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1. General

Commercially available reagents were used without additional purification. E. Merck
Kieselgel 60 was used for column chromatography.

Thin-layer chromatography (TLC) was performed on silica gel 60 F254 aluminum sheets
(MERCK). Visualization was performed using UV light (254 or 312 nm) or staining with
KMnOs.

NMR spectra were recorded on a Bruker Avance III 800 (with a 5-mm CPTXI
cryoprobe) and Bruker Fourier 300. Chemical shifts were reported relative to residue peaks of
DMSO-ds (2.51 ppm: for 'H and 39.5 ppm: for 1*C).

Melting points were measured on a SMP 30 apparatus without correction.

High-resolution mass spectra (HRMS) spectra were recorded on AB Sciex TripleTOF®
5600+ System using electrospray ionization (ESI). The measurements were done in a positive
ion mode (interface capillary voltage — 5500 V); mass range from m/z 50 to m/z 3000; external
or internal calibration was done with ESI Tuning Mix, Agilent. A syringe injection was used for
solutions in acetonitrile, methanol, or water (flow rate 20 pl/min). Nitrogen was applied as a dry
gas; interface temperature was set at 180 °C.

For substances 9-11 HRMS spectra were recorded on mass spectrometer Orbitrap LTQ
XL with an ESI ion source; needle voltage 3.5 kV/5 kV for negative/positive ions; capillary
temperature 350 °C; gas flows — Sheath: 50, Aux: 10; mass range: 100-2000. Samples were
introduced via an Agilent 1100 chromatograph without a column. The eluent was
water/acetonitrile (1/1 v/v) with 0.1% formic acid additive, flow rate 0.35 mL/min, injection
volume 1-10 pL.

IUPAC compound names were generated using ChemDraw Pro 12.0 Software.

Photoinduced processes were performed on Evoluchem™ PhotoRedOx box. 365 nm
(LG, HCK1012-01-006, 25 mW/cm?) light-emitting diode (LED) lamp from Evoluchem™ was
used. This device is equipped with a fan to maintain room temperature during the irradiation
process.

A 10 ml teflon lined hydrothermal synthesis autoclave was used for the reaction at 150
°C.
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2. Synthesis of starting compounds

2.1 Synthesis of tert-butyl (2-formylphenyl) carbonates (1)
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General method

A mixture of the corresponding 2-hydroxybenzaldehyde (10 mmol), BocO (2.62 g, 12
mmol) and DMAP (0.49 g, 4 mmol) in freshly distilled CH3CN (50 mL) was stirred at room
temperature for 15 h. EtOAc (200 mL) was added and the resulted mixture was washed with
brine (3x50 mL). Organic layer was dried over anhydrous Na,SOs, all volatiles were removed in

vacuo and the residue was purified with flash chromatography (eluent — mixture of hexane and
EtOAc, v/v 50:1).
Tert-butyl (2-formylphenyl) carbonate (1a)

L,

Yield 2.04 g (92%).

'H NMR (300 MHz, DMSO-ds) § ppm: 10.03 (1H, s), 7.95 (1H, dd, J=7.6, 1.7 Hz), 7.70
-7.79 (1H, m), 7.53 (1H, td, J=7.5, 1.0 Hz), 7.36 (1H, dd, J=8.1, 1.0 Hz), 1.50 (9H, s).
The spectral properties corresponded to the literature data.’
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Tert-butyl (2-formyl-4-methylphenyl) carbonate (1b)

o,

Yield 2.03 g (86%).

'H NMR (300 MHz, DMSO-de) § ppm: 9.98 (1H, s), 7.73 (1H, d, J=1.9 Hz), 7.55 (1H,
ddd, /=8.2,2.3, 0.6 Hz), 7.23 (1H, d, /=8.2 Hz), 2.39 (3H, s), 1.49 (9H, s).

The spectral properties corresponded to the literature data.’

Tert-butyl (3-formyl-[1,1'-biphenyl]-4-yl) carbonate (1c)

S
e,

Yield 2.89 g (97%), white solid, 70-72 °C.
'H NMR (800 MHz, DMSO-de) & ppm: 10.10 (1H, s), 8.24 (1H, d, J=2.4 Hz), 8.04 (1H,
dd, J=8.4, 2.4 Hz), 7.74 - 7.77 (2H, m), 7.52 (2H, t, J=7.7 Hz), 7.43 - 7.46 (2H, m), 1.52 (9H, s).
13C NMR (75 MHz, DMSO-de) & ppm 190.1, 150.6, 149.5, 138.6, 138.1, 133.4, 130.9,
129.1, 128.3, 128.1, 126.8, 124.0, 83.8, 27.2.

HRMS (ESI) m/z: 299.1280 found (calcd for C1sH1904", [M+H]" 299.1278).
Tert-butyl (4-chloro-2-f0rmylphenyl) carbonate (1d)

o,

Yield 2.05 g (80%), white oil.

'H NMR (300 MHz, DMSO-de) § ppm: 9.98 (1H, s), 7.98 (1H, d, J=2.7 Hz), 7.81 (1H,
dd, J=8.7,2.7 Hz), 7.43 (1H, d, J=8.6 Hz), 1.49 (9H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 188.9, 150.3, 149.1, 135.1, 131.5, 130.9, 129.3,
125.5, 84.1,27.2.

HRMS (ESI) m/z: 257.0577 found (calcd for C12H14C104", [M+H]" 257.0575).
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Tert-butyl (2-f0rmyl-4-phen0xyphenyl) carbonate (1e)

Seol

Yield 2.67 g (85%), white solid, m.p. 78-80 °C.

'H NMR (800 MHz, DMSO-ds) § ppm: 9.97 (1H, s), 7.47 (1H, s), 7.45 (2H, t, J=7.7 Hz),
7.39 (2H, d, J=1.3 Hz), 7.22 (1H, td, J=7.4, 0.6 Hz), 7.07 - 7.12 (2H, m), 1.50 (9H, s).

13C NMR (75 MHz, DMSO-ds) & ppm: 189.2, 155.9, 154.9, 150.9, 146.0, 130.3, 129.0,
125.3,125.2,124.3, 120.0, 119.1, 83.8, 27.2.

HRMS (ESI) m/z: 315.1230 found (calcd for C1sH9Os*, [M+H]" 315.1227).
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2.2. Synthesis of 2-formylphenyl diphenylcarbamates (2)
7 7
I
X
X, 4,0 o O
Z > OH CI” °N CH3CN, 65 °C O~ °N
2
9 j O
séSchosSchasdle
O)J\N O)J\N o)J\N
2a 2b 2c
;i ;
“CLL 0 MO0
O)J\N O)J\N

2d 2e

General method

A mixture of the corresponding 2-hydroxybenzaldehyde (10 mmol), diphenylcarbamoyl
chloride (13 mmol) and K>CO3 (2.76 g, 20 mmol), in freshly distilled CH3CN (50 mL) was
heated at 65°C for 10 h. EtOAc (200 mL) was added and the resulted mixture was washed with
brine (3x50 mL). Organic layer was dried over anhydrous Na>SOs, all volatiles were removed in
vacuo and the residue was purified with flash chromatography (eluent — mixture of hexane and
EtOAc, v/v 50:1).

-Formylphenyl diphenylcarbamate (2a)

sl
s

Yield 3.05 g (96%), yellow solid, m.p. 98-100°C.

"H NMR (800 MHz, DMSO-ds) & ppm: 10.06 (1H, s), 7.89 (1H, dd, J=7.6, 1.6 Hz), 7.72
-7.74 (1H, m), 7.49 - 7.60 (3H, m), 7.45 - 7.48 (2H, m), 7.39 - 7.45 (5H, m), 7.30 (2H, br. s.).

3C NMR (75 MHz, DMSO-ds) & ppm: 189.9, 151.9, 151.2, 142.1, 135.5, 131.0, 129.2,
128.2, 127.3 (br. s.), 126.9 (br. s.), 126.4, 123.6.

HRMS (ESI) m/z: 318.1130 found (calcd for C20H16NOs*, [M+H]" 318.1125).
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-Formyl -4-methylphenyl diphenylcarbamate (2b)

L0
s

Yield 3.25 g (98%), yellow solid, m.p. 100-102°C.

'H NMR (800 MHz, DMSO-ds) § ppm: 10.02 (1H, s), 7.68 (1H, d, J=1.7 Hz), 7.47 - 7.58
(4H, m), 7.43 (5H, t, J/=6.9 Hz), 7.26 - 7.32 (3H, m), 2.37 (3H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 189.9, 152.0, 149.2, 142.1, 136.0, 135.9, 131.0,
129.2,127.9, 127.3 (br. s.), 126.9 (br. s.), 123.4, 20.1.

HRMS (ESI) m/z: 332.1283 found (calcd for C21H1sNOs", [M+H]" 332.1281).

3-Formyl-[1,1'-biphenyl]-4-yl diphenylcarbamate (2c)

Idi o
0)

Yield 3.54 g (90%), yellow solid, m.p. 106-108°C.

"H NMR (800 MHz, DMSO-de) & ppm: 10.11 (1H, s), 8.17 (1H, d, J=2.5 Hz), 8.03 (1H,
dd, J=8.4, 2.5 Hz), 7.72 - 7.75 (2H, m), 7.47 - 7.61 (7TH, m), 7.36 - 7.47 (6H, m), 7.31 (2H, br.
s.).

3C NMR (75 MHz, DMSO-ds) & ppm: 190.1, 151.9, 150.3, 142.1, 138.2, 138.1, 133.3,
129.5,129.2, 129.1, 128.5, 128.0, 126.9 (br. s.), 126.7, 124.3.

HRMS (ESI) m/z: 394.1442 found (caled for C26H2o0NOs3", [M+H]" 394.1438).

4-Chloro-2-formylphenyl diphenylcarbamate (2d)

@Q@
<

Yield 3.41 g (97%), beige solid, m.p. 100-102°C.

'H NMR (800 MHz, DMSO-ds) & ppm: 9.99 (1H, s), 7.90 (1H, d, J=2.7 Hz), 7.79 (1H,
dd, J=8.7, 2.7 Hz), 7.45 - 7.60 (SH, m), 7.43 (5H, br. s.), 7.30 (2H, br. s.).

3C NMR (75 MHz, DMSO-ds) & ppm: 188.8, 151.6, 149.9, 141.9, 134.9, 130.6, 130.1,
129.5, 129.2, 127.0 (br. s.), 125.8.

HRMS (ESI) m/z: 352.0739 found (calcd for C20HisCINOs*, [M+H]" 352.0735).
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2-Formyl- 4-phen0xyphenyl diphenylcarbamate (2¢)

medls
2

Yield 3.77 g (92%), beige solid, m.p. 102-104°C.

'H NMR (800 MHz, DMSO-ds) & ppm: 9.99 (1H, s), 7.41 - 7.56 (10H, m), 7.34 - 7.41
(3H, m), 7.31 (2H, d, J=5.6 Hz), 7.21 (1H, t, J=7.4 Hz), 7.05 - 7.10 (2H, m).

13C NMR (75 MHz, DMSO-ds) & ppm: 189.3, 155.9, 154.7, 152.0, 146.8, 142.0, 130.3,
129.2,126.9 (br. s.), 125.6, 125.2, 124.2, 119.1, 118.6.

HRMS (ESI) m/z: 410.3266 found (calcd for C26H20NO4", [M+H]" 410.1387).
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2.3. Synthesis of 2-formylphenyl dimethylcarbamates (3)
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General method

A mixture of the corresponding 2-hydroxybenzaldehyde (10 mmol), dimethylcarbamoyl

chloride (1.4 g, 13 mmol) and K>CO3 (2.76 g, 20 mmol), in freshly distilled CH3CN (50 mL)
was heated at 65°C for 10 h. EtOAc (200 mL) was added and the resulted mixture was washed
with brine (3x50 mL). Organic layer was dried over anhydrous Na;SOs, all volatiles were
removed in vacuo and the residue was purified with flash chromatography (eluent — mixture of

hexane and EtOAc, v/v 50:1).

-Formylphenyl dimethylcarbamate (3a)

CQ/

Yield 1.74 g (90%).

'H NMR (800 MHz, DMSO-ds) § ppm: 10.10 (1H, s), 7.86 (1H, dd, J=7.6, 1.6 Hz), 7.72

(1H, td, J=7.7, 1.7 Hz), 7.44 (1H, t, J=7.5 Hz), 7.30 (1H, d, J=8.1 Hz), 3.11 (3H, s), 2.93 (3H, s).

The spectral properties corresponded to the literature data.*
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2-Formyl-4-methylphenyl dimethylcarbamate (3b)
7
OL
O)thl/
Yield 1.65 g (80%), white oil.
'H NMR (800 MHz, DMSO-ds) & ppm: 10.05 (1H, s), 7.65 (1H, d, J=1.9 Hz), 7.52 (1H,

dd, J=8.2, 2.2 Hz), 7.18 (1H, d, J=8.2 Hz), 3.09 3H, s), 2.92 (3H, s), 2.37 (3H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 189.5, 153.8, 150.4, 135.9, 135.3, 129.6, 128.0,
123.7,36.4, 36.2, 20.1.

HRMS (ESI) m/z: 208.0963 found (calcd for C11H14NOs", [M+H]" 208.0968).
4-Ethyl-2-formylphenyl dimethylcarbamate (3c)

i
/\d i
0 ITI/
Yield 2.01 g (91%), orange solid, m.p. 48-50°C.

'H NMR (800 MHz, DMSO-de) & ppm: 10.06 (1H, s), 7.68 (1H, d, J=2.1 Hz), 7.56 (1H,

dd, J=8.3, 2.2 Hz), 7.20 (1H, d, /=8.3 Hz), 3.10 3H, s), 2.92 (3H, s), 2.68 (2H, q, J=7.6 Hz),
1.21 (3H, t, J=7.6 Hz).

13C NMR (75 MHz, DMSO-ds) & ppm: 189.5, 153.8, 150.6, 141.5, 134.8, 128.4, 128.1,
123.8,36.4,36.2,27.3, 15.3.

HRMS (ESI) m/z: 222.1125 found (caled for C12HisNOs3", [M+H]" 222.1125).
2-Formyl-4-isopropylphenyl dimethylcarbamate (3d)

gees

Yield 2.18 g (93%), beige solid, m.p. 46-48°C.
'H NMR (800 MHz, DMSO-ds) & ppm: 10.07 (1H, s), 7.71 (1H, d, J=2.2 Hz), 7.60 (1H,

dd, /=8.4, 2.3 Hz), 7.21 (1H, d, J=8.3 Hz), 3.09 (3H, s), 2.98 - 3.01 (1H, m), 2.92 (3H, s), 1.23
(6H, d, J=6.9 Hz).

3C NMR (75 MHz, DMSO-ds) & ppm: 189.6, 153.8, 150.6, 146.0, 133.5, 128.1, 127.0,
123.8,36.4, 36.2, 32.7, 23.6.

HRMS (ESI) m/z: 236.1284 found (caled for C13H sNOs", [M+H]" 236.1281).
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5-(Tert-butyl)-2-formylphenyl dimethylcarbamate (3e)

O
|

O
Ho
Yield 2.29 g (92%), beige solid, m.p. 54-56°C.
'H NMR (800 MHz, DMSO-ds) & ppm: 10.01 (1H, s), 7.79 (1H, d, J=8.1 Hz), 7.47 (1H,

dd, J=8.1, 1.4 Hz), 7.26 (1H, d, J=1.6 Hz), 3.10 3H, s), 2.93 (3H, s), 1.30 (9H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 189.0, 159.3, 153.8, 152.3, 129.7, 126.1, 123.0,
120.7, 36.4, 36.2, 35.1, 30.6.

HRMS (ESI) m/z: 250.1439 found (caled for C14H2oNO3", [M+H]" 250.1438).
3-Formyl-[1,1'-biphenyl]-4-yl dimethylcarbamate (3f)

s,

Yield 2.37 g (88%), yellow solid, m.p. 78-80°C.
'H NMR (800 MHz, DMSO-ds) & ppm: 10.15 (1H, s), 8.12 (1H, d, J=2.5 Hz), 8.01 (1H,

dd, J=8.4, 2.5 Hz), 7.70 - 7.76 (2H, m), 7.51 (2H, t, /=7.7 Hz), 7.37 - 7.45 (2H, m), 3.13 (3H, s),
2.95 (3H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 189.7, 153.6, 151.6, 138.3, 137.8, 133.3, 129.1,
128.6, 128.0, 127.9, 126.7, 124.5, 36.5, 36.3.

HRMS (ESI) m/z: 270.1127 found (caled for C16HisNOs3", [M+H]" 270.1125).
2-Formyl-4- methoxyphenyl dimethylcarbamate (3g)

@Q/

Yield 1.94 g (87%).

'H NMR (800 MHz, DMSO-ds) § ppm: 10.04 (1H, s), 7.32 (1H, d, /=3.2 Hz), 7.26 - 7.28
(1H, m), 7.21 - 7.24 (1H, m), 3.82 (3H, s), 3.09 (3H, s), 2.92 (3H, s).
The spectral properties corresponded to the literature data.*
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-Formyl 6-methoxyphenyl dimethylcarbamate (3h)

ey

Yleld 1.98 g (89%).

"H NMR (800 MHz, DMSO-ds) & ppm: 10.09 (1H, s), 7.45 (1H, dd, J=6.5, 3.2 Hz), 7.38
- 7.40 (2H, m), 3.83 (3H, s), 3.10 (3H, s), 2.92 (3H, s).

The spectral properties corresponded to the literature data.’

5-Ethoxy-2-formylphenyl dimethylcarbamate (3i)

7
OIS
to oJ\rTl/
Yield 2.19 g (92%), beige solid, m.p. 50-52°C.

'H NMR (800 MHz, DMSO-de) & ppm: 9.92 (1H, s), 7.78 (1H, d, J=8.6 Hz), 6.97 (1H,

dd, J=8.6, 2.2 Hz), 6.84 (1H, d, J=2.3 Hz), 4.14 (2H, q, J=7.0 Hz), 3.09 (3H, s), 2.92 3H, s),
1.34 (3H, t, J=7.0 Hz).

3C NMR (75 MHz, DMSO-ds) & ppm: 187.9, 164.0, 154.3, 153.5, 131.7, 121.9, 112.5,
109.3,64.2,36.4,36.3, 14.4 (s).

HRMS (ESI) m/z: 238.1075 found (calcd for C12H16NO4", [M+H]" 238.1074).
3-Formylnaphthalen-2-yl dimethylcarbamate (3j)

7
3
0 |T1/
Yield 2.06 g (85%), brown solid, m.p. 52-54°C.
"H NMR (800 MHz, DMSO-ds) § ppm: 10.61 (1H, s), 9.06 (1H, d, J=8.6 Hz), 8.30 (1H,

d, J=8.8 Hz), 8.05 (1H, d, J=8.2 Hz), 7.73 (1H, ddd, J=8.4, 7.0, 1.3 Hz), 7.62 (1H, ddd, J=8.0,
6.9, 1.1 Hz), 7.46 (1H, d, J=8.9 Hz), 3.16 (3H, s), 2.97 (3H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 191.0, 155.4, 153.6, 136.4, 131.0, 130.1, 129.5,
128.6, 126.4, 124.3, 122.7, 121.2, 36.6, 36.3.

HRMS (ESI) m/z: 244.0962 found (caled for C1aHisNOs*, [M+H]" 244.0968).
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3. Phototransformation of 2-Formylphenyl dimethylcarbamate 3a in

various solvents

@)
HO_ =N~
step 1 o step 2
[
o 365 nm LED N\ 365 nm LED OH 0—
)]\ solvent, o solvent, 8a + N—
0~ >N~ 20-30°C OH 20-30 °C
(@]
3a | 6a OH 7a

2-Formylphenyl dimethylcarbamate 3a (19 mg, 0.1 mmol) was dissolved in freshly
distilled solvent under argon atmosphere (2.0 mL). Vials, prefilled with argon, with the obtained
solutions were irradiated with 365 nm LED lamp in Evoluchem™ PhotoRedOx box with
stirring. After 6 hours of irradiation, solvents were removed in vacuum. For solutions in DMSO,
DMF, DMAC and NMP reaction mixtures were dissolved in 10 mL of EtOAc and washed with
saturated KClI solution (10x3 mL). Next, organic solutions were dried over NaxSO4 and similarly
evaporated. Finally, all the residues were analyzed by 'H NMR in DMSO-db.

The overall aromatic signal from 6.75 ppm to 7.48 ppm (4H) was used as a standard. The
quantity of components was assessed using the following signals:

- singlet from 10.02 ppm to 10.12 ppm (1H) for the starting aldehyde 3a.

- singlet from 10.70 ppm to 10.90 ppm (1H) for product 6a.

- singlet from 5.31 ppm to 5.33 ppm (1H) for product 7a

- multiplet signal from 3.38 ppm to 3.62 ppm (2H) for product 8a

Results are presented in Table S1.

Table S1. Solvents screening results for 1a.

o

Solvent 7a, % 8a, % Unreacted 3a, % 6a, %

C2H4Cl2 10
CH2Cl2 15
CHCl3

CCly

MeOH

EtOH
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CF3CH0H
(CF3)2CHOH
THF
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EtO
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NMP
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Figure S1. Photochemical set-up. Solvent screening.
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4. Kinetic study

Compound 1a, 2a or 3a (0.03 mmol) was dissolved in 1 mL of DMSO-ds in a Schlenk
vessel. The mixture was degassed under vacuum and filled with argon three times. Next, 0.65
mL portion of the solution were transferred to argon fused NMR tube and sealed. NMR tube
with these solution were irradiated with 365 nm LED lamp in Evoluchem™ PhotoRedOx box for
4 h. The process was carried out strictly with two samples at a time. This approach allowed us to
claim approximately identical irradiation conditions for all samples, since the tubes were
installed symmetrically into the reactor each time. The mixture was analyzed by 'H NMR. TMS
signal was used as an internal standard - for all spectra its integral area was set on equal value.
Initial integral area of aldehyde singlet signal from 10.00 ppm to 10.20 ppm was determined as
100%. The yields of component were determined using the following integral areas:

- singlet from 10.00 ppm to 10.20 ppm (1H) for the starting aldehyde 1a-3a.

- multiplet from 6.90 ppm to 7.05 ppm (2H) for product 4a

- triplet from 6.83 ppm to 6.94 ppm (1H) for product Sa

- singlet from 10.70 ppm to 10.90 ppm (1H) for product 6a

- singlet from 5.27 ppm to 5.35 ppm (1H) for product 7a

- doublet from 3.55 ppm to 3.65 ppm (1H) for product 8a

9 o)
@\) 0 365 nm LED ©\)H(OtBU
O)L oy DMSO.20-30°C o
1a 4a
100

80 —a— 13

4a

D
o
1

Conversion, %
N
o
1

20 A

C.= 94.0 x ¢~1:68xt ™
R*=0.98

T T Y I
0 1 2
time, h

Figure S2. Kinetic study of compound 1a.
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Figure S3. Kinetic study of compound 2a.
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Figure S4. Kinetic study of compound 3a.
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Figure S5. Example of 'H NMR after 10 minutes of 3a irradiation.
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Figure S6. Photochemical set-up. Kinetic study.
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5. Phototransformation of various compounds 1-3

General method

Corresponding compound 1-3 (1.0 mmol) was dissolved in freshly distilled DMSO (20
mL) in a Schlenk vessel. The mixtures were degassed under vacuum and filled with argon three
times. Obtained solutions were irradiated with 365 nm LED lamp in Evoluchem™ PhotoRedOx
box with stirring.

The process was carried out strictly with two samples at a time. This approach allowed us
to claim approximately identical irradiation conditions for all samples, since the Schlenk vessels
were installed symmetrically into the reactor each time.

The progress of the reaction was monitored by TLC and 'H NMR. After the reaction
completion, reaction mixtures were dissolved in 200 mL of EtOAc, washed with saturated KCl

solution (10x30 mL) and dried over Na;SO4. All volatiles were removed in vacuo and the

residue was purified with flash chromatography (eluent — mixture of hexane and EtOAc, v/v
5:1).

Figure S7. Photochemical set-up. 1.0 mmol scale.
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5.1. Synthesis of tert-butyl 2-(2-hydroxyphenyl)-2-oxoacetates (4)
0 0
| 0
« _.(/\f 0 hv,3650m_ dj\,(
| o
7 o)J\o-— DMSO ol
1 4
Tert-butyl 2-(2-hydroxyphenyl)-2-oxoacetate (4a)

eyt

Yield 178 mg (80%), yellow solid, m.p. 32-34°C.
Reaction time ~ 24 h.

'H NMR (800 MHz, DMSO-ds) § ppm: 10.95 (1H, s), 7.68 (1H, dd, J=7.8, 1.6 Hz), 7.52
-7.56 (1H, m), 6.94 - 7.00 (2H, m), 1.52 (9H, s).

The spectral properties corresponded to the literature data.’

Tert-butyl 2-(2-hydroxy-4-methylphenyl)-2-oxoacetate (4b)

oot

Yield 187 mg (79%), yellow solid, m.p. 38-40°C.

Reaction time ~ 48 h.

"H NMR (800 MHz, DMSO-de) § ppm: 10.69 (1H, s), 7.46 (1H, d, J=1.6 Hz), 7.36 (1H,
dd, J/=8.4, 2.2 Hz), 6.88 (1H, d, J/=8.4 Hz), 2.24 (3H, s), 1.51 (9H, s).

13C NMR (75 MHz, DMSO-ds) & ppm: 186.8, 164.5, 157.6, 137.7, 129.2, 128.5, 119.1,
117.1, 82.9, 27.5, 19.8.

HRMS (ESI) m/z: 237.1117 found (caled for Ci13Hi704", [M+H]" 237.1121).

Tert-butyl 2-(3-hydroxy-[1,1'-biphenyl]-4-yl)-2-oxoacetate (4¢)

o+

Yield 248 mg (83%), yellow oil.

Reaction time ~ 48 h.

"H NMR (800 MHz, DMSO-de) § ppm: 11.15 (1H, s), 7.91 (1H, d, J=2.5 Hz), 7.87 (1H,
dd, J=8.6, 2.5 Hz), 7.60 - 7.63 (2H, m), 7.45 (2H, t, J/=7.7 Hz), 7.33 - 7.36 (1H, m), 7.09 (1H, d,
J=8.5 Hz), 1.54 (9H, s).

13C NMR (75 MHz, DMSO-ds) § ppm: 186.6, 164.4, 159.1, 138.8, 135.1, 131.7, 129.0,
127.2,127.2,126.1,119.9, 117.9, 83.1, 27.5.

HRMS (ESI) m/z: 299.1282 found (calcd for CisH1904", [M+H]" 299.1278).
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Tert-butyl 2-(4-chloro-2-hydroxyphenyl)-2-oxoacetate (4d)

o)
OHO

Yield 218 mg (85%), yellow solid, m.p. 50-52°C.

Reaction time ~ 48 h.

"H NMR (800 MHz, DMSO-ds) § ppm: 11.34 (1H, s), 7.62 (1H, d, J=2.7 Hz), 7.58 (1H,
dd, J=8.8, 2.8 Hz), 7.01 (1H, d, J/=8.8 Hz), 1.52 (9H, s).

13C NMR (75 MHz, DMSO-ds) & ppm: 185.5, 163.8, 158.3, 136.3, 128.4, 123.5, 121.0,
119.3, 83.4, 27 .4.

HRMS (ESI) m/z: 255.0441 found (calcd for Ci12H12ClO4", [M-H] 255.0430).

Tert-butyl 2-(2-hydroxy-4-phenoxyphenyl)-2-oxoacetate (4¢)

0
Pho\©fl\[(o+
oH’

Yield 273 mg (87%), yellow solid, m.p. 48-50°C.

Reaction time ~ 48 h.

"H NMR (800 MHz, DMSO-ds) & ppm: 10.95 (1H, s), 7.38 (2H, t, J=8.0 Hz), 7.33 (1H,
dd, /=8.9, 3.1 Hz), 7.21 (1H, d, J=3.1 Hz), 7.12 (1H, t, J=7.4 Hz), 7.03 (1H, d, J=8.9 Hz), 6.98
(2H, d, J=7.7 Hz), 1.51 (9H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 186.0, 164.2, 157.2, 156.0, 148.9, 130.1, 128.8,
123.3,119.8, 119.1, 118.2, 117.9, 83.2, 27.5.

HRMS (ESI) m/z: 315.1230 found (caled for CigHi9Os", [M+H]" 315.1227).
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5.2. Synthesis of 2-(2-hydroxyphenyl)-2-o0xo-N,N-diphenylacetamides (5)

(l) O  Ph
X N )o]\ " hv, 365 nm x4 A N\Ph
“o N’ DMSO Ao
2 M 5

2-(2-Hydroxyphenyl)-2-oxo-N,N-diphenylacetamide (5a)

G
0

Yield 279 mg (88%), yellow solid, m.p. 144-146°C.

Reaction time ~ 48 h.

"H NMR (800 MHz, DMSO-ds) & ppm: 11.16 (1H, s), 7.57 (1H, dd, J=7.9, 1.6 Hz), 7.44
-7.51 (3H, m), 7.40 (2H, d, J=7.5 Hz), 7.36 (2H, d, J=7.6 Hz), 7.29 - 7.33 (3H, m), 7.23 (1H, t,
J=7.3 Hz), 6.97 (1H, d, J=8.2 Hz), 6.88 (1H, t, J=7.5 Hz).

13C NMR (201 MHz, DMSO-ds) & ppm: 189.5, 166.6, 158.9, 141.3, 140.6, 136.4, 129.8,
129.5,129.1, 128.2, 128.0, 126.7, 126.2, 120.5, 119.6, 117.4.

HRMS (ESI) m/z: 318.1129 found (caled for C20HisNOs", [M+H]" 318.1125).

2-(2-Hydroxy-4-methylphenyl)-2-oxo-N,N-diphenylacetamide (Sb)

O
0

Yield 295 mg (89%), yellow solid, m.p. 128-130°C.

Reaction time ~ 48 h.

"H NMR (800 MHz, DMSO-ds) § ppm: 10.92 (1H, s), 7.45 (2H, t, J=7.8 Hz), 7.37 - 7.40
(2H, m), 7.36 (3H, d, J=7.4 Hz), 7.29 - 7.33 (4H, m), 7.24 (1H, t, J=7.4 Hz), 6.87 (1H, d, J/=8.4
Hz), 2.19 (3H, s).

13C NMR (75 MHz, DMSO-ds) & ppm: 189.4, 166.8, 156.9, 141.4, 140.7, 137.4, 129.5,
129.3,129.1, 128.4, 128.1, 128.0, 126.7, 126.3, 120.0, 117.4, 19.7.

HRMS (ESI) m/z: 332.1283 found (caled for C2iHisNOs", [M+H]" 332.1281).
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2-(3-Hydroxy-[1,1'-biphenyl]-4-yl)-2-0x0-N,N-diphenylacetamide (5c¢)

e
et

Yield 354 mg (90%), yellow solid, m.p. 122-124°C.

Reaction time ~ 48 h.

'H NMR (800 MHz, DMSO-ds) & ppm: 11.39 (1H, br. s.), 7.81 (1H, dd, J=8.6, 2.4 Hz),
7.75 (1H, d, J=2.5 Hz), 7.55 (2H, d, J=7.4 Hz), 7.47 (2H, t, J=7.8 Hz), 7.37 - 7.44 (6H, m), 7.33
(4H, q, J=7.0 Hz), 7.24 (1H, t, J=7.4 Hz), 7.08 (1H, d, J/=8.6 Hz).

13C NMR (75 MHz, DMSO-ds) & ppm: 189.1, 166.7, 158.4, 141.3, 140.7, 138.8, 134.7,
131.6, 129.6, 129.1, 129.0, 128.1, 128.0, 127.2, 127.1, 126.8, 126.3, 126.1, 120.9, 118.2.

HRMS (ESI) m/z: 394.1439 found (caled for C26H20NO3", [M+H]" 394.1438).

2-(4-Chloro-2-hydroxyphenyl)-2-oxo-N,N-diphenylacetamide (5d)

e
RGNS

Yield 303 mg (86%), yellow solid, m.p. 116-118°C.

Reaction time ~ 48 h.

'H NMR (800 MHz, DMSO-ds) & ppm: 11.59 (1H, br. s.), 7.52 (1H, dd, J=8.8, 2.8 Hz),
7.44 - 7.47 3H, m), 7.37 - 7.40 (2H, m), 7.30 - 7.35 (5H, m), 7.24 - 7.27 (1H, m), 7.01 (1H, d,
J=8.8 Hz).

13C NMR (75 MHz, DMSO-ds) & ppm: 188.0, 166.2, 157.6, 141.2, 140.4, 135.9, 129.6,
129.1, 128.3, 128.1, 128.1, 126.8, 126.1, 123.4, 121.9, 119.6.

HRMS (ESI) m/z: 352.0740 found (calcd for C20H1sCINOs*, [M+H]" 352.0735).

2-(2-Hydroxy-4-phenoxyphenyl)-2-oxo-N,N-diphenylacetamide (5e)

Yield 356 mg (87%), yellow solid, m.p. 148-150°C.

Reaction time ~ 48 h.

"H NMR (800 MHz, DMSO-ds) & ppm: 11.17 (1H, br. s.), 7.45 (2H, t, J=7.8 Hz), 7.35 -
7.39 (4H, m), 7.29 - 7.34 (5H, m), 7.26 - 7.29 (1H, m), 7.25 (1H, dd, J=8.9, 3.1 Hz), 7.11 (1H, t,
J=7.4Hz), 6.96 - 7.04 (2H, m), 6.87 (2H, d, J=7.8 Hz).

13C NMR (75 MHz, DMSO-ds) & ppm: 188.9, 166.3, 157.2, 155.2, 148.7, 141.2, 140.4,
130.0, 129.5, 129.1, 128.3, 128.2, 128.1, 126.8, 126.2, 123.2, 121.1, 119.2, 118.3, 117.8.

HRMS (ESI) m/z: 410.1386 found (calcd for C26H20NO4*, [M+H]" 410.1387).
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5.3. Phototransformation of 2-formylphenyl dimethylcarbamates (3)

Q
HO N~
step 1 o step 2 R X
| |
S FEmLED N__3850mLED "N A\ o
R L DMSO, R+ DMSO, g + N—
Z >0~ N~ 2030 °C Ao 20-30 °C R
3 | 6 “~on® 7

2-(2-hydroxyphenyl)-N,N-dimethyl-2-oxoacetamide (6a)
@)
|

08
OHO

Not revealed in reaction mixture.

4-(2-Hydroxyphenyl)-2-methyl-1,2-oxazetidin-3-one (7a)
0™\

(:EKY(N\
@)
OH

Yield 106 mg (55%), yellow solid, m.p. 110-112°C.

Reaction time ~ 7 h.

'"H NMR (800 MHz, DMSO-ds) & ppm: 9.66 (1H, s), 7.16 (1H, td, /=7.7, 1.6 Hz), 7.13
(1H, dd, J=7.5, 1.3 Hz), 6.82 (1H, d, J/=8.0 Hz), 6.78 (1H, t, /=7.4 Hz), 5.32 (1H, s), 5.09 (1H, t,
J=2.3 Hz), 5.05 (1H, d, J/=1.3 Hz), 2.81 (3H, s).

13C NMR (75 MHz, DMSO-ds) & ppm: 169.6, 155.8, 130.0, 129.8, 123.7, 118.8, 115.6,
81.4,75.4,26.2.

HRMS (ESI) m/z: 194.0814 found (caled for C1oHi2NOs3", [M+H]" 194.0812).

3-Hydroxy-3-(2-hydroxylphenyl)-1-methylazetidin-2-one (8a)
®)
Ho /=N~

OH
Not isolated. Decomposed on silica.
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2-(2-hydroxy-5-methylphenyl)-N,N-dimethyl-2-oxoacetamide (6b)
O
|

N

OHO

Not revealed in reaction mixture.

5-(2-Hydroxy-5-methylphenyl)-3-methyloxazolidin-4-one (7b)

O™\
N—

OHO
Yield 104 mg (50%), yellow solid, m.p. 130-132°C.
Reaction time ~ 24 h.
'H NMR (800 MHz, DMSO-de) § ppm: 9.39 (1H, s), 6.96 (1H, d, J=8.1 Hz), 6.92 (1H,

s), 6.71 (1H, d, J=8.2 Hz), 5.29 (1H, s), 5.09 (1H, s), 5.03 (1H, s), 2.80 (3H, s), 2.18 (3H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 169.7, 153.5, 130.2, 130.1, 127.3, 123.3, 115.4,

81.3,75.3,26.3, 20.0.

HRMS (ESI) m/z: 208.0966 found (calcd for C11H14NOs", [M+H]" 208.0968).

3-Hydroxy-3-(2-hydroxy-5-methylphenyl)-1-methylazetidin-2-one (8b)
O
Ho_J~N~

OH
Yield 85 mg (40%), yellow solid, m.p. 70-72°C.

Reaction time ~ 24 h.
'"H NMR (800 MHz, DMSO-ds) 6 ppm: 9.29 (1H, s), 7.26 (1H, d, J=1.9 Hz), 6.92 (1H,

dd, J=8.1, 2.0 Hz), 6.68 (1H, d, J=8.1 Hz), 6.31 (1H, s), 3.59 (1H, d, J=5.3 Hz), 3.38 (1H, d,
J=5.3 Hz), 2.76 (3H, s), 2.18 (3H, 3).

3C NMR (75 MHz, DMSO-ds) & ppm: 169.9, 152.7, 129.1, 127.9, 126.7, 125.1, 115.4,

83.9, 57.8, 28.0, 20.2.

HRMS (ESI) m/z: 208.0966 found (caled for C11Hi14sNO3", [M+H]" 208.0968).
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2-(5-ethyl-2-hydroxyphenyl)-N,N-dimethyl-2-oxoacetamide (6¢)
O
|

N

OHO

Not revealed in reaction mixture.

5-(5-Ethyl-2-hydroxyphenyl)-3-methyloxazolidin-4-one (7c¢)
O™\
N—
o)
OH
Yield 115 mg (52%), yellow solid, m.p. 128-130°C.
Reaction time ~ 24 h.

'H NMR (800 MHz, DMSO-de) § ppm: 9.41 (1H, s), 7.00 (1H, d, J=7.1 Hz), 6.95 (1H,

s), 6.73 (1H, d, J=8.1 Hz), 5.28 (1H, s), 5.09 (1H, br. s.), 5.04 (1H, s), 2.80 (3H, s), CH>
(intersect with DMSO), 1.12 (3H, t, J/=7.5 Hz).

3C NMR (75 MHz, DMSO-ds) & ppm: 169.7, 153.7, 133.9, 129.2, 128.9, 123.3, 115.5,

81.4,75.6,27.2,26.3,15.9.

HRMS (ESI) m/z: 222.1122 found (caled for Ci12HisNO3', [M+H]" 222.1125).
3-(5-ethyl-2-hydroxyphenyl)-3-hydroxy-1-methylazetidin-2-one (8c)
@)
Ho )N~

OH
Not isolated. Decomposed on silica.
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2-(2-hydroxy-5-isopropylphenyl)-N,N-dimethyl-2-oxoacetamide (6d)
T
N\

OHO

Not revealed in reaction mixture.

5-(2-Hydroxy-5-isopropylphenyl)-3-methyloxazolidin-4-one (7d)
O™\
N—
OHO
Yield 139 mg (59%), yellow solid, m.p. 118-120°C.
Reaction time ~ 24 h.
'H NMR (800 MHz, DMSO-ds) & ppm: 9.41 (1H, s), 7.04 (1H, dd, J=8.2, 2.1 Hz), 6.98
(1H, d, J=2.1 Hz), 6.73 (1H, d, J=8.3 Hz), 5.27 (1H, s), 5.09 (1H, t, J/=2.2 Hz), 5.04 (1H, d,
J=1.1 Hz), 2.80 (3H, s), 2.75 - 2.79 (1H, m), 1.14 (6H, dd, J=6.9, 2.3 Hz).
13C NMR (75 MHz, DMSO-ds) & ppm: 169.7, 153.8, 138.6, 127.9, 127.4, 123.2, 115.4,
81.4,75.9,32.5,26.3,24.2,24.1.
HRMS (ESI) m/z: 236.1280 found (calcd for C13H1sNOs", [M+H]" 236.1281).

3-Hydroxy-3-(2-hydroxy-5-isopropylphenyl)-1-methylazetidin-2-one (8d)
O
Ho =N~

OH

Yield 89 mg (38%), yellow solid, m.p. 78-80°C.

Reaction time ~ 24 h.

'"H NMR (800 MHz, DMSO-ds) & ppm: 9.32 (1H, s), 7.34 (1H, d, J=1.9 Hz), 6.99 (1H,
dd, J=8.1, 2.0 Hz), 6.71 (1H, d, J/=8.2 Hz), 6.31 (1H, s), 3.61 (1H, d, J=5.3 Hz), 3.37 (1H, d,
J=5.3 Hz), 2.78 - 2.82 (1H, m), 2.77 (3H, s), 1.14 (6H, d, J=6.6 Hz).

13C NMR (75 MHz, DMSO-ds) & ppm: 170.0, 152.9, 138.0, 126.4, 125.3, 124.9, 115.3,
84.0,57.7,32.7,28.1,24.2,24.2.

HRMS (ESI) m/z: 236.1278 found (calcd for C13HsNOs", [M+H]" 236.1281).
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2-(4-(tert-butyl)-2-hydroxyphenyl)-N,N-dimethyl-2-oxoacetamide (6e)
T
N

~N

OHO

Not revealed in reaction mixture.

5-(5-(Tert-butyl)-2-hydroxyphenyl)-3-methyloxazolidin-4-one (7¢)
(OREN
N—

@)
OH

Yield 135 mg (54%), yellow solid, m.p. 100-102°C.

Reaction time ~ 24 h.

'"H NMR (800 MHz, DMSO-d) & ppm: 9.48 (1H, s), 7.03 (1H, d, J/=8.0 Hz), 6.84 (1H, d,
J=1.7 Hz), 6.81 (1H, dd, J=8.0, 1.8 Hz), 5.27 (1H, s), 5.07 (1H, t, J/=2.2 Hz), 4.99 - 5.05 (1H, m),
2.80 (3H, s), 1.24 (9H, s).

13C NMR (75 MHz, DMSO-ds) & ppm: 169.7, 155.5, 152.7, 129.7, 120.7, 115.8, 112.5,
81.3,75.3,34.2, 31.0, 26.3.

HRMS (ESI) m/z: 250.1438 found (caled for C14H2oNOs", [M+H]" 250.1438).

3-(5-(Tert-butyl)-2-hydroxyphenyl)-3-hydroxy-1-methylazetidin-2-one (8¢)
O
Ho_J~N~

OH

Yield 112 mg (45%), yellow solid, m.p. 140-142°C.

Reaction time ~ 24 h.

"H NMR (800 MHz, DMSO-ds) & ppm: 9.37 (1H, s), 7.36 (1H, d, J/=8.1 Hz), 6.82 (1H, d,
J=1.8 Hz), 6.80 (1H, dd, J=8.1, 1.9 Hz), 6.27 (1H, s), 3.60 (1H, d, /=5.3 Hz), 3.37 (1H, d, J=5.3
Hz), 2.76 (3H, s), 1.23 (9H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 169.9, 154.7, 151.8, 127.1, 122.4, 115.3, 112.5,
83.8,57.7,34.1, 31.1, 28.0.

HRMS (ESI) m/z: 250.1436 found (calcd for C14H20NOs*, [M+H]" 250.1438).
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2-(4-hydroxy-[1,1'-biphenyl]-3-yl)-N,N-dimethyl-2-oxoacetamide (6f)

O
OH
Not revealed in reaction mixture.

5-(4-Hydroxy-[1,1'-biphenyl]-3-yl)-3-methyloxazolidin-4-one (7f)

O o\
N\

(%
OH

Yield 143 mg (53%), yellow solid, m.p. 140-142°C.
Reaction time ~ 24 h.

'H NMR (800 MHz, DMSO-ds) & ppm: 9.86 (1H, s), 7.56 (2H, d, J=8.1 Hz), 7.49 (1H,

dd, J=8.3, 2.0 Hz), 7.44 (1H, d, J=2.2 Hz), 7.42 (2H, t, J=7.5 Hz), 7.29 (1H, td, J=7.3, 0.7 Hz),
6.91 (1H, d, J/=8.3 Hz), 5.39 (1H, s), 5.15 (1H, t, J=2.0 Hz), 5.08 (1H, d, /=1.0 Hz), 2.83 (3H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 169.5, 155.6, 139.8, 130.9, 128.8, 128.4, 128.1,

126.5,126.0, 124.1, 116.1, 81.5, 75.7, 26.3.

HRMS (ESI) m/z: 270.1131 found (caled for C16H1NOs", [M+H]" 270.1125).

3-hydroxy-3-(4-hydroxy-[1,1'-biphenyl]-3-yl)-1-
O; methylazetidin-2-one (8f)

Not isolated. Decomposed on silica.
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2-(4-ethoxy-2-hydroxyphenyl)-N,N-dimethyl-2-oxoacetamide (6g)
O

N

EtO OHO

Not revealed in reaction mixture.

5-(4-Ethoxy-2-hydroxyphenyl)-3-methyloxazolidin-4-one (7g)

0™\
N—

o
EtO OH
Yield 109 mg (46%), yellow solid, m.p. 116-118°C.

Reaction time ~ 24 h.
"H NMR (800 MHz, DMSO-ds) 6 ppm: 9.67 (1H, s), 6.99 (1H, d, J/=8.1 Hz), 6.33 - 6.36

(2H, m), 5.22 (1H, s), 5.04 (1H, t, J=2.2 Hz), 5.00 (1H, s), 3.95 (2H, q, J=6.9 Hz), 2.79 3H, s),

1.30 (3H, t, J=6.9 Hz).
13C NMR (75 MHz, DMSO-ds) & ppm: 169.8, 159.9, 157.0, 131.0, 116.1, 104.9, 101.7,

81.1,75.3,62.9, 26.3, 14.6.
HRMS (ESI) m/z: 238.1070 found (calcd for C12H16NO4", [M+H]" 238.1074).

3-(4-ethoxy-2-hydroxyphenyl)-3-hydroxy-1-methylazetidin-2-one (8g)

0
HO. =N~

EtO OH
Not isolated. Decomposed on silica.
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2-(2-Hydroxy-5-methoxyphenyl)-N,N-dimethyl-2-oxoacetamide (6h)

Yield 145 mg (65%), yellow oil.

Reaction time ~ 48 h.

'"H NMR (800 MHz, DMSO-ds) § ppm: 10.36 (1H, s), 7.18 (1H, dd, J=8.9, 3.3 Hz), 7.13
(1H, d, J=3.2 Hz), 6.91 (1H, d, J=8.9 Hz), 3.73 (3H, s), 2.91 (3H, s), 2.85 (3H, s).

3C NMR (75 MHz, DMSO-ds) § ppm: 191.6, 168.0, 154.1, 152.2, 124.6, 120.0, 118.8,
111.3,55.5, 36.1, 33.3.

HRMS (ESI) m/z: 224.0921 found (caled for C11Hi14sNO4", [M+H]" 224.0917).

5-(2-hydroxy-5-methoxyphenyl)-3-methyloxazolidin-4-one (7h)
(OJu\
MeO N—

@)
OH

Not revealed in reaction mixture.
3-hydroxy-3-(2-hydroxy-5-methoxyphenyl)-1-methylazetidin-2-one (8h)
o)
-~

HO N
MeO

OH
Not revealed in reaction mixture.
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2-(2-Hydroxy-3-methoxyphenyl)-N,N-dimethyl-2-oxoacetamide (6i)
7 |
N

~

OHO

OMe

Yield 127 mg (57%), yellow oil.

Reaction time ~ 48 h.

'"H NMR (800 MHz, DMSO-ds) § ppm: 10.35 (1H, s), 7.27 (1H, dd, J=7.9, 1.3 Hz), 7.22
(1H, dd, J=8.1, 1.4 Hz), 6.93 (1H, t, J/=8.0 Hz), 3.83 (3H, s), 2.93 (3H, s), 2.85 (3H, s).

13C NMR (75 MHz, DMSO-ds) § ppm: 192.8, 167.4, 150.0, 148.5, 121.0, 119.9, 119.4,
117.7, 56.1, 36.2, 33.3.

HRMS (ESI) m/z: 224.0916 found (calcd for C11H14NO4", [M+H]" 224.0917).

5-(2-hydroxy-3-methoxyphenyl)-3-methyloxazolidin-4-one (7i)
(OJu\
N—

O
OH

OMe
Not revealed in reaction mixture.

3-hydroxy-3-(2-hydroxy-3-methoxyphenyl)-1-methylazetidin-2-one (8i)
@)
Ho_J~N”

OH
OMe

Not revealed in reaction mixture.
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6. Post-transformations of 1,2-dicarbonyl compounds 4 and 5.

6.1. Synthesis of quinoxalinone (9) and benzimidazole (10) derivatives

NH2

OH O I

t

. @)H(osu NH, oy OH N/@

i _

o)
= AcOH
4 MeOH, 55 °C /
10

General method

A mixture of corresponding a-ketoester 4 (0.05 mmol), o-phenylenediamine (6 mg, 0.05
mmol) and AcOH (10 mg, 0.16 mmol) in freshly distilled MeOH (1 mL) was stirred at 55 °C for
5 h. The reaction mixture was evaporated and the residue was purified with flash
chromatography (elient — mixture of hexane and EtOAc, v/v 4:1). Corresponding products 9 (Rf
=0.25) and 10 (Rf = 0.50) were isolated in separate fractions.\

3-(2-Hydroxy-5-methylphenyl)quinoxalin-2(1H)-one (9b)

H
TC
OH
Yield 5 mg (60%), orange oil.

'H NMR (300 MHz, DMSO-ds) & ppm: 12.74 (1 H, br. s.), 12.32 (1 H, s), 8.40 (1 H, d,
J=1.2 Hz), 7.84 (1 H, d, J=7.7 Hz), 7.49 - 7.62 (1 H, m), 7.29 - 7.42 (2 H, m), 7.20 (1 H, dd,
J=8.5, 1.7 Hz), 6.85 (1 H, d, /=8.3 Hz), 2.27 (3 H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 156.9, 155.0, 154.8, 133.0, 131.8, 131.0, 130.4,
130.1, 127.5, 126.8, 123.7, 119.7, 117.0, 115.2, 20.3.

HRMS (ESI) m/z: 253.0972 found (calcd for C1sHi3N20,", [M+H]" 253.0972).

2-(1H-benzo[d]imidazol-2-yl)-4-methylphenol (10b)

e
Me\©\/L\N

OH
Yield 7 mg, (39%), colorless oil.

'H NMR (300 MHz, DMSO-ds) § ppm: 13.15 (1 H, br. s.), 12.87 (1 H, br. s.), 7.88 (1 H,

d, J=0.6 Hz), 7.75 — 7.50 (2 H, m), 7.23 - 7.36 (2 H, m), 7.19 (1 H, dd, J=8.4, 1.3 Hz), 6.93 (1 H,
d,/=8.3 Hz), 2.33 3 H, s).

3C NMR (75 MHz, DMSO-ds) & ppm: 155.9, 151.7, 141.0, 133.3, 132.4, 127.7, 126.2,
123.2,122.4,117.9,117.0, 112.2, 111.5, 20.2.
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HRMS (ESI) m/z: 225.1026 found (calcd for C14H13N>O", [M+H]" 225.1022).
3-(4-Hydroxy-[1,1'-biphenyl]-3-yl)quinoxalin-2(1H)-one (9¢)

H
O _N
o 1)
SN
OH

Yield 4 mg (63%), orange oil.

'"H NMR (300 MHz, DMSO-d) & ppm: 12.77 (1 H, br. s.), 12.62 (1 H, s), 8.91 (1 H, d,
J=2.2 Hz), 7.88 (1 H, d, J/=8.0 Hz), 7.70 (1 H, dd, J=8.4, 1.9 Hz), 7.54 - 7.66 (3 H, m), 7.46 (2 H,
t, J/=7.6 Hz), 7.27 - 7.42 (3 H, m), 7.05 (1 H, d, J=8.5 Hz).

13C NMR (75 MHz, DMSO-ds) & ppm: 158.7, 154.9, 140.0, 132.0, 130.6, 130.5, 130.5,
130.2, 129.3,129.0, 127.7, 126.7, 126.1, 123.8, 120.4, 117.7, 115.3.

HRMS (ESI) m/z: 313.0982 found (calcd for C20H13N2027, [M-H]" 313.0983).

3-(1H-benzo[d]imidazol-2-yl)-[1,1'-biphenyl]-4-ol (10c)

e
Ph. : %\N
OH
Yield 10 mg (25%), colorless oil.

'H NMR (300 MHz, DMSO-de) & ppm: 13.35 (1 H, br. s.), 13.26 (1 H, br. s.), 8.45 (1 H,
d, J=2.0 Hz), 7.68 - 7.81 (4 H, m), 7.64 (1 H, d, /=7.5 Hz), 7.51 (2 H, t, J=7.5 Hz), 7.24 - 7.42 (3
H, m), 7.13 (1 H, d, J=8.6 Hz).

3C NMR (75 MHz, DMSO-ds) & ppm: 157.6, 151.7, 140.9, 139.4, 133.2, 131.2, 129.9,
128.9,127.0,126.2, 124.3,123.4, 122.5, 118.0, 117.8, 112.9, 111.6.

HRMS (ESI) m/z: 287.1180 found (calcd for C19H;sN>O", [M+H]" 287.1179).

3-(5-Chloro-2-hydroxyphenyl)quinoxalin-2(1H)-one (9d)
H

T
Cl \N
OH

Yield 5 mg (51%), orange oil.

'H NMR (300 MHz, DMSO-de) & ppm: 12.82 (1 H, br. s.), 12.66 (1 H, s), 8.63 (1 H, d,

J=2.7Hz), 7.88 (1 H, d, J=7.7 Hz), 7.53 - 7.65 (1 H, m), 7.32 - 7.46 (3 H, m), 6.98 (1 H, d, J/=8.8
Hz).

3C NMR (75 MHz, DMSO-ds) & ppm: 157.9, 154.7, 153.7, 132.0, 131.7, 130.9, 130.1,
130.0, 127.8, 123.8, 121.9, 121.2, 118.9, 115.3.

HRMS (ESI) m/z: 271.0278 found (calcd for C14HsCIN2O,", [M-H] 271.0280).

2-(1H-benzo[d]imidazol-2-yl)-4-chlorophenol (10d)
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HN/Q
OH
Yield 7 mg (37%), colorless oil.
'H NMR (300 MHz, DMSO-ds) & ppm: 13.11 - 13.49 (2 H, m), 8.17 (1 H, d, J=2.6 Hz)
7.80-7.57 (2 H,m), 7.41 (1 H, dd, J/=8.8, 2.6 Hz), 7.22 - 7.37 (2 H, m), 7.08 (1 H, d, /=8.9 Hz).
3C NMR (75 MHz, DMSO-ds) & ppm: 156.7, 150.4, 133.1, 131.3, 125.6, 123.7, 122.8,

122.7,119.1, 118.2, 114.1, 111.7.
HRMS (ESI) m/z: 245.0478 found (calcd for C13HoCIN,O", [M+H]" 245.0476).

3-(2-Hydroxy-5-phenoxyphenyl)quinoxalin-2(1H)-one (9¢)

H
TC
PhO \N
OH

Yield 5 mg (61%), orange oil.

"H NMR (300 MHz, DMSO-de) § ppm: 12.58 - 12.97 (2 H, m), 8.47 (1 H, d, J=2.8 Hz),
7.87 (1 H, d, J/=8.0 Hz), 7.63 — 7.53 (1 H, m), 7.45—-7.27 (4 H, m), 7.15 (1 H, dd, J=8.8, 2.9 Hz),
6.91-7.11 (4 H, m).

13C NMR (75 MHz, DMSO-ds) & ppm: 158.7, 154.9, 140.0, 132.0, 130.6, 130.5, 130.5,

130.2, 129.3, 129.0, 127.7, 126.7, 126.1, 123.8, 120.4, 117.7, 115.3.
HRMS (ESI) m/z: 329.0930 found (caled for C20H13N2037, [M-H]™ 329.0932).

2-(1H-benzo[d]imidazol-2-yl)-4-phenoxyphenol (10¢)

HN/@
Ph0\©\/L\N
OH
Yield 10 mg (30%), colorless oil.
"H NMR (300 MHz, DMSO-ds) & ppm: 13.18 (1 H, br. s.), 13.01 (1 H, br. s.), 7.87 (1 H,
d, /=2.6 Hz), 7.73 (1 H, d, J=7.3 Hz), 7.57 (1 H, d, J=7.0 Hz), 7.33 - 7.43 (2 H, m), 7.22 - 7.33
(2 H, m), 7.05-7.18 (3 H, m), 7.00 (2 H, d, J=7.7 Hz).
13C NMR (75 MHz, DMSO-ds) & ppm: 158.3, 154.6, 151.0, 147.8, 140.8, 133.2, 130.0,

123.9, 123.5, 122.6, 122.5, 118.6, 118.1, 117.5, 117.0, 113.2, 111.6.
HRMS (ESI) m/z: 303.1132 found (calcd for C1oH1sN20, ", [M+H]* 303.1128).
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6.2. Synthesis of ethyl 3-(diphenylcarbamoyl)-5-methylbenzofuran-2-

carboxylate (11b)
OH O Br~ “CO,Et O COEt
NPh,  DMF, K,CO3, 25 °C " / 2
> e
o then dioxane, DBU, NPh,
5b 150 °C 11b O

Me

A mixture of 2-(2-Hydroxy-4-methylphenyl)-2-oxo-N,N-diphenylacetamide 5b (17 mg,
0.05 mmol), ethyl bromoacetate (11 mg, 0.06 mmol) and KoCO3 (11 mg, 0.07 mmol) in freshly
distilled DMF (1 mL) was stirred at room temperature for 1 h. EtOAc (30 mL) was added and
the resulted mixture was washed with brine (3x30 mL). Organic layer was dried over anhydrous
NaxSOs, all volatiles were removed in vacuo. The residue was dissolved in dioxane (1 mL) and
DBU (16 mg, 0.10 mmol) was added. The mixture was heated in an autoclave at 150 °C for 10 h.
The reaction mixture was evaporated and the residue was purified with flash chromatography
(elient — mixture of hexane and EtOAc, v/v 4:1).

Ethyl 3-(diphenylcarbamoyl)-5-methylbenzofuran-2-carboxylate (11b)

NPh,
Me
N—co,Et
o

Yield 11 mg (54%), colorless oil.

'H NMR (300 MHz, DMSO-ds) & ppm: 7.76 (1 H, s), 7.41 - 7.56 (5 H, m), 7.28 - 7.40 (2
H, m), 7.01 - 7.24 (5§ H, m), 4.40 (2 H, q, J/=7.1 Hz), 2.46 (3 H, s), 1.35 (3 H, t, J/=7.1 Hz).

13C NMR (75 MHz, DMSO-ds) & ppm: 162.2, 157.9, 152.0, 142.0, 141.9, 140.1, 134.2,
130.1, 129.1, 129.1, 127.9, 127.6, 126.8, 126.7, 125.6, 124.0, 121.3, 111.8, 61.8, 20.8, 14.2.

HRMS (ESI) m/z: 400.1548 found (caled for C2sH2oNO4", [M+H]" 400.1543).
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8. Copies of "H and 1*C NMR spectra

o
|
X
(0] O+
o
0
Jur] o 5% oy
8832 wolRiRIERE BBRLL oo N
.\v‘\'\\‘ NN N 2R ew Ny "‘;
S RN y s
0.99 1.00 1.00 1.04
— | [Ee—
R e A R R R R R A R R R R R R S R S PR
8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30
Chemical Shift (ppm)
o)
o
[=]
\
8838 cepBHHNY
N~ o N ~
TR L
Jo . A e
0.99 1.00 1.04 8.99
— Hyd dd d
A A A M N A B o B A A e e
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0

Chemical Shift (ppm)

S38



—7.25
—7.22

™
NN
'\.'|\ (NN S N2 Y
) R N
)
1.00 1.00
| |

1.00
|

—1.49

7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30
Chemical Shift (ppm)

725 7.20

g

L

[ce]
(]
()]
[Te]

<t M (\!g

~ N~ < M~

o s M N

TR R

m Jk L .

1.00 1.00 1.00 2.99 9.00
[ Hy [ [u] H

L L L L L L B L I I L L L B B R L R R R R RN RN R R R R NN R R R R R

120 15 110 105 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0
Chemical Shift (ppm)

S39

3.0 25 20

1.5

0



D
o O+
) oo ) ey
N N~ ) — <t
© o 3338 NN Brbe-onn ¥
— © 00 0O © \\‘ NN I RN L
Y[ 5 ST !
Je ik pe L
1.00 0.99 2.00 1.99 1.99
[E— — [E— [E— [
-
8.25 8.20 8.15 8.10 8.05 8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45
Chemical Shift (ppm)
N
0
=)
S IR gllpds 230
\ oo INNCN D NN T
g
I i W L
i . S
1.00 0.992.00 1.99 9.00
d ol [y

[

T T T T T T e e e e e

125 120 15 110 105 100 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 05 0
Chemical Shift (ppm)

S40



129.12
126.78

o)
3 ® <

[} 3 ®o o

o

5 5 ® e Q8w

o © | \ - A

2] 3] | =

e 2 |

L L

139 138 137 136 135 134 133 132 131 130 129 128 127

Chemical Shift (ppm) Q
~
N
N
~
o ™~
N ©
- N
|F
/
o
¥ I8 | 8 Q
: < n Q [¢] ™
g 85 g5oe| | ¢ ®
| oS gx | | |
o =< |
C | |~
" L | o " . ) 11} P J wm " bk " e " . " " m - e " o " "
WY b . L L e e e e T W RN i . .

LB L L L L I B L L L L L L L L L B L L L O L R A R N R RN A R R R R N R R N R N R AR RR RN RN R

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S41



@)
1.49

Cl !

1.00 1.01 1.01
| —— e

L L L I L

8.05 8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40
Chemical Shift (ppm)

9.98

e

1.01 1.01 1.01 9.00
= H Y H H

L L L L L B L I B L L L B B L L B R R R R R R R R R R N R R N N R R R R RN

12.0 1.5 11.0 10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0
Chemical Shift (ppm)

S42



Cl

—131.52

o

0

o

&
\

—125.55

L L L L B

132.0

—188.88

131.5

131.0

130.5

130.0

—149.08

150,34

129.5

—135.10

L L L L

129.0 128.5 128.0 1275 127.0 126.5 126.0 1255
Chemical Shift (ppm)

—131.52
125.55

-129.32
—84.11

" " J o

—27.18

\

L L L L L L L L L L L I L L L L L L L L L L L R R N AR RN RN RN R R R RR R

200

192

184

176

168

160

152

144

136

128 120 112 104 96 88 80 72 64 56
Chemical Shift (ppm)

S43

48

40

32

24

16

8

0



1.50

0.99 2.00 2.00
\ I | \ |
B e L e B L LA S B e e o S N L B A e B L N I o B o e e e o T L A T et
7.45 7.40 7.35 7.30 7.25 7.20 715 710 7.05
Chemical Shift (ppm)

M~
]
(o]
0.99 2.00 1.99 9.00
H gy 4

LI L B B L L L B R R R N R R R R N R R RN RN R R

12.0 115 11.0 10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S44



PhO

130.31
119.08

125.26
125.22
12427
120.00

AN

—129.04

27.20

J -

130 129 128 127 126 125 124 123 122 121 120 119
Chemical Shift (ppm)

130.31

119.08

189.22
—155.93
—129.04
12526
~124.27
_-120.00
—83.81

15488
—150.88
—146.03

" " " " " s \ m " " s " m " A ot Wi o P " PRRTOY) o kit
ik i TN e ) o e L) VP il ¥ i ¥ 4 g Pibehatciing i g * ut

L L B L L L B L L L L B L L L L B R B B R R R R R RN R N R RN RR RN RERRE R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S45



1.01 1.01 2.99 1.99 5.01 2.00

\ I | |
A I I o R B LN B o AR LR R R R R i I I o B I
7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25

Chemical Shift (ppm) g

—10.06

1.00 1.01 2.992.00
! =iy

L L L L L I L L L L L O L L L L L L L L L L B R R R N R N R R N N N RN R RN RN

12.0 115 11.0 10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S46



189.90

f151.81151.1g

—142.06

135.52

131.01

12917

128.23

126.39

—123.64

N~
~

[o)]

N

&
138
<
[ ©
n o ]
0 = ]
& Big. 7
I 1 |0
N

TN

)~

p

[

[
N

136

134 132

128

"

126

124

L L L B L L L B B I R

130
Chemical Shift (ppm)

122

L L B B L R R R R R N N R R RE R RR RS

192

184

176

168

160

152

144

136

128

120

112

104 96
Chemical Shift (ppm)

88

S47

80

72

64

56

48

40

32

24

16

8

0



N~
(s
o
1.01 9.00 3.00 \
[ ‘ | _
- T T T T T T T T T T T T T T
7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25
Chemical Shift (ppm)
N
o
=)
l u Mo
0.99 1.01 3.00 2.99
i by d
T T T T T T T e T
120 115 11.0 105 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0

Chemical Shift (ppm)

S48



—129.16

©
o o g
9 =] !
0~ P
™ -— ~
- 5 ) ©
ITs) -
| & - ©

© - N

2

o) ~ =

<

—152.03

—142.11

W W I

L L L

152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122
Chemical Shift (ppm)

©
-
o
I
T
-
© o~ =
o
S QNS < &
d Bo o o \
Q © 2w om|o o
(<o) — M~ (N
b o s TE
8« - — =
oY = |l\
LD| g ©
T T &
| i
‘ ‘
: An " T —— L e het o A Y A Y o A

L L L L L L L L L B L L L L L L L L B B R N R N R R RN RN R

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8
Chemical Shift (ppm)

S49



8.17
8.17

S

8.03

03
8.02
8.02

Jg
kv

1.00 1.01 1.99 12.00 1.99
[ \ | |

L L O B O A |

8.2 8.1 8.0 7.9 7.8 7.7 76 75 7.4 73 72
Chemical Shift (ppm)

10.11

— —8.17

1.01 1.011.99 1.99
H Jd =

L L B L B I B B I B I B B I B L L L L B L B L L B L L R R R R R R R R RN R R RN R N N R R RN R N

12.0 11.5 11.0 10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S50



~ o
o N~
o8 ve :
Y ol
[*)]
S
\
(@) @ [se)
29 3 0 © S
3 3 & < g N
0 X - -— | > -
T; \ ‘ & ‘
| 3
[(e]
N
|
S
138 137 136 135 134 133 132 131 130 129 128 127 126 125 124
Chemical Shift (ppm)
SR
Qg
T
[se]
@
N
N
< O ©
Te} N
s 8 2822 |3
o S Bl | =
o 0 2 ST Y|
\ = | o
Q ~
\ i
|

L L L L L R L R R R R RN R N R R R R R R R ER R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S51



o 2
[©] LN
g T
~ | )
L ¢
~
\
mO’
8 R
~ N
o
U o F@Eﬂ
(3]
N~
(o]
<
M~
U
1.00 1.00 9.00 2.00
| | | |
T e R R .

7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 725 720
Chemical Shift (ppm)

—9.99

J I

0.99 1.00 2.00
H HE =

LA L L L B L O L L L L L L L L L I L L B R N R R R R N R R LN N R R R RN R R RA R RN R

120 115 110 105 100 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S52



@)
—129.18

Cl O)OJ\N/©

o
= g 3
Q [Te}
) d a
o |
©
o
@
T
o
Q
N~
N
-

L L B L L B B L L L B L R R R R R R R R R R R R R R R

1320 1315 1310 1305 1300 1295 1290 1285 1280 1275 1270 1265 1260 1255 1250 1245 1240 1235
Chemical Shift (ppm)

[s0]
-
(]
N
_
S 2 3
S gl s
& T oo 9
S g o
©
| o 8
J p=
\ i
© |
0
2
[Te]
10
‘ o
[o)] N
- o
< I~
~ N
a
|

LU L I L L L O L L L I L O L L L L L N R N N R L R R N N R R R R LR RN R RN R RN R R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S53



—7.43

PhO j)J\NQ

7.39

f7.4i7 a4
\7.42

12.99 1.99 1.01 2.00
| | | | |
T T T T T T T T T T e T e e
7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25 7.20 715 7.10 7.05 7.00
Chemical Shift (ppm)
[s2]
N
\
)
3 N
7 3
N~ 8'5
I (NN
B&
N~ N~
/
|

1299 2.00

1.00
H ——HU
B L A R R RN R N R R RN R SRR RRR RN RS R R R
AR AR R R R R R R R L R L R R R I L R L R R L R L R L R L R B R LR R B R R RN R N AR AR AR RARNS RARA RSN RAARRRRRRY
45 4.0 35 3.0 25 20 1.5 1.0 0.5 0

12.0 1.5 11.0 10.5 10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0
Chemical Shift (ppm)

S54




PhO

O
>=o
&)
129.18

—130.28
119.07

—124.22

—125.56
—125.22
118.63

126.94

L B B L L B

132 131 130 129 128 127 126 125 124 123 122 121 120 119 118
Chemical Shift (ppm)

—129.18
—119.07

13028

—124.22

—189.29
155.95
15465

—151.99
—146.77

_ 12522
118,63

—142.03
—126.94

o oo A M AL DS AN A A AN B

L L L L L L L L L L L L L L L L L L L L L L B e R N R R N R RN R R R R RN R R R RN RRRR

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S55



0]
I
j)J\
-
(0] N
I - o
~— (o)
T 7
2.99 3.00
— e
320 315 310 305 300 295 290 285
Chemical Shift (ppm)
© o B NN g ;8
R RRNNER NEIN T
Y NN NN N~
1.00 1.01 1.00 0.99
[E— e [ e
R B B L o e L AL WA I
7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30
Chemical Shift (ppm)
- M
- 9
I8
o
=)
T - O
8E8y_ SnY
Dl
] -
1.01 1.01  0.99 3.00
=Y

[— Iy o
T T T T T T T T T T T T T
45 3.0 25 20

125 120 115 110 105 100 . . 1.5 1.0 05 0
Chemical Shift (ppm)

S56



-

0]
I
j\
P
O N
|
83 =5 FW
NN - 'TI‘\
=~ BYnn
NN RN
N
0.99 1.00 0.99
(I (I [
T py
7.65 7.60 755 750 7.45 7.40 7.35 7.30 7.25 7.20 715 poc &
Chemical Shift (ppm) \ “\‘
8 3 o
o [sp] N
T | |
3.00 3.01
(I (I
T T T T P T [T T [ T T [T e [T
315 310 305 300 295 290
L~ Chemical Shift (ppm)
[Toly N~
©e [y
M~
]
N D
N
)
iy, L N - Juwwbﬂ.l A
0.99 1.00 0.99 3.01 3.01
U TR U U
PP PP === === === === e ===
2.0 15 1.0 05 0

10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55

125 120 15 1.0 105
Chemical Shift (ppm)

S57



< N
< ©
[Ze] (s8]
® \
|
— —— —
36.50 36.25 36.00
Chemical Shift (ppm)
[s0]
[o)]
© wn o N
@ b I p
9] Yo} -— N (=]
0 [} | - s
o < \
© |
~ (2]
\ «© o
3 o
o [¢]
3 DI
2 | 3
[ . ©
o | ®
[s0]
[Ie]
\
. | ki ol i . Ll vk . ik N . " " T . PR " N "

L L L L L L L L R R R R R RN RN E R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S58



X
-~
0" N
|
838 SR
M~ N~
B Q818 o ’m
NN N
JiAc Jﬂg
1.01 1.00 1.00
| — — e —|
7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25 7.20 7.15

Chemical Shift (ppm)

o o
- @
[i7) [

3.01
[
—— e e -
125 1.20 115 o
Chemical Shift (ppm) 3.01 3.00 1.99 ogq |
_ e [ prghd
[%e) AR RN R N R R R RN R N RN R R R RN RN R R R RN
P 315 310 305 300 295 290 285 280 275 270 265 ]
~ Chemical Shift (ppm) ~lo
NS
o 0 |
(o]
B 58 PN R
'\\“3"“ NN —
gl Rle
‘) NN
: UUJ , L
0.99 1.00 1.00 301 1.99 3.01
L by u Ly ou Y
T T [ T T T [ T o o e T T T T T e T e e

125 120 15 110 105 100 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S59



@)
—36.43
—36.21

L B A

37.0 36.5 36.0 355 35.0 345
Chemical Shift (ppm)

—134.80
—123.77

—141.49
1281 1—1 28.43

—153.83
150.55

— »

L L L L B L B L L B B L R R R R R RN RN RN

156 154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122
Chemical Shift (ppm)

189.55
—134.80
—128.43
—123.77
27.26
15.33

150,55
—141.49
12811
/3601

—153.83

e s g T VT RN PARTOT N ANV, PPOL | W b " anlaiborssnoni o A \ ke i~ Lo I PRV "
L LU A A i Ao g o y i POy il iy eohe I A g f o i

T T e
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S60



j\
[\ [\
e N N
O N < -
| | |
- 6.00
~Q | | ﬁ&
NG - o) T T T T T T T T T T T T NN
|- o33 1.250 1.225 1.200 N
M Chemical Shift (ppm) q D:
1.01 0.99 0.99
(I (I (I
—— T T e e
7.70 7.65 7.60 755 7.50 7.45 7.40 7.35 7.30 7.25 7.20 715
Chemical Shift (ppm)
3 )
3] N
3.01 1.01 3.00
\ | [ [ —
R e = =
3.15 3.10 3.05 3.00 2.95 2.90
Chemical Shift (ppm)
&8
~ < -
o 3 & -
° LERR ? 8
Q0 )
: S wi
[y k
0.99 0.99 0.99 3.00 6.00
H i d [ Y

L L L L B L O L L L L L L B L B L L B L L R N R N R R N AR N N RN RN RN RN RN RN LR RN RN R R R R RRl

120 115 11.0 10.5 10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S61



36.45

—36.23

M

L L I

38.0 375 37.0 36.5 36.0 355 35.0
Chemical Shift (ppm)

—23.65

—133.46

—189.63
146.04
12810
—127.05
123.80
—32.70

153.83
L 15055
| 3623

y

) ) A

L L L B L L L L L L L L L L L L L L L B L L O L N R N N R N RN R N R R R R RN E R RN

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S62



1.30

O
I
j)J\
~
O N
|
B 1 LS T
(o NN NN m
M— py J—
1.00 1.00 1.01
— — ‘ |
I A A B B R I O o O e o o O B L I A AL O B B R R RN RRE R
7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25 7.20
Chemical Shift (ppm)
o [s0)
- o
[sp) [\)
3.00 3.01
| | |
A R AR RARREEEREE L E e e
32 3.1 3.0 29 28 27
Chemical Shift (ppm)
o0
=
i)
)
o
T g
g ~
~~ Q|
=
by
A It
0.99 1.00 1.01 3.01 9.00
= 4 dd - =

L L L L B R N N R R R N R NN R R RN R

125 120 115 110 105 100 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S63



Q N
5 ®
\
[so]
0
o
(3o
|
T T T T T e e
371 37.0 36.9 36.8 36.7 36.6 36.5 36.4 36.3 36.2 36.1 36.0 359 35.8 357 35.6 355 35.4 353
Chemical Shift (ppm)
[s0]
3 8 g3
[o)] § N
%) N N =
T T ©
v 8 & 5
B QL \ S |
T 8 8
N
‘ - \

LI L B L L L L L L L L L L L L L L L B B L R R R R R AR RN R R R R

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 43 40 32 24 16 8 0
Chemical Shift (ppm)

S64



7.74
174
—7.73

r

1.01 1.01 2.00 201 1.99
| | \ |

LI B L L L L B R B R R R R R R R R R R R R R R

8.15 8.10 8.05 8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35
Chemical Shift (ppm)

e &
o [
™ 10
= O
0 T’(‘\'
=
2.99 3.01
| | | |
e e
- 3.2 3.1 3.0 2.9
<R 2‘ Chemical Shift (ppm)
= ~N e
N
T TR
o —
85 | N
R N
J L J

1.00 1.012.00 1.99 3.01
= HH H Y =
T T T T T T T T T T T T T T T T T T T T T T T T T T

1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S65



st

189.68

~
=
[*2]
N
T

126.68

— — — A Emm — 1 — T —— T —
129.5 129.0 128.5 128.0 1275 127.0 126.5
Chemical Shift (ppm)
[s03
©
5 &
1
T ¥ 8
3 %
|
L L o B LA B e A
375 37.0 36.5 36.0
© S Chemical Shift (ppm)
I <
o) N
o [
< \ I~
\ | o
. ©
[sp)
0] 008
I N~
85 32
0 < -
87 -
§

L L L L L L L B L L L L O L L L L L L R R B R N R N R N R N R R R R N NN R R R R ]

200

192

184

176

168

160

152

144

136

128

120 112 104 96 88 80

Chemical Shift (ppm)

S66

72 64 56 48 40 32 24 16 8 0



o
MeO
j)J\
N
~ ve)
O N o
|
[\
o )\
(2]
R T
N~
\
1.00 0.99 0.99
| | L |
A A B R R B e A AR B e R BB R AR R R e R
7.33 7.32 7.31 7.30 7.29 7.28 7.27 7.26 7.25 7.24 7.23 7.22 7.21 7.20
Chemical Shift (ppm)
3 &
7 7
< 38
S ™o
o 3.00 3.01 I
N | _ |
3.10 3.05 3.00 2.95 2.90
Chemical Shift (ppm)
&
O~
N
Y
N
M~
IS
\
) A UU
1.00 0.99 3.01 3.01
d 1] [l H Y
T T T e e e
125 120 15 110 105 100 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 3.0 2.0

Chemical Shift (ppm)

S67



—3.83

z
\
—3.10
—2.92

3.01 3.00
| —

L L

3.15 3.10 3.05 3.00 295 2.90 2.85
Chemical Shift (ppm)

—7.45
—7.45
—7.45
—7.44

1.00 201

\ | \ |
T T T T T T T T T T T T T T e e T
7.46 7.45 7.44 7.43 7.42 7.41 7.40 7.39 7.38 7.37
Chemical Shift (ppm)
D
0
M~
8 | 98
: 7
)
0
~
<
N
~
0
NS
'\

1.00 2.01 3.01 3.00
I [ ! U
T T T T T T T T
120 115 11.0 105 10.0 95 9.0 85 8.0 75 7.0 6.5 . . . . . . . ! 20 15 1.0 .5 0
Chemical Shift (ppm)

S68



EtO O N

3.09
2.92

<
© © T
RS 3.00 3.00 e
5 — S — 5588 ~
LA B B B E a8
3.15 3.10 3.05 3.00 295 2.90 2.85 N
Chemical Shift (ppm)
1.01 1.00 1.01

|
[
|

L e B I B B

7.8 7.7 76 75 7.4 73 7.2 71 7.0 6.9 6.8
Chemical Shift (ppm)

o 3 3
T T
w0
e ® A
e e ~— | -
Y ¥ .

2.01 3.00
L — L s B B B R B S L — — <
e
4.20 415 410 1.40 1.35 1.30 1.25 SR °
Chemical Shift (ppm) Chemical Shift (ppm) ‘*" ‘T‘
N
)
® - o ¥ 83
© <t F <t |
2R ©% J my
™~ ~ | ¢
] o 0o
[Ze] Al
N hiby J
] L. 1
1.01 1.01 1.01 2.01 3.00 3.00
U I I I N ]
T T [ T T T e o e s
120 15 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0

Chemical Shift (ppm)

S69



EtO O N

—36.44
—36.26

L B L B L L L

36.9 36.8 36.7 36.6 36.5 36.4 36.3 36.2 36.1 36.0 35.9 35.8 357
Chemical Shift (ppm)

187.88
14.35

—131.65
64.16

—164.04
—154.35
121.86
—112.47
—109.33

15351
36.26

"
" A L ¥ ? . o

L L L L L L B L L L L L L L L B L L e R R RN RN RN RN RN AR AR R R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S70



IR
e
O N
I
oo 5
™~ 10 !N ©W o ~NQ NN
3o @ © =4 RREeNNBgeR8s T
~ | ~ | 2 NN ~ i~
ke b o
1.00 1.00 1.01 1.01 1.01 0.99
= = [ = - =
T T T e e T e
9.1 9.0 89 8.8 8.7 8.6 85 8.4 83 8.2 8.1 8.0 79 78 77 76
Chemical Shift (ppm)
© 5
IS¢} o
3.01 3.01
] S
T T T T T
3.20 315 3.10 3.05 3.00 295 2.90 ©
Chemical Shift (ppm) [P I
S I
=]
M~
¢
~0 80w Y NN
56 agheNBE Ty
1Tl
1.00 1.00 1.01 1.010.99 3.01
5] ! v oo Hod
A B B o A R B L B B A A I AR B L o e e AR
12.0 1.5 1.0 105 10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0

Chemical Shift (ppm)

S71



0] 5
I
LS
-
0" "N ° 3
| o S
© o)
o \
R R AR a R R e S L B e B o AR Ea R R a o e R R R R R a s RARSARREARRES
37.0 36.9 36.8 36.7 36.6 36.5 36.4 36.3 36.2 36.1 36.0 35.9 35.8 357
Chemical Shift (ppm)
g 3
) ©
) I I3
o) - -
3 < \ |
~— (o]
®
|
o — — —— o — — —— P
131.0 130.5 130.0 1295 129.0 128.5
Chemical Shift (ppm)
o
g 5 ¢3 8@
> g {™59d
T g &7
3 g (][ 2
5 3 2 S 83
L5 g <
| 2 |
¢ [
T T T T T T T e
192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

S72



201
|
7.025 7.000 6975 6950 6925
Chemical Shift (ppm)
88 85 3 o
~ I~ N~ N~ [ToTe) N~
S |/ A 120
A B y.v:al
0.99 1.00
| | | |

LR R L L R L R N R R RN RN R RN R RN RN RN N R RN R NN R RN R

771 770 769 768 767 766 765 764 763 762 761 760 759 758 757 756 755 754 753 752 751 750 749 748
Chemical Shift (ppm)

1.52

w0
(o))
o
~ M~

o0 0 I~ <t gmg

©O© 0o oW

R

i . ) -
Il W)

0.99 1.00 2.01 8.99
u Uy Y Y

L I L L L B L L B B L L B L L L L B B B L L B B R N R R N R R R R R N R R N R RN R

12.0 1.5 11.0 10.5 10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20
Chemical Shift (ppm)

S73

1.5 1.0 0.5 0



1.51

©© 35
NN © © VW © ©
NN 8888 P
| I\TI\I\

0.99 1.00 1.01
[—
L B R o o e I LI o o o R o B N R e o o BRSNS
7.45 7.40 7.35 7.30 725 7.20 715 7.10 7.05 7.00 6.95 6.90 6.85

Chemical Shift (ppm)

2.24

()]
©
o
- © §'°B

: ©o

s »

L] J
0.99 1.00 1.01 3.00 8.99
H Uy 4 5] 3
12.0 11.5 11.0 105 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 20 15 1.0 05 0

Chemical Shift (ppm)

S74



O
OH

Q
0
N~
o
© - o
o) 2 =9 NE o N
NG ~ Qo w = & s
© 5 () -l - < =
- @ & & 2 |
© % - |5 S |
© © ‘ -
[e¢] -— \
T |

L L L L L L L B L L L L L L L L L L I I R B R R R R N R N R N R N R RN R R R R R RN

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S75



59 S%E (ou:)‘q. o ©
~N 9 oo~ N I oo S Qo
SRR = S5 BRes wy
N
e NS e e
1.01 1.00 2.01 2.01 1.01 0.99
e [E— [E— [ E— [E—

790 78 780 775 7.70 765 760 755 750 745 7.40 73 730 725 720 715 7.10
Chemical Shift (ppm)

b —11.15
— st
‘/;/_.
7.46
7
\Q\?

—1.54

|

1.00 1.002.011.010.99
Y Wb ey

9.01
H

LB L L L L L L L L L L L L L L L B L L L B B N B L N L R N R R R R R RN R R RR RN AR

12.0 1.5 11.0 10.5 10.0 95 } . .
Chemical Shift (ppm)

S76

0



128.99

[s2]
e
©
AN
—

)
I~
N
\
—— T A E — ‘ — ‘ ——— T —— T
129.5 129.0 128.5 128.0 127.5 127.0 126.5 126.0
Chemical Shift (ppm)
[02]
(o]
Ioe]
N e
|
o
\
- o~
& 0 S 8> 2
o o = K8 22
o © N8y 22
s 8 | 87T T
® 3 |
l
& n rem| N " e i AF Y i i m Fwtdt- -hy o "w' w"A " lv Ay 4 b “HY‘ ey " u‘ Ma i Lol ’ " " 'x“ y el ”A' v
T e e e
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

S77



o
N o N —
© 2 oS
l\'l\ %gmg N~
T NG NG [
/

&

Mo

0.99
[—

7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25 7.20 7.15 7.10 7.05 7.00
Chemical Shift (ppm)

099 1.00
—

o
9
"3

B

i

— —11.34
7.58

1.52

W

1.01 1.00 0.99
H Ll I

8.99
I

L L B L B L L L L L L L B L L L B L e R R N R N R R R R R R R R

12.0 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35

Chemical Shift (ppm)

S78

3.0

25

20

1.5 1.0 0.5 0



Cl

O
OH

—185.54

—163.77

—158.28

—136.26

—128.42

~119.30

-—123.48
-—-120.95

—83.40

27.45

il

RS S————

L L O L L B L L L L B L L L L L I L L L L O L R R R R N R R RN R R NN AR R RR R RRR R AR

200

192

184

176

168

160

152

144

136

128

120

112

104 96 88
Chemical Shift (ppm)

S79

80

72

64

56

48

40

32

24 16 8 0



0]
PhO O*{»
O
OH
o N
%) — 3 &
) -— <+ s 9
8TH  yegu Y o S 3 ¢ o
~ oL~ RN I > RN M~ o~
‘ | NG N NN [
o
2.01 1.01 1.00 1.01 1.02 1.99 T
| | | | | | | |
T T T T T T T T T T
7.40 7.35 7.30 7.25 7.20 7.15 710 7.05 7.00 6.95
Chemical Shift (ppm)
w0 [s0] D 0
(3] ~ [&)]
S grbNe_28eq
\ ";H'?‘—_%ﬁﬁ*
| Bl L -
J J
1.00 1.01 1.99 9.00
1 Uy Uy g I
A R e M R o R o R o RRa R a o R R ARAR L R

12.0 1.5 11.0 10.5 10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S80



PhO

Chemical Shift (ppm)

M~
NA
N~
N
<
8 o
o M~
® b
®
\
& ©
q- .
~o & 8 RC»B S
& t &8 2 & Ta2 ®
0 < 0 - - o=
< © Tl | Loy
| | ‘ J ‘ ”
| l .

L L L B L O L L B O L L L L B L L L L L L L L R A R R N R R R R R RN R R R R RN A

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S81



0.99 3.00
L | L
| ‘ —r ‘ = ‘ o
7.55 7.50 7.45
Chemical Shift (ppm)
©
8 5 :
© © ©
L] 818
T
1.99 2.00 3.00 0.99
1.00 1.01 ‘ | /| | J [
i S S S T S T R R
T 7.40 7.35 7.30 7.05
6.95 6.90 6.85 ‘ Chemical Shift (ppm)
Chemical Shift (ppm) o 8~
® 398
~ ‘40(0'
(|5 Qi
M~ M~
o0 (8 10 : —
SN
Y
N~
©
| ©o
o |
N
~
i AL ‘ | S
0.99 099 099 1.01
d Uy gl
K e i e e A e R i e e

12.0 1.5 11.0 10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S82



O
N
O
OH
D~ N
o 3
% &
a -
T |
~ | ©
Q" -~
\ |
& 5 N
& N &
| T
R R R e R R R R R R
130.0 1295 129.0 128.5 128.0 1275 127.0 126.5 126.0
Chemical Shift (ppm)
[ RS
l\gco‘-
At
& |8
— |/
o) l\g
~ 8 S ah ¥ 9 S
= 5 ] o © g ;= —
o 8 w T o U 8,_“‘
0 - ~ - ~ —
T ] ] B 1 .

L L O O L L L L L L L L O N N L L R R L R L N RN RN R R L R R LR R RN RN R RN R RN NR RN RN

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S&3



(@]
6.88
6.87

1.00

! T T T T T T T T
6.900 6.875 6.850

Chemical Shift (ppm)

o
N
1.99 1.99 2.99 4.01 1.01
[ — | || | | | [
1 — — — T : —— —
7.45 7.40 7.35 7.30 7.25 7.20
Chemical Shift (ppm)
©®
e
M~
0 \8
SrBn e
o [ © ©
g N \Log. ©©
2 ~ s~
| ] l[
Jk 1 | ]
0.99 1.01 1.00 3.01
H HHd d H
T T T T T T T T T T T T T T T T T T T T T T T
12.0 115 11.0 10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 20

Chemical Shift (ppm)

S84



129.08
126.25

128.15

Q
0
o)
q
-

T T [ T T T T [ T T T T [ T T T T [ TT T T T T T T [ T T T T [ T T T T [ T T T T [ T T T T LI —_— T LI e S B S B S S B B B

129.5 129.0 128.5 128.0 1275 127.0 126.5 126.0
Chemical Shift (ppm)

—19.73

156.95
—137.37
—117.43

—189.38
—166.76
141.36
140.67
—120.05

Y PR n " A " b .\ " it 4 b ek P T RPN VTN 1 m L
Wiy Ll s LA ¥ Lkl b ok r L Y " e

vnx‘ M " . ki A :mJ‘J'ﬂ)“m

A u i ¥ gl L

LU L L L L L L L L L L L L I L L O B L L L B L O R R RN R R R N N R N AN R R RN R R R R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S85



OH
8
Lo 8~
NS ~
weg LD &
Q@ o X
~ N~
W&
()] [se]
1.00 1.01 2.01 1.99 6.01 4.00 1.01 o ©
| | | | | | | | | "‘ "‘
L L B T L I L I L AL L B o o e B e R R
7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25
Chemical Shift (ppm)
1.00
—
——
7.100 7.075 7.050 7.025

Chemical Shift (ppm)

6.0

@

]

‘ 4

N J J 1 U

1.01 1.01 6.01 1.00

] Y HHEJHE W
X e e S K & e e R e e

12.0 1.5 11.0 105 10.0 95 9.0 8.5 8.0 75 7.0 6.5

Chemical Shift (ppm)

55 5.0 4.5 4.0 35 3.0 25 20 1.5 1.0 0.5 0

S86



O
N
L
OH
N
s 8 0~
< 8 Y s
©
- o N
M~
0
[o)]
o
T T T T T B T T ‘
129.5 129.0 128.5 128.0 127.5 127.0 126.5 126.0
Chemical Shift (ppm)
N
&S w0~
Qo NS
TIgE
]|%
5/
[o0] <t 0
© R < © o N
o] © ™~ - s N
I 8 0 ggg ';Q Qw
[} © | T @ ‘ - =
© © ST |
\ — !
M." v "' " " TM VWJ Lkl # A v“ l'v “‘vm.‘ v il v bJ vrr'“y‘ w " o e h al v“ ‘ " el L‘ “1' AT ‘v J'|.‘ ! Y f " f""’""" bt i Al n ‘v‘ IM‘V'!"

O L L B O L R R R R N R N R R R R R R ]

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S&7



7.33

cl N
e
OH

—7.01
—7.00

1.00 3.01 1.99 4.99 1.00 1.00
\ | | | | |

L L L L L L L B B

7.50 7.45 7.40 7.35 7.30 7.25 7.20 7.15 7.10 7.05 7.00
Chemical Shift (ppm)

~—11.59

1.00 499 1.00
= ghbbe  H

i

L L O B O L L B O L O L L L B L B L B R R R R L B R R N R N R RN R RN RN R R R R R R R RN RN RE RN RRRR

125 12.0 15 110 105 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35
Chemical Shift (ppm)

S&8

3.0

25

20

0



cl N
IO
OH

129.61
129.13
126.13

o
oo}
N
a
<!
=
o
&
T

L e B e e B B B e ) B e e I O B ) B B B e B B B B B B

130.0 129.5 129.0 128.5 128.0 1275 127.0 126.5 126.0
Chemical Shift (ppm)

(303
g @
Tog
RgY
l\‘ 7
D <t
0 o & Qoo
5 e b °S 3 952
© < T I < [ S8
® © - N
T 7 ~ A
" i \ iy \ " ‘ } i et " J X s o
1SS UE S S NS S UNS SHS UL SUSSE S SUUMSSUSSHSUUSS SIS SUS A UESSIS UL EUS SN ESSNSES U SE UM UNUSSESUSLSESEU S USASSUSSESUSI S UUS S S
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 43 40 32 24 16 8 0

Chemical Shift (ppm)

S&9



Water DMSO
PhO N
e
OH

2.00 3.99 5.00 1.00 1.01 1.00 1.99 2.00
| || | || |
I I B A i L AL A e o AL I o B R R
7.45 7.40 7.35 7.30 7.25 7.20 715 7.10 7.05 7.00 6.95 6.90 6.85 6.80
Chemical Shift (ppm)
o
(2]
~
\
®
chy
N~ o N~
N -
I\'LQ’F«)‘_S_Eggg
~ Y [ e
: '\\ i !
‘ i J -
ﬁ L " i J A
1.00 3.991.002.00
[ HEHY b
T T T T T T e e

12.0 1.5 11.0 10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S90



PhO N
e
OH

—117.80

130.01
—129.10
—126.15

—129.55
128.18

123.16

—121.12
—119.20
—118.34

L L B B B B L R

130 129 128 127 126 125 124 123 122 121 120 119 118
Chemical Shift (ppm)

~130.01
~2129.10
117.80

.
12316 12815

—155.19
140.42

—188.86
141.24
—-118.34

—— —166.33
L -157.21

————148.73
SN

|
‘ ‘
L L L L L L N R R S R N RN AR R RN RN RN RSN RN R RRRRRRRRRA RN

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S91



N—
0o
OH
o))
8 2 g 83
[Te) Siigel 1010
M
1.00 1.00 1.00
S [
——— T T T T ——
5.30 5.25 5.20 5.15 5.10 5.05 P
Chemical Shift (ppm) N
eo ool &8s R
SEREEE Ryyy Te ETE
~ N~ N~ N~
“ AR M
1.01 1.01 1.00 1.00
1 — [ [
—_ T T T T T T T T T T T T T T T T T T
7.20 7.15 7.10 7.05 7.00 6.95 6.90 6.85 6.80 6.75
Chemical Shift (ppm)
©
©
o)}
3
N g
N o © 063y
© 0 N oo~ o "'DLD'
- ~Tw©og© \ -~
NSNS T
NN e ©
LY —
J g J l
1.01 1.01 1.00 1.001.00 2.99
U il i oo [l
T T T e
55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0

12.0 115 11.0 10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0
Chemical Shift (ppm)

S92



o

OH

—130.02

—129.81

L B L B B R B R N A R R RN R R RN R R R R R R R

130.30 130.25 130.20 13015 130.10 130.05 130.00 129.95 129.90 129.85 129.80 129.75 129.70
Chemical Shift (ppm)

—130.02
129.81

\
—123.67

155.84
—118.79
—115.58
—81.41
—75.41
—26.24

169.62

L L L L L L L L L L L L L L L L L L L L L B L R R N R N R R R R AR AN RN

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S93



HMBC 'H - °c NMR

o

O™\

Z
I
:

N
o

OH

[oN]
o

N
o

AL AR A AR R

[0)] a
o o

~
o

LN LEARR RN AARRY LA A

T
o
F1 Chemical Shift (ppm)

T[T I oo

L
AL LA AR E A LR R A
s
w
o

_
(9]
o

-
[0)]
o

170

-
[o]
o

<
LA RARR N R RRRAN AR RN AR RR AR

T
-
©O
o

L B B

10 9 8 7 6 5 4 3 2 1
F2 Chemical Shift (ppm)

S94



Hsac 'H- "*c NMR

‘vm‘vm

O™\

[oc]

OH 1 5
e
F 32
F 40
e
E 56
e
E 72
E 80
F 88

96

LR LR R LN L R LR R LR NN N AN LR LR NN RN RAA S AR LA RR R RN RARN ARRRNRARR RAR

"

L E
v 120

128

136

-
e

144

T

L B B

8 7 6 5 4 3 2 1 0
F2 Chemical Shift (ppm)

S95

F1 Chemical Shift (ppm)



o\

N—
(6]
OH
Q 3 3
[Te] 0 [To)
o
o
N
©
1.01 1.00 1.01 B
| | | |
R L L o R e B I
5.30 525 5.20 515 510 5.05 5.00
N Chemical Shift (ppm)
9 ~ @
8§ 8 LT
¢ T
[
0.99 1.00 1.00
| | |
o T R : R : g o
6.95 6.90 6.85 6.80 6.75 6.70
Chemical Shift (ppm)
[o)]
[sp]
(&)}
\
5 & 8g
¢ R ? e
© ™
ow| 1P
bo
(0'(0
3

A L , JUML

1.01 0.991.00 1.011.01 3.01 2.99
= B H W H d

L B R R R R R RN R R R R

12.0 1.5 11.0 10.5 10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0
Chemical Shift (ppm)

S96



o

OH

—130.18

\130.12

N~
N
N~
N
-—

L L I L L 0

130.0 129.5 129.0 128.5 128.0 1275 127.0 126.5 126.0 125.5 125.0 124.5 124.0 1235 123.0
Chemical Shift (ppm)

©
- N 79} [+¢] ©
= STn. < s « S
© (3} — O NS — - N~ N -
0 NN \ \
© - \ |
T ‘ 2/ J J\ J \
el e L " " oy M,J il " LJ e e " bJA AJ I 4 " i, b " " . 1 Gl " A L‘AL Wk " L
g y # oy iy e iy ot e VA PR T L L

LA L R R R R R RN R R

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S97



o
(@] o ‘\_ -
|
2.99
1
0 R e S A A B B A B T
5] 1150 1.125 1100 1.075 1%
@ © i . R o
8 3 Chemical Shift (ppm) S g
T ¢ \
1.00 0.99 1.01
| | [ |
T — T — T — T — . T — — ‘ T : T ‘
7.00 6.90 6.85 6.80 6.75 6.70

Chemical Shift (ppm)

(o]
©
)
3 3
i i
1.00 1.00 1.01
e | | | | o
L L A L o e s LA e e e B A L o e e -
5.30 5.25 5.20 5.15 5.10 5.05 5.00
Chemical Shift (ppm)
;
o 2l
| 8 883 B
¢ R ey
88 s o
~ ©
Y L
0.99 1.001.01 1.001.01 3.00 2.99
H Wod (i H H
A R B B A I A LA B L EAa L R REa R S B B
12.0 1.5 11.0 105 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0
Chemical Shift (ppm)

S98



o

OH

A MWM TN AT TR T 1T A Vg T

\\\|\\|\\\\ L T LI B B B L R B L e B e

1305 130.0 1295 129.0 1285 1280 1275 127.0
Chemical Shift (ppm)

129.20
128.93

I~ =)
om <
N ) o 8 (\!g 2
< © O © ~ s 0 INE ©w
Q BN o 0 - \
© e} o I - | ‘
3 T T S
= \ \ T

L LA L L L L L L L L L L L L L L L L L L L B B B N R R N R R R R R R R R R N R R R R RN R R R R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S99



L0
6.00
1.15 1.10 1.05

Chemical Shift (ppm)

5.25 5.20 5.15 5.10 5.05
Chemical Shift (ppm)
Q
58 R
I~ N
NN
0.99 1.00 1.00
] S S —
17— T ‘ — ‘ — —
7.05 7.00 6.95 6.90 6.85 6.80 6.75
Chemical Shift (ppm)
o
o oy
3 338 X0 K23 oRke <y
‘ o 55 S |
J [T b J
0.99 1.001.00 1.01 1.01 6.00
u [T g W u
 RR B e A o AR A B B B R o o e R LA AR RasanEE s
5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0

1.5 11.0 10.5 10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55
Chemical Shift (ppm)

S100



o\

OH

—24.17
—24.10

T T T T T T T T T T T T T T T T T T

Chemical Shift (ppm)

—127.94
127.40

L e e s O Bt e Bt e B B B B B e e ) B B e e B e B B S B B B S B B B B

129.5 129.0 128.5 128.0 1275 127.0 126.5 126.0
Chemical Shift (ppm)

—32.51
—26.27
2417
2410

7
AN

—169.70
—153.80
138.56
127.94
127.40
—123.18
—115.44
—81.43
—75.87

L L B L B L B L L B I L L L B L L L L B L R R N R R R R R A N R R R R R R R RN

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S101



—1.24

O™\
N\
0]
OH
N S5 028w
5 Bes 5o
J@J M/;
0.99 0.99 1.00 33
g 8 | i | “‘3‘0- ~ -
NG ~ L o B A 00.500.0
T 5.25 5.20 515 5.10 5.05 5.00 495 ©R 0o
4//4Z§k#1li:\:¥‘—- Chemical Shift (opm) 12T
1.00
L | | | | |
—r ‘ — ‘ R : e — : = —
7.10 7.05 7.00 6.95 6.90 6.85 6.80
Chemical Shift (ppm)
o
Q
N ;
\ !
[ee)
> <
[0}
vgg(\, (':1'58
o | © <% 0P v
R [
1 P
l“ \ A J Ju ) 1
0.99 0.99 1.00 3.00 8.99
o uow U ] !
. S UUSS UUUE S SHSUUSESGUUUIUEU U Gl SUUNSUS NSRS UUSG USSR, <SG UUEE. S
120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0

Chemical Shift (ppm)

S102



o

OH

o
=
-
™
|
N~ [Te]
[~ - s o8 e N
; ~ N~ 0 ! o
X 8 g g 99 LR S| «
> -~ T -
) - ) ™
T T T I | |

L L L B O I L I L B L L L L L L L L L B L R R R N N N R N N RN R RN R R RN R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S103



o B - g
0 <Y o >~ = o
T 5239 TR 2888 gg
N | \ NN NN
=5 A
2.00 0.99 1.01 2.00 0.99
_ [ [ [E—
: — — 1 N e I T I T
7.55 7.50 7.45 7.40 7.35 7.30
Chemical Shift (ppm)
N ~—
(o) (o)
© ©
3 L © © @
0.99 o wow 92 ~
— — | MR ~
6.950 6.925 6.900 6.875 ~
Chemical Shift (ppm)
0.99 1.00 0.99
e
T T T T T T T T
5.40 535 5.30 525 520 5.15 5.10 5.05
Chemical Shift (ppm)
3 o
) 8
B ; Q Lo
~ N T S5 N1
— Q& g 00 g
R s
. 2 J JA,JLL_JJL 11 A o il
0.99 2.000.99 0.99 0.99 0.99 2.99
[ du d bl L
A A H LA I B B B R A B R M R AR A e S B e e
115 11.0 10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 05 0
Chemical Shift (ppm)

S104



o
© o}
S 9
Te]
~ I8
| -
© I~ <
- (2] (=] [¥5] ™
o 0 o] © e
o I3 ] & <
2 — — - N
- | ‘\_
|
L L L o e e L e 0

131.0 130.5 130.0 129.5 129.0 128.5 128.0 1275 127.0 126.5 126.0 125.5 125.0 1245 124.0
Chemical Shift (ppm)

o
® ©
w0 @
N W0
-
T
© 3
-
1 75 © D oo < © [¥e] ) N
> o o N3 ¢ 5 K |
a
e | e TIT | ]
T T ‘ Il ‘
TR T e——— IR T ‘ e i o .“\VA'"LJ AR N A T —" T .L.A.A“'HAJMIA“:“'\”A prm— T ‘Wr“ AR AR

L L L L L L B L L L L L B L L L L L L L B L R R N R N N RN R R R A NR R RR RN R R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S105



EtO OH

] - 3
e} oo 0
\ 6 | 0w |
e ) -
0.99 1.01 1.00
| | |
‘ ———— . ——r ——————— ‘ — ——— ‘
525 5.20 515 5.10 5.05 5.00

Chemical Shift (ppm)

8 3
[s2] o
© | [
o o
™ ™
DY S
2.00 &
299 ulj
T T T T T T T T T T T T T T T T T T T T
83 3975  39%0 3.925 1.325 1.300 1.275 S
N ¢ Chemical Shift (ppm) Chemical Shift (ppm) u‘a g
=
1.00 1.99
(I [
=SS
7.00 6.95 6.90 6.85 6.80 6.75 6.70 6.65 6.60 6.55 6.50 6.45 6.40 6.35
Chemical Shift (ppm) 2
N
|
o
@
o -
S 0] —|lo
© w0 w
o S8 u\)$ Nggg Loggv 2l<
| N o 10 QW5 oL o -
= J{, o L8 ® o J
l Ll .
1.00 1.00 1.99 1.00 2.00 2.99 2.99
U 1 I o I u I

L L L L L L L L L L L L L L B L L L L B L L R R R R R R R N R R N N R R R NN R RN R RN R

1.5 11.0 10.5 10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0
Chemical Shift (ppm)

S106

0



200

/@(l\WN‘
o)
EtO OH

192

184

o™\

176

—169.82

168

—159.86

160

—156.97

152

144

136

—131.05

128

120

—116.11

112

—104.85

—101.71

104 9
Chemical Shift (ppm)

S107

75.27
62.87

81.14

0000 A A

64 56 48

40

—26.27

okl

—14.60

MMMM

16

WMWMWIMM



0]
e
HO N
OH 23 &85
77 7T
1.01 1.00
—
———T 7 7 : —— T
3.60 3.55 3.50 3.45 3.40 3.35
Chemical Shift (ppm)
o
> ©
R 88
o 8885 P
© © © ©
e b3
1.00 1.00 1.00 0.99
[ [— [— |
I I B o I e e L B e R o
73 72 71 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3
Chemical Shift (ppm)
©o
N~
(\i
| 5
©
N
\
» ®
« ©
® g . 88 38 8
~ N by © (3] ™
R ~ I
e B/ R
0.99 1.00 1.00 0.99 1.00 3.01 3.00
= H bod = H = I
P T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 75 6.5 1.5 1.0 0

Chemical Shift (popm)

S108



HO N

OH

R <

N 5 0 © o (=} ]

2 el R b 3 o o

© o D02 0 © N «

o] ) AW - ~ \ \

o)) - :vrg - ~

% \// \ 5 1
b ekt NP ook Y PRI NI " " I A i " i s " el
iy g g g e gl i Y " ¥ R bl st . U T i

L I L L B L R B R N R R R R R R AR RN R R R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S109



Water DMSO

w
~ <
| -
|
1.00 3.00
- o | J| N~ 6.00
© © T T T T T T T T T T ey
"""" 2.82 2.81 2.80 2.79 278 277 276 2.75 2.74 ‘T‘T — —
Chemical Shift (ppm) 1.150 1.125
Chemical Shift (ppm)

1.01 1.01
(I (I
-_——
3.60 355 3.50 3.45 3.40 335
Chemical Shift (ppm)
®
gg QO D QK ©
NN 29 %% © 6 \
o ©
Jo )% S LS
1.00 1.00 1.01 0.99
[ (I (I N ©
o o L o L R o o e e L o o o SN - T
73 72 71 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6. q | =
Chemical Shift (ppm) By
~ -
[sp)
o S o0 Ng oo T8 ®
\ ~ 9% 6g | o ® o
| € - [N
J[ ]
N Y | J
0.99 1.00 1.001.01 0.99 1.01 3.00 6.00
d u bl d by 1] |

T T T T T e T
12.0 115 11.0 10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 05 0
Chemical Shift (ppm)

S110



HO N

OH

2423
—24.19

LA R L e e B A T L T T L B e M LA s B B B

55 250 245 24,0 235 23.0 225 220
Chemical Shift (ppm)

NN AL L T S WA A, 1 S

126.38
125.25
—124.95

1, WMWMN\N/\ o, MAM nthe Al A

LA S B T T T T Tt LI B S B T

1275 1270 1265 1260 1255 1250 1245 1240 1235
Chemical Shift (ppm)
© 2
[ Q<
8 o0 8 g 839
[0} XN O 2] ) oo(\l\
9 S ® ® oS N o | &
> o T gaa v Q 5
© 0 <L - -
© 2 i 5
\
i " { | m A i/ ! L kg
I | | Lk g ! " | \‘ i A I it I bl Invt ™ il R 4l L

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S111



1.23

O\\
~
HO N
OH
88 85
(S I) o
U I
N oy
.8 4_AAA:; Ajukif S8 .
- [°+]
ll\'\\ 1.00 1.00 e CO'%.BE_
wﬁ”.w........._.”‘HH‘HH_H‘_H‘_Hw‘:“”_”w \;og/co
3.60 3.55 3.50 3.45 3.40 3.35
Chemical Shift (ppm)
1.00 1.01 099
[— [E——
L L o T L o T A B e L B B o B L AL A B I
7.40 7.35 7.30 7.25 7.20 7.15 7.10 7.05 7.00 6.95 6.90 6.85 6.80 6.75
Chemical Shift (ppm)
(o] Kl
™~
N
\
~
(50}
> % [ o]
58 6O o~ 8@ 3%
NN | ®a~A 0 Ol
- i@ow ~
| LJ J
J | .
0.99 1.00 0.99 0.99 1.00 2.99 9.00
4 d i 4 H U d I
T T T T T T T T
12.0 1.5 1.0 10.5 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20 1.5 1.0 05 0

Chemical Shift (ppm)

S112



OH

©
c
<
T
© © w0 | S
< 8D o g &
© 2 2 3 RN ® S 19
- NN = ™
N ~ ~— | N~
© | L [
T
. ’ . oo . et ‘ W

LRSI L L L L L L L L L R N N R R R R R RN

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S113



HMBC 'H - *c NMR

) -
o o

w
o

TITTTT T T
o] ~ [0} a 8
o o o o

(o]
o

100

F1 Chemical Shift (ppm)

-
-
o

120

o
N
o

-
(9]
o

160
170
180

190

L RN LR L AR RN R LA RRARY AR RN RN AR

@)
-~
HO N
OH .5
L]
L
B RS B At e
9 8 7 6 5 4 3 2 1

F2 Chemical Shift (ppm)

S114



HSQC "H- "°C NMR

HO

OH

[or]

T T

—-
o

N
N

w
N

5

&

(o]
o

T

[o2]
N

~
N

F1 Chemical Shift (ppm)

T

o]
o

[or]
o]

(o]
(o]

|

L
o
R

N
-
N

-
N
o

-
N
oo

LI L I I

8

7

6

5 4
F2 Chemical Shift (ppm)

3

2 1

S115

-
w
o



o
MeO N
O
OH
- ™ > 8
ool NS e 3
NN NN / L
o _AAQ
1.00 1.00 1.00
| | \ |
—— T L e N A T — T
7.20 7.15 7.10 7.05 7.00 6.95 6.90
Chemical Shift (ppm)
®
™~ )
[ ~— 00
D~
RN
- 0 ~
e} ©
) 7
2.99 2.99
[S— [
R R e e RALAARE RASREREEEARS SRS
3.00 295 2.90 2.85 2.80 275 2.70
Chemical Shift (ppm)
(o]
©
=
Coso
~228
O o
© ":HI\H ©
N
N
1 A N ) N
1.00 1.001.00 3.00 2.99
5 ooy Y g
T T T T T T T T T T T T T T T T T T T T
6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 05 0

12.0 1.5 1.0 10.5 10.0

9.5

9.0

8.5

8.0

75

7.0
Chemical Shift (ppm)

S116



MeO N

0
OH

o
o 0 29
P~ o} s N
o)) L 2 © [re) Q un
0 < 0 - R
. <o | S
5 3 K g
= 5 ¢ =
5 e 5
A N ‘J [ " " m " e o m b TNTTRT L " " i " e n "
T T T T T T T T T T T T T T I T T T T T I T T T

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S117



T
N\
O
OH
OMe
[\0] [To]
o @
[\] N
3.01 3.01
(I (I
———— —— e ———
295 2.90 285 2.80
Chemical Shift (ppm) &
o N NS ©
SIS I D 38
~/) N~ ~ © 5
1.00 0.99 1.01 EHEI
(I
e e———
7.30 7.25 7.20 7.15 7.10 7.05 7.00 6.95 6.90
Chemical Shift (ppm)
2 & @
e} o N
S
[To}
™ [5e]
< RRRREYE
\ NN g 6
J . A
" A
1.00 0.99 1.01 3.01 3.01
I woow I vy
1S S LU S S S S SO E S
125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0

Chemical Shift (ppm)

S118



o]
OH
OMe

—121.02
119.37

119.93

; . —T— —T T . —T T T T —T
121.0 120.5 120.0 119.5 119.0
Chemical Shift (ppm)
: -
N~ © —~
N ™M w0 O m
° o N
-8 I
8 NrE
o9
2 5 T3 s
g ) ¢
7 |
otk il il Wikl i i \‘ it il il ki et N I i

L L L I L L L B B B L R L L R N R O O R R N R N R R RN R R R N R R R N R N R RN R R R R R AR R R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S119



0 DMSO-d6
© © )
© © ©
N~ ‘8
© ]
\ N
\
1.01 2.09 1.96 1.05 1.00
| | | | | | |
T T T T T T T T e T T e
8.0 7.9 7.8 7.7 76 75 7.4 73 72 71 7.0 6.9 6.8
Chemical Shift (ppm)
o % f
5 o orace|
\
M | J N S

096 1.03 2.09 196 1.00 3.00
[ — He B Y =

L L L L L L L L B L L B B L L L L B L L L N R R R N R RN R R R N R N R R R R R R R

14.0 135 130 12.5 120 115 11.0 105 100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20
Chemical Shift (ppm)

S120



155.87
132.44
—126.17
117.00

N~
©
N~
N
T

—112.19

§11150

L L o I B B B B B B B B L I R

155 150 145 140 135 130 125 120 115 110
Chemical Shift (ppm)

—132.44
12767
12617
123.19
12244
11789
~117.00
—112.19
111.50
—20.21

&

—— —155.87
—140.96
133.25

— —151.75

L O L I L L L O L L B O L L L R R N N R R O O N R R R RN R R R RN R R RN R RN R R R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S121



H
TC
Me \N
OH
QQ
3
o0 00
|~
8
T
|
0.96 1.02 1.04 2.09 1.12 1.01
| \ | | | \ | | [
R AR A e o e e s amn na e o o e o B L B N
8.1 8.0 7.9 7.8 76 75 7.4 7.3 7.2 71 7.0 6.9 6.8
Chemical Shift (ppm) Chemical Shift (ppm)
I~
N
N
% 0
o =) 5 8
N 588 BT nnBReE
< I S NN L
- IR J
e .
0.95 1.00 096 1.021.04 112 1.01 321
= 4 [ [E - H
T T e e e e e

150 145 140 135 130 125 120 115 110 105 100 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20
Chemical Shift (ppm)

S122



156.93
—154.79

_~154.96

PN
T T T T R T T R T

157 156 155
Chemical Shift (ppm)

—130.98
—130.41

~-130.13
—126.81
123.72

132.95
116.98
115.22

—127.54
119.67

©
™~
<
™
T

LA A I I L

134 132 130 128 126 124 122 120 118 116 114
Chemical Shift (ppm)

[32] 0 =N @Q [To}
Se® 8e3ToBBRE2Y i
RS N-d8oRAlo=® N
B CETEBTT T |
e L S 500
L WL
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

S123



13.35

T
EJ
26

1.00 0.88
\ Il

— —
13.50 13.25
Chemical Shift (ppm)

1.00 4.31 1.02 2.09 3.26 1.06
\ I | | | | | \ |

LI L L B L L B L L B B L B I L L B B R R R N N N N N RN

8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 76 75 7.4 7.3 7.2 71 7.0
Chemical Shift (ppm)

<
N~
8 2g  Snabhgpse
—_m 0 00 \\‘,\H M~ N~
| 5 ] M ——
¢ [
e I X
0.88 1.00 209 1.06
(S [ Sy

150 145 140 135 130 125 120 115 110 105 100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15
Chemical Shift (ppm)



L,
OH

128.94
126.19

< ) ©
© Y 5! N
© q o : :
5 8 g} Q2 D~ &Q o™ %0,
T b 3 ~ < & N < - D o= o 3
w o = s U - | 88 @ | &
— o 3 o0 N N — - =
S | @ < | = o - | <
F ® \ \ s |
T | |

ity

L L L e L L L L L B L B B B B

155 150 145 140 135 130 125 120 115 110
Chemical Shift (ppm)

——157.64

-—151.68
140.86
139.38
13317

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)



12.62

(]
12.77
h

L
OH

096 1.02
[

T T T T T T ] T T T T T T T T T

13.00 12.75 12.50 12.2‘5
Chemical Shift (ppm)

—
©
N~

> 5
O oo
|-
1.00 1.04 1.13 297 2.05 2.96 1.02
|| | | ||
R L s IS e L R
9.0 8.9 8.8 8.7 8.6 8.5 8.4 8.3 8.2 8.1 8.0 79 7.8 7.7 7.6 75 7.4 7.3 7.2 71 7.0 6.9

Chemical Shift (ppm)

—12.62
8.91
8.91

I

2.77

Q.
T

1.02 1.00 113 2.961.02
e = e
P T T T T [ T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5.0 4.5 4.0 35 3.0 25 20 1.5

150 145 140 135 130 125 120 115 1.0 105 100 95 9.0 85 8.0 75 7.0 6.5 6.0 55
Chemical Shift (ppm)

S126



(o]
z zz
128.97
126.11

L B B

133 132 131 130 129 128 127 126
Chemical Shift (ppm)

2
2 @ = 3
& o T o
‘ | MWW*JL f
WW$NWAWWMWWWMWMWWWWWWMWWMXWWAWMMWNA
124 123 122 121 120 119 118 117 116 115

Chemical Shift (ppm)

N~ -
[
[s0) ©

8 3 5B Y8J8caldy

o X 3G [y AN

s 852 97 GRc-®

| \%.MMH

L | RN A |

L B L B L L L L L L L L L B L O L L L L B L R L L N B R R R R R RN N N N R RN R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S127



3
2t T8
o © | ©
1 ~

o5
N o
?%; & !
~N 0 - |
o N S Al g
N ‘0"3 ': ~
: N 0
~/] T Y
N ~
| —

2.06 1.06 1.99 0.98
\ | \ I |

L e L L L L L

8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 76 75 7.4 7.3 7.2 71 7.0 6.9 6.8
Chemical Shift (ppm)

1.92
\ |

L N S B ) I L B N B B

135 13.0
Chemical Shift (ppm)

7.06

1

>K13.2'4

1.92 1.00 1.06 0.98

= e

e

LR R R R R R RN RN R R RN RN R RN R NN R RN R LN R LR N N N R LR RN R R R R R R RN AN RN RN R RN RN E RN R RN RN R R R RN R RN RN R

150 145 140 135 130 125 120 115 110 105 100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0

Chemical Shift (ppm)
S128

3.5

3.0

25 20 1.5



<)
m\ﬁaﬁ/kN
\%OH
2 & © ™~
© 0 - ITe) M~
3 i 2 8 dg
3 T | Bye
T 3 & d
T e
ph
B L B e e e A e e e e o R
155 150 145 140 135 130 125 120 115 110 105
Chemical Shift (ppm)
) 0 © = ~ QO
58 28 BpReSrtp
2 B 32 fadycess
‘ hed TS/ ST
Lo T} ol
A B o B A e ma R RaA N o B e Eaa A A
192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

S129



H
o N

cl ]@
SN

OH
33
oo ©
=
23
NN
Sl
091 1.00 1.05 3.1 1.07
| | \ |
T T T [ T T T T e L L o B T L B o B B B N HLAL B B R
8.3 8.2 8.1 8.0 79 7.8 76 75 7.4 7.3 7.2 71 7.0 6.9
Chemical Shift (ppm) Chemical Shift (ppm)
©
© D ©
i < ™ [P O M~
g 0 388;3IF8rrg20 m
o — e N N h&

-

L

1.03 091 1.00 311 1.07
[ = =H EYdH Y
T T T T T T T T T T T T T T T

150 145 140 135 130 125 120 15 110 105

10.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0

Chemical Shift (ppm)

S130

35 3.0 25 2.0



H
O N
Cl \NIj
OH
M~
. - S S
g 2 2 3 N
g 2 2 '8 T
i 2 MRN\NJL/WW
132 131 130 129 128 127
5 Chemical Shift (ppm)
5 2
38
~ 50
L)
-— < N~
[e0) [e0)
R 5 E 3
N 8 N b Lo
L e 1L e e e B I B R | hN <
158 156 154 152 ‘\_
Chemical Shift (ppm)
T T P T T R T [ T T T e b T
125 124 123 122 121 120 119 118 117 116 115 114
Chemical Shift (ppm)
B Re §6555R3H]ES
©3g SnB0gNlagee
\ P2 Ll ) NI
L Ml L N
A T T T T e e
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)



o
~
s ! &
~ o
"8 2 o~ |, i
°°.|03 ‘ 2 m,‘\ S i
N~ -
‘ o DD~ ~ 5
~ N OSSN B S
<+ o o 8 ™~ a NN \
N w0 2 | S (I\T\‘ s ©wl
T T J & 3 wr ' ’
P AV
v
1.00 1.01 1.03 1.99 1.99 2.97 1.92
| | | | | | | I |
R R R A R R R R R R R R R R
8.0 7.9 7.8 7.7 7.6 75 7.4 7.3 7.2 71 7.0 6.9 m
Chemical Shift (ppm)
o _
=S5
®m Fw
I 1 o
0.93 1.00 1.031.991.92
= Hul Bl
R LR L T D R R LT B R RO TR LT TR LT e R B R B B R T T T R L A RRTRRRE

150 145 140 135 130 125 120 115 110 105 100 95 9.0 85 8.0 75 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 20 1.5
Chemical Shift (ppm)

S132



158.25
154.55
150.99
147.76

—140.83

162 160 158 156 154 152 150 148 146 144 142 140 138
Chemical Shift (ppm)

130.00
117.00

—118.56

—118.09
—117.47

—133.17

135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120 119 118 117 116 115 14 113 112 111 110
Chemical Shift (ppm)

8 S
; ™~
0 © 8 Bor<
N
N f
« &g~ o S NN T
w e8I & g 9gTTT oo
A
T T TSI
|
| l | | I J WJ M L

LB L L L L L L L L L L L L L B L R N R N R N R N N R N N NN R R R R RN R R R

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)



N
™~
N
H
o N .
~
N N
o NIj ‘\_
OH
1.91
|
— T B T A B B e e e B e
13.5 13.0 125 120
Chemical Shift (ppm)
[To]
«©
~
|
5
o o [To]
s B i
N~ ~ 9
\ 8‘,\'
T
0.93 1.00 1.04 4.08 1.04 4.00
| | | | | | | |
AR R o o B B B B A R B AR RN Easa e e AR RARR RS
8.2 8.1 8.0 7.9 7.8 7.7 76 75 7.4 7.3 7.2 71 7.0 6.9 6.8
Chemical Shift (ppm)
N
™~
N
o
g
JE ! i
L L N
1.91 0.93 1.00 4.08 4.00
[ = S

L R I R N O R R R R R L R RN L LN RN R R R R RN R LR R RN RN R R R RN RN RN R R AR AR RRRRN R R RARE

150 145 140 135 130 125 120 115 110 105 100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20
Chemical Shift (ppm)

S134



(o]
ZzT
—158.68
—154.89
—139.97

LI B I

160 155 150 145 140 135
Chemical Shift (ppm)

~ -
) =
© ©
I «
- -

L e B B B

1325 132.0 1315 131.0 130.5 130.0 1295 129.0 128.5 128.0 1275 127.0 126.5 126.0 1255
Chemical Shift (ppm)

117.69

—120.39
—115.34

T%?S

124 123 122 121 120 119 118 117 116 115
Chemical Shift (ppm)

N~ o«
-
. 0 . ©
8 8 598 S8820aly
o S > Q9 \'\H 6= NS
0N W S H® N7 NR=R
- < e < Yac-=
. | =i AT T
L J AN ; L

T T T T T T T T T T T T T T T T
200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S135



o
Me 0
D Yo
o o o
¢
Me
M~
A - © ©
M~ < @ N
< T N
.
[(o]
Q|2
T
| 3.14
Fm ‘l:‘“
140 135 1.30
& Chemical Shift (ppm)
1.06 5.04 213 5.03 200 N
[ \ I | | : 599 |
T T i ‘:“ — : .
78 77 76 75 74 73 72 71 710 450 425 .““‘w‘.%ffff%“.“
Chemical Shift (ppm) Chemical Shift (ppm) 255 250 245 240 A
~ Chemical Shift (ppm) 5
N
~
N~y
) ®|®
< ® <|<
<
N s
Fm 2(8
< |5
k i J |

1.06 213 5.03 2.00 2.99 3.14

e [— = =
L o o L L e e T o A I e L B o L o T B L B B o o o o R
9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0

Chemical Shift (ppm)

S136



=
[0}
(O~ <
(e}
(©] (@]
—142.01
\141.89
—140.14

143 142 141 140 139 138 137
Chemical Shift (ppm)

—129.13
29.09

—127.60

~
-
<
(524
T

—126.80 156 69

L L L o L L B L

134 133 132 131 130 129 128 127 126 125 124 123 122 121
Chemical Shift (ppm)

)
htd
o] o o
NN QO =
< © G Q2 o [ @ N
s 5 9 oY ¥S L 8580 N ~ s T
o o® - = I R e v S I AT
< o) el
oI5 ) o —® =T QoN < © |
© v 2  d58 7T |7 g9dT = | |
I i | .

L L L I B L B L L L L L L L L N R R R R RN N R R R R R R RN

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

S137



