUOH + NaCl H-N +NaOt-Bu
(or KCI) R! (or KOt-Bu)

Yang, L.-M. et al. J. Organomet. Chem. 2011, 696, 2482-2484.
Yang, L.-M. et al. J. Org. Chem. 2008, 73, 1624-1627.



Amination of aryl halides

Synthesis of Ni(IPr)(acac), (5) and Ni(IPr), (6) from Ni(acac),

fr— IPr.HCI / NaH (excess)
Ar— ~Ar a0% conv. HJ "M
IPr-HCI (1.1 equiv.) J or NaH (excess) Ar \r’ ~Ar
MaOt-Bu (1.2 equiv.) O—pyin-C 43% conv. N0
Ni(acac)s - o’ "o ) I
THF, RT, 2 h dioxane, 100°C  a._ A a0
83% 18h N- N
5 (Ar = DIPP) —/
18e &
2 IPr-HCI  NaH (excess) }

53%
Catalytic amination of chlorobenzene under Matsubara’s (A)
and Fort’s (B) conditions

H
Cl conditions A or B N 4
-
G/ O/ dioxane, 100 *C @I U
1.5 equiv.) Y = OMe: 72% (A) - 58% (B)
Y=F: 64% (A)-59% (B)

A: 6 (10 mol%), NaOt-Bu (1.8 equiv.)
B: Ni(acac); (10 mol%), SIPr.HCI (20 mol%), NaH (1.6 equiv.), -BuOH (1.5 equiv.)

Matsumoto, T. et al. Organometallics 2008, 27, 6020-6024.
Fort, Y. et al. J. Org. Chem. 2002, 67, 3029-3036.



Amination of aryl halides

Amination of aryl halides catalyzed by the mixed PPh3/IPr
Nickel(ll) complex 7

R’ 7 (10 mol%) R’
Rz NaOt-Bu (1.5 equiv.) R2

toluene, 100 °C

X=Br,Cl (1.2equiv.) 24 h 13 examples
R2=H R 23 - 99%
Pr 7\ Pr
Lo Vo33
Pr | Pr
Cl—Ni—Cl
PPhy 7

10
Hara, K. et al. J. Org. Chem. 2007, 72, 5069-5076.



Amination of aryl halides

Diphenylamination of aryl halides catalyzed by the Y-shaped
monovalent complex 9

9 (5 mol%)

PPh; (25 mol%)
@ X + Ph,NH - anz
;

NaOf-Bu (1.5 equiv.
X=1,Br,Cl (1.2equiv.) toluene, 25-70°C 11 examples

41 - 97%
s AT [\
N Cl N PPh;(excess) ar—N._N-ar
with E >—Ni'—Ni'< j| = - \(
N Cl N CEDE --"'"NI‘!-..,
Ar A PhsP” Cl
8 (Ar = DIPP) 9

Matsubara, K. et al. Chem. Lett. 2011, 40, 1036-1038.

11



Amination of aryl halides

Proposed Ni(l)/Ni(lll) Mechanism by the Nickel(l) Complex 9

LnTi' NaNPh,
Ar—NPh, Cl
RE L NaCl
X
Lnr~l~|i"'~Ar '-n’i“'
thth NPh,
OA
ArX

Matsubara, K. et al. Chem. Lett. 2011, 40, 1036-1038.



Amination of aryl halides

Amination of aryl chlorides catalyzed by complex 10h bearing the
bulky yet flexible IPr*oMe |igand

10h (5 mol%)

R!  KOt-Am (2.0 equiv.) R
RZ toluene, 110 °C / R2
(1.5 equiv.) 11 examples
23 - 93%
CI—""”'
Ph \‘
MeO
Ph

13
Nolan, S. P. et al. Organometallics 2013, 32, 6265-6270.



Amination of aryl halides

Amination of aryl and heteroaryl chlorides catalyzed by 11
11 (5 mol%)

NaOt-Bu (1.2 equw)
O & -
THF, 60 °C, 2 h
f] fP
61 - 99% or \f
11 (2.5 mol%)

SRS R'  NaOtBu(1.2equiv) ¢ vy R K’ ¢
. L o+ HeN - | =N 11

L“'\ N bw‘.‘ - ﬁl |
Sy N~ R2 THF, RT, 1-24 h > N R? 16e
(1.5 equiv.) 8 examples
62 - 99%

Coupling of secondary cyclic amines and anilines with aryl tosylates and

of indoles and carbazoles with (hetero)aryl chlorides catalyzed by 12
12 (5 mol%)

R' Liot-Bu (1.5 equiv.) R
DTs + H-N - N
\ 'R2  dioxane, 110 °C \ R2 pr ™\ ip
. 15 min -5 h r '
(1.5 equiv.) 22 examples @’ \@
61-99% Pr \r Pr
|

57 12(5-10 mol%) e

! LiOt-Bu (1.2 equiv.) ) \ ff
\_/ N dioxane, 110 °C N
H 2h
(1.2 equiv.) 30 examples
51-95%

Nicasio, M. C. et al. Adv. Synth. Catal. 2010, 352, 1949-1954.

Nicasio, M. C. et al. Organometallics. 2012, 31, 6312-6316.; 14
Nicasio, M. C. et al. Adv. Synth. Catal. 2015, 357, 907-911.
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Dehydrogenative cross-coupling of aldehydes
and amines

Ni({COD), (5.0 mol%)
IPr(R* = aryl) or 0
O R ItBu (R = alkyl) (5.5 mol%) ‘-JJ\ J
A+ H-N - RN
R™ H R? PhC(O)CF5 (R = aryl) or R2
(1.0 equiv.) (1.0 equiv.) RC(OH (R = alkyl) (1.1 equiv.)
R =aryl, alkyl R'=aryl, alkyl dioxane, 30 - 40 °C 215:%39?'3}55
RZ=H, Me, alkyl

Mechanistic data support a catalytic cycle involving
oxidative addition of the aldehyde C—H bond onto an
electron-deficient nickel(0) center.

16
Dong, V. M. et al. Angew. Chem. Int. Ed. 2015, 54, 1312-1315.
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Hydroamination of olefins

Hydroamination of activated olefins catalyzed by complexes 13a,b

13a or 13b (5 mol%)

1
PN , AgOTf (10 mol%) E
R + H-N - ,
‘Rz MeCN,RT,1h RZSTOR
R =CN, COMe, (2 equiv.) 9 examples
CO,Et, CO,t-Bu 25 - 89% (13a)

28 - 99% (13b)

r-'H
N J ] 13a: R =ethyl
L N>_rM'_<N..N 13b: R = propene

L

Ghosh, P. et al. Dalton Trans. 2010, 39, 2515-2524.

18
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Hydroimination of alkynes

Hydroimination of Alkynes Catalyzed by a Ni(COD),/IPr (1/2.2)
Combination

Ni{COD)= (10 mol%) Ar
Ar IPr (22 mol%) A
f,Lh_ + Rl—am—pR! = R N
R™ “NH Cs,C04 (1.0 equiv.) 1&/ R1
. i "C,24-36h R
R1=Ar: 10equiv. 12-15equy, Y ene 120°C,24-36 ”s |
1= Alk- ; : examples
R'=Alk: 2.0 equiv. 1.0 equiv. 49 - 93%

The catalytic system was reported to catalyze the
formal anti addition of aromatic N-H bond.

Zhao, P. et al. J. Am. Chem. Soc. 2015, 137, 6136-6139.

20



Hydroamination of alkynes

Proposed mechanism for the hydroimination of alkynes
H R

T

JN\ L Ni©°

proton substrate
transfer coord.

R

R1
L.Ni_ _R!
T, & LoNi—|
2 —
R H—<R anti-nucleophilic R?
) attack  _ Ar
\ R’ HN=(
— R
LaNi—|| Ar
“HN=(
R? R

21
Zhao, P. et al. J. Am. Chem. Soc. 2015, 137, 6136-6139.
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One-step indoline synthesis from iodoacetanilides
and alkenes

Nickel/photoredox catalyzed synthesis of indolines
Ni(COD)5 (15 mol%)

IPr (16 mol%) R
N [Ru(bpy)s](PFg)z (1 mol%) i
CHRE s
NHAC EtsN (2 equiv.) P E
acetone (0.22 M) c
blue LEDs, RT, 26 h 17 examples [prNiD_|L
28 - 97% R
I
Red. to
Ni(0) IPr "" NHm:
IPrN| I[bpﬂgz* .
IPr Py —l
Nl" N|” .
- Bioatont
Proposed mechanism NHAG
Ru(bpy)s* migratory
insert. “ R
I *Ru(bpy)s?
The addition of a photoredox catalyst can o
M r
allow controlled access to multiple il
. . . . . =
oxidation states in a single catalytic cycle. ey
EtsNH* Ox. to NHAG g, /7 elim.

Ni(li)

Et;N

O 2
Jamison, T. F. et al. J. Am. Chem. Soc. 2015, 137, 9531-9534. NHAc
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Dehydrogenative cross-coupling of aldehydes
and amines

Ni(COD), (5.0 mol%)
i IPr (R = aryl) or o
0 R ItBu (R = alkyl) (5.5 mol%)
T b OHeN ( yl) ( _ R’IL‘N'R1
R™ "H R2 PhC(O)CF5 (R' = aryl) or R2
(1.0 equiv.) (1.0 equiv.) RC(OJH (R' = alkyl) (1.1 equiv.)
R=aryl, alkyl R'=aryl, alkyl dioxane, 30 - 40 °C 2153%39”-}%95
RZ =H, Me, alkyl
R_ _OR!
T 0
O O
)J\ RE L- NI_K substrate
Ph CF, Ph CF3 cunrd
-
R. _Ni___R
Proposed mechanism Y © "% N
Hﬂ\CFg

O O
Ph \
protonolysis o OA

HOR'" | 4

Y O “CF; '
O N — L F’hlLCFa
= 25

Dong, V. M. et al. Angew. Chem. Int. Ed. 2015, 54, 1312-1315. insert.



