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Background [ Respiration]

I Industrial revolus"

Fossil fuels and deforesta

l Other human activi‘lj‘

® Abundant » Capture
® Inexpensive C1 feedstock » Storage
® Greenhouse gas » Added-value products
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Introduction

CO, fixation into chemicals
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Introduction

Carboxylic acids in human life
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The Coordination Mode of CO, with Transition Metals

Binding modes to transition metals
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The Coordination Mode of CO, with Transition Metals

Common catalytic strategy when converting CO, into RCO,H.
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Pd-catalyzed Carboxylation of Organotin Reagents
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Pd-catalyzed Carboxylation of Organotin Reagents
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Pd-catalyzed Carboxylation of Organotin Reagents
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Rh-catalyzed Carboxylation of Organoboron Reagents
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Cu-catalyzed Carboxylation of Organoboron Reagents
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Cu-catalyzed Carboxylation of Organoboron Reagents
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Ag-catalyzed Carboxylation of Organoboron Reagents
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Ni-catalyzed Carboxylation of Organoboron Reagents
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Pd/Ni Carboxylation of Organozinc Reagents
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Carboxylation of Alkenes

Nickelalactone formation and reactivity
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Carboxylation of Alkynes
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Ni-catalyzed Carboxylation of 1,3-dienes with CO,
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Ni-catalyzed Carboxylation of 1,3-dienes with CO,
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Ni-catalyzed Carboxylation of 1,3-dienes with CO,
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Ni-catalyzed Carboxylation of Alkenes and Alkynes
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Ni-catalyzed Hydrocarboxylation of Styrene
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Pd-catalyzed Hydrocarboxylation of Allenes

R' Cat. (1.0-2.5 mol%) COOH
>:.: CO, (1 atm) > i _
R2 Et;Al (1.5 equiv.) R2
DMF, 60 °C
COOH
COOH
R
R = -(CH,),Ph, 88%
R = Me, 95%

X COOH x = NBoc, 75%
— X=C=0, 84%

R = -(CH,);0Bz, 100%

OTf
thP—Pd—Pth

Se

Pd(PSIP)OTf

Iwasawa, N. et al. J. Am. Chem. Soc. 2008, 130, 15254.

?Tf
PhaP——Pd—PPh;
Si

|
Me

Cat.

l Et;Al

H
|

COOAIEt, Ph,P——Pd—PPh,

R1J\/ Si

R2 |
Me

R'R?2C=C=CH,

R! R2
Et;Al
) Ph,P——Pd—PPh,
COOPd(PSiP) I

e e

27



Ni-catalyzed Carboxylation of Diacetylene
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Pd-catalyzed Carboxylation of Allyl Acetate

0
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Fel/Ti-catalyzed Carboxylation of Olefins

FeCl; (2.5 mol%)

cl CuBr (5.0 mol%)
z PBu; (10 mol%) \©\)/\Mgsr \©\fCOOH
CpMgBr (1.0 equiv.)

Et,0, -20 °C
75%

Hayashi, T. et al. J. Am. Chem. Soc. 2012, 134, 272.

FeCl, (1.0 mol%) GOOH

A bis(imino)py (1.0 mol%)
>
EtMgBr (1.2 equiv.)
THF, r.t. via MgBr
then CO, (1 atm) )\
93% Ar

Thomas, S. P. et al. J. Am. Chem. Soc. 2012, 134, 11900.

Cp,TiCl, (5.0 mol%)

i :
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59% 65% 60%

Xi, C. et al. Org. Lett. 2016, 18, 2050. 30



Cu-catalyzed Enantioselective Hydroxymethylation of Styrenes

Cu(OAc), (5.0 mol%)
(R)-DTBM-SEGPHOS (6.0 mol%)

AN (EXO);SiH (8.0 equiv. ~ CH,OH
CsOAc (1.0 equiv.) Ar
CO, (1 atm)
Cyclohexane, 60 °C
CH,OH CH,OH CH,OH
. ll MeO’ :
70% 96% 83%
(99.5:0.5) (99 : 1) (97 : 3)
CH,OH
CH,OH CH,OH
69% 69% 86%
(99 : 1) (99 : 1) (98:2)

L*CuX
l R;SiH
CH,0SiR; L*CuH
Ar A
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CulL*
CH,OCuL* Ar
Ar/'\
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COOCuL*
Ar/'\

R;SiH

Yu, D.-G. et al. J. Am. Chem. Soc. 2017, 139, 17011.
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Pd-catalyzed Carboxylation of Aryl Bromides

Pd(OAc), (5.0 mol%)
‘BuXPhos (10 mol%)

Br
R @ CO, (1-10 atm)
Etzzn

DMA / hexane, 40°C

COOH
- &Y

CO,H

R ="Bu, 64%
COzH R = NMe,, 40%

R = SMe, 68%

R = CF3, 43%

R = Cl, 68% 64%
R R = CHO, 63%

CO,H
Y e

68% 67%

ArBr
Et-Br L,Pd(0)
oxidative
addition
IEt Ar
L—Pd, L—Pd
Br Br

coordination
CO, insertion

Ar-CO,ZnEt
Ar CoO,

Et,Zn L—Pd O

Martin, R. et al. J. Am. Chem. Soc. 2009, 131, 15974.

33



Ni-catalyzed Carboxylation of Aryl Chlorides

NiCl,(PPhs), (5.0 mol%)

PPh; (10 mol%) Ar-CO,Mn L. NI{0) ArCl
n

cl
. cO, (1 atm) o COOH oxidative
Mn R addition

Et,NI (10 mol%)

DMI, r.t. Mn
CO,H COzH
R = Bpin, 64% Q/ Ar Ar
7
R = N(CH3)COCHj, 40% py. . 0= LN
R = CO,Me, 76% 7% nNi O cl
R coordination
COOH CO, insertion
Mn
69% L,Ni'—Ar

MnC|2

Tsuji, Y. et al. J. Am. Chem. Soc. 2012, 134, 9106.
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Cu-catalyzed Carboxylation of Aryl lodides

Cul
Etzzn
Cul (3.0 mol %) EtZnl
| TMEDA (3.0 mol%)
R@ £ latm)___, o woon ArCO,Z Cu®
Et,Zn (2.5 equiv.) hacel Arl
DMA, r.t.
Cul
COZHR — COOH Et,Zn
=Br, 59%
R = COPh, 53%
R = OH, 40%
o —
R 68% ArCO,Cu' . .:t\r . CuLn.
COOH ( in equilibrium with ArZnX)
61%
Cco,

Daugulis, O. et al. ACS Catal. 2013, 3,
2417.
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Ni-catalyzed Carboxylation of Benzyl Halides

R2 R3 NiCl; glyme (10 mol%)

R? R3
PCp3HBF,4 (20 mol%)
R X co, (1 atm) - COOH  (PhCH(R)CO,),Zn LN X
MgCl,, Zn n!
DMF, r.t. -
R1
COOH L
COOH -
Ni
Cl R! e \X
70% (X =Cl) 61% (X = Cl) O)\COZN"-n
COOH

/((OOH Zn
("Ph
60% (X = Br) 55% (X = Br) ©)\ NiL,
co,

Martin, R . et al. J. Am. Chem. Soc. 2013, 135, 1221.
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Ni-catalyzed Carboxylation of Bromides by Photoredox Catalysis

NiBr,, glyme(10 mol%) Ni''Br, glyme + neocuproine

L (20 mol%)

Br 4CzIPN (1.0 mol%) . COOH l
HEH (2.0 equiv.), 4A MS

K,CO; (1.0 equiv.) LNi"Br,
COZ (1 atm) ¢
DMF, r.t., hv Ar-Br
0
0 Arcoo- LnNi
COOH N COOH COOH p N\
Me —(s D/ HEH
HEH*
82% 54% 41%
4CzIPN-
*4CzIPN
R CN N\ ArCOO—Ni'L, Ni" or Ni' Ar—lili"Ln
__ EtO,C CO,Et \Q’ L
W= | | R R
N N= Me” "N~ "Me L 4CzIPN )
Mé Me H R CN
L R = carbazole
HEH 4CzIPN Yy, Coz Ar_NiILn

Konig, B. et al. Angew. Chem. Int. Ed. 2017, 56, 13426.
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Ni-catalyzed Remote Carboxylation of Halogenated Hydrocarbon
Ph Ph
Nil, (2.5 mol%) —
Bry H L (4.4 mol%) H, H 7 N\
RMHa 1002 Mn (3.0 equiv.) R‘(v)ﬁ<c00H M =
atm  pyF, 25°C "hex L "hex
72% Me 5\) CN O
EACOOH COOH C/\COOH COOH
81% A i i A
92% 77% 82% 77%
Br COOH

R/\/.\)\H
Mn
co,

COOH /\/‘\/\
R)\/.\/\H R H
L,Ni i
nNi(0) R = COOR, NCOR LNi(0)
Mn
co,
%‘\/\ Nickel Cycle A /\%\ Nickel Cycle B @
R

H R/\/.\)\H

\ RWH / RWH

) )
Martin, R. et al. Nature 2017, 545, 84,

S
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Ni-catalyzed Carboxylations of C-N Electrophiles

® ! L (26 mol%)
co
R! NMe; + 02 “Mn (2.0 equiv)
1atm DMF, 70 °C

NiBr, diglyme (10 mol%) R2

> j<))\coor|

SMe

o COOH
4 COOH
o

COOH COOH

68%, L1 82%, L1 67%, L2 54%, L2
YA (0
N N= N N=
"Bu L1 "Bu "Bu L2 "Bu

Martin, R. et al. Angew. Chem.

Int. Ed. 2016, 55, 5053.
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Au-catalyzed Carboxylation of Acidic sp? C-H Bonds

[(PAUOH] (3.0 mol%) _HCI, a
RE ) + €O, . RE )—COOH
KOH (1.05 equiv.)

ON—H
Tatm 1HF, 20°c, é [>_

kKo 9
e |
o’ _<\Nj
OH
\ COH
[ »—co,H h
o N._N KOH

89% 89%

N /
IT\}- NN
Noy O j: )—COH I Y
“n N. =z
Pr N~ N )\\\
7o

— — |\> \/ N

Nolan, S. P. et al. J. Am. Chem. Soc. 2010, 132, 8858.
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Cu-catalyzed Carboxylation of Acidic sp? C-H Bonds
[Cu(IPr)CI] (5.0 mol%)

N—H
KO'Bu (1.1 equiv.) é [ >_

KO, o
o”c_<\N]
N CO, (1 atm) ) N otB
Y 4t o . "sza
: ﬁ\ D—H THF, B0 > H—C0,CeH3
S then CgH43l (2.0 equiv.) Ceer VY
DMF, 80°C
KOH HOBu
\/ / \ \/ ,—\

R \ N’N\>_
Y—C0,CeH I CO2CeHq3
\CE >— 2CgH13 )\O Y
o Ph Cu
R = Me, 87% 38% ju\

R = Br, 62%

= NOZ’ — |\> \/

Hou, Z. et al. Angew. Chem. Int. Ed. 2010, 49, 8670.
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Cobalt-catalyzed Carboxylation of Allylic sp® C-H Bonds

L,Co"X,
RTXA"c0,AIMe, AlMe;
Co(acac), (10 mol%) AlMe,X + CH;CH;
Xantphos (20 mol%) |
; L,Co'Me
R/\/ + co, AlMe; (1.5 eq.uw.) - R/\/\COOH n H
CsF (1.0 equiv.) AlMe; )\/
1atm  pMA, 60 °C R

NCooH RN"co,ColL,
Ph X" COo0H th©/\/\

Me
H C/'L
o n
o |
71% 77% COZJ R)\)/’
N
Ph )\/
Me

R
78%

Sato, Y. et al. J. Am. Chem. Soc. 2017, 139, 6094.
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Summary

COOH

fixation

——COOH

R———COOR!

C-C formation
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Prospect

* Research the unique role exerted by the additives

and coordinating solvents (e.g., CsF, DMF)

* Design new and efficient ligand

* Employment of no reducing agent reaction

r

&

HZC=|(_II—COOH -«

H,C=CH,

—
C

Cco,

CH,

[TM] catalyzed

» CH;COOH
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o) o~ "o
62 63

HOOC
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R2

R3
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61

COOH
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Transition-metal-catalyzed carboxylation of
organometallic reagents

Organozinc reagents

COOH
Znl CO,, 1 atm, LiCl . ©/
R DMF, 50 °C, 24-48 h
yield: 53%-98%

1. ZnEty, 1.2 equiv. LiCl
2.8 eq. 'Bu-P4 base (10 mol %)

, COOH
DM, rt. 24 h N Q/
Br 2.C0O,, 1atm, 50 °C, 48 h Br

yield: 61%

1. ZnEty, 3.2 equiv.

B(OH), toluene, 60 °C, 24 h COOCH
2. LiCl, 2.8 equiv.
MeO MeO

CO,, 1 atm, 50 °C, 48 h

yield: 93%

Carboxylation of aromatic zinc compounds in transitionmetal-free process.

Kondo, Y. et al. Org. Lett. 2009, 11, 2035.
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Metal(NHC)-catalyzed carboxylation of C—H bonds

H CO,H
X [(IPHAUOH], 3mol%  HCI, aq. X
| + COZ |
P~ KOH, THF, 20°C, 12h 7
K 1.5 bar K
91
CO,H
F F F F F F
F Pl i F
CO,H
91a, 90% 91a’, 84% 91b, 88% 91c, 93%
CO,H
COM ol CO,H CO,H
Cl Cl Cl Cl Cl Cl
Cl Cl cl cl Cl Cl
CO,H
91d, 92% 91d', 87% 91f, 92% 919, 96%

Carboxylation of arenes catalyzed by [(IPr)AuOH].

Nolan, S. P. et al. Chem. Commun. 2010, 46, 2742.
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Transition-metal-catalyzed carboxylation with CO,
via oxidative cycloaddition

R R R
—— i - 0
N W SR
\_\\ H ZnEt  2) HCI H
i R R
‘ S~ ~ _]
X\/ NI OR xk \j--;
SN

Ma, S. M. et al. ACS Catal. 2017, 7, 4504.
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Metal(NHC)-catalyzed carboxylation of C—H bonds

[Cu(IPr)OH], 3 mol%
CO,, 1.5 bar

S CsOH, 1.1 equi HClaq.
. %H s equiv___ . COOH(Me)
L THF, 65°C, 8h (orMel) ..
101 102
o s 0
T o U S
N N N

H

H N
_ P e, pK,=18.6
i i 101d, pK, = 23.1 B~ "N
H
N _ | )—COOH 102a, 90%
E/):O 101g, pK, = 18.6 N
COOH
o)
F F
[ ,)—COOH 102¢, 77% 102d, 93%
N
F F
COOMe H
N, COOMe
N 102f, 85% 102g, 90%

H

N\
| N
Br
s
| )—COOH  102b, 82%
N

102e, 88%

101f, pK, =
19.8

Reactions of various substrates in Nolan et al.'s NHC-Cu system.

Nolan, S. P. et al. Angew. Chem. Int. Ed. 2010, 49, 8674
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Transition-metal-catalyzed reductive hydrocarboxylation of
unsaturated compounds

71, 2.5 mol % excess
- /\.\/RZ‘ . co, ZnEt,, 15? mol % TMSCHN, Products
A 1 atm DMF, 60 °C, 8 h
allene = + +
R’ R? R1/\/\C00Me R2
78a, R' = CH,CH,Ph
R?=H 79a. 65% 80a, 3% 81a, 1%
78a, R' = Ph
R%2=H o
79b, 54% 80b, 2% 81b, 7%
78a, R' = CH,CH,Ph
2 3
R2= CH,CH,Ph 79¢. 51% 81c, 6%

Carboxylation of mono- or disubstituted allenes.

Iwasawa, N. et al. J. Am. Chem. Soc. 2008, 130, 15254.
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Transition-metal-catalyzed carboxylation with CO,
via oxidative cycloaddition

Nickel-catalyzed carboxylation via oxidative cycloaddition

1. CO,, 1 atm
Me,N 2,
1. KOH, EtOH 2 PACI(PPhs)z, 1 mol % me,N Ni(cod),, 20 mol%
2 ~_NMe, Cul, 2 mol % DBU, 10 equiv.
- Cl Ph—=— Ph,Zn, 3 equiv.
HO | > o | > - 2 ] q .
3. toluene, reflux EtsN, rt, 6 h @) ——Ph 5 CH,N,
64 65
~_NMe, ~_NMe, N NMe; 1. Dess-Martin OX. _~_-NMe;
0 Q 2. PhyP*CH3Br"
. DIBAL-H, 3 equiv. '‘BuOK -
Ph Ph DCM, -78 °C, 2 h Ph  3.H,, PdiC Ph
— — quant. — —
Ph CO,Me MeO,C Ph Ph OH Ph
66, 63% 67, 22% 68 69, tamoxifen

Synthesis of Tamoxifen via Ni-catalyzed arylative carboxylation.

Sato, Y. et al. Synlett 2006, 3182.
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Introduction

Kolbe & Lautemann (1860)

COz C02
OH OH OH
(Y —tmm - (X Oy e
then H30 COOH then H3O
phenol salicylic acid phenol
Kolbe-Schmitt reaction:
OH O® co, OH O ®
oM H,;0
_ base (high pressure) y %Xla — 3
.
R— | then remove R—/ | >100 °C Rz |
NS NS
phenol NS

R =H, alkyl, aryl, OH, O-alkyl, NR,; base: alkali metal hydroxides (e.g., NaOH,
KOH, CsOH), K,CO3, KHCO,

HO COOH

c-thymotic acid

OH
o}

R
OH

Ortho- or para-
substituted aromatic

hydroxy acid

\ J/
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Transition-metal-catalyzed carboxylation with CO,
via oxidative cycloaddition

Nickel-catalyzed carboxylation via oxidative cycloaddition

Mg anode, BuyNBF 4 Z

COOH
1 atm major minor
. CgH
CHis—=—H + CO, ~Ni(bipy)s(BFs).10mol %, N N CSH13t\
BuysNBF,4, DMF, 80 °C HOOC COOH
1 atm 32a 32b

85% (32a : 32b =88 : 12)

Electrochemical carboxylation of alkynes in the presence of nickel catalyst.

J. Perichon, et al. J. Am. Chem. Soc. 1991, 113, 8447.

J. Perichon, et al. J. Organomet. Chem. 1988, 352, 239.

J. Perichon, et al. J. Chem. Soc.,Chem. Commun. 1991, 549.
J. Perichon, et al. J. Org. Chem. 1993, 58, 2578.
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L _er HEH (1.5 equiv) \[
Ph

(L1)NiBr, (5 mol%)
H, 4-CzIPN (1 mol%) Ph

K,COs (1.0 equiv), H,O
1a CO, (1 bar), DMF
Blue-LEDs, 25 °C

entry  deviation from standard conditions

-

none

(L2)NiBr, instead of (L1)NiBr,
(L3)NiBr, instead of (L1)NiBr,
(L4)NiBr, instead of (L1)NiBr,
(L5)NiBr, instead of (L1)NiBr»
(L6)NiBr, instead of (L1)NiBr,
NiBr,-glyme/L1 instead of (L1)NiBr,
using HEH (1.0 equiv)

using 4A MS instead of H,0

using LiBr (1.0 equiv)

Cs,CO5 instead of K,CO4

no (L1)NiBry, no 4-CzIPN or no light

O 00 N O ;A WN

— A
N = O

R'=Me; R?=H (L1)
R?  R'=Me; R2=Me (L2)
N R'=Me; R?=OMe (L3)
=N N= R'=Me; R2=Ph (L4)

R'=Et; R?=H (L6)

2a

R'=Me: R?=4-F-CgH, (L5)

CO,H Ph_ _H,
. L
H CO,H
2a’
yield (%)@l 2a:2a’
66 (56) 90:10
36 70:30
28 71:29
30 62:38
42 72:28
55 85:15
58 90:10
59 90:10
50 85:15
61 84:16
35 42:58
0 _
Cbhz CN
NC Cbz
Cbz Cbz
4-CzIPN

Martin, R. Chem. Eur. J. 10.1002/chem.201902095
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Transition-metal-catalyzed carboxylation with CO,
via oxidative cycloaddition

Nickel-catalyzed carboxylation via oxidative cycloaddition

R 0 @]
~ Ni(0) \ L
o) ' [

C02 //////

Ni "N
39a 40
NQ 1.E* . - COOH E
R/KH/&O 2. Ho" /\( or R)ﬁ(COOH
E
39b

1. Ni(cod),, 1 equiv.

DBU, 2 equiv. Ph{ -0
BnO/\/%o% CO,, 1 atm - O
2. PhCHO BnO

3. PPTS, C6H6s reflux 41a. 60%
0 1. Ni(cod),, 1 equiv.
DBU, 2 equiv. o Ph 0 o
N CO,, 1 atm
AN ’ >
N “ZPneho ©:§N n
o 3. PPTS, CgHg, reflux
o)
n=2,41b, 67%
n =3, 41c, 63%

Ni-mediated reaction of allenes with CO».

Mori, M. et al. Org. Lett. 2003, 5, 2599.
Mori, M. et al. Synthesis 2004, 791.



Transition-metal-catalyzed carboxylation with CO,
via oxidative cycloaddition

Nickel-catalyzed carboxylation via oxidative cycloaddition
L Ni(cod),, 1 equiv.
@ . co, dtbpy, 1.1 equiv.

THF, 0°C, 2h

/O O
o 1.MepS,0°C HOL I
2. TMSCHN,
MeOH, 0°C
44 -

1. HCI-MeOH, -78 °C
2.0,

42

O

”BU/YJ\OH
"Bu

Ho/\
45c, 74%, (E : Z = 47 : 53)

M"Hex

n Hex/\fj\

82% (55 : 45) 45b

45d, 74%, (E : Z = 58 : 42)

Ni-mediated hydroxycarboxylation of 1,2-dienes.

Iwasawa, N. et al. Org. Lett. 2007, 9, 1251.
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Transition-metal-catalyzed carboxylation with CO,
via oxidative cycloaddition

Nickel-catalyzed carboxylation via oxidative cycloaddition

Pr
Ni(cod),
- - dppb Pr | N Pr
+ o
Pr——=——"r 2 120°C,20h o)
Pr
1 atm
@]
26a, 60%
Ni(cod), SiMes
——H P("Oct)s NGO
+ CO,
—  sim 100 °C, 20 h >~ _0O
— olVies 1 atm
26b, 59%
Et
——Et Ni(cod), o)
[ "+ GO 2-PyCH,CH,PBu _
_ . - 2CH> 2 0O
— SiMes 4 atm
SiMe3
26¢c, 74%

Nickel-catalyzed carboxylative cyclization of diynes

T. Saegusa, et al. Synth. Commun. 1987, 17, 147.
T. Saegusa, et al. J. Org. Chem. 1988, 53, 3140.
T. Saegusa, et al. J. Org. Chem. 1990, 55, 2978.
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Transition-metal-catalyzed carboxylation with CO,
via oxidative cycloaddition

Nickel-catalyzed carboxylation via oxidative cycloaddition

Ph H
Ni(cod),, 1 equiv. —
Ph—=  ~+ CO, (cod)2 ) ] > DBU\M
DBU, 2 equiv., 0 °C N e}
0
1 atm DBU
33
Ph
Ds0* 7 “COOH
D 34 (95% D)
R’ Ni(cod),, 1 equiv. R’
2 CO,, 1 atm H3O" R?
RPN 2= = NCOOH
AN DBU, 2 equiv., 0 °C
35
Ni(cod),, 1 equiv. R! R?

o CO,tlatm  HgO* A
R=——=F~ g \/\COOH

DBU, 2 equiv., 0 °C

Nickel(0)-mediated carboxylation of various substituted alkynes.

Yamamoto, Y. et al. J. Org. Chem. 1999, 64, 3975.
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Transition-metal-catalyzed carboxylation with CO,
via oxidative cycloaddition

Nickel-catalyzed carboxylation via oxidative cycloaddition

1. Ni(cod),, DBU

R%COOH
iy

R—= + CO2 ™ 7nor RZnX
1 atm
VN
R' CO,
1. CO,, 1 atm
Ni(cod),
= DBU, 0 °C Me Me co.Me
©\// then Me,Zn, 5h xCO,Me TBAF _ ©f/{o\ 2
OTBDMS 2. CH,N, OTBDMS 81%
53a 54a 55a
™S
Me Me COs,Me
Me CO,Me CO,Me o \\ CO,Me
o N~ Ph
N7
Ph NBn
55b, 81% 55¢, 83% 55d, 79% 55e, 85%

Synthesis of heterocycles using Ni-mediated carboxylations.

Mori, M. et al. Org. Lett. 2001, 3, 3345.
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Transition-metal-catalyzed carboxylation with CO,
via oxidative cycloaddition

Nickel-catalyzed carboxylation via oxidative cycloaddition

1. CO,, 1 atm
Ni(cod),, 1.1 equiv.
DBU, 3.3 equiv. NHBoc

<O TMS——=—2nCl <O < TS
o NHBoc 2. HCI, 10% - Z

NN 0]

AN 3. CH2N2

56

1. TFA
2. MeOH
reflux

3. TBAF

2Me
57, 69%
<o
o NH
MeO,C \\
58, 76% 59a, R = a-OAc
saBhReaEMBAC 3-

epierythrocarine
The synthesis of bioactive erythrina alkaloid. PISTY

Mori, M. et al. Org. Lett. 2003, 5, 2323.
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Ni-catalyzed alkylative carboxylation of disubstituted alkynes

Ni(cod), (20 mol%) TMS

OBn . co, _DBU(10equiv) BnO/_>=<
< — TBS Me,Zn (3.0 equiv.) Me CO,Me
(1 atm) THF, r.t. 76%
Ni(cod), (20 mol%
oh (cod); ( 0)

DBU (10 equiv.) /_>_<R
+ CO > .
<TR ? Me,Zn (3.0 equiv.) Ph
(1 atm) THF, r.t. MeO,C  Me

R = 'Bu, 81%; R = Ph, 94%; R = 4-MeOC¢H,4, 100%

Mori, M. et al. Org. Lett. 2005, 7, 195.
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Fe/Cu-catalyzed Carboxylation of Alkenes

FeCl; (2.5 mol%)

CuBr (5.0 mol%) cl cl
cl Z  PBuy (10 mol%) _ \©\)/\MgBr CO, \©\fcoo+|
Cp'MgBr (1.0 equiv.)

Et,0, -20 °C
75%

R R
~~_-CuR'MgX
MgX ® ll:l \
R
R
T T M ol
FeCls H
Cycle A
CuBr
l R
MgX
- R o e~ TFel R,
~-N9 ~—~ ﬂ— Fe
R Cu(R")MgX [Fel

Hayashi, T. et al. J. Am. Chem. Soc. 2012, 134, 272.
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Fe-catalyzed Carboxylation of Styrenes

LFeC|2
RMgX
FeCl, (1.0 mol%) COOH MgX,
bis(imino)py (1.0 mol%)
N - >
R EtMgBr (1.2 equiv.) MgX
THF, r.t. A
then CO, (1 atm) Ph)\ N ]/\H
| Fe P
\Q)\com /@J\COOH
Bu RMg
93% 78% )

H LI \
COOH COOH | F ];2 Ph )
e
Ph ﬂ_[ Fel
MeO F o
55% 36% Oy
\ Ph \]/ /

ﬂ—[ Fe|—H

Thomas, S. P. et al. J. Am. Chem. Soc. 2012, 134, 11900.
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Ti-catalyzed Carboxylation of Olefins

CpTiCl,
MgX, RMgX
Cp,TiCl, (5.0 mol%)
'PrMgCl (1.1 equiv.) COOH
A Et,0, 30 °C > AT ~MgX S
H) I ;
then CO, (bubble) Alk SyTH
|l AN
o
©/\/\COOH ©/ UOOH
RMg
59% 65% ITi |
Ti B

COOH ) Alk LI‘ H
H .
O/\/ Alk ﬂ_l i

60% ["‘\
Alk ‘]/

i n

Xi, C. et al. Org. Lett. 2016, 18, 2050.
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Nickel-catalyzed Carboxylation of Benzylic sp3 C-H Bonds

by Photoredox Catalysis

Br
Y

(L)NiBr,, (5 mol%)
HEH (1.5 equiv.)
4CzIPN (1 mol%)

COOH

K,CO3 (1.0 equiv.), H,O

CO, (1 atm), DMF
Blue-LEDs, 25 °C

R /)
\ N
Me
COOH @OH L
COOH COOH
R = "Pr, 48%
R =Pr, 44% 42% 40%
R = CH,Ph, 52%
Me., CN @
Me N
. i/\ \
H
coo COOH COOH

46%

50%

EtO,C CO,Et
Me

N= Me H
HEH
R CN
R CN
R = carbazole
4CzIPN

~N

46%

Martin, R. et al. Chem. Eur. J. DOI : 10.1002/chem.201902095.
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Pd/photoredox-catalyzed carboxylation of aryl halides

Pd(OAc), (2.5 mol%)
X L (5.0 mol%)
©/ P-1 (1.0 mol%) COOMe
>
Cs,CO3 (3.0 equiv.)
(X =BrorCl) (‘Pr),NEt (3.0 equiv.)

CO, (1 atm)
DMA, r.t.,, hv

Pr COOMe

/C[COOMe Q

Pr ipr F3C
76% (X =Br, L = PhXPhos)  96% (X = Cl, L =‘BuXPhos)

Iwasawa, N. et al. J. Am. Chem. Soc. 2017, 139, 9467.
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Rh-catalyzed Photocarboxylation of Electrondeficient Alkenes

[Rh(4'CF3C6H4)ch]2 (35 mOIOA))

R [Ru(bpy)31(PFg); (2.0 mol%) R'XCOOH
R’& 'Pr,NEt (4.0 equiv.) R” “Me
Cs,CO; (1.2 equiv.)
CO, (1 atm)
DMA, Blue LEDs, r.t.
COOH
COOH .
3 Me Me COOH
Me
NC” “Me
NC
CF,
62% 34% 36%

Iwasawa, N. et al. Chem.

)

L Ar
ArCOO" LnRh™—H

e p
sD*

sD;
H %ﬂ Pc™t
e, (| X Lorr—
o) Ar w Ar
\ PC

e

J

L.Rh'—0 €0
2H*, 2 n

(o] Ar

PC: Photoredox catalyst
SD: Sacrificial electron donor

Commun. 2017, 53, 3098.
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