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Recent advances in photo-induced promiscuous enzymatic reactions
XIA Kongchen, XU Weihua, WU Qi
( Department of Chemistry, Zhejiang University, Hangzhou 310058, Zhejiang, China)

Abstract: Photocatalysis has the advantages of mild reaction conditions, renewability, and strong reactivity, but the
poor selectivity limits its further application in asymmetric synthesis. Enzymatic catalysis shows unique advantages of
high selectivity and specificity, but it leads to some defects such as limited reaction types and relatively narrow
substrate scope. Photoenzymatic catalysis combines the advantages of high reactivity of photocatalysis with high
selectivity of enzymatic catalysis, providing a novel synthesis model, that is more in line with the requirements of
modern green organic synthesis. The term “photoenzyme reactions” narrowly refers to the synergistic catalysis
involving photoenzymes, which can be classified into the following four categories: natural photoenzymactic reactions,
artificial photoenzymatic reactions, photo-biocatalysis cascade reactions, and photo-induced promiscuous enzymatic
reactions. However, natural photoenzymes are rarely found in nature, the stringent substrate scope further hinders their
application. Artificial photoenzymes integrate photosensitizers into the scaffold of natural enzymes, which have been
well summarized in previous reviews. Photo-biocatalysis cascade reactions by combining photochemical steps and
enzymatic steps can realize some complex organic synthesis processes. Since the first report on NAD(P)H-dependent
KREDs-catalyzed enantioselective radical dehalogenation of lactones, photosensitive cofactor-dependent unnatural
photoenzymatic catalysis demonstrated its great potential in the field of organic synthesis, and continues to thrive to
date, which has addressed many problems difficult to be achieved in traditional organic synthesis. Since 2023, research
into the promiscuity of photoenzyme catalysis has witnessed continuous breakthroughs, reporting diverse novel types
of photoenzyme catalytic reactions and mechanisms. The precise control over stercoselectivity and even
regioselectivity directly addresses the longstanding challenges in the field of organic synthesis. While there have been
many publications summarizing the related research, yet rarely focused on this rapidly evolving field. In this review, we
summarize the recent and representative reports of photo-induced promiscuous enzymatic reactions, and classify them
according to asymmetric dehalogenation, hydrogenation, intramolecular cyclization, intermolecular C—C/C—N/C—S
cross-coupling reactions through free radical pathways, efc. These reactions exhibit different mechanisms due to
different enzymes and substrates. For example, in the process of redox initiation, there are two types: single-electron

reduction initiation and single-electron oxidation initiation. In the radical termination process, single-electron reduction
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termination and single-electron oxidation termination may be used. The diversity of mechanisms also makes it possible

to develop more photoenzyme-catalyzed promiscuous reactions. In the future, new photoenzymatic methods will be

promoted by rapidly developing technologies such as genetic engineering, synthetic biology, enzyme engineering, flow

chemistry, and artificial intelligence, and more efficient and highly selective new-to-nature reactions will emerge,

significantly expanding the application range of photoenzyme catalysis in the field of green asymmetric synthesis.

Keywords: photoenzymatic catalysis; non-natural reactions; asymmetric synthesis; synthesis biology; promiscuous

reactions
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Fig. 1 Photo-induced enantioselective radical dehalogenation catalyzed by KREDs"™
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Fig. 4 Photo-induced enzymatic enantioselective ketone reduction
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Fig.5 Photo-induced enzymatic enantioselective radical hydroalkylation of alkenes
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Fig. 6 Photo-induced enzymatic intramolecular cyclization
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T F B TR BRI 22 1, Bl S R T B

I FIAE) C—C R XAE A, i HAE A L& B

R 7

14.1 ¥ g b AR S AR S
2020 47, RXERHEIN" 0 TORBMAT

ERED AL o- pa A FK 3 A1 B 4 R A S s e 22 1) 52
M HoE g [ 7 1. 1F# il AN [H #) ERED

L 50 d, hidiEEEELn R X E
SRR R A T AN D TG T, ik

(0]

? R ERED
R k( Br/Cl  + %\ 5 1 JH/\( R4
18 R3 Tris buffer (pH = 7.6) R , T
NADP", GDH, glucose, glycerol R® R
18 examples
N, Blue LEDs, rt up to 99% yield

up to 99% ee

(a) Y615 T EREDRE AL A SeHE AL i )
(a) Photo-induced hydrogen alkylation of olefins catalyzed by EREDs*]

?K(B R4 MorB (1.0%, by mole) o
! roor OH
R 2 %\1@ Tris buffer (pH = 8.0) R! s s
NADP+, GDH, glucose 30 R |
examples
Nz, Cyan LEDs, rt up to 96% yield

up to 92% ee

........
. .
3 .

............
..........

b
5-endo-trig cy.
\cnamiodctcrmining step

N
MeH 0 Ph
PhM(Ph Me==—0
o) . ~]/\/\8~Ph
Int-1 Int-1
H,0 H,O0
enantiodetermining step oxidation
0] i 0
RIJH/\-,/OH : RIJH/\/OH
R2 R3R* H R? R3R4

(b6 FMorBREAL e A Ak kel
(b) Photo-induced hydrogen alkylation of olefins catalyzed by MorB!“¢!
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OYEI (0.5%~2.0%, by mole)

Ar
Me Acetate buffer (pH = 5.5) Me
NADP+, GDH, glucose 34 examples

455 nm LEDs, 25 °C,12 h

up to 96% yield
up to >99% ee

(c) Y65 FFOYE LAk S B Al S R4
(c) Photo-induced hydrogen alkylation of olefins catalyzed by OYE11"

(0]

(0] Ar
&N n )\ EREDs Rllk/\‘/Ar
R! 2 R2 Tris buffer (pH = 8.0) R2
NADP*, GDH, glucose 20 1
examples
N,, Blue LEDs, 12 h up to 95% yield
upto99 - leur.

(d) 6% FERED AL Ul L A0 S i
(d) Photo-induced hydrogen alkylation of olefins catalyzed by EREDs!*!

B7 il RO HLT B I R AN R R b R A S

Fig. 7 Photo-induced enzymatic enantioselective radical hydrogen alkylation of olefins by electron-deficient radicals

BRI & T AR T y- TR B A e
OYEL & & b 75 B 28 s ok B A0 IREE /K AR B4
(Yersinia bercovieri) ] YersER I& A f#E 14 Bk % 25
Yy, kB RBBEME (Pseudomonas putida) ]
XenA & G HEALEERIRY) . 2RI m AL, mHE R
AR T — RIS H @Ry AR ORI B
Fei &Y, i — 28 K T A A AEA X R G B
J7 T RLFYE . ALERSZES R B 7E ERED K& P
ZEd, NADPHIE & FMN, % FMNH™, FMNH Al
YY1 EDA E-5Y), 326U J5 IRYI1E FMNH
() SET 1 F T A4 B o- B & H B AR [A] 44, FMINH-
AN FMNH', B 5 o-Bi R B bR B A 5 K i
I J AR 0 AR R B B EH R TR AR, B S AR
FMNH /3 HAT 1 A ily-F I &,
[l i FMNH 8 & 16 8 FMN, 58 135 % 048 1k
TEH

2023 4, Hyster FIBA 9 $2H, i FOLEGHE AL
FIAE R SR R N AKR 2, |10 B H 2 o (A A AN 45
HAT %8 2K, T2 K 3k J5 &k AR Fe 4k, AT B
PG TR RAEY (B 7(b) ], 8B ) ik
Lmith, Z30/E#E R H MorB FEAR PR =1 28 A B
TEZMFERENY) . VIEESEIGR: BT
T FMN,, 5 o- AR5 F R L CT E-5Y)
WK T IRAITE FMN,, 19 SET 7E A Bt 5 26 A 7 Bk
HC IR RS R 4R, FMNH %469 FMNH . Bk
O IR B R 2 A 3 T S0 0 R A N AR R
M E s R e R, 1% 8 S ORI Ok AR Tt

NI G T i o- 50 E B S, BE S 1% R FMIN
AL G AR R B T K R T 1 U R )
[ B 56 B B 2R AL BE

2024 4F, R HI A 7 7E Z T OYEL Hr 5k
LT G 0 S 2% 07 IR R A (1 1T A2 y A T 1 4R
[E7¢c)]. PLEESREGR B FMN, 5 EARHELE T Bl
FCT R AWK, 4l SET e 5] KRRt
WE M B, AR B E R R A, B S a-
FH 2R 200 R A 0 B AR T 1 e R oG B ER R R
4, #5400 FMN A S HAT/EFH F ss
BT 2R y-FE O ER IR RNEY), R T
A LB B A3 R ST T P ) 2 O BR O AR T
FRC 32 A AL Y, 2023 A5, Hyster [F] 5L P 1
RIE TN o- SR IE SR A G Bz F8 y-TF-PE b U %
75 A B ATV

2022 4F, REFNE SCE I B R =AM A
YIVE N B R TR, ZEBE 2 e S B T 5 R g
IR A BV B A B BB SRR sk [’ 7
(1. fEHEWKHAEF OYEL F1 OPRI FI/ER T,
HRE T 2R y- TR S
142 &8 8 oA RAiaFe b 69 A s R

B 7 A G E RS REE N B B
EER TR A, BRI A AR R B R A,
il 4n 5 DL ) N- CR 40 38O 40 R — HBE T iE (V-
hydroxyphthalimide, NHPD) Pt & & B [ 1 &
AR 2 —, AT DO 6 5 5 R AR R B e 2
2022 4, BAHE RORT R A5 A BN B I R T ORI
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KRED f# {4, % J& -NHPI 5 i) N—O B W ¢, Bt 5 |
KRR A R B B2 IR S i T R R A
%, AT 2T a-BERE Y (K8 ],
20234, ZRENHH. SVA PRI HERE T BA B 4R
TGRS B A B AL A X RR A T, 2- 2 ik
B 87 [ 8(b) 1. Hf# Ak 7l Eosin Y 32 M i
KA Eosin Y', FF 5 &Y N-ZKH:H & 8 & 42 SET

A Eosin Y™, SULFEIR, JRYIMER G A bR E
HH 2 rp TR A, 1% B R R (A AR S I kAR S AR
FCHT I O-Hf 0 B B B (A4, FF7E Eosin Y[ SET
VER N AR e 3L % . RasADH {E % A ¥ NADP'
(AR F I G M R A0 R ) 8 P i T A il 2 i il A
NADPH, NADPH if J& Eosin Y 4 i Eosin Y~ #ll
NADPH", Eosin Y52 %0 & 4 SET A= i Bk 5 H

o N EWG  KRED (0.75%~2.0%) Rl\(EWG
RIKONPhth /\RZ Tris buffer (pH = 7.6) R2
NADP*, GDH, glucoose 25 examples
N,, Blue LEDs, 32 °C up to 78% yield
upto 96 - 4eur.

(a))'6175 FKREDE AL ARG R 0 A S5 87152
(a) Photo-induced addition reaction to unsaturated bonds catalyzed by KRED

RasADH
0 Eosin Y (0.1%, by mole)
Ar'HN__COH J AN AT
Ar? KPi buffer (pH = 7.5) OH
N,, rt, Blue LEDs, 16 h 18 examples
up to 92% yield

0 PhHN.__CO,H
\ eosin Y*
-CO
%
% PhHN\g
eosin Y SET
HPh
Ph N
+H*

PhHN/\‘/Ph + PhHN/\/Ph
OH

(S)- products (R)-products

visible light
Cycle

eosin Y

up to >99% ee

eosin Y

Ph %S . NADPH'*
NHPh?

Hatom nApp*

LHAT Cycle

'."'Ph 0] (S)-products
: T : (R)-products

NHPh ¢
RasADH
NADPH NADP'

(S)-products

(b) Y15 T Ras ADHAEAL AN AR FR 0 Al J 371521

(b) Photo-induced addition reaction to unsaturated bonds catalyzed by RasADH!

EREDs (1.0%)

Z ‘ Ru(bpy),Cl, -6H,0 (1.0%)
ATHN__CO,H + \N ArHN
Tris buffer (pH = 7.6)
R GDH-105, NADP*, glucose 40 examples
Blue LEDs, 1t, 14 h up t0 92% yield
upto99 : leur.

(c) Y65 FFEREDHE AL ARG (10 A S5 Rz 54
(c) Photo-induced addition reaction to unsaturated bonds catalyzed by EDEDs4

B8 i ML R T I ph S A PR B B AN O A B S I8

Fig. 8 Photo-induced enzymatic enantioselective addition of electron-rich radicals to unsaturated bonds
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FH 3 (8] 44 Fl Bosin Y, 33F 177 8 ik NADPH /v 5 11
HAT i %2 25 183 e (1) 2 25 B A NADP', AT S 31
T A RN ALY R B R X R R 3D S 3
J1EYRGr, AR EiEEvE G R T ST
1, 2- 5 B A -

2024 4F, Hyster B\ B 38 T 5 — 6 R F Ok
HE 51 R0 g s 0 i A 0 o 36 1 O P o 2 A0 11
B LE8(e) ]o ZAEH WG H 3 (OYE3) 5
Ru(bpy) eSS &, A0 SR R 2 2E i B
28 T (Al A, 5 1) 20 Rt e kA B R S
B, BEJEAEFMN, NS HATEH FARK T £
Tl b mE B Ak &9

Ik KSR F % (non-canonical amino acid,
ncAA) S ZFE. N, FET SRR
Y. W R UYL IS S SR (pyridoxal

L/D-PfPLP* (1%, by mole)

5'-phosphate, PLP) {K#i Al = 2. e V&
PR PR B 7, B R TR ncAA LS

HhOGT SR R R R R A B s AR A SR B R
20234, A S BN Y T — R A )
L5 16 W [ A4 A 77 AR 0k e i R R R T, SRR
TZFEFROncAA K =GR (F9. HLESLL
K JMEAFZ P B (Rhodamine B, RhB)
TR AL RABY, 5 e 3k = iU R ER R ) K
A B H A A AR R RO B R A 4R R RhBT .
b FEE, ML SRR (PLP) Ao 2 i 1h 22
IR H AR B-F2 e -a-E AR CE R A
IR TR, JF 58O 1) 3 SR b A A g5 A R
FL PR AR M TR B PR R R A4 . Bl S 220 RhB Y
S ET/PT 851 7 #& T ¥ #  (proton-coupled
electron transfer, PCET) 1L #24 i F % ncAA, [A]

] RhB (10%, by mole) Q
Ty + R!

R" "BF;K S OH

NH, KPi buffer (pH = 6.0) NH,

440 nm LEDs, 50 °C, 12 h
36 examples

up to 89% yield
upto 99 : leur.

B9 Ot S PLP AR B i E AL R -tk e i 5 Efﬂﬁbj [ R AL
Fig. 9 Photo-induced synergistic photoredox-pyridoxal radical biocatalysis catalyzed by PLP-dependent enzyme™"
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I 58 i RhB HI AL TG IE
1.4.3 C(sp’)—C(sp’) RAE R

w AL AR S B C (sp?) —C (sp?) 38 X3 L HE &
(XEC) A WA K IIAZE R — KBk ™, ik
R, G AR R AR N ) XECH it T
H R 5 k.

2022 4, Hyster 1 BA " F) H ok U5 T 46 AT 15
(Caulobacter segnis) 1)L 51 CSER SLHL 1 a- 5
FRFRIE Ak A )RR 358 Jot A 2 T) 1) o 4 2 3 B PR R
STAAEFEME XEC [ 10Ca)]. HLEISZIG M.
i Ak B0 BT 3R 13 1) o- Tk B PR 35 S5 0 Y R R T A
BRE BT, Bl S 2 D7 AN AT R A 2 AR
BEdE i AR, B FMN A 516 HAT i
FEHEK, AT 2R SHITLH B-BERAL &4 . SR
TE S [F) B 1R 23 s v, b SRR 3R A A 1 1T 6
2023 4F, Hyster ] P\ ' 75 ) FH A5 T W8 #iu kb 2F g

M # (Geobacillus kaustophilus) 113 ¥ GkKOYE
A R I, SR A B E R 2 AR b R A S IR
B RN R 2 KA SETIE /8, m&ERZ
T B-fEEEB Iz &) [ 10(b) 1.
144 ahi-adERT B L

R ER TR i & (thiamine diphosphate, ThDP)
TS ) K FH S 4 i (benzaldehyde lyase, BAL)
AT AR B 5 22 18 22 B B R 3 e 8 B0, 52
WWEK, Bt TAEERRE T ZMERKTRE (N-
heterocyclic carbenes, NHC) &4, iz H
T H BN A, 20244, TR, REBESHK
T AT R B R U T 2GRS MR (Pseudomonas
Sluorescens) )2 WL IG PBAL JF K T — Mt
AL 7] 5 I B[R] 46 A BB 7925, SEEIL T B
FSbr A E AN E B HEEEE, R
G 2P FEERELEY (B 1D . PLESREE

.........................

o n R3
RILK/C1 RZJ\

GIuER/CSER (1.0%)  + o R
NADP', GDH, D-Gl
, , D-Glu RIMRZ
NO,  Tricine buffer (pH = 9.0) 30 examples
N,, Cyan LEDs, 1t, 24 h up to 98% yield
H upto 99 : leur.

.........................

(a) 675 3 GIuER/CSERMEAL KT BIE BEPEC (sp*) — C(sp*) 28 X1 HLEH IS
(a) Photo-induced enantioselective C(sp*)—C(sp*) XECs catalyzed by G/uER/CsER

0O R}
GKOYE (0.5%~0.75%)
3
R RIMRZ

0
+
RIS RN o,

Tricine buffer (pH = 9.0)

30 examples

N,, Cyan LEDs, t, 24 h up to 98% vield
upto 96 - 4eur.
0 Me
Me. A _a + It
N Ph”NO,
Me
-Cll SET H+1l'H+
Stercoselective
2R1
M 0 R! C—C bond formation O RIR 0
e R Mo oy 0
| R= "NO, | L
Me Me o
(a) ‘NO2/ \
@ o Me 0 R 0 Me
SET : g
Me\N o SET Me\NMR,E Me\N)K/'iI(’)h
Me Me : Me :

...............

(b) Y61 GROY EEAL A WL PEC (sp*) — C(sp*) 32 XK HUABIS
(b) Photo-induced C(sp*) —C(sp’) XECs catalyzed by GKOYE!*

B10 Joif SRR mUE R C(sp®) — Csp’) 38 X35 HL AR B
Fig. 10 Photo-induced enzymatic enantioselective C(sp’)— C(sp’) XECs
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ThDP-dependent PBAL (2%, by mole)
Eosin Y (3%, by mole)

0 (0]
2
rily * RHAONPhth
R3

MOPS buffer (pH =7.5)
ThDP (3%, by mole)
N,, 530~540 nm LEDs, rt, 16 h

(0]
R
R3
35 examples

up to 95% yield
up to 97% ee

— ! N O G
SR
/E i Y*"’ RS S R/

osin ‘s Breslow intermediate

EosinY
photoredox

cycle SET

EosinY ™~

(6]
2
R WAONPhth
R3

iMe o %
. IN\ g o -
LreS RS

R%g R3 '
\¥ i
-RAT R2
radical-radical R]l\.
! R

R

crossing-coupling

B il PBAL AXIFR A k- H e A AR I b [ AL

Fig. 11 Photo-induced synergistic enantioselective radical-radical coupling catalyzed by p/BAL™

B, Eosin Y % UK A K Eosin Y', 7E P/BAL ]
T A i R R W) 8 AT ThDP HZ 5% 1) Breslow 7 7] 44
AR B SR A AR AR S IR Bk 26 Bl 2 A Bosin
Y™, Eosin Y] PLI% J5 7R S -NHPI B8 i ) A= Rl 2
I F R A, SRS E bk
(R4 A k- 2R A R G, AR R 2 P AR
TR &9, RN 58 % Eosin Y HIEALIE A o

1.5 C—NiEmRRM

NAFORHBEER—RZ IR, SRR
G A, RS & MR C L H B EAHEL, N
HOL ) R AR 2E B 00 5L, AT IR G T v SR
C—N BRI A LA A — A B RBRAR 7

2023 4F, Hyster H B\ 7 ¥ T —Fh e fi 4057
5P R AL 5= 2 N RO 5 R VA, SR
TN B R B R S A s R [ 12
(@) 1o RHEMBEZFMATE (Bacillus subtilis) 1]
YqiM AT Rubpy) ,CL W A, AT LUK 2
FEPR AL 0t B R 8L S ¥ B ) ST . HLER
SEES R PR Ru' V5 g E VA i R AR IR A 4
G R g B & 4 SET, A N H i 3 vp [A) 44,
1% H 35 008 I Rl A B R O R (A A, Bl
J& 8 FMN,, A5 1 HAT 18 FH A BT P ki

PILL K FMN,,, FMN_ & BB S B Ru " A2 e Ru
FIFMN,,, TEROGHEA S TR FIHEAE .

20234, BAER. ToRASFIfP AL 7 K
T AR A 7 A2 NHR ] EH 2 ) SR S T
Tl A R EEE AR [E 120 ] fE& 3t
T —FhE A N—O 8B 2 HE P = 5 RGBS N
Wl E OB R RT AR, 7R SRR T R B
(Pseudomonas putida) )4 18 i 1§ XenB 75 5 1,
JEIUR FMNH 5 K 2 (8] &K 42 SET, JRAIN—O
W LA N A0y B R R R S5 FMNHY, NH G
HEh 2 (R4 3 T 5 R I s i A & 0 R A B R
s, d5 % AE FMNH " 5 HAT 1 H T 42 i T 1%
=

1.6 C—S#ZARMN

20234, {REMIBN T HRIE T — 61 B BEAFH
SEAREFEERIEAL e R EAL BT T (B 13 ]. £
BOCISNT, WdE T BRI OYEL 22
AR BE AR AL B 5 SO BE o A e S 0 B e R R4,
5K i i fe R A AR B B RN, AR ORI B
Ferpr ()4 . B S 7E BRI R R (Y196)
13 K HAT A T = 20 il — & 51 R A R 1) B-F
VEREIE AL S BRI AR Oy T PR I AL S Y
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YqiM (1.0%)
Ru(bpy),Cl, (1.0%)
KPi buffer (pH = 8.0)

NADP*, GDH, glucose
blue LEDs, 25 °C, 36 h

Me

N_O
RIJ/\/\/r

27 examples

up to 92% yield
upto97 - 3eur.
Glucose Lactone
GDH
‘ Me Ru( 1) NADH q(‘(\)ut}{cn_)r NAD'
N._ O % regeneration
Ph Substrate
R exchange

o Me
FMN,
HA'I'/
e e .
o
Ph .
o N R vy .
YNON : ’
HNW//T Me : 0
4 N . K Me\gI *
M K .
: H R :
+ 0O L H
H \\/"N N
3 HN)///Z/_ /Q/Me
. N M
CURMN,

(2) HFFY GMUEL AR FRC — N
(a) Photo-induced enantioselective C—N bond formation catalyzed by YqjM"™!

XenB

RI, -COLCH,
Imidazole buffer (pH = 6.5)

| R2

O +
o,
CN

(b) J6iF5 T XenBAEALAKIFRC — NEE T AR
(b) Photo-induced enantioselective C—N bond formation catalyzed by XenB!"?

B12 S FEHE AR TR C—NE#IE A
Fig. 12 Photo-induced enzymatic formation of C—N bond

FRSEHT M, R PR TR RK

REN,COZCH3
-
Ar
21 examples
up to 96% yield
up to 97% ee

NADP*, GDH, glucose, glycerol
N,, Blue LEDs, 20 °C

(32% BI7= %, 95 5 er) [E13(b)]. HLFESE

S B S

Stof Al 3 B M T O R At R 5 B T DL R H T AR
NEE NS . 2024 4E, MRIE. T EA
520 U 1 BA U F) H GIuER 28 48 ¥k W100F/W342F ,
R v R AT T e v R LI A A 1 () - B- ik
b &Y, R EE OYEL™ & 5k (R) - B- i i

BN SZOGIUR M FMN, (R 3E R R #h 1) Bp i 4
= AR F B A FMIN, . Bl S, B3 (R T e
HEMES a-FERLIEIME, ER T — AP
PEBK B L (a4 . FMIN B 7K 5 FA0 T8 R P 1
FMNH' . )5, A3 PEax B 2 b e R 42 b g
R SFHER THBERERE K. SEGNRET
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Q9 o Me 0 *
b G :: :: 11 / Ar
R Tris buffer (pH = 7.4) (¢}

NADP*, GDH, glucose 14 exampls:s
N,, Blue LEDs, 12 h up to 92% yield
upto 99 : ler.

(a) 6B FOYE VAL AT FRC — S A
(a) Photo-induced enantioselective C—S bond forming catalyzed by OYE1"*!

Me
GluER\NlOOF/VV:MZF Q}AI‘
Ssona " P ar RO§
® %)

THEF/Tris buffer (1/10)
N,, Blue LEDs, 24 h 43 examples
up to 93% yield
upto99 - ler.

Q S0
e e
. : |
R g % : NN~
N-¢ : : NH
\g\“NH .: <_/ '-' N 0
N O

K Anionic FMNj, :
Neutral FMN, :

(b) S-S GIUERV IOV I FRC — SEE AR 74

(b) Photo-induced enantioselective C—S bond forming catalyzed by GIuERY!00F/W342F [74]

B3 OLifE R AN FR C—S ST AR

Fig. 13 Photo-induced enzymatic enantioselective C—S bond forming

I R B B SEAR EE X A S AL AN O T
PRV K7 2 18] ) EDA Z 5B G, BRIt N 2 1
W HEA SR & Rt 7RI

1.7 C—HE=EERK

C—H A A WAL & 9 v fx 9 3t 1) 1k 2
B, HErEEZR TAEZRRRE. REd
WAL C—H WS L SOy — MR &

WFE, RMAEZEBLUREFE LMREE — &
A T AR RO R A S R IR R R, A
P PE C—H ISR AL TR v U

2023 4E, %2 H SR FLrh FAD K #% FAP (1) i 52
LB R, /NG 35 R 2% R K g [T A 7%
BT — R EBOR & TRy I A AR R S
3 MO BEEALB 79 (B 14) . fE ikt 13-
AL EW) R o- L 2K @A MR R, fEIIA
FAAFIIZ T &= S- IR (FMN-Na) 155
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EREDs (1%, by mole)

R' R H  FMN-Na(8%, by mole) a ROR
\—=/ " A
R2 KPi buffer R2 Ar
450~460 nm LEDs, N,
2 27 examples
up to 99% yield
upto99 - leur.
‘ T
hv
Rl
jww T
............ .... . \/ R!
. R2 N ‘ R "
s .'. R N 0
N RIH . N—¢ \(
: R NSO B I~
M N—¢~ \( ‘u‘ N 0
S A NH %
. N FMN
(0)
- FMN,, /
HAT\ -------------
' NN
.-'. 2 Rl : ..: RZ
: RZ . .
: K . R NS
: R o : N@N~
: N@N : : Y. NH
B ﬁ\ 4 NH .: 4—/ .'. N
. h . (0)
0y N .
. Anionic FMNq
Neutral FMN,

Bl14 ERED JuREELIA AR 5 2
Fig. 14 Photo-induced alkenes asymmetric radical hydroarylation transformation catalyzed by EREDs

o BT T B R AL )8 IR B GIuER L L
PSR Z HEEOYEL. fERYIn Rz d,
ETEXN ZFE BT R LR RS Rt T
RAFM =R AR . LS R ERED G
7 o FMN,, 2 06 BUK G AN BUK A FMN,
FMN, "ZFEL T & B 05 K I B 7 AR 05 2 E 2R P
B A L R FMN,, B G 05 5 1 B H 5 )i
B i e A B 0 SO BCRT TR AR . BRE
AT T 1% o 18] 44 7 8§ % P2 AL AL FMN Y 5 [ ET/PT
(BLHAT) fEH N AT 7%, FMN, B4R
FMN, 56 35 2 [ AL R

75 & Be FAL A i X3 B 1 4 R A ik
S — AN R 7, 2023 4, Hyster [4]BA
KRB L i 3 AT BORAS R A bR, BT LA IR

% %’Hﬁ [781

(78]

Y 5 BRI CT &R s, AT
VAR T NG| B e A ) Xk R, AR A SR
Tl 4 BN E REHIME (&15).

1.8 EHftt

2023 4F, Poelarends [4]PA *" F|FH BaNTR1 5 i
SEOCHE RGN FENER, (ki3 R A
R, BEME-RINE R (E1e. |
3R, &R BLAE E 6 A K BH 6 G
SRR AT . Ao, ESCEF BRI T — Mk
H VA %A (Enterobacter cloacae) THH &4 i
fitf EcNR f& LLGH A M Je AV A0 I 18 A iR 0 SR A & 1k
JE T i o 3K 8 I R DA S 3R OO ), BB
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=

0] 0
PagER (1.0% 1
Rlar () g N
‘ KPi buffer (pH = 8.0)
2

|
2 O
R NADP, GDH-105, glucose R

490 nm LEDs, 24 h up t0 99% yield

upto 9 : 1C.:C,

15 St T C—H# T R
Fig. 15 Photo-induced C—H bond functionalization catalyzed by EREDs™”"

BaNTR1

N NO, Chlorophyll a N NH,
RE T RT -
X Mops buffer (pH = 7.0) X
NADP”, abmGDH, glucose 35 examples
White LEDs, Ny, rt, 18 h up to 97% yield

up to >99% ee

BaNTR1 X 2
N0 Chlorophyll a N N;NJ/\/T R
R{- il
lX/ Mops buffer (pH = 7.0) R (Xj
NADP', abmGDH, glucose
. 12 examples
White LEDs 12 h, then Red LEDs 6 h o) -
up to 92% yield
Oy, 1t up to >99% ee
BaNTRI1 o
XN NO, Chlorophyll a N J/\/‘— R
RE R (T TN
X Mops buffer (pH = 7.0) Lz

NADP', abmGDH, glucose
White LEDs, H,0,, rt, 12 h

X

16 examples
up to 97% yield
up to >99% ee

Bl1e6 StifFaREMERLEH™

Fig. 16 Photo-induced synthesis of high value amines™"

RIRBRYCAE N REVR IR S, i A B &
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