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HH O HH O —| *
WNHZ Photoexcitation NNW
) -
R R
Weak single-electron Strong single-electron
reductant reductant
E12=0.57 Vvs SCE E’,;,=-2.60V vs SCE
H (0]
O §H O O
R Br NH, Ketoreductase R Rﬁ
o) | - o | — H o)
)n [}1 Photoexcitation )n )n
R
Racemic NADPH Prochiral Chiral
lactone radical lactone

5 —BIME R RUR B SCIUERRIE B 2R R R

T. K. Hyster et al., Nature 2016, 540, 414—417.
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KPi (pH = 6.5, 50 mM, 1 mM MgCl)
Isopropyl alcohol, DMSO
Blue LEDs (460 nm hv), 25°C, 12 h

0 KRED-12 (0.25 mol%) 0
Br NADP* (0.4 mol%) .
0 > N0

Entry Variations e.r. Yield
1 None 98/2 81 Abbreviation Ketoreductase Variant Parent ADH

2 No enzyme ) <1 KRED-1 KRED-P1A04 L. kefir

KRED-2 KRED-P1A12 L. kefir

3 No light ) <1 KRED-3 KRED-P1B02 L. kefir
4 No NADP* - <1 __KRED4 __ KRED-P1BO5 L. kefir __

LKADH (5 mol%) KRED-5 KRED-P1810 L. kefir

5 Alcohol dehydrogenase of the bacterium - <1 HARS RIS SR

Lactobacillus kefiri (71524747 25) KRED-7 KRED-P1C01 L. kefir

KRED-8 KRED-P1H08 L. kefir

6 .LKADI-I-'Y19OC. (5 mol%) _ ) 3 KRED-9 KRED-P2802 L. kefir

Mutation at position tyrosine 190 to cysteine KRED-10 KRED-P2C02 L kefir

7 LKADH-E145F-F1471L-Y190C (5 mol%) 96/4 72 KRED-11 KRED-P2C11 L. kefir

KRED-12 KRED-P2D03 L. kefir

RasADH (1mol%) T S
8 From the bacteria Ralstonia species (& /v #r#% 7.5/92.5 51

/%)

T. K. Hyster et al., Nature 2016, 540, 414—417.
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o) KRED-12 or RasADH 0
R NADP*, KPi or TrisHCI, DMSO R,
o - "0
Blue light

Selected entries

.2, %jd

KRED-12: 91%, 98 : 2 er
RasADH: 47%, 3 : 97 er

KRED-12: 86%, 95 : 5 er
RasADH: 39%, 13 : 87 er

| 0]
N0 %
@ In,, O

KRED-12: 80%, 96 : 4 er
RasADH: 29%, 20 : 80 er

KRED-12: 74%, 91 : 9 er
RasADH: 82%, 19: 81 er

T. K. Hyster et al., Nature 2016, 540, 414—417.

KRED-12: 80%, 94 : 6 er
RasADH: 81%, 19 : 81 er

@ /,’I

Me

KRED-12: 56%, 96 : 4 er

RasADH: 79%, 3 : 97 er

MeO

FsC o Q
1y, O 1, O

KRED-12: 78%, 90 : 10 er
RasADH: 26%, 16 : 84 er

KRED-12: 50%, 88 : 12 er
RasADH: 30%, 25 : 75 er
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o KRED-12 (0.25 mol%) o o
Br NADP* (0.4 mol%) , Br
o - 0 0
KPi (pH = 6.5, 50 mM, 1 mM MgCl)

isopropyl alcohol
Racemic Blue LEDs (460 nm hv), 25 °C, time Product

Recovery
Time (min) Product Recovery q

30 17% yield, 95/5 er  79% vield)54/46 er Bl —

H ) / \\ KRED12+NADPH+Substrate

) ) 5 - ’/, \\ (KRED12+NADPH set as baseline)
60 34% yield, 96/4 er  65% yield}54/46 er wl AN\ N
. / 3 \ ized Intensity)

120 50% yield, 97/3 er  50% yield53/47 er \___

wavelength (nm)

o KRED-12 (0.25 mol%) OH 2
NADP* (0.4 mol%) ,
KPi (pH = 6.5, 50 mM, 1 mM MgCl) O f. ——waoe

isopropyl alcohol : —NADPH<Sukate (NADP ot

: Yield 50% Yield 50% [ °
R
acemie e.r. 96.5/3.5 e.r. >99/1 r
0 e e —
No enzymic Kinetic resolution s

T. K. Hyster et al., Nature 2016, 540, 414—417.
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Blue LEDs (460 nm hv), 25 °C, 12 h

Racemic Deuterated isopropyl alcohol 75%, 98 :2 er
92% deuterium incorporation

Deuterated NADPH
in-situ formed

. D HO
0 KRED-12 (0.25 mol%) 0 :
Br NADP* (0.4 mol%) L8 A (A NH
O > o O :
KPi (pH = 6.5, 50 mM, 1 mM MgCl) : N
' R

Blue LEDs
Charge-transfer
excitation
(0]
Ph
0&5’ NADP*
Substrate Co-factor isopropyl Mesolytic
exchange regeneration alcohol cleavage
(0]
Br o NADPH
"éf
v R HAT

T. K. Hyster et al., Nature 2016, 540, 414—417.
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potential
proton donors
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HoN NH  EMINAR I 0538 DR B — % 5 NADPH ) [
coon  HEAT R T/ HL AR IR F N XU k4T B R
/ Lysine (Lys)
Lys R R
FMN
M E N_O M E N._0
e NAD(P)H e
L =22 O
K __NH = NH
’ Me N Me N W
o) 0
hv FMN/FAD FMN,,,/FAD,, hv
Oxidant Reductant Eq;» =-0.45V
FMN*/FAD* FMN,o*/FAD4*
E*1/2 = -226 V
R R
BEC S R e e
NH NH
Me N H* Me N
o) 0

FM qu'/FADsq'
Reductant or oxidant

FMquIFADsq
Reductant or oxidant
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"Ene"-Reductase (1 mol%)

o)
Me. J_cl NADP* (1 mol%)
o Me -
GDH-105, glucose N
| KPi (pH = 8.0, 100 mM) Ph

/

Ph Cyan LEDs (497 nm hv), 35°C, 36 h
Entry ‘Ene’-reductase Yield (%) Er
1 GIUER (ERED from Gluconobacter oxydans 3 68 94/6
1 ] # PR )
2 OYEL1 (Old Yellow Enzyme) 34 31/69
3 GIUER-T36A 92 94/6

Mutation at position threonine 36 to alanine

T. K. Hyster et al., Science 2019, 364, 1166—1169.




Starting Material

0
Me. JL_cl

A

Ph
0]

me. ¢

Me

me. J_c

Et

SR ILE

"Ene"-Reductase (1 mol%)
NADP™ (1 mol%)

\J

GDH-105, glucose
KPi (pH = 8.0, 100 mM)
Cyan LEDs (497 nm hv), 35°C, 36 h

Product Starting Material
o (0]
Me. Cl
Me. MorB-Y72F N)K/
44% yield
86 :14 er
Ph = Ph
0]
Me O Me cl
y W
LacER
67% vyield
83:17 er |
Me
Me
(0] (0]
Me. Cl
Me\NJ\ GIUER-T36A N)K/
L (wH 67% yield
Et 95:5er |
87 :13dr

O

Et

T. K. Hyster et al., Science 2019, 364, 1166—1169.
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o)
Me\N
n(
R2
R1
Product
o)
Me, GIUER-T36A
N 87% yield
90:10er
Ph
o)
Me~n GIUER-T36A
anH 75% yield
Me >99:1er
92:8dr
o)
Me\NJ\ GIUER-T36A
\HeH 84% yield
Et >99:1er
79 :21dr

O



GIUER-T36A (1 mol%), NADP™ (1 mol%)
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GDH-105, d1-glucose
‘ KPi (pH = 8.0, 100 mM)
Cyan LEDs (497 nm hv), 35°C, 24 h

Ph
R o
Me N N\fo
JLIT
Me l}l
D O
formed in-situ
O GIUER-T36A (1 mol%) O
Me\N)K/CI NADP™ (1 mol%) . Me -~y
GDH-105, glucose wH
| KPi (pH = 8.0, 100 mM) Me
Ph®™ "Me  Cyan LEDs (497 nm hv), 35°C, 36 h Ph
E) 89% vield, 99 : 1 er, 92:.8dr
(2) 59% vyield, 99 : 1 er,5:1dr

\J

90% yield
89% D-Incorporation
single diastereomer

) 0O

Me\N Me\N

.\\\\H ..\\\H
Me Ph
Ph Me

Bond rotation is competitive
with HAT

ERED favors one radical rotamer for HAT

T. K. Hyster et al., Science 2019, 364, 1166—1169.
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GDH-105
glucose

NADPH

Substrate
exchange

Charge-transfer complex

HAT

T. K. Hyster et al., Science 2019, 364, 1166—1169.
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1
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0.02

Radical
cyclization
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NH,
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Cyan LEDs

_OR'

N R'OHN, ,R?
| "Ene"-Reductase
(7 R2 - — ({n
N GDH N
Me” \H/\CI NADP* Me’ 0
0] Glu
Cyan LEDs
RZ
R _cClI N 12-Oxophytodienoate
i /@W Reductase (OPR1)
/ >
o '}‘ Tricine buffer
Me
Cyan LEDs
o "Ene" Reductase

R‘l
NADF’+

T. K. Hyster et al., Nat. Chem. 2020, 364, 71-75;
T. K. Hyster et al., J. Am. Chem. Soc. 2020, 142, 15673—15677;
T. K. Hyster et al., J. Am. Chem. Soc. 2021, 143, 19643—19647.
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= Chiral catalyst
Alkylv . - Hodonor Challenge
= >
R2 O Good progress RZ O 1. BSR4,
f" o- or 3-stereocentre . oy _:A
Interaction site with catalyst 2 DL S It iz v 1T T MR E
e chi , FH 25 rp TR A BE AT S AR AL 5 1
o R? iral catalyst R N e N
)%' - L H-donor RN'"H 3. W T HALESRIRFEAL A
R R’ Elusive I s ® W7 I 0 B 5 T W A A
Remote y-stereocentre AU}JM‘HEET;L:JE
"Ene"-Reductase
(@] Bi/C R4 Blue LEDs o EWR“. R I t
RJH; + /j\R?) GDH R! ¥ esolven
R NADP* R2 R° H ‘
Glu Remote chiral 1. FHh 5 b4t -E A E A a-

ketone, amide or ester ’fﬁf)}%%,
2. G| T e R ON i R T T
.

3. B IR E AR,
FRA I E AR

F— BB TR
H. M. Zhao et al., Nature 2019, 584, 69—-74.
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"Ene"-Reductase (0.5-1 mol%) 0

(0] Ph GDH/NADP*/Glu
- Ph
)K/Br * /I\ > Ph)J\/Y
Ph Me Tris buffer, DMSO, glycerol

Blue LEDs (463 nm hv), RT, 16 h Me

Selected entries

0]

0 Q o 0
Ph S Ph Ph
Br I Me MeO
Me \ Me O MeOOC Me

I OYE1 (1 mol%)

X =Br: 96% ee, 88% yield OYE1 (1 mol%) OYE1 (1 mol%) XenA (0.75 mol%)

X =Cl: 97% ee, 88% yield 93% ee, 99% yield 98% ee, 99% yield 17% ee, 94% yield

o OMe o F 0 0\ o) Ph

< Z
Ph Ph Ph Ph
Me Me Me Me
ER (1 mnl(’é)

OYE1 (1 mol%) OYE1 (1 mol%) OYE1 (1 mol%) YersER: 72% ee, 47% yield
98% ee, 83% vyield 97% ee, 76% yield 97% ee, 58% vyield OYE1: 91% ee, 26% yield

LI —RIyAreR P O PR R R

H. M. Zhao et al., Nature 2019, 584, 69—-74.
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R

51
26
............................ 4.4
00 {9 ; °]
04 : 0 He o m
= RC3 Dol O 0+ o L
1 e, v gz o CHe b s . i "l =
® Ph 5 - Mz ! E [ p h ----- .l Ph’c“‘cﬂS H2C76\CH3§ g
g 7 ‘ Ph’ﬁ‘"‘éH HZCZCI;\CHag r :Q:II_%&O § 109 | Pn’ﬁ“;H HC‘(I:‘CH : NEEL -‘_‘E
H T2 H [ R .- : CHe ° . X
? i 0.9 i l: ....................... 13 FET "9 . EIE..N,’}‘;‘D =
104 ¢ T NH : - p ; Yy wi ICai g )
E 10 jéj[r;l SN0 i [ . £ 20 )@CE wSo | e 5 RC3 | o
L [ UL N v g ] S - g 5 g et s
15 v d . L - T v
U 30 4 % 101 n’l“ S P
c3 -17.6 35 -31.1 15 E o |c3b§ 1.2
h IC3a e B ©Ic3b
-20 T T T T 1 . r : - r ‘ T \ T T T T )
35 3.0 25 2.0 1.5 1.0 35 3.0 25 20 15 1.0 05 4.5 4.0 35 3.0 25 20 15 1.0
C1-C2 distance (A) C1-H1 distance (A) C1-C3 distance (A)
— - YersER_FMN Ph
- -~ YersER_FMNH- + 1a O /C’
15 _ YersER_FMNH- + 12’ & H2C \CH
3 S PRI YersER_FMNH- + i . Ph”>C” 3
g [\ \ , S —— YersER_FMNH- (1) C1-C2 coupling H, R
3 B N /N\(O
< AG = 2.6 kcal/mol Me 1 NH
(The major pathway) N
e \ Me H O
\'-550 600 i 2 /zh E o Fl)h
' ! no1 H,C” "CHj | & _C.
1a-radical | ph"C CH, : (I1) HAT from FMN,q Ph” ~>CH.H2C" "CHj
' X - R
. ’ ' ' AG = 4.4 kcal/mol NN \(O
Radical generation E E (The minor pathway) Me:@ ) NH
AE*=0.0 Me N
Q Ph
Visible-light-excited (1) C1-C3 couping C. _C.
EDA complex > Ph CH; H,C CHj3
AG = 17.8kealmol e NN o
N
Me N NH
H o
H. M. Zhao et al., Nature 2019, 584, 69—-74.
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7

NADP* R

Y
HS\H/ X ::<
M
M

o-Tyr X

NADPH

R4
3
H

\..?
N

R?2 R
\Fg R
|

Substrate e 0 Mesolytic
exchange :@ N\\:\f H cleavage
e H O
FMNp,

Charge-transfer complex

Radical
HAT addition

Phe250

Asn194 >
Tyr196

c2
1a-radical

o

FMNH RC3
The most populated conformation

HAT

H. M. Zhao et al., Nature 2019, 584, 69—-74.
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Cyan LEDs 0]
HH\ RLNMR4
O 1
rt M ci R R
N with GIUER-T36A
R2 "Ene"-Reductase
> —— or
GDH o
R3 NADP*
1 4
gt Glu RL A R
R R? R3

with NostocER

0 j\l\Oz "Ene"-Reductase O R?
c . -
R1 JJ\/ R2 R3 GDH R1 R3
NADP*
_ B Glu
-Cl 1e H* || -H*
o NO, HAT

\N,
R1JJ\5 RZJLR:B R1 )

BB EEEAE AL BRI FRC 5~ C a3 HRL 3T SABR R L

T. K. Hyster et al., J. Am. Chem. Soc. 2021, 143, 97-102;
T. K. Hyster et al., Nature 2022, 610, 302—308.
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EWG Ketoreductase, Blue LEDs « EWG
N \/ . R1/\/
R2 GDH R?
NADP*
Glu
HAT

Radical Radical
generation addition
T . el
EDA complex
o EtOOC COOEt
0] EWG Hantzsch ester (1.25 equiv) EWG II
iy : Y - RN .
N Me” "N~ "Me
1 - 2
R 0] R DMSO (0.1 M), r.t., Blue LEDs R2 H
© rac-products Hantzsch ester

H. M. Zhao et al., Nat. Cat. 2022, 5, 586—593.
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O
j\ Simple synthesis ﬁ\ Ketoreductase, Alkene RIS EWG
> /N >
R “OH R 0 Blue LEDs, GDH/NADP*/Glu R2
o Tris buffer, DMSO, 32 °C, N,
Selected entries
F Me Me Me Me
\//H‘/OMe @/\/kﬂ/OMe OMe OMe
O [ O O O
52% yield, 93.5: 6.5 er 52% yield, 89 : 11 er 14% yield, 90.5: 9.5 er 50% yield, 92.5: 7.5 er
Me Me Me Me
OMe OMe Br OMe OMe
0 0 0 MeO ©
43% yield, 92 : 8 er 55% vyield, 71 : 29 er 35% vyield, 73.5:26.5 er 26% vyield, 63 : 37 er
Me Me CHon CHchZMe
NH, | XN OMe OMe
) N~ 0O )
58% vyield, 56.5 : 43.5 er
35% yield, 89.5:10.5 er 27% yield, 92 : 8 er 31% yield, 88.5: 11.5 er P2-B02:58% vyield, 26 : 74 er

H. M. Zhao et al., Nat. Cat. 2022, 5, 586—593.
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R1JK’<LG + Enzyme >
R3

Biological
cofactors

Don't form EDA complex

Can we introduce exogenous photoredox catalysts?

____________

Photoredox E
Catalysis

| Photoredox ! LG Substrate binding
: C P | R1 >
, Catalysis

. I
1

’ 1
’

Challenging electron transfer Viable electron transfer
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0] Double Bond Reductase (NtDBR 1 mol%) 0]

Me Rose Bengal (RB, 0.5 mol%) Me
OAc NADP*, GDH-105, glucose
od KPi (pH = 8.0, 100 mM, 10% glycerol)
Epp™ = -1.30VVvs SCE  Goen LEDs (530 nm hv), 25 °C, 12 h

Rose Bengal (RB)

E.,°[RB/RB]= -0.99 V vs SCE

Entry Deviation Yield (%) Er
1 None 87 93/7
2 PaDBR 5 86/14
3 AtDBR 36 98/2
4 No Rose Bengal 0 -
5 No NtDBR 0 -
6 No light 0 -
7 No NADP* 0 -

T. K. Hyster et al., Nat. Chem. 2018, 10, 770—775.



= SN S S B AL HOX ik B A Rl

NtDBR (1 mol%) o)
R RB (0.5 mol%) R
)105\0 NADP™*, GDH-105, glucose )

1,2
KPi (pH = 8.0, 100 mM, 10% glycerol)

Green LEDs (530 nm hv), 25°C, 12 h

(0] (0] (0] O Me (0]
Me = Bn
©ij/\/ ©ij/\/ Qé/\/\\\ Me

74% vyield 66% vyield 43% yield 62% yield 67% vyield
94 :6er 94 :6er 87 : 13 er 86 :14 er 77 : 23 er
0] (0] (@] (@] O Me
Me MeO Me Br Me ClI Me
MeO
81% yield 85% yield 63% yield 69% yield 38% yield
92:8er 84 :16 er 97 :3er 81:19er 88:12er

T. K. Hyster et al., Nat. Chem. 2018, 10, 770—775.
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0
KRED-P2-D03 (1 mol%) O
0 Eosin Y (0.5 mol%) )okf Br 0 Br
2 = 2
X)S(R NADP*, j-PrOH X R O O
HO 0 OH

Br R _ R
KPi (pH = 7.0, 125 mM)

Green LEDs (530 nm hv) B Br
Eosin Y
0 o] o o)
EtzN)S/\Ph N)J\/\Ph K\N)J\(\Ph 0\5/\¢ i
Me @ Me ot Me Previous work
71% yield, 95 : 5 er 58% yield, 90 : 10 er 61% yield, 97 : 3 er 71% yield, 80 : 20 er

T. K. Hyster et al., Nat. Chem. 2018, 10, 770—775.
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O
Me
D Me
O NtDBR (3 mol%)
Me RB (1.5 mol%) OMe A
OAc Me NADP*, GDH-105, D-glucose-d O D Me
KPi (pH = 8.0, 100 mM, 10% glycerol)
OMe
Green LEDs (530 nm hv) Me
OMe B
41% combined yield
2.4 :1 (A : B) product ratio
o]
o NtDBR (3 mol%) o A\
Me RB (1.5 mol%) Me NH,
OAc - - 2 -
NADP™, GDH-105, D-glucose-d 'Tl
KPi (pH = 8.0, 100 mM, 10% glycerol) R
Green LEDs (530 nm hv) 70% yield, 94 : 6 er Deuterated NADPH
80% D incorporation in-situ formed

T. K. Hyster et al., Nat. Chem. 2018, 10, 770—775.
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NADPH

NADP/\
Photoredox >
e

catalytic cycl

NADPH

Substrate
exchange

Double-bond reductase
catalytic cycle

SET

"OAc

T. K. Hyster et al., Nat. Chem. 2018, 10, 770—775.
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1 2 R2
R R U\ RI!I,RZ R-N R*
| 3 4
la R R 0 n .
R

Radical Unactivated Nitrogen-centred radical
precursor alkene (NCR)
)O]\ Slow Q Fast i
R” >N AP st )k',Me > )J\ Me

Rl _R? R?
) r}l ] 3JL 4 RN R
LG R R \_<
R3
Radical Unactivated
precursor alkene

R R AL E B, LA HE AR

T. K. Hyster et al., Nat. Chem. 2022, https://doi.org/10.1038/s41557-022-01083-z
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o YqjM (1 mol%) Me
Ru(bpy)sCls (1 mol%)

|
Me. WPh _ N__O
OBzFs NADP*, GDH-105, glucose Ph\\wﬁj

KPi (pH = 8, 100 mM), DMSO
Blue LEDs (456 nm), 36 h 2

1

YqjM: an ERED from Bacillus subtilis (4 Z 4 fF &)

Ru(bpy);Cl,
Entry Variation Yield (%0) Er
1 None 52 81/19
3 No light <1 -

4 FMN instead of YqQ)M 22 50/50
3 instead of 1 50 81/19
6 4 instead of 1 12 81/19

0 0

Me\NWPh Me\NJ\/\WPh
(I)BzCF3 (l)Bz
3 4

T. K. Hyster et al., Nat. Chem. 2022, https://doi.org/10.1038/s41557-022-01083-z
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YqjM-R YqjM-S
o YqjM variant (1 mol%) Me oL =0
Me. R Ru(bpy);Cly (1 mol%) N. O Hm! H167 "‘:1? k168

N e ,
OBzF NADP*, GDH-105, glucose - Uy =S

KPi (pH = 8, 100 mM), DMSO R s v =

Blue LEDs (456 nm), 36 h ”5)"‘5 UO
Selected entries ph N
Me Me Me

l\l/le
o N__O N__O N
< :@ @Lj @Lj | \/ Lj

MeO”™ °N
(R) 54% yield, 95 : 5 er (R) 53% yield, 93 : 7 er (R) 65% yield, 96 : 4 er (R) 57% yield, 91 : 9 er
(S) 51% yield, 14 : 86 er (S) 45% yield, 24 : 76 er (S) 66% yield, 19 : 81 er (S) 52% yield, 30 : 70 er
Starting materials Products Starting materials Products
o o]
.Me 0}
N N-Me \-OBZFs
OBZF5
| e @
Ph Ph
71% vyield, 52 : 48 er 74% vyield, 75 : 25 er
(S) 35% vyield, 41 : 59 er
O o]
Me
N)J\Me NJJ\M Q l\\l O
' © OBzF
OBZF5 N/ 5
| e
| W O
Ph Ph
36% yield, 75 : 25 er (R) 41% yield, 54 : 46 er

(S) 38% yield, 77 : 23 er

SER—RFI5rF N H HEA TR
T. K. Hyster et al., Nat. Chem. 2022, https://doi.org/10.1038/s41557-022-01083-z




NADP*

NADPH

Substrate
exchange

Ru'
SET

SRS

%@%mﬁ%ﬂ%V

Photoredox
catalytic cycle

FMN

SET sq

Ru'

_OBZFs

ERED
catalytic cycle

cyclization

Ph
FMNq

HAT

T. K. Hyster et al., Nat. Chem. 2022, https://doi.org/10.1038/s41557-022-01083-z
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| Ru' Ru"
N "Ene"-Reductase N7

Photoinduced
electron transfer

\

Protonation

HAT

OH

> R
Photoinduced
electron transfer

chiral alcohols

"Ene"-Reductase
R

aryl ketones

oH MorB, Ru(bpy)sCl, Q MorB, Ru(bpy);Cl, Q
Me - Ph)k*% - )KrMe

Ph No Liah Ph
Me Blue LEDs (460 nm) Me o Light Me
89% vyield 98% vyield
83:17er

T. K. Hyster et al., Angew. Chem. Int. Ed. 2019, 58, 8714—8718;
T. K. Hyster et al., Angew. Chem. Int. Ed. 2020, 59, 10484—10488.
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E Photoredoxi
i Catalysis

____________

[ Starting material ] —




Ph NH,

(S)

99% ee

Ph NH,

(Rac)

Acylation

2 mol% Ir(ppy)o(dtb-bpy)PFg
50 mol% OctSH

4 A-MS, white LED
CH4CN, 38 °C, 24 h

Novozym 435, -methoxypropionate

Py

>

CH4CN, 38 °C

His
S. L. Zhou et al., Chem. Commun. 2018, 54, 14065—14068.

Z | +
t
\N | N Bu_l
///, \\\N /
/l"4|r3-|:\
Ph  NH, _ N/ \N/ |
|
AN X t
(Rac) B Bu
4% ee PFg
Ir(ppy).(dtb-bpy)PFg
o)

L~ Ph  NH,
Fti';\ ome |1

(R)-product

(S)

0]

MeO)K/\OMe

B-methoxypropionate
acyl donor
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2 mol% Ir(ppy)(dtb-bpy)PF¢ (0]
NH 50 mol% OctSH
/5\2 (] . H':l)K/\OMe
R Novozym 435, B-methoxypropionate /\
4 A-MS, white LED R
(RaC) CH3CN, 38 OC, 24 h (R)-prOdUCtS
Selected entries
(0] (0] 0]

HIQI)K/\OMe HIQI)K/\OMe Hr;lk/\OMe

(R)-1, 58% yield, 73% ee (R)-2, 62% yield, 99% ee (R)-3, 74% yield, 99% ee

@)

0 PN HN)K/\OMe
y J\AOMe HN OMe /'\/Y
NN TN O/\ HNY\/OMQ

O

o Z

(R)-6, 64% yield, 99% ee

(R)-4, 79% yield, 99% ee (R)-5, 84% yield, 99% ee single diastereomer

S. L. Zhou et al., Chem. Commun. 2018, 54, 14065—14068.



=. SNEOGHEALT S A B AL RO BRI FE 1 A AR

NH- Ph n-OctSH
R I n-OctSH 2
/ o-amino radlcal
Tl n-OctS’
Photoredox Hydrogen Abstraction Racemization
Catalytic Cycle and Transfer Cycle Cycle
~ NH2 Ph
n-OctS
" NH, Ph/ (S)
i n-OctS’
n-OctSH  n-OctS’ thiyl radical

H+

Acylation

His

S. L. Zhou et al., Chem. Commun. 2018, 54, 14065—14068.
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1

NH; well-precedented ';lHR

R > RQ\
racemic, a-stereocentre enantiopure products
(0] 0]
unknown

R R

racemic, remote stereocentre enantiopure products
hv

o) m, o) OH ! NR,
Photo- X
9! ) O @ oN f}
R "R "R R

via prochiral 5z €
' p-enaminyl radical

D. W. C. MacMillan, T. K. Hyster et al., Science 2020, 369, 1113—1118.
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20 mol% amine catalyst OH

9 E
10 mol% thiol catalyst Si-Ph
1 mol% [Ir(dF(CF3)ppy).(dtbbpy)](PFe) ! PH “tBu
0.24 mol% LK-ADH lysate © ‘| amine catalyst

0.67 mol% NADP*, iPrOH ;

PFq

. _ MeO
KPi buffer (pH = 7.5) 92% yield \@\
SH

(Rac) Blue LEDs, r.t., 18 h ~99 - 1 er. >20 - 1 dr
thiol catalyst [Ir(dF(CF3)ppy).(dtbbpy)](PFs)
Selected entries

OMe CN
OH OH OH

OH OH
91% yield 79% yield 84% yield 81% yield 86% yield
>99:1er,>20:1dr >99:1er,>20:1dr >99:1er,12:1dr 98:2er,6:1dr 99:1er,>20:1dr
S
NBoc
NB a \ D C
(0] e N N
OH OH OH OH OH
82% yield 68% yield 84% yield 86% yield 84% yield
>99:1er,>20:14dr 99:1er,19:1dr 98:2er,5:1dr >99:1er,>20:14dr 98:2er,5:1dr

D. W. C. MacMillan, T. K. Hyster et al., Science 2020, 369, 1113—1118.
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OH OH
LK-ADH LK-ADH mutant
'Ph (1R, 3R) Q (1R, 35) Ph
92% vyield 88% yield
>99:1er,>20:14dr 98:8er,34:1dr
OH Ph OH
H racemic H
Q ~ HL-ADH Photocatalyst Prozomix-330 O
Ph (1S, 39) (1S, 3R) Ph
86% vyield 82% vyield
98:2er,5:1dr 98:2er,13:14dr

D. W. C. MacMillan, T. K. Hyster et al., Science 2020, 369, 1113—1118.
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(S) QRZ
(Je
RZ

H
R2 = CH,OTBDPS

Ir |rIII

Photocatalytic Cycle

loss of
R2 stereochemical
information

<\

enantiomer

Organocatalytic Cycle

+ H*

HAT Cycle

\-H*'/v

5 A AL HO T R R

(@]
active é
g
(R)
+ H,0

HAT

D. W. C. MacMillan, T. K. Hyster et al., Science 2020, 369, 1113—1118.
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St 0=
G5 Y. BES5EE

hv
/ﬁj
%—‘ﬁ%’%ﬁﬁ [ Starting material ] @

Fdh &5 B T OB EBRBEAT BOXT BRGE B S AR

E Photoredoxi
; Catalysis |

____________

hr\iﬂﬂﬁ

V's
ataryer)—= Lt [ Prouet ]
catalyst lMF*QI}—*ﬂMB

hl,c“‘fﬂ
¥
B Mg AP [ Starting material ] @

%Eﬁ%éﬁﬁ [ Starting material ]

SR AT 45 A AR A OO o R 5 1 R
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Triplet photoenzyme
(TPe lysate)

DMSO/MOPS (1:10)
hv (i = 365 nm)

Third round
Single point saturation mutagenesis

Second round
Single point saturation mutagenesis

First round

BpA msertlon posnmn scmenmg

_________________________

= TPe_F93BpA

“-> TPe_F93BpA_W96L

r-- M8 V15 N19 D100 .

TPe_F93BpA_W96L_MBL

(TPel.0) (TPe2.0) (TPe3.0)
Yield W e.e. Yield W e.e.
100~ 100 -
89% _— 84% 35%
© 807 71% o 80
g and 58% |
£ 60 51% sww e = | S 60153%
8 104 6% 35% S 40
2 40 5 40
@ @
20 5% 20 A
0 0% —0% 0%
LI "EXES - LR L] L~ ENTE - JXEBNNRITN ERXNSNIE EZENITE 0
Bp LmrR  TPel.d TPel.0 TPe2.0 TPe20 TPe3.0 4°C 4°C
dark purified wioO, 5 mol%

BB TOGBE R RO [2+ 2150 0 AR B FR %o Ik A 166 4 44 6 B
X. Chen, F. R. Zhong, Y. Z. Wu et al., Nature 2022, 611, 715—720.



N, BE55RE

(A = 365 nm or 385 nm)

CO,Me GO Me
Me0,C
N A DMSO/MOPS (1:10), 4 °C ;,h’ :
[ 4] N =
LA el A
Boc =N @
Boc
1 2
CO,Me
CO,Me CO,Me 2 COMe COMe
MeO,C _
MeO,C - MeO,C 2 Me0,C z
Z ', ,,
s,
[;EQ . @[9 .
N° ‘Ph m | N gm
Boc - = o
2a, 90%; 95% e.e. 26, 97%; 99% e.e. 2c, 84%; 93% e.e. 2d, 94%: 92% e.e. 2e, 89%: 95% e.e.

9.2 mg, 92%, 93% e.e. 9.3 mg, 93%, 95% e.e.

. . Photo
[ Starting material ] enzyme

X. Chen, F. R. Zhong, Y. Z. Wu et al., Nature 2022, 611, 715-720.
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