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General information:

All reactions were carried out under an atmosphere of nitrogen in flame-dried glassware. THF 

was distilled over sodium-benzophenone before use. Dried 1,4-Dioxane was purchased from  

Leonid Chemicals pvt Ltd., India. Chromatographic separations were carried out by flash 

chromatography systems using Hi-Purit Flash Column Silica(NP) columns. Analytical thin layer 

chromatography was performed on EM Reagent 0.25 nm silica gel 60-F254 Aluminium sheets.

Optical rotations were measured on a Rudolph AUTOPOL IV automatic polarimeter. 1H NMR 

were recorded on a Varian (400 MHz) spectrometer and is reported in ppm (δ) from 

tetramethylsilane (TMS: δ 0.0 ppm). Data are reported as follows: chemical shift, multiplicity (s 

= singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublet, ddd = 

doublet of doublet of doublet), coupling constants (Hz), and integration. 13C NMR spectra were 

recorded on a Varian (100 MHz) spectrometer with complete proton decoupling. Chemical shifts 

are reported in ppm from tetramethylsilane with solvent resonance as the internal standard 

(CDCl3: δ 77.0, DMSO: 40.0 and MeOH: 53.0 ppm).

2-bromobenzaldehyde(6630-33-7), 2-Methyl-2-propanesulfinamide(146374-27-8), (S)-(−)-2-

Methyl-2-propanesulfinamide(343338-28-3), 2-Bromo-5-fluorobenzaldehyde (94569-84-3), 2-

Bromo-5-(trifluoromethyl)benzaldehyde (102684-91-3), 6-Bromo-1,3-benzodioxole-5-

carboxaldehyde (15930-53-7), 3,5-Dibromo-4-pyridinecarboxaldehyde (70201-42-2), 2-Chloro-

3-quinolinecarboxaldehyde (73568-25-9), 3-Bromothiophene-2-carboxaldehyde  (930-96-1) and 

3-bromofuran-2-carbaldehyde (14757-78-9) were purchased from Sigma-Aldrich. 4-Bromo-1-

methyl-1H-pyrazole-5-carboxaldehyde (473528-88-0) was purchased from Alfa-Aesar.

2-Bomo-5-Nitrobenzaldehyde (84459-32-5)1, 5-Bromo-2-methoxy-4-pyridinecarboxaldehyde 

(936011-17-5)2, S-Methyl-S-phenyl-N-(tert-butyldimethylsilyl)-sulfoximine (108947-72-4)3

1 Charles, A. B.; Oalmann, C.; Szczepankiewicz, B. G.; Caldwell, R.D.; Casaubon, R.; White, B. 
H.; Perni, R. B.; Karsten, K.; Disch, J. S.; Yee Ng, P.; Michael Fox, R.; WO2014186313, 2014.

2 Juteau, H.; Gallant, M.; Dube, D.; Roy, P.; Aspiotis, R.; Fortin, R.; Lacombe, P.; Mckay, D.; 
Yao-Hsiang Wu, T.; WO2009023964, 2009.
3 Pearson, A. J.; Blystone, S. L.; Nar, H.; Alan Pinkerton, A.; Roden, B. A; Yoon, J. J. Am. 
Chem. Soc., 1989, 111 (1), 134–144
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 were synthesized according to the literature report.

Scheme 1. Proposed Method for synthesis of 4-aminobenzothiazine
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Synthesis of N-(1-(2-bromophenyl)-2-(phenylsulfonimidoyl)ethyl)-2-methylpropane-2-

sulfinamide (4):  To a stirred solution of S-Methyl-S-phenyl-N-(tert-butyldimethylsilyl)-

sulfoximine (2) (0.3 g, 1.15 mmol) in THF (10 mL) was added nBuLi (1.6 M in THF) (0.86 mL, 

1.33 mmol) at -78 °C and stirred for 30 min at that temperature, then added a solution of  (RS, E) 

N-(2-bromobenzylidene)-2-methylpropane-2-sulfinamide (1a) (0.38 g, 1.33 mmol) in THF (5 

mL) at -78 °C and stirred for another 1 h. After completion of starting material, reaction mixture 

was quenched with saturated NH4Cl solution and extracted with EtOAc (3 x 50 mL). The 

combined organic extracts were washed with water, brine, dried over Na2SO4, filtered and 

concentrated to get crude product. The crude product was dissolved in THF (15 mL), then added 

TBAF (1M in THF) (1.34 mL, 1.33 mmol) at 0 °C and stirred for another 3 h. After completion 

of starting material, reaction mixture was quenched with saturated NH4Cl solution and extracted 

with DCM (3 x 50 mL). The combined organic extracts were washed with water, brine, dried 

over Na2SO4, filtered and concentrated to get crude product. Crude product was purified by flash 

chromatography (2% MeOH/DCM) to afford desired product. Off-white solid, Yield (0.35 g, 

71.4%); 1H NMR (400M Hz, DMSO) δ 7.80 ( d, J = 6.8 Hz, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.52-

7.46 (m, 4H), 7.24 (t, J = 7.2 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 6.13 (d, J = 6.8 Hz, 1H), 5.12 – 

5.07 (m, 1H), 4.44 (s, 1H), 3.82-3.76 (m, 1H), 3.47 (dd, J = 14.4, 4.4 Hz, 1H), 1.08 (s, 9H). 
13CNMR (100MHz, CDCl3): 142.4, 137.3, 133.3, 133.2, 129.99, 129.92, 129.27, 128.0, 127.9, 
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123.3, 61.3, 56.7, 54.5, 22.5. HRMS (ESI) m/z calcd for C18H23BrN2O2S2 [M + H]+ 443.0463 

and 445.0442, found 443.0457 and 445.0439.

Table 1. Optimization conditions for intra-molecular N-arylation
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Entry Conditions

1 Pd2(dba)3 (5 mol%), Xantphos (7 mol%)
CsCO3, Dioxane, 90°C, 3h

3
Pd(OAc)2 (5 mol%), (+) BINAP (5 mol%)
CsCO3, Dioxane, 90°C, 3h

0%

4 CuI, CsCO3, Dioxane, 90°C, 8h
0%

6(%)a

0%

5 CuI, trans-1,2-Cyclohexanediamine,
K3PO4, Dioxane, 90°C, 6h

0%

2 Pd2(dba)3 (5 mol%), Ru-phos (7 mol%)
K2CO3, Dioxane, 90°C, 3h

0%

6 CuI, DMEDA, K3PO4, Dioxane,
90°C, 6h

0%

7(%)a

65%

43%

58%

0%

0%

0%

a Isolated yields

S
N
O

7

2-phenylbenzo[c][1,2]thiazine 2-oxide (7): 1H NMR (400M Hz, CDCl3) δ 7.90 (d, J = 7.2 Hz, 

2H), 7.66 (d, J = 9.6 Hz, 1H), 7.61 (d, J = 6.8 Hz, 1H), 7.56 (t, J = 7.2 Hz, 2H), 7.44 (t, J = 7.2 

Hz, 1H), 7.38-7.24 (m, 2H), 7.03 (t, J = 7.6 Hz, 1H), 6.38 (d, J = 10.0 Hz, 1H). Spectroscopic 

data is identical to those previously reported.4

General procedure for synthesizing tert-butanesulfinyl aldimines from 
corresponding aldehydes and tert-butanesulfinamide:

4 (a) Harmata, M.; Pavri, N. Angew. Chem., Int. Ed. 1999, 38, 2419-21. (b)  Bolm, C.;  
Hildebrand, J. P. Tetrahedron Lett. 1998, 37, 5731.
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N
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X
1a - 1m

O

X

NH2
S
O

Ti(OEt)4, THF,
RT, 8-15h

Ar/Het Ar/Het

Where as X = Br or Cl

A flame-dried flask was cooled under a stream of N2 and charged with the appropriate aldehyde 

(1.0 - 1.2 equiv) and sufficient THF to provide a 0.4 M solution. Neat Ti(OEt)4 (2.0 equiv) was 

added, the reaction mixture was stirred at room temperature for 5 min, then tert-

butanesulfinamide (1 equiv) was added. The resulting mixture was stirred at room temperature 

until the tert-butanesulfinamide had been completely consumed as judged by TLC analysis. The 

reaction mixture was poured into an equal volume of brine and stirred for 10 min before the 

resulting suspension was transferred to a separatory funnel. The aqueous layer was extracted 

with EtOAc (2 x 20 mL). The combined organic layers were washed with brine, dried over 

anhydrous sodium sulfate, filtered, and concentrated under vacuum. The crude product was then 

purified by flash chromatography on silica gel. 

N
S
O

Br

1a

(RS, E) N-(2-bromobenzylidene)-2-methylpropane-2-sulfinamide (1a).

General Procedure: Clear viscous oil, Yield (94%); 1H NMR (400M Hz, CDCl3) δ 8.98 (s, 1H), 

8.03 (dd, J = 7.6, 1.6 Hz, 1H), 7.64 (d, J = 7.2 Hz, 1H), 7.40-7.32 (m, 2H), 1.27 (s, 9H). 

Spectroscopic data is identical to those previously reported5.

N
S
O

Br

1b

 (S, E) N-(2-bromobenzylidene)-2-methylpropane-2-sulfinamide (1b).

5 Fan, R.; Pu, D.; Wen, F.; Yang, Y.; Wang, X.  J. Org. Chem., 2008, 73 (9), 3623.
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General Procedure: Clear viscous oil, Yield (94%); 1H NMR (400M Hz, CDCl3) δ 8.97 (s, 1H), 

8.03 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 7.6 Hz, 1H), 7.40-7.32 (m, 2H), 1.27 (s, 9H). Spectroscopic 

data is identical to those previously reported6.

1c
N
S
O

Br

(R, E) N-(2-bromobenzylidene)-2-methylpropane-2-sulfinamide (1c).

General Procedure: Clear viscous oil, Yield (92%); 1H NMR (400M Hz, CDCl3) δ 8.98 (s, 1H), 

8.03 (d, J = 6.4 Hz, 1H), 7.64 (d, J = 7.2 Hz, 1H), 7.40-7.32 (m, 2H), 1.27 (s, 9H). Spectroscopic 

data is identical to those previously reported7.

N
S
O

Br

F

1d

 (RS, E) N-(2-bromo-5-fluorobenzylidene)-2-methylpropane-2-sulfinamide (1d).

General Procedure: Off white solid, Yield (95%); 1H NMR (400M Hz, CDCl3) δ 8.91 (d, J = 

1.6 Hz, 1H), 7.74 (dd, J = 9.2, 3.2 Hz, 1H), 7.61 (dd, J = 8.8, 5.2 Hz, 1 H), 7.11-7.06 (m, 1H), 

1.27 (s, 9H). Spectroscopic data is identical to those previously reported8.

N
S
O

Br

F3C

1e

 (RS, E) N-(2-bromo-5-(trifluoromethyl)benzylidene)-2-methylpropane-2-sulfinamide (1e).

General Procedure: Off white solid, Yield (92%); 1H NMR (400M Hz, CDCl3) δ 8.98 (s, 1H), 

8.26 (s, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 7.6 Hz, 1H), 1.29 (s, 9H). Spectroscopic data 

is identical to those previously reported9.

6 Cheng, L.; Liu, L.; Sui, Y.; Wang, D.; Chen, Y.-J. Tetrahedron: Asymmetry 2007, 18, 1833.
7 Cheng, L.; Liu, L.; Sui, Y.; Wang, D.; Chen, Y.-J. Tetrahedron: Asymmetry 2007, 18, 1833.
8 Sirvent, J. A.;  Foubelo, F.; Yus, M. Eur. J. Org. Chem. 2013, (12), 2461-2471
9 Patrick Shao, P.; Ye, F.; Vachal, P.; Sha, D.;  Revathi Reddy, K.;  Liu, J.; Sun, W.;                 
WO 2013063217, 2013.
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N
S
O

Br

O

O

1f

 (RS, E) N-((6-bromobenzo[d][1,3]dioxol-5-yl)methylene)-2-methylpropane-2-sulfinamide 

(1f). General Procedure: Off white solid, Yield (90%); 1H NMR (400M Hz, CDCl3) δ 8.86 (s, 

1H), 7.50 (s, 1H), 7.06 (s, 1H), 6.05 (d, J = 1.2 Hz, 2H), 1.25 (s, 9H). Spectroscopic data is 

identical to those previously reported10.

N
S
O

Br

O2N

1g

 (S, E)-N-(2-bromo-5-nitrobenzylidene)-2-methylpropane-2-sulfinamide (1g). General 

Procedure: Off white solid, Yield (86%); 1H NMR (400M Hz, CDCl3) δ 8.99 (s, 1H), 8.83 (d, J 

= 2.8 Hz, 1H), 8.17 (dd, J = 8.4, 2.4 Hz, 1H), 7.86 (d, J = 8.8 Hz, 1H), 1.31 (s, 9H). 13CNMR 

(100MHz, CDCl3): 160.3, 147.4, 134.8, 134.0, 132.4, 126.8, 124.2, 58.5, 22.7.

N
S
O

Br
N

O

1h

 (RS, E) N-((5-bromo-2-methoxypyridin-4-yl)methylene)-2-methylpropane-2-sulfinamide 

(1h). General Procedure: Off white solid, Yield (89%); 1H NMR (400M Hz, CDCl3) δ 8.83 (s, 

1H), 8.37 (s, 1H), 7.28 (s, 1H), 3.95 (s, 3H), 1.27 (s, 9H). 13CNMR (100MHz, CDCl3): 163.8, 

160.6, 150.0, 141.2, 113.0, 110.3, 58.5, 54.0, 22.6.

N
S
O

Br
N

Br

1i

(RS, E) N-((3,5-dibromopyridin-4-yl)methylene)-2-methylpropane-2-sulfinamide (1i). 

General Procedure: Viscous oil, Yield (82%); 1H NMR (400M Hz, CDCl3) δ 8.75 (s, 2H), 8.72 

(s, 1H), 1.33 (s, 9H). 13CNMR (100MHz, CDCl3): 160.6, 151.6, 140.0, 120.9, 54.4, 22.68.

10 Schultz, D. M.; Wolfe, J. P. Org. Lett, 2011, 13(11), 2962-2965; 
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N
S
O

ClN

1j

 (RS, E) N-((2-chloroquinolin-3-yl)methylene)-2-methylpropane-2-sulfinamide (1j)11. 

General Procedure: Clear viscous oil, Yield (86%); 1H NMR (400MHz, DMSO): δ 9.09 (s, 

1H), 8.89 (s, 1H), 8.25 (d, J = 8.0Hz, 1H), 8.01(d, J = 8.4 Hz, 1H), 7.93 (t, J = 7.2 Hz, 1H), 7.73 

(t, J = 8.0 Hz, 1H), 1.23 (s, 9H). 13CNMR (100MHz, CDCl3): 159.2, 150.0, 148.8, 138.7, 132.5, 

128.8, 128.5, 127.8, 126.7, 125.7, 58.4, 22.7.

N
S
O

Br

S

1k

 (RS, E) N-((3-bromothiophen-2-yl)methylene)-2-methylpropane-2-sulfinamide (1k). 

General Procedure: Viscous oil, Yield (92%); 1H NMR (400M Hz, CDCl3) δ 8.73 (s, 1H), 7.53 

(d, J = 5.6 Hz, 1H), 7.09 (d, J = 5.6 Hz, 1H), 1.25 (s, 9H). 13CNMR (100MHz, CDCl3): 154.6, 

134.8, 132.0, 131.6, 117.9, 58.1, 22.6.

N
S
O

Br

N
N

1l

(S, E) N-((4-bromo-1-methyl-1H-pyrazol-5-yl)methylene)-2-methylpropane-2-sulfinamide 

(1h) . General Procedure: Off white solid, Yield (91%); 1H NMR (400M Hz, CDCl3) δ 8.59 (s, 

1H), 7.5 (s, 1H), 4.17 (s, 3H), 1.27 (s, 9H). 13CNMR (100MHz, CDCl3): 149.7, 139.32, 133.7, 

101.2, 57.7, 40.7, 22.4.

N
S
O

Br

O

1m

 (RS, E) N-((3-bromofuran-2-yl)methylene)-2-methylpropane-2-sulfinamide (1m). 

11 Lemonnier, G.; Hijfte, N. V.; Poisson, T.; Couve-Bonnaire, S.; Pannecoucke, X.    J. Org. 
Chem., 2014, 79 (7), 2916.
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General Procedure: Viscous oil, Yield (90%); 1H NMR (400M Hz, DMSO) δ 8.26 (s, 1H), 8.10 

(d, J = 1.2 Hz, 1H), 7.0 (d, J = 1.2 Hz, 1H), 1.14 (s, 9H). 13CNMR (100MHz, CDCl3):  147.7, 

147.1, 146.6, 116.3, 109.2, 57.8, 22.4.

General procedure for Buchwal-Harwing cross coupling reaction: 

N
S
O

X
1a - 1m

8a

9a- 9m

N
S
O

N
S
O

Ph

N
S
O

Ph

5 mol% Pd2(dba)3, 7.5 mol% Xanthphos,
2.0 equiv. Cs2CO3, 14-Dioxane,
100°C, 1 to 3h

X = Br or Cl
Ar/Het Ar/Het

A sealed tube was charged with tert-butanesulfinyl aldimines (1a – 1m) (1.0 equiv), Sulfoximine 

(8 or 8a) (1.0 equiv) and Cs2CO3 and purged with Argon gas for 15min. Then added Pd2(dba)3 

(0.05 equiv) and Xanthphos (0.075 equiv) and continued the Argon gas purging for further 10 

min. After that reaction mixture was heated to 100°C for 1 to 3h and further reaction was 

monitored by TLC analysis. After completion of starting material, reaction mixture was cooled 

to room temperature, filtered through celite and filtrate was concentrated to get the crude 

product. The crude product was then purified by flash chromatography on silica gel. 

9

N
S
O

N
S
O

Ph

(RS)

(RS)

(9) (RS, RS, E): (Mixture of Isomers) General Procedure: Viscous oil, Yield (96%); 1H NMR 

(400M Hz, DMSO) δ 9.18 (s, 2H), 7.92-7.89 (m, 4H), 7.81 (d, J = 7.6 Hz, 2H), 7.67 (t, J = 7.6 

Hz, 2H), 7.62-7.58 (m, 4H), 7.23-7.16 (m, 2H), 6.97 (d, J = 8.0 Hz, 1H), 6.92-6.87 (m, 3H), 3.47 

(s, 6H), 1.17 (s, 9H), 1.16 (s, 9H). 13CNMR (100MHz, CDCl3): 161.1, 161.0, 146.86, 146.83, 

139.0, 138.9, 133.4, 133.3, 132.9, 129.6, 129.5, 128.1, 127.9, 127.2, 122.6, 122.4, 121.6, 121.5, 

57.4, 57.3, 46.1, 46.0, 22.57, 22.54. HRMS (ESI) m/z calcd for C18H22N2O2S2 [M + H]+ 

363.1201, found 363.1191.
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9a

N
S
O

N
S
O

Ph

(RS)

(S)

(9a) (S, RS, E): (Mixture of Isomers) General Procedure: Viscous oil, Yield (94%); 1H NMR 

(400M Hz, CDCl3) δ 9.368 (s, 1H), 9.361 (s, 1H), 7.96-7.92 (m, 6H), 7.61-7.57 (m, 2H), 7.55-

7.50 (m, 4H), 7.19-7.13 (m, 2H), 7.09 (d, J = 8.0 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.92-6.89 (m, 

2H), 3.29 (s, 6H), 1.289 (s, 9H), 1.282 (s, 9H). 13CNMR (100MHz, CDCl3): 161.1, 161.0, 

146.82, 146.80, 139.1, 139.0, 133.44, 133.40, 132.9, 129.64, 129.62, 128.24, 128.22, 127.9, 

127.38, 127.36, 122.6, 122.5, 121.6, 121.5, 57.5, 57.3, 46.2, 46.1, 22.6, 22.59. HRMS (ESI) m/z 

calcd for C18H22N2O2S2 [M + H]+ 363.1201, found 363.1191.

9b

N
S
O

N
S
O

Ph

(S)

(S)

 (9b) (S, S, E): General Procedure: Viscous oil, Yield (94%); 1H NMR (400M Hz, CDCl3) δ 

9.37 (s, 1H), 7.94 (t, J = 8.0 Hz, 3H), 7.59 (t, J = 7.2 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.17 (t, J 

= 7.2 Hz, 1H), 7.09 (d, J = 8.0 Hz, 1H), 6.92 (t, J = 7.2 Hz, 1H), 3.29 (s, 3H), 1.29 (s, 9H). 

13CNMR (100MHz, CDCl3): 161.0, 146.8, 138.9, 133.3, 132.9, 129.5, 128.0, 127.8, 127.2, 

122.6, 121.5, 57.3, 45.9, 22.4. HRMS (ESI) m/z calcd for C18H22N2O2S2 [M + H]+ 363.1201, 

found 363.1191.

9c

N
S
O

N
S
O

Ph

(R)

(S)

(9c) (S, R, E): General Procedure: Viscous oil, Yield (95%); 1H NMR (400M Hz, CDCl3) δ 

9.35 (s, 1H), 7.94-7.92 (m, 3H), 7.59 (t, J = 7.2 Hz, 1H), 7.53 (t, J = 8.0 Hz, 2H), 7.17-7.13 (m, 

1H), 7.03 (d, J = 8.0 Hz, 1H), 6.90 (t, J = 7.6 Hz, 1H), 3.30 (s, 3H), 1.28 (s, 9H). 13CNMR 
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(100MHz, CDCl3): 161.1, 146.8, 139.0, 133.4, 133.0, 129.6, 128.2, 127.9, 127.3, 122.5, 121.5, 

57.5, 46.2, 22.6. HRMS (ESI) m/z calcd for C18H22N2O2S2 [M + H]+ 363.1201, found 363.1191.

N
S
O

F

N
S
O

Ph9d

(RS)

(S)

 (9d) (S, RS, E): (Mixture of Isomers) General Procedure: Viscous oil, Yield (94%); 1H NMR 

(400M Hz, CDCl3) δ 9.30 - 9.28 (m, 2H), 7.92 (t, J = 7.2 Hz, 4H), 7.61 - 7.58 (m, 4H), 7.56 - 

7.50 (m, 4H), 7.09 - 7.06 (m, 1H), 7.03 - 7.00 (m, 1H),  6.92 - 6.85 (m, 2H), 3.29 (s, 6H), 1.29 (s, 

9H), 1.28 (s, 9H). 13CNMR (100MHz, CDCl3): 160.4, 160.3, 157.9 (d, J = 240.2 Hz, C), 157.8 

(d, J = 240.2 Hz, C), 142.9, 138.9, 138.8, 133.55, 133.50, 129.7, 129.6, 128.4 (d, J = 7.0 Hz, C), 

128.3 (J = 7.8 Hz, C), 124.1 (d, J = 7.0 Hz, C), 124.0 (d, J = 7.8 Hz, C), 120.1, 119.9, 113.6, 

113.4, 57.7, 57.6, 46.2, 46.1, 22.67, 22.62. HRMS (ESI) m/z calcd for C18H21FN2O2S2 [M + H]+ 

381.1107, found 381.1087.

N
S
O

F3C

N
S
O

Ph9e

(RS)

(S)

(9e) (S, RS, E): (Mixture of Isomers) General Procedure: Viscous oil, Yield (96%); 1H NMR 

(400M Hz, CDCl3) δ 9.349 (s, 1H), 9.340 (s, 1H), 8.17 (s, 1H), 8.16 (s, 1H), 7.94 )m, 4H), 7.66 – 

7.61 (m, 2H), 7.58-7.53 (m, 4H), 7.37-7.32 (m, 2H), 7.07 (d, J = 8.4 Hz, 1H), 6.97 (d, J = 12.4 

Hz, 1H), 3.34 (s, 6H), 1.308 (s, 9H), 1.301 (s, 9H). 13CNMR (100MHz, CDCl3): 160.1, 160.0, 

149.7, 138.5, 138.3, 133.8, 133.7, 129.86, 129.81, 129.16 (q, J = 3.1 Hz, C), 129.13 (q, J = 3.1 

Hz, C), 128.1, 128.09, 127.06, 127.01, 125.1 (q, J = 3.1 Hz, C), 124.09 (q, J = 269Hz, C), 124.08 

(q, J = 269Hz, C), 123.37 (q, J = 33.0Hz, C), 123.27 (q, J = 33.0Hz, C), 122.3, 122.1, 57.7, 57.6, 

46.2, 46.4, 22.6, 22.5. HRMS (ESI) m/z calcd for C19H21F3N2O2S2 [M + H]+ 431.1075, found 

431.1061.
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N
S
O

O

O N
S
O

Ph9f

(RS)

(S)

(9f) (S, RS, E): (Mixture of Isomers) General Procedure: Viscous oil, Yield (92%); 1H NMR 

(400M Hz, CDCl3) δ 9.049 (s, 1H), 9.040 (s, 1H), 7.89 (t, J = 7.2 Hz, 4H), 7.70 - 7.67  (m, 2H), 

7.64 - 7.58 (m, 4H), 7.23 (s, 2H), 6.54 (s, 1H), 6.46 (s, 1H), 5.98-5.93 (m, 4H), 3.46 (s, 6H), 1.15 

(s, 9H), 1.14 (s, 9H). 13CNMR (100MHz, CDCl3): 160.2, 160.0, 151.76, 151.74, 143.5, 143.4, 

143.29, 143.22, 139.08, 139.01, 133.49, 133.43, 129.69, 129.64, 128.3, 128.2, 121.3, 121.2, 

105.9, 103.6, 103.5, 101.4, 57.4, 57.2, 46.1, 46.0, 22.6, 22.5. HRMS (ESI) m/z calcd for 

C19H22N2O4S2 [M + H]+ 407.1099, found 407.1086.

N
S
O

O2N

N
S
O

Ph
9g

(S)

(S)

(9g) (S, S, E): General Procedure: Yellow oil, Yield (81%); 1H NMR (400M Hz, CDCl3) δ 

9.16 (s, 1H), 8.55 (d, J = 2.8 Hz, 1H), 8.06 (dd, J = 9.2, 2.8 Hz, 1H), 7.96 (d, J = 7.6 Hz, 2H), 

7.74 (t, J = 7.2 Hz, 1H), 7.65 (t, J = 7.2 Hz, 2H), 7.10 (d, J = 9.2 Hz, 1H), 3.64 (s, 3H), 1.20(s, 

9H). 13CNMR (100MHz, CDCl3): 159.6, 152.8, 141.5, 138.0, 134.1, 129.9, 127.9, 127.3, 126.9, 

123.9, 121.7,57.8, 46.6, 22.6. HRMS (ESI) m/z calcd for C18H21N3O4S2 [M + H]+ 408.1052, 

found 408.1055.

N
S
O

N

O

N
S
O

Ph9h

(RS)

(S)

 (9h) (S, RS, E): (Mixture of Isomers) General Procedure: Viscous oil, Yield (83%); 1H NMR 

(400M Hz, CDCl3) δ 9.01 (s, 2H), 7.91 (t, J = 6.4 Hz, 4H), 7.86 (s, 1H), 7.79 (s, 1H), 7.68 (t, J = 

7.6 Hz, 2H), 7.63 – 7.58 (m, 4H), 7.04 (s, 2H), 3.72 (s, 3H), 3.71 (s, 3H), 3.50 (s, 6H), 1.18 (s, 

18H). 13CNMR (100MHz, CDCl3): 160.0, 159.9, 159.4, 159.3, 141.1, 141.0, 138.8, 138.7, 136.6, 
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135.6, 135.58, 133.54, 133.4, 129.7, 129.6, 128.2, 107.0, 58.1, 57.9, 53.5, 46.0, 45.9, 22.69, 

22.65. HRMS (ESI) m/z calcd for C18H23N3O3S2 [M + H]+ 394.1259, found 394.1249.

N
S
O

N

Br

N
S
O

Ph
9i

(RS)

(S)

 (9i) (S, RS, E): (Mixture of Isomers) General Procedure: Yellow solid, Yield (69%); 1H 

NMR (400M Hz, CDCl3) δ 9.10 (s, 1H), 9.09 (s, 1H), 8.32 - 8.29 (m, 3H), 7.97 - 7.92 (m, 4H), 

7.65 - 7.52 (m, 7H), 3.30 (s, 6H), 1.35 (s, 18H). 13CNMR (100MHz, CDCl3): 160.4, 145.46, 

145.42, 142.98, 142.96, 142.39, 142.2, 138.2, 138.1, 133.9, 132.7,132.5, 129.9, 128.18, 128.15, 

119.1, 118.8, 57.8, 57.7, 46.4, 46.2, 22.5. HRMS (ESI) m/z calcd for C18H16BrClN2O2 [M + 

H]+ 407.0162 and 409.0141, found 407.0153 and 409.0131.

N
S
O

N N
S
O

Ph
9j

(RS)

(S)

 (9j) (S, RS, E): (Mixture of Isomers) General Procedure: Viscous oil, Yield (93%); 1H NMR 

(400M Hz, CDCl3) δ 9.33 (s, 2H), 8.62 (d, J = 7.2 Hz, 2H), 8.09 (t, J =  9.6 Hz, 4H), 7.70 (t, J = 

6.8 Hz, 2H), 7.62 - 7.48 (m, 10H), 7.30 - 7.28 (m, 2H), 3.54 (s, 3H), 3.49 (s, 3H), 1.32 (s, 9H), 

1.31 (s, 9H). 13CNMR (100MHz, CDCl3): 160.9, 157.2, 157.1, 148.9, 148.8, 140.2, 140.1, 136.8, 

133.0, 132.9, 130.9, 130.8, 129.4, 129.3, 128.65, 128.62, 127.7, 127.57, 127.54, 127.50, 127.3, 

124.26, 124.24,  124.18, 124.14, 122.08, 122.03, 57.9, 57.8, 45.3, 45.1, 22.7. HRMS (ESI) m/z 

calcd for C21H23N3O2S2 [M + H]+ 414.1310, found 414.1305.

N
S
O

S

N S O

Ph9k

(RS)

(S)

 (9k) (S, RS, E): (Mixture of Isomers) General Procedure: Viscous oil, Yield (91%); 1H NMR 

(400M Hz, CDCl3) δ  9.0 (s, 2H), 7.93 (t, J = 7.6 Hz, 4H), 7.62 (t, J = 8.0 Hz, 2H), 7.57 - 7.52 
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(m, 4H), 7.27 - 7.23 (m, 2H), 6.76 (d, J = 5.6 Hz, 1H), 6.71 (d, J = 5.2 Hz, 1H), 3.288 (s, 3H), 

3.283 (s, 3H),  1.24 (s, 18H). 13CNMR (100MHz, CDCl3): 149.6, 149.5, 144.3, 144.2, 134.35, 

134.34, 128.93, 128.90, 126.8, 124.98, 124.93, 123.38, 123.34, 120.0, 119.8, 119.0, 118.7, 52.7, 

52.6, 41.2,41.1,  17.8, 17.5. HRMS (ESI) m/z calcd for C16H20N2O2S3 [M + H]+ 369.0765, found 

369.0751.

N
S
O

N
N

N S O

Ph9l (S)

(S)

 (9l) (S, S, E): General Procedure: Off-white solid Yield (85%); 1H NMR (400M Hz, CDCl3) δ 

8.50 (s, 1H), 7.90 (d, J = 7.6 Hz, 2H), 7.68 (t, J = 7.2 Hz, 1H), 7.59 (t, J = 8.0 Hz, 2H), 6.91 (s, 

1H), 3.93 (s, 3H), 3.47 (s, 3H), 1.15 (s, 9H). 13CNMR (100MHz, CDCl3): 149.7, 138.8, 133.4, 

131.1, 129.6, 129.0, 128.4, 57.1, 45.2, 40.3, 22.4. HRMS (ESI) m/z calcd for C16H22N4O2S2 [M + 

H]+ 367.1262, found 367.1260.

N
S
O

O

N S O

Ph9m

 (9m) (S, RS, E): (Mixture of Isomers) General Procedure: Colorless oil, Yield (90%); 1H 

NMR (400M Hz, CDCl3) δ 8.35 (s, 2H), 7.93 (d, J = 7.6 Hz, 4H), 7.71 (t, J = 7.6 Hz, 2H), 7.65 – 

7.61 (m, 6H), 6.12 – 6.09 (m, 2H), 3.54 (s, 6H), 1.10 (s, 18H). 13CNMR (100MHz, CDCl3): 

146.7, 146.5, 141.3, 140.3, 138.9, 133.7, 129.79, 129.74, 128.29, 128.23, 108.9, 108.7, 57.4, 

57.3, 46.0, 45.8, 22.4. HRMS (ESI) m/z calcd for C16H20N2O3S2 [M + H]+ 353.0994, found 

353.1011.
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General procedure for intramolecular cyclization reaction: 

9 5

N
S
O

N
S
O

Ph Ph
S

N
O

HN
S
O

2.0 equiv. LiHMDS(1M)
in THF, -78°C, 2h

To a stirred solution of (RS, RS, E) - (9) (1.5 g. 4.14 mmol) in THF (25 mL) was added 

LiHMDS (1M in THF) (8.3 mL, 8.28 mmol) at -78°C and stirred for 2 h at the same temperature. 

After completion of starting material, reaction mixture was quenched with saturated NH4Cl 

solution and the aqueous layer was extracted with EtOAc (3 x 50 mL). The combined organic 

extracts were washed with water, brine, dried over Na2SO4, filtered and concentrated to get crude 

product. Crude product was purified by flash chromatography (70% EtOAc/Hexane) to afford 

desired product. Off-white solid, Yield (1.43 g, 95%);

5
Ph

S
N
O

HN
S
O

 (5) 2-methyl-N-(2-oxido-2-phenyl-3,4-dihydrobenzo[c][1,2]thiazin-4-yl)propane-2-

sulfinamide: (Mixture of Diastereomers) Off-white solid: 1H NMR (400M Hz, DMSO) δ 8.03-

8.00 (m, 3.2H), 7.79 (t, J = 7.2 Hz, 1.74H), 7.71-7.66 (m, 4.1H), 7.48 (d, J = 7.6 Hz, 1.1H), 7.2 

(t, J = 7.6 Hz, 1.7H), 6.91 (t, J = 8.0 Hz, 3.32H), 5.98 (d, J = 8.8 Hz, 0.63H), 5.80 (d, J = 9.2 Hz, 

1H), 4.85-4.78 (m, 1.65H), 3.86-3.81 (m, 1.67H), 3.44 (t, J = 12.4 Hz, 1.1H), 3.23 (t, J = 12.8 

Hz, 1.4H), 1.17 (s, 9H), 1.12 (s, 5.98H). 13CNMR (100MHz, CDCl3): 144.7, 144.5, 138.6, 137.5, 

134.2, 134.0, 130.0, 129.8, 129.4, 129.0, 128.9, 127.5, 125.5, 124.3, 123.0, 122.9, 121.4, 120.8, 

57.0, 56.2, 53.8, 53.7, 52.3, 51.9, 22.6, 22.4. HRMS (ESI) m/z calcd for C18H22N2O2S2 [M + H]+ 

363.1201, found 363.1198.
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5a
Ph

S
N
O

HN
S
O

 (5a) 2-methyl-N-((2S,4S)-2-oxido-2-phenyl-3,4-dihydrobenzo[c][1,2]thiazin-4-yl)propane-

2-sulfinamide: (Mixture of Diastereomers) Off-white solid: 1H NMR (400M Hz, DMSO) δ 

8.03-8.02 (m, 3H), 7.79 (t, J = 7.2 Hz, 1.6H), 7.71-7.66 (m, 4.3H), 7.48 (d, J = 7.6 Hz, 0.68H), 

7.2 (t, J = 7.6 Hz, 1.65H), 6.91 (t, J = 8.0 Hz, 3.17H), 5.98 (d, J = 8.8 Hz, 1H), 5.80 (d, J = 10.0 

Hz, 0.55H), 4.88-4.82 (m, 1.6H), 3.87-3.82 (m, 1.53H), 3.44 (t, J = 12.0 Hz, 1.1H), 3.23 (t, J = 

12.4 Hz, 1.1H), 1.17 (s, 5H), 1.12 (s, 9H). 13CNMR (100MHz, CDCl3): 143.7, 143.5, 137.6, 

136.6, 133.2, 133.0, 129.0, 128.8, 128.5, 128.0, 127.9, 126.5, 124.5, 123.36, 123.32, 122.1, 

122.0, 120.4, 119.8, 56.0, 55.3, 52.8, 52.7, 51.3, 50.9, 21.7, 21.4. HRMS (ESI) m/z calcd for 

C18H22N2O2S2 [M + H]+ 363.1201, found 363.1198.

Ph
S

N
O

HN

5b

S
O

 (5b) (S)-2-methyl-N-((2S,4S)-2-oxido-2-phenyl-3,4-dihydrobenzo[c][1,2]thiazin-4-yl) 

propane-2-sulfinamide: Off-white solid: 1H NMR (400M Hz, DMSO) δ 8.02 (d, J = 7.6 Hz, 

2H), 7.79 (t, J = 7.2 Hz, 1H), 7.70 (t, J = 8.0 Hz, 2H), 7.48 (d, J = 7.2 Hz, 1H), 7.20 (t, J = 7.6 

Hz, 1H), 6.94-6.90 (m, 2H), 5.81 (d, J = 9.6 Hz, 1H), 4.84-4.80 (m, 1H), 3.83 (dd, J = 12.4, 4.8 

Hz, 1H), 3.44 (t, J = 12.4Hz, 1H), 1.18 (s, 9H). 13CNMR (100MHz, CDCl3): 144.5 137.5, 134.2, 

129.8, 129.5, 129.0, 125.5, 124.3, 123.0, 120.8, 57.0, 53.8, 52.3, 22.6. HRMS (ESI) m/z calcd 

for C18H22N2O2S2 [M + H]+ 363.1201, found 363.1198.  [α]25
D = -3.90 (c 1.02, CHCl3).

5c
Ph

S
N
O

HN
S
O
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 (5c) (R)-2-methyl-N-((2S,4S)-2-oxido-2-phenyl-3,4-dihydrobenzo[c][1,2]thiazin-4-yl) 

propane-2-sulfinamide: Off-white solid: 1H NMR (400M Hz, DMSO) δ 8.02 (d, J = 7.6 Hz, 

2H), 7.80 (t, J = 7.2 Hz, 1H), 7.71-7.66 (m, 3H), 7.19 (t, J = 7.6 Hz, 1H), 6.91 (t, J = 8.4 Hz, 

2H), 5.98 (d, J = 9.2 Hz, 1H), 4.88-4.81 (m, 1H), 3.84 (dd, J = 12.0, 4.8 Hz, 1H), 3.22 (t, J = 

12.0Hz, 1H), 1.12 (s, 9H). 13CNMR (100MHz, CDCl3): 144.7, 138.6, 134.0, 130.0, 129.4, 128.9, 

127.5, 124.3, 122.9, 121.4, 56.3, 53.7, 51.8, 22.4. HRMS (ESI) m/z calcd for C18H22N2O2S2 [M 

+ H]+ 363.1201, found 363.1198. [α]25
D = 27.77 (c 1.00, CHCl3).

General procedure for deprotection of tert-butanesulfinyl group: 

5 6
Ph

S
N

O

H2N

Ph
S

N
O

HN
S
O

(4M) HCl/1,4-Dioxane,
MeOH, 0°C, 2h

To a stirred solution of 2-methyl-N-(2-oxido-2-phenyl-3,4-dihydrobenzo[c][1,2]thiazin-4-

yl)propane-2-sulfinamide (5) (0.8 g, 2.20 mmol) in MeOH (15 mL) was added (4M) HCl in 1,4-

Dioxane (3 mL) at 0°C and stirred for 2 h at that temperature. After completion of starting 

material, reaction mixture was concentrated under reduced pressure, basified the crude product 

with saturated NaHCO3 solution and compound was extracted with DCM (3 x 20 mL). The 

combined organic extracts were washed with water, brine, dried over Na2SO4, filtered and 

concentrated to get crude product. Crude product was purified by flash chromatography (2% 

MeOH/DCM) to afford desired product.  

6
Ph
S

N
O

NH2

(6) 4-amino-2-phenyl-3,4-dihydrobenzo[c][1,2]thiazine 2-oxide: Off-white solid, Yield 

(0.55g, 98%); 1H NMR (400M Hz, DMSO) δ 7.98 (d, J = 7.2 Hz, 2H), 7.75 (t, J = 7.2 Hz, 1H), 

7.68-7.61 (m, 3H), 7.12 (t, J = 7.2 Hz, 1H), 6.87 (d, J = 6.0 Hz, 2H), 4.27 (d, J = 9.6 Hz, 1H), 

3.70-6.68 (m, 1H), 3.12 (t, J = 11.6 Hz, 1H), 2.21 (bs, 2H). 13CNMR (100MHz, CDCl3+MeOD): 
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147.8, 142.0, 138.1, 133.4, 132.9, 132.6, 130.7, 128.6, 127.0, 125.1, 58.6, 49.7. HRMS (ESI) m/z 

calcd for C14H14N2OS [M + H]+ 259.0905, found 259.0887.

6a
Ph
S

N
O

NH2

(6a) (2S,4S)-4-amino-2-phenyl-3,4-dihydrobenzo[c][1,2]thiazine 2-oxide: Off-white solid, 
1H NMR (400M Hz, DMSO) δ 7.98 (d, J = 7.6 Hz, 2H), 7.75 (t, J = 7.2 Hz, 1H), 7.68-7.62 (m, 

3H), 7.12 (t, J = 7.2 Hz, 1H), 6.86 (t, J = 6.4 Hz, 2H), 4.27 (d, J = 9.2 Hz, 1H), 3.71-6.67 (m, 

1H), 3.12 (t, J = 12.4 Hz, 1H), 2.15(bs, 2H). 13CNMR (100MHz, CDCl3): 144.4, 138.6, 133.9, 

129.4, 128.9, 128.8, 127.2, 124.9, 123.4, 120.8, 55.3, 46.3. HRMS (ESI) m/z calcd for 

C14H14N2OS [M + H]+ 259.0905, found 259.0887. [α]25
D = 7.35 (c 0.245, CHCl3).

9d- 9m 6d - 6m

i) 2.0 equiv. LiHMDS(1M) in THF,
-78°C, 2h

N
S
O

N
S
O

Ph ii) (4M) HCl/1,4-Dioxane,
MeOH, 0°C, 2h

Ph
S

N
O

H2N

Ar/Het Ar/Het

Ph
S

N
O

NH2
F

6d

(6d) (2S,4S)-4-amino-6-fluoro-2-phenyl-3,4-dihydrobenzo[c][1,2]thiazine 2-oxide: Off-white 

solid, Yield (92%); 1H NMR (400M Hz, DMSO) δ 7.98 (d, J = 7.2 Hz, 2H), 7.77 (t, J =  7.2 Hz, 

1H), 7.67 (t, J = 8.0 Hz, 2H), 7.45 (dd, J = 10.0, 2.0 Hz, 1H), 6.99 - 6.94 (m, 1H), 6.88 - 6.85  

(m, 1H), 4.27 - 4.24 (m, 1H), 3.71 (dd, J = 12.0, 4.4 Hz, 1H), 3.09 (t, J = 12.4, 1H), 2.27 (bs, 

2H). 13CNMR (100MHz, CDCl3): 157.7 (d, J = 237.9 Hz, C), 140.4, 138.3, 134.0, 129.4, 128.9, 

128.5 (d, J = 6.2 Hz, C), 124.3 (d, J = 7.0 Hz, C), 115.4 (d, J = 22.4 Hz, C), 111.7 (d, J = 24.0 

Hz, C), 55.0, 46.2. HRMS (ESI) m/z calcd for C14H13FN2OS [M + H]+ 277.0811, found 

277.0812. [α]25
D = 2.5 (c 2.30, CHCl3).
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Ph
S

N
O

NH2
F3C

6e

(6e) (2S,4S)-4-amino-2-phenyl-6-(trifluoromethyl)-3,4-dihydrobenzo[c][1,2]thiazine 2-

oxide: Off-white solid, Yield (91%); 1H NMR (400M Hz, DMSO) δ 7.99 (d, J = 6.8 Hz, 3H), 

7.79 (t, J = 7.6 Hz, 1H), 7.69 (t, J = 8.0 Hz,2H), 7.46 (d, J = 8.4 Hz, 1H), 7.02 (d, J = 8.4 Hz, 

1H), 4.32 (d, J = 8.8 Hz, 1H), 3.81 (dd, J = 12.0, 4.4 Hz, 1H), 3.21 (t, J = 12.8 Hz, 1H), 2.33 (bs, 

2H). 13CNMR (100MHz, CDCl3): 148.0, 137.7, 134.2, 129.5, 128.8, 127.3, 125.9 (q, J = 3.9 Hz, 

C), 124.7 (q, J = 269C), 123.3, 122.49 (q, J = 3.9 Hz, C), 122.44 (q, J = 3.9 Hz, C), 54.9, 45.9.

HRMS (ESI) m/z calcd for C15H13F3N2OS [M + H]+ 327.0779, found 327.0775.

[α]25
D = -5.39 (c 2.00, CHCl3).

Ph
S

N
O

NH2
O

O

6f

(6f) (2S,4S)-4-amino-2-phenyl-3,4-dihydro-[1,3]dioxolo[4',5':4,5]benzo[1,2-c][1,2]thiazine 2-

oxide: Off-white solid, Yield (86%); 1H NMR (400M Hz, DMSO) δ 7.96 (d, J = 8.0 Hz, 2H), 

7.74 (t, J = 7.6 Hz, 1H), 7.66 (t, J = 7.6 Hz, 2H), 7.19 (s, 1H), 6.47 (s, 1H), 5.88 (s, 2H), 4.16 (d, 

J = 9.2 Hz, 1H), 3.65 (dd, J = 12.0, 4.0 Hz, 1H), 3.03 (t, J = 12.4, 1H), 2.13 (bs, 2H). 13CNMR 

(100MHz, DMSO): 147.2, 141.4, 139.5, 139.1, 134.3, 129.9, 128.7, 121.0, 106.0, 103.9, 100.8, 

54.0, 46.0. HRMS (ESI) m/z calcd for C15H14N2O3S [M + Na]+ 325.0623, found 325.0621.

 [α]25
D = 25.7 (c 0.245, CHCl3).

O2N

N
S O
Ph

NH2

6g

(6g) (2S,4S)-4-amino-6-nitro-2-phenyl-3,4-dihydrobenzo[c][1,2]thiazine 2-oxide: Yellow 

solid, Yield (78%); 1H NMR (400M Hz, DMSO) δ 8.59 (d, J = 2.0 Hz, 2H), 8.04 (dd, J = 8.8, 

3.2Hz, 1H), 8.00 (d, J = 7.2 Hz, 2H), 7.80 (t, J = 7.2 Hz, 1H), 7.70 (t, J = 8.0 Hz, 2H),7.01 (d, J 

= 8.8 Hz, 1H), 4.33 - 4.31 (m, 1H), 3.91(dd, J = 12.4, 4.4 Hz, 1H), 3.26 (t, J = 14.8, 1H), 2.39 
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(bs, 2H). 13CNMR (100MHz, CDCl3): 151.9, 140.9, 136.9, 134.6, 129.6, 128.8, 127.4, 124.8, 

123.2, 121.5, 54.3, 45.6. HRMS (ESI) m/z calcd for C14H13N3O3S [M + H]+ 304.0756, found 

304.0768. [α]25
D = -46.53 (c 0.26, CHCl3).

Ph
S

N
ON

NH2
O

6h

(6h) (2S,4S)-4-amino-6-methoxy-2-phenyl-3,4-dihydropyrido[3,4-c][1,2]thiazine 2-oxide: 

Off-white solid, Yield (75%); 1H NMR (400M Hz, DMSO) δ 7.98 (d, J = 8.0 Hz, 2H), 7.77 (t, J 

= 6.8 Hz, 1H), 7.71 – 7.65 (m, 3H), 7.06 (s, 1H), 4.27 (dd, J = 12.8, 4.4 Hz, 1H), 3.77 (s, 3H), 

3.73 (dd, J = 12.4, 4.8 Hz, 1H), 2.36 (bs, 2H). 13CNMR (100MHz, CDCl3): 159.3, 140.0, 139.2, 

138.0, 135.3, 134.1, 129.5, 129.0, 105.6, 54.7, 53.4, 45.8. HRMS (ESI) m/z calcd for 

C14H15N3O2S [M + H]+ 290.0963, found 290.0984. [α]25
D = 35.83 (c 0.24, CHCl3).

Ph
S

N
ON

NH2Br

6i

(6i) (2S,4S)-4-amino-5-bromo-2-phenyl-3,4-dihydropyrido[3,4-c][1,2]thiazine 2-oxide: Off-

white solid, Yield (72%); 1H NMR (400M Hz, CDCl3) δ 8.37 (s, 1H), 8.29 (s, 1H), 8.10 (d, J = 

8.0 Hz, 2H), 7.69 (t, J = 7.2 Hz, 1H), 7.61 (t, J = 8.0 Hz, 2H), 4.65 (d, J = 3.2 Hz, 1H), 4.04 (d, J 

= 15.2 Hz, 1H), 3.49 (dd, J = 14.8, 5.2 Hz, 1H), 1.45 (bs, 2H). 13CNMR (100MHz, CDCl3): 

145.1, 143.7, 142.2, 139.9, 134.1, 131.4, 129.6, 128.4, 121.1, 55.0, 48.5.  HRMS (ESI) m/z calcd 

for C13H12BrN3OS [M + H]+ 337.9963 and 339.9942, found 337.9958 and 339.9937.

[α]25
D = -66.10 (c 1.00, CHCl3).

N N
S

NH2

O
Ph

6j

(6j) (2S,4S)-4-amino-2-phenyl-3,4-dihydro-[1,2]thiazino[3,4-b]quinoline 2-oxide: Off-white 

solid, Yield (88%); 1H NMR (400M Hz, DMSO) δ 8.46 (s, 1H), 8.05 (d, J = 8.0 Hz, 2H), 7.83-

7.78 (m, 2H), 7.71 (t, J = 8.0 Hz, 3H), 7.58 (t, J = 7.2 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 4.48 (d, J 

= 9.2 Hz, 1H), 3.91 (dd, J = 12.4,4.0 Hz, 1H), 3.35 (t, J = 12.4 Hz, 1H), 2.39 (bs, 2H). 13CNMR 
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(100MHz, CDCl3): 155.0, 147.6, 137.5, 134.2, 133.45, 134.42, 129.5, 129.4, 128.8, 127.36, 

127.32, 124.9, 124.3, 124.0, 55.3, 46.0. HRMS (ESI) m/z calcd for C17H15N3OS [M + H]+ 

310.1014, found 310.1007.  [α]25
D = 149.63 (c 2.00, CHCl3).

Ph
S

N
O

NH2
S

6k

(6k) (2S,4R)-4-amino-2-phenyl-3,4-dihydrothieno[3,2-c][1,2]thiazine 2-oxide: Off-white 

solid, Yield (90%); 1H NMR (400M Hz, DMSO) δ 8.02 (d, J = 6.8 Hz, 2H), 7.79 (t, J = 7.2 Hz, 

1H), 7.69 (t, J = 8.0 Hz, 2H), 7.28 (d, J = 5.2 Hz, 1H), 6.70 (d, J = 6.0 Hz, 1H), 4.30 (dd, J = 

12.4, 5.2 Hz, 1H), 3.69 (dd, J = 11.6, 5.6 Hz, 1H), 2.97 (t, J = 12.0 Hz, 1H), 2.33 (bs, 2H). 
13CNMR (100MHz, CDCl3): 142.8, 136.6, 134.3, 129.5, 129.1, 125.2, 122.7, 117.9, 55.2, 45.4. 

HRMS (ESI) m/z calcd for C12H12N2OS2 [M + Na]+ 287.0289, found 287.0285.

[α]25
D = 29.17 (c 2.20, CHCl3).

N

NH2
N

N
S
O
Ph

6l

(6l) (5S,7S)-7-amino-1-methyl-5-phenyl-6,7-dihydro-1H-pyrazolo[4,3-c][1,2]thiazine 5-

oxide: Off-white solid, Yield (89%); 1H NMR (400M Hz, DMSO) δ 7.99 (d, J = 8.0 Hz, 2H), 

7.77 (t, J = 7.6 Hz, 1H), 7.67 (t, J = 8.0 Hz, 2H), 7.01 (s, 1H), 4.51 (bs, 1H), 3.90 (s, 3H), 3.61 

(dd, J = 12.0, 6.0 Hz, 1H), 3.24 (t, J = 12.0 Hz, 1H), 2.07 (bs, 2H). 13CNMR (100MHz, CDCl3): 

137.0, 134.2, 130.9, 129.5, 128.8, 128.6, 124.3, 56.6, 44.3, 39.1. HRMS (ESI) m/z calcd for 

C12H14N4OS [M + H]+ 263.0967, found 263.0950. [α]25
D = -9.39 (c 0.245, CHCl3).



22

S
NH

ONH

Br

S
O

4

S
NH

ONH

Br

S
O

4



23

 

S
N
O

7



24

(RS, E)

N
S
O

Br

1a

N
S
O

Br

1b

(S,E)



25

1c

(R,E)

N
S
O

Br

N
S
O

Br

F

1e
(RS, E)



26

N
S
O

Br

F3C

1e
(RS, E)

N
S
O

Br

O

O
1f

(RS, E)



27

N
S
O

Br

O2N

1g
(S, E)

N
S
O

Br

O2N

1g
(S, E)



28

N S
O

BrN

O

1h

(RS, E)

N S
O

BrN

O

1h

(RS, E)



29

N
S
O

Br
N

Br

1i
(RS, E)

N
S
O

Br
N

Br

1i
(RS, E)



30

N
S
O

ClN
1j

(RS, E)

N
S
O

ClN
1j

(RS, E)



31

N
S
O

Br

S

1k

(RS, E)

N
S
O

Br

S

1k

(RS, E)



32

N
S
O

Br

N
N

1l

(S, E)

N
S
O

Br

N
N

1l

(S, E)



33

(RS, E)

N
S
O

Br

O

1m

(RS, E)

N
S
O

Br

O

1m



34

9 N
S
O

N
S
O

Ph

(RS)

(S)

9 N
S
O

N
S
O

Ph

(RS)

(S)



35

9a
N
S
O

N
S
O

Ph

(RS)

(S)

9a
N
S
O

N
S
O

Ph

(RS)

(S)



36

9b
N
S
O

N
S
O

Ph

(S)

(S)

9b
N
S
O

N
S
O

Ph

(S)

(S)



37

9c
N
S
O

N
S
O

Ph

(R)

(S)

9c
N
S
O

N
S
O

Ph

(R)

(S)



38

N
S
O

F

N
S
O

Ph9d

N
S
O

F

N
S
O

Ph9d



39

N
S
O

F3C

N
S
O

Ph9e

N
S
O

F3C

N
S
O

Ph9e



40

N
S
O

O

O N
S
O

Ph

9f (RS)

(S)

N
S
O

O

O N
S
O

Ph

9f (RS)

(S)



41

N
S
O

O2N

N
S
O

Ph

9g
(S)

(S)

N
S
O

O2N

N
S
O

Ph

9g
(S)

(S)



42

N
S
O

N

O

N
S
O

Ph

9h
(RS)

(S)

N
S
O

N

O

N
S
O

Ph

9h
(RS)

(S)



43

N
S
O

N

Br

N
S
O

Ph9i

N
S
O

N

Br

N
S
O

Ph9i



44

N
S
O

N N
S
O

Ph
9j

N
S
O

N N
S
O

Ph
9j



45

N
S
O

S

N S O

Ph9k

N
S
O

S

N S O

Ph9k



46

N
S
O

N
N

N S O

Ph9l

N
S
O

N
N

N S O

Ph9l



47

N
S
O

O

N S O

Ph

9m

N
S
O

O

N S O

Ph

9m



48

5

Ph
S

N
O

HN
S
O

5

Ph
S

N
O

HN
S
O



49

5

Ph
S

N
O

HN
S
O



50

5

Ph
S

N
O

HN
S
O



51

5a

Ph
S

N
O

HN
S
O

5a

Ph
S

N
O

HN
S
O



52

5a

Ph
S

N
O

HN
S
O



53

5a

Ph
S

N
O

HN
S
O



54

Ph
S

N
O

HN5b S
O

Ph
S

N
O

HN5b S
O



55

Ph
S

N
O

HN5b S
O



56

Ph
S

N
O

HN5b S
O



57

5c

Ph
S

N
O

HN
S
O

5c

Ph
S

N
O

HN
S
O



58

5c

Ph
S

N
O

HN
S
O



59

5c

Ph
S

N
O

HN
S
O



60

Overplay report
Sample Name Compound 

No
JBPHD1-JBL-C-1529-009-RS 5
JBPHD1-JBL-C-1529-009-S0 5a
JBPHD1-JBL-C-1529-009-0S 5b
JBPHD1-JBL-C-1529-009-0R 5c
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Sample Name Compound No
JBPHD1-JBL-C-1529-020-RS 6
JBPHD1-JBL-C-1529-020-S0 6a
JBPHD1-JBL-C-1529-020-0S 6a
JBPHD1-JBL-C-1529-020-0R 6a



68

Ph
S

N
O

H2N
F

6d

Ph
S

N
O

H2N
F

6d



69

Ph
S

N
O

H2N
F

6d



70

Ph
S

N
O

H2N
F3C

6e

Ph
S

N
O

H2N
F3C

6e



71

6e APT NMR & Expansion

Ph
S

N
O

H2N
F3C

6e



72

Ph
S

N
O

H2N
F3C

6e



73

Ph
S

N
O

H2N

O

O
6f

Ph
S

N
O

H2N

O

O
6f



74

Ph
S

N
O

H2N

O

O
6f



75

O2N

N
S O
Ph

NH2

6g

O2N

N
S O
Ph

NH2

6g



76

O2N

N
S O
Ph

NH2

6g



77

Ph
SN ON

NH2
O

6h

Ph
SN ON

NH2
O

6h



78

Ph
SN ON

NH2
O

6h



79

Ph
S

N
ON

NH2Br

6i

Ph
S

N
ON

NH2Br

6i



80

Ph
S

N
ON

NH2Br

6i



81

N N
S

NH2

O
Ph

6j

N N
S

NH2

O
Ph

6j



82

N N
S

NH2

O
Ph

6j



83

Ph
S

N
O

NH2
S

6k

Ph
S

N
O

NH2
S

6k



84

Ph
S

N
O

NH2
S

6k



85

N

NH2
N

N
S
O
Ph

6l

N

NH2
N

N
S
O
Ph

6l



86

N

NH2
N

N
S
O
Ph

6l


