Supplementary data

All commercially available chemicals were of analytical quality, and the solvents were partly
of analytical quality and partly used after further purification. The reactions were monitored
by thin-layer chromatography using a Merck type silica gel 60 GF 254 thin-layer plate, with
the developed chromatograms visualised under 254 nm UV light. The silica gel used in the
column chromatography procedures was Merck type Kieselgel (0.040-0.063 mm particle

size).

Melting point determinations were performed using a Buichi M-560 melting point apparatus

and data are given in °C.

NMR spectra were recorded on a Varian Mercury Plus (*H: 400 MHz, 3C: 100 MHz) and a
Bruker Avance 111 (*H: 500 MHz, 13C: 125 MHz) spectrometer equipped with a standard and
a cryogenic head, respectively.

The NMR spectra were recorded at room temperature using the 2H signal of the solvent as
lock and tetramethylsilane as internal standard (TMS = 0 ppm). The solvent was given in the
characterization of the compound. Chemical shift values (o) are given in ppm and coupling
constants (J) in Hz. The multiplicity is given using designations commonly used in
spectroscopy. The same coupling constant values for different signal fine structures (e.g. Jas

and Jga) were measured twice, but the values are given only once.

In several cases, H-*C heteronuclear correlation measurements and DEPT measurements
were also performed to prove the structure. HRMS measurements were performed on a Sciex
5600+ Triple TOF mass spectrometer. The instrument was equipped with a DuoSpray ion
source and measurements were performed under electrospray conditions with positive ion
detection. The resolution of the instrument is >30000 over the full mass range. Samples were
dissolved in methanol and were injected into the ion source of the mass spectrometer at a flow
rate of 0.2 mL/min methanol. The source temperature was 350 °C. The mass range was 100-
1000, with an accumulation time of 1 second. The instrument was controlled using Analyst

1.7 software and data were evaluated using PeakView 2.2 software.

IR instrument: Jasco FT/IR-4600. Jasco ATR PRO ONE with PKS-Z1 ZnSe prism Kit.
Spectrum registration parameters: Scan: 32 Resolution 4 cm™, Range: 4000-500 cm™ During
the spectrum registration the following parameters were presetted: Automatic H2O, CO>



reduction; auto baseline correction, auto smoothing-moving means (with=5); automatic ATR

correction.

General procedure for the synthesis of substituted thiourea derivatives (3a—f) from acyl
chlorides (4a-f) (Scheme 3)

Synthesis of benzoyl isothiocyanates (2a—f): To a solution of the appropriate acyl chlorides
(4a—f, 2 mmol) in dry acetone (5 ml) was added under reflux a solution of ammonium
thiocyanate (3 mmol) in dry acetone (3 ml) through a dropping funnel. A white precipitate
was formed. After the addition the mixture was treated under reflux conditions for 30 minutes
(monitored by TLC). The mixture was filtered and the filtrate was used in the next step

without any purification.

Synthesis of thiourea derivatives (3a—f): 2-Amino-5-bromobenzoic acid (1a) (1.6 mmol) was
added to the acetone solution of the corresponding isothiocyanate derivative and the mixture
was stirred at room temperature until the reaction was completed according to the TLC

analysis. For the different derivatives various work-up procedures were used.
Yields were calculated on the basis of the amount of 2-amino-5-bromobenzoic acid (1a).

Synthesis of 5-bromo-2-{[(phenylformamido)methanethioyl]amino}benzoic acid (3a): To
a solution of benzoyl chloride (2 mmol, 232 ul) in dry acetone (5 ml) was added under reflux
a solution of ammonium thiocyanate (3 mmol, 228 mg) in dry acetone (3 ml) through a
dropping funnel. White precipitate appeared. After the addition the mixture was treated under
reflux conditions for 30 minutes monitored by TLC. The mixture was filtered and the filtrate
was used without any purification in the next step. To this solution (2a) 1.6 mmol (346 mg) 2-
amino-5-bromobenzoic acid (1a) was added and stirred at room temperature, monitored by
TLC. After the reaction was completed, the mixture was poured over 30 ml ice-cold water
forming a pale yellow precipitate, which was filtered, washed with n-hexane, and dried at
room temperature. (0.48 g, 75%) Mp.: 239-240 °C. R+ (dichloromethane/methanol 10:1): 0.4.
IR vmax: 3485, 3263, 3102, 1710, 1675, 1597, 1575, 1287, 1160, 945, 761, 598 cm™*. 'H-NMR
(DMSO-ds+CD30D) 8: 8.28 (d, J=8.8Hz, 1H, H-1), 8.04 (d, J=2.3Hz, 1H, H-6), 7.92 (d,
J=7.5 Hz, 2H. H-2’, H-6’), 7.61-7.50 (m, 2H), 7.43 (t, J=7.5Hz, 2H. H-3’, H-5’). &C (100
MHz, DMSO-de): 179.2 (CS), 166.6 (CO), 165.9 (COOH), 137.4 (C-2), 134.0 (C-4), 132.8
(C-6), 132.6 (C-3), 131.7 (C-17), 128 (2C, C-2’, C-67), 128 (2C, C-3’, C-5’), 128.0 (C-4"),
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117.9 (C-5), 125.1 (C-1). HRMS (ESI) CisH12N203SBr [M+H]": calculated: 377.9673,
measured: 378.9752, deviation: -1.6003 ppm, -4.22 mDa, DBE: 10.5.

Synthesis of 5-bromo-2-({[(2,6-difluorophenyl)formamido]methanethioyl}amino)benzoic
acid (3b): To a solution of 2,6-difluorobenzoyl chloride (2 mmol, 250 pl) in dry acetone (5
ml) was added under reflux a solution of ammonium thiocyanate (3 mmol, 228 mg) in dry
acetone (3 ml) through a dropping funnel. White precipitate appeared. After the addition the
mixture was treated under reflux conditions for 30 minutes monitored by TLC. The mixture
was filtered and the filtrate was used without any purification in the next step. To this solution
(2b) 1.6 mmol (346 mg) 2-amino-5-bromobenzoic acid (1a) was added and stirred at room
temperature, monitored by TLC. After the reaction was completed, the mixture was
evaporated, and the residue was crystallized by acetonitrile/water. The pale yellow precipitate
was filtered, washed with diethyl ether and dried at room temperature. (0.04 g, 7%) Mp.: 189—
190 °C. Ry (dichloromethane/methanol 10:1): 0.5. IR vmax: 3150, 3020, 1691, 1623, 15809,
1522, 1281, 1176, 943, 762, 592 cm™ *H-NMR (DMSO-ds) &: 13.70 (brs, 1H, COOH), 12.84
(s, 1H, NH-C2), 12.35 (s, 1H, NH-CO), 8.16 (d, J=8.8Hz, 1H, H-3), 8.04 (d, J=2.2Hz,1H, H-
6), 7.83 (dd, J=8.8, 2.2Hz, 1H, H-4), 7.64 (m, 1H, H-4’), 7.26 (m, 2H, H-3’, H-5). 3C (100
MHz, DMSO-ds): 178.8 (CS), 165.9 (COOH), 137.4 (C-2), 134.7 (C-4), 133.5 (C-4"), 132.7
(C-6), 129.4 (C-3), 126.5 (C-1), 118.5 (C-5), 113.1 (C-17), 112.1 (2C, C-3’, C-5"). HRMS
(ESI) Ci1sH11NOsF2SBr [M+H]*: calculated: 413.9485, measured: 414.9525, deviation:
1.8662 ppm, 4.4973 mDa, DBE: 10.

Synthesis of 5-bromo-2-({[(4-fluorophenyl)formamido]methanethioyl}amino)benzoic
acid (3c): To a solution of 4-fluorobenzoyl chloride (2 mmol, 236 ul) in dry acetone (5 ml)
was added under reflux a solution of ammonium thiocyanate (3 mmol, 228 mg) in dry acetone
(3 ml) through a dropping funnel. White precipitate appeared. After the addition the mixture
was treated under reflux conditions for 30 minutes monitored by TLC. The mixture was
filtered, and the filtrate was used without any purification in the next step. To this solution
(2c) 1.6 mmol (346 mg) 2-amino-5-bromobenzoic acid (1a) was added and stirred at room
temperature, monitored by TLC. White precipitate appeared in the mixture. When the reaction
was completed, the product was filtered. The filtrate was poured over ice-water and the
residue of the product was precipitated. The pale yellow crystals were filtered, washed with n-
hexane and dried at room temperature. (0.55 g, 87%) Mp.: 237-238°C. Rt (n-hexane): 0.2. IR
vmax: 3726, 3467, 3249, 3053, 1711, 1673, 1598, 1574, 1502, 1289, 1155, 943, 757, 593 cm™.



'H-NMR (DMSO-ds) §: 13.75 (brs, 1H, COOH), 13.10 (s, 1H, NH-C2), 11.75 (s, 1H, NH-
CO), 8.12 (d, J=8.7Hz, 1H, 3), 8.06 (m, 2H, H-2’, H-6"), 8.02 (d, J=2.4Hz, 1H, H-6), 7.82
(dd, J=8.7, 2.4Hz, 1H, H-4), 7.38 (m, 2H, H-3’, H-5"). 8C (100 MHz, DMSO-ds): 179.9 (CS),
166.6 (CO), 165.8 (COOH), 165.1 (CF), 137.5 (C-2), 134.6 (C-4), 132.7 (C-6), 131.8 (2C, C-
2’,C-6"), 129.6 (C-3), 128.6 (C-1"), 126.7 (C-1), 118.3 (C-5), 115.6 (2C, C-3’, C-5’). HRMS
(ESI) CisH11N203FSBr [M+H]*: calculated: 395.9579, measured: 396.9657, deviation: -
4.4803 ppm, -1.7785 mDa, DBE: 10.5.

Synthesis of 5-bromo-2-({[(3,5-
dimethoxyphenyl)formamido]methanethioyl}amino)benzoic acid (3d): To a solution of
3,5-dimethoxybenzoyl chloride (2 mmol, 401 mg) in dry acetone (5 ml) was added under
reflux a solution of ammonium thiocyanate (3 mmol, 228 mg) in dry acetone (3 ml) through a
dropping funnel. White precipitate appeared. After the addition the mixture was treated under
reflux conditions for 30 minutes monitored by TLC. The mixture was filtered, and the filtrate
was used without any purification in the next step. To this solution (2d) 1.4 mmol (302 mg) 2-
amino-5-bromobenzoic acid (1a) was added and stirred at room temperature, monitored by
TLC. Yellow precipitate appeared in the mixture. When the reaction was completed, the
product was filtered, washed with n-hexane and dried at room temperature. (0.53 g, 87%)
Mp.: 221-222 °C. Rt (dichloromethane/methanol 10:1): 0.6. IR vmax: 3259, 2938, 2837, 1678,
1594, 1570, 1509, 1570, 1285, 1155, 741 cm™. H-NMR (DMSO-de) &: 13.75 (brs, 1H,
COOH), 13.15 (s, 1H, NH-C2), 11.69 (s, 1H, NH-CO), 8.12 (d, J=8.8Hz, 1H, H-3), 8.02 (d,
J=2.4Hz, 1H, H-6), 7.82 (dd, J=8.8, 2.4Hz, 1H, H-4), 7.15 (d, J=2.2Hz, 2H, H-2’, H-6), 6.77
(t, J=2.2Hz, 1H, H-4"), 3.83 (s, 6H, OCH3-C3’, OCH3-C5’). 6C (100 MHz, DMSO-ds): 179.9
(CS), 167.2 (CO), 165.8 (COOH), 160.3 (2C, C-3’, C-5%), 137.5 (C-2), 134.6 (C-4), 133.9 (C-
2%), 132.7 (C-6), 129.6 (C-3), 126.8 (C-1), 118.3 (C-5), 106.3 (2C, C-2’, C-6’), 105.6 (C-4’),
55.6 (2C, C3’-OCH3, C5’-OCH3). HRMS (ESI) Ci7H1sN20sSBr [M+H]": calculated:
437.9885, measured: 438.9963, deviation: -4.8514 ppm, -2.1297 mDa, DBE: 10.5.

Synthesis of 5-bromo-2-[({[2-
(chloromethyl)phenyl]formamido}methanethioyl)amino]benzoic acid (3e): To a solution
of 2-(chloromethyl)benzoyl chloride (0.5 mmol, 72 ul) in dry acetone (3 ml) was added under
reflux a solution of ammonium thiocyanate (0.5 mmol, 38 mg) in dry acetone (2 ml) through a
dropping funnel. White precipitate appeared. After the addition the mixture was treated under
reflux conditions for 30 minutes monitored by TLC. The mixture was filtered, and the filtrate

was used without any purification in the next step. To this solution (2e) 0.45 mmol (97 mg) 2-
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amino-5-bromobenzoic acid (1a) was added and stirred at room temperature, monitored by
TLC. White precipitate appeared in the mixture. When the reaction was completed, the
product was filtered, washed with dry acetone and dried at room temperature. (0.14 g, 65%)
Mp.: 208-209 °C. Rt (dichloromethane/methanol 10:1): 0.5. IR vmax: 3727, 3704, 3624, 3597,
3264, 3061, 1699, 1674, 1599, 1572, 1287, 1163, 943, 691, 593 cm™. 'H-NMR (DMSO-ds)
d:13.84 (brs, 1H, COOH), 13.08 (s, 1H, NH-C2), 12.00 (s, 1H, NH-CO), 8.21 (d, J=8.8Hz,
1H, H-3), 8.03 (d, J=2.4Hz, 1H, H6), 7.83 (dd, J=8.8, 2.4Hz, 1H, H-4), 7.63 (d, J=7.6Hz, 1H,
H-6), 7.61-7.54 (m, 2H, H-3’, H-4), 7.48 (m, 1H, H-5%), 4.95 (s, 2H, CH>-C2), 5C (100
MHz, DMSO-ds): 179.6 (CS), 168.7 (CO), 165.9 (COOH), 137.6 (C-2), 136.2 (C-2’), 134.6
(C-4), 133.4 (C-17), 132.7 (C-6), 131.6 (C-47), 130.5 (C-37), 129.3 (C-3), 129.1 (C-67), 128.4
(C-5”), 126.3 (C-1), 118.1 (C-5), 43.3 (CH2). HRMS (ESI) C1sH13N20O3SCIBr [M+H]":
calculated: 425.9440, measured: 426.9518, deviation: -4.3988 ppm, -1.878 mDa, DBE: 10.5.

Synthesis of 5-bromo-2-({[(4-nitrophenyl)formamido]methanethioyl}amino)benzoic acid
(3f): To a solution of 4-nitrobenzoyl chloride (1 mmol, 186 mg) in dry acetone (5 ml) was
added under reflux a solution of ammonium thiocyanate (1.5 mmol, 114 mg) in dry acetone (3
ml) through a dropping funnel. White precipitate appeared. After the addition the mixture was
treated under reflux conditions for 30 minutes monitored by TLC. The mixture was filtered,
and the filtrate was used without any purification in the next step. To this solution (2f) 1.4
mmol (302 mg) 2-amino-5-bromobenzoic acid (la) was added and stirred at room
temperature, monitored by TLC. When the reaction was completed, the mixture was
evaporated and the residue was recrystallized from ethanol. Yellow crystals were produced.
(0.1 g, 23%) Mp.: 220-222 °C. Rt (dichloromethane/methanol 10:1): 0.6. IR vmax: 3187,
3001, 1702, 1679, 1597, 1577, 1341, 1292, 1155, 945, 758, 593 cm™. 'H-NMR (DMSO-
de+CD30OD) 6: 13.04 (brs, 1H, in exchange with CD3OD, NH-C2), 12.01 (brs, 1H, in
exchange with CD30D, NH-CO), 8.33 (d, J=8.8Hz, 2H, H-3’, H-5’), 8.20-8.13 (m, 3H, H-3,
H-3’, H-5%), 8.03 (d, J=2.3Hz, 1H, H-6), 7.80 (dd, J=8.7, 2.3Hz, 1H, H-4). 56C (100 MHz,
DMSO-de): 179.6 (CS), 166.3 (CO), 165.8 (COOH), 149.9 (C-4’), 137.9 (C-1’), 137.5 (C-2),
134.7 (C-4), 132.7 (C-6), 130.4 (2C, C-2’, C-6’), 129.5 (C-3)*, 126.6 (C-5)*, 123.4 (2C, C-3’,
C-5’), 118.4 (C-1). * These signals are interchangeable with each other. HRMS (ESI)
C1sH11N30sSBr [M+H]": calculated: 422.9524, measured: 423.9602, deviation: -4.9027
ppm, -2.0785 mDa, DBE: 11.5.



Synthesis of 5-iodo-2-({[(4-nitrophenyl)formamido]methanethioyl}amino)benzoic acid
(3K): To the solution of 4-nitrobenzoyl chloride (1.5 mmol, 278 mg) in dry acetone (5 ml) was
added under reflux a solution of ammonium thiocyanate (1.5 mmol, 114 mg) in dry acetone (3
ml) through a dropping funnel. White precipitate appeared. After the addition the mixture was
treated under reflux conditions for 30 minutes monitored by TLC. The mixture was filtered,
and the filtrate was used without any purification in the next step. To this solution (2f) 1.2
mmol (315 mg) 2-amino-5-iodobenzoic acid (1b) was added and stirred at room temperature,
monitored by TLC. When the reaction was completed, the mixture was evaporated and the
residue was recrystallized from ethanol. Yellow crystals were produced. (0.4 g, 73%) Mp.:
218-219 °C. R¢ (dichloromethane/methanol 10:1): 0.5. IR vmax: 3186, 2994, 2858, 1698,
1678, 1591, 1512, 1337, 1169, 755. *H-NMR (DMSO-de) &: 13.76 (brs, 1H, OH), 13.06 (s,
1H, NH-C2), 12.10 (s, 1H, NH-CO), 8.35 (d, J=8.8Hz, 2H, H-3’, H-57), 8.20 (d, J=2.0Hz, 1H,
H-6), 8.16 (d, J=8.8Hz, 2H, H-2’, H-6"), 8.01 (d, J=8.6Hz, 1H, H-3), 7.96 (dd, J=8.6, 2.0Hz,
1H, H-4). 6C (100 MHz, DMSO-ds): 179.4 (CS), 166.3 (CO-C1’), 165.9 (COOH), 149.9 (C-
4%), 140.4 (C-4), 138.6 (C-6), 138.0 (C-17), 137.9 (C-2), 130.4 (C-67), 129.3 (C-3), 126.5 (C-
1), 123.4 (C-5’), 91.1 (C-5). HRMS (ESI) C15H11N30sSI [M+H]": calculated: 470.93859,
measured: 471.9458, deviation: -2.4809 ppm, -1.1708 mDa, DBE: 11.5.

General procedure for the synthesis of substituted thiourea derivatives (3g—j) from

carboxylic acids (5g—j) (Scheme 4)

Synthesis of benzoyl isothiocyanates (2g-j): The reactions were carried out by using
1.0/0.3/0.8/2.5 molar ratio of TPP/TCCA/RCOOH/NH4SCN. To the cold solution of
triphenylphosphine /TPP/ (262 mg, 1 mmol) in dichloromethane (3 mL), trichloroisocyanuric
acid /TCCA/ (69 mg, 0.3 mmol) was added under continuous stirring, followed by adding
benzoic acid (97 mg, 0.8 mmol) and stirring was continued for 15 min. Then ammonium
thiocyanate (190 mg, 2.5 mmol) was added and the temperature was raised up to room
temperature. It was stirred at room temperature monitored by TLC. The mixture was
evaporated, and the residue passed through to a short silicagel column using n-hexane or n-
hexane/ethyl acetate 10:1 as eluent.

Synthesis of thiourea derivatives (3g—j): 2-amino-5-bromobenzoic acid (1a) (0.9 moleq.) was

added to the acetone solution of the corresponding isothiocyanate derivative and the mixture



was stirred at room temperature until the reaction was completed according to the TLC

analysis. For the different derivatives various working up procedures were used.
Yields were calculated based on the amount of 2-amino-5-bromobenzoic acid (1a)

Synthesis of 5-bromo-2-({[(2-nitrophenyl)formamido]methanethioyl}amino)benzoic acid
(39):

Synthesis of 2-nitrobenzoyl isothiocyanate (2g): To the cold solution of triphenylphosphine
(984 mg, 3.75 mmol) in dichloromethane (9 mL), trichloroisocyanuric acid (261 mg, 1.125
mmol) was added under continuous stirring, then 2-nitrobenzoic acid (501 mg, 3 mmol) was
added and stirring was continued for 15 min. After that ammonium thiocyanate (714 mg,
9.375 mmol) was added and the temperature was raised up to room temperature. It was stirred
at room temperature monitored by TLC. White suspension was produced. The mixture was
filtered, evaporated and the residue was passed through to a short silicagel column using n-

hexane/ethyl acetate 10:1 as eluent. Pale yellow crystals were produced (0.124 g, 20%).

2-Amino-5-bromobenzoic acid (1a) (93 mg, 0.43 mmol) was added to the acetone solution of
the 2-nitrobenzoyl isothiocyanate (2g) (100 mg, 0.48 mmol) and the mixture was stirred at
room temperature until the reaction was completed according to the TLC analysis. Most of the
acetone from the mixture was evaporated, and then water was added to the residue. Yellow
crystals appeared, which were filtered and washed with diethyl ether. (0.07 g, 36%). Mp.:
192-194 °C. R¢ (dichloromethane/methanol 10:1): 0.4. IR (KBr) vmax: 3727, 3703, 3625,
3598, 3164, 3022, 1688, 1600, 1579, 1523, 1350, 1172, 949, 753 cm*. *H-NMR (DMSO-ds)
8:12.92 (s, 1H, NH), 12.21 (s, 1H, NH-CO), 8.25 (d, J=8.8Hz, 1H, H-3), 8.23 (m, 1H, H-5’),
8.04 (d, J=2.4Hz, 1H, H-6), 7.90 (m, 1H, H-3*), 7.84 (dd, J=8.8, 2.4Hz, H-4), 7.80 (m, 1H, H-
4%), 7.77 (m, 1H, H-2"). 6C (100 MHz, DMSO-ds): 178.9 (CS), 166.5 (CO), 165.8 (COOH),
1455 (C-67), 137.3 (C-2), 134.7 (C-4, C-3’), 132.7 (C-6), 131.8 (C-4"), 130.6 (C-1"), 129.4
(C-2%), 129.1 (C-3), 126.1 (C-1), 124.3 (C-5’), 118.2 (C-5). HRMS (ESI) C15sH1:1N3O5SBr
[M+H]": calculated: 422.9524, measured: 423.9602, deviation: -3.4845 ppm, -1.4785 mDa,
DBE: 11.5.

Synthesis of 5-bromo-2-({[(4-methoxyphenyl)formamido]methanethioyl}amino)benzoic
acid (3h): Synthesis of 4-methoxybenzoyl isothiocyanate (2h): To the cold solution of
triphenylphosphine (525 mg, 2 mmol) in dichloromethane (6 mL), trichloroisocyanuric acid

(139 mg, 0.6 mmol) was added under continuous stirring, than 4-methoxybenzoic acid (243



mg, 1.6 mmol) was added and stirring was continued for 15 min. After that ammonium
thiocyanate (380 mg, 5 mmol) was added and the temperature was raised up to room
temperature. It was stirred at room temperature monitored by TLC. White suspension was
produced. The mixture was filtered, evaporated and the residue was passed through to a short
silicagel column using n-hexane/ethyl acetate 3:2 as eluent. Colourless oil was produced.
(0.23 g, 74%). R¢: 0.2.

2-Amino-5-bromobenzoic acid (1a) (230 mg, 1.1 mmol) was added to the acetone solution of
the 4-methoxybenzoyl isothiocyanate (2h) (230 mg, 1.2 mmol) and the mixture was stirred at
room temperature until the reaction was completed according to the TLC analysis. Most of the
acetone was evaporated from the mixture, and to the residue water was added. White crystals
appeared, which were filtered and washed with n-hexane. (0.18 g, 39%). Mp.: 230-232 °C. R¢
(toluene/methanol/chloroform 5:1:1): 0.6. IR vmax: 3389, 3025, 2983, 1679, 1602, 1491, 1281,
1171, 687, 595 cm™. 'H-NMR (DMSO-ds) §: 13.17 (brs, 1H, NH-C2), 11.49 (brs, 1H, NH-
CO), 8.10 (d, J=8.7Hz, 1H, H-3), 8.07-7.96 (m, 3H, H-6, H-2, H-6"), 7.81 (dd, J=8.7, 2.4Hz,
1H, H-4), 7.07 (d, J=8.9Hz, 2H, H-3’, H-5’), 3.85 (s, 3H, OCH3). 3C (100 MHz, DMSO-de):
180.1 (CS), 166.9 (CO-C1’), 165.8 (COOH), 163.3 (C-4"), 137.6 (C-2), 134.6 (C-4), 132.7
(C-6), 131.1 (C-6’), 129.8 (C-3), 126.9 (C-1), 123.8 (C-17), 118.3 (C-5), 113.9 (C-5’), 55.7
(OCH3). HRMS (ESI) C16H12N204SBr [M+H]": calculated: 407.9779, measured: 406.9701,
deviation: -5.6883 ppm, -2.3149 mDa, DBE: 11.5.

Synthesis of 5-bromo-2-({[(4-cyanophenyl)formamido]methanethioyl}amino)benzoic
acid (3i): Synthesis of 4-cyanobenzoyl isothiocyanate (2i): To the cold solution of
triphenylphosphine (984 mg, 3.75 mmol) in dichloromethane (9 mL), trichloroisocyanuric
acid (261 mg, 1.125 mmol) was added under continuous stirring, than 4-cyanobenzoic acid
(441 mg, 3 mmol) was added and stirring was continued for 15 min. After that ammonium
thiocyanate (714 mg, 9.375 mmol) was added and the temperature was raised up to room
temperature. It was stirred at room temperature monitored by TLC. White suspension was
produced. The mixture was filtered, evaporated and the residue was passed through to a short
silicagel column using n-hexane as eluent. White crystals were produced. (0.12 g, 20%). Rs:
0.2.

2-Amino-5-bromobenzoic acid (1a) (100 mg, 0.48 mmol) was added to the acetone solution
of the 4-cyanobenzoyl isothiocyanate (2i) (100 mg, 0.53 mmol) and the mixture was stirred at

room temperature until the reaction was completed according to the TLC analysis. Some of



the acetone was evaporated from the mixture, and the mixture was filtered. Pale yellow
crystals were produced. (0.06 g, 30%). Mp.: 233-234 °C. R (dichloromethane/methanol
10:1): 0.4. IR vmax: 3228, 3005, 2233, 1706, 1680, 1597, 1578, 1523, 1289, 1156, 944, 763,
591 cm™. 'H-NMR (DMSO-de) &: 13.01 (s, 1H, NH), 11.99 (s, 1H, NH-CO), 8.14 (d,
J=8.8Hz, 1H, H-3), 8.08 (m, 2H, H-2’, H-6"), 8.03 (d, J=2.5Hz, 1H, H-6), 8.01 (m, 2H, H-3’,
H-57), 7.83 (dd, J=8.8, 2.5Hz, 1H, H-4). 3C (100 MHz, DMSO-ds): 179.4 (CS), 166.4 (CO),
165.7 (COOH), 137.3 (C-2), 136.3 (C-17), 134.8 (C-4), 132.7 (C-6), 132.4 (C-3’, C-57), 129.6
(C-2°, C-6’), 129.5 (C-3), 126.5 (C-1), 118.4 (C-5), 118.1 (CN), 115.1 (C-4’). HRMS (ESI)
C16H11N303SBr [M+H]": calculated: 402.9626, measured: 403.9704, deviation: -3.5876
ppm, -1.4492 mDa, DBE: 12.5.

Synthesis of 5-bromo-2-({[(2-bromophenyl)formamido]methanethioyl}amino)benzoic
acid (3j): Synthesis of 2-bromobenzoyl isothiocyanate (2j): To the cold solution of
triphenylphosphine (656 mg, 2.5 mmol) in dichloromethane (9 mL), trichloroisocyanuric acid
(174 mg, 0.75 mmol) was added under continuous stirring, than 2-bromobenzoic acid (402
mg, 2 mmol) was added and stirring was continued for 15 min. After that ammonium
thiocyanate (380 mg, 5 mmol) was added and the temperature was raised up to room
temperature. It was stirred at room temperature monitored by TLC. White suspension was
produced. The mixture was filtered, evaporated and the residue was passed through to a short

silicagel column using n-hexane as eluent. Yellow oil was produced. (0.26 g, 48%). R¢: 0.2.

2-Amino-5-bromobenzoic acid (1a) (120 mg, 0.44 mmol) was added to the acetone solution
of the 2-bromobenzoyl isothiocyanate (2j) (76 mg, 0.35 mmol) and the mixture was stirred at
room temperature until the reaction was completed according to the TLC analysis. The
mixture was filtered and the residue was washed with n-hexane. White crystals were
produced. (0.11 g, 67%). Mp.: 223-223.5 °C. R (dichloromethane/methanol 10:1): 0.4. IR
vmax: 3261, 3006, 1710, 1688, 1596, 1573, 1518, 1292, 1154, 944, 754 cm™. 'H-NMR
(DMSO-ds) &: 13.89 (brs, 1H, COOH), 13.00 (s, 1H, NH-C2), 12.09 (s, 1H, NH-CO), 8.21 (d,
J=8.8Hz, 1H, H-3), 8.03 (d, J=2.4Hz, 1H, H-6), 7.83 (dd, J=8.8, 2.4Hz, 1H, H-4), 7.72 (dd,
J=7.6, 1.2Hz, 1H, H-5°), 7.58 (dd, J=7.4, 1.8Hz, 1H, H-2’), 7.54-7.41 (m, 2H, H-3’, H-4"). 6C
(100 MHz, DMSO-ds): 179.3 (CS), 167.8 (CO-C1’), 166.0 (COOH), 137.5 (C-2), 136.5 (C-
1%), 134.7 (C-4), 132.7 (C-6), 132.7 (C-57), 132.2 (C-4’), 129.3 (C-3), 129.2 (C-2’), 127.6 (C-
3’), 126.4 (C-1), 118.9 (C-6’), 118.2 (C-5). HRMS (ESI) Ci5sH11N203SBr2 [M+H]":
calculated: 455.8778, measured: 456.8857, deviation: -3.7457 ppm, -1.7113 mDa, DBE: 10.5.



Synthesis of 5-iodo-2-({[(4-fluorophenyl)formamido]methanethioyl}amino)benzoic acid
(31):  Synthesis of 4-fluorobenzoyl isothiocyanate (2c): To the cold solution of
triphenylphosphine (980 mg, 3.75 mmol) in dichloromethane (9 mL), trichloroisocyanuric
acid (260 mg, 1.125 mmol) was added under continuous stirring, then 4-fluorobenzoic acid
(420 mg, 3 mmol) was added and stirring was continued for 15 min. After that ammonium
thiocyanate (700 mg, 9.375 mmol) was added and the temperature was raised up to room
temperature. It was stirred at room temperature monitored by TLC. White suspension was
produced. The mixture was filtered, evaporated and the residue was passed through a short

silicagel column using n-hexane as eluent. Yellow oil was produced (0.26 g, 48%). R¢: 0.2.

2-Amino-5-iodobenzoic acid (1b) (302 mg, 1.15 mmol) was added to the acetone solution of
the 4-fluorobenzoyl isothiocyanate (2c) (260 mg, 1.44 mmol) and the mixture was stirred at
room temperature until the reaction was completed according to the TLC analysis. The
mixture was filtered, and the residue was washed with n-hexane. White crystals were
produced. (0.32 g, 63%). Mp.: 221-223 °C. Rt (dichloromethane/methanol 10:1): 0.3. IR
vmax: 3255, 2977, 1682, 1520, 1497, 1415 1151, 937, 752, 600. *H-NMR (DMSO-ds) 5:13.73
(brs, 1H, COOH), 13.11 (s, 1H, NH-C2), 11.76 (s, 1H, NH-CO), 8.19 (d, J=1.4Hz, 1H, H-6),
8.05 (m, 2H, H-2’, H-6"), 8.01-7.92 (m, 2H, H-3, H-4), 7.38 (m, 2H, H-3", H-5’). 8C (100
MHz, DMSO-de): 179.7 (CS), 166.6 (CO-C1’), 165.8 (COOH), 165.0 (C-4’), 140.4 (C-4),
138.6 (C-6), 138.0 (C-2), 131.9 (C-6"), 129.4 (C-3), 128.6 (C-1"), 126.6 (C-1), 115.6 (C-57),
91.0 (C-5). HRMS (ESI) CisH11N2O3FSI [M+H]*: calculated: 443.94409, measured:
444.9513, deviation: -2.1819 ppm, -0.9708 mDa, DBE: 10.5.

Synthesis of benzothiazonines from substituted thiourea derivatives (11a—d) (Scheme 5.)

General procedure: To the corresponding substituted thiourea derivative (3a, 3c, 3k, 3l)
concentrated sulphuric acid was added and stirred at room temperature, monitored by TLC.
The mixture was poured into ice/water, the precipitate was filtered, washed with water and n-

hexane.

Synthesis of N-(6-bromo-4-oxo-4H-3,1-benzothiazin-2-yl)benzamide (11a) To the
substituted thiourea derivative (3a) (100 mg, 0.26 mmol) 0.5 ml concentrated sulphuric acid
was added and stirred at room temperature, monitored by TLC. The mixture was poured into
ice/water, the precipitate was filtered, washed with water and n-hexane. White crystals were
produced. (0.78 g, 83%) Mp.: 227-228 °C. Rt (n-hexane/ethyl acetate 3:2): 0.8. IR vmax:
3272, 3043, 2517, 1685, 1657, 1622, 1566, 1263, 1187, 753. *H-NMR (DMSO-ds) §: 12.32
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(brs, 1H, NH), 8.11 (d, J=2.1Hz, 1H, H-5), 8.07-8.00 (m, 3H, H-7, H-2’, H-6’), 7.66 (t,
J=7.4Hz, 1H, H-4), 7.60 (d, J=8.7Hz, 1H, H-8), 7.54 (t, J=7.4Hz, 2H, H-3’, H-5"). 6C (100
MHz, DMSO-de): 183.8 (C-4), 167.6 (CO), 154.8 (C-1), 146.3 (C-8a), 138.8 (C-7), 133.1 (C-
4%), 131.9 (C-1’), 130.8 (C-8), 128.6 (C-2’, C-6"), 128.5 (C-3’, C-5"), 126.4 (C-5), 120.6 (C-
43). HRMS (ESI) C1sH10N202SBr [M+H]": calculated: 359.956812, measured: 360.964,
deviation: -1.0721 ppm, -0.387 mDa, DBE: 11.5.

Synthesis of 4-fluoro-N-(6-bromo-4-oxo-4H-3,1-benzothiazin-2-yl)benzamide (11b) To
the substituted thiourea derivative (3c) 60 mg (0.15 mmol) 0.5 ml concentrated sulphuric acid
was added and stirred at room temperature, monitored by TLC. The mixture was poured into
ice/water, the precipitate was filtered, washed with water and n-hexane. White crystals were
produced. (0.03 g, 53%) Mp.: 228-229 °C. R+ (dichloromethane/methanol 10:1): 0.9. IR vmax:
3272, 3043, 2517, 1685, 1657, 1622, 1566, 1263, 1187, 753. 'H-NMR (DMSO-ds) &: 12.08
(brs, 1H, NH), 8.18-8.07 (m, 3H, H-5, H-2’, H-6"), 8.02 (d, J=8.6Hz, 1H, H-7), 7.59
(J=8.6Hz, 1H, H-8), 7.37 (m, 2H, H-3’, H-5"). 6C (100 MHz, DMSO-de¢): 183.7 (C-4), 166.7
(CO), 165.0 (C-4"), 154.9 (C-2), 146.4 (C-8a), 138.8 (C-7), 131.6 (C-2’, C-67), 130.7 (C-8),
128.5 (C-1°), 126.5 (C-5), 120.6 (C-4a), 119.4 (C-6), 115.6 (C-3’, C-5"). HRMS (ESI) C15
H9 N2 O2 F S Br [M+H]": calculated: 377.947390, measured: 378.9546, deviation: -1.4915
ppm, -0.5652 mDa, DBE: 11.5.

Synthesis of 4-nitro-N-(6-iodo-4-ox0-4H-3,1-benzothiazin-2-yl)benzamide (11c) To the
substituted thiourea derivative (3k) (370 mg, 0.83 mmol) 0.5 ml concentrated sulphuric acid
was added and stirred at room temperature, monitored by TLC. The mixture was poured into
ice/water, the precipitate was filtered, washed with water and n-hexane. White crystals were
produced. (0.26 g, 70%) Mp.: 232-233 °C. R (n-hexane/ethyl acetate 3:2): 0.6. IR Vmax:
3287, 3103, 1675, 1620, 1576, 1516, 1347, 1263, 1188. 'H-NMR (DMSO-dg) &: 12.20 (brs,
1H, NH), 8.34 (d, J=8.8Hz, 2H, H-3’, H-5’), 8.26 (d, J=1.6Hz, 1H, H-5), 8.23 (d, J=8.8Hz,
2H, H-2’, H-6"), 8.17 (dd, J=8.6, 1.6Hz, 1H, H-7), 7.43 (d, J=8.6Hz, 1H, H-8). 6C (100 MHz,
DMSO-de): 183.3 (C-4), 166.8 (CO), 149.9 (C-4’), 145.9 (C-8a), 144.6 (C-7), 138.0 (C-17),
132.6 (C-5), 130.2 (C-2’, C-67), 130.0 (C-8), 123.6 (C-3’, C-5’), 120.7 (C-4a), 92.2 (C-6).
HRMS (ESI) C15sH9N304SI [M+H]": calculated: 452.92802, measured: 453.9353, deviation:
-1.3353 ppm, -0.6061 mDa, DBE: 12.5.

Synthesis of 4-fluoro-N-(6-iodo-4-oxo-4H-3,1-benzothiazin-2-yl)benzamide (11d) To the

substituted thiourea derivative (3I) (370 mg, 0.83 mmol) 0.5 ml concentrated sulphuric acid

11



was added and stirred at room temperature, monitored by TLC. The mixture was poured into
ice/water, the precipitate was filtered, washed with water and n-hexane. White crystals were
produced. (0.24 g, 68%) Mp.: 236-238 °C. R+ (dichloromethane/methanol 10:1): 0.6. IR vmax:
3264, 3072, 2515, 1676, 1621, 1564, 1266, 1187, 754. *H-NMR (DMSO-ds) &: 11.27 (brs,
1H, NH), 8.27 (d, J=1.9Hz, 1H, H-5), 8.19-8.08 (m, 3H, H-7, H-2’, H-6"), 7.43 (d, J=8.6Hz,
1H, H-8), 7.41-7.33 (m, 2H, H-3’, H-5). 5C (100 MHz, DMSO-de): 183.6 (C-4), 166.7 (CO),
164.9 (C-4’), 154.9 (C-2), 146.4 (C-8a), 144.4 (C-7), 132.4 (C-5), 131.6 (C-2’, C-6"), 130.4
(C-8), 128.6 (C-1’), 120.7 (C-4a), 1156 (C-3°, C-5’), 92.1 (C-6). HRMS (ESI)
C1sHoN202FSI [M+H]*: calculated: 425.93352, measured: 426.9408, deviation: -3.5277
ppm, -1.5061 mDa, DBE: 11.5.

Synthesis of amino acid containing thiourea derivatives (9a—f)
Preparation of (2S)-N-(2-aminobenzoyl)-2-alkyl-aminoacetic acids (8a—c) (Scheme 6.)

General procedure: To the stirred solution of L-amino acids (7a—c) (22 mmol) in and triethyl
amine (22 mmol) in water (60 mL), isatoic anhydride /6/ (20 mmol) was added and stirred at
40°C, monitored by TLC. The stirring was continued for 18 h at room temperature. After
completion of the reaction, the mixture was cooled, acidified with HCI solution (2 mol/L) to
pH 5 and extracted with dichloromethane, then dried on Na>SO4 and evaporated. Brown oils

were produced, which were used in the next step without any purification.
(2S)-N-(2-aminobenzoyl)-2-isopropylaminoacetic acid (8a): (5.2 g, 91%)
(2S)-N-(2-aminobenzoyl)-2-isobutylaminoacetic acid (8b): (5.3 g, 96%)

(2S)-N-(2-aminobenzoyl)-2-(2-methylbutyl)aminoacetic acid (8c): (5.1 g, 93%)

Preparation of (2S)-N-(2-aminobenzoyl)-2-alkyl-aminoacetic acid methyl esters (9a—c)
(Scheme 7)

General procedure: 20 mmol of (2S)-N-(2-aminobenzoyl)-2-alkyl-aminoacetic acid (8a—c)
was dissolved in 30 ml methanol, cooled with ice/water and 40 mmol sulfinyl chloride was
added dropwise via a dropping funnel. After the addition of sulfinyl chloride, the mixture was

stirred at room temperature for 20 hours, monitored by TLC.
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Working up: the pH of the mixture was adjusted to neutral with saturated NaHCO3 solution,
extracted with ethyl acetate, dried with anhydrous Na>SO4 and evaporated. The residue was
crystallized, the crystals was filtered and washed with n-hexane.

(2S)-N-(2-aminobenzoyl)-2-isopropylaminoacetic acid methyl ester (9a): Light brown
crystals. (2.3 g, 53%) Mp.: 82-82.5. IR vmax: 3451, 3351, 2970, 2922, 1734, 1624, 1519,
1209, 1158, 747. *H-NMR (CDCl3) &: 7.42 (dd, J=7.9, 1.2Hz, 1H), 7.22 (td, J=7.9, 1.2Hz,
1H), 6.73-6.64 (m, 2H), 6.54 (d, J=8.6Hz, 1H), 5.51 (brs, 2H), 4.73 (dd, J=8.6, 4.9Hz, 1H),
3.77 (s, 3H), 2.32-2.19 (m, 1H), 1.01 (d, J=7.0Hz, 3H), 0.99 (d, J=6.9Hz, 3H). 6C (100 MHz,
CDCl3): 18,0 (C-5%), 19,0 (CH3s), 31,5 (C-4’), 52,2 (OCH3), 57,0 (C-3’), 115,6 (C-1), 116,7
(C-5), 117,3 (C-3), 127,4 (C-6), 132,6 (C-4), 148,7 (C-2), 169,0 (C-17), 172,7 (CO). HRMS
(ESI) C13H19N203 [M+H]": calculated: 250.131742, measured: 251.13902, deviation: -4.3
ppm, -1.07 mDa, DBE: 6.0.

(2S)-N-(2-aminobenzoyl)-2-isobutylaminoacetic acid methyl ester (9b): Light brown
crystals. (2.7 g, 64%) Mp..67-69 °C. IR vmax: 3473, 3339, 2955, 2870, 1731, 1631, 1520,
1223, 746. *H-NMR (CDCls) &: 7.39 (d, J=7.9Hz, 1H), 7.22 (t, J=7.9Hz, 1H), 6.71-6.63 (m,
2H), 6.41 (d, J=8.6Hz, 1H), 5.48 (brs, 2H), 4.85-4.76 (m, 1H), 3.76 (s, 3H), 1.80-1.59 (m,
3H), 1.02-0.94 (m, 6H). 8C (100 MHz, CDCls): 22,1 (CH3s), 22,8 (C-6"), 25,1 (C-5°), 41,8 (C-
4%, 50,9 (C-3’), 52,1 (OCH?3s), 120,2 (C-3), 124,5 (C-5), 127,1 (C-1), 131,5 (C-6), 132,1 (C-
4), 152,7 (C-2), 166,0 (C-1%), 173,8 (CO). HRMS (ESI) C14H21IN203 [M+H]": calculated:
264.14739, measured: 265.1546, deviation: -2.9009 ppm, -0.7691 mDa, DBE: 5.5.

(2S)-N-(2-aminobenzoyl)-2-(2-methylbutyl)aminoacetic acid methyl ester (9c): Light
brown crystals.(2.2 g, 74%). Mp.: 59-60 °C. IR vmax: 3415, 3303, 2963, 2876, 1732, 1618,
1523, 1202, 746. *H-NMR (CDCls) &: 7.40 (dd, J=8.2, 1.2Hz, 1H), 7.22 (tm, J=8.2Hz, 1H),
6.72-6.64 (m, 2H), 6.56 (d, J=8.4Hz, 1H), 5.51 (brs, 2H), 4.76 (dd, J=8.4, 5.0Hz, 1H), 3.77 (s,
3H), 2.05-1.93 (m, 1H), 1.60-1.45 (m, 1H), 1.33-1.18 (m, 1H), 1.01-0.93 (m, 6H). 5C (100
MHz, DMSO-de): 11,6 (C-6’), 15,5 (CH3), 25,3 (C-5°), 38,2 (C-4’), 52,2 (OCHs), 56,4 (C-
3%), 115,6 (C-1), 116,7 (C-5), 117,3 (C-3), 127,4 (C-6), 132,6 (C-4), 148,7 (C-2), 168,9 (C-
1%), 172,7 (CO). HRMS (ESI) C14H21IN203 [M+H]": calculated: 264.14739, measured:
265.1546, deviation: -3.278 ppm, -0.8691 mDa, DBE: 5.5.
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Synthesis of amino acid containing thiourea derivatives (10a—c) from 4-nitrobenzoyl

chloride (4f) via 4-nitrobenzoyl isothiocyanate (2f) (Scheme 8)

To the acetone solution of 4-nitrobenzoyl isothiocyanate (2f) (prepared according to the
procedure described before, see Scheme 2) 0.5 mmol of the corresponding amine (10a—c) was
added and stirred at room temperature, monitored by TLC. The mixture was evaporated, and

the residue was purified by column chromatography using n-hexane/ethyl acetate 3:2 as

eluent.
Methyl (2S)-3-methyl-2-{[2-({[(4-
nitrophenyl)formamido]methanethioyl}amino)phenyl]formamido}butanoate (10a)

Yellow crystals. (0.12 g, 50%) Mp.: 170-171 °C. R (n-hexane/ethyl acetate 3:2): 0.4. IR
vmax: 3727, 3703, 3626, 3599, 3210, 3053, 2966, 1738, 1643, 1603, 1524, 1498, 1342, 1267,
1152, 860, 637 cm™. *H-NMR (CDCls) §: 12.83 (brs, 1H, NH-C1), 9.27 (brs, 1H, CO-NH-
CS), 8.37 (d, J=8.8Hz, 2H, H-3’’, H-5""), 8.16 (dm, J=7.7Hz, 1H, H-6), 8.12 (d, J=8.8Hz, 2H,
H-2"7, H-6""), 7.64 (dd, J=7.7, 1.1Hz, 1H, H-3), 7.56 (td, J=7.7, 1.2Hz, 1H, H-4), 7.39 (tm,
J=7.7Hz, 1H, H-3), 6.77 (d, J=8.8Hz, 1H, NH-CO), 4.80 (dd, J=8.8, 4.8Hz, 1H, H-3"), 3.70 (s,
3H, OCH3), 2.26 (m, 1H, H-4"), 0.99 (d, J=6.8Hz, 3H, CH3), 0.95 (d, J=6.9Hz, 3H, CH3). 6C
(100 MHz, DMSO-ds): 178.9 (CS), 172.2 (CO-C3’), 167.0 (C1’), 163.9 (CO-C1""), 150.6 (C-
4’), 136.1 (C-2), 131.2 (C-4), 129.6 (C-1), 129.0 (C-2’’, C-6""), 127.7 (C-6), 127.2 (C-3, C-
5), 124.2 (C-3’, C-5"), 57.1 (C-3’), 52,3 (OCH?3s), 31.5 (C-4’), 19.0 (C-5’), 17.8 (CHy).
HRMS (ESI) C21H21N406S [M+H]": calculated: 458.1260, measured: 457.1181, deviation: -
3.6785 ppm, -1.6815 mDa, DBE: 13.5.

Methyl (2S)-4-methyl-2-{[2-({[(4-
nitrophenyl)formamido]methanethioyl}amino)phenyl]formamido}pentanoate (10b)
Yellow crystals. (0.18 g, 61%) Mp.: 92.5-94 °C. Rt (n-hexane/ethyl acetate 3:2): 0.5. IR Vmax:
3296, 2955, 2870, 1739, 1683, 1601, 1506, 1334, 1256, 1145, 866, 638 cm™. 'H-NMR
(CDCls) 6: 12.81 (brs, 1H, NH-C2), 9.22 (brs, 1H, CO-NH-CS), 8.37 (d, J=8.8Hz, 2H, H-3"’,
H-5""), 8.16-8.08 (m, 3H, H-2"’, H-4"’, H-3), 7.62 (dd, J=7.7, 1.2Hz, 1H, H-6), 7.54 (td,
J=7.7, 1.2Hz, 1H, H-4), 7.37 (td, J=7.7, 1.2Hz, 1H, H-5), 6.69 (d, J=8.4Hz, 1H, H-2’), 4.85
(m, 1H, H-3), 3.69 (s, 3H, OCH3s), 1.80-1.58 (m, 3H, H-4’, H-5%), 0.95 (d, J=6.0Hz, 3H, H-
6’), 0.93 (d, J=6.1Hz, 3H, CH3). 6C (100 MHz, DMSO-ds): 179.0 (CS), 173.2 (CO-C3’),
166.9 (C-1’), 164.0 (CO-C1""), 150.6 (C-4’"), 137.3 (C-1""), 129.7 (C-1), 129.0 (C-2’’, C-6""),
136.0 (C-2), 131.2 (C-4), 127.7 (C-6), 127.3 (C-5), 127.2 (C-3), 124.2 (C-3’’, C-5""), 52.4
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(OCH3), 51.1 (C-3’), 415 (C-4’), 25.0 (C-5”), 22.9 (CH3), 22.1 (C-6’). HRMS (ESI)
C22H25N406S [M+H]": calculated: 472.1416, measured: 473.1494, deviation: -2.9201 ppm, -
1.3816 mDa, DBE: 12.5, C»H2sN4sOsNaS [M+H]": calculated: 495.1313, measured:
495.1314, deviation: -3.0826 ppm, -1.5263 mDa, DBE: 12.5.

Methyl (2S)-3-methyl-2-{[2-({[(4-
nitrophenyl)formamido]methanethioyl}amino)phenyl]formamido}pentanoate (10c)
Yellow crystals. (0.18 g, 58%) Mp.: 145-146 °C. R (n-hexane/ethyl acetate 3:2): 0.5. IR
vmax: 3373, 3275, 3071, 2962, 2876, 1734, 1685, 1601, 1504, 1326, 1257, 1144, 866, 748 cm"
! 'H-NMR (CDCl3) &: 12.83 (brs, 1H, NH-C2), 9.23 (brs, 1H, CO-NH-CS), 8.37 (d, J=8.7Hz,
2H, H-3”’, H-5""), 8.15 (dm, J=7.6Hz, 1H, H-3), 8.11 (d, J=8.7Hz, 2H, H-2"’, H-6""), 7.63
(dd, J=7.6, 1.0Hz, 1H, H-6), 7.55 (td, J=7.6, 1.0Hz, 1H, H-4), 7.37 (td, J=7.6, 1.0Hz, 1H, H-
5), 6.78 (d, J=8.7Hz, 1H, H-2"), 4.83 (dd, J=8.7, 4.8Hz, 1H, H-3"), 3.69 (s, 3H, OCH3), 1.99
(m, 1H, H-4%), 1.47 (m, 1H, H-5’), 1.23 (m, 1H, H-5°), 0.96 (d, J=6.8Hz, 3H, CH3), 0.91 (t,
J=7.5Hz, 3H, H-6"). 6C (100 MHz, DMSO-de): 178.9 (CS), 172.2 (CO-C3’), 166.9 (C-1’),
164.0 (CO-C1”"), 150.5 (C-4’"), 137.4 (C-1""), 136.0 (C-2), 131.1 (C-4), 129.6 (C-1), 129.0
(2C, C-2’, C-6""), 127.8 (C-6), 127.2 (2C, C-3, C-5), 124.1 (2C, C-3”’, C-5""), 56.7 (C-3"),
52.1 (OCH3), 38.1 (C-4’), 25.2 (C-5’), 15.4 (CH3), 11.7 (C-6"). HRMS (ESI) C22H25N406S
[M+H]": calculated: 472.1416, measured: 473.1494, deviation: -2.9201 ppm, -1.3816 mDa,
DBE: 12.5, C22H25N40OeNaS [M+H]": calculated: 495.1313, measured: 495.1314, deviation: -
2.6787 ppm, -1.3263 mDa, DBE: 12.5.

Synthesis of amino acid containing thiourea derivatives (10d-f) from 4-fluorbenzoic acid

(5h) via 4-fluorobenzoyl isothiocyanate (2h) (Scheme 9)

To the acetone solution of 4-fluorobenzoyl isothiocyanate (2h) (prepared according to the
procedure described before, see Scheme 3.) 1.1 mmol (0.8 moleq.) of the corresponding
amine (9a—c) was added and stirred at room temperature, monitored by TLC. For the different

derivatives various working up procedures were used.

Methyl-
(2S)-2-{[2-({[(4-fluorophenyl)formamido]methanethioyl}amino)phenyl]formamido}-3-

methylbutanoate (10d) White precipitate appeared. The mixture was filtered, then the

crystals were washed with n-hexane and dried at room temperature. White crystals were
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produced. (0.32 g, 66%) Mp.: 160-161 °C. Rt (n-hexane/ethyl acetate 3:2): 0.5. IR vmax:
3341, 3229, 2948, 1741, 1640, 1601, 1528, 1498, 1212, 1154, 849, 741 cm™. 'H-NMR
(CDCls) 8: 12.85 (brs, 1H, NH-C2), 9.10 (brs, 1H, CO-NH-CS), 8.09 (dm, J=7.8Hz, 1H, H-
3), 7.96 (m, 2H, H-2"", H-6""), 7.64 (dd, J=7.8, 1.1Hz, 1H, H-6), 7.54 (td, J=7.8 Hz, 1.1Hz,
1H, H-4), 7.37 (td, J=7.8Hz, 1H, H-5), 7.21 (m, 2H, H-3’’, H-5""), 6.79 (d, J=8.8Hz, 1H, H-
2’), 4.80 (dd, J=8.8, 4.8Hz, 1H, H-3’), 3.69 (s, 3H, OCH3s), 2.25 (m, 1H, H-4"), 0.98 (d,
J=6.9Hz, 3H, H-5’), 0.94 (d, J=6.9Hz, 3H, CH3). 3C (100 MHz, DMSO-ds): 179.7 (CS),
172.1 (CO-C3’), 167.0 (C-1"), 164.9 (CO-C1”), 136.1 (C-2), 131.0 (C-4), 130.3 (2C, C-27,
C-6"), 130.2 (C-1), 128.0 (C-1""), 127.8 (C-6), 127.5 (C-3), 127.2 (C-5), 116.4 (2C, C-3”’, C-
5, 57.2 (C-3’), 52.2 (OCH3), 31.4 (C-4’), 189 (C-5’), 17.8 (CH3). HRMS (ESI)
C21H23N304FS [M+H]": calculated: 431.1315, measured: 432.1393, deviation: -2.387 ppm, -
1.0315 mDa, DBE: 11.5, C21H23N4O4FNaS [M+H]": calculated: 454.1212, measured:
454.1212, deviation: -1.0762 ppm, -1.3263 mDa, DBE: 11.5.

Methyl-
(2S)-2-{[2-({[(4-fluorophenyl)formamido]methanethioyl}amino)phenyl]formamido}-4-

methylpentanoate (10e) The mixture was poured into ice/water and the precipitate was
filtered, washed with n-hexane. It was purified by column chromatography using n-
hexane/ethyl acetate 3:2 as eluent. Pale yellow crystals were produced. (0.28 g, 58%) Mp.:
90.8-92 °C. R¢ (n-hexane/ethyl acetate 3:2): 0.6. IR vmax: 3301, 2955, 2870, 1718, 1684,
1628, 1602, 1601, 1496, 1330, 1235, 1144, 849, 749 cm™. 'H-NMR (CDCls) &: 12.79 (brs,
1H, NH-C2), 9.11 (brs, 1H, CO-NH-CS), 8.04 (dm, J=8.1 Hz, 1H, H-3), 7.96 (m, 2H, H-2"",
H-6""), 7.62 (dd, J=7.7, 1.1Hz, 1H, H-6), 7.53 (td, J=7.7, 1.1Hz, 1H, H-4), 7.37 (tm, J=7.7Hz,
1H, H-5), 7.21 (m, 2H, H-3’’, H-5""), 6.74 (d, J=8.4 Hz, H-2’), 4.84 (m, 1H, H-3’), 3.68 (s,
3H, OCH3), 1.77-1.57 (m, 3H, H-4’, H-5%), 0.94 (d, J=5.9Hz, 3H, H-6"), 0.91 (d, J=6.0Hz,
3H, CH3). 8C (100 MHz, DMSO-d¢): 179.8 (CS), 173.1 (CO-C3’), 166.9 (C-1), 165.9 (C-
4’), 164.9 (CO-C1”’), 135.9 (C-2), 131.0 (C-4), 130.5 (C-1), 130.3 (2C, C-2’’, C-57"), 127.9
(C-6), 127.6 (C-3), 127.3 (C-5), 116.4 (2C, C-3’", C-6""), 52.3 (OCH3), 51.0 (C-3’), 41.5 (C-
4%), 24.9 (C-57), 22.8 (CH3), 22.0 (C-6"). HRMS (ESI) C22H25N304FS [M+H]": calculated:
445.1471, measured: 446.1549, deviation: -2.2002 ppm, -0.9816 mDa, DBE: 11.5,
C22H2sN304FNaS [M+H]*: calculated: 468.1369, measured: 468.1369, deviation: -1.9786
ppm, -0.9262 mDa, DBE: 11.5.
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Methyl
(2S)-2-{[2-({[(4-fluorophenyl)formamido]methanethioyl}amino)phenyl]formamido}-3-

methylpentanoate (10f) White precipitate appeared. The mixture was filtered, the crystals
were washed with n-hexane and dried at room temperature. White crystals were produced.
(0.16 g, 32%) Mp.: 116-117 °C. R¢ (n-hexane/ethyl acetate 3:2): 0.5. IR vmax: 3344, 3310,
2960, 2928, 2876, 1713, 1688, 1625, 1601, 1525, 1498, 1341, 1237, 1142, 847, 745 cm™. 1H-
NMR (CDClI3) 6: 12.82 (brs, 1H, H-C2), 9.12 (brs, 1H, CO-NH-CS), 8.07 (dm, J=7.7Hz, 1H,
H-3), 7.96 (m, 2H, H-2"", H-6"’), 7.63 (dd, J=7.7, 1.0Hz, 1H, H-6), 7.54 (td, J=7.7, 1.0Hz, 1H,
H-4), 7.37 (tm, J=7.7Hz, 1H, H-5), 7.21 (m, 2H, H-3"’, H-5""), 6.81 (d, J=8.8 Hz, 1H, H-2"),
4.82 (dd, J=8.8, 4.8Hz, 1H, H-3"), 3.68 (s, 3H, OCH3), 1.97 (m, 1H, H-4), 1.47 (m, 1H, H-
5%), 1.21 (m, 1H, H-5"), 0.95 (d, J=6.9 Hz, 3H, H-6’), 0.90 (t, J=7.4Hz, 3H, CH3). 6C (100
MHz, DMSO-de): 179.7 (CS), 172.1 (CO-C3’) 165.9 (C-4""), 166.9 (C-17), 164.9 (CO-C1"),
136.0 (C-2), 131.0 (C-4), 130.3 (C-1), 130.3 (2C, C-2’’, C-67"), 127.9 (C-6), 127.9 (C-1"),
127.6 (C-3), 127.3 (C-5), 116.4 (2C, C-3’’, C-57"), 56.8 (C-3’), 52.1 (OCHs), 38.1 (C-4"),
25.2 (C-57), 15.4 (CH3), 11.7 (C-6’). HRMS (ESI) C22H2sN304FS [M+H]*: calculated:
4451471, measured: 446.1549, deviation: -4.2174 ppm, -1.8816 mDa, DBE: 11.5,
C22H2sN4O4FNaS [M+H]*: calculated: 468.1369, measured: 468.1369, deviation: -2.6195
ppm, -1.2262 mDa, DBE: 11.5.
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(25)-N-(2-Aminobenzoyl)-2-isopropylaminoacetic acid methyl ester (9a)
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Wavenumbe | Methyl (25)-4-methyl-2-{[2-({[(4-nitrophenyl)formamido]methanethioyl}amino)phenyl]formamido}pentanoate (10b)
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Wavenumber Methyl-(2S)-2-{[2-({[(4-fluorophenyl)formamido]methanethioyl}amino)phenyl]formamido}-3-methylbutanoate (10d)
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N-(6-Bromo-4-ox0-4H-3,1-benzothiazin-2-yl)benzamide (11a)
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Wavenumber | 4-Fluoro-N-(6-bromo-4-oxo-4H-3,1-benzothiazin-2-yl)benzamide (11b)
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5-Bromo-2-{[(phenylformamido)methanethioyl]amino}benzoic acid (3a)
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5-Bromo-2-({[(2,6-difluorophenyl)formamido]methanethioyl}amino)benzoic acid (3b)
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5-Bromo-2-({[(4-fluorophenyl)formamido]methanethioyl}amino)benzoic acid (3c)
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5-Bromo-2-({[(3,5-dimethoxyphenyl)formamido]methanethioyl}amino)benzoic acid (3d)
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5-bromo-2-[({[2-(chloromethyl)phenyl]formamido}methanethioyl)amino]benzoic acid (3e)
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5-Bromo-2-({[(4-nitrophenyl)formamido]methanethioyl}amino)benzoic acid (3f)
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5-Bromo-2-({[(2-nitrophenyl)formamido]methanethioyl}amino)benzoic acid (3g)
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5-Bromo-2-({[(4-methoxyphenyl)formamido]methanethioyl}amino)benzoic acid (3h)
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5-Bromo-2-({[(4-cyanophenyl)formamido]methanethioyl}amino)benzoic acid (3i)
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5-Bromo-2-({[(2-bromophenyl)formamido]methanethioyl}amino)benzoic acid (3j)
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5-lodo-2-({[(4-nitrophenyl)formamido]methanethioyl}amino)benzoic acid (3k)
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5-lodo-2-({[(4-fluorophenyl)formamido]methanethioyl}amino)benzoic acid (3l)
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(25)-N-(2-aminobenzoyl)-2-isopropylaminoacetic acid methyl ester (9a)
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(25)-N-(2-aminobenzoyl)-2-isobutylaminoacetic acid methyl ester (9b)
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(25)-N-(2-aminobenzoyl)-2-(2-methylbutyl)aminoacetic acid methyl ester (9c¢)
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Methyl

nitrophenyl)formamido]methanethioyl}amino)phenyl]formamido}butanoate (10a)
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Methyl (25)-4-methyl-2-{[2-({[(4-
nitrophenyl)formamido]methanethioyl}amino)phenyl]formamido}pentanoate (10b)
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Methyl

1H

(25)-3-methyl-2-{[2-({[(4-
nitrophenyl)formamido]methanethioyl}amino)phenyl]formamido}pentanoate (10c)
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Methyl-(25)-2-{[2-({[(4-fluorophenyl)formamido]methanethioyl}amino)phenyl]formamido}-3-
methylbutanoate (10d)
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Methyl-(25)-2-{[2-({[(4-fluorophenyl)formamido]methanethioyl}amino)phenyl]formamido}-4-

methylpentanoate (10e)
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Methyl (25)-2-{[2-({[(4-fluorophenyl)formamido]methanethioyl}amino)phenyllformamido}-3-

methylpentanoate (10f)
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N-(6-Bromo-4-oxo0-4H-3,1-benzothiazin-2-yl)benzamide (11a)
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4-Fluoro-N-(6-bromo-4-oxo-4H-3,1-benzothiazin-2-yl)benzamide (11b)

1H

=
7
2 [ &
g ENNCOOGHT SEnBE o
= ceem--oobEannn o o
e 05 €0 065 O 00 00 00 00 0 e P e P o
L | Ry ) |
T W
o
-
[~
i
T k_._ il °
— & —_—
= v T T T T
12 10 ppm]
=
7
- Do =3 - - R =10 O @ _b
= G g o - @ LRmes b= oh g
g ggg ¢ % B BN &zgt 8
L) L ] 1 ]
| | |I | | S I [
&
2
+ o
1l 1 U
a
T T T T
160 100 50 ppm]



4-Nitro-N-(6-iodo-4-ox0-4H-3,1-benzothiazin-2-yl)benzamide (11c)
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4-Fluoro-N-(6-iodo-4-oxo0-4H-3,1-benzothiazin-2-yl)benzamide (11d)

1H

=
FE
L] 8 =
= BRI ONOTNDE 0 & F
= nR-ezzooazgans e
= o 5 0 0 0 0 e e e e e =
[T NN
AR xy °
(-
e
-
l e
} e . °
" |5lf o
S| o S
s el r
- ; - . —T i . . . . .
12 10 8 8 4 2 o [ppm]
=
T
o [~ 1-2-3 - LS i1 o - _b
2 B8R - 23 S2R38 2 BR @
g ggz @ &3 Bpe88 & 2B ]
vl L)) ]
i | 'l S0 1
e
-2
L
- l ) ‘ ’ WT e " - ‘“q Pt e
‘ o
-2
T T T "
180 100 50 ppm)



5-Bromo-2-{[(phenylformamido)methanethioyl]Jamino}benzoic acid (3a)
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Formula Calculated Error/mDa Error/ppm DBE
mass

C15H12 N2 O3 S Br 378.9752 -1.6003 -4.2227 10.5



5-Bromo-2-({[(2,6-difluorophenyl)formamido]methanethioyl}amino)benzoic acid (3b)
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5-Bromo-2-({[(4-fluorophenyl)formamido]methanethioyl}amino)benzoic acid (3c)
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Formula Calculated Error/mDa Error/ppm DBE
mass

C15H11 N2 O3 F S Br 396.9657 -1.7785 -4.4803 10.5



5-Bromo-2-({[(3,5-dimethoxyphenyl)formamido]methanethioyl}amino)benzoic acid (3d)
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Formula Calculated Error/mDa Error/ppm DBE
mass

C17H16 N2 O5 S Br 438.9963 -2.1297 -4.8514 10.5



5-Bromo-2-[({[2-(chloromethyl)phenyl]formamido}methanethioyl)amino]benzoic acid
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5-Bromo-2-({[(4-nitrophenyl)formamido]methanethioyl}amino)benzoic acid (3f)

0000

0000

[ <TCF MIS. 0 720300 0LE0ET min from Samge 1

40300

Q‘EEEQ
{ . nasma_ dfmesnEe
HT 30 R | O TP

off S5 o anit ol vt ores DSy ]|

4250ED

4T onm

474514

45596

Lol

HET |
L T A

Subirar i (0385 0 0343 min. Bl 1208 oo

42017

43131

e -'52{"351 e AITOEET. AWES

418 43 422

43 476 4ZE

miz. Da

a0 4=z B4 43 432

Formula

Calculated
mass

Error/mDa Error/ppm DBE

C15H11 N3 O5S Br

423.9602

-2.0785 -4.9027 115




5-Bromo-2-({[(2-nitrophenyl)formamido]methanethioyl}amino)benzoic acid (3g)
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mass

C15H11 N3 O5S Br 423.9602 -1.4785 -3.4875 115



5-Bromo-2-({[(4-methoxyphenyl)formamido]methanethioyl}amino)benzoic acid (3h)
(neg)
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C16 H12 N2 O4 S Br
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5-Bromo-2-({[(4-cyanophenyl)formamido]methanethioyl}amino)benzoic acid (3i)

[ T0F MAE. 0 Ares o 04073 M o Barge £ of B9 1wl dferet ool raficrs. (DS pray (], sullrached (0240 w0 257 m .. Pl Z20d opes
40 56T

p— A0 SR

o]

EEREl

400
-
(=
¥ ]

100
=00
EipsE
e il
1500 ]
te 1=y ]
AL
oo =] E3re]
3P, 43406
=0 T “FMEY, , 4415058 _A4 30038 451 B
371002 Z'q._E T mme paeey el 41 ER e ammE
! E= L) a0 e l J 1 R anoTgE 4 \T
rll!.;l.u_lh..d. L] ™ i l.,l...J...l AT MUH T L
3o &S 300 S 0 30 B 4D 405 0 M0 415 420 425 430 0 4B 0 M0 M5 4D 455
iz, D
Formula Calculated Error/mDa Error/ppm DBE
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C16 H11 N3 O3 S Br 403.9704 -1.4492 -3.5876 12.5



5-Bromo-2-({[(2-bromophenyl)formamido]methanethioyl}amino)benzoic acid (3j)
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Formula Calculated Error/mDa Error/ppm DBE
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C15H11 N2 O3 S Br2 456.8857 -1.7113 -3.7457 10.5



5-lodo-2-({[(4-nitrophenyl)formamido]methanethioyl}amino)benzoic acid (3Kk)

[

nEnsily. cps

STOF MtSC0UEE o005 min o Samda 1
v )
e =R
e
155
15054
1ws
165
155

1454

1.5
145
105
e o
1T
T
e o
5.0
4
T T
2o

- EZOEE 17

o SV et allrations Iouaspray ()

BT

LTI

I

4az5
L

Sultraad 0205 0ITSmin

TADET SEGSTNG 7
ATASEE S5ESUS goge _sa e

Ml 2205 oo

=3 dqaE SO o= =t s e
i 3,

HIZTE
i .‘“”',””m“qua-':-'m. \

T

"%

1
[
]

Y
= 50 S50
iz O

@0 BD o0

THy  sD 2 S0 WD S9s0 000

Formula

Calculated
mass

Error / mDa

Error / ppm DBE

CI5HI1IN3O5S|
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5-lodo-2-({[(4-fluorophenyl)formamido]methanethioyl}amino)benzoic acid (3l)
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Formula Calculated Error/mDa Error/ppm DBE
mass

CI5HIIN2O03FSI 4449513 -0.9708 -2.1819 10.5



(2S)-N-(2-Aminobenzoyl)-2-isopropylaminoacetic acid methyl ester (9a)
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(2S)-N-(2-Aminobenzoyl)-2-isobutylaminoacetic acid methyl ester (9b)
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Formula Calculated Error/mDa Error/ppm DBE
mass

C14 H21 N2 O3 265.1546 -0.7691 -2.9009 5.5



(2S)-N-(2-Aminobenzoyl)-2-(2-methylbutyl)aminoacetic acid methyl ester (9c)
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Methyl

(2S)-3-methyl-2-{[2-({[(4-

nitrophenyl)formamido]methanethioyl}amino)phenyl]formamido}butanoate (10a) (neg)
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C21 H21 N4 06 S
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Methyl (2S)-4-methyl-2-{[2-({[(4-
nitrophenyl)formamido]methanethioyl}amino)phenyl]formamido}pentanoate (10b)
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Formula Calculated Error/mDa Error/ppm DBE
mass
C22H25N4 06 S 473.1494 -1.3816 -2.9201 125
C22 H24 N4 O6 Na S 495.1314 -1.5263 -3.0826 125




Methyl

(2S)-3-methyl-2-{[2-({[(4-

nitrophenyl)formamido]methanethioyl}amino)phenyl]formamido}pentanoate (10c)
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Methyl-(2S)-2-{[2-({[(4-

fluorophenyl)formamido]methanethioyl}amino)phenyl]formamido}-3-methylbutanoate

(10d)
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Formula Calculated Error/mDa Error/ppm DBE
mass
C21 H23 N3 O4FS 432.1393 -1.0315 -2.387 115
C21 H22 N3 O4FNaS 454.1212 -1.0762 -2.3698 115




Methyl-(2S)-2-{[2-({[(4-

fluorophenyl)formamido]methanethioyl}amino)phenyl]formamido}-4-

methylpentanoate (10e)
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446.1549
468.1369

-0.9816
-0.9262

-2.2002
-1.9786
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Methyl

(25)-2-{[2-({[(4-
fluorophenyl)formamido]methanethioyl}amino)phenyl]formamido}-3-
methylpentanoate (10f)
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Formula Calculated Error/mDa Error/ppm DBE
mass
C22H25N3 O4F S 446.1549 -1.8816 -4.2174 11.5
C22 H24 N3 O4 FNasS 468.1369 -1.2262 -2.6195 115



N-(6-Bromo-4-oxo0-4H-3,1-benzothiazin-2-yl)benzamide (11a)
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Formula Calculated Error/mDa Error/ppm DBE

mass
C15H10 N2 02 S Br 360.964 -0.387 -1.0721 115
C15H12 N2 O3 S Br 378.9746 -0.6517 -1.7197 10.5
C15H10 N2 O3 Br 344.9869 -0.3298 -0.9561 11.5




4-Fluoro-N-(6-bromo-4-oxo0-4H-3,1-benzothiazin-2-yl)benzamide (11b)
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Formula Calculated Error/mDa Error/ppm DBE
mass
C15HI9 N2 O2 F S Br 378.9546 -0.5652 -1.4915 115

C15H11 N2 O3 F S Br 396.9652 -0.7299 -1.8388 10.5



4-Nitro-N-(6-iodo-4-0x0-4H-3,1-benzothiazin-2-yl)benzamide (11c)

[ =T0F WA= 0 BEEs oo 0EERD min o Barde of SO WS et calbraons (DuwoSpray (], sultredad 2 o030 mn Ml Tdod ops

45T

Eed 1
5504
FEIT
500

404 341 A LTEmT

nEnsily. cps

SrOSEE

5515E3

ST 4T

BOSEE  Top SR Sd0
m l,.ﬁEII‘* ‘IJSE.'—'clE

@ 0 eD WO TH @D &0 @D 9E0 100

Formula Calculated Error/mDa Error/ppm DBE
mass

CI5HIN3O4S | 453.9353 -0.6061 -1.3353 12.5



4-Fluoro-N-(6-iodo-4-0x0-4H-3,1-benzothiazin-2-yl)benzamide (11d)
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Formula

Calculated
mass

Error / mDa

Error / ppm

DBE

CI5SHIN2O2FS|

426.9408

-1.5061

-3.5277
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