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1. General information

Reagents and solvents. Commercially available reagents (Merck, ABCR, TCI, Fluorochem
and Carbosynth) were used without additional purification. Commercially available solvents also
were used without additional purification, except DMSO, which was redistilled over CaHa.

Chromatography. Column chromatography was performed on silica gel obtained from
Merck (Silica gel Si 60, 0.040-0.063 mm). Thin layer chromatography (TLC) was performed on
silica gel 60 F2s4 glass-backed plates (Merck). Visualization was effected by UV light (254 or 312
nm).

Photochemistry. Photoinduced processes were performed on Evoluchem™ PhotoRedOx
box. 365 nm (LG/CREE, HCK1012-01-011, 9 mW/cm?), 380 nm (LG, HCK1012-01-013, 8
mW/cm?), 405 nm (LG, HCK1012-01-010, 28 mW/cm?) and 425 nm (EPILED, HCK1012-01-012,
33 mW/cm?) LED lamps from Evoluchem™ were used. This device is equipped with a fan to
maintain room temperature during the irradiation process. For large-scale experiment 365 nm (LG,
HCK1012-01-006, 25 mW/cm?) LED without Evoluchem™ PhotoRedOx box was used.

Absorption spectra. UV-VIS spectra were recorded on a Varian Cary 100
spectrophotometer.

NMR Spectroscopy. 'H and '*C NMR spectra were recorded on a 700 MHz Bruker Avance,
800 MHz Bruker Avance and Bruker Fourier 300 at 303 K. Chemical shifts are reported relative to
solvent residual signals of DMSO-ds (2.50 ppm: for 'H and 39.52 ppm: for '3C) or CDCls (7.26
ppm: for 'H and 77.16 ppm: for 13C).

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

High Resolution Mass Spectrometry. High-resolution mass spectra (HRMS) were obtained
using a TripleTOF 5600+ mass spectrometer from AB Sciex. The voltage on the capillary is 5.5 kV
in the positive ion registration mode, 4.5 kV in the negative ion registration mode. Carrier gas flow
(ion sourse gas 1) was 15 arb, curtain gas flow was 20 arb. Samples were injected using a syringe
pump with a flow rate of 30 pl/min. Acetonitrile with the addition of 0.1% (v/v) formic acid was
used as the eluent.
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2. Solvent screening

Compound la (5 mg) was dissolved in dry solvent (1.0 mL). Vials with obtained solutions
were irradiated with 365 nm LED lamp (HCK1012-01-011) in Evoluchem™ PhotoRedOx box with
stirring (Figure S1). After 24 hours of irradiation, solvents were removed in vacuum (with the use
of a rotary evaporator, the temperature in bath is not higher than 35°C). For solutions in DMSO,
DMF and MeNO: reaction mixtures were dissolved in 10 mL of EtOAc and washed with saturated
KCI solution (2-3 mL x 10 times). Next, organic solutions were dried over Na>SO4 and similarly
evaporated. Finally all residues were analyzed by 'H NMR in DMSO-ds. Results are presented in
Table S1.

Table S1. Solvents screening results.

Entry Solvent Conversion®, %
1 CH3CN 23
2 THF 13
3 DMF 45
4 1,4-Dioxane ~5
5 CHCl, ~5
6 DMSO 60
7 EtOH 33
8 EtOAc 9
9 CHCl;3 ~5
10 C,H4Cl, -
11 Et,O <2
12 p-Xylene <1
13 Toluene <1
14 MeOH 33
15 Hexane -¢
16 MeNO, b

a - measured in single experiment, error is about 5% based on integration accuracy in NMR spectra; b — only
products of decomposition observed; ¢ — 1a is not soluble, no reaction.

During the research, we found that in all cases, in addition to compound 2a, some by-
products were formed. Amount of these admixtures increased with the amount of 2a. We repeated
the process of irradiation in DMSO in an inert atmosphere and showed that in an oxygen-free
environment the reaction proceeded without formation of such by-products.
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Figure S1. Photochemical set-up. Solvent screening.
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3. Kinetic study

First experiment.

Compound 1a (5 mg) were dissolved in 1mL of DMSO-d6 in a Schlenk vessel. The mixture

was degassed under vacuum and filled with argon three times. Next, a part of the solution (0.65 mL)
was transferred to argon fused NMR tube and sealed. NMR tube with this solutions was irradiated

with 365 nm LED lamp (HCK1012-01-011) in Evoluchem™ PhotoRedOx box.

and S3.
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Figure S2. Fragments of NMR spectra of 1a solution during irradiation.
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Figure S3. Kinetic study of compound 1a.
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Second experiment.
Compounds 1a, and la-de were dissolved in dry DMSO-d6 in a Schlenk vessel in 5Smg/mL
concentration (1,5 mL for 1a and 1 mL for 1a-de). The mixtures were degassed under vacuum and
filled with argon three times. Next, a part of solutions (0.65 mL) were transferred to argon fused
NMR tubes and sealed. There were three samples — two with compounds 1a and one with 1a-ds. All
three samples were irradiated with 365 nm LED lamp (HCK1012-01-011) in Evoluchem™
PhotoRedOx box. However, one of two samples with derivative 1a was wrapped in a foil and
served as a blank standard confirming that the reaction does not proceed without irradiation at the
similar conditions (solvent, time, temperature). Two other samples were placed directly in the

middle of the reactor so that their irradiation was as identical as possible. (Figure S4).

Figure S4. Photochemical set-up. Kinetic study.
All three mixtures were analyzed by NMR. Results are presented on Figure S5.
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Figure S5. Comparative kinetic study of compounds 1a and 1a-ds.
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4. Synthesis of the starting aldehydes

General method

Mixture of the corresponding 2-fluorobenzaldehyde (10 mmol), amine (12 mmol) and
K2COs3 (2.07 g, 15 mmol) in freshly distilled DMF (20 mL) was heated at 100 °C for 24 h. EtOAc
(200 mL) was added and the resulted mixture was washed with brine (3x50 mL). Organic layer was
dried over anhydrous Na2SOs4, all volatiles were removed in vacuo and the residue was purified with
flash chromatography (eluent — mixture of hexane and EtOAc, v/v 15:1).

The spectral properties of the obtained 2-aminobenzaldehydes corresponded to the literature
data — Table S2.

Table S2. Starting aldehydes literature data.

Compounds Reference
2-(dimethylamino)benzaldehyde, 2-(benzyl(methyl)amino)benzaldehyde [1]
2-(dimethylamino)-4-methoxybenzaldehyde, 2]
2-(dimethylamino)-4-(trifluoromethyl)benzaldehyde
2-bromo-6-(dimethylamino)benzaldehyde [3]
2-(dimethylamino)-5-methylbenzaldehyde [4]
2-chloro-6-(dimethylamino)benzaldehyde, [5]

4-chloro-2-(dimethylamino)benzaldehyde,
2-(pyrrolidin-1-yl)benzaldehyde,
2-morpholinobenzaldehyde,
2-(diethylamino)benzaldehyde,
2-(benzyl(ethyl)amino)benzaldehyde

2-(piperidin-1-yl)benzaldehyde [6]
2-(benzyl(methyl)amino)-5-nitrobenzaldehyde [7]
2-(Dimethylamino)-5-methoxybenzaldehyde [8]
2-(Dimethylamino)-4-bromobenzaldehyde [9]

Synthesis of 2-(dimethyl-de-amino)benzaldehyde

~o K2CO3 ~o
+ N(CD3),H-HCI
F DMF, 100 °C N(CD3),

Scheme S1. 2-(dimethyl-ds-amino)benzaldehyde synthesis.

Mixture of 1.24 g (10 mmol) of 2-fluorobenzaldehyde, 1.05 g (12 mmol) of deuterated
dimethylamine hydrochloride and 2.76 g (20 mmol) of K2CO3 in 50 mL of freshly distilled DMF
was stirred in argon at 100 °C overnight. 300 mL of EtOAc was added, the organic layer was
washed with brine (3x100 mL) and dried over anhydrous Na>SOa. All volatiles were removed in
vacuo and the residue was purified by flash chromatography (eluent — mixture of hexane and
EtOAc, v/v 20:1). Yield 1.17 (75%), yellow viscous oil.

'H NMR (700 MHz, DMSO-ds) & ppm: 10.12 (s, 1H), 7.67 (d, J=7.6 Hz, 1H), 7.51 (t, J=7.3
Hz, 1H), 7.12 (d, J=8.2 Hz, 1H), 7.00 (t, J=7.4 Hz, 1H),

3C NMR (75 MHz, DMSO-ds) & ppm: 190.4, 155.1, 134.7, 130.5, 125.9, 119.9, 117.6, 44.1
(sept, J=20 Hz, 2C).

HRMS found, m/z: 156.1291 [M+H]". CoHsDsNO". Calculated, m/z: 156.1290.
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Synthesis of 2-(dimethylamino)-4-(methylthio)benzaldehyde

Br SMe
1) CUSO4'5H20, CSQCO3,
HS DMSO, 110°C
* TON"SsH ;
NMe, 2) Mel, DMF, 25 °C NMe,
NS NS
O O

2-(Dimethylamino)-4-bromobenzaldehyde (2.3 g, 10 mmol), ethane-1,2-dithiol (1.9 g, 20
mmol), Cu2SO4-5H20 (180 mg, 0.5 mmol) and Cs2CO3 (17.7 g, 50 mmol) were mixed in dry
DMSO (30 mL) in argon and stirred at 110 °C for 5 h and cooled to 25 °C, Mel (4.3 g, 30 mmol)
and DMF (10 mL) were added and the resulted mixture was stirred overnight at the same
temperature. EtOAc (300 mL) was added, the resulted solution was washed with brine (3x100 mL)
and dried over anhydrous Na2SOs4. All volatiles were removed in vacuo and the residue was purified
by flash chromatography (eluent — mixture of hexane and EtOAc, v/v 10:1). Yield 1.1 g (56%), red
oil.

'"H NMR (700 MHz, DMSO-d¢) § ppm: 9.99 (s, 1H), 7.59 (d, J=8.2 Hz, 1H), 6.86 (dd,
J=8.2, 1.3 Hz, 1H), 6.84 (d, J=1.5 Hz, 1H), 2.88 (s, 6H), 2.53 (s, 3H).

13C NMR (75 MHz, DMSO-ds)  ppm: 189.1, 155.0, 147.3, 131.3, 122.6, 116.4, 113.1, 44.8,
13.8.

HRMS found, m/z: 196.0792 [M+H]". C1oH14NOS". Calculated, m/z: 196.0791.

Synthesis of 2-(dimethylamino)-7,8-dihydro-6H-cyclopenta[g]quinoline-3-carbaldehyde

X o K2CO3 N o
- + NMeH-HCI |

N DMF, 110°C N N7
|

Mixture of 2.31 g (10 mmol) of 2-chloro-7,8-dihydro-6H-cyclopenta[g]quinoline-3-
carbaldehyde, 1.63 g (20 mmol) of dimethylamine hydrochloride and 2.76 g (20 mmol) of K2CO3 in
50 mL of freshly distilled DMF was stirred in argon at 110 °C overnight. 300 mL of EtOAc was
added, the organic layer was washed with brine (3x100 mL) and dried over anhydrous Na>SO4. All
volatiles were removed in vacuo and the residue was purified by flash chromatography (eluent —
mixture of hexane and EtOAc, v/v 3:1). Yield 2.1 g (86%), orange solid, m.p. 123-125°C.

'"H NMR (700 MHz, DMSO-ds) § ppm: 10.07 (s, 1H), 8.54 (s, 1H), 7.71 (s, 1H), 7.51 (s,
1H), 3.04 (s, 6H), 3.00 (t, J = 7.3 Hz, 2H), 2.96 (t, J = 7.1 Hz, 2H), 2.07 (p, J = 7.4 Hz, 2H).

13C NMR (176 MHz, DMSO-d¢) & ppm: 190.1, 157.2, 150.9, 148.3, 143.3, 140.3, 123.2,
121.7,120.8, 120.1, 41.7, 32.6, 31.5, 25.5.

HRMS found, m/z: 241.1337 [M+H]". C1sH17N20". Calculated, m/z: 241.1335.
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Synthesis of 2-(dimethylamino)-4,6-dimethylnicotinaldehyde

N K,CO NN
Y O+ NMe;HHCl s B ©

— ° = ~
N Cl DMF, 110°C N T

Mixture of 1.66 g (10 mmol) of 2-chloro-4,6-dimethylnicotinaldehyde, 1.63 g (20 mmol) of
dimethylamine hydrochloride and 2.76 g (20 mmol) of K2CO3 in 50 mL of freshly distilled DMF
was stirred in argon at 110 °C for 5 h. 300 mL of EtOAc was added, the organic layer was washed
with brine (3x100 mL) and dried over anhydrous Na2SOa. All volatiles were removed in vacuo and
the residue was purified by flash chromatography (eluent — mixture of hexane and EtOAc, v/v 1:1).
Yield 1.64 g (92%), yellow oil.

'H NMR (700 MHz, DMSO-ds) & ppm: 10.01 (s, 1H), 6.54 (s, 1H), 2.97 (s, 6H), 2.44 (s,
3H), 2.32 (s, 3H).

3C NMR (176 MHz, DMSO-ds) & ppm: 189.5, 161.9, 159.9, 151.1, 116.7, 113.2, 42.3, 24.3,

19.6.
HRMS found, m/z: 179.1177 [M+H]". C10H1sN20 ". Calculated, m/z: 179.1179.
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5. Synthesis of benzylidenemalonates 1

R"00C.__COOR"

Yo coow Hpeee |
= N,R' + ——————— [T N
b COOR" PhMe,A LA R

\
R

Scheme S2. Synthesis of compounds 1.
General method
Mixture of 5 mmol of the corresponding 2-aminobenzaldehyde, 5.5 mmol of
dialkylmalonate, 20 mg of benzoic acid and 20 mg of piperidine in 20 mL of toluene was refluxed

for 10 h. All volatiles were removed in vacuo and the residue was purified by flash chromatography
(eluent — mixture of hexane and EtOAc, v/v 10:1).

Dimethyl 2-(2-(dimethylamino)benzylidene)malonate (1a)
MeO,C.__CO,Me

N/

|
Yield 1.2 g (91%), yellow solid, m.p. 71-73°C.
'H NMR (700 MHz, DMSO-ds) & ppm: 7.85 (s, 1H), 7.40 (t, J=7.1 Hz, 1H), 7.20 (d, J=7.8
Hz, 1H), 7.13 (d, J=8.2 Hz, 1H), 7.01 (t, J=7.3 Hz, 1H), 3.79 (s, 3H), 3.71 (s, 3H), 2.70 (s, 6H).
B3C NMR (75 MHz, DMSO-ds) § ppm: 166.3, 164.3, 153.6, 141.3, 131.5, 128.5, 125.6,
124.0, 121.8, 118.2, 52.6, 52.4, 44.5 (2C).
HRMS found, m/z: 264.1232 [M+H]". C14H1sNO4". Calculated, m/z: 264.1236.

Dimethyl 2-(2-(dimethyl-ds-amino)benzylidene)malonate (1a-ds)
MeOzC COQMG

rTl,CD3
CDs
Yield 1.08 g (80%), yellow solid, m.p. 75-77°C.
'"H NMR (700 MHz, DMSO-ds) & ppm: 7.85 (s, 1H), 7.39 (t, J=7.1 Hz, 1H), 7.20 (d, J=7.6
Hz, 1H), 7.12 (d, J=7.6 Hz, 1H), 7.01 (t, J=7.4 Hz, 1H), 3.79 (s, 3H), 3.71 (s, 3H).
B3C NMR (75 MHz, DMSO-ds) § ppm: 166.3, 164.3, 153.6, 141.4, 131.5, 128.5, 125.5,
124.0, 121.7, 118.2, 52.6, 52.4, 44.6 (sept, J=20 Hz, 2C).

HRMS found, m/z: 270.1610 [M+H]". C14H12DsNO4". Calculated, m/z: 270.1612.
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Diethyl 2-(2-(dimethylamino)benzylidene)malonate (1a-Et)
EtO,C.__CO,Et

N/

|

Yield 1.1 g (75%), yellow oil.

'"H NMR (700 MHz, DMSO-ds) & ppm: 7.81 (s, 1H), 7.39 (t, J=7.1 Hz, 1H), 7.23 (d, J=7.8
Hz, 1H), 7.13 (d, J=7.6 Hz, 1H), 7.00 (t, J=7.6 Hz, 1H), 4.25 (q, J=7.1 Hz, 2H), 4.20 (q, J=7.1 Hz,
2H), 2.70 (s, 6H), 1.25 (t, J=7.1 Hz, 3H), 1.14 (t, J=7.1 Hz, 3H).

3C NMR (75 MHz, DMSO-ds) & ppm: 165.8, 163.9, 153.5, 140.9, 131.4, 128.7, 125.8,
124.9, 121.6, 118.1, 61.3, 61.1, 44.5 (2C), 14.0, 13.7.

HRMS found, m/z: 292.1542 [M+H]". Ci¢H22NO4". Calculated, m/z: 292.1549.

Dimethyl 2-(2-(dimethylamino)-5-methylbenzylidene)malonate (1b)
MeO,C.__CO,Me

N/

|
Yield 1.27 g (92%), yellow solid, m.p. 80-82°C.
'H NMR (700 MHz, DMSO-ds) & ppm: 7.86 (s, 1H), 7.23 (bd, J=8.2 Hz, 1H), 7.04 (d, J=8.2
Hz, 1H), 6.99 (bs, 1H), 3.78 (s, 3H), 3.72 (s, 3H), 2.65 (s, 6H), 2.23 (s, 3H).
13C NMR (75 MHz, DMSO-ds) & ppm: 166.4, 164.3, 153.5, 141.1, 132.2, 130.9, 128.7,
125.8,124.0, 118.3, 52.6, 52.4, 44.8 (2C), 20.2.
HRMS found, m/z: 278.1388 [M+H]". C1sH20NO4". Calculated, m/z: 278.1392.

Dimethyl 2-(2-(dimethylamino)-4-methoxybenzylidene)malonate (1c)
MeO,C.__CO,Me

|
Yield 1.35 g (92%), yellow solid, m.p. 97-99°C.
'H NMR (700 MHz, DMSO-ds) & ppm: 7.80 (s, 1H), 7.16 (d, J=8.6 Hz, 1H), 6.63-6.60 (m,
2H), 3.79 (s, 3H), 3.76 (s, 3H), 3.72 (s, 3H), 2.70 (s, 6H).

3C NMR (75 MHz, DMSO-ds) & ppm: 166.7, 164.6, 162.2, 155.7, 140.8, 130.1, 121.5,
117.9, 107.6, 104.2, 55.3, 52.4, 52.3, 44.5 (2C).

HRMS found, m/z: 294.1338 [M+H]". Ci1sH20NOs". Calculated, m/z: 294.1341.
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Dimethyl 2-(2-(dimethylamino)-5-methoxybenzylidene)malonate (1d)
MeOOC.__COOMe

MeO |

N/

|
Yield 1.0 g (69%), yellow oil.
"H NMR (700 MHz, DMSO-ds) § ppm: 7.91 (s, 1H), 7.13 (d, J = 8.9 Hz, 1H), 7.03 (dd, J =
8.9, 3.0 Hz, 1H), 6.78 (d, J = 3.0 Hz, 1H), 3.79 (s, 3H), 3.73 (s, 3H), 3.69 (s, 3H), 2.62 (s, 6H).

3C NMR (176 MHz, DMSO-ds) & ppm: 166.2, 164.1, 154.3, 147.4, 140.4, 127.1, 124.7,
119.9,117.4,112.8, 55.3, 52.6, 52.4, 45.1.

HRMS found, m/z: 294.1339 [M+H]". Ci1sH20NOs". Calculated, m/z: 294.1336.

Dimethyl 2-(2-bromo-6-(dimethylamino)benzylidene)malonate (1e)
COzMe

| = ~CO,Me
/N Br

Yield 0.7 g (41%), yellow oil.

'H NMR (700 MHz, DMSO-ds) 8 ppm: 7.76 (s, 1H), 7.25-7.20 (m, 2H), 7.06 (d, J=7.8 Hz,
1H), 3.80 (s, 3H), 3.56 (s, 3H), 2.58 (s, 6H).

3C NMR (75 MHz, DMSO-ds) § ppm: 164.7, 164.1, 153.7, 143.2, 131.2, 126.9, 126.1,
125.2,123.3,117.3, 55.7, 51.9, 43.5 (20).

HRMS found, m/z: 342.0344/344.0325 [M+H]". Ci4sH17BrNO4". Calculated, m/z:
342.0341/344.0320.

Dimethyl 2-(2-chloro-6-(dimethylamino)benzylidene)malonate (1f)
CO,Me

| = COzMe
N o

Yield 0.86 g (58%), yellow solid, m.p. 64-66°C.
"H NMR (700 MHz, DMSO-ds) § ppm: 7.77 (s, 1H), 7.31 (t, J=8.0 Hz, 1H), 7.09 (d, J=8.0
Hz, 1H), 7.03 (d, J=8.1 Hz, 1H), 3.80 (s, 3H), 3.58 (s, 3H), 2.60 (s, 6H).

3BC NMR (75 MHz, DMSO-ds) & ppm: 164.7, 164.3, 153.9, 143.3, 131.8, 131.0, 127.4,
124.6,122.1, 116.9, 52.7, 52.0, 43.6 (2C).

HRMS found, m/z: 298.0837 [M+H]". C14H17CINO4". Calculated, m/z: 298.0846.
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Dimethyl 2-(4-chloro-2-(dimethylamino)benzylidene)malonate (1g)
CO,Me

| Z>C0o,Me

Cl
Yield 1.37 g (92%), yellow solid, m.p. 52-54°C.
"H NMR (700 MHz, DMSO-ds) § ppm: 7.74 (s, 1H), 7.18 (d, J=8.4 Hz, 1H), 7.12 (d, J=1.91
Hz, 1H), 7.06 (dd, J=8.4, 1.9 Hz, 1H), 3.79 (s, 3H), 3.71 (s, 3H), 2.72 (s, 6H).
3BC NMR (75 MHz, DMSO-ds) § ppm: 166.0, 164.1, 154.6, 140.5, 135.9, 130.1, 124.5,
124.1,121.4,118.3, 52.7, 52.6, 44.2 (2C).
HRMS found, m/z: 298.0838 [M+H]". C14H17CINO4". Calculated, m/z: 298.0846.

Dimethyl 2-(2-(dimethylamino)-4-(trifluoromethyl)benzylidene)malonate (1h)
CO,Me

| Z>Co,Me

CF,

Yield 1.27 g (77%), yellow oil.

"H NMR (700 MHz, DMSO-de) § ppm: 7.79 (s, 1H), 7.37 (d, J=8.0 Hz, 1H), 7.34-4.31 (m,
2H), 3.81 (s, 3H), 3.72 (s, 3H), 2.77 (s, 6H).

13C NMR (176 MHz, DMSO-ds) & ppm: 165.6, 163.9, 153.5, 140.5, 131.0 (q, J=31.5 Hz),
129.7, 129.1, 126.0, 123.8 (q, J=272.7 Hz), 117.6 (q, J=3.7 Hz), 114.2 (q, J=3.6 Hz), 52.7, 52.5,
43.9 (20).

HRMS found, m/z: 332.1102 [M+H]". C1sH17F3sNO4". Calculated, m/z: 332.1110.

Dimethyl 2-(2-(dimethylamino)-4-(methylthio)benzylidene)malonate (1i)
MeOOC.__COOMe

MeS N~

|
Yield 1.3 g (82%), yellow oil.
"H NMR (700 MHz, CDCl3) & ppm: 7.96 (s, 1H), 7.22 (d, J = 8.2 Hz, 1H), 6.86 (d, J = 1.8
Hz, 1H), 6.78 (dd, J=8.2, 1.8 Hz, 1H), 3.84 (s, 3H), 3.77 (s, 3H), 2.77 (s, 6H), 2.49 (s, 3H).
3C NMR (75 MHz, DMSO-ds) & ppm: 166.4, 164.4, 153.9, 143.1, 140.8, 128.9, 122.8,
121.7, 118.4, 114.8, 52.5, 52.4, 44.4, 14.0.
HRMS found, m/z: 310.1111 [M+H]". Ci1sH20NO4S". Calculated, m/z: 310.1108.
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Dimethyl 2-(2-(diethylamino)benzylidene)malonate (1K)
MeOzC COzMe

N7

~

Yield 1.3 g (89%), yellow oil.

'H NMR (700 MHz, DMSO-ds) & ppm: 7.93 (s, 1H), 7.41 (t, J=7.1 Hz, 1H), 7.23 (d, J=6.9

Hz, 1H), 7.20 (d, J=8.0 Hz, 1H), 7.04 (t, J=6.3 Hz, 1H), 3.79 (s, 3H), 3.71 (s, 3H), 3.02 (q, J=7.1
Hz, 4H), 0.98 (q, J=7.1 Hz, 4H).

13C NMR (75 MHz, DMSO-ds) & ppm: 166.4, 164.2, 151.2, 141.4, 131.0, 128.4, 128.0,
124.1, 122.3, 121.0, 52.6, 52.4, 47.3 (2C), 12.4 (2C).

HRMS found, m/z: 292.1543 [M+H]". C1¢H22NO4". Calculated, m/z: 292.1549.

Dimethyl 2-(2-(piperidin-1-yl)benzylidene)malonate (1I)
MeO,C.__CO,Me

O
Yield 1.3 g (86%), yellow solid, m.p. 101-103°C.

'H NMR (700 MHz, DMSO-ds) & ppm: 7.92 (s, 1H), 7.41 (t, J=7.1 Hz, 1H), 7.23 (d, J=7.4

Hz, 1H), 7.13 (d, J=8.0 Hz, 1H), 7.04 (t, J=7.6 Hz, 1H), 3.79 (s, 3H), 3.72 (s, 3H), 2.86 (bt, J=5.0
Hz, 4H), 1.68-1.64 (m, 4H), 1.57-1.53 (m, 2H).

3BC NMR (75 MHz, DMSO-ds) & ppm: 166.4, 164.3, 153.8, 140.5, 131.7, 128.2, 126.2,
124.0, 122.2, 118.9, 53.9 (2C), 52.6, 52.5, 26.0 (2C), 23.6.

HRMS found, m/z: 304.1542 [M+H]". C17H22NOs4. Calculated, m/z: 304.1549.
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Dimethyl 2-(2-(pyrrolidin-1-yl)benzylidene)malonate (1m)
MeO,C._ _CO,Me

¥
Yield 0.87 g (60%), yellow solid, m.p. 89-91°C.[10] lit m.p. 92-93°C.
"H NMR (700 MHz, DMSO-ds) § ppm: 7.86 (s, 1H), 7.26 (t, J=7.1 Hz, 1H), 7.09 (d, J=7.6
Hz, 1H), 6.90 (d, J=8.4 Hz, 1H), 6.79 (t, J=7.4 Hz, 1H), 3.77 (s, 3H), 3.68 (s, 3H), 3.24-3.20 (m,
4H), 1.90-1.86 (m, 4H).
The data correspond to previously described - [10].

Dimethyl 2-(2-morpholinobenzylidene)malonate (1n)
MeOzC COzMe

|
N

@]
Yield 1.49 g (98%), yellow oil. [11]
"H NMR (700 MHz, DMSO-ds) & ppm: 7.94 (s, 1H), 7.45 (t, J=7.1 Hz, 1H), 7.26 (d, J=6.9
Hz, 1H), 7.15 (d, J=8.0 Hz, 1H), 7.10 (t, J=7.4 Hz, 1H), 3.79 (s, 3H), 3.76-3.73 (m, 4H), 3.71 (s,
3H), 2.92-2.87 (m, 4H).
The data correspond to previously described - [11].

Dimethyl 2-((6-methoxy-1-methyl-1,2,3,4-tetrahydroquinolin-8-yl)methylene)malonate
(10)
MeOQC COzMe

Previously obtained in our laboratory. Synthetic procedures, yields and spectral data are
presented in our previous work — [12].

Dimethyl  2-((6-methyl-1-methyl-1,2,3,4-tetrahydroquinolin-8-yl)methylene)malonate

(1p)
MeO,C.__CO,Me

Previously obtained in our laboratory. Synthetic procedures, yields and spectral data are
presented in our previous work — [12].
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Dimethyl 2-((6-cyano-1-methyl-1,2,3,4-tetrahydroquinolin-8-yl)methylene)malonate
(19)
MeOOC COOMe

NC

Previously obtained in our laboratory. Synthetic procedures, yields and spectral data are
presented in our previous work — [12].

Dimethyl 2-(2-(benzyl(methyl)amino)benzylidene)malonate (1r)
MeOzC COzMe

N~ >Ph

|
Yield 1.32 g (78%), yellow solid, m.p. 97-100°C.[11] lit m.p. 93-95°C.
'H NMR (700 MHz, DMSO-ds) & ppm: 8.06 (s, 1H), 7.39 (t, J=7.1 Hz, 1H), 7.33 (t, J=8.2
Hz, 2H), 7.28-7.25 (m, 3H), 7.23 (d, J=7.8 Hz, 1H), 7.13 (d, J=7.8 Hz, 1H), 7.06 (t, J=7.4 Hz, 1H),
4.09 (s, 2H), 3.74 (s, 3H), 3.71 (s, 3H), 2.64 (s, 3H).

Dimethyl 2-(2-(benzyl(ethyl)amino)benzylidene)malonate (1s)
MeOzC COzMe

N~ Ph

.

Yield 1.57 g (89%), yellow oil.

'H NMR (700 MHz, DMSO-ds) & ppm: 8.06 (s, 1H), 7.35 (t, J=7.1 Hz, 1H), 7.30-7.24 (m,
4H), 7.23-7.19 (m, 2H), 7.17 (d, J=8.0 Hz, 1H), 7.03 (t, J=7.6 Hz, 1H), 4.20 (s, 2H), 3.78 (s, 3H),
3.70 (s, 3H), 3.00 (q, J=7.1 Hz, 2H), 1.01 (t, J=7.1 Hz, 3H).

13C NMR (75 MHz, DMSO-d¢) & ppm: 166.3, 164.1, 150.8, 141.4, 138.2, 130.4, 128.2,
128.2 (2C), 128.1 (2C), 127.9, 127.0, 124.6, 122.6, 121.5, 56.4, 52.6, 52.5, 48.2, 12.1.

HRMS found, m/z: 354.1702 [M+H]". C21H2aNO4". Calculated, m/z: 354.1705.
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Dimethyl 2-(2-(benzyl(methyl)amino)-5-nitrobenzylidene)malonate (1t)
MeO,C.__CO,Me

O,N

N~ >Ph

|

Yield 1.4 g (73%), yellow solid, m.p. 94-97°C.

"H NMR (700 MHz, DMSO-ds) 8 ppm: 8.17 (dd, J=9.2, 2.7 Hz, 1H), 8.03 (d, J=2.7 Hz,
1H), 7.78 (s, 1H), 7.36 (t, J=7.6 Hz, 2H), 7.29 (t, J=7.4 Hz, 1H), 7.24 (d, J=7.3 Hz, 2H), 7.15 (d,
J=9.2 Hz, 1H), 4.46 (s, 2H), 3.74 (s, 3H), 3.69 (s, 3H), 2.90 (s, 3H).

3BC NMR (75 MHz, DMSO-ds) & ppm: 166.7, 164.4, 162.1, 154.7, 140.7, 137.5, 129.9,
128.4 (2C), 128.2 (2C), 127.3,122.1, 118.7, 108.1, 105.9, 60.9, 52.4 (2C), 40.9.

HRMS found, m/z: 385.1397 [M+H]". C20H21N20s". Calculated, m/z: 385.1400.

Dimethyl 2-((1-methyl-6-nitro-1,2,3,4-tetrahydroquinolin-8-yl)methylene)malonate
(1u)
MeOOC.__COOMe

O,N

Previously obtained in our laboratory. Synthetic procedures, yields and spectral data are
presented in our previous work — [12].

Dimethyl 2-((6-methoxy-1-methyl-5-nitro-1,2,3,4-tetrahydroquinolin-8-
yl)methylene)malonate (1v)
MeOOC.__COOMe

MeO

O,N N

Previously obtained in our laboratory. Synthetic procedures, yields and spectral data are
presented in our previous work — [12].
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Dimethyl 2-((2-(dimethylamino)-4,6-dimethylpyridin-3-yl)methylene)malonate (1w)
MeOOC. __COOMe

Yield 0.9 g (63%), yellow oil.

'"H NMR (700 MHz, DMSO-ds) 5 ppm: 7.88 (s, 1H), 6.60 (s, 1H), 3.77 (s, 3H), 3.54 (s, 3H),
2.70 (s, 6H), 2.30 (s, 3H), 2.15 (s, 3H).

3C NMR (176 MHz, DMSO-ds) & ppm: 164.8, 164.7, 159.7, 155.8, 147.3, 142.7, 125.1,
116.5, 113.5, 52.43, 51.7,41.4, 23.8, 19.0.

HRMS found, m/z: 293.1500 [M+H]". C1sH21N204". Calculated, m/z: 293.1496.

Dimethyl 2-((2-(dimethylamino)-7,8-dihydro-6H-cyclopenta[g]quinolin-3-
yl)methylene)malonate (1x)
MeOOC.__COOMe

Yield 1.4 g (80%), yellow solid, m.p. 127-129°C.
'"H NMR (700 MHz, DMSO-d¢) &: ppm: 7.92 (s, 1H), 7.82 (s, 1H), 7.60 (s, 1H), 7.53 (s,
1H), 3.81 (s, 3H), 3.71 (s, 3H), 3.00 (t, J = 7.4 Hz, 2H), 2.95 (t, J = 7.3 Hz, 2H), 2.90 (s, 6H), 2.06
(p, J = 7.3 Hz, 2H).
3C NMR (176 MHz, DMSO-ds) & ppm: 165.5, 164.0, 158.3, 148.8, 146.5, 141.8, 140.8,
137.4,124.9, 122.4,122.1, 121.1, 118.6, 52.6, 52.4, 41.6, 32.5, 31.6, 25.6.
HRMS found, m/z: 355.1655 [M+H]". C20H23N204". Calculated, m/z: 355.1652.

Dimethyl 2-((3-(difluoromethyl)-5-(dimethylamino)-1-methyl-1H-pyrazol-4-
yl)methylene)malonate (1y)

MeOOC.__COOMe
HFC |

Yield 1.1 g (72%), yellow solid, m.p. 65-67°C.

'"H NMR (700 MHz, DMSO-de) 5 ppm: 7.64 (s, 1H), 6.81 (t, J = 53.7 Hz, 1H), 3.76 (s, 3H),
3.74 (s, 3H), 3.68 (s, 3H), 2.70 (s, 6H).

13C NMR (176 MHz, DMSO-ds) & ppm: 164.8, 164.3, 149.9, 141.7 (t, J = 26.8 Hz), 133.9,
126.3, 111.6 (t, J=232.9 Hz), 103.5, 52.5, 51.9, 41.7, 36.9.

HRMS found, m/z: 318.1262 [M+H]". C13HisF2N304". Calculated, m/z: 318.1260.
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Synthesis of dimethyl 2-(2-(dimethylamino)-4-(methylsulfinyl)benzylidene)malonate
(1))
MeOOC.__COOMe

5 mL (49 mmol) of 30% H202 was added dropwise to a stirred solution of 0.93 g (3 mmol)
of dimethyl 2-(2-(dimethylamino)-4-(methylsulfinyl)benzylidene)malonate in 25 mL of MeOH.
The resulted mixture was stirred overnight. 300 mL of EtOAc was added, the organic layer was
washed with brine (3x100 mL) and dried over anhydrous Na>SOa. All volatiles were removed in
vacuo and the residue was purified by flash chromatography (eluent — mixture of CHCl3 and EtOH,
v/v 30:1). Yield 1.64 g (51%), yellow oil.

"H NMR (700 MHz, DMSO-ds) & ppm: 7.80 (s, 1H), 7.37 (d, J = 1.7 Hz, 1H), 7.34 (d, J =
8.0 Hz, 1H), 7.27 (dd, J=8.0, 1.6 Hz, 1H), 3.80 (s, 3H), 3.73 (s, 3H), 2.773 (s, 3H), 2.768 (s, 6H).

B3C NMR (176 MHz, DMSO-ds) & ppm: 164.8, 164.7, 159.7, 155.8, 147.3, 142.7, 125.1,
116.5, 113.5,52.43,51.7,41.4, 23.8, 19.0.

HRMS found, m/z: 326.1057 [M+H]". Ci1sH20NOsS". Calculated, m/z: 326.1057.
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6. Synthesis of tetrahydroquinolines 2

General method

R'0,C.__CO,R’
| CO,R!
re A )Rz hv, 365 nm RN X CO,R!
2N 20-30°C Z N OR2
F'e DMSO |'Q

Scheme S3. Synthesis of tetrhydrochonolines 2.

Compounds 1 (0.25 mmol) were dissolved in 10 mL of dry DMSO 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 (HCK1012-01-011) in Evoluchem™ PhotoRedOx box with
stirring (Figure S7). 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.

B e Ny

Figure S6. Photochemical set-up Eamples of large-scale reactions. Reaction. Up -
solutions of compounds 5a and 4 with 405 nm LED lamp before irradiation. Down - solutions of
compounds 1e and 1f with 365 nm LED lamp upon irradiation.

The progress of the reaction was monitored by TLC and also visually by the color
disappearance. After the reaction completion (or 14 days for compound 2d), reaction mixtures were
dissolved in 150 mL of EtOAc, washed with saturated KCl solution (30 mL x 10 times) and dried
over NaxSOs4. All volatiles were removed in vacuo and the residue was purified by flash
chromatography on silica using EtOAc as eluent or column chromatography on silica using CH2Clz
for compound 2d since in that case starting 1d should be separated carefully.
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Dimethyl 1-methyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate (2a)
COZMe
CO,Me

|

Yield 62 mg (94%), colorless solid, m.p. 98-100°C.

Reaction time ~ 2 days.

'"H NMR (700 MHz, CDCI3) & ppm: 7.09 (t, J=7.4 Hz, 1H), 7.04 (d, J=7.1 Hz, 1H), 6.69 (t,
J=7.3 Hz, 1H), 6.59 (d, J=8.2 Hz, 1H), 3.73 (s, 6H), 3.61 (s, 2H), 3.29 (s, 2H), 2.90 (s, 3H).

3C NMR (75 MHz, CDCl3) § ppm: 170.4 (2C), 145.3, 129.0, 127.5, 119.8, 117.4, 111.3,

54.7, 53.0, 53.9 (2C), 39.1, 33.5.
HRMS found, m/z: 264.1235 [M+H]". C14H1sNOa4". Calculated, m/z: 264.1236.

Dimethyl  1-(methyl-ds)-2,2,4-trideutero-1,2-dihydroquinoline-3,3(4H)-dicarboxylate
(2a-ds)
D H

CO,Me

mCOZMe
D
N b
D/EL\D
Yield 64 mg (95%), colorless solid, m.p. 92-95°C.
Reaction time ~ 20 days.
'H NMR (800 MHz, CDCl3) & ppm: 7.09 (t, J=7.3 Hz, 1H), 7.04 (d, J=7.3 Hz, 1H), 6.68 (t,
J=7.5 Hz, 1H), 6.59 (d, J=8.3 Hz, 1H), 3.73 (s, 3H), 3.73 (s, 3H), 3.27 (s, 1H).

3C NMR (200 MHz, CDCl3) & ppm: 170.4 (2C), 145.4, 129.1, 127.5, 119.8, 117.4, 111.3,

54.0 (p, J=21 Hz), 52.9 (3C), 38.3 (spt, J=20.5 Hz), 33.2 (t, J=20.5 Hz).
HRMS found, m/z: 270.1608 [M+H]". C14H12D6NO4". Calculated, m/z: 270.1612.

Diethyl 1-methyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate (2a-Et)
CO,Et
CO,Et

N
|

Yield 57 mg (78%), colorless oil.

Reaction time ~ 2 days.

'"H NMR (700 MHz, CDCI3) & ppm: 7.08 (t, J=7.3 Hz, 1H), 7.04 (d, J=7.4 Hz, 1H), 6.67 (t,
J=7.3 Hz, 1H), 6.58 (d, J=8.2 Hz, 1H), 4.22-4.16 (m, 4H), 3.61 (s, 2H), 3.27 (s, 2H), 2.90 (s, 3H),
1.21 (t, J=7.2 Hz, 6H).

3C NMR (176 MHz, CDCI3) & ppm: 170.0 (2C), 145.4, 129.0, 127.4, 120.0, 117.3, 111.2,

61.7 (2C), 54.8, 53.1, 39.1, 33.6, 14.1 (2C).
HRMS found, m/z: 292.1545 [M+H]". C16H22NO4*. Calculated, m/z: 292.1549.
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Dimethyl 1,6-dimethyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate (2b)

COzMe
CO,Me

|

Yield 39 mg (56%), colorless oil. Decompose on SiO2 during chromatography.

Reaction time ~ 2 days.

'H NMR (700 MHz, CDCls) § ppm: 6.90 (d, J=8.2 Hz, 1H), 6.86 (s, 1H), 6.52 (d, J=8.2 Hz,
1H), 3.73(s, 6H), 3.56 (s, 2H), 3.25 (s, 2H), 2.86 (s, 3H), 2.22 (s, 3H).

13C NMR (176 MHz, CDCl3) & ppm: 170.5 (2C), 143.3, 129.7, 128.0, 126.7, 120.0, 111.6,

55.0, 53.3, 52.9 (2C), 39.3, 33.5, 20.4.
HRMS found, m/z: 276.1234 [M-H2+H]". Ci1sHi1sNO4". Calculated, m/z: 276.1236. (Some

kind of oxidizing process upon ionization.)

Dimethyl 7-methoxy-1-methyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate (2c)
COzMe
COzMe

Yield 62 mg (85%), colorless solid, m.p. 87-89°C.

Reaction time ~ 5 days.
'"H NMR (700 MHz, CDCl3) & ppm: 6.94 (d, J=8.3 Hz, 1H), 6.25 (dd, J=8.3, 2.3 Hz, 1H),

6.15 (d, 3=2.3 Hz, 1H), 3.76 (s, 3H), 3.72 (s, 6H), 3.61 (s, 2H), 3.23 (s, 2H), 2.89 (s, 3H).
13C NMR (75 MHz, CDCL3) § ppm: 170.4 (2C), 159.4, 146.1, 129.6, 112.4, 101.9, 98.1,

55.3, 54.6, 53.1, 53.0 (2C), 39.2, 32.9.
HRMS found, m/z: 294.1337 [M+H]". C1sH20NOs". Calculated, m/z: 294.1341.

Dimethyl 6-methoxy-1-methyl-1,4-dihydroquinoline-3,3(2H)-dicarboxylate (2d)
COOMe

MeO COOMe

N
I

Yield 70 mg (96%), colorless oil.

Reaction time ~ 3 days.

'H NMR (700 MHz, DMSO-ds) & ppm: 6.67 (d, J = 2.9 Hz, 1H), 6.64 (dd, J = 8.8, 3.0 Hz,
1H), 6.56 (d, J = 8.8 Hz, 1H), 3.66 (s, 6H), 3.65 (s, 3H), 3.43 (s, 2H), 3.16 (s, 2H), 2.76 (s, 3H).

13C NMR (176 MHz, DMSO-ds) & ppm: 169.7, 151.5, 139.8, 121.4, 114.5, 112.5, 112.3,

104.5, 55.2, 54.5, 52.7, 52.6, 32.8.
HRMS found, m/z: 294.1336 [M+H]". Ci1sH20NOs". Calculated, m/z: 294.1336.
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Dimethyl 5-bromo-1-methyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate (2e)
Br

CO,Me
@\/j»cozlvle
N

|

Yield (~85%, brsm!, 50% isolated, incomplete reaction), colorless solid, m.p. 112-115°C.

Reaction time 20+ days.

'H NMR (700 MHz, CDCI3) § ppm: 6.97-6.92 (m, 2H), 6.54 (dd, J=6.7, 2.5 Hz, 1H), 3.75
(s, 6H), 3.60 (s, 2H), 3.30 (s, 2H), 2.91 (s, 3H).

3C NMR (176 MHz, CDCl3) & ppm: 170.1 (2C), 147.1, 128.2, 125.3, 121.5, 119.7, 110.4,
54.4,53.4,53.1(2C), 39.5, 34.5.

HRMS found, m/z: 342.0338/344.0319 [M+H]". Ci4sH17BrNO4". Calculated, m/z:
342.0341/344.0320.

Dimethyl 5-chloro-1-methyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate (2f)
Cl

CO,Me
C(\JLCOZMe
N

|

Yield 64 mg (86%), colorless solid, m.p. 96-98°C.

Reaction time ~ 13 days.

"H NMR (700 MHz, CDCl3) & ppm: 7.02 (t, J=8.0, Hz, 1H), 6.76 (d, J=7.8, Hz, 1H), 6.50
(d, J=8.4, Hz, 1H), 3.75 (s, 6H), 3.60 (s, 2H), 3.31 (s, 2H), 2.91 (s, 3H).

3BC NMR (176 MHz, CDCl3) & ppm: 170.2 (2C), 147.0, 134.5, 127.7, 118.1, 118.1, 109.8,
54.3,53.0 (3C), 39.5, 31.6.

HRMS found, m/z: 298.0843 [M+H]". C14H17CINO4". Calculated, m/z: 298.0846.

Dimethyl 7-chloro-1-methyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate (29)
CO,Me
CO,Me

Cl ITI

Yield 62 mg (84%), colorless solid, m.p. 94-96°C.

Reaction time ~ 4 days.

'H NMR (700 MHz, CDCls) & ppm: 6.93 (d, J=8.0 Hz, 1H), 6.63 (dd, J=8.0, 1.9 Hz, 1H),
6.54 (d, J=1.9 Hz, 1H), 3.73 (s, 6H), 3.62 (s, 2H), 3.23 (s, 2H), 2.90 (s, 3H).

3C NMR (176 MHz, CDCI3) § ppm: 170.1 (2C), 146.1, 133.1, 129.9, 118.1, 117.0, 111.1,
54.4,53.0 (2C), 52.8, 39.1, 33.2.

HRMS found, m/z: 298.0843 [M+H]". C14H17CINO4". Calculated, m/z: 298.0846.
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Dimethyl 1-methyl-7-(trifluoromethyl)-1,2-dihydroquinoline-3,3(4H)-dicarboxylate

(2h)
CO,Me
CO,Me

FsC ITI

Yield 73 mg (88%), colorless solid, m.p. 76-78°C.

Reaction time ~ 5 days.

'H NMR (700 MHz, CDCI3) & ppm: 7.11 (d, J=7.8 Hz, 1H), 6.91 (d, J=7.7 Hz, 1H), 6.76 (s,
1H), 3.74 (s, 6H), 3.66 (s, 2H), 3.31 (s, 2H), 2.95 (s, 3H).

3C NMR (176 MHz, CDCl3) § ppm: 170.0 (2C), 145.3, 130.0 (q, J=31.8 Hz), 129.3, 124.7
(q, J=272.1 Hz), 123.4, 113.8 (q, J=4.0 Hz), 107.6 (q, J=3.7 Hz), 54.5, 53.1 (2C), 52.6, 39.1, 33.6.

HRMS found, m/z: 332.1104 [M+H]". Ci1sH17F3NO4". Calculated, m/z: 332.1110.

Dimethyl 1-methyl-7-(methylthio)-1,4-dihydroquinoline-3,3(2H)-dicarboxylate (2i)

COOMe
COOMe

MeS T

Yield 69 mg (89%), yellowish solid, m.p. 86-88°C.

Reaction time ~ 3 days.

'H NMR (700 MHz, DMSO-d¢) § ppm: 6.94 (d, J = 7.8 Hz, 1H), 6.52 (dd, J = 7.8, 1.8 Hz,
1H), 6.44 (d, J= 1.8 Hz, 1H), 3.65 (s, 6H), 3.53 (s, 2H), 3.13 (s, 2H), 2.84 (s, 3H), 2.42 (s, 3H).

3C NMR (176 MHz, DMSO-ds) & ppm: 169.5, 145.4, 136.2, 129.1, 116.8, 114.8, 108.933,

53.9,52.7,52.1,38.7,32.4, 15.0.
HRMS found, m/z: 310.1109 [M+H]". C1sH20NO4S™. Calculated, m/z: 310.1108.

Dimethyl 1-methyl-7-(methylthio)-1,4-dihydroquinoline-3,3(2H)-dicarboxylate (2j)
COOMe
COOMe

R
Yield 25 mg (31%), yellowish solid, m.p. 141-143°C.
Reaction time ~ 1.5 days.The product decomposes upon irradiation.
'H NMR (700 MHz, DMSO-ds) & ppm: 7.20 (d, J = 7.7 Hz, 1H), 6.88 (dd, J = 7.7, 1.6 Hz,
1H), 6.83 (d, J = 1.6 Hz, 1H), 3.671 (s, 3H), 3.67 (s, 3H), 3.61 (s, 2H), 3.23 (s, 2H), 2.90 (s, 3H),

2.69 (s, 3H).
13C NMR (176 MHz, DMSO-ds) 5 ppm: 169.4, 169.3, 145.6, 145.0, 129.3, 122.3, 111.4,

105.4, 53.6, 52.8, 51.8, 43.1, 38.7, 32.6.
HRMS found, m/z: 326.1055 [M+H]". Ci1sH20NOsS". Calculated, m/z: 326.1057.
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Dimethyl 1-ethyl-2-methyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate (2k)
CO,Me
CO,Me

S

Yield 68 mg (94%), colorless oil.

Reaction time ~ 2 days.

'H NMR (700 MHz, CDCl3) § ppm: 7.09-7.05 (m, 2H), 6.61 (t, J=7.3 Hz, 1H), 6.55 (d,
J=8.0 Hz, 1H), 4.20 (q, J=6.7 Hz, 1H), 3.78 (s, 3H), 3.62 (s, 3H), 3.49-3.41 (m, 2H), 3.28 (dq,
J=14.5,7.4 Hz, 1H), 3.20 (d, J=16.8 Hz, 1H), 1.22 (t, J=7.4 Hz, 3H), 1.07 (d, J=6.5 Hz, 3H).

3C NMR (176 MHz, CDCI3) § ppm: 170.1, 169.7, 142.2, 129.4, 127.5, 118.2, 115.9, 110.7,
56.5,55.8,52.9,52.8,44.8,28.7, 15.6, 13.0.

HRMS found, m/z: 292.1542 [M+H]". C16H22NO4". Calculated, m/z: 292.1549.

Dimethyl 2,3,4,4a-tetrahydro-1H-pyrido[1,2-a]quinoline-5,5(6H)-dicarboxylate (2I)

CO,Me
COsMe

Yield 65 mg (86%), colorless oil.

Reaction time ~ 6 days.

'H NMR (700 MHz, CDCIs) & ppm: 7.07 (t, J=7.8 Hz, 1H), 7.04 (d, J=7.4 Hz, 1H), 6.72 (d,
J=8.2 Hz, 1H), 6.65 (t, J=7.3 Hz, 1H), 4.04-3.99 (m, 2H), 3.76 (s, 3H), 3.62 (s, 3H), 3.35 (d, J=16.0
Hz, 1H), 3.15 (d, J=16.0 Hz, 1H), 3.02 (td, J=12.0, 2.5 Hz, 1H), 1.92-1.86 (m, 1H), 1.75-1.68 (m,
1H), 1.65-1.57 (m, 1H), 1.54-1.43 (m, 3H).

3C NMR (176 MHz, CDCl3) § ppm: 170.0, 169.8, 143.9, 129.2, 127.7, 120.8, 117.2, 112.4,
60.1, 57.2, 53.0, 52.8, 48.8, 30.2, 26.1, 25.6, 22.9.

HRMS found, m/z: 304.1545 [M+H]". C17H22NO4". Calculated, m/z: 304.1549.

Dimethyl 1,2,3,3a-tetrahydropyrrolo[1,2-a]quinoline-4,4(5H)-dicarboxylate (2m)
COzMe
CO,Me

Yield 67 mg (93%), colorless solid, m.p. 85-87°C.

Reaction time ~ 2 days.

'H NMR (700 MHz, CDCI3) & ppm: 7.08 (t, J=7.6 Hz, 1H), 7.02 (d, J=7.4 Hz, 1H), 6.60 (t,
J=6.5 Hz, 1H), 6.46 (d, J=8.0 Hz, 1H), 3.79 (s, 3H), 3.78 (dd, J=9.0, 6.9 Hz, 1H), 3.57 (s, 3H), 3.38
(d, J=15.8 Hz, 1H), 3.36-3.30 (m, 2H), 3.25 (d, J=15.8 Hz, 1H), 2.47-2.41 (m, 1H), 2.17-2.13 (m,
1H), 2.10-2.04 (m, 1H), 1.98-1.92 (m, 1H).

3C NMR (176 MHz, CDCl3) § ppm: 171.6, 169.2, 144.0, 128.6, 127.7, 118.8, 116.1, 111.1,
62.3,53.4,52.8,52.2,47.5, 37.0, 28.0, 23.6.

HRMS found, m/z: 290.1387 [M+H]". Ci6H20NO4". Calculated, m/z: 290.1392.
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Dimethyl 1,2,4,4a-tetrahydro-[1,4]oxazino[4,3-a]quinoline-5,5(6H)-dicarboxylate (2n)
CO,Me
COzMe

N
_o
Yield 70 mg (92%), colorless solid, m.p. 104-107°C.
Reaction time ~ 13 days.
'H NMR (700 MHz, CDCl3) & ppm: 7.12 (t, J=8.2 Hz, 1H), 7.03 (d, J=6.7 Hz, 1H), 6.77-
6.73 (m, 2H), 3.95 (dd, J=10.5, 2.5 Hz, 1H), 3.93-3.89 (m, 1H), 3.84 (dd, J=10.9, 2.7 Hz, 1H), 3.75-
3.67 (m, 3H), 3.73 (s, 3H), 3.67 (s, 3H), 3.27 (d, J=15.5 Hz, 1H), 3.19 (d, J=15.5 Hz, 1H), 3.18-
3.16 (m, 1H).
13C NMR (176 MHz, CDCI3) & ppm: 170.0, 169.0, 144.7, 128.8, 127.9, 121.9, 118.9, 112.8,
67.7,66.2, 58.8, 55.7, 53.1, 52.8, 48.3, 33.5.
HRMS found, m/z: 306.1335 [M+H]". Ci1¢H20NOs". Calculated, m/z: 306.1341.
Dimethyl 9-methoxy-3,5,6,7-tetrahydropyrido[3,2,1-ijJquinoline-2,2(1H)-dicarboxylate
(20)
CO,Me
O éOzMe

Yield 58 mg (73%), colorless oil.

Reaction time ~ 6 days.

'H NMR (700 MHz, CDCl3) & ppm: 6.48 (d, J=2.5 Hz, 1H), 6.42 (d, J=2.5 Hz, 1H), 3.73 (s,
6H), 3.70 (s, 3H), 3.45 (s, 2H), 3.24 (s, 2H), 3.06 (t, J=5.3 Hz, 2H), 2.73 (t, J=6.7 Hz, 2H), 1.97-
1.91 (m, 2H).

3C NMR (176 MHz, CDCls) & ppm: 170.6 (2C), 151.6, 136.2, 123.6, 120.5, 113.3, 112.5,
55.7,53.0,53.2,52.9 (2C), 50.4, 33.7,27.8, 22.4.

HRMS found, m/z: 320.1496 [M+H]". C17H22NOs". Calculated, m/z: 320.1498.

Dimethyl  9-methyl-3,5,6,7-tetrahydropyrido[3,2,1-ij]Jquinoline-2,2(1H)-dicarboxylate
(2p)

COo,Me
CO,Me

Yield 51 mg (67%), colorless oil.

Reaction time ~ 5 days.

'"H NMR (700 MHz, CDCl3) & ppm: 6.69 (s, 1H), 6.63 (s, 1H), 3.74 (s, 6H), 3.49 (s, 2H),
3.24 (s, 2H), 3.11 (t, J=5.3 Hz, 2H), 2.71 (t, J=6.7 Hz, 2H), 2.18 (s, 3H), 1.97-1.93 (m, 2H).

3C NMR (176 MHz, CDCl3) & ppm: 170.6 (2C), 139.4, 128.1, 127.5, 126.1, 122.1, 119.1
53.7,53.1,52.9 (2C), 50.3, 33.5, 27.5, 22.4, 20.4.

HRMS found, m/z: 304.1546 [M+H]". C17H22NO4". Calculated, m/z: 304.1549.
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Dimethyl 9-cyano-6,7-dihydro-1H,5H-pyrido[3,2,1-ij]Jquinoline-2,2(3H)-dicarboxylate

(29)
COOMe

NC COOMe

Yield 76 mg (97%), colorless oil.

Reaction time ~ 2 days.

"H NMR (700 MHz, DMSO-ds) & ppm: 7.24 (s, 1H), 7.11 (s, 1H), 3.66 (s, 6H), 3.60 (s, 2H),
3.25 (t,J=5.7 Hz, 2H), 3.16 (s, 2H), 2.65 (t, J = 6.3 Hz, 2H), 1.81 (p, J = 6.1 Hz, 2H).

3C NMR (75 MHz, DMSO-ds) & ppm: 169.1, 144.3, 130.6, 130.3, 121.5, 120.4, 118.3, 95.7,
53.0, 52.3,51.0,49.3, 32.4, 26.5, 20.4.

HRMS found, m/z: 315.1335 [M+H]". C17H19N204". Calculated, m/z: 315.1339.
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Dimethyl 1-methyl-2-phenyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate and dimethyl
1-benzyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate (2r and 2r’)

CO,Me CO,Me
CO,Me CO,Me
ITI Ph )N
or P o

Can not be separated.

2r/2r’ ratio ~ 2/1.

Overall yield 81 mg (95%), colorless viscous oil.

Reaction time ~ 1 day.

The structures were confirmed using two-dimensional NMR spectroscopy by experiments
'H-3C HSQC and 'H-'3C HMBC together with conventional 'H and '3C NMR data. Signal
assignment are presented on Scheme below. There are likely to be some inaccuracies in the
assignment of the signals of the carbonyl groups and the phenyl ring.

3.30(d)+2.25(dd) 3.62(s) 3.;323(75)
2838 162.;80 Mesz.g 1100 3570 CO,Me .
7.07(d) 2 3.73(s)
128.9 525 6.69(t)
6.67(t) CO,Me 1173
115.8
7.01(t)
~7.3+7.15 126.9
7.18(t) 128.2 +128.3

6.63(d)
109.4 5.15(d)
65.7

4.52(s)
: 55.6 ~7.3+7.15
Me 7.25(t) 126.7 +127.4
2.93(s) 127.7
375 7.33(t)

128.5
Figure S8. NMR study of compounds 2r and 2r’ mixture (CDCl3).
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Dimethyl 1-ethyl-2-phenyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate and dimethyl 1-
benzyl-2-methyl-1,2-dihydroquinoline-3,3(4H)-dicarboxylate (2s and 2s’)

CO,Me CO,Me
CO,Me CO,Me
J Ph )N
20 Ph 20'

Can not be separated.

2s/2s’ ratio ~ 1/2.

Overall yield 83 mg (94%), colorless viscous oil.

Reaction time ~ 1 day.

The structures were confirmed using two-dimensional NMR spectroscopy by experiments
'H-3C HSQC and 'H-'3C HMBC together with conventional 'H and '3C NMR data. Signal
assignment are presented on Scheme below. There are likely to be some inaccuracies in the
assignment of the signals of the carbonyl groups and the phenyl ring.

3.52(d)+3.31(d)
28.6 3.63(8)
3.30(d)+3.24(d) 3.64(s) 169.8 52.7
28.8 169.6 52.8 Cone
CO-,Me 7.13(d) 3.79(s)
7.06(d) 2 3.62(s) 129.1 52.8
129.3 524 6.69(t) CO Me
6.64(t) CO,Me 117.0 565 169.7 2
115.3 169.0 4.28(qd)
6.99(t) 57.5
128 1 N 1267 +128.2 6.48(d) Me 215
109.1 5.22(d) 4.55(s)
63.7 55.8 ~7.3+7.15
11900 Me 7.25() 126.6 +127.8
113 3.45(dq)+3.21(dg) 1282 7330
44.4 128.4

Figure S9. NMR study of compounds 25 and 25’ mixture (CDCI3).
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7. Optical properties and wavelength screening

Optical properties

Absorbance spectra were recorded on a Varian Cary 100 spectrophotometer. For this
experiment compounds 1a, 3, 4, 5a and 6 were dissolved in DMSO in final concentration 10-30
mkM.

365380 405 425

|
|
B
1
1
|
'

Normalized absorption

'
|
|
1
1
I,
|
|
'
|
|
1
|
|
|
|
|
1
!

300 350 400 450 500 550
Wavelength (nm)

1 6
\N a 5a
| X _COOMe
COOMe
3 4
N
| X _CN
CN

Figure S7. Absorbance spectra of compounds 1a, 3, 4, 5a and 6. The figure also indicates
the wavelengths of the LED lamps used.
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Wavelength screening

Compounds 1a, 3, 4, 5a and 6 (12 mg) were dissolved in 4 mL of DMSO-ds. Vials with 1
mL of obtained solutions were irradiated with various LED lamp in Evoluchem™ PhotoRedOx box
with stirring (set-up is similar to Figure S1). After 24 hours of irradiation solutions were analyzed
by NMR. In each case, for various LEDs, each specific compound always occupied the same
position in the rack.

Results are presented in Table S3.

Table S3. LED screening results. Irradiation time — 24 hours.

Compound LED, nm LED power®, mW/cm? Conversion®, %
365 9 -¢
1a 380 8 -¢
405 28 -°
425 33 -¢
365 9 -¢
3 380 8 -¢
405 28 -°
425 33 -¢
365 9 24
4 380 8 29
405 28 57
425 33 52
365 9 7.1
53 380 8 7.9
405 28 19
425 33 19
365 9 <1.5
6 380 8 <2.0
405 28 2.7
425 33 2.7

a — not measured but obtained from the manufacturer's site - https://www.hepatochem.com/photoreactors-leds-

accessories/led-evoluchem; b - measured in single experiment, error is about 5% based on integration accuracy in NMR
spectra; ¢ — irradiation time is too long, 100% conversion, in several cases significant degradation of the product

observed.

Compounds la and 3 (12 mg) were dissolved in 4 mL of DMSO-ds. Vials with 1 mL of
obtained solution were irradiated with various LED lamp in Evoluchem™ PhotoRedOx box with
stirring (set-up is similar to Figure S1). After 3 hours of irradiation solutions were analyzed by
NMR. In each case, for various LEDs, each specific compound always occupied the same position
in the rack.

Results are presented in Table S4.

Table S4. LED screening results. Irradiation time — 3 hours.

Compound LED, nm LED power®, mW/cm? Conversion®, %
365 9 66
1a 380 8 64
405 28 27
425 33 33
365 9 8.0
3 380 8 9.1
405 28 19
425 33 18

a — not measured but obtained from the manufacturer's site - https://www.hepatochem.com/photoreactors-leds-
accessories/led-evoluchem; b - measured in single experiment, error is about 5% based on integration accuracy in NMR

spectra.
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8. Synthesis of compounds 3-6

Synthesis of methyl 2-cyano-3-(2-(dimethylamino)phenyl)acrylate (3)

Piperidine NC.. -COOMe
NMe, CN PhMe,A
NMe2

Scheme S4. Synthesis of compound 3.

Mixture of 745 mg (5 mmol) of 2-(dimethylamino)benzaldehyde, 545 mg (5.5 mmol) of
methyl 2-cyanoacetate, 20 mg of benzoic acid and 20 mg of piperidine in 20 mL of toluene was
refluxed for 5 h. All volatiles were removed in vacuo and the residue was purified by flash
chromatography (eluent — mixture of hexane and EtOAc, v/v 7:1).

Yield 1.12 g (97%), yellow solid, m.p. 76-78°C.

'H NMR (700 MHz, DMSO-ds) & ppm: 8.41 (s, 1H), 7.96 (d, J=7.8 Hz, 1H), 7.54 (t, J=7.1
Hz, 1H), 7.21 (d, J=8.4 Hz, 1H), 7.13 (t, J=7.6 Hz, 1H), 3.87 (s, 3H), 2.76 (s, 6H).

3C NMR (75 MHz, DMSO-ds) & ppm: 162.9, 155.1, 152.7, 133.9, 129.1, 123.4, 121.5,
118.6, 115.7, 101.0, 53.3, 45.1 (2C).

HRMS found, m/z: 231.1129 [M+H]". C13H1sN202". Calculated, m/z: 231.1134.

Synthesis of 2-(2-(dimethylamino)benzylidene)malononitrile (4)
NC._ _CN

@O . <CN Piperidine |
NMe, cN MeOH, 25°C
NMe,
Scheme S5. Synthesis of compound 4.

Mixture of 745 mg (5 mmol) of 2-(dimethylamino)benzaldehyde and 330 mg (5 mmol) of
malononitrile in 20 mL of methanol was stirred at 25 °C overnight. All volatiles were removed in
vacuo and the residue was purified by flash chromatography (eluent — mixture of hexane and
EtOAc, v/v 10:1).

Yield 690 mg (70%), orange solid, m.p. 79-81°C.

"H NMR (700 MHz, DMSO-ds) § ppm: 8.29 (s, 1H), 7.85 (d, J=7.1 Hz, 1H), 7.56 (t, J=8.6
Hz, 1H), 7.20 (d, J=8.4 Hz, 1H), 7.10 (t, J=7.6 Hz, 1H), 2.81 (s, 6H).

3C NMR (75 MHz, DMSO-ds) & ppm: 159.2, 154.9, 134.7, 129.3, 122.8, 121.1, 118.5,

114.7, 113.4, 80.0, 45.0 (2C).
HRMS found, m/z: 198.1027 [M+H]". Ci12H12N3". Calculated, m/z: 198.1031.
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Synthesis of 5-(2-aminobenzylidene)-2-thioxothiazolidin-4-ones

X
9
Piperidine R'_ —
//]: S—g _ PhCOOH _ N
R .S
PhMe,A =
S
7 NH

Scheme S6. Synthesis of compounds 5.

General method

Mixture of 5 mmol of the corresponding 2-aminobenzaldehyde, 665 mg (5 mmol) of 2-
thioxothiazolidin-4-one, 20 mg of benzoic acid and 20 mg of piperidine in 20 mL of toluene was
refluxed for 6 h. All volatiles were removed in vacuo and the residue was purified by flash
chromatography (eluent — mixture of hexane and EtOAc, v/v 8:1).

x-S
=S

G NH

(2)-5-(2-(dimethylamino)benzylidene)-2-thioxothiazolidin-4-one (5a)

Yield 1.17 g (89%), yellow solid, m.p. 156-158°C.

Contain ~ 10% of E-isomer.

'H NMR (700 MHz, DMSO-ds) & ppm: 13.6 (bs, 1H), 7.69 (s, 1H), 7.46 (d, J=7.8 Hz, 1H),
7.44 (t, J=8.7 Hz, 1H), 7.21 (d, J=7.8 Hz, 1H), 7.11 (t, J=7.4 Hz, 1H), 2.68 (s, 6H).

3C NMR (75 MHz, DMSO-ds) & ppm: 197.3, 169.8, 153.0, 131.8, 131.3, 130.8, 125.5,
124.6, 122.3, 118.9, 44.0 (2C).

HRMS found, m/z: 265.0465 [M+H]". C12H13N20S2". Calculated, m/z: 265.0469.

cl
>N
| xS
s
o7 NH

(Z2)-5-(4-chloro-2-(dimethylamino)benzylidene)-2-thioxothiazolidin-4-one (5b)

Yield 1.15 g (78%), yellow solid, m.p. 225-228°C.

Contain ~ 10% of E-isomer.

'H NMR (700 MHz, DMSO-ds) & ppm: 13.6 (bs, 1H), 7.62 (s, 1H), 7.48 (d, J=8.4 Hz, 1H),
7.20 (d, J=1.9 Hz, 1H), 7.15 (dd, J=8.4 1.9 Hz, 1H), 2.70 (s, 6H).

13C NMR (75 MHz, DMSO-ds) & ppm: 197.0, 169.8, 154.0, 136.2, 132.8, 129.8, 125.1,
124.1, 122.0, 119.0, 43.7 (2C).

HRMS found, m/z: 299.0077 [M+H]*. C12H12CIN20S2". Calculated, m/z: 299.0080.
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N
SAE
=S
o7 ~NH

(2)-5-(2-(piperidin-1-yl)benzylidene)-2-thioxothiazolidin-4-one (5c¢)

Yield 1.21 g (80%), yellow solid, m.p. 182-185°C.

'H NMR (700 MHz, DMSO-ds) & ppm: 13.7 (bs, 1H), 7.76 (s, 1H), 7.44 (t, J=7.0 Hz, 1H),
7.40 (d, J=6.3 Hz, 1H), 7.18-7.13 (m, 2H), 2.89-2.84 (m, 4H), 1.72-1.65 (m, 4H), 1.57-1.53 (m,
2H).

13C NMR (176 MHz, DMSO-ds) & ppm: 195.9, 169.5, 154.2, 131.8, 129.2, 128.7, 126.3,

124.7,122.6, 119.4, 54.0 (2C), 25.8 (2C), 23.5.
HRMS found, m/z: 305.0772 [M+H]*. C1sH17N20S>". Calculated, m/z: 305.0782.

N
| N
\>/
ON\

(Z2)-4-(2-(dimethylamino)benzylidene)-1,2-dimethyl-1H-imidazol-5(4H)-one (6)

Previously obtained in our laboratory. Synthetic procedures, yields and spectral data are
presented in our previous work — [3].
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9. Synthesis of tetrahydroquinolines 7-10

General method

Yo X
| Y
Rl )Rz hv,405nm - _; {j\/\/tx
N 20-30°C Z N7 OR2
i\ DMSO R

Scheme S7. Synthesis of tetrhydrochonolines 2.

Compounds 3-6 (0.25 mmol) were dissolved in 10 mL of dry DMSO in a Schlenk vessel.
The mixtures were degassed under vacuum and filled with argon three times. Obtained solutions
were irradiated with 405 nm LED lamp in Evoluchem™ PhotoRedOx box with stirring (similary to
mentioned above — see Figure S6). The progress of the reaction was monitored by TLC and also
visually by the color disappearance (only for compounds 7 and 8). After the reaction completion (or
14 days for compound 9b and 21 days for compound 10), reaction mixtures were dissolved in 150
mL of EtOAc, washed with saturated KCl solution (30 mL x 10 times) and dried over Na2SOa4. All
volatiles were removed in vacuo and the residue was purified by column chromatography on silica
(eluent — EtOAc for 7 and 8 and CH2Cl2 for 9 and 10).

Methyl 3-cyano-1-methyl-1,2,3,4-tetrahydroquinoline-3-carboxylate (7)
CO,Me
CN
N
|
Yield 53 mg (92%), colorless solid, m.p. 75-77°C.
Reaction time ~ 6 days.
'H NMR (700 MHz, DMSO-ds) & ppm: 7.11 (t, J=7.8 Hz, 1H), 7.04 (d, J=7.3 Hz, 1H), 6.72
(d, J=8.2 Hz, 1H), 6.67 (t, J=7.4 Hz, 1H), 3.82 (s, 3H), 3.72 (dd, J=11.7, 2.1 Hz, 1H), 3.51 (d,
J=11.6 Hz, 1H), 3.32 (d, J=16.2 Hz, 1H), 3.25 (d, J=16.2 Hz, 1H), 2.94 (s, 3H).
13C NMR (176 MHz, DMSO-ds) & ppm: 167.2, 144.3, 129.0, 127.9, 118.3, 117.2, 117.1,
111.6,54.5,53.8,41.2,28.6, 34.7.
HRMS found, m/z: 231.1132 [M+H]". C13H15sN202". Calculated, m/z: 231.1134.

1-Methyl-1,2-dihydroquinoline-3,3(4H)-dicarbonitrile (8)
CN

sok
N

|

Yield 45 mg (92%), colorless solid, m.p. 129-132°C.

Reaction time ~ 5 days.

'"H NMR (700 MHz, CDCI3) & ppm: 7.23 (t, J=7.6 Hz, 1H), 7.03 (d, J=7.4 Hz, 1H), 6.80 (t,
J=7.4 Hz, 1H), 6.74 (d, J=8.2 Hz, 1H), 3.73 (s, 2H), 3.47 (s, 2H), 3.06 (s, 3H).

3C NMR (176 MHz, CDCl3) & ppm: 143.6, 129.3, 129.3, 118.9, 114.6, 114.6, 112.7 (2C),
56.4,39.5,37.3, 30.1.

HRMS found, m/z: 198.1027 [M+H]". C12H12N3". Calculated, m/z: 198.1031.
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1-Methyl-2'-thioxo-2,4-dihydro-1H-spiro[quinoline-3,5'-thiazolidin]-4'-one (9a)
S
s

CL Iy
N 0]

|

Yield 58 mg (88%), yellow solid, m.p. 193-195°C.

Reaction time ~ 12 days.

"H NMR (700 MHz, DMSO-de) 8 ppm: 13.4 (bs, 1H), 7.10 (t, J=8.0 Hz, 1H), 7.00 (d, J=7.4
Hz, 1H), 6.69 (d, J=8.2 Hz, 1H), 6.64 (t, J=7.3 Hz, 1H), 3.71 (dd, J=11.7, 2.9 Hz, 1H), 3.61 (d,
J=11.6 Hz, 1H), 3.42 (d, J=16.2 Hz, 1H), 3.20 (dd, J=16.2, 2.9 Hz, 1H), 2.92 (s, 3H).

13C NMR (176 MHz, DMSO-ds) & ppm: 202.3, 178.6, 144.2, 129.2, 128.0, 117.7, 116.9,
111.4,61.0,57.2, 38.6, 38.1.

HRMS found, m/z: 265.0465 [M+H]". C12H13N20S2". Calculated, m/z: 265.0469.

7-Chloro-1-methyl-2'-thioxo-2,4-dihydro-1H-spiro[quinoline-3,5'-thiazolidin]-4'-one
(9b)

s

Cl N O

|

Yield (~85%, brsm!, 45% isolated, incomplete reaction), yellow solid, m.p. over 250°C with
decomposition.

Reaction time >35 days.

Isolated in 90+% purity with ~10% of starting material.

"H NMR (700 MHz, DMSO-ds) § ppm: 13.4 (bs, 1H), 7.00 (d, J=8.0 Hz, 1H), 6.69 (d, J=1.8
Hz, 1H), 6.64 (dd, J=8.0, 1.8 Hz, 1H), 3.71 (dd, J=12.0, 2.7 Hz, 1H), 3.61 (d, J=12.0 Hz, 1H), 3.42
(d, J=16.2 Hz, 1H), 3.20 (dd, J=16.2, 2.5 Hz, 1H), 2.93 (s, 3H).

13C NMR (176 MHz, DMSO-ds) & ppm: 202.1, 178.5, 145.3, 132.5, 130.5, 116.7, 116.1,
110.6, 60.3, 56.9, 38.6, 37.5.

HRMS found, m/z: 299.0078 [M+H]". C12H12CIN20S2". Calculated, m/z: 299.0080.

(55)-2'-Thioxo-1,2,3,4,4a,6-hexahydrospiro[pyrido[1,2-a]quinoline-5,5'-thiazolidin]-4'-
one (9¢)

Reaction time >30 days.
Obtained as inseparable mixture of two isomers with starting material. Isomer ratio — 2:3.
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1,1',2-Trimethyl-2",4'-dihydro-1"H-spiro[imidazole-4,3'-quinolin]-5(1H)-one (10)

N
N—

N (@]
|

Yield (~85%, brsm!, 30% isolated, incomplete reaction), colorless solid, m.p. 101-103°C.

Reaction time > 50 days.

'H NMR (700 MHz, DMSO-ds) & ppm: 7.04 (t, J=7.8 Hz, 1H), 6.88 (d, J=7.4 Hz, 1H), 6.63
(d, J=8.0 Hz, 1H), 6.54 (t, J=7.3 Hz, 1H), 3.34 (d, J=11.6 Hz, 1H), 3.01 (s, 3H), 2.94-2.90 (m, 2H),
2.86 (s, 3H), 2.45 (dd, J=15.8, 2.1 Hz, 1H), 2.14 (s, 3H).

3C NMR (176 MHz, DMSO-ds) & ppm: 182.6, 160.8, 144.9, 128.6, 127.0, 119.4, 115.6,
110.4, 66.4, 55.6, 38.5, 35.1, 26.3, 15.1.

HRMS found, m/z: 244.1447 [M+H]". C14H1sN30 *. Calculated, m/z: 244.1450.
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10. Large scale synthesis
MeOzC COzMe

| CO,Me
hv, 365 nm COsMe
N~ 20-30°C N
1a | DMSO | 24

Figure S8. Large scale synthesis set-up.

Compound 1a (1.32 g, 5 mmol) was dissolved in 150 mL of dry DMSO in a Schlenk vessel.
The mixtures were degassed under vacuum and filled with argon three times. Obtained solution was
irradiated with 365 nm LED lamp (HCK1012-01-006) with stirring (Figure S8).

The progress of the reaction was monitored by TLC and also visually by the color
disappearance. After the reaction completion (10 days), reaction mixtures were dissolved in 750 mL
of EtOAc, washed with saturated KCI solution (75 mL x 10 times) and dried over Na>SOas. All
volatiles were removed in vacuo and the residue was purified by flash chromatography on silica
using EtOAc as eluent.

Yield 1.25g (95%).
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12. Copies of *H and *C NMR spectra

9pP-0Sa 05°2—

OdH 0’ €

669~

oc.nl-\w

10°L

Nﬂﬁﬂ. M\/ HM

05°L
E&I-/\W

5L

99
947

1.01

1.01

1.00

1.00

7.0

B

2

3

74

Fib

7.6

7.7

EFOT—

2 10T

“10'T
00T
=00'T

=00'T

6.0

110 105 100 95 9.0 8.5 8.0 £:5 7.0 6.5 8% mS.S 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (™

11.5

S40



9p-0SINa 5°6E

9LTTA,
652T—
SOET-
LpETs
TEST—
P OoeT—-

-6C

-50

80 70 60

220 210 200 190 180 170 160 150 140 130 120 110 100 S0

60 250 240 230

-30 40

0 -10 -20

10

50 40 30 20

f1 (M)
S41



SP-0SINQ05'C E
ST

88'¢—-

OdH CE'E

6.7

1.01 0.93

P89

89
589
589
8’9
i8'9

7.1 7.0

7
£ ()

5L
0977

7.3

7.5

65~
092"

T
1.0%
T

7.6

77

666

7.8

HaCn

1.03 1.09 1.01 0.93 6.04 3.88
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

11.0

L5



HaC
3

w
i
&
_CHy b3
N fa}
n
% CHy g
0 (L2}
|
0
!
— M o€ =
o o ™M o wwvm @
@ o~ [ m
| CHS [ =N |
[ I [ |
| i l ]
. ; . . . . . . . . ; . . . . ; . : . . : . : . . . ; . . . .
60 250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 ﬂl?ﬂ] 0 80 70 60 S0 40 30 20 10 -0 20 <30 40 -50 60
MA

S43



-
S0
a0c
£0Z
wvnm.
e0¢c
SP-0SNA 05T )
56T
] Sl

PO

P-EWJ 05T

\ T0€
OH 0E'E
mom/ M 4
Ha
L~
™~
o
18— ———
L
LSt
™~
SE bGa—
\ g
F e
il
o~
lisa £00T -
o~
Fa
—
2
o~
purill s
e~
)
{55 ]

st

1.00 1.01

T

0.98

2.00

5.92 2.14 2.01

1.00

11.0

1.0 0.5 0.0 -05

15

4.5 4.0 35 3.0 25 2.0

5.0

7.0 6.5 6.0

75

8.0

8.5

10.0 9.5 9.0

10.5

115

2.0

S44



SSm———

STE~
gze”
9P-0SWa §6€
b
T'G2T~ -8
80z — -
L1217 reeny
e " SR~ ———=
i e ——]
zeer!
-8
. £0pT7
-8 EEpT~
81
= 6051~
¥
€T 5
= zs1————%
R e ——
-8
e e
-8
605T—
L 1’061~

-10

50

60

80

100
f1 (ma)

T
10

150

545



2
2.97

e Ry
2 CH:
HiC N I\I.I/
CH,
[5]
Lz
™
=
s
(']
w
g B
T @
Q a
L o o
| L ™
1 l"l\l o~
| I
N
k k ™
T —_—r 7
5.97 3.00 3.03
. ; ; . ; ; . : . ; : . ; ; . . : . . ; . . . ;
3.35 330 3.25 320 345 340 3.05 3.00 2.95 2.90 2.85 2.391[2.7)5 270 2.65 2.60 255 250 245 240 235 230 225 2.2
Ma
3
S 8 8
S) ;
z @
% A b
\-D- m
| ' 2
i i !
(o]
N
1
o
(@]
(@]
LJ i
1
i 1
b i T i
1.00 1.00 5.97  3.003.03
: : ‘ - : - - ‘ : . ‘ : ‘ - . - . ‘ :
115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5

5.5
fl (ma)

546



| ™ X9
= CH,
He” N T/
CH,
0
a
g ~
- 9 m 0
a s El
o 7
2g @ ~
3 | a
\ I
1
e o e D B O PR AP R
T T T T T T T T T T T T T T T T T T T T T T T al
20 210 00 1% 180 0 160 150 M0 130 120 10 100 90 80 70 60 50 40 30 20 10 10 2

(ma)

S47



9pP-0slid 057

0LT— J
OQH 0€'€—
12€ 3
6L €
00°Z -9
00 £
102 g
10" 2~ S .
10°7- e T0Z
2ol L3 sl
Z0'L- M 102
r
AW -3 (43
Y4 &) S ™ ET L
m:«m = bTL
b1 L B 6T L
6T/ 6T L
6T L= 2.8 Uy
ONNL&\.‘H — I~ -
122 .
s L W
=
[ ]
5 N
\ K
o 8€'/
o o] 6E° L _
6E°L P
o OF L | L=
\ 0— ) 8 | &
Ob = e
5 :“_._Q
% b2
c\
=

=865

+00E
“00E

SO0T
=007
oot
00T

=007

10.0 95 8.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 flS(.D,q} 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
M

10.5

548



9P-05Na §°6E—

l
S bb—

b'zs ]
m.mmu w

[

o~

L

bTs— s 1

975 A

14 0N

g 12T~

0T~

95¢1

5’821~

g 1ET/ |

£TkT

OEGT—

£~ —

£991

30 20 10

40

160 150 140 130 120 110 100 80 70
f1 (M)
549

170



OdH 0E°E—

9pP-OSWd 0§'Z— =
TLE~ J
6L E" .
=
[95]
[¥e]
00" £ 8
00'/
0L 3
e Dm Bk
70, i
20, R
the o 104
e L8[~ 10Z
4 e
6T L R v
ﬂ.hw. S| g o
7 -S 18 €T
. i
0z'L _ 6141
0z £ 4 T/
a 0Tt
m/,, . 0z L
~ 6€"
o 8€° L !
2 8€'L 1 ot
i | & ob'L
)X e seit= | g
o—0 oy /£ B — o~ .
. cv.% s8¢
e m

FPOE
g6z

+00'T
=00'T
H,_,oo_ﬂ
2007

=007

3.0 2.5 2.0 1.5 1.0 0.3

35

4.0

8.0 7.5 7.0 6.5 6.0 5.5 5.0
1 (M)

8.5

S50



9P-0SIA §°6E—

P2sy ]
925" ]
-6
b Z§~—
975
L M
[Fa]
T8I
LTy
T4
m.mmﬁmw...uuuuuuuuuu
4 CA
5161/
b I —

Qe ————

EP9T~
E'991

T T T T T T T T T
170 160 150 140 130 120 110 100 90
f1 (M)
S51

T
180




[an]
O 1 g i
PTT— —= r&ly
g1/ [ ~
L&
bT T B C - .
ST 1— — S e ok
9z 1/ \
= — ey =
: H \. FCT
mﬁ.e../ . - M MN.ﬁ \
6T —v./ = L. m F . 9z’ T
0T b~ — NS
ET b~ e "
bTb T —— LBIFE
§Tb Nl
: |«
9p-0OSWA 05°2 ||Lw
07— —
OQH 67— -
L &8
(V]
3
(V]
L
- G
[¥a]
218
— [~
(Ep]
- Q
[
= 00 L
=il 00 £
=) 1 & 4
B rd W
- | 2 €T L1
£ i
G = i ETL
A = m £T L
€T L
# | ] V'L
M~ .
o o 8€ / i ve L
mm..% - 8 6€'L
\ " 6E £\ b= S 6E°L
\ 6 L4 | = 3 m
o > 6E £ .
z—0U o L - 3 18 /[ ————
c\ ob L
2 £

FI0E
=ZO0E

v00?
~opz

=007
=107
00T
=007

=007

3.0 25 2.0 1.5 1.0 0.5 0.0

35

4.5 4.0
f1 (M)
S52

7.0 6.5 6.0 55 5.0

7.5

8.0



i )
OrT—

T
15.0 145 14.0 135 13.0

LET~ _
orT

9pP-0OSINg 5 6£— .|l.n_.
I o

H.C

T 19—
£T9—-

T
60.5

T
61.0

T
61.5

T'81Iy
9TZT
74 S
gReT——
r8z1”
p e

6 0pT —

FES T

6EIT~—F
8591 1}

10

20

40

70 50

180 170 160 150 140 130 120 110 100 90
f1 (M)
S53

150



£2°2 y
9P-0OSINA 052~
ST 1
OQH 0€'€
ZLES i
8L e
=
o] [Vs]
- a |
669~ = 3
66'9” 2
PO L~ L8y
S0 = [ =
m
[
9 66'9
™ 669
- bO' L
o 1APAN S 2 50/
R i e St | ravs
o ez’ i L
5 o o ~ €L
o 98 f——
/ o—0
*
Z—00
m\
o

00

=HE'S

~10€
REOE

860
00T
00T

=007

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ma)

8.0

S54



9P-05KWA 5'6E—

CHy

_-CH;

O—

CH,

Fes~-
9zs"

02—

51

€ 81T~
0'beT
m.mﬁwﬁ
L'8TT~

6 0ET~
zeer”

TTpT—-

SIST—

EPIT~e—

P991—"

10

30

60 50

70

170 150 150 140 130 120 110 100 S0
f1 (mm)
S55

180



04°C

9P-0OSIA 052 B
OQH 0£° € —
L€
w..,.n/.wl.\r\ L
6L'€
R
19'9 | @
G.m/ -2
mm.m?/r . = g
Nm.mw Bk
m@.m\ i
£9'9 F
[ &
[ 19'9
¥ 19'9;
99
T z99
) ST'L B 9
- - )
% LT 8| B
o] o = STL
~ b b
/ No_f
. 08 £ — e
L
=0
.u\
£

Fas's

86
S6C
o0€

F10¢T

00T

-

=007

3.0 25 20 L5 1.0 0.5 0.0

3.5

4.0
f1 (M)
S56

75 7.0 6.5 6.0 55 5.0 4.5

8.0



9pP-0SIWA 5°6E—

_CH,

PZs~-
¥es—

T
326 524 522

PO ——
9L0T—

o811 —
STET—

TOET—

SO0pT——

LSST—-

FArd:)
R} C—
L'99T—

10

20

40

30

180 170 160 150 140 130 120 110 100 90 80 70
f1 (M)
S57

190



2.50 DMSO-dé

~
2
S
w
;. SR
~ Rw
\ \:')
i
m
89 .
P P 0y
ac Q
L____h S %
fo)!
L%
m
L ]
0
™
S e . = \
1.00 1.01 0.98
T T T T T T T T T T T T
7.25 7.20 7.15 7.10 7.05 7.00 6.95 6.90 6.85 6.80 6.75 6.70
1 (ma)
~
2o
m e
L8
—
o
[
B R w
TRemm ey 5
) ~
Wl L LL
i il i i — i
1.03 1.00 1.01 0.98 3.00 2.97 3.01 599
T T T T T T T T T 7 7 T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 4.5 4.0 3.5 3.0 x5 2.0 15 1.0 0.5 0.0

55 5.0
fL (ma)

S58



—55.3

526
~52.4

39.5 DMSO-d6

45.1

51 50 49 48 47 46 45 44 43

—45.1

140 130 120 110 100 90 80 70 a0 50 40
f1 (ua)

* The inverted peak at 105 ppm is an artifact at exact center of spectrum

S59



85'¢

9p-OSINA 052~

OdH

9§°€—
08¢~

E0°L
PO N.Mu
FOL
S0L

£T L~ Ao

¥ h..\

mN.h\

S¢ L

¢ L
€L /
mm.hﬂw

—
1.00

|—-| |
2.02

0g' e’ J
3

F35 730 2325 720 715 710 7.05 7.00 695 690

9L L

=009

=00'E
ook

=007
Lok

=007

25 2.0 1.5 1.0 0.5 0.0 -0.5

3.0

7.5 7.0 6.5 6.0 5.5 5.0 45 3.5
f (M)

8.0

8.5

S60



9P-05WA 5 6E—

S Ep—-

615~ _

£25

LT

m.mmﬂ/
5T

T9¢ ﬁ/r|r||””

69¢T- _____§
1€ ﬁ.\

CEPT——

LES =]

THOT~
LT A

40 30 20 10

70 30

190 180 170 160 150 140 130 120 110 100 90
f1 (M)

200

S61



)
9p-0SINAa 05°2 m__
092~ ||Q
OQH 6T'€
85'¢ .
08'€ J
&
(o]
0L
; =
0L e
an/ =
€0/ g
80/ I
80 L L .
5 ~— —
oo : 0
. 20y
2 £0°L
€0°L
2 80/
B 80/
60°L
= ;
3 60,
£ 0’
\ 0E° L~ . g 8 FE
o) 1€L— = A
50 » rdl X0 indl "
n L ——
I~
/Nt :
<
T
o & |
nw
T

=109

=00'E
=66'C

=007
Aeg'
=007

=001

0.0

8.5 8.0 7.5 7.0 65 6.0 5.5 5.0 45 40 3.5 3.0 2.5 20 15 1.0 0.5
f1 (M)

8.0

S62



9pP-0SA 5°6E—

HyC_

91—

LP9T—-

9Ep—

ONMJ(II”
Vool

| 4 —
TZ2Ty
Y4 S
4 SO
O TET~ ]
gZET—

EThbT—

6'EGT——

€591~
L1

164.8 164.6 164.4 164.2

30 20 10

40

170 160 150 140 130 120 110 100 0 80 70 60
f1 (M)
S63

180



9pP-0SI\d 05°¢
<L'C
OdH 0E" E—
TLE~
6L €
o
=
[
S
5 [
-Blg
[P
g
M~
2
P~
L& [ o
e
o
i ~
o
vt
s [
@
g8
o
4
" ~
G A
/. [
[w]
o) o | o
[sg]
o / o—3
=l
Zz—0
nW
*

FzZo9

66T
R10€

00T
£107
o

F101

65 6.0 5.5 5.0 45 40 45 3.0 25 2.0 15 1.0 0.5 0.0
f1 (M)

7.0

8.0 7.5

8.5

9.0

S64



9P-05Wa §76E

o]

HyC_

_CHy

CH,

OI

CHs

95—
Les—

T¥eT—

SPCT—

T T
52.5 52.0

T
53.0

124.5 124.0 123.5

125.0

6'6GET
SObP T~ ]

IpST—

TPIT~—

0991 |

10

20

30

160 150 140 130 120 110 100 90 80 70
f1 (M)
S65

170



OdH 0£°E—

9P-0SA 05°2 u
LLe—
TLE~ 4
18E-" —
- &
e
.8
2E Ly o [ R
A N
ve L/ | 17
9E" £~ L8|
i ™
g
I~
e L
NM.M
£ pE L
Y ot £\
o LEL
o o T —
/ £
Oo—0
T
=0
/
%
I

=£09

=50
*G0'E

w212
00T

Mrvo_ﬁ

1.5 1.0 0.5 0.0

2.0

4.0 3.9 3.0 2.5

45
f1 (Mz)

8.5 8.0 LD 7.0 6.5 6.0 5.5 5.0
S66

9.0



L 4.-.
=
(F5]
§e5—
[Nw]
o
[5n]
N.Nmi
nﬂ.
B
9pP-0SINa § 65— ——
6 Eb—
§'Z8
mnmm
Tl -
N._uzwl i 5.
Al 4453 L
N.v:\ <
s
—
eI,
S T
m.hﬂ/ - CEIT
1A & SNSRI 2 9 LTT,
@...n:w- = A
9 /1T ©  9LIT
= 91T
TEZT,
9bTT E_
o 09T P
crzi—4 [ Veeh e
m n.mmﬁ% ==—Cate
m.cﬂv. o
¥ -
rezi——t 8 TIET
-
. o §OopT—
I "
5 R TA ”
\ o
(o]
o 09¢T~ — | 8 §EGT—
791 T
i [
/ o ~ 6'€9T~ |
" 9GoT |
w » ~
I
 ia TGz — - a
; _ — /8
e L621— =
]
LOET -
60ET~_ =3 | =
PIETF =% [ =
£IET oy

20 10

70 50 30

180 170 160 150 140 130 120 110 100 _ 90
f1 (M)

150

S67



SP-0SINd 05'C

OdH 62e

PIE—
LLES.

09'9———

SN A—

g
1.00

6:19.3.03 2.97

292291

1.01

-0.5

105 10.0 9.5 9.0 8.5 8.0 73 7.0 6.5 6.0 S.Sfl ) 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 10 0.5 0.0
Ha

1.0



9P-OSIWQ S'6E~

06—y

8EC—

110

115

120

125

130

135

140

145

150

155

160

165

f1 (ma)

PP

I N
57

ser——%§
sor—yf

T Sy

L'2pT——

e |

g55T—]
L'8GT~ |
L8T

R

3

90 85 80 Y5 70 65 60 55 50 45 40 35 30 25 20 15 10

120 115 110 105 100 95

125

175 170 165 160 155 150 145 140 135 130

195 190 185 180

205 200

f1 (ma)

S69



g R
I ™
[@]
M
m
\
Q
T 2
a o
o
(s}
2
(@]
o 8 :
o m o
| o]
= 3 o
o oM
! =
' 4
)\ B .
[y
e —
2.97 3.02 2.98 6.00
3.85 3.80 3.75 3.70 3.65 3.60 3,55 3.50 3.45 3.40 3.35 3.30 ?12? 3’).20 3.15 3.10 3.05 3.00 2.95 2.90 2,85 2.80 2.75 270 2.65
Ma,
3
M-
|
} —
w0
w
T
& |~
w
S
i | LA
T — T
1.00 1.03 2,97 3.02 2.98 6.00
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 A 5.:|I] 45 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5
1 (mA

570



1339

o ™
%3 o ~
— @ ) w g
= ! —
9 =
=
N
| Y
1
b
-
7
—
S
T |
A
L“H./
- : : : - - - - : : : - - - : : - - - - : : - -
164 162 160 158 156 154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 112 110
1 (mg) ey
™ n -
@ W i
(2]
m
ks
Cgm
- o n
T o x P © m
- < ) — o
— B — —
~ - QH{'\I
— o~ -
n o
b= ==
x °
l’/ | '
i % , sty st > —— " . v
T S S S —
205 200 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 9 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 10

1 (up)

S71



HLo

P~
B
CHa (o]
0 o
CHa
i .
CH, CHy
A B
: w
~ RS RRER
~4 1 WD WOag
L i
G 1 ] F I ] + I 1
1.04 0.99 0.98
‘ \ \ \ . . . . ‘ . .
730 725 720 745 710 7.05 700 695 690 6.85 680 675 . i
1 (ma) W L
" (o]
m
O
0
O
W
o
™~
e
&
[
1
‘ | JU{ —LJLA_-.-JLI
3 M —5 ¥ i
0.98 1.04 0.99 0.98 3.02 3.03 6.02 2.95
> : : ; . : : ; : \ - . . . . : : - :
1.0 10.5 10.0 a5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0
f1 (ma)

572



SP-0SINd 568

CHy

PES
5757

52 51 50 49 47 46 45 44 43
1 (ma)

53

Opl——

P
5767

g1 1 —-——]
]| S

L2

8721

6871 —

80T ——

TEpTl———F

BEST—

P81~

FosT-—— %

a5 @ 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
1 (ma)

110 105 100

145 140 135 130 125 120 115

195 190 185 180 175 170 165 160 155 150

205 200

S73



T [F5)
S
86'0— -8
8
L6/0y |
mmc\. ;
(]
=
(]
[=#]
=
=
S
[nn]
9p-0SINa 05°Z —
10'€
Z0'€
£0'€
OQH 0£° €~
TLE~ M
3
=]
Y]
- =
[
2
< bO'L
o bO' L
8T
61
)
2 g 0Z'L
[ 0z’ £
2 w
z ) we
\ L £7
° OF £+ gL
o o] oF z 84
1 . - Wi
/ E e CRIG e
o—0Q b2
WL .
44 - egp— b
ANI/ [

H,C

HiC

=809

=80y

¥EO'T
+50'T
oY
rEDT

=007

1.0

0.0

0.5

3.0 25 2.0 1.5

3.5

8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0
f1 (M)
S74

8.5



9P-0SA §6E—

PeT—

bes~
9es—

L

Trel—

0'8ZT~-
b 8T

OTET—

sabadede

b

52.5 520

53.0

131 130 129 128 127 126 125 124

132

bZsy,
98

0 12T

gzl \.
Thzi=

0'82T~_

veeT’ 7
0 TET

Y ibT—

CI8T—

€ PoT~
Fo9T-

50

&0

80

f1 (M)

] T T
130 120 110

T
140

T
170

T
190

S75



- @
m _ -
-8
i
| 2 bs'T
- 55T
S5 T
|3 :
L8[ =
[ o 59
L (o P~ -
3 99'T
. M
(9T \
89'T hi
L &
~
/e S8  9p-oswa0sz—
98'7— < | .
el S o, 3
i 98'7—- =
OQH 0€'€—
TLE~ uu’
6L'E~ :
€0'L
bO'L 3
bO'L ) N
50°L o
90°, FSre
e I =
e = | gl
" =
[ n WOQa §£'§——
(4 4 =
8
T L o ,
€77\ M = L
o i . bO'Z
bTL ] 5 e
ve'L I ™ i
- = 2Ty
A, = £TL
- gz 2d -
o o' L i
ob'L i .
i M L8|l "
WL L
404 | ~
£b'L

7.50

ooz
=00

10

¥LOE
Rzot

»107
~z0T
101

A oo'T

Fio071

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

5.5 5.0
f1 (M)

6.0

8.5 8.0 %o 7.0 6.5

9.0

S76



9P-0SIWNA 5'6E—

/GH;

O|

CH,

6ES—

AN
9¢s—

0'9¢

m.mm;‘.x

YEC~-

§'¢s
o.ﬂnwr

T T T T
53.5 530 525 52.0

T
54.0

6811
TTLT"

DA e
921
N.wﬁwﬁ
LTET

SObT—-
SEST—

£p9T~
991"

10

20

30

180 170 160 150 140 130 120 110 100 90 80 70
f1 (M)
S77

190



00T~ |
01— F
2o/ 7

I

86'C

66'C~ _ /l

00 e =
E.m\w

T

3.0
T
1.05 100 0.9

2.00
—
3.05 3.00 295

Sl 00 0————

001
L1V S
0T

9p-0SNag 05

OQH 0£°E~

£0'Z
bO'Z
9T'L
9T'¢L
LT
LTL
122
1L
124
2
/o L
L
§TL—
97’2
/ g 1z
8T L
67'L
0€'L
£€'L
bE'L
SE'L

0L €~
8L€"

1.05

1.02

4.09 2.06 1.07

745 740 735 730 725 720 715 710 Z0% 7.00 695

AL

0L p——

80 8——

EI0E

Fooz

+O0€E
AGO'E

FEOE

460

2.5 2.0 1.5 1.0 0.5 0.0

3.0

7.5 7.0 6.5 6.0 55 5.0 45 0 3.5
f1 (M)
578

8.0



s —
9es—

9pP-0SNAd 5°6E—

CH,

ST1CT—

T —

T
52.0

T
52.5

122

126

53.0

120

121

124 123

125

132 131 130 129 128 1%

133

A

TH9T~——
€997

10

40 20

180 170 160 150 140 130 120 110 100 80 70 60
f1 (M)
S79

190



o—'Z o e}

CH;,

9pP-05Na 05°C

06'¢—

OdH 0£°E—

69 E~

UL

SLE
FT° L
mﬁ.h%
£ L

vN.hW
VL

8T L~
62 L]
0€ L
e
o'/
L1

BEE—

o\

i

—_
1.02

e e

2.151.13 215 1.05

=
1.03

—_
1.02

r1

8.1 8.0 7.9 7.8 F i) 7.6 7.5 7.4 7.2 7.2

8.2

Woasss—

=00E

»60'E
*Z0€

For'z

50’1
Mmﬂ_m
RETT
ez

®E0T
-Z07
»Z0'T

4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0

45
f1 (M)
S80

8.0 7.0 7.0 6.5 6.0 5.5 5.0

8.3



9pP-09nd §'6€ 6'0F"
=
= ]
[T p]
p'Zs
25 vﬁmwm:
e | a WA £S5
@ 609
(¥a]
-
it
=
€ L2T—
TERT -8
wmmwwu 6'S0T~-
T80T
L Q
—
81T
1Zer-
6621 = £
= 78T
Eﬁw-
<=
[&]
N\
(o] (=]
4
oO—=zZ O (]

\\
CH,

10

20

40

50

80 70

a0
S81

160 150 140 130 120 110 100
fl (M)

170




SP-0SINd 05'C

OdH 62e

PIE—
LLES.

09'9———

SN A—

g
1.00

6:19.3.03 2.97

292291

1.01

-0.5

105 10.0 9.5 9.0 8.5 8.0 73 7.0 6.5 6.0 S.Sfl ) 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 10 0.5 0.0
Ha

1.0



9P-OSIWQ S'6E~

06—y

8EC—

110

115

120

125

130

135

140

145

150

155

160

165

f1 (ma)

PP

I N
57

ser——%§
sor—yf

T Sy

L'2pT——

e |

g55T—]
L'8GT~ |
L8T

R

3

90 85 80 Y5 70 65 60 55 50 45 40 35 30 25 20 15 10

120 115 110 105 100 95

125

175 170 165 160 155 150 145 140 135 130

195 190 185 180

205 200

f1 (ma)

S83



MeOOC.__COOMe
I
= I
R R Y
|
W
v
O
b a
(] (]
? ”
i
F rl + 7 + — 1 T :
2.07 2.07 6.18 2.02 am
3.10 3.05 3.00 2.95 2.90 2.85 2.80 2.75 270 2.65 260 2.55]c 250 245 240 235 230 2.25 2.20 2.15 2.10 2.05 2.00 1.95 1.90 o
1
() o g
5 fn =
~ i o @
L 8 i
M~ ~
| | B
] 1 —Q
O
wn
>
&)
Q
i
[
|
et (o]
@ I?g I I T T o
N 30 0.98 0.98 0.98 L0O s B e
PP ey T T T T T T T - - - - oM i M~ o
\‘:HE.DD 795 7.90 7.85 7.80 775 770 765 760 755 7.50 745 | Q- 0O
f1 (mn) oo
= S
™ (s
. 3|
— K — i
0.98 0.98 0.98 1.00 2.952.95  2.07 2.07 6.18 2.02
10.5 10.0 8.5 9.0 8.5 8.0 7.3 7.0 6.5 6.0 5.5 A ]S.D 4.5 4.0 3.5 3.0 2.3 2.0 1.5 1.0 0.5 0.0 -0.2
M,

S84



39.5 DMSO-dé

0
w
=
—
‘\
o
—
b=
T T T T T T T T T T T T
170 165 160 155 150 145 140 135 130 125 120 115
f1 (ma)
.
&
5 - o
o n 1o
et [ Tl
/[ Mo e
o T 8 [
N X
o ™ -
g
-..‘\_‘ r/
L J |
e Ay TP | — —_— —
T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 180 180 170 160 150 140 130 120 11E|f ( J1EIU el 80 70 60 50 40 30 20 10 -10 -2
1 (M,

* The inverted peak at 105 ppm is an artifact at exact center of spectrum

S85



g R
I ™
[@]
M
m
\
Q
T 2
a o
o
(s}
2
(@]
o 8 :
o m o
| o]
= 3 o
o oM
! =
' 4
)\ B .
[y
e —
2.97 3.02 2.98 6.00
3.85 3.80 3.75 3.70 3.65 3.60 3,55 3.50 3.45 3.40 3.35 3.30 ?12? 3’).20 3.15 3.10 3.05 3.00 2.95 2.90 2,85 2.80 2.75 270 2.65
Ma,
3
M-
|
} —
w0
w
T
& |~
w
S
i | LA
T — T
1.00 1.03 2,97 3.02 2.98 6.00
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 A 5.:|I] 45 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5
1 (mA

S86



1339

o ™
%3 o ~
— @ ) w g
= ! —
9 =
=
N
| Y
1
b
-
7
—
S
T |
A
L“H./
- : : : - - - - : : : - - - : : - - - - : : - -
164 162 160 158 156 154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 112 110
1 (mg) ey
™ n -
@ W i
(2]
m
ks
Cgm
- o n
T o x P © m
- < ) — o
— B — —
~ - QH{'\I
— o~ -
n o
b= ==
x °
l’/ | '
i % , sty st > —— " . v
T S S S —
205 200 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 9 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 10

1 (up)

S87



\2.?7‘

5.3
1 (ma)

]
™~
(]
o
o]
™~
| ™M
| I~
™~
™
kS
)
~ N
i 7 a % 4
1.00 1.00 1.00 0.99 a
T T T T T T T T T T T T T T T '
7.90 7.85 780 775 770 765 760 755 750 745 740 735 730 7.25 7.2
1 (ma)
3.13 5.63 A
T T T T T T T T T T T T T T ]
2.88 2.86 284 2.82 2.80 278 2,76 274 2.72 2.70 268 2.66 2.64 28
1 (ma)
W
P
O
172
>
[a}
8 A
T i
[ = E 0]
™~ I_‘:‘
Ly 98 o
1 P B
-—::_“’J———’_l“; r~
M J .
¥ — —H
1.00.00 1.00 0.99 3.04 3.01 3.13 5.63
1.0 10.5 10.0 Q.5 9.0 8.5 8.0 7.5 7.0 6.3 6.0 5.0 4.5 4.0 3.3 3.0 2.3 2.0 1.5 1.0 0.5 0.0

S88




H.C
ey
w0
0 o] B
Q
_CHy &5
0 (0] =
[a]
ik
fax)
L5
O%‘S ~CHs
CHa, CH,
i
bk
b 3
LN
™~y o
g LN [aY]
7o) <
\ |
i |
N | A—— . o
33 32 51 50 49 48 47 46 45 44 43 42
1 (ma)
-
™~ - E o r‘-.ﬂ =]
0o 2w @ goo 2O B |5
vy 2 ¢ “RE 7T (
] T | h= O | [
Y | | |/
| l I l ‘I
|
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 T T T T T T T T T T
10 205 200 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 fl?ﬂ ]95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 -5 -10
1 (Mg

* The inverted peak at 105 ppm is an artifact at exact center of spectrum

S89



T
(& ]
Vi
o
Q
=
/
Q
OQH 2§ T——3
06—
A S —
196
€L E~ —
[Sp]
[V}
859
cm.mw._. 9
999~
89'9—- -
ma.@\. @
[+5]
W]
[#)]
.._ [¥e]
, 85°9
vO' £ ~ 99'9
804\ < o mzw“_
mc h = ~ mm.m
0T £ 7
€10A0 9T L

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

45
f1 (M)

8.5 8.0 I.5 7.0 6.5 6.0 5.5 5.0
S90

9.0



€100 ¢ LL—

0ES~
e

SEE—

T 6E

3 1 o
b LTI

86TT~

S 2T

06Z1"

£5pT—

FOLT—

10

30

40

170 160 150 140 130 120 110 100 90 80 70
f1 (M)
S91

180



ELE~
eLe’

3.06 2.86
3.75

WO S0°C——

WO L T— =

OdH £5 T—-

LiE——=

ELEN
€L’ TR
" YOIT ET b——=
]
859~ _ 2
T % il
£9°9
89'9 == % E| .
69'9 — e
o0
=]
L &
[¥s]
85'9
65" 9+
€02 - 2 (89
a o] PO m.unu f M 89 m/fﬁ
3 Telal:  an
~ 60 L7 T il el
oo S.h\ bo'L T
onls
NS 602 \
a A a ofc o1 £
o = €12a2 92°£L

FZ0'T

/987
apE

=007
o

w660
00T

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5
f1 (M)

8.0

S92



=
@
51 i
2 EE— 3
Ereg— : YOI £ bT—
fis]
(a1
VO T Te——
. TEE
3 e
7 8E~ m EEE
€95 i £'8E~
b'8E—~ . vee/
o
625 B
\ gE¢y
6ES
0'bS
H.Ew
oYM §'09-
€DAD T LL
1
- 6
=]
&
€111
b LT
BT
§ LRI
T6CT
a o i,
%
0.\\
o
[m] =
[ ] [ ] O
”n. e b OLT~

oyoId T ILT |

30 20 10

40

170 160 150 140 130 120 110 100 30 80 70
f1 (M)

180

S93



T T—

e | gt

€217 M; !

0c' 1

1.20

T
25

06'¢—-

hﬂ@/dHHMMM.f

859
599~ E
[9g—— %

89°9

€02
PO LA
L0 L~
80T
60 £

1.00

1.00

1.01 1.00

mﬁﬂ\

oaHzs' 17

7.0

LZ°E

.

L

T9E—

E12AD0 9¢°L

I“””wum%Qm

Fooe

Floe

Fooe

0%

#00'T
00T

00T
2107

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ma)

7.5

8.0

S94



TbT _
9EE— ~
T'6€
ET|~
85— *
L 19— _
€10AD T LL
r4hs 4 =4
€LTT~
0 02T~ _
A
0621~
b ShT—
/o
I
00LT—

30 20 10

40

170 160 150 140 130 120 110 100 80 70
f (Ma)
S95

80



CH,

OdH ES" T——4

T —

98'¢—

b B

mm.ml:.||w

ELE 3

e e

1.00
6.5

==

25'9" )

6.7

1.03 1.04

19 |
7597
9g' 9

88 g

7.0

£10d5-9T

s
[

FETE

=BT
=p0E

=102
=20’

=001

P01
0T

3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

40
f1 (M)

7.0 6.5 6.0 5.5 5.0 45
S96

7.5

8.0



CH,

/0 ° Lt
H.C
5 .3 é
CH, o~
™~
r~
o
~N
(¥ ]
-
~
: (=]
= A =
7 b= = = =)

. mM Lol
o \ b | =
7 o

| r

r2 [; [=} R\
o g g -
| =

{ 1

T T T L) T \J T T T T T \ T Y T T T T T T T
170 160 150 140 130 120 110 100 ﬂgﬂ( i 80 70 60 50 40 30 20 10

M

* The inverted peak at 105 ppm is an artifact at exact center of spectrum

S97



E0ao 9T L

CLE~-

£6'9~
¥6'9" ﬁ F

-

OdH 26’ T——

68— —

BT E——

196 _

1.00 1.00

1.01

62 61 60

64 63

68 67 66 65

70 &9

9re’

5T9

mﬂ.m/
v
w9
5¢°9
5¢°9

6’9

662
66'T
4002

#Z09
AZOE

=007
~00'T

=101

45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (M)
598

6.0 5.5 5.0

6.5

8.0 75 7.0

8.5



EPAD T LL—

~CHy

0ES~ _
TES”

IS —

£S5 —

4.5

53.5 B30 525

54.0

550

b5

6CE—

' BE—

0 ES
W/nn

O BS~
m.mmtx

T86—-
6 T0T—

PZIT—

6T —

F |

FesT—

PFOLT—

10

60 50 40 30

70

170 160 150 140 130 120 110 100 90
f1 (M)
S99

180



O+ 0E'e

SP-0SIAa 05'C

g5 9
£59—

1.01

6.56 654 6.52 6.50

6.58

99¢€

99€

2 L
G.Mm ol
iy org——= 8
P Lo
= | 559
b £59
o . £9
a e £99
: ]
g b9
= 99'9
R 99
2 L~
5 &
gre——=F & 7
Lo
— I3
[
fpe———=F O
s9€ _ .8
J%fm-J

5.90 3.00 1.85 1.95 3.00

0.99 1.04 1.01

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 f1 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (mA

10

S100



|
o) 0 8
0 a
A0 =
HC a
i Ly
0—CH, = @
M [T
|
O_‘B
oy
Ln N
& - 0
i Ly ™
| L
I
T T r T T r : T T
56.5 56.0 33.5 55.0 34.5 54.0 53.5 53.0 52.5
1 (mm)
T T T T : - : T T T
155 150 145 140 135 130 125 120 115 110 105
1 (ma)
[
[l
u
I"-: ™
ai 1 !
o) L [Fa Ty [¥s]
| e R = | &
I — g LN |
— /'J
|
¥ a idrion) ey WVSHIVU | WP wowm .
T T r T T T T r T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 flgn ) an a0 70 60 50 40 30 20 10 -10
1 (M)

S101



-

QdH S [——

62— E10€
0ge” Aoz
09°€~, /002
SLE~ _1 .r909
” .
[fel
€59 n
ES'0. g |
bs'9 = =
bs 9 "
Ne]
M=
Vel
+4]
¥}
€59
Nm.w/ . £6'9
£6'9 8 bs'9 .
vm.mw- = u.lm =) S 9 o
vm.m\\ a 69\ |
569’ = i F10¢
69
CGER ]
56'9
€000 922
m
-4
Q
=
J
r

3.0 25 2.0 1.5 1.0 0.5 0.

3.5

4.0

4.5
f1 (1a)
5102

8.5 8.0 7.5 7.0 0.5 6.0 55 5.0

9.0



=
90'E5— r
L
?
15 bE—
m LY 6E—
v 90'ES
M ./. L L
s/
€120 91" LL
br OTT—
99'6TT~
6 12T
pESTT—
9T 8CT—
0
o 0T LbT—
=
/
Q,
o, Q,
* T 0LT—

10

20

60

70

160 150 140 130 120 110 100
f1 (M)

170

S103



G
9 I
(&)
=
C\ 0/
T Q
= -
OQH 2§ T——
67—
1ee’
09°€~__
SLE ]
61 9~ _ 2 | i
om.m\|M Fi =6
Y]
=]
L~
[¥s]
E.mﬁ-M e
9,97 .
=]
|
[fs]
- 6¥'9
ol @ 059+ ___|
R §L9
9£'9
00,
S..TW..I.
Wi |
£12Q0 9T L .

FI0E

Fooz

Fioe
=009

Yoo
=007

MHD_H

0.0

0.5

1.0

1.5

3.0 25 2.0

3.5

f1 (ma)
S104

4.5 4.0

5.0

7.0 6.5 6.0 &b

.5



—170.2

-—147.0
-—134.5

—77.2 CDCI3
~53.0

o~
0
]
L]
|
i
@
—
— ™
: = i
~ o i e =2}
o] e N M
r~ - = |
N N v
i
|
——
]
@ 118.2 118.1
—
—
T T T T T T T T T T
130 120 110 100 90 80 70 60 50 40
f1 (M)

* The inverted peak at 105 ppm is an artifact at exact center of spectrum

S105

—316




Cl

OdH £5° ﬂluu

06—

EE———————5

Nw.mﬁl.||u

ELE

bS5 9~
b5 9"

£9'9

Nmm;rinunwwmmm.ﬁ
b6 9"

1.01

6.5

6.6

6.7

6.8

6.9

7.0

—

¥59

P59
4=}
€99

£99
£99

el e

£12do mm.n&

P69

Fooe
=107

=07
809

00T
o1
»10'7

25 20 1.5 1.0 0.5 0.0

3.0

35

4.0

f1 (M)
5106

8.5 8.0 7.5 7.0 6.5 6.0 5.3 5.0 4.5

9.0



Cl

=1
(3]
[Tl
H.C
™y -
=
(o]
| %
0 0 o
H,C i I
0 O 5]
N a
CH; Q
o~
[~
I~ T T T T T - T
| 550 545 540 53.5 53.0 52.5
(=]
(e}
[Fa ]
y
|
* ~ = 5 - @
= ] e
i
e
- = o o
® o 3 N
- rm ~
T i | 1
|
T T T T T T T L] T T T T T ) T T T
170 160 150 140 130 120 110 100 70 60 50 40 30 20

90
1 (ma)
* The peak at 105 ppm is an artifact at exact center of spectrum

S107



S6°C—

= Foos

—
"
M

|

i

-r—l
]
o
™

e e — T O

RER, — k865
[
) m g
@N@llj — m
—
| =
[¥s]
om.m;1ummmﬂ *
e | |Brad
16'9” =
Lo
[
0T £~ oL~
Hﬁ.h\\unmmmh ﬁ.mm ™
L (o] ] - 2
o 5 ™ 9r9 )
06™ 007
w 169~ oot
" OF L~ 00T
\ i AT
Q o) Y
T \ €10d0 97' £

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

f1 (M)
5108

7.0 6.5 6.0 35 2.0 4.5 4.0

#5



9 EE—
T66—
9263,
T'es—
s b5/
€10AD T LL—
'
r S
9 /0T =
90T~ _ Y m
9 /0T~ e 3
9'201 -
=
[}
|
A gETT
SETT~ ___= i
N ger o =
€TTLT—- * -
5 gETT
&
P EeT— I €621
8ETT— 3 /
I L
o
YA I
3]
6'92T— N
I o
&
(=31
Q671 N
m.mﬁ-m- e a
0oEt s 00L1—

CO0ET

ok

131

10

20

170 160 150 140 130 120 110 100 90 80 70 60 50
f (M)

30

S109



u
0] 0] ﬁ
2 ~
0—CH,
5 H
| |
CHa CHy
(@]
0
X
=]
™
"
D
?
w 33. 8 o4
O w i
¢ Xy
N
| R
[y}
-
@
I
—,
[ N
1.00 1.00  0.99
7.05 7.00 695 6.90 6.85 6.80 6.75 670 6.65 6.60 6.55 6.50 645 6.40 635
1 (mp)
m
n
m
B
(s}
/
]
: JU J L JU L Y J
L i
1.00 1.000.99 6.23 2.07 2.05 3.05 3.08
10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 40 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

0 4.5
f1 ()

S110



Ox. O
0
0—CH,
] |
CHy CHy B
>
[a}
™~ n
0o 8
™~
[vs]
T =}
Lo I R 0
e | = |
.
(]
[ 1
]
i 2 A 2
o U " »
T T T T T T T T T
60 55 50 45 40 35 30 25 20 15
f1 (ma)
™~
o~
[Ty
M~
n [os]
= [1a] o
& = o @ o PR b
i f T 3 @ [ = [ o =
| o N o [ve B S 7o “’l'l
i e | ey | B
Cel b1
X b |
| | \‘
L
50 45 40 35 30 25 20 15 10 5

205 200 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 leU 95 90 85 80 75 70 65 60 55

1 (ma)

* The inverted peak at 105 ppm is an artifact at exact center of spectrum

S111



367
3.67

/

269

290

.94 6.93 6.92 691 6.90 6.89 6.88 6.87 6.86 6.8 6.84 6.83 0.82 6.81 6.80 6.79

-—2.80
-—2.69

3.30HDO

-—330 HDO
3.23

-—2.50 DMSO-de
361

3.23

2.50 DMS0O-ds

1.01
1 (ma)
G5
oo 1
"
—_
0
m
!
" il o
3.02 3.06 1.96
T T T T
3.8 3.7 3.6 3.5

3.02 3.06 1.96 1.97 2.95 3.02

T T T

11.0 10.5 10.0 95



CHs

O, 0
0
[¥o]
B
?
He 0—CH, >:
\S M ]
[ | w
0 CHy A
-
™M
L
(=
y
|
T T T T T T T T T T T T
169.65 169.55 169.45 169.35 169.25 169.15 169.05 168.95
1 (ma)
@
s
0% 5 ”
0| o g &
S | |
T T T T T T T T T T T T T T T T
55 54 53 52 51 50 49 48 47 48 45 44 43 42 41 40 39 38
1 (mp)
@
0l
L
|
< -
© s w -
s w | @ o
> 0o g o o 9 m|= 2 o
o @ [Txlls] — m —_ | Ln Ln \ f m
g Iy - . i !
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 T T T T T T
205 200 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 %D? ]95 90 85 80 73 70 65 60 55 50 45 40 35 30 25 20 15 10 a -5 -1
1 (MA

S113



L
90" T~ S 3
0T o
=
L
™ 901 )
i L gk T : — TQ0€
wWi— i 1] J o0
=
ee' 1/ " .\
Te e £T'1
€€ o 1
L™
mm.m,f = o
nwm/. B
mm.mHm o
62 € K
oce’ g
LN
WE i
Ntm/
mtm# -m
b €~ .
SHES K w67
m oA 'y
T9E~ wmmm
8 €~ 00
L5 8T b
42&% +00'7
g 0zt
Fs&E L8 120
_&n
- LA
-+ =
[¥s]
W WDQ 62'§———
o
I (=]
[Ep]
. [¥s]
b5 9~ -1 g
i - [d
By 2 b5 9
19'9~—- Bl o
s \1 - F
299 1 " §'
e 2 #00'T
19°9— 00T
(o] [
z g 799
& ~ 502 o
o S04~ Sla mc.m\.,JJ ~00¢<
L, mQhW!hMMmmMM“ e~ 20.L
o 80'2” g gpad oz’
LN ~
I [ ]
Q, - 4
n [

3.0 25 20 1.5 1.0 0.5 0.0

3.5

f1 (M)
S114

7.0 6.5 6.0 55 2.0 4.5 4.0

LD



8esi—
6Ch—

EDAD T LL

0ET~
96T
82—
8'bb—
828\
625
865" \
" 5’95
~
L
i
=
LO0TT—
6'STT~
81T
Wl i
N race ~
TTT—
il . T w0
i L 69T 3
ToLT— g
L 69T
ToL1”

&0 50 40 30 20 10

70

fl (M)

170 160 150 140 130 120 110 100

180

S115



b T
vvﬂw
Sb T~
ob 14§
b T
8p' T
8p' T
6b T
161
65T
09' Tr
191
0L T
v
88 T\
68T
69 T

1.4

3.22

1.6 1.5

1.05
T

1.02
1.7

18

1.01

ETE~-
HE:

1.8

EEE~-
9EE-""

00 £
Lo ﬂqm/MWWM|
£0°E—

1.00
3.0

31

[}
3.2

T
3.3

I
1.00

(413
wh.m%

€12d3 9¢° L

P99~
e
999/
2L 9~
b9’

] T AT .
1.01

1.00

0L

€0 44—
90" L~ _

L0
mqh\

1.00 1.01

6.9 6.8 6.7

7.0

7.1

—
2.00
4.00 395

—_—

W24 08§ —

hzo'T
L1071

101
007
107
00T

6.5 6.0 5.5 5.0 45 40 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f (M)

7.0

P

S116



6T~
962~
Tz
e o4 ol
(V]
8es— N
LM
0Es— =
3 g 8b-
825
0€S
g
T'09
€0Ad T LL
VZIT-
TLIT~
8021~
UL~
a4 o
M
8 GEhT—
869T— e
@
- @
™
0'0LT— i
. -]
5
8 69T~
0'0LT

30 10

50

&0

70

170 160 150 140 130 120 110 100 90
f1 (mm)

180

S117



£T'E o
mm.m/ o 8| "
cm.m/ 8| =
-0 el :
¢ =] [ie}
PEEN = o~
pE'EF o f =&
GE'E N s
SE'E - S
: ; J
S OQH £5'T—-
& | o o 561
_u..m (&)
I~ =
E.m/ e s
LLEN . 8 | k=
e — b Jea] 55
] e
8’ A8
LS \
mv.@wa g} ¢ 9L'E
9’9~ =l N LLE
| 2 LLE
6L'E 65'9 .
09'9 / &
09'9 o
= 818
199 T 659
o 9’9
65'9
% 6§'9
- 09°9
{0 1 E-Ra 099
20— =1 I
th/J o & 19'9
80°L~- f = 10°L
g — L8
60° L o Nc.ﬁj
S
€12ad 92°L 80 /- R ]
60'L

~ooT
RzoT
eg
FOOT

00T
£z01
Moz
D€
2807
\gez

=007
=007

=107
g

1.5 1.0 0.5 0.0

2.0

6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25
f1 (mm)

7.0

7.5

8.0

8.5

5118



EDAD ¢ LL

gEE—

0'82—
0 26—
§*Lbr
T
876~
pes”
£79—
TITT—
T'9TT~
8' 81T~
LTI~
98T
0 bbT—
T 69T~

IILT

20 10

30

170 160 150 140 130 120 110 100 90 80 70
f1 (M)

180

S119



L]
hﬁmw i
LTE - ,
LTE s 1m,z
61c/ T ~
GT'E— ri— L8
ree’ | ~ Le
- [an]
LOE i
LOE | @
99'c i i OQH kS T——
[OEaL = 178 M i
0LE~ ]
TL € = =
mhm& “ﬁﬂ |
ELE LB ER
r4:¥> . |
£8°€ m— i
”me : rare ¥ 007
: s6€/ k M| e
hmm/ = aT'p
i Mmmd
bl €
207
107
107
£L€E
€£L'9
€09
b9
mth
\ 2o b0z
£0'L 20T
wammuum ¥70'1
FEIL
r4 W4 \
€49 £T'L
E.m% T wid  BEE
€120 9T°L m.ﬁ.m/-ﬁ - m
20 £~ L&
€0 L7 I
11z 3 _
T~ [ e
Nﬁm\,.mMﬂ sl

3.0 5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5

f1 (M)
$120

9.0 8.5 8.0 7.3 7.0 6.5 6.0 5.5 5.0

9.5




=
&
o
ﬂ
85— i
¥ s
b
TES— & SeE—
B
(a0
Sy
s
(]
Sy
€8~
825
T'ES—
L85
8857
799
LL9”
€10AD T LL—
81T~
6'8TT
6 TZT~
6'LC Fe
8821~
L bbT—-
0'69T~ _
00L1”

10

20

170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (M)

180

S121



crel

CH;

L &
—
|
ﬁ/___. (51
-
—
i (]
ML g [ 16T
e = 6T
eLe N €6'T— Fz1z
b6 T
$6'1
. 5  F s
™ .mmc.m W o €LC
o S0'E 3
& mqm\w | Yooz
0€ RanrE
vm.m\ J /86T
T IV
0L E~ 98’5
=
2 :
(k]
; =
0L E—- —
B 3
o f &8 | o
oL
o
Wwo
. , b9
£ b9
5] 7
& el Y oF % e £901
9 S b’ 9 = Sz0'T
£V 9-7 T ;
© b9 AL cmm%
o 059
o nwuﬁn = ﬁ.m [
o 8’9 -0
T
€12a2 92' L—-

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

5.0 4.5 40
f1 (M)
5122

5.5

6.0

6.5

7.0



CH,

- R
P 05—
-\
-3
65— -
E'ES v.NN\.
05— - g/
| h.mm/
L'85— -
05
m.Nm/ /
& 5§
O FS
L89S
EPAD T LL
SETT~
EETT
S0CT—
9ECT—
C9ET—
o o 9IST—
(5]
Fd
o
(]
0/ 90LT—

30 20 10

40

60

70

f1 (M)
5123

160 150 140 130 120 110 100

170



61
mmﬂw
£6'T
€61/
£6'T/
b6 T
b6 1

b6 1]
56 T-

cﬁmzr

g ———

NHN\

TT'E
TTEq

(45> =hmmll“HHw

o

2.05

3.08

2.00

2.01

3.0 29 28 27 26 25 24 23 22 21 20 158

31

26T
61 o
£6'T

£qT
2 o |
€6'1
b6 T

palT
b6 T

e

56 1-
mﬁN\
042
1€~
L e
B
tres

=y
v.a\ clT'E

LI

bLES

CH;

mtmmh |L
.

e

£12ad 9¢° L—

&0z
F80'E

=00z

mﬂqm
o0z

~50¢2
%wﬂw

FpOT
~o0'T

3.0 2.5 20 1.5 1.0 0.5 0.0

3.5

f1 (M)

7.0 8.5 6.0 5.5 5.0 4.5 4.0

7.5

S124



b 02~
28— vee!
678 o
- B 5 /T
Fes G EE~
N
B
LE5—
o £08
628 % \
\ |
LES
€120D T £LL~
T61T
T'ZZI~
ToTI
§'£7 1=
1821
b 6ET—
o
[}
R -4
o
s
o
o i
- 90LT
(o]
N
[$)
T

20

50

70

80

f1 (ma)
S125

T T
110 100

T
120

T
150

170

T
180




9P-0SINd Dm,m/

611
81 /
181~
181
81

CHy

OTHOE'E
99'E~
641 ]
08T~ /- 5|
1817 a3+
191 \ -
z871 Fa
S
&
[
o~
S
[ =
4
)
o
boT o[ = _
& oz v.. kg g g
_ 99z LM e L]
(@) (=] Z
o Sﬁ 1n
[ o ~
(o] = 8 M -
L2 :_T-A 2 B
. "
[ o _/.\m..m
ST'E o £
J AN =
g |7 g
st [
i ! ILK g
L« L L8
o P~
-
09'E = IS 2ra
o [':]
=44

2.00 1.97

5.98 2.01 2.05 2.02

1.00 1.01

10.5 100 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.3 f( )S.D 4.5 4.0 a5 3.0 25 2.0 1.5 10 0.5 0.0 -0.5
Ma,

11.0

5126



|
0] (0]
M,
SN 0
0
v
O—CHz '®)
N ]
=
(]
o n
; ol
o ™
=]
g
[Tg}
\\
um
- !
R
o | ¢ o ) =
[ | I | &
L i i |
%
T T T T T L S T B e T T T R S T T T Bt T T S e S S B T
54 53 52 51 S50 49 48 47 46 45 44 43 42 41 40 39 38 ag (36}35 34 33 32 31 30 29 28 37 26 25 24 23 22 21 20 19 18
1 (Mg
N M
g M — es}
™ &2 I =
I = | |
= N S
! =
|
L B o e e L o e L o e e e B T o e o e e LA B s s e
147 146 145 144 143 142 141 140 139 138 137 136 135 134 133 131:2 [131:| 130 129 128 127 126 125 124 123 122 121 120 119 118 117 116
1 (Mg,
P =
o] ! o m M S )
D Nt G2 = T ™~ Mmoo T w o«
— g A N = [Ty} 1 niin g o 0
| - o s @ Stn T o & R
j | YN | e FTf
1 I
L 1 Ll ) In [ Ll I
T T T T T T r r T T T T T T . T T T r r T T
210 200 190 180 170 160 150 140 130 120 110 . [wuj 90 80 70 60 50 40 30 20 10 0 -1
1 (ma

5127



£6'C—-

T9E

6L E—

A e

0.95 2.89 2.82 3.00

&7 3.0 35 3.4 3.3 3.2 31

3.8

STS~_
STS

A

516 514 512 510

(

"
520 518

9C'E
mN.m/Mfu

8EE—-

£E9't

grgd

EIOHD L2 L~

T
7.05

1.02 2.03 0.50 1.01 0.51
7.15

T
720

T T
7.25

= e
0.94 2.69 145
7.30

T
7.35

EPDHD LT°L

\

e

mh.mL\.

G P —

S5T'S

99
P99
£9'9
£9°9
89’
89 =

ST L

8L
8L

wry \E

[

p0'E
P0T
60

00’

687
‘560

=60

00T

Br'0
#c07
40T

TR

3207

4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ma)

4.5

7.0 6.5 6.0 b b 5.0

F.5

5128



I I 1
129.0 1285 128.0 1275

I
129.5

98ET—

geET—

EbPI~
ol

140

52.5

55.0

6'8C
gEe~
il £
5]
9Z§
6T
TE .
£L5
659—
02
&
]
N
k)

5601
/ 111,

119.0

n_.w:/u .

119.5

£8CT

Te9T—

00LT—

£0LT—

10

20

40

70

170 160 150 140 130 120 110 100 90
f1 (ma)

180

S129



FTT
= m:,/.,.
(=] —

4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

f1 (M)
5130

4.5

=i
5]
s 8T'1T il
=] 5 )/ = r
° BrTy ShE T %.mm ]
o 2 bf e 7185
i Rere
611/
€ ¢ g 0c' T
mm.WW I
£TE Ny
= RE = A
'€ [ 518 )
Crals [ |
67'€ -
a6 & " 62°€
62'€ -2 pes
£33 T
(g eEE el .
B8 ope [ =] T€°€;
z9'¢€ _ ) = L ze
ol AN [ 7 el [io
Jle qu/ ) ye6]
BN o 8TE
£9°¢€ Momm
6LE" 166
TP e
8+'9 Fal 9% b
81’9 Y re 9Z'b i
; (T F56'T
N@.w/ . =i
£9'9-\ =3 I T = FOLE
I ={ o bS"b-
SO 1B
k .
4 2T's
[N =+ A
NN.Lr i Nm.mvlln\-ll =001
o AR R —— S, Woaoes
& e o= il
=
x| e
Ll : .
5 ™ g L9
S W9
D TS SLy 89
el -1l =12 gy
8| o B g 69T
o | mm.w/h . /P02
| oL ~88'T
2[R 9" L 161
o3 + €100D LTL - %hoﬁ
- / e . 661
o - £-80¢€
Tt
432 e

5.0

5.5

6.0

6.2

7.0

7.5



8921~
6'9¢T—

S LeT—

0°8ZT~,
ral:ra o8
42 T4 &0
o racd
9'8Z1<

6T —
5°6€T—

o
\% 98 0
_Unu mNm./.l = T'ST—
~ 678 - A
675
L8
L WD
095’ T L
g9g— - 6'8¢”
TSN LB .
L1187 Bl
- L 675
625
0 mmx\
. 995
8 £9—-
-3 LS
el
"8
| o EPA T LL—
S
[l
& =
. i
. PEIT— - -
B
o
o ui
- m iy
. - o
= S
2 VLTI S ~ 611
o eHl— - N
=
[ M~
- g - TLIT
i 8921
— L g \ ral
= 9'8TT
P6ET— o
i
=
- g
Ranl
)
b w i %
LObT— - s
o
= M | m
0EPT— -9
EEPT— " =
L =
<

T
170.5

10

20

40

130 120 110 100 90 80 70
f1 (M)

40

170 160 150 1

180

S131



9L

9pP-05INd cm.NIJ

=
o

OdH 0 ——

LBE

Ly
€T L~
P L’
o
e/

A
€G-
bs L
vSL 'm
bs' L
55/
GeE

967 L~
L6'L #

===

1.00 1.01

1.00

1.00

7.8 77 7.6 £5 7.4 7.3 7.2 7.1 7.0

7.9

8.0

=009

F00E

101
~00'T
H00'T
=007

=007

15 1.0 0.5 0.0

2.0

3.0 2.5

35

4.0

50 45
f (M)

6.0 5.5

6.5

8.0 8.5 8.0 7.5 7.0

9.5

S132



HC

_CHy

x

CH;

0OT0T—

LSTT

9811~

g 121 -
meﬁx

TecT—
6 EET~

8¢hT

P

69—

10

20

70

f1 (M)
5133

160 150 140 130 120 110 100

170



9P-05INa 05°¢

T8¢

OdH 0g’ E—

60'L

o1 L~ /l.
e’

BTl

02 L’

55°L
mm.h/
85 L—

hm.h&.
FAN A

\ beL
e/
/ 8L

584

I
N

CH,

1.02

1.01

1.00

1.00

7.0

i

1.2

7.3

7.4

b

7.6

1.7

7.8

7.8

60L
0T £

TTiL
6T <L
0c L

—F

a5)L
8g°L
LS

—

L5 EA
vm.hﬂ
e Lo
S8L
S8 L

68—~

665

¥Z0'T
10T

=00’
=00'T

=001

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 S f15.(0m 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
M

10.0

S134



9pP-0OSsd 5°6E—

A\

HiC

CH;,

05k

0 08—-

PETT—
....ET\

m.m:w_. -
T'1eT \
8Tl
6217
LbET~_

6PST—

LE e

10

30

40

70

150 140 130 120 110 100 90 80
f1 (M)
5135

150

170



L

89°C—

OdH 2E°E—

69°L—

A

|
1.01

2.02

1.00

70 765 760 755 750 745 740 735 230 225 720 715 210 .05

0T 4
0T £
1T
1§94
ere
rAaa
0T £1
0T £

CA
12t
£ L
£ L
b L
bb L
b £
St /]
St /]
9t /]
9 /]
v

Ly L
69 £

T9ET—H

wu.l

4
I
A

L6565

o1
107
£0¢
001

f1 (M)

10

11

14 13

15

5136



9pP-0SIAd 57 6E—

0 bb—
=
i
8 0ET~- -
£TET— e
g IET &
6811
€71
80T~ _
£1eT’
gIeT

10

20

40

70

90

100

f1 (M)
5137

200 190 180 170 160 150 140 130 120 110

110



D
cl o 2
a 3
T =
o (]
ra o
B o
H-C ~l
Ny B i
| ~
CH, ™ -5 \.
>,—4‘s
NH
(o]
o~
o
M~ o
| ok ] N
| = . M~ s o
r~ M~ P
§ T I tenw
|
M W
18
e i I I
1.02 1.02 1.00 1.05
T 1 1 T ] T ] ] T 1 1 T I
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
+
o
ap]
T
A J{ iuu_
I If
n o
o S
o D
T W) T T T T T T T T T i) T T ) T L) T T T Y T T T ] T T L) T T T T T T
145 140 13.5 13.0 125 120 115 11.0 105 100 95 9. 85 8.0 ?15( ,fJﬂ.U 6. 60 55 50 45 40 35 30 25 Z 1.5 L0 05
M

S138



9P-05Nd §°6E

Cl

HyCn

A

CH,

NH

LEb—

0611
0TI
TheT—
rser/
8621~ _
gzeT/ _
zoer’

ObPST—

869T—

0L6T—

10

30

40

180 170 160 150 140 130 120 110 100 a0 80 70
f1 (ma)

190

200

S139



bS'T
ST 1
il = €5°1
L MR .
2 bST
-2 891
991 ST
L9 T~ © LS°T
89'T Mg L 99’
69' T 91
wn @ L | )
691/
9P-OSI 05°2~
982 3
L8C k MM
[872 =
oaHzee/
o0
© o
982
(8T——== & |
e2d R £TL
| b1 L
ST
9T'¢L
A
EU,../ w
il 1
[
\ £b L
bb L
Sk
L9 S L
9L L
32 L
E.NM y T it
ST L~ —= St
) 94 Z7 .
D.h\ SN
w
1.
e = ™
ob' L
/ :}% -
o Eb £ fﬁ. L “
- _-- - —
- 5 | m ELET
bl - % =
z mw.ﬁ\“ | 5
ShL ™~

»007
Sa0'

Ot

7202
LE0T
00T
50

7
f1 (mm)

10

11

14 13

15

5140



9pP-0SINa 5768

QEZ~
85z
0 bS—
9
T -
- &
- N
- o
oLZT—
- &
- S
LHTT—- 1
-8
£921— b
R b6TT
- 9'zel
- 8 Ly
L'87T~ o £9CT~-
z6C1— [ = L82
o z6z1
- gIeT
- A
8 1ET— o
i

CPST—

10

20

30

10 180 170 160 150 140 130 120 110 100 90 80 70
f1 (M)

200

S141



<
9p-0OSWAd 0§'2— |LJ
vm.mgg
9z €= -
]
s =t fie]
1ee/ M F&
£€'€
<
& OQdH 0f'€
1€ €}
6b €~ 8w BE
16 e i MWM
. e
= o e
TLE FLE
£LE FLE
s o b gL g5
ek [ 2
mmm/ N
£99 -Mw S
899" et M
1291 hgle
. i i
229 %
= 99'9
Q £ £9'9
[&] [oy]
o ¥ 89
ﬂmmwl
€02 S L9
\N //N B0’ £k %m - £0'Z~
Q, 0T L agrl 5 bO L
o Hﬁh\;.\- ﬁ.m K oﬂ%
2T N 14404
~ s

FO0E

22017
o7
hooy
/201
00T

00T
007
#00'T
k7o

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

f1 (M)
5142

7.0 6.5 6.0 5.5 5.0 4.5 4.0

AT



9pP-05SWA 5 6E—

LPE~
98E

FES~

TLIT~. .
T

£811—

b s

119.0 118.5 118.0 1175 1170 116.5

9111~
TLTT
w::
81T
6 LZT~
0'6¢T"

20 10

30

&0

70

80

f1 (M)
5143

160 150 140 130 120 110 100

170



90'E—

..4
OdH §5°T—

Ly E—-

)

gLE—

€9~ _
bL9—"
6£9
089~
189~

E0LT

7T L
€T [—-
ve L

1.03

1.03

1.00

1.03

730 7.25 7.20 715 7.10 705 7.00 695 690 6.85 0.80 67> 6.70 6.65

£]0d0 9¢°L

Fpoe

F10e
=10E

FE0'T
E0'T
00'1
207

3.0 L5 20 1.5 Lo 0.5 0.0

3.5

4.0

4.5

95 90 85 80 75 70 65 60 55
f (M)
S144

0.0



H.C
SN

a2/
7 N\ 3
N N o
™
N
a |
e
—
2o 7
S8
5 / o
il !
™~
e o F\| - 2
QM @ ™~ & @ |
- o o i
— \ —
o] ©
s
—
—
T 71
1294 129.2 B R S
o 114.6 114.4 L.
© i R
(2] e
= ]
e
|
lspgtoriradnty ﬁﬂmi--ﬂrmm ke s o S St e b R o SR e PSS B RS e
T T ] T T y T T T ] T T T T T T T T T Y T T L T T T T T T T T T T
145 140 135 130 125 120 115 110 105 100 95 S0 85 80 B o0 55 50 45 40 35 30 25 20 15 10

ia 70
f1 (ma)

* The inverted peak at 105 ppm is an artifact at exact center of spectrum

S145



e'c

9p-0Slia 05°¢

OdH cm.m;

Al

02 €=
we—=
mN.m\

J

C—
b E—

19°E—

69'E

mm.quHM
E.mwl.

TL€

1.02

.01

1.01

1.00

3.55 350 345 340 335 330 325 3.20 3.15

375 370 3656 360

3.80

f

ED9
£9°9
F9'9
¥9'9
99'9
59'9
69'9
69'9
049
TL 9

66' 9~ _
00 £

60~
Oli—-
el

1.02

1.00

1.02

1.04

715 710 705 7.00 695 690 685 6.80 675 670 665 6.60

W3 8L §———

9E'ET——=

20T
o0
=Z0'T
Aot

1.5 10 0.5 00

25 20

60 55 50 45 40 35 3.0

70, 65
f1 (M)

85 &0 TIb

9.0

Lo 13.5 13.0 12,5 120 11.5 110 10.5 100 95

5146



9IP-OSWA & mm.\

HC_

T8E—-

98—

S
NH—~<¥

3.5 39.0 38.5 38.0

40.0

FITT~ %

6911~
LT

0821~ i

62T

Crr1—

IBLT—

EglE——4

10

40 20

60

70

20

100

f1 (M)
S147

210 200 1% 180 170 160 150 140 130 120 110

220



£6'¢C

9pP-05Ia 05°¢

Q- 0+

1T E
NN.m)

bT'Ey

A \m

Cl

1.08

1.09

1.01

1.02

370 365 360 355 350 345 340 335 330 325 320

3.75

L

GEE

66" 9——
0oL

LEE
423 =
m_..w.m‘\W
L E
¢L'E
BLE
vLE

I
1.00
6.70

T
6.75

T
6.95

1.03
T
7.00

?.ma||J

#20E
/80T

2107
g v

£0'7
Moqﬂ
RE0'T

—

3.0 25 2.0

50 45 4.0

14.0 135 13.0 125 12.0 115 11.0 10.5 10.0 95 9.0

0.0

1.0 0.5

L5

3.0

80 75 70 65 60 55
f1 (M)

8.5

5148



9pP-034d 5°6E
L
9'8E—
——
——
— w
o S/N
T
z
=
C\ o
-

T T
37.5 37.0

T
38.0

T
39.0

T
39.5

10

20

30

80 80 70

100

f1 (M)
5149

150 180 170 160 150 140 130 120 110

200



F1°e

.wm.m./

TOE~

.
(o]
™
Lo
EP' T~ o
eve’ S| g
SH'Z~, = |~
ST ¢
e~
3
Sk ]
mv.th".M..
FETS J
f:ﬂl
% .
A OQH 0€" €~
i e —ee————
R o eee’]
67— 8rd CE
£6C— =
b6z’ &
OQH 0€ €—- ) N
40 S L 8rn
= _ ._I.._
(Y]
i
[l
£5'9 6
bSO fu m
5597 1
299~ C gl
€99 s
[
]
[ea]
[¥s]
£5°9
o 889~ _ = ks’ 9
5 G 689 Fae3 .WWm
ﬁA\ 799~
! €99/
\w Ny S 889~
£ ' = 6897 _
Q 0 S [o]
2 b0’ L = mwh
i b0 L
[
50°Z

FT0E
=00'7

s00€
=007

] M6

=007

#7107
00T
=007
E00'T

3.0 2.5 20 L5 1.0 0.5 0.0

3.5

f1 (M)
5150

4.0

4.5

7.0 6.5 6.0 5.5 5.0

7.5



9p-0SINA §' 68

TSl

£9¢

TSE~

G BE~

55—~

¥ 99—

FOTT-—

eI~
Foll—~

0LZT~

o8er

6 bFT—

8091—-

9e8T—

20 10

30

&0 50

70

50

100
f (M)
5151

180 170 160 150 140 130 120 110

190



