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Figure 1 CO, conversion with its activation
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Figure 2 In situ conversion of the captured CO, to oxazolidinones or ureas via equimolar CO, capture by (a) amino acid salt with steric hindrance, (b)

superbase/proton donor, and (c) potassium phthalimide system
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Figure 3 The preparation of amino-functionalized ionic liquids and its application in CO, hydrogenation
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Ty A, e X A B R R, L RO R R
iK%, BIMEALCOM S AL RN R B, HoA IS0
R SN SR AR B, A T A 400 R L
5177.

(1) Rufifbik &R, T8 MRS,
Ru3(CO) - KA £ 8 R SEHL T CO, 2] H B A 4 AF AL
TR, BIFEYhCOMF BE((4), NMP = N-HI3Engng
e i) 74, RS COLSE B R JFUh CO, FEiE— A 3 Ji
Ry R, RO AR SR A A S N A B e AR AR
i, BE TR R, I AGE B KR RE S
& B e 0 A2 B, RIS R TR R R Y
FEtk, R s T AR R AR A TLE.
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THF, EtOH, NHTf,

NHTf, = bis(trifluoromethane)sulfonimide

CH

3 -
Hsc@ O CH RPh PPh,
Oy, Q= 3 \ e | WH
;Ru'\oh) PhaP PPh; PhyPirn, u Jf thpyRu‘i 2
s | H
off S R B A Br, S
HaC—{_0 3 Ph; ; 2
CH, . (Triphos)Ru-(TMM) Ru hydride species
[Ru(acac);] Triphos

7 8

Triphos = 1,1,1-tris(diphenylphosphinomethyl)ethane

TMM = trimethylenemethane

B 5 (Triphos)Ru-(TMM)AL & WIHI BIFE LI ZR

Figure 5 The homogeneous hydrogenation of CO, catalyzed by (Triphos)Ru-(TMM) complex
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Figure 6 The PCP-Ni(Il) hydride-catalyzed hydroboration of CO,
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Homogeneous catalysis

3H, + CO, CH3OH + H,0
() Hy | Cat. A Cat. C | (IIl) 2H,, ~ROH
o Cat.B o
I _m J_r
H” o (Il) ROH, —H,0 H” Yo
PMe.
PMe Pives
™ |u/\ Sc(OTf);

1 12

B 7  Sanford 119 3 AL N
Figure 7 The cascade catalysis for CO, hydrogenation proposed by Sanford
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Figure 8 The hydrogenation of DMC catalyzed by PNN-Ru(II) pincer complex and its catalytis cycle
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Carbon capture and sequestration (CCS) is being explored as potential methods for mitigating CO, accumulation. However, the high
energy input in desorption/compression processes is a barrier. As a nontoxic, abundant, renewable C; building block, CO, can be used
as an alternative carbonylating reagent to replace phosgene and carbon monoxide in organic synthesis and the chemical industry. The
strategy of turning waste gas CO, into useful compounds and the use of CO, in the production of high-value-added compounds are
important topics, especially the reduction of CO, to energy products. We describe a strategy involving a combination of CO, capture
and utilization, in which the captured CO, is considered as the substrate for further in situ catalytic transformations. This process
circumvents the desorption and compression steps, and solves the energy penalty problem in CCS. It also avoids the use of
high-pressure CO,, which poses safety concerns and is not economically viable. CO, molecules can also be activated upon adsorption,
which is favorable for subsequent in sifu conversion under mild conditions. Of the many possible pathways for CO, use, in situ
catalytic hydrogenation is important, and has a wide range of potential application. The CO, captured as carbamate or carbonic salts
can be in situ hydrogenated to formic acid, methanol, and other important energy products. In this review, CO, adsorption and
chemical fixation methods are briefly introduced, and the catalytic systems for CO, hydrogenation are systematically summarized. In
particular, the latest progress on in situ catalytic hydrogenation and mechanistic understanding at the molecular level is discussed in
detail.

carbon dioxide capture, in situ transformation, catalytic hydrogenation, formic acid, methanol, carbon capture and utilization
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