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1 General information

Unless otherwise noted, all chemicals and reagents were obtained from
commercial suppliers and used without further purification unless otherwise stated.
Reactions were monitored by TLC. '"H NMR and '*C NMR spectra were recorded on
400 MHz or 600 MHz Bruker spectrometers. Chemical shifts of "H NMR were reported
in part per million relative to the CDCls residual peak (8 7.26). Chemical shifts of '*C
NMR were reported relative to CDCIs (6 77.16). The used abbreviations are as follows:
s (singlet), d (doublet), t (triplet), quart. (quartet), quint. (quintet), m (multiplet), br
(broad). Multiplets which arise from accidental equality of coupling constants of
magnetically non-equivalent protons are marked as virtual (virt.). High resolution mass
spectra (HRMS) data were measured on an ESI-microTOF. HPLC analyses were
performed using a chiral stationary phase (ChiralPak IA, IC, IB, AS-H, 250x4.6 mm),
UV detection; Daicel Chemical Industries) employing n-hexane/i-PrOH.
Photoreactions were performed with WATTCAS photoreactor (WP-TEC-1020LC)
Reactions were monitored by TLC analysis using silica gel 60 A F-254 thin layer plates
and compounds were visualized with a UV light at 254 nm or 365 nm. Further
visualization was achieved by staining with or KMnO4 followed by heating on a hot
plate. Flash column chromatography was performed on silica gel 60 A, 10-40 pm.

Unnatural amino acids (BpA and FBpA) is prepared and purified according to
literature reported method 2. Absorption spectrum of benzophenone (Bp) and fluoro-
benzophenone (FBp) was detected on the instrument Varioskan LUX (Thermo).

E.coli DH5a and BL21 (DE3) cells were purchased from the Takara Biomedical
Technology. Phenylmethanesulfonyl fluoride (PMSF), dethiobiotin and DNAse | was
purchased from Sigma-Aldrich. 2xHigh fidelity PCR Master Mix, Isopropyl-p-D-
thiogalactoside (IPTG), L-Arabinose, ampicillin, chloramphenicol and LB medium
were obtained from Sangon Biotech. Enzyme Dpnl and (4-hydroxyazobenzene-2-
carboxylic acid) HABA were purchased from Thermo Scientific. Strep-Tactin column
was obtained from IBA Life Sciences.

2 Cloning, expression, purification and mutagenesis

2.1 Cloning and Expression
LmrR
The LmrR was originally derived from L. lactis MG1363. The codon-optimized
gene of LmrR referring to the literature ) was synthesized by Genewiz/Azenta and
cloned in pET17b with C-terminal Strep-tag II. For the expression of LmrR, an E. coli
BL21 colony harboring pET17b LmrR were grown overnight in 10 mL fresh LB
medium containing 100 pg/mL of ampicillin. 8 mL of this preculture was used to
inoculate 1 L of fresh LB medium containing 100 pg/mL of ampicillin. When the
culture reached an optical density at 600 nm (OD600) of 0.8-1.0, the expression culture
was supplemented with isopropyl-B-D-1-thiogalactopyranoside (IPTG) (final
concentration 1mM). Cells was continued for 20-24 h at 30 °C and shaken at 200 rpm.
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The cultures were centrifuged (8000 rpm, 5 min, and 4 °C) and the supernatant was
removed, the pellets can be freezed at -20 °C for subsequent protein purification.

TPe variants

The unnatural amino acid 4-benzoylphenylalanine (BpA) or 3'-fluoro-4-
benzoylphenylalanine (FBpA) was introduced to LmrR to construct TPes. Amber
codon TAG was used to encode BpA/FBpA. The substitution of TAG at the desired
position was accomplished by using the site-directed mutagenesis primers (a list
primers can be found in the section 11 sequence information) and PCR programs. The
PCR reaction solution contains 1puL forward primer, 1uL reverse primer, 1uL template
(LmrR), 25pL 2xHigh fidelity PCR Master Mix and 22 pL. ddH20. The following PCR
cycles were used: initial denaturation at 95 °C for 1 min, denaturation at 95 °C for 30 s,
annealing at 55-65 °C for 30s (depending on the Tm of the particular mutant) and
extension at 72 °C for 4.5 min. The thermal cycle was repeated 20 times. The PCR
products were digested with Dpnl for 2h at 37 °C and transformed into the E.Coli DH5a
clonal strains, cultured overnight on ampicillin plate, and monoclones were selected for
plasmid extraction and gene sequencing (Sangon Biotech). Each pET17b-LmrR mutant
and pEVOL-pBpF plasmid should be co-transformed into E.Coli BL21 (DE3) cells.
Co-transformed strains were screened by resistant plates (ampicillin and
chloramphenicol), then the single colony was selected for subsequent protein
expression experiments.

E. Coli BL21 (DE3) cells transformed with pET17b-LmrR mutation and pEVOL-
pBpF plasmid were grown overnight in 10 mL fresh LB medium containing 100 pg/mL
of ampicillin and 34 pg/ml of chloramphenicol. Then 8 mL of this preculture was used
to inoculate 1 L of fresh LB medium containing 100 pg/mL of ampicillin and 34 pg/ml
of chloramphenicol. When the culture reached an optical density at 600 nm (OD600)
of 0.8-1.0, the expression culture was supplemented with isopropyl B-D-1-
thiogalactopyranoside (IPTG) (final concentration ImM), L-Arabinose (final
concentration 0.02%) and BpA or FBpA (final concentration ImM). Cells were further
cultured for 20-24 h at 30 °C and shaken at 200 rpm. The cultures were centrifuged
(8000 rpm, 5 min, and 4 °C) and the supernatant was removed, the pellets can be freezed
at -20 °C for subsequent protein purification and photocatalytic reactions.

2.2 The preparation of crude TPes (TPes lysate)

The pellets were resuspended in MOPS buffer (20 mM MOPS, 150 NaCl, pH 7.0),
followed by adding DNAsel (final concentration 0.1 mg/mL with 10 mM MgClz) and
PMSF solution (final concentration 0.1 mM). Subsequently, the cells were sonicated
(60%, 200W) for 40 min (5 sec on, 8 sec off) and centrifuged (8000 rpm, 1h, 4 °C). The
supernatant was collected as crude enzyme solution (10-18 mg/ml) which could be
directly used for photocatalytic reactions.
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2.3 Protein purification

The pellets were resuspended in washing buffer (100 mM Tris-HCI, 150 mM NacCl,
10% glycerol. pH 8.0), followed by adding DNAsel (final concentration 0.1 mg/mL
with 10 mM MgClz) and PMSF solution (final concentration 0.1 mM). Subsequently,
the cells were sonicated (60% (200W) for 40 min (5 sec on, 8 sec off) and centrifuged
(8000 rpm, 1 h, 4 °C), the supernatant was loaded on a Strep-Tactin column and
incubated for 1 h at 4 °C. The column was washed with 5 x 1 CV (column volume)
washing buffer, and eluted with 10 x 0.5 CV of washing buffer containing 2.5 mM
desthiobiotin. The eluate was collected. About 15-18 mg protein LmrR can be obtained,
while photoenzyme containing BpA or FBpA can be purified in the range of 6-10 mg.

2.4 Site directed mutagenesis for directed evolution

TPel.0 (i.e., LmrR_F93BpA) was taken as a template to carry out saturation
mutation of M8, All, N19, V15, M89, W96, D100 sites. Codon NNN or NNK was
used to obtain a large number of mutants and build a photoenzyme library. The mutant
TPel.0_ WI6L (TPe2.0) was identified to be the best catalyst. The same procedure was
conducted using TPe2.0 as template to carry out saturation mutation of M8, V15, N19,
D100 sites, and TPe2.0 MS8L (TPe3.0) was identified to be the best catalyst. Finally,
TPe3.0 was used as a template to carry out site directed mutation of A11 and L18S. All
the above primers can be found in section 6 sequence information. The PCR reaction
solution contains 1uL forward primer, 1uL reverse primer, 1uL template, 25uL 2xHigh
fidelity PCR Master Mix and 22 pL. ddH20. The following PCR cycles were used:
initial denaturation at 95 °C for 1 min, denaturation at 95 °C for 30 s, annealing at 55-
65 °C for 30 s (depending on the Tm of the particular mutant) and extension at 72 °C for
4.5 min. The thermal cycle was repeated 20 times. After PCR procedure, the PCR
products were digested with Dpnl for 2h at 37 °C and transformed into the E.Coli DH5a
clonal strains, cultured overnight on ampicillin plate, and monoclones were selected for
plasmid extraction and gene sequencing (Sangon Biotech). Each pET17b-TPe mutant
and pEVOL-pBpF plasmid should be co-transformed into E.Coli BL21 (DE3) cells.
Co-transformed strains were screened by resistant plates (ampicillin and
chloramphenicol), then the single colony was selected for subsequent protein
expression experiments.

E. Coli BL21 (DE3) cells transformed with pET17b-TPe mutation and pEVOL-pBpF
plasmid were grown overnight in 10 mL fresh LB medium containing 100 pg/mL of
ampicillin and 34 pg/ml of chloramphenicol. Then 8 mL of this preculture was used to
inoculate 1 L of fresh LB medium containing 100 pg/mL of ampicillin and 34 ng/ml of
chloramphenicol. When the culture reached an optical density at 600 nm (OD600) of
0.8-1.0, the expression culture was supplemented with isopropyl B-D-1-
thiogalactopyranoside (IPTG) (final concentration 1 mM), L-Arabinose (final
concentration 0.02%) and BpA or FBpA (final concentration 1 mM). Cells were further
cultured for 20-24 h at 30 °C and shaken at 200 rpm. The cultures were centrifuged
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(8000 rpm, 5 min, and 4 °C) and supernatant was removed, and the pellets can be
freezed at -20 °C for subsequent protein purification and photocatalytic reaction.

3. General protocol for photocatalytic reactions with TPes

A reaction mixture (1.0 mL) containing the TPe lysates or purified TPes (2.5-5 mol%)
and substrate 1 (200 mM) in MOPS buffer (20 mM MOPS, 150 mM NaCl, pH 7.0)
with 10% (V/V) DMSO in a glass tube was illuminated using photoreactor ( WATTCAS,
WP-TEC-1020LC, 365nm, 4 ‘C, 10 W, 162384 pnW/cm?). After the reactions were
completed, the mixture was extracted with ethyl acetate (3%x3 mL). The combined
organic phase was concentrated by rotary evaporation. Then, the crude product was
dissolved in isopropanol (90 pL) and internal standard thioxanthone in isopropanol
(0.01 mg/mL, 60 pul) was added. Yields of photocycloaddition products 2 were
measured using normal-phase HPLC based on an average of triplicate runs. The e.e.
values were determined by normal-phase HPLC on a chiral stationary phase.

The 100-fold scale-up reactions (10 mg-scale) were performed with the reaction
mixture (100 mL) containing the TPe lysates and substrate 1 (200 mM) in MOPS buffer
(20 mM MOPS, 150 mM NaCl, pH 7.0) with 10% (V/V) DMSO in a 250 mL round-
bottle flask was illuminated under LED lamps (365 nm, 6 W, 39300 uW/cm?) for 20 h
in ice bath. the mixture was extracted with ethyl acetate (100x3 mL). The combined
organic phase was concentrated by rotary evaporation. The crude products were
purified by flash chromatography on silica gel (PE/EtOAc, 20:1 to 10:1) to afford the
photocycloaddition products.

C Photoreactor Scale-up setup

Wave: 366.0nm Value: 162384, 391uf/cn’ /nm

230 292 354 416 478 540 602 664 726 788 850

Figure S1. The reaction setup and emission spectrum of the lamp. A. The photoreactor
used for analytical scale reactions. B. The scale-up reaction setup. C. The emission
spectrum of the lamps.
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4. The results of photocycloaddition during TPe evolution

4.1 The 1st Round of evolution: screen the positions for BpA insertion

Table S1. The results of photocycloaddition of substrate 1a with different catalysts.
Reaction conditions: 200 uM substrate 1a, 2.5 mol% catalyst in 1.0 mL solvent (BpA: CH3CN,
DMF: MOPS (1:10) for enzyme), 365 nm, 12 h, room temperature. (ND: not detected)

Entry Catalyst Yield (%) e.e. (%)
1 Benzophenone (10 mol%) >90 0
2 LmrR <5 ND
3 TPe V15BpA <5 ND
4 TPe N19BpA <5 ND
5 TPe M89BpA <5 ND
6 TPe F93BpA (TPel.0) 50 0
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4.2 The 2nd round of evolution

Table S2. The results of photocycloaddition of 1a catalysed by TPel.0 mutants.

Reaction conditions: 200 pM substrate 1a, 2.5 mol% catalyst in 1.0 mL solvent (DMF: MOPS

(1:10) for enzyme), 365 nm, 12 h, room temperature.

Entry Catalyst Yield (%) e.e. (%)
1 TPel.0_ M8H 67 0
2 TPel.0_M8P 26 6
3 TPel.0_M8S 14 9
4 TPel.0_M8F 14 0
5 TPel.0_ MSE 57 0
6 TPel.0_M8R 67 0
7 TPel.0 NI19V 13 0
8 TPel.0_N19D 25 7
9 TPel.0_N19T 25 0
10 TPel.0_N19S 22 0
11 TPel.0_NI19F 6 0
12 TPel.0 NI19Y 42 9
13 TPel.0 N19G 16 6
14 TPel.0_NI19L 20 <5
15 TPel.0_N191 25 7
16 TPel.0_M89Y 35 0
17 TPel.0_M89S 23 0
18 TPel.0_ MB9E 52 9
19 TPel.0 M89F 30 0
20 TPel.0_ MB8II 20 0
21 TPel.0_M&9P 29 0
22 TPel.0_MS89A 44 6
23 TPel.0_ M8IN 33 0
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24 TPel.0_ M89Q 36 10
25 TPel.0_ M89R 10 0
27 TPel.0_M89D 48 10
28 TPel.0_ W96T 30 0
29 TPel.0_ W96Q 38 0
30 TPel.0_W96L 30 49
31 TPel.0_ W96V 33 38
32 TPel.0_ W96E 25 0
33 TPel.0_W96I 22 17
34 TPel.0_D100G 73 5
35 TPel.0_D100N 67 5
36 TPel.0_D100Q 65 9
37 TPel.0_D100K 70 <5
38 TPel.0_D100P 66 0
39 TPel.0_D100D 42 9
40 TPel.0 D100R 26 9
41 TPel.0 D100L 18 7
42 TPel.0_D100A 54 26
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4.3 The 3rd round of evolution

Table S3. The results of photocycloaddition of 1a catalysed by TPe2.0 mutants.

Reaction conditions: 200 uM substrate 1a, 2.5 mol% catalyst in 1.0 mL solvent (DMSO: MOPS

(1:10) for enzyme), 365 nm, 12 h, room temperature.

Entry Catalyst Yield (%) e.e. (%)
1 TPe2.0_ M8A 53 0
2 TPe2.0_M8R 40 0
3 TPe2.0 M8K 53 0
4 TPe2.0_M8S 47 0
5 TPe2.0 MY 12 0
6 TPe2.0_M8P 9 0
7 TPe2.0_ MBQ 9 0
8 TPe2.0_ M8T 18 0
9 TPe2.0 M8G 17 0
10 TPe2.0 M8F 32 34
11 TPe2.0 M8V 38 59
12 TPe2.0_ M8L 58 71
13 TPe2.0 V15K 31 0
14 TPe2.0 VI5A 34 12
15 TPe2.0 VI5G 22 0
16 TPe2.0_VI15L 29 0
17 TPe2.0_VI5R 27 8
18 TPe2.0 N19T 26 0
19 TPe2.0 NI19E 43 0

20 TPe2.0 N19G 59 <5
21 TPe2.0 N19M 34 0
22 TPe2.0 N19L 18 0
23 TPe2.0 N19F 39 0
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24 TPe2.0_N19S 39 6
25 TPe2.0_N19V 22 0
26 TPe2.0_N19Q 18 6
27 TPe2.0_N19R 14 0
28 TPe2.0_D100L 36 53
29 TPe2.0 D100Q 39 3
30 TPe2.0 D100P 26 13
31 TPe2.0 DIOOR 39 3

5. Optimizations of the reaction conditions

5.1 The effect of enzyme dose

Table S4. Effect of enzyme dose. The reaction condition: substrate 1a (200 uM),
TPe2.0 lysate 2.5-5 mol %), MOPS buffer (20 mM MOPS, 150 mM NacCl, pH 7.0),
DMSO (10% v/v), stirred at room temperature for 12 h under aerobic condition with
irradiation by 365 nm UV light.

Entry Catalyst (mol%) Yield (%) e.e. (%)
1 2.5 30 49
2 5 45 65
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5.2 The effect of reaction medium

Table S5. Effect of medium on catalytic activity. The reaction condition: substrate 1a
(200 uM), TPe2.0 lysate (5 mol%), MOPS bufter (20 mM MOPS, 150 mM NaCl, pH
7.0) containing different organic solvents, stirred at room temperature for 12 h under

aerobic condition with irradiation by 365 nm UV light.

Entry Solvent (1:10) Yield (%) e.e. (%)
1 MOPS 12 19
2 DMF/MOPS 43 63
3 MeCN/MOPS 34 63
4 Isopropanol/MOPS 27 63
5 DMSO/MOPS 45 65
6 EtOA/MOPS 14 47
7 Glycerol/MOPS 25 35
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6. Sequence information

6.1. Sequence of primers using for LmrR, Tpel.0, Tpe2.0 and Tpe3.0
mutagenesis

LmrR_V15BpA fw
LmrR V15BpA rv
LmrR N19BpA fw
LmrR _NI19BpA rv
LmrR M89BpA fw
LmrR_M89BpA rv
LmrR F93BpA fw
LmrR F93BpA rv
LmrR W96BpA_fw
LmrR W96BpA rv
MS8N_fw

MSN rv

VISN_ fw

VI5SN rv

NI9N fw

NI9N rv

F93BpA MSI9N fw
F93BpA_MS8IN rv
F93BpA_ WOI6N_fw
F93BpA WO6N rv
DI100ON_fw

DIOON rv
MSL_A11S fw
MSL_A1I1S rv
MSL A1IT fw
MSL _A1IT rv
MSL A1IN fw
MSL A1IN rv
MSL _AllH fw
MSL AllH rv

L18S fw

L18S rv

L18T fw

L18T rv

GCT CAA ACC AAT TAG ATC CTG CTG AAT
ATT CAG CAG GAT CTAATT GGT TTG AGC
GTC ATC CTG CTG TAG GTC CTGAAACAAG
CTTG TTT CAG GAC CTA CAG CAG GAT GAC
GGC CAT GAA AAC TAG CGC CTG GCG TTC
GAA CGC CAG GCG CTAGTT TTC ATG GCC
ATG CGC CTG GCG TAG GAATCCTGG AGT
ACT CCA GGA TTC CTA CGC CAG GCG CAT
GCG TTC GAA TCC TAG AGT CGT GTG GAC
GTC CAC ACG ACT CTA GGATTC GAA CGC
ATC CCG AAA GAA NNK CTG CGT GCT CAA
TTG AGC ACG CAG MNN TTC TTT CGG GAT
GCT CAA ACC AAT NNN ATC CTG CTG AAT
ATT CAG CAG GAT NNN ATT GGT TTG AGC
GTC ATC CTG CTG NNK GTC CTGAAA CAAG

CTTG TTT CAG GAC MNN CAG CAG GAT GAC

GGC CAT GAA AAC NNN CGC CTG GCG TAG
CTA CGC CAG GCG NNN GTT TTC ATG GCC
GCG TAG GAA TCC NNN AGT CGT GTG GAC
GTC CAC ACG ACT NNN GGA TTC CTA CGC
TGG AGT CGT GTG NNK AAA ATC ATT GAA
TTC AAT GAT TTT MNN CAC ACG ACT CCA
GAA TTG CTG CGT TCC CAA ACC AAT GTC
GAC ATT GGT TTG GGA ACG CAG CAATTC
GAA TTG CTG CGT ACG CAA ACC AAT GTC
GAC ATT GGT TTG CGT ACG CAG CAATTC
GAA TTG CTG CGT AAT CAA ACC AAT GTC
GAC ATT GGT TTG ATT ACG CAG CAA TTC
GAA TTG CTG CGT CAT CAA ACC AAT GTC
GAC ATT GGT TTG ATG ACG CAG CAA TTC
AAT GTC ATC CTG TCC AAT GTC CTG AAA
TTT CAG GAC ATT GGA CAG GAT GAC ATT
AAT GTC ATC CTG ACG AAT GTC CTG AAA
TTT CAG GAC ATT CGT CAG GAT GAC ATT
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L18N_fw AAT GTC ATC CTG AAT AAT GTC CTG AAA

L18N rv TTT CAG GAC ATT ATT CAG GAT GAC ATT
L18H fw AAT GTC ATC CTG CAT AAT GTC CTG AAA
L18H rv TTT CAG GAC ATT ATG CAG GAT GAC ATT

6.2. Nucleic acid and protein sequences of LmrR and TPes

LmrR

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAAATGCTGCGTGCTCAAACCAATGTCATCCTG
CTGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTTCGAATCCTGGAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKEML RAQTNVILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAFESWSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe_V15BpA

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAAATGCTGCGTGCTCAAACCAATTAGATCCTG
CTGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTTCGAATCCTGGAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKEML RAQTNV(BpA)ILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAFESWSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK
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TPe_N19BpA

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAAATGCTGCGTGCTCAAACCAATGTCATCCTG
CTGTAGGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTTCGAATCCTGGAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKEML RAQTNVILLN(BpA) VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAFESWSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe_M89BpA

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAAATGCTGCGTGCTCAAACCAATGTCATCCTG
CTGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACTAGCG
CCTGGCGTTCGAATCCTGGAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKEML RAQTNVILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM(BpA) RLAFESWSRV
DKITENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe_F93BpA(TPel.0)

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAAATGCTGCGTGCTCAAACCAATGTCATCCTG
CTGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCTGGAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA
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Protein Sequence

MGAEIPKEML RAQTNVILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESWSRV
DKITENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe2.0

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAAATGCTGCGTGCTCAAACCAATGTCATCCTG
CTGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCCTTAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKEML RAQTNVILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESLSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe3.0

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAATTGCTGCGTGCTCAAACCAATGTCATCCTG
CTGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCCTTAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKELL RAQTNVILLN VLKQGDNYVY GIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESLSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe3.0_FBpA

Protein Sequence

MGAEIPKELL RAQTNVILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(FBpA)ESLSRV
DKITENLEAN KKSEAIKSRG GSGGWSHPQF EK
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TPe3.0_Al11S

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAATTGCTGCGTTCCCAAACCAATGTCATCCTGC
TGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGAA
AGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTTT
TGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCCTTAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKELL RSQTNVILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESLSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe3.0-Al1lN (TPe 4.0)

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAATTGCTGCGTAATCAAACCAATGTCATCCTGC
TGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGAA
AGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTTT
TGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCCTTAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKELL RNQTNVILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESLSRV
DKITENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe 4.0 FBpA

Protein Sequence

MGAEIPKELL RNQTNVILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(FBpA)ESLSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK
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TPe3.0-Al11T

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAATTGCTGCGTACGCAAACCAATGTCATCCTG
CTGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCCTTAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKELL RTQTNVILLN VLKQGDNYVY GIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESLSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe3.0_ Al11H

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAATTGCTGCGTCATCAAACCAATGTCATCCTGC
TGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGAA
AGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTTT
TGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCCTTAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKELL RHQTNVILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESLSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe3.0_ FBpA AllH

Protein Sequence

MGAEIPKELL RHQTNVILLN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(FBpA)ESLSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK
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TPe3.0 L18T

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAATTGCTGCGTGCTCAAACCAATGTCATCCTG
ACGAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCCTTAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKELL RAQTNVILTN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESLSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe3.0 L18S

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAATTGCTGCGTGCTCAAACCAATGTCATCCTGT
CCAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGAA
AGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTTT
TGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCCTTAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGATGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCCA
CCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKELL RAQTNVILSN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESLSRV
DKITENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe3.0_L18H

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAATTGCTGCGTGCTCAAACCAATGTCATCCTG
CATAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCCTTAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA
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Protein Sequence

MGAEIPKELL RAQTNVILHN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESLSRV
DKITENLEAN KKSEAIKSRG GSGGWSHPQF EK

TPe3.0_L18N

Nucleic acid sequence
ATGGGTGCCGAAATCCCGAAAGAATTGCTGCGTGCTCAAACCAATGTCATCCTG
AATAATGTCCTGAAACAAGGCGATAACTATGTGTATGGCATTATCAAACAGGTGA
AAGAAGCGAGCAACGGTGAAATGGAACTGAATGAAGCCACCCTGTATACGATTT
TTGATCGTCTGGAACAGGACGGCATTATCAGCTCTTACTGGGGTGATGAAAGTCA
AGGCGGTCGTCGCAAATATTACCGTCTGACCGAAATCGGCCATGAAAACATGCG
CCTGGCGTAGGAATCCCTTAGTCGTGTGGACAAAATCATTGAAAATCTGGAAGC
AAACAAAAAATCTGAAGCGATCAAATCTAGAGGTGGCAGCGGTGGCTGGAGCC
ACCCGCAGTTCGAAAAATAA

Protein Sequence

MGAEIPKELL RAQTNVILNN VLKQGDNYVY GIIKQVKEAS NGEMELNEAT
LYTIFDRLEQ DGIISSYWGD ESQGGRRKYY RLTEIGHENM RLAF(BpA)ESLSRV
DKIIENLEAN KKSEAIKSRG GSGGWSHPQF EK
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7. The absorption spectrum of benzophenone and 3’-fluoro-
benzophenone
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Figure S2. Absorption spectrum of benzophenone (Bp) and 3’-fluorobenzophenone
(FBp).

8. Crystallization conditions for photoenzyme-substrate complex

Crystallization of TPe3.0 and the TPe3.0-1b complex: The crystals of TPe3.0 (PDB:
7XUP) were obtained under the condition of 0.2 M NaCl, 0.2 M MgClz, 0.1 M Tris-
HCI, pH 8.5, 25% (w/v) PEG3350. The crystallization condition for TPe3.0-1b
complex (7XUQ) was 0.2 M MgClz, 0.1 M Tris-HCI, pH 8.5, 25% (w/v) PEG3350.
The crystals were transferred into a cryoprotectant with 25% Paraffin Oil and 75%
Parabar and flash-frozen in liquid nitrogen until X-ray data collection on beamline
BL18U1 at the Shanghai Synchrotron Radiation Facility (Shanghai, China). Data were
processed and scaled by HKL2000 [, XDS ¥ and aimless [ and the structures were
solved by molecular replacement with the program MOLREP [© using LmrR-
Daunomycin (PDB: 3F8F) without the ligand as the template. Refinement was
performed with Phenix.refine!”! followed by manual examination and rebuilding of the
refined coordinates in the program Coot®!.
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Figure S3. a. Composite omit map for BpA in TPe3.0 (contoured at 1.0 o blue mesh).
b. Composite omit map for substrate 1b in the TPe3.0-1b complex structure (contoured
at 1.0 o, blue mesh). ¢c. Composite omit map for BpA in the TPe3.0-1b complex
structure (contoured at 1.0 o, blue mesh).
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Table S6. Data collection

and refinement statistics

data set TPe3.0 TPe3.0 complexed with N-Boc-3-alkenylindole
Wavelength, A 0.97915 0.97915
Resolution range, A 19.13-2.602(2.695-2.602) | 42.4-2.5(2.589-2.5)
Space group P3212 P3212
Unit cell ?2'0697 69.69761.78790 90 68.764 68.764 60.386 9090 120
Total reflections 14571 (974) 115700 (13598)
Unique reflections 5259 (454) 5740 (562)
Multiplicity 2.8(1.7) 20.1(21.2)
Completeness (%) 97.17 (83.58) 98.96 (98.94)
Mean I/sigma(l) 19.8(4.3) 16.4(2.0)
Wilson B-factor 31.70 55.29
R-merge 0.045 (0.188) 0.139(1.955)
R-meas 0.056 (0.265) 0.143 (2.001)
R-pim 0.032 (0.188) 0.032 (0.428)
CC1/2 0.996 (0.887) 0.998 (0.736)
Reflections used in refinement | 5258 (453) 5735 (561)
Reflections used for R-free 261 (23) 268 (29)
R-work 0.2130 (0.2617) 0.2088 (0.3378)
R-free 0.2520 (0.2679) 0.2608 (0.3311)
Number of non-hydrogen atoms | 893 955
macromolecules 858 901
ligands 19 49
solvent 16 5

Protein residues 108 113
RMS (bonds,A) 0.004 0.009
RMS (angles,deg) 061 1.11
Ramachandran favored (%) 100.00 94.44
Ramachandran allowed (%) 0.00 5.56
Ramachandran outliers (%) 0.00 0.00
Rotamer outliers (%) 0.00 0.00
Clashscore 346 537
Average B-factor 46.77 67.59

macromolecules 46.79 67.85

ligands 52.21 64.70
solvent 39.03 49.00

Statistics for the highest-resolution shell are shown in parentheses.
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9. Synthesis of substrates

9.1 General procedure for the synthesis of substrates

MeO,C

eY25 co,Me DMAP (10 mol%) MeO2C co,Me

Boc,O (1.5 eq)
N 2 N
AN > NS
-z _ r} THF, rt, 16 h P N
N
H Boc

1-

-

N-Boc indole derivatives 1 were synthesized in a single step from the NH
precursors 1-1 that were reported in literature [ A mixture of indole 1-1 (1.0 eq) in
anhydrous THF was added (Boc)20 (1.1 eq), DMAP (5 mol%) at room temperature.
The mixture was stirred for 16 h before quenching with saturated aqueous Na>COs3
solution. The organic layer was collected and the aqueous layer was extracted with
EtOAc (30 mL x 3). The combined organic phase was washed with brine, dried over
Na2SOs and concentrated by rotary evaporation. Purification by flash column
chromatography (PE/EtOAc: 100/1 to 50/1) afforded the desired products.

9.2 Characterization data of substrates

Substrate 1a

M302C COZMe

N—rh

Boc
1a

White solid. TLC: Rr=0.54 (Hexane/EtOAc = 10:1) [UV].

!H NMR (600MHz, CDCls) 6 8.22 (d, J = 8.5 Hz, 1H), 7.52 (d, J = 7.8Hz, 1H), 7.48
—7.38 (m, 5H), 7.35 — 7.30 (m, 1H), 7.27 — 7.22 (m, 1H), 4.87 — 4.76 (m, 1H), 4.76 —
4.68 (m, 2H), 3.50 (s, TH), 3.46 (s, 2H), 2.25 (d, J = 6.5 Hz, 2H), 1.23 (s, 9H).

13C NMR (101 MHz, CDCl3) 8 171.49, 150.02, 138.37, 136.16, 134.03, 132.49, 130.63,
129.61, 128.28, 127.85, 124.54, 122.38, 119.33, 118.16, 114.89, 114.57, 83.22, 58.98,
52.18,37.41,27.46, 26.84.

HRMS (ESI): Calcd for C2sH32NOs [M+H]": 478.2224; Found: 478.2231.

S24



Substrate 1b

MeO:C co,me

N—cH,

Boc
1b

White solid. TLC: Re= 0.52 (Hexane/EtOAc =10:1) [UV].

'H NMR (400 MHz, CDCls) 6 8.10 (d, J = 8.1 Hz, 1H), 7.44 — 7.16 (m, 1H), 7.25 —
7.16 (m, 2H), 5.94 — 5.89 (m, 1H), 5.19 — 5.10 (m, 2H), 3.65 (s, 6H), 3.41 (s, 2H), 2.65
(d, J=6.1 Hz, 2H), 2.54 (s, 3H), 1.70 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.53, 150.59, 135.89, 135.60, 133.07, 130.27, 123.38,
122.20, 118.82,118.31, 115.27, 112.90, 83.72, 59.09, 52.29, 52.18, 37.98, 28.30, 28.20,
14.94.

HRMS (ESI): Calcd for C23H30NOs [M+H]": 416.2068; Found: 416.2075.

Substrate 1c

MeO,C COZME
X

White solid. TLC: Rr=0.51 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCls) 6 8.19 (d, J = 8.4 Hz, 1H), 7.51 (d, J = 7.9 Hz, 1H), 7.35
~7.22 (m, 6H), 4.91 — 4.82 (m, 1H), 4.78 — 4.69 (m, 2H), 3.50 (s, 6H), 3.45 (s, 2H),
2.43 (s, 3H), 2.26 (d, J = 6.8 Hz, 2H), 1.27 (s, 9H).

13C NMR (101 MHz, CDCl3) 8 171.53, 150.07, 138.61, 137.60, 136.08, 132.66, 130.92,
130.46, 129.68, 128.89, 124.38, 122.31, 119.26, 117.96, 114.87, 114.40, 83.20, 58.97,
52.17,37.41,27.50, 26.89, 21.29.

HRMS (ESI): Calcd for C290H34NOs [M+H]": 492.2381; Found: 492.2389.
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Substrate 1d

M602C COzMe
X

L~

Boc
1d "

Yellow solid. TLC: Rf=0.56 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCls) 6 8.29 (d, J = 8.3 Hz, 1H), 7.57 (d, J = 7.4 Hz, 1H), 7.47
—7.32 (m, 3H), 7.30 - 7.23 (m, 1H), 7.17 (t, J = 9.6 Hz, 1H), 4.95 — 4.85 (m, 1H), 4.84
—4.74 (m, 2H), 3.55 (s, 3H), 3.49 (s, 3H), 3.53 — 7.23 (m, 2H), 2.41 (dd, J=14.3, 7.7
Hz, 1H), 2.25 (dd, J=14.3, 6.0 Hz, 1H), 1.32 (s, 9H).

13C NMR (101 MHz, CDCls) 6 171.44, 171.37, 160.98 (d, J = 247.6 Hz), 149.75,
136.39, 132.20 (d, J =22.7 Hz), 130.31 (d, J = 8.1 Hz), 129.50, 124.91, 124.22 (d, J =
3.7Hz), 122.47(d,J=12.1 Hz), 119.45, 118.26, 115.94, 115.80, 115.59, 115.27, 83.36,
58.85,52.27,52.16, 37.03, 27.48, 27.18.

HRMS (ESI): Calcd for C2sH31FNOs [M+H]": 496.2130; Found: 496.2132.

Substrate le

MeO,C, CO,Me
AN

White solid. TLC: Rr=0.52 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCls) § 8.23 (d, J = 8.3 Hz, 1H), 7.54 (d, J= 7.9 Hz, 1H), 7.49
—7.44 (m, 2H), 7.38 — 7.32 (m, 3H), 7.26 (t, J= 7.0 Hz, 1H), 5.06 — 4.92 (m, 1H), 4.89
—4.74 (m, 2H), 3.51 (s, 6H), 3.45 (s, 2H), 2.29 (d, J = 8.3 Hz, 2H), 1.30 (s, 9H).

13C NMR (101 MHz, CDCl3) 6 171.34, 149.81, 136.93, 136.16, 134.00, 132.56, 132.19,
132.01, 129.55, 128.46, 124.84, 122.58, 119.45, 118.41, 115.23, 115.08, 83.59, 58.81,
52.23,37.63, 27.56, 26.95.

HRMS (ESI): Calcd for C2sH31CINOgs [M+H]"™: 512.1834; Found: 512.1833.
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Substrate 1f

MeO,C COoMe

A
O
N
Bo%f Br

Yellow solid. TLC: Rf=0.52 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCls) 6 8.23 (d, J = 8.3 Hz, 1H), 7.58 — 7.51 (m, 3H), 7.38 —
7.32 (m, 3H), 7.29 — 7.24 (m, 1H), 5.03 — 4.91 (m, 1H), 4.85 — 4.76 (m, 2H), 3.50 (s,
6H), 3.44 (s,2H), 2.31 (d, J= 7.1 Hz, 2H), 1.28 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.36, 149.75, 136.43, 136.20, 136.15, 133.75, 132.06,
130.83, 129.75, 129.45, 129.10, 124.94, 122.59, 122.24, 119.49, 118.47, 115.36,
115.06, 83.57, 58.80, 52.26, 37.56, 27.54, 26.89.

HRMS (ESI): Calcd for C2sH31BrNOs [M+H]™: 556.1329; Found: 556.1336.

Substrate 1g

MeO:G co,Me

Q o

White solid. TLC: Rr=0.58 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCl3) 6 8.11 (d, J= 7.1 Hz, 1H), 7.50 (d, J = 7.3 Hz, 1H), 7.41
(s, 1H), 7.33 — 7.28 (m, 1H), 7.26— 7.21 (m, 1H), 5.88 — 5.75 (m, 1H), 5.22 — 5.14 (m,
2H), 3.70 (s, 6H), 3.37 (s, 2H), 2.72 (d, J = 7.2 Hz, 2H), 1.69 (s, 9H).

13C NMR (101 MHz, CDCls) & 1171.27, 149.56, 135.02, 132.61, 130.96, 124.67,
124.34, 122.34, 119.40, 118.95, 115.16, 114.62, 83.63, 58.56, 52.41, 37.31, 28.20,
27.69.

HRMS (ESI): Calcd for C22H2sNOs [M+H]™: 402.1911; Found: 402.1914.
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Substrate 1h

( N\

MeQO,C CO,Me
HsC N
@E\CR
N

Boc
1h

. J

White solid. TLC: Rr=0.51 (Hexane/EtOAc = 10:1) [UV].

!H NMR (400 MHz, CDCls) & 7.97 (s, 1H), 7.36 (s, 1H), 7.28 (s, 1H), 7.12 (dd, J =
8.4, 1.9 Hz, 1H), 5.87 — 5.74 (m, 1H), 5.22 — 5.13 (m, 2H), 3.70 (s, 6H), 3.34 (s, 2H),
2.71 (d,J="7.3 Hz, 2H), 2.45 (s,3H), 1.68 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.29, 149.59, 132.66, 131.69, 131.13, 125.68, 124.70,
119.37, 118.89, 114.79, 114.32, 83.43, 58.47, 52.37, 37.22, 28.21, 27.65, 21.38.
HRMS (ESI): Calcd for C23H30NOs [M+H]™: 416.2068; Found: 416.2071.

Substrate 1i

N
MeOZC COzMe

N
N—cH,

N
HsC Boc

1i

. J

White solid. TLC: Rr=0.54 (Hexane/EtOAc = 10:1) [UV].

!H NMR (400 MHz, CDCls) 8 7.95 (d, J = 8.5 Hz, 1H), 7.20 (s, 1H), 7.04 (d, J = 8.5
Hz, 1H), 5.95—5.82 (m, 1H), 5.20 — 5.10 (m, 2H), 3.66 (s, 6H), 3.38 (s, 2H), 2.64 (d,
J=7.1Hz, 2H), 2.52 (s, 3H), 2.43 (s, 3H), 1.69 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.54,150.62, 135.94, 133.78,133.12, 131.44, 130.42,
124.64,118.81,118.31,114.98, 112.60, 83.51, 59.02, 52.25,37.79, 28.31, 28.13,21.31,
14.99.

HRMS (ESI): Calcd for C24H32NOs [M+H]": 430.2224; Found: 430.2230.
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Substrate 1j

MeO N

White solid. TLC: Rr=0.59 (Hexane/EtOAc = 10:1) [UV].

!H NMR (400 MHz, CDCl3) 6 7.70 (s, 1H), 7.34 (d, J = 8.7 Hz, 1H), 7.26 (s, 1H), 6.85
(dd, J=8.7, 2.4 Hz, 1H), 5.85 — 5.72 (m, 1H), 5.20 — 5.09 (m, 2H), 3.85 (s, 3H), 3.67
(s, 6H), 3.30 (s, 2H), 2.69 (d, J = 7.2 Hz, 2H), 1.66 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.23, 157.82, 149.57, 136.00, 132.63, 124.68, 123.22,
119.43,119.32, 114.56, 111.72, 99.20, 83.41, 58.51, 55.49, 52.35, 37.25, 28.14, 27.72.
HRMS (ESI): Calcd for C23H30NO7 [M+H]™: 432.2017; Found: 432.2027.

Substrate 1k

H,C N

White solid. TLC: Rr=0.52 (Hexane/EtOAc = 10:1) [UV].

!H NMR (600 MHz, CDCls3) 6 7.98 (brs, 1H), 7.37 (d, J = 8.1 Hz, 1H), 7.31 (br s, 1H),
7.07 (d, J = 8.0 Hz, 1H), 5.85 — 5.76 (m, 1H), 5.22 — 5.10 (m, 2H), 3.70 (s, 6H), 3.34
(s, 2H), 2.71 (d, J = 7.2 Hz, 2H), 2.49 (s, 3H), 1.68 (s, 9H).

13C NMR (151 MHz, CDCl3) § 171.32, 149.64, 134.37, 132.68, 128.72, 123.98, 123.82,
119.36, 118.58, 115.43, 114.58, 83.43, 58.59, 52.41, 37.29, 28.19, 27.75, 21.89.
HRMS (ESI): Calcd for C23H30NOs [M+H]": 416.2068; Found: 416.2065.
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Substrate 1l

White solid. TLC: Rr=0.51 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCls) 6 8.00 (d, J = 6.8 Hz, 1H), 7.42 (d, J = 2.1 Hz, 1H), 7.40
(s, 1H), 7.21 (dd, J = 8.8, 2.1 Hz, 3H), 5.82 — 5.69 (m, 1H), 5.25 — 5.12 (m, 2H), 3.68
(s, 6H), 3.28 (s, 2H), 2.68 (d, J = 7.3 Hz, 2H), 1.65 (s, 9H).

13C NMR (101 MHz, CDCl3) 8 171.02, 149.09, 133.37, 132.43, 132.05, 128.11, 126.05,
124.40, 119.57, 118.67, 116.20, 113.97, 84.04, 58.19, 52.42, 37.25, 28.09, 27.53.
HRMS (ESI): Caled for C22H26CINOs [M+H]": 436.1521; Found: 436.1526.

Substrate 1m

White solid. TLC: Re=0.53 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 7.4 Hz, 1H), 7.61 (d, J = 2.0 Hz, 1H), 7.40
(brs, 1H), 7.38 (dd, J=8.8, 1.9 Hz, 1H), 5.87 — 5.69 (m, 1H), 5.32 — 5.13 (m, 2H), 3.71
(s, 6H), 3.30 (s, 2H), 2.70 (d, J = 7.2 Hz, 2H), 1.67 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.07, 149.15, 133.75, 132.57,132.40, 127.12, 125.93,
121.80, 119.64, 116.65, 115.81, 113.90, 84.15, 58.16, 52.50, 37.22, 28.15, 27.51.
HRMS (ESI): Calcd for C22H27BrNOs [M+H]": 480.1016; Found: 480.1014.
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Substrate 1n

White solid. TLC: Rr=0.51 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCls) 6 8.05 (s, 1H), 7.43 (s, 1H), 7.14 (dd, J = 9.2, 2.5 Hz,
1H), 7.02 (td, J =9.2, 2.5 Hz, 1H), 5.85 - 5.71 (m, 1H), 5.23 — 5.14 (m, 2H), 3.71 (s,
6H), 3.30 (s, 2H), 2.70 (d, J = 7.2 Hz, 2H), 1.67 (s, 9H).

13C NMR (101 MHz, CDCls) 6 171.14, 160.38, 158.00, 149.26, 132.44, 131.89 (d, J
=9.3 Hz), 126.31, 119.56, 116.13 (d, J =9.0 Hz), 114.37 (d, J = 4.0 Hz), 112.10 (d, J
=25.0 Hz), 104.58 (d, J = 24.1 Hz).83.92, 58.35, 52.45, 37.30, 28.16, 27.70.

HRMS (ESI): Calcd for C22H27FNOs [M+H]": 420.1817; Found: 420.1826.

Substrate 10

M602C COzMe

N\\—CH,
N Phy,¢

N
Boc

10

White solid. TLC: Rf=0.53 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCls) & 8.21 (d, J = 8.3 Hz, 1H), 7.54 — 7.49 (d, J = 8.1 Hz,
1H), 7.47 — 7.36 (m, 5H), 7.35 — 7.21 (m, 2H), 4.17 — 4.10 (m, 1H), 3.50 (s, 6H), 3.46
(s, 2H), 2.23 (d, J = 7.2 Hz, 2H), 1.45 (s, 3H), 1.37 (s, 3H), 1.23 (s, 9H).

13C NMR (101 MHz, CDCls) § 171.96, 150.08, 138.46, 136.18, 134.35, 133.96, 130.64,
129.73, 128.17, 127.73, 124.49, 122.37, 119.34, 117.71, 114.85, 114.72, 83.17, 58.61,
52.17,31.15,27.46, 26.93, 25.82, 17.56.

HRMS (ESI): Calcd for C30H36NOs [M+H]": 506.2537; Found: 506.2545.
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Substrate 1p

White solid. TLC: Rr=0.47 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCls) 6 8.20 (d, J=8.4 Hz, 0.43H), 8.16 (d, J = 8.4 Hz, 0.54H),
7.62 (d,J=17.9 Hz, 0.43H), 7.57 (d, J= 7.9 Hz, 0.54H), 7.50 (d, J = 7.4 Hz, 1H), 7.44
—7.24 (m, 6H), 6.72 (d,J=4.9 Hz, 1H), 5.94 — 5.84 (m, 0.52H), 5.64 — 5.55 (m, 0.41H),
5.18(d,J=17.1 Hz, 0.51H), 5.12 (d, J=10.3 Hz, 0.52H), 5.02 — 4.83 (m, 2H), 4.60 (s,
3H), 3.61 (t,J=7.5 Hz, 1H), 3.37 (t,J="7.5 Hz, 1H), 2.49 (q, J = 7.2 Hz, 2H), 2.30 (q,
J=17.2 Hz, 2H), 1.72 (s, 9H).

13C NMR (101 MHz, CDCl3) § 164.98, 164.68, 149.28, 149.23, 137.19, 136.43, 135.70,
135.64, 134.40, 133.26, 133.23, 128.73, 128.68, 128.36, 127.87, 127.85, 127.51,
125.26, 123.27, 123.23, 121.40, 117.26, 116.78, 115.54, 108.48, 84.87, 53.03, 48.05,
47.95, 44.03, 32.66, 31.38, 28.27. (This compound contains a pile of rotamers)
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10. Synthesis of racemic product standards

10.1 General procedure for the synthesis of racemic product Standards

CO,Me
MeO,C CO,Me M602C7/——,_2
N thioxanthone (5 mol%) o,

i X N\ X “
el CHsCN, hv (A = 400 nm) @&
Boc Boc

1 rac-2

In a 10 mL tube containing a stirring bar was added substrate 1 (0.2 mmol) in
acetonitrile (5.0 mL). After addition of thioxanthone (5 mol%), the reaction mixture
was deoxygenated by bubbling N2 for 10 min, and was then illuminated by a 6 W blue
LED at room temperature for 24-36 h monitored by TLC. The mixture was then
concentrated in vacuo and purified by silica gel flash chromatography (PE/EA: 30/1 to
20/1) to afford the corresponding rac-2.

10.2 Characterization data of racemic product standards
Product rac-2a
CO,Me
MeO,C

N Ph
Boc
rac-2a

White solid. TLC: R¢=0.50 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCl3): 6 8.00 (d, J = 8.0 Hz, 1H), 7.33 — 7.28 (m, 2H), 7.27 (m,
2H), 7.19 — 7.07 (m, 3H), 7.05 — 7.00 (m, 1H), 3.75 (s, 3H), 3.50 (s, 3H), 3.08 — 2.99
(m, 1H), 2.97 — 2.83 (m, 2H), 2.81 - 2.70 (m, 1H), 2.61 —2.52 (m, 1H), 2.40 — 2.29 (m,
2H), 1.18 (s, 9H).

13C NMR (101 MHz, CDCl3): & 172.54, 172.10, 151.79, 145.20, 140.56, 134.61,
128.20, 127.93, 127.14, 126.66, 122.78, 122.15, 114.55, 80.57, 72.41, 63.52, 53.01,
52.73,44.75,40.31, 38.40, 32.91, 28.02.

HRMS (ESI): Calcd for C2sH32NOs [M+H]": 478.2224; Found 478.2232.
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Product rac-2b

COzMe
MeO,C

N CHs
Boc
rac-2b

White solid. TLC: Rf= 0.46 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCl3): 8 7.86 (brs, 1H), 7.18 (td, J = 7.7, 1.4 Hz, 1H), 7.11 (dd,
J=75,1.3Hz, 1H), 6.97 (td, J = 7.4, 1.1 Hz, 1H), 3.84 (s, 3H), 3.83 (s, 3H), 3.04 —
2.96 (m, 1H), 2.81 — 2.75 (m, 2H), 2.71 — 2.60 (m, 1H), 2.55 — 2.46 (m, 1H), 2.43 (dd,
J=14.0, 6.1 Hz, 1H), 1.97 (dd, J = 13.7, 6.0 Hz, 1H), 1.56 (s, 9H), 1.46 (s, 3H).

13C NMR (100 MHz, CDCl): & 172.63, 172.53, 151.98, 144.16, 135.09, 127.99,
122.69, 122.30, 115.18, 80.77, 68.02, 63.88, 60.37, 53.08, 52.96, 44.54, 40.82, 38.63,
37.47, 28.52, 20.36.

HRMS (ESI): Calcd for C23H30NOs [M+H]": 416.2068; Found: 416.2069.

Product rac-2c

Boc

(s
CHs

rac-2c
White solid. TLC: Rr=0.45 (Hexane/EtOAc = 10:1) [UV].
'H NMR (400 MHz, CDC13): § 7.99 (d, J = 8.1 Hz, 1H), 7.23 (t, J = 7.7 Hz, 1H), 7.14
(d, J=7.5Hz, 1H), 7.09 (d, J = 7.8 Hz, 2H), 7.06 — 6.90 (m, 3H), 3.73 (s, 3H), 3.50 (s,
3H), 3.02 —2.96 (m, 1H), 2.95 — 2.80 (m, 2H), 2.77 — 2.80 (m, 1H), 2.54 (dd, J = 14.0,
2.9 Hz, 1H), 2.41 — 2.34 (m, 2H), 2.32 (s, 3H), 1.18 (s, 9H).
13C NMR (101 MHz, CDCls): & 172.55, 172.08, 151.84, 145.24, 137.56, 136.60,
134.74, 128.58, 128.13, 126.57, 122.72, 122.16, 114.53, 80.44, 72.35, 63.55, 63.33,
52.96, 52.65, 44.71, 40.38, 38.45, 33.10, 28.05, 21.06.
HRMS (ESI): Calcd for C20H34NOs [M+H]™: 492.2381; Found: 492.2386.
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Product rac-2d

White solid. TLC: Re=0.52 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCls): 6 7.93 (br s, 1H), 7.49 — 7.34 (m, 1H), 7.29 — 7.13 (m,
4H), 7.03 (t,J =7.4 Hz, 1H), 6.98 — 6.90 (t, J = 7.3 Hz, 1H), 3.74 (s, 3H), 3.33 (s, 3H),
3.11 = 2.99 (m, 2H), 2.94 — 2.79 (m, 1H), 2.59 — 2.45 (m, 2H), 2.35 — 2.22 (m, 1H),
1.29 (s, 9H).

13C NMR (101 MHz, CDCl): & 172.35, 171.94, 162.28, 159.79, 151.56, 144.44,
134.85, 131.49 (d, J = 5.0 Hz), 129.33 (d, J = 8.0 Hz), 127.95, 126.40 (d, J = 13.0 Hz),
122.68,120.94, 115.87(d, J=20.0 Hz), 114.66, 80.80, 70.06, 63.32, 62.78, 53.03, 52.72,
44.13, 40.05, 38.69, 33.43, 28.22.

HRMS (ESI): Calcd for C2sH31FNOs [M+H]": 496.2130; Found: 496.2130.

Product rac-2e

Cl

rac-2e

White solid. TLC: Rr=0.47 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCl3): & 7.98 (d, J = 6.9 Hz, 1H), 7.33 — 7.25 (m, 3H), 7.16 (d,
J=7.6 Hz, 1H), 7.11 — 6.99 (m, 1H), 3.76 (s, 3H), 3.53 (s, 3H), 3.01 — 2.84 (m, 3H),
2.82-2.71 (m, 1H), 2.59 — 2.50 (m, 1H), 2.43 —2.27 (m, 2H), 1.21 (s, 9H).

13C NMR (101 MHz, CDCl3): & 172.40, 172.10, 151.55, 144.98, 139.23, 134.24,
132.92, 128.36, 128.20, 122.98, 122.19, 114.67, 80.86, 71.77, 63.45, 53.07, 52.77,
44.67, 40.25, 38.36, 33.09, 28.12.

HRMS (ESI): Calcd for C2sH31CINOs [M+H]™: 512.1834; Found: 512.1841.
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Product rac-2f

White solid. TLC: Rr=0.47 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCl3): 6 7.98 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 7.7 Hz, 1H), 7.33
—7.23 (m, 2H), 7.16 (d, J = 7.5 Hz, 2H), 7.04 (t, J = 6.9 Hz, 2H), 3.75 (s, 3H), 3.56 (s,
3H), 3.00 — 2.94 (m, 1H), 2.94 — 2.89 (m, 2H), 2.79 — 2.71 (m, 1H), 2.58 (d, J = 14.3
Hz, 1H), 2.39 (d, J = 15.8 Hz, 1H), 2.34 (br s, 1H), 1.22 (s, 9H).

13C NMR (101 MHz, CDCl3): & 172.40, 172.04, 151.50, 144.95, 143.08, 134.15,
130.29, 129.77, 128.40, 125.22, 123.01, 122.07, 114.70, 80.95, 71.68, 63.55, 63.42,
53.09, 52.98, 44.74, 40.05, 38.19, 32.94, 28.09.

HRMS (ESI): Calcd for C2sH31BrNOs [M+H]™: 556.1329; Found: 556.1327.

Product rac-2g
CO,Me
MeO,C

N H
Boc
rac-2g

White solid. TLC: Rr=0.51 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCl3): 6 7.88 (d, J = 8.1 Hz,0.65H), 7.50 (d, J = 6.7 Hz, 0.33H),
7.21 (t,J=7.7 Hz, 1H), 7.16 (d, J = 7.3 Hz, 1H), 7.02 — 6.95 (m, 1H), 4.55 (s, 0.29H),
4.39 (s, 0.65H), 3.86 (s, 3H), 3.80 (s, 3H), 2.90 — 2.79 (m, 2H), 2.63 — 2.47 (m, 3H),
2.28 —2.09 (m,2H), 1.60 (s, 2.62H), 1.51 (s, 6.32H).

13C NMR (101 MHz, CDCl3): & 172.21, 151.72, 144.10, 134.47, 128.35, 122.63,
114.91, 80.30, 63.11, 61.85, 57.34, 53.05, 52.77, 45.65, 43.30, 40.85, 32.96, 28.41.
HRMS (ESI): Calcd for C22H2sNOs [M+H]": 402.1911; Found: 402.1918 .
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Product rac-2h

COsMe
MeO,C
H5C
N H
Boc
rac-2h

White solid. TLC: Re= 0.45 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCIz): § 'H NMR (400 MHz, CDCl3) & 7.76 (d, J = 8.4 Hz,
0.64H), 7.37 (d, J = 6.5 Hz, 0.31H), 7.03 (d, J = 7.6 Hz, 1H), 6.97 (s, 1H), 4.54 (s,
0.31H), 4.37 (s, 0.67H), 3.86 (s, 3H), 3.81 (s, 3H), 2.91 — 2.79 (m, 2H), 2.62 — 2.48 (m,
3H), 2.32 (s, 3H), 2.26 — 2.08 (m, 2H), 1.60 (s, 2.72H), 1.50 (s, 6.27H).

13C NMR (101 MHz, CDCl3): & 172.27, 151.71, 141.77, 134.48, 132.14, 128.83,
123.25, 114.65, 80.12, 63.09, 61.92, 57.38, 53.04, 52.74, 45.60, 43.21, 40.79, 32.90,
28.44,20.92.

HRMS (ESI): Calcd for C23H30NOs [M+H]": 416.2068; Found: 416.2072.

Product rac-2i

CO,Me
MeO,C
CH
HsC goc ’
rac-2i

White solid. TLC: Rr= 0.49 (Hexane/EtOAc = 10:1) [UV].

!H NMR (400 MHz, CDCl3): 8 7.75 (s, 1H), 6.98 d, J = 8.1 Hz,, 1H), 6.90 (s, 1H), 3.84
(s, 3H), 3.84 (s, 3H), 2.98 (d, J = 15.7 Hz, 1H), 2.86 — 2.74 (m, 2H), 2.70 — 2.58 (m,
1H), 2.52 — 2.40 (m, 2H), 2.31 (s, 3H), 1.95 (dd, J = 13.7, 6.2 Hz, 1H), 1.55 (s, 9H),
1.43 (s, 3H).

13C NMR (101 MHz, CDCl3): §) 172.70, 172.58, 151.98, 141.89, 135.09, 132.13,
128.40, 122.84, 114.96, 80.51, 68.11, 63.84, 60.40, 53.06, 52.96, 44.54, 40.62, 38.39,
37.28,28.55,20.95, 20.36.

HRMS (ESI): Calcd for C24H32NOs [M+H]": 430.2224; Found: 430.2232.
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Product rac-2j

COzMe
MeO,C
MeO EocH
rac-2j

White solid. TLC: R¢=0.52 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCl3): & 7.55 (s, 0.62H), 7.14 (s, 0.26H), 7.04 (d, J = 8.1 Hz,
1H), 6.54 (dd, J = 8.3, 2.5 Hz, 1H), 4.56 (s, 0.28H), 4.40 (s, 0.68H), 3.85 (s, 3H), 3.82
(s, 3H), 3.80 (s, 3H), 2.84 — 2.74 (m, 2H), 2.62— 2.53 (m, 1H), 2.54 — 2.46 (m, 2H),
2.27 —2.05 (m, 2H), 1.61 (s, 2.52H), 1.51 (s, 6.46H).

13C NMR (101 MHz, CDCl): & 172.26, 160.32, 151.68, 145.32, 126.38, 123.04,
109.23, 100.56, 80.35, 62.99, 62.75, 56.82, 55.55, 53.02, 52.73, 45.39, 43.37, 40.82,
32.86, 28.41.

HRMS (ESI): Calcd for C23H30NO7 [M+H]": 432.2017; Found: 432.2024.

Product rac-2k

COzMe
MeO,C
H
H;C Eoc
rac-2k

White solid. TLC: Rr= 0.46 (Hexane/EtOAc = 10:1) [UV].

IH NMR (600 MHz, CDCl3): & 7.76 (s, 0.70H), 7.36 (s, 0.23H), 7.05 (d, J = 7.8 Hz,
1H), 6.82 (d, J = 7.7 Hz, 1H), 4.55 (s, 0.26H), 4.39 (s, 0.71H), 3.86 (s, 3H), 3.81 (s,
3H), 2.86 — 2.76 (m, 2H), 2.65 — 2.48 (m, 3H), 2.36 (s, 3H), 2.27 — 2.12 (m, 2H), 1.63
(s, 2.96H), 1.52 (s, 5.98H).

13C NMR (151 MHz, CDCl3): & 172.26, 151.81, 144.19, 138.51, 131.69, 123.38,
122.34, 115.62, 80.31, 63.09, 62.23, 57.14, 53.03, 52.74, 45.55, 43.34, 40.85, 32.93,
28.42,21.66.

HRMS (ESI): Calcd for C23H30NOs [M+H]™: 416.2068; Found: 416.2069.
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Product rac-2I
COQMG
MeO,C

Cl

N H
Boc

rac-2I
White solid. TLC: Re= 0.45 (Hexane/EtOAc = 10:1) [UV].
!H NMR (400 MHz, CDCl3): 6 7.80 (d, J=8.2 Hz, 0.69H), 7.40 (d, J=16.7 Hz, 0.31H),
7.17 (d, J = 8.7 Hz, 1H), 7.12 (s, 1H), 4.56 (s, 0.28H), 4.41 (s, 0.71H), 3.86 (s, 3H),
3.81 (s, 3H), 2.92 — 2.80 (m, 2H), 2.59 (dd, J = 14.0, 8.2 Hz, 1H), 2.54 — 2.46 (m, 2H),
2.30 —2.11 (m, 2H), 1.59 (s, 2.13H), 1.50 (s, 6.83H).
13C NMR (101 MHz, CDCl3): & 171.98, 151.55, 142.78, 136.43, 132.39, 128.18,
127.47, 122.97, 115.85, 80.70, 63.09, 62.22, 53.12, 52.82, 45.76, 43.16, 40.80, 32.98,
29.70, 28.37.
HRMS (ESI): Caled for C22H26CINOs [M+H]": 436.1521; Found: 436.1526.

Product rac-2m

COzMe
MeO,C
Br
N H
Boc
rac-2m

White solid. TLC: R¢= 0.48 (Hexane/EtOAc = 10:1) [UV].

H NMR (400 MHz, CDCl3): 6 7.76 (d, J = 9.2 Hz, 1H), 7.31 (d, J = 8.8 Hz,1H), 7.26
(s, 1H), 4.55 (s, 0.26H), 4.40 (s, 0.74H), 3.86 (s, 3H), 3.81 (s, 3H), 2.91 — 2.77 (m, 2H),
2.58(dd, J=14.1, 8.3 Hz, 1H), 2.54 — 2.46(m, 2H), 2.30 — 2.05 (m, 1H), 1.59 (s, 2.26H),
1.50 (s, 6.77H).

13C NMR (101 MHz, CDCl3): & 172.17, 171.98, 151.54, 143.33, 136.85, 131.11,
125.85, 116.38, 114.83, 80.74, 63.09, 62.19, 57.13, 53.13, 52.82, 45.82, 43.16, 40.77,
33.03, 28.37.

HRMS (ESI): Calcd for C22H27BrNOs [M+H]": 480.1016; Found: 480.1014.
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Product rac-2n

COZMG
MeO,C
F
N H
Boc
rac-2n

White solid. TLC: R¢= 0.45 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCl3): & 7.81 (s, 0.68 H), 7.39 (s, 0.29H), 6.93 — 6.85 (m, 2H),
4.58 (s, 0.29H), 4.42 (s, 0.70H), 3.85 (s, 3H), 3.80 (s, 3H), 2.91 — 2.79 (m, 2H), 2.59
(dd, J = 14.0, 8.4 Hz, 1H), 2.56 — 2.46 (m, 2H), 2.29 — 2.08 (m,2H), 1.59 (s, 2.36H),
1.50 (s, 6.66H).

13C NMR (101 MHz, CDCl): & 172.03, 160.20, 157.81, 151.63, 140.06, 136.39,
115.55(d,J=7.1 Hz), 114.48 (d, J =22.3 Hz), 110.05 (d, J = 22.6 Hz), 80.45, 63.14,
62.30, 57.21, 53.10, 52.80, 45.66, 43.30, 40.90, 32.86, 28.39.

HRMS (ESI): Calcd for C22H27FNOs [M+H]": 420.1817; Found: 420.1823.

Product rac-20
CO,Me

MeO,C
CH,

CHs

N Ph
Boc
rac-20

White solid. TLC: Rr= 0.49 (Hexane/EtOAc = 10:1) [UV].

IH NMR (400 MHz, CDCls): 5 7.98 (br s, 1H), 7.73 (br s, 1H), 7.42 — 7.19 (m, SH),
7.11(d,J=7.7 Hz, IH), 7.04—6.97 (m, 1H), 3.84 (s, 3H), 3.63 (s, 3H), 2.70 (dd, J =
13.8, 8.8 Hz, 1H), 2.57 (dd, J = 7.5 Hz, 1H), 2.49 (s, 2H), 2.42 (dd, J = 13.8, 7.5 Hz,
1H), 1.53 (s, 3H), 1.29 (s, 3H), 1.28 (s, 9H).

13C NMR (101 MHz, CDCl3): & 172.82, 171.57, 152.21, 145.25, 141.23, 136.73,
128.29, 128.01, 126.85, 122.92, 122.87, 114.50, 80.95, 78.80, 63.72, 60.08, 56.67,
5291, 52.75, 44.80, 43.43, 36.29, 29.41, 28.06, 24.42.

HRMS (ESI): Calcd for C30H36NOs [M+H]™: 506.2537; Found: 506.2538.
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Product rac-2p

Z—:

Boc

o)

H
rac-2p

White solid. TLC: Rr=0.12 (Hexane/EtOAc = 10:1) [UV].

'H NMR (400 MHz, CDCl3): 8 8.00 (d, J = 8.2 Hz, 0.69H), 7.56 (d, J = 8.0 Hz, 0.29H),
7.41 —7.30 (m, 5H), 7.26 — 7.17 (m, 1H), 7.05 (d, J = 7.5 Hz, 1H), 6.96 (t, J = 7.4 Hz,
1H), 4.88 —4.80 (m, 1H), 4.67 — 4.55 (m, 1H), 3.84 (t, J=7.6 Hz, 1H), 3.68 (t, J=12.7
Hz, 0.73H), 3.56 — 3.48 (t, J = 12.7 Hz, 0.27H), 3.57 — 3.40(m, 1H), 3.13 — 3.04 (m,
1H), 2.32 — 2.20 (m, 2H), 2.12 — 2.05 (m, 1H), 1.82 — 1.69 (m, 1H), 1.65 (s, 2.98H),
1.49 (s, 6H).

13C NMR (151 MHz, CDCl): & 168.79, 151.24, 144.77, 137.33, 132.56, 128.69,
128.61, 128.19, 128.13, 127.64, 123.69, 122.60, 81.08, 67.16, 51.19, 44.27, 43.81,
39.30, 29.45, 28.53, 28.43, 26.37.

11. Analytical data of enantiomerically enriched photocycloaddition
products

The calibration curves of products of intramolecular [2 + 2] photocycloaddition
reactions were created for the determination of yield. For each substrate, five different
concentrations of product (0.125, 0.25, 0.5, 1, and 2 mg/mL) in isopropanol were mixed
each with 30 pL of 0.01 mg/mL internal standard (thioxanthone) solution. The mixtures
were vortexed and then analyzed by chiral HPLC. All data were repeated three times
and shown in the section 13 Data for photocatalytic reactions.
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Product 2a: Synthesized from substrate 1la according to the general procedure for
photocatalytic by enzyme TPe4.0_FBpA.

Standard Curve:

25 ¢
y =10.207x - 0.4601 CO,Me
2 ¥ R:=09993 _.-®
e .-“'.. MeOZC -
F1s 2
S ‘4,
fwo e
.- N Ph
5 F . " & Boc
0 . . . . , 2a
0 0.5 1 1.5 2 2.5

Concentration (mg/mL)

Yield: 90%
Enantioselectivity: 95% e.e. (Daicel, [A-2% IPA/Hexanes, 1.0 mL/min, tmajor= 6.843
min, tminor=8.425 min)

HPLC trace of racemate 2a:

N detector A Zpdmm
il |
j z "
" e~
1 T T T T T T
1 5 i 7 & 9 10 11
min
| I"czlk]- RetTime Arcy Il\'u':hl Areao
W h—— AR
[ 2 8435 B6UTH ST | 49649
'_ I'mal_: 1340305 63935
HPLC trace of enantiomerically enriched 2a:
300 detector A Zpdnm
2504 -
2004
150
1007
50 -
07 — T T T T T T T
4 5 [ 7 8 q 10 11

[ Peak] RetTime Arca i'luigln Area%

1 6,794 GIGOTTT JO8T42 07686
2 8537 T5078% 4196 2314
| | 6516062 213338
|_Total|

542



Product 2b: Synthesized from substrate 1b according to the general procedure for
photocatalytic by enzyme TPe4.0_FBpA.

Standard Curve:

0 [ 28.754x - 0.3057 COMe

60 y = 28.754x - 0.

50 | R=09998 .- ® MeO,C——
z4F
< 30t o
B0 e N CH;
< o Boc
<10 | o 0

o Le . . , . .

0 0.5 1 1.5 2 25

Concentration (mg/mL)

Yield: 97%
Enantioselectivity: 99% ee (Daicel, IC-5% IPA/Hexanes, 1mL/min, tmajor= 8.168 min,
tminor=11.596 mln)

HPLC trace of racemate 2b:

detector A Z54nm
S00-

11. 596

400-]

300

200r]

1007

—r—— —r—r— —r—r— ————————
0.0 2.5 5.0 7.5 10.0 12.
min

Peak | RetTime Area Height Area¥
I B. 168 173211 518938 19,826
4 I1.596 G23TI0E 123086 50. 174
Total 15410314 942924

HPLC trace of enantiomerically enriched 2b:

400

= detector A Z54nm
300
200
1007
T ™ — e
T T T
5.0 7.5 10.0 12.5 15.0
min
Peak] RetTime Arca Henght Arca’o
] 404 7335526 STRESS 99,420
I [230 4I771 1643 0.
Taotal TIGRIOR IRT498
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Product 2c: Synthesized from substrate 1c¢) according to the general procedure for
photocatalytic by enzyme TPe_FBpA.

Standard Curve:

40
y =18.118x - 0.355 ...~. CO,Me
5 30 R?= 09995 MeOzC <
S |
g 0 4
L N
o e AN
0 L® ° . . . . ) 2c CHs
0 0.5 1 15 2 2.5

Concentration (mg/mL)

Yield: 84%

Enantioselectivity: 93% ee (Daicel, IB-1.5% [PA/Hexanes, ImL/min, tmajor= 5.980
min, tminor=6.460 min)

HPLC trace of racemate 2cC:

o detector A Z54nm
75
50r
1_ J\/-L
o
— 7 T T T T T T 7 T
1 ] B 7 8 ]
min
Peak| RetTime Arca Height Arca’o
[ 5980 642773 29311 50.057
2 6.460) 641310 25713 49.943
Total 1284083 55024
HPLC trace of enantiomerically enriched 2c:
. detector A Zhdnm
109
50
25 /L
_—
T T T T
'] 5 6 7 8 9
min
Peak | RetTime Area Height | Area®s
T 5915 RORRIT TRI04 6498
7 6756 II633 EES 1306
931474 95T
Total
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Product-2d:
synthesized from substrateld according to the general procedure for photocatalytic by
enzyme TPe4.0_FBpA.

Standard Curve:

40 ¢
y =17.51x + 0.2289 .. ®

30 RZZO.QQQZ..---" .
= 20 | 9
S 10t .® )
o]
2_ 0 ... 1 1 1 1 ]

0 0.5 1 15 2 2.5

Concentration (mg/mL)
Yield: 94%
Enantioselectivity: 92% ee (Daicel, IC-2% IPA/Hexanes, 1mL/min, tmajor =17.180
min, tminor=14.262 min)
HPLC trace of racemate 2d:

_ detector A Zpdnm
404 =1
=
30
20
10
0
T T T T T
12.5 15.0 17.5 20.0 22.5
min
Peak]  RetTume Area Heght Areao
1 14362 1908764 ATRTY 0158
L LEALL 1896736 34091 49.842
I 3805500 75000
Total|

HPLC trace of enantiomerically enriched 2d:

100 detector A Zhdnm
75
50
pra
25
1y — — — —
T T T T T
12.5 15.0 17.5 20.0 2.5 25.0
min
Peak| RetTime Arca Height Arca’n
I 13959 T3T07T 3410 RT3
2 16046 061899 TI307 G6. 187
4118970 80617
Total
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Product 2e: Synthesized from substrate le according to the general procedure for
photocatalytic by enzyme TPe4.0_FBpA.

Standard Curve:

35 r
]
- 25 | - . CO,Me
= MeO2C £
g 20 ’ A z
10 f . N “
5 | Boc
‘.. 2e Cl
0 1 1 1 1 )
0 0.5 1 15 2 2.5

Concentration (mg/mL)

Yield: 89%
Enantioselectivity: 88% ee (Daicel, 1A-2% IPA/Hexanes, ImL/min, tmajor =7.916
min, tminor=6.421 min)

HPLC trace of racemate 2e:

detector X Zpdnm
100
75
il 5 -
E A /\
0 —
———————————— Y ) —— ——
1 6 7 8 10 11
min
Peak| RetTime Arca Height Area%
T 6421 699433 34871 49,740
7 7916 706755 32049 30.260
Total 1406188 66920
HPLC trace of enantiomerically enriched 2e:
- detector A Z54nm
1254
100
75
507
259
0]
T T T T T T T
1 ) 6 7 8 9 10 11 12
min
[[Peak] ReiTime [ Area [ Height T Area% |
[T &30 [ 116 TROS 5995 |
7 TETR EREURRLS 125458 TE005 |
[ Toal] 3573447 133363 ]
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Product 2f: Synthesized from substratelf according to the general procedure for
photocatalytic by enzyme TPe4.0_FBpA.

Standard Curve:

30 k y = 14.447x + 0.7037

CO,Me
Re=0.996 _..-"® 2

MeO,C

O 1 1 1 1 J
0 0.5 1 15 2 2.5

Concentration (mg/mL)

Yield: 82%
Enantioselectivity: 74% ee (Daicel, 1A-2% IPA/Hexanes, ImL/min, tmajor =6.352
min, tminor=7.594 min)

HPLC trace of racemate 2f:

2004 - detector & Zhdnm
150+
1004

50

4 5 6 7 ] t] 10
min

Peak| RetTime Area Height Area%
1 6352 4812391 195301 49.922
2 7.594 4827492 182974 50.078
Total 9639883 378275

HPLC trace of enantiomerically enriched 2f :

1004 detector A dhdnm

Peak] RetTime Arca Height Areas

T 6397 | 2566040 TTR6G 007 |
T 758 TNGRE6 17366 T3.098
7953826 110233
Total
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Product 2g : Synthesized from substrate 1g according to the general procedure for
photocatalytic by enzyme TPe3.0_FBpA_AllH.

Standard Curve:

0 CO,Me
0 | y=20382x-0.4965 g )
R?=09998 .. MeOC7
230 | “,
g
S 20 | N 2 4
2 e N H
10 | P Boc
o Le® | . . . . 29
0 05 1 15 2 25

Yield: 91%

Concentration '(mg/mL)

Enantioselectivity: 88% ee (Daicel, IC-5% IPA/Hexanes, 1mL/min, tmajor =10.408

min, tminor=12.517 min)

HPLC trace of racemate 29:

4004

300

2004

100

detector A

.8 15.0

min

54nm

Peak| RetTime Area Height Area®o
1 10.408 10358350 600549 S0.089
P 13317 T03IT44Y 398039 U071
20679792 S55098
Total
HPLC trace of enantiomerically enriched 2g:
o detector A Zp4nm
4004
3004
2007
100 =
3
o
T T
12.5 15.0
min
Peak] RetTime Area Height Areaa
1 0639 | 9689993 431 93066
2 12.859 611300 T3R71 3.934
30793 455627
Total
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Product 2h: Synthesized from substrate 1h according to the general procedure for

photocatalytic by enzyme TPe3.0_FBpA_AllH.

Standard Curve:

40 ¢
y = 17.717x + 0.8344 L CO,Me
30 t R2=0.9964 MeO,C
<t . HyC
<10 } L N H
@ 2n ¢
0 [ J R ) . 1 )
0 05 1 15 2 25

Concentration (mg/mL)

Yield: 85%

Enantioselectivity: 88% ee (Daicel, IC-5% IPA/Hexanes, ImL/min, tmajor =11.296

min, tminor=13.297 min)

HPLC trace of racemate 2h:

= detector A Zpdnm
200 .
1504
1007
507
o —_—
T T T
10.0 12.5 15.0 17.5
min
Peak] RetTime Area Height Area’s
I IT.296 6326405 233626 50.286
2 13397 6452211 210104 49.714

12978617 445731

detector A Zhdnm
3004

200

1007

T ™ v T
15.0 17.5

7.5
min
Peak| RetTume Arca Height Areas
1 11.281 KRO23T76 324975 93907
z 13211 371134 TT859 6093

9373510 341834

Total
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Product 2i: Synthesized from substrateli

photocatalytic by enzyme TPe4.0_FBpA .

Standard Curve:

according to the general procedure for

2.5

50 r
20 | y =19.692x + 0.1759 P
- R2=0.9999 ...
gln 30 L o
220 t @
< .......
10 N A
@
o L® . . . . ;
0 0.5 1 15 2

Concentration (mg/mL)

Yield: 93%

COs,Me
MeO,C 2
“CH
HsC goc :
2i

Enantioselectivity: 99% ee (Daicel, IC-2% IPA/Hexanes, 1mL/min, tmajor =12.984

min, tminor=18.941 min)

HPLC trace of racemate 2i:

500 detector & Zhdnm
400
300
z
i =
200 E
100
o T — — -
———T— T T — T
10,0 12.5 15.0 17.5 20,0 22.5
Min
Peak | RetTime Area Heghn Areas
1 12.984 3600326 03311 49566
2 15941 3698345 157796 30.434
Total 11298671 360107
HPLC trace of enantiomerically enriched 2i:
detector A Zhdnm
504
254
o — — = —
T T T T
10.0 12.5 15.0 17.5 20.0 22.5
imn
Peak | RetTime Area Heght Area%
1 13.835 TTO2048 31061 99.255
2 19.731 1] 367 0.745
Total 10318 31438
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Product 2j: Synthesized from substrate 1j according to the general procedure for
photocatalytic by enzyme TPe4.0_FBpA.

Standard Curve:

5
45
40
35
30
< 5}

20
< 15}

10

5 F

std

pdt/

y=22.379x- 0.8292
R?=0.9966 .-

=

0 1

Yield:86%

1 15
Concentration (mg/mL)

2.5

COzMe
MeO,C 3
A
MeO Noc
2j

Enantioselectivity: 73% ee (Daicel, IC-10% IPA/Hexanes, 1mL/min, tmajor =19.441

min, tminor= 14.483min)

HPLC trace of racemate 2j:

detector A Zhdnm
1004
75 2
iy
257
o
T T T T T
10.0 12.5 15.0 17.5 20,0 22.5 25.0
min
Peak | RetTune Arca Heght Area’o
1 14483 30379 S02TT
2z 19.44] Joliill 71672 49,754
TI85176 183300
Total
HPLC trace of enantiomerically enriched 2j:
- detector A Z54nm
1501 I,’\k
A
|I \
[
100 [
|I |
. [
z | \
50 = I| \
/\_ / l\'-
I\
P I J K J ~
10,0 12.5 15.0 17.5 20,0 22.5 25.0
min
Peak| RetTime Area Height Area%
1 14.018 1205543 35583 13.339
2 18.794 7832317 155862 86.661
Total 9037860 191445
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Product 2k: Synthesized from substratelk according to the general procedure for
photocatalytic by enzyme TPe3.0_FBpA_AllH.

Standard Curve:

45
40 y = 20.655x - 0.3048 _.® COsMe
| R2=09907 .-~ MeO,C——
2307 %
<25 r
520 -0 A
o o’
< 15 H,C N
10 k . Boc
51 @ 2k
O . 1 1 1 1 )
0 05 1 15 2 25
Concentration (mg/mL)
Yield:85%

Enantioselectivity: 71% ee (Daicel, 1C-5% IPA/Hexanes, 1mL/min, tmajor =9.258
min, tminor=13.459 min)
HPLC trace of racemate 2K:

detector A Z54nm
3000 .
2000
1000
0
T T T T
0 5 10 15 20
min
cak | RetTime Area | Height Arca% |
1 | 9258 | 75443563 | 3086503 | 48333
| 2 113459 | 80647125 | 2406323 51.667
| Total | 156090689 | 5492826
HPLC trace of enantiomerically enriched 2k:
detector A Z54nm
200+
1004
r)~——-f"—“-——-/L-~ /\
T T T T

T
0 ] 10 15 20
min

Peak| RefTime | Area Height Area®h
1 G419 OE 73900 27900 B3.693
[T 2 13710 | 1147631 | 38782 | 14.307 |
Total RO15TI 318343
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Product 2l: Synthesized from substratelk according to the general procedure for
photocatalytic by enzyme TPe4.0_FBpA.

Standard Curve:

40 ¢
y=18638x+00324 .-®

30 | R2=0.9995 .
=
s‘d 20 F .
. .
o
< 10 f @

o
o Le® . . . .
0 05 1 15 2 25

21

Concentration (mg/mL)

Yield: 92%
Enantioselectivity: 91% ee (Daicel, IC-5% IPA/Hexanes, ImL/min, tmajor = 9.284
min, tminor=8.295 min)

HPLC trace of racemate 2I:

2500

detector A Zfdnm

2000

1504

1000

5007

L e e B B e e o e e L e e e e e e
7.0 7.5 8.0 8.5 8.0 9.5 10. 0 10.5 1.0

min
Peak| RetTime Area Height Area®a
1 £.205 43787062 | 2432607 45178
2 4,284 217618 | 2205003 S0.822

87004679 | 4637612
Total

HPLC trace of enantiomerically enriched 2I:

= detector A Zfdnm

T T T T T
80 8.5 9.0 9.5 10.0 10. 5 1.0 11.5
min
Peak|  KetTime Area Heght Arcata
I 8.637 260874 12499 4.693
2 9.574 SI0RI61 265125 95.307
3559135 277624
Total
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Product 2m: Synthesized from substratell according to the general procedure for
photocatalytic by enzyme TPe4.0_FBpA.

Standard Curve:

60
50 b y=25871x+0.2827 _.@
w0 L R2=09988 .

30 } e
20

10
0

Apdt/Astd

0 0.5 1 15 2 25
Concentration (mg/mL)

Yield: 93%
Enantioselectivity: 91% ee (Daicel, IC-5% IPA/Hexanes, ImL/min, tmajor=9.710 min,
tminor= 8.566 mln)

HPLC trace of racemate 2m:

750 detector A Zpdnm

70

500

250
0
T T T T T
7 8 9 10 11 12 13
min
Peak|  KetTime Area Heght Arcalo
| 8.566 5304119 TI9057 49.701
2 9.710 15350888 641385 50.235 |
30755007 1360442
Total

HPLC trace of enantiomerically enriched 2m:

= detector & Zpdnm
300+ ®
2004
1007
%
N — ———
T T T T T
7 8 9 10 11 12 13
min
Peak| Retlime Arca Height Areao
| S.608 J6T0RT 15281 4562
R R ToT9832 310564 95438
| 8046894 325845
Total|

S54



Product 2n: Synthesized from substrateln according to the general procedure for
photocatalytic by enzyme TPe4.0_FBpA.

Standard Curve:

40 ¢
CO,Me

3% r y=17.271x - 0.4104 .® MeOsC

30 | R? =0.9995 ... e
<f1225 L
<20
<5t @

10 t o

5 F ...-" 14
o Le . . . . .

0 0.5 1 15 2 25
Concentration (mg/mL)

Yield: 91%
Enantioselectivity: 85% ee (Daicel, IC-5% IPA/Hexanes, 1mL/min, tmajor = 16.498

min, tminor= 13.306 min)

HPLC trace of racemate 2n:

1004 detector A Zpdnm
75
50
25
i
T T U T
10.0 17.5 20,0 22.5 25.0
min
Peak[ RetTime Area Height Area’t
T 13.306 JAT6RRI 00707 39932
H 16,498 3436223 7604 50.068
GEGITON 78303
Total
HPLC trace of enantiomerically enriched 2n:
= detector A 254nm
125 ]
i
I
1004 '
|| |||
75
[
5l } \
| |
254 - I|I \
A o\
1[!‘. 0 lZI. 9 I.ﬁl. 0 I?I. 5 2{;. 0 L!L!I. b 25.0

min

Peak| RetTime Arca | Height Arca%o
1 13.373 88170 13626 7.574
2 16.668 3957591 127938 92426
Total 63445701 141563
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Product 20: Synthesized from substrate 10 according to the general procedure for

photocatalytic by enzyme TPe4.0_FBpA.

Standard Curve:

60

50 |

b 40

<\E 30
2

<20

10

R?=0.9986,..-"

y =27.265x - 0.7965 _..:

0 0.5 1 1.5
Concentration (mg/mL)

Yield: 81%

2.5

Enantioselectivity: 86%ee (Daicel, 1A-2% IPA/Hexanes, 1mL/min, tmajor= 6.433

min, tminor= 8.316 min)

HPLC trace of racemate 20:

1004

8.316

detector A Zp4nm

T
10.0

min

Peak [ RetTime Arca Height Arca%

1 [6.433 3651307 138927 50.253

2 (8316 3614557 106960 49.747

Total 7265864 245888

HPLC trace of enantiomerically enriched 20:
75 - detector A Jodnm
0.0 2.5 510 .5 10.0
min

Peak| RetTime Area Height Areata
i 6.144 2034489 74972 93.087

|2 | 7768 151095 4797 6.913

Total 3185584 9769
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Product 2p: Synthesized from substrate 1p according to the general procedure for
photocatalytic by enzyme TPe4.0_FBpA.

Standard Curve:

35 r

R?= 09999

Apdt/Astd

51 o
o Le®

.@
y = 15.365x - 0.0608..-*"

0 0.5 1 1

Concentration (mg/mL)

Yield: 92%

5

Enantioselectivity: 57% ee (Daicel, ASH-10% IPA/Hexanes, ImL/min, tmajor=26.038

min, tminor= 8.023min)

HPLC trace of racemate 2p:

Bdnm

detector A 3
100+
:Nh’r—‘
..HIH—“
] z
100r] 3]
|I‘
1 T T T T T T T
0 5 10 15 20 25 an 35 40
min
Peak| RetTime | Area Height Arca%a
1 8023 | 18503414 4535942 49,780
pJ 26038 | TR66662] R0 | 50.220
Total 3770044 540811
HPLC trace of enantiomerically enriched 2p
f"-‘; detector A ZHdnm
40 |||"'
| :
£l I
1 /N
20 I FARER
| |I \
107 /
R ||| | \ / \
—————— : — — ——————
0 5 10 15 20 25 a0 5
min
Peak| RetTime Arca Height Arca’a
1 8373 030442 13568 21433
2 2823 T4 6 24714 TRS6T
Total 0473358 68297
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12. Determination of the absolute stereochemistry of
photocycloaddition products.

The absolute stereochemistry of photoadduct 2m was assessed by comparison of
measured and calculated ECD data. The absolute stereochemistry of products 2a-2I,
2n-20 were assigned by analogy to 2m. The experimental spectrum of 2m is recorded
in Methanol.

Theoretical Methods and Technical Details of the Computations of the ECD spectra:
The density functional calculations were completed with the B3LYP-D3 functional
(with Grimme’s D3 dispersion)!'®!"l as implemented in the Gaussian 16 program
package.[?!
frequency calculations. The UV/Vis and ECD spectra in methanol were calculated
using the time-dependent density functional theory (TD-DFT) with the B3LYP-D3 and
MO06-D3['*! functionals and the SMD continuum solvation model.l'* The absorption

The def2-TZVP basis set was used for geometry optimization and

data were extracted from the Multiwfn 3.8 program. ['! The cartesian coordinates of
optimized structure are given in Table S7.

All calculated UV/Vis spectra are depicted (Figure S4) together with the experimental
spectrum in Methanol. The corresponding ECD spectra are given in Figure S5.

: = 40000 -
""5/ 2 |- == -MO6(TD-DFT)
\Q é 35000 |- == B3LYP(TD-DFT)
o S ; |—Exp.
9"“3\: Z 300004
.\'c ‘-G- é 2Vie
/ -y 5 25000 Me0,C 2
~f , S A
%c\ A 2 20000 /’ . Br\@f@
a N 2 . /
\c-—. / \("r ! / \ N H
/ §\ { .;:: 15000 - |II % Boc
—{ W j 5 | 2m
A Z 10000 I
)e-.._-c/ \-.c_.-’ \:é/ DI \ \
\ $ 1, S 50004
2m =
0 — T T T T T T
200 220 240 260 280 300 320 340 360

Wavelength(nm)
Figure S4. The calculated UV/Vis spectra and experimental UV/Vis spectrum of 2m
in methanol.
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; T 804
\’ E () - - -~ MO6(TD-DFT)
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Figure S5. The calculated ECD spectra and experimental ECD spectrum of 2m in
methanol.
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Table S7. Cartesian coordinates of optimized structure of 2m

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y V4

1 6 0 1.520153  -0.029115 0.084861

2 6 0 1.480455 1.359511  -0.088619

3 6 0 2.647619 2.087294  -0.290398

4 6 0 3.859378 1.399014  -0.318125

5 6 0 3.891268 0.021783  -0.147716

6 6 0 2.723699  -0.709134 0.054385

7 6 0 0.139663  -0.570493 0.298060

8 6 0 -0.759714 0.702050 0.264039

9 1 0 2.613399 3.156161  -0.423987
10 1 0 4.779407 1.944262  -0.475094
11 1 0 2.761388  -1.782117 0.184753
12 1 0 -1.591154 0.704605  -0.437033
13 7 0 0.150779 1.815684  -0.022269
14 6 0 -0.257529 3.119590  -0.120038
15 8 0 0.477807 4.062486  -0.323875
16 8 0 -1.594844 3.177365 0.045740
17 6 0 -2.319588 4.455977 0.012945
18 6 0 -2.167297 5.110347  -1.357663
19 1 0 -2.817252 5.985315 -1.414714
20 1 0 -1.140842 5422260  -1.532388
21 1 0 -2.464263 4.412685  -2.142644
22 6 0 -1.834372 5.358550 1.144322
23 1 0 -0.804749 5.668637 0.985232
24 1 0 -2.466575 6.246735 1.194997
25 1 0 -1.904164 4.834670 2.099104
26 6 0 -3.761456 4.019022 0.248995
27 1 0 -3.853629 3.505664 1.206603
28 1 0 -4.419122 4.889077 0.253750
29 1 0 -4.088765 3.339191  -0.538567
30 35 0 5.571452 -0.895282  -0.189825
31 6 0 -1.148952 0.482959 1.745216
32 1 0 -2.216784 0.384802 1.923694
33 1 0 -0.739691 1.250990 2.400157
34 6 0 -0.344436  -0.847386 1.768573
35 1 0 0.439805  -0.885232 2.522573
36 6 0 -1.135613  -2.159598 1.713107
37 1 0 -0.504569  -2.976954 2.067057
38 1 0 -2.041820  -2.142682 2.316011
39 6 0 -0.271846  -1.777602  -0.535270

S60



40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

— = = QN = = = O 0 0 N0 0NN =

S O O O OO OO0 o0 O o o o o o o o

0.537463
-0.512543
-1.463322
-2.797520
-3.566863
-3.005323
-1.543065
-0.628914
-2.760419
-4.245464
-4.302242
-4.243417
-5.088410
-2.940873
-2.250901
-3.970181
-2.765340

-2.508103
-1.524046
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0.278323
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-0.893181

S61



13. NMR spectrum
'H & *C NMR spectra of 1a
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'H & '*C NMR spectra of 1b
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'H & '*C NMR spectra of 1¢
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'H & '*C NMR spectra of 1d

Ze L
€T
vZ'Z
9z'Z 1
8221
8¢z 1
ov.m;
vz
vz
vv.BW
L¥E
6+°¢ |
£5°¢1
mm.?ﬁ

9LV
LL'Y
8LV
0o8'v
Nw.vN

G8'¥
18'F
68'P
L6t
gL
L2
0z'L
gz L
9z,
82 L
0gL]
Lol
evs |
962 |
162
8zZ'8
0e'8

[ —

{

}

A\

N
oC
1dF

MeO,C, CO,Me
X

=

=¢0'6

/€60
60

nﬂo.N
0°¢

v/oh.w

16}
mmm.o

H\oo._‘
7.0°¢C
wor.m

6°0
=00°L

1 (ppm)

8L'LC~
w.v.hw\
€07

91°2s
1225
688G/
oc'€e8
12°GLL
6S°GLL 1|
08'GLL 1|
v6'GLL
9Z'8L 1} 1|
SP6LL T
Lzl |
e5zel |
om.vmi
yZveL w
L6'veZL
05621
1Z°0€L ]
Ge0el |
60°2EL |
zZezeL
mm.@m;
S/ 6¥lL ﬁ
G651
LZ'Z9L
€111
PrLLL

-

e

!
J
I
J

)
(0]
2/
N
o
&) w
(@) 82
o) 7 “zm
(0]
O
-

1 (ppm)

S65



'H & '*C NMR spectra of 1e
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'H & '*C NMR spectra of 1f
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'H & '*C NMR spectra of 1g
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'H & '*C NMR spectra of 1h
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'H & '*C NMR spectra of 1i
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'H & '3C NMR spectra of 1j
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'H & '*C NMR spectra of 1k
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'H & '*C NMR spectra of 1l

Go'L —

1927
69'C
8z €~
89'¢~
PL'g
GL'Gg
/1S
8L'G
6L°G
ozs’
0L'G
zLS
GG
YR
61°G
18'G r
oz L]
0z'2]
NN.Q
z2T L
ov'L
Ly 2
NvJ

66°L
10’8

*60'6

u H/mo.N
v0'¢
09

M@o.m
=TIec0o’}

)
2 7
a +Z0'L
O 1oL
QA28 o'l
2 = ~%68°0
o
~— @

1 (ppm)

€G'LC
mo.wN\
S TAVASR

ar'es —
618G —

v0'¥8 —
L6ELL
0zZ'9L1
L9811
L5611
ov'vTl
mo.@mr/
LL8ZL N
s0zel 7
mv.mm%
LEEEL
60671 —

co'LLL —

Cl

11

100 90
1 (ppm)

200 190 180 170 160 150 140 130 120 110

S73



'H & '*C NMR spectra of 1m
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'H & '*C NMR spectra of 1n
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'H & '*C NMR spectra of 10
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'H & '*C NMR spectra of 1p
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NMR Spectra

'H & '*C NMR spectra of rac-2a
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'H & '*C NMR spectra of rac-2b
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'H & '3C NMR spectra of rac-2c

8Ll |
ANA
GeZ
621
15z
GGz
VLT
2821
98z
68C |
062
962
862
00°€
L0
05°€
€Le
869
0021
2021
801
0L'LY
€L LA
GL LA
A
€21
Yl
867/
008’

£1 (ppm)

COzMe
B STBIR
Q meo®
O v~ v~ N

MeO,C

9012\
50'8Z
oLeey
S'8E
8€°0%
Vovy
592
96'25
ce'e9
G5'€9
sezL
v 08

€Svil

wv.NNv/
NN.NN_\/
N@.@N_\/
€L'8cl ~
8G'8¢Cl s
VL veElL 1
09'9¢€lL

wm.ﬁm_\\
.vm.m.vv\
¥8'1GlL

80°ZLL
ggzLL’

S80

£1 (ppm)

Boc
rac-2c

>

COzMe

MeO,C

210




'H & '*C NMR spectra of rac-2d
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'H & '3C NMR spectra of rac-2e
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'H & '*C NMR spectra of rac-2f
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'H & '*C NMR spectra of rac-2g
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'H & '*C NMR spectra of rac-2h
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'H & '*C NMR spectra of rac-2i
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'H & '*C NMR spectra of rac-2j
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'H & '*C NMR spectra of rac-2k
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'H & '*C NMR spectra of rac-2I
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'H & '*C NMR spectra of rac-2m
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'H & '*C NMR spectra of rac-2n
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'H & '*C NMR spectra of rac-20
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'H & *C NMR spectra of rac-2p
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