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Historical Precedent

* DuPont (1971)

We find some parallel to the reactivity of Pt[P-
(C:Hs)s)s in the chemistry of Ni[P(C.H;)s1..1*  This
complex, an off-white crystalline compound, was
formed almost quantitatively by reaction of bis(l1,5-
cyclooctadiene)nickel(0) with triethylphosphine. It
dissolved in hydrocarbon solvents with ligand dissocia-
tion to give intensely purple solutions of Ni[P(C:H;)s]s.
This tris complex reacted smoothly with chlorobenzene
and with benzonitrile at room temperature to give the
corresponding trans-CsHs;Ni1X[P(C.H:;);). compounds.t?
Work is in progress to examine other aspects of reactive
d® complexes of Ni, Pd, and Pt.
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Figure 1.
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Cycle for alkylation, arylation, and cyanation of halo-

benzenes catalyzed by zerovalent nickel complexes. R = alkyl,

aryl, CN.

Muetterties, E. L.; Gerlach, D. H.; Kane, A. R.; Parshall, G. W.; Jesson, J. P. J. Am. Chem. Soc. 1971, 14, 3543-3544.

Parshall, G. W. J. Am. Chem. Soc. 1974, 8, 2360-2366.



Characterization of Ni Insertion into Benzonitrile
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Characterization of Ni Insertion into Benzonitrile
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Fluoro-Substituted Benzonitrile C-CN Insertion
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Lewis Acid Assisted Aryl C-CN Cleavage
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Swartz, B. D.; Brennessel, W. W.; Jones, W. D. Synlett 2018, 29, 747-753.



Lewis Acid Assisted Aryl C-CN Cleavage
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Lewis Acid Assisted Aryl C-CN Cleavage
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Lewis Acid Assisted Aryl C-CN Cleavage
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Proposed Mechanism
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Ni/Lewis Acid-Catalyzed Arylcyanation

Ni(cod), (1 mol %) -

N ligand (2 mol %) R/\‘ / CN conditions:
R N +  pr—=——pr LA (4 mol %) - — a: PPhMe, and AlMe,ClI
L - 50-100 °C Pr pr b: PthCY and AIMe3
16-48 h
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Yada, A.; Ebata, S.; Idei, H.; Zhang, D.; Nakao, Y.; Hiyama, T. Bull. Chem. Soc. Jpn. 2010, 10, 1170-1184.



Ni/Lewis Acid-Catalyzed Arylcyanation

Ni(cod), (1 mol %)
DMPE (1 mol %) R¢

XN AlMe,Cl (4 mol %) ~ o\
R—= + N\ ' ot ~ N
= toluene, 80 °C NC
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Yada, A.; Ebata, S.; Idei, H.; Zhang, D.; Nakao, Y.; Hiyama, T. Bull. Chem. Soc. Jpn. 2010, 10, 1170-1184.



Ni/Lewis Acid-Catalyzed Arylcyanation
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Yada, A.; Ebata, S.; Idei, H.; Zhang, D.; Nakao, Y.; Hiyama, T. Bull. Chem. Soc. Jpn. 2010, 10, 1170-1184.



Mizoroki-Heck-Type Reactions of Aryl Cyanides

Pd,(dba)s (2.5 mol %)
CyJohnPhos (10 mol %) N R
O ‘©/\ AlMe,Cl (20 mol %) O
R1 y o R4
100 °C, 16 h
(5.0 equiv) toluene
OMe
WPh /@/\/ /@/\/Ph @/\/Ph
tBu
82% 65% 77% 71%
eo\©/\/Ph /@/\/Ph ; A _Ph ; A _Ph
MezN
F Cl
62% 44% 61% 53%

Fang, X.; Yu, P.; Cerai, G. P. Morandi, B. Chem. Eur. J. 2016, 22, 15629-15633.



Mizoroki-Heck-Type Reactions of Aryl Cyanides

Pd,(dba)s (2.5 mol %)
CyJohnPhos (10 mol %) N R
AlMe,Cl (20 mol %) O
»> Ry
100 °C, 16 h
(5.0 equiv) toluene
82% 65% 7% 71%
eo\©/\/Ph /@/\/Ph ; Ph : Ph
MezN
Cl
62% 44% 61% 53%
Cl Me Ph F
48% 73% 45% 50%

Fang, X.; Yu, P.; Cerai, G. P. Morandi, B. Chem. Eur. J. 2016, 22, 15629-15633.



Two-Step Synthesis of Orthogonal Heck Reactions

Pd,(dba)z (2.5 mol %)
CyJohnPhos (10 mol %) S R

AlMe,ClI (20 mol %)
» R
100 °C, 16 h

toluene

(5.0 equiv)

Cl CN
CN \ A O
st. conditions Pd(OAc)2 (2 mol %)

48% Dave-Phos (6 mol %) 85%
TBAE (2 equiv), dioxane
80°C,24h

CN cleavage in the presence of Cl Cl cleavage in the presence of CN

Fang, X.; Yu, P.; Cerai, G. P. Morandi, B. Chem. Eur. J. 2016, 22, 15629-15633.



Ni-Catalyzed Alkynylation of Benzonitriles

(Me3P)2NiCI2
(5-10 mol %)

Ar-CN + ZnBr————R y Ar———R
THF, 65 °C
20-46 h
Ph%@ n-C4H9%® SiMe3%©
79% 95% 87%

—N —N 0 o)
Ph—=—\ p-To|%<\:/) Ph%@ Bu—— |

45% 75% 4% 91%
n-C4H9%©—Ph n-C4H9%®—CI
80% 65%*

Penney, J. M.; Miller, J. A. Tetrahedron Letters 2004, 45, 4989-4992.



Ni-Catalyzed Alkynylation of Benzonitriles

(Me3P)2NiCI2
(5-10 mol %)

Ar-CN + ZnBr————R y Ar———R
THF, 65 °C

20-46 h

n-C4H9%®—C|

65%*

n-C4H9%©%n-C4H9 n—C4H9%©—CN

5% N.D.

“Remarkable”

Penney, J. M.; Miller, J. A. Tetrahedron Letters 2004, 45, 4989-4992.



Conclusions

« Low valent Ni(0) systems are very effective at aryl C-CN insertion
* Lewis Acids greatly accelerate oxidative addition into aryl C-CN bonds
« Aryl C-CN bonds can be activated, in some cases with excellent chemoselectivity!
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