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Fig.1 Photocatalytic approaches: (A) traditional photocatalysis. (B) Coop- Ni
erative/dual photocatalysis. (C) Visible light-induced transition metal
catalysis: focus of this tutorial review.
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Figure 1. A Shift of UV-Vis Absorption Spectrum by Photolysis of a Mixture of
NIClz(dtbbpy) and 2,6-Lutidine in Toluene. Dot line: before UV irradiation, plain
line: after UV irradiation for 1h.

Only NiCl2(dtbbpy) exhibited absorption around 365 nm

maximum absorptions at 346 and 535 nm (Figure 1),
which are ascribed to a reduced nickel species.
GC-MS analysis of the reaction mixture confirmed
the generation of 2,2-diphenylethane as a byproduct,
Suggesting that toluene serves as the reductant.
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Figure 1. (A) Electronic structure of d® photocatalysts compared to
Ni(II) aryl halide complexes. (B) Structure of Ni complexes and X-ray
crystal structure of 1-CL (C) Comparison of component absorption
spectra. (D) Absorption spectra for aryl halide complexes.
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Visible-Light-Induced Nickel-Catalyzed Negishi Cross-Couplings by
Exogenous-Photosensitizer-Free Photocatalysis

Irini Abdiaj, Alberto Fontana, M. Victoria Gomez, Antonio de la Hoz, and Jesus Alcazar*

Dual Catalysis

:

R-LG + X-Ar S

Light-induced Negishi coupling

- Use of rare-metal-based
photocatalysts

- Applicable to iodo- and
bromoarenes

- Very limited applicability to
chloroarenes

- No photocatalysts

- Based on interactions of

R-X —&n —*[R—?_nxlq- X—Ar

naturally abundant metals

- General for iodo-, bromo-,
and chloroarenes

R = alkyl subunit; Ar = aryl group; X = halogen atom; PC = iridium- or ruthenium-based photocatalysts

Angew. Chem. Int . Ed. 2018, 57, 1 -
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Table 1: Optimization of the flow reaction.

NiCly-glyme (2 mol%)

dtbbpy (3 mol%)

2 R = CO;Me

3R =MeD
Entry T[°C] R Irradiation Photocatalyst Conv. [%]
1 40 CO;Me 450 nm fac-Ir(ppy); 64
2 40 CO,Me 450 nm - 70
3 40 cCo,Me - - 4
4 60 CO,Me 450 nm - 100
5l 60 cCo,Me - - 78
6 60 MeO 450 nm - 0
7kl 60 MeO 450 nm - 53
gle-t] 60 MeO 450 nm - 100
gle-t] 60 MeO - - 55

[a] Organozinc reagent prepared in flow. [b] With 5 mol% of the nickel
catalyst. dtbbpy =4,4'-di-tert-butyl-2,2'-dipyridyl.
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Figure 2. Scope of the light-induced nickel-catalyzed Negishi coupling with respect to the
organozinc and haloarene coupling partners. Conversions determined by liquid chromatog-
raphy. Yields of isolated products given in parentheses. [a] With 2 mol % of catalyst. See the
Supporting Information for details.
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Scheme 1. Historical Development of the C—N Cross-
Coupling Reaction
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a) Cu, ligand, high temp., mild base
b) Pd, ligand, high temp., strong base
c) Ni(0), ligand, high temp., strong base
Liaht or electricity-dri
d) Cu(l), room temp., UV light (e.g. 254 nm), strong base
e) Ni(ll)Ir PC, room temp., blue LED, mild base
f) Ni(ll Yorganic PC, room temp., white LED, mild base
g) Ni(ll), ligand, room temp., electricity, no added base
This work
h) NiBry+ 3H,0, room temp., 365 nm LED
- no added photoredox catalyst
- no added ligand and base
- cost-effective and abundant Ni source
- tolerant to O, and H,0
- broad scope (40 examples)



Table 1. Reaction Development and Control Experiments”
CF,
. H 5 mol% NiBry« 3H,0 _
g N 1.5 equiv. quinuclidine
+ [ j L. HO N
F.C DMAC (0.4 M), N, 1t, 3 h o
: 2 13 W 365 nm LED E ] g b
N

1.0 equiv. 1.5 equiv. 1, 95%h (91%)°
entry deviation from conditions above yield” (%)
1 no light (rt or 80 °C) 0
2 13 W 405 nm LED 93
3 no nickel salt 0
+ 5 mol% NiBr,-glyme 95
5 5 mol% NiCl,-6H,0 95
6 no quinuclidine base 55
7 no quinuclidine, 3.5 equiv morpholine 94 (87)°
8 1.5 equiv DBU base 2
9 same as entry 7, presence of nx}rgend 91
10 1h 72

“0.4 mmol scale. Abbreviations: DMAc, N,N-dimethylacetamide; rt,
room temperature; LED, light-emitting diode; DBU, 1,8-diazabicyclo-
£5 4.0]undec-7-ene. bYlEld determined by I‘;'].:-' NMR. ‘Isolated yield.

Deoxygenated reaction mixture sparged with air for 2 min prior to
light irradiation.






Scheme 2. C—N Cross-Coupling via Photoexcitation of Nickel-Amine Complexes: Amine and Aryl Halide Scope
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| W) Check for updates | A chiral nickel DBFOX complex as a bifunctional
catalyst for visible-light-promoted asymmetric
photoredox reactionsy

Cite this: Chem. 5ci, 2018, 9, 4562
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a) Previous strategies for enantioselective radical conjugated additions

_ stoichiometric reductant external photocatalyst 2 )

EtB, etc. [Ru(bpy)s]Cla, etc.

{or bifunctional Rh Cat. )

o) 0 ?2
chiral catalyst
.)j\y":\ﬁ1 - R-§ e, )\/?‘R'
b) This work RZ o R 5

- R

9] N TMS i f | 3
'J'k"'/‘;\ i SN 'Ni .D_EFGK cat." Z)J\/\/N ';/"*R
ya R rs  visible light |

— - R? = alkyl, aryl ==

= ’
chiral Lewis: . or R3
acid H 0 Ly
activation : Photoredox | P
: ' activation N _
L i
> : R RI=H
-

o
Al
- E_'"""-
F
-
i
.

oF

bifunctional non-precious metal catalyst

without the need of stoichiometric reductant or oxidant
without the need of external photosensitizer
Ni"-DBFOX Cat. = mild conditions, good to excellent enantioselectivities



o Ni(ClOg) BHO0M* o

T
zJ\"/f\ , N7 TTMS (1012 mol%)

Ph THF, argon zZ “Ph
1a—d 24 25 °C, visible light Sad
o Substrate 1

= N e e -
2= A\ @}‘ 7 S

J N =N 0

.
1a 1b 1e 1d

Chiral ligand: L*
Ya® ®
0 o] 0] = O
" e ST S
\N N'J ] N N M M
H E
{ )—J Fh Fh Ph Ph

o]

R R

L1 (R = Ph), L2 (R = Bn) L3 L4
Entry Substrate Ligand Light source Additives t (k) Product Conv.” (%) ee” (%)
1 1a L1 White CFL None 12 3a 0 n.a.
2 ib L1 White CFL None 12 3b 22 78
3 1c L1 White CFL None [ 3c 95 o1
4 id L1 White CFL None 12 3d 0 n.a.
5 1c L2 White CFL None 12 ¢ 23 0
[ 1c L3 White CFL None 12 3c 21 n.d.
7 1c L4 White CFL None 12 3c 1] n.a.
8 1c L1 Blue LEDs None 3 ac 95 91
9 1c L1 Red LEDs None 12 3c <5 n.d.
10 1c 11 Yellow LEDs None 12 3c 0 n.a.
11 1c L1 UV (365 nm) None 6 3c 90 91
129 1c 11 Blue LEDs None 12 3c 0 n.a.
137 1c L1 Blue LEDs None 12 3c 0 n.a.
14 1c L1 Blue LEDs None 12 3¢ 0 n.a.
15 1c None Blue LEDs None 12 3c 0 n.a.
16 1c 11 MNone None 12 3c =5 n.a.
17 1c L1 Blue LEDs None 12 3c 0 n.a.
18 1e¢ L1 Blue LEDs 1 eq. TEMPO 12 3c 0 n.a.
19 1c L1 Blue LEDs 3 eq. BHT 12 3c 0 n.a.
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a) light-dark interval experiments
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b) radical trappi imant o ¢ Ffh
radical trapping experime :
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. _50,Ph N 3
(3 eq) |
Ni(CIO, )+ 6H,0IL 1 13% yield
an (10/ 12 mol%) '
’}"HJL%\' MS - COOEt
1o 2 24 W blue LEDs L
67% yield

(based on 2d)



I R3 F.{EEv-::-red lE;
&-'JI.' ,;?' N il
Eﬂuari::allgfth:la9 :%
demanding =

Fig. 5 proposed transition state for radical addition.



Fig. 4 A proposed reaction mechanism for the nickel-catalyzed
enantioselective photoredox reaction of o, p-unsaturated carbonyl
compounds and a-silylamines.
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Fig. & Substrate scope with respect to o f-unsaturated N-acyl
pyrazoles.
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Fig. 7 Substrate scope with respect to tertiary «-silylamines.
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a) Transformation of the product to its chiral alchol derivative

Z}

7

Zw
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b) Reaction with secondary a-silylamines to chiral y-lactams
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Fig. 8 Synthetic applications of the methodology



UV light
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Light-induced Negishi coupling
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