
S1 
 

Supporting Information 

Spiropyrimidinetrione DNA gyrase inhibitors with 
potent and selective antituberculosis activity 

Preshendren Govender,a Rudolf Müller,a Kawaljit Singh,a Virsinha Reddy,a Charles J. 

Eyermann,a Stephen Fienberg, a Sandeep R. Ghorpade,a Lizbé Koekemoer,b Alissa Myrick,b# 

Dirk Schnappinger,c Curtis Engelhart,c Jaclynn Meshanni,c,d Jo Ann W. Byl,e Neil 

Osheroff,e,f,g Vinayak Singh,a,b Kelly Chibalea,b* and Gregory S. Basaraba,h* 

aDrug Discovery and Development Centre (H3D), Department of Chemistry, University of Cape Town, 

Rondebosch 7701, South Africa; bDrug Discovery and Development Centre (H3D) South African Medical 

Research Council Drug Discovery and Development Research Unit, Department of Chemistry and Institute of 

Infectious Disease and Molecular Medicine, University of Cape Town, Rondebosch 7701, South Africa; 

cDepartment of Microbiology and Immunology, Weill Cornell Medical College, New York, NY 10065 United 

States; dCurrent affiliation: Department of Pharmacology and Toxicology, Rutgers University Ernest Mario 

School of Pharmacy, Piscataway, NJ 08854 United States; eDepartment of Biochemistry, Vanderbilt University 

School of Medicine, Nashville, TN 37232 United States; fDepartment of Medicine (Hematology/Oncology), 

Vanderbilt University School of Medicine, Nashville, TN 37232 United States; gVA Tennessee Valley Healthcare 

System, Nashville, Tennessee 37212, United States; hDrug Discovery and Development Centre (H3D), Division 

of Clinical Pharmacology, Department of Medicine, University of Cape Town, Observatory, 7935, South Africa; 

#Deceased. 

 
 
*Corresponding Authors 

*Phone: +1-814-826-5988. E-mail: greg.basarab@uct.ac.za  

*Phone: +27 21 650 2553. E-mail: kelly.chibale@uct.ac.za 

mailto:greg.basarab@uct.ac.za
mailto:kelly.chibale@uct.ac.za


S2 
 

 

Table of contents 

 Page 

1.   Figure S1 – Illustrations of moxifloxacin and QPT-1 crystal structures S3 

2.   Figure S2 – Illustration of QPT-1 docking validation in Mtb DNA Gyrase S3 

3.   Synthesis and characterization of intermediates S4-S34 

4.  Characterization of inactive isomers with unwanted configuration S34-S49 

5.   DNA gyrase supercoiling assay S49-S50 

6.   In vitro ADMET assays S50-S51 

   6.1 Kinetic solubility  

   6.2 Lipophilicity (LogD7.4)   

   6.3 Cytotoxicity  

7.   Sequence alignments S52-S53 

8.   QC data for selected compounds (NMR spectra and UPLC-MS traces) S54-S122 

9.   References  S123 

 

  



S3 
 

1. Illustrations of moxifloxacin and QPT-1 crystal structures 

 

Figure S1 (A) Illustration of the moxifloxacin (orange carbons) and Mg2+ binding mode in 

Mtb DNA-gyrase (from PDB 5BS8). (B) Illustration of the QPT-1 (orange carbons) binding 

mode in S. aureus DNA gyrase (from PDB 5CDM). 

 

2. Illustration of QPT-1 docking validation in Mtb DNA Gyrase  

 

Figure S2: Overlay of QPT-1 (orange) docked into the transposed Mtb gyrase (cyan) onto the 

co-crystal structure of QPT-1 (yellow) bound to S. aureus gyrase (PDB ID: 5CDM). The 

docked QPT-1 ligand structure aligned very closely with the co-crystal QPT-1with an RMSD 

= 0.636 Å and key binding interactions were maintained. 
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3.   Synthesis and characterization of intermediates 

Intermediates from Scheme 2 

 

(S)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)pyrrolidin-3-ol (48a). In a sealed tube, a mixture of 47 (497 mg, 1.39 mmol), and 

2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.48 mL, 5.58 mmol) and (S)-pyrrolidine-

3-ol (243 mg, 2.81 mmol) in acetonitrile (2 ml) were heated to 90 °C for 16h. A red-brown 

solution was obtained and cooled to RT. Solvent was removed to afford a brown residue. The 

material was purified by flash chromatography on silica gel using hexane:EtOAc (20:80 

gradient elution) to give the title compound as a red-brown oil (492 mg, 87%). RP-HPLC tR = 

2.564 min (method 1, purity 80%); LC-MS ESI, m/z 408.0 [M+H]+ (anal. calcd. for 

C20H26FN3O5, m/z 407.4).  

 

 

(R)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)pyrrolidin-3-ol (48b). Prepared following the preparation of 48a using 47 (147 mg, 0.41 

mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.25 mL, 1.64 mmol) and (R)-

pyrrolidine-3-ol (72 mg, 0.82 mmol). Column chromatography on silica gel using 

hexane:EtOAc (20:80 gradient). Red-brown oil (116 mg, 69%). RP-HPLC tR = 3.501 min 
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(method 1, purity 99%); LC-MS ESI, m/z 408.1 [M+H]+ (anal. calcd. for C20H26FN3O5, m/z = 

407.4). 

 

 

(3R,4R)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)pyrrolidine-3,4-diol (48c). Prepared following the preparation of 

48a using 47 (501 mg, 1.40 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.25 

mL, 1.69 mmol) and (3R,4R)-pyrrolidine-3,4-diol (290 mg, 2.81 mmol). Column 

chromatography on silica gel using DCM:MeOH (95:5 gradient). Off-white solid (481 mg, 

81%). RP-HPLC tR = 2.760 min (method 1, purity 95%); LC-MS ESI, m/z 424.0 [M+H]+ (anal. 

calcd. for C20H26FN3O6, m/z = 423.4). 

 

 

(3S,4S)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)pyrrolidine-3,4-diol (48d). Prepared following the preparation of 

48a using 47 (143 mg, 0.40 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.072 

mL, 0.48 mmol) and (3S,4S)-pyrrolidine-3,4-diol (83 mg, 0.80 mmol). Column 

chromatography using DCM:MeOH (95:5 gradient). Off-white solid (170 mg, 95%). RP-

HPLC tR = 2.922 min (method 1, purity 95%); LC-MS ESI, m/z 424.0 [M+H]+ (anal. calcd. for 

C20H26FN3O6, m/z = 423.4). 
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(3R,4S)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)pyrrolidine-3,4-diol (48e). Prepared following the preparation of 

48a using 47 (146 mg, 0.41 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.20 

mL, 1.31 mmol) and (3R,4S)-pyrrolidine-3,4-diol hydrochloride (114 mg, 0.82 mmol). Column 

chromatography on silica gel using DCM:MeOH (95:5 gradient). Off-white solid (134 mg, 

76%). RP-HPLC tR = 3.501 min (method 1, purity 98%); LC-MS ESI, m/z 424.0 [M+H]+ (anal. 

calcd. for C20H26FN3O6, m/z = 423.4). 

 

 

6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluoro-3-((S)-3-

methoxypyrrolidin-1-yl)benzo[d]isoxazole (48f). Prepared following the preparation of 48a 

using 47 (147 mg, 0.41 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.075 mL, 

0.50 mmol) and (S)-3-methoxypyrrolidine (84 mg, 0.83 mmol). Column chromatography on 

silica gel using DCM:MeOH (95:5 gradient). Off-white solid (121 mg, 68%). RP-HPLC tR = 

3.495 min (method 1, purity 98%); LC-MS ESI, m/z 422.2 [M+H]+ (anal. calcd. for 

C21H28FN3O5, m/z = 421.5). 
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((S)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)pyrrolidin-3-yl)methanol (48g). Prepared following the preparation of 48a using 47 (300 

mg, 0.84 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.51 mL, 3.36 mmol) and 

(S)-pyrrolidin-3-ylmethanol (170 mg, 1.68 mmol). Column chromatography on silica gel using 

hexane:EtOAc (20:80 gradient). Off-white solid (279 mg, 73%). RP-UPLC tR = 1.014 min 

(method 2, purity 92%); LC-MS ESI, m/z 422.1 [M+H]+ (anal. calcd. for C21H28FN3O5, m/z = 

421.5). 

 

 

1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-3-yl)-

3-methylpyrrolidin-3-ol (48h). Prepared following the preparation of 48a using 47 (304 mg, 

0.85 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.51 mL, 3.41 mmol) and 3-

methylpyrrolidin-3-ol (172 mg, 1.70 mmol). Column chromatography on silica gel using 

DCM:MeOH (90:10 gradient). Pale-yellow oil (323 mg, 87%). RP-UPLC tR = 1.058 min 

(method 2, purity 98%); LC-MS ESI, m/z 422.2 [M+H]+ (anal. calcd. for C21H28FN3O5, m/z = 

421.5). 
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tert-butyl ((S)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)pyrrolidin-3-yl)carbamate (48i). Prepared following the 

preparation of 48a using 47 (302 mg, 0.85 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-

a]azepine (0.51 mL, 3.39 mmol) and tert-butyl (S)-pyrrolidin-3-ylcarbamate (315 mg, 1.69 

mmol). Column chromatography on silica gel using hexane:EtOAc (20:80 gradient). Off-white 

solid (192 mg, 43%). RP-UPLC tR = 1.203 min (method 2, purity 95%); LC-MS ESI, m/z 507.1 

[M+H]+ (anal. calcd. for C25H35FN4O6, m/z = 506.6). 

 

 

tert-butyl ((S)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)pyrrolidin-3-yl)(methyl)carbamate (48j). Prepared following the 

preparation of 48a using 47 (303 mg, 0.85 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-

a]azepine (0.51 mL, 3.40 mmol) and tert-butyl (R)-methyl(pyrrolidin-3-yl)carbamate (340 mg, 

1.70 mmol). Column chromatography on silica gel using hexane:EtOAc (20:80 gradient). Off-

white solid (365 mg, 79%). RP-UPLC tR = 1.269 min (method 2, purity 96%); LC-MS ESI, 

m/z 521.1 [M+H]+ (anal. calcd. for C26H37FN4O6, m/z = 520.6). 
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6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluoro-3-((S)-3-

fluoropyrrolidin-1-yl)benzo[d]isoxazole (4k). Prepared following the preparation of 48a using 

47 (308 mg, 0.86 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.52 mL, 3.45 

mmol) and (S)-3-fluoropyrrolidine (154 mg, 1.72 mmol). Column chromatography on silica 

gel using hexane:EtOAc (20:80 gradient). Pale-yellow oil (247 mg, 68%). RP-UPLC tR = 1.168 

min (method 2, purity 97%); LC-MS ESI, m/z 410.2 [M+H]+ (anal. calcd. for C20H25F2N3O4, 

m/z = 409.4). 

 

 

(S)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)pyrrolidine-3-carbonitrile (48l). Prepared following the preparation of 48a using 47 (142 

mg, 0.40 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.13 mL, 0.88 mmol) and 

(S)-pyrrolidine-3-carbonitrile (105 mg, 0.80 mmol). Column chromatography on silica gel 

using hexane:EtOAc (20:80 gradient). Off-white solid (152 mg, 90%). RP-HPLC tR = 3.509 

min (method 1, purity 99%); LC-MS ESI, m/z 417.0 [M+H]+ (anal. calcd. for C21H25FN4O4, 

m/z = 416.5). 
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(S)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)pyrrolidine-3-carboxylic acid (48m). Prepared following the preparation of 48a using 47 

(300 mg, 0.84 mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.51 mL, 3.36 

mmol) and (S)-pyrrolidine-3-carboxylic acid (194 mg, 1.68 mmol). Column chromatography 

on silica gel using DCM:0.5M NH3 in MeOH (80:20 gradient). Off-white solid (280 mg, 77%). 

RP-UPLC tR = 1.018 min (method 2, purity 97%); LC-MS ESI, m/z 436.1 [M+H]+ (anal. calcd. 

for C21H26FN3O6, m/z = 435.5). 

 

 

ethyl (S)-1-((2R,4S,4aS)-11-fluoro-2,4-dimethyl-2',4',6'-trioxo-1,1',2,3',4,4a,4',6'-octahydro-

2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidin]-8-yl)pyrrolidine-

3-carboxylate (S1). Prepared following the preparation of 8 using 48m (355 mg, 0.79 mmol) 

and pyrimidine-2,4,6(1H, 3H, 5H)-trione (111 mg, 0.86 mmol). Chiral column 

chromatography using hexane:EtOH:EtOAc (70:10:20, isocratic, 15mL/min, Diacel IA 

column). White solid (11 mg, 3%). 1H NMR (300 MHz, MeOD) δ 7.19 (s, 1H), 4.25 – 4.17 

(m, 2H), 4.09 – 4.02 (m, 1H), 3.97 – 3.85 (m, 1H), 3.85 – 3.71 (m, 3H), 3.72 – 3.56 (m, 2H), 

3.19 – 3.06 (m, 2H), 3.06 – 2.95 (m, 2H), 2.44 – 2.20 (m, 2H), 1.32 – 1.26 (m, 4H), 1.22 (d, J 

= 6.2 Hz, 3H), 1.01 (d, J = 6.3 Hz, 3H). 13C NMR (151 MHz, MeOD) δ 173.40, 171.78, 168.40, 

158.15, 153.18 (d, J= 12.8 Hz), 150.37, 134.73 (d, J= 239.9 Hz), 134.65, 120.99, 115.54 (d, J= 
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3.3 Hz), 108.29, 72.72, 72.22, 64.93, 60.72, 56.51 (d, J= 9.7 Hz), 50.29, 42.86, 42.14, 39.61, 

28.32, 17.35, 17.04, 13.07, 10.47. RP-UPLC tR = 1.027 min (method 2, purity 99%); LC-MS 

ESI, m/z 528.2 [M-H]- (anal. calcd. for C22H28FN5O7, m/z = 529.5). [α]D
20 = -128.4o (c 0.14, 

MeOH). 

 

 

(S)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)piperidin-3-ol (48n). Prepared following the preparation of 48a using 47 (307 mg, 0.86 

mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.52 mL, 3.44 mmol) and (S)-

piperidin-3-ol (174 mg, 1.72 mmol). Column chromatography on silica gel using 

hexane:EtOAc (20:80 gradient). Off-white solid (109 mg, 30%). RP-HPLC tR = 3.905 min 

(method 1, purity 98%); LC-MS ESI, m/z 422.0 [M+H]+ (anal. calcd. for C21H28FN3O5, m/z = 

421.5). 

 

 

(R)-1-(6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)piperidin-3-ol (48o). Prepared following the preparation of 48a using 47 (300 mg, 0.84 

mmol), 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.51 mL, 3.37 mmol) and (R)-

piperidin-3-ol (170 mg, 1.68 mmol). Column chromatography using hexane:EtOAc (20:80 
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gradient). Off-white solid (251 mg, 71%). RP-HPLC tR = 3.887 min (method 1, purity 

100%); LC-MS ESI, m/z 422.0 [M+H]+ (anal. calcd. for C21H28FN3O5, m/z = 421.5). 

 

 

(S)-5-(((6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)oxy)methyl)pyrrolidin-2-one (48p). In a sealed tube, a mixture of (S)-5-

(hydroxymethyl)pyrrolidin-2-one (194 mg, 1.68 mmol) and sodium hydride 60% dispersion in 

mineral oil (135 mg, 3.36 mmol) in N,N-dimethylformamide (2mL) were stirred at 0oC for 

30min. This was followed but the slow addition of 47 (300 mg, 0.841 mmol) in N,N-

dimethylformamide (1mL) at 0oC and warmed to room temperature. The reaction mixture was 

then stirred at 30°C for 1 h. The reaction was cooled and a dark orange suspension was 

obtained. The reaction mixture was diluted with 10mL ethyl acetate and washed with 2x10mL 

of 10% LiCl solution. The organic fractions were combined, dried over Na2SO4 and solvent 

was  removed to afford a pale yellow residue. The material was purified by flash 

chromatography on silica gel using DCM:MeOH (90:10 gradient elution) to give the title 

compound as a pale yellow oil (289 mg, 73%). RP-UPLC tR = 1.036 min (method 2, purity 

92%); LC-MS ESI, m/z 436.1 [M+H]+ (anal. calcd. for C21H26FN3O6, m/z 435.5). 
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(R)-5-(((6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)oxy)methyl)pyrrolidin-2-one (48q). Prepared following the 

preparation of 48p using 47 (300 mg, 0.84 mmol), sodium hydride 60% dispersion in mineral 

oil (37 mg, 0.92 mmol), and (R)-5-(hydroxymethyl)pyrrolidin-2-one (194 mg, 1.68 mmol). 

Column chromatography on silica gel using DCM:MeOH (90:10 gradient). Pale-yellow oil 

(346 mg, 95%). RP-UPLC tR = 1.037 min (method 2, purity 100%); LC-MS ESI, m/z 436.1 

[M+H]+ (anal. calcd. for C21H26FN3O6, m/z = 435.5). 

 

 

(S)-5-(((6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)oxy)methyl)-1-methylpyrrolidin-2-one (48r). (S)-5-(((6-((2R,6S)-2,6-

dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-3-

yl)oxy)methyl)pyrrolidin-2-one 48p (300 mg, 0.69 mmol) was dissolved in N,N-

dimethylformamide (5mL) and cooled to 0oC. Sodium hydride 60% dispersion in mineral oil 

(41 mg, 1.03 mmol) was added to the reaction mixture and stirred for 1 h. Then, iodomethane 

(643 uL, 1.03 mmol) was added slowly. The mixture was warmed to room temperature and 

stirred for another 1 h at this temperature. The reaction mixture was diluted with 10mL ethyl 

acetate and washed with 2x10mL of 10% LiCl solution. The organic fractions were combined, 

dried over Na2SO4 and solvent was  removed to afford a dark residue. The material was purified 

by flash chromatography on silica gel using DCM:MeOH (90:10 gradient elution) to give the 

title compound as a pale yellow oil (202 mg, 65%). RP-UPLC tR = 1.080 min (method 2, purity 

100%); LC-MS ESI, m/z 450.1 [M+H]+ (anal. calcd. for C22H28FN3O6, m/z = 449.5). 
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(S)-5-(((6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)oxy)methyl)dihydrofuran-2(3H)-one (48s). In a sealed tube, a mixture of (S)-5-

(hydroxymethyl)dihydrofuran-2(3H)-one (423.1 mg, 3.64 mmol), 47 (650 mg, 1.82 mmol) and 

cesium carbonate (2.37 g, 7.29 mmol) in N,N-dimethylformamide (2mL) were heated to 90 oC 

for 32h. The reaction mixture was cooled to room temperature and solvent was removed to 

afford an orange residue. The material was purified by flash chromatography on silica gel using 

hexane:EtOAc (20:80 gradient elution) to give the title compound as a pale yellow oil (247 

mg, 31%). RP-UPLC tR = 1.115 min (method 2, purity 100%); LC-MS ESI, m/z 437.1 [M+H]+ 

(anal. calcd. for C21H25FN2O7, m/z 436.4). 

 
 

 

(R)-5-(((6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)oxy)methyl)dihydrofuran-2(3H)-one (48t). Prepared following 

the preparation of 48p using 47 (650 mg, 1.82 mmol), (R)-5-(hydroxymethyl)dihydrofuran-

2(3H)-one (423 mg, 7.29 mmol), and cesium carbonate (2.37 g, 7.29 mmol). Column 

chromatography on silica gel using hexane:EtOAc (20:80 gradient). Pale-yellow oil (191 mg, 

24%). 1H NMR (300 MHz, DMSO-d6) δ 7.60 (d, J = 0.8 Hz, 1H), 6.13 (s, 1H), 4.98 (tt, J = 
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7.2, 3.4 Hz, 1H), 4.69 – 4.50 (m, 2H), 4.18 – 3.94 (m, 4H), 3.82 – 3.69 (m, 2H), 3.07 (d, J = 

11.0 Hz, 2H), 2.90 – 2.78 (m, 2H), 2.64 – 2.56 (m, 2H), 2.45 – 2.25 (m, 1H), 2.20 – 2.03 (m, 

1H), 1.09 (d, J= 6.2 Hz, 6H). RP-UPLC tR = 1.064 min (method 2, purity, 99%); LC-MS ESI, 

m/z 437.0 [M+H]+ (anal. calcd. for C21H25FN2O7, m/z = 436.4). 

 

 

(R)-4-(((6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)oxy)methyl)oxazolidin-2-one (48u). Prepared following the 

preparation of 48p using 47 (300 mg, 0.84 mmol), sodium hydride 60% dispersion in mineral 

oil (67 mg, 1.68 mmol), and (R)-4-(hydroxymethyl)oxazolidin-2-one (197 mg, 1.68 mmol). 

Column chromatography on silica gel using hexane:EtOAc (40:60 gradient). Pale-yellow oil 

(276 mg, 72%). RP-UPLC tR = 1.025 min (method 2, purity 96%); LC-MS ESI, m/z 438.0 

[M+H]+ (anal. calcd. for C20H24FN3O7, m/z = 437.4). 

 

 

(S)-4-(((6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)oxy)methyl)oxazolidin-2-one (48v). Prepared following the preparation of 48p using 47 

(300 mg, 0.84 mmol), sodium hydride 60% dispersion in mineral oil (67 mg, 1.68 mmol), and 

(S)-4-(hydroxymethyl)oxazolidin-2-one (197 mg, 1.68 mmol). Column chromatography on 
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silica gel using hexane:EtOAc (40:60 gradient). Pale-yellow oil (281 mg, 74%). RP-UPLC tR 

= 1.024 min (method 2, purity 97%); LC-MS ESI, m/z 438.0 [M+H]+ (anal. calcd. for 

C20H24FN3O7, m/z = 437.4). 

 

 

(S)-4-(((6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-

3-yl)oxy)methyl)pyrrolidin-2-one (48w). Prepared following the preparation of 48p using 47 

(300 mg, 0.84 mmol), sodium hydride 60% dispersion in mineral oil (175 mg, 4.37 mmol), and 

(S)-4-(hydroxymethyl)pyrrolidin-2-one1 (252 mg, 2.19 mmol). Column chromatography on 

silica gel using DCM:MeOH (90:10 gradient). Pale-yellow oil (282 mg, 77%). RP-UPLC tR = 

1.026 min (method 2, purity 100%); LC-MS ESI, m/z 436.1 [M+H]+ (anal. calcd. for 

C21H26FN3O6, m/z = 435.5).  

 

 

(R)-4-(((6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)oxy)methyl)pyrrolidin-2-one (48x). Prepared following the 

preparation of 48p using 47 (300 mg, 0.84 mmol), sodium hydride 60% dispersion in mineral 

oil (67 mg, 1.68 mmol), and (R)-4-(hydroxymethyl)pyrrolidin-2-one1 (174 mg, 1.51 mmol). 

Column chromatography on silica gel using DCM:MeOH (90:10 gradient). Pale-yellow oil 
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(224 mg, 59%). 1H NMR (300 MHz, DMSO) δ 7.59 (d, J = 5.4, 2H), 6.11 (s, 1H), 4.42 (d, J = 

6.8, 2H), 4.18 – 3.93 (m, 4H), 3.82 – 3.65 (m, 2H), 3.51 – 3.41 (m, 1H), 3.21 – 3.15 (m, 1H), 

3.10 – 2.93 (m, 3H), 2.88 – 2.76 (m, 2H), 2.37 (dd, J = 16.7, 9.0, 1H), 2.12 (dd, J = 16.7, 6.8, 

1H), 1.09 (d, J = 6.2, 7H). RP-UPLC tR = 1.020 min (method 2, purity 97%); LC-MS ESI, m/z 

436.1 [M+H]+ (anal. calcd. for C21H26FN3O6, m/z = 435.5). 

 

 

(S)-5-(2-((6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)oxy)ethyl)pyrrolidin-2-one (48y). Prepared following the 

preparation of 48p using 47 (359 mg, 0.80 mmol), sodium hydride 60% dispersion in mineral 

oil (67 mg, 1.68 mmol), and (S)-5-(2-hydroxyethyl)pyrrolidin-2-one (217 mg, 1.68 mmol). 

Column chromatography on silica gel using DCM:MeOH (90:10 gradient). White solid (360 

mg, 75%). RP-UPLC tR = 1.064 min (method 2, purity 79%); LC-MS ESI, m/z 450.1 [M+H]+ 

(anal. calcd. for C22H28FN3O6, m/z = 449.5). 

 

 

6-((2R,6S)-2,6-dimethylmorpholino)-5-(1,3-dioxolan-2-yl)-7-fluoro-3-((5-methyl-1,3,4-

oxadiazol-2-yl)methoxy)benzo[d]isoxazole (48z). Prepared following the preparation of 48p 

using 47 (300 mg, 0.841 mmol), sodium hydride 60% dispersion in mineral oil (67 mg, 1.68 
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mmol), and (5-methyl-1,3,4-oxadiazol-2-yl)methanol (192 mg, 1.68 mmol). Column 

chromatography on silica gel using hexane:EtOAc (20:80 gradient elution). White solid (77 

mg, 21%). 1H NMR (300 MHz, DMSO-d6) δ 7.61 (s, 1H), 6.13 (s, 1H), 5.74 (s, 2H), 4.15 – 

3.93 (m, 4H), 3.83 – 3.68 (m, 2H), 3.11 – 3.03 (m, 2H), 2.89 – 2.76 (m, 2H), 2.55 (s, 3H), 1.09 

(d, J = 6.2 Hz, 6H). RP-UPLC tR = 1.468 min (method 2, purity 100%); LC-MS ESI, m/z 435.1 

[M+H]+ (anal. calcd. for C20H23FN4O6, m/z = 434.4).  

 

Intermediates from Scheme 3: 

 

6-((3S,5R)-3,5-dimethylpiperazin-1-yl)-7-fluoro-3-((S)-4-methyl-2-oxooxazolidin-3-

yl)benzo[d]isoxazole-5-carbaldehyde (50a). In a microwave tube, K2CO3 (294 mg, 2.13 mmol) 

and commercially available (2R,6S)-2,6-dimethylpiperazine (146 mg, 1.23 mmol) were added 

to a solution of 49 (300 mg, 1.06 mmol) in acetonitrile (3 mL). The resulting reaction mixture 

was irradiated in a microwave at 80 °C for 30 min. Then, the reaction mixture was cooled and 

diluted with water (10 mL) and extracted with EtOAc (3x15 mL). The organic layers were 

combined, dried over MgSO4, filtered, and solvent removed under reduced pressure. The 

material was purified by flash chromatography on silica gel using CH2Cl2:MeOH (0-20%) 

gradient to afford the title compound (270 mg, 65%) as a light yellow solid. 1H NMR (300 

MHz, CDCl3) δ 10.27 (s, 1H), 8.61 (d, J = 1.1 Hz, 1H), 4.79 – 4.71 (m, 2H), 4.26 – 4.20 (m, 

1H), 3.23 – 3.09 (m, 4H), 3.06 – 2.97 (m, 2H), 1.58 (d, J = 5.9 Hz, 3H), 1.14 (d, J = 6.1 Hz, 

6H). RP-UPLC tR = 3.503 min (method 1, purity 100%); LC-MS ESI, m/z 377.2 [M+H]+ (anal. 

calcd. for C18H21FN4O4, m/z = 376.4). 
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Scheme S1: Synthesis of amines S2 and S3.a 

 

aReagents and conditions: (a) i) SeO2, H2O2, MeOH, 25 oC, 8 h, ii) NaBH4, MeOH, 25 oC, 2 

h, 37%; (b) 4M HCl, CH2Cl2, 25 oC, 16 h, 76%. 

 

 

Tert-butyl (3S,5R)-4-hydroxy-3,5-dimethylpiperazine-1-carboxylate (S2). To a stirring 

solution of commercially available tert-butyl (3S,5R)-3,5-dimethylpiperazine-1-carboxylate 

(3.00 g, 14.0 mmol) with MeOH (22 mL) in presence of selenium dioxide (780 mg, 0.700 

mmol) at 0 oC under N2 was added dropwise a 30% hydrogen peroxide (1.79 mL, 17.5 mmol) 

in 15 min. The mixture was then stirred at 25°C for 8 h. Sodium borohydride (222 mg, 5.88 

mmol) was added to the above mixture and stirring continued for 2 h. After removal of the 

solvent, the residual mixture was taken up in sat. K2CO3 solution (10 mL) and extracted with 

CH2Cl2/MeOH (9:1) (4x15 mL). The combined organic layers were dried (Na2SO4), 

concentrated and the residual liquid was purified by flash chromatography on silica gel using 

CH2Cl2:MeOH (0-20%) gradient to afford the title compound (1.20 g, 37%) as an off white 

solid. 1H NMR (300 MHz, DMSO-d6) δ 7.87 (s, 1H), 3.81 (d, J = 13.5 Hz, 2H), 2.58 – 2.53 

(m, 2H), 2.37 – 2.32 (m, 2H), 1.40 (s, 9H), 1.03 (d, J = 6.0 Hz, 6H). 

 

 



S20 
 

(2S,6R)-2,6-dimethylpiperazin-1-ol hydrochloride (S3). To a solution of S2 (700 mg, 3.04 

mmol) in CH2Cl2 (10 mL) was added 4M HCl in 1,4-dioxane (7.60 mL, 30.4 mmol). The 

solution was stirred at 25 °C for 16 h. The solvent was removed under reduced pressure and 

the residue was triturated with diethyl ether to afford the title compound (300 mg, 76%) as a 

pale-yellow HCl salt. 1H NMR (300 MHz, DMSO-d6) δ 9.98 (br m, 2H), 3.93 – 3.85 (m, 1H), 

3.57 – 3.48 (m, 2H), 3.30 – 3.25 (m, 1H), 3.19 – 2.98 (m, 2H), 1.31 (d, J = 6.3 Hz, 3H), 1.26 

(d, J = 6.5 Hz, 3H). 

 

 

7-fluoro-6-((3S,5R)-4-hydroxy-3,5-dimethylpiperazin-1-yl)-3-((S)-4-methyl-2-oxooxazolidin-

3-yl)benzo[d]isoxazole-5-carbaldehyde (50b). A mixture of 49 (500 mg, 1.77 mmol), S3 (443 

mg, 2.66 mmol) and Et3N (1.48 mL, 10.6 mmol) in DMSO (5 mL) was heated at 110 °C for 2 

h. Then, the reaction mixture was cooled, diluted with EtOAc (20 mL) and washed with water 

(3x15 mL). The organic phases were combined, dried over Na2SO4, filtered and solvent 

removed under reduced pressure. The material was purified by flash chromatography on silica 

gel using CH2Cl2:MeOH (0-20%) gradient to afford the title compound (300 mg, 41%) as a 

brown solid. 1H NMR (300 MHz, DMSO-d6) δ 10.18 (s, 1H), 8.49 (d, J = 1.0 Hz, 1H), 7.92 (s, 

1H), 4.80 – 4.63 (m, 2H), 4.30 – 4.20 (m, 1H), 3.31 – 3.27 (m, 2H), 3.19 – 3.10 (m, 2H), 2.85 

– 2.71 (m, 2H), 1.45 (d, J = 5.9 Hz, 3H), 1.07 (d, J = 6.0 Hz, 6H). RP-UPLC tR = 3.698 min 

(method 1, purity 96%); LC-MS ESI, m/z 393.1 [M+H]+ (anal. calcd. for C18H21FN4O5, m/z = 

392.3). 
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6-((3S,5R)-4-acetyl-3,5-dimethylpiperazin-1-yl)-7-fluoro-3-((S)-4-methyl-2-oxooxazolidin-3-

yl)benzo[d]isoxazole-5-carbaldehyde (50c). Acetic anhydride (115 µL, 1.22 mmol) and 

pyridine (74 µL, 917 mmol) was added dropwise to a solution of 50a (230 mg, 0.611 mmol) 

in DCM (10 mL) and resulting reaction mixture was stirred at 25 °C for 24 h. Reaction mixture 

was diluted with DCM (15 mL) and washed with 1N HCl to remove excess of pyridine. The 

organic layer was isolated, dried over Na2SO4, filtered and solvent removed under reduced 

pressure. The material was purified by flash chromatography on silica gel using CH2Cl2:MeOH 

(0-20%) gradient to afford the title compound (220 mg, 80%) as a yellow solid. RP-UPLC tR 

= 0.784 min (method 2, purity 93%); LC-MS ESI, m/z 419.2 [M+H]+ (anal. calcd. for 

C20H23FN4O5, m/z = 418.4). 

 

 

2-((2S,6R)-4-(7-fluoro-5-formyl-3-((S)-4-methyl-2-oxooxazolidin-3-yl)benzo[d]isoxazol-6-

yl)-2,6-dimethylpiperazin-1-yl)acetonitrile (50d). Bromoacetonitrile (125 µL, 1.79 mmol) and 

K2CO3 (330 mg, 2.39 mmol) were added to a solution of 50a (450 mg, 1.20 mmol) in Acetone 

(20 ml) and resulting reaction mixture was stirred at 25 °C for 16 h. After completion of 

reaction, solvent was removed under reduced pressure and residue was taken in EtOAc (50 

mL) and washed with water (20 mL). Organic phase was dried over Na2SO4, filtered and 

solvent removed under reduced pressure. The material was purified by flash chromatography 
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on silica gel using CH2Cl2:MeOH (0-5%) gradient to afford the title compound (350 mg, 68%) 

as a light yellow solid. RP-UPLC tR = 1.095 min (method 2, purity 97%); LC-MS ESI, m/z 

416.1 [M+H]+ (anal. calcd. for C20H22FN5O4, m/z = 415.4). 

 

Scheme S2: Synthesis of amines S4 and S5.a 

 

aReagents and conditions: (a) CNBr, K2CO3, acetone, 25 oC, 16 h, 79%; (b) HCl solution, 

CH2Cl2, 25 oC, 16 h, 51%.  

 

 

tert-butyl (3S,5R)-4-cyano-3,5-dimethylpiperazine-1-carboxylate (S4). To a suspension 

of commercially available tert-butyl (3S,5R)-3,5-dimethylpiperazine-1-carboxylate (5.90 g, 

27.5 mmol) and K2CO3 (5.71 g, 41.3 mmol) in acetone (50 mL), cyanogen bromide (4.37g, 

41.3mmol) was syringed and the reaction mixture stirred at 25 oC for 16 h. The following day 

a white precipitate was observed. Then, the solvent was evaporated to dryness to afford a white 

solid. The solid was taken up in dichloromethane (50 mL) and washed with water, followed by 

brine. The organic layer was isolated, dried over MgSO4, filtered and solvent removed under 

reduced pressure. The resulting solid was suspended in hexane (50 mL) and stirred at 25 oC for 

2 h. The solid was filtered, washed with hexane, dried in vacuo to afford the title compound 

(5.22 g,  79%) as a white solid. 1H NMR (300 MHz, DMSO-d6) δ 3.90 (d, J = 13.3 Hz, 2H), 
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3.23 – 3.06 (m, 2H), 2.64 – 2.42 (m, 2H), 1.41 (s, 9H), 1.22 (d, J = 6.5 Hz, 6H). LC-MS ESI, 

m/z 240.2 [M+H]+ (anal. calcd. for C12H21N3O2, m/z = 239.3). 

 

 

(2S,6R)-2,6-dimethylpiperazine-1-carbonitrile hydrochloride (S5). To a solution of tert-butyl 

(3S,5R)-4-cyano-3,5-dimethylpiperazine-1-carboxylate (S4) (5.22g, 21.8 mmol) 

in dichloromethane (5 mL), Hydrogen chloride solution (9.85 mL, 283 mmol) in dioxane was 

syringed. The reaction mixture was stirred at 25 oC for 16 h. The following day a white 

precipitate was observed, filtered, washed with cold DCM and dried in vacuo to afford the title 

compound (1.98 g, 52% yield) as a white HCl salt. Note: The product is hygroscopic. 1H NMR 

(300 MHz, DMSO-d6) δ 10.24 – 9.81 (m, 2H), 3.74 – 3.49 (m, 2H), 3.33 – 3.13 (m, 2H), 2.75 

– 2.54 (m, 2H), 1.23 (d, J = 6.6 Hz, 6H). LC-MS ESI, m/z 140.2 [M+H]+ (anal. calcd. for 

C7H13N3, m/z = 139.2). 

 

Intermediates from Scheme 4 

 

(2R,6S)-4-(3-chloro-7-fluoro-5-formylbenzo[d]isoxazol-6-yl)-2,6-dimethylpiperazine-1-

carbonitrile (52a). To a pressure tube containing a solution of 51 (3.80 g, 17.5 mmol) in 

acetonitrile (20 mL), K2CO3 (9.66 g, 69.9 mmol) and S5 (4.60 g, 26.2 mmol) were added. The 

resulting reaction mixture was heated at 110 °C for 5 h. Then, the reaction mixture was cooled 

and diluted with water (10 mL) and extracted with EtOAc (3x15 mL). The organic layers were 

combined, dried over MgSO4, filtered, and solvent removed under reduced pressure. The 



S24 
 

material was purified by flash chromatography on silica gel using hexane:EtOAc (0-95%) 

gradient to afford the title compound (4.78 g, 81%) as an off-white solid. RP-UPLC tR = 2.856 

min (method 1, purity 99%); LC-MS ESI, m/z 312.8 [M-CN]+ (anal. calcd. for C14H15ClFN3O2, 

m/z = 311.7). 

 

 

3-chloro-6-((3R,5S)-3,5-dimethylpiperidin-1-yl)-7-fluorobenzo[d]isoxazole-5-carbaldehyde 

(52b). A suspension of 51 (1.00 g, 4.60 mmol), K2CO3 (1.27 g, 9.19 mmol) and commercially 

available (3R,5S)-3,5-dimethylpiperidine (520 mg, 4.60 mmol) in acetonitrile (60mL) was 

heated to 90 oC for 1 h. The mixture was cooled, solvent removed, diluted with EtOAc (50 mL) 

and washed with brine (50 mL). The organic layer was isolated, dried over MgSO4, filtered, 

solvent removed under reduced pressure. The material was purified by flash chromatography 

on silica gel using hexane:EtOAc (0-10%) gradient to afford the title compound (1.12 g, 77%) 

as a yellow solid.  1H NMR (300 MHz, CDCl3) δ 10.24 (s, 1H), 7.93 (d, J= 1.0, 1H), 3.23 

(ddd, J= 11.8, 4.0, 1.9, 2H), 2.87 (dd, J= 11.9, 3.3, 2H), 2.01 – 1.79 (m, 2H), 1.16 – 0.68 (m, 

8H). RP-UPLC tR = 1.404 min (method 2, purity 98%); LC-MS ESI, m/z 311.0 [M+H]+ (anal. 

calcd. for C15H16ClFN2O2, m/z = 310.8). 

 

 

(2R,6S)-4-(3-chloro-5-(1,3-dioxolan-2-yl)-7-fluorobenzo[d]isoxazol-6-yl)-2,6-

dimethylpiperazine-1-carbonitrile (53a). A mixture of 52a (451 mg, 1.34 mmol), ethane-1,2-
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diol (299 µL, 5.36 mmol) and p-TSA (13 mg, 0.067 mmol) in toluene (50 mL) was heated to 

130 oC  for 16 h with azeoptropic removal of water, using a Dean-Stark Trap. The mixture was 

cooled, solvent removed, diluted with EtOAc (10 mL) and washed with NaHCO3 (10 mL)and 

water (10 mL). The organic layer was isolated, dried over Na2SO4, filtered, solvent removed 

under reduced pressure. The material was purified by flash chromatography on silica gel using 

hexane:EtOAc (0-40%) gradient to afford the title compound (328 mg, 57%) as a pale yellow 

solid. RP-UPLC tR = 3.751 min (method 1, purity 89%); LC-MS ESI, m/z 381.1 [M+H]+ (anal. 

calcd. for C17H18ClFN4O3, m/z = 380.8). 

 

 

3-chloro-6-((3R,5S)-3,5-dimethylpiperidin-1-yl)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazole (53b). Prepared as described for 53a with 52b (1.12 g, 3.60 mmol), 

ethane-1,2-diol (1.21 mL, 21.6 mmol) and p-TSA (48 mg, 0.250 mmol). Flash column 

chromatography using hexane:EtOAc (90:10), afforded the title compound (1.16 g, 87%) as a 

yellow oil. 1H NMR (300 MHz, CDCl3) δ 7.70 (d, J= 1.0, 1H), 6.17 (s, 1H), 4.30 – 4.15 (m, 

2H), 4.15 – 4.01 (m, 2H), 3.21 – 3.12 (m, 2H), 2.74 (td, J= 11.0, 3.4, 2H), 1.84 (ddt, J= 10.7, 

3.5, 1.9, 2H), 0.99 – 0.69 (m, 8H). RP-UPLC tR = 1.460 min (method 2, purity 96%); LC-MS 

ESI, m/z 355.0 [M]+ (anal. calcd. for C17H20FN2O3, m/z = 354.8). 
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(2S,6R)-4-(5-(1,3-dioxolan-2-yl)-7-fluoro-3-(1H-1,2,4-triazol-1-yl)benzo[d]isoxazol-6-yl)-

2,6-dimethylpiperazine-1-carbonitrile (54a). In a sealed tube, a mixture of 53a (300 mg, 0.788 

mmol), 1H-1,2,4-triazole (54 mg, 0.788 mmol) and sodium hydride (38 mg, 1.58 mmol) in 

DMF (2 mL) were heated to 90 °C for 2h. A dark brown solution was obtained and cooled to 

RT. Solvent was removed to afford a brown residue. The residue was adsorbed onto flash silica 

and purified by flash chromatography using DCM:MeOH (95:5). The last fraction was isolated, 

solvent removed to afford the title compound (192 mg, 55 %) as an off-white solid. RP-UPLC 

tR = 1.051 min (method 2, purity 93%); LC-MS ESI, m/z 414.2 [M+H]+ (anal. calcd. for 

C19H20FN7O3, m/z = 413.2). 

 

 

(2R,6S)-4-(5-(1,3-dioxolan-2-yl)-7-fluoro-3-((S)-3-hydroxypyrrolidin-1-yl)benzo[d]isoxazol-

6-yl)-2,6-dimethylpiperazine-1-carbonitrile (54b). In a sealed tube, a mixture of 53a (301 mg, 

0.789 mmol), commercially available (S)-pyrrolidin-3-ol (138 mg, 1.58 mmol) and DBU (238 

µL, 1.58 mmol) in acetonitrile (2 mL) were heated to 110 oC for 16 h. A The mixture was 

cooled, solvent removed, diluted with EtOAc (10 mL) and washed with and water (10 mL). 

The organic layer was isolated, dried over Na2SO4, filtered, solvent removed under reduced 

pressure. The material was purified by flash chromatography on silica gel using hexane:EtOAc 

(5:95) gradient to afford the title compound (262 mg, 77%) as an off-white solid. RP-UPLC tR 

= 3.06 min (method 2, purity 100%); LC-MS ESI, m/z 432.2 [M]+ (anal. calcd. for 

C21H26FN5O4, m/z = 431.5). 
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(2R,6S)-4-(5-(1,3-dioxolan-2-yl)-7-fluoro-3-((R)-3-hydroxypyrrolidin-1-yl)benzo[d]isoxazol-

6-yl)-2,6-dimethylpiperazine-1-carbonitrile (54c). Prepared as described for 54b with 53a (302 

mg, 0.792 mmol), commercially available (R)-pyrrolidin-3-ol (138 mg, 1.58 mmol) and DBU 

(241 mg, 1.58 mmol). Flash column chromatography using hexane:EtOAc (20:80), afforded 

the title compound (237 mg, 69%) as an off-white solid. RP-UPLC tR = 3.06 min (method 1, 

purity 100%); LC-MS ESI, m/z 432.2 [M+H]+ (anal. calcd. for C21H26FN5O4, m/z = 431.5). 

 

 

(2R,6S)-4-(5-(1,3-dioxolan-2-yl)-7-fluoro-3-(((S)-5-oxopyrrolidin-2-

yl)methoxy)benzo[d]isoxazol-6-yl)-2,6-dimethylpiperazine-1-carbonitrile (54d). In a sealed 

tube, a mixture of (S)-5-(hydroxymethyl)pyrrolidin-2-one (272 mg, 2.36 mmol) and sodium 

hydride 60% dispersion in mineral oil (94 mg, 2.36 mmol) in DMF (4 mL) were heated to 30 

°C for 30 min. This was followed but the addition of 53a (300 mg, 0.788 mmol) and the 

reaction mixture was stirred at 30 °C for 16 h. The mixture was cooled, solvent removed and 

the material was purified by flash chromatography on silica gel using DCM:MeOH (90:10) 

gradient to afford the title compound (312 mg, 85%) as a colourless oil. RP-UPLC tR = 1.016 

min (method 2, purity 99%); LC-MS ESI, m/z 460.1 [M+H]+ (anal. calcd. for C22H26FN5O5, 

m/z = 459.5). 
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(S)-5-(((6-((3R,5S)-3,5-dimethylpiperidin-1-yl)-5-(1,3-dioxolan-2-yl)-7-

fluorobenzo[d]isoxazol-3-yl)oxy)methyl)pyrrolidin-2-one (54e). Prepared as described for 54b 

with 53b (300 mg, 0.846 mmol), (S)-5-(hydroxymethyl)pyrrolidin-2-one (195 mg, 1.69 mmol) 

and sodium hydride 60% dispersion in mineral oil (68 mg, 1.69 mmol). Flash column 

chromatography using hexane:EtOAc (20:80), afforded the title compound (358 mg, 91%) as 

a pale-yellow oil. RP-UPLC tR = 1.256 min (method 2, purity 93%); LC-MS ESI, m/z 434.1 

[M+H]+ (anal. calcd. for C22H28FN3O5, m/z = 433.5). 

 

Scheme S3: Synthesis of amine S11.a 

 

aReagents and conditions: (a) NaBH4, MeOH, 0-20 oC, 0.5h, 99%; (b) Ac2O, DMAP, Pyr, 

110oC, 2h, 19-28%; (c) NaOH, EtOH, 100oC, 24h, 99%; (d)Pd(OH)2/C, conc. HCl, MeOH, 

27 oC, 3h, 82%.  
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1-benzyl-3,5-dimethylpiperidin-4-ol (S7). To a mixture of commercially available rel-(3R,5S)- 

1-benzyl-3,5-dimethylpiperidin-4-one (1.17 g, 5.38 mmol) (S6) in methanol (25 mL), sodium 

borohydride (285 mg, 7.54 mmol) was added at 0 oC, and stirred at 20 oC for 30 min. The 

reaction mixture was quenched with sat. NaHCO3 solution and extracted with EtOAc (3x50 

mL), dried over sodium sulfate, filtered and solvent removed to afford the title compound as a 

mixture of diastereomers. White solid (1.10 g, 99%). 1H NMR (300 MHz, CDCl3) δ 7.39 – 

7.23 (m, 10H), 3.59 (s, 1H), 3.54 (s, 2H), 3.49 (s, 2H), 2.89 – 2.78 (m, 2H), 2.71 (t, J = 8.9 Hz, 

1H), 2.57 – 2.52 (m, 2H), 2.05 – 1.92 (m, 4H), 1.79 – 1.64 (m, 4H), 0.99 – 0.94 (m, 12H). LC-

MS ESI, m/z 220.3 [M+H]+ (anal. calcd. for C14H21NO, m/z = 219.3). Note: NMR shows 

presence of both diastereomers. 

 

 

To a pressure tube containing a solution of S7 and 4-(dimethylamino)pyridine (9.36 mg, 0.0766 

mmol) in pyridine (7 mL), acetic anhydride (1.09 mL, 11.5 mmol) was added and the reaction 

mixture heated to 110 oC for 2 h. The reaction mixture was cooled and excess pyridine 

evaporated. The residue was diluted with water and extracted with chloroform (2x60 mL). The 

organic phases were isolated, combined, dried over sodium sulfate, filtered and solvent 

removed under reduced pressure to afford a mixture of diastereomers. The isomers were 

separated by flash chromatography using hexane:EtOAc (0-10%) gradient to afford two 

diastereomers. Trans-(3S,4r,5R)-1-benzyl-3,5-dimethylpiperidin-4-yl acetate (S9). Colourless 

oil (687 mg, 28%). 1H NMR (300 MHz, CDCl3) δ 7.39 – 7.23 (m, 5H), 4.33 (t, J = 9.7 Hz, 1H), 

3.50 (s, 2H), 2.90 – 2.84 (m, 2H), 2.11 (s, 3H), 1.95 – 1.73 (m, 4H), 0.83 (d, J = 6.1 Hz, 6H). 
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RP-UPLC tR = 0.241 min (method 2, purity 82%); LC-MS ESI, m/z 262.3 [M+H]+ (anal. calcd. 

for C16H23NO2, m/z = 261.4). 

 

Cis-(3S,4s,5R)-1-benzyl-3,5-dimethylpiperidin-4-yl acetate (S8). White solid (514 mg, 19%). 

1H NMR (300 MHz, CDCl3) δ 7.38 – 7.24 (m, 5H), 5.09 (s, 1H), 3.53 (s, 2H), 2.57 (d, J = 7.8 

Hz, 2H), 2.12 (s, 3H), 2.08 – 1.87 (m, 4H), 0.82 (d, J = 6.4 Hz, 6H). RP-UPLC tR = 0.206 min 

(method 2, purity 74%); LC-MS ESI, m/z 262.3 [M+H]+ (anal. calcd. for C16H23NO2, m/z = 

261.4). 

 

(3S,4r,5R)-1-benzyl-3,5-dimethylpiperidin-4-ol (S10). To a solution S9 (680 mg, 2.60 mmol) 

in ethanol (0.700 mL) was added 5N sodium hydroxide (3.67 mL, 18.4 mmol) in a pressure 

vial. This reaction mixture was heated to 100 oC for 24 h. The reaction mixture was cooled, 

diluted with water and extracted with EtOAc (2x50 mL). The organic phases were isolated, 

dried over sodium sulfate, filtered and solvent removed to afford the title compound (570 mg, 

99%) as a yellow solid. 1H NMR (300 MHz, MeOD) δ 7.37 – 7.24 (m, 5H), 3.50 (s, 2H), 2.89 

– 2.80 (m, 2H), 2.59 (t, J = 9.3 Hz, 1H), 1.79 – 1.57 (m, 4H), 0.96 (d, J = 6.2 Hz, 6H). LC-MS 

ESI, m/z 220.2 [M+H]+ (anal. calcd. for C14H21NO, m/z = 219.3). 

 

 

(3S,4r,5R)-3,5-dimethylpiperidin-4-ol hydrochloride (S11). To a solution of S10 (565 mg, 2.58 

mmol) in methanol (12 mL) was added palladium hydroxide on carbon (72 mg, 0.520 mmol), 
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followed by 6 drops of conc. HCl and stirred for 3 h at 27 oC under a hydrogen atmosphere. 

The reaction mixture was filtered through a pad of Celite, washed with MeOH and solvent 

evaporated under reduced pressure. EtOH was added and evaporated once again to afford the 

title compound (350 mg, 82%) as a white solid. 1H NMR (300 MHz, MeOD) δ 3.14 (dd, J = 

12.6, 2.9 Hz, 2H), 2.81 (t, J = 9.9 Hz, 1H), 2.49 (t, J = 12.4 Hz, 2H), 1.72 – 1.53 (m, 2H), 1.04 

(d, J = 6.5 Hz, 6H). LC-MS ESI, m/z 130.2 [M+H]+ (anal. calcd. for C7H15NO, m/z = 129.2). 

 

Figure S2: 1H NMR spectrum of S11. 

 

 

Intermediates from Scheme 5 
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6-((3R,5R)-3,5-dimethylpiperazin-1-yl)-7-fluoro-3-(5-methyl-1,3,4-oxadiazol-2-

yl)benzo[d]isoxazole-5-carbaldehyde (56). In a sealed tube, a mixture of 6,7-difluoro-3-(5-

methyl-1,3,4-oxadiazol-2-yl)-1,2-benzoxazole-5-carbaldehyde (500 mg, 1.89 mmol),2 

commercially available (2R,6R)-2,6-dimethylpiperazine dichloride (388 mg, 2.07 mmol) and 

K2CO3 (781 mg, 5.66 mmol) in a mixture of acetonitrile (20 mL):water (1 mL), was heated to 

90 °C for 13 h. Then, the reaction mixture was cooled and solvent was removed under reduced 

pressure. The residue was taken up in EtOAc (50 mL) and washed with water (2x50 mL). The 

aqueous layers were combined and extracted with fresh EtOAc (50 mL), which was then 

washed with water and brine. The organic layers were combined, dried over MgSO4, filtered, 

and solvent removed under reduced pressure. The material was purified by flash 

chromatography on silica gel using hexane:CH2Cl2 (0-10%) gradient to afford the title 

compound (623 mg, 92%) as a yellow solid. 1H NMR (300 MHz, DMSO-d6) δ 10.32 (s, 1H), 

8.32 (s, 1H), 3.02 – 2.92 (m, 2H), 2.72 (s, 3H), 1.12 (d, J = 6.4 Hz, 6H). (Note: 4 aliphatic 

protons masked by water peak at 3.3ppm and NH peak not observed). RP-UPLC tR = 0.639 

min (method 2, purity 100%); LC-MS ESI, m/z 360.1 [M+H]+ (anal. calcd. for C17H18FN5O3, 

m/z = 359.4). 

 

 

(2R,6R)-4-(7-fluoro-5-formyl-3-(5-methyl-1,3,4-oxadiazol-2-yl)benzo[d]isoxazol-6-yl)-2,6-

dimethylpiperazine-1-carbonitrile (57). Cyanic bromide (273 mg, 2.58 mmol) and K2CO3 (357 

mg, 2.58 mmol) were added to a solution of 56 (618 mg, 1.72 mmol) in acetone (10 mL) and 

resulting reaction mixture was stirred at 27 °C for 9 h. Then the solvent was removed under 

reduced pressure and residue was taken up in DCM (20 mL) and washed with water (2x10 
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mL). The aqueous phases were combined and re-extracted with fresh DCM (20 mL). The 

organic phases were combined,  dried over Na2SO4, filtered and solvent removed under 

reduced pressure. The material was purified by flash chromatography on silica gel using 

hexane:EtOAc (0-90%) gradient to afford the title compound as a white solid (506 mg, 

77%). 1H NMR (300 MHz, DMSO-d6) δ 10.37 (s, 1H), 8.40 (s, 1H), 3.87 – 3.75 (m, 2H), 3.53 

(d, J = 12.5 Hz, 2H), 3.21 – 3.08 (m, 2H), 2.72 (s, 3H), 1.32 (d, J = 6.6 Hz, 6H). RP-UPLC tR 

= 1.041 min (method 2, purity 100%); LC-MS ESI, m/z 385.1 [M+H]+ (anal. calcd. for 

C18H17FN6O3, m/z = 384.4). 

 

 

7-fluoro-6-((3S,4r,5R)-4-hydroxy-3,5-dimethylpiperidin-1-yl)-3-(5-methyl-1,3,4-oxadiazol-2-

yl)benzo[d]isoxazole-5-carbaldehyde (58). In a sealed tube, a mixture of 6,7-difluoro-3-(5-

methyl-1,3,4-oxadiazol-2-yl)-1,2-benzoxazole-5-carbaldehyde (300 mg, 1.13 mmol),2 S13 

(225 mg, 1.36 mmol) and K2CO3 (391 mg, 2.83 mmol) in a mixture of acetonitrile (12 

mL):water (1.2 mL), was heated to 90 °C for 1 h. Then, the reaction mixture was cooled and 

solvent was removed under reduced pressure. The residue was taken up in EtOAc (50 mL) and 

washed with water (2x50 mL). The organic layers were combined, dried over MgSO4, filtered, 

and solvent removed under reduced pressure, to afford the title compound (381 mg, 89%) as a 

pure yellow solid. 1H NMR (300 MHz, CDCl3) δ 10.33 (s, 1H), 8.58 (d, J = 1.0 Hz, 1H), 3.36 

– 3.26 (m, 2H), 3.20 – 3.11 (m, 2H), 2.99 (t, J = 9.7 Hz, 1H), 2.76 (s, 3H), 1.99 – 1.84 (m, 2H), 

1.09 (d, J = 6.5 Hz, 6H). 19F NMR (377 MHz, CDCl3) δ -144.37. 13C NMR (101 MHz, CDCl3) 

δ 189.38, 165.34, 156.28, 155.41 (d, J = 12.4 Hz), , 146.21, 142.59 (d, J = 5.8 Hz), 142.41 (d, 

J = 256 Hz), 131.74, 120.71, 117.15, 80.19, 59.60 (d, J = 4.7 Hz), 39.33, 15.07, 11.06. RP-



S34 
 

UPLC tR = 1.050 min (method 2, purity 99%); LC-MS ESI, m/z 374.4 [M+H]+ (anal. calcd. for 

C18H19FN4O4, m/z = 375.1).  

 

4. Characterization of inactive isomers with unwanted configuration (2S,4R,4aR) and 

positive optical rotation: 

 

(2S,4R,4aR)-11-fluoro-8-((S)-3-hydroxypyrrolidin-1-yl)-2,4-dimethyl-1,2,4,4a-tetrahydro-

2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (8E). White solid (120 mg, 21%). 1H NMR (300 MHz, MeOD) δ 7.22 

(s, 1H), 4.60 – 4.50 (m, 1H), 4.24 – 4.14 (m, 1H), 4.10 - 4.00 (m, 1H), 3.98 – 3.63 (m, 4H), 

3.58 – 3.45 (m, 1H), 3.40 – 3.30 (m, 2H), 3.20 – 3.04 (m, 2H), 2.24 – 1.98 (m, 2H), 1.22 (d, J = 

6.2 Hz, 3H), 1.01 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, MeOD) δ 172.73, 169.43, 

159.95, 154.71 (d, J = 12.9 Hz), 151.12, 136.33 (d, J = 240.0 Hz), 136.12, 122.23, 117.27, 

110.08, 74.29, 73.85, 71.73, 66.51, 58.12 (d, J = 9.8 Hz), 57.80, 55.50, 47.86, 41.21, 35.00, 

18.98, 18.66. RP-HPLC tR = 2.963 min (method 1, purity 99%); LC-MS APCI, m/z 472.1 [M-

H]- (anal. calcd. for C22H24FN5O6, m/z = 473.5). [α]D
20 = +158.3o (c 0.27, MeOH).  

 

(2S,4R,4aR)-11-fluoro-8-((R)-3-hydroxypyrrolidin-1-yl)-2,4-dimethyl-1,2,4,4a-tetrahydro-

2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (9E). White solid (50 mg, 19%). 1H NMR (300 MHz, MeOD) δ 7.21 

(s, 1H), 4.63 – 4.50 (m, 1H), 4.23 – 4.15 (m, 1H), 4.09 – 4.02 (m, 1H), 3.98 – 3.84 (m, 1H), 

3.85 – 3.77 (m, 1H), 3.77 – 3.61 (m, 4H), 3.57 – 3.44 (m, 1H), 3.20 – 3.06 (m, 2H), 2.24 – 1.99 

(m, 2H), 1.22 (d, J = 6.2 Hz, 3H), 1.01 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, MeOD) δ 

171.18, 167.84, 158.43, 153.16 (d, J = 13.2 Hz), 149.57, 134.82 (d, J = 239.7 Hz), 134.60, 

120.68, 115.66, 108.56, 72.68, 72.25, 70.14, 64.90, 56.53 (d, J = 9.5 Hz), 56.31, 53.88, 46.23, 
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39.61, 33.42, 17.36, 17.03. RP-HPLC tR = 2.920 min (method 1, purity 99%); LC-MS 

APCI, m/z 472.1 [M-H]- (anal. calcd. for C22H24FN5O6, m/z = 473.5). [α]D
20 = +142.2o (c 0.27, 

MeOH).  

 

(2S,4R,4aR)-8-((3R,4R)-3,4-dihydroxypyrrolidin-1-yl)-11-fluoro-2,4-dimethyl-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (10E). White solid (99mg, 18%).1H NMR (300 MHz, MeOD) δ 7.10 

(s, 1H), 4.15 – 4.04 (m, 3H), 3.97 – 3.92 (m, 1H), 3.84 – 3.63 (m, 4H), 3.57 – 3.48 (m, 1H), 

3.47 – 3.41 (m, 2H), 3.07 – 2.94 (m, 2H), 1.11 (d, J = 6.2 Hz, 3H), 0.90 (d, J = 6.3 Hz, 3H). 13C 

NMR (101 MHz, MeOD) δ 172.73, 169.42, 160.12, 154.77 (d, J = 12.0 Hz), 151.13, 136.36 

(d, J = 239.9 Hz), 136.17, 122.37, 117.19, 110.05, 76.60 (2C), 74.28, 73.84, 66.52, 58.55, 

58.11 (d, J = 9.8 Hz), 55.55 (2C), 41.22, 18.98, 18.65. RP-HPLC tR = 2.829 min (method 1, 

purity 99%); LC-MS APCI, m/z 488.1 [M-H]- (anal. calcd. for C22H24FN5O7, m/z = 489.5). 

[α]D
20 = +160.8o (c 0.27, MeOH). 

 

(2S,4R,4aR)-8-((3S,4S)-3,4-dihydroxypyrrolidin-1-yl)-11-fluoro-2,4-dimethyl-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (11E). Off-white solid (10 mg, 6%).  1H NMR (300 MHz, MeOD) δ 

7.24 (s, 1H), 4.23 (dd, J = 5.9, 2.9 Hz, 3H), 4.06 (d, J = 8.9 Hz, 1H), 4.00 – 3.79 (m, 4H), 3.53 

(d, J = 10.8 Hz, 2H), 3.17 – 3.06 (m, 2H), 1.22 (d, J = 6.2 Hz, 3H), 1.01 (d, J = 6.3 Hz, 3H). 

13C NMR (151 MHz, MeOD) δ 171.17, 167.84, 158.54, 153.19, 149.57, 135.61, 134.66, 

134.02, 120.72, 115.64, 108.48, 74.94, 72.70, 72.29, 64.86, 56.54, 54.46, 53.97, 53.87, 39.58, 

17.36, 17.04. RP-HPLC tR = 2.835 min (method 1, purity 99%); LC-MS APCI, m/z 488.1 [M-

H]- (anal. calcd. for C22H24FN5O7, m/z = 489.5). [a]D
20 = +117.8o (c 0.23, MeOH). 
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(2S,4R,4aR)-8-((3R,4S)-3,4-dihydroxypyrrolidin-1-yl)-11-fluoro-2,4-dimethyl-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (12E). White solid (52mg, 8%).1H NMR (300 MHz, MeOD) δ 7.18 (s, 

1H), 4.38 – 4.25 (m, 2H), 4.24 – 4.09 (m, 1H), 4.09 – 4.00 (m, 1H), 3.98 – 3.85 (m, 1H), 3.83 

– 3.73 (m, 2H), 3.60 – 3.47 (m, 2H), 3.41 – 3.34 (m, 1H), 3.19 – 3.04 (m, 2H), 1.87 – 1.63 (m, 

1H), 1.22 (d, J = 6.2 Hz, 3H), 1.01 (d, J = 6.3 Hz, 3H). 13C NMR (151 MHz, MeOD) δ 171.14, 

167.84, 158.32, 153.13 (d, J = 12.6 Hz), 149.54, 134.73 (d, J = 239.9 Hz), 134.60, 120.76, 

115.57, 108.26, 72.67, 72.24, 70.83, 64.88, 56.51 (d, J = 9.7 Hz), 56.54, 53.83, 52.77, 52.49, 

39.53, 17.36, 17.04. RP-HPLC tR = 2.849 min (method 1, purity 99%); LC-MS 

APCI, m/z 488.1 [M-H]- (anal. calcd. for C22H24FN5O7, m/z = 489.5). [α]D
20 = +108.5o (c 0.25, 

MeOH).  

  

(2S,4R,4aR)-11-fluoro-8-((S)-3-methoxypyrrolidin-1-yl)-2,4-dimethyl-1,2,4,4a-tetrahydro-

2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (13E). Off-white solid (36 mg, 12%).  1H NMR (300 MHz, MeOD) δ 

7.17 (s, 1H), 4.20 – 4.10 (m, 2H), 4.09 – 4.99 (m, 1H), 4.00 – 3.74 (m, 2H), 3.73 – 3.56 (m, 

5H), 3.38 (s, 3H), 3.19 – 3.02 (m, 2H), 2.20 – 2.10 (m, 2H), 1.22 (d, J = 6.2 Hz, 3H), 1.01 

(d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, MeOD) δ 171.14, 167.80, 158.60, 153.31 (m), 

149.46, 134.91 (d, J = 240.5 Hz), 134.57, 120.76, 115.55, 108.65, 79.79, 72.68, 72.21, 65.08, 

56.56 (d, J = 9.7 Hz), 55.45, 54.05, 53.34, 46.36, 39.73, 30.30, 17.34, 16.99. RP-HPLC tR = 

3.046 min (method 1, purity 96%); LC-MS APCI, m/z 486.1 [M-H]- (anal. calcd. for 

C23H26FN5O6, m/z = 487.5). [α]D
20 = +160.6o (c 0.25, MeOH).  
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(2S,4R,4aR)-11-fluoro-8-((S)-3-(hydroxymethyl)pyrrolidin-1-yl)-2,4-dimethyl-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (14E). Off-white solid (76 mg, 23%). 1H NMR (300 MHz, MeOD) δ 

7.19 (s, 1H), 4.24 – 4.12 (m, 1H), 4.09 – 4.01 (m, 1H), 3.98 – 3.75 (m, 2H), 3.74 – 3.45 (m, 

6H), 3.42 – 3.34 (m, 1H), 3.20 – 3.03 (m, 2H), 2.67 – 2.46 (m, 1H), 2.24 – 2.07 (m, 1H), 1.94 

– 1.75 (m, 1H), 1.22 (d, J = 6.2 Hz, 3H), 1.01 (d, J = 6.4 Hz, 3H). 13C NMR (151 MHz, MeOD) 

δ 171.11, 167.83, 158.32, 153.13 (d, J = 13.0 Hz), 149.51, 134.77 (d, J = 239.8 Hz), 134.54, 

120.61, 115.76, 108.54, 72.66, 72.24, 64.86, 63.27, 56.50 (d, J = 9.6 Hz), 53.88, 50.95, 47.17, 

41.13, 39.62, 27.52, 17.36, 17.04. RP-HPLC tR = 3.015 min (method 1, purity 99%); LC-MS 

APCI, m/z 486.1 [M-H]- (anal. calcd. for C23H26FN5O6, m/z = 487.5). [α]D
20 = +126.9o (c 0.26, 

MeOH).  

 

(2S,4R,4aR)-8-((S)-3-aminopyrrolidin-1-yl)-11-fluoro-2,4-dimethyl-1,2,4,4a-tetrahydro-

2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (16E). Beige solid (9 mg, 5%). 1H NMR (300 MHz, MeOD) δ 7.20 (s, 

1H), 4.25 – 4.15 (m, 1H), 4.10 – 3.99 (m, 1H), 3.96 – 3.84 (m, 1H), 3.84 – 3.70 (m, 3H), 3.70 

– 3.57 (m, 1H), 3.31 – 3.27 (m, 1H), 3.18 – 3.06 (m, 3H), 2.35 – 2.21 (m, 1H), 1.92 (s, 2H), 

1.22 (d, J = 6.2 Hz, 3H), 1.01 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, MeOD) δ 171.68, 

168.27, 158.34, 153.21 (d, J= 12.5 Hz), 150.21, 134.78 (d, J= 240.1 Hz), 134.63, 120.87, 

115.61, 108.42, 72.72, 72.23, 64.95, 56.51 (d, J= 9.5 Hz), 55.19, 53.80, 50.68, 46.62, 42.15, 

39.66, 17.35, 17.03. RP-HPLC tR = 0.666 min (method 2, purity 99%); LC-MS 

APCI, m/z 471.2 [M-H]- (anal. calcd. for C22H25FN6O5, m/z = 472.5). [α]D
20 = +116.1o (c 0.21, 

MeOH). 
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(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-((S)-3-(methylamino)pyrrolidin-1-yl)-1,2,4,4a-

tetrahydro-2'H-spiro[isoxazolo[5',4':4,5]benzo[1,2-b][1,4]oxazino[4,3-d][1,4]oxazine-5,5'-

pyrimidine]-2',4',6'(1'H,3'H)-trione (17E).  Off-white solid (37 mg, 11%). 1H NMR (300 

MHz, MeOD) δ 7.20 (s, 1H), 4.23 – 4.13 (m, 1H), 4.08 – 3.99 (m, 1H), 3.95 – 3.86 (m, 1H), 

3.86 – 3.68 (m, 2H), 3.68 –3.55 (m, 1H), 3.55 – 3.39 (m, 2H), 3.19 – 2.99 (m, 4H), 2.49 (s, 

3H), 2.39 – 2.22 (m, 1H), 2.05 – 1.93 (m, 1H), 1.22 (d, J = 6.2 Hz, 3H), 1.00 (d, J = 6.3 Hz, 

3H). 13CNMR (151 MHz, MeOD) δ 171.71, 168.31, 158.28, 153.17 (d, J= 12.7 Hz), 150.26, 

134.71 (d, J= 239.6 Hz), 134.61, 120.89, 115.60, 108.33, 72.71, 72.23, 64.90, 58.91, 56.50 

(d, J= 9.7 Hz), 53.76, 52.71, 46.68, 39.60, 32.83, 30.07, 17.35, 17.04. RP-HPLC tR = 2.557 

min (method 1, purity 99%); LC-MS APCI, m/z 485.1 [M-H]- (anal. calcd. for 

C23H27FN6O5, m/z = 486.5). [α]D
20 = +97.3o (c 0.26, MeOH).  

 

(2S,4R,4aR)-11-fluoro-8-((S)-3-fluoropyrrolidin-1-yl)-2,4-dimethyl-1,2,4,4a-tetrahydro-

2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (18E). Off-white solid (53 mg, 19%). 1H NMR (300 MHz, MeOD) δ 

7.25 (s, 1H), 5.53 – 5.29 (m, 1H), 4.25 – 4.17 (m, 1H), 4.08 – 4.02 (m, 1H), 3.98 – 3.88 (m, 

1H), 3.88 – 3.76 (m, 3H), 3.76 – 3.64 (m, 1H), 3.41 – 3.34 (m, 2H), 3.20 – 3.08 (m, 2H), 2.40 

– 2.10 (m, 2H), 1.22 (d, J = 6.2 Hz, 3H), 1.01 (d, J = 6.4 Hz, 3H). 13C NMR (151 MHz, MeOD) 

δ 171.22, 167.89, 158.47, 153.40 (d, J= 12.7 Hz), 149.57, 134.89 (d, J= 239.7 Hz), 134.67, 

121.00, 115.43, 108.49, 93.17, 92.01, 72.68, 72.20, 65.10, 56.57, 54.77 (d, J= 23.4 Hz), 46.09, 

39.70, 31.76 (d, J= 21.8 Hz), 17.32, 16.97. RP-UPLC tR = 0.965 min (method 2, purity 99%); 

LC-MS ESI, m/z 474.1 [M-H]- (anal. calcd. for C22H23F2N5O5, m/z = 475.5). [α]D
20 = +9.6o (c 

0.27, MeOH).  
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(S)-1-((2S,4R,4aR)-11-fluoro-2,4-dimethyl-2',4',6'-trioxo-1,1',2,3',4,4a,4',6'-octahydro-

2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidin]-8-yl)pyrrolidine-

3-carbonitrile (19E). Off-white solid (10 mg, 8%). 1H NMR (300 MHz, MeOD) δ 7.22 (s, 1H), 

4.25 – 4.15 (m, 1H), 4.10 – 4.04 (m, 1H), 3.98 – 3.83 (m, 2H), 3.83 – 3.75 (m, 1H), 3.75 – 3.64 

(m, 1H), 3.56 – 3.45 (m, 1H), 3.18 – 3.07 (m, 2H), 3.03 – 2.93 (m, 3H), 2.54 – 2.41 (m, 1H), 

2.40 – 2.28 (m, 1H), 1.22 (d, J = 6.2 Hz, 3H), 1.01 (d, J = 6.3 Hz, 3H). 13C NMR (151 

MHz, MeOD) δ 172.24, 168.80, 158.02, 153.33 (d, J= 13.3 Hz), 150.96, 134.80, 134.70 (d, J= 

240.2 Hz), 121.40, 120.17, 115.30, 107.97, 72.75, 72.22, 64.99, 56.50 (d), 51.20, 42.26, 39.63, 

29.39, 27.81, 17.33, 17.03, 10.74. RP-HPLC tR = 2.750 min (method 1, purity 99%); LC-MS 

APCI, m/z 481.1 [M-H]- (anal. calcd. for C23H23FN6O5, m/z = 482.5). [α]D
20 = +59.5o (c 0.28, 

MeOH).  

 

(2S,4R,4aR)-11-fluoro-8-((S)-3-hydroxypiperidin-1-yl)-2,4-dimethyl-1,2,4,4a-tetrahydro-

2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (21E). Off-white solid (82 mg, 65%). 1H NMR (300 MHz, MeOD) δ 

7.19 (s, 1H), 4.24 – 4.01 (m, 2H), 3.97 – 3.73 (m, 3H), 3.72 – 3.58 (m, 2H), 3.37 – 3.34 (m, 

1H), 3.19 – 2.93 (m, 4H), 2.03 (s, 1H), 1.97 – 1.84 (m, 1H), 1.79 – 1.62 (m, 1H), 1.61 – 1.45 

(m, 1H), 1.22 (d, J = 6.2 Hz, 3H), 1.01 (d, J = 6.4 Hz, 3H). 13C NMR (101 MHz, DMSO) δ 

171.90, 168.61, 161.87, 154.58 (d, J = 17.6 Hz), 150.30, 135.12, 135.57 (d, J = 240.1 Hz), 

121.86, 116.27, 116.25, 109.18, 73.45, 73.02, 66.22, 65.68, 57.27 (d, J = 9.5 Hz), 55.47, 54.70, 

40.44, 32.95, 22.95, 18.15, 17.82. RP-HPLC tR = 3.029 min (method 1, purity 99%); LC-MS 

APCI, m/z 486.1 [M-H]- (anal. calcd. for C23H26FN5O6, m/z = 487.5). [α]D
20 = +164.5o (c 0.28, 

MeOH).  

 



S40 
 

(2S,4R,4aR)-11-fluoro-8-((R)-3-hydroxypiperidin-1-yl)-2,4-dimethyl-1,2,4,4a-tetrahydro-

2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (22E). Off-white solid (91 mg, 31%).H NMR (300 MHz, MeOD) δ 

7.20 (s, 1H), 4.19 (dd, J = 14.2, 2.2 Hz, 1H), 4.05 (d, J = 8.8 Hz, 1H), 3.99 – 3.74 (m, 5H), 

3.73 – 3.59 (m, 1H), 3.40 – 3.28 (m, 1H), 3.20 – 2.93 (m, 4H), 2.10 – 1.86 (m, 1H), 1.84 – 

1.62 (m, 1H), 1.62 – 1.45 (m, 1H), 1.22 (d, J = 6.2 Hz, 3H), 1.01 (d, J = 6.4 Hz, 3H). 13C 

NMR (101 MHz, MeOD) δ 171.92, 168.62, 161.85, 154.66 – 154.06 (m), 150.32, 135.59 (d, 

J = 240.5 Hz), 135.14, 121.86, 116.29, 109.20, 73.46, 73.03, 66.16, 65.70, 57.73, 57.29 (d, J 

= 9.5 Hz), 55.46, 54.70, 40.44, 32.95, 22.93, 18.15, 17.83. RP-HPLC tR = 3.001 min (method 

1, purity 99%); LC-MS APCI, m/z 486.1 [M-H]- (anal. calcd. for C23H26FN5O6, m/z = 487.5). 

[a]D
20 = +122.0o (c 0.26, MeOH). 

  

(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-(((S)-5-oxopyrrolidin-2-yl)methoxy)-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (23E). Off-white solid (25 mg, 8%). 1H NMR (300 MHz, DMSO-d6) δ 

7.89 (s, 1H), 7.11 (s, 1H), 4.38 – 4.19 (m, 2H), 4.14 – 3.86 (m, 3H), 3.86 – 3.59 (m, 2H), 3.58 

– 3.49 (m, 1H), 3.49 – 3.38 (m, 1H), 2.98 – 2.85 (m, 1H), 2.28 – 2.05 (m, 2H), 1.95 – 1.83 (m, 

1H), 1.14 (d, J = 6.1 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, DMSO) δ 177.33, 

171.65, 168.35, 166.30,153.19 (d, JCF= 13. Hz), 150.29, 135.58 (d, JCF= 27.5 Hz), 133.06, 

123.27, 114.44, 105.76, 73.27, 72.57, 72.14, 64.96,56.85 (d, JCF= 9.0 Hz), 55.33, 52.58, 49.04, 

30.04, 23.16, 18.65, 18.59. RP-UPLC tR = 0.990 min (method 2, purity 100%); LC-MS 

ESI, m/z 500.1 [M-H]- (anal. calcd. for C23H24FN5O7, m/z = 501.5). [α]D
20 = +180.5o (c 0.21, 

MeOH).  
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(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-(((R)-5-oxopyrrolidin-2-yl)methoxy)-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (24E). Beige amorphous solid (72 mg, 18%). 1H NMR (300 MHz, 

DMSO-d6) δ 11.57 (s, 2H), 7.88 (s, 1H), 7.12 (s, 1H), 4.43 – 4.16 (m, 2H), 4.15 – 3.88 (m, 3H), 

3.84 – 3.74 (m, 1H), 3.74 – 3.51 (m, 2H), 3.19 – 3.02 (m, 1H), 2.98 – 2.84 (m, 1H), 2.37 – 2.06 

(m, 3H), 2.00 – 1.79 (m, 1H), 1.14 (d, J = 6.0 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H). 13C NMR (151 

MHz, DMSO-d6) δ 177.35, 171.34, 168.09, 166.30, 153.16 (d, J = 13.0 Hz), 149.92, 135.70, 

134.26 (d, J = 240.0 Hz), 123.25, 114.49, 105.77, 73.19, 72.50, 72.15, 64.88, 56.80 (d, J = 8.5 

Hz), 53.65, 52.56, 38.94, 30.07, 23.14, 18.66, 18.60.RP-UPLC tR = 0.915 min (method 2, 

purity 100%); LC-MS ESI, m/z 500.1 [M-H]- (anal. calcd. for C23H24FN5O7, m/z = 501.5). 

[α]D
20 = +38.6o (c 0.37, MeOH).  

 

(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-(((S)-1-methyl-5-oxopyrrolidin-2-yl)methoxy)-

1,2,4,4a-tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-

pyrimidine]-2',4',6'(1'H,3'H)-trione (25E). Beige solid (56 mg, 24%). 1H NMR (300 MHz, 

DMSO-d6) δ 7.09 (s, 1H), 4.63 – 4.34 (m, 2H), 4.12 – 4.02 (m, 1H), 3.99 – 3.88 (m, 2H), 3.86 

– 3.46 (m, 3H), 3.15 – 3.01 (m, 1H), 2.93 – 2.85 (m, 1H), 2.77 (s, 3H), 2.46 – 2.28 (m, 1H), 

2.28 – 2.08 (m, 2H), 1.99 – 1.82 (m, 1H), 1.14 (d, J = 6.6 Hz, 4H), 0.88 (d, J = 6.3 Hz, 3H). 13C 

NMR (151 MHz, DMSO) δ 175.96, 172.17, 168.63, 166.18, 153.09 (d, JCF= 12.8 Hz), 150.82, 

135.74, 134.10 (d, JCF= 240.5 Hz), 123.27, 114.09, 105.44, 72.69, 72.36, 70.78, 64.91, 58.74, 

56.66 (d, JCF= 9.3 Hz), 53.22, 41.86, 30.14, 28.19, 21.00, 18.38, 18.31. RP-UPLC tR = 0.927 

min (method 2, purity 100%); LC-MS ESI, m/z 514.2 [M-H]- (anal. calcd. for 

C24H26FN5O7, m/z = 515.5). [α]D
20 = +164.7o (c 0.24, MeOH).  
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(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-(((S)-5-oxotetrahydrofuran-2-yl)methoxy)-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (26E). Off-white solid (29 mg, 10%). 1H NMR (300 MHz, DMSO-d6) 

δ 11.79 (s, 1H), 11.47 (s, 1H), 7.15 (s, 1H), 5.03 – 4.88 (m, 1H), 4.62 – 4.53 (m, 1H), 4.51 – 

4.40 (m, 1H), 4.08 (d, J = 13.8 Hz, 1H), 3.98 – 3.90 (m, 1H), 3.86 – 3.73 (m, 1H), 3.72 – 3.62 

(m, 1H), 3.58 (d, J = 14.3 Hz, 1H), 3.16 – 3.03 (m, 1H), 2.98 – 2.87 (m, 1H), 2.62 – 2.53 (m, 

2H), 2.43 – 2.24 (m, 1H), 2.20 – 2.02 (m, 1H), 1.14 (d, J = 6.1 Hz, 3H), 0.89 (d, J = 6.3 Hz, 

3H). 13C NMR (101 MHz, DMSO-d6) δ 177.37, 171.33, 168.08, 166.08, 153.27 (d, J = 13.7 

Hz), 149.89, 135.80, 134.10 (d, J = 203.5 Hz), 123.38, 114.36, 105.56, 77.64, 72.52, 72.16, 

72.06, 64.88, 56.83 (d, J = 8.5 Hz), 53.63, 39.05, 28.31, 23.44, 18.68, 18.59. RP-UPLC tR = 

0.953 min (method 2, purity 100%); LC-MS ESI, m/z 501.1 [M-H]- (anal. calcd. for 

C23H23FN4O8, m/z = 502.5). [α]D
20 = +174.0o (c 0.24, MeOH).  

 

(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-(((R)-5-oxotetrahydrofuran-2-yl)methoxy)-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (27E). Off-white solid (25 mg, 11%). 1H NMR (300 MHz, DMSO-d6) 

δ 7.14 (s, 1H), 5.02 – 4.88 (m, 1H), 4.61 – 4.50 (m, 1H), 4.50 – 4.40 (m, 1H), 4.13 – 4.03 (m, 

1H), 3.99 – 3.89 (m, 1H), 3.84 – 3.72 (m, 1H), 3.72 – 3.63 (m, 1H), 3.63 – 3.53 (m, 1H), 3.19 

– 3.03 (m, 1H), 2.98 – 2.84 (m, 1H), 2.63 – 2.53 (m, 2H), 2.43 – 2.24 (m, 1H), 2.17 – 2.04 (m, 

1H), 1.14 (d, J = 6.1 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, DMSO-d6) δ 

177.38, 171.36, 168.12, 166.04, 153.28 (d, J = 12.8 Hz), 149.94, 135.80, 134.29 (d, J = 240.1 

Hz), 123.42, 114.34, 105.56, 77.60, 72.52, 72.16, 72.01, 64.90, 56.83 (d, J = 9.3 Hz), 53.66, 

39.04, 28.32, 23.45, 18.67, 18.59. RP-UPLC tR = 0.954 min (method 2, purity 100%); LC-MS 

ESI, m/z 501.1 [M-H]- (anal. calcd. for C23H23FN4O8, m/z = 502.5). [α]D
20 = +138.5o (c 0.23, 

MeOH).  
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(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-(((R)-2-oxooxazolidin-4-yl)methoxy)-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (28E). Beige solid (29 mg, 9%). 1H NMR (300 MHz, DMSO-d6) δ 7.95 

(s, 1H), 7.07 (s, 1H), 4.51 – 4.40 (m, 1H), 4.40 – 4.29 (m, 2H), 4.28 – 4.17 (m, 2H), 4.13 – 

4.04 (m, 1H), 3.94 (d, J = 8.8 Hz, 1H), 3.86 – 3.73 (m, 1H), 3.71 – 3.56 (m, 2H), 3.17 – 3.03 

(m, 1H), 2.95 – 2.85 (m, 1H), 1.14 (d, J = 6.1 Hz, 3H), 0.89 (d, J = 6.2 Hz, 3H). 19F NMR (377 

MHz, DMSO) δ -157.50 (s, 1H). RP-UPLC tR = 0.888 min (method 2, purity 100%); LC-MS 

ESI, m/z 502.1 [M-H]- (anal. calcd. for C22H22FN5O8, m/z = 503.4). [α]D
20 = +104.6o (c 0.22, 

MeOH). 

 

(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-(((S)-2-oxooxazolidin-4-yl)methoxy)-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (29E). Off-white solid (43 mg, 13%). 1H NMR (300 MHz, DMSO-d6) 

δ 7.95 (s, 1H), 7.07 (s, 1H), 4.50 – 4.40 (m, 1H), 4.39 – 4.29 (m, 2H), 4.29 – 4.19 (m, 2H), 

4.12 – 4.03 (m, 1H), 3.98 – 3.91 (m, 1H), 3.84 – 3.74 (m, 1H), 3.71 – 3.57 (m, 2H), 3.16 – 3.04 

(m, 1H), 2.95 – 2.85 (m, 1H), 1.14 (d, J = 6.1 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H). 19F NMR (377 

MHz, DMSO) δ -157.57 (s, 1H). RP-UPLC tR = 0.888 min (method 2, purity 100%); LC-MS 

ESI, m/z 502.1 [M-H]- (anal. calcd. for C22H22FN5O8, m/z = 503.4). [α]D
20 = +107.2o (c 0.21, 

MeOH). 

 

(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-(((S)-5-oxopyrrolidin-3-yl)methoxy)-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (30E). Off-white solid (67 mg, 21%). 1H NMR (300 MHz, DMSO-d6) 

δ 7.05 (s, 1H), 4.37 – 4.27 (m, 2H), 4.10 – 3.98 (m, 1H), 3.96 – 3.87 (m, 1H), 3.69 – 3.59 (m, 
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1H), 3.50 – 3.34 (m, 2H), 3.19 – 2.80 (m, 4H), 2.44 – 2.30 (m, 1H), 2.16 – 2.03 (m, 1H), 1.11 

(d, J = 6.1 Hz, 3H), 0.86 (d, J = 6.3 Hz, 3H). 13C NMR (151 MHz, DMSO-d6) δ 176.81, 172.13, 

168.67, 166.25, 153.08 (d, J = 12.9 Hz), 150.82, 135.70, 134.18 (d, J = 240.1 Hz), 123.31, 

114.23, 105.59, 72.62, 72.32, 72.24, 64.95, 56.73 (d, J = 9.3 Hz), 53.30, 44.29, 41.84, 33.55, 

33.31, 18.51, 18.46. RP-UPLC tR = 0.891 min (method 2, purity 100%); LC-MS 

ESI, m/z 500.1 [M-H]- (anal. calcd. for C23H24FN5O7, m/z = 501.5). [α]D
20 = +168.8o (c 0.24, 

MeOH). 

 

(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-(((R)-5-oxopyrrolidin-3-yl)methoxy)-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (31E). Off-white solid (35 mg, 13%).1H NMR (600 MHz, DMSO-d6) 

δ 7.55 (s, 1H), 7.06 (s, 1H), 4.35 – 4.28 (m, 2H), 4.07 – 4.01 (m, 1H), 3.94 – 3.87 (m, 1H), 

3.78 – 3.70 (m, 1H), 3.68 – 3.60 (m, 1H), 3.51 – 3.46 (m, 1H), 3.42 – 3.36 (m, 1H), 3.14 – 3.02 

(m, 2H), 2.94 – 2.83 (m, 2H), 2.33 – 2.27 (m, 1H), 2.09 – 2.03 (m, 1H), 1.11 (d, J = 6.2 Hz, 

3H), 0.85 (d, J = 6.3 Hz, 3H). 13C NMR (151 MHz, DMSO-d6) δ 176.11, 171.93, 168.61, 

166.26, 153.13 (d, J = 12.8 Hz), 150.67, 135.72, 134.24 (d, J = 240.0 Hz), 123.41, 114.26, 

105.65, 72.58, 72.45, 72.13, 64.94, 56.81 (d, J = 8.9 Hz), 53.42, 44.34, 39.06, 33.70, 33.36, 

18.63, 18.62. RP-UPLC tR = 0.888 min (method 2, purity 98%); LC-MS ESI, m/z 500.1 [M-

H]- (anal. calcd. for C23H24FN5O7, m/z = 501.5). [α]D
20 = +175.9o (c 0.23, MeOH). 

 

(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-(2-((S)-5-oxopyrrolidin-2-yl)ethoxy)-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (32E). Beige solid (44 mg, 10%). 1H NMR (300 MHz, DMSO-d6) δ 

11.59 (s, 2H), 7.81 (s, 1H), 7.10 (s, 1H), 4.50 – 4.31 (m, 2H), 4.12 – 4.01 (m, 1H), 3.96 – 3.89 

(m, 1H), 3.86 – 3.72 (m, 2H), 3.72 – 3.63 (m, 1H), 3.60 – 3.52 (m, 1H), 3.16 – 3.04 (m, 1H), 
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2.97 – 2.85 (m, 1H), 2.23 – 2.06 (m, 3H), 2.02 – 1.89 (m, 2H), 1.79 – 1.61 (m, 1H), 1.14 (d, J = 

6.1 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, DMSO-d6) δ 177.05, 171.39, 

168.08, 166.18, 153.11 (d, J = 12.5 Hz), 149.94, 135.63, 134.33 (d, J = 240.2 Hz), 123.14, 

114.34, 105.97, 72.53, 72.16, 68.16, 64.93, 56.93 – 56.72 (m), 53.59, 51.08, 39.07, 35.97, 

30.29, 27.31, 18.67, 18.59. RP-UPLC tR = 0.954 min (method 2, purity 97%); LC-MS 

ESI, m/z 514.1 [M-H]- (anal. calcd. for C24H26FN5O7, m/z = 515.5). [α]D
20 = +151.7o (c 0.24, 

MeOH). 

 

(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-((5-methyl-1,3,4-oxadiazol-2-yl)methoxy)-1,2,4,4a-

tetrahydro-2'H,6H-spiro[isoxazolo[4,5-g][1,4]oxazino[4,3-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (33E). Off-white solid (60 mg, 68%). 1H NMR (400 MHz, DMSO-d6) 

δ 11.65 (s, 2H), 7.13 (d, J = 1.1 Hz, 1H), 5.66 (s, 2H), 4.12 – 4.03 (m, 1H), 3.98 – 3.91 (m, 

1H), 3.84 – 3.73 (m, 1H), 3.73 – 3.62 (m, 1H), 3.59 – 3.52 (m, 1H), 3.15 – 3.05 (m, 1H), 2.97 

– 2.88 (m, 1H), 2.54 (s, 3H), 1.14 (d, J = 6.2 Hz, 3H), 0.89 (d, J = 6.4 Hz, 3H). 13C NMR (101 

MHz, DMSO-d6) δ 171.38, 168.12, 165.61 – 164.97 (m), 161.87, 153.50 (d, J = 13.0 Hz), 

149.97, 135.96, 134.19 (d, J = 240.3 Hz), 114.22 (d, J = 3.3 Hz), 105.10, 72.55, 72.16, 64.95, 

61.68, 56.83 (d, J = 9.4 Hz), 53.50, 18.66, 18.58, 10.93. 19F NMR (377 MHz, DMSO-d6) δ -

157.50. RP-UPLC tR = 0.983 min (method 2, purity 100%); LC-MS ESI, m/z 499.1 [M-H]- 

(anal. calcd. for C22H21FN6O7, m/z = 500.4). [α]D
20 = +194o (c 0.27, MeOH). 

  

(2S,4R,4aR)-11-fluoro-2,4-dimethyl-8-((S)-4-methyl-2-oxooxazolidin-3-yl)-2,3,4,4a-

tetrahydro-1H,2'H,6H-spiro[isoxazolo[4,5-g]pyrazino[1,2-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (34E). White solid (30 mg, 5.0%). 1H NMR (300 MHz, MeOD) δ 7.63 

(s, 1H), 4.69 (dd, J = 8.7, 5.8 Hz, 2H), 4.32 – 4.15 (m, 3H), 3.36 – 3.31 (m, 2H), 3.29-3.07 (m, 

3H) 1.51 (d, J = 5.1 Hz, 3H), 1.25 (d, J = 6.3 Hz, 3H), 1.04 (d, J = 6.6 Hz, 3H). 13C NMR (151 
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MHz, DMSO-d6) δ 172.58, 169.41, 154.26, 153.34 (d, J = 12.8 Hz), 152.48, 150.20, 135.79, 

133.75 (d, J = 236.5 Hz), 123.42, 118.48, 107.70, 70.55, 66.95, 53.42, 53.50, 52.66, 51.55, 

40.56, 39.67, 21.45, 19.40, 17.75. RP-UPLC tR = 2.93 min (method 1, purity 98%); LC-MS 

ESI, m/z 487.2 [M+H]+ (anal. calcd. for C22H23FN6O6, m/z = 486.5). [α]D
20 = +131o (c 0.5, 

MeOH).  

  

(2S,4R,4aR)-11-fluoro-3-hydroxy-2,4-dimethyl-8-((S)-4-methyl-2-oxooxazolidin-3-yl)-

2,3,4,4a-tetrahydro-1H,2'H,6H-spiro[isoxazolo[4,5-g]pyrazino[1,2-a]quinoline-5,5'-

pyrimidine]-2',4',6'(1'H,3'H)-trione (35E). Light pink solid (40 mg, 8.0%). 1H NMR (300 

MHz, DMSO-d6) δ 11.76 (s, 1H), 11.45 (s, 1H), 8.05 (s, 1H), 7.58 (s, 1H), 4.72 – 4.60 (m, 2H), 

4.19 (dd, J = 7.6, 4.3 Hz, 1H), 4.12 – 3.97 (m, 2H), 3.61 (d, J = 14.4 Hz, 1H), 3.11-3.02 (m, 

1H), 2.88 (d, J = 14.4 Hz, 1H), 2.78-2.63 (m, 2H), 1.41 (d, J = 5.8 Hz, 3H), 1.10 (d, J = 5.9 

Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H). 13C NMR (151 MHz, DMSO-d6) δ 172.40, 171.54, 168.34, 

154.46, 153.87 (d, J = 12.5 Hz), 152.62, 149.97, 135.52 (d, J = 240.3 Hz), 123.21, 118.35, 

107.36, 70.71, 64.08, 62.84, 61.52, 54.88, 53.97, 53.31, 39.03, 17.99, 17.19, 16.19. RP-

UPLC tR = 3.606 min (method 1, purity 98%); LC-MS ESI, m/z 503.1 [M+H]+ (anal. calcd. for 

C22H23FN6O7, m/z = 502.5). [α]D
20 = +136o (c 1.0, MeOH).  

 

(2S,4R,4aR)-3-acetyl-11-fluoro-2,4-dimethyl-8-((S)-4-methyl-2-oxooxazolidin-3-yl)-2,3,4,4a-

tetrahydro-1H,2'H,6H-spiro[isoxazolo[4,5-g]pyrazino[1,2-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (36E). White solid (55 mg, 19%). 1H NMR (300 MHz, DMSO-d6) δ 

11.40 (br s, 2H), 7.63 (s, 1H), 4.87 (s, 1H), 4.74 – 4.63 (m, 2H), 4.28 – 4.18 (m, 1H), 4.11 – 

4.00 (m, 1H), 3.93 – 3.76 (m, 2H), 3.64 – 3.54 (m, 1H), 3.45 – 3.40 (m, 2H), 1.89 (s, 3H), 1.42 

(d, J = 5.7 Hz, 3H), 1.34 (d, J = 7.2 Hz, 3H), 1.21 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, 

DMSO-d6) δ 172.26, 170.31, 169.37, 154.60, 152.68, 150.19, 127.29, 122.67, 120.03, 118.85 
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(2C), 108.75, 94.16, 70.76, 65.95, 53.23 (2C), 48.57, 43.62, 35.41, 22.92, 21.65, 17.88 

(2C). RP-UPLC tR = 0.777 min (method 2, purity 98%); LC-MS ESI, m/z 529.2 

[M+H]+ (anal. calcd. for C24H25FN6O7, m/z = 528.4). [α]D
20 = +135o (c 0.4, MeOH).  

 

(2S,4R,4aR)-11-fluoro-8-((S)-3-hydroxypyrrolidin-1-yl)-2,4-dimethyl-2',4',6'-trioxo-

1,1',2,3',4,4a,4',6'-octahydro-2'H,3H,6H-spiro[isoxazolo[4,5-g]pyrazino[1,2-a]quinoline-

5,5'-pyrimidine]-3-carbonitrile (40E). Off-white solid (135 mg, 27%). 1H NMR (300 

MHz, MeOD) δ 7.14 (s, 1H), 4.12 (d, J = 9.3 Hz, 1H), 4.09 – 4.01 (m, 1H), 3.76 – 3.35 (m, 

7H), 3.28 (dd, J = 14.3, 1.7 Hz, 1H), 3.18 – 3.06 (m, 1H), 3.01 (d, J = 14.2 Hz, 1H), 2.05 – 

1.89 (m, 2H), 1.30 (d, J = 6.5 Hz, 3H), 1.09 – 1.05 (m, 3H). 13C NMR (101 MHz, MeOD) δ 

172.20, 169.39, 160.00, 154.64, 150.97, 137.95, 135.83, 122.52, 117.30, 114.94, 111.09, 71.70, 

65.09, 57.85, 56.50, 55.96, 47.88, 41.15, 35.02, 30.85, 24.41, 16.77, 16.44. RP-UPLC tR = 

2.744 min (method 1, purity 80%); LC-MS ESI, m/z 496.1 [M-H]- (anal. calcd. for 

C23H24FN7O5, m/z = 497.5). [α]D
20 = +139o (c 0.24, MeOH). 

 

(2S,4R,4aR)-11-fluoro-2,4-dimethyl-2',4',6'-trioxo-8-(((S)-5-oxopyrrolidin-2-yl)methoxy)-

1,1',2,3',4,4a,4',6'-octahydro-2'H,3H,6H-spiro[isoxazolo[4,5-g]pyrazino[1,2-a]quinoline-

5,5'-pyrimidine]-3-carbonitrile (42E). Off-white solid (33 mg, 9.8%). 1H NMR (600 MHz, 

DMSO-d6) δ 7.87 (s, 1H), 7.13 (d, J= 1.2 Hz, 1H), 4.32 – 4.19 (m, 2H), 4.08 (d, J= 9.3 Hz, 

1H), 4.01 (dt, J= 14.3, 2.3 Hz, 1H), 3.95 (dd, J= 8.2, 4.4 Hz, 1H), 3.52 – 3.48 (m, 1H), 3.48 – 

3.41 (m, 1H), 3.39 (dd, J= 9.3, 6.8 Hz, 1H), 3.19 (ddd, J= 15.0, 10.7, 1.8 Hz, 1H), 2.93 (dd, J= 

14.3, 1.5 Hz, 1H), 2.29 – 2.21 (m, 1H), 2.21 – 2.08 (m, 2H), 1.91 – 1.83 (m, 1H), 1.26 (d, J= 

6.5 Hz, 3H), 1.00 (d, J= 6.8 Hz, 3H). 13C NMR (151 MHz, DMSO-d6) δ 177.37, 171.59, 

168.78, 166.30, 152.97 (d, J= 13.1 Hz), 150.76, 135.59, 134.54 (d, J= 240.8 Hz), 123.61, 

114.42, 113.67, 106.51, 73.31, 63.46, 55.90 (d, J= 8.1 Hz), 54.98, 54.36, 54.21, 52.55, 39.15, 
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30.04, 23.12, 16.31, 16.22. RP-UPLC tR = 0.883 min (method 2, purity 100%); LC-MS 

ESI, m/z 524.2 [M-H]- (anal. calcd. for C24H24FN7O6, m/z = 525.5). [α]D
20 = +190o (c 0.22, 

MeOH). 

 

(2R,4S,4aS)-11-fluoro-2,4-dimethyl-8-(((S)-5-oxopyrrolidin-2-yl)methoxy)-2,3,4,4a-

tetrahydro-1H,2'H,6H-spiro[isoxazolo[4,5-g]pyrido[1,2-a]quinoline-5,5'-pyrimidine]-

2',4',6'(1'H,3'H)-trione (43E). Beige solid (45 mg, 10%). 1H NMR (300 MHz, DMSO-d6) δ 

11.73 (s, 1H), 11.39 (s, 1H), 7.89 (s, 1H), 7.51 (s, 1H), 7.07 (s, 1H), 4.28 (qd, J= 10.4, 4.7 Hz, 

2H), 3.94 (d, J= 16.6 Hz, 2H), 3.78 (d, J= 9.9 Hz, 1H), 3.56 – 3.42 (m, 2H), 2.95 – 2.82 (m, 

2H), 2.21 – 2.10 (m, 2H), 1.92 – 1.66 (m, 4H), 0.90 (d, J= 6.4 Hz, 3H), 0.65 (d, J= 6.4 Hz, 

3H).– NH Peaks visible. 13C NMR (151 MHz, DMSO-d6) δ 178.11, 172.76, 169.21, 167.18, 

154.11 (d, J= 12.6 Hz), 150.99, 137.68, 135.20 (d, J= 239.8 Hz), 124.55, 114.99, 106.15, 

74.08, 67.48, 59.46 (d, J= 8.5 Hz), 55.45, 53.45, 44.32, 39.94, 33.78, 32.71, 30.99, 24.19, 

20.02, 19.74. RP-UPLC tR = 1.034 min (method 2, purity 96%); LC-MS ESI, m/z 498.2 [M-

H]- (anal. calcd. for C24H26FN6O6, m/z = 499.5). [α]D
20 = +137o (c 0.25, MeOH). 

 

(2R,4R,4aR)-11-fluoro-2,4-dimethyl-8-(5-methyl-1,3,4-oxadiazol-2-yl)-2',4',6'-trioxo-

1,1',2,3',4,4a,4',6'-octahydro-2'H,3H,6H-spiro[isoxazolo[4,5-g]pyrazino[1,2-a]quinoline-

5,5'-pyrimidine]-3-carbonitrile (44E). White solid (26 mg, 4.1%). RP-UPLC tR = 0.961 min 

(method 2, purity 100%); LC-MS ESI, m/z 493.1 [M-H]- (anal. calcd. for C22H19FN8O5, m/z = 

494.4). 

 

(2S,3R,4R,4aS)-11-fluoro-3-hydroxy-2,4-dimethyl-8-(5-methyl-1,3,4-oxadiazol-2-yl)-

2,3,4,4a-tetrahydro-1H,2'H,6H-spiro[isoxazolo[4,5-g]pyrido[1,2-a]quinoline-5,5'-

pyrimidine]-2',4',6'(1'H,3'H)-trione (45E). Light yellow solid (49 mg, 18%). 1H NMR (300 
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MHz, DMSO-d6) δ 11.55 (brs, 2H), 7.60 (s, 1H), 4.73 (d, J = 7.6 Hz, 1H), 3.98 – 3.93 (m, 2H), 

3.74 (d, J = 14.8 Hz, 1H), 3.01 (t, J = 13.0 Hz, 1H), 2.91 (d, J = 14.3 Hz, 1H), 2.75 (q, J = 9.15 

Hz, 1H), 2.68 (s, 3H), 1.73 – 1.63 (m, 2H), 1.01 (d, J= 6.4 Hz, 3H), 0.76 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, DMSO-d6) δ 171.80, 168.44, 165.71, 156.77, 153.53 (d, J = 13.07 Hz), 

150.11, 144.76, 137.01, 133.86 (d, J = 242.57 Hz), 126.63, 115.71, 110.48, 78.92, 64.95, 55.86 

(d, J = 8.12 Hz), 54.55, 40.90, 38.76, 15.57, 14.78, 11.06. Note: one of the peak is for two 

carbons. 19F NMR (377 MHz, DMSO-d6) δ -157.68. RP-UPLC tR = 0.941 min (method 2, 

purity 97%); LC-MS ESI, m/z 485.2 [M+H]+ (anal. calcd. for C22H21FN6O6, m/z = 484.4). 

[α]D
20 = -198o (c 0.19, THF). 

 

5.   DNA gyrase supercoiling assay. 

1 U (unit or the amount of enzyme required to fully supercoil the substrate) of M. 

tuberculosis gyrase was incubated with 0.5 μg of relaxed pBR322 DNA in a 30 μl reaction at 

37°C for 30 minutes under the following conditions: 50 mM HEPES-KOH (pH 7.9), 6 mM 

MgOAc, 4 mM DTT, 1 mM ATP, 100 mM potassium glutamate, 2 mM spermidine and 0.05 

mg/ml BSA. Each reaction was stopped by the addition of 30 μl chloroform/iso-amyl alcohol 

(24:1) and 20 μl Stop Dye (40% sucrose, 100 mM Tris.HCl ( pH 7.5), 10 mM EDTA, 0.5 

μg/ml bromophenol blue), before being loaded on a 1.0% TAE (Tris-acetate 0.04 mM, EDTA 

0.002 mM) gels run at 80V for 3 h. Bands were visualized by ethidium staining for 10 

minutes, de-stained for 10 minutes in water and analyzed by gel documentation equipment 

(Syngene, Cambridge, UK) and quantitated using Syngene Gene Tools software. Raw gel 

data (fluorescent band volumes) collected from Syngene, GeneTools gel analysis software 

were calculated as a % of the 100% control (the fully supercoiled DNA band) and converted 

to % inhibition. The raw gel data was analyzed using SigmaPlot Version 13 (2015). The 
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global curve fit non-linear regression tool was used to calculate IC50 data using the following 

equation: Exponential Decay, Single, 2 Parameter f = a*exp(-b*x). 

 

6.   In vitro ADMET assays 

6.1 Kinetic solubility. Solubility was performed using a miniaturised shake flask method. 10 

mM stock solutions of each compound were used to prepare calibration standards (10-220 

μM) in DMSO. The same 10mM stock solutions were accurately dispensed in duplicate into 

96-well plates and the DMSO dried down (MiVac GeneVac, 90 min, 37 ̊C). Thereafter, the 

samples were reconstituted (200 μM) in aqueous solution and shaken (20 hours, 25 °C). The 

solutions were analysed by means of HPLC-DAD (Agilent 1200 Rapid Resolution HPLC 

with a diode array detector). Solubility was then determined using the peak areas of the 

aqueous samples and the best fit calibration curves constructed using the calibration 

standard.3 

 

6.2 Lipophilicity (LogD7.4). The lipophilicity assay was performed in triplicate using a 

shake-flask procedure. 10 mM stock solutions of each test compound were used to spike (100 

μM) a 1:1 mixture of phosphate buffer (pH 7.4) and n-octanol. The solutions were shaken 

vigorously (1500 rpm) on an orbital shaker for 3 hours at room temperature. Thereafter the 

samples were centrifuged in order to fully separate the two immiscible fluids. The samples 

were analysed by HPLC-DAD (Agilent 1200 Rapid Resolution HPLC with a diode array 

detector) and the amount of compound in the buffer and n-octanol were used to determine the 

partition coefficient, LogD7.4 .4 

 

6.3. Cytotoxicity. Compounds were screened for in vitro cytotoxicity against HepG2 cell line 

using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT)-assay.5 The 
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tetrazolium salt MTT was used to measure all growth and chemosensitivity. The tetrazolium 

ring is cleaved in active mitochondria. Thus, only viable cells are able to reduce the water-

soluble yellow coloured MTT to water-insoluble purple coloured formazan. Formazan 

crystals are dissolved in DMSO. The test samples were tested in triplicate. The test samples 

were prepared to a 20 mg/mL stock solution in 100% DMSO. Stock solutions were stored at -

20 ºC. Further dilutions were prepared in complete medium on the day of the experiment. 

Samples were tested as a suspension if not completely dissolved. Emetine was used as the 

reference drug in all experiments. The initial concentration of emetine was 100 µg/mL, which 

was serially diluted in complete medium with 10-fold dilutions to give 6 concentrations, the 

lowest being 0.001 µg/mL. The same dilution technique was applied to all test samples. The 

highest concentration of solvent to which the cells were exposed to have no measurable effect 

on the cell viability (data not shown). The 50% inhibitory concentration (IC50) values were 

obtained from full dose-response curves, using a non-linear dose-response curve fitting 

analysis via GraphPad Prism v.4 software. 
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7. Sequence alignments 

CLUSTAL O(1.2.4) sequence alignment6 was carried out for GyrA from Mycobacterium 

tuberculosis (MYCTU), Staphylococcus aureus (STAAU) and Escherichia coli (ECOLI). 

Residues highlighted in yellow are those referred to in the text. The residues in green represent 

the QRDR in M. tuberculosis. 

 

 
 

SP|P9WG47|GYRA_MYCTU MTDTTLPPDDSLDRIEPVDIEQEMQRSYIDYAMSVIVGRALPEVRDGLKPVHRRVLYAMF 60 
SP|P20831|GYRA_STAAU ------MAELPQSRINERNITSEMRESFLDYAMSVIVARALPDVRDGLKPVHRRILYGLN 54 
SP|P0AES4|GYRA_ECOLI ------MSDL-AREITPVNIEEELKSSYLDYAMSVIVGRALPDVRDGLKPVHRRVLYAMN 53 
                             :    .*   :* .*:: *::********.****:***********:**.:  
 
SP|P9WG47|GYRA_MYCTU DSGFRPDRSHAKSARSVAETMGNYHPHGDASIYDSLVRMAQPWSLRYPLVDGQGNFGSPG 120 
SP|P20831|GYRA_STAAU EQGMTPDKSYKKSARIVGDVMGKYHPHGDSSIYEAMVRMAQDFSYRYPLVDGQGNFGSMD 114 
SP|P0AES4|GYRA_ECOLI VLGNDWNKAYKKSARVVGDVIGKYHPHGDSAVYDTIVRMAQPFSLRYMLVDGQGNFGSID 113 
                       *   :::: **** *.:.:*:******:::*:::***** :* ** ********** . 
 
SP|P9WG47|GYRA_MYCTU NDPPAAMRYTEARLTPLAMEMLREIDEETVDFIPNYDGRVQEPTVLPSRFPNLLANGSGG 180 
SP|P20831|GYRA_STAAU GDGAAAMRYTEARMTKITLELLRDINKDTIDFIDNYDGNEREPSVLPARFPNLLANGASG 174 
SP|P0AES4|GYRA_ECOLI GDSAAAMRYTEIRLAKIAHELMADLEKETVDFVDNYDGTEKIPDVMPTKIPNLLVNGSSG 173 
                     .*  ******* *:: :: *:: :::::*:**: ****  : * *:*:::****.**:.* 
 
SP|P9WG47|GYRA_MYCTU IAVGMATNIPPHNLRELADAVFWALENHDADEEETLAAVMGRVKGPDFPTAGLIVGSQGT 240 
SP|P20831|GYRA_STAAU IAVGMATNIPPHNLTELINGVLSLSKNP----DISIAELMEDIEGPDFPTAGLILGKSGI 230 
SP|P0AES4|GYRA_ECOLI IAVGMATNIPPHNLTEVINGCLAYIDDE----DISIEGLMEHIPGPDFPTAAIINGRRGI 229 
                     ************** *: :. :   .:     : ::  :*  : *******.:* *  *  
 
SP|P9WG47|GYRA_MYCTU ADAYKTGRGSIRMRGVVEVEED-SRGRTSLVITELPYQVNHDNFITSIAEQVRDGKLAGI 299 
SP|P20831|GYRA_STAAU RRAYETGRGSIQMRSRAVIEE-RGGGRQRIVVTEIPFQVNKARMIEKIAELVRDKKIDGI 289 
SP|P0AES4|GYRA_ECOLI EEAYRTGRGKVYIRARAEVEVDAKTGRETIIVHEIPYQVNKARLIEKIAELVKEKRVEGI 289 
                       **.****.: :*. . :*     **  ::: *:*:***: .:* .*** *:: :: ** 
 
SP|P9WG47|GYRA_MYCTU SNIEDQSSDRVGLRIVIEIKRDAVAKVVINNLYKHTQLQTSFGANMLAIVDGVPRTLRLD 359 
SP|P20831|GYRA_STAAU TDLRDETSLRTGVRVVIDVRKDANASVILNNLYKQTPLQTSFGVNMIALVNGRPKLINLK 349 
SP|P0AES4|GYRA_ECOLI SALRDES-DKDGMRIVIEVKRDAVGEVVLNNLYSQTQLQVSFGINMVALHHGQPKIMNLK 348 
                     : :.*::  : *:*:**::::** ..*::****.:* **.*** **:*: .* *: :.*. 
 
SP|P9WG47|GYRA_MYCTU QLIRYYVDHQLDVIVRRTTYRLRKANERAHILRGLVKALDALDEVIALIRASETVDIARA 419 
SP|P20831|GYRA_STAAU EALVHYLEHQKTVVRRRTQYNLRKAKDRAHILEGLRIALDHIDEIISTIRESDTDKVAME 409 
SP|P0AES4|GYRA_ECOLI DIIAAFVRHRREVVTRRTIFELRKARDRAHILEALAVALANIDPIIELIRHAPTPAEAKT 408 
                     : :  :: *:  *: *** :.****.:*****..*  **  :* :*  ** : *   *   
 
SP|P9WG47|GYRA_MYCTU ----------------------------------GLIELLDIDEIQAQAILDMQLRRLAA 445 
SP|P20831|GYRA STAAU ----------------------------------SLQQRFKLSEKQAQAILDMRLRRLTG 435 
SP|P0AES4|GYRA_ECOLI ALVANPWQLGNVAAMLERAGDDAARPEWLEPEFGVRDGLYYLTEQQAQAILDLRLQKLTG 468 
                                                              : * *******::*::*:. 
 
SP|P9WG47|GYRA_MYCTU LERQRIIDDLAKIEAEIADLEDILAKPERQRGIVRDELAEIVDRHGDDRRTRIIAA-DGD 504 
SP|P20831|GYRA_STAAU LERDKIEAEYNELLNYISELEAILADEEVLLQLVRDELTEIRDRFGDDRRTEIQLGGFED 495 
SP|P0AES4|GYRA_ECOLI LEHEKLLDEYKELLDQIAELLRILGSADRLMEVIREELELVREQFGDKRRTEITAN-SAD 527 
                     **::::  :  ::   *::*  **.. :    ::*:**  : ::.**.***.*      * 
 
SP|P9WG47|GYRA_MYCTU VSDEDLIAREDVVVTITETGYAKRTKTDLYRSQKRGGKGVQGAGLKQDDIVAHFFVCSTH 564 
SP|P20831|GYRA_STAAU LEDEDLIPEEQIVITLSHNNYIKRLPVSTYRAQNRGGRGVQGMNTLEEDFVSQLVTLSTH 555 
SP|P0AES4|GYRA_ECOLI INLEDLITQEDVVVTLSHQGYVKYQPLSEYEAQRRGGKGKSAARIKEEDFIDRLLVANTH 587 
                     :. **** .*::*:*::. .* *    . *.:*.***:* ..    ::*:: ::.. .** 
 
SP|P9WG47|GYRA_MYCTU DLILFFTTQGRVYRAKAYDLPEASRTARGQHVANLLAFQPEERIAQVIQIRGYTDA-PYL 623 
SP|P20831|GYRA_STAAU DHVLFFTNKGRVYKLKGYEVPELSRQSKGIPVVNAIELENDEVISTMIAVKDLESEDNFL 615 
SP|P0AES4|GYRA_ECOLI DHILCFSSRGRVYSMKVYQLPEATRGARGRPIVNLLPLEQDERITAILPVTEFEEGVK-V 646 
                     * :* *:.:****  * *::** :* ::*  :.* : :: :* *: :: :    .    : 
 
SP|P9WG47|GYRA_MYCTU VLATRNGLVKKSKLTDFDSNRSGGIVAVNLRDNDELVGAVLCSAGDDLLLVSANGQSIRF 683 
SP|P20831|GYRA_STAAU VFATKRGVVKRSALSNFSRINRNGKIAISFREDDELIAVRLTSGQEDILIGTSHASLIRF 675 
SP|P0AES4|GYRA_ECOLI FMATANGTVKKTVLTEFNRLRTAGKVAIKLVDGDELIGVDLTSGEDEVMLFSAEGKVVRF 706 
                     .:** .* **:: *::*.  .  * :*:.: :.***:.. * *. ::::: ::... :** 
 
SP|P9WG47|GYRA_MYCTU SATDEALRPMGRATSGVQGMRFNIDDRLLSLNVVREG--TYLLVATSGGYAKRTAIEEYP 741 
SP|P20831|GYRA_STAAU PE--STLRPLGRTATGVKGITLREGDEVVGLDVAHANSVDEVLVVTENGYGKRTPVNDYR 733 
SP|P0AES4|GYRA_ECOLI KE--SSVRAMGCNTTGVRGIRLGEGDKVVSLIVPRGD--GAILTATQNGYGKRTAVAEYP 762 
                         .::* :*  ::**:*: :  .*.::.* * : .    :*..*..**.*** : :*  
 
SP|P9WG47|GYRA_MYCTU VQGRGGKGVLTVMYDRRRGRLVGALIVDDDSELYAVTSGGGVIRTAARQVRKAGRQTKGV 801 
SP|P20831|GYRA_STAAU LSNRGGKGIKTATITERNGNVVCITTVTGEEDLMIVTNAGVIIRLDVADISQNGRAAQGV 793 
SP|P0AES4|GYRA_ECOLI TKSRATKGVISIKVTERNGLVVGAVQVDDCDQIMMITDAGTLVRTRVSEISIVGRNTQGV 822 
                      ..*. **: :    .*.* :*    * . .::  :*..* ::*  . ::   ** ::** 
 
SP|P9WG47|GYRA_MYCTU RLMNLGEGDTLLAIARNAEESGDDNAVDANGA--------DQTGN--------------- 838 
SP|P20831|GYRA_STAAU RLIRLGDDQFVSTVAKVKEDAEDETNEDEQSTSTVSEDGTEQQREAVVNDETPGNAIHTE 853 
SP|P0AES4|GYRA_ECOLI ILIRTAEDENVVGLQRVAEPVDEEDLDTIDGS---AAEGDDEIAPEVDVDDEPEEE---- 875 
                      *:. .:.: :  : :  *   ::     :.:        ::                   
 
SP|P9WG47|GYRA_MYCTU ------------------------------------ 
SP|P20831|GYRA_STAAU VIDSEENDEDGRIEVRQDFMDRVEEDIQQSLDEDEE 889 
SP|P0AES4|GYRA_ECOLI ------------------------------------ 
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CLUSTAL O(1.2.4) sequence alignment was carried out for GyrB from Mycobacterium 

tuberculosis (MYCTU), Staphylococcus aureus (STAAU) and Escherichia coli (ECOLI). 

Residues highlighted in yellow are those referred to in the text. The residues in green represent 

the QRDR in M. tuberculosis. 

 

 
  

SP|P9WG45|GYRB_MYCTU --MAAQKKKAQDEYGAASITILEGLEAVRKRPGMYIGSTG-ERGLHHLIWEVVDNAVDEA 57 
SP|P0A0K8|GYRB_STAAU MVTALSDVNNTDNYGAGQIQVLEGLEAVRKRPGMYIGSTS-ERGLHHLVWEIVDNSIDEA 59 
SP|P0AES6|GYRB_ECOLI ---------MSNSYDSSSIKVLKGLDAVRKRPGMYIGDTDDGTGLHHMVFEVVDNAIDEA 51 
                                :.*.:..* :*:**:***********.*.   ****:::*:***::*** 
 
SP|P9WG45|GYRB_MYCTU MAGYATTVNVVLLEDGGVEVADDGRGIPVATHA-SGIPTVDVVMTQLHAGGKFDSDAYAI 116 
SP|P0A0K8|GYRB_STAAU LAGYANQIEVVIEKDNWIKVTDNGRGIPVDIQEKMGRPAVEVILTVLHAGGKFGGGGYKV 119 
SP|P0AES6|GYRB_ECOLI LAGHCKEIIVTIHADNSVSVQDDGRGIPTGIHPEEGVSAAEVIMTVLHAGGKFDDNSYKV 111 
                     :**:.. : *.:  *. :.* *:*****.  :   *  :.:*::* *******....* : 
 
SP|P9WG45|GYRB_MYCTU SGGLHGVGVSVVNALSTRLEVEIKRDGYEWSQVYEKSEPL-GLKQGAPTKKTGSTVRFWA 175 
SP|P0A0K8|GYRB_STAAU SGGLHGVGSSVVNALSQDLEVYVHRNETIYHQAYKKGVPQFDLKEVGTTDKTGTVIRFKA 179 
SP|P0AES6|GYRB_ECOLI SGGLHGVGVSVVNALSQKLELVIQREGKIHRQIYEHGVPQAPLAVTGETEKTGTMVRFWP 171 
                     ******** *******  **: ::*:     * *::. *   *   . *.***: :**   
 
SP|P9WG45|GYRB_MYCTU DPAVFE-TTEYDFETVARRLQEMAFLNKGLTINLTDERVTQDEVVDEVVSDVAEAPKSAS 234 
SP|P0A0K8|GYRB_STAAU DGEIFTETTVYNYETLQQRIRELAFLNKGIQITLRDERDE-------------------- 219 
SP|P0AES6|GYRB_ECOLI SLETFTNVTEFEYEILAKRLRELSFLNSGVSIRLRDKRDG-------------------- 211 
                     .   *  .* :::* : :*::*::***.*: * * *:*                       
 
SP|P9WG45|GYRB_MYCTU ERAAESTAPHKVKSRTFHYPGGLVDFVKHINRTKNAIHSSIVDFSGKGTGHEVEIAMQWN 294 
SP|P0A0K8|GYRB_STAAU ---------ENVREDSYHYEGGIKSYVELLNENKEPIHDEPIYIHQSKDDIEVEIAIQYN 270 
SP|P0AES6|GYRB_ECOLI ------------KEDHFHYEGGIKAFVEYLNKNKTPIHPNIFYFSTEKDGIGVEVALQWN 259 
                                 :.  :** **:  :*: :*..*  ** . . :  .  .  **:*:*:* 
 
SP|P9WG45|GYRB_MYCTU AGYSESVHTFANTINTHEGGTHEEGFRSALTSVVNKYAKDRKLLKDKDPNLTGDDIREGL 354 
SP|P0A0K8|GYRB_STAAU SGYATNLLTYANNIHTYEGGTHEDGFKRALTRVLNSYGLSSKIMKEEKDRLSGEDTREGM 330 
SP|P0AES6|GYRB_ECOLI DGFQENIYCFTNNIPQRDGGTHLAGFRAAMTRTLNAYMDKEGYSKKAKVSATGDDAREGL 319 
                      *:  .:  ::*.*   :****  **: *:* .:* *  .    *. .   :*:* ***: 
 
SP|P9WG45|GYRB_MYCTU AAVISVKVSEPQFEGQTKTKLGNTEVKSFVQKVCNEQLTHWFEANPTDAKVVVNKAVSSA 414 
SP|P0A0K8|GYRB_STAAU TAIISIKHGDPQFEGQTKTKLGNSEVRQVVDKLFSEHFERFLYENPQVARTVVEKGIMAA 390 
SP|P0AES6|GYRB_ECOLI IAVVSVKVPDPKFSSQTKDKLVSSEVKSAVEQQMNELLAEYLLENPTDAKIVVGKIIDAA 379 
                      *::*:*  :*:*..*** ** .:**:. *::  .* : .::  **  *: ** * : :* 
 
SP|P9WG45|GYRB_MYCTU QARIAARKARELVRRKSATDIGGLPGKLADCRSTDPRKSELYVVEGDSAGGSAKSGRDSM 474 
SP|P0A0K8|GYRB_STAAU RARVAAKKAREVTRRKSALDVASLPGKLADCSSKSPEECEIFLVEGDSAGGSTKSGRDSR 450 
SP|P0AES6|GYRB_ECOLI RAREAARRAREMTRRKGALDLAGLPGKLADCQERDPALSELYLVEGDSAGGSAKQGRNRK 439 
                     :** **::***:.***.* *:..******** . .*  .*:::*********:*.**:   
 
SP|P9WG45|GYRB_MYCTU FQAILPLRGKIINVEKARIDRVLKNTEVQAIITALGTGIH-DEFDIGKLRYHKIVLMADA 533 
SP|P0A0K8|GYRB_STAAU TQAILPLRGKILNVEKARLDRILNNNEIRQMITAFGTGIGGD-FDLAKARYHKIVIMTDA 509 
SP|P0AES6|GYRB_ECOLI NQAILPLKGKILNVEKARFDKMLSSQEVATLITALGCGIGRDEYNPDKLRYHSIIIMTDA 499 
                      ******:***:******:*::*.. *:  :***:* **  * ::  * ***.*::*:** 
 
SP|P9WG45|GYRB_MYCTU DVDGQHISTLLLTLLFRFMRPLIENGHVFLAQPPLYKLKWQRSDPEFAYSDRERDGLLEA 593 
SP|P0A0K8|GYRB_STAAU DVDGAHIRTLLLTFFYRFMRPLIEAGYVYIAQPPLYKLTQGKQK-YYVYNDRELDKLKSE 568 
SP|P0AES6|GYRB_ECOLI DVDGSHIRTLLLTFFYRQMPEIVERGHVYIAQPPLYKVKKGKQE-QYIKDDEAMDQYQIS 558 
                     **** ** *****:::* *  ::* *:*::*******:.  :..  :  .*.  *      
 
SP|P9WG45|GYRB_MYCTU ------------------------------------------------------------ 
SP|P0A0K8|GYRB_STAAU ------------------------------------------------------------ 
SP|P0AES6|GYRB_ECOLI IALDGATLHTNASAPALAGEALEKLVSEYNATQKMINRMERRYPKAMLKELIYQPTLTEA 618 
                                                                                  
 
SP|P9WG45|GYRB_MYCTU ------------------------------------------------------------ 
SP|P0A0K8|GYRB_STAAU ------------------L----------------------------------------- 569 
SP|P0AES6|GYRB_ECOLI DLSDEQTVTRWVNALVSELNDKEQHGSQWKFDVHTNAEQNLFEPIVRVRTHGVDTDYPLD 678 
                                                                                  
 
SP|P9WG45|GYRB_MYCTU -------------------------------GLK-------------AGKKINKEDGIQR 609 
SP|P0A0K8|GYRB_STAAU --------------------------------------------------NPTPKWSIAR 579 
SP|P0AES6|GYRB_ECOLI HEFITGGEYRRICTLGEKLRGLLEEDAFIERGERRQPVASFEQALDWLVKESRRGLSIQR 738 
                                                                       :     .* * 
 
SP|P9WG45|GYRB_MYCTU YKGLGEMDAKELWETTMDPSVRVLRQVTLDDAAAADELFSILMGEDVDARRSFITRNAKD 669 
SP|P0A0K8|GYRB_STAAU YKGLGEMNADQLWETTMNPEHRALLQVKLEDAIEADQTFEMLMGDVVENRRQFIEDNAVY 639 
SP|P0AES6|GYRB_ECOLI YKGLGEMNPEQLWETTMDPESRRMLRVTVKDAIAADQLFTTLMGDAVEPRRAFIEENALK 798 
                     *******: .:******:*. * : :*.:.**  **: *  ***: *: ** **  **   
 
SP|P9WG45|GYRB_MYCTU VRFLDV 675 
SP|P0A0K8|GYRB_STAAU A-NLDF 644 
SP|P0AES6|GYRB_ECOLI AANIDI 804 
                     .  :*. 
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8.   QC data for selected compounds (NMR spectra and UPLC-MS traces) 
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