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Recent Progress in the Cyclization Reactions Using Carbon Dioxide

Zhang, Wenzhen™ Zhang, Ning Guo, Chunxiao Lii, Xiaobing
(State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024)

Abstract Carbon dioxide is a cheap, abundant and renewable C, feedstock. Methodology study on the transformation of
carbon dioxide into highly value-added chemicals has become one of the most active topics in organic chemistry. Owing to the
diversity of cyclization reaction and vast occurrence of various heterocyclic motifs in biologically important molecules, the
cyclization reactions using carbon dioxide have gained much attention. This review therefore aims to principally describe the
recent progress in the new cyclization reactions using carbon dioxide as feedstock to synthesize lactams, lactones, cyclic anhy-

drides, benzothiazoles, benzimidazoles and other heterocyclic compounds.
Keywords carbon dioxide; cyclization reaction; green chemistry; organic synthesis; heterocycles
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Figure 1 Heterocyclic compounds from new cyclization reactions using carbon dioxide
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JEERAL AP sp” BREE — AL B R AL S B AE #4 )
% FEEAR]

2016 4EHI, AERIEEACP RIE T —Ahms s
DAR I/ Z IR 75 B e sp? B SV A Y B 4K e
(Scheme 1). {LAEBUT BEAAME IR, — 2 B~ HEEH
TR, 140 CRIRBLIAIET, — FRIVARIR /0 75 H oK
fetb & 1 5 101 kPa 1) S ALBEET sp? REBE A
Bk Ak s B, DL SR AS 2 2-memk i 2Rk &4 2. 1k
RNLEPIERYET, P25 TN, BIEWME, 5T
K, W TH@EZFEBEZY ST 20) L EERTA
(41 2a 1 2d) (Scheme 1). 1E#H H IR T “CO,=
CO+0 EALF)” k&R, ML TAE G — S AL
SRR R P AR A AT 4 i/ 2 I 55 B M sp” B A BRIV R
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(Scheme 1).
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(Scheme 2). 1E 1,5,7- =% 3 [4.4.0]%5-5-4#(TBD) !
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NH, "
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o o)
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HN HN /
Westisaloas
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Cl Br Cl
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NHy N’ | .
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1 3 2

B 1 RIS SRR 05 HE IR b sp” B EUBE Y
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Scheme 1 Lactamization of sp>~C—H bonds in 2-alkenyl and
2-aryl anilines with carbon dioxide

R FEE(MeOTHIMILFIMEH T, — RAIBIRIL/
FIRT5 HIR A A 4 5 101 kPa [ S ALBRAEAS &
KT 140 CBL12 h, PUEE =S 15 20 A0 RL I P I %
P 5. RIRBUT BN RN 2 Gt H AN IE FH AR R B 2R i
JEMITE I TBD/MeOTS & &R HHBEIRAIEAT sp® BREUHER
PR I A S . IR UAL 26 = T2 52 e 40 P T 2850 PR R
BT AL T R A Y NS T . it RGN
XPRESEES, (EE 4 T AT RE AR M ALEE (Scheme 2), 4B
PRI S5 TBD AN &SP K 1 equiv.i
MeOTf [ AE A2 5 TG 6, P )5 6 76 TR H
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Scheme 2 Metal-free lactamization of sp>-C—H bonds in
2-arylanilines with carbon dioxide
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(Scheme 3).
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Scheme 3 Palladium-catalyzed multi-component reactions of
2-iodoanilines, N-tosylhydrazones and carbon dioxide
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(Scheme 4).
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B EZFMNEW) 15 (Scheme 5).
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Scheme 4 Palladium-catalyzed lactonization of sp’-C —H
bonds in 2-hydroxystyrenes with carbon dioxide
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Scheme 5 Transition-metal-free lactonization of sp>-C—H
bonds in 2-arylphenols/ 2-hydroxystyrenes with carbon dioxide
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Scheme 6 TBD-catalyzed carboxylative cyclization reactions of
2-alkynyl indoles with carbon dioxide
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Scheme 7 Copper-catalyzed multi-component carboxylative
cyclization reactions of arynes, terminal alkynes and carbon di-
oxide
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of 2-hydroxy and 2-acetamidoacetophenone with carbon dioxide

FET LR, 2016 AERATERBA R Jg 1 sl et
(eI I EERR 37 28 y (B2 5 3 MPa ) LK

Chin. J. Org. Chem. 2017, 37, 1309~1321

© 2017 Chinese Chemical Society & SIOC, CAS

HIRA IR [V (Scheme 9), A EEB EBCR ST
AL G HE . etk K e RS AR 1 2-NE PR B 1L 54 38.
W PO PR ARSI R, 2-ME A R
H—NEIEFRE T ZE8 AR, AR RHEN T §E ) [ B
PR MR 37 FEBAE R T B Je TR B 45 1) 1) A T
AP AE 39, SRIGL y A 5 AR RAL S N S T B iR
Ferhlalfak 40, 7R EREH T, 40 2 MR 15
T8 o e 1 R X R R SR A i ISR B T I R AL R
MNASF] 2-ME IR P24 (Scheme 9). M AT REIE i
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rer A 22 (R EAA 41, &5 T P SERZ S B N S
PR NIESERR 37 H B RN NE R E A
Tk & 3 B AR DI BE A5 21 7 A 30l
53
R1

/ 38
base

CsF (4.0 equiv.)
DMSO, 100 °C, 24 h

(e} O
base “\/k
Z R2

. BH' BH'
U Jj\/m s Jj\/k
1 =

R PN

B9 PIAFEEER S — B R R AL S
Scheme 9 Carboxylative cyclization reactions of substituted
propenyl ketones with carbon dioxide
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Scheme 11 Multi-component carboxylative cyclization reac-
tions of arynes, isocyanides and carbon dioxide
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M5 RIREL 55 ARG AL H Y A H R BRI 7~ ) (Scheme
12). ZEZ WER T ERY, RACBEEY MR A
W) 52 WO IR S — W BREC A4 53 FNER 4 AR AL kA
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Scheme 12 Nickel-catalyzed double carboxylations of internal
alkynes with carbon dioxide to synthesize maleic anhydrides
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TR S 5 R IR TR b SR TR I SR S
IR 2 H AT SR A BRI A A R L — R E
RS ER R R R T T A S S
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2016 4, Nevado HRAZL RIS T4 ML e, 75
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(Scheme 13), VARR = A mEL i 21 54, 54
G % S W R M AL R R TN i 5 — S R A S
AR S, 0 s R R 2R 8 5 5 B AR AL i e 15
BN ARG S AE s O RS AL e 56 TR Bk
W B, TR AR R BT e IR 3 J, P4
R BRI FREXEE B N5 3, 13 BIR AR =) 57.
A F R I R 58 i, IR A ik 1 9y SR AR
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il =4 59 (Scheme 13).
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AR 25 06 N ik ik £ 0 =0 2R b O
(Scheme 14). 7E 10 mol% [Cu(MeCN),]PF¢ M1k 7], 2
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Scheme 13 Palladium-catalyzed multi-component carboxyla-
tive cyclization reactions of propargylamines, aryl iodides and
carbon dioxide
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— RYIE A IEAE Y 66 5 101 kPa i — AL BRAE 7] WOk
HRS T TSR N AT RO, mUCR, Mtk X8
ERFEPERLA BT — R 51 A 5 e 55 B BB A T s e ik
FALEY) 67. BT — R A I IR M AZRE IR R S5, 1E#
T4 UG S I Z S IR L 70 2 S s B 1) S v
[AI4A. AIRER) S MALEE I, Scheme 15. B HEELEY) 66
5 4kBRE TBD 1EH FIE R EEF A 68. 4=
e L ILAL W TE e RS A T B LB 1) R4 T ol 4 o 2
H H N2 68 XUk FA3 2 | 2 69, BEJS 69 #
ZHITRE O AT p A A S T R 4 e SR T
FEFEZ £E 70 (Scheme 15, Path T). 69 1] 5 4 i e S fit
et B R IZ R 70, [FIES AR BOBT 1 4 35t
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R® [Cu(CH3CN),JPFg (10 mol%) o

5 Togni's reagent (1.1 equiv.
R\/\(N\RH cop T gent (11 equiv) s 07N s
DBU (2.0 equiv.)

4 2 4
R R CHiCN, 1t 16h £ ¢ R® Re

61
NHBn Bn

'R
co,
60a -CF, ; 62 Bn
Togni's [CuT] N\cof
5 o reagent . ”2
n, \;"'[ u’]
N_{) [Cul]

(101 kPa)

‘CF3

B 14 —HALIRS 5 00 A 0k B S = i P AL S 7
Scheme 14 Selective oxytrifluoromethylation of allylamines
with carbon dioxide

AR TR A
+ COz visiple lig N—R
CHaCN, rt, 12h  "F, .C,

"CoF2ns1l (101 kPa) 67

COO™ [TBDH]"

"Fan+1Cn \/\/ N
69

Path Il

| CIIOO- [TBDH]* o
"Fone1C N<
2n+1%n R 0J<

70 )\. N-R
[TBDH* |- ”Fszn\)\/

67

B 15 e S A mE SRS S A ARRR I
i

Scheme 15 Photoinduced radical-initiated carboxylative cy-
clization of allyl amines with carbon dioxide

ﬁﬁﬁaﬁi&)\T*&fh?}EH(Scheme 15, Path II). BE)5
0 KA T A SRAZ IR A5 21 4 i e 5 FUA T e
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WRER =4 67. IG5 TF H B IR 5] K ROSAR R 5dE
T PIRE S AR R A IR A S LB B4 8 b 22k HL
AR 5 B G =40,

2015 4F, WATRBHSHRIE T XL EE RS 50,
S(CHERBME A, R8RS o-BRRRESH %
W R BAR R, s 21 5=4n] 5 (8 Mtk — 20 3R 45
SRk — B2 AL A0 71 (Scheme 16), HEF 5 [ v Af
PLIE I — 8RB BB s B SR I B B R = (R )
BB a5 a- BRI S A5 31 5 56 42 ) S ) Kukhtin-
Ramirez MG 72, = AMHR 510 R R A5 B 2 5 R
#h 7310 72 e 5 73 BT R TR A R (R Ak 74, B
Ji TR RS 55 A a3k OB T HE B LAk & 0 1D () B 15 21
AREHFREEEY 75, AL T I i 445 28
Wk — i 7= (Scheme 16). BT Kukhtin-Ramirez &
W 72 W SEAL SONE RN R ERAL S B R 7 E 101 kPa
Sl O i N T B i

R'-NH;,

+

CO,  P(NMey); (1.3 equiv.)

NaOMe (10 mol%) OJ<N
o * o THF,-78°Ctort,1.5h PhMe, 110°C,1h R2

71,0
R?  OEt :

P(NJI:/IeZ)3 O/P(NMez)s . ;base

o 0 " 0 O:)P(NMez)3 o

R?  OEt OEt "2 RZ) °_, OJ\NHR1
CO; R'NH; O g~ OFt R2J\COOEt
RWJZIHZ ]‘_: \o)j\NHR1 0)\7N4HR1 L&

B 16 Ak, MBS o-FHRRER N 2 450 R A AL SR
Scheme 16 Multi-component carboxylative cyclization reac-
tions of primary amines, carbon dioxide and a-ketoesters

6 SRIFRBRERER

TEAMIR S 5 IR b R B A I SN A B R Bk
R 2 Hal S ek b i) — R EHE R
R BERERE RE T s AR S S IR L
BN A AR TR R i

2012 4F, Murakami U HRGE T O6IKE) o- 23k
fii 76 5 S AER PR AL IR I B S SR A L B I i
BRI R HIRBREREE 77 (Scheme 17). 1E& B 56 a- &
FEWF ) 76 72 101 kPa ) A AH B T KT
FEUR 8 h JETE T RE I R AR T ek &4 78, thid fE v
KPHAEFEAL R T 12 RE. B 17 SRR 2 Fp I N T e
WS T TR 79 5 A Ak S AT 21 AL Bk ER AR 1
A1k 80, Bt i B AR b A EUR TR R R A 3R T bt
I, LA 5-exo-tet BT T8 B B FL o PR IR R 1
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SER e G R4 £ 81, H 1L /518 2724 77 (Scheme
17).

052003 /40
M i iv. o)
)OJ\/ Je co, solar light (4 equiv.) o
Ar N.g DMA,rt,8h 60°C,10h Afj\/
76 (101 kPa) 77
NHR
.
l H T o)
Ar Ar. O\(C
23 Cs,CO; 2@08 cO, s o
(“ VQ - Ar +
l}l | [}1 _Cs
R ) NR
7s 79 80 81

B 17 IS o-ZHEH 5 A ACTRIG R AL S8
Scheme 17 Solar-driven carboxylative cyclization reactions of
a-amino ketones with carbon dioxide

WEEDLN, 155 S W A 4 77 R S AZ A 75 R A7
TEF, R AR/ 82 5 S ABR IRk SB35 Bl it
S\2 IR IR B R TG 83. Hilr, Kleij VR & 7,
7E4 Scheme 18 W AR IAREC AWML T, RNAK R R
T TAMINSERZARFIN, HE AR/ 82 5 A ALBRIR
b B E B T R AR 84, AR AT B R AR P
SR T2 T N SERZHE (SN SRR ) B AR C & W03 AL (3R
A5y, LA S-exo-tet BLIIAL 7 A G HL TR B R T
S ERRIRKER 85 (Scheme 18). Z47E 3R 4 A & S N AR £ Hp
TN S5 W 1 52 22 OB en — 7 TR 3 2 3 i, AT i ok it
Sni S IIE AR, AN e 1 1k b A5 2 N e AR = 4. 7
I3 W (= U T 2= | iRy 57 N WPS LN &2 NS
JES A0 368 3 U I B 2 A (A s AZ R L . BRI
Sy ) FL S PR A 2 e R SR A B 5E A A [ 45 A4 P 1
PR = .

. O Al catalyst (1 ~ 2 mol%) LA\

R additive 00
R&XH + Coz R1 O ) Y
RS R MEK, 40 ~ 75 °C RQBL\<X
82 (1~3MPa) » -6, NR R® R*
cozlLA/Nu

Al catalyst

B 18 AR S VAL IR N B/ e 5 AR K AL S S
Scheme 18  Aluminium-catalyzed cyclization reactions of
epoxy alcohols and amines with carbon dioxide

I T R e e T I 5 = A AR 11 3 FLER AL e B
FLEE 2010 4E O HE. 2015 4E, Johnston 158 4H PO i
THE N = SRR A S A ML 86 101 Ak
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(AT BT R R B AL A AE T, =i 87 5 101
kPa [ S AR AT N-BIAR T 95 S B PR AN o AR o1 B FR AL
KON, 193] — R A F AR N U R B R R 88
(Scheme 19). N-TART B8 7 f 1 e 5 v I PRTRE A R XL
IR TR, B S SR R B BRI 7 T
PEE WU VE R IR R AR TE =, 1R R I
=58 FH R IE i S5 MLHEAL 71 86 T2 R H S0 B 9 2%
X S (VAL 2R IR 77 B ) ee AELHRE BRI EMEH]. R
BE A g [ A BRSO 2 B, 5L PR R e B
151, ee {H AT 90%. R F: ] 4R A BUAR ) 75 B 06 S BiAS g
HEAT. RO BEEH9 eI, 5L PRI SC 3 R (0T A4k 32 438 14
AT FRAR. BT =4 88 R UELA i e BT PE I L, 1R
BT EA R 2 FIERE A0 A WL A B A B &)
FHERT.

o]
86° HNT, (5 mol%)
OH NIS (1.1 equiv.) J
JJ\/I + COZ - O O
R toluene, 4 A MS, -20 °C H\)
87 (101 kPa) I R
Ph  Ph 88
HH—--H up to 95% ee
HN HN
— )
Do 0
86

BR 19 Slia e BRI AR AL SR
Scheme 19 Enantioselective electrophilic cyclization reactions
of homoallylic alcohols and carbon dioxide

B, VTR RGE T A A R A, R4
101 kPa S ALBK I 2 21 5 AL AL B (Scheme
20), AR AW T — RAVMORKRERIL A ). R
J87 Hp 2 5 A A S A N RS 45 2 1 AN RG-S
YRR 5 IBRIE AL e T E 89 M &8, 18 kX
FUEASEIR MU JS, FREIE R T B R AE XU |5
NT5 3k IR E R B, 19 B R A IRRERBREE 7 90. 4
8 F S R DA JECA) 91 B, R A5 P e 8 P IR
10 mol% 1) il 44 Z 4 , {8 w76 48 fiE 46 N 2o i3k 47
Sonogashira 81, 285 1T 2 A R AR RIS
B 0CEE w Ar b G0N P AN 2R JE I E ok B ) 92
(Scheme 20).

i, EE RIREA A — RIVE BT R ER S
PR 1) — SRR B AU 9 T AR ity 1> R T
FIF R = AP S T BRI RE I, — 4k
B AR A S REBY, R A B T — R A AT A
B FER AR RL B e IR BR IR R R A S ) 93
(Scheme 21). fEFHEM A SMAEE Y, H R ER R
ST A 50T B AR R AT B A T OB T A R T
GV 94, 450N IR A S T i B N S T BB o 5 e g
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Pd(dba), 2.5 mol%)  R?
2 p3 2 2 3
RR LiO'Bu (3 equiv.) R

R4
4 cCOpb ——MMM > O
HO>\+ R4 + (€O,
\

DMF, 60 °C, 6 h —
R (101 kPa) oél\o " R

89 1 4
R' = Ar, R* = Ar, alkenyl, Me
Pd(PPhs),Cl, (5 mol%)

Ve Me Qljtl (10 mol%) Me e
LiO'Bu (3 equiv.) Ph

HO” S+ Phl + (CO2 07N\

A DMF, 60 °C, 12 h )\o

o H (101kPa)  55% yield  O° Oy, PN

B 20 ARMELRAREE. B R AR 2 AR IR
(LA~

Scheme 20 Palladium-catalyzed multi-component carboxyla-
tive cyclization reactions of propargyl alcohols, organic iodides
and carbon dioxide

G195, BEJSEENG N 95 FAARBIBETE e 4 i v ) 4
96, —FEALTRIEN 96 A B S5 B HE BRI R R
WL R T N 28 R R Bs vh |4k 97, BT B4R 97
HEAT B8 A HeoRE T80 72 0 1 (] B F AR AU T SRR R I A
¥ 94 (Scheme 21).

(SIMes)CuCl (5 mol%)

¢} B.(oin) n LiO'Bu (1.1 equiv.) o
+ in); + 2 ‘B—
R)LH 2Pin2 dioxane, 80 °C, 20 h O;z °
(505 kPa) R Ng O
[(NHC)CuCI] 93
LiO'B
o e
o-B-0 Licl

%Riﬁkotwm&w%n By (pin),

Liofsu//

(nip)B—O'Bu
o~ CU(NHC)

, .
O;BL/O\R (NHC)Cu 9%(pln)
R0 ©

97 0

B(pin) R)J\H
co
2 R~ - CU(NHC)

96

B 21 SRR SRR RIS, — BRI IIR L
I

Scheme 21 Copper-catalyzed bora-carboxylation reactions of
aldehydes with B,(pin), and carbon dioxide

7 AEERHIREE R R E

TEABRIN 0L SR BT AR A AL BT TR
B TR I 7R ek ot B e S5 A7 A2, — SRR ]
50 M B e AT 3 IR A R AP S N A5 BIE RS 4
HUE B b A 4 2 AT I P 2 P e 5 74, e
B AR+ 4 AL AR 3.

2015 4F, XU E BRI M 2 BT = A B
R 5B 7 TR b, WO R T IR AT
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BT A A AR AR AR 98 BARR 1% 99 5 = %A
Serkbe, M AR IR R R IR R, ISR H
75 31 2K FFHE I (100) S 2K I BRI (101) 254K 5 ) (Scheme
22). TEFTIE MBS TR, 1-T738-2,3- LR 2,
1% £5 ((Bmmim][OAc]) % I H s 4F AL G PE, "TEE
FIR 5 WA, @S VM, 7EERET
" HE ) s M ALER, WL Scheme 22. —H MR E LS
[Bmmim][OAc] & M T R AT A A4 30 - 5 bt
EYE AR 102, 85 102 Tt FiERAS K Atk
548 A\ 4% [Bmmim][OAc]E A O RE b o O RE S B, T K
PR S B RE e P (AR 103, ATE R R I 540 2K — i)
5B AR T O R T A BT s AL S
TSR 103 [ NAF 2 H B E GG 104, 5557
T P 7K PR ARG B 28 1 e ol S K e = ). AL v]
DU H, B VRN L s 7 H (1) 408 S 2 A Py 48 2K —
Jle. A AER AR = AN R S S A TEAGE . Bl
2R AR ORI A TR EAH 4 ) B R AR R, -
13 P T [0 R A DA 5 750 AR A7) 40 AT 2 g s o TR 2 1k
BN AN
[Bmin][OACc] (1 equiv.)

NH, : ; N
X N
. {/\[ . cop (EOLSH(0euv) o {I cH
2> %H DMF, 60°C, 24 h Z X
98,X=5 (505 kPa) 100,X =5
99, X = NH 101, X = NH

0.0 H—Si(OEt);

(o)
Coz[Bmm][OAc]’”‘“NlN/ "‘”N&ltl/ o\l//0—>(Eto)3Si\o)J\H
103

NHy-O
—— L, )

(EtO);SiOH

102

H
N N.__O
Ly ~——CLex

H,0 XH
104

B 22 & AR A SR R Iy B A R e SRk . —
AR 138 SR PR A IR AL S

Scheme 22 Ionic liquid-catalyzed reductive cyclization of
2-aminothiophenols or o-phenylenediamines with hydrosilane
and carbon dioxide

B, VAR A PSR TE T 4 R AT R
TRE SR ERE . AR IR SR I IR R R A R
IR A 101 (Scheme 23). HLFEWT 7T & I
A 22 H 2E ELE I T R 2 B % 5 BR B (FLP) K 52 Jfi
AR, A TUORTE . 402K e — S i o
R FLP AL AR A9 105, B2 4 oK L0
RIS T S 105 A4S 2 E A& 106, BE 549
IR T RS 2 1 ) B A R ) I e = P 48 43 F 9 TR K A
AT B FF BRI 4.
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B(CFs)3 (10 mol%) ]

R2
NH . . N
. X \
R1:_(\>[ + (co, PhSiH; (4 equiv.) Rl cH
Z THF, 120 °C, 24 h Z N
99

NHz (1 MPa) 101

H4<°_

N

@[ o 105
.
N-B(CoFs)s H B(CeFs)s
Hs Lo

106 ph—Si—H
H
BR 23 SFEAFEEMEALIE S, SIS E
PR IR R

Scheme 23 B(C¢Fs);-catalyzed reductive cyclization of o-phen-
ylenediamines with hydrosilane and carbon dioxide

8 ERIFRERIEY

TEVF 2 A AMAE N R BRPMEAR 2 5 Bk i 72
bR, AR AR (3 N S FE AT 2 e ik e S
PRI, B S e A A S R 7 A 1 e i e £ e T
5 2R ARIEAT J5 B2 B A3 BIIRIRIRER P 4.

5 ARG AL AR 5 B AR H B IR R R
TR B AT AR B A b Y — S g S Y,
BelE, Martin JERAONRIE TS A p ARIAREL
Jot J2 SR AR A I TR T IR AR S A R R A B B RN
(Scheme 24). i &R ENIE 5], BALER 2 —lE—H
Tk i, 75 470 5 400 S 27 R SIS Ak 24 P 48 A0 R e A
il p AT bR K IR RN, TE =W R R A AT
R — R E A AN ARG e S AR L AL AR
MNIRR a,f-AHFIFRER (Scheme 24). 72 i FII s A4 4 B]
DUR 25 5y Hiid it Ji ) S e A (e B A7 ). 448 FAF
AR SR LB, 8 B B 7 5 108; 24
G RCER A7 DN A LRR N Oy 20 @ e - a5 W 0
109 (Scheme 24). 1N S&AFRAT, ERADEHESE, &
B 915, BRAERE, NE SRR B R o, f- AN
FRIRIRME 747 2 %7k, BEARFA VI S S HLER B Rl
EANSTE R, (BYI5 [ SEI6 R B R P P i @ — 4R
WRh 5 SR AR B S A F .

2016 4F, FRAWTREBAC SRIE 7ML R 110
5B 101 kPa MR ISR RN, EHR AN
F AT R LA R X Ik B A T — R IR L
2,4- IR 111 (Scheme 25). HRHE ELH ] HE S206 A0
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( R?
oo
R2 NiBrx-glyme (10 mol%) CO,H

L1orL2(20mol%) HO R' 408
¢, Br *+ CO2 M i R2=H L1
n St n (2.2 equiv.) )
=—R' (101 kPa) DMF,rt,12h ( R2
107 ‘)anti
\ ot
R
Ph Ph HOLC
2
/ \ 4 \ 109
R2=H, L2

=N N= —N N=
Me L1 Me Me L2 Me
ER 24 B ARG SRR 138 R AL AR R
A H B s

Scheme 24 Ni-catalyzed cascade reductive cyclization/carbox-
ylation of unactivated alkyl bromides with carbon dioxide

PEMIROSLAR K X FEVERRAE, AR 42 A 2020 S
UL Scheme 25. B JaF RIS 5 S L P B i O e
SRR e = B BC AT R AR 112, T 07 ZEHUR
BRIk =S MmC AL, 112 5= CEE S B L R BiA]
ey DO BEVEUIEAT, BRI EA 113, B ST ERTE L
114, AT REBACH IR =853 3] 115, EJFHRR G TE
B HUEE R A 116 5 ST R B, &5
AEFRAS B FRARILHE 2,4- —IBRIR ™ .

1
; Ni(cod), (1 mol%) R
o R co, ZNEtz (3 equiv) TMSCHN, _
+ 2 X
= R2 DMSO, 60 °C, 3 h . CO,Me

110 (101 kPa) 11 2
—_— _— =——Ar
/TAF NIO Vs Ar /_".
X -/ X Nt T X NiEt N
\%R ~ ! \ _—
{ ZnEt
112 R R 113
Ar Ar
—==Ar
X NiH ZNiH - Ni° >y CO:
— X — X — -
A\ X ZnEt X ZnEt
ZnEt
R 114 R11s5 R116
Ar
X ~H —
s CO,ZNEt Product

R 117

B 25 SR s e T EAGERIMERAG R B
Scheme 25 Nickel-catalyzed three-component hydrocarboxyla-
tion of diynes with diethylzinc and carbon dioxide

B, TRRAE W A P b 30 T A0 e S B
55101 kPa I — & ALBRAE 3 equiv. [ = ZIEEETEE R IR
e BRI, (Scheme 26), BRI AR T EE
— RYIBAREER 3-MIVR IR &), VEEHEHImT R
LRI R 1 5 5 = LR T R AR L R ST
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A LR R AR 121, o = Z R R R B A 5 1L
TR B S 2 iR, B 5 — AR AL [ N IR TR
BEPIRD 122, S A0ERAS R 3-M5 MR EL = M. RN 2%
PRIRAR, SRS FYESE, ERERIE. 1R DUk AL e B
RFERERIN G R T O A 259 70 Lotronex.

R2 COOH
= . +
Z4 ZnEt, (3 equiv.) Hz0 N
N N + coz 2 ( q ) 3 R1+ \ R2
R DMSO NN
NHTs (101 kPa) 25°C,12h \
118 ( 2 ' 119 Ts
ZnEtzl .
H3O
Etz@‘\// R? ZnX COOZnEt
R )_’R1mRZC—OZ’R1 T )R
N Z N Z N
' 121 \
1201s AL Ts . 122 Ts
5 o) N\7
! N/\E\(NH
: \
5 N
! | Lotronex™

Bz 26 APBRIEFRAEME G S — A AR L S SRR AL S R
Scheme 26 Cyclic anti-azacarboxylation of 2-alkynylanilines
with carbon dioxide

BOI, BATUR IO 2 B bk I TR 5 — E AR
FACHE S LA b, R T AR A B AT R DR 2,
123 5 AR XUR AL [ % (Scheme 27), &H &R
REHHIAT I ZK 2] 5 — S A RRIEA T IR 1k /43 F N 3R AL/
TR B B AS B — R 7R IR 2R R IR

COOMe
Me Cul (10 mol%) 1
o) CsyCO3 (4 equiv.) el o
+ (CO,
S DMSO, 60°C, 24 h 3h
X (2 MPa)
R2
123
BH*
e
Base (B) - .
0 co, o cu
A SN
R R
125
COOMe [ele)e) - BH +
\
o CHil \ co,
R NUR R
MeOOC Cu00C 128 127 [CU]

B 27  ABHRIEIR A5 —E AR I RUR AL S S
Scheme 27 Double carboxylation of 2-alkynyl acetophenone
with carbon dioxide
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Ber=4 124. Wl b ORI i 2 [ A7 BELXT P2 ) s 6 1
A& REERW, MHT BRI BEY, biEER )
FREY) 7 H B U ORGSR BB, AT BB SBEL
RO Scheme 27. ARFRIEIR W e 5 — 0 F 1 AL
BRAERIAE IR RE B B IRk 125, #25 125 i
it At O — B A 1) B = B A B B A
PR AE 127, T35 AN S T R
BRI YR 128 SR G I B 1R B XGR AL R R e
.

9 RE5ERE

R —EALRRAT N RRA 5 A5 K R] FRAE BRI, 3B I3 b
J5 N0 LA F s B IR R PR I i Fe o 7 B
BEE . AR T LURT— 3 0 i BE AR e ML AT 1 A
Jig PR ARIR BTG . PRRERAT . WEMEIKER . 5
IR 2% W 2 SR K IR 35 J1 22 (1 2 30 Ak 540,
Horpofy Se i UL BN B T HR AR T8, B A TR, B
ARG HL A A o B A% GE 7 ¥R 1T S B B FH
EORWE ). BB ER, T A AR S B 1,
HZ 5HMURBSEALEAS 5. KA ik
5 7 e i e T T B IR AT AR AT K
M — R AL S 5 RO B B BB AT 08 (E R W i A PR AS
gz, Bk, fER LG — KSR A RE AL —
SEACBRIME SR [FI I, i 5ING B A AR

RER, AWM. RNRAFEIFEER . 77 i a
T2k LS H B i 2 — S A BRI B S 2 T EUH

R
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