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1. Early examples:

N—/< >
o //

NiCp, @ 1357°C QN\

N

2g Cp

M. Dubeck, et al. J. Am. Chem. Soc., 1963, 85, 1544

(0]
5% NiCOD,, 10% PR,
R————R, + R-—CHO > R4 AN R
THF, 100 - 150°C, 20h R
2
RCHC + Ni{©Q) ) RCONIH —= RNIH + CO
=) I R'C=cCR' ! R'C=CR' IH‘CECFI'
H‘.\ /FU R‘CH—'CFF R‘CH—{:FI' H‘HC CH‘
c=C mcon NlH
NJ\O,CHFI
1 ~Ni{Q) =Ni{0}
H‘C;:CH‘{COFI] R'CH=CR'(COR) RICH=CR'R
NiH

T. Saegusa, et al. J. Org. Chem., 1990, 55, 2555
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NHCs salts:
cat.
| [Ni{cod), / PPhy] |
X (1:2.1) A

>_H + ""'-:"\‘R . @)—/\R

N RT or 55°C N

< 48 h <
(5 equiv) 35-100 %

L= PPh, n=2
—NOh-r

T x / e RN @}ﬂ

reductive
elnmmatlon

. ay @)—\/R +  L-M-L

L
angle

opening
L= PPh,
— N
AN /R
LH-N-: R

K. J. Cavell, et al. Angew. Chem. Int. Ed., 2004, 43, 3845




2. Active C-H bond

entry heteroarena alkyne time (h) product yield (%)?
R! R2=
1 rt CO:zMe, Me (1c) 2a 15 R 4ca 85
> CO,Me.CH.Ph (1d) 15 o, 4da 57
3¢ ».\ CO,Me,CH,OMe (1e) 120 N 4" 4ea 84
C(O)Me, Me (1f) 30 afa 70
Hz CHO, Me (1g) 6 Ne Pr aga 91
(E)-CH=CHCO,Me, Me (1h) 10 4ha 88 CN
Ph, Me (1i) a5 4ia 67
R N b S\ / Pr
= r
/@[ H (1)) 2a 12 /@: M da 92
Cl (1k) 10 N pr 4ka 80 N br
R Me ' R
Pr
10 Y 1l 2a 10 ﬁ/ 4la 94
MeN MeN
N N Pr
Me Me
O 0
= N = N Pr
11 t/I B 1m 2a 6 T:T ‘\)—{ 4ma 94 '
. =
N N N N Pr
Me Me
XY=
12 Y 0, CH (1n) 2a 6 Y, 4 Prana 94
13 Y s, CH(10) 24 “)—(_ doa 47 5
N«I‘ 14 X O, N (1p) 8 X Pr 4pa 89 R
| /
N N 1
Ph (s I\. 19 2a 15 /\fa J/~Pr 4qa 89 R
S I
1¢ Rl—=——R? Pr 53 -88%
H1.HE= CN
16 1b Me, FPr(2b) 6 /% abb 97
17¢ Me, SiMe, (2c) 40 dbc 74
18 Ph, SiMe; (2d) 35 N R' 4bd 67

Me




a. Azoles type C-H activation:

Ni(OAc), (10%)
2% N bipy or dppf (10%) 7 ~N
f JI: Y—H + x—@ - E Y N
Cog iz =/ R LiOt-Bu (1.5 equiv) Cog o7 =/ R
dioxane
Z=S,0,NR X=06l, B 1,018 < O5140°C 51 _ 91%

K. Itami, et al. Org. Lett. 2009, 11, 1733.

10 mol % NiBry+diglyme |

N O 12 mol % 1,10-phenanthroline N O
4.0 equiv LiO#Bu
| O\>_H + Br O 0.5 equiv Zn powder | O\ O
Q diglyme, 150 °C, 4 h Q
96%

M. Miura, et al. Org. Lett. 2009, 11, 1737.

5 mol % Ni(cod),
5 mol % dppbz

N 2.0 equiv LiO-t-Bu N
Y + Br—=—R - >—=—R
@[D> r toluene, reflux, 1 h o

56 - 91%

M. Miura, et al. Org. Lett. 2009, 11, 4156.




a. Azoles type C-H activation:

N Br—Ar Br—Ni N
S AN e
7 X Oxidative X 40
LiOt-Bu addition
and/or Zn LiO-BU
1 llj Ni(0) Transmetalation
NiBr, or
NiBrz+diglyme 8 N
Oy
X
Reductive

elimination
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a. Azoles type C-H activation:
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a. Azoles type C-H activation:

N
g%
O : ‘
10 mol% NiBr,+diglyme

1a 10 mol% bpy
3.0 equiv CsF, 2.0 equiv CuF, @:N\ R
+ - hY
o, DMAc, 150 °C, 2.5 h 0> N\ R
3

R'O);SI—\
( )3 “:} R
2

M. Miura, et al. Angew. Chem. Int. Ed., 2010, 49, 2202

o 1 (5 mol%) R N NMe,
et Cul (5 mol%) S
R— E Y=H + X-Alkyl : : R— E S—Alkyl Nl\lliCI
S 2 eou iBuOLi (1.4 equiv) Nay oy |
(1.2€quv)  ioxane, 140 °C, 16 h NMe;
A=N, CH
Y=0,8

X. Hu, et al. Angew. Chem. Int. Ed., 2010, 49, 3061

N 5 mol% NiBr.-diglyme N
. o
@ \> + B-R 5 ;’I:Iﬁ:te:rpylrld_lne _ @: “}—R
g .0 equiv LiO-fBu g
1 diglyme, 120 °C, 6 h
R = CH,(CH,). 3ja, 46%
R = Ph(CH,),: 3jb, 38%

@ M. Miura, et al. Chem. Eur. J. 2010, 16, 12307




a. Azoles type C-H activation:

Ni(cod), (10%)
%N deype (20%) o
- ]E Y=H + RO @ > E 7
tyei~Z7 Cs,CO;3 (1.5 equiv) S w2 PR
1,4-dioxane O C
Z2=0,S R = COBu,Tf 120°C,12h 3
1A-11 (1.0 equiv)  2a-2k (1.5 equiv) 55 -96% S
Mi(cod): + dcype

:]: y o DE,FBU
SN NS
)

ASLEP
reductive N'I"slif % C-0 oxidaltive
elimination IL addition
A
% % L =cod
I\ R = COBu or CDECS F/—\
P P Z=00ars P.
'\Nif \% -ﬁkf \Ni:‘ '\%v
=N OR
@ c Y
oyt C—H nickelation
Moe_.s
+-BuCO,H H=/ :ﬂ " +Cs,C04
or CsHCO, i

K. Itami, et al. J. Am. Chem. Soc. 2011, 134, 169.
@ J. Yamaguchi, A. Lei, K. Itami, et al. J. Am. Chem. Soc. 2013, 135, 16384.




_ -+ L _ %
- - + -
A0 P 0 AL/ \ O
0 ,| Clary)-o0 I C(acyl)—O o-- {
) Ar? | activation Ar ;”\0}"7 Ap2 activation i Ar? |
extra Ni—O bond; favored favored

low BDE of C(acyl)—O bond;

additional m.teractlon less distortion energy in TS
energy in TS
™\ %
'ﬁ'GSOI c‘le"’\ ‘.-"PC}.E
kcal/mol A
’_’Pﬁyz tBu & ;@
-.__._,H-"
QO PC $ PhO Q TS542
W/ ""] 38.7
[P N 358 _-- 5
— 4 tBu” “oPh | TS38 @ Yy — .
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Azoles type C-H activation:

Me N NNHTs N|Br2/phen
T O 2000
>_H+
O LlofBu
1,4-dioxane 86%
100°C, 8 h

NNHTS  coBr,/phen

N (10 mol%)
Ph’[»‘H * (5 " Loy /(@

1 4 dioxane 71 DA)
120°C, 7 h

M. Mirua, et al. Angew. Chem., Int. Ed. 2012, 51, 775.
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Other active C-H: Pyridine-N-oxides

| =
= -
=
L2 NP
N+ o Pr
O [Ni{cod),] (10 mol %) 3aa
1a (1.0 mmol)  PCyp, (10 mol %) 72% (E/Z = 95:5)
+ - +
pr———p, toluene, 35°C,15h
2a (1.5 mmaol) i =
o~
Pr™ 77 N+ Y Pr
Pr O Pr
3'aa

7% (EElothers = 56:4)

T. Hiyama, et al. Angew. Chem. Int. Ed., 2007, 46, 8872




Other active C-H: Pyridine

! i
e X .- Ni(cod); 5mol%
ad PCy; 10 mol% R
| |, + Phyzns) - |l ;L
-7 N7 NH ) toluene 7N Ph
1.5equiv. 20h
D SRRV,
P N 7
N~ “Ph =
Ph Ph
6 >99% 7 90% 8 >99%
(80 °C) (100 °C)° (60 °C)
Ph N
ol
X SN 7N/ N E ;L
| = I = =N N= N~ Ph
N Ph N Ph Ph
9 55% 10 45% 11 71% 12 81%
(130°C)* (130 °C) (130 °C)¢ (100 °C)
SN _NgoWNe®
- (2)
Ny ™ 20h N7 ph [ N PR
13H without catalyst 6 14 ZnPh
79% L |

N. Chatani, et al. J. Am. Chem. Soc. 2009, 131, 12070.
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Other active C-H: Pyridine

[Ni(cod),] 10% mol
7 20 % Ligand

NN 20 % Lewis acid
Toluene, 80 °C

EBu (\NfBu
N .

N
N [ 3
| )>—AlMe; N
N \
\ 3
Mes 3-Al .
Lewis acid: AlMe,
83 %P 85 %P [10:3]°

(-

N N 7/ \
7\ 7\ N
+ = ® —
— == Pr Pr
Pr Pr Pr Pr
10aa 10bb N 106(“
No ortho product!

t
‘/\N,BU
N H
L
N

\
Mes 3
N
Lewis acid: ZnMe,
7 %° S Co~g AR A

G. P. A. Yap, et al. J. Am. Chem. Soc. 2010, 132, 11887.




Other active C-H: Pyridine

Ny
| R Ni(cod), (5 mol %)
IPr (5 mol %) X
1(1.0mmol) - MAD (20 mol %) N N'(;\I/
+ -
ZR2 toluene, 130 °C 1
2 (1.5 mmol) 3 3

Al

N
N~ | = IPr
- o N|° AI = MAD

tBu
MAD= Me 0>~AIMe
proceeds exclusively 2
at the C-4 position tBu
Al

1a
R JH
NN operates also XN
D | at the C-2 and C-3 positions L B
Z R

AI\U\
H
XNl —R

Y
C
@ T. Hiyama, et al. J. Am. Chem. Soc. 2010, 132, 13666.




Other active C-H: Pyridone

[Ni(cod)s] (3 mol %)

X{Y‘“Z IPr (3 mol %) K"’Y‘Z
J\ /|L + 7 "CqqHys  MAD (12 mol %) . 41\ /lk/\

O E" H toluene, 80 °C O E1 Ci1Hzs
1 (1.0 mmol) 2a (1.1 mmol) 3 62-94%
]

_LFmD “v; Ni H 1
R IPr R [
D
3
/ ~
2. Pogs
LA~ — o
8] N ! iR LA = MAD or AlMe, R r~|1|”H
/'/_ IPr

\\ .
LA\-‘ '“"-
|

IPr
B

T. Hiyama, et al. Angew. Chem. Int. Ed., 2012, 51, 5679

o




Other active C-H: Fluoroarenes

F R E
- . Ni(cod), (10 mol %)
)
¢ e R2 PCyp3 (10 mol %) _F FH
s H 24-2f toluene, 80 °C s
(1.5-3.0 mmol) 1T P2
R'" R
1a (1.0 mmol) 3aa—3af
>95% regio- and
stereoselectivity
C6F5 /\2'Np Nph
(1.0 mmol) 1a.(1.0 ) (1.5 mmol) CeFs
- a(l.0ommo -
5h Ni(cod), (10 mol %) 8h /\/\ Ph
= PCyps (10 mol %) 5, 67%
6,83% toluene, 100 °C

T. Hiyama, et al. J. Am. Chem. Soc. 2008, 130, 16170.
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Other active C-H: Fluoroarenes

catalytic
Ni(COD),

n + n

F
SnR3 =

—|= oL —
— ,fPr . ]
= Me—N;>=N ; P'Pr

COD = 1,5-cyclooctadiene

R =Me, Bu
Mechanism A: o-bond metathesis Mechanism B: insertion/#-elimination
BuzSn  Me BusSn Me Bu3Sn Me
= F L — P4
| o T
. H H y
E f\|l|—D —_— > F Ni—D II—D -
F insertion
F A L2 l
n=1 or2 X
H H + C6F5D = BU3SHCGF5 + CBF5D
= C-H Bond reductive | C-H bond
l\ge t'D oxidative elimination | oxidative
reauctive | - aqdition
elimination Me
H H
H BUsS’.‘"{_ R F R
Me Ed 4H }
- -_Ni_D F
L—Ni—D - Bu3SnCgFs FﬁF | | B-elimination
| F F E FF SnBu3 of syn-coplanar F F
L SnBus
o-bond metathesis

(-

S. A. Johnson, et al. J. Am. Chem. Soc. 2010, 132, 11923.

= Me
N|
SnBu3
rotation
around C-C
bond
W
Ni
I .\\D
L H
BU3Sn




Other active C-H: Terminal alkyne

Pr,Si
|\|
H

1
1 mmol

3 mol % Ni(cod),

T 12 mol % PMePh, oo
+ ~ »- ~
R ~ toluene, rt R+ VX sip
= = I'Fra
2a-k 3a-k 67 —98%
3 mmol SiPry
Ni(O)L, | |
H
| Ly,
’PrSSi%Nj
A H
CH4 B-H
elimination CH
reductive \ | 2
elimination
NiL DN
1 R—I
i ; o
R CHa insertion
H |
s

M. Suginome, et al. Org. Lett. 2009, 11, 523.




/3. Directed C-H actlvatlon

o)
ArJ\NJLH J\ N I R?
LU Nicod), (n mol %) Ar“\ o
THR

Ar P(t-Bu)3 (4n mol %)
1(1.0mmol)  Aime, (20 mol % _

' l
Ri—=—=—R2 foluene, 80 °C + Ar” >N Z R2
2 (2.2 mmol ! 1 — 999

( ) AL R4 66-99%
r\r +|
N
\—/ " \
Ar
= 1-arylethy!
i P(t-Bu)a
NIL, Al = AlMeg L &
\R:;'(H" A'/J\ "
F R
ArH )
L
H~N+J;Ni'_:\2,\ﬂz
A’ H R
Al TSpe Al
R N*‘E:‘TL R. f R?
i G "f/

E Ft"‘ s R'
X f " / ’
N"‘ NI

D
@ T. Hiyama, et al. J. Am. Chem. Soc. 2011, 133, 3264.
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H I
N~

0.5 mmol

10% Ni(cod),

40% PPh;
3eq R——

Toluene, 160°C, 6h

>

73 -98%

N. Chatani, et al. J. Am. Chem. Soc. 2011, 133, 4952.




/ 10%

Ph Ph
N. N
~
o = OSi(iPr)s
10% Ni(cod),
R H 4y + (iPr);SiH >
L THF, r.t., 15h

1 mmmol 2 mmmol 2 mmmol
55-99% yield
9]

| = A - u . -
Rl_,, H R"’@ H (iPr);SiH H@
% 3

1 ,%H i?
Ni)L, —— —
Ny Prysic®
hill ) H""NILI
7 2 LA L

B
OSi(iPr)s
R
|\‘“- NifL
=
6
» Si(iPr)
Si(iPr)
. OSi(iPr), D/H R DﬁsH
I\x H\_ﬁ_ i ;f,‘:
> / L / HKNL
Ni°L Ni H, L
L p C

@ S. Fukuzawa, et al. Angew. Chem., Int. Ed. 2011, 50, 5869.




0 10 mol % Ni(cod), O
12 mol % dppf

iRs » NR3
Lewis acid (2.2 equiv)
1 2
R “’1'60 R PhMe (0.3 M), 95 °C Al R2
LA = MgBr, or AlMe, 43 — 76%
O
MgBr I SE" Ni(dppf NB
| i
i-l\Erl _ NEBR _EIL
MgBrOMe | Ni =
ED H L“' H i—-’\.F:"" B-r
1 5 2
O
Path A O
C-H activation NBn Reductive Eliminatior
F- ,J.\ — - MEn
— HBr Ni~ R — Ni{dppf)
PP R

M. P. Watson, et al. Org. Lett. 2011, 11, 3490.
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@” »
H

N
H 25
1a

Ni(OTf), 10 mol%
PPh; 20 mol%
Na,CO; 2 equiv
BuBr 2 equiv N

toluene, 140 °C, 24 h

(@)

H N~
Bu
2a 88%

N. Chatani, et al. J. Am. Chem. Soc. 2013, 135, 5308.

|
2-pym

3ba: 81%

Ph

L
(J +

3ia: 90%

Fh

|
2-pym

B2 Ni(cod) (10 mol %) R*
dppf (20 mol %) =
I - R )
160 °C, 20 h Z N
R? pym = pyrimidyl 2y
Ph Ph
R
AN Ph N Ph
‘M ]
Y i1
2-pym R Zpym
R =Ph(3ca): 68% R =Me (3fa). 65%
R = OMe (3da): 67% R = OMe (3ga). 66%
R=F(3ea) 82% R=F(3ha)  72%
(8]

\
2-pym

R =Cl (3ja) 55%
R =CN (3la) 70%

Y
2-pym

3ka: 68%

L. Ackermann, et al. Chem. Comm. 2013, 49, 6638.




O Ni(OTf),  5mol% 0
Ph Q MesCOOH 10 mol% Ph 8
N Na,CO3 2equiv o N
il H  + p-MeOCgH,l " N
DMF 10 mL Ar
- i 7a 71% (1.
6a 5mmol (1.76 g) 1.5 equiv 1ol G 28h a 71% (1.65g)

(18% 6a recovered)

N. Chatani, et al. J. Am. Chem. Soc. 2014, 136, 898.

O Ni(acac), (10 mol%), dppbz (10 mol%) 0
Rggu\N/Q + "pent—I -~ R! N’Q
R2 H Cs,CO3 (5 eq), toluene, N», 150 °C R2 H

H ’ "pent

2 Upto91%

H. Ge, et al. J. Am. Chem. Soc. 2014, 136, 1789.







CpoNi (5.0 mol%)
KO¢t-Bu (3.0 equiv)
BEt; (6.0 mol%)

benzene solvent
+  X-Ar > Ar
80 °C,12h

Up to 74%

5 mmol 0.5 mmol

T. Yamakawa, et al. Org. Lett. 2009, 11, 2679.




Summary

a. Nickel catalyzed C-H activation of active C-H bond, and inert C-H bond by
Chelation assist.

b. Nickel show different and unique reactivity

c. Possible to find a new reaction pattern




Thanks for Your
Attention!




