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General Procedures

HPLC analysis was carried out on an Agilent Technologies 1260 Infinity LC System,
equipped with a DAD detector by a Proshell 120 EC-C18 (150 x 4.6 mm, 4 um). The LC-
HR/MS analysis was performed on an Agilent 6530 spectrometer with a Poroshell 120 (EC-
C18 column, 4.5x50 mm, 2.7 uym). The 1D ('H and "3C) and 2D NMR spectra ['H-'H chemical
shift correlation spectroscopy ('H-'H COSY), heteronuclear single quantum coherence
(HSQC), heteronuclear multiple bond correlation (HMBC), nuclear overhauser effect
correlation spectroscopy (NOESY)] were acquired either on a Bruker Avance Il HD500 at 500
MHz for 'H and 125 MHz for '3C nuclei. PCR amplifications were performed on a Bio-Rad
S1000™ Thermal Cycler using Phanta Super-Fidelity DNA Polymerase or 2xRapid Taq
Master Mix (Vazyme Co., Ltd) Polymerase. DNA Sequencing was conducted by Sangon
Biotech (Shanghai) Co.,Ltd. Other chemicals, biochemical, and media components were
purchased from standard commercial sources.

Construction of ChaU and KstA15 mutants and site-directed mutagenesis

The pET-28a was used as a cloning and expression vector for all enzymes described in this
study. Primers for all the mutants’ construction were described in Table S1. The following
PCR protocol was used: (1) initial denaturation at 95 °C for 3 min, (2) 30 cycles of
denaturation at 95 °C for 15 s, annealing at 50-60 °C for 15 s (depending on the Tm of the
primers) and extension at 72 °C for 3 min; (3) final extension at 72 °C for 5 min. The positive-
PCR products (verified by nucleic acid gel electrophoresis) were digested with Dpn | for 1
hour at 37 °C and 5 L cooled mixture was transformed into DH5a directly and single colonies
were cultured in LB containing 50 ug/mL kanamycin. All single colonies were grown overnight,
plasmids were isolated and varCompetentnts harboring the correct mutations were identified
by sequencing. Correctly sequenced mutated plasmids were transformed into E. coli BL21
(DE3) and a single colony was used for protein expression and purification.

Protein expression and purification

ChaUm1, ChaUm3 and other ChaU and KstA15 variants were produced and purified as
previously described. The strain was used to inoculate LuriaBertani (LB) liquid medium (5 mL)
containing kanamycin (50 ug/mL). After overnight incubation at 37 °C, the culture was used to
inoculate fresh LB/K+ medium (200 mL). The cells were grown at 37 °C, 220 rpm until OD600
reached 0.6-0.8. Isopropyl-B-Dthiogalactopyranoside (IPTG, 0.125 mM) was added to induce
protein expression. Cultures were grown at 16 °C for 16 h with shaking at 180 rpm. The cells
were harvested by centrifugation at 6,000 rpm for 10 min and resuspended in a lysis buffer
(100 mM Tris, pH 8.0, 15 mM imidazole, 300 mM NaCl, 10 % glycerol) and lysed on ice by
sonication. The cell lysate was centrifuged at 12,000 rpm for 30 min. The supernatant was
filtered through 0.45 um filtrator (Merck millipore) and applied to Ni2*-chelating affinity
chromatography for protein purification. After verifying protein purities by SDS-PAGE, the
protein was pooled and desalted by a PD10 column (GE Healthcare) with 100 mM sodium
phosphate (pH 8.0) and 15% glycerol and stored at —80 °C prior to use.

Catalytic activity assay of ChaU and KstA15 variants



The ChaU/KstA15 variants-catalyzed reaction was carried out in 100 uL reaction mixture
containing 100 mM phosphate buffer (pH 7.5), 50 yuM substrate, 10 mM NADH, 10 yM purified
recombinant protein, and 10 yM KstA16. After incubation at 37 °C for 2 hours, and then were
quenched by addition of 1 volume of MeOH and centrifugation at 15,000 g for 10 min. And the
supermatant was analyzed by HPLC or LC-MS.

Protein crystallization

Purified ChalUF107L/T103IT26IN131G protein was allowed to crystallize in MRC-2Drops 96-well
plates by using the sitting-drop vapor-diffusion method. Briefly, ChalUF107L/T103IT26IN131G
crystallized by mixing the gel filtration buffer (used for protein purification) with well solution
(containing 14.4% w/v polyethylene glycol 8000, 20% v/v glycerol, 80mM MES (pH 6.5),
160mM Calcium acetate). The crystallization drops were incubated at 22 °C against the well
solutions. The best plate-like crystals appeared in 24 h and reached final size after 2-3 days.

Data collection and refinement

Protein crystals were flash frozen in liquid nitrogen. The 3 X-ray dataset was collected from
a single crystal at 100 K at BL18U1 of the Shanghai Synchrotron Radiation Facility. Images
were processed with Mosflm. The crystals belonged to space group P2, with 4 molecules per
asymmetric unit. The structure of ChalF107L/T103I/T26/N1316 was solved by molecular replacement
implemented in Phaser with the search model (PDB ID code 8KAA). The model generated
from molecular replacement was used as the starting models for Phenix Autobuild.
Subsequently, the model was manually built by using COOT and refined by Phenix
refinement.2 The coordinates for the model of ChalU has been deposited in the Protein Data
Bank, https://www.rcsb.org (PDB ID code 22JH).

Molecular docking

The initial docking poses of the corresponding substrates were taken from a previous
study.® Partial atomic charges of the two substrates were calculated using ab initio quantum
chemical calculations performed with ORCA 6.0.4 Electrostatic potential calculations were
carried out at the Hartree—Fock level with the 6-31G* basis set. The resulting electrostatic
potentials were subsequently used to derive RESP charges using Multiwfn package.®

Topology and force field parameters for the substrates were generated with ACPYPE
based on the GAFF2.57 The protein was described using the AMBER14 force field.® Each
protein—substrate complex was then placed in a dodecahedral simulation box, with a
minimum distance of 1.0 nm between any solute atom and the box boundary. The systems
were solvated with the TIP3P water model,® and 0.1 M NaCl was added to reproduce the
experimental ionic strength.

Molecular dynamics simulations

Energy minimization was carried out using the steepest descent algorithm until
convergence. This was followed by equilibration in two phases: a 1 ns NVT equilibration at
310 K, and a 1 ns NPT equilibration at 310 K and 1 bar, during which position restraints were
applied to the molecule and the lipid P head.



All production MD simulations were performed using GROMACS version 2021.4 with the
leap-frog integrator and a time step of 2 fs.19 Simulations were run for a total of 250 million
steps, corresponding to 500 ns. All bonds involving hydrogen atoms were constrained using
the LINCS algorithm with fourth-order expansion and one iteration. Neighbor searching was
performed with a grid-based scheme using a 1.4 nm cutoff for both electrostatic and van der
Waals interactions. Long-range electrostatics were treated with the Particle Mesh Ewald
(PME) method."

Temperature coupling was applied separately to the protein and the solvent using the
velocity-rescale thermostat with a time constant of 2 ps and reference temperature of 310 K.12
Pressure was maintained at 1 bar using the Parrinello-Rahman barostat with isotropic
coupling, a coupling constant of 2 ps, and a compressibility of 4.5 x 10 bar'.'® The
simulation box was scaled based on the center-of-mass. Periodic boundary conditions were
applied in all directions, and long-range dispersion corrections were applied to both energy
and pressure.



Table S1. Primers used in this study.

Primers Sequence (5' to 3')

ChaU-D15A-F ATGGTCgctGCATGGAATCGCGGGGAGCTCGG
ChaU-D15A-R TTCCATGCagcGACCATCTCGAGACAGCGTTTC
ChaU-G20W-F TGGAATCGCtggGAGCTCGGCGGAGTCACGGC
ChaU-G20W-R AGCTCccaGCGATTCCATGCAGCGACCATCTC
ChaU-T26I-F AGTCattGCGCACTGGTCACCGGACGTCGTCC
ChaU-T261-R ACCAGTGCGCaatGACTCCGCCGAGCTCCCAG
ChaU-H36Y-F CGTCCATtatTCCGAGGAAAGGATCGTGCCGA
ChaU-H36Y-R CCTCGGAataATGGACGACGTCCGGTGACCAG
ChaU-E39D-F TTCCGAGgatAGGATCGTGCCGAACGAGGAAA
ChaU-E39D-R CGATCCTatcCTCGGAATAATGGACGACGTCC
ChaU-L49R-F AAATGGTCcgtCGCATGGAATCCGGCCTGACG
ChaU-L49R-R CATGCGacgGACCATTTCCTCGTTCGGCACGA
ChaU-T98K-F GAACCGGaaaGTGACCTGGCACACTGCGGAGG
ChaU-T98K-R AGGTCACtttCCGGTTCGTCGGAGCGATGTCC

ChaU-A104V-F
ChaU-A104V-R
ChaU-F107L-F
ChaU-F107L-R
ChaU-N131G-F
ChaU-N131G-R
ChaU-G134P-F
ChaU-G134P-R
ChaUm1-S135A-F
ChaUm1-S135A-R
ChaUm1-M124L-F
ChaUm1-M124L-R
ChaUm1-T103I-F
ChaUm1-T103I-R
ChaUm1-T100A-F
ChaUm1-T100A-R
ChaUm3-1103T-F
ChaUm3-1103T-R
ChaUm3-L107F-F
ChaUm3-L107F-R
KstA15-1117T-F
KstA15-1117T-R
KstA15-L121F-F
KstA15-L121F-R
KstA15-140T-F
KstA15-140T-R
KstA15-G145N-F
KstA15-G145N-R

GCACACTgttGAGGAGCTTCGCTTCGTCGACG
GCTCCTCaacAGTGTGCCAGGTCACTTTCCGG
TTGAGGAGCcttCGCTTCGTCGACGGCAAGGTC
GAAGCGaagCTCCTCAACAGTGTGCCAGGTCA
GGAGTTGggtATGGTCGGCTCCGACGTGCGCG
CGACCATaccCAACTCCCGCAGCATCGGCATG
TTGGGTATGGTCcctTCCGACGTGCGCGGCTGG
GAaggGACCATACCCAACTCCCGCAGCATCGG
ATGGTCCCTgctGACGTGCGCGGCTGGGGAAC
ACGTCagcAGGGACCATACCCAACTCCCGCAG
CAACTACCttCCGATGCTGCGGGAGTTGGGTA
GCATCGGaagGTAGTTGATGACATCCCAGTGCTC
CTGGCACattGTTGAGGAGCTTCGCTTCGTCG
CCTCAACaatGTGCCAGGTCACTTTCCGGTTC
GAAAGTGgCctTGGCACATTGTTGAGGAGCTTC
TGTGCCAagcCACTTTCCGGTTCGTCGGAGCG
TTGGCACactGTTGAGGAGCTTCGCTTCGTCG
CCTCAACagtGTGCCAAGCCACTTTCCGGTTC
TGAGGAGtttCGCTTCGTCGACGGCAAGGTCG
CGAAGCGaaaCTCCTCAACAATGTGCCAAGCC
GTGGCACactGTTGAAGAACTGCGTTTCGTTG
CTTCAACagtGTGCCACGCAACTTTACGGTTG
tCGTTTCGTTGATGGCAAAGTTGTTGAACA

CCATCAACGAAACGaaaTTCTTCAACGATGTGCCACG

TCactAAATACTGGGCGCCGGATGTTGTTCAC

CGCCCAGTATTTagtGATACCATCCAGTTCCCAACGG

CTGaatAAAGTTCCGGCAGATGTGAAGCTTGC
GCCGGAACTTTattCAGTTCTTTCAGCATCGGCAG



KstA15-S51A-F

KstA15-S51A-R

KstA15-E52A-F

KstA15-E52A-R

KstA15-R64A-F

KstA15-R64A-R
KstA15-D133A-F
KstA15-D133A-R
ChaUF107L/T1031/T261/N131G_{{1 17 A-F
ChaUF107L/T1031/T261/N131G_H117A-R
ChaUF107L/T103//T261/N1316_E 1 05 A-F
ChaUF107L/T1031/T261/N1316_E 1 05A-R

GTTCACTACQctGAAGATAAAGTTGTTGATACCGATGAA
TCTTCagcGTAGTGAACAACATCCGGCGCCCA
GTTCACTACTCTgctGATAAAGTTGTTGATACCGATGAAATG
TCagcAGAGTAGTGAACAACATCCGGCGCCCA
GATCCGTgctATGGAAGGCGGCATCCAGGCGT
CTTCCATagcACGGATCATTTCATCGGTATCAA
ACACTGGgctGTTATGAACTACCTGCCGATGCT
TCATAACagcCCAGTGTTCAACAACTTTGCCA
GAGgctTGGGATGTCATCAACTACATGCCGAT
ATGACATCCCAagcCTCGACGACCTTGCCGTCG
ACATTGCGgctGAGCTTCGCTTCGTCGACGGC
AAGCTCagcCGCAATGTGCCAGGTCACCGTCC




Table S2. The plasmids used in this study.

Plasmids Description Source

pET28a(+) Protein co-expression vector used in E. coli, encoding N-terminal Invitrogen
6xHis tag, Kan"

pYWO00016 pET28a-derived plasmid harboring ChaUm1 gene cloned into This study
Ndel/Hindlll sites

pYWO00017 pET28a-derived plasmid harboring ChaUm2 gene cloned into This study
Ndel/Hindlll sites

pYWO00018 pET28a-derived plasmid harboring ChaUm3 gene cloned into This study
Ndel/Hindlll sites

pYWO00019 pET28a-derived plasmid harboring ChaUm31%T gene cloned into  This study
Ndel/Hindlll sites

pYWO00020 pET28a-derived plasmid harboring ChaUm3-'9%F gene cloned into  This study
Ndel/Hindlll sites

pYW00021 pET28a-derived plasmid harboring ChaU™'°t gene cloned into This study
Ndel/Hindlll sites

pYW00022 pET28a-derived plasmid harboring ChaU™%' gene cloned into This study
Ndel/Hindlll sites

pYW00023 pET28a-derived plasmid harboring ChaUF107UT03! gene cloned into  This study
Ndel/Hindlll sites

pYW00024 pET28a-derived plasmid harboring ChaUF107L/T103Im26l gene cloned into  This study
Ndel/Hindlll sites

pYW00025 pET28a-derived plasmid harboring ChaUF107UT103IT26IN131G gene cloned — This study
into Ndel/Hindlll sites

pYW00026 pET28a-derived plasmid harboring KstA15"7T gene cloned into This study
Ndel/Hindlll sites

pYWO00027 pET28a-derived plasmid harboring KstA715-'2'F gene cloned into This study
Ndel/Hindlll sites

pYW00028 pET28a-derived plasmid harboring KstA15“0T gene cloned into This study
Ndel/Hindlll sites

pYW00029 pET28a-derived plasmid harboring KstA715¢'4N gene cloned into  This study
Ndel/Hindlll sites

pYWO00030 pET28a-derived plasmid harboring KstA155%'A gene cloned into  This study
Ndel/Hindlll sites

pYWO00031 pET28a-derived plasmid harboring KstA158%A gene cloned into  This study
Ndel/Hindlll sites

pYWO00032 pET28a-derived plasmid harboring KstA715R64A gene cloned into  This study
Ndel/Hindlll sites

pYWO00033 pET28a-derived plasmid harboring KstA715P13A gene cloned into  This study
Ndel/Hindlll sites

pYWO00034 pET28a-derived plasmid harboring ChaUFf107/T103!/T26//N131G/H117A gene  This study
cloned into Ndel/HindIll sites

pYWO00035 pET28a-derived plasmid harboring ChalUF107L/T103//T26I/N131G/E105A gene  This study

cloned into Ndel/Hindlll sites




Table S3. The strains used in this study.

Strains Description Source
DH5a host strain for gene cloning Sangon Biotech (Shanghai, China)
BL21(DE3) host strain for protein expression Sangon Biotech (Shanghai, China)
YWO00018 BL21 strain harboring pET-28a/ChaUm1 This study
YWO00019 BL21 strain harboring pET-28a/ChaUm2 This study
YWO00020 BL21 strain harboring pET-28a/ChaUm3 This study
YW00021 BL21 strain harboring pET-28a/ChalUm3'103T This study
YW00022 BL21 strain harboring pET-28a/ChalUm3-103F This study
YW00023 BL21 strain harboring pET-28a/ChaUF 07 This study
YW00024 BL21 strain harboring pET-28a/ChalU™%3! This study
YW00025 BL21 strain harboring pET-28a/ChalF107L/T103! This study
YWO00026 BL21 strain harboring pET-28a/ChaUF107L/T103//m26i This study
YW00027 BL21 strain harboring pET-28a/ChaUF107L/T1031IT26IN131G This study
YW00028 BL21 strain harboring pET-28a/KstA 151177 This study
YW00029 BL21 strain harboring pET-28a/KstA15-12'F This study
YWO00030 BL21 strain harboring pET-28a/KstA1540T This study
YWO00031 BL21 strain harboring pET-28a/KstA156145N This study
YW00032 BL21 strain harboring pET-28a/KstA15551A This study
YWO00033 BL21 strain harboring pET-28a/KstA 158524 This study
YWO00034 BL21 strain harboring pET-28a/KstA15R64A This study
YWO00035 BL21 strain harboring pET-28a/KstA15P133A This study
YWO00036 BL21 strain harboring pET-28a/ChaUF107UT103IM26IN131GH117A - This study
YWO00037 BL21 strain harboring pET-28a/ChaUF107UT103IT26IIN131G/E105A  Thjs study




Table S4. Data collection and refinement statistics of ChalUF107L/T103IT26I/N131G

ChaUF’I07L/T103|/T26I/N131G

Data collection
Space group

Cell dimensions
a,b,c(A)

aBy (%)
Resolution (A)
Rinerge (%)

I/ ol
Completeness (%)

Redundancy

Refinement
Resolution (A)
No. reflections
Rwork / Rfree (%)
No. atoms
Protein
B-factors
ligand/ion

Water

R.ms. deviations
Bond lengths (A)
Bond angles (°)

P12:1

30.76, 94.73, 102.38
90.00, 90.00, 90.00
69.49-2.22 (2.34-2.22)
0.304 (2.582)

3.0 (0.9)

100

5.0 (4.9)

19.96-2.70 (2.79-2.70)
31495

27.19/31.36

8584

8584

2512

59.37

0.004
0.763




Table S5. '"H NMR (500 MHz) data of 8-hydroxyauramycinone (1) in CDCls.

position Oy (mult, J, Hz)
2 4.01s

4 7.63s

8-OH 12.71s

9 7.26 d (8.6)

10 7.24 d (8.6)
11-OH 12.05s

15-OH 12.84 s

17 5.35d (4.0)
17-OH 4.20s

18 2.23d (14.9), 2.61 dd (5.2, 14.9)
19-OH 3.59s

20 143s

21 3.72s




Table S6. '"H NMR (500 MHz) data of resomycin C (2) in CDCls.

position Oy (mult, J, Hz)

4 8.28s

8 7.94dd (7.6,1.2)
9 7.72t(7.6)

10 7.34dd (7.6,1.2)
11-OH 13.78 s

15-OH 12.27 s

17 8.52d (8.4)

18 7.57d (8.4)

20 2.59s

21 4.14s




Table S7. '"H NMR (500 MHz) data of auramycinone (3) in CDCls.

position Oy (mult, J, Hz)
2 4.06 brs

4 7.70 brs

8 7.85brd (7.4)

9 7.70 overlapped
10 7.32brd (7.4)
11-OH 11.96 s

15-OH 12.75s

17 5.38 brd (4.3)
17-OH 3.37brs

18 2.62 dd (6.2, 15.0), 2.23 d (15.0)
19-OH 4.04 brs

20 142brs

21 3.72s




Table S8. '"H NMR (500 MHz) data of 4 in acetone-dg.

position Oy (mult, J, Hz)

4 7.59s

8 7.78d (7.3)

9 7.83dd (7.3, 8.2)

10 7.35d (8.2)

11-OH 12.03 s OH O OH OH
15-OH 1242 s

17 5.27 t(3.3)

18 2.73d (3.3)

20 210s

21 3.94s




Table S9. 'H NMR (500 MHz) data of 5 in CDCl;.

position Oy (mult, J, Hz)

2 391s

4 7.64s

8 7.82dd (1.1,7.7)
9 7.68dd (7.7, 8.2)
10 7.29dd (1.1, 8.2)
11-OH 12.10s

15-OH 12.51s

17 2.88m, 3.05m
18 1.92m,2.32m
20 142s

21 3.75s




ChalU ChaU mutant KstA15 KstA16

15KDa

10KDa

Figure S1. SDS-PAGE analysis of protein ChaU, ChaU mutant, KstA15 and KstA16. The

Hisg-tags in all proteins were retained. ChaU mutant here specifically refers to the
ChalUF107LT1031T26I/N131G mutant.

Sequence Alignment
and Residue
Classification

v i
Group 1: “Relatively non- Group 2: “Completely non-
conserved” (a common amino acid conserved” (divergent amino acids
in homologs that differs in Chal) across all four proteins)
ChaUm1: ChaUm2: ChaUm3:
Substitution of 11 Group 1 residues in Integration of S135A/M124L (in Further Integration of T1031/T100A
ChaU with KstA15 counterparts Group 2) mutation into ChaUm1 (in Group 2) mutation into ChaUm2

- s . s successfully acqmred phenol
no hydroxylation activity no hydroxylation activity hydroxylall on activity

Identification of critical residues in ChaUm3 :
Revertant screening of ChaUm3 (15 substitutions)

Identification of F107L/T103lI as the
minimal determinant for switching ChaU
from hydration to phenol hydroxylation.

Additional substitutions (T261/N131G)
significantly enhanced phenol
hydroxylation efficiency.

v

Completed the functional swap from

Chal to KstA15

Figure S2. The schematic diagram depicting the directed evolution of ChaU.
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Figure S3. HPLC profiles of biochemical reactions catalyzed by KstA16 and KstA15 mutants.
All assays were performed using 3 as the substrate and NADH as the cofactor, with a
reaction duration of 2 hours. UV= 440 nm.
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Figure S4. Comparison for enzymatic conversion rates of 3 by KstA16 and KstA15/ChaU
mutants in the presence of NADH.
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Figure S5. The tetrameric crystal structure of the ChaUro7umiosvmenisie mytant (PDB: 22JH).
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Figure S6. MD simulation snapshots showing the binding conformation of substrate Ill in the
ChaU mutant at 0 ns (A) and 80 ns (B). ChaU mutant here specifically refers to the
ChaUF107L/T103IIT26I/N131G mutant.
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Figure S7. RMSD of backbone heavy atoms relative to the first snapshot during in the last
500 ns classical MD simulations on ChaU-IV complex and ChaU mutant-lll complex.
Distances are shown in A. ChaU mutant here specifically refers to the ChaUF107L/T103IT261N131G
mutant.
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Figure S8. Distribution of H-bonds between ligand and H35/E105/H117/D119 in WT ChaU
and ChaU mutant. ChaU mutant here specifically refers to the ChaUF107L/T103/T26/N131G mytant.
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Figure S9. Deviation of the Upper and Lower distances in the MD trajectory from the
corresponding distances in the crystal structure. (A) The four sites selected for measuring the
Upper and Lower distances. (B-C) Comparison of Upper distances (B) and Lower distances
(C) in MD trajectory and crystal structure. A positive deviation indicates that the distance is
elongated in the simulation relative to the crystal structure, whereas a negative deviation
signifies contraction.
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Figure $10. A comparative analysis of the interactions involving residues 100, 103, 105, and
107 (both mutual and with the substrate) in wild-type ChaU versus the ChaU mutant. Both
analyses were conducted employing 500 ns MD simulations. ChaU mutant here specifically
refers to the ChaUF107U/T103/T26INT31G mytant.
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Figure S11. Comparative analysis of protein-substrate binding conformations in KstA15 and
ChaU mutant. ChaU mutant here specifically refers to the ChaUF107L/T103/T26IN131G mytant. The
labels HD1 and HEZ2 refer to the protons attached to the two nitrogen atoms in the imidazole

ring of histidine.
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Figure S12. Comparison of the distances from HE2/HD1 of H131 to peroxide anion in MD
trajectory of ChaU mutant and KstA15. ChaU mutant here specifically refers to the

ChalUF107L/T103I/T26IIN131G muytant.
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Figure S13. Alignment of ChaU, KstA15, AcIR, and Snoal2 with their homologs.
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Figure S14. 'H NMR spectrum of 1 in CDCls.

=L

160
g0'L

13

HIT 618 —

6856 07

9260 G5% —

LSO BF ,
8020 °96E

P90 9% ——=1.
mom:.wmu,.

-ESI

x10°
4. 57
3

750 800 850 900 950 1000 1050 1100 1150 1200

550 600 650 700

500

200 250 300 350 400 450

150

100

m/z

Figure S15. HR-ESIMS spectrum of 1.
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Figure S19. HR-ESIMS spectrum of 3.
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Figure S$20. 'H NMR spectrum of 4 in acetone-ds.
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