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Research Progress of Single-Atom Photocatalysis in
Organic Synthesis

Wu, Lihua' Yang, Jianjing' Yan, Kelu Xu, Lirong Wen, Jiangwei™*
(Key Laboratory of Green Natural Products and Pharmaceutical Intermediates in Colleges and Universities of Shandong
Province, School of Chemistry and Chemical Engineering, Qufu Normal University, Qufu, Shandong 273165)

Abstract The single atom photocatalyst exhibits a large surface area, exceptional catalytic activity, and selectivity, thereby
enhancing reaction efficiency and minimizing the occurrence of side reactions. Its catalytic mechanism is easily
comprehensible, rendering it uniquely promising for organic synthesis reactions. The single-atom photocatalysis, in addition to
its excellent recyclability, represents a novel and environmentally friendly catalytic strategy that offers unique opportunities for
organic photocatalytic synthesis chemistry. Although single-atom photocatalysis has received widespread attention in many
fields, its application in organic synthesis research is still relatively rare and lacks a systematic summary. In order to enable
readers to quickly understand the progress in this field, the present review provides a comprehensive overview of the
applications of single atom photocatalysts in various organic synthesis reactions over the past decade, classified according to
bond formation involving C—C and C—X (X=N, O, S, P, B, etc.). Moreover, this review also elucidates the application range
and underlying mechanisms involved in these reactions, aiming to lay the foundation for the development of new single-atom
photocatalytic organic synthesis methods.
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Copyright the 2022 American Chemical Society.
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Figure 5 (A) TEM images of Ag/g-C3Nas, and (B) UV-vis spec-
tra of g-C3Na, bulk g-C3N4, Ag NPs, and Ag/g-C3N4 composites
Copyright 2016 Wiley-VCH.
R! = ;
Zy Aglg-CsHy, THF R
| H 9/9-C3Hy, O N
O~ "R R® i, 25WCFL !

ambient temp. R2" RS
H g 9 P 10
o} o
o Y0
R
R = H, 10a, 70%; R = Br, 10b, 92%

R = CF3, 10i, 80%
R = Cl, 10¢c, 86%; R = F, 10d, 78% R = NO,, 10j, 78%
R = NO,, 10e, 78%; R = CF3, 10f, 95% R = Br, 10k, 74%
R = OMe, 10g, 65%; R = Me, 10h, 68%

R =F, 101, 92%
o 0 o
R
Nﬁ R Nﬂ N
5 o o

R = CF3, 10m, 90%

R = CF3, 10r, 93%

R = CFj3, 10p, 82%
R =NO,, 10s, 78%

R = NO,, 10n, 62%
R = NO,, 10q, 83%

R = Br, 100, 60%

o)
0
jegelo™
N
: SRY, 10

R = CF3, 10t, 89% FsC

R =NO,, 10u, 82%
R = Br, 10v, 82%

0 0o
Cl
N N
T 8
10y, 93% 10z, 90%
ER 4 Ag/g-CiNg AL TS FEEA AL BEIZ 1L

Scheme 4 Oxidative amidation of aromatic aldehydes and
amines catalyzed by Ag/g-C3N4

10w, 77% 10x, 93%

http://sioc-journal.cn/ 1595



BIKE

0]

o] i
o CNfH Ag/g-C3Ng, THF R)LN
R™ H air, 25W CFL

ambient temp.
1"
N O
.
O

12 13
13a, 75%

e oo
o

13b, 88% 13c, 50%
13d, 78%

O
O

13e, 42%

B 5 Ag/g-CaNafiEfb 2 57 BRI e i S At e 1
Scheme 5 Oxidative amidation of heteroaromatic aldehydes
and pyrrolidine catalyzed by Ag/g-C3Na

A) G . o

CO"OQ

B 6 (A)GMHE AL DU Wi ) A HL BRI (B) T L' A R
Ag/g-C3Ny R BT H#

Scheme 6 (A) Mechanism of photocatalytic oxidation of THF,
and (B) Electron-transfer approach on Ag/g-C3N4 surface under
visible light irradiation

o) Ag/g-C3N, (o)
( 7 " 0, UOOH
25W CFL

B 7 Ag/g-CaNay 7E0] WL T Ak DU S h 5 SR AN 2R 4R

PRI A B T REHL

Scheme 7 Plausible mechanism of the Ag/g-CsNg-catalyzed
oxidative amidation of aldehydes and amines in THF under visi-
ble light irradiation.

THF J AL s A 8] 76 (Int-2) 5 AR Int-1 S

1596 http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

NAFE] H bR 13.

Varma PRAAMNE T T —MOLTEE AgPd@g-CsNy
SR, FTHT BB ERE N-HB %
7, A R Ry e U A R AL TR OB AE . A,
VR 25 52 1 R R AT AR W0 J5 Y I A0 OB 1R R 40 3
(Scheme 8), HAHEH TR KA, WiFHE, A SR DL
5 77 R AG BRI B P2 M) (15a~15b). HL AT W HL 7B
BE PR JE A A1 R e Ak A A 2 B PR I AT AR P (15 e~ 150),
B 1-HEESE e AN REAS BIAH R =) (155).

H
AgPd@g-C3Ny4

NO: N-cHo
Visible light, HCOOH

14 15

N N N N
/©/N\CHO Q/ \CH0/©/ \cnao/@ “CHO
MeO Cl Br

15a, 98%, 2h 15b,96%, 2 h 15¢,97%, 2 h 15d, 97%, 2 h

N § N
(j@ oo Q oo O oo
N
H HO |

15e, 76%, 3 h 15f,97%, 2 h 159, 97%, 2 h
H H

@[N\CHO N-cho
OH COOH

15h, 96%, 2 h 15i, 96%, 2 h

SN NO2

15}, n.d

X 8 AgPd@g-CsNa fEALAEHEE T & 1) N- B Bt Ak =
Scheme 8 N-Formylation of nitroarenes catalysed by AgPd@-
g-C3Na

2022 4, Reisner @ ZH2IRIE 7 —FhF F Ni-mpg-
CN, J A& AR PR IZ ) 7715, Ni-mpg-CN, (4514
W 6 Frw, A% Ni(ID)#KEE N-Ni Bz 712 ] mpg-CN,
2 T R TR AE RS OGBS R BA Ni-mpg-CN,
NG SEIN T 2R 51 55 JE /2% 55 Fe s L) 5 & AL
MIAE SRR SR, G BV & B 05 BAR G, 277 I ik
T IA I7 EAR GG BT R R A AR P R, W A
FI D@ it/ v e A A2 2R TE A4 S P k.

&

l}ll N™ N
N N\N/ N/ N
Ay @ A

B 6 Ni-mpg-CN; 145
Figure 6 Structure of Ni-mpg-CNjy

Chin. J. Org. Chem. 2025, 45, 1591~1613



Chinese Journal of Organic Chemistry

REVIEW

TERAERRAT TS, VEE ST S Ph5 H 2% 05 BRI
Fe b YE B, gk B3R W% RN B BT R A A 1
(Scheme 9). T Fhl B 72 1KY, WlsHE. B
He FRFE. BhHZ. IIEZE(18a~18i), AREIRTE R
(65%~86%). IX L B 75 FEAP % AE S BT ik 1k
AT VL PO OV SE B, 7V BE DA 5 1 7= R 3K
FRAHRL =4, Sk T 05 BRI () & Rt T —Fh st
AR, TIRTT IR AR SR ) s B A e A
ROR N 18). HRAL, ZARIEHE A T AL R ey, B
6 77 FEMAL YA 5 B S AR IR . eAb, N
SRR . ABIRER . WENRR. SR AEIRR L S I R R - g
MRS ARG DT R R I R i AR e e A 1, Hoix
SN AT Ak R R 18y R 18z 2525409 1
A K.

2 BEFEFAENAEEZEC-ORE

I REL S 158 A0 2H 3R T — ol A L A B £ 28 11 A
B FREAL TR, X RGBT OBl 4-ROR I 2R AT
AN A SUAB IR I 8. i R 510 B SEi2 1)
JRYDTE HE (Scheme 10), X T &AM B, B, I
B BEREAIE S IR R B A L R N 2 1,
HARP= 72 32N 50%~99%. JTHA 1,4-"RESZ
P [ PR, BELL 55%H0 = 245 B U= 21j. b4k,
EH BRI T Z PP BB Va F, B EE . IEARE.

IETEE. RCORE. 2- W R AR 7 A EE, #BaE15 2
AH N R IBE = P21k ~21¢). HA, 3 COEEQIn)F S A
FE(21p FH 21s)7= S 5K, BT RESE B -T2 (A0 BH (%) J5 A1

AT TR R 71 T2 50 45 R4 T 40 Scheme 11 FTR i)
95 IR SRR C—O BER SN AL AR AT WO
R, JeAEE T mpg-CNyg FEARFERS B Ni(D)H L, T
RS Ni(0)F A A, YR BT A 1 25 O A b
ARG E B F. AR, 0555 Ni(0)H a4 A 241k
Iose AR BONG(I R 44 B %80 H HH2E F S p s Rk B
TERC Ni(IIL), &3R8 JFHEBRS 2= 21. &, AT
5 Ni()H a4 D 2 5 B F(SET)IE J5 7= A 3 M AL 1
A, MIMTHEN T —MEIEH.

HRCHEREA @R Ni2' 5 g-C3Ny FIFER AL 4 25 )
%7 C3Ng-Ni AT, ZAMEFHI T T C—Br/
O—H % BB C—O 4. EEEREXRMG 5
T EY Y & 36 (Scheme  12), FE 5 & ik B, 1 5
FLR /ML G RE RIS R AT 2 (24a~24e). 4-1R-2-
AL e B E IR B8 BL 89% I 7= K A5 2 7= )
24h. BEAh, (ABE[OIE . =5 LB (24)) R H E (241) | #8
RERIBEAT, HH VB S SRR B 72 24j~241, (H R
TIBE(24K, 14%)1)50 B P2 2B, BUT BEE A P A R,
XATREE A . A4, fEREKIER T, el
T5% 1153 B = 345 2| 4-F2 L 2 (241).

Et3N (2 equiv.)
— Ni-mpg-CN, (10 mg) —
\ g : V(MeOH): V(H,0) = 5:3 \_ R
16 47 60°C, 20 ~ 60 h, 2 = (427 ~ 467) nm 18

T
S
Z
(@)
P4

O
H2N4< >—<

18a, X = Br, 84% 18b, X = Br, 83% 18¢c, X = Br, 84%

0 o)
H2N4©_< H2N4©_<
— NH,

3

X =1,65% X =1, 74% X=1,76% 18d, 83% 18e, 86% 18f, 65%
X=Cl, 21% X =Cl, 23% X = Cl, 24%
Q NC Br
A" Q. 3O -00 O
HoN 2 HzN CN H,N HoN
189, 75% 18h, 76% 18i, 74% 18j, 56% 181, 72% 18m, 56%
N N™ |
’d
J@iﬁ J@ﬂ SO
/ N
HoN H N H,N NH,
18n, 26% 180, 46% 18p 54% 18r, 56% 18s, 70% 18t, 64%
N _N _~_CN N \\S ~NH;
HZN{/ Lﬂ | - | o/\
S N X ™
H,N H,N™ N H,oN
18u, 61% 18v, 67% 18w, 74% 18x, 87% 18y, 83% 18z, 85%
B9 SefE bR R Y

Chin. J. Org. Chem. 2025, 45, 1591~1613

Scheme 9 Substrate scope of photocatalytic amination

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/

1597



BT FREHR

R’ R’
Z) | . mroy Ni-mpg-Chsg, DABCO, DMA Z7 |
B X 313K, Ny, 427 nm LED R20
19 20 21

Aryl bromindes scope

S S ot o

21a, 91% 21b, 91% 21c, 54% 21d, 62% 21e, 76%
(0}
Br
jeallesalle e sulle
EtO EtO EtO EtO EtO
211, 81% 219, 80% 21h, 50% 21i, 99% 21j, 55%

Alcohols scope

SO O O e O

21k, 86% 211, 81% 21m,81% 21n, 42% 210, 85%
/©/CN /©/302Me /©/302Me SO,Me Ve SO,Me
|
iPro MeO PrO iPro” : Me” Vo :
21p, 19% 21q, 99% 21r, 85% 21s, 17% 21t, 80%

B 10 LR 5 S SUBE K R

Scheme 10 Substrate scope for photocatalytic cross-coupling of alcohols and amines

HBr N N
e * N NH + —/
A — SET
Ln=mpg-CNyg ;
€. cB
Br
T L,—Ni(0)
L,—Ni(l)
Q\K _ D A
Nl-mpg-CN18 Ar—Br
Nickel Catalytic Cycle 19
Ar—OR
e “ Br
Br L,—Ni(Il)—Ar
|
L= Ni(ll)—Ar B
OR
/7 \ (o]
N_ N
+ —/ .
R—-OH —— R—OH* %ﬁ' OR
F
20 E I\
N___NH+
—/

B 11 Nii-mpg-CNus fEALEE 5 138 ARERHLEL
Scheme 11 Mechanism of cross-coupling of alcohols and amines catalyzed by Nii-mpg-CNis
VR T RAIWLBLSEL, $2H) 740 Scheme 13 iR W 22 T AR S e A JER VR B3 4 2 7 AT NI(T), AT 76 B
FIEACHLER, B TR RIE RO R G, 237X n HEALTEA.
TR, A TR Ni(ID A2 R N1(I)57?% 2021 4, Reisner VAU JE T —Fh LR 13K
ARG SN A B NI R, BE S, Ni(OD) 5 () BT (Ni-mpg-CNy), 7E W] WG ISR T~ s il 1

1598 http://sioc-journal.cn/ ~ © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2025, 45,1591~1613



Chinese Journal of Organic Chemistry

REVIEW

Z X imidazole (0.2 equiv.) _~_OR
R | + ROH  quinuclidine (1.8 equiv.) R-— |
A A
> 400 nm, 298 K, Ar
22 23 24

24a,91%,8h 4b, 81%, 16 h

MeO
MeO—@COOCZHS O

(6]
24f,91%, 8 h

(o] O
*@m *@m

24i,92%, 12 h 24j,80%, 12 h

24e,88%,8h

3

Aryl Bromide or Aryl lodide

MeO—*<::>F*COCH3 MeO—*<::>F*CF3
2

Alcohol

MeO—@CN

24c¢,95%,6 h

MeO—@CHO

24d, 88%, 6 h

MeO COCHj —N
\©/ MeO \ / CN

249, 92%, 8 h 24h, 89%, 8 h

O%@Of 3o

24k, 14%, 8 h 241,75%, 12 h

B 12 AR 557 5 s 52 AR R MV

Scheme 12  Substrate scope for the photocatalytic cross-coupling of alcohols with aryl halides

Ar—X X
LNi"Ar
cs L = C4N,/imidazole g
LNi!
= €cs N
— il
NN T N T OR
- LNi"Ar
Léj X
N
\T;/w ArOR
|
LN LNi"Ar
VB

B 13 ML

Scheme 13 Proposed mechanism

AT BT R 5 0 25 e AL 28 XA RAL 2 C—O %, F
FHIXFREAGTR, V38 TEAN5 52 1 AR 05 2 AN 4 05 B ik
W AE AR S N (1) JER 03 Bl (Scheme 14). &6 52
. WEdE. WL, WERGAITRAIEEUR B R e DL B
U () 7 AR AR IS P2 ) (27b~2Tm). FIRE, 1,4- IRAAE
IR A3 B 1 B EUREE =) 27p, XS BT Rk
K= a2 FEOF R R Rag, A CAFRROR AR B
N, SRR T IR A, ke IR 2 S K R
Re PRt 2 5% N, I LA R AF A= 245 20 A LR AR I
FEYTt~27v). EHAEEMNZ, L Ni-mpg-CN, A6
AT BE ST 75 B AL 5 27x ()= R Tk

3 HFEFHENMME C=NRE
WEFERATE VR REGGRLAE 2 DRE

Chin. J. Org. Chem. 2025, 45, 1591~1613

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

HRaAR, S22 T2 OGE. IR HI R g T — R
JR B A e TE R A AL B b B R 4k R (Ni-SA-
@PCN), 7ER] WOCHIRESS T, SEL 1 0% 75 B A0 T 17 1k M
2 AR N, IXFh Ni-SA@PCN AL o 4 Ja8 B i 4t
SEJT AT BE/Z Ni-Ng. Z RS AUR] X P 5 1
it A AR BBG 1 JEC 403 el (Scheme 15), #F 50 3R B &5
A B LR R R B s AR T ]
RN RS2, A AN AN A BRI IR A Z A X 1K

AL, ZIRA IR 2 LA HLIEAE 54 R R
TR, Bl T —F BT CoP@-
POC (Scheme 16), H & plid #2 A6 M40 77 B 45 %) an
Scheme 16 fili7x. AP RHE CLINRATAE DD 1 TR, &0t
P T R A e R B B R AR 3. BHSE, S SR
BT A A RARE T ME CoP@POC. fEEHF

1599

http://sioc-journal.cn/



Bl
X —— o.
R1: | + R?—OH Ni-mpg CNX(1O.mg) F R2
- NaOH (1.2 equiv.) N \
40°C | (447 £ 20) nm
25 26 27

j@‘” o
\

27b, X =Br, 80%, 5h
27¢,X=1,81%,35h
27d, X =ClI, 79%, 48 h

27a,80% , 18 h

0O

O
\\S/
o
0 O

/ \
271, 78%, 14 h 27m, 85%, 7 h

IS A€
\
5 ? N
\
27q, 68%, 64 h 27t, 74%, 14 h

o

27e, X =Br, 88%, 7 h
27f, X=1,91%,4 h
27¢g, X =Cl, 83%, 96 h

O
SO
o~ | 0 \

27n,60%, 12 h

/O\(D
P
N

27u, 66%, 14 h

0

O
do
O
\ \
27h, X =Br, 81%, 8 h
27i, X=1,84%,4h

27j, X =Cl, 30%, 96 h

Q.

27k, 87%, 13 h

on
O

270, 84%, 36 h 27p, 78%, 45 h
o 9
‘ CD3

27v,64%, 16 h 27x,78%,7h

B 14 SfiEf C—O S AR 1R

Scheme 14  Substrate scope for photocatalytic C—O cross-coupling

R7OH + NH,-R2 Ni-SA@PCN, O, PN R?
2 . - . R N
trifluorotoluene, visible light
28 29 (conv./%, sel./%, TOF) 30

AN e e e
@/\N

30a, 73, 99, 1825

AN e e
/©/\N
Cl

30d, 56, 99, 1400

NN e g
™

309, 67, 98, 1675

AN e e
o
~o

30j, 81, 99, 2025

30m, 22, 51, 550

30h, 74, 99, 1350

@NM

30k, 56, 97, 1400

30n, 44, 99, 1100

Qo

30b, 51, 99, 1275 cl

X N /\/\/\/
e g
Br F

30e, 54, 99, 1350
AN e e
N

30c, 50, 99, 1250

30f, 58, 99, 1450

AN P
Jo

30i, 66, 99, 1650

@NW

301, 48, 98, 1200

Seal

300, 30, 99, 750

B 15 WA ORI e AL 3

Scheme 15 Scope of the photocatalytic cross-coupling of alcohols and amines

R AR S IAE SE 1AL Co SHJR T 04, H
MR Co? I Co®". BeAh, IXFh 8T AR B A %
teA 1 DI YL /e = N ﬂ%ﬁxﬁli‘%ﬂy‘ééﬁﬁ%ﬂ@ﬂﬂ’]
2E, RARKCHEALNEER.

FERT DGR, A TR RT A 28O RE i S A T

1600

http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B PR (CELFE At L S AN H - 3 38 W] 4R Ak AR A
NI R P20 (Scheme 17, 32a~32g, 32k). M4k, 1
(hnms ek L 1,2,3,4- DU SRR 1,2,3,4- DU S R IRR) t 2

R TAZIR P A 43 B A B I I &= 4 (Scheme 17,
32h~32j). %A NS L Scheme 18 FiR,

Chin. J. Org. Chem. 2025, 45, 1591~1613



Chinese Journal of Organic Chemistry

Ph
_N N Ph
HO OH ’;7/ D/O o\« =(
Cl \_N N
@ (3 0 (3 oy
NI SN Cl cl 1
THF, K,CO
Ph)\N/)\CI K, reﬂuf, 72h
THF, K,CO3 Co, DMF
reflux, 48 h
CLL cl
7 Y0 SRt
HO OH Ph)QN 0 o N§<Ph

B 16 CoP@POC )& m i B FI 451
Scheme 16 Synthesis diagram and structure of CoP@POC

= NH CoP@POC, O
R@A 2 GRORDE . o [ 2
A CH3CN, visible light NN )\

31 ) 0O, R/\N/ R
e
_ 32a,R=H 93% 05h 32e,R=p-Cl 91% 2h y ;102 and O, 32 NH3
RZ | NH2326, R=p-CHy 89% 2h  32f,R=p-Br 95% 2h
X 32¢, R=p-OCH; 92% 2h 32g, R = p-CF3 90% 2 h
32d, R=p-F 93%2h
+e 1 H
0,0r0, OOH (i) PN
N N NH S R NH, RTON
N NH, R”NH,
\_! \/* A B ¢
o - : ARo o h* H20, -
32h,32% 2h 32i,47% 2 h 32j,65% 2h 32k, 90% 2 h A~ (ii)
R”NH,
e g - 31
B 17 RSB R 3

Scheme 17 Substrate range for coupling of benzylamines ‘
o N B 18 I LA
B, HEAFIZESCIUR TP A A TSR, A Scheme 18 Reaction mechanism of coupling of benzylamines

B ue o A I T I 0 R T S GBS
(05). R, “RIKERZEICRULARA MEME TN ey o gupesemmovii s, W 425 nm 56T
A B, EPIH?{ZISA% ozgm; SRSEBGLRRIE -y i e oim R oL AR WA, BIOTA LS R 35
B. MK C ORI B M 105 SORET gy g v o 0 50 S £, fERLEE 21T,
HR02 UL R 31 MR S, TV CISHRIE g e g et 5 0 ST 2 e (Scheme 19),
SRR NHs o 200 348 B4 32, e s g
4 HBEFEREEC—CHE B B AEIL I, FRAEIRAFI0FE ™ 4 (34a~34ab), (HIZ,
i . ) Xof 2% 95 FE AL P B USRI (34v~34x). Hlfb Mt
Al A Wl GRS e —34, B, T 0555 750

Chin. J. Org. Chem. 2025, 45,1591~1613 © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 1601



BIKE

R SR

(Scheme 20).

2023 4, SRERURAA T KT 0T RE Bl B 11
H3(CoSA-N/NC), & U F240 Scheme 21 ffizx. #H
FIT % FEe V1) 1% B 5 - 10 70 S i ik T s A P ) 3 43 12k
W ARBAR AL T —FE A i, B R R IE A
FERERI Z V. 2 AR —Fh 5 TR ARG R
HEEEAME SRR 78R R R AT, e
FERBLEMET, A58 7 Ak & 0 R T
(Scheme 22). — RHIE AL 5 B (e Jk « U I
X 2 AS 3 20 oA R AP I 52 1. B i AN 2S5 IR L
BT IE TR A B R, K& T BT
T IRAEAE T Z (I8 J5 BRI I N, BRANZE TS J2oh, il
FeOR 05 IR T DA RS, AE DA rp 85 P S 3R A5 i 7 1 7

R—I
33

W, TS N B AN EA I R A 2 5 4 U RT DR
G2 BA=H(37p, 37s~36V).

TEBEFET RA)LI LR, $&H T W Scheme 23 iR
MR SHLE. B, HERTEMEAL IS T T 20 Al I 72
CoNy i i b, e M H #)Fh(CoNyg-Hy), Ltk
HRAMCTH) R R T 35 53 ik
int-1. )5, BABEIEE LR HCHO KNS int-1 4q
AR int-2', A 1.8- B I [5.4.01+—R-7-1a
(DBU)HJ 5 S MZ CTH I F2A4E AL int-2. P [EIA int-2 [F]
FEZ CTH 22| int-3, 1M int-2 Al int-3 £ 1,3-380
R R4S F] int-4. F 5, int-4 45 CTH FIE J5 i 48 e s
IR T 37.

AgF, 425 nm LED
PhH

R—=Ph
34

| 34a, R=0OMe, 92% 34b,R =F, 65%

34c, R =CHO, 62% 34d, R =Cl, 75%

34e, R=CF;, 62% 34f R=Br, 71%

34¢g, R = t-Bu, 80% 34h, R=CO,Me, 72%
R! 34i,R=CN,70% 34j, R=H, 62%

34k, 93%

A &= 5

34n, 55%

341, 85% 34m, 59%

340, 53%
|

34p, 78%

o I S I CsHy7
©)\/| I\UCHO ©/ U/I )\ |\ |

34q, 70%

34r, 84% 34s, 51% 34t, 56%
n-CsF17|
34aa, 51%

n-CoF 24l
34y, 50% 34z, 53% 34ab, 52%

34u, 63% 34v, 34% 34w, 26%  34x,21%

B 19 Jtfieilt AgF LB 5 I8 AR R

Scheme 19 Photopromoted AgF-catalyzed cross-coupling of iodide and benzene

xR —A0 . g
5 AgF, 460 LED a4

in N
EtO,C
- Iate
O O EtO,C N
CHO R H
34ad, R = CN, 88% 34af, R=Cl, 61%
34ae, R = OMe, 58% 34ag, R = Br, 64%

F Me
~ 3 a%)
wo ) ® S ® =
MeO F MeO Ve MeO

34ai, 63% _
(olpim = 12/10/1) 34aj, 44% 34ak, 48% 34al, 40%

EtO,C
’ \—(/jg
N
H

34ac, R = Br, 58% 34ah, R = Br, 65%

B 20 ity 07 R S P IR 2 AT

Scheme 20 Cross-coupling of halides with aromatic compounds

Chin. J. Org. Chem. 2025, 45, 1591~1613

1602 http://sioc-journal.cn/ ~ © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences



Chinese Journal of Organic Chemistry

=v=0

Ph Ph
Pyrolysis
+ N
=N N=
Ph Ph
TPP-Co Phenanthroline Coga-N/NC
B= 21 Cosa-N/NC 8 il i
Scheme 21 Synthesis method of CoSA-N/NC
NO “a]
2 CoSA-N/NC (0.79 mol% H Ar
G’ +  HCHO : ( R NN S
DBU, HCOOH Ar | H
0 X
35 36 THF, 130 °C, 18 h 37

R4< >*NH
HHN@R

37j, 86% b

OMe

aTam
) w0
HN

371, 36%

Br, _
R
HNQOMe
37p, 41%
NC

37t, 38%

Scope of alkenes

37a,R=H, 78%
37d,R=F, 73%
379, R=SCHj3;, 37% 37h,R=0Ph, 21% 37i, R = CMe,CN, 63%

N N
OO0
(@)

37m, 37%

CN

37u, 26%

37¢c, R =Et, 75%
37f, R = Br, 69%

37b, R = Me, 71%
37e, R =Cl, 82%

37k, 25%

R
\—I}N% RQ/“\/\H/@/

37n, R = 4-Ph,NCgH,, 23%
370, R = 2-PhCgH,, 44%

37q,R = H, 61% 2 )R Q
37s, 67%

37r,R= Me 60%

NH
HN*< E>7
F
37v, 60%

BK 22 ML

Scheme 22  Substrate scope

Hyeon PRI PR g T —Fh Pdi/CaNa I 5L 1l
AT, A e s o PR H R R S T A R i A R
Pd JE T 2 HJE T A(E 7A), HEIMHGIEMRE Y, Pd
JRTF R NBA B R CNy IR IR E(E 7B), F
FHIX PR EEAG TR SE I 1A 254 R Suzuki B SN )

Chin. J. Org. Chem. 2025, 45, 1591~1613

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

TR RATED). V35 S Fh B J5 PO (AL SR AR
VIVa Il (Scheme 24), 4553 W] 1% 777270 HL 1 RU8 )
SO, R R F O R AR R DA S 1 e 4
BEE BRI, AL, Fe R0 IR (- TR WE WY ) 1 B
RSB E P26 T (40)).

http://sioc-journal.cn/ 1603



BN T
H A Ho CoNeHd 0N Blue LED
Ar\N/\/N\Ar [CoNgHal ANy Ar—N Pd4/C3Ny4 (5 mol%)
CTH _
H o5 H,0 CTH  bH Ar—Br + Ph—B(OH), _ —Ph
int-5 int-4 K,CO3 (5 equiv.)
: 0,
reaction condition 38 39 PPh3 (20 mol%) 40
int-2 Buffer, r.t.
Ar=NO Ph Ph Ph Ph
3% & N
AT CHO COCH E
[CoNy-Hy] HCOOH int-3 ° cl
CTH 40a, 99% 40b, 57% 40c, 87% 40d, 87%
-H,0 COga-N/NC CTH, -H,0 Ph Ph Ph
[CoN-Hy]
CN CFs
s A _OH pBU AR O 40e, 67% 40f, 95% 40g, 95%
aNogy _HCHO. HCOOH O Hooy N A
-H0 Il [ Ph oh Ph S
int-1 intermediate interception  jpt-2' depronation  int-2 \©\ \ /
OMe
o |
A 23 RN 40h, 97% 40i, 72% 40j, 90%

Scheme 23 Plausible mechanism

Intensity/a.u.

T T T T T
200 300 400 500 600 700 800
Wavelength/nm

B 7 (A)Pdi/CsNa B IR TERE A - RE I i T i B
& HI(B) C3Na, Pd1/C3Na Fil Pdnp/C3Na 2841 1] WLy 1%
Figure 7 (A) HAADF-STEM image of Pdi/C3N4, and (B) nor-

malized UV-Vis spectra of C3N4, Pdi1/C3N4 and Pdnp/C3N4
Copyright 2023 American Chemical Society.

5 HFEFNHENMNAEC—SIE

SR IZATAET SRR DM B2y
FEYE 7 rb, Bl b EAE (P S S SR -
BEAG B R B RR@URT) S, FATREAEILL
TiO, NEAK, BLit #il 4% 7—Fh TiO, Sk H 7 8D
FEALTRINI/TIO,). 8L iy 2 HRIE S BT IE ] T Pl 46
Ni/TiO #4E T Ni 2R 77045, SRAMRYOL T 45 5 2

1604 http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B 24 KWL

Scheme 24 Substrate scope
ANZAELEA BEZ 0 a] WG WTE L R X R iR
FEHEAT, RENS S R SR Tt e R A & WA i 1
HIBEAL [ONE, N - FHRFN B-TH B AR & R A T
—FhER AU B R A A SR . TE R R,
AT M5 Bt e 1) 22 8 Pk i AN S LR AT T R4 [ )
FRPEZE%2(Scheme 25). & NiENEZ, & T sk T
JERADHS AT LA A AL BEE 26 T, FFRE DU 7 R R 15
B FH R il (43a~43m). TEFRIE A A ey I ft R
W] IS BRI N =4 430, RUEE, IR N
RIS AT AR BT 7 2 1)(43p). 1R N- MR &
[ A0 Bl 25 %% b R AL I 8 DA 7 7= R A3 3 a-&
FEH(43q~431).

Fhh, FEE T AR B- TR A R A 3
(Scheme 26), 45 53 W] H A {H i 1 FI A - & (41 (1)
75 SRR Y AT 5 N N-— R IR S 8z, HLRE DA
LR QAT 2AF BIAH R - ik 7= ) (46a~46f). 3,5-
TR R RN 28 -2- P R R B RS A B AR R LA 31
TP 46g A1 46h. —IEFE( I IE ) BEAE IR E A1
SRR AH S RAG B AR 46n. ANEREZ, LM
FEORBRBRE AR T A WS BT 1724 460.

RNTRFR BN, 47 T — RIINLEERE T, 2 H
Tt Scheme 27 FrosBARENLEL. FEW] WOGHRN T,
Ni/TiO, HA RS ME A X F 2 s oy B RE 11, B
FEAE A HL B A A TR SR AR O A 1Oy,
I 550} L IR P TR s B AR B E 2 B Rt
A TGRS B Ni(IDA5 2 Ni(D), Ni(D) B BRI 1a 404
B Ni(IDATE T B 7k A, s A 580E H
5B 4 H HEEAE HEAF B F (a4 C. Hlik C &Ji 1
AS BT T 724 43b(GR1E A). [FIRE, THIEELE 44a t

Chin. J. Org. Chem. 2025, 45, 1591~1613



Chinese Journal of Organic Chemistry

REVIEW

o]
ﬁ FS? NifTiO, § J\,/o
SN+ NaHO ™Y CHyCN, 4 AMS PR
Blue LED (460 nm), air, 7 h
M 42 43
0 Me o) Me 0 Me o) Me
P P PN PN
N"Os NS NS N
e 2, :
Me OMe Bu
43a, 91% 43b, 97% 43c, 99% 43d, 92%
0 Me 0 Me Me 0 Me
/k //O )\ /,O /k ’/O )\ ’/O
NS NS NT S NS
Ph (] CF3 CCl3
43e, 79% 43f, 92% 439, 83% 43h, 86%
o Me 0 Me Me 0 Me
AP P PNy A2 e
NS NS cl NS Br NS
NHCOCH,
43i, 90% 43j, 71% 43k, 64% 431, 76%
AN ¥ o Me
N A /
/k o Br / /
£ S
Me™ 'S // N 2 “Me
o)
43m, 77% 43n, 88% 430, 60% 43p, n.d
(0] Me
O Me Me 0 (0] Me
Lp Ol Lo A X e
N"s N"S o g Me” N7 S
el AT Eae!
Me O Me Me
43q, 99% 43r, 67% 43s, 95% 43t, 92%
B 25 a-ZERME L
Scheme 25 Synthesis of a-amidosulfones
o)
o} I Ni/TiO5
= + O~ 2 1 4
RIS HOTOR CH4CN, 4 AMS R S R2
44 45 Blue LED (460 nm), air, 7 h 46
o o o o o
o)
Me. Me\ Me\
e I}IJK/\//S//
46a, 76% Me 46b, 64% 46¢, 58% 46d, 76% 46e, 79%
o] O o
Me 2 Me-y Cl M
\N //S e\
NHCOCH,
46f, 71% 469, 68% 46h, 66% 46i, 80% 46, 71%
O Ph (e} O OOC Me ! O \/\ //O
7" Et /7 P. /7
PhMS ot ) P 8 O/,S
o \©\ o) o} \©\ EtooC O
Me Me Me Me Ve
46Kk, 75% 461, 86% 46m, 98% 46n, 51% 460, n.d

Chin. J. Org. Chem. 2025, 45, 1591~1613

R 26 p-ABEE LA & L

Scheme 26 Synthesis of S-propionamidosulfones

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn/

1605



BIKE

9
S. 0, (air)
OH -02v /NI
Me 42b +e CB +e
Ni!

Mr<:%% 32V
o K
B L
Tio, | VB
30V

L2k 53 R
Path A Path B
o |4%
Ni
é”“\
O] 41a
Ni”
(0] . o
N/\ Me\NJ\/
I
Me D
A O\\
S Me
/
B
(0]
Me. S
NP,
Me O Me
Nt a it
oe 1
C 46a

B 27 HENA S RN

Scheme 27 Postulated reaction mechanism

24 Ni(DIE R 1530 5 553 & 7k D, 280, HT
PRAETI TR T RE(EAR E B2 B S i) kB
(4R D 1 g-fr B A ik K E. &eJa, Ffk E Ak
ATRE]—A H AR T 7Y 46a(#% 1% B).

BEAN, AT IR A 2200 FH A B 3R T B R 1)
51027 2% R FE 4 M K AR B SR S 1) 4% 1 — P B iR Tk
BT S T A AL 7 (CNHD), e BGSE FE A A 771 1) 485
MR EEE 8 B, 1XFh e J5 Fou i th 1) B A i) £
By GTIORE EAMNRBGE R 5T RIWOR A
AR B SR B T BB A A TR R f AL
Ae, TAVERE TR AR RS, BIERSGEA
E AEDIEPE R 25 IR p-BH AR AT A4

» T R
. B's N
550°C, 2h - ™ 60°C, 6h ™
Y - "’ﬁ\ r." \\
Urea . EDC/NHS
Hemin
pd 3 JSE
b T RS
Carbon nitride 4 4 ;
e s ; i
o vl . '
" ‘3, . o |
YO %% | Bioinspired ! A ) 4
o 4 i o | WY 94
o R o o
! » ¢
o s g .
f".. Mimicking : .‘,‘)\’ pe
v 2 <
. < & La
c 4 WY, < pES
Photosystem 11 i AREYES ANy

B8 CNHGHEMR =
Figure 8 Schematic representation of the CNH photocatalyst
FERAAFAE TN, BL CNH AT %L T AR
J& S SR W ) YU B AN R BR 4 (Scheme 28). 7E 753 & F
A R R R B ) 5 T s e 28 BB R 15 R 40

1606

http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

#(49a~49f), F5E F. Cl. Br. CF; Z&MEULE fE
Fl. BLAb, 183850 W% S et 70 B 15 B 5L ),
X T RE A SN R A (49h, 49K). 24 2- 24 FEE) 1
FEIRYDS, Refg LA S5 /=243 B 7 =4 491 HF
BRI, N-Z3 W Re AR S B A5 20 =)
49m, MEAER B-BIN. AER 2, FIHER T ESEAR
HELC M R IR EB3Y) 49n. BEJG, E%%8 7 SRR )
6 [l (Scheme 29), 25 B R WA & BT FIH i 72
V) S R 00 A T I P B T e AL SR, IR RE AR
S0P SR A B A (52~ 52h). 22 BUAR 5% 7 i it
% F1 25 -2- M J Rt 1T AR 7 b & T BE e 1 261, 0
AILL 78% 1 84% 77 214G ZI BT 75 (774 52e F1 52f. 1%
T RENS IR I Hh 32 e SE WA IR £, G0 £ 38 W TR By A
FR L R R A (52 ~52h).

BT RPN, VEE NN BEAETE PRI 1k 2%
1R (LAZR SRR TR A AY), G Scheme 30 Firos.
TERT WG R, S CNH HA SR 6 f R
RGBS REST, WM R R ARK S T HUE(LUMO)
PRI TR A SRR N O il 10, G HEE IR
[FI, K0 47a 2 CN 25 7GR RIL IR 2 5 2L P
ETHER B B, REEER 48a ZUE AR
AR E 3 A IEHEA SHEEEE TFBAH
FHJEAE SRS 2B E & T Ak C. fJa, HO Xk
IEB TR SRR ST e A A B, fEERIET
AT R (4R A, ), MRS H sz g5 Giar
A, E . A PR AR DS I AT 2 (Fe )RR
ISR BT RS (SET) A1 25 51 14 s R AR
Be o, BAE AR 1a FindS 206k B b b ek
F, F SRS E A hE G, ddamE G 5

Chin. J. Org. Chem. 2025, 45, 1591~1613



Chinese Journal of Organic Chemistry

=v=0

N . (‘s? CNH (0.625 mg/mL) \©\
~S<on HCI (1.5 equiv.), CH3CN \)k
Blue LED (460 nm), air, 12 h Tol
47 48

9 O\\S//O o) o

1

i

R o)

49b, R = Me, 88%
49d, R = CI, 84%
49f, R = CF3, 73%

49a, R = H, 94%
49c, R = OMe, 82%
49e, R = Br, 86%

OH (0]
2 I
aUa T
o o

TgeatgtTgm

49g/49h (78%,1:1)

Me

<20

49|,

Noutlys

|
66% 49j, 79%

R AT A Yo

49Kk, 75% 491, 46% 49m, 72% 49n nd
B 28 JEkeiEE
Scheme 28 Scope of alkenes
CNH (0.625 mg/mL) R
PR X * HO TR . W\
HCI (1.5 equiv.), CHsCN o)
50 51 Blue LED (460 nm), air, 12 h 52
R
0 o
/) , S N S//
> \)kPh /\)k '\)k Ph S Ph)K/ \
(e} Ph |\/| Et
52a, R = F, 88%; 52b, R = Cl, 86%
52c, R = Br, 81%; 52d, R =CF3, 75%  52e,78% 52f, 84% 52g, 85% 52h, 87%
B 29 IR
Scheme 29  Scope of sulfinic acids
-2.44 eV
49 or 52
ﬁ ARl -1.37 eV
0,, 'O
J e CB
250y 5 CcBD I
2.86 eV e 0]
. . e W\ 2
Hemin | HOMO ‘ Ph)\/S\Ph
-1.19 eV CN E
L e drasey "
PR Ph—\\
B 1a
(0] (0] Q,
1 /7 A\ /O H O Ph O
. mai S Ol  ph-s- L_, s” 2 A __Ph
Path A: main -9 /\/ +
Ph”~~OH Y Ph oh Hzo)\/s‘\o
2a H,0 A ¢ D
air
o Fe'” Hemin Fe'l + H*
|| O
Path B: minor 7_?' Ph— S Ph/\/
20, 2HOO' A° ]
_ 2HOO" L
3aa
Russell
fragmentation
'02, 'HZO

B 30 e s igts

Scheme 30 Postulated reaction pathway

Chin. J. Org. Chem. 2025, 45, 1591~1613 © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn/

1607



BIKE

R SR

*OOH J ¥ 73 A BT i P WD (#642 B, ICE).

6 HETHEMNEC BRE

2021 4FE, £ REBAPRE T —Ff Ag0)
Mg(OH), #4671, A pdn Scheme 31 fizw, # AgCl i
TREMDE Ag #1L N Ag0) 5 T (SAAg), 1
Mg(OH), FIfEFH N HEMLDTE AgNO; KIFW, %
T H AgCl/Mg(OH), EAMEL 2RG, 1£ 4 F(EG)
A H0 W, 200 CFRRBL 8 h, BEISH AgEG/
Mg(OH), ¥1Jii. Bl AgCl/Mg(OH), 73 BUE H B - /KR &
Yprh, KA LLSRAS AgHT/Mg(OH), BGF 48 4h 2 4T
Jfif L3R4S AgPR/Mg(OH),. fiifi1RH HAADF AC-
STEM Xf SAAg #HT T RAF, Kl 9A IR, Bk AgNPs 2
HMELEREHL B2 0.3 nm Ag(0), 1R/DFEF| Ag i 11
F1%, [N, Bl Ag(0)yMg(OH), MR EARIFH)
SAMR S, FOR S R 7 R T RS RO (B 9B).

EG/H,0
200°C, 8 h

Agec/Mg(OH),
CH5OHMH,0
200°C, 8 h

AgCIMg(OH), AgyT/Mg(OH),
CH5OHMH,0

wv.4h Agpr/Mg(OH),

B 31 MEa sz R
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Figure 9 (A) High-angle annular dark field aberration corrected
(HAADF AC)-STEM image of Ag(0)/Mg(OH)2, and (B) UV-vis
spectra of Ag(0)/Mg(OH)z and Mg(OH):
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Scheme 32 Outcome of the borylation reactions AgEG/Mg(OH): photocatalysis
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Scheme 33 Scope of the photocatalytic borylation of alkyl halides
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Figure 10 Synthetic method of Cui/CN
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Figure 11 (A) AC HAADF-STEM image of Cui/CN; (B) UV-Vis spectrum of Cui/CN
Copyright 2024 American Chemical Society.
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RE DAL 2RI A LA 7400, SRIH R ) B e 1At 8 HETHRENTER
SR MOIRBEREIE R, W 1,2- 385 -4- 20 BE IR O b R . -
bk SRR RIS, 123 R4 26 IR TR S B 78 105 1 4 KB 5

61t). [FUKFJF(61u). B (61v). 1,4- —HELE(61 oL
ot e T T g sy CRERENIRAZ —, TERIED, feih, AR
x ‘ i B PR AT BSR40 R T — R

PR BLAN, FEBLERIRMETY, MO E BRI S H e X SO
6 DI B 2 A5 AR 2, AR B R T AT AL (Rui/CdS). Gl SR K

SC(NH,), ethylenediamine deposition/precipitation - o
_ctwermierive Mg\ ovostirireiptsi =
\*,. 100 °C, 8h S - '_; reduction in Hy/Ar s - .
. » - —
[ U'{ CdS nanosheets Ru,/CdS
Cd(OAc),'2H,0

B 12 Rui/CdS SACs [l £ 5t B
Figure 12 Illustration of the preparation of Rui/CdS SACs
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Figure 13 Hydrogenation of various quinolines catalyzed by Ru
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Scheme 36 Selective oxidation of aromatic alcohols
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Figure 14 Synthesis diagram of PAN/Ag NPs/g-C3N4 NFs
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