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Advances in Three-Component Coupling Reactions Involving CO2>

Xia, Kun* Zhang, Kaifa“ Khan, Sher Wali” Ablimit, Abdukader™*
(¢ Key Laboratory of College of Chemistry, Xinjiang University, Urumqi 830000)
(> Department of Chemistry, Rawalpindi Women University, Satelite Town of Rawalpindi, Pakistan 43600)

Abstract Carbon dioxide (COz) is the attractive green and renewable C1 resource, and its direct participation in organic syn-
thesis reactions as a reaction feedstock or promoter, which is a research direction advocated by green chemistry. On the other
hand, the three-component coupling reaction is considered to be one of the most attractive strategies in synthetic chemistry,
which is capable of synthesizing complex molecules directly from simple and readily available raw materials. Based on this,
this paper reviews the three-component coupling reaction systems involving CO; as a raw material or promoter, categorizes
them according to the types of products generated: carboxyl, ester, carbonyl, haloalkyl, and cyano compounds as well as CO2

as a promoter. An outlook on the development of such reactions is also given.
Keywords carbon dioxide; green chemistry; three-component coupling; promoter
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Figure 1 Heterocyclic compounds from new cyclization reactions using CO2
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JEADVE R, I AT DA — S A s 4 R 25 oy T
AT IEAB MG, JE I $a ) SO0, HEM 2 5B 1) AT REMLER 40
T B, COp M A BRIT 2 R I 2 T 59 Al A it
WEY) 57 IRNAURRRA 7, B 11048 2+ ]
4 60, 60 F1 DBU 2 [ i S EEAE T R L 3 R L &
Y 61. FELEEHIIRET R, 61 AR Aokt nlm kA=
LERBRERIBESHBAEEEAY 61, FiiE
R FERARINA p-R R PR, 4
eosin Y TENMEALFIRT, BT AT BT 5 R BE U1K,
g == A B YA AT AR B A= . SR
1M, AR fac-Ir(ppy)s TE ML, BT DU IS Sk
Re R 7 OB = A O )
22 CO:&250MFREELXUEYHERK

AR, FIF COMEN CIREG A&, 23
THIGRIISE. b, H1 COy 53RN 5] K 1
BRI WL AR AT RO S B A )
5177, IXELRF AR T B A R A i 0 Ao
. 2019 4F, BRITERBIZPSERTT T LART WL IR S AT A 1k
(1) 2-(1-75 25 20 58 R e 5 ARG AL IR AL B AT CO, 1)
H 2 e R B, 15 3 2K JERER 2- R 2Kk A
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Direct C(sp?)—H bond esterification of diazo couples with CO2

(Scheme 14). ZXNJE—F CO, FHEANRIF A RTT
%, HWoRE S, FEEIRH T ol REM R MALEE: 75618
TR R A5 1) PA(PPhs)s Bl e 3 IRAL Y 65 AL, A2k
WETE PAD) A 66 Flkidt B HEE. [FRF, £ 1,5,7- =%
FIA[4.4.01%2-5-15(TBD)IHEAL T, SBIGRERIL 64 5
CO, PR B AR B R L. bedid B B e
SERE AR T R R E B A, 66 A
H 5 (AR A B RS (SET) FH A PA(0) AL, I
e R E IR BH B 7. e, RS T W& BUAE
1,4- " 5-2H-3,1- 2K B -2- i (67).

W T AR PO I BRI T — R s AW
GO il = H R[22+ 2] M R,
3.4-E TR, CO, FIZRAR 4SS G ki DU S 5 v ik i
4243 (Scheme 15). HAFEEME, EHTH 34- 25
S5 W R R S0 P P 2R A 1 AN A A 3ok A o R 30 AR v 1)
SNTEPE. BeAL, ZITERIH R A A R EL T CO, (1)
FIH, VU S k& 22 2230 1 (8 & AR A 1 —F
HINE RIS, TE3BE WL 7 BRI & 7 T E A
TEERIRFANME. 1R prde tH R BIHLER 40 Scheme 15
Fron: AR EHE 5 & R AL A2 BOR B, KR TS 3,4-
TESEWR 69 11UV RO M R R R AR 70, {E1SE
BEIZ, BT 07 RR I B R s N, R
XS R Es. s, 70 RS ERE TS COo,
TGH R, AR RSORH AT PR R IR R I S R R A 71,
28 G I PR OB, e AT R[22+ 230 =4 T72.

3 CO&5MBHEXNUSVNEHK

IS DA IEAATHL A R L Z E A,
RS AN A RS2 Tk VR 2 7 i i L R )R, AN
BRIV AL Z Rl B, RSP Tl 4
PG E T, BRI, MR TR, BRL DR
AN EEOEY: B EEEE > T HOL TR, ALK
BEAY L AT ST BTG R R . AEBRIEAL S (1 T AR
Hh, I A BT BRI AR 5 3RAS B, R E 0 — 4
ehk corn. B, i I JERE HIRIN CO, 1A
R BRI, AR A b B HLE SCE KRBT LT 1.
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)=\ DMSO (1 mL o * CO, + NHR'R® EtOAc (1 mL) )=
1R2RNOOCZ | (1 mL) (101kPa) R', R?= alkyl RZRNOOC’

green LEDs, 0.5 h, r.t. green LEDs,14 h, r.t.
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=10 ) y I—0 Et,NCOO N
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o 59 © psu Ph)\yl—o
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N
)Q(H )§(' SET | Etp;NHCOO QN
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Scheme 13  Photocatalytic coupling of ethynylbenziodoxolones, CO2 and amines
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+ CO, + R?*Br
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CO, LPd(0)* Q
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Scheme 14 Visible light driven reactive alkyl bromine and COxz catalyzed oxygen alkylation of aniline
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/R
@C?\l + CO,

(101 kPa)

68 69

TMS
- X
OTf

ik 5t
R
A
N
KF/18-crown-6
THF, 0°C, 24 h O
0

72
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O w©

70

co,

O
> oa

71 O

e

B 15 75 COx HI[2+2+2]% 1L

Scheme 15

3.1 EIRHEMHEMK

CO, 5 CO #tl, ILHE =I5 T 125
et A BRI TTEE CO, #ikh COo, Fizh
AHLE R RAE—FMERR R 7 . 1 CO Il e
AR RS, (E R R BRI AEEC. 2016 4,
Skrydstrup HARZH2HRGE T CO, 5 05 3 HELT 1 RV
W F: Jl I P R AR JR S A = AR ) CO A =05 —hE
EE R, BEfA S 54 R Hiyama-Denmark 18,
G T — RHVA 2N 1 ¥ — 55 B (Scheme  16). 1E
I AR R, RERGRAIAMUE N CO, IR IRELU,
T HLd@E /e Si—Si 4 N E R IS 46, 1F
FRFAMRBR IR 2 2 5 B 25 b, XM [E A AL
IS A R NSRS N CO, BEALTTRE T 38T I FU i 45
PEE TN, 1X—& BRI E A WLE PR BT iZ 1
N7 ), 5 HL A E R s =t e o A 5T A5
BN H.

EFRH T R NALEE: %, FAHAElL COy iR
9 CO, FHks 75K ik 73 AL AR 95 R
Ak 75, B G E A RALAER 75 SURAE R L, 8
ii%@@%ﬁ%%%%iﬁﬁAﬁHA«fﬁ%ﬁﬂB
PRAZTTIH, B PA(O)H AL IR B DY ik 74
AR PAID)-25 FE R EA 76, BESE 76 5 CO iER4d
NTEREE S PACID) A IF) A, Rk A 1 4 4 8 A R A ek I
FEEARIE T — 353k PAADEC & 77 W24, 77 kT
R BRFEAE T PA(O) AL TR AN — 5 2 78.

{E2 J5 ) 2019 4E, Bandini i@ WERE T 4R
AL FERT A S CO, MIEALIE JH 25 55 Mtk 3k
FeAk [ N (Scheme 17). 1% =25 —# i REWS LA 57 1
72 A 27 X s £ P S 22 B g A1 14 1K M e v R R
W ILE g P 6 . Jd I — R A AH DR SEER AN, o
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[242+2] cyclization of aromatic hydrocarbons and CO2

T TBD 1ENE3IT, BEEALEY) 80 FRINE N COL iG 1k
FUFEEALT O EAE . fE& 30 7 DU RALEE: &%,
B TBD 1N INRETGALT, N5 CO, AT )R Nid
BENEEIREE, ARG 2 Ak, I S U H R 4
AR S A A R B E N &4 81. LAk, 1B Z5RAM
&, 80 TR AL R I ok FE MR VR S BRI I i A ke
FIFEARBIEIEA, I BRI & W75 # AL B, TBD
TERH 5 (1) 80 HHE AL ALTE BRI 12 55 7 v F) 4k 82 i 72
R EECEEMIEM. At S, TBD fEA
Bronsted {25 H R 50 BN — AN B AF B 23 4], M
MR E SRR T TR X, TR 82 &)
EIRFACC IR R T (R 724 83, o 83 Hid &1 80 it
AT e BRI N, TR =45 7)) 84.

LI UL ERIEAL, # COL Fa AL = ity 2 At
M5 BA TR 1. Beller iR-ARZLIITE 2020 SEFF R T —Fh
=R FIH 2-RA G B COr fEIRRE, —
R AR A F A I Bk — i (Scheme  18). 1% 5 ¥ AT LA
IR 75 5y Al 55 FE 343 AN 3 S R A48 4k, Mgk 4
FEAEAR G T SRR B R (R B, BB
Fe T EAN, %I R 52 b S R e i
%, RN 1 3 ALEUR B =) e meik-2,4-(1H,3 H) —
IRFY Gy ks B RelAk, U0 NAR R A 1R K1 BT
77, TRIE 122 S5 B AR 2Rt 5L 4 R 0 11 DX g 6 PR Ak 2 i
PEIE.

EZPEH T — P S H A R B ALEE: 2-IR A FZ(85) %
i E] PAOL BRI 5 87. JEEIFY) 86 fEiA T
Ar—Pd" 8, BG5S CO, RMIE L ICHIIE 88, 88 4
A R B JE EH R R E FR A 90, SFFEAETE
PAL L&D, (EERNE, HFIEPErE 210 86 HhiA
2 Ar—Pd" B EHER, KPS A 86 4T EAM

Chin. J. Org. Chem. 2024, 44, 1506~1525



REVIEW

Chinese Journal of Organic Chemistry
CsF (1.5 equiv.) 0
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SIS N L0 ' Cu(3-MeSal) (10 mol%) AN C~ .
R1©/ l/—R1 + COp + R—./ 4-Mebipy (15 mol%) R1.—/ \.—R2
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Scheme 16 CO:z conversion through synergistic redox activation
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NHEBn TBD (0.5 equiv.) | 0
|\ + CO, + PhCOCI TEA (0.5 equiv.) NN Ph
_N : 140 °C, MeCN, 0.5 h J—NBn
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79 80 84
CO,
S 9
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Scheme 17 Three component reaction between CO2 and pyridine derivatives
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o]
Br Pd(OAc), (3 mol%), BuPAd, (6 mol%) N _R2
WL\ °_® Cs,CO;3 (2 equiv.) R N
N + 002+ CEN-R 14-di 80°C,7~16h ZNEN
NHz (993 kPa) A-dioxane, 89 L N o
85 86 90
© —N—R2 1}
C=N—R Pd LBr
Br _.R? P%B
R! | r)l\ R1@[Br NH2 /—\\ d r
| P> U
N H = NH2 NH R2
L . J
(OAc), Pd"L Pd”LBI’
/
CO,, Cs,COs @E&i
CsBr, CsHCO3
2
RN ® RZLO o)
| + Cs N + R2
N 0 Cs,CO3 CsHCO3 X N
R N T g0 - R e
& N (@] CSHCO3 R _— 032003 = N e}
H N=C=0 H
20

B 18  lfiEfk COr 55 R HUAL YL Bl 2 34

Scheme 18 Palladium catalyzed formation of ketone heterocycles from CO: and isocyanides

86 5 CO, MR MIERES. 1E RN RE, fEES Ar
TFEREET, Ritkd Ar—Pd" #EELSEE AN A 86
ST HIRBEL, B A G Y) 89. SR, 1E COL 17
RN, BEYHH Lewis BRYE Pd 41080 CO,
ZRIEZII, BRT 88 KM, &AM N-BUR
1) W IR IR -2, 4 (1LH,3H) i 90.

A SRR, BRI S COL fE 2 o I B b e A
AMER R AT, FHXT &5 EwED.
2020 4, RIENIEBAESHRIE T 782 45 )N+, FiF
FAJRBRAT CO 1E R J5URE, AR B A 1 W e o e 2 7=
(Scheme 19). {ETCid i SRR T, &FEE
W G131 05 e 5 BB BR AN CO, IV, JBId C—H $#E e
FAL, DLRUF 7245 B DhRe LM e . Z 5k A
—ENEA RS B RS2 M R R A

TEZFR T — Ml REMIMLEE: D5 HZ 91 W HETE NaO-
Bu fE1E F5H T CO, RN A B SRS 93, R4
B P24 NaHCOs FTHOBu. S RZ 1A% B AT 92 3%
I A LTI A B S7 &4 94, Bl 5 94 %F 93 3E47 5%
M3, #— AT T AL, 85 2R 5 R
WIS 2 AR =) 95. BrILZ 4F, LA BEAFA/E Path B, H
J B V] e B R R IR S S AR B BRI £, B S K
A2 53T RN R S A B H BR =) 95.
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32 REUEVIHIERK

CO, Z 58 MM FRAREIHE R £, T =4 &
FRANKT FRMR I AR AR 2D 3 2 DR Ay i A2 1) 1) s N 1)
KA, BT AT A I 9 iR 7 1. 2022 4F, Moriuchi B
JEZE O FH BT i A B ) LR 4 (NHLV O N AL
F, FEH R4 FIEAL COy VENBRIE, Sl T = 2%
AL A AN KT FR R F 5 B2 7 2 (Scheme 20). 12 [ B A4
REB 2 HEE R, BN AT AT i K R 75 A
. AEFH I AT T e A AL RN, BRIE T 7R IR B
CO, EJ1 FHEALA BRASSTFRIR I Tk AE =3 1. HiZx
LA ZRAE AR RGP I TR AN SO SR AT (R 2. 4
T T AUV LA BRI A B S ALEE: NHaVO; 5
TEfZ 96 v A B -FERE 144 98, BEJG CO, #h A2
V—N 8, )55 ZRERZEZ 97 SN A3 BIAH B R
99, LT KRR RIRLTZY) 100, USSR R R g,
A YR SETT R AL 2L,

4 CO&5HImRERNEMME K
AU A I S A — AN B S 58 LIRS 1

AL EE, TR AL SR BIE YRR, Sk
FEEHA— MR RO . FN, AL b
SRS Z MR BT AT B RAE S, B
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Scheme 19  Synthesis of thiazolidine amine from CO2, aromatic amine, and sulfur
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Scheme 20 Synthesis of asymmetric urea with CO2 catalyzed by vanadium
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WS4 R B 2GR B TR, SR, A3 FH A R AL
WA, 0 SR AL R IR BRI, N A
HEE . Kk, FIHEROR B R00 BRIk
TER — BB i) A0 S A AR R LB, COL fER
—FEEEE THADRKEEN C1 L ER AR
B i 1481,

CO, IEFMIRJFONTE AL JS, BRI R C—C.
C—N Fl C—S #25 /2 CO, bid b AR, 2018 4,
JE T 0 AR A L 14O ] 8 A i AT AL PR S AR R (NaBHL/I)
EPEEHE CO, SERMIEAT U TR R, DASRAS —ii4h
M (Scheme 21). % B2 B A ik 314 1 VY B 738 5
R REAL RN, HREBE7E LB (1) 35 B C—S #E
M@ A, xRN R, 2T EE LA R 47 fk
I I R 4G RE =), R R B AR BE S T
SN, B T .

EZ TR IR BE MRS HLER AN R Bk, il 101
5 NaBH, (102) < M A2 s S AME S 103, 103 Aefg Al
HIBR I LA AL, B — 0T, 102 93T 5 1 SRR s e
MEA. WkS COy RMNAERL 104, HE K 103 5 104
KA AL R N A AL A 105 R, 105 k4l
T s A= i TR 44 106, e 5 101 OB AR R B4
fi 107 FOB 4EUkE.

TEAEGOR G 7 ik, FIF Ha 75 RIEJEF AR
SRR, 2020 4, X EFREBASER A ER &R
HEALTVEL 1) [ S 264 T, FIH COyH, 1 R L N-H
Hk(Scheme 22). ¥ (i Z B IE S COYH, )
N-H A SRS . 1% AR R IR AVE T, X 2 FpoR
Jie R N-FR R 2R e FL A o () T 52 1, 9 DA v AL %6
3BT — R NN-HHR =), fEE 5t 7 T gen)
LB S FFURIS, &5 (Co)fEfL CO, KA, 1
VR Z B2 84k HCOOE. [t 5, 108 5 HCOOEt
HEAT N-FIERAL, ST C—N GBI, AT AE s V- Ik
W&, ffa, Co fEA N-HI ik AR 30 SR i 48, 3% 4k N-H

- SH _ o
R + CO, + NaBH, (1) 1,4-dioxane, 80 'C, 0.5 h
= (2) I, (1 equiv.), 100 C, 24 h
(101 kPa)
101
N S\C/S A
R—— H2 | R
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Scheme 21 Reducing COz to methylene and regenerating it into
disulfide acetal compounds
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PASE IR ORI 7 R QR SR AT IR R, 10 R SR R ff
FHBRAE A AR 43 i A0 1) B 2 L. Mandal BRgZH Y
TE 2021 FFERT —REEHN T B FIERIF T
(mNHIs), F A& — A & AR AL 1 4030 0 i 30 4y
(Scheme 23). JEITAH KM THE R, & U mNHIs B
F S = I AN LR RE 73, DN mNHIs HAIRBRISE
Bk, 8RR, fEE T — ok COo, 1ENMrER LT,

H Co(OAG)," 4H,0 (5 mol%) CHs
Ay VR? triphos (10 mol%), Sn(OTf), (0.3 equiv.) VR
R1f/ + CO, + H, p R1.—/
2 (101 kPa) EtOH, 100 C, 24 h -~
CO; + Hp EtOH PhN(CHO)CH3 2H,
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2 F’h1No';CH3 PhNHCH; + H,0

B 22 MBI T COx HIRIEH) N-F AL S

Scheme 22 N-Methylation reaction of CO2 with aniline under mild conditions
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Scheme 23  N-heterocyclic imines as nucleophilic reagents catalyze the coupling reaction of amines with COz
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118 11— N—H SR AEMBAL N, BB =4
[k 121, [RIRPRE SR~ AR Hrim ik 122, b fa]44cmT
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B I -5 AT B e S o2, et Bk Y A A B B B 5
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125 FIFFAfEAGGR) 122, 4 FEBESE 2 S B R AR I, N-Alif6
B 121 5 125 KA N, A N-F AL =0 F &l P-4
(Bpin)O (126). i 5 Pk v 00 28 [y 8 2 Al &40 A2 1k
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4 2 equiv.fe ¥ NCHO it J§i > NCH; i 75 ).
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R IRE ST TE Z 5y AL I B R, 5 B M UK B 4y T
CO, HeAb v W 5L, Ja I v St 0 R i S 56, HEM %
SN SR T 3 A A O (R 258 ) 8 1 R Z1EAT Diiels-Alder
(DA A HEATH. 54, TBD i1k COL it JF A p 130,
fig ] BRI I VE R 130 T A, Bl S, R 129 5130
ol RS A AR O 131, Sl it o (a4 131 AR
BRI, AE Rk 132, G3d Wk I 25 45 %,
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