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Advances in Flavin-Inspired Photocatalytic Oxidations Involving
Single Electron Transfer Process

Shen, Duyi™**® Li, Linghui® Jing, Ge* Liang, Yujia“ Zhang, Xinhui*
Gong, Peiwei” Zhang, Fanjun™* Chao, Mianran™“
(“ Key Laboratory of Life-Organic Analysis of Shandong Province, School of Chemistry and Chemical Engineering,
Qufu Normal University, Qufu, Shandong 273165)
(® State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics, Chinese
Academy of Sciences, Lanzhou 730000)

Abstract Natural flavin coenzymes, featuring simple structure, non-toxicity, and the ability of absorbing and utilizing visible
light, frequently act as electron carriers in biological redox reactions. Inspired by the biological function of flavins, great
progress has been made in the two-electron oxidation reactions catalyzed by flavins with molecular oxygen or hydrogen
peroxide as the terminal oxidant over the past two decades. Due to the versatile and tunable photochemical properties of
artificial flavins, in recent years, more and more interests have been drawn to the photoinduced single electron transfer
reactions with biomimetic flavins, promoting the rapid developments in the corresponding organic synthetic methodologies.
Herein, the advances until July 2023 in bioinspired flavins-catalyzed one-electron oxidation of organic substrates bearing
aromatic rings, nitrogen-, oxygen-, and sulfur-based groups under visible-light irradiation, delivering the corresponding radical
cations which subsequently take part in the following reactions and enabling various of chemical transformations, are
summarized. In addition, selected substrate scopes and possible reaction mechanisms involving single electron transfer process
are discussed. Meanwhile, future challenges and opportunities of flavin photocatalysis are also prospected.

Keywords flavin; one-electron oxidation; single electron transfer; radical cation; organic photocatalysis
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Figure 1 Representative natural flavins and their biomimetic photocatalysts
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AT, T TEMPO RJ AHIHIZ [ S fI3E4T; [FIR,
RFT (26 R 5 nT 9 WA BRAR A 80 K. Rtk R34
T AR S R HL I (Scheme 14): RET # 455 nm YGik
KRR, — 7 T, R R B T SR A O R R B
B H A 14b, FRBER AL % B 2 14e, ZHH
Bt 5OR M SLIRE SR AR e 0 E 2L 14e; 55—

1078 http://sioc-journal.cn/

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

photocatalytic system

[, RET*HHA]R VA ER AR AT B S AR O R 2
m3E, 1% E M SR 14e ALY 14f, i) HA T
FRATAL RS R 14g. RFT 42 T J5 48 i RFTe
B J5 4 o0 TSR T B A B BB AS T SE IR I A AR
Bl =AW AR A E R, 2R S
AT BERE AN FR AR 3E AT 5 284k

W5 W P B P - SR T DASRAR G| DR P B8 - H B &, &
Fe—PhE A, J5SENT DLSEIL 2 M 2 AR L 2
e Horr, WM C(2)—C3) 207 iR L8 W, T
PR C(3) L A e B A AR G T 5 A — R Pk R R,
Bloom &P &R LF AL, L= OBE-KA
TREVER, FEIAN pH=7 MR Sh o miil, 1Eye AN
SARR, PABREE TR Michael 524 SEL T H5| Wk
CO)L ke FEAk SN (Scheme 15). BUAR & A AN A B IE

Chin. J. Org. Chem. 2024, 44, 1069~1093



Chinese Journal of Organic Chemistry

REVIEW

RFT (10 mol%), NaNO, (2 equiv.)

N NHBoc
R-71-
=

MeCN/H,0 (V:V = 3:1), 455 nm, r.t. Z

Me Me
NHBoc NHBoc NHBoc NHBoc NHBoc
X o X
Me N02 MeO N02 N02 02N Me Me N02

13a, 60% 13b, 60% 13c, 15% 13d, 27% 13e, 81%
OMe Br
02 02 o
NHBoc OMe NHBoc NHBoc Br: NHBoc BocHN NHBoc
o ond o eI
p NOZ °2N p p N02 OzN p 02N p

13f, 62% 139, 62% 13h, 27% 13i, 59% 13j, 76%
(olp =1.4/1) (plo4lo, = 4.2/2.8/1) (olp=1.71) (plo4loy = 2/1/1) (plo4/op = 4/1)
NHBoc NHAC _OH

NHAc
L e (X :
,»—NHBoc o 13 29 N
EtO NO, N - (m,5 /") “Z>Nno, P NO,
P

13k, 52% 131, 25%

plo = 1.2/1

13n,0% 130, 46% (plo = 1/1)

B 13 O6ES RET AL N-ORI 97 & AR ARG S8
Scheme 13 Nitration of N-protected aromatic amine and phenol enabled by RFT photocatalyst

RFT
hv

NO,
RFT* ;SI%» RFT"~

SET

NHBoc NHBoc
& 5
NO,

14a 14b

0 < O
NO;  NO;
NO; 02

NO, H NO,
NHBoc . NBoc
tautomerization
149 14f

NO; J

©/NBOC gNBoc ONBOC

14d 14e

BX 14 J6iES RFT A4k N-Boc Rl {4 [ RLHLEE
Scheme 14 Mechanism of nitration of N-Boc aniline enabled by RFT photocatalyst
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FI7R, NEWIERER 24a WIRES IR0 & T H6RE AR IR
B AL 24b, SRS PO BER AR Ok B H 2 24e, 1% H
B 5 TsCN M2 JE T O fE Bt 24d, FRAERE Tse B
2R HIRIEIL G 24e. f)a, FIEJRZAH RFT 7
B Tsof Ak, [R12IHIUEZS I 46 5T R HEAL G 2R
BE o, iZR AR RET 766 R RIREA

T TR R AL B 3 25¢, FR9% TsCN RS 53k
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ORISR M5 )% 25d FIERIEEME 25h, SR )5 25¢ 43
S 5 IX PR PRI C=C INRR, B85 0 E
f3E 25g B 25 048 T i) C—C #7747 25f (Scheme 25).
ZRMHIE H R 25g (0.5 V)AT LAY RETHe R AE T/l T
e, N EBEAE TR, SRR 25k, JEEm
TEACFIFEIR. 2R, 25¢ 5 25h KA H BN N
5i, [FIRERERIERE 3 3t 25, ¢ R H bR
25j.
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Scheme 24 Mechanism of decarboxylative cyanation of aliphatic carboxylic acids catalyzed by RFT under photo irradiation
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N
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R1 R2 N
- 3
RZJ\H/O R S
RFT RFTH.  R?
HAT O
25a 25i
PhSO,H PhSO,
25k 259

B 25 OLIFES RET MR TR R I P 20 s
Scheme 25 Photocatalytic decarboxylative allylation of aliphatic carboxylic acids enabled by RFT

FE— SO ARG T 2R AIBE Y, R A I P o BT P 2
1% 05 & M BE tH Ae 51 IR M0A BORTN. ZIE Kk, TR
I 2 52051 FH 3 3R B R TR R (FMIN) ) = 3R BE A% RN 277 H 4R
PR (Fmoc) SR FIME, 18— RYIRAFUEL T RS T
F1 Fmoc {RIF R IEBRIE /KA R AEAEIL A RS, FE DA
I T YA E IR AR LK a-C AL OB, R
PRI s B, EE IR T AN ) BAHLEE (Scheme 26):
FMN 7E 8GR N AR s O ES, FAT &R IR R
RS HAS, A Fmoc-ZUEIR 26a [MRIEI & T8
TN, ZEMRA R H B 26¢, 2% H )R 4k 2L
AR AE BRI PR EE 26d AN 26e. FMN MY
AR —ANETF RO B BRI R, FRR T AR
FIWIUAZS, RN XK. R %R AR R
PR, BEANEE =Y BREEUR, HREGEB S TIER
R A EAGIR L T — Bl i g

— RPN YRR AL G, B LAY SRR
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RIFEPUEAAER, M A=A 8 AR A B
AT L. SR A T A AR B o SR ) T B
W T — R BEU GV R ESHR D TRE KR
N, RIS R - TR R R AR T L
P BRI T S N R AR,

TEANE R, By L5 S ] DLSRAF R 2R
WA, NHELERIR =R 22 256 Rt T S 2 ik
$14, 2020 4, Narayan /NI R BAZEF R(FMN) AN
FefAb T, CLpH=8 [ Tris LB NIA R, fEW 5 LED
JTHESS T, DA 2 R Sl 7 BRIy 4k R
R 1 [ . (Scheme 27). BARIZAR R T A1+
HEAR, (HEFRIFLIOIHM R EIE A, A
B RA SRR Hbrr=9). BT ROBE K. HHERIR
B BLER SRR R SR SRR, 1R R T AR N I RO AL
L M TESSHRME R T AL 27a, RJE 0 FMIN*
AL, AR E B 270 BEAAEE, &
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R
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Scheme 26 FMN-catalyzed decarboxylative oxidation of fluorenyl-modified amino acids under blue light

FMN (0.4 mol%), Tris (pH 8.0, 50 mmoliL)

Me

N Me
R-3- _
OH
selected examples
OH O

27¥, 45% 279, 85%
N Me
R
o
27a SET
FMN*
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FMN
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OH O

(6] /j
Me Me Me
N
X X
Me 0 CH N o Me o

OH O O
Me | Me
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27h, 62% 27i,61% 27j, 0%

27e 27f

B 27 HLiET FMN LI AL £ IT ML U8

Scheme 27 FMN-catalyzed oxidative dearomatization of orcinaldehyde under blue light irradiation

JSAH LB A B SRR 27d, 2R R L SRS Y
FMNe 8 7550k, SERUIEALIROE A, T A S5
A AT T 27e, FRIEIT O—O BRI 2R 2248 1™ 1) 278,
T NaN; RAETEEFKIZN, B HARE SR
RASANZSS.

UEAL, FESRBIA S, RT3 R IS TR [ A
By A LTS G th g — e AR QIR IE S, e rp i AR
B e B B TR RS AL

4 BWMEEEANERTENK

W — KA EE AN SN, | AT
A EE A B E VR 1. M AT LA SRR R
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ik 2% AR A I 1) ST B A — s A S € ) SRR 960, 2012 4F
12016 4F, Cibulka B EHEIT T LAREAE i 7 1
A OB Tk 7 A AL ] % IE AR (Scheme 28), 45
RRIIZ N F EJE PR ENIIE. Tk 74
LA B, FUVEE WBIAN, 7EIER R AE
NVAFIN, = EIMRAK FL A LU SRR R A B 1
¥, IRIGHI BB RS 5 HH2EPH 257 28b; 10 FLe JU AT B
ARETAE, (FRE~ A A mENE T, A5, 28b
A AmERE TS, BB ALY 28d, 1
AT S 55— FRIBRERES &, RIS O—O # b 3d A%
221 AR, 28e.

2020 “F4], Schmidt Wf 75 /NHBSIF|FH RFT JRtfifh
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Scheme 28 Oxidation of sulfide enabled by flavin photocatalysts via single electron transfer

A, DM R B R e e AR, AL T — R
T AR i e A 9 2R R () e &2 R AR A DT V25, 2 AR
RIKVTEHER, B T — R N-J7 8 FE D7 AR 1)
JEY)(Scheme 29).

P SEIe R, IR AT DU E I OB, R AH R
BURAH) RET 257 N, 1H)EYE LA EE T
B, ZRNAGEREAT, U N—H Wi 0 bk 4
AN RET, K S LG IE M E G DI BB A, SOW
WABEREAT, MIHER: T/ miEg 2k 0—O0
B AR R, DR, AR PR T AT R S B AL
AL NZ 292 530K A RFT KA LT 488, A2 iohf
B B BB S 1 29b LAM& RETe; [RINF, BT RFTe
IBEAE AT LUK 29b JB5E AR R H B % 29¢, 2 5K
IR TN E HEEIN AR B AA 29e, PRI BRR

S

RFT ( 5 mol%), K;S,03 (3 equiv.)

Eh AL B F AR A TR EIE AL 5 4) 29F; RFTe 5T 144 f 22
J% RFTHe, f53id 6L 8L i BRI & 7 5 Rk
SR TR R BWIMEZS RFT, THAHT MG,
[Fl—4F, Imada PRAEOMRIE /E 2 TAFAE T, RFT fig
MR TRE S 1,3- Bl S N A B 4 % (Scheme
30). IMABUR NS, R KB RLEH. i
PSR BN, P T m, R S ok
BEE . R 13- 1,3-79 —RE s AN AR
SRR, RN R A, UL AR E I AR R . R
BAZI AR R TR N HET, SRR SRR ]
SERBATIRAD, A Z vt A AR ) 38 IV R R
13- ZEH S RET (5OCE K seis st 1T — 3 2 (M A7 4E
TR IIESE. 35h, AR RFTe RA 598 VAL,
ESRAERRIE 26T T A5 7L 5 i) RETHe AR E PEE 55,

@

R = Aryl, Alkyl, Vinyl

29b

S S
Ph)LN,Ph Ph)LH,Ph
29a 29b
SET

RFT RFT "~
hy PT
RFT RFTH-
HAT
HSO, + S0, S,0g%

MeCN (4 mL), blue LED (3 W), N,

Ces

22 examples, 36% ~ 97% yields

40

20f
HSO4 + SO4 HSO,

2 j( or SO,

S,0g

SOEENSE
— Ph—\
Ph)\\N N
29c 29%e

Bz 29 RFT SGAEACTRARTE L AL & 1 2- IR g e
Scheme 29 Synthesis of 2-substituted benzothiazoles via the cyclization of thiobenzanilides enabled by RFT photocatalysis
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RFT (5 mol%), 465 nm (0.3 W)

RCHO + Hs™ >"sH
2 equiv.

S/j 30d, R=H, 84%
30e, R = Me, 82%
S 30f, R = Cl, 86%
30g, R=Br, 73%
R 30h, R = -CH,0CH,-, 74%

>-< >—< 30d
Lewis acid catalysis

RFT "™

MeCN, air, r.t., 0.5 h

30i, 59%

No light )S\/j
r.t.

PhCHO

Pz

RFTH:
(PKa = 8)

EI=X 30 SBIKRE) RFT 1EK Lewis FRAEALIE & i 4

Scheme 30 Thioacetalization of aldehyde using RFT as a Lewis acid catalyst under photo irradiation

I Ak & P 3EA R B DU KA i, 3R] RFTe
WA JEVERRAR T AR, RBFEZEE 10 min 15 S8, f#
1= R = Z ) sl fi iz = B g A DL A R,
TEFINAIZAR R T RFT ARG 30a 7550 KA 4%
%, A sy B B ES T 30b A RFTe, 2R/ AT
HINRTHZREE, A E B2 30c A1 RETHe. AN
[T DM S 2O L, X RFTHeHH T pK.=38, &1F
N—Fh Lewis MR RUEALTE 5 —BREY I M A B 46 15
30d. 15376 S0 A VEGH A R HR A A7 A2 L e 1

B AR NIRRT e rh AR B R
MR EATE LN AT IFRBNAY). TR
FERRIR I E A A 2 ok 5 s TR RS AT N, BRAR

Me

I~
HoN

AT PA R R R TR e R AL A SRR SR TS
PEERIE, BIUNFRERR, BT e s R 55155
WAtk AR — A BRI BRARY. 2020 4, Mac-
Millan [ BASFI B 35 5 (LF) A6 HEAL 7 (Scheme 31),
R LIRS, LF MIEA R R A4 = EE, &
Je i AR A R PE B T B 2 31b. %
H) pKa B N —3.5, 7T LURH R TR 22 18 SR A4S 1 3%
# LF (pK.=38.5), MIM3kTT a-%i 2L 3 % 31e, A
J& R AR T DR N — FoR M B B A, 5
Michael 524 31d 8%, MMM EGH C—C &, #5
PR TE R LFHAT AR 75688, A C-RiE bl
=4 311, [RIET FRAE SR, 2R T A M
HeHmER RN, B A s
*+ Me

P
HoN

~ ® ~ 008
® COOH COOH
31a 31b

3LF*
|sc//
1LF* r\ CH2
hV\\ O oo
1LF 310
EWG EWG EWG
EWG EWG 31d
fs o s
HQN\ 2N
..\COOH o0 ~COOH
31f 31e

B 31 SHFOLMM T AR R T R

Scheme 31 Site-selective functionalization of methionine residues enabled by LF photocatalysis
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2 equiv. = RIEBEA 4A S FIRIAELE T, WFIT T EURE)
IR H R AR FE R O BB 4L S B (Scheme 32). 7T AN, &
Vi i RS R OB A R R AR, IF BN SR INE] T R
BB JE =), R, A8 AR NI IR, e N A BE
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() = 28 HE B FH 55 1 1 S 32b T4 Wi 53R 32¢ B I
32d JRPIFEMEBRT T, SRIGAH R 1) = ZR R B 5
G 32e A1 32f, SRJE 3 P R AR IR HL AL,

A BRAF N (0 A 0B BH =5 1 32g A1 32h, SX P o ) A
T I B R 3E BUAE A H A IR A — 2R R B R =45
—J7 T, MeRFTe & —Fhg5fk, thnf LLiLERER P i
T4 MeRFTHe, % [ i3 FloK = 2K B2/
YA —IREM, BN TEREFEASR MeRFT; I
Ah, MeRFTHeIE f8 A& A8 Bk R B, AR RS 7S A58 42k Jit
BHEMEALF. 5E4IB A MeRFT tHAEAAY I 78 & 2E
FOH TR R R, EHIT G — S LG IR,
Tk B B EETE RIR =W 29 BAR 24565 AR A — 2Rl
FORBR I IE YRR, RIS T B, MR 2 1)
FAUNER R IR0 H B2 i 5 — L iaE, SR, X
HEfR 2 — M 7R BN BB (R R 1) S AL, XA
2235 SR MR 52 1 1), 38 2 1k 50 S R W LB O R it
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T MG e £, M A R TSI s AL
[, 558 23 BB 0 T B AR FOE AL g,
T B R LA /K 3EZF, 2020 4F, Bloom URGIZHISIDLT5
% LF AL, L pH=7.8 (R Eh /KA R- R 2
BRI 95/5) MIRAE A, LAZ FA NS v 5 B
), fEAL% 1T Michael ZARALEAE N, fERSRY H A
F 40 W YIRS R N IRTE T — R VI C—C BB
(Scheme 33). 1R FREH MRS, KWW R EIZ
B TR I AR 5 B R, LA K R o 0 sl A
74, Michael 2R BIBE L, Ll LIGIRIRES . R
B A BRI 4. I8 0 0 IR A B R R HEAT bR, R
FIT T R RIS ) 22 o TR () R TS A DS, DUSEA% R
JIHE R, BRI reRieE, RZIMR. I TEMPO
SN RN, FERETF BIAH N B B BRI, 2 A
DO NI, AT LATS BIAH N 1 o- iR 72, R T

PhsP PhyP™
32a 32b
SET .

MeRFT* MeRFT "~ PhsP " 32b

R'COOH or R?0H

32¢ 32d o
+ 2
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MeRFT MeRFT-H.  Or R°O—PPhs 32f f 32j
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Scheme 32 Mechanism of PPhs-mediated and flavin-catalyzed esterification of acid and alcohol
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Scheme 33 LF-catalyzed deborylative-alkylation of boronic acids activated by water
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eI F KRR R T AR AT RE. BT LIRS
5%, EEIRH T AT REM IS HLIE (Scheme 34): %L, /K
MR AL IS &) 34b, SR )5 H] S iR A LF
% — B M—T, BRAE B—C WY i+
O H H%E 34d, 34d #2559 Michael 5214 34e 3K L a-
e 3Lk H 2L 34f, %P AR AT LEHe i B i 4%
. BEAETER. SERTREETER, Bl
AR RAL =) 34g, TGS BITEER.

BT EIRANLE BT EF U, i, AT E S
VR ZH L0, 2y ) R FH 22 PSS RAE A B0 TH B X UK
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6 ZHiLSRE
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Scheme 34 Mechanism for the LF-catalyzed deborylative-alkylation of boronic acids activated by water
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W] e s & 4B AN Lewis BRTHERARTHEE = M %Mk
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