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Advances in Photoenzyme-Catalyzed Asymmetric Radical
Addition Reactions

Jiang, Chenyang* Yin, Yanli**® Jiang, Zhiyong™**
(¢ School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang, Henan 453007)
(* College of Advanced Interdisciplinary Science and Technology, Henan University of Technology, Zhengzhou 450001)

Abstract Photocatalysis can generate highly reactive radical species under mild reaction conditions, thereby participating in
various chemical reactions. However, the precise control of chemical selectivity and enantioselectivity always remains a for-
midable challenge due to the high reactivity of radicals. Enzymatic catalysis, known for its green and highly selective proper-
ties, when combined with photocatalysis to form photoenzymatic catalysis, has been proven effective in controlling the selec-
tivity of radical reactions. Consequently, this area has garnered widespread attention and rapid development. This review
summarizes the recent applications of photoenzymatic catalysis in asymmetric radical addition reactions, dividing them into
intramolecular and intermolecular radical additions based on the reaction type. Each type of reaction is further discussed in
detail according to the generation pathway of radicals, categorized into single-electron reduction pathways and single-electron
oxidation pathways. It is hoped that this review will provide valuable references for researchers and promote further develop-
ment in this field.

Keywords photocatalysis; enzyme catalysis; radical addition; asymmetric catalysis

AT S SR R I 2 B W] P AR R BH RE AR
NIRBNJ1, BATRBGFARA . SN EER . PR ALY
AU, IBHT RO S R B A B B, i
JCAEAL T LA R AR S W 2% AR T AR 1 22 A e i 1 1
HJE  RIAA, AT SEBL P 22 2 A% G R R REZR AR R eI sk
LI ARE A0, RTIT, EF ph 2 o TR A P v S R P R T
2 398 PR RTT R E AE A2 1 F) ER B 4. B AT
WA AR RE, A2 Z AT R Bk #64E, T
RN WA PR PR IR ZOROR B . [R]I, RT RS

* Corresponding authors. E-mail: yinzihust@163.com; jiangzhiyong@htu.edu.cn

STEAL S R O 1 1 7 S AT AN W - AT i
AT, DUSE e OMPA LR 14 75 U SE R A 0 A IR e 336 12k
R IR E R TR R, BRATRA. S
FRIBRNEZ6 AT, HLm 1R A8 PO 1) 23 TR G5 R RE G AR i 3t
Pl S LR BRIE R, BEAL, JERVDAE B AOIE TR L 5
BEAT L, HRE 0 AT O P Ak 2 L Rk, B
FRAVTFIR R RO SRR S5 &, DGR
A, DU P e VSRR TT B H 3 S N e R 1

FETE ZOCEEEAC AN AR B i SO, E ik

Received August 6, 2024; revised September 4, 2024; published online October 18, 2024.
Project supported by the National Natural Science Foundation of China (Nos. 22171072, 21925103).

5 R RL 225 42 (Nos. 22171072, 21925103) % BhI H .

1614 http://sioc-journal.cn/

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

Chin. J. Org. Chem. 2025, 45, 1614~1633



Chinese Journal of Organic Chemistry

REVIEW

B NAEI J UV R R, eIl 1 HAE A L& e i)
i P AT SO, T H AT RV E S, AT
A b BEXIX L R BEAT AT RIS, SRR H S AL B AT
e, FFHB A AR AR i R B B ST T AR

TH, NN RRBENER S, HEZDCRMELR
WS AE AN AR ) E RN B R P Rt — 2D R, SRR i
SN E MR NSRRI S N SR, X e Bl R0 Ak
S SER] BLG3 2R 735~ AL L E R B AN 21 8] R
PIRR. TR, %08 8 d 2k i AR s 3, B — R S 2R
RS 3 — BRI 73 O B LTI JRUE AR M B L T A iR AR
AR SO X X s N ) e R U RE FEREAT R GE A S )
B, RIS MALER . PL3 AR I, O R R R
IR FRE T3 1. X D' I P SR AE ASXE AR B H 2 Tk
SN NP REAT AR, B T i TN G fit

AHHENS S, HEshIZ S P k.

1 S TABBEMK
11 BBFRREERE

2019 4, Hyster i@ HOHRIE T —FDEEE AL a-F
A 5 AR A R K AE T 0 N AR B B3 0

O
Me\N,u\v/Cl GIUER-T36A (0.5 mol%)
( GDH/NADP*/Glucose
n
b\m KPi (100 mmol/L, pH 8.0), 10% glycerol
R Cyan LEDs

1
| FMNhg

EDA Complex

Me~ 17 examples
up to 99% yield
(o . LuP to 99:1 er

Me~

m i
[} \
hv Ve j\ 0 H :
SET| N7 : Me\N N\Xi:j:\ /
-cr ( ” HNe\ /
| o 2

Selected scope

B N (Scheme 1) 4875159, SR H H HZEFIHEE L
H5 I B AN X R BB N B E T X S B PR i), - HL
@%Zﬁ'ﬁ%ﬁﬂﬂﬁi}:ﬁiﬁﬁﬂ'ﬁﬁi P B ER 2 AR AN AR
AW AR IT W HLAR P T IR L, DUAR 1
#Kﬁﬁ%ﬂﬁ@ﬁﬁ?ﬁﬁﬁ%.ﬁnEMm%Tﬁ
FMCHR ) I 538 TR B (flavin-dependent  “ene”-reductases,
EREDs). ALHELAF 713 B, JR AL AR B 3 26 - X6 28 — 1y
(FMNyn) 5 - S AR i A= 1 1) H 7 4R — 52 44 (electron
donor-acceptor complex, EDA)E AU 1ITEHe IS4 R
HEWOR, o-FAAIRE 1 18 )7 WSS 28 R E B2 )ik
3, MESEEKAED NP E BRI, ATk
H AL a4, EERR 51T N 53 5 ER(FMN,)
KSR T2 (Hydrogen atom transfer, HAT). JHidiX
FhERmE, Bl LA B BUA E £ AG. St BInEER
=1 2. Al = HURIE IR, 107 A R AR At
=) (P B e B VR AT JE X Wit B, SR A T LUK
P BB B HAT 25 BRI AR BV, % TARE
BT 0] DL T DA i 11 48 F TR A R A B AL 1 2B B
G, NIRRT IR A SR At 1 7 i i
WA 2R “H” 10 )E B (EREDs) & —2H T 5280

0]

R FMNpq
EDA Complex

0 o ) 0 0
Me Me
Me—N Me~y Me~y N N Ph
Me Ph
Et
PH
2a PN 2d

75% yield
>99:1 er, 92:8 dr

99% vyield
76:24 er

51% yield
93:7 er

FIavm redox pairs

44% yield
86:14 er

87% vyield
90:10 er

(0]
N
JI j@( HN)%[ KI : NJI/ 1
+e, +H* +e7, +H* N/ [?j

FMNhq

FMN

B 1 GO R SIS A BV 1 ) H IR

Scheme 1 Photoexcitation of flavoenzymes promotes a stereoselective radical cyclization
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Scheme 11 Enantioselective radical conjugate addition enabled by photoinduced enzymatic catalysis
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Scheme 12  Ene-reductase-catalyzed enantioselective electrophilic C(sp®)—C(sp®) cross-coupling reaction
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Scheme 13 Enzyme-promoted photoredox catalysis of asymmetric C—H alkylation of nitroalkanes
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Scheme 14 Remote stereocontrol with azaarenes via enzymatic hydrogen atom transfer
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Scheme 15 Asymmetric hydroalkylation of diazo compounds and alkenes via photoenzymatic radical catalysis
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Scheme 16 Photoenzymatic asymmetric hydrosulfonylation of alkenes
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Scheme 17 Photoenzymatic asymmetric carbohydroxylation of alkenes
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Scheme 18 Photoenzymatic nitrogen-centered radical-mediated intermolecular asymmetric hydroamination reaction
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Scheme 19 Stereoselective synthesis of amino acids through combined photoredox and pyridoxal radical biocatalysis
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Scheme 20 Stereoselective amino acid synthesis by photobiocatalytic oxidative coupling
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Scheme 21 Synergistic photoenzymatic catalysis enables synthesis of a-tertiary amino acids using threonine aldolases
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Scheme 22 Threonine aldolase catalyzed enantioselective a-
alkylation of amino acids via unconventional photoinduced radi-
cal initiation
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Scheme 23 Asymmetric synthesis of a-chloroamides via photoenzymatic hydroalkylation of olefins
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Scheme 24 Modular access to chiral amines via imine reductase-based photoenzymatic catalysis
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Scheme 25 Asymmetric photoenzymatic incorporation of fluorinated motifs into olefins
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Scheme 26 Direct visible-light-excited flavoproteins for redox-neutral asymmetric radical hydroarylation
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Scheme 27 Enantioselective decarboxylative alkylation using synergistic photoenzymatic catalysis
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Scheme 28 Asymmetric hydrosulfonylation of aryl sulfonates and a-methylstyrene catalyzed by photoenzymes
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