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Abstract Carbon dioxide (COz2), as the main components of greenhouse gases, is one of the most abundant carbon sources at
present. In organic chemistry, CO2 is often used as C1 synthon to synthesize carboxylic acids by constructing C—C bond.
Transition metal catalysis has developed as a powerful tool for the conversion and utilization of COz. In order to achieve the
strategic goal of “double carbon”, it is of great significance to develop green and sustainable CO2 conversion and utilization
technology combined with contemporary hot topics in the field of organic chemistry. In recent years, the development of
photocatalytic synthesis technology provied a new opportunity for the conversion and utilization of COz. The bond breaking of
C—H bond, C—O bond, C—N and C—X bond and carboxylation reactions with CO2 by photocatalysis strategy were
systematically described.
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Scheme 1 Light-driven C(sp*)—H bonds carboxylation of o-alkylphenyl ketones with CO2
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Scheme 2 Light/copper dual catalyzed carboxylation of allylic C(sp*)—H bonds of alkenes with CO2
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Scheme 3  Photocatalyzed C(sp?)—H bonds carboxylation of amines with CO2
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Scheme 4 Light/nickel dual catalyzed carboxylation of benzyl C(sp?)—H bonds with CO2
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Scheme 5 Organic photosensitizer catalyzed carboxylation of benzyl C(sp?)—H bonds with CO2
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Scheme 7 Visible-light photoredox-catalyzed remote C(sp*)—H bonds carboxylation of unactivated alkenes with CO2
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Scheme 8 Visible-light photoredox catalyzed aryl C—H bonds carboxylation with CO2
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carboxylation with CO2
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Fl10-A. H A PRGN A B A E T ORE T HOR S
S 1 4-ZEME R BT, MG, Ni(0)@Ed
AN B R N BBy AT AEY) 10-1 [ C—O 53|
Ni(ID#Fh 10-B. BL4F 10-B B HLIGHGR B 257 5
TIEJEAS B NIDPIF 10-C, H CO Il N C—C 4k,
FEAE BRI T AR 10-D. LI, AHLGEG A hIE s E
Tt JE Ak 10-D HEISEFRE 7, s
Ni(O)Fh A4 H-Z 51E 8.

NT PR E LT CO, 2 51 C—O0 HEl
B2 AL, 5 S 13 P T L, Twasawa PR 0OZE 2019 4F K
J& T b 4 JE A T LR A AL R P R A4 T C—O B
PRI N (Scheme 11). 1EH B8 T J5 BRI
B, SAE KR = SRS L R LR S
RBBMP EARA Y. B, VEE DU IE = 50 i
BRI NIEY), (Rt Nl C—O #Wrdszil 17—
RYNVIAR I Je e s 8 0 BRI by, X Tk
b N, H NS Scheme 10 FIHLEEAR L.
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4CzIPN (1 mol%), NiBry*glyme (10 mol%)
OTf neocuproine (20 mol%), K,CO3 (1 equiv.)
. o HEH (2.0 equiv.), 4 A MS (50 mg) CO,H
: DMF, blue LEDs, 24 h, rt.
10-1 (balloon) then HCI (2 mol/L)
10-2
Selected examples

Me O

67% 73% 65% ‘ 48%
Proposed mechanism
NiBr,-glyme + neocuproine ——= LNi'Br,

e ‘ Ar—OTf
AFCOZH -— AI’COZ_ NiOLn 10-1
10-2 10-E 10-A
4CzIPN*
ArCOyNi'Ly  4CzIPN Ar—Nl'”L
10-D OTf
- HEH* 10-B
4CzIPN™™
Ni' or Ni®
Ni"" or Ni'
co, Ar—Ni'L,,
10-C

B 10 AT IG/ARXUE T CO2 2 5175 3 C—O SR I R
Scheme 10 Visible-light photoredox/nickel dual catalyzed aryl C—O bonds carboxylation with CO2

Pd(OAC), (2.5 mol%), PhXphos (5.0 mol%)
IF(ppy)a(dtopy)(PFs) (2.5 mol%), TBAB (20 mol%)

OTf . Cs,CO5 (3.0 equiv.), PrNEt (3.0 equiv.) CO2Me
+ 2
DMA, hv (425 nm), 4 h, rt.
11 (101 kPa) then TMSCHN,, MeOH/EL,O (V/V = 1/4) 1-2

0°C,05h
Selected examples

Me
/@,COZMe /@,COQMe /@,COQMe CO,Me
F F3C Ph Me

Me
82% 84% 80% 73%

Pd(OAc), (2.5 mol%), Ar{CF3)2Xphos (5.0 mol%)
Ir(ppy)2(dtbpy)(PFe) (2.5 mol%)

. OTf Cs,CO; (3.0 equiv.) 'Pr,NEt (3.0 equiv.
( \I/ . co, 2CO3 (3.0 equiv.) 'PrNEE (3.0 equiv.) - COMe
L DMA, hv (425 nm), 2 h, rt. to
11-3 (101 kPa) then TMSCHN,, MeOH/EL,O (V/V = 1/4) ~
0°C,05h 11-4

Selected examples

CO,Me CO,Me CO,Me COQMe
BOCO /@l

69% 55% 62% 65% 51% (E:Z = 11:89)

AR 11 AT SARRAEAL T CO Z 5975 AR C—O SERIEAL R
Scheme 11 Visible-light photoredox/palladium dual catalyzed aryl and alkenyl C—O bonds carboxylation with CO2

COZMe
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LG ERF, Jana PR PO HRGE 11 i 6 R A AL
5 0] LG ER A AL TR PR R A 1) C—O BG4k SR B Ak
S N(Scheme 12). fESRAER LT, 1E#H AR E Be
e BMEEAT T 252, I ERZ 7 5 I N 2259 4y
F B[ 35 WA #K (Adapalene) f 309 25 9) D10 %' T (Bexaro-
tene) )& FX.

2022 4E, Iwasawa a4l PUFE 2 57 TAERO AL I,
I FH U 4 AR AR T BB fR AL P R Ak, S
T RBREATAEVIIRR IR C—O BEMrE R I L
(Scheme 13). fE&BAMEMT, &H SFHARIE IR
VIHSREAR T 22 55 e B, DA &5 0w 7= 28453 21 AH B2 )
FHRRRUEY. 1EERIRZT %P R NIRTG TR
2 Felbinac FIZEA, AR 7 HAE 25906 BHh BT AE N
FAOME. B TR A ZH i Je 110 0 6 AR s e — 90 P L b 7R
BEf C—O BRI KRN, fEERE T —15
Scheme 10 HATLEE AR LA S S ATLEE.

MUL L B8 i) TAR R LG Y, ANE R B RATEY)

W RAEEERATAY, FOEIbr C—O0 Rk LRI
SN 7 BERAN () 3k U 4 D A A R0 A A L TC AR 1 B B A
REIFA 52 B, K ORPR ) 1 1% 7 308 Tk A 7 o i 7 .
R R S i 4L CO, B FIAIH 7 i B
W51 77, 2022 4F, AIERIR G PHRIE 7 —FpE R LG
TAPECBEEA S BT A C—O BT R 5
{2 Ni(Scheme 14). &Fp&H —% . GO HBkEME
=2 C—O BN AT AEMIAERE C—0 Wiz, it
M5 COy KAERWINL, Al M e 55 2k 21,
FiigSy A BRI LLIE S, SR RAT
I YE A R ) e A 2. BT B R
SEEG . R R AR IC LI M K SR, MRS T AT
REMI R NALEE. B %%, ERT T, BURESHIANLGE
#) 14-A W N,N-— 5753 Z i (DIPEA)E K45 2577
HHIEAE T 14-B A NN-— AR EEHEES T
ERE AT 14-1 56800 3 A S T 14-B K
A FEBMES C—0 BBRA RN A ki 14-C,

Pd(OAc), (5 mol%), Davephos (10 mol%)
Ir(ppy)2(dtbpy)(PFg) (2.0 mol%)

OTf Cs,CO;3 (2.0 equiv.), DIPEA (2.0 equiv.)
+ CO,
DMA, blue LED, 36 h, r.t.

(101 kPa)

Selected examples

COH :::,00ﬂ4 [::I:iiii COH
Cl X

then Hy0* 12-2

89% 67% 73% 85% 40%
= = COH
Q—C%H BooN COM @’ O O COH
| N
COMe NHBoc Me
40% 65% 45% 42%

B 12 ATDEARXUE T CO2 2 5755 C—O BARIEL B
Scheme 12 Visible-light photoredox/palladium dual catalyzed aryl C—O bonds carboxylation with CO2

Pd(dba), (2.5 mol%), DPPE (2.5 mol%)

R' R?
OCOMe + o,

Ir(ppy),(dtbpy)(PFg) (2.5 mol%) R! R2
Cs,C0;3 (3.0 equiv.), PryNEt (2.0 equiv.)

,

131 (101 kPa)

-

74% 81%

=
©

77% 70%

DMA, blue LED (425 nm), 3 h
80 or 100 °C, then HCI
Selected examples

FsC
CO,H /©/\C02H Ph \©/\C02H COzH
FsC

Ph
CO,H CO,H

. COzH CO,H
71% MeO

‘)(COQH

71% CFs 65%

92%

B 13 AT WOEAEXUEA T CO2 2 51 EE C—O BRI S
Scheme 13 Visible-light photoredox/palladium dual catalyzed benzyl C—O bonds carboxylation with CO2
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R R2 4DPAIPN or 3DPA2FBN (2 mol%) R' R?

Cs,CO03 (2.0 equiv.), DIPEA (1.0 equiv.)

OAc + CO,

®,

CO,H /@/\CozH
NC

89% 82%

4

Ph

DMA, blue LED (425 nm), 24 ~48 h
r.t., then HCI (2 mol/L)

Selected examples

COz
O/\COZH @/Kcoz

46% 64%

Me
CO,H Me
CO,H CO.H
Ph Ph

<
©

97% 94%

4;%::§\

Proposed mechanism

OO
MeO 50%

60%

R R2 R1 R2
14-C 14 D

3DPA2FBN* 3DPA,FBN _
14-A Ohc
DIPEA
- 3DPA2FBN
DIPEA 148
NPh, NPh,
NC CN F F
Ph,N NPh, | |Ph,N NPh,
NPh, CN
4DPAIPN 3DPA2FBN

B 14 AHIDCHGIREL T CO2 2 51 IE C—O0 BRIEI N
Scheme 14 Organic photosensitizer catalyzed benzyl C—O bonds carboxylation with CO2

H A=A UGG 578 AL IR . 5 fa 2k el
14-C B4 5 T 14-D, ST
AR B H L&) 14-2.

T3 0 By 28 B I A A AT TS Ak L b
BRI N VE AT AR, A SEEL C—O BRI
FEERZ. W4, WTHREAT CO, 25/ C—0 HH
RIS, J& T 0] DA TR ZEX By el iE K40 &4
TG A BT 8402 2022 4, HAFIRBHPIRET
AT OB TEEE C—O B E AR IR g, TERAM
AL Z AR, s DU 2R R A= 1 1 v 1 2R
H H 554 B RS C—O ##51k(Scheme 15), 4%
X — SRS T N B B EE LA AR RS A
W oE A BRI B, SRE BRI &), 1B IEXT
SSHLEREAT TIRAWETT, BFEDOEE RS H
RS . 2SS K& 80 ARicseat. g5 A ML T
IS8 T8 B Y2 bR PR S (DFT) 5L, VEF 2 1 Al REfK)
RALER, B, 7R WIERE T, BRSO
FR AR DU 2RI B & 7 A DU 2R B 15-A
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A Ik DU 20 5 HH 2, 15-A B B i b — 4 F B2k
B R A HE 15-B. BEEE R EW A b
15-B 57FEE 15-D 1EH, 4 — 77 2R B0 R
15-F, [FHf =N 15-G. R v E mE
15-G 5 () KA F AR R E R R A1
15-H, i 5 5 2R R R G ). AR, Te(ID$
L EAL R (1) 2 5 0] WG IEE.

EN] WIS, BT FEES CO, KAE C—O #2
FAC LA, I TR AE R AE A R, S G s 1R
LHARIE T W] WL 5 i 4 R R U AL AR R R 0 T I
ATLLR A C—O B RR B [ N (Scheme 16). [ ViAE
i HE COy M E AT, PLBRM AU Hantzsch B ik
B, DL SEAAR IR BRI A BT & Rl U Y R
FR. A&l i HLEHT 7T R B KRN — S8 Ak Bk bl [F) T Ak 4
B EL. B2, JRBGRI(4C2IPN)TE Y6 JE R T2 B
RAS'S Hantzsch fig R4 5B TE A7 A B850 H
FEA1 B F A1 Hantzsch e A RS 7. [FRS, BRG]
AR TE 25 64 5 S BT I B HR 2 6B R A
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M TR0 R A R A 16-A. TEKF 5 4k
W SL RIVE R, s TR I T35 A o s T 22 ik TR T
16-B. %%, EMHE 16-A F AL N F 4 77 2L ik 1R s
16-B [ C—O BT 1 n-Ji A 2247 1 [B] 44 16-C. 7E LiOAc
IE R R AR oAk A2 #1592 H F) 44 16-D, FF HAERIME
T A Ff 42 s 1 DX sk ade 43 v T A ORI AR (IDW A 16-D.
AR, TEJCBGRIN B BB FRER T, RKunddn)
ViRt 16-D B H ik J5 ORI AR (D PR 16-E, B )5
CO, AR BRBREOPIF 16-F. HJ5, BRI E H
FA BT TR R RR B 16-F FAEZN L
DUEALTEER, [FI AR RIRIR S T 16-G ARt —HH
FAF BB L) 16-2.

3 JiEH CO£50) C—N BRURN

HERAL G0 — R ARG A AL dh, FEATHLE AR
R NEE By TRENEGER. bTREAE

B B R RE AT SONE, PRSI C—N B BRRE AR
KR AT FACATI R — R, A2 T B
R G YIS AL R . R . =% R
A Katritzky & £ A SEHL C—N SEE AL B A 5] 1
JIER. Zeii R — R R oR i ulonl, IRA 2 AR
WEYHIGE, $0 2N AT EEeEELRN S & FENL
BIRAEMCENEE T B B BRI RIS AR
SRl S AL IA R R R R s e s il C—N
BAEOR S SR PSR 1 SRSk (1 5.

2018 4, RIEWIREHRTE RARIE 17 WA
T IUkERE L ER S COL HIZR A SUBIR N, [ M/
BHMIE SR F)(Scheme 17). EARERE, KM HZFHEER
JRARE 7 A FR) = R A g S N il 8 BRI S, S g P 9
B, AR =Rk C—N B, ERRRINR
HOEAT SBE. S RS AHIR AN, AL S IR, SRRk
, EVIEE, B RERIM 2Ly, JF BLRe N T A

1 p2
RIR Ir(dF(CF3)ppy)a(dtbpy)(PFe) (3 ~ 7.5 mol%) R'R?
@ OH , co, NaBPhy (2.0 ~ 4.0 equiv.), quinuclidine (1.0 equiv.) @ CO,Me
DMF, blue LED, 40 h, rt.

1541 (101 kPa)

CO,Me F  CO,Me

then HCI (2 mol/L); TMSCHN, 15-2
Selected examples

CO,Me CO,Me
saclleevullived
MeO FNC Me ‘

78% 43% 78% 51%
CO,Me COyMe CO,Me CO,Me
Me Me
E v O e
Ph . NC . NC

65% 90% 45% 82%

Proposed mechanism
hv
CF
Foor ®
N N Bu
I | Nz Irt!
. ||r‘\ J (PFg) R'R%co,
N /
NaBPh, N S | @ 15-2
Z 15-H then H*
S | H TmscHN,
CFs3 R'R?
. \Ir(dF(CF3)ppy)2(dtbpy)(PFs)
Ph,B Ph,BOH
15-A

Ph-Ph

4268

Ir'
\/Q o 2

+

Ph H R Ph HoR

. OH AN ! P No 2

—— B~—0—<R*— B--0—X-R

PhB" + . Wi " Ar

15.B 1541 15-D 15.E

B 15 ATHOLHEA T CO2 2 5HFEE C—O SR AL [
Scheme 15 Visible-light photoredox catalyzed C—O bonds carboxylation of benzyl alcohol with CO2
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4CzIPN (1 mol%)
OH Ni(OTH), ( 10 mol%)

RJ\/ neocuproine (20 mol%)

HEH (1.5 equiv.) X
or + CO AN
OH 2 LiOAc (3 equiv.) R COMe
/\) (101 kPa) blue LED, DMSO, r.t.
16-1 then TMSCHN, 16-2
Selected examples
OH OH OH
Ph/\|/\
Phw OH Cy)\/ HO =
66% 50% 63% 47%
ph Xy CsHitn A OH Me._~_~_OH
49% 56% 67%
Proposed mechanism
0 OH
OH OH H,0 )k
Ao A om0 OH o ™o
R R ’ )\/ /\)
16-1 R RS
- 16-B
Ni(OTf), + neocuproine LNi'(OTf),
162 TMSCHN2 R/\/\CO _ e'
16 G
N|°L
e 16-A
R/\/\COZNl L
16-F zIPN*
4CzIPN HOZCO Ni'lL
o \
HEH S
4CzIPN'~ R~
COZ Nil or NID 16-C
LiOA
RTNONIL Nilor N e
16-E
RN _
OAc  Li++ OCOH
AcOr 16-D
o
Hzo + COZ

B 16 7 W 5 EEIL T CO 3 5 HmE C—O #:

RIS
Scheme 16 Visible-light photoredox/nickel dual catalyzed al-
lylic C—O bonds carboxylation with CO2

TSI N ZEA A X e B B 2 o) T A R R T LB AT
FUARE ) SLIG A GE RKSLEG, VEE TR T AT BRI R B
H.OEARIE, BORESOR MR = B R KR AR
Ir(IDAN = F % H 2L IE S T 17-A. 7EER T, =H
fe H A ER T 17-A RE—ANER R85 H
17-B. [, 48R 17-1 4% (DY RhE JE 77 A 3 EH il
5 17-C =iz, Ir(AD)PIFh# AR (D) Fh 2 5
TRIERR. B, Fidk B i3k 17-B R S e Ak 7k
—EMBIEE T 17-E, /7L k(IDPF. BE, R
H 2 17-C 5 k(IDY)Fh R AR BT RS R R RS
T 17-D Al e(UID)PFRSLILEE —ASBMAIEA. &5, F
FANET 17-D SERHEIR CO, I AL RPERR R 1L
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1) 17-2.
+ _ Ir(bpy)o(dtbpy)(PFg) (1 or 3 mol%)
NMe;OTf Cs,CO3 (2.0 equiv.) CO,H
R Na,COj3; (1.0 equiv.) )
R2 + CO, R
DMF, blue LED, 26 or 36 h, r.t. R2
1741 (101 kPa) then HCI (aq.) 17-2

Selected examples

CO,H CozH CO,H
NC

69% 84% 84% 7% 55%
COH COH
MeO I l ©A\
79% 58% e 59% 3%

Proposed mechanism

NMezOTf 17-C

Ir
NMe3 R
17-A ‘/li\2 Tl
HCO3” j

MezN_
17-B
BR 17 AILHEAT COZ5ZFH C—N SRR

I
Scheme 17 Visible-light photoredox catalyzed C—N bonds
carboxylation of tetraalkyl ammonium salts with COz

4 NfEWN CO£5H C—XBEURE

AL IE R — 28 SR ks, w2 AT
2 AR, AT I8 G 1 32 LA i PR 45
g HLE B S . ARk, &R AL
AR S5 3 IR AW 5 Co, IRtk
RN Tz R, JFE LI R T UM E M Pd. Ni
A Cu (EAGTI SR 21281, BRI, 338 g o 75 Ak
HEMEEIEIRF, 41 Zn 58 Mn #y. MIREE A UFFI AT 7
BRBEAERR, XREANATEN. e E R AR Kk
JREECNFHL KNS COx MBI MR T 5 i -
M.

2017 4F, Iwasawa 55 EEPVRE T — P i xi
RITEAEDE RN, ¥ PA(OAc), 1E N4
JBHEALF], Tr(ppy)a(dtbpy)(PFe) 1 9 6 AL AL 7, DA
ProNEt /EA—Fh4E 5 3R 15 B 1 45 & (Scheme 18). £
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RN, T A AN G ALY R A 7 A Rk 2
ﬁimﬁﬁﬂﬁﬂ WA E AR, SHSME
REAb 1 75 IR AL PR G A0 mT DA DA R G 1R 7= 2R S B R
%%&m.#&,&%%&ﬁ$#F AR E AL
B 2,4,6- = 37 T4 FE R 5t B8 IR S E0 B A0 I B2, %of
TR FEA N, B MALEYS Scheme 10 A1 FIHLEEAH
L. fEH NN E % PA(OAc), #6HE1k B r 138 JE K
Pd(0), PA(O)F )i Bl [ b0 92 5 1k U 4 JE AL 3. 2
%, Pd(0)4fi N C—Br 8+ & AE S A0 0= A2 PA(D) P F.
B )5, COL 255 PA(D)Fh H- Bl S (AL B Fe o i A5 381 5
BRI 7, &5 BB M RIR L &4,
[F4F, Konig PRATAISHRIE 7 —F#i. mm H
AT COp AL FIR I B 778, VR ¥ mT e S
HE & B AR SE A, TEE T T F KaCOs R AE K1)
CO, X 75 FEFIBE S IR A AT FR B Ak (Scheme 19). 1%

MRS MR Z R E R, JF ORI TS T
THIE AT, BEAh, RIS b R R At e
SEPVRFAL R B, T KT R E FHYE . %1%
PRI N, H MM Scheme 10 H FIALEE—FL.

2021 4, ARIERNE PR 7 A WG L &k
AR5 CO, IR N (Scheme 20). 1F & 1 F &
W B FLGRHME e AL, B tb & A v 7 it
A, SN TG TR U ML & B U 4 e A L
SJEIBJEF. RN EA RUF R 2, —Lepiilibk
IR 3 s AR e IR S R Ak SN, DA FP 45 38 o ) 7
RAERAMER 2 R, BF—%29 50 T M2
. A, ZRNEAA R AR F(101 kPa CO, FIE
A@ﬁ@%ﬂﬁ%aﬁ#ﬁﬁ N7 CTR A L it
TR RORAR. TEATLER S ) S50 RN ¢ S VAR R S (1)
miyﬁﬁﬁﬁT%ﬂT B SATLER. kR4S 1

Pd(OAc), (2.5 mol%), PhXphos or t-BuXphos (5.0 mol%)
Ir(ppy)2(dtbpy)(PFs) (2.5 mol%)

Cs,CO03 (3.0 equiv.), ProNEt (3.0 equiv.)

X + co,

X=Br,Cl (101 kPa)

DMA, hv (425 nm), 6 h, rt.
then TMSCHN,, MeOH/Et,0 (V:V = 1:4), 0 °C

18-1 18-2
Selected examples
CO,Me CO Me
©/C02Me /©/ 2 2 CO,Me
MeO CI
X = Br, 85% X=Br, 91% X = Br, 90% x Br, 76%
X =Cl, 80% X =Cl, 59%

C02Me (\/'©,002Me MeOZC\©/COZMe COzMe

X= Br 72% X =Br, 45%

X =Cl, 88% X =Cl, 95%

B 18 AIDE/AUEN T COx 2 5755 C—Br/Cl SR IEAL [
Scheme 18 Visible-light photoredox/palladium dual catalyzed aryl C—Bi/Cl bonds carboxylation with CO2

4CzIPN (1 mol%), NiBr,.glyme (10 mol%)
neocuproine (20 mol%),oKZCO3 (1 equiv.)
HEH (2.0 equiv.), 4 A MS (50 mg)

R—Br + CO,
191 (balloon)

Selected examples

R—COZH

DMF, blue LEDs, 24 h, r.t.
then HCI (2 mol/L) 19-2

CO,H CO,H COH  Me CO,H X COH
T oy )
Me N

68% 74% 52% 69% 41%
CO,H CO.H
s w7 (Y
66% 63% 41% 56%

BIR 19 FIHOGARXUEN T CO2 51075 B bt C—Br SR AL R R
Scheme 19 Visible-light photoredox/nickel dual catalyzed aryl and alkyl C—Br bonds carboxylation with CO2
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R'R? 4DPAIPN (2 mol%), TMEDA (0.6 equiv.) R'R?

t-BuOLi (3.0 equiv.) or Cs,CO3 (2.0 equiv.)

x . co,

DMF, blue LED (425 nm), 8 h, r.t.

cozH

20-1 (101 kPa) then HCI 202
X = Br, Cl
Selected examples
Ph
CO,H
/@/\002H /@/\ 5 /©/\002H COLH
Ph NC Cl
X =Cl, 87% X = Cl, 84% X = Cl, 46% X = Cl, 92%
X = Br, 74%
e EtO,C
CO,H 2
Me CO,H /@f\ ) :©/\COZH
Me MeO CF3 EtO
X = Cl, 42% X = Br, 43% X = Br, 68%
Proposed mechanism
R' R?
- X~
@ NN~
h 20F '
Path I TMEDA
4DPAIPN 4DPAIPN
20-1 20-A
R1 R2
TMEDA
R'] 2
Bath | @ 20 D
4DPAIPN™ " r CO:
TMEDA™ 20.B R1 R? then H*
20-E R! R2

20-1 202

B 20 AHDCHGFIREL T CO2 2 5117 R Ik C—Br/Cl #HRIEIL N
Scheme 20 Organic photosensitizer catalyzed benzyl C—X bonds carboxylation with CO2

LR TR (SSET) I FE, 7RI B HUR &1
AT 20-A F VU FR 3L 2, — [l (TMEDA )47 38 JF % 2K,
BRI JFEA PG 20-B A1 3L IEE T 20-E. B
Ja, R A 20-1 AT 20-B KA R T RIS R I R
FEAE—AEHBERE T, ZHETES C—X iR
AR E AR 20-C. TREEE 2L 20-C HORBGR E B
T T 20-B 2 8] A58 IR B L 30 SR R P A S 1
R AR L B 20-D, FESZRIIR CO,, TER TG
PR B A S, EE VO s AT R kAR
Y15 TMEDA JFE A7 A= B DU Joe 25542 3h 45t 5 F 1008 i R 2B
C—N HEWr = £ | b3t 20-C, Hit—P & 5xrM
A H bR E DD

R R ENT CO, 2 5RRMRMERY L
SEAL R I AL 10 A0 25 S 1 A B, H e AL
C—F BRI R NAERKFEE B AREIRE, &
BN C—F BHEAR MR AR Z 0 s NyE . %
THRARIRIE LN BB E R By Z R, Rk
HEPEE C—F SR N 1) R B B AR 5] 130,
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2019 4, JOHETZH B2 T A Rl
SA IS TR /R U A 1 32 36 1 B B0 R 4K S B (Scheme 21).
XFOTIEY R T A HL s R R Y L, A
M C—F BEWIR AR N BN AT BE. 1% B 241
AN, & T2 MBS 8RR, N a-TA R
B RS T R R AR T vk, T LER T T A S 5,
VEZIR M T TR R N HLEE. B 5, 786 I s A2 i
FIOR &AL B — 7 TR 2k LG K= 4 ()
AEBIEIEET 21-F. [, #5806 21-1 # (D)
B B I SR S R A — AN R S TR R R ARE R A
HE 21-A. Ffif5 Pd(0)4& &t — B sk & 12 5 B
B 21-A PR ARG L PA(D (144 21-B. $24, CO, LA fliT
AN RIE PA)SE AW 21-D. fea, BRI PAI)%
&) 21-D #% (1) A3 B G ER IR B 1 21-E, [FII FF
4 PAOYIFZ HEAIERR.
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R R 4CzIPN (2 mol%), Et;SiH (2.0 equiv.) R R
Cs,CO3 (0.5 equiv.)
F + CO, CO,H
DMSO, blue LED, 4 ~ 40 h, r.t.
22.1 (101 kPa) then HCI (aq.) or Mel 22.2
Selected examples
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Scheme 22 Visible-light photoredox catalyzed alkyl C—F bonds carboxylation with CO2
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