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Features of Group 10 metals:

Nickel
Less electronegative
Harder
Facile oxidative adition
Facile B-migratory Insertion

Radical pathways more accessible

Palladium
More electronegative
Softer
Facile reductive elimination
Facile B-hydride elimination

Catalytic Cycles:
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Elementary Steps:

Ni®
Ar—Br —_—
I Q_M
Ar—Ni—Br ——>»

Ar—Ni"—@ — >

Me
1,
1l
@-N—x —>
Me
H_ 5
X—Ni
" Ar—H
@N—x —>
A
0
/NI —_—
X
2Ni' =—2 Ni

Oxidative addition

Transmetalation

Reductive elimination

Migratory insertion

B-Hydride elimination

C-H activation

Oxidative cyclization

Disproportionation

Comproportionation

What Will be Covered:
I) General Ligand Class Trends
Il) Highlights from:
"Classical" Ni cross-coupling
(A driven or not toO)
Enantioconvergent cross coupling
® Hydroxation (H-H, H-B, H-Si, H-CN,
H-Alk, H-Ar etc)
Cross electrophile coupling XEC
Dual metal catalysis
G Three-member ring opening

What Will Not Be Covered:
Multicomponent reactions
C-H activation

Olefin Rearrangement
Electrocyclization
Applications in total synthesis
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"Classical" Ni Cross-Coupling: iv. sp>-sp? Continued:  jp, iPr
i. sp?-sp? (dppf)Ni(cinamyl)CI I N/—\N
B(OH)Z (05 mOI%), K3F)()4> S No”
./ dioxane, 70 °C, 91% ] .
iPr iPr
Hartwig, Angew. Chem. Int. Ed., 2012, 51, 12837-12841 IPr (10 mol%)
H 0,
ii. Classical Thermally Driven Mechanism: ./OTf Ni(COD), (10 mol%) >
p Initially reported as NaOtBu, BuOH, 20 °C
87%
NMe,

Shi, Angew. Chem. Int. Ed., 2023, 62, €202310203.

»— Ni' sp ally rep
Ni* to Ni" cycle _ It
.............................. CC

Now widely accepted to proceed y2 Mz ¥2

dcype (20 mol%)

2 gl 2 N;lll
sps—Ni sp®—Ni
o via Ni' to Ni""" cycle
u following comproportionation Ni(COD), (10 mol%)
@—B(OH)Z H Cs,COg3, dioxane 120 C> N\
& o5% g
Fu, J. Am. Chem. Soc., 2012, 134, 25, 10693-10697 o
Hu, J. Am. Chem. Soc., 2013, 135, 32, 12004-12012 ftami. J. Am. Chem. Soc.. 2012 134. 1. 169-172
iii. Strategies to Access Ni' Complexes: [T ~ T
. -N N
C =C
i ~ THECOD, 85 K\ i-Br= /Q A
nBu—N=nBu Br; e TV ~Ni / IPr-HCI (20 mol%)
nBu 40% Ni(COD), (10 mol%)
TBATB NaOiBu, CsF
Doyle, J. Am. Chem. Soc., 2023, 145,35, 19368:19377. .| o°" Phie, 120 "C
tBu _ Cy, 51%
Ni(COD),, dcybp \
CatBCI, PhMe, 23 °C_ Ni—Cl Chatani, Org. Lett., 2014, 16, 21, 5572-5575
[Ny <n2end T (I? """"""""

tBu O
71% 1 V. Sp“-sp
tBu Cy, -
H ~tBu

Morandi, Inorg. Chem., 2023, 62, 41, 16661-16668
'''''''''''''''''''''''''''''''''''''''''''''''' Ph,

Ni(COD),, P(tBu)s BUsP 1 g 1 Bu, ~ (5mol%)

i >Ni F Ni(COD), (5 moI%)>

. THF, 23 °C Ni__ ZNi
NiBry-dme > e B ] THF, 25 °C, 85%
3
Ackermann, Org. Lett., 2020, 22, 17, 7034-7040

Schoenebeck, J. Am. Chem. Soc., 2023, 145, 28, 15414-15424
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v. sp?-sp? continued:

Q( _ d./

(T
N= \
A)‘Me
Me o
(5 mol%)
Br TMEDA, THF, 60 °C
@ 83% >
n-Octane
Zhao, Hor, Dalton. Irans., 2013, 42, 5150:5198 ... ...
dtbpy (11 mol%) nPent
Br NiCl,-diglyme (10 mol%)
‘/ LiOtBu, iBuOH, PhH, 60 °C, 53%
Fu, J. Am. Chem. Soc., 2013, 135, 2, 624-627
BzO
B%O dtbpy (10 mol%)
z0 Ni(acac),'4H,0 (5 mol%) BzO
OBzpgr CsCO,, iPrOH, PhH, 80 °C 0
85% BE20

Ngai, J. Am. Chem. Soc., 2021, 143, 23, 8590-8596

Generally tridentate Me,
amine ligands required +
for oxidative addition -Ni-ClI
into primary
alkyl halides +
Me,
./I Nickamine (3 mol%) » Me

O-TMEDA, THF, 20 °C, 72%

Hu, J. Am. Chem. Soc., 2009, 131, 28, 9756-9766

-_—
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vi. sp?>-N Me
< Ny
Fe PCY; 2

LNiCl(oTol) (10 mol%)

o _tBu K5PO,, PhMe, 110 °C
o T
0 o NC

Stradiotto, Synlett, 2017, 28, 13, 1652-1656

dppf (4 mol%)
Ni(COD), (2 mol%)

H 2 % aq TPGS-750-M
50 °C, 24 h 7
¢ o )
Tol”
 Kumar, Green Chem,, 2022, 24, 3977-3984 .. ...
vii. sp?-0
Me
Me Me 0\ o) Me
lo &_0
o Me'
Me Me
(o)
Me
PAd,-DalPhos NC
cl LNiCl(oTol) (5 mol%)

‘ DBU, NaTFA, PhMe, 110 °C, 82%
Stradiotto, Angew. Chem. Int. Ed., 2020, 59, 8952-8956

prn 2_
viii. sp*-B i) CyJohnPhos (1.1 mol%)
NiCly-6H,0 (1 mol%)

Br DIPEA, MeOH, 80 °C
o
‘ ii) 75% O
BnO

Frantz, J. Org. Chem., 2020, 85, 16, 10334-10349
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ix. sp?-X Ni(OAC),-4H,0 (10 mol%) I i. Stereoinvertive
Zn (20 mol%), DMAP (20 mol%) ~
DMA/THF, 23 °C (O-TO|)3 (10 mol%) Me
Nal 95, > Ni(COD), (10 mol%)
° Me K3PO,, dioxane, 70 °C
Reisman, Angew. Chem. Int. Ed 2019 58, 14901-14905 z o
"""""""""""""""""""""""""""""""""""""""" ./\NMe30Tf 95%, 98% ee
Hex O
Hex Watson, J. Am. Chem. Soc., 2013, 135, 1, 280-285
He [ -5 G WOH T
|
0 v
Nal (12 mol%) Q
Ni(COD), (10 mol%) .
[ t . 20 oC 880 Br LN||2 6 mOI /0
_ oyeoperiancy - 88% NaHMDS (12 moI%L
Shu, Organometallics, 2022, 41, 24, 3795-3800
"""""""""""""""""""""""""""""""""""" cl iPrOH, 60 °C
dtbpy (12 mol%) | 70%
Ni(COD), (10 mol% : :
Na CPME pu)fp(le SO Fu, J. Am. Chem. Soc., 2006, 128, 16, 5360-5361 cis:trans 35:65
95% - ii. Stereoconvergent | N
3
Lin, ACS Catal., 2022, 12, 18, 11089-11096 Propargyl-sp o ' Z i 0
"y
x. Mechanism - Excited State Ni'' Reductive Elimination \7
tBu tBu (4 mol%) ”
72\ NiCl,-dme (3 l;nol %) ™S
_ / Nal S DME, -20 °C .~
spz_Brv/' \le N Br 71%, 93% ee
i
& g rac Me
By il = P |FuJ Am. Chem. Soc, 2008, 130, 38, 1264512647 |
7 \N_( 7 N_{ iii. sp?-sp® Ph  Ph
Y oY —
[
SN tBu Bu N MeH AMe e By
sp/ \I (12 mol%) o)
/ A\ Br NiCl,-glyme (10 mol%) Et
/ TBAT o
\I\ilil/ hv .)\. dioxane, 20 °C tBu
sz_l sp | rac 80%, 99% ee
Lin, ACS Catal., 2022, 12, 18, 11089-11096 Fu, J. Am. Chem. Soc., 2008, 130, 11, 3302-3303
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iii. sp®-sp> Continued Me_ Me iv. Allylic-sp? O™.mipr
Y == el
Pﬁ: bh @ (10 mol%)
OAc Ni(acac), (5 mol%)
Box (9 mol%) Q DIBAL-H (16 mol%)
Br NiCIz-dme (7 mol%) (o) Me KOH, THF, 65 °C
KOtBu, iBuOH < '
.)\. PhMe, -5 °C » O 81%, 50% ee
rac 76%, 90%ee Woodward, Eur. J. Org. Chem., 2009, 898-903.
Fu, J. Am. Chem. Soc., 2010, 132, 4, 1264:1266_________ ... ....._|
Ph,
Fe Me;
=
Ni(ppfa)Cl,
MgBr (0.5 mol%)
Et,O, 0 °C
2Y, - Me OAc . CO.Et
rac 99%, 63%ee CO,Et (4 mol%), Ni(acac), (2 mol%) 2
,THF, 65 °C
Kumada, J. Am. Chem. Soc., 1982, 104, 180-186 __ . . __ ... __...._| |
33%, 94% ee, 4.5:1 b:l
Ph,
@ Woodward, Eur. J. Org. Chem., 2009, 898-903.
’ Ph2 """"""""""""""""""""""""""""""""""""""""""""
2_nd
MgBr Ni(NorPhos)Cly, (0.1 mol%) v. Sp*-sp
Et,0, 0 °C . Me OO Me
—Ph
rac 95%, 67%ee O\P—N/_
~
Brunner, J. Organomet. Chem., 1981, 214, 3, 373:380, __________ .. ...._] 0 )—Ph
ol
A_PPh;
Ph; MonoPhos (9 mol%)
cl (10 mol%) Ni(COD), (5 mol%)
NiCl, (10 mol%), Et,O ArBO dioxane/tAmOH, 20 °C - ‘v,
% /L (ArBO)s 91% 52% ee
rac Et Me
Consiglio, Helv. Chem. Act., 1973, 56, 460-463. Doyle, Chem. Sci., 2011, 2, 980-984
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@ HydroXation Cy, @ iii. Hydroarylation Tol Tol Me
i. Reduction
72 N—Ph ‘\H: : :
L1 = CataXium PCy 5
L2 = (C6H5-mF)3 Me 5 mOI% Me H
‘II. (10mol%) Me | | Me NiBr,- dme (5 mol%) <
oTf Ni(acac), (5 mol%) H H Na,COs, TFE
. THF, 30 °C
solvent, 50 °C 70%, 83% ee
~_ ZnBr Nevado, Angew. Chem. Int. Ed., 2021, 60, 1605-1609 ’
R L2 =91:9 L1=88:12 | 77 Tttt e S A T
Doyle, Sigman, ACS Catal., 2024, 14, 4699-4708 OO
@ ii. Hydroalkylation Xylyl _Me Me_ _Xylyl
o NN
\ Ph Me
Me
_ Cy2 \2‘ Me Me Me
Ph Me Xylyl Xylyl
PhOXx (6 mol%) | ANIPE (10 mol%)
H (o]
Ni(COD), (5 mol%) H Ni(COD), (10 mol%)
Barton's base Me LiOtBu, MAD, CyH, 50 °C
THF, 23 °C :
’ 62%, 80% ee, 5.1:1 dr Shi, J. Am. Chem. Soc., 2022, 144, 30, 13643-13651 OMe |

Mazet, J. Am. Chem. Soc., 2020, 142, 38, 16486-16492

Giv Hydrosilylation
o<, _
o~ i 0
0] <0
Me

Box (15mol%) ©\/k SPSIPO (6 mol%) "
NiCl,-dme (10 mol%) NiBry: dme (5 mol%) €
DCE, 30 °C =
r
90%, 96% ee

Et,MeOSiH, KF
DMA, fBuOH, 0 °C 47%, 91% ee, 91:9 dr
Wang, Angew. Chem. Int. Ed., 2023, 135, €202216878

Hu, ACS Cent. Sci., 2024, 10, 8, 1657-1666
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G v. Hydrocyanation
CF
FsC O o Oe
J Lo
Me_ ° o—
Me>< .
07~ O—_
2 io
LTS
ot LI o

. |
LNi(COD), (5 mol%
(COD), (5 mol%)

acetone cyanohydrin
PhMe, 80 °C
Fang, Org. Lett., 2021, 23, 3, 930-935

G vi) Hydrogenation tBu

N -
CLX
Z tBu
N - »,
M

e o

Quinox (2 mol%)
m H2 (80 bar) TFE, NH4C)AC>

o
97% 99% ee
Huang, Org. Lett., 2022, 24, 14, 2722-2727

P

Ph-BPE (2 mol%)

Ni(OAc),, (2 mol%)
r

H,, 70 bar
TFE, 80 °C

[

Zhang, ACS Catal., 2020, 10, 19, 111563-11161 96%, 99% ee

Cross-Electrophile Coupling Rwdl

i. Mechanism
@_SPz YNiI

Sequential

Ni®

@—Br

reduction G- &—Ni'—Br

mechanism chain mechanism
? Red
\\\ N Red!
sp?

Weix, J. Am. Chem. Soc., 2012, 134, 14, 6146-6159

ii. sp?-sp?

Br L (7 mol%) Br

Cl iBr- (o)
./ NiBr-dme (7 mol%) - F,;C N
Zn, DMF, 60 °C, 77% |\
~
| Stahl, J. Am. Chem. Soc., 2025, 147, 1, 353-361 . ... ... .. .......
iii. Benzylic-sp? bpy (12 mol%)
OMe NiBr-dme (10 mol%)
Zn, DMF, 23 °C

Doyle, Angew. Chem. Int. Ed., 2015, 54, 9876-9880.

o = bpy (12 mol%)
- | NiBr,-dme (10 mol%) .
.)J\O N Mn, THF:DMA, 70 °C, 67%

Weix, Science, 2024, 385, 1331-1337

Other reports
suggest radical
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v. sp3-Carbonyl MeO,C CO,Me

/_\ »
bpy (12 mol%)
NiBry-dme (10 mol%)

ZnCl, (20 mol%)
Zn, THF:DMA, 20 °C

75%

neg

_N
.)LO

ii. Dual Metal
Mechanism

&Br \_/
Ni®
Zn'Br
Ni"
Zno ér

Controlled by relative rates
of M Oxidative Addition

sp?

4

Ni"

Weix, Angew. Chem. Int. Ed., 2019, 58, 12081.

i. sp?-[1,4]-Conjugate
Addition

GThree member ring opening i. Epoxides
bpy (10 mol%)
NiCl,-dme (10 mol%)

Cp,TiCl, (2.5 mol%)

o}

./Q

/7 \_/ Et;N-HCI, Mn, DMPU
_ a1% 1 on
Weix, J. Am. Chem. Soc., 2014, 136, 1, 48-51 Hex
Me Me OSiEt ” ,
o neocuproine (1 mol%) 3 @ ii. Mechanism sp?
NiBry-dme (1 mol%) sp? ZnBrX
ZnCl, (20 mol%) i NIOy 7
Mn, Et3SiCIl, DMA, 20 °C Ni
75% o Cp,Ticl, 11O ;«i"—x
Ni'
Weix, J. Am. Chem. Soc., 2013, 135, 2, 751-762
""""""""""""""""""""""""""""""""""""""" Al
Dual Metal Ni ‘
A T - i sp
i. sp*-s Ni(bpy)Br, (5 mol% TiO
PP (Pii)l, 2 PPh, ° Weix, J. Am. Chem. Soc., 2014, 136, 1, 48-51
M:; Giii. Cyclopropanes
Pd(dppp)Cl, (5 mol%) _ tpy (5 mol%)
Br Zn, KF, DMF, 40 °C NiCl,-dme (5 mol%) OTMS
’/ - o] TMSCI, Zn
77% NMP 20 °C X
74%

Weix, Nature, 2015, 524, 7566, 454-457.

Weix, ACS Catal., 2023, 13, 17, 11277-11290

10
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@ iv. aziridines

z)=0

]
SFo
o]
Fro-Do (10 mol%)
Ils Ni(acac), (5 mol%)
Me DMA, 20 °C .
86%

Doyle, J. Am. Chem. Soc., 2020, 142, 8928-8937

NHTs

CN

iii. sp?-sp® Continued
°V\©
s
Ar Ar
Ar = para-tBuPh (2.2 mol%)
Br [Ir[dF(CF3)ppy]2(dtbbpy)]]PF6>

L] NiCl,-dme, TBAI, CsCO3, hv
DME:PhMe, 23 °C, 71% 92% ee

MacMillan, J. Am. Chem. Soc., 2016, 138, 6, 1832-1835

(<)

Boc. OMe
. Mzetaliophotoredox dtbpy (15 mol%) N BiOx (10 mol%) Boc\N/\n/OMe
i. sp?-sp Ir[deCrF-%rr)r?ey](21(gt21boﬁz;))PF6 KE B) o) Ni(NO3),-6H,0 (5 mol%) ) o
2 DME. fv. 2 °) 8 [Ir(dFCF3ppy)2(bpy)IPFg
O\ Cs,CO;, , hv, 23°C .~ O\ lutidine, hv, EtOAc, 20 °C_

N CO,H N 65%

Boc Boc Molander, Angew. Chem. Int. Ed., 2016, 55,254:258. . ___|
Doyle, MacMillan, Science, 2014, 345, 437-440 dtbpy (5 mol%)

i Mechanism NiCl,-dme (5 mol%)

’ -0 0 [Ru(bpy)s]PFe, hv

. <. DMF, 20 °C
_@ Si o
0 >.< o A 91%
_ *N I o @ Et;NH*
. via Ni'{ Molander, J. Am. Chem. Soc., 2016, 138, 2, 475-478
I reductive | /7 07 N\ M 0 [Tttt
EtO,C M
quenching pathway hv Niﬁ@ 2 €
it 2 - ny  Ni(dtbpy)CloHa0 (5 mol%)
Mechanism since 0 < — 4CzIPN (3 mol%) Me
disouted Ni EO.C " acetone, hv, 23 °C
ispute e (
P X )\> N 2 70% Me
sp

Doyle, MacMillan, Science, 2014, 345, 437-440

Molander, ACS Catal., 2016, 6, 12, 8004-8008

11
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iii. sp?>-sp® Continued el v. sp3-CO,
Br tpy (5 mol%) 72\ —
L o
./ NiCly,-dme (5 mol%) - _ \ /
3.7 nm, CSD QD Me Me
TEOA, hv, 77% neocuproine (20 mol%)
Weix, ACS Catal., 2023, 13, 13, 9018-9024 CO, NiBry-dme 10 mol%) ~COo,H

iv. sp3-sp®
\\“
@ o
S
0 Indanyl-Box
NHp (20 M0I%), Ni(CIO,),6H,0 (10 mol%)
NBz (DMPU)oZn( )2 NHBz
Mg(OAc),, HCOH, hv, THF, -10 °C  67%, 99% ee
Liu, J. Am. Chem. Soc., 2024, 146, 43, 29297-29304
2
v. sp“-Carbonyl dtbp (15 mol%)
NiCl,-dme (10 mol%) 0
Ir[dF(CF3)ppyl>(dtbbpy)PFg )l
O/> (1 mol%), K3sPOy, hv, 23 °C
I\0 then HCI, 74%
Doyle, Angew. Chem. Int. Ed. 2017, 129, 7297-7300
vi. sp*>-N N
NJ\IN
N“ NJ\N
\\NJ\\NJ\\NJLN//
ey
N“°N N N“°N N
\r;i SN \NJLl;l N \NJLrIa/ filH

NH,

@

CN-OAm, NiBry,-dme, mDBU
red hv, DMAc, 80 °C, 81%

4CzIPN (1 mol%), HEH
4A MS, DMF, hv, 23 °C, 51%
Kénig, Angew. Chem. Int. Ed., 2017, 56, 13426-13430

m Electrochemistry
i. sp*-sp®

@ EFK

Liu, Angew. Chem. Int. Ed., 2021, 60, 6107-6116

dtbpy (5 mol%)
NiBrsy (5 mol%)
DMA, LiBr
RVC(-)lIAnode(+)
2.1 Fmol™!, -2 mA/cm?

80%

dtbpy (15 mol%)
NiCl,-dme (10 mol%)
DMF, K,COg3, LiCIO,4
RVC, 2 mA

Br

]

Stahl, J. Am. Chem. Soc., 2024, 146, 47, 32249-32254

dtbpy (20 mol%)
NiBr, (10 mol%)
PPh3, DIPEA
LiBr, NMP, 4 mA
(+)C/(-)Ni

57%

Br

@

Song, Nat. Commun., 2025, 16, 7045

Li, J. Am. Chem. Soc., 2021, 143, 9, 3536-3543
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