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ABSTRACT: Organocobalt(Ill) complexes (R-Co™), defined s cobalt compleses
featuring a carbon—cobalt bond, are Largely used to produce carbon-centered radicals by
hamolytic d:aﬂ;: of their C—Co bond under mild conditions They are key
in the Felds of organic chemistry,
e Lt medical nse:n:h radical reactions, and organometallic chemistry. This
is the first Review of the use of R-Co™ in both organic and polymer chemistries.
Although pioneering works in organic synthesis have largely contributed to the
implementation of R-Co" in polymer design, the two fields have evolved

ly, with many b ighs on both sides. The main motivation of this Review is to confront both fields to
stimulate cross fertilization. I notably describes the most important synthetic pathways for R-Co", the influence of the ligand
structure and the environment of the complex en the C—Co bond strength, the modes of formation of the radicals, and the

most relevant R-Co™ promated radical reactions, with a focus on the main reaction mechanisms.
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1. Generalities of cobalt

- Discoveredin 1735

27
CO - Group: 9 (Rh, Ir), Period: 4 (Fe, Ni, Cu)
Cobalt
58.933 - Cheap (er than Ru, Rh, Ir, Pd, Ag, Au, Pt)

- Abundant (Congo, Canada, Zambia, Russia)
- Common oxidation states: I, I, Il
- Used for Pauson-Khand reaction,

Nicholas reaction, [2+2+2] cycloaddition,
Wakamatsu reaction...

[5] Omae, I., Appl. Organometal. Chem. 2007, 21, 318.
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1. Generalities of cobalt

Representative Square-Planner Cobalt Catalysts (Ligands)
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2. B-Hydrogen abstraction

B-hydrogen abstraction (Rampel, Ng, and Halpern, 1982)

H
R

¢ R\
\ \ H \ N . ’N\
Co"' Co"' _Z, \clz i _Z, \cb
 \y= & \=
L i L
\ I

11
CoR(dmgH),L [7]Ng, F. T. T. etal, J. Am. Chem. Soc. 1982, 104, 621.

Seminal work for hydrogenative transformation combing Cobalt and other catalysts (Sorensen, 2015)

ﬁ o
4(BuN")  W—O—w A
// OO / \Ooo ! \
o 7y I —N_Cl N—
/ W_-o _W~O \Io'”
/ \ o" o/\ ‘ 'CO
o= W"“' wZe —=W=0 '\
_o T N N—
\o’/l 0 /l I/o/ \ Pyr ;
O (0]
(o T /o K
‘."."0".".’ H
o o
Tetra-n-buthylammonium decatungstate Co(dmgH),(pyr)CI 19%
(TBADT) (COPC)
H H (o] (o]
)O\ )O\ 0.2 - 0.4 mol% 0.4 -1.0 mol% )‘\ )]\
Ph o Ph
63% 83%
7 examples

[8] Sorensen, E. J. et al, Nat. Commun. 2015, 6, 10093.



2. B-Hydrogen abstraction

Seminal work for hydrogenative transformation combing Cobalt and other catalysts (Sorensen, 2015)

0.4 mol% TBADT OH 0.2 mol% TBADT 0
0.4 mol% COPC )\ 1.0 mol% COPC )]\
' o '
hv, CD3;CN, 23 °C, 48 h hv, CD3CN, 23 °C, 48 h
63%
19%
Cooperative hydrogen atom transfer (cHAT)
Cat A CatA—H CatB Cat B—
H - -
j’ o \\ \ / - J : V - H \\
"Hard" HAT "Easy" HAT
CatA—H + CatB— —_— Cat A + CatB + H—

Plausible mechanism for the TBADT/COPC-catalyzed dehydrogenation of alkanes.

10



2. B-Hydrogen abstraction

Catalytic dehydrogenative decarboxylativeolefination of carboxylic acids (Ritter, 2018)

o"H‘o
N, C' N‘
—WN. LN
b Co .-
Do e

O’H"? 9
" 4

1 mol%

Ir[dF(CF3)ppyl,(dtbpy)PFs  CoCl(dmgH),(4-MeOpy) R

R
Q)\/COZH DME:H,0 (18:1) K

blue LEDs
with H, and CO, evolution

Plausible mechanism

R
0)\/002- K/coz-
R
fliys Co
i [Ir' - \Q/\\/COZH

Base > L 10 Q
Base-H* ( f Co !

[Ir”']

R H,

R
o b AN
R @)

No‘ CO, @)\

[9] Ritter, T. et al, Nat. Chem. 2018, 10, 1229.




2. B-Hydrogen abstraction Qmm P

COOH bl
20 84% 21 70%
Jasmonic acid Picamilon
COOH
COOH
5 mol% 1 OX /\/©/
1 mol% 2 cl Me Me Me Me
1.0 equiv. CspCO3
g~~~~COOH R+ H [ + co, ‘[ cl ol
DME:H,0 (0.1 M, 18:1)
= Blue LEDs, 20 h & 24 86% 25 96%, 91%°
Ciprofibrate Bezafibrate
COOH
COOH | COOH | Me H ?  GooH e
- " @\/
T =
N\)L COOH
4 979%, 91%° 573% 6 72% 7 63%
Stearic acid Oleic acid Linolenic acid Eicosapentaenoic acid \©
o o Me Me | Me o
Lo}
AT COOH COOH 28 49% 29 69%
N COOH I"O\ ©/\0Jj\:/\/ Ramipri ZPhe-leu, Z: E=1:1
o) COOH " Anlee
e
1091% 11 47%0 COOH
893% 9 96% N
Gemfibrozil, 3.3:1 1-Boc-Glu-OBal HO\(Z:\//\’\/\COOH AcO,, L \OAC
COOH o on A
4 COOH " OAc
e
22 97%, 71%° 23 82%
Aleuritic acid From quinic acid, 1:1
HO OH 0 M
13 67% ) 15 63% 0.5 Me
e 10,12-Pentacosadiynoic acid 14 86%, 80%" Diphenolic acid b ~S—-N
& 3C o Cl 0.__COOH
OJLN ., Me e H OMe Me Me NT o
: COOH A A BoeN A~ ~"coon
L3 LE o " HooC” ™0 0~ ™COOoH
199799, 26° 90% 27 93%
16 59% 17 90% 18769 From bisphenol A Fromilianenting Haloxyfop
0 ° . HOOC, Me
/N "o COOH A0 Nfrone )
1) Me | = NT~"cooH \C\/\/\/:\/\ -
J H HO™ OH AcO
COOH = OAc
20 84% 21 70% 22 97%, T1%° 23 82%
Jasmonic acid Picamilon Aleuritic acid From quinic acid, 1:1

30 99%
18p-Glycyrrhetinic acid, 6 : 5: 1

31 80%, 72%!
Cholic acid

12



2. B-Hydrogen abstraction

Dehydrogenation of aliphatics by photoredox/cobalt catalysts (Xu and Huang, 2021)

25 mol% PC

10 mol% Co(OAc),+4H,0 i cl
DCE, visible-light, RT, 36 h H
(o]
PC

86 examples
up to 99% yield

Plausible mechanism Selected examples

X = H, 71% yield 0

X = OH, 72% yield )L
X = NHAc, 77% yield  Ph ~

. H,
Col N
. R Ar)I\Ar' X ...etc Ph
R1/\r 2 PC \ 90% yield
H o {/ \5 | N OH
)\ H N
Ar” e Ar h N- "0 oh
H Cbz Bn
/\/Rz R R, 99% yield 77% yield 87% yield 61% yield
R4 H OH 1
H
‘ CL" ‘ )\ .

_Cbz
R'S (P, Ph @
=

S Re

o

>
>
=
2
A
N
(o] :=O

R'= 4'C|'CGH4
98% yield 80% yield, E/IZ=2.3:11  45% yield _etc

[10] Xu, C. et al, J. Am. Chem. Soc. 2021, 143, 40.
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3. Co(lll)-carbene or nitrene radicals

Co(lll) Carbene (or Nitrene)-radical complexes

R H

\n/ or RNj;

N
diazo or azide compounds

N3

Behave as radicals rather than metallocarbenes or nitrenes

Cyclopropanation catalyzed by Co-porphyrin complexes (de Bruin, 2017)

o) —N N Ph
NN
VY
PH N N= o)
CO,EL @ EtO,C

MeO,C° X+ M 1.5 mol% \V

““COZMe

N, >
DCM, 80 °C, 1 h 94% [97:3]* * trans:cis ratios
Mechanism
EWG  dimerization
Slow _ kN’f _— R\/‘MR
2
2 %2 52 0

d, H_ _COOMe SOMO T /‘\\

S L somo 7 SN
— . 8 EtO . Fast A Ewe
i /Py ~

R, R/ .

dyz d "HJ s

Co Co ¥z

Co'"-carbene radical

Less electrophilic
(Increase nucleophilicity)

[11] de Bruin, B. et al, ChemCatChem 2017, 9, 1413.
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3. Co(lll)-carbene or nitrene radicals

Asymmetric aziridation catalyzed by Co-porphyrin complexes (Zhang, 2013)

/:

N
Ar . [Co(D,-Por*)] ‘ H
(1.0 equiv) & ‘,
(1 mol %) N
+ /‘ > Ar/'é

RT ‘
) )—N3 28 examples Fn
F up to 99% yield
(1.2 equiv) up to 98% ee H "Naph2 H Naph2

[12] Zhang, X. P. et al, Angew. Chem. Int. Ed. 2013, 52, 5309.
Asymmetric C-H amination catalyzed by Co-porphyrin complexes (Zhang, 2019)

R

0 0 o
N} tBu tBu v .0
S S
S N X N
X—: 3 4 mol% 1 NH
P H > F Ny
A H CHCI; 50 °C, 48 h R
CO" CO"

N2

Y

Co' nitrene radical

[13] Zhang, X. P. et al, J. Am. Chem. Soc. 2019, 141, 18160.

ON (1.0 mmol)®
entry 1: (+)-2a
96% yield; 92% ee

entry 4:9 (+)-2d
94% yield; 90% ee
H
O, N
s N
O:S

Br
entry 7:9 (+)-2g
99% vield; 88% ee

NC
entry 2:7 (+)-2b
93% yield; 93% ee

Me
entry 5:9 (+)-2e
96% yield; 90% ee

MeO,C
entry 8:9 (+)-2h
88% vyield; 60% ee

Q,

MeO,C  (X+ay)’
entry 3:7 (+)-2¢
75% yield; 90% ee

o] H
O::-\é_.N’
\ e H

Me
entry 6:9 (+)-2f
90% vyield; 88% ee

H
|

entry 9:9° (—)-2i
73% vield; 68% ee

“Reactions were carried out in chloroform at 50 °C for 48 h on 0.10
mmol scale under N,; [1] = 0.25 M. Isolated yields enantiomeric
excess determined by chiral HPLC. At 1.0 mmol scale. “Absolute
configuration determined by X-ray analysis. YAt 80 °C. “In

chlorobenzene.

15



4. Hydrocobaltation

Hydrocobaltation (Schrauzer, 1967)

P' \
¢N\ / N ;N\
\L,,, \Cb""
,.  — L
— \ RN
by = ey
o 0 o 0
- “H
“H

Co"'R(dmgH),Py

[14] Schrauzer, G. N. et al, J. Am. Chem. Soc. 1967, 89, 1999.

Seminal work for hydrofunctionalization via hydrocobaltation (Isayama and Mukaiyama, 1989)

(0]

[N
o\) 74 \ 'u
~q ,,y\o D o
tBu N\J
(0]
Cat. Co'(modp),

RPX + EtSiH + 0, > R
DCE, RT

tBu

OOSiEt,
H

up to 99% yield

[15] Isayama, S. et al, Chem. Lett. 1989, 18, 573.

16



4. Hydrocobaltation

Hydrofunctionalizations (Carreira)

R2 Rl RZ
i coupling Co catalyst , /3
R1J\/R3 ;;:erl\rlters [Sil-H > Y
| ) H
C L}
[Co"]-H (Co" o "

R2 H / R n
R' R?\/
RO RO

1 2 I e 1 2
R' R BuO,C R' R with
'BuO,CHN R [ N R3
N with N N5 Ts—N;
BuO,C H CO.'Bu H
Rx R2 R‘ R2
ith with
RS wi )/ R3
’bx( <Ts—(?N> Cl \|/ <Ts— )
H H
1 R2 B
R' R with N OBn
X R®
)Q( e o
N H //S\\ A
BnO (o)
X =HorCN

[16] a) Carreira, E. M. et al, J. Am. Chem. Soc. 2004, 126, 5676. b) Carreira, E.
M. et al, J. Am. Chem. Soc. 2005, 127, 8294. c) Carreira, E. M. et al, Angew.
Chem. Int. Ed. 2007, 46, 4519. d) Carreira, E. M. et al, Angew. Chem. Int. Ed.
2008, 47, 5758. e) Carreira, E. M. et al, J. Am. Chem. Soc. 2009, 131, 13214.

Hydrofluorination (Shigehisa and Hiroya, 2013)

’N ON\
/bo\
tBu o) 0 tBu

tBu tBu

N 3.0 mol% Co'(salen) : m

z 4.0 eq. (Me,SiH),0 Y €
';l + F
F _BF4 CF3Ph
3eq. up to 82% yield

19 examples

[17] Shigehisa, H. et al, Org. Lett. 2013, 15, 5158.

Isomerization of alkenes (Shenvi, 2014)

3.0 mol% CO"I(sa|entBu, tBu)CI
R )\K 2-50 mol%. PhSiH; R1/\(
1

R o
2 PhH, 22°C up to 92% yield

12 examples

i Co'-H Co'H 4
k\

[18] Shenvi, R. A. et al, J. Am. Chem. Soc. 2014, 136, 16788.

17



4. Hydrocobaltation

Isomerization of alkenes (Shenvi, 2014)

Diene cycloisomerization

X
1-10 mal% H h
H =
Cocsawln.-ﬁu]g ’\(I\ R . R?
— =
H‘J\lﬁ\ R 2-50 mol% PhSiH,, A e H R
PhH, 22 *C

3-6 mol%e
Co(Sal®«®u)Cy

—
612 mol% PhSiH,,

PhH, 22°C

R? R?
entry subsirate product ye E/Z E10,C_ CO,Et
. _Me
i cha/\K anu/\T 915 -
Me Me
Me Me
2 A~ P L Basehc 301
HysCr HysCr : 4 (82%, 6:1 d.r )
= E10,C_ COE!
o "W HW‘*\\]/ enud ~
Me Me Mea Me
/\)L y
8 /\/J\ 83% =
Ph Me Ph & Me
5 80%/ = E0C
Et0,C
CO.Me -
COyMe H
6 H“C,/T 04 H1scr/‘Y 9% 10:1 Me © ores
Me
10 (88%,; >20:1 d.r )
T

Bnﬁ\/\( BHD\/\rHE
= 77%" -
Me Me
Me
e U S
- BnO_ = e
Mea
i TBm\)L/OTBS TBW\')‘\/DTBS =i - H;goq
R
Me =
LT

[+] (o]
Ma 16:R=FPh
") -
L . (L (89%; 2.4:1 d.r.)
Me Me 17:R=CH,Ph
Me’ Me

(90%; 2.4:1 d.r.)
“2 mol% [Co], 2 mol% [Sil. 10 mol% [Co], 50 mol% [Si] at 60 °C.
“86:14 2-decene:decenes. “5 mol% [Co], 10 mol% [Si]. “3 mol%
[Co], 6 mol% [Si]. /1 mol% [Co], 2 mol% [Si].

13 (88%, 1.4:1 dr)

assigned by NOE.

E10,C_ CO,Et

£

5 (94%)

E10,C_ ,CO,Et

ot

8 (88%)

Et0,C CO.Et

<:j;3<

11 {92%)

Me i
u."

14 (89%, >20-1 dur.)e

E10,C_ ,COEt

§

Me Me

6 (+27,3:1) (85%)
see Figure 3

E0.C

eumcm
Me
H

9 (96%; >20:1 d.r.y

“At 60 °C. ¥S mol% [Co], 10 mol% [Si]. ©

mol% [Co], 6 mol% [Si].
4at 100 °C. 6 mol% [Co], 12 mol% [Si

. fSterecisomer tentatively

18



4. Hydrocobaltation

Hydrofunctionalization of alkenes trapping Co-Nu intermediates (Zhu, 2019)

3.3 mol% Co'(salen)
PhIO (2.0 eq.), NuH (4.0 eq.)

Nu 0.
SR TMDSO (2.0 eq.) )\/R HMe,Si SiMe,H s -
2 2 |
R1/\/ R (% WP e |
- TMDSO E—— h—1 I 0
EtOAc, RT, 18-38 h - | _fT’ Q &
Nu Mediates Mediates
| HAT Oxidative
2 //S\ // Trapping
XA oK e e O
Ph
PMP OJ\/Y PMP J\H PMP)\O
O °h
11a 70% 11b 57% 1Mc 76% 11d 59% ™
0
\
Me O MeO. ()WHQ LMEU Me)\/R
7 MeO : Mo .8 PMP (’)LM(‘ Bimetallic-Mediated . R
C-0O Bond Formation
e 63%9 1Mf 78% (50%"¢) 1g 75% \ @
Mo © Me O 14 \
Me O )H(M( Isomerization
O : Nu H .
pMp/k Ph Me O I R\/\Me
30 + R A
Mu TBSO TBSO hEa 2 Q!D co' 15 <‘. ™M e
(7 =1 i o, € o 7
11h 55% (d.r. = 1:1) i 42% 11j 66% PP = %
"C1oH21 O
C ) le;, 2
1500 S SEE
e
)\© MeO Lk S S Pl R
1K 45% m 7% 11m 76% 1n 47% '

[19] Zhu, R. et al, J. Am. Chem. Soc. 2019, 141, 7250.
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4. Hydrocobaltation

Hydroarylation catalyzed by Ni/Co complexes (Shenvi, 2016)

Ar—I

Plausible mechanism

o

I, t,

‘Ni III

N7 SAr \ /
Nu,, Nickel

Catalytic trans

e l/l' A
*N;ll
( ” NI\

N Ar

metalation

N7 Cycle
)A\’ Ar\ R_ _Me /\
R M N \I

5 mol% (dtbbpy)NiBr,
20 mol% Co'\(sal®® BY)
50 mol% NFPy

, . Me
2 eq. Ph(i-PrO)SiH,
R > )\
13 DMPU, 22 °C R Ar
3eq.
up to 86% yield
34 examples
Selected examples
R Me Me Me
TBSO
L Co"' RN CgHq7 2
Co-H CFs CFs
—-1/2
éﬁ_; L, Co—H- 231 Cof 75% yield 86% yield
Me Me
[L Colll]+ [S']ﬂ_.—’—' Ts
= = Gt O [0] C8H17 C8H17 N
|
55% yield 67% yield ...etc

[20] Shenvi, R. A. et al, J. Am. Chem. Soc. 2016, 138, 12779.
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5. Co(l) bases

Co"-Hydride from Co' bases

d,, (HOMO)
-~ H
H* |
- coll
L
planar Co' complex Co'"" hydride

Three-component coupling using Co'-hydride (Takai, 1998)

4.0 eq. CrCl,
1.0 eq. water Me
10 mol% VB12
RCHO  + XN > Rj)\%
DMF
2.0 eq. OH
up to 94% yield
8 examples
Plausible mechanism
“OH
NF
/
H 2cr!
CI m H,0 reductlon
[o] D S——
g 2 Cr'" RCHO
Coll Ho A
é cr'
H\)\/ 1 —_— /\/\Cr"'
H\/\/

21
[21] Takai, K. et al, J. Org. Chem. 1998, 63, 6450.



6. S 2-type oxidative addition

Co' nucleophile

Co' nucleophile

Ry
= DR
2 3

S\2-type oxidative addition

Seminal work for the use of nucleophilic Co' catalyst (Takai and Utimoto, 1989)

R—X +
2.0 eq.
X =1, Br, Cl, OTs

t

fo) 1.0 eq. water

R
Ry 3 3R2 Addition to alkenes
\r and alkynes +
- col A x — 5 Co

- (X =CN, CO,R)

L Co!

— _—
alkyl-Co'" complex =Y
(Y = Ph, COZR, CF3)

\/\X
Z X

COIII
+

4.0 eq. CrCl,
OH

N

Ar

10 mol% VB12

- R

DMF, 30 °C
up to 91% yield
17 examples

\ Ar
L

crcl,

J ..

[23] Takai, K. et al, J. Org. Chem. 1989, 54, 4732.

——> R-CrCl,

[22] Gupta, B. D. et al, Inorg. Chim. Acta. 1988, 146, 209.
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6. S 2-type oxidative addition

Intramolecular Heck reaction of alkenes using nucleophilic Co' catalyst (Carreira, 2011)

R
|J/ 15 mol% CoX(dmgH),Pyr ~
. 1.5 eq. iPr,NEt ¢ 7R
1 '7 : Y
) CH4CN, RT, 24 h
el blue LEDs up to 91% yield
17 examples
H

COIII
; + \ :

iProEtNH3 iProEtN L

-~ ‘(.
/\ JRaDR
r R ¢ ?6\R
... \\___,LH
homolytic cleavage/
m radical cyclization .)
Co > Co'
. hvy 2
L :
L

[24] Carreira, E. M. et al, Angew. Chem. Int. Ed. 2011, 50, 11125.
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6. S 2-type oxidative addition

Cross-coupling using nucleophilic Co' catalyst (Weix, 2015)

1. EtN(iPr),, dtbbpy, Zn, DMA,
Co(Pc) then Ms,0, 1 h, RT
Ar” YOH + X-An > A A
2. NiBr,-3H,0, RT,
overnight up to 88% yield
17 examples

Selected examples

X = Br, 80% yield X = Br, 50% yield
X =1, 73% yield X=1,70% yield

7 mol% NiBr,-3H,0
X N 5 mol% dtbbpy

A Soms * |

Z DMA, rt | Z
“generated in situ” /\R Zn reductant 110 X Ph Ph A\
109 ‘ =
; N
Ac Ac

SNzo-,tAype Co' [N'II] [Nio]
11 ‘ X =1, 71% yield X = Br, 52% yield

Ar :
\ r\ reductive rad

. elimination ’
£ co" ; Ph Ph
112 Ar [N|']—x
B cl F4CO

[NIm]
n—n X = Br, 81% yield X = Br, 78% yield

[25] Weix, L. et al, Chem. Sci. 2015, 6, 1115.

OMe
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7. Conclusion

H

\,|/\H

COIII -

B-hydrogen abstraction

Hydrocobaltation

H+

co'/ =

Co(l) bases

/<)

Co(ll) Complexes

H

COIII

Co(lll) complexes

/7

L

Co(l) complexes

x’R N2

Il X=C,N . _R

N, T
> COIII

Co(lll)-carbene or
nitrene radicals

Alkyl
Alkyl-LG |

- COIII

Sn2-type oxidative addition
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Yamase/Hill mechanism
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H
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1
2 ]
¥

e -

H

[WO]H

HAT Reoxid
catalyst

[WO] [M]=H
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Radical coupling |
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Standard
4-PhCOCHs” ™ + RS” S  condiions_ P7 + P31

—_ a 2
S7 R = 2-naphthyl  (s.C) 16%  67% @
(1:1) S31
§7 + PhOCPANT > ——o=—>= P7 + P52 (3
{11) S52 o 33% 51%
S31 + g§52 0 = P31 + P52 (4)
(1:1) S.C. 67% 24%
(1:1) R = 2-naphthyl o 61% 3%
s7  + — -~ PT + P19

S19  sC.(2h)

(1:1) 27% 6%

Reactivity order: thioether, amide, acryl alkane, ether, cycloalkane

Y

S S.C.
4-Cl-CH > " ph P38
P38, E/Z = 3:10r<1:20 ElZ=114

Photoisomerization under the reaction condition



