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CO, B FIRE L RIR A ST R

BRELE “ 24T 9 4P ] B4 *
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WE CO, AT EEREAEL —, MRFE. ATHER C B, & CO, B A A ML A BEZZ AL
v A IR, 5 REA RO COL HETLL SRTM, CO, WAE SRS E TEAN B 1 2248 1, WE T CO, HITRAL K
R IO TT SR TR AL K . 18 4FOK, (] RAFTREALLE CO, e A M 1 e T AN T AL LB (1 e R fiE Ak
FIFRITH T RZGHTAE, AU TR SHEAE S COy T FB R DIREA . I 2 4170 85 1 S W FEBH A
DI IR ROGAEHER) CO, FeAR AR SRS, IS A A B SR TF R Y 1 HE SE R s RO A &R, S B T IR ZR A T CO, %S
. ST AR R AR T A X Al Rl A R ) — At AL b AT IR, A RN RAT IRAVA s A5 4, 2Dzl COo, b
FHIHIN 5 K.

REEE AR AR Bl B, SRR DG RTRRSELE A RTTIE

Advance and Prospective on CO, Activation and
Transformation Strategy

Chen, Kaihong* Li, Hongru*’ He, Liangnian™*
(“ State Key Laboratory of Elemento-organic Chemistry, Nankai University, Tianjin 300071)
(* College of Pharmacy, Nankai University, Tianjin 300353)

Abstract Climate change and depletion of fossil fuels have drawn considerable attention. Considering carbon dioxide is both
the dominant greenhouse gas and renewable C,; source, CO, valorization into valuable chemicals is considered to reconcile the
environment benefit and sustainable chemistry development. Unfortunately, the thermodynamic stability and kinetic inertness
of CO, make its chemical transformation challenging. As a consequence, developing highly efficient catalytic systems and
synthetic protocols is crucial for CO, conversion. In recent years, He’s group made great progress on strategy design and
catalyst development for CO, conversion. A series novel CO, conversion strategies are proposed, including CO, capture and
in-situ transformation, hierarchical reductive functionalization of CO,, designing thermodynamically favorable reactions by
multi-component cascade reaction and photo-promoted CO, transformation. Concurrently, the corresponding highly efficient
catalytic systems were also developed based on the reaction mechanism and thus CO, transformation was successfully
performed under mild conditions. It is hoped that this review can arouse broad concern on CO, transformation and spur its
further development.

Keywords carbon dioxide; capture; transformation; reduction; cascade reaction; photocatalysis; sustainable chemistry; syn-
thetic method

TH S A AR R JE, T 3iq SR IREE —ZEPE
M, KA CO iAW e, JFHtsI A T —#5 CO, &R HLR >, BAWNA C=0 .
REWEHUAIASE AR, PR, TR PTEAE BT, bk BT CO, 43 7 EAFAERI A = DY B 7 R B 3 o 6,
T CO, RBULANEE. 4 CO1EN C & TR fE131Z0 7H) C=0 BRI K4k )y 116.3 pm, HEAEE
THI GRS SO AT, BEREE— 2R Ll e TtEE] 804.4 kJ/mol. Jf H., CO, EMIBRIET-4b T 5
IR, IR AR E COo, MEM, FIiF AR, 4, PR — (3.8 eV, A5
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T BIR CO, TSR FIRE(38 eV) AR, F
DLEJR 7 R G2 T, (RIS BT CO,
S ORAE i, T E AR RERE R B, HREMREE
HELE R, AT, CO, HA# Iy 2ERae 2 )56 1,
BRI LA A, AN TR B A B T R L IR 28,
IR B AR R, AT CO b2 A B
TERSIH EAAT, W E /RS 5 808 R RIZLH)
N ZAE. TSR, e AR CO, Hb ik RE T
WiE CO, FEALSRNE 2 —; HAh, AR & P X FR I
93, COp MBI IR R EAEAR e AR e BT
FAK. B, ARE T =S P L b s B A AR 45
PR R —. 3% BRI Yo T A
T e A () SR B AE T R v KT A B A ) DL B AR R
TEAIR S T C—O BRI MR BTG T2
SEAZARF R Bl AR SE A IR N, IR A AR AL
SEECAL IR TR A

1 REESHRLES

YER—FhiR =S8, CO, Mt a2 B AT
W2 ORVE. BEROKIEIGE B AT Tk B E CO, Wi,
O CO, MRS BER. (B, T i £ B8 AR e 1 o 7 22 1)
FIRERE, KM T CO, IR A, 5 CO, JF AR
B, KeigEm) CO, BT, AU REE S FERE
AR AR, ICREFIH CO, X—MEE . nH
A C RIS R 2 BT I A At A
RAERIKE CO, Ml 5HAMMEE RA EE KN
Aist. BTk, ATREH B T EFHE. SEAL
W55 CO, fli 8RB, Il T CO, AL IR &
1.1 BFREBT COfMEmiEk

BT BAMRAS R SRR @i A, B8
TR O ZHN T CO, RIS Stk . 3415
FI RGN 5 BEAE CO, AAAE T 1T DU RO 1 84 851
PREIREE, Boih 7 & R 3R £ ¥ (PEG) — 7t
iR &, 8T CO, MRS SRR, R IR SRR 1) Bl
R, IR R CO, g R I thillsR. MR L=
WEE PR B K TR A R IR CO, 1 BE 0 B 5. 3x 2R
TICIER R T CO, IR TR AR AT B A
CO, FITEATE S, REBELEIRAN 1) 254 T 5 i = B AR IR,
T Re R B (NHLD REAL T 5 BT E SR &P B S AE
WEPREE IR, X PR SRS e LLERIT 100% B 15 21 AH
M=) (Scheme 1).

5 2 Z i DhRe A i) AR BT AL B AR A T
PLMRERE CO, SR MERM AW N (Scheme 2). FAT]
WA T & SRR R £ B I AR B T
PR, KRB TR T DA Rt itk CO, 5RARE R &
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Scheme 1 CO, capture and utilization by superbase/polyethyl-
ene glycol catalyst system
YRR, Hrt BrDBNPEG,s,DBNBr H A I& 4 1 1k
AENINLRE, RIS T e s . AR 1% 3 T
A 3R O IR BB O KB e, AL ACR &
A3 WS R BRAR, TEW T 38 20— W [ 32 S (R R R4
. % s BA R O E AR A, SR T
5 L E VAR A W] I
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h
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P

o  BITBDPEG 5 TBDBr
LN co, (1 MPa), 120°C, 3 h

Co, +

7 CH4OH 0
on S \dkd/+H%_PH
\__/ BITBDPEG;sTBDBr

BR2 BRI E THRAH T Co, itk 55tk
Scheme 2 CO, capture and utilization by polyethylene glycol
functionalized ionic liquid

R TS BOEME LR, 3R 2 I D Re Ak B R
RTEME CO, S ARG I B A R AT
PP, BrTBDPEG, 5, TBDBr 7] LL7E 101 kPa ] CO, T 4%
¥ CO, MR A A R RIRIR TG, HAAR
1 B 478 R FI) 1 (Scheme 2). 3 i 5L A7 41 41 6 i R AL,
R IR A TR 1 B S 1 3 40 AN AN R ek SR A PR A
e, I RE AT il ad B F R #h i T Ui 4R CO.,.

RO D EA B T IRAARE nT DL T SO, I £
LAt (Scheme 3). WHFLKIL, 59005 R 4 —FERA
TE R o - B B TR v AP . AT, i B
W SO,, I HLH: W e 2 B8R0 55 sk () Bl 1k 53 )k o<1, fif
H PEG fiTA AL MBS AE R FHES 1] Ldid PEG RIS
15 SO, KEAE R — e mik R25 SO, M2
. AN, BRI GER) ) SO, BT LLTE NH,I L T 5
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AW S AR T B R .
[\ —
H’%'%/NJ(\/O% o NHyl fs')\ N/:/\NJ(VO%
0 +)> 80°C,3h OH+HO "
Hof\ﬂots\oe )_/ (\Ao)s

PEG150Me|m/PEG150 - 802 PEG150Me|m/PEG15O

B 3  PEG5oMeIm/PEG; s WU ) SO, 535 P e i e &7
Scheme 3 Reactions of epoxides with SO, absorbed by PEG;s4-
MeIm/PEG150

CO, AR 5 ¥ AL ) SRS B TR B2 R (1) COL Al
FH SR (Scheme 4). feil, k& PR @ARIE T —
Fh1,8- 4 I —R-7-4%(DBU) B REAL 1 T RS B
TR TT L R ik CO, S A AN B, BAE
TEREAUIE S COL R [0(CO,)=15%] T, HARTTLL 96%
(IS A5 B A B R BR R B =4, @i %5 B2 ek R0
(DFT) AL 46 (FT-IR)E 82, X888 742 A
AT PLSEH CO, AT I SE I AL B T v, PRI
RIR L 1) CO, 264 T [RIAE BAT bl st i 19 S Sy M. i
LRBEBERE TR, GRS Sz Bl T R
RS T B CO, SHA EWEAHIRIKEREE.
BT RS 7 LIRS LG4 Co,Mfe ), FIET
(WAES Ty o] LAVEAL A, X Fl B BH 25 - (0 1 1R E FH A2
HA A 5 1 ) 2 T A

¢(COg2) = 15%
50°C, 6 h

9(COy) = 10%
100°C, 12 h

R4 OKEFK CO, itk AL
Scheme 4 CO, capture and utilization under low concentration
P CO, NIERL L — & B ZAFAE T AW BEZ 51
T R -2, 4(1 H,3 H)- — i B HLARTAEDZ 100%)5 128
TEIRE, BRI T A i R, SEIE CO, FI AR AL
JEIAAAFWE T (Scheme 5). X EBERMLAH L 1,8- %
2% ZH A BR-T-0 = 9 LR £ ([DBU][TFA]) N EAL 7,

Chin. J. Org. Chem. 2020, 40, 2195~2207

© 2020 Chinese Chemical Society & SIOC, CAS

SEEL T 2-F L H S 5 101 kPa R CO, S A s g
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AT A [DBU][TFA] AT LA [E B i 46 CO, FRiE b4,
KL REBSAERLAIC CO, ) NEEBZ ML, Bl 5, %R
AR R R T LL 2- H B Ik #E (2-Methylimidazole,
2-Melm) N BA & IR T2 7k, AT CO, M
SRR IS, RN 2-Melm [958 745 B A 1R 47 (4
£ CO, MIMERE, AT LK S A K1) CO, FRIFERE
BT i, RIS e 2R B T I B A, AN
{25 <) S R BRI 4 2k ([Ch][Im) 7 2-& 3 H G 5
CO, HIRMAE A B A V. o, Bk
(17 B 25 1350 2 PR Bl M A A O et JEL AR A V5 1 W R 5
ma, e FLBH 7 FR 2k &l nT DUl i 5 e B AR R A TE B
SRR RN A2, RATEBAB R R TR T
1,1,3,3-VY B L AT(TMG) 15 DRI ) Jofi B4 &5 -y ik, FHT
AR IE RIS CO, SN A FRE PRI -2,4(1 H,3H)-—
Fii ) [ % (Scheme 5): 7E 120 “C 100 kPa CO, FI%&FF
RENL LL 96% IR A EIF#4). it 'H NMR. C NMR
FFT-IR (IR, FATIA N CO, £ e [HTMG][Im] H )
FHES TR R NAR R T, SR F 540 R T =
N

[HDBUJ[TFE]
30°C,24h

[BusP][2-MIm]
80°C, 8h

CN
©i + COZ —

NHz (100 kPa) [Ch]lIm]

80°C,24h

~CLY
NAO
H

[HTMG][Im]
rt., 24 h

BIR 5 BTN Co, 5 2- 7 A2 5
Scheme 5 Cyclization of 2-aminobenzonitriles with CO, cata-
lyzed by ionic liquids

1.2 FRABIEAT CO, HEMIEL

R AR B ok EF R B R, ©
il— o2l 5 CO, B RUE 2 H R Eh 17 SR EEAT i
AN, BEAREEN 2 S T oaii e, (2l T4
WA CO, IR, 2R AT A 73— M T IR #,
P EA 1K CO, WU 7R BN 50 mol% (CO, 5
R WA, At ez CO, Mgkl s &, &
AT AR FTE R BRI N BB — AN B KA R
S PR (LEABUT 2 o 55 P 2 550 SR ) B P PR R R T B,
AR I LL AL R RE S R S K () CO,. ELEL(
2, XA CO, IR BEAE HEALTT I AEAE T 20 A1l 5 0k
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P B AR A A ot [ S (Scheme 6).

WE 5, FRATU R 34T 5 — FE gk IV frig B ) R T DA 2%
YR B 2R CO,, T H I UE A —10.6 kI/mol.
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R AL 25 A 2 0% B B (B . % SR IR AN R T
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852. I L S IMLER A 7T, I PR A AL TG T 2 5 R R AT
TE R AL G, T PEI W23 i 5% i Ee A4 FH 5k
Tk R BT, FIF CO, RAL LA AL ISR, Olah
A Prakash ALV F SR AR K VA TR AL 25 S
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Scheme 6 Amino acid salts and phthalimide salts used in CO, capture and utilization

)
NHCO,
N J(N\/\ﬁ/\%/ —1 RhCly3H,0
N ’ + CO / H, n CyPPh, o C)
~ ——— ——— HCOO
4 ”/\an/ 2 m 5 Ha (4 MPa) PEIH
H __ | 80°C,16h
PE| PEH R o ,
o~ o
\/ \ o RhCl3*3H,0 HCoo”
N N on _CO < ONH \( _ DPEphos
Base, H, (4 MPa)
) “;‘ 80°C, 16 h ;

BxR7 CO,MESHUMHATHRRS

Scheme 7 CO, capture and utilization in the synthesis of formate
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Scheme 8 CO, reduction functionalization controlled by the
type of hydrosilanes
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Scheme 9 CO, reduction functionalization under different con-
ditions
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Scheme 10 CO, reduction functionalization controlled by the
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) B SRR oA, @I CO, M 715 A
Rety s A EnE B e 2 AR B CO, ARIEJE A=
YI(Scheme 10). H-T7E & B FE AR A] DL I 2] C° Rk 3
ARMEANGEE L, LU BT R AR, X2
R FH — PRSI T 4 T ks CO, AT 2/4/6
L 1 5 D Re A = R
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Scheme 14 Pauson-Khand reaction with formic acid as sub-
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CO, B e SRR A RN, 1331 o0 FFFEFOIRBR R
Mgt — 0 5 3R AR AR B 2- LW R A SR T R
FUPHFR L, AT A Ak R T A Ak B 1567 -2
BRSSP, LA R, AT — e
JR B — TCREAIK, MII& S T p- Bk 2 R
BRIRIE A p- 32 HEM. ARHR AL HLEE, BEms (R ih e iy
5 CO, RACIIAY SN FH BB ¥ FEL TG AL BIEE 1) Lewis B LA K
BE T B BRI I 1) Lewis BT AR XHZ SRR 242
BEER. 2T FI B Al CO, FRALFR AL B A
W, BAVFR T — RAVEAT, STIL T PRRR R B A
AR 1 vt 287
3.1 MAEE. CO,FL BN =H7 KK

AR R (R HEBRTIERT CO, [IFRICIRL N,
IR AR ES TR N Lewis B2, B RETGALIREE, e -0 H
HEIRBR IR NG 55 48— B [ i (Scheme 15)P4, Sl — &
B4R A R0 S 0T e, % B A R S T AR Bk
AgOAc. Ag;WO,. Ag,CO; BL K Ag,0 5RCHK PPh; [14H
ER N B ARG BEER . Hd Bl Ag,CO; Al
Xantphos FCiA fI% R B hf. 2 HI iR, KNS T
B TR R R AL IR A SR A B - M0 FFY i 54— T 1) S A%
FFIRFIG IR B, AgoCOs FIAE AR I REMEALT, 435l
B Lewis BRAIGRIVE . 124K R 3T RS54 48 —
TiiE (B ) ) 0 b T T2 A 5 350 B B v JER A0 3
Y, B IABRIREE A a-FREEERAL A PIIU R 38%~
97%.

.
HO\hOH R OH Ag,CO3/Xantphos
. e
R Z 10Mpa CHiCN,60°C, 12h
o
0 0 + HO
(0]
R

B 15 ALK R, &8 FA CO, f BRI RIRA,
Scheme 15 Silver-catalyzed cyclic carbonates synthesis from
propargylic alcohols, diols and CO,
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3.2 HARE. CO, M 2-ZERIN=HET RN

=W RN SRR 2- CRERERT, FRN
B, CO,Fl 2-ENE 22 I BRI NE, T A= s W nef ik ] 24
EY. STz Nk R, BEh AR
S IR R I AR R R A s 1

L B A Bt B B 1 (AR R R AR D XU T R A Ak 71,
TEE AR T, RO AEYTIEAN Lewis B, 1M
W B R B B iR A R R A R . Hop
Ag,COs/Xantphos ZH i 1 A4 A4 Z2 X6 AN [F) 25 40 1) B R e
N 2- A E S CO, IR R RIS R, e
WA R ] T o0~ 12 A0 B D I WSC 6 R 33%~92% (Scheme
16)12) PSR A2 B 2- BRI I E N R TR I% RE
Al ARE N S pe e ATl ik Rk N B E R
it FRIUAC 6 AR

bR T S AR & iR SR, HEARER LK Ag,0
TEAWIRAEERI KR T, HER R RIARE. CO, M 2-4
2 1) 2 S 326 B H B8 7= ) (Scheme 16)120), Horfr
P Ag,O A LIS TMG RCR G, Frds H bR i U5
N 24%~99%. {ERFEFESF, B Lewis BRI HIHRE
AR LR HRIE, A7 AL U750 i 2 R i 0 3

Ag,COs/Xantphos
CHCl3, 1.0 MPa, 60 °C, 12 h
H Ag,0/TMG )OL
_N
R™""oH CH4CN, 1.0 MPa, 80 °C, 12 h o” “n-R
+ \/
co, Cul (5 mol%) .
+ 1,10-Phen (5 mol%) R! R2
R! ‘BUOK (10 mol%)
/OH HO
2 0.5MPa, 80°C, 12 h
= R o]
[TBDH][TFE] (15 mol%)
80°C,12h
ER 16 WA CO, Ml 2- LEERRACE D) A il 2-WE MR
PR 2

Scheme 16 Catalytic systems for 2-oxazolidinones synthesis
from propargylic alcohols, CO, and 2-aminoethanols

B TARER LR A, B Lewis BT M4 25
WREOE TG BB AR EE, (R mT LU BRI B . 2-2,
B JZFN CO, I SN (I 4L 7 (Scheme 16). Hor1, 7E58
Bl ‘BuOK FEAEZAE T, Cul FALIEZD MRAL R Ak 1k &
X 1% = 4 o Bk I N R B B AL, A 0.5
MPa [1] CO, FE /1461, w13 2] S5 HRMEA A RAH 41Uk
%[27]‘

R TR () AR AR R B AR RE S IR I R T
2- LIEREAN COy =8 A IR R B, AR 75 1) CO, J& J34)8
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RIS, NSEIUHE N CO, 25 = Rk b, ATl
TR RO A 28— 2 o B A G 2 e S B AR A b Ak AT
THEF. 5RRW, SAEN S TR TR A
fE9% & COp X% R BH A A E M, Hd Ll
[TBDH][TFEIRE M i, Befd B AR~ iR s 2 5
& B AR R 27K F(Scheme 16). A4k, BTk
MEA TR B A 7 [RIYSOR BT 22 2 R A A A, I s 7
WUEES &R AL 2L, 537 284 PR B8 172 B v5 fb e B Fn
BRELIAEFH, T [ 28 - T S A i 2
3.3 HARE. CO, MRM=4H5 KM

BT A0 AN 2- L WERE, BTG AT DME AR AR
PSR IR CO, M R = 20 50 el S BE. 24 R AP A
SERZARFNS, PRV o- 0 FJERERR IR AL A, 1024
KR PR, AR sl 5 IR L & . 2Tz b
PRk, BATRGATF R T IHT Ag Al Cu LA R, 52
I T WA R I 2 3 R R T 5 0 1 1 2 .

ESHEBYERA BT Ag, WO, fERC/A PPhs FIVEFT R,
REBS R IARE S CO, MIRMWIML RN, [FIFE, ZAEfh
RARWAE R THRARE . CO, 5% =414 P Bk S vi
(Scheme 17)®) ZETHEFIAEMET, AES 51 =415
JEANA AV e N TR R e/ [ R
(L, ZRRAE N SERARTRIIN, 245 3 3R B /K ) i bk

; Ag,WO, (1 mol%)
R PPh, (2 mol%) O)LN/R3

oHt co R3NH +H0
+ _—
/ R? 2 ?  solentfree R 2
, 0.5MPa 4AMS,80°C, 12h  R2

AgoWO, (1 mol%) O R! g2

R1

OH PPh3z (2 mol%) R3

/R2 + CO, + R3R4NH2#> \NJJ\
solvent-rree

0.5 MPa

4AMs,80°C 12h R

o)
e w04
at. -
+F + PhNH, + CO, ——= WN Ph

OH

O
oA
HO Cat. N
+ \/\NH2 + CO, ——> J
(0]

B 17  Ag,WO4/PPh; fRZ IBNEE . CO, FlfE =20 53 Ik
S

Scheme 17 Agy,WO,/PPh; promoted the tandem reaction of
propargylic alcohols, CO, and amines

N
¢
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WAtk &9, T CEERAE R atGn T, BEbL 91%Miies
BRI FABK TG, R0 2 ke
I, AE ARG IR A5 B 2 5 PRI R L &)

B s, BAIEOE— D LA R CO, T i 2
IR ELAE A SN SRR RSB, TR T B2 51
I FERIE A i T 2 (Scheme 18). 4LL Ag,O/PPh; My
TS, BELL 37%~96% MU %45 3 & 2 IR R K AL &
M. AR, COL AP sk, B IR &
Je SRR R AR R A, Bl A iz, JRAEARER IR
NIE B BRIR R, ORI A A e 1t — A SR AL i BOA IR
RS TH R BRFEDR, NIRRT RR IR, CO, Al i LA
REFRHBVEAS S KB, T 7SR TE, i
WG T R R MR I R, B R RN T AFE R R R
I BRI,

; s Ag,0 (2 mol%)
/R<OH R\N_<0 RL®_R*  PPh, (8 mol%)
ot T ——
=z R o®  H, CHACN
60°C. 18 h
O R!R?
R,
ITIJJ\O
R* 0

B3R 18  Ag,O/PPhy AL BRI S 55 5 HIR Sh 5 1 p-PiE
S TR I ) S

Scheme 18 Ag,0O/PPh; facilitated S-oxopropylcarbamates syn-
thesis from propargylic alcohols and ammonium carbamates

BEAh, HEE Cul EP . HREEERT CO, =419 N
W R L S AL YERE, 7E 100 kPa CO, LA TGHS
FIEIZAE T, Res DL R I IR A3 30 & 28 F R s 7
(Scheme 19)°". FFEUEWIFIE, ML IA RAEH T W
I ()RR, 4, A MARTE 2 S 65 I R 8
SR PR T F, DR T Sz o7 3ok 2 2 S5 Js I 2 SR 1)
SO, 1% SR T DAL CO, S A= R IR 2 2 F IR
NIERES R T BE N, BES 215 = 21 5 2 B S B 230 )
HESH=mhilieR, Nimizik &2 T 5035
() =21 5 Gk I

R' oH O R! R2
Cul (5 mol% 3
/<R2 + CO, + ROR*NH 0(4"), R\NJ\O>§H/
4 (101 kPa) 70°C.6h R 0
R' OH 3 " O R' R2
/LRz . R3\N_<O® RAS-R® cul (5 mol%) R{N)J\OW
// Re o) Ho  70°C,6h | 0
R4
B 19 Cul HALRFEEE. CO, I Zu A -t It H
PR W 114 J 18

Scheme 19 Cul cayalyzed pS-oxopropylcarbamates synthesis
from propargylic alcohols, CO, and secondary amines
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3.4 HARE. CO, MEER =45 RN

DA TCIEAE oA R, BRI EE . CO, IR =
A 53 B S N4 HE AN o BB R TR 254k 4. AgoCOs/
PPh; 41 AL AR 6% = J04R R 10 S B L AT R4 1)
MEALAE FH, 1Z AR AR AT F T 22 5 40 1 o A e R
K&, HERZWREERE 36%~ 97% Z |H]
(Scheme 20)2. B FiZ R B8R LA o0 LIRS
PRI A R, MOZAE AL A R AN IE FH T R R 2 (1 ok T

[

R! AgoCO3 (5 mol%) o R
OH s PPhs (10 mol%)  _, PR
/Rz + CO, + R°OH —>CH N80 C. 121 R\O o1
. 1 MPa S E R%
e 4
! o :
¢ R3OH
__________________ > O O .\ ________
R
| §R2§
B3 20 Ag,COy/PPhy iEALKR PIEE . CO, FI— TTREAL AR f-PiFE
TR PRI ) S NE
Scheme 20 Ag,COs/PPh; promoted f-oxopropylcarbonates

synthesis from propargylic alcohols, CO, and monohydric alco-
hols

3.5 RAEZ. CO, MKM=4H57 K&

KAE R AL, Wl DL RAEE. CO, M =4
SRR N, FE N, RINEES CO, B e K AERIIA
WL, A2 IR BRER TR, 2 J5 AKAE N A% AR 5 AR R
Big S B, AR RGeS R AN FR o, TR CO, Mifs
B a-FREEZA A, Hd CO, BT MU e M 12, i
HBET RSB RK MR, HE TR 1A R Cu,O/PCyPh, 7]
A AR HEZ R N BT, T RRN RPN Z BRI
Uiy SR BB Y I, ¥ ELA R AT A A, (R T Yk
B[P B A A W, 1% M AR R AN & A (Scheme
215,

R Cu,0 (20 mol%) R?
PCyPh, (10 mol%) M
/021 + H0 ARG OHRz ©
= R CH4CN, CO, Balloon Ke
60 °C, 24 h b - co,
. ° f
| 1
1CO, (101 kPa) L H,0 o R
[ - O O | ____=Z7___ JJ\ Me
RL%T<§ oH ol
R2 (o]

BRI 21 CO, MBI HEAL IS L B A A it 5l - B
{1 S L

Scheme 21 Copper(I)-catalyzed hydration of propargylic alco-
hols to f-hydroxy ketones with CO, as a cocatalyst

BT BRVINE . COL MIRAZART 1 = 2H 70 ZRIK S 2 1
g, SRk TR CO,y RS AN ] L,
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PATEIEREET Ag. Cu LB THUARIHELLT, #E%
o R HE AL = 20 73 R B B LU v (AR A5 2R B TR
P WEMEOER  ZAE IR BRIEREE AL a-FR kR S
ZLA A . BRAN, AR DU SR AZ G, JE AR A&
BRI NERM LS CO,, SEITAAZ S B
AR EREHAE, N T R RIS A, R A
SRR BR A B RESS 5 CO, FISRAZ IR BRI S, A
B R B ] B8 T RLREON, (BRI EE S CO, IR
WIS NEAELLEEAT, DT AN REAS 21 H FR 4.

4 SEREEY CO %1k

JefR N CO,p BALH)— AN EHNE, e it
CO, IEJFRERE R FHRER AL AL ERE, &M RIIREHE L
e, IR KRB B iR, BR 7ML CO,
B, JE R ORRYBITE, JeE CO, HbrI1 24,
&AM EY), HEroH 2 Raax e (et e co,
ZRRACHEAT T MY AR A e T
JerE H BN CO, Fetb LAl CO, it K
Rtk 7 AT AR T

TEMPIN S COL BRI S Bi T, FATREAP
A A A e A2 T OB IR T A B 2k, X
PRORG R XUBEEAT 2% FLIE AL, R S5 I B (B ) A7 TR
KL TGS COp RIRMIME SN, A R T 3 U
BE 1) WE MR 250 A P (Scheme 22). Z T VEEH T %
Tof 2 G IAR e e A LI PR S, A B0 1A TR A0 i
N, Hiz s RS TR AR &9, %R
BT LS AR 3, g k2 Ak R ER R T I G
A B R 2 5 T A 17 Rl 1] A B AT e S ke 22k A 14
IR, B 1T L, fEAtnE AR . B
H R PR s S R A A AR BT Lewis BRI AR &2 B 136
1 J B 5 2 R TR PR B0t B BRI AR F A BN 1 AT fE,
M A R AR I SRAL Bt RE S CO, SE R
MG SSE, 75 3 B B 2 PR R TR M P PR 2 AL
.

CnF2n+1|
= h
1533' v [BaseH]*I
H *CrFant + | OP
AN+ COp ———
~ R Base F2n+1Cn\)\/N\R
O
.
-[BaseH]’I 04
F2n+1Cn\/K/N\R

B 22 SLEE BRGNS CO, IR R
Scheme 22 Photoinduced radical-initiated carboxylative cy-
clization of allyl amines with CO,
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FIRBNE) CO, B JFHE CO, EEAFI I —ANE
TR, 7E R PR DLROE B BIGRI R e A AR A
FIFER T, COy BRI LIBEIEJE N COv FHER . FR B sl F 4t
RIS, AT YRR Co, M- AEE, &
I17E K H Re(bpy)(CO);ClIEJE CO, & CO fFEat [, ¥
AR CO #E— B 5 TT AT Pd AL Suzuki Fik
Bl FHRIEA DL e AR IR R B, #A C—C C—
N Fl C—O %, 7EAHEIBCH PN RN SZILT CO,
W R 2 7T IR A, IR G A 1) SR A ad R )
REAL I 55— 15l (Scheme 23)57),

5 REERE
51 R%

A RCFIRTAT AR BT RIS R RS il
CRAKE NG, CO, 2 — M EENR =, thk
VEFEE . RN SRR, & CO, “RIENE,
EEWFIR” , AMCATEASEDL CO, MIlE 8, B AR
BOIREL A RE . ARSI 2 B AR R AL T i, LR 2y
B A R, R AT RER R INE R B, Co,
CRIIR T IRER . TEHUBRERERATIREL. FEE . KR
CARATRIRBR ) & il ITAER, Dvit—BHEsh CO, K
B[ EMEEAMH, Z2DREHR CO, il % R
R, B — H R REREE SR E RN TS
BATIRZOFIAR T MR, 7 —J5if, CO, 25
MR TR MAZ DI R R, EITR O KR
wit, 5N CO, 7 THIRIN, MWL Mee. B

~ ! o B(OH),
R )+ R
= =

0.1 mmol

BRI A S5 BT, URSAIEEdh B & e it 1
ESEbE S

245 T S IEAb T RE IR A4 Mk BEAR AL A REVE 7]
H TR BRI T F et SRt 390, R0 P B B DA T AR
BEVRCRE CO, I JF AA P i EHREH(CO, 1RV RER L),
CL A AU BRI ¥ 0 B B i) #4 iR 78
CO, HEALIEIR P, BN B A3 I AR, e <™ )
SRR, ARNWTHESD COy I JE P M AL T i e
AR Jeik R, W70 AT AE Bt i 5 A (0 1
FAUSI, e A fH A 77 LA B o L 1 0% ) i e 7 THT AN T
IRBE [T, CO, I 5 AT 3R A BE VR i 1V . 7E
BB YK, BT COH I AEEE C k&, W
IR HREAT R B, (ARFEFNTOEIT IR R R CO, ik
JEAKHERR BRI, LASGAN CO, 38 J5 7™ i 1) e 5 % L.

AN, FERAKAE T RBURIKE CO, et X5
TIPSR TIE RS T CO LU FI I A EEN, JeT
CO, W7 I 2 AL mUE AR R I B, O, W
AR RITF R, A B T8 CO, fEIRAN B S B A% A F 1
TR, RS HAE A RISRNS, RIRE COo, Itk
AL AT REYY, R R BE G T 52 A% IR A 7
FESEIURIRE CO, AL 7y —ig 4. a2k A=
FIAR AR R ITT AOR A B T-HE3D CO, Fefb i T
Ak

52 RE

HAR CO, IR Qe i Jg TARZ ik, (HAZ KR
TP FRATS R Tl 22 B 4 ) B R, S S S

0.11 mmol

PdCl,(PPhgz),, Ko,CO3
80 °C, anisole, 12 h

|
©/+R2©ANH2
& o

hv, Re(bpy)(CO);Cl, NEt,Cl 0.1 mmo

0}
1S N
R | —R
= =

0.2 mmol

Co, co
DMA-TEOA (V:V = 5:1), 10 h

Pd(OAc), (20 mol%), Xantphos (0.8 equiv.)
DMAP (2.0 equiv.), TEA (1 mL)
dioxane, 80 °C, 18 h

|
©/ + n-CqoH50H o

0.1 mmol

SRS

0.2 mmol

Pd(OAc), (20 mol%), PCy; (1.6 equiv.)

”-C12H25\O/U\ :

DMAP (2.0 equiv.), DBU (1.2 equiv.)

toluene, 110 °C, 36 h

E 23 LRI CO, It R AN RIS S 87 R 1k
Scheme 23  Coupling photoreduction of CO, with subsequent carbonylation
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HRZI B, WOHE L E R OB 2 BT B
BX.OIFH, s Co, #ATREMAI M, Il HAA
AEPRETER R 250 5 FT A aedR o 1 (Le i be
HIE . LI LK) Bl N 95 AR & O SR A
ah(LLWER 0 KWy & — D BT BT S R 7
A, geAh, MAATRAE . WS RDLREE R RENE )y CO, ¥
I B SREN 77, b B S BERE 7 AR R S PRI 3.

PR AL 2 1 B BT AU —, CO, etk
SN —MRER FE I B, £S5 CO, Fetb S NAR SR 1
TAHLEL . miE R RIT A BALRIR T Brigte
53 SRS S 5 T AN T IS T R, RAS A7 i v L AN B
PR, BT BRI, IR CO, KA, H
EREENATHH CO,p 72— 2eb 22 i (1 & e
AT RE. Bl LAAE A0 L (K 2 S B R RIT TE
J&, COL M2 B AT 2R (1 FEHLI.
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