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General Information
All materials and reagents were commercially available and purchased from: Acros, TCl America, Aldrich, Fischer, and VWR. The equipment used included: CG-1991-P Pie Blocks, the reaction blocks and the safety holders, CG-1994 Chemglass Optimag magnetic hot plat stirrers with safety controls, 22 mL vials, micro-magnetic stirrers, a RE11 Buchi Rotavapor 1024648, two Wilmad Lab Glass Rotavapor WG-EV311, AnalTech Silica Gel G 500 µm 20x20 cm Prepscored, AnalTech Silica Gel GHLF 250 µm 10x20 cm scored, a short wave UV lamp, 254 nm, and standard laboratory glassware. Melting points were obtained using a DigiMelt SRS Melting Pointmeter and are uncorrected. Nuclear magnetic resonance spectra were carried out at the 
University of Tennessee at Chattanooga (UTC) using a Jeol 400 MHz NMR.  Chemical shifts (δ) in 1H NMR spectra are expressed in ppm downfield of tetramethylsilane and were referenced to the residual solvent peak.  Analytical LCMS was performed on an Agilent 1000 Series LC and an Agilent G1946D MS tandem or an Acquity Ultra Performance Liquid Chromatography instrument coupled with a Micromass Quattro Micro API ESCi Mass Spectrometer at UTC.

General Experimental Procedure
General Method and Procedure for the Synthesis of 2-Alkylthio-1,4-benzoquinone intermediates (3a-g).
Method A (step-wise): 
Compounds 3a-g were synthesized using a previously developed methodology (Odens, H.; Lowther, T.; Kridel, S.; Watts, L.; Filipponi, L.; Schmitt, J. Chemical and Pharmaceutical Bulletin 2014, 62(9), 933-936 and Odens, H. H.; Silva, T. S.; Olusola, C. N.; Odens Jr., H. H.; Howe, V. A.; Wijatyk, A. I. Arkivoc 2021, x, 54-63).  In order to expedite the synthesis process, 1H NMR and High Resolution LCMS were the two elucidation techniques employed to identify our final targets. Because the work for this synthesis was performed under minuscule amounts, 13C NMR could not be recorded.

Methyl 3-((3,6-dioxocyclohexa-1,4-dien-1-yl)thio)propanoate (3a): Orange solid (0.594 g, 53%). 1H NMR (400 MHz, DMSO-d6) δ 6.93 (d, J = 10.1 Hz, 1H), 6.82 (dd, J = 10.1, 2.4 Hz, 1H), 6.60 (d, J = 2.4 Hz, 1H), 3.63 (s, 3H), 3.11 (t, J = 6.9 Hz, 2H), 2.73 (t, J = 6.9 Hz, 2H).

2-(Butylthio)cyclohexa-2,5-diene-1,4-dione (3b): Orange solid (0.902 g, 92%). 1H NMR (400 MHz, DMSO-d6) δ 6.94 – 6.90 (m, 1H), 6.84 – 6.79 (m, 1H), 6.53 (t, J = 2.1 Hz, 1H), 2.88 (t, J = 7.3 Hz, 2H), 1.61 (p, J = 7.4 Hz, 2H), 1.42 (h, J = 7.1 Hz, 2H), 0.91 (td, J = 7.3, 2.5 Hz, 3H).

2-(Phenylthio)cyclohexa-2,5-diene-1,4-dione (3c): Orange solid (0.379 g, 70%).  1H NMR (400 MHz, DMSO-d6) δ 7.60 (bs, 5H), 6.99 (d, J = 10.1 Hz, 1H), 6.82 (dd, J = 10.1, 2.4 Hz, 1H), 5.64 (d, J = 2.5 Hz, 1H).

2-((3,6-Dioxocyclohexa-1,4-dien-1-yl)thio)-N-methylacetamide (3d): Orange solid (0.190 g, 18%). 1H NMR (400 MHz, DMSO-d6) δ 8.18 (bs, 1H), 6.93 (d, J = 10.1 Hz, 1H), 6.82 (dd, J = 10.1, 2.4 Hz, 1H), 6.56 (d, J = 2.4 Hz, 1H), 3.67 (s, 2H), 2.61 (d, J = 4.6 Hz, 3H).

2-((2-(Pyrazin-2-yl)ethyl)thio)cyclohexa-2,5-diene-1,4-dione (3e): Orange solid (1.001 g, 92%). 1H NMR (400 MHz, DMSO-d6) δ 8.64 (d, J = 1.4 Hz, 1H), 8.60 (dd, J = 2.5, 1.6 Hz, 1H), 8.52 (d, J = 2.6 Hz, 1H), 6.92 (d, J = 10.1 Hz, 1H), 6.82 (dd, J = 10.1, 2.4 Hz, 1H), 6.65 (d, J = 2.4 Hz, 1H), 3.32 (d, J = 6.9 Hz, 2H), 3.18 (dd, J = 8.6, 6.1 Hz, 2H).

2-((Furan-2-ylmethyl)thio)cyclohexa-2,5-diene-1,4-dione (3f): Red solid (0.539 g, 43%). 1H NMR (400 MHz, DMSO-d6) δ 7.67 – 7.59 (m, 1H), 6.93 (d, J = 10.1 Hz, 1H), 6.81 (dd, J = 10.1, 2.4 Hz, 1H), 6.74 (d, J = 2.4 Hz, 1H), 6.45 – 6.38 (m, 2H), 4.32 (s, 2H).

2-(Phenethylthio)cyclohexa-2,5-diene-1,4-dione (3g): Orange solid (0.0882 g, 14%). 1H NMR (400 MHz, DMSO-d6) δ 7.34 – 7.29 (m, 5H), 6.92 (d, J = 10.1 Hz, 1H), 6.81 (dd, J = 10.0, 2.4 Hz, 1H), 6.58 (d, J = 2.4 Hz, 1H), 3.19 (t, J = 7.4 Hz, 2H), 2.96 (t, J = 7.4 Hz, 2H).

Compounds 3h-l were prepared in situ by Method B. 

General Method and Procedure for the Synthesis of 2-thio-substituted-3H-phenothiazin-3one (6a-g). 
To a solution of 2-alkylthio-1,4-benzoquinone intermediates (3a-g, 1.0 equiv., 0.227 mmoles) in dichloromethane (DCM, 1.14 mL) and  methanol (MeOH, 0.227 mL) was added 2-
aminothiophenol (5, 0.025  mL, 1.0 equiv., 0.227 mmoles). In a separate reaction vessel, a solution of sodium periodate (0.097 g, 2.0 equiv., 0.454 mmoles) dissolved in deionized water (0.455 mL) was added drop-wise into the reaction vessel. The reaction mixture was stirred at room temperature and allowed to react overnight and monitored by TLC using a 99:1:0.1 DCM:methanol:ammonia solvent system to identify the formation of a new compound by the presence of a bright red to purple spot. The reaction mixture was filtered through celite (diatomaceous earth) in a fritted funnel to remove solid contaminants. The celite was rinsed with water (5 mL). Using a separatory funnel, the aqueous layer was extracted with DCM (3 x 5 mL). The organic layers were combined and dried over sodium sulfate, and filtered (paper) in vacuo using a Buchner funnel. The organic solvent was evaporated under reduced pressure using a rotary evaporator. The desired product was isolated using the preparative TLC procedure outlined below with a 99:1:0.1 DCM:MeOH:ammonia solvent system.

Preparative TLC Procedure 
The dried crude of compounds 6a-l was dissolved in ~3 mL of dichloromethane (DCM) and 5 drops of methanol (MeOH). The entirety of the crude was then spotted in parallel lines running the length of the edge of a preparative TLC (500µm 20x20cm) plate on two opposing ends about 1 cm away from the border. The plate was lowered into a TLC vessel filled with 35 mL of solvent with the spotted side tilted towards the bottom. The TLC was left to run for 16 minutes on one end. When the product travels about half the length of the plate, the plate was then flipped, 15 mL more of elution solvent were added, and the TLC was run another 16 minutes. Once complete, the plate was withdrawn and the band containing the desired compound is scraped off the plate. The collected powder is flushed with 5 mL of 9:1 DCM:MeOH using a 10 mL syringe containing a filtration frit. The solvent was then removed under reduced pressure using a rotary evaporator. The identity of the final product was later confirmed using 1H NMR and LCMS.

Methyl 3-((3-oxo-3H-phenothiazin-2-yl)thio)propanoate (6a): Orange solid (0.034 g, 66% yield), mp = 166-168 oC. 1H NMR (400 MHz, DMSO-d6) δ 7.98 – 7.92 (m, 1H), 7.87 – 7.81 (m, 1H), 7.64 – 7.59 (m, 2H), 7.41 (s, 1H), 7.07 (s, 1H), 3.65 (s, 3H), 3.24 (t, J = 7.0 Hz, 2H), 2.80 (t, J = 7.0 Hz, 2H). MS (ESI): m/z 331, found 332 (C16H13NO3S2 [M+H]+) and 354 ([M+Na]+).

2-(Butylthio)-3H-phenothiazin-3-one (6b): Orange solid (0.053 g, 78% yield), mp = 144-146 oC. 1H NMR (400 MHz, DMSO-d6) δ 7.97 – 7.91 (m, 1H), 7.87 – 7.80 (m, 1H), 7.66 – 7.57 (m, 2H), 7.38 – 7.33 (m, 1H), 7.09 – 7.03 (m, 1H), 3.00 (t, J = 7.3 Hz, 2H), 1.69 (p, J = 7.4 Hz, 2H), 1.58 – 1.42 (m, 2H), 1.02 – 0.90 (m, 3H). MS (ESI): m/z 301, found 302 (C16H15NOS2 [M+H]+).

2-(Phenylthio)-3H-phenothiazin-3-one (6c): Red solid (0.033 g, 49% yield), mp = 249-250 oC. 1H NMR (400 MHz, DMSO-d6) δ 7.88 – 7.80 (m, 2H), 7.71 – 7.61 (m, 5H), 7.61 – 7.53 (m, 2H), 7.12 (s, 1H), 6.60 (s, 1H). MS (ESI): m/z 353, found 354 (C18H11NOS2 [M+H]+).
N-Methyl-2-((3-oxo-3H-phenothiazin-2-yl)thio)acetamide (6d): Brown solid (0.029 g, 40% yield), mp = 189-191 oC. 1H NMR (400 MHz, DMSO-d6) δ 8.27 – 8.16 (m, 1H), 8.00 – 7.92 (m, 1H), 7.87 – 7.82 (m, 1H), 7.65 – 7.53 (m, 2H), 7.47 (s, 1H), 7.07 (s, 1H), 3.77 (s, 1H), 3.68 (s, 1H), 2.63 (dd, J = 4.6, 3.3 Hz, 3H). MS (ESI): m/z 316, found 317 (C15H12N2O2S2 [M+H]+) and 339 ([M+Na]+).

2-((2-(Pyrazin-2-yl)ethyl)thio)-3H-phenothiazin-3-one (6e): Brown solid (0.019 g, 24% yield), mp = 198-200 oC. 1H NMR (400 MHz, DMSO-d6) δ 8.68 (d, J = 1.6 Hz, 1H), 8.63 (dd, J = 2.6, 1.5 Hz, 1H), 8.54 (d, J = 2.6 Hz, 1H), 7.98 – 7.93 (m, 1H), 7.87 – 7.82 (m, 1H), 7.65 – 7.59 (m, 2H), 7.48 (s, 1H), 7.07 (s, 1H), 3.46 (t, J = 7.2 Hz, 2H), 3.29 – 3.23 (t, J = 7.2 Hz, 2H). MS (ESI): m/z 351, found 352 (C18H13N3OS2 [M+H]+) and 374 ([M+Na]+).

2-((Furan-2-ylmethyl)thio)-3H-phenothiazin-3-one (6f): Brown solid (0.067 g, 86% yield), mp = 187-189 oC. 1H NMR (400 MHz, DMSO-d6) δ 7.98 – 7.93 (m, 1H), 7.87 – 7.81 (m, 1H), 7.64 (dd, J = 1.8, 1.0 Hz, 1H), 7.64 – 7.59 (m, 2H), 7.58 (s, 1H), 7.07 (s, 1H), 6.44 (qd, J = 3.2, 1.4 Hz, 2H), 4.42 (s, 2H). MS (ESI): m/z 325, found 325 (C17H11NO2S2 [M]+).

2-(Phenethylthio)-3H-phenothiazin-3-one (6g): Red solid (0.0082 g, 18% yield), mp = 132-133 oC. 1H NMR (400 MHz, DMSO-d6) δ 7.97 – 7.89 (m, 1H), 7.86 – 7.79 (m, 1H), 7.65 – 7.56 (m, 2H), 7.40 (bs, 1H), 7.36 – 7.31 (m, 4H), 7.24 (dt, J = 6.0, 3.1 Hz, 1H), 7.07 – 7.01 (bs, 1H), 3.30 (d, J = 7.5 Hz, 2H), 3.03 (t, J = 7.3 Hz, 2H). MS (ESI): m/z 349, found 350 (C20H15NOS2 [M+H]+) and 372 ([M+Na]+).

General Method and Procedure for the Synthesis of 2-(alkylthio)-3H-phenothiazin-3-ones 
(6h-l). 
Method B (one-pot): 
A solution of 2-alkylthio-1,4-benzoquinone derivative (3h-l, 0.227 mmol), made from a one pot synthesis of one equivalent of p-benzoquinone (1, 0.227 mmol), one equivalent of 2-alkylthiol nucleophile (2h-l) and 2 equivalents of sodium periodate (0.454 mmol), was dissolved in 1.14 ml of dichloromethane (DCM), and methanol (227 µL).  Subsequently, 2-aminobenzenethiol (5, 
0.227 mmol) was added drop-wise and the reaction mixture was treated with a solution of sodium periodate (0.454 mmol) dissolved in 455 µL of water at room temperature. The mixture was stirred for 24 hours and was monitored by thin-layer chromatography (TLC) using a solvent system consisting of 99.5: 0.5: 0.01 DCM, methanol, and ammonia. The TLC plate was placed inside of a chromatography chamber containing 10 ml of the solvent system and eluted for 10 minutes, and it was then observed under the ultra-violet light to detect any spots that would indicate the presence of a new compound (6h-l). The mixture was then filtered through Celite, which was pressed into a vacuumed fritted glass funnel. After adding 455 µL of water to the filtrate, the organic layer was worked up and washed three times with 5 ml of DCM and ultimately extracted from the aqueous layer using a separatory funnel. The organic layer was dried with sodium sulfate, and this drying agent was filtered out through a Buchner funnel. The solvent from the filtrate solution was removed under reduced pressure using a rotary evaporator. The desired product was isolated using the preparative TLC procedure outlined above with a 99.5:0.5:0.01  DCM:MeOH:ammonia solvent system. 

2-((3-Chloropropyl)thio)-3H-phenothiazin-3-one (6h): Red solid (0.022 g, 31% yield), mp = 168-170 oC. 1H NMR (400 MHz, DMSO-d6) δ 7.97 – 7.91 (m, 1H), 7.87 – 7.81 (m, 1H), 7.64 – 7.58 (m, 2H), 7.42 (s, 1H), 7.07 (s, 1H), 3.81 (t, J = 6.4 Hz, 2H), 3.14 (t, J = 6.4 Hz, 2H), 2.15 (p, J = 6.7 Hz, 2H). MS (ESI): m/z 35Cl: 321 and 37Cl: 323, found 322 (C15H12ClNOS2 [35Cl M+H]+) and 324 ([37Cl M+H]+).

2-(Cyclopentylthio)-3H-phenothiazin-3-one (6i): Red solid (0.035 g, 37% yield), mp = 162-164 oC. 1H NMR (400 MHz, DMSO-d6) δ 7.98 – 7.91 (m, 1H), 7.86 – 7.80 (m, 1H), 7.64 – 7.57 (m, 2H), 7.40 (s, 1H), 7.04 (s, 1H), 3.78 (tt, J = 6.7, 5.1 Hz, 1H), 2.31 – 2.12 (m, 2H), 1.78 – 1.57 (m, 6H). MS (ESI): m/z 313, found 314 (C17H15NOS2 [M+H]+) and 336 ([M+Na]+).

Isopropyl 3-((3-oxo-3H-phenothiazin-2-yl)thio)propanoate (6j): Bright orange solid (0.034 g, 41% yield), mp = 139-142 oC. 1H NMR (400 MHz, DMSO-d6) δ 7.99 – 7.91 (m, 1H), 7.89 – 7.80 (m, 1H), 7.68 – 7.58 (m, 2H), 7.41 (s, 1H), 7.07 (s, 1H), 4.94 (hept, J = 6.3 Hz, 1H), 3.23 (t, J = 6.9 Hz, 2H), 2.74 (t, J = 6.9 Hz, 2H), 1.21 (d, J = 6.3 Hz, 6H). MS (ESI): m/z 359, found 360 (C18H17NO3S2 [M+H]+) and 382 ([M+Na]+).

2-((4-Fluorobenzyl)thio)-3H-phenothiazin-3-one (6k): Orange solid (0.033 g, 41% yield), mp = 201-202 oC. 1H NMR (400 MHz, DMSO-d6) δ 7.97 – 7.91 (m, 1H), 7.87 – 7.81 (m, 1H), 7.61 (dd, J = 6.1, 3.4 Hz, 2H), 7.58 – 7.50 (m, 2H), 7.48 (s, 1H), 7.21 (t, J = 8.9 Hz, 2H), 7.07 (s, 1H), 4.34 (s, 2H). MS (ESI): m/z 353, found 354 (C19H12FNOS2 [M+H]+) and 376 ([M+Na]+).

N-(2-((3-Oxo-3H-phenothiazin-2-yl)thio)ethyl)acetamide (6l): Orange solid (0.015 g, 20% yield), mp = 214-216 oC. 1H NMR (400 MHz, DMSO-d6) δ 8.22 (t, J = 5.7 Hz, 1H), 7.97 – 7.91 (m, 1H), 7.87 – 7.81 (m, 1H), 7.64 – 7.58 (m, 2H), 7.50 (s, 1H), 7.07 (s, 1H), 3.37 (q, J = 6.5 Hz, 2H), 3.09 (t, J = 6.8 Hz, 2H), 1.84 (s, 3H). MS (ESI): m/z 330, found 331 (C16H14N2O2S2 [M+H]+) and 353 ([M+Na]+).
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