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Doyle 2015, (TM

DANi(o-Tolyl\Cl



Doyle 2015, (TMEDA)Ni(o-Tolyl)ClI

TMEDA Me, Me Me_ Me
Al(OEt)M82 N\ Me 60 °C N
Ni(acac), [ Ni’ > ( \Ni
Cl Nn. Me N’ Cl Me
Kj Me' Me Me' Me
Me B - A
1: 88% vyield
® one-pot synthesis w/o purification (gram scale)
s commercial starting materials Doyle et al. OL 2015, 17, 2166-2169
® ajr-stable, crystalline solid
Precedent
Wilke et al. J. Organomet. Chem. 1988, 355, 525
: Toluol,0°C
(tmeda)Ni(acac), + (tmeda)Mg(CH3)2 _(tme:a)mg(acacgp C/N'\
'N CH,
(1)

(tmeda)Ni(acac), reacts with the main group metal compounds (tmeda)Mg-
(CH,),, (tmeda){Al(CH;), },, and (C,;H,O)AI(CH,), at 0°C 1o give (tmeda)Ni-
(CH,), (1), which can be isolated as fine yellow crystals in 50-80% yield. Complex
1, which is the simplest dialkyl nickel(II) compound with a “hard” donor ligand, is
surprisingly stable and decomposes only at 79°C. 1 1s converted by bipy to
(bipy)Ni(CH,), and by Me,PC,H ,PMe, to (Me,PC,H,PMe,)Ni(CH,),. Upon
reaction of 1 with strong m-acceptor molecules (acrylic acid methylester, methyl
vinyl ketone, acrylonitrile, tetracyanoethene, tetrafluoroethene, maleic anhydride)
reductive elimination of the methyl groups takes place to give the complexes
(tmeda)Ni(7-ligand), (n =1, 2) and ethane.
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Doyle 2015, (TM

DANi(o-Tolyl\Cl

TMEDA Me Me Me_ Me
Al(OEt)Me, N Me 60 °C N_
Ni(acac), [ Ni > Ni
Cl N Me N’ Cl Me
j@ Me' Me Me' Me
Me - - :
1: 88% vyield
® one-pot synthesis w/o purification (gram scale)
s commercial starting materials Doyle et al. OL 2015, 17, 2166-2169
® air-stable, crystalline solid
Precedent
Wilke et al. J. Organomet. Chem. 1988, 355, 525
: Toluol,0°C
(tmeda)Ni(acac), + (tmeda)Mg(CH3)2 —Timeda) M5 (acacTT™ G/N’\
N CH
(1)
PMe,
AN Me
i | MezP Me\ I
Me  DOP% 2N Me Me  Et,0,-30°C "\ Me
, Et,0, -30 °C \ P 20, A
TMEDA—Nl\ = > NI\ TMEDA—Nl\ - > NI\
Me 76% a N/ Me Me 69% P/ Me
7|
o ~ I NC_ _CN Me” 1o
~r° '
o)
Me  Et,0,-78°C _Me Me  Et,0,-30°C _Me
TMEDA —Ni { » 0 |[—Ni TMEDA —Ni |—Ni
65% N M 98% \
Me Me e Nc” “cN Me
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Doyle 2015, (TMEDA)Ni(o-Tolyl)ClI

TMEDA Me, Me Me_ Me
Al(OEt)Me, N_ Me 60 °C N_
Ni(acac), [ i > [ Ni

Ni
Cl N/ Me N~ Cl Me Doyle et al. OL 2015, 17, 2166-2169
m Me’ Me Me/ Me
Me - - _
1: 88% yield
® one-pot synthesis w/o purification (gram scale)

s commercial starting materials
® air-stable, crystalline solid

Precedent
Yamamoto et al. J. Organomet. Chem. 1975, 84, 93

(2) Tolyl(dipyridyl)nickel chloride (V, o-tolyl-; VI, m-tolyl-; Vii, p-tolyl-)

The green solution of I in chlorotoluenes such as o-chlorotoluene, m-chloro-
toluene and p-chlorotoluene changes at 40-50° to red with sudden evolution of

n-butane. The complexes can be precipitated from the red solution by addition AN unstable in air
of n-hexane. The o-tolyl complex V can be recrystallized either from acetone or |

from chlorobenzene. The m- and p-tolyl complexes VI and VII can be recrystal- ~N

lized from chiorobenzene and were isolated as orange-red crystals containing \Ni

the solvent of crystallization (m-tolyl(dip)NiCIl(CzH;Cl),, (VIIl) and p-tolyi(dip)- / \CI

NiCl(3 C¢H;Cl) (1X)). The amounts of chlorobenzene in VII{ varied, depending Z "N

on drying conditions. | L
The complexes V and VIII are stable under air and no color changes under A stable in air (24 h)
air were observed even after 24 h. Complex IX, in contrast to V and VIII, was
found to be air sensitive like complex 1l and it decomposed to a yellow-white
powder in a few hours.

~ s u » w v - rw T wPrww



Doyle 2015, (TMEDA)Ni(o-Tolyl)ClI

TMEDA Me, Me Me_ Me
Al(OEt)Me N_ Me 60 °C N_
Ni(acac), [ - » [ Ni

Ni
Cl N. Me N’ Cl Me Doyle et al. OL 2015, 17, 2166-2169
;@ Me’ Me Me' Me
Me B N A
1: 88% yield
® one-pot synthesis w/o purification (gram scale)

s commercial starting materials
® air-stable, crystalline solid

Activation

) ®
PhB(OH), Me

L,Ni(o-tolyl)Cl » LNi(o-toly)Ph —3 + L,Ni(0)

Ni—-B RE
transmetalation O

C
precatalyst1  L,Ni(o-tolyl), Me

LoNi(o-tolyl)Cl > + — > + LoNi(0)
Ni-Ni LNiCl, RE Me
transmetalation O




Doyle 2015, (TMEDA)Ni(o-Tolyl)ClI

TMEDA Me, Me Me_ Me
Al(OEt)Me N_ Me 60 °C N_
Ni(acac), [ Ni > [ Ni
Cl N. Me N’ Cl Me Doyle et al. OL 2015, 17, 2166-2169
;@ Me" Me Me" Me

M :
= 1: 88% yield
® one-pot synthesis w/o purification (gram scale)

s commercial starting materials

® air-stable, crystalline solid

Examples
e L T literature precatalyst
reaction y P y (literature yield)
1 (1.5 mol %) (I;|
OTs B(OH), PCys (9 mol %) Ph 08% vield CysP -Ni-PCyq
+ —» 3% yie i &
NC K3PO4 (2 equiv) NG (87% vyield)
' dioxane, 130 °C (96% vyield)
15 equiv ref 14a
1 (0.5 mol %) 0] o
Y B(OH), dppf (0.5 mol %) [ - [(dppf)Ni(cinnamyl)Cl]
| + 7] > B 96% yield
~ .
o) K3POy4 (4 equiv) % vi
N dioxane, 80 °C N7 (91 r/efyéeld)
2 equiv
1 (10 mol %) .
B(OH PPhj (30 mol %) N Ni(cod),
N Ny POz > o PPh,
¥ L, K3PO, (2 equiv) O | N 43% yield
O OEt  MeO” "N 10:1 dioxane/t-AmOH NP OMe (68% yield)
100 °C ref 20



Me Me
N\ Me
[ Ni
N Me

Me’ Me

TMEDA
Al(OEt)Me,

X
Me -

Ni(acac),

Doyle 2015, (TM

® one-pot synthesis w/o purification
s commercial starting materials
® ajr-stable, crystalline solid

Examples

reaction@

1 (4 mol %)
bathophen (8 mol

18

DANi(o-Tolyl\Cl

Doyle et al. OL 2015, 17, 2166-2169

1: 88% vyield
(gram scale)

literature precatalyst

yield w/ precatalyst 1 (literature yield)

KOt-Bu (1.6 equiv)
K3POy4 (2 equiv)

s-BuOH, 60 °C

CI)H
Br B
O - T
N
Me
1.2 equiv
Cl
- W
HN
n-Bu

1.5 equiv

1 (5 mol %)
dppf (10 mol %)

LiOt-Bu (1.5 equiv
MeCN (1 equiv)
CPME, 100 °C

%) Ni(cod),
: A 80% yield bathophen
N (67% yield)
Me ref 22
(\ 0 [(dppf)Ni(o-tolyl)CI]
83% yield

)> N\)
n-Bu/©/

(85% yield)
ref11



Yang 2007, (PhsP)2Ni(Ar)CI
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Yang 2007, (PhsP)2Ni(Ar)CI

Ph;P_ Cb Ph;P_ Q

Ni Ni
\ \
c1” "PPhy Br’ PPh,

Suzuki-Miyaura Amination
Yang et al. Tetrahedron Lett. 2007, 48, 2427  Yang et al. JOC. 2007, 72, 6324

Precedent
Shaw et al. J. Chem. Soc. 1960, 1718-1729

10 preparc acrivauiuves OI mera- ana para-subdSiituied pnenyis ana oI zZ-napninyi gave
similar products. However, ortho-substituted phenyls, 1-naphthyl, 9-phenanthryl, and
9-anthryl all form surprisingly stable compounds of the types #rans-[(PR;),NiArX] and
also, in some cases, frans-[(PR4),NiAr,]. These complexes were, with a few exceptions,
stable in boiling ethyl alcohol and benzene solution and appear to be stable indefinitely
in the solid state (some of them have remained unchanged after more than a year’s storage

in air at room temperature). The mesityl derivatives are particuiarly stable; for instance,
tha ramnlav frauc_ [P+ Y Nilmacit« N1 crihlimaoce 1in atr a+ TRN%/IT atm An A W aAflar hlasl-

Ph3P\N. Ph3P\N Q Ph3P\ _ Ph3P\ Q
AN AN /Nl\ Ni
X" "PPh; X" "PPh; X" "PPh; X" “PPh,




Yang 2007, (PhsP)2Ni(Ar)CI

Ph;P_ Cb Ph;P_ Q

Ni Ni
\ N\
ci” “PPh, Br” PPh,

Suzuki-Miyaura Amination

Yang et al. Tetrahedron Lett. 2007, 48, 2427 Yang et al. JOC. 2007, 72, 6324

Prior art

— 10 mol% of NiCla(dppf) + 4 BuLi =
‘ KaPOy4, dioxane at 80 °C l
Z 7
Z = 4-CN, 4-CHO, 2- or 4-COsMe, 4-COCHa3, 4-NHAC, 3- or 4-CH3, 3- or 4-OMe, 4-NH,

Miyaura et al. Tetrahedron Lett. 1996, 37, 2993

reaction,’" ! Ni(0) species could be formed from the Ni(II) via
the homocoupling of the organometals used. However, for the
other processes not involving the organometals (e.g., typically
in the Ni(II)-catalyzed arylamination), in situ generation of Ni-
(0) species would be problematic. Therefore the treatment of
Ni(II) precatalysts with external reductants has been an inevi-
table step. The reported modes included addition of zinc dust’?®

and pretreatment of butyllithium or the Grignard reagent’®
and NaH 347" Also, the Ni(0)-on-charcoal from Ni(II) pretreated

23



Yang 2007, (PhsP)2Ni(Ar)CI

PhsP_ Cb Ph3P_ Q

Ni Ni
\ N\
ci” “PPh, Br” PPh,

Suzuki-Miyaura Amination
Yang et al. Tetrahedron Lett. 2007, 48, 2427  Yang et al. JOC. 2007, 72, 6324

Activation

Suzuki-Miyaura
(PPhj),Ni(Il)Ar'Cl

PPh
— Ni(0)(PPhg),,+ Ar'—Ar?

Ar’B(OH),

=~ (PPh3)oNi(I1)Ar'Ar?
base

Amination
AT HNR, RE ol :

(PPh3)oNi(ll) > (PPh3),Ni(ll) — (PPh3),Ni(O)L, + Ar'—NR,
‘x base NRZ

L NHC ligand

24



artwig 2012, (dppf)NiCl(cinnamy!l)
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Hartwig 2012, (dppf)Ni(cinnamyl)Cl

\\ Cl

J\ cod

é—pphs \_\_ ' [(dpphNi(cod)]

:jppf + [Ni(COd)z]_

+ Ph Cl ————— [(dppf)Ni(cinnamyl!)CI]
. THF, RT 1

dppf (1 equiv)

. S
Hartwig et al. ACIE 2012, 51, 12837 [(dppfNi(cinnamyl)Cl] -+ @/B(OH)z SRS R

Examples

THF, RT

" 1(0.5 mol %)

~

e he) K,CO3(H,0)1 5 (4 equiv) =7~ Y.
B D:/)—B(OH)2 + HeteroAr-X - D—HeteroAr
S CH4CN, 50 °C, 12 h Sy

v : ~ 1(0.5mol %) v
L + HeteroAr—X aCiS Ralatil) >~ @
B(OH), 1,4-dioxane, 80 °C, 8 h AT
Y=0o0rS Y=0o0rS

Method A

L)*B(OH)Z + HeteroAr-X
Met

I:?oc
. N
hod B UHeteroAr

28



Jamison 2013, (Cy2PhP)2Ni(o-Tolyl)CI
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Jamison 2013, (Cy2PhP)2Ni(o-Tolyl)CI 31

NIC|2 * 6H20
cl Mg’ Et0; EtOH
O/ - PCy,Ph ~ trans-(PCy,Ph),NiCl,
70°C
ClPPh 0.5h, 90% 4
. Me
Jamison et al. JACS 2013, 135, 1585 MgCl
Cl.. . _PCy,Ph @

PhCy,P~NI
Me@ THF, 88%

Precedent 1

Shaw et al. J. Chem. Soc. 1960, 1718-1729
10 preparc acrivauiuves OI mera- ana para-subdSiituied pnenyis ana oI zZ-napninyi gave
similar products. However, ortho-substituted phenyls, 1-naphthyl, 9-phenanthryl, and
9-anthryl all form surprisingly stable compounds of the types frans-[(PR;),NiArX] and
also, in some cases, frans-[(PR4),NiAr,]. These complexes were, with a few exceptions,
stable in boiling ethyl alcohol and benzene solution and appear to be stable indefinitely
in the solid state (some of them have remained unchanged after more than a year’s storage

in air at room temperature). The mesityl derivatives are particuiarly stable; for instance,
tha ramnlav frauc_ [P+ Y Nilmacit« N1 crihlimaoce 1in atr a+ TRN%/IT atm An A W aAflar hlasl-

Ph3P\ . Ph3P\N Q Ph3P\ _ Ph3P\ Q
/NI\ /’ I\ /NI\ NI\
X PPh; ) 4 PPh; X PPh; x”  “PPh,




Jamison 2013, (Cy2PhP)2Ni(o-Tolyl)CI 32

NIC|2 * 6H20
cl Mg’ EtO; EtOH
O/ - PCy,Ph ~ trans-(PCy,Ph),NiCl,
Cl,PPh 70°C
2 0.5h, 90% 4
Jamison et al. JACS 2013, 135, 1585 \e MgCl
Cl/. i ~PCy,Ph @
0
Ve THF, 88%

Novelty
Activation pathway

o Me R
: ’-Ni—PCy,Ph |
. Phey,P-NICRT? Z>R TMS/S)Tf -
: @ EtzN :
: Me ;
: 1 5
“ . &
OTf _ PCyPh 4 (PCYzPh):_l;ll(o-tolyl)z Me
PhCYzP/NI + Me O
Me@ (PCy,Ph),Ni(CI)(OTf)

1b 6



Jamison 2013, (Cy2PhP)2Ni(o-Tolyl)CI 33

Precatalyst 1 (5 mol %)
S Et,N i
R1—| Cl + /\R2 g 10 gu) - R B
Z _ TMSOTf (1.5 equiv) y
Sequlv 2 Min CH,Cly, rt, 4-8 h

Jamison et al. JACS 2013, 135, 1585

Examples

unsubstituted

n-Hex Cy e Me
SOfE CUE s daa
7 8 9

92% yield, 98:2 47% yield, 93:7

ortho-substituted

Ph Me | Cl
OTB
WMQ ©/Y\Me @/\(\/ S
1
10 1

120
90% yield, 96:4

70% yield, 93:7

OMe

Me
Me
13

69% yield, 95:5

87% yield, 96:4 84% yield, 95:5

meta-substituted

Me
14 15

16° 17

75% yield, 96:4 92% yield, 97:3 83% yield, 99:1 50% yield, 97:3

Cl.. i~PCy,Ph

PhCy,P-Ni
isomers ®
Me

1

multiply-substituted and heteroaromatic

Me
n-Hex
‘ | Br
S Me Me

27¢ 289
78% yield, 94:6 41% yield, 96:4

F
<OWOTS m n-Hex
O Cl F

299 30"
52% yield, >95:5 89% yield, 97:3

F Me
[ . W
i :
31

32
90% yield, 83:17 61% yield, 97:3



Buchwald 2014, (dppf)Ni(o-Tolyl)Cl
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Buchwald 2014, (dppf)Ni(o-Tolyl)Cl 36

2.5 =10 mol % 2
2.5 - 10 mol % dppf
LiOtBu or K5PO,

(Het)ArX + R,NH » (Het)Ar-NR,
X = Cl, OTf, Ph Ph 18 examples
OSO,NMe,, OMs 5 60 - 98% yield
e P, | Buchwald et al. OL 2014, 16, 220
Fe /N|\ Me
<>r O©
I\
Ph Ph
2

(dppf)Ni(o-tolyl)ClI

— 10 mol% of NiCl>(dppf) + 4 BuLi —
| KaPOyg, dioxane at 80 °C |
Z 7
Z = 4-CN, 4-CHO, 2- or 4-CO,;Me, 4-COCHg, 4-NHAC, 3- or 4-CHj,, 3- or 4-OMe, 4-NH>

Prior art

Miyaura et al. Tetrahedron Lett. 1996, 37, 2993

cat. Ni(COD),, ligand, NaO7Bu

Ar-Cl + HN(R)R fiid ot 00 > Ar-N(R)R
Buchwald et al. JACS 1997, 119, 6054 Ligand dppf




Prep

Buchwald 2013, (dppf)Ni(o-Tolyl)Cl

2.5 =10 mol % 2
2.5 =10 mol % dppf
LiOtBu or K5PO,

(Het)ArX + R.NH » (Het)Ar-NR,
X = ClI, OTH, Ph Ph 18 examples
OSO,NMe,, OMs 5 60 — 98% vyield
e &P, | Buchwald et al. OL 2014, 16, 220

F'e Ni Me

<> ©

Ph Ph
2
(dppf)Ni(o-tolyl)ClI
Ph Ph
dppf : P\_
(Ph4P)oNi(o-tolyl)Cl » Fe /Nl\ Me
' e ghyp’ O
5 Ph Ph
2
(dppf)Ni(o-tolyl)ClI

air-stable, yellow solid

37



Activation

Buchwald 2013, (dppf)Ni(o-Tolyl)Cl

2.5 =10 mol % 2
2.5 =10 mol % dppf
LiOtBu or K5PO,

(Het)ArX + R.NH » (Het)Ar-NR,
X = Cl, OTH, Ph Ph 18 examples
OSO,NMe,, OMs 5 60 — 98% vyield
e &P | Buchwald et al. OL 2014, 16, 220
Fe ,NI\ Me
<>r O©
Ph Ph
2
(dppf)Ni(o-tolyl)ClI
AT HNR, ANl .
(PPh3)2Ni(ll) > (PPhg)Ni(ll) ——— (PPhg);Ni(O)L, + Ar'—NR,

X base NR,

38



Jamison 2018, (N

C)Ni(ArCl

39



Jamison 2018, (NHC)NIi(Ar)ClI

= R3SiOTf R
Ar- YN‘Ar or Ar’NYN‘Ar
«Cl '

i o\

NiOL,

A -
Yool § ©:/§ Jamison et al. ChemCatChem 2018, 10, 2873

|
N
|

Precedent
Cowley et al. J. Organomet. Chem. 2000, 596, 3-5

. T .
5N
e
I -CpH Ni R
[N/ il e
E &

—Z—
+

-LiCl1
5
| R = mesityl
E/Ni R
M \C-——N/
/



Jamison 2018, (NHC)NIi(Ar)ClI

N R,SIOTf ey
Ar’NYN‘Ar or Ar’NYN‘Ar
NiCl 2 Ni°L,
| -
Ngossl | Jamison et al. ChemCatChem 2018, 10, 2873
5
| N
6
Precedent
NN
PPh3 2eq. in Sltu Y
—Nl—X —_ Ni— |
PPh THF r.t. X=Ni=X (2)
: 2a X=Cl 34% NJ\N
X=ClorBr 2b X=Br 37% \—/

Cat. 0.5 mol %

<;§ 33 | O—X+ CIMg_@ THF, r.t, R®—©

30 min
Matsubara et al. Organometallics 2006, 25, 3422

5 om0 &0

3a X=CI 51 %
3b X=Br 21%



- YN\A'.

Ni .n\\CI

Preparation

Jamison 2018, (NHC)NIi(Ar)ClI

R4SIOTf =y
or Ar’NYN‘Ar
S . NiOL,

©:/§ Jamison et al. ChemCatChem 2018, 10, 2873

' O

[Ni(cod),] NHC

@:C' NHC (1 equiv) r\|“,..\c|
2 THF @
. -35°Ctort R
(1.2 equiv) 2to 12 h
I- Pr R i-Pr./ \ i-Pr

. IPr= N\Q . SIPr = NVN\Q
: i-Pr " i-P i-Pr = i-Pr :

........................................................................

43



Jamison 2018, (NHC)NIi(Ar)ClI

/T\N R,SIOTf N/“\N
Ar~ \r Al or Ar— \( ~Ar

,\lli...\\Cl A \ e NioLn

N
£ =\ Jamison et al. ChemCatChem 2018, 10, 2873

' O

Examples

Ni-precatalyst (30 mol %)
P(OPh)3 (45 mol %) :
0 Et;N (6 equiv) OSiEts

7 “n-Hex + - n-Hex
(5 equiv) Ph)J\H Et;SiOTf (1.75 equiv) Ph 51Pr93% (7a)
PhMe, 35 °C, 48 h

7a
+ isomers

44



Jamison 2018, (NHC)NIi(Ar)ClI 4

R,3SIOTf .
YN‘Ar or Ar’NYN‘Ar
Ni=Cl - SEEE NiOL,

et | ©:/§ Jamison et al. ChemCatChem 2018, 10, 2873
| N
s @
Activation
/@\ BAr,
1. [H (OEtz)z][BAu]
O~ et N~
Lo SN
O N/ \_\ 2.-130°to-80°C N

. f , 3. -Etz0, -C3Hg \@/ Agostic Ni complex

7

~|F BArY ~|* BAry
(N\Ni — C N.)\

-~ /!

N H
n-11 i-11

1 : 20 Brookhart et al. JACS 2003, 125, 3068



Jamison 2018, (PPh3)2Ni(Ar)Cl
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Jamison 2018, (PPh3)2Ni(Ar)Cl 48

‘Mild, Heck-like Cl
LNiZ TMSOTT, EtsN T activation mechanism > L.Ni(0) PhsP=Ni(ll)-PPh
X Y. | \% N T
O\ Y,
X=Cl Br N
Y=0,C

Jamison et al. Organometallics 2018, 37, 2716

Preparation

Method A: 1. Mg (1.1 equiv), THF
2. (PR3)oNiX,, THF
or

Ar-X  Method B: Ni(COD),, PRg, THF Xoo = he

(2-6) > RsP™  “MAr

Cl)l Cl Cl)'l
Ph3P-N|—PPh3 Ph3P—|\llI—PPh3 CyQPhP-NI—PPhCyQ

Ni-2 Ni-5a Ni-5b

Method A: 35%

b. b. o
Method B: 28% Method A®: 59% Method A®: 68%



Jamison 2018, (PPh3)2Ni(Ar)Cl

.Milq, Heck-like' Cl
LNiZ TMSOTT, Et3N s LnNi actlvion mechanism > L.Ni(0) PhgP—Ni(ll}-PPh,
X
Y. /\/Y Y Pz
X =Cl, Br 4
Y=0,C

Jamison et al. Organometallics 2018, 37, 2716

Examples [Ni] (x mol %)
Et3N (6 equiv) OTES
TESOTT (1.75 equiv)
Ar-CHO + Z R > R\/’M)\
toluene, rt Ar

12

Time (h) Catalyst

Entr o4 Yi a0,V Q.
Yy Ar.CHO o i A)Yl.eld ot: 12 % Ytleld of 12% using
using Ni-2 Ni(COD),/PPh;
(mol%)
1 O A nhex 18 S 08 60
H
) @* 18 2 06 ss
MeO
3 0 A~ an 24 5 97 66
H
4 /[:::FJL 24 20 95 88
MeO
5 of L S 8 5 22 9

H
6 /[::]/J\ 18 20 47 36
i



Cornella 2020, Ni(Rstb)s
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Cornella 2020, Ni(Rstb)s

C

This work: 2, a general, modular and air-stable Ni(0) complex

Preparation and structure

c Preparation of complex 2 from Ni(acac),

O CF3
Ni(acac), + O X

F3C

3.15 equiv.
3

B. This work. Ni(*®¥stb)s.
tBu

[16 electron Ni(0)-olefin complex]

[broader catalytic performance] [T and air stable]

[high stability in solution] [gram-scale]
Ni(*tBUstb),(6) [faster kinetic profiles] [bench-top handling]

AlEt, (2.1 equiv.)

-20°Cto-5°C
[>20 gram]

: ot

Cornella et al. Organometallics 2020, 39, 3295
Cornella et al. Nat. Catal. 2020, 3, 6
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This work: 2, a general, modular and air-stable Ni(0) complex B. This work. Ni(*®Ystb),.

Preparation and structure

Cornella 2020, Ni(Rstb)s

tBu

[16 electron Ni(0)-olefin complex]
[broader catalytic performance] [T and air stable]
[high stability in solution] [gram-scale]

Ni("‘B“stb)3(6) [faster kinetic profiles] [bench-top handling]

Cornella et al. Organometallics 2020, 39, 3295
Cornella et al. Nat. Catal. 2020, 3, 6

Kriger et al. J. Organomet. Chem. 1972, 44, 397

53



Cornella 2020, Ni(Rstb)s 54

This work: 2, a general, modular and air-stable Ni(0) complex B. This work. Ni(*®Ystb),.
tBu

[16 electron Ni(0)-olefin complex]
[broader catalytic performance] [T and air stable]
[high stability in solution] [gram-scale]

Ni(*tBUstb),(6) [faster kinetic profiles] [bench-top handling]

Cornella et al. Organometallics 2020, 39, 3295
Cornella et al. Nat. Catal. 2020, 3, 6

v &
(a) 1:1 THF, 25 °C, quant. (b)1:1 THF, 25 °C, quant. (c)1:2 THF, 25 °C, quant. (d)THF slow xtal, -20 to -78 °C
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B. This work. Ni(*®¥stb)s.
tBu

This work: 2, a general, modular and air-stable Ni(0) complex

[16 electron Ni(0)-olefin complex]
[broader catalytic performance] [T and air stable]
[high stability in solution] [gram-scale]

Ni(+tBUstb),(6)

[faster kinetic profiles] [bench-top handling]

Examples Cornella et al. Organometallics 2020, 39, 3295
Cornella et al. Nat. Catal. 2020, 3, 6
a
Me
N H
0.5 mol% [Ni] =) i i 2 mol% Ni] N
B(OH), Br 0.5 mol% dppf x~ _N 4 mol% dppf
S5 . Z °N > = + o oM
S Sy g KGPOy, 14 dioxane 5 . Phhr:ao;zg : I . e
° e, °
10 Me NH» i#F . o,
8 9 Ni("stb), (2): >99% (82%)" 20 21 bl e

d
‘/\O
5 mol% [Ni] \) (HO),B CF. 10 mol% [Ni]
Cl O N 2 3 e
[ j 12 mol% SIPr-HCI N 30 mol% PPhs
* - + : :
EAC N NaOBu F.C e 1,4-D|oxan<3.’AmOH
) H CPME, 100 °C 3 100 °C

17 18

[(dppf)Ni(n)(cinnamyl)CI]: 92%

19
Ni("stb), (2): 91%
Ni(COD),: 86%

Ni(COD),: 96%"°

Ni("stb), (2): 85%
Ni(COD)s: 71%

23 24



This work: 2, a general, modular and air-stable Ni(0) complex

Cornella 2020, Ni(Rstb)s

Improved studies

Ni(acac), +

Solid state

FsC
Ar = 4-CF3-C6H4
2, 95% (Ni(*CF3stb),)
air-stable:

at -18 °C: > 3 months
at 25 °C: (<1 week)

Ar = 4-F-CgHy4
3, 67% (Ni(*Fstb),)
air-stable:
at -18 °C: > 3 months
at 25 °C: (<1 week)

B. This work. Ni(*®¥stb)s.

tBu

[16 electron Ni(0)-olefin complex]
[broader catalytic performance] [T and air stable]
[high stability in solution] [gram-scale]

Ni(“"B“stb)3(6) [faster kinetic profiles] [bench-top handling]

Cornella et al. Organometallics 2020, 39, 3295
Cornella et al. Nat. Catal. 2020, 3, 6

AlEt; (2.1 equiv.)

-20°Cto-5°C
Et,O
[0.5 - 5§ grams]

Ar = 4-Me-CgH4 Ar = 3,5-Me-CgH, Ar = 4-tBu-CgH,

4, 74% (Ni(*Mestb),) 5, 77% (Ni(>5Mestb),) 6, 95%, (Ni(*tBUstb),)
air-stable: air-stable: air-stable:
at-18 °C: > 3 months at-18 °C: 1 month at-18 °C: > 3 months
at 25 °C: (<1 week) at 25 °C: (<1 week) at 25 °C: 1 month
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Engle 2020, Ni(COD)DQ

A. Structure of Ni(COD)(DQ) substituent
0O .~ modularity
Me r §
5 Me'
! adeauate
]
Known ligand O H-deeligti{)?n )
displacement Ni(COD)(DQ \_
withithosatine (o) Engle et al. ACIE 2020, 59, 7409

18 e” complex

Engle et al. ACR 2024, 57, 312

Precedent
Schrauzer et al. Naturforsch. B1962, 17, 73-76 Dahl et al. J. Organometal. Chem. 1965, 3, 200-221

Pf'i h:li
(1) (1)
rl'ii Ni
OQ?O OQO
() (W)



A. Structure of Ni(COD)(DQ)

@) r
Me
Me'
adec}uate
]
Known ligand O ﬂ-deelifé‘tizon
displacement Ni(COD)(DQ) Y

with phosphine

Precedent
Yamamoto et al. JACS 1971, 93, 3350

Rovis et al. ACIE 2008, 47, 840

(review)

\ 7

\ 7

/

=

18 e” complex

=

Engle 2020, Ni(COD)DQ

substituent
-~ modularity

Engle et al. ACIE 2020, 59, 7409
Engle et al. ACR 2024, 57, 312
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A. Structure of Ni(COD)(DQ)

Known ligand
displacement
with phosphine

Precedent

-ngle 2020, Ni(CO

Yamamoto et al. JACS 1971, 93, 3350

Polential energy ~mol

(A)

substituent
0O .~ modularity
M'e < )
Me'.
o |k
Nicop)ypq) ety \ J Engle et al. ACIE 2020, 59, 7409
18 e~ complex Engle et al. ACR 2024, 57, 312

Enich) (8] Ehb N cuz-.

Et-"TSN SNZ) Eh. ,N)
g CHx=oX  EI Ei-“m\n

t
> Et ;. N
g‘ £t~ Ny (c
. \"T
© ~|5keal
5 L
o
a. | Bt N s
g1~ Ny ]
+
CH.=CHX N GH
i £ 0~2keal (N>Ni"4&§
+ Butona

Reaction coordinate

Reaction coordinate
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A. Structure of Ni(COD)(DQ)

Engle 2020, Ni(COD)DQ

substituent
0O .~ modularity
Me r
. Me'.
5 O adeauate
Known ligand :r-degcra]f;ti{on
displacement Ni(COD)(DQ) T\
with phosphine 18 e complex
Precedent
Tolman et al. JACS 1974, 96, 2780
Rovis et al. ACIE 2008, 47, 840
(review)
I|3(o-ToI)3
Ni + alkene

(0-Tol)sP~  “P(o-Tol),

Binding affinity K,

J Engle et al. ACIE 2020, 59, 7409
Engle et al. ACR 2024, 57, 312

Keq (0-TolR R

—————

i 'NI_W + P(o-Tol)s
(o-Tol);P

@)
O O H B
ﬁ— > ZCN > ZPh > Z# “nBu > 3C/ﬁ

4.0 x 10° 4.0 x 10

nPr

1.0 x 10’ 5x 107 2.3 %107
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A. Structure of Ni(COD)(DQ)
O

]
Known ligand O
displacement

with phosphine

Precedent

Tolman et al. JACS 1974, 96, 2780

Ni(COD)(DQ)
18 e” complex

—ngle 2020, Ni(CO

substituent

.~ modularity
1
Me i B
Me'™,
adeauate
n-electron
density  \_ y

DQ

i )
. 4 "*
T —-24 -:
- \ 1
— r~ \ -
Sl " LUMO 48 e i

g e i R et
!‘ | ,‘v IN\ / ' .1
. Ay )/ \ v/ A ¥ '
Pon v X : -
2 | |7/ AHOMOA.g 4 |
L : - // NiL \. -i
- - ~=-9.1 3 ‘\‘ -
-107 1-2-n | E
- —-112 7
. FMN .

l

Engle et al. ACIE 2020, 59, 7409
Engle et al. ACR 2024, 57, 312

J/CN
NC Me
FMN

F;

T-2-H

e
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Known ligand
displacement
with phosphine

Preparation

18 e” complex

-ngle 2020, Ni(CO

A. Structure of Ni(COD)(DQ) substituent

.~ modularity

Me ( )

@)
Me Me
1 equiv
Me Me
O (DQ)

Ni(COD
(&0 DCM, 45 °C, 17 h
[79% yield]

1. 3 equiv DIBAL-H
5 equiv COD
THF, -781t0 0°C, 2.5h
Ni(acac), P
2. 0.85 equiv DQ
DCM, 32°C, 18 h
[60% yield]

3 equiv COD, 2 equiv DQ
2 equiv Na°

THF, RT, 16 h
[28% yield]

NiCly(pyridine)4

D)DQ

Me',
adeauate
O n-electron
Nicop)ypq) ety \ J Engle et al. ACIE 2020, 59, 7409

Engle et al. ACR 2024, 57, 312

o]
AW Me Me
\ ,Ni°4|
Me Me
0

Ni(COD)(DQ)

MilliporeSigma
#912794
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Engle 2020, Ni(COD)DQ

A. Structure of Ni(COD)(DQ) substituent
-~ modularity

-

Me ( )

Me'.
: 0 ad?auate
: n-electron
5&%‘&22&1}? Nicop)ypq) ety \ / Engle et al. ACIE 2020, 59, 7409
BINRRO=NNS {8 coiiin Engle et al. ACR 2024, 57, 312

Notes on stability

“stress test” analyze by
conditions "HNMR

Ni(COD)(DQ) —>—&—>—@—>—0—>—

evaporate solvent / . cross-coupling

cool to room temp. assay
Entry Conditions Yield of 1a (%)
1 (none) >99
2 MeOH, air,5 h 94
3 H,0, air, 5h 98
4 MeOH/H,0, air, 5 h >99
5 oven (90°C), air, 4 h 98
6 silica gel, air 95

And >3 months
solid state
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A. Structure of Ni(COD)(DQ) substituent

-~ modularity

Known ligand
displacement
with phosphine

Examples

Ar'/Het'-B(OH), +

9

MeO I

1a (A)

Ni(COD)DQ): >99%
[(dppf)Ni(cinnamyl)CI]: 94%

1d (B)

Ni(COD)DQ): 77%
[(dppf)Ni(cinnamyl)Cl]: 86%

_N

i

O NN
1g (A)

Ni(COD)(DQ): >99%
[(dppf)Ni(cinnamyl)CI]: 94%

r
Me
Me -,
adeauate
O n-electron
NicoD)(pq)  9enstY
18 e” complex
0.5 mol% [Ni]
(0.5 mol% dppf)
Ar?/Het2-X :
base, solvent
(X =Cl, Br)
Lee

1b (A)
Ni(COD)(DQ): 74%
[(dppf)Ni(cinnamyl)CI]: 98%

-—
0N \{q

1e (A)
Ni(COD)(DQ): 51%
[(dppf)Ni(cinnamyl)CI]: 91%

1h (A)
Ni(COD)(DQ): 98%
[(dppf)Ni(cinnamyl)Cl]: 92%
Ni(Fstb)s: >99%

( )

Arl/Het'= Ar?/Het?

MeO

1c (A)
Ni(COD)(DQ): >99%
[(dppf)Ni(cinnamyl)Cl]: 97%

S N
QoY
N
1f (B)

Ni(COD)DQ): 68%
[(dppf)Ni(cinnamyl)Cl]: 88%

N
S I 3
\ [ =D

1i (A)
Ni(COD)DQ): 85%
[(dppf)Ni(cinnamyl)Cl]: 92%

Engle 2020, Ni(COD)DQ

Engle et al. ACIE 2020, 59, 7409
Engle et al. ACR 2024, 57, 312

5 mol% [Ni]
R: 10 mol% ligand R:
N—H - Ar-Cl L N=Ar
R? NaO'Bu, solvent R?
- ,©/CN CN
N O
Al s O
Me Me O/
2a (A) 2b (A) 2¢ (A)

Ni(COD)(DQ): (>99%) [89%] Ni(COD)(DQ): (94%) [82%] Ni(COD)(DQ): (87%) [79%]

Ni(COD),: 91% Ni(COD),: 91%

,©/CF3 OC Fs a |
N
(\N N I/\N .
o) o)

2d (B) 2e (B) 2f (B)

Ni(COD)(DQ): (78%) [57%]  Ni(COD)(DQ): (73%) [66%] Ni(COD)(DQ): (49%) [41%)]
Ni(COD),: 70% Ni(COD),: 68% Ni(COD),: 66%

Ni(COD),: 86%
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Conclusion

b General strategies to generate Ni(0)—L from air-stable precursors
X . [
1 In situ X
r L
| Ar | Ni%-L, active L,

Ni" precursor species
(air-stable) Ligand exchange I e
Transmetallation gl

synthesis

Reductive elimination

Doyle et al. OL 2015, 17, 2166-2169
Yang et al. Tetrahedron Lett. 2007, 48, 2427
Yang et al. JOC. 2007, 72, 6324
Hartwig et al. ACIE 2012, 51, 12837
Jamison et al. JACS 2013, 135, 1585
Buchwald et al. OL 2014, 16, 220
Jamison et al. ChemCatChem 2018, 10, 2873
Jamison et al. Organometallics 2018, 37, 2716
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Conclusion

D. nickel(0)-olefin complexes

air-
stability
(solid-state)

2 e

Ni(cdt) Ni(COD),
(16-e~ complex) (18-e~ complex)
Ar 1
J\ Ar \ N Me\ I Me
o
Ar Nio‘l'%l \ /NI /
Ar // Ar s e
\/F\Ar O
Ni("stb)s Ni(COD)(DQ
(16-e~ complex) (1 8-(e“ coznpleZ()
Ar = 4-CF3(CgHy) this work

————— thermal / solution-state stability ———

Cornella et al. Organometallics 2020, 39, 3295 Engle et al. ACIE 2020, 59, 7409
Cornella et al. Nat. Catal. 2020, 3, 6 Engle et al. ACR 2024, 57, 312
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