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I. General information   

Commercially available materials and dry solvents purchased from Energy Chemical and J&K 

were used as received. Unless otherwise specified, all reactions were prepared using 4 mL vial. 

NMR spectra were measured on a Bruker ASCEND (AVANCE III HD 400 MHz) spectrometer. The 

chemical shift values were corrected to 7.26 ppm (1H NMR) and 77.23 ppm (13C NMR) for CDCl3 

or 3.33 ppm (1H NMR) and 39.51 ppm (13C NMR) for DMSO-d6. 1H NMR splitting patterns were 

designated as singlet (s), double (d), triplet (t), quartet (q), doublet of doublets (dd), multiplets (m), 

and etc. All first-order splitting patterns were assigned on the base of the appearance of the multiplet. 

Splitting patterns that could not be easily interpreted are designated as multiplet (m) or broad (br). 

High resolution mass spectrometer analysis (HRMS) was performed on Thermo Fisher Q Exactive 

mass spectrometer (QTOF mass analyzer). HPLC analyses were measured on Shimadzu Model SIL-

20AC220V instruments. Chiralcel brand chiral columns from Daicel Chemical Industries were used 

with models IA, IB, ODH in 4.6 x 250 mm size. UPLC analyses were measured on Waters systems 

with Empower3 system controller, Waters UPLC H-Class, and Waters ACQUITY UPLC PDA 

detector. Chiralcel brand chiral columns from Daicel Chemical Industries were used with models 

AD-3, OD-3 in 3.0 x 100 mm size. The racemic products used to determine the er values were 

synthesized using racemic catalyst. Optical rotations were measured on an Insmark IP-digi 

Polarimeter in a 1 dm cuvette. The concentration (c) is given in g/100 mL. Melting points were 

measured on an uncorrected Beijing Tech Instrument X-4 digital display micro melting point 

apparatus. Single-Crystal X-Ray diffraction was recorded at Xcalibur, Eos, Gemini. Analytical thin-

layer chromatography (TLC) was carried out on pre-coated silica gel plate (0.2 mm thickness). 

Visualization was performed using a UV lamp. 
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II. Preparation of substrates 

Preparation of thiourea 2[1] 

 
To a solution of NH4SCN (10.04 mmol, 1.1 equiv.) in acetone (20.0 mL) was added benzoyl 

chloride (9.13 mmol, 1.0 equiv.) over 5 min and the mixture was refluxed for 15 min. Then a solution 

of aniline (9.13 mmol, 1.0 equiv.) in acetone (10.0 mL) was added and the reaction was stirred at 

reflux for an additional 30 min. Then the reaction mixture was poured into ice water with vigorous 

stirring and the afforded solid was washed with water and cold acetone to give the thiourea 2 with 

sufficient purity, which was directly used without further purification. 

References: 
1. Rodl, C.B.; Vogt, D.; Kretschmer, S.B.; Ihlefeld, K.; Barzen, S.; Bruggerhoff, A.; Achenbach, J.; Proschak, E.; 

Steinhilber, D.; Stark, H.; Hofmann, B. Multi-dimensional target profiling of N,4-diaryl-1,3-thiazole-2-amines 
as potent inhibitors of eicosanoid metabolism. Eur. J. Med. Chem. 2014, 84, 302–311. 
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III. Conditions optimization for the synthesis of 3a 

Table S1. The effects of NHCs, bases, solvents and additives. [a] 

 
Entry NHC base Solvent Additive Yield 

(%)[b] e.r. [c] 

1 A DMAP furan - 30 81:19 
2 B DMAP furan - 29 56:44 
3 C DMAP furan - < 5 - 
4 D DMAP furan - 28 58:42 
5 E DMAP furan - 21 71:29 
6 F DMAP furan - 27 84:16 
7 G DMAP furan - 27 86:14 
8 G Et3N furan - 12 88:12 
9 G DBU furan - 28 86:14 
10 G DABCO furan - < 5 - 
11 G Cs2CO3 furan - 13 86:14 
12 G K3PO4 furan - 20 86:14 
13 G NaHCO3 furan - 20 88:12 
14 G DMAP THF - 54 91:9 
15 G DMAP DCM - 22 77:23 
16 G DMAP EA - 34 89:11 
17 G DMAP Toluene - < 5 - 
18 G DMAP 1,4-dioxane - < 5 - 
19 G DMAP CH3CN - < 5 - 

20 [d] G DMAP THF Sc(OTf)3 / Cu(OTf)3 / ZnCl2 / 
HOAt / MgSO4 etc. < 5 - 

21 [e] G DMAP THF 4Å MS / 5 Å MS 52 91:9 
[a] Unless otherwise specified, all reactions were carried out at 30 oC using 1a (0.2 mmol), 2a (0.1 mmol), pre-
NHC catalyst (20 mol%), base (1.0 equiv.), DQ (2.0 equiv.) and 2.0 mL solvent for 12 h. [b] Isolated yield (after 
SiO2 column chromatography purification) based on 2a. [c] The er value were determined by chiral HPLC. [d] 
Additive (100 mol%) was added. [e] 4Å MS / 4Å MS (150 mg) was added.  
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IV. General procedure for the catalytic reactions 

General procedure for the [3 + 3] annulation Reaction 

 

To a 4 mL vial equipped with a magnetic stir bar was added chiral NHC pre-catalyst G (0.02 

mmol, 9.28 mg), DMAP (0.1 mmol, 12.22 mg), DQ (0.2 mmol, 81.73 mg) and substituted thiourea 

2 (0.1 mmol). After that, THF (2.0 mL) and ynal 1 (0.2 mmol) was added. Then the reaction mixture 

was stirred at 30 oC for 12 hours. The solution was then concentrated under reduced pressure, and 

the residue was subjected to column chromatography (petroleum ether/ethyl acetate = 50/1 to 20/1) 

directly to obtain the products 3 or 4. 

 
General procedure for the synthesis of 3a at 2.0 mmol scale 

 

To a 100 mL flame-dry flask equipped with a magnetic stir bar was added triazolium salt G 

(0.4 mmol, 185.69 mg), DMAP (2.0 mmol, 244.34 mg), DQ (4.0 mmol, 1.63 g) and thiourea 2a 

(2.0 mmol, 764.40 mg). After that, THF (40.0 mL) and ynal 1a (4.0 mmol, 520.51 mg) was added. 

Then the reaction mixture was stirred at 30 oC for 12 hours. The solution was then concentrated 

under reduced pressure, and the residue was subjected to column chromatography (petroleum 

ether/ethyl acetate = 50/1 to 20/1) directly to obtain the products 3a (white solid, 530.65 mg, 52% 

yield, 91:9er). 
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V. Proposed reaction mechanism 

A plausible reaction mechanism is illustrated in Figure S1. The deprotonated NHC catalyst G 

can add to the ynal 1a to give the Breslow intermediate I, which then can be oxidized to form the 

acylazolium intermediate II. A thio-Michael addition reaction between the intermediate II and the 

deprotonated nucleophilic substrate 2a’ provides the adduct III. A subsequent proton transfer 

process of the intermediate III lead to the new acylazolium intermediate IV, which then undergoes 

an intramolecular lactam formation process to afford the atropisomeric thiazine product 3a, with the 

regeneration of the NHC catalyst for additional catalytic cycles. 

 

Figure S1. Proposed Reaction Mechanism.  
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VI. X-ray crystallography of compound 3h 

Good quality crystal of 3h (Colorless block crystal) was obtained by vaporization of an ethyl 

acetate / petroleum ether solution of compound 3h (~100 mg). CCDC: 2255058 contains the 

supplementary crystallographic data for this paper. These data can be obtained free of charge from 

The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

  
CCDC number: 2255058 

Crystal Data. C24H17IN2O2S, Mr = 524.36, triclinic, space group P-1 (no. 2), a = 9.0249(8) Å, b = 11.0616(9) Å, c = 11.1788(11) Å, α = 87.187(4)°, β = 80.279(3)°, γ  = 75.740(2)°, V = 1066.03(17) Å3, T = 293(2) K, Z = 2, μ(MoKα) = 1.623 mm-1, Dcalc = 1.634 g/cm3, 5168 reflections measured (4.72° ≤ 2Θ ≤ 50.04°), 3697 unique (Rint = 0.0253, Rsigma = 0.0591) which were used in all calculations. The final R1 was 0.0516 (>2sigma(I)) and wR2 was 0.1215 (all data).   
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VII. Anti-Xoo activities of the products in vitro 

Antibacterial activities of the target compounds 3 or 4 against Xanthomonas oryzae pv. oryzae 
(Xoo) in vitro were evaluated by using the turbidimeter test, commercial agricultural antibacterial 
thiodiazole-copper was used as control. The compounds to be measured were dissolved in 150 μL 
of dimethylformamide and diluted with 0.1% (V/V) Tween-20 to prepare two concentrations of 100 
μg/mL and 50 μg/mL. 1 mL of the liquid sample was added to the non-toxic nutrient broth (NB: 1.5 
g of beef extract, 2.5 g of peptone, 0.5 g of yeast powder, 5.0 g of glucose and 500 mL of distilled 
water, pH = 7.0 – 7.2) liquid medium in 4 mL tubes. Then, 40 μL of NB containing Xoo was added 
to 5 mL of solvent NB containing the test compounds, thiodiazole-copper. The inoculated test tubes 
were incubated at (30 ± 1) °C under continuous shaking at 180 rpm for 38 h. The culture growth 
was monitored spectrophotometric ally by measuring the optical density at 595 nm (OD595) and 
expressed as corrected turbidity. The relative inhibitory rate (I %) compared with a blank assay was 
calculated as follows: 

Relative inhibitory rate I (%) = (Ctur−Ttur) / Ctur × 100 
Ctur: the corrected turbidity value of bacterial growth on untreated NB; 
Ttur: the corrected turbidity value of bacterial growth on treated NB； 
I: The relative inhibitory rate. 

Each experiment was repeated thrice. 
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Table S2. Antibacterial activities of the products. 

Compound 
Xanthomonas oryzae pv. oryzae  

inhibition ratio (%) 

100 μg/mL 50 μg/mL 

3a 95.4 ± 2.2 54.5 ± 0.8 

3b 85.9 ± 0.2 56.6 ± 2.1 

3c 87.6 ± 0.5 35.2 ± 1.6 

3d 90.1 ± 1.2 50.5 ± 0.8 

3e 31.0 ± 2.4 23.6 ± 2.9  

3f 64.4 ± 0.2  17.2 ± 2.1 

3g 94.9 ± 0.3 89.6 ± 0.5 

3h 89.6 ± 0.6 48.6 ± 0.9 

3i 54.8 ±1.1 15.3 ± 1.7 

3j 88.3 ± 1.8 23.9 ± 2.3 

3k 87.4 ± 0.4 50.2 ± 0.8 

3l 85.8 ± 0.8 45.8 ± 0.8 

3m 61.8 ± 1.7 17.5 ± 2.9 

3n 75.4 ± 0.9 24.9 ± 1.6 

4a 66.2 ± 0.1 27.8 ± 3.5 

4b 94.7 ± 0.2 87.6 ± 0.2 

4c 92.2 ± 2.3 88.6 ± 1.3 

4d 87.7 ± 1.5 35.2 ± 1.1 

4e 87.1 ± 0.6 67.3 ± 1.2 

4f 87.2 ± 0.5 37.4 ± 2.6 

4g 61.5 ± 0.1 46.1 ± 1.0 

4h 83.2 ± 2.2 43.7 ± 0.7 

4i 26.6 ± 9.2 14.3 ± 0.1 

4j 62.9 ± 0.7 23.8 ± 3.2 

4k 98.3 ± 0.4 46.4 ± 0.1 

4l 82.5 ± 1.3 26.6 ± 2.5 

4m 83.7 ± 1.1 73.3 ± 2.1 

Thiodiazole-copper 78.2 ± 1.7 56.5 ± 1.3 

Bismerthiazol 95.4 ± 0.3 72.3 ± 0.9 
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VIII. Characterization of substrates and products 

N-((2-iodophenyl)carbamothioyl)benzamide (2a) 

Yellow solid, 82% yield, 4.5 g; m.p. 142 – 144 oC; 

1H NMR (400 MHz, CDCl3) δ 12.35 (s, 1H), 9.31 (s, 1H), 7.91 – 7.87 (m, 

4H), 7.62 (t, J = 7.2 Hz, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.40 (t, J = 7.6 Hz, 

1H), 7.02 (t, J = 7.6 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 179.7, 166.8, 139.9, 139.5, 133.9, 131.5, 129.2, 129.0, 128.6, 128.0, 

127.8, 95.7.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H11IN2OSNa 404.9528; Found 404.9516.  

 

N-((2-iodophenyl)carbamothioyl)-4-methylbenzamide (2b) 

White solid, 90% yield, 3.3 g; m.p. 125 – 127 oC; 

1H NMR (400 MHz, CDCl3) δ 12.39 (s, 1H), 9.29 (s, 1H), 7.88 (d, J = 

8.0 Hz, 2H), 7.79 (d, J = 8.0 Hz, 2H), 7.39 (t, J = 7.6 Hz, 1H), 7.29 (d, 

J = 7.6 Hz, 2H), 7.00 (t, J = 7.6 Hz, 1H), 2.41 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 179.8, 166.7, 144.9, 139.9, 139.5, 129.9 (2C), 129.0, 128.6, 128.0, 

127.8, 95.7, 21.8.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C15H13IN2OSNa 418.9685; Found 418.9675.  

 

N-((2-iodophenyl)carbamothioyl)-3-methylbenzamide (2c) 

White solid, 93% yield, 3.4 g; m.p. 148 – 150 oC; 

1H NMR (400 MHz, CDCl3) δ 12.37 (s, 1H), 9.20 (s, 1H), 7.92 (dd, J = 8.0, 

1.6 Hz, 2H), 7.75 – 7.70 (m, 2H), 7.47 – 7.41 (m, 3H), 7.04 (td, J = 7.6, 1.6 

Hz, 1H), 2.45 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 179.7, 167.0, 139.9, 139.5, 139.3, 134.7, 131.5, 129.1, 129.0, 128.6, 

128.3, 127.9, 124.7, 95.5, 21.4.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C15H13IN2OSNa 418.9685; Found 418.9676. 

 

N-((2-iodophenyl)carbamothioyl)-3-methoxybenzamide (2d) 

N
H

O S

N
H I

H3C 2b
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White solid, 47% yield, 1.8 g; m.p. 138 – 140 oC; 

1H NMR (400 MHz, DMSO-d6) δ 12.45 (s, 1H), 11.80 (s, 1H), 7.95 (dd, J = 

7.6, 1.4 Hz, 1H), 7.67 (dd, J = 8.0, 1.6 Hz, 1H), 7.62 – 7.59 (m, 2H), 7.46 (t, 

J = 8.0 Hz, 2H), 7.24 (dd, J = 8.4, 2.6 Hz, 1H), 7.10 (td, J = 7.6, 1.6 Hz, 1H), 3.87 (s, 3H). 

13C NMR (101 MHz, DMSO-d6) δ 181.1, 168.6, 159.5, 140.8, 139.4, 133.7, 130.2, 129.4, 129.4, 

129.1, 121.6, 120.2, 113.7, 98.0, 56.0. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C15H13IN2O2SNa 434.9635; Found 434.9628. 

 

N-((2-iodophenyl)-2-methylbenzamide (2e) 

Light white solid, 83% yield, 3.0 g; m.p. 187 – 189 oC; 

1H NMR (400 MHz, DMSO-d6) δ 12.35 (s, 1H), 11.92 (s, 1H), 7.95 (d, J = 

6.4 Hz, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.53 (d, J = 7.4 Hz, 1H), 7.49 – 7.43 

(m, 2H), 7.32 (t, J = 7.4 Hz, 2H), 7.12 – 7.08 (m, 1H), 2.45 (s, 3H). 

13C NMR (101 MHz, DMSO-d6) δ 181.0, 171.2, 140.7, 139.4, 136.5, 134.4, 131.5, 131.2, 129.4, 

129.3, 129.1, 128.5, 126.1, 98.0, 20.0.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C15H13IN2OSNa 418.9685; Found 418.9679. 

 

4-fluoro-N-((2-iodophenyl)carbamothioyl)benzamide (2f) 

Light brown solid, 81% yield, 3.0 g; m.p. 149 – 151 oC; 

1H NMR (400 MHz, CDCl3) δ 12.29 (s, 1H), 9.17 (s, 1H), 7.98 – 7.87 (m, 

4H), 7.43 (td, J = 7.6, 1.4 Hz, 1H), 7.26 – 7.20 (m, 2H), 7.05 (td, J = 7.6, 

1.6 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 179.6, 166.1 (d, J = 257.6 Hz), 165.6, 139.8, 139.5, 130.4 (d, J = 

9.5 Hz), 129.1, 128.7, 127.9, 127.7 (d, J = 3.0 Hz), 116.5 (d, J = 22.2 Hz), 95.5.  

19F NMR (377 MHz, CDCl3) δ -103.3. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H10FIN2OSNa 422.9435; Found 422.9423. 

 

4-chloro-N-((2-iodophenyl)carbamothioyl)benzamide (2g) 
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White solid, 78% yield, 3.0 g; m.p. 159 – 161 oC; 

1H NMR (400 MHz, CDCl3) δ 12.27 (s, 1H), 9.15 (s, 1H), 7.93 – 7.87 

(m, 4H), 7.55 – 7.51 (m, 2H), 7.43 (td, J = 7.6, 1.4 Hz, 1H), 7.05 (td, J = 

7.6, 1.6 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 179.5, 165.7, 140.5, 139.7, 139.5 (2C), 129.9, 129.6, 129.1, 128.7, 

127.9, 95.5.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H10ClIN2OSNa 438.9139; Found 438.9132. 

 

4-bromo-N-((2-iodophenyl)carbamothioyl)benzamide (2h) 

White solid, 92% yield, 3.9 g; m.p. 170 – 172 oC; 

1H NMR (400 MHz, DMSO-d6) δ 12.35 (s, 1H), 11.90 (s, 1H), 7.96 – 

7.93 (m, 3H), 7.77 – 7.74 (m, 2H), 7.66 (dd, J = 8.0, 1.6 Hz, 1H), 7.46 

(td, J = 7.6, 1.4 Hz, 1H), 7.10 (td, J = 7.6, 1.6 Hz, 1H). 

13C NMR (101 MHz, DMSO-d6) δ 181.0, 168.1, 140.8, 139.4, 132.0, 131.6, 131.4, 129.5, 129.3, 

129.1, 127.8, 98.0. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H10BrIN2OSNa 482.8634; Found 482.8625. 

 

3-fluoro-N-((2-iodophenyl)carbamothioyl)benzamide (2i) 

Gray solid, 99% yield, 3.7 g; m.p. 145 – 147 oC; 

1H NMR (400 MHz, CDCl3) δ 12.24 (s, 1H), 9.16 (s, 1H), 7.92 (td, J = 9.2, 

1.6 Hz, 2H), 7.70 – 7.66 (m, 2H), 7.58 – 7.52 (m, 1H), 7.46 – 7.35 (m, 2H), 

7.05 (td, J = 7.6, 1.6 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 179.4, 165.5, 163.0 (d, J = 250.9 Hz), 139.7, 139.5, 133.8 (d, J = 

7.1 Hz), 131.0 (d, J = 7.9 Hz), 129.1, 128.7, 127.9, 122.9 (d, J = 3.0 Hz), 121.0 (d, J = 21.2 Hz), 

115.3 (d, J = 23.6 Hz), 95.5. 

19F NMR (377 MHz, CDCl3) δ -109.9. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H10FIN2OSNa 422.9434; Found 422.9428. 

 

3-chloro-N-((2-iodophenyl)carbamothioyl)benzamide (2j) 
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White solid, 93% yield, 3.6 g; m.p. 159 – 161 oC; 

1H NMR (400 MHz, CDCl3) δ 12.23 (s, 1H), 9.16 (s, 1H), 7.96 – 7.90 (m, 

3H), 7.80 – 7.78 (m, 1H), 7.65 – 7.62 (m, 1H), 7.52 – 7.42 (m, 2H), 7.05 (td, 

J = 7.6, 1.6 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 179.4, 165.4, 139.7, 139.5, 135.7, 133.9, 133.3, 130.5, 129.1, 128.7, 

128.2, 127.9, 125.5, 95.5. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H10ClIN2OSNa 438.9139; Found 438.9135. 

 

3-bromo-N-((2-iodophenyl)carbamothioyl)benzamide (2k) 

Yellow solid, 76% yield, 3.2 g; m.p. 149 – 151 oC; 

1H NMR (400 MHz, DMSO-d6) δ 12.32 (s, 1H), 11.96 (s, 1H), 8.20 (t, J = 

1.6 Hz, 1H), 8.01 – 7.97 (m, 1H), 7.94 (dd, J = 8.0, 1.2 Hz, 1H), 7.88 – 7.85 

(m, 1H), 7.67 (dd, J = 7.8, 1.4 Hz, 1H), 7.53 – 7.44 (m, 2H), 7.10 (td, J = 7.6, 1.6 Hz, 1H). 

13C NMR (101 MHz, DMSO-d6) δ 180.9, 167.5, 140.8, 139.4, 136.3, 134.6, 131.9, 131.1, 129.5, 

129.3, 129.1, 128.4, 122.0, 98.0. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H10BrIN2OSNa 482.8634; Found 482.8628. 

 

2-fluoro-N-((2-iodophenyl)carbamothioyl)benzamide (2l) 

Light brown solid, 92% yield, 3.4 g; m.p. 151 – 153 oC; 

1H NMR (400 MHz, CDCl3) δ 12.29 (s, 1H), 9.77 (d, J = 15.6 Hz, 1H), 8.16 

(td, J = 7.6, 2.0 Hz, 1H), 7.94 – 7.91 (m, 2H), 7.68 – 7.62 (m, 1H), 7.43 (td, 

J = 7.6, 1.4 Hz, 1H), 7.37 (td, J = 7.6, 1.2 Hz, 1H), 7.28 – 7.22 (m, 1H), 7.04 (td, J = 7.6, 1.6 Hz, 

1H).  

13C NMR (101 MHz, CDCl3) δ 179.4, 162.9, 160.6 (d, J = 251.7 Hz), 139.8, 139.5, 136.0 (d, J = 

9.6 Hz), 132.4, 129.0, 128.6, 128.0, 125.5 (d, J = 3.1 Hz), 118.9 (d, J = 9.5 Hz), 116.8 (d, J = 24.7 

Hz), 95.5. 

19F NMR (377 MHz, CDCl3) δ -110.9. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H10FIN2OSNa 422.9435; Found 422.9425. 

 

NH

O S

NH
I

F 2l
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2-chloro-N-((2-iodophenyl)carbamothioyl)benzamide (2m) 

White solid, 85% yield, 3.2 g; m.p. 189 – 191 oC; 

1H NMR (400 MHz, DMSO-d6) δ 12.16 (s, 1H), 12.12 (s, 1H), 7.96 (dd, J 

= 8.0, 1.4 Hz, 1H), 7.69 (dd, J = 8.0, 1.6 Hz, 1H), 7.64 (dd, J = 7.4, 1.6 Hz, 

1H), 7.60 – 7.54 (m, 2H), 7.49 – 7.45 (m, 2H), 7.10 (td, J = 7.6, 1.6 Hz, 1H).  

13C NMR (101 MHz, DMSO-d6) δ 180.6, 168.3, 140.7, 139.4, 134.7, 132.7, 130.5, 130.1, 129.8, 

129.5, 129.3, 129.1, 127.7, 98.0. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H10ClIN2OSNa 438.9139; Found 438.9132. 

 

2-bromo-N-((2-iodophenyl)carbamothioyl)benzamide (2n) 

Light pink solid, 82% yield, 3.5 g; m.p. 201 – 203 oC; 

1H NMR (400 MHz, DMSO-d6) δ 12.16 (s, 1H), 12.12 (s, 1H), 7.95 (dd, J 

= 8.0, 1.4 Hz, 1H), 7.73 (dd, J = 7.6, 1.4 Hz, 1H), 7.69 (dd, J = 8.0, 1.6 Hz, 

1H), 7.60 (dd, J = 7.4, 2.0 Hz, 1H), 7.54 – 7.44 (m, 3H), 7.10 (td, J = 7.6, 1.6 Hz, 1H).  

13C NMR (101 MHz, DMSO-d6) δ 180.6, 169.1, 140.6, 139.4, 136.9, 133.1, 132.6, 129.6, 129.4, 

129.1, 129.0, 128.0, 119.4, 97.7. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H10BrIN2OSNa 482.8634; Found 482.8629. 

 

(Z)-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-ylidene)benzamide (3a) 

White solid, 54% yield, 27.5 mg; m.p. 134 –136 oC; 

[α]23D = +54.3 (c = 0.5 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.81 – 7.78 (m, 2H), 

7.72 – 7.69 (m, 2H), 7.58 – 7.45 (m, 5H), 7.35 – 7.31 (m, 3H), 7.22 (td, J = 7.6, 

1.6 Hz, 1H), 6.94 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.8, 160.4, 151.6, 141.4, 140.0, 135.0, 134.4, 133.1, 131.8, 

130.13, 130.11, 129.7, 129.4, 129.1, 128.3, 126.8, 115.8, 98.0. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H15IN2O2SNa 532.9791; Found 532.9786. 

UPLC analysis: 91:9 er (OD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (major) = 25.9 min, Rt (minor) = 33.1 min. 

NH

O S

NH
I

Br 2n

NH

O S

NH
I

Cl 2m
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(Z)-N-(3-(2-iodophenyl)-6-(4-methoxyphenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3b) 

White solid, 78% yield, 42.3 mg; m.p. 118 – 120 oC; 

[α]27D = +52.5 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.03 (dd, J = 8.0, 1.4 Hz, 1H), 7.82 – 7.79 (m, 2H), 

7.69 – 7.65 (m, 2H), 7.55 (td, J = 7.6, 1.4 Hz, 1H), 7.49 – 7.45 (m, 1H), 7.35 – 

7.31 (m, 3H), 7.21 (td, J = 7.6, 1.6 Hz, 1H), 7.03 – 7.0 (m, 2H), 6.88 (s, 1H), 3.88 

(s, 3H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 162.6, 162.0, 160.4, 150.9, 141.5, 139.8, 135.1, 133.0, 130.11, 

130.05, 129.6, 129.2, 128.4, 128.3, 126.5, 114.8, 113.9, 98.1, 55.6. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H17IN2O3SNa 562.9897; Found 562.9892. 

HPLC analysis: 86:14 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (major) = 35.2 min, Rt (minor) = 42.3 min. 

 

(Z)-N-(3-(2-iodophenyl)-4-oxo-6-(p-tolyl)-3,4-dihydro-2H-1,3-thiazin-2-ylidene)benzamide 

(3c) 

White solid, 76% yield, 40.0 mg; m.p. 156 – 158 oC; 

[α]25D = +17.3 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.78 – 7.76 (m, 2H), 

7.57 (td, J = 7.6, 1.4 Hz, 1H), 7.49 – 7.44 (m, 1H), 7.39 – 7.29 (m, 7H), 7.22 (td, 

J = 7.6, 1.6 Hz, 1H), 6.64 (s, 1H), 2.46 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.5, 153.0, 141.5, 139.9, 135.6, 135.0, 134.1, 133.1, 131.1, 

130.6, 130.1, 129.7, 129.2, 128.6, 128.3, 126.4, 119.2, 98.0, 19.9. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H17IN2O2SNa 546.9948; Found 546.9941. 

HPLC analysis: 82:18 er (IB column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (major) = 24.4 min, Rt (minor) = 25.9 min. 

 

(Z)-N-(6-(4-fluorophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3d) 
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White solid, 61% yield, 32.2 mg; m.p. 216 – 218 oC; 

[α]24D = +24.0 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.81 – 7.78 (m, 2H), 

7.73 – 7.68 (m, 2H), 7.56 (td, J = 7.6, 1.4 Hz, 1H), 7.50 – 7.46 (m, 1H), 7.35 – 

7.31 (m, 3H), 7.24 – 7.19 (m, 3H), 6.89 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 164.8 (d, J = 255.3 Hz), 161.7, 160.0 150.4, 141.3, 139.9, 

134.9, 133.2, 130.58, 130.6 (d, J = 3.1 Hz), 130.1, 129.7, 129.1 (d, J = 4.2 Hz), 129.0, 128.3, 116.7 

(d, J = 22.4 Hz), 115.8, 98.0. 

19F NMR (377 MHz, CDCl3) δ -107.0. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14FIN2O2SNa 550.9697; Found 550.9698. 

HPLC analysis: 88:12 er (IA column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (major) = 45.6 min, Rt (minor) = 48.8 min 

 

(Z)-N-(6-(4-chlorophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3e) 

White solid, 57% yield, 31.2 mg; m.p. 180 – 182 oC; 

[α]25D = +22.6 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.80 – 7.78 (m, 

2H), 7.66 – 7.63 (m, 2H), 7.56 (td, J = 7.8, 1.4 Hz, 1H), 7.51 – 7.46 (m, 3H), 7.35 

– 7.31 (m, 3H), 7.22 (td, J = 7.8, 1.6 Hz, 1H), 6.91 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.6, 160.0, 150.3, 141.3, 139.9, 138.2, 134.9, 133.2, 132.8, 

130.2, 130.1, 129.8, 129.7, 129.1, 128.3, 128.1, 116.0, 98.0.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14ClIN2O2SNa 566.9401; Found 566.9391. 

HPLC analysis: 90:10 er (IB column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (major) = 36.7 min, Rt (minor) = 40.1 min. 

 

(Z)-N-(6-(4-bromophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3f) 
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White solid, 48% yield, 28.2 mg; m.p. 94 – 96 oC; 

[α]22D = +10.0 (c =1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.80 – 7.78 (m, 

2H), 7.67 – 7.64 (m, 2H), 7.59 – 7.54 (m, 3H), 7.50 – 7.46 (m, 1H), 7.35 – 7.31 

(m, 3H), 7.22 (td, J = 7.6, 1.6 Hz, 1H), 6.91 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.6, 160.0, 150.4, 141.3, 139.9, 134.9, 133.3, 133.2, 132.7, 

130.2, 130.1, 129.7, 129.1, 128.3, 128.2, 126.6, 116.0, 98.0. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14BrIN2O2SNa 610.8896; Found 610.8893. 

UPLC analysis: 92:8 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (major) = 46.2 min, Rt (minor) = 49.9 min. 

 

(Z)-N-(3-(2-iodophenyl)-6-(3-methoxyphenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3g) 

White solid, 66% yield, 35.8 mg; m.p. 118 – 120 oC; 

[α]26D = +15.5 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.81 – 7.78 (m, 

2H), 7.55 (dd, J = 7.8, 1.4 Hz, 1H), 7.50 – 7.45 (m, 1H), 7.42 (t, J = 8.0 Hz, 

1H), 7.37 – 7.27 (m, 4H), 7.24 – 7.18 (m, 2H), 7.10 – 7.07 (m, 1H), 6.93 (s, 

1H), 3.88 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 175.5, 161.8, 160.34, 160.25, 151.6, 141.4, 139.9 (2C), 135.7, 135.0, 

133.1, 130.5, 130.1, 129.7, 129.1, 128.3, 119.2, 117.7, 115.9, 111.9, 98.0, 55.6. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H17IN2O3SNa 562.9897; Found 562.9886. 

HPLC analysis: 87:13 er (IB column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (major) = 27.0 min, Rt (minor) = 32.6 min. 

 

(Z)-N-(3-(2-iodophenyl)-4-oxo-6-(m-tolyl)-3,4-dihydro-2H-1,3-thiazin-2-ylidene)benzamide 

(3h) 
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White solid, 53% yield, 27.8 mg; m.p. 206 – 208 oC; 

[α]23D = +24.0 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.82 – 7.79 (m, 

2H), 7.56 (td, J = 7.8, 1.4 Hz, 1H), 7.51 – 7.45 (m, 3H), 7.39 – 7.31 (m, 5H), 

7.21 (td, J = 7.8, 1.6 Hz, 1H), 6.92 (s, 1H), 2.44 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.8, 160.5, 151.8, 141.5, 139.9, 139.4, 135.0, 134.3, 133.1, 

132.6, 130.12, 130.09, 129.7, 129.3, 129.1, 128.3, 127.4, 123.9, 115.6, 98.1, 21.4. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H17IN2O2SNa 546.9947; Found 546.9944. 

HPLC analysis: 97:3 er (ODH column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (major) = 35.4 min, Rt (minor) = 38.5 min. 

 

(Z)-N-(6-(3-fluorophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3i) 

White solid, 65% yield, 34.4 mg; m.p. 162 – 164 oC; 

[α]24D = +10.0 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.80 – 7.78 (m, 

2H), 7.57 (td, J = 7.8, 1.4 Hz, 1H), 7.51 – 7.46 (m, 3H), 7.43 – 7.39 (m, 1H), 7.35 

– 7.31 (m, 3H), 7.25 – 7.20 (m, 2H), 6.92 (s, 1H).  
13C NMR (101 MHz, CDCl3) δ 175.6, 163.0 (d, J = 250.7, Hz), 161.5, 160.0, 150.2, 141.3, 139.9, 

136.4 (d, J = 7.9 Hz), 134.9, 133.2, 131.2 (d, J = 4.2 Hz), 130.19, 130.15, 129.7, 129.1, 128.3, 122.6 

(d, J = 3.0 Hz), 118.8 (d, J = 21.1 Hz), 116.5, 114.0 (d, J = 23.9 Hz), 98.0. 

19F NMR (377 MHz, CDCl3) δ -110.3. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14FIN2O2SNa 550.9697; Found 550.9687. 

HPLC analysis: 97:3 er (ODH column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (minor) = 45.0 min, Rt (major) = 47.1 min. 

 

(Z)-N-(3-(2-iodophenyl)-4-oxo-6-(o-tolyl)-3,4-dihydro-2H-1,3-thiazin-2-ylidene)benzamide 
(3j) 
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White solid, 53% yield, 28.0 mg; m.p. 160 – 162 oC; 

[α]25D = +19.3 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.78 – 7.76 (m, 

2H), 7.57 (td, J = 7.4, 1.2 Hz, 1H), 7.49 – 7.44 (m, 1H), 7.38 – 7.31 (m, 7H), 

7.22 (td, J = 7.8, 1.6 Hz, 1H), 6.64 (s, 1H), 2.46 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.5, 161.2, 153.0, 141.5, 139.9 (2C), 135.6, 135.0, 134.1, 

133.1, 131.1, 130.6, 130.1, 129.7, 129.2, 128.6, 128.3, 126.4, 119.2, 98.0, 19.9.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H17IN2O2SNa 546.9948; Found 546.9941. 

UPLC analysis: 97:3 er (OD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (minor) = 14.7 min, Rt (major) = 17.3 min. 

 

(Z)-N-(6-(2-fluorophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (3k) 

White solid, 48% yield, 25.8 mg; m.p. 114 – 116 oC; 

[α]25D = +10.2 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.79 – 7.77 (m, 

2H), 7.63 – 7.45 (m, 4H), 7.36 – 7.29 (m, 4H), 7.25 – 7.20 (m, 2H), 6.95 (d, J = 

1.0 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.4, 160.6, 159.4 (d, J = 258.5 Hz), 146.0, 141.4, 139.9, 

134.9, 133.1, 133.0, 130.1, 129.7, 129.1, 128.3, 125.0 (d, J = 3.6 Hz), 124.2, 123.6, 122.4 (d, J = 

6.55 Hz), 119.8 (d, J = 5.6 Hz), 117.0 (d, J = 21.9 Hz), 98.0. 

19F NMR (377 MHz, CDCl3) δ -112.4. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14FIN2O2SNa 550.9697; Found 550.9682. 

UPLC analysis: 91:9 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (minor) = 35.4 min, Rt (major) = 47.6 min. 

 

(Z)-N-(6-(2-chlorophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3l) 
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Yellow solid, 42% yield, 23.0 mg; m.p. 168 – 170 oC; 

[α]24D = +9.0 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.05 (dd, J = 8.0, 1.4 Hz, 1H), 7.78 – 7.75 (m, 2H), 

7.60 – 7.30 (m, 9H), 7.23 (td, J = 7.8, 1.6 Hz, 1H), 6.77 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.4, 161.2, 150.0, 141.4, 139.9, 134.9, 

133.3, 133.1, 132.4, 131.8, 130.7, 130.24, 130.16, 130.1, 129.7, 129.1, 128.3, 127.4, 120.5, 98.0. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14ClIN2O2SNa 566.9401; Found 566.9395. 

HPLC analysis: 92:8 er (IB column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (minor) = 18.4 min, Rt (major) = 21.1 min. 

 

(Z)-N-(3-(2-iodophenyl)-6-(naphthalen-1-yl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3m) 

White solid, 57% yield, 32.0 mg; m.p. 185 – 187 oC; 

[α]23D = +24.0 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.14 – 8.12 (m, 1H), 8.07 (dd, J = 8.0, 1.4 Hz, 

1H), 7.99 (d, J = 8.2 Hz, 1H), 7.95 – 7.93 (m, 1H), 7.78 – 7.76 (m, 2H), 7.66 – 

7.54 (m, 5H), 7.48 – 7.41 (m, 2H), 7.32 (t, J = 7.8 Hz, 2H), 7.23 (dd, J = 7.8, 

1.6 Hz, 1H), 6.87 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.5, 161.3, 151.8, 141.5, 139.9, 135.0, 133.8, 133.1, 132.0, 

131.3, 130.1 (2C), 130.0, 129.7, 129.2, 128.8, 128.3, 127.7, 127.0, 126.9, 125.1, 124.5, 120.2, 98.1. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C27H17IN2O2SNa 582.9948; Found 582.9943. 

HPLC analysis: 97:3 er (ODH column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (major) = 35.4 min, Rt (minor) = 38.5 min. 

 

(Z)-N-(3-(2-iodophenyl)-4-oxo-6-(thiophen-2-yl)-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3n) 
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White solid, 80% yield, 41.8 mg; m.p. 144 – 146 oC; 

[α]22D = +7.6 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.03 (dd, J = 8.0, 1.4 Hz, 1H), 7.81 – 7.78 (m, 

2H), 7.64 (dd, J = 3.8, 1.2 Hz, 1H), 7.60 – 7.53 (m, 2H), 7.50 – 7.46 (m, 1H), 

7.35 – 7.31 (m, 3H), 7.23 – 7.18 (m, 2H), 6.93 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.6, 160.0, 144.1, 141.5, 139.8, 136.9, 134.9, 133.1, 130.6, 

130.13, 130.10, 129.6, 129.1, 128.9, 128.3, 113.2, 98.0. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C21H13IN2O2S2Na 538.9355; Found 538.9376. 

HPLC analysis: 99:1 er (ODH column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (minor) = 40.9 min, Rt (major) = 46.7 min. 

 

(Z)-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-ylidene)-4-
methylbenzamide (4a) 

Yellow solid, 45% yield, 23.4 mg; m.p. 156 – 158 oC; 

[α]23D = +16.1 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.03 (dd, J = 8.0, 1.4 Hz, 1H), 7.71 – 7.68 

(m, 4H), 7.57 – 7.49 (m, 4H), 7.33 (dd, J = 8.0, 1.6 Hz, 1H), 7.20 (td, J = 

7.8, 1.6 Hz, 1H), 7.13 (d, J = 8.0 Hz, 2H), 6.92 (s, 1H), 2.36 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 175.6, 161.9, 159.9, 151.7, 144.0, 141.4, 139.8, 134.4, 132.4, 131.8, 

130.2, 130.1, 129.7, 129.4, 129.1, 126.8, 115.7, 98.1, 21.8.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H17IN2O2SNa 546.9948; Found 546.9949. 

UPLC analysis: 93:7 er (OD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (major) = 24.1 min, Rt (minor) = 32.6 min. 

 

(Z)-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-ylidene)-3-

methylbenzamide (4b) 

White solid, 41% yield, 21.7 mg; m.p. 128 – 130 oC; 

[α]22D = +17.5 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.71 – 7.69 (m, 
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2H), 7.62 – 7.49 (m, 6H), 7.35 (dd, J = 8.0, 1.4 Hz, 1H), 7.30 – 7.28 (m, 1H), 7.24 – 7.19 (m, 2H), 

6.93 (s, 1H), 2.30 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 175.7, 161.8, 159.7, 151.5, 141.5, 139.8, 138.0, 134.9, 134.4, 133.9, 

131.8, 130.9, 130.0, 129.7, 129.4, 129.2, 129.1, 128.2, 127.2, 126.8, 115.7, 98.1, 21.3.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H17IN2O2SNa 546.9948; Found 546.9941. 

UPLC analysis: 90:10 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (major) = 32.5 min, Rt (minor) = 36.2 min. 

 

(Z)-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-ylidene)-3-

methoxybenzamide (4c) 

White solid, 49% yield, 26.6 mg; m.p. 131 – 133 oC; 

[α]23D = +14.3 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.03 (dd, J = 8.0, 1.4 Hz, 1H), 7.73 – 7.70 (m, 

2H), 7.59 – 7.50 (m, 4H), 7.45 (dt, J = 7.6, 1.2 Hz, 1H), 7.35 (dd, J = 8.0, 1.6 

Hz, 1H), 7.29 – 7.28 (m, 1H), 7.24 – 7.18 (m, 2H), 7.04 – 7.01 (m, 1H), 6.94 (s, 1H), 3.70 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 175.4, 161.8, 160.8, 159.4, 151.7, 141.6, 139.8, 136.4, 134.3, 131.9, 

130.0, 129.7, 129.5, 129.4, 129.1, 126.8, 122.6, 120.7, 115.8, 113.4, 98.1, 55.3.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H17IN2O3SNa 562.9897; Found 562.9893. 

UPLC analysis: 90:10 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (minor) = 34.3 min, Rt (major) = 43.5 min. 

 

(Z)-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-ylidene)-2-
methylbenzamide (4d)  

Light yellow solid, 42% yield, 22.1 mg; m.p. 139 – 141 oC; 

[α]23D = +10.7 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.01 (dd, J = 8.0, 1.4 Hz, 1H), 7.72 – 7.69 (m, 

2H), 7.62 (dd, J = 8.0, 1.5 Hz, 1H), 7.58 – 7.49 (m, 4H), 7.34 – 7.30 (m, 2H), 

7.20 – 7.15 (m, 2H), 7.09 (td, J = 7.6, 1.4 Hz, 1H), 6.92 (s, 1H), 2.50 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 177.2, 161.9, 159.5, 151.7, 141.5, 141.2, 139.9, 134.5, 133.7, 132.3, 
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132.2, 131.9, 131.8, 130.1, 129.7, 129.4, 129.1, 126.9, 125.6, 115.8, 98.2, 22.3.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H17IN2O2SNa 546.9948; Found 546.9937. 

UPLC analysis: 87:13 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (minor) = 17.4 min, Rt (major) = 25.5 min. 

 

(Z)-4-fluoro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (4e)  

Yellow solid, 49% yield, 26.1 mg; m.p. 147 – 149 oC; 

[α]23D = +17.0 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.0, 1.4 Hz, 1H), 7.82 – 7.77 (m, 

2H), 7.72 – 7.69 (m, 2H), 7.59 – 7.50 (m, 4H), 7.33 (dd, J = 8.0, 1.6 Hz, 1H), 

7.22 (td, J = 7.8, 1.6 Hz, 1H), 7.02 – 6.96 (m, 2H), 6.94 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 174.4, 165.9 (d, J = 255.4 Hz), 161.7, 161.0, 151.6, 141.4, 139.9, 

134.3, 132.7 (d, J = 9.5 Hz), 131.9, 131.4 (d, J = 2.6 Hz), 130.2, 129.7, 129.5, 129.0, 126.8, 115.8, 

115. 4 (d, J = 21.9 Hz), 98.0.  

19F NMR (377 MHz, CDCl3) δ -105.5. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14FIN2O2SNa 550.9697; Found 550.9694. 

UPLC analysis: 93:7 er (OD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (major) = 21.3 min, Rt (minor) = 33.9 min. 

 

(Z)-4-chloro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (4f)  

White solid, 63% yield, 34.3 mg; m.p. 160 – 163 oC; 

[α]23D = +17.4 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.03 (dd, J = 8.0, 1.4 Hz, 1H), 7.72 – 7.69 (m, 

4H), 7.59 – 7.50 (m, 5H), 7.34 – 7.28 (m, 3H), 7.22 (td, J = 7.8, 1.6 Hz, 1H), 

6.95 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 174.5, 161.6, 161.2, 151.6, 141.4, 139.9, 139.5, 134.3, 133.6, 131.9, 

131.5, 130.6, 129.7, 129.5, 129.1, 128.6, 126.8, 115.9, 97.9. 
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HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14ClIN2O2SNa 566.9401; Found 566.9392. 

UPLC analysis: 90:10 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (major) = 36.2 min, Rt (minor) = 56.0 min. 

 

(Z)-4-bromo-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (4g)  

White solid, 48% yield, 28.3 mg; m.p. 166 – 168 oC; 

[α]24D = +20.4 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.03 (dd, J = 8.0, 1.4 Hz, 1H), 7.72 – 7.69 (m, 

2H), 7.64 – 7.61 (m, 2H), 7.59 – 7.49 (m, 4H), 7.48 – 7.45 (m, 2H), 7.32 (dd, 

J = 8.0, 1.6 Hz, 1H), 7.21 (td, J = 7.8, 1.6 Hz, 1H), 6.94 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 174.7, 161.6, 161.3, 151.6, 141.4, 139.9, 134.3, 134.0, 131.9, 131.63, 

131.59, 130.2, 129.7, 129.5, 129.1, 128.3, 126.8, 115.9, 97.9. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14BrIN2O2SNa 610.8896; Found 610.8890. 

HPLC analysis: 90:10 er (IA column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (major) = 37.0 min, Rt (minor) = 48.5 min. 

 

(Z)-3-fluoro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (4h) 

White solid, 51% yield, 26.7 mg; m.p. 132 – 134 oC; 

[α]25D = +23.6 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.05 (dd, J = 8.0, 1.4 Hz, 1H), 7.72 – 7.69 (m, 

2H), 7.60 – 7.50 (m, 5H), 7.43 – 7.39 (m, 1H), 7.34 – 7.27 (m, 2H), 7.25 – 7.14 

(m, 2H), 6.95 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 174.3, 162.7 (d, J = 247.9 Hz), 161.6, 161.5, 151.6, 141.3, 139.9, 

137.4 (d, J = 7.3 Hz), 134.3, 131.9, 130.2, 129.9 (d, J = 7.9 Hz), 129.7, 129.5, 129.0, 126.8, 125.7 

(d, J = 2.9 Hz), 120.0 (d, J = 21.8 Hz), 116.8 (d, J = 23.1 Hz), 115.9, 97.9.  

19F NMR (377 MHz, CDCl3) δ -112.6. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14FIN2O2SNa 550.9697; Found 550.9694. 
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UPLC analysis: 90:10 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (minor) = 29.5 min, Rt (major) = 33.9 min. 

 

(Z)-3-chloro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (4i) 

White solid, 70% yield, 38.5 mg; m.p. 124 – 126 oC; 

[α]31D = +32.7 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.05 (dd, J =7.6, 1.2 Hz, 1H), 7.71 – 7.66 (m, 

4H), 7.60 – 7.49 (m, 4H), 7.44 – 7.41 (m, 1H), 7.33 (dd, J = 7.6, 1.6 Hz, 1H), 

7.27 (d, J = 7.8 Hz, 1H), 7.25 – 7.21 (m, 1H), 6.95 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 174.1, 161.6, 161.4, 151.5, 141.3, 139.9, 136.9, 134.4, 134.3, 132.9, 

131.9, 130.4, 130.2, 129.7, 129.6, 129.5, 129.0, 128.0, 126.8, 115.9, 97.9.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14ClIN2O2SNa 566.9401; Found 566.9395. 

HPLC analysis: 88:12 er (IB column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (major) = 27.6 min, Rt (minor) = 38.8 min. 

 

(Z)-3-bromo-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (4j) 

White solid, 48% yield, 28.5 mg; m.p. 126 – 128 oC; 

[α]23D = +25.1 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.06 (dd, J = 8.0, 1.4 Hz, 1H), 7.85 (t, J = 1.8 

Hz, 1H), 7.75 – 7.69 (m, 3H), 7.60 – 7.50 (m, 5H), 7.33 (dd, J = 7.8, 1.4 Hz, 

1H), 7.24 – 7.19 (m, 2H), 6.96 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 174.0, 161.6, 161.5, 151.5, 141.3, 140.0, 137.0, 135.8, 134.2, 133.4, 

132.0, 130.3, 129.9, 129.8, 129.5, 129.0, 128.4, 126.8, 122.5, 116.0, 97.9.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14BrIN2O2SNa 610.8896; Found 610.8890. 

UPLC analysis: 89:11 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (minor) = 31.0 min, Rt (major) = 35.4 min. 
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(Z)-2-fluoro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (4k) 

Yellow solid, 56% yield, 29.6 mg; m.p. 131 – 133 oC; 

[α]40D = +8.4 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.02 (dd, J = 8.0, 1.4 Hz, 1H), 7.72 – 7.69 (m, 

2H), 7.59 – 7.49 (m, 5H), 7.46 – 7.40 (m, 1H), 7.32 (dd, J = 8.0, 1.4 Hz, 1H), 

7.20 (td, J = 7.8, 1.6 Hz, 1H), 7.08 – 7.00 (m, 2H), 6.95 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 173.2, 162.8 (d, J = 263.2 Hz), 161.7, 160.9, 151.7, 141.3, 139.8, 

134.7 (d, J = 9.4 Hz), 134.3, 133.0, 131.9, 130.1, 129.7, 129.5, 129.1, 126.8, 123.7 (d, J = 4.3 Hz), 

123.2 (d, J = 6.9 Hz), 117.0 (d, J = 22.2 Hz), 115.8, 98.0. 

19F NMR (377 MHz, CDCl3) δ -110.2. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14FIN2O2SNa 550.9697; Found 550.9692. 

UPLC analysis: 88:12 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (minor) = 28.8 min, Rt (major) = 51.5 min. 

 

(Z)-2-chloro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (4l) 

Yellow solid, 40% yield, 21.6 mg; m.p. 141 – 143 oC; 

[α]28D = +7.1 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.00 (dd, J = 8.0, 1.4 Hz, 1H), 7.73 – 7.70 (m, 

2H), 7.59 – 7.50 (m, 5H), 7.39 – 7.29 (m, 3H), 7.20 – 7.12 (m, 2H), 6.95 (s, 

1H). 

13C NMR (101 MHz, CDCl3) δ 174.5, 161.7, 161.2, 151.7, 141.4, 139.8, 134.7, 134.3, 133.4, 133.0, 

132.7, 132.0, 131.4, 130.1, 129.6, 129.5, 129.1, 126.9, 126.4, 115.9, 98.0.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14ClIN2O2SNa 566.9401; Found 566.9392. 

HPLC analysis: 84:16 er (IB column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 nm), 

Rt (minor) = 28.2 min, Rt (major) = 31.9 min. 

 

(Z)-2-bromo-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-
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ylidene)benzamide (4m) 

Yellow solid, 37% yield, 21.7 mg; m.p. 138 – 140 oC; 

[α]23D = +10.2 (c = 1.0 in CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.00 (dd, J = 8.0, 1.4 Hz, 1H), 7.73 – 7.70 (m, 

2H), 7.61 – 7.50 (m, 6H), 7.31 (dd, J = 8.0, 1.6 Hz, 1H), 7.25 – 7.15 (m, 3H), 

6.95 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 174.9, 161.7, 161.3, 151.7, 141.3, 139.8, 135.1, 134.8, 134.3, 133.1, 

132.7, 131.9, 130.1, 129.7, 129.5, 129.2, 127.0, 126.9, 122.7, 115.9, 98.0.  

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C23H14BrIN2O2SNa 610.8896; Found 610.8890. 

UPLC analysis: 85:15 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, λ = 254 

nm), Rt (minor) = 25.2 min, Rt (major) = 47.3 min. 
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IX. 1H NMR, 13C NMR, 19F NMR and HPLC spectra 

N-((2-iodophenyl)carbamothioyl)benzamide (2a)  
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N-((2-iodophenyl)carbamothioyl)-4-methylbenzamide (2b)  
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N-((2-iodophenyl)carbamothioyl)-3-methylbenzamide (2c)  
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N-((2-iodophenyl)carbamothioyl)-3-methoxybenzamide (2d) 
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N-((2-iodophenyl)carbamothioyl)-2-methylbenzamide (2e)  
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4-fluoro-N-((2-iodophenyl)carbamothioyl)benzamide (2f)  
 

 
 

 
  



S33 

 

 
  



S34 

 

4-chloro-N-((2-iodophenyl)carbamothioyl)benzamide (2g) 
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4-bromo-N-((2-iodophenyl)carbamothioyl)benzamide (2h) 
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3-fluoro-N-((2-iodophenyl)carbamothioyl)benzamide (2i) 
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3-chloro-N-((2-iodophenyl)carbamothioyl)benzamide (2j) 
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3-bromo-N-((2-iodophenyl)carbamothioyl)benzamide (2k) 
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2-fluoro-N-((2-iodophenyl)carbamothioyl)benzamide (2l) 
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2-chloro-N-((2-iodophenyl)carbamothioyl)benzamide (2m) 
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2-bromo-N-((2-iodophenyl)carbamothioyl)benzamide (2n)  
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(Z)-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-ylidene)benzamide (3a)  
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(Z)-N-(3-(2-iodophenyl)-6-(4-methoxyphenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (3b)  
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(Z)-N-(3-(2-iodophenyl)-4-oxo-6-(p-tolyl)-3,4-dihydro-2H-1,3-thiazin-2-ylidene)benzamide 
(3c)  
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(Z)-N-(6-(4-fluorophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (3d) 
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(Z)-N-(6-(4-chlorophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (3e)  
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(Z)-N-(6-(4-bromophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (3f) 
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(Z)-N-(3-(2-iodophenyl)-6-(3-methoxyphenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3g)  
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(Z)-N-(3-(2-iodophenyl)-4-oxo-6-(m-tolyl)-3,4-dihydro-2H-1,3-thiazin-2-ylidene)benzamide 
(3h)  
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(Z)-N-(6-(3-fluorophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3i)  
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(Z)-N-(3-(2-iodophenyl)-4-oxo-6-(o-tolyl)-3,4-dihydro-2H-1,3-thiazin-2-ylidene)benzamide 
(3j) 
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(Z)-N-(6-(2-fluorophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (3k)  
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(Z)-N-(6-(2-chlorophenyl)-3-(2-iodophenyl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (3l) 
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(Z)-N-(3-(2-iodophenyl)-6-(naphthalen-1-yl)-4-oxo-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (3m)  
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(Z)-N-(3-(2-iodophenyl)-4-oxo-6-(thiophen-2-yl)-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (3n) 
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(Z)-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-ylidene)-4-
methylbenzamide (4a)  
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(Z)-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-ylidene)-3-
methylbenzamide (4b)  
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(Z)-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-ylidene)-3-
methoxybenzamide (4c) 
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(Z)-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-ylidene)-2-
methylbenzamide (4d)  
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(Z)-4-fluoro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (4e)  

 
 

 
  



S84 

 

 
  



S85 

 

 
 

 
  



S86 

 

(Z)-4-chloro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (4f) 
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(Z)-4-bromo-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (4g) 
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(Z)-3-fluoro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-

ylidene)benzamide (4h) 
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(Z)-3-chloro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (4i)  
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(Z)-3-bromo-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (4j)  
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(Z)-2-fluoro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (4k) 
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(Z)-2-chloro-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (4l)  
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(Z)-2-bromo-N-(3-(2-iodophenyl)-4-oxo-6-phenyl-3,4-dihydro-2H-1,3-thiazin-2-
ylidene)benzamide (4m) 
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