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Stoichiometric C-H Activation

Scheme 1. Cyclocobaltated Compounds by Stochiometric C—H or C—F Cleavage Using [Co(CH;)(PMe,),] (3)
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Catalysis with Low-Valent Cobalt Complexes

Addition Reactions: Hydroarylation Reactions

CO I
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Catalysis with Low-Valent Cobalt Complexes
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Catalysis with Low-Valent Cobalt Complexes

Scheme 7. Plausible Catalytic Cycle for the Cobalt-Catalyzed
Hydroarylation of Internal Alkynes 20
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Catalysis with Low-Valent Cobalt Complexes

Cobalt-Catalyzed Annulations with a,B-Unsaturated Imines 42
CoBry (5-10 mol %)

-PMP R* P(3-CICgHa)3
(10-20 mol %)

H N

i-PrMgBr (22.5-45 mol %)
THF, 40 °C, 3 h

R
R | N FMP
Ph” % “Me
R = Me: 95% 79% R =PMP: 83%
R=Br: 70% R = n-Pr: 59%

R = CN: 84%
] Yamakawa, T.; Yoshikai, N. Org. Lett. 2013, 15, 196—199.
Hydroarylation of Alkenes
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Catalysis with Low-Valent Cobalt Complexes

Addition Reactions: Hydroacylation Reactions
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Catalysis with Low-Valent Cobalt Complexes

C-H Arylations:
C—-H Arylation with Aryl Carbamates 85, Sulfamates 86, and Chlorides 87
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Catalysis with Low-Valent Cobalt Complexes

Scheme 29. Plausible Catalytic Cycle for the Cobalt-
Catalyzed C—H Arylation

Y Y
. CoXs, NHC-HX ' _N
R
H
l RMgx
+ MgX [Co]-R [ C-H metalation
reductive elimination,
transmetalation R-H
EMgX
™
1 N I_|_,-l'
[Co] [Co]
CH
Y
f
u ,,rll Y = Cl, OC{O)NMe,,
[ radical ] \iGD] v 0S0,;NMe-
recombination B
. single-electron
@F{ transfer

UNID

G
4 e
1 -
2 ]
= o/

I89%

13



Catalysis with Low-Valent Cobalt Complexes

C-H Alkenylations

hydroarylation C-H Alkenylations
alkynes Sl »( Alkenylated arenes ) « 4 alkenes

1) Cycloalkenylated derivatives _
could not be prepared Be circumvented
2) Regioselectivity of the tran-
Formations was purely sterically
controlled
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Catalysis with Low-Valent Cobalt Complexes

Cyclic Enol Acetates - ' -
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Catalysis with Low-Valent Cobalt Complexes
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Catalysis with Low-Valent Cobalt Complexes

Scheme 33. Proposed Catalytic Cycle for the Cobalt-
Catalyzed C—H Alkenylation with Enol Esters
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Catalysis with Low-Valent Cobalt Complexes

C-H Alkylations
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Catalysis with Low-Valent Cobalt Complexes

Scheme 38. Proposed Catalytic Cycle for the Cobalt-
Catalyzed C—H Alkylation with Organic Electrophiles
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Scheme 39. High-Valent Cobalt(III) Complexes
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Catalysis withh Cp*Co(Ill) Complexes

Hydroarylations

Table 1. Cﬂtal}rtic Activity of Cobalt Complexes

e
cat [Co] s U
g DCE, 100 °C
Wpn d2h

117a 118ba
entry [Co] (mol %) t [h] yield [%]
1 CoCl, (10) 12 0
2 CoCl, (10) + AgPF, (20) 12 0
3 109 (10) 20 39
4 110 (10) 20 11
5 111 (10) 20 traces
6 112 (10) 20 22
7 113 (10) 20 80"
8 116° (10) + AgPF, (20) 20 48

“Yield was determined by '"H NMR spectroscopy, bYield of isolated
product. “The tetra-chloro complex was used.

Et Me

E
;ﬁ Et TEUH-@,H--!'BLI t@
®F‘FEJZ (PFg)z PF3

109 110 111

ﬂl‘h‘le Meﬁ,—hﬂe Meﬁ/

O (PFs), 0 (PFg)s 0 [(BCsF4)l2
112 113
Me
Me
ME\Q' Me Me / MfI\ ! Me Me
Me”™ | "Me Me ?O\ I,Cﬂ‘
I‘C'ic"“CD Me Me Me
Me
115 116

Yoshino, T.; Ikemoto, H.; Matsunaga, S.; Kanai, M. Angew. Chem., Int. Ed. 2013, 52, 2207-2211. 21



Catalysis with Cp*Co(lll) Complexes

Scheme 43. Proposed Catalytic Cycle for the Cobalt(I1I)-
Catalyzed Addition (L = 2-Phpy)
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Catalysis withh Cp*Co(Ill) Complexes

iz =
RZ o H2 N
_ =N L, M3 10mol%) R} O
Michael Acceptors H Y R R THF, 100°C Ré
R 24 h R’
22 120 121

Yoshino, T.; Ikemoto, H.; Matsunaga, S.; Kanai, M. Angew. Chem., Int. Ed. 2013, 52, 2207-2211.

R® 413 (10 mol %) 1 Me\ﬁfma Me
R1 R Rz '
AN KOAc (10 mol %) _ W Me” | “Me
\ DCE, 80 °C, 20 h N Ro Co (PFe);
R3 P <&
G}NMEE NMe,

© 113
127 20 128

Alkynes

R® 113 (10mol%) gt

R \ . | | KOAc (20 mol %) R R
\©\/h>_H DCE, 130°C, 20 h N |
7N\ R R*
o 0 °
127 20 129

Ikemoto, H.; Yoshino, T.; Sakata, K.; Matsunaga, S.; Kanai, M. J. Am. Chem. Soc. 2014, 136, 5424-5431.
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Catalysis withh Cp*Co(Ill) Complexes

C-H Amidations

{a) amidation wir+ sulfonyl azides

115 (2.5 mol %)

AgSbFe (5 mol %) DQSE’_ " Me
R TR Ho+ OQS,,G KOAc(5mol %) | ool ST\ Ny Me\ﬂ'hﬂe
PN N:“ R? DCE, 100 °C N Me™ | "Me |
\ 12 h \ -Co~co
2-pym 2-pym |
24 143 146
115

Sun, B.; Yoshino, T.; Matsunaga, S.; Kanai, M. Adv. Synth. Catal. 2014, 356, 1491-1495.

(b) amidation with phosphoryl azides Me

Me
o 116 (5 mol %) qnp,DRE Mﬂ 1] Me Me
a
Y i AgSbFg (20 mol %) _ mmﬂnﬂl v 7% .Co.
N

R‘I_l H " _ 2 . l
~F N N:’XH‘GEE 1,4-dioxane, 60 °C Me e Me
2-pym 36 h 2bym )
24 144 147 116

Sun, B.; Yoshino, T.; Matsunaga, S.; Kanai, M. Chem. Commun. 2015, 51, 4659-4661.

ic) amidation I.-1.-"|"f+ acetoxycarbamates

DG 115 (8 mol %) DG

O
;s : " M)J\D,NHEQ.: AgSbFg (16 mol %) H—'\M NHBoc
R_If ¢ Acetone, 60 °C L
145 16 h

Patel, P.; Chang, S. ACS Catal. 2015, 5, 853-858.
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Catalysis with Cp*Co(lll) Complexes

Scheme 51. Proposed Catalytic Cycle for Cp*Co(I11)-
Catalyzed Amidation
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Catalysis withh Cp*Co(Ill) Complexes

C-H Cyanations = we y
E\ﬁ-« 1= Me
Me G! Me | MEWME
I-Go~ Me Me Ag' RCOy )
| CO i ————2+ [Cp'Co(O;CR);]
= “co - Agl, -CO
fa) C-H cyanafion 115 !
4 115
(1DG 115 (2.5 mol %) DG RCO,
H CN AgSbFg (5 mol %) N
. PIJ KOAc (5 mol %) [Cp*Co(O,CR)] @
PH™ "Ts DCE, 120 °C, 16 h
22 or 24 151 152 or 153
N p-elimination C-H RCOH
= = = metalation
I \
N LN NN ENJN OH
CHN CHN CN @,EN R
R F
F F
R=H: 90% 152): 72% R=F: 60% 98% 149
R =Me: 72% R = OMe: 90%
R = CF3: 89% o
Me 7 NC—-X
R
N N N RCO,H
2-pym 2-pym 2-pym
R = H: 99% 153b: 92% 98% 160
R =Br (153e): 94%
R = NHAc (153f); 71%
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Catalysis withh Cp*Co(Ill) Complexes
C-H Allylations

(a) allyl carbonates 115 (0.5 mol %) -
AgSbFg (1.25 mel %) -
M R? g? DCE, rt, 4-24 h Nn, RZ
2-I|':yrn 2-pym
22 171 172

(b) allyl acetate

(ADG 115 (5 maol %) (DG
H AgSbFe (10 mol %) ;,,
R . ~0AC KOAc (10 mol %) R
DCE, 80 °C, 16 h
22 24,174 173 179,172, 178
(c) allyl alcholos RZ . _OH
RRY
175
115 (5 mol %) A
AgOTF (10 mol %) R
Hif WH AgOAE (10 mol %) - Rﬂfn | Ry o R?
Qe N DCE, 60 °C, 8 h Lo~y R2
E-}wm E-bym
24 or 174 172 0r 178

Glorius, F. J. Am. Chem. Soc.2014, 136, 17722-17725.
Glorius, F. Org. Lett. 2015, 17, 3714-3717.
Ackermann, L. Synlett 2015, 26, 1596-1600.

Kanai, M. Angew. Chem., Int. Ed. 2015, 54, 9944-9947.
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Catalysis with Cp*Co(lll) Complexes

Scheme 59. Proposed Catalytic Cycle for the Cobalt-
Catalyzed Allylation
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Oxidative C-H Functionalizations and Annulationst

(a) Q-assisted anulation

| =
oN rz  Co(OAc)y4H,0
(10 mol %)
Rif| N + | NaOPiv (2 equiv) R1f| N
ey H R?  Mn(OAc); (1 equiv) N RS
air, TFE, 80 °C. 6 h R2
187 20 189
o] 0 o]
NC X~ NC | NC
™
R Z “ph Z~ph P Y “Me
Ph Ph Me
R'=H: 78% X=0: 81% 75%
R'=CF5 70% X=5 86%
R'=Br. 73%
o] 0
e @
Z > ph “ ~ph
Me
85% 95% B4%
(rr: 14:1) (rr13:1)
== ..ﬂ.r
NJQ
1] N I|
C::“ =
[ ] [CD]I Ar
192 193 189
29

Grigorjeva, L.; Daugulis, O. Angew. Chem., Int. Ed. 2014, 53, 10209-10212.



Oxidative C-H Functionalizations and Annulations

o

0
. Q ~
- - Co(OAc); (20 mol % =
rE T N, g ol0AC), ROmol %) . N o
= H H AgOPiv (2 equiv) o
PEG400/TFE (4/1)
107 100°C, 18 h
187

Scheme 66. Cobalt-Catalyzed Isoindolinone Synthesis
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= | 198
0 E é
RZ i\
199 N _
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Ma, W.; Ackermann, L. ACS Catal. 2015, 5, 2822-2825.
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Organometallic C-H Activation by Cobalt Carbbenoid

Scheme 70. Cobalt(III )-Catalyzed Annulation with

Diazocompounds 205

RE
N
115 (1-10 mol %) )\
N AgSbFg (2-20 mol %) [ N 0
R:’A“C{Jzﬂ" KOAc, TFE, 80-120 °C "~ R3
12-24 h P
R* = Me, Et, Bn, CH.CF, sz- -
205 206
0
RE
R = Ph: 72% 80%

R? = 3-CI-CgH,4: 83%
R = 4-Br-CgHy: 71%

R' = NMe,: 82% R? = Me: 91%
R' = CHO: 78% RZ = Ph: 82%
R'=CFi: 86%
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Conclusion & Qutlook

« The development of low-valent cobalt-catalysis set the stage for C-H arylations,
alkenylations, benzylations and alkylaitons fo arenes as well as alkenes under rather
mild reaction conditions. While, the use of Grignard reagent limited the functional
group tolerance.

» the discovery of high-valent cobalt(ll) and cobalt(lll) catalysis recently set the stage
for versatile C-H functionalization processes. The higher nucleophilicity of organo-
metallic cobalt(lll) species enabled improved selectivites and entirely novel chemical
transformations.

€ In low-valent cobalt-catalyzed C-H functionalization chemistry it is desirable
to establish a generally applicable replacement for the omnipresent Grignard
reagents.

€ The cobalt catalysis is hoped to be applied in C(sp3)-H activation.
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