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Reductive Carboxylation of Unsaturated Hydrocarbons with Carbon Dioxide
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Abstract Transition metal-catalyzed reductive carboxylation of unsaturated hydrocarbons with CO, is a promising and
potential strategy, offering an excellent alternative access to carboxylic acids/acrylic acids. The active transition metal species
could react with unsaturated hydrocarbons and CO, to generate the stable metallalactones or carboxylic salts. The transmeta-
lation between reductants and metallalactones/carboxylic salts regenerates the active catalytic species. As a result, the reduc-
tive carboxylation is able to run in a catalytic mode rather than stoichiometric version. Organometal species, silanes/boranes,
metal powder, methanol and hydrogens have been developed as reducing reagents in reductive carboxylation with CO,. In
this perspective, the latest advances on the transition metal-catalyzed reductive carboxylation are summarized, with particular

focus on the application of reductants and related reaction mechanism at a molecular level.
Keywords reducing reagents; transition metal; unsaturated hydrocarbons; reductive carboxylation; carbon dioxide
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Figure 1 The regeneration of active catalysts promoted by reductants
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Figure 2 Nickel-catalyzed carboxylative cyclization of bis-1,3-dienes

18  http://sioc-journal.cn

© 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

BEARIBRG N 4 HER-ER SRk, AR AL
A 6. bR JRE RIS RE, 192 LU R =Y.
2013 4, BRAEBIRBAPHRIE T DL 2 I8 R IE I A
PR FRI N, B p-H RGERIS 1. 5 AR
FUATR, 2448 B R SR IS, 238 Hh ) A
RAEB-HIHBR, AR - SR (A, B S 2800 SR 3
BRidAe, m4A8 BRI R ).

2008 £E, Rovis W52 T Ni(acac), HEAL A ZE
IR JFRAL R BL(E 3b). SEMALIIHE . BIERIE
JRERAL R N AN R, B S NI B A R LG IR
FiE!". Ni(acac), 2 2 I8 0 R Bl £ 3 Be A7 AR o TE] 44
7. MJERA B-H MR, BEk—NCWnT, AREH
BRI aA 8. drak 8 IR EIZE 4% i X L,
BEREE 9. REAES RIS FEREE SRR, ARk
RIREE SR IFE AR 7. 7F 23 C, WIE CO, 4T,
PR EATAEEIE . BEEE. = HUTIE. 59K DS
VIR A N R IR, 1T EL A 3R R S 1 47
RE ARLUT R R A5 2R AL 72 9.

2.12 Jrik4s

BB SR AR, e ARt AT DAAE I R 5 R AN
PRV A JF R AL S 2 ), Twasawa BREAEZH I IS2El T
= AR (AIE ) B T AR A 10 5 B0 007 B0 05 1)
W JE R AL S S (77N pincer B4R 4% & ¥)(PSiP)Pd-
(OTh), OTf N=5 H IR, WK 4 Fir), 33
By-ANEAERAE Y. %I B S BRI SR
FRAL AL (PSIP)PA(OTH) 5 = ZIEAR(ALE) K AE i

Oﬁw—" COOM
or —=
o 1 RZ

1 R2 R
R B
stable
H;0*
COOH COOH
— or
R R? Rt  R?

(not catalytic reaction)

X

H CO,Me -
_ =
OMe

PPh,
: 99
57% ~ 96%, >90% ee

(S)-MeO-MOP

Acta Chim. Sinica 2016, 74, 17—23



1z

X
X
&

TN

Ni(cod), (20 mol%)
DBU (10 equiv.)  CHyN; R T™S
R—=—TMS =
R',Zn (3 equiv.) R!
1 CO, (1 atm)

co, R
NQ) f(
3 R—=-TMS o= _Ni
R TMS
\—( 4
R'znood R \{ | R'azn

R TMS _
1 ’ T\ ?Z_,gi
R'znooC  Ni oM

Ni(acac), (10 mol%) COOH

X Cs,CO03 (20 mol%)
R + CO, R
Pz Et,Zn (2.5 equiv.) L

THF, 23 °C

A

COO0ZnX ENL, i

H

7
Ar 1

Et,Zn T Etzz_”T AT
Ni(acac),
COONIL, NiL,,

H
Ar Ar

10 CO, 9
B3 ek iRt R, SRARIL A BRI IR IR AL S
Figure 3 Ni-catalyzed reductive carboxylation of alkyne and alkene
with alkyl zinc as reductants
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Figure 4 Pd-catalyzed hydrocarboxylation of 1,3-dienes and allenes with organo aluminum as reductants
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Figure 6 Cu-catalyzed hydrocarboxylation of alkynes with silanes
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Figure 8 Metal powder as reductants in the hydrocarboxylation
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