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 Abstract: Aims: The present work describes the synthesis and the biological evaluation of novel 
compounds acting as pyruvate dehydrogenase kinase (PDK) inhibitors. These drugs should become 
a new therapeutic approach for the treatment of pathologies improved by the control of the blood 
lactate level.  

Methods: Four series of compounds belonging to N-(4-(N-alkyl/aralkylsulfamoyl)phenyl)-2-
methylpropanamides and 1,2,4-benzothiadiazine 1,1-dioxides were prepared and evaluated as PDK 
inhibitors.  

Results: The newly synthesized N-(4-(N-alkyl/aralkylsulfamoyl)phenyl)-2-methylpropanamides 
structurally related to previously reported reference compounds 4 and 5 were found to be potent 
PDK inhibitors (i.e. 10d: IC50 = 41 nM).  1,2,4-Benzothiadiazine 1,1-dioxides carrying a (me-
thyl/trifluoromethyl)-propanamide moiety at the 6-position were also designed as conformationally 
restricted ring-closed analogues of N-(4-(N-alkyl/aralkylsulfamoyl)phenyl)-2-hydroxy-2-methyl-
propanamides. Most of them were found to be less potent than their ring-opened analogues. Inter-
estingly, the best choice of hydrocarbon side chain at the 4-position was the benzyl chain, providing 
11c (IC50 = 3.6 µM) belonging to “unsaturated” 1,2,4-benzothiadiazine 1,1-dioxides, and 12c (IC50 
= 0.5 µM) belonging to “saturated’ 1,2,4-benzothiadiazine 1,1-dioxides.  

Conclusion: This work showed that ring-closed analogues of N-(4-(N-alkyl/aralkylsulfamoyl) phe-
nyl)-2-hydroxy-2-methylpropanamides were less active as PDK inhibitors than their corresponding 
ring-opened analogues. However, the introduction of a bulkier substituent at the 4-position of the 
1,2,4-benzothiadiazine 1,1-dioxide core structure, such as a benzyl or a phenethyl side chain, was 
allowed, opening the way to the design of new inhibitors with improved PDK inhibitory activity.  

A R T I C L E   H I S T O R Y 

 
Received: April 19, 2022 
Revised: June 02, 2022 
Accepted: June 10, 2022 
 
 
DOI:  

10.2174/1573406418666220819102627 

Keywords: Pyruvate dehydrogenase kinase inhibitor, pyruvate dehydrogenase complex, lactate, conformationally restricted 
analogues, benzothiadiazine dioxides, 2-hydroxy-2-(methyl/trifluoromethyl)propanamides. 

1. INTRODUCTION 

Numerous previous works have highlighted the relation 
between deficiency of pyruvate dehydrogenase complex 
(PDC) activity and several physiopathological processes. 
Overproduction of PDKs has been evidenced in many dis-
eases, including lactic acidosis, diabetes and other insulin-
resistant states, age-related macular degeneration, cerebro-
vascular and cardiovascular diseases, cancer, pulmonary  
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arterial hypertension, late-onset neurodegenerative diseases, 
and ageing [1-9]. Therefore, the regulation or the disruption 
of the PDKs activity has become an attractive approach for 
the development of medicines listed in the treatment of dis-
eases that involved dysregulation of glucose metabolism 
[10]. According to the possible binding sites existing on 
PDK which are the pyruvate, the nucleotide, the lipoamide, 
and the allosteric binding sites, four classes of PDK modula-
tors have been developed [11,12]. Dichloroacetic acid 
(DCA) is probably the best known and most studied inhibi-
tor. Two mechanisms are generally described to explain the 
inactivation of PDKs by DCA. The dominant idea is that 
DCA binds to the pyruvate binding pocket [13-15]. Despite 
promising results, its applications to medicine, and more 
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precisely for the treatment of cancer, are limited by its rela-
tively low-potency and its numerous side effects, especially 
after chronic treatment [16-25]. Several series of molecules 
targeting the different binding sites have been developed. 
The most promising results have been obtained with com-
pounds that bind to the lipoamide site and especially with 
derivatives of the 3,3,3-trifluoro-2-hydroxy-2-
methylpropionic acid, such as Nov3r (1), AZD7545 (2), 
AZ12 (3), 4 and 5 (Fig. 1) [26-32].  

Thus, to discover novel drugs targeting PDK, we aim to 
develop a new series of PDK inhibitors based on anilide de-
rivatives of (R)-3,3,3-trifluoro-2-hydroxy-2-methylpropionic 
acid. A dual rational approach was used for this purpose. The 
first one consists of a classical modulation of some structural 
key positions based on the rational drug design to continue 
the exploration of the chemical space of AZD7545 (2) and 
its N-alkyl-sulfonamide analogues 4 and 5 (Fig. 1). The se-
cond one, more innovative, aims to modify and rigidify the 
benzenesulfonamide core. Indeed, a free rotation about un-
hindered single bonds allows access to the molecule at many 
conformations which, in some cases, can be responsible for 
the loss of selectivity and/or can induce severe side effects. 
The rigidification restricts the conformations that the mole-
cule can adopt by keeping it in a specific form, eliminating 
the alternative conformations, thus in some cases improving 
activity, selectivity, binding site interactions and/or minimiz-
ing side effects. Rigidification can be easily achieved by 
locking bonds within a ring. Based on the laboratory experi-
ence in the chemistry of ring-fused thiadiazine dioxides, we 

chose to design various series of 1,2,4-benzothiadiazine 1,1-
dioxides onto which we grafted the several structural ele-
ments expected to improve the inhibitory activity on PDK. A 
particular attention was paid to the design of 1,2,4-
benzothiadiazine 1,1-dioxides resulting from the combina-
tion of two reported PDK inhibitors (compounds 6 and 7 
[28]) to explore the impact of the introduction of a bulky 
substituent at the 4-position of the heterocycle (Fig. 2). 

Thanks to the knowledge of the 3D structure of PDK1 
co-crystallized with AZD7545 [13], a molecular modelling 
approach (molecular docking) was performed prior to the 
synthesis of the new compounds to justify the rationale of 
the exploration of rigidified ring-closed compounds bearing 
bulky groups in unusual positions. Moreover, examples of 
compounds resulting from the ring closure of N-alkyl-
benzenesulfonamides and bearing the bulky group at the 2-
position of the thiadiazine ring were also envisaged. 

The general formulas of the compounds described in this 
work are reported in Fig. (3). The PDKs inhibitory potentials 
of the newly synthesized molecules were assessed indirectly 
by measuring residual PDC activity after kinase reaction, 
using a model that utilizes the commercially available pig 
PDC preparation containing intrinsic kinase activity. 

2. EXPERIMENTAL SECTION 

2.1. Molecular Modelling 

The cocrystal structure of AZD7545 with PDK1 (PDB 
code 2Q8G) was used in the docking study. The target pro-

 
Fig. (1). Examples of pyruvate dehydrogenase kinase inhibitors belonging to 3,3,3-trifluoro-2-hydroxy-2-methylpropanamide derivatives. 

 
Fig. (2). Design of new PDK inhibitors belonging to 4-alkyl/aralkyl-substituted 1,2,4-benzothiadiazine 1,1-dioxides as conformationally 
restricted analogues of 3,3,3-trifluoro-2-hydroxy-2-methyl-N-(4-sulfamoylphenyl)propanamide derivatives. 
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tein was prepared with Discovery Studio version 2020 (Bio-
via, Dassault Systems, France), while the docking procedure 
was carried out with the automated GOLD 5.3.0 program 
[33].  The binding site was defined as a 10 Å sphere allow-
ing the incorporation of the tested compounds as well as the 
amino acids interacting with them. Compounds were pre-
pared and optimized as mol2 molecules using Discovery 
Studio version 2020. For each ligand, the number of genetic 
algorithm (GA) runs was set at 100. The default ChemPLP 
score function was used, and the search efficiency was fixed 
at 200%. For the output, we asked GOLD to keep the 20 best 
solutions for each ligand. From these solutions, clusters 
based on the orientation adopted by the docking poses were 
identified. From the cluster having the highest occurrence, 
we kept the best representative (higher PLP fitness score). 
This representative was then used for the minimization in 
situ and free binding energy calculation. The in situ minimi-
zation, free binding energy calculations, and interactions 
visualization were performed with Discovery Studio version 
2020 (DS). The in situ minimization and free binding energy 
calculation was launched in the same DS protocol. In this 
protocol, the ligand conformational entropy [34,35] was also 
considered (conformers generated with the BEST algorithm) 
and generalized Born with molecular volume (GBMV) was 
used as an implicit solvent model. Globally, the binding 
mode of ligands in the enzyme lipoamide binding site was 
assessed in a three-step protocol; (1) docking to find the best 
pose for each ligand given by scoring functions; (2) molecu-
lar dynamics simulations to optimize interactions from the 
pose found by the docking process; (3) Molecular Mechanics 
Poisson-Boltzmann Surface Area (MM-PBSA) free binding 
energy calculation method to evaluate the post dynamic 
drug-target interactions [36,37]. From a methodological 
point of view, the first two steps were to validate the docking 
and molecular dynamics protocol by comparing the model 
results with those referenced by the literature for AZD7545 
already characterized [13]. 

2.2. Chemistry 

2.2.1. General 

All commercial chemicals and solvents were reagent 
grade and used without further purification unless otherwise 
stated. All reactions were followed by thin-layer chromatog-
raphy (Silicagel 60F24 Merck®), and visualization was ac-
complished after elution with UV light (254 nm and 366 
nm). The 1H NMR and 13C, as well as 2D COSY, HSQC, 
and HMBC spectra were taken on a Bruker® AVANCE NEO 
500 (500 MHz) using DMSO-d6 as solvent and tetrame-
thylsilane (TMS) as an internal standard. Chemical shifts are 
expressed in d (ppm) downfield from TMS. For the 1H NMR 
spectra the abbreviation s = singlet, d = doublet, t = triplet, q 
= quadruplet, quint = quintuplet, m = multiplet, and br = 

broad is used throughout. The purification steps were carried 
out with a Buchi Reveleris® X2 flash chromatography sys-
tem incorporating two detections methods, a UV detector, 
and an Evaporative Light Scattering Detector (ELSD). Ele-
mental analyses (C, H, N, S) were determined on a FlashEA® 

1112 (Thermo Fischer Scientific) and expected to be within 
± 0.4% of the theoretical values. This analytical method cer-
tified a purity of ≥ 95% for each tested compound. Melting 
points were determined on a Stuart smp3 capillary apparatus 
and are uncorrected. Most products are dried in a ventilated 
oven at 30°C, without other special precautions. 
2.2.2. General procedure for the synthesis of N-substituted 
3-chloro-4-nitrobenzenesulfonamides  

3-Chloro-4-nitroaniline (17) (10 g, 57.9 mmol) was sus-
pended in 120 mL of an acetic and hydrochloric acid mixture 
(3:1). The solution was maintained at a temperature below 0-
5°C. Aqueous sodium nitrite solution of 5 mL (1.5 eq) was 
gradually added to form the diazonium salt. This mixture 
containing the diazonium salt was added to a saturated acetic 
acid solution of sulphur dioxide (50 mL) in the presence of 
CuCl2 (0.33 eq). The resulting sulphonyl chloride derivative 
(18) precipitated in the medium after the addition of ice and 
was recovered on a paper filter after filtration. The sulphonyl 
chloride intermediate was added to a stirred solution of ap-
propriate amine (R3-NH2) (1.2 eq), and triethylamine (TEA) 
(1.2 eq) in dioxane (100 mL) maintained at 0°C. The solu-
tion was stirred at room temperature for 1-2 hrs. When the 
reaction was completed, the solvent was evaporated under 
reduced pressure, and the residue was suspended in water. 
The suspension was extracted thrice with ethyl acetate (100 
mL). The combined organic layers were dried over MgSO4 
and filtered. The filtrate was concentrated under reduced 
pressure, and the resulting solid of the final compound (19a-
d) was recrystallized in a mixture of ethyl acetate/hexane. 
2.2.3. 3-Chloro-N-isobutyl-4-nitrobenzenesulfonamide 
(19a) 

The title compound was obtained as described in the gen-
eral procedure using isobutylamine (Yield: 58%). White sol-
id; Mp: 96.5-97.9°C; 1H NMR (500 MHz, DMSO-d6): δ 8.30 
(d, J = 8.5 Hz, 1H, 5-H), 8.09 (d, J = 1.9 Hz, 1H, 2-H), 7.96 
(dd, J = 8.5, 1.9 Hz, 1H, 6-H), 7.94 (bs, 1H, NH-CH2-CH-
(CH3)2), 2.64 (d, J = 6.8 Hz, 2H, NH-CH2-CH-(CH3)2), 1.63 
(m, J = 6.8, 6.7 Hz, 1H, NH-CH2-CH-(CH3)2), 0.83 (d, J = 
6.7 Hz, 6H, NH-CH2-CH-(CH3)2). Anal. (C10H13ClN2O4S) 
theoretical: C, 41.03; H, 4.48; N, 9.57. Found: C, 41.08; H, 
4.52; N, 9.72. 
2.2.4. N-Allyl-3-chloro-4-nitrobenzenesulfonamide (19b) 

The title compound was obtained as described in the gen-
eral procedure using allylamine (Yield: 60%). White solid; 
Mp: 80.3-82.5°C; 1H NMR (500 MHz, DMSO-d6): δ 8.30 (d, 

 
Fig. (3). General formulas of the newly synthesized compounds. 
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J = 8.4 Hz, 1H, 5-H), 8.24 (t, J = 5.9 Hz, 1H,320 SO2-NH-
CH2-), 8.10 (d, J = 1.8 Hz, 1H, 2-H), 7.97 (dd, J = 8.4, 1.8 
Hz, 1H, 6-H), 5.74 – 5.62 (m, 1H, NH-CH2-CH=C(H)2), 
5.16 (dd, J trans = 17.1, 1.7 Hz, 1H, NH-CH2-CH=C(H)2), 
5.05 (dd, J cis = 10.3, 1.7 Hz, 1H, NH-CH2-CH=C(H)2), 3.53 
(t, J = 5.7 Hz, 2H, NH-CH2-CH=C(H)2). Anal. 
(C9H9ClN2O4S) theoretical: C, 39.07; H, 3.28; N, 10.12. 
Found: C, 39.13; H, 3.37; N, 10.16. 
2.2.5. N-Benzyl-3-chloro-4-nitrobenzenesulfonamide (19c)  

The title compound was obtained as described in the gen-
eral procedure using benzylamine (Yield: 75%). White solid; 
Mp: 110.6-112.4°C; 1H NMR (500 MHz, DMSO-d6): δ 8.62 
(bs, 1H, NH-CH2-C6H5), 8.20 (d, J = 8.5 Hz, 1H, 5-H), 7.94 
(d, J = 1.8 Hz, 1H, 2-H), 7.90 (dd, J = 8.5, 1.9 Hz, 1H, 2-H), 
7.28 – 7.16 (m, 5H, NH-CH2-C6H5), 4.12 (d, 2H, NH-CH2-
C6H5). Anal. (C13H11ClN2O4S) theoretical: C, 47.79; H, 3.39; 
N, 8.57. Found: C, 47.99; H, 3.59; N, 8.67. 
2.2.6. 3-Chloro-4-nitro-N-phenethylbenzenesulfonamide 
(19d)  

The title compound was obtained as described in the gen-
eral procedure using 2-phenethylamine (Yield: 45%). White 
solid; Mp: 83.3-84.5°C; 1H NMR (500 MHz, DMSO-d6): δ 
8.23 (d, J = 8.4 Hz, 1H, 5-H), 8.15 (t, J = 5.7 Hz, 1H, NH-
CH2-CH2-C6H5), 7.99 (d, J = 1.9 Hz, 1H, 2-H), 7.90 (dd, J = 
8.4, 1.9 Hz, 1H, 6-H), 7.26 – 7.13 (m, 5H, NH-CH2-CH2-
C6H5), 3.11 (td, J = 7.2, 5.7 Hz, 2H, NH-CH2-CH2-C6H5), 
2.70 (t, J = 7.2 Hz, 2H, NH-CH2-CH2-C6H5). Anal. 
(C14H13ClN2O4S) theoretical: C, 49.34; H, 3.85; N, 8.22. 
Found: C, 49.37; H, 3.84; N, 8.26.  
2.2.7. General procedure for synthesis of N-substituted 4-
amino-3-chlorobenzenesulfonamides 

The appropriate N-substituted 3-chloro-4-nitrobenzen-
esulfonamide (1.5 g) was dissolved in a mixture of acetic 
acid (20 mL) and water (5 mL). The solution was refluxed 
on an oil bath, and iron powder (3.2 eq) was added. The sus-
pension was stirred for 2-4 hrs. When the reaction was com-
pleted, the suspension was filtered through Celite®. The pH 
value of the filtrate was adjusted to neutrality with sodium 
carbonate powder, and the suspension was extracted thrice 
with ethyl acetate (100 mL). The combined organic layers 
were dried over MgSO4 and filtered. The filtrate was concen-
trated to dryness under reduced pressure, and the final com-
pound (20a-d) obtained as an oil was used without further 
purification. 
2.2.8. 4-Amino-3-chloro-N-isobutylbenzenesulfonamide 
(20a) 

The title compound was obtained as described in the gen-
eral procedure starting from 3-chloro-N-isobutyl-4-nitro-
benzenesulfonamide (19a) (Yield: 78%). 1H NMR (500 
MHz, DMSO-d6): δ 7.54 (d, J = 2.1 Hz, 1H, 2-H), 7.40 (dd, 
J = 8.6, 2.1 Hz, 1H, 6-H), 7.27 (t, J = 6.2 Hz, 1H, SO2-NH-
CH2-), 6.84 (d, J = 8.6 Hz, 1H, 5-H), 6.17 (s, 2H, NH2), 2.47 
(dd, J = 6.2 Hz, 2H, NH-CH2-CH-(CH3)2), 1.64 – 1.54 (m, 
1H, NH-CH2-CH-(CH3)2), 0.80 (d, J = 6.7 Hz, 6H, NH-CH2-
CH-(CH3)2). 
2.2.9. N-Allyl-4-amino-3-chlorobenzenesulfonamide (20b) 

The title compound was obtained as described in the gen-
eral procedure starting from N-allyl-3-chloro-4-nitroben-

zenesulfonamide (19b) (Yield: 85%). 1H NMR (500 MHz, 
DMSO-d6): δ 7.55 (d, J = 2.1 Hz, 1H, 2-H), 7.47 (t, J = 5.8 
Hz, 1H, SO2-NH-CH2-), 7.41 (dd, J = 8.6, 2.1 Hz, 1H, 6-H), 
6.85 (d, J = 8.6 Hz, 1H, 5-H), 6.20 (s, 2H, NH2), 5.67 (ddt, J 
= 17.2, 10.3, 5.8 Hz, 1H, NH-CH2-CH=C(H)2), 5.14 (dd, 
Jtrans = 17.2, 1.8 Hz, 1H, NH-CH2-CH=C(H)2), 5.03 (dd, J 
cis= 10.3, 1.8 Hz, 1H, NH-CH2-CH=C(H)2), 3.35 (dd, J = 5.8 
Hz, 2H, NH-CH2-CH=C(H)2). 
2.2.10. 4-Amino-N-benzyl-3-chlorobenzenesulfonamide 
(20c) 

The title compound was obtained as described in the gen-
eral procedure starting from N-benzyl-3-chloro-4-nitroben-
zenesulfonamide (19c) (Yield: 87%). 1H NMR (500 MHz, 
DMSO-d6): δ 7.83 (t, J = 6.4 Hz, 1H, NH-CH2-C6H5), 7.54 
(d, J = 2.2 Hz, 1H, 2-H), 7.42 (dd, J = 8.6, 2.2 Hz, 1H, 6-H), 
7.32 – 7.19 (m, 5H, NH-CH2-C6H5), 6.83 (d, J = 8.6 Hz, 1H, 
5-H), 6.20 (s, 2H, NH2), 3.91 (d, J = 6.4 Hz, 2H, NH-CH2-
C6H5). 
2.2.11. 4-Amino-3-chloro-N-phenethylbenzenesulfonamide 
(20d) 

The title compound was obtained as described in the gen-
eral procedure starting from 3-chloro-4-nitro-N-phenethyl-
benzenesulfonamide (19d) (Yield: 77%). 1H NMR (500 
MHz, DMSO-d6): δ 7.53 (d, J = 2.1 Hz, 1H, 2-H), 7.40 (dd, 
J = 8.6, 2.1 Hz, 1H, 6-H), 7.37 (t, J = 5.9 Hz, 1H, NH-CH2-
CH2-C6H5), 7.29 – 7.11 (m, 5H, NH-CH2-CH2-C6H5), 6.84 
(d, J = 8.6 Hz, 1H, 5-H), 6.19 (s, 2H, NH2), 2.90 (td, J = 7.5, 
5.9 Hz, 2H, NH-CH2-CH2-C6H5), 2.66 (t, J = 7.5 Hz, 2H, 
NH-CH2-CH2-C6H5). 
2.2.12. General procedure for the synthesis of 2-
acetoxyalkanoic acids 

The solution of the appropriate α-hydroxycarboxylic acid 
(14a-f) (5 g) in dry dichloromethane (DCM) (20 mL) was 
cooled on ice. Acetyl chloride (2.2 eq) was slowly added, 
and the reaction mixture was refluxed in an oil bath. After 1 
hr, the solution was cooled to room temperature and evapo-
rated under reduced pressure. The residue was suspended in 
water and extracted thrice with DCM (50 mL). The com-
bined organic layers were dried over MgSO4 and filtered. 
The filtrate was concentrated to dryness under reduced pres-
sure, and the compound (15a-f) was recrystallized in a mix-
ture of DCM/hexane. 
2.2.13. (R,S)-2-Acetoxy-3,3,3-trifluoro-2-methylpropanoic 
acid (15a) 

The title compound was obtained as described in the gen-
eral procedure starting from (R,S)-3,3,3-trifluoro-2-hydroxy-
2-methylpropanoic acid (14a) (Yield: 96%). White solid; 
Mp: 58.4-61.5°C; 1H NMR (500 MHz, DMSO-d6): δ 14.25 
(bs, 1H, COOH), 2.13 (s, 3H, CH3-COO), 1.71 (s, 3H, 
CH3). Anal. (C6H7F3O4) theoretical: C, 36.01; H, 3.53. 
Found: C, 36.15; H, 3.63.  
2.2.14. (R)-2-Acetoxy-3,3,3-trifluoro-2-methylpropanoic 
acid (15b) 

The title compound was obtained as described in the gen-
eral procedure starting from (R)-3,3,3-trifluoro-2-hydroxy-2-
methylpropanoic acid (14b) (Yield: 93%). White solid; Mp: 
58.9-61.4°C; 1H NMR (500 MHz, DMSO-d6): δ 14.25 (bs, 
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1H, COOH), 2.13 (s, 3H, CH3-COO), 1.71 (s, 3H, CH3). 
Anal. (C6H7F3O4) theoretical: C, 36.01; H, 3.53. Found: C, 
36.10; H, 3.58. 
2.2.15. (R,S)-2-Acetoxy-2-phenylacetic acid (15d)  

The title compound was obtained as described in the gen-
eral procedure starting from R,S-mandelic acid (14d) (Yield: 
97%). White solid; Mp: 78.9-81.3°C; 1H NMR (500 MHz, 
DMSO-d6): δ 13.22 (bs, 1H, COOH), 7.54 – 7.31 (m, 5H, 
C6H5), 5.80 (s, 1H, CH), 2.12 (s, 3H, CH3-COO). Anal. 
(C10H10O4) theoretical: C, 61.85; H, 5.19. Found: C, 62.10; 
H, 5.35.  
2.2.16. (R)-2-Acetoxy-2-phenylacetic acid (15e)  

The title compound was obtained as described in the gen-
eral procedure starting from (R)-mandelic acid (14e) (Yield: 
96%). White solid; Mp: 80.1-81.6°C; 1H NMR (500 MHz, 
DMSO-d6): δ 13.22 (bs, 1H, COOH), 7.54 – 7.31 (m, 5H, 
C6H5), 5.80 (s, 1H, CH), 2.12 (s, 3H, CH3-COO). Anal. 
(C10H10O4) theoretical: C, 61.85; H, 5.19. Found: C, 61.95; 
H, 5.25. 
2.2.17. (S)-2-Acetoxy-2-phenylacetic acid (15f) 

The title compound was obtained as described in the gen-
eral procedure starting from (S)-mandelic acid (14f) (Yield: 
97%). White solid; Mp: 79.3-80.8°C; 1H NMR (500 MHz, 
DMSO-d6): δ 13.22 (bs, 1H, COOH), 7.54 – 7.31 (m, 5H, 
C6H5), 5.80 (s, 1H, CH), 2.12 (s, 3H, CH3-COO). Anal. 
(C10H10O4) theoretical: C, 61.85; H, 5.19. Found: C, 61.80; 
H, 5.15. 
2.2.18. General procedure for the synthesis of 2-
acetoxyalkanoyl chlorides 

The appropriate 2-acetoxyalkanoic acid (15a-f) (1 g) was 
dissolved in dry DCM (10 mL) and supplemented with one 
drop of anhydrous DMF. The solution was put in a closed 
vial with a septum and cooled on an ice bath. Oxalyl chloride 
(1 eq) was added dropwise to the solution. The mixture was 
then stirred overnight at room temperature and used without 
further purification. 
2.2.19. (R,S)-2-Acetoxy-3,3,3-trifluoro-2-methylpropanoyl 
chloride (16a) 

The title compound was obtained as described in the gen-
eral procedure starting from (R-S)-2-acetoxy-3,3,3-trifluoro-
2-methylpropanoic acid (15a). 
2.2.20. (R)-2-Acetoxy-3,3,3-trifluoro-2-methylpropanoyl 
chloride (16b) 

The title compound was obtained as described in the gen-
eral procedure starting from (R)-2-acetoxy-3,3,3-trifluoro-2-
methylpropanoic acid (15b). 
2.2.21. (R,S)-2-Acetoxy-2-phenylethylacetyl chloride (16d) 

The title compound was obtained as described in the gen-
eral procedure starting from (R,S)-2-acetoxy-2-phenylacetic 
acid (15d). 
2.2.22. (R)-2-Acetoxy-2-phenylethylacetyl chloride (16e) 

The title compound was obtained as described in the gen-
eral procedure starting from (R)-2-acetoxy-2-phenylacetic 
acid (15e). 

2.2.23. (S)-2-Acetoxy-2-phenylethylacetyl chloride (16f) 

The title compound was obtained as described in the gen-
eral procedure starting from (S)-2-acetoxy-2-phenylacetic 
acid (15f). 
2.2.24. (R)-N-(2-Chloro-4-(N-isobutylsulfamoyl)phenyl)-
3,3,3-trifluoro-2-hydroxy-2-methylpropanamide (10a) 

(R)-2-Acetoxy-3,3,3-trifluoro-2-methylpropanoyl chlo-
ride (16b) (1.5 eq) was rapidly added to a solution of 4-
amino-3-chloro-N-isobutylbenzenesulfonamide (20a) (130 
mg, 0.49 mmol) and pyridine (2.5 eq) in dry chloroform 
cooled on an ice bath. The flask was immediately hermeti-
cally closed, and after stirring for 2 hrs at room temperature, 
the solvent was evaporated under reduced pressure. The resi-
due was taken up in the water and extracted thrice with ethyl 
acetate (50 mL). The combined organic layers were dried 
over MgSO4 and filtered. The filtrate was concentrated to 
dryness under reduced pressure, and the obtained compound 
(21a) was solubilized in methanol (10 mL). A cold aqueous 
NaOH solution (2.5 N, 10 g/mL) was added dropwise up to 
alkaline pH. After 30 minutes, the mixture was neutralized 
by the addition of an aqueous 2 N HCl solution. Methanol 
was evaporated under reduced pressure, and the resulting 
precipitate of the final compound (10a) suspended in water 
was collected by filtration (Yield: 44 %). White solid;  Mp: 
139.6-141.5°C; 1H NMR (500 MHz, DMSO-d6): δ 9.90 (s, 
1H, CO-NH-), 8.25 (d, J = 8.6 Hz, 1H, 11-H), 7.99 (s, 1H, 
C-OH), 7.90 (d, J = 2.0 Hz, 1H, 8-H), 7.79 (dd, J = 8.6, 2.0 
Hz, 1H, 10-H), 7.71 (t, J = 6.1 Hz, 1H, SO2-NH-CH2-), 2.56 
(dd, J = 6.1 Hz, 2H, NH-CH2-CH-(CH3)2), 1.68 – 1.56 (m, 
1H, NH-CH2-CH-(CH3)2), 1.62 (s, 3H, C-CH3), 0.82 (d, J = 
6.7 Hz, 6H, NH-CH2-CH-(CH3)2). Anal. (C14H18ClF3N2O4S) 
theoretical: C, 41.74; H, 4.50; N, 6.95. Found: C, 41.83; H, 
4.62; N, 7.37. 
2.2.25. (R)-N-(4-(N-Allylsulfamoyl)-2-chlorophenyl)-3,3,3-
trifluoro-2-hydroxy-2-methylpropanamide (10b)  

The title compound was obtained as described for (10a) 
starting from N-allyl-4-amino-3-chlorobenzenesulfonamide 
(20b) (140 mg, 0.57 mmol) and (R)-2-acetoxy-3,3,3-
trifluoro-2-methylpropanoyl chloride (16b) (1.5 eq) (Yield: 
40 %). White solid; Mp: 114.6-116.3°C; 1H NMR (500 
MHz, DMSO-d6): δ 9.90 (s, 1H, CO-NH-), 8.26 (d, J = 8.6 
Hz, 1H, 13-H), 7.99 (br, 1H, C-OH), 7.95 (br, 1H, SO2-NH-
CH2-) 7.91 (d, J = 2.1 Hz, 1H, 10-H), 7.80 (dd, J = 8.6, 2.1 
Hz, 1H, 12-H), 5.74 – 5.62 (m, 1H, NH-CH2-CH=C(H)2), 
5.16 (dd, Jtrans = 17.1, 1.6 Hz, 1H, NH-CH2-CH=C(H)2), 5.04 
(dd, J cis= 10.3, 1.6 Hz, 1H, NH-CH2-CH=C(H)2), 3.45 (dd, J 
= 4.5 Hz, 2H, NH-CH2-CH=C(H)2), 1.62 (s, 3H, C-CH3). 
Anal. (C13H14ClF3N2O4S) theoretical: C, 40.37; H, 3.65; N, 
7.24. Found: C, 40.38; H, 3.93; N, 7.58. 
2.2.26. (R,S)-N-(2-Chloro-4-(N-isobutylsulfamoyl)phenyl)-
3,3,3-trifluoro-2-hydroxy-2-methylpropanamide (10c) 

The title compound was obtained as described for (10a) 
starting from 4-amino-3-chloro-N-isobutylbenzenesulfona-
mide (20a) (180 mg, 0.68 mmol) and (R,S)-2-acetoxy-3,3,3-
trifluoro-2-methylpropanoyl chloride (16a) (1.5 eq) (Yield: 
75 %). White solid; Mp: 139.7-141.9°C; 1H NMR (500 
MHz, DMSO-d6): δ 9.87 (br, 1H, CO-NH-), 8.25 (d, J = 8.6 
Hz, 1H, 12-H), 8.01 (br, 1H, C-OH), 7.90 (d, J = 1.9 Hz, 1H, 
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9-H), 7.79 (dd, J = 8.6, 1.9 Hz, 1H, 11-H), 7.72 (t, J = 6.1 
Hz, 1H, SO2-NH-CH2-), 2.56 (dd, J = 6.1 Hz, 2H, NH-CH2-
CH-(CH3)2), 1.68 – 1.56 (m, 1H, NH-CH2-CH-(CH3)2), 1.62 
(s, 3H, C-CH3), 0.82 (d, J = 6.8 Hz, 6H, NH-CH2-CH-
(CH3)2). Anal. (C14H18ClF3N2O4S) theoretical: C, 41.74; H, 
4.50; N, 6.95. Found: C, 41.99; H, 4.40; N, 7.14.  
2.2.27. (R,S)-N-(4-(N-Benzylsulfamoyl)-2-chlorophenyl)-
3,3,3-trifluoro-2-hydroxy-2-methylpropanamide (10d) 

The title compound was obtained as described for (10a) 
starting from 4-amino-N-benzyl-3-chlorobenzenesulfona-
mide (20c) (200 mg, 0.68 mmol) and (R,S)-2-acetoxy-3,3,3-
trifluoro-2-methylpropanoyl chloride (16a) (1.5 eq) (Yield: 
71 %). White solid; Mp: 184.6-185.3°C; 1H NMR (500 
MHz, DMSO-d6): δ 9.87 (br, 1H, CO-NH-), 8.27 (t, J = 2.9 
Hz, 1H, SO2-NH-CH2-), 8.24 (d, J = 8.6 Hz, 1H, 11-H), 8.04 
(br, 1H, C-OH) ,7.85 (d, J = 2.2 Hz, 1H, 8-H), 7.79 (dd, J = 
8.6, 2.2 Hz, 1H, 10-H), 7.31 – 7.18 (m, 5H, NH-CH2-C6H5), 
4.02 (d, J = 2.9 Hz, 2H, NH-CH2-C6H5), 1.63 (s, 3H, C-
CH3). Anal. (C17H16ClF3N2O4S) theoretical: C, 46.74; H, 
3.69; N, 6.41. Found: C, 46.64; H, 3.56; N, 6.80. 
2.2.28. (R,S)-N-(2-Chloro-4-(N-phenethylsulfamoyl) phe-
nyl)-3,3,3-trifluoro-2-hydroxy-2-methylpropanamide (10e) 

The title compound was obtained as described for (10a) 
starting from 4-amino-3-chloro-N-phenethylbenzenesulfona-
mide (20d) (300 mg, 0.97 mmol) and (R,S)-2-acetoxy-3,3,3-
trifluoro-2-methylpropanoyl chloride (16a) (1.5 eq) (Yield: 
65%). White solid; Mp: 156.5-157.2°C; 1H NMR (500 MHz, 
DMSO-d6): δ 9.89 (s, 1H, CO-NH), 8.24 (d, J = 8.6 Hz, 1H, 
11-H), 8.00 (s, 1H, C-OH), 7.86 (d, J = 2.1 Hz, 1H, 8-H), 
7.83 (t, J = 5.8 Hz, 1H, SO2-NH-CH2-CH2-C6H5), 7.77 (dd, J 
= 8.6, 2.1 Hz, 1H, 10-H), 7.29 – 7.12 (m, 5H, NH-CH2-CH2-
C6H5), 3.01 (td, J = 7.4, 5.8 Hz, 2H, NH-CH2-CH2-C6H5), 
2.68 (t, J = 7.4 Hz, 2H, NH-CH2-CH2-C6H5), 1.62 (s, 3H, C-
CH3). Anal. (C18H18ClF3N2O4S) theoretical: C, 47.95; H, 
4.02; N, 6.21. Found: C, 47.94; H, 4.05; N, 6.25. 
2.2.29. N-(2-Chloro-4-(N-isobutylsulfamoyl)phenyl)-2-
hydroxy-2-methylpropanamide (10f) 

The title compound was obtained as described for (10a) 
starting from 4-amino-3-chloro-N-isobutylbenzenesulfona-
mide (20a) (180 mg, 0.68 mmol) and 2-acetoxy-2-
methylpropanoyl chloride (16c) (1.5 eq) (Yield: 68%). White 
solid; Mp: 129.4-130.3°C; 1H NMR (500 MHz, DMSO-d6): 
δ 9.76 (s, 1H, CO-NH), 8.50 (d, J = 8.7 Hz, 1H, 12-H), 7.88 
(d, J = 2.1 Hz, 1H, 9-H), 7.76 (dd, J = 8.7, 2.1 Hz, 1H, 11-
H), 7.66 (br, 1H, SO2-NH-CH2-CH-(CH3)2), 6.30 (s, 1H, C-
OH), 2.55 (dd, J = 6.8 Hz, 2H, NH-CH2-CH-(CH3)2), 1.62 
(m, 1H, NH-CH2-CH-(CH3)2), 1.39 (s, 6H, C-(CH3)2), 0.81 
(d, J = 6.7 Hz, 6H, NH-CH2-CH-(CH3)2). Anal. 
(C14H21ClN2O4S) theoretical: C, 48.20; H, 6.07; N, 8.03. 
Found: C, 48.55; H, 6.18; N, 8.32.  
2.2.30. N-(4-(N-allylsulfamoyl)-2-chlorophenyl)-2-hydroxy-
2-methylpropanamide (10g) 

The title compound was obtained as described for (10a) 
starting from N-allyl-4-amino-3-chlorobenzenesulfonamide 
(20b) (140 mg, 0.57 mmol) and 2-acetoxy-2-methylpro-
panoyl chloride (16c) (1.5 eq) (Yield: 65 %). White solid; 
Mp: 113.6-114.4°C; 1H NMR (500 MHz, DMSO-d6): δ 9.77 
(s, 1H, CO-NH), 8.51 (d, J = 8.5 Hz, 1H, 13-H), 7.89 (d, J = 

2.2 Hz, 1H- 10-H), 7.87 (br, 1H, SO2-NH-CH2-), 7.77 (dd, J 
= 8.5, 2.2 Hz, 1H, 12-H), 6.30 (s, 1H, C-OH), 5.67 (ddt, J = 
17.0, 10.2, 5.6 Hz, 1H, NH-CH2-CH=C(H)2), 5.15 (dd, Jtrans 
= 17.0, 1.7 Hz, 1H, NH-CH2-CH=C(H)2), 5.04 (dd, J cis= 
10.2, 1.7 Hz, 1H, NH-CH2-CH=C(H)2), 3.44 (dd, 2H, NH-
CH2-CH=C(H)2), 1.39 (s, 6H, C-(CH3)2). Anal. 
(C13H17ClN2O4S) theoretical: C, 46.92; H, 5.15; N, 8.42. 
Found: C, 47.11; H, 5.21; N, 8.58. 

2.2.31. N-(4-(N-benzylsulfamoyl)-2-chlorophenyl)-2-
hydroxy-2-methylpropanamide (10h) 

The title compound was obtained as described for (10a) 
starting from 4-amino-N-benzyl-3-chlorobenzenesulfona-
mide (20c) (200 mg, 0.68 mmol) and 2-acetoxy-2-methyl-
propanoyl chloride (16c) (1.5 eq) (Yield: 71 %). White solid; 
Mp: 189.7-190.8°C; 1H NMR (500 MHz, DMSO-d6): δ 9.76 
(s, 1H, CO-NH-), 8.48 (d, J = 8.7 Hz, 1H, 12-H), 8.24 (t, J = 
6.0 Hz, 1H, SO2-NH-CH2-), 7.83 (d, J = 2.1 Hz, 1H, 9-H), 
7.77 (dd, J = 8.7, 2.1 Hz, 1H, 11-H), 7.31 – 7.18 (m, 5H, 
NH-CH2-C6H5), 6.32 (s, 1H, C-OH), 4.00 (d, J = 6.0 Hz, 2H, 
SO2-NH-CH2-C6H5), 1.39 (s, 6H, C-(CH3)2). Anal. 
(C17H19ClN2O4S) theoretical: C, 53.33; H, 5.00; N, 7.32. 
Found: C, 53.61; H, 5.10; N, 7.54. 

2.2.32. N-(2-chloro-4-(N-phenethylsulfamoyl)phenyl)-2-
hydroxy-2-methylpropanamide (10i)  

The title compound was obtained as described for (10a) 
starting from 4-amino-3-chloro-N-phenethylbenzenesulfona-
mide (20d) (250 mg, 0.81 mmol) and 2-acetoxy-2-methyl-
propanoyl chloride (16c) (1.5 eq) (Yield: 69 %). White solid; 
Mp: 125.4-126.8°C; 1H NMR (500 MHz, DMSO-d6): δ 9.77 
(s, 1H, -CO-NH-), 8.48 (d, J = 8.6 Hz, 1H, 13-H), 7.84 (d, J 
= 2.1 Hz, 1H, 10-H), 7.78 (s, 1H, SO2-NH-CH2-), 7.75 (dd, J 
= 8.6, 2.1 Hz, 1H, 12-H), 7.28 – 7.13 (m, 5H, NH-CH2-CH2-
C6H5), 6.30 (s, 1H, C-OH), 2.99 (t, J = 7.4 Hz, 2H, NH-CH2-
CH2-C6H5), 2.68 (t, J = 7.4 Hz, 2H, NH-CH2-CH2-C6H5), 
1.39 (s, 6H, C-(CH3)2). Anal. (C18H21ClN2O4S) theoretical: 
C, 54.47; H, 5.33; N, 7.06. Found: C, 54.51; H, 5.72; N, 
7.33. 
2.2.33. (R,S)-N-(2-Chloro-4-(N-isobutylsulfamoyl)phenyl)-
2-hydroxy-2-phenylacetamide (10j) 

The title compound was obtained as described for (10a) 
starting from 4-amino-3-chloro-N-isobutylbenzenesulfona-
mide (20a) (130 mg, 0.50 mmol) and (R,S)-2-acetoxy-2-
phenylethylacetyl chloride (16d) (1.5 eq) (Yield: 57 %). 
White solid; Mp: 124.9-126.8°C; 1H NMR (DMSO-d6): δ 
9.82 (s, 1H, -CO-NH-), 8.33 (d, J = 8.7 Hz, 1H, 17-H), 7.88 
(d, J = 1.9 Hz, 1H, 14-H), 7.74 (dd, J = 8.7, 1.9 Hz, 1H, 16-
H), 7.66 (s, 1H, SO2-NH-CH2-), 7.51 – 7.30 (m, 5H, -CH-
C6H5), 7.10 (s, 1H, CH-OH), 5.23 (s, 1H, -CH-), 2.54 (d, J = 
6.8 Hz, 2H, NH-CH2-CH-(CH3)2), 1.64 (m, J = 6.8, 6.7 Hz, 
1H, NH-CH2-CH-(CH3)2), 0.80 (d, J = 6.7 Hz, 6H, NH-CH2-
CH-(CH3)2). Anal. (C18H21ClN2O4S) theoretical: C, 54.47; H, 
5.33; N, 7.06. Found: C, 54.74; H, 5.40; N, 7.34. 
2.2.34. (R,S)-N-(4-(N-Allylsulfamoyl)-2-chlorophenyl)-2-
hydroxy-2-phenylacetamide (10k) 

The title compound was obtained as described for (10a) 
starting from N-allyl-4-amino-3-chlorobenzenesulfonamide 
(20b) (126 mg, 0.51 mmol) and (R,S)-2-acetoxy-2-
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phenylethylacetyl chloride (16d) (1.5 eq) (Yield: 72 %). 
White solid; Mp: 126.7-128.2°C; 1H NMR (500 MHz, 
DMSO-d6): δ 9.84 (s, 1H, -CO-NH-), 8.34 (d, J = 8.7 Hz, 
1H, 17-H), 7.89 (d, J = 2.1 Hz, 1H, 14-H), 7.88 (s, 1H, SO2-
NH-CH2-), 7.75 (dd, J = 8.7, 2.1 Hz, 1H, 16-H), 7.51 – 7.30 
(m, 5H, -CH-C6H5), 7.08 (s, 1H, CH-OH), 5.66 (ddt, J = 
17.1, 10.3, 5.5 Hz, 1H, NH-CH2-CH=C(H)2), 5.24 (s, 1H, -
CH-), 5.14 (dd, J trans = 17.1, 1.7 Hz, 1H, NH-CH2-
CH=C(H)2), 5.03 (dd, J cis = 10.3, 1.6 Hz, 1H, NH-CH2-
CH=C(H)2), 3.43 (dt, J = 5.7, 1.9 Hz, 2H, NH-CH2-
CH=C(H)2). Anal. (C17H17ClN2O4S) theoretical: C, 53.61; H, 
4.50; N, 7.36. Found: C, 53.92; H, 4.69; N, 7.55.  
2.2.35. (R,S)-N-(4-(N-Benzylsulfamoyl)-2-chlorophenyl)-2-
hydroxy-2-phenylacetamide (10l)  

The title compound was obtained as described for (10a) 
starting from 4-amino-N-benzyl-3-chlorobenzenesulfona-
mide (20c) (100 mg, 0.34 mmol) and (R,S)-2-acetoxy-2-
phenylethylacetyl chloride (16d) (1.5 eq) (Yield: 73 %). 
White solid; Mp: 145.7-147.9°C; 1H NMR (500 MHz, 
DMSO-d6): δ 9.83 (s, 1H, -CO-NH-), 8.31 (d, J = 8.6 Hz, 
1H, 17-H), 8.23 (t, J = 6.3 Hz, 1H, SO2-NH-CH2-), 7.83 (d, J 
= 2.2 Hz, 1H, 14-H), 7.74 (dd, J = 8.6, 2.2 Hz, 1H, 16-H), 
7.53 – 7.16 (m, 11H, -CH-C6H5, NH-CH2-C6H5), 7.09 (d, J = 
4.3 Hz, 1H, CH-OH), 5.24 (d, J = 4.3 Hz, 1H, CH-OH), 4.00 
(d, J = 6.3 Hz, 2H, NH-CH2-C6H5). Anal. (C21H19ClN2O4S) 
theoretical: C, 58.54; H, 4.44; N, 6.50. Found: C, 58.70; H, 
4.48; N, 6.62.  
2.2.36. (R)-N-(4-(N-Benzylsulfamoyl)-2-chlorophenyl)-2-
hydroxy-2-phenylacetamide (10m) 

The title compound was obtained as described for (10a) 
starting from 4-amino-N-benzyl-3-chlorobenzenesulfona-
mide (20c) (150 mg, 0.51 mmol) and (R)-2-acetoxy-2-
phenylethylacetyl chloride (16e) (Yield: 80 %). White solid; 
Mp: 146.1-148.2°C; 1H NMR (500 MHz, DMSO-d6):  
δ 9.83 (s, 1H, -CO-NH-), 8.31 (d, J = 8.6 Hz, 1H, 17-H), 

8.23 (t, J = 6.3 Hz, 1H, SO2-NH-CH2-), 7.83 (d, J = 2.2 Hz, 
1H, 14-H), 7.74 (dd, J = 8.6, 2.2 Hz, 1H, 16-H), 7.53 – 7.16 
(m, 11H, -CH-C6H5, NH-CH2-C6H5), 7.09 (d, J = 4.3 Hz, 
1H, CH-OH), 5.24 (d, J = 4.3 Hz, 1H, CH-OH), 4.00 (d, J = 
6.3 Hz, 2H, NH-CH2-C6H5). Anal. (C21H19ClN2O4S) theoret-
ical: C, 58.54; H, 4.44; N, 6.50. Found: C, 58.60; H, 4.49; N, 
6.58.  
2.2.37. (S)-N-(4-(N-Benzylsulfamoyl)-2-chlorophenyl)-2-
hydroxy-2-phenylacetamide (10n)  

The title compound was obtained as described for (10a) 
starting from 4-amino-N-benzyl-3-chlorobenzenesulfona-
mide (20c) (180 mg, 0.61 mmol) and (S)-2-acetoxy-2-
phenylethylacetyl chloride (16f) (1.5 eq) (Yield: 72 %). 
White solid; Mp: 145.9-148.0°C; 1H NMR (500 MHz, 
DMSO-d6) δ 9.83 (s, 1H, -CO-NH-), 8.31 (d, J = 8.6 Hz, 1H, 
17-H), 8.23 (t, J = 6.3 Hz, 1H, SO2-NH-CH2-), 7.83 (d, J = 
2.2 Hz, 1H, 14-H), 7.74 (dd, J = 8.6, 2.2 Hz, 1H, 16-H), 7.53 
– 7.16 (m, 11H, -CH-C6H5, NH-CH2-C6H5), 7.09 (d, J = 4.3 
Hz, 1H, CH-OH), 5.24 (d, J = 4.3 Hz, 1H, CH-OH), 4.00 (d, 
J = 6.3 Hz, 2H, NH-CH2-C6H5). Anal. (C21H19ClN2O4S) the-
oretical: C, 58.54; H, 4.44; N, 6.50. Found: C, 58.60; H, 
4.49; N, 6.58. 

 

2.2.38. 2-Fluoro-4-nitrobenzenesulfonamide (24) 

2-Fluoro-4-nitroaniline (22) (15 g, 96,10 mmol) was sus-
pended in an acetic acid and hydrochloric acid mixture (3:1) 
(120 mL). The solution was maintained at a temperature be-
low 0-5°C. An aqueous sodium nitrite solution (5 mL, 1.5 
eq) was gradually added to form the diazonium salt. This 
mixture containing the diazonium salt was added to a satu-
rated acetic acid solution of sulphur dioxide (70 mL) in the 
presence of CuCl2 (0.33 eq). The resulting sulphonyl chlo-
ride derivative (23) precipitated in the medium after the addi-
tion of ice. It was recovered on a paper filter after filtration. 
The sulphonyl chloride intermediate (23) was added into a 
cooled solution of 1,4-dioxane (30 mL) and ammonia solu-
tion (30 mL). After stirring for 45 minutes, the mixture was 
concentrated to dryness under reduced pressure. The residue 
was taken up in water (100 mL), and the pH was adjusted to 
1 by the addition of an aqueous solution of concentrated hy-
drochloric acid. The precipitate was collected by filtration, 
washed with water and dried (Yield: 72 %). White solid; 
Mp: 151.3-152.4°C; 1H NMR (500 MHz, DMSO-d6) δ 8.35 
(dd, J = 9.8, 2.2 Hz, 1H, 5-H), 8.23 (dd, J = 8.6, 2.2 Hz, 1H, 
6-H), 8.06 (dd, J = 8.6, 7.3 Hz, 1H, 3-H), 7.82 (s, 2H, SO2-
NH2). Anal. (C6H5FN2O4S) theoretical: C, 32.73; H, 2.29; N, 
12.72. Found: C, 32.83; H, 2.19; N, 13.00. 
2.2.39. 2-(Isobutylamino)-4-nitrobenzenesulfonamide (25a)  

In an appropriate microwave vial, a solution of 2-fluoro-
4-nitrobenzenesulfonamide (24) (2g, 9.10 mmol), TEA (2.2 
eq) and isobutylamine (1.2 eq) in 1,4-dioxane (10 mL) was 
heated at 130°C during 45 minutes. After cooling to room 
temperature, the media was poured onto ice, and the pH of 
the aqueous mixture was adjusted to neutrality by means of 
an aqueous concentrated hydrochloric acid solution. The title 
compound precipitated was collected by filtration (Yield: 80 
%). White solid; Mp: 161.0-162.0°C; 1H NMR (500 MHz, 
DMSO-d6) δ 7.84 (d, J = 8.5 Hz, 1H, 6-H), 7.74 (s, 2H, SO2-
NH2), 7.45 (d, J = 2.3 Hz, 1H, 3-H), 7.43 (dd, J = 8.5, 2.3 
Hz, 1H, 5-H), 6.29 (t, J = 5.5 Hz, 1H, NH-CH2-CH-(CH3)2), 
3.10 (dd, J = 6.9, 5.5 Hz, 2H, NH-CH2-CH-(CH3)2), 1.95 (m, 
J = 6.9, 6.6 Hz, 1H, NH-CH2-CH-(CH3)2), 0.97 (d, J = 6.6 
Hz, 6H, NH-CH2-CH-(CH3)2). Anal. (C10H15N3O4S) theoret-
ical: C, 43.95; H, 5.53; N, 15.38. Found: C, 43.95; H, 5.29; 
N, 15.41.  
2.2.40. 2-(Allylamino)-4-nitrobenzenesulfonamide (25b)  

The title compound was obtained as described for (25a) 
using allylamine instead of isobutylamine (Yield: 86 %). 
White solid; Mp: 136.5-137.9°C; 1H NMR (500 MHz, 
DMSO-d6) δ 7.86 (d, J = 8.6 Hz, 1H, 6-H), 7.73 (s, 2H, SO2-
NH2), 7.46 (dd, J = 8.6, 2.2 Hz, 1H, 5-H), 7.43 (d, J = 2.2 
Hz, 1H, 3-H), 6.46 (t, J = 5.8 Hz, 1H, NH-CH2-CH=C(H)2), 
5.93 (ddt, J = 17.3, 10.4, 4.8 Hz, 1H, NH-CH2-CH=C(H)2), 
5.25 (dd, J trans = 17.3, 1.9 Hz, 1H, NH-CH2-CH=C(H)2), 
5.19 (dd, J cis = 10.4, 1.9 Hz, 1H, NH-CH2-CH=C(H)2), 4.01 
(dd, J = 5.8, 4.8 Hz, 2H, NH-CH2-CH=C(H)2). Anal. 
(C9H11N3O4S) theoretical: C, 42.02; H, 4.31; N, 16.33. 
Found: C, 41.89; H, 4.28; N, 16.14.  
2.2.41. 2-(Benzylamino)-4-nitrobenzenesulfonamide (25c)  

The title compound was obtained as described for (25a) 
using benzylamine instead of isobutylamine (Yield: 76 %). 
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White solid;  Mp: 122.5-123.3°C; 1H NMR (500 MHz, 
DMSO-d6) δ 7.87 (d, J = 8.6 Hz, 1H, 6-H), 7.80 (s, 2H, SO2-
NH2), 7.44 (dd, J = 8.6, 2.2 Hz, 1H, 5-H), 7.38 (d, J = 2.2 
Hz, 1H, 3-H), 7.44 – 7.24 (m, 5H, NH-CH2-C6H5), 6.86 (t, J 
= 5.8 Hz, 1H, NH-CH2-C6H5), 4.59 (d, J = 5.8 Hz, 2H, NH-
CH2-C6H5). Anal. (C13H13N3O4S) theoretical: C, 50.81; H, 
4.26; N, 13.67. Found: C, 50.88; H, 4.31; N, 13.54.    
2.2.42. 4-Nitro-2-(phenethylamino)benzenesulfonamide 
(25d)  

The title compound was obtained as described for (25a) 
using phenethylamine instead of isobutylamine (Yield: 88 
%). White solid; Mp: 138-139.2°C; 1H NMR (500 MHz, 
DMSO-d6) δ 7.84 (d, J = 8.6 Hz, 1H, 6-H), 7.68 (s, 2H, SO2-
NH2), 7.48 (d, J = 2.3 Hz, 1H, 3-H), 7.44 (dd, J = 8.6, 2.3 
Hz, 1H, 5-H), 7.33 – 7.19 (m, 5H, NH-CH2-CH2-C6H5), 6.30 
(t, J = 5.4 Hz, 1H, NH-CH2-CH2-C6H5), 3.53 (dt, J = 7.3, 5.4 
Hz, 2H, NH-CH2-CH2-C6H5), 2.94 (t, J = 7.3 Hz, 2H, NH-
CH2-CH2-C6H5). Anal. (C14H15N3O4S) theoretical: C, 52.33; 
H, 4.71; N, 13.08. Found: C, 51.99; H, 5.59; N, 12.91.  
2.2.43. 4-Amino-2-(isobutylamino)benzenesulfonamide 
(26a) 

The suspension of 2-(isobutylamino)-4-nitrobenzene-
sulfonamide (25a) (1 g, 3.66 mmol) in a 2:1 ethanol/water 
mixture (90 mL) was heated until the product dissolved. 
Then, ammonium chloride (3.2 eq) and powdered iron (3.2 
eq) were added. After the mixture was refluxed for 45 min, 
the insoluble material was removed by filtration through 
Celite® and rinsed with a small amount of hot ethanol. The 
filtrate was concentrated under reduced pressure. The residue 
was suspended in water (40 mL) and extracted thrice with 
ethyl acetate (50 mL). The combined organic layers were 
dried over MgSO4 and filtered. The filtrate was concentrated 
to dryness under reduced pressure. The title compound was 
obtained after purification by chromatography on silica gel 
(ethyl acetate/hexane 15:5) (Yield: 95 %). 1H NMR (500 
MHz, DMSO-d6) δ 7.25 (d, J = 9.1 Hz, 1H, 6-H), 6.84 (s, 
2H, SO2-NH2), 5.84 (d, J = 2.1 Hz, 1H, 3-H), 5.83 (dd, J = 
9.1, 2.1 Hz, 1H, 5-H), 5.83 (t, J = 5.3 Hz, 1H, , NH-CH2-
CH-(CH3)2), 5.55 (s, 2H, -NH2), 2.85 (dd, J = 6.8, 5.3 Hz, 
2H, NH-CH2-CH-(CH3)2), 1.89 (hept, J = 6.8, 6.6 Hz, 1H, 
NH-CH2-CH-(CH3)2), 0.95 (d, J = 6.6 Hz, 6H, NH-CH2-CH-
(CH3)2). Anal. (C10H17N3O4S) theoretical: C, 49.36; H, 7.04; 
N, 17.27. Found: C, 49.39; H, 7.06; N, 17.29.  
2.2.44. 2-(Allylamino)-4-aminobenzenesulfonamide (26b) 

The title compound was obtained as described for (26a) 
starting from 2-(allylamino)-4-nitrobenzenesulfonamide 
(25b) (1 g, 3,90 mmol) (Yield: 77 %). 1H NMR (500 MHz, 
DMSO-d6) δ 7.27 (d, J = 8.5 Hz, 1H, 6-H), 6.87 (s, 2H, SO2-
NH2), 5.97 – 5.92 (ddt, J = 17.2, 10.4, 4.8 Hz, 1H, CH2-
CH=C(H)2), 5.90 (t, J = 5.3 Hz, 1H, NH-CH2-CH=C(H)2), 
5.86 (dd, J = 8.5, 1.9 Hz, 1H, 5-H), 5.81 (d, J = 1.9 Hz, 1H, 
3-H), 5.55 (s, 2H, -NH2), 5.26 (dd, J trans = 17.2, 1.7 Hz, 1H, 
NH-CH2-CH=C(H)2), 5.15 (dd, J cis = 10.4, 1.7 Hz, 1H, NH-
CH2-CH=C(H)2), 3.73 (dd, J = 5.3, 4.8 Hz, 2H, NH-CH2-
CH=C(H)2). Anal. (C9H13N3O4S) theoretical: C, 47.56; H, 
5.77; N, 18.49. Found: C, 47.63; H, 5.74; N, 18.65.  

 
 

2.2.45. 4-Amino-2-(benzylamino)benzenesulfonamide (26c)  

The title compound was obtained as described for (26a) 
starting from 2-(benzylamino)-4-nitrobenzenesulfonamide 
(25c) (1 g, 3.30 mmol) (Yield: 76 %). 1H NMR (500 MHz, 
DMSO-d6) δ 7.40 – 7.20 (m, 5H, NH-CH2-C6H5), 7.28 (d, J 
= 8.6 Hz, 1H, 6-H), 6.93 (s, 2H, SO2-NH2), 6.27 (t, J = 5.8 
Hz, 1H, NH-CH2-C6H5), 5.85 (dd, J = 8.6, 2.0 Hz, 1H, 5-H), 
5.77 (d, J = 2.0 Hz, 1H, 3-H), 5.52 (s, 2H, -NH2), 4.34 (d, J 
= 5.8 Hz, 2H, NH-CH2-C6H5). Anal. (C13H15N3O4S) theoret-
ical: C, 56.30; H, 5.45; N, 15.15. Found: C, 56.21; H, 5.31; 
N, 15.05.  
2.2.46. 4-Amino-2-(phenethylamino)benzenesulfonamide 
(26d)  

The title compound was obtained as described for (26a) 
starting from 4-nitro-2-(phenethylamino)benzenesulfona-
mide (25d) (1 g, 3.10 mmol) (Yield: 83 %). 1H NMR (500 
MHz, DMSO-d6) δ 7.32 – 7.20 (m, 5H, NH-CH2-CH2-C6H5), 
7.27 (d, J = 8.5 Hz, 1H, 6-H), 6.80 (s, 2H, 10), 5.94 (d, J = 
2.0 Hz, 1H, 3-H), 5.86 (dd, J = 8.5, 2.0 Hz, 1H, 5-H), 5.83 (t, 
J = 5.4 Hz, 1H, NH-CH2-CH2-C6H5), 5.59 (s, 2H, NH2), 3.26 
(dt, J = 6.5, 5.4 Hz 2H, NH-CH2-CH2-C6H5), 2.88 (t, J = 6.5 
Hz, 2H, NH-CH2-CH2-C6H5). Anal. (C14H17N3O4S) theoreti-
cal: C, 57.71; H, 5.88; N, 14.42. Found: C, 58.01; H, 5.88; 
N, 14.08. 
2.2.47. (R,S)-2-Acetoxy-N-(4-isobutyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-3,3,3-trifluoro-2-methylpropanamide 
(28a) 

To a solution of 4-amino-2-(isobutylamino)benzenesul-
fonamide (26a) (426 mg, 1.75 mmol) and TEA (2.2 eq) in 
acetonitrile (20 mL) cooled in an ice bath, (R,S)-2-acetoxy-
3,3,3-trifluoro-2-methylpropanoyl chloride (16a) (1.5 eq) 
was added. The flask was immediately hermetically closed. 
After stirring for 1 hr at room temperature, the solvent was 
evaporated under reduced pressure. The residue was taken up 
with water and extracted thrice with ethyl acetate (50 mL). 
The combined organic layers were dried over MgSO4 and 
filtered. The filtrate was concentrated under reduced pres-
sure. To the resulting oil (compound 27a) was added triethyl 
orthoformate (30 mL). The mixture was heated at 130°C for 
24 hrs. After cooling to room temperature, the title com-
pound, which precipitated, was collected by filtration, 
washed with diethyl ether, and dried (Yield: 27 %). White 
solid; Mp: 175.2-176.7°C; 1H NMR (500 MHz, DMSO-d6) δ 
10.47 (s, 1H, -CO-NH-), 8.12 (s, 1H, 3-H), 7.89 (d, J = 8.7 
Hz, 1H, 8H), 7.83 (d, J = 2.1 Hz 1H, 5-H), 7.77 (dd, J = 8.8, 
2.1 Hz, 1H, 7-H), 3.85 (d, J = 7.5 Hz, 2H, N-CH2-CH-
(CH3)2), 2.22 (s, 3H, O-CO-CH3), 2.11 (hept, J = 7.5, 6.6 Hz, 
1H, N-CH2-CH-(CH3)2), 1.84 (s, 3H, C-CH3), 0.91 (d, J = 
6.6 Hz, 6H, N-CH2-CH-(CH3)2). Anal. (C17H20F3N3O5S) 
theoretical: C, 46.89; H, 4.63; N, 9.65. Found: C, 46.80; H, 
4.66; N, 9.39.  
2.2.48. (R,S)-2-Acetoxy-N-(4-allyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-3,3,3-trifluoro-2-methylpropanamide 
(28b)  

The title compound was obtained as described for (28a) 
starting from 2-(allylamino)-4-aminobenzenesulfonamide  
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(26b) (411 mg, 1.81 mmol) and (R,S)-2-acetoxy-3,3,3-
trifluoro-2-methylpropanoyl chloride (16a) (Yield : 24 %). 
White solid ; Mp :123.1-126.8°C ; 1H NMR (500 MHz, 
DMSO-d6) δ 10.45 (s, 1H, -CO-NH-), 8.15 (s, 1H, 3-H), 7.89 
(d, J = 8.7 Hz, 1H, 8-H), 7.84 (d, J = 1.9 Hz 1H, 5-H), 7.76 
(dd, J = 8.7, 1.9 Hz, 1H, 7-H), 6.04 (ddt, J = 17.4, 10.5, 5.0 
Hz, 1H, , N-CH2-CH=C(H)2), 5.31 (dd, J cis= 10.5, 1.6 Hz, 
1H, N-CH2-CH=C(H)2), 5.21 (d, Jtrans = 17.4, 1.6 Hz, 1H, N-
CH2-CH=C(H)2), 4.68 (d, J = 5.0 Hz, 2H, N-CH2-
CH=C(H)2), 2.22 (s, 3H, O-CO-CH3), 1.83 (s, 3H, C-CH3). 
Anal. (C16H16F3N3O5S) theoretical: C, 45.82 ; H, 3.85 ; N, 
10.02. Found : C, 45.94 ; H, 3.80 ; N, 10.00. 
2.2.49. (R,S)-2-Acetoxy-N-(4-benzyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-3,3,3-trifluoro-2-methylpropanamide 
(28c)  

The title compound was obtained as described for (28a) 
starting from 4-amino-2-(benzylamino)benzenesulfonamide 
(26c) (430 mg, 1.55 mmol) and (R,S)-2-acetoxy-3,3,3-
trifluoro-2-methylpropanoyl chloride (16a) (Yield: 35 %). 
White solid; Mp: 245.5-246.7°C; 1H NMR (500 MHz, 
DMSO-d6) δ 10.38 (s, 1H, -CO-NH-), 8.39 (s, 1H, 3-H), 7.89 
(d, J = 8.6 Hz, 1H, 8-H), 7.85 (d, J = 1.9 Hz, 1H, 5-H), 7.71 
(dd, J = 8.6, 1.9 Hz, 1H, 7-H), 7.40 – 7.29 (m, 5H, N-CH2-
C6H5), 5.28 (s, 2H, N-CH2-C6H5), 2.19 (s, 3H, O-CO-CH3), 
1.79 (s, 3H, C-CH3). Anal. (C20H18F3N3O5S) theoretical: C, 
51.17; H, 3.87; N, 8.95. Found: C, 51.50; H, 4.06; N, 8.91. 
2.2.50. (R,S)-2-Acetoxy-N-(4-phenethyl-1,1-dioxo-4H-
1,2,4-benzothiadiazin-6-yl)-3,3,3-trifluoro-2-
methylpropanamide (28d) 

The title compound was obtained as described for (28a) 
starting from 4-amino-2-(phenethylamino)benzenesul-
fonamide (26d) (364 mg, 1.25 mmol) and (R,S)-2-acetoxy-
3,3,3-trifluoro-2-methylpropanoyl chloride (16a) (Yield: 30 
%). White solid; Mp:186.2-188.0°C; 1H NMR (500 MHz, 
DMSO-d6) δ 10.53 (s, 1H, -CO-NH-), 7.97 (d, J = 1.9 Hz, 
1H, 5-H), 7.91 (s, 1H, 3-H), 7.91 (d, J = 8.7 Hz, 1H, 8-H), 
7.77 (dd, J = 8.7, 1.9 Hz, 1H, 7-H), 7.35–7.23 (m, 5H, N-
CH2-CH2-C6H5), 4.24 (d, J = 7.7 Hz, 2H, N-CH2-CH2-C6H5), 
3.06 (d, J = 7.7 Hz, 2H, N-CH2-CH2-C6H5), 2.25 (s, 3H, O-
CO-CH3), 1.87 (s, 3H, C-CH3). Anal. (C21H20F3N3O5S) theo-
retical: C, 52.17; H, 4.17; N, 8.69. Found: C, 52.10; H, 4.00; 
N, 8.59. 
2.2.51. 2-Acetoxy-N-(4-isobutyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-2-methylpropanamide (28e)  

The title compound was obtained as described for (28a) 
starting from 4-amino-2-(isobutylamino)benzenesulfonamide 
(26a) (300 mg, 1.24 mmol) and 2-acetoxy-2-methylpro-
panoyl chloride (16c) (Yield: 41 %). White solid; Mp: 233.3-
234.8°C; 1H NMR (500 MHz, DMSO-d6) δ 10.05 (s, 1H, -
CO-NH-), 8.10 (s, 1H, 3-H), 7.90 (d, J = 1.8 Hz, 1H, 5-H), 
7.83 (d, J = 8.8 Hz, 1H, 8-H), 7.78 (dd, J = 8.8, 1.8 Hz, 1H, 
7-H), 3.84 (d, J = 7.5 Hz, 2H, N-CH2-CH-(CH3)2), 2.18 – 
2.10 (m, 7.5, 6.6 Hz 1H, N-CH2-CH-(CH3)2), 2.09 (s, 3H, O-
CO-CH3), 1.57 (s, 6H, C-(CH3)2), 0.91 (d, J = 6.6 Hz, 6H, N-
CH2-CH-(CH3)2). Anal. (C17H23N3O5S) theoretical: C, 53.53; 
H, 6.08; N, 11.02. Found: C, 53.75; H, 6.32; N, 10.85. 

 
 

2.2.52. 2-Acetoxy-N-(4-allyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-2-methylpropanamide (28f)  

The title compound was obtained as described for (28a) 
starting from 2-(allylamino)-4-aminobenzenesulfonamide 
(26b) (340 mg, 1.43 mmol) and 2-acetoxy-2-methyl-
propanoyl chloride (16c) (Yield: 66 %). White solid; Mp: 
168.4-170.8°C; 1H NMR (500 MHz, DMSO-d6) δ 10.03 (s, 
1H, -CO-NH), 8.13 (s, 1H, 3-H), 7.90 (d, J = 1.9 Hz, 1H, 5-
H), 7.83 (d, J = 8.7 Hz, 1H, 8-H), 7.76 (dd, J = 8.7, 1.9 Hz, 
1H, 7-H), 6.04 (ddt, J = 17.3, 10.4, 5.0 Hz, 1H, N-CH2-
CH=C(H)2), 5.31 (dd, J cis= 10.4, 1.6 Hz, 1H, N-CH2-
CH=C(H)2), 5.22 (dd, Jtrans = 17.3, 1.6 Hz, 1H, N-CH2-
CH=C(H)2), 4.66 (d, J = 5.0 Hz, 2H, N-CH2-CH=C(H)2), 
2.08 (s, 3H, O-CO-CH3), 1.56 (s, 6H, C-(CH3)2). Anal. 
(C16H19N3O5S) theoretical: C, 52.59; H, 5.24; N, 11.50. 
Found: C, 52.32; H, 5.22; N, 11.10.  
2.2.53. 2-Acetoxy-N-(4-benzyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-2-methylpropanamide (28g)  

The title compound was obtained as described for (28a) 
starting from 4-amino-2-(benzylamino)benzenesulfonamide 
(26c) (300 mg, 1.10 mmol) and 2-acetoxy-2-methylpro-
panoyl chloride (16c) (Yield: 58 %). White solid; Mp: 145.6-
148.2°C; 1H NMR (500 MHz, DMSO-d6): δ 10.07 (s, 1H, -
CO-NH-), 8.35 (s, 1H, 3-H), 8.04 (d, J = 8.6 Hz, 1H, 8-H), 
7.95 (d, J = 1.9 Hz, 1H, 5-H), 7.85 (dd, J = 8.6, 1.9 Hz, 1H, 
7-H), 7.42 – 7.29 (m, 5H, N-CH2-C6H5), 5.75 (s, 2H, N-CH2-
C6H5), 2.19 (s, 3H, O-CO-CH3), 1.33 (s, 6H, C-(CH3)2). 
Anal. (C20H21N3O5S) theoretical: C, 57.82; H, 5.10; N, 
10.11. Found: C, 57.82; H, 5.11; N, 9.98.  
2.2.54. 2-Acetoxy-N-(4-phenethyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-2-methylpropanamide (28h) 

The title compound was obtained as described for (28a) 
starting from 4-amino-2-(phenethylamino)benzenesul-
fonamide (26d) (330 mg, 1.13 mmol) and 2-acetoxy-2-
methylpropanoyl chloride (16c) (Yield: 36 %). White solid; 
Mp: 182.6-184.9°C; 1H NMR (500 MHz, DMSO-d6) δ 10.11 
(s, 1H, -CO-NH-), 8.05 (s, 1H, 3-H), 7.88 (d, J = 1.9 Hz, 1H, 
5-H), 7.85 (d, J = 8.7 Hz, 1H, 8-H), 7.78 (dd, J = 8.7, 1.9 Hz, 
1H, 7-H), 7.36 – 7.25 (m, 5H, N-CH2-CH2-C6H5), 4.23 (t, J 
= 7.6 Hz, 2H, N-CH2-CH2-C6H5), 3.07 (t, J = 7.6 Hz, 2H, N-
CH2-CH2-C6H5), 2.11 (s, 3H, O-CO-CH3), 1.60 (s, 6H, C-
(CH3)2). Anal. (C21H23N3O5S) theoretical: C, 58.73; H, 5.40; 
N, 9.78. Found: C, 58.61; H, 5.25; N, 9.85. 
2.2.55. (R,S)-N-(4-Isobutyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-3,3,3-trifluoro-2-hydroxy-2-
methylpropanamide (11a) 

To a solution of (R,S)-2-acetoxy-N-(4-isobutyl-1,1-
dioxo-4H-1,2,4-benzothiadiazin-6-yl)-3,3,3-trifluoro-2-
methylpropanamide (28a) (115 mg, 0.26 mmol) in methanol, 
was added an aqueous solution of Na2CO3 (1.2 eq in 1mL). 
After 2 hrs of stirring at room temperature, the solvent was 
removed by distillation under reduced pressure, and the resi-
due was suspended in water. The mixture was neutralized by 
HCl 0.1N and extracted thrice with ethyl acetate (50 mL). 
The combined organic layers were dried over MgSO4 and 
filtered. The filtrate was concentrated to dryness under 
 



Design, Synthesis, and Evaluation of Novel Pyruvate Dehydrogenase        Medicinal Chemistry, 2023, Vol. 19, No. 3    285 

reduced pressure, and the title compound was recrystallized 
in ethyl acetate/hexane (1:2) (Yield: 70 %). White solid; Mp: 
183-193°C; 1H NMR (500 MHz, DMSO-d6) δ 10.50 (s, 1H, -
CO-NH-), 8.11 (s, 1H, 3-H), 8.09 (dd, J = 8.8, 1.9 Hz, 1H, 7-
H), 7.93 (d, J = 1.9 Hz, 1H, 5-H), 7.86 (d, J = 8.8 Hz, 1H, 8-
H), 7.68 (s, 1H, C-OH), 3.84 (d, J = 7.6 Hz, 2H, N-CH2-CH-
(CH3)2), 2.14 (hept, J = 7.6, 6.6 Hz, 1H, N-CH2-CH-(CH3)2), 
1.61 (s, 3H, C-CH3), 0.91 (d, J = 6.6 Hz, 6H, N-CH2-CH-
(CH3)2). Anal. (C15H18F3N3O4S) theoretical: C, 45.80; H, 
4.61; N, 10.68. Found: C, 46.13; H, 4.29; N, 10.34.  
2.2.56. (R,S)-N-(4-Allyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-3,3,3-trifluoro-2-hydroxy-2-
methylpropanamide (11b)  

The title compound was obtained as described for (11a) 
starting from (R,S)-2-acetoxy-N-(4-allyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-3,3,3-trifluoro-2-methylpropanamide 
(28b) (176 mg, 0.42 mmol) (Yield: 50 %). White solid; Mp: 
100-107.5°C; 1H NMR (500 MHz, DMSO-d6) δ 10.47 (s, 
1H, -CO-NH-), 8.14 (s, 1H, 3-H), 8.02 (d, J = 1.8 Hz, 1H, 5-
H), 8.00 (d, J = 8.7 Hz, 1H, 8-H), 7.85 (dd, J = 8.7, 1.8 Hz, 
1H, 7-H), 7.64 (s, 1H, C-OH), 6.04 (ddt, J = 17.4, 10.5, 5.1 
Hz, 1H, N-CH2-CH=C(H)2), 5.30 (dd, Jcis = 10.5, 1.6 Hz, 
1H, N-CH2-CH=C(H)2), 5.23 (dd, J trans= 17.3, 1.6 Hz, 1H, 
N-CH2-CH=C(H)2), 4.67 (d, J = 5.1 Hz, 2H, N-CH2-
CH=C(H)2), 1.59 (s, 3H, C-CH3). Anal. (C14H14F3N3O4S) 
theoretical: C, 44.56; H, 3.74; N, 11.14. Found: C, 44.41; H, 
3.55; N, 10.98.   
2.2.57. (R,S)-N-(4-Benzyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-3,3,3-trifluoro-2-hydroxy-2-
methylpropanamide (11c) 

The title compound was obtained as described for (11a) 
starting from (R,S)-2-acetoxy-N-(4-benzyl-1,1-dioxo-4H-
1,2,4-benzothiadiazin-6-yl)-3,3,3-trifluoro-2-methylpropana-
mide (28c) (255 mg, 0.55 mmol) (Yield: 70 %). White solid; 
Mp: 228.3-229.1°C; 1H NMR (500 MHz, DMSO-d6) δ 10.40 
(s, 1H, -CO-NH-), 8.36 (s, 1H, 3-H), 8.00 (d, J = 1.8 Hz, 1H, 
5-H), 7.97 (dd, J = 8.7, 1.8 Hz, 1H, 7-H), 7.86 (d, J = 8.7 Hz, 
1H, 8-H), 7.58 (s, 1H, C-OH), 7.41 – 7.30 (m, 5H, 21, N-
CH2-C6H5), 5.28 (s, 2H, N-CH2-C6H5), 1.56 (s, 3H, C-CH3). 
Anal. (C18H16F3N3O4S) theoretical: C, 50.58; H, 3.77; N, 
9.83. Found: C, 50.33; H, 3.87; N, 10.04. 
2.2.58. (R,S)-N-(4-Phenethyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-3,3,3-trifluoro-2-hydroxy-2-
methylpropanamide (11d) 

The title compound was obtained as described for (11a) 
starting from (R,S)-2-acetoxy-N-(4-phenethyl-1,1-dioxo-4H-
1,2,4-benzothiadiazin-6-yl)-3,3,3-trifluoro-2-
methylpropanamide (28d) 198 mg, 0.41 mmol) (Yield: 78 
%). White solid; Mp: 210-216°C; 1H NMR (500 MHz, 
DMSO-d6) δ 10.57 (s, 1H, -CO-NH-), 8.09 (d, J = 1.9 Hz, 
1H, 5-H), 8.06 (dd, J = 8.6, 1.9 Hz, 1H, 7-H), 7.87 (s, 1H, 3-
H), 7.87 (d, J = 8.6 Hz, 1H, 8-H), 7.68 (s, 1H, C-OH), 7.34 – 
7.24 (m, 5H, N-CH2-CH2-C6H5), 4.25 (t, J = 7.5 Hz, 2H, N-
CH2-CH2-C6H5), 3.07 (t, J = 7.5 Hz, 2H, N-CH2-CH2-C6H5), 
1.63 (s, 3H, C-CH3). Anal. (C19H18F3N3O4S) theoretical: C, 
51.70; H, 4.11; N, 9.52. Found: C, 51.49; H, 4.23; N, 9.41. 

 

2.2.59. N-(4-Isobutyl-1,1-dioxo-4H-1,2,4-benzothiadiazin-
6-yl)-2-hydroxy-2-methylpropanamide (11e)  

The title compound was obtained as described for (11a) 
starting from 2-acetoxy-N-(4-isobutyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-2-methylpropanamide (28e) (100 mg, 
0.26 mmol) (Yield: 65 %). White solid; Mp: 224.1-225.8°C; 
1H NMR (500 MHz, DMSO-d6) δ 10.19 (s, 1H, -CO-NH-), 
8.09 (s, 1H, 3-H), 8.08 (dd, J = 8.8, 1.9 Hz, 1H, 7-H), 7.98 
(d, J = 1.9 Hz, 1H, 5-H), 7.82 (d, J = 8.8 Hz, 1H, 7-H), 5.91 
(s, 1H, C-OH), 3.83 (d, J = 7.6 Hz, 2H, N-CH2-CH-(CH3)2), 
2.14 (hept, J = 7.6, 6.6 Hz, 1H, N-CH2-CH-(CH3)2), 1.37 (s, 
6H, C-(CH3)2), 0.91 (d, J = 6.6 Hz, 6H, N-CH2-CH-(CH3)2). 
Anal. (C15H21N3O4S) theoretical: C, 53.08; H, 6.24; N, 
12.38. Found: C, 53.42; H, 6.20; N, 12.04.  
2.2.60. N-(4-Allyl-1,1-dioxo-4H-1,2,4-benzothiadiazin-6-
yl)-2-hydroxy-2-methylpropanamide (11f)  

The title compound was obtained as described for (11a) 
starting from 2-acetoxy-N-(4-allyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-2-methylpropanamide (28f) (360 mg, 
0.99 mmol) (Yield: 56 %). White solid; Mp: 198.1-201.5°C; 
1H NMR (500 MHz, DMSO-d6) δ 10.13 (s, 1H, -CO-NH-), 
8.12 (s, 1H, 3-H), 8.03 (d, J = 1.8 Hz, 1H, 5-H), 7.98 (dd, J = 
8.7, 1.8 Hz, 1H, 7-H), 7.81 (d, J = 8.7 Hz, 1H, 8-H), 6.03 
(ddt, J = 17.3, 10.5, 4.8 Hz, 1H, N-CH2-CH=C(H)2), 5.88 (s, 
1H, C-OH), 5.29 (dd, Jcis = 10.5, 1.4 Hz, 1H, N-CH2-
CH=C(H)2), 5.23 (dd, Jtrans = 17.3, 1.4 Hz, 1H, N-CH2-
CH=C(H)2), 4.66 (d, J = 4.8 Hz, 2H, N-CH2-CH=C(H)2), 
1.36 (s, 6H, C-(CH3)2). Anal. (C14H17N3O4S) theoretical: C, 
52.00; H, 5.30; N, 12.99. Found: C, 51.84; H, 5.32; N, 12.86.  
2.2.61. N-(4-Benzyl-1,1-dioxo-4H-1,2,4-benzothiadiazin-6-
yl)-2-hydroxy-2-methylpropanamide (11g)  

The title compound was obtained as described for (11a) 
starting from 2-acetoxy-N-(4-benzyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-2-methylpropanamide (28g) (240 mg, 
0.58 mmol) (Yield: 81 %). White solid; Mp: 133.0-135.8°C; 
1H NMR (500 MHz, DMSO-d6) δ 10.07 (s, 1H, -CO-NH-),), 
8.35 (s, 1H, 3-H), 8.04 (d, J = 1.8 Hz, 1H, 5-H), 7.95 (dd, J = 
8.6, 1.8 Hz, 1H, 7-H), 7.82 (d, J = 8.6 Hz, 1H, 8-H), 7.42 – 
7.29 (m, 5H, N-CH2-C6H5), 5.85 (s, 1H, C-OH), 5.28 (s, 2H, 
N-CH2-C6H5), 1.33 (s, 6H, C-(CH3)2). Anal. (C18H19N3O4S) 
theoretical: C, 57.89; H, 5.13; N, 11.25. Found: C, 57.73; H, 
5.24; N, 10.87.  
2.2.61. N-(4-Phenethyl-1,1-dioxo-4H-1,2,4-benzothiadia-
zin-6-yl)-2-hydroxy-2-methylpropanamide (11h)  

The title compound was obtained as described for (11a) 
starting from 2-acetoxy-N-(4-phenethyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-2-methylpropanamide (28h) (100 mg, 
0.24 mmol) (Yield: 76 %). White solid; Mp: 168.1-170.7°C; 
1H NMR (500 MHz, DMSO-d6) δ 10.25 (s, 1H, -CO-NH-), 
8.16 (d, J = 1.7 Hz, 1H, 5-H), 8.04 (dd, J = 8.7, 1.7 Hz, 1H, 
7-H), 7.86 (s, 1H, 3-H), 7.83 (d, J = 8.7 Hz, 1H, 8-H), 7.36 – 
7.24 (m, 5H, N-CH2-CH2-C6H5), 5.92 (s, 1H, C-OH), 4.24 (t, 
J = 7.5 Hz, 2H, N-CH2-CH2-C6H5), 3.07 (t, J = 7.5 Hz, 2H, 
N-CH2-CH2-C6H5), 1.40 (s, 6H, C-(CH3)2). Anal. (C19H21N3 
O4S) theoretical: C, 58.90; H, 5.46; N, 10.85. Found: C, 
58.72; H, 5.49; N, 10.80. 
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2.2.62. (R,S)-N-(4-Allyl-1,1-dioxo-3,4-dihydro-2H-1,2,4-
benzothiadiazin-6-yl)-2-hydroxy-3,3,3-trifluoro-2-
methylpropionamide (12b)   

A solution of (R,S)-N-(4-allyl-1,1-dioxo-4H-1,2,4- ben-
zothiadiazin-6-yl)-2-hydroxy-3,3,3-trifluoro-2-methylpro-
pionamide (11b) (100 mg, 0.27 mmol) in 2-propanol (30 
mL) heated at 60°C was supplemented under stirring with 
sodium borohydride (4 eq). After stirring for 5 min., the sol-
vent was removed by distillation under reduced pressure, and 
the residue was suspended in water (10 mL). The alkaline 
suspension was adjusted to pH 7 with 0.1 N HCl and extract-
ed thrice with DCM (15 mL). The combined organic layers 
were dried over MgSO4 and filtered. The filtrate was concen-
trated to dryness under reduced pressure, and the residue of 
the title compound was recrystallized in DCM/hexane (1:2) 
(Yield: 56 %). White solid; Mp: 170.9-172.1°C; 1H NMR 
(500 MHz, DMSO-d6) δ 10.01 (s, 1H, -CO-NH-), 8.00 (t, J = 
8.1 Hz, 1H, SO2-NH-CH2), 7.51 (s, 1H, C-OH), 7.47 (d, J = 
8.6 Hz, 1H, 8-H), 7.32 (d, J = 1.9 Hz, 1H, 5-H), 7.28 (dd, J = 
8.6, 1.9 Hz, 1H, 7-H), 5.86 (ddt, J = 17.2, 10.3, 4.8 Hz, 1H, 
N-CH2-CH=C(H)2), 5.23 (dd, J trans = 17.2, 1.6 Hz, 1H, N-
CH2-CH=C(H)2), 5.17 (dd, J cis = 10.3, 1.6 Hz, 1H, N-CH2-
CH=C(H)2), 4.68 (d, J = 8.1 Hz, 2H, 3-CH2), 3.95 (d, J = 4.8 
Hz, 2H, N-CH2-CH=C(H)2), 1.56 (s, 3H, C-CH3). Anal. 
(C14H16F3N3O4S) theoretical: C, 44.33; H, 4.25; N, 11.08. 
Found: C, 44.52; H, 4.47; N, 11.00.  
2.2.63. (R,S)-N-(4-Benzyl-1,1-dioxo-3,4-dihydro-2H-1,2,4-
benzothiadiazin-6-yl)-2-hydroxy-3,3,3-trifluoro-2-
methylpropionamide (12c) 

The title compound was obtained as described for (12b) 
starting from (R,S)-N-(4-benzyl-1,1-dioxo-4H-1,2,4-benzo-
thiadiazin-6-yl)-2-hydroxy-3,3,3-trifluoro-2-methylpropiona-
mide (11c) (120 mg, 0.28 mmol) (Yield: 58 %). White solid; 
Mp: 143.7-145.2°C; 1H NMR (500 MHz, DMSO-d6) δ 9.98 
(bs, 1H, -CO-NH-), 8.13 (bs, 1H, SO2-NH-CH2), 7.50 (d, J = 
9.1 Hz, 1H, 8-H), 7.48 - 7.30 (m, 7H, 6-H, 7-H, N-CH2-
C6H4-H, C-OH), 7.27 (t, J = 6.7 Hz, 1H, N-CH2-C6H4-H), 
4.80 (s, 2H, N-CH2-C6H5), 4.58 (s, 2H, 3-CH2), 1.52 (s, 3H, 
C-CH3). Anal. (C18H18F3N3O4S) theoretical: C, 50.35; H, 
4.23; N, 9.79. Found: C, 50.49; H, 4.52; N, 9.67. 
2.2.64. (R,S)-N-(4-Phenethyl-1,1-dioxo-3,4-dihydro-2H-
1,2,4-benzothiadiazin-6-yl)-2-hydroxy-3,3,3-trifluoro-2-
methylpropionamide (12d)  

The title compound was obtained as described for (12b) 
starting from (R,S)-N-(4-phenethyl-1,1-dioxo-4H-1,2,4-
benzothiadiazin-6-yl)-2-hydroxy-3,3,3-trifluoro-2-
methylpropionamide (11d) (112 mg, 0.25 mmol) (Yield: 71 
%). White solid; Mp: 165.3-167.4°C; 1H NMR (500 MHz, 
DMSO-d6) δ 10.12 (s, 1H, -CO-NH-), 7.88 (t, J = 8.1 Hz, 
1H, SO2-NH-CH2), 7.54 (s, 1H, C-OH), 7.48 (d, J = 8.6 Hz, 
1H, 8-H), 7.44 (d, J = 1.9 Hz, 1H, 5-H), 7.30 (dd, J = 8.6, 1.9 
Hz, 1H, 7-H), 7.37 – 7.20 (m, 5H, N-CH2-CH2-C6H5), 4.62 
(d, J = 8.1 Hz, 2H, 3-CH2), 3.53 (t, J = 7.9 Hz, 2H, N-CH2-
CH2-C6H5), 2.86 (t, J = 7.9 Hz, 2H, N-CH2-CH2-C6H5), 1.60 
(s, 3H, C-CH3). Anal. (C19H20F3N3O4S) theoretical: C, 51.46; 
H, 4.55; N, 9.48. Found: C, 51.51; H, 4.90; N, 9.66.  

 
 

2.2.65. N-(4-Allyl-1,1-dioxo-3,4-dihydro-2H-1,2,4-
benzothiadiazin-6-yl)-2-hydroxy-2-methylpropionamide 
(12f) 

The title compound was obtained as described for (12b) 
starting from N-(4-allyl-1,1-dioxo-4H-1,2,4-benzothiadiazin-
6-yl)-2-hydroxy-2-methylpropionamide (11f) (101.4 mg, 
0.31 mmol) (Yield: 63 %). White solid; Mp: 187.5-190.1°C; 
1H NMR (500 MHz, DMSO-d6) δ 9.65 (s, 1H, -CO-NH-), 
7.96 (t, J = 8.1 Hz, 1H, SO2-NH-CH2), 7.44 (d, J = 8.6 Hz, 
1H, 8-H), 7.34 (d, J = 1.8 Hz, 1H, 5-H), 7.24 (dd, J = 8.6, 1.8 
Hz, 1H, 7-H), 5.85 (ddt, J = 17.2, 10.3, 4.9 Hz, 1H, N-CH2-
CH=C(H)2), 5.78 (s, 1H, C-OH), 5.23 (dd, J trans = 17.2, 1.6 
Hz, 1H, N-CH2-CH=C(H)2), 5.17 (dd, J cis = 10.3, 1.6 Hz, 
1H, N-CH2-CH=C(H)2), 4.67 (d, J = 8.1 Hz, 2H, 3-CH2), 
3.95 (d, J = 4.9 Hz, 2H, N-CH2-CH=C(H)2), 1.33 (s, 6H, C-
(CH3)2). Anal. (C14H19N3O4S) theoretical: C, 51.68; H, 5.89; 
N, 12.91. Found: C, 51.42; H, 5.71; N, 12.29.  
2.2.66. N-(4-Benzyl-1,1-dioxo-3,4-dihydro-2H-1,2,4-
benzothiadiazin-6-yl)-2-hydroxy-2-methylpropionamide 
(12g)  

The title compound was obtained as described for (12b) 
starting from N-(4-benzyl-1,1-dioxo-4H-1,2,4-benzothia-
diazin-6-yl)-2-hydroxy-2-methylpropionamide (11g) (130 
mg, 0.35 mmol) (Yield: 82 %). White solid; Mp: 168.1-
169.7°C; 1H NMR (500 MHz, DMSO-d6) δ 9.61 (s, 1H, -
CO-NH-), 8.09 (t, J = 7.7 Hz, 1H, SO2-NH-CH2), 7.47 (d, J 
= 8.6 Hz, 1H, 8-H), 7.38 – 7.31 (m, 5H, N-CH2-C6H5), 7.28 
(dd, J = 8.6, 1.9 Hz, 1H, 7-H), 7.26 (d, J = 1.9 Hz, 1H, 5-H), 
5.73 (s, 1H, C-OH), 4.79 (d, J = 7.7 Hz, 2H, 3-CH2), 4.58 (s, 
2H, N-CH2-C6H5), 1.29 (s, 6H, C-(CH3)2). Anal. (C18H21N3 
O4S) theoretical: C, 57.58; H, 5.64; N, 11.19. Found: C, 
57.22; H, 5.65; N, 11.16.  
2.2.67. N-(4-Phenethyl-1,1-dioxo-3,4-dihydro-2H-1,2,4-
benzothiadiazin-6-yl)-2-hydroxy-2-methylpropionamide 
(12h) 

The title compound was obtained as described for (12b) 
starting from N-(4-phenethyl-1,1-dioxo-4H-1,2,4-benzothia-
diazin-6-yl)-2-hydroxy-2-methylpropanamide (11h) (150 
mg, 0.38 mmol) (Yield: 82 %). White solid; Mp: 176.6-
178.2°C; 1H NMR (500 MHz, DMSO-d6) δ 9.76 (s, 1H, -
CO-NH-), 7.79 (t, J = 8.1 Hz, 1H, SO2-NH-CH2), 7.50 (d, J 
= 2.9 Hz, 1H, 5-H), 7.44 (dd, J = 8.5, 2.9 Hz, 1H, 7-H), 7.36 
– 7.30 (m, 5H, N-CH2-CH2-C6H5), 7.25 (d, J = 8.5 Hz, 1H, 
8-H), 5.81 (s, 1H, C-OH), 4.61 (d, J = 8.1 Hz, 2H, 3-CH2), 
3.52 (t, J = 8.0 Hz, 2H, N-CH2-CH2-C6H5), 2.86 (t, J = 8.0 
Hz, 2H, N-CH2-CH2-C6H5), 1.37 (s, 6H, C-(CH3)2). Anal. 
(C19H23N3O4S) theoretical: C, 58.59; H, 5.95; N, 10.79. 
Found: C, 58.43; H, 5.94; N, 10.68. 
2.2.68. N-Benzyl-2-fluoro-4-nitrobenzenesulfonamide (29)  

2-Fluoro-4-nitroaniline (22) (5 g, 32,10 mmol) was sus-
pended in 40 mL of an acetic acid and hydrochloric acid 
mixture (3:1). The solution was maintained at a temperature 
below 0-5°C. An aqueous sodium nitrite solution (5 mL; 1.5 
eq) was gradually added to obtain the diazonium salt. This 
mixture was added to a saturated acetic acid solution of 
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sulphur dioxide 50 mL in the presence of CuCl2 (0.33 eq). 
The resulting sulphonyl chloride (23) precipitated in the me-
dium after the addition of ice. It was collected by filtration 
and then poured into a cooled solution of benzylamine (1.2 
eq) and TEA (1.2 eq) in 1,4-dioxane (30 mL). After stirring 
for 45 minutes, the mixture was concentrated to dryness un-
der reduced pressure. The residue was taken up in water (30 
mL) and extracted thrice with ethyl acetate. The combined 
organic layers were treated with charcoal and filtered 
through Celite®. The filtrate was dried over MgSO4 and 
evaporated under reduced pressure. The title compound was 
recrystallized in ethyl acetate-hexane (1:2) (Yield: 47 %). 
White solid; Mp: 113.1-114.2°C; 1H NMR (500 MHz, 
DMSO-d6) δ 8.91 (t, J = 6.2 Hz, 1H, SO2-NH-CH2, 8.23 (dd, 
J = 9.8, 2.2 Hz, 1H, 3-H), 8.13 (dd, J = 8.7, 2.3 Hz, 1H, 5-
H), 7.97 (dd, J = 8.6, 7.3 Hz, 1H, 6-H), 7.25 – 7.15 (m, 5H, 
NH-CH2-C6H5), 4.17 (d, J = 6.2 Hz, 2H, NH-CH2-C6H5). 
Anal. (C13H11FN2O4S) theoretical: C, 50.32; H, 3.57; N, 
9.03. Found: C, 50.31; H, 3.58; N, 8.99. 
2.2.69. 2-Amino-N-benzyl-4-nitrobenzenesulfonamide (30)  

In an appropriate microwave vial, a solution of N-benzyl-
2-fluoro-4-nitrobenzenesulfonamide (29) (2g, 6.20 mmol) 
and ammonia solution (2.2 eq) in 1,4-dioxane (10 mL) was 
heated at 120°C for 30 minutes. After cooling to room tem-
perature, the media was poured onto ice, and the pH was 
adjusted to neutrality by means of concentrated hydrochloric 
acid. The title compound precipitated and was collected by 
filtration (Yield: 95 %). White solid; Mp: 138.4-140.1°C; 1H 
NMR (500 MHz, DMSO-d6) δ 8.43 (t, J = 6.2 Hz, 1H, SO2-
NH-CH2), 7.70 (d, J = 8.7 Hz, 1H, 6-H), 7.64 (d, J = 2.4 Hz, 
1H, 3-H), 7.31 (dd, J = 8.7, 2.4 Hz, 1H, 5-H), 7.27 – 7.18 
(m, 5H, NH-CH2-C6H5), 6.46 (s, 2H, -NH2), 4.01 (d, J = 6.2 
Hz, 2H, NH-CH2-C6H5). Anal. (C13H13N3O4S) theoretical: C, 
50.81; H, 4.26; N, 13.67. Found: C, 50.89; H, 4.26; N, 13.70. 
2.2.70. 2-Benzyl-6-nitro-3,4-dihydro-2H-1,2,4-benzothia-
diazine 1,1-dioxide (31) 

In an appropriate microwave vial, a solution of 2-amino-
N-benzyl-4-nitrobenzenesulfonamide (30) (1g, 3.1 mmol) in 
acetonitrile was supplemented with ten drops of sodium iso-
propanoate and paraformaldehyde (1 eq). The mixture was 
heated for 20 minutes at 100°C. After cooling to room tem-
perature, the media was evaporated under reduced pressure. 
The residue was suspended in water (15 mL) and extracted 
thrice with ethyl acetate (50 mL). The combined organic 
layers were treated with charcoal and filtered through 
Celite®. The filtrate was dried over MgSO4 and concentrated 
to dryness under reduced pressure.  The title compound was 
obtained after a column purification on silica gel (DCM/ 
hexane: 18:2) (Yield: 58 %). White solid; Mp: 243.8-
245.6°C; 1H NMR (500 MHz, DMSO-d6) δ 7.90 (t, J = 3.2 
Hz, 1H, -NH-), 7.85 (d, J = 8.7 Hz, 1H, 8-H), 7.73 (d, J = 2.2 
Hz, 1H, 5-H), 7.51 (dd, J = 8.7, 2.2 Hz, 1H, 7-H), 7.41 – 
7.33 (m, 5H, N-CH2-C6H5), 4.75 (d, J = 3.2 Hz, 2H, 3-CH2), 
4.10 (s, 2H, NH-CH2-C6H5). Anal. (C14H13N3O4S) theoreti-
cal: C, 52.66; H, 4.10; N, 13.16. Found: C, 52.61; H, 4.10; 
N, 13.12. 

 
 

2.2.71. 6-Amino-2-benzyl-3,4-dihydro-2H-1,2,4-benzothia-
diazine 1,1-dioxide (32) 

6-Nitro-2-benzyl-2,3-dihydro-2H-1,2,4-benzothiadiazine 
1,1-dioxyde (31) (0.6 g, 1.80 mmol) was dispersed in a 2:1 
ethanol/water mixture (90 mL). The suspension was heated 
until the product dissolved. Then, ammonium chloride (3.2 
eq) and powdered iron (3.2 eq) were added. After the mix-
ture was refluxed for 60 min, the insoluble material was re-
moved by filtration through Celite® and rinsed with a small 
amount of hot ethanol. The filtrate was concentrated under 
reduced pressure. The residue was suspended in water (40 
mL) and extracted thrice with ethyl acetate (50 mL). The 
combined organic layers were dried over MgSO4 and fil-
tered. The filtrate was concentrated to dryness under reduced 
pressure. The title compound was recrystallized in ethyl ace-
tate-hexane (1:2) (Yield: 89 %). White solid; Mp: 182.9-
184.1°C; 1H NMR (500 MHz, DMSO-d6) δ 7.41–7.30 (m, 
5H, N-CH2-C6H5), 7.17 (d, J = 8.6 Hz, 1H, 8-H), 6.83 (t, J = 
3.5 Hz, 1H, -NH-), 6.04 (dd, J = 8.6, 2.1 Hz, 1H, 7-H), 5.89 
(d, J = 2.1 Hz, 1H, 5-H), 5.67 (s, 2H, -NH2), 4.50 (d, J = 3.5 
Hz, 2H, 3-CH2), 4.01 (s, 2H, N-CH2-C6H5). Anal. 
(C14H15N3O2S) theoretical: C, 58.11; H, 5.23; N, 14.52. 
Found: C, 58.10; H, 5.28; N, 14.55. 
2.2.72. (R,S)-N-(2-Benzyl-1,1-dioxo-3,4-dihydro-2H-1,2,4-
benzothiadiazin-6-yl)-2-hydroxy-3,3,3-trifluoro-2-
methylpropionamide (13c) 

To a solution of 6-amino-2-benzyl-2,3-dihydro-2H-1,2,4-
benzothiadiazine 1,1-dioxyde (32) (340 mg, 1.12 mmol) and 
TEA (1.5 eq) in acetonitrile (15 mL) cooled in an ice bath, 
was added (R,S)-2-acetoxy-3,3,3-trifluoro-2-methylpro-
panoyl chloride (16a) (1.2 eq). The flask was immediately 
hermetically closed. After stirring for 1 hr at room tempera-
ture, the solvent was evaporated under reduced pressure. The 
residue was dissolved in water and extracted thrice with 
ethyl acetate (50 mL). The combined organic layers were 
dried over MgSO4 and filtered. The filtrate was concentrated 
under reduced pressure and the residue of compound (33) 
was solubilized in methanol (10 mL). A cool aqueous NaOH 
solution (2.5 N, 10 g/mL) was added dropwise up to alkaline 
pH. After stirring for 30 minutes, the reaction mixture was 
neutralized by means of 2N HCl. The solvent was evapo-
rated under reduced pressure, and the resulting precipitate 
was recrystallized in methanol-water (2:1) (Yield: 63 %). 
White solid; Mp: 205.5-206.8°C; 1H NMR (500 MHz, 
DMSO-d6) δ 10.05 (s, 1H, -CO-NH-), 7.53 (d, J = 1.9 Hz, 
1H, 5-H), 7.50 (s, 1H, C-OH), 7.49 (d, J = 8.7 Hz, 1H, 8-H), 
7.42 – 7.33 (m, 5H, N-CH2-C6H5), 7.31 (t, J = 3.0 Hz, 1H, -
NH-), 7.08 (dd, J = 8.7, 1.9 Hz, 1H, 7-H), 4.59 (d, J = 3.0 
Hz, 2H, 3-CH2), 4.03 (s, 2H, N-CH2-C6H5), 1.58 (s, 3H, C-
CH3). Anal. (C18H18F3N3O4S) theoretical: C, 50.35; H, 4.23; 
N, 9.79. Found: C, 50.32; H, 4.23; N, 9.74. 

2.3. Biological Assays 

In vitro determination of the inhibitory activity of the new 
compounds on the pyruvate dehydrogenase kinase complex. 
Each compound was dissolved in pure DMSO. The initial 
concentrations were 1.0 10-2 M. For the evaluation, the stock  
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solutions were diluted using the same solvent to obtain a 
range of reduced concentrations. The protocol was carried 
out according to the modification of the method by Jackson 
et al. [38] which describes a high throughput screening for 
PDK inhibitors by measuring the residual activity of the 
PDH complex after kinases reaction. This assay consisted of 
three steps. 

Step 1: preincubation/acetylation: Pig PDC containing 
intrinsic kinase (Sigma Aldrich) was incubated for 40 min at 
37 °C in buffer A [40 mM Mops (pH 7.20, 0.5 mM EDTA, 
30 mM KCl, 1.5 mM MgCl2, 0.25 mM acetyl-CoA, 0.05 
mM NADH, 2 mM dithiothreitol, 10mM NaF] at a concen-
tration of approximatively 100 µg/ml.  

Step 2: PDK reaction: The PDK reaction was initiated by 
adding 36 µL of the PDC mixture to a vial containing 1µL of 
DMSO or 1µL of tested drug solution at varying final con-
centration between 10-4 and 10-9 M supplemented with 64 µL 
of buffer B [buffer A + (55 µM ADP, 100 µM ATP)] at 
37°C. After 5 min the PDK reaction was terminated by the 
addition of 10 µL of stopping buffer (55 mM ADP, 55 mM 
pyruvate). 

Steps 3: residual PDH complex activity: The PDH com-
plex activity remaining was assayed by the addition of 100 
µL of buffer C [120mM Tris (pH 7.8), 0.61mM EDTA, 
0.73mM MgCl2, 2.2mM thiamine pyrophosphate, 11 mM 2-
mercaptoethanol, 2.2 mM NAD+, 2.2mM pyruvate, 1.1mM 
CoA] to each tube which are then briefly vortexed and incu-
bated for 10 minutes at 37°C. At the end of incubation, they 

were transferred to a 96-well plate, and the production of 
NADH was measured at 340 nm. 

The compound inhibitory effect can be expressed as:  
%inh = 100 x (A-A0/Amax – A0) 

In this relationship, A0 represents the basal production of 
NADH (sample without a compound of interest). The PDH 
complex is completely inhibited. While Amax is the maxi-
mum amount of NADH produced, there is no ATP or com-
pound of interest in the sample. 

Results were expressed as the mean ± standard deviation 
from at least three determinations (n≥3). The substance con-
centration preventing 50% of the PDH complex inhibition 
(IC50) was calculated by non-linear regression analysis 
(GraphPad Prism software) from at least three dose-response 
curves. 

3. RESULTS AND DISCUSSION 

3.1. Molecular Modelling 

The X-ray structure of PDK1 co-crystallized with 
AZD7545 [13] extracted from the Protein Data Bank (PDB 
code: 2Q8G) was used (Fig. 4) to perform docking experi-
ments with a set of proposed molecules belonging to the dif-
ferent series of compounds. The structure of the PDK1-
AZD7545 complex showed that the inhibitor binds to the 
lipoamide-binding pocket in the N-terminal domain of PDK1 
[13]. Moreover, X-ray data clearly indicated that the N-

 
Fig. (4). (A) The 1.9 Å crystal structure of human PDK1. (B, C) Structure of human PDK1 associated to AZD7545. (D) The close-up view 
of the interaction between the lipoamide-binding pocket and AZD7545. (A higher resolution/colour version of this figure is available in the 
electronic copy of the article). 
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phenyl-2-hydroxy-3,3,3-trifluoro-2-methylpropionamide 
moiety of the inhibitor was the critical fragment interacting 
intimately with the binding site. On the contrary, the ‘sul-
fonyl’ side of the molecule, which is located outside the 
binding site, seemed to offer great possibilities of modula-
tion by the introduction of bulky groups without causing 
apparent steric hindrance. 

According to this observation, the docking study was per-
formed with an example of the compound from each series 
10, 11, 12 and 13 (Fig. 3) bearing the required 2-hydroxy-
3,3,3-trifluoro-2-methylpropionamide moiety (R1 = methyl 
and R2 = trifluoromethyl) on one side, and a benzyl moiety 
(R3) on the other side (compounds 10d, 11c, 12c and 13c; 
Fig. 5). 

The 2D diagram of the PDK1-AZD7545 complex inter-
action shown in Fig. (6) indicates that the lipoamide-binding 

pocket interior is lined with highly conserved hydrophobic 
residues (Leu57, Phe62, Phe65, Phe78, Leu79, Leu201, and 
Phe202), which form a hydrophobic interface with the com-
pound. The phenylalanine residues (Phe65 and Phe78) 
sandwich the 2-chlorophenyl group required for the interac-
tion. The Ser75 forms an H-bond with the ligand's hydroxyl 
group, which promotes AZD7545 binding. Moreover, a wa-
ter molecule is trapped inside the lipoyl-binding pocket, 
which coordinates an H-bonding network involving Phe62, 
Gln197, and AZD7545 amide oxygen atoms.  

Comparable to those already available for AZD7545, 
these results allowed us to validate this protocol for our in-
vestigation. The most significant aspect of molecular dock-
ing is the calculation of the free binding energy to fit a ligand 
into a binding site. It makes it possible to estimate the drug's 
affinity toward the target. In general, the more negative the 
energy, and more favorable the interaction and the better the 

 
10d                                             11c                                        12c                                         13c 

Fig. (5). Molecules examined in the docking experiments. 

 
Fig. (6). The 2D diagram of the PDK1-AZD7545 complex interaction. (A higher resolution/colour version of this figure is available in the 
electronic copy of the article). 
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adjustment. The Molecular Mechanics Poisson-Boltzmann 
Surface Area (MM-PBSA) free binding energy calculation 
method [36,37] was used in these experiments. The MM-
PBSA results obtained for AZD7545 and the four selected 
protein-ligand complexes are shown in Table 1. 
Table 1. Lipoamide binding site-ligands free binding energy 

evaluated by MM-PBSA method 

Complexes PBSA (Kcal/mol) 

PDK1-AZD7545 -47.28 

PDK1-10d -45.32 

PDK1-11c -37.44 

PDK1-12c -40.26 

PDK1-13c -33.96 

 
Although the free binding energy calculated indicated 

that the reference compound AZD7545 appeared to express 
the best affinity for the lipoyl-binding site of PDK1, the 
docking studies clearly showed that our compounds favora-
bly interacted with this binding site, thus confirming the in-
terest in synthesizing such kind of rigidified molecules as 
putative novel PDK inhibitors. Interestingly, it was also 
found that the saturation of the double bond of the 1,2,4-
benzothiadiazine 1,1-dioxide ring (11c -> 12c) seemed to 
increase the affinity for the binding site. 

3.2. Chemistry 

The synthesis of the new compounds 10, 11, 12 and 13 is 
described in schemes (1-5). The first synthetic pathway 
(Scheme 1) reports the preparation of the acid chlorides of 
the diversely R1,R2-substituted 2-acetoxyacetic acids (16). 
The hydroxyl function of the appropriate carboxylic acids 14 
was protected by acetylation after reaction with acetyl chlo-
ride. In the next step, the corresponding acid chlorides 16 
were obtained by using oxalyl chloride in the presence of a 
catalytic amount of DMF in dichloromethane.  

Scheme 2 describes the access to the N-alkyl/aralkyl-
substituted 4-amino-3-chlorobenzenesulfonamides 20, start-
ing from the commercially available 3-chloro-4-nitroaniline 
17. Diazotization of 17 in the presence of sulfur dioxide and 
cuprous chloride (cupric chloride reduced by SO2 into cu-
prous chloride) provided the corresponding sulfonyl chlo-
rides 18. The latter was converted into the corresponding N-
alkyl/aralkylsubstituted sulfonamides 19 after reaction with 
the appropriate alkyl/aralkylamines. The reduction of the 
nitro function of 19 by means of iron powder in acetic acid 
provided the expected para-aminobenzenesulfonamides 20. 

The final compounds 10 were obtained after reaction of 
the appropriate acid chloride 16 with the appropriate para-
aminobenzenesulfonamide 20 followed by the deprotection 
of the acetyl group of the intermediate 21 in aqueous alkaline 
hydrolytic conditions (Scheme 3). 

The access to the 4-alkyl/aralkylsubstituted 1,2,4-
benzothiadiazine 1,1-dioxides 11 and 12 is reported in 
Scheme (4). Starting from 2-fluoro-4-nitroaniline 22, the 

diazotization reaction conducted in the presence of sulfur 
dioxide and cuprous chloride (see above for 17) provided the 
corresponding sulfonyl chloride 23, which was immediately 
converted into the sulfonamide 24 after reaction with aque-
ous ammonia. Nucleophilic substitution of the fluorine atom 
at the ortho-position of the sulfonamide function with the 
appropriate alkyl/aralkylamine gave access to the expected 
ortho-alkyl/aralkylaminobenzenesulfonamides 25. The pri-
mary amine function at the 4-position of compounds 26 (ra-
ther than the secondary bulky alkyl/aralkylamine function at 
the 2-position), due to more favorable steric conditions, re-
acted with the appropriate acid chlorides 16 to provide the 2-
acetoxy-methylpropanamide intermediates 27. Ring closure 
reaction in the presence of triethyl orthoformate gave access 
to the “unsaturated” 1,2,4-benzothiadiazine 1,1-dioxides 28, 
which were deacetylated in mild alkaline conditions to pro-
vide the final compounds 11. The latter were converted into 
their “saturated” analogues 12 after reaction with sodium 
borohydride in isopropanol. 

Lastly, one example of “saturated” 1,2,4-
benzothiadiazine 1,1-dioxide bearing the benzyl group at the 
2-position of the heterocycle instead of the 4-position was 
prepared according to Scheme (5). The sulfonyl chloride 23 
(see scheme 4) reacted with benzylamine to provide the N-
benzylsulfonamide 29. The reaction between 29 and aqueous 
ammonia produced the corresponding ortho-
aminobenzenesulfonamide 30, which was engaged in a ring 
closure reaction with paraformaldehyde in the presence of a 
strong base to provide the corresponding 3,4-dihydro-2H-
1,2,4-benzothiadiazine 11-dioxide 31 bearing a nitro func-
tion at the 6-position. Reduction of the nitro function of 31 
into the amino function giving intermediate 32, followed by 
acylation of 32 with the acid chloride 16a and deprotection 
of the acetoxy group of the resulting intermediate 33 provid-
ed the final compound 13c. 

3.3. Biological Results 

Table 2 reports the inhibitory activity on the pyruvate de-
hydrogenase kinase (PDK) complex of the newly synthe-
sized N-(2-chloro-4-(N-alkyl/aralkylsulfamoyl)phenyl)-2-
hydroxy-2-methylpropanamides (10c-n) compared to the 
reference compounds 10a (or 4) and 10b (or 5). The table 
indicates that the racemic mixture 10c was logically found to 
be less active than the reference compound 10a (or 4), which 
is the R-enantiomer [compare the IC50 values of 10c (41 nM) 
versus 10a (7 nM)]. Interestingly, the introduction of a ben-
zyl chain instead of an isobutyl chain at the level of the sul-
fonamide nitrogen atom provided equipotent compounds 
(compare 10d versus 10c). However, the introduction of a 
longer side chain (see the N-phenethyl-substituted analogue 
10e with an IC50 value of 75 nM) was found to be less favor-
able. 

Replacement of the trifluoromethyl group by a simple 
methyl group on the propanamide moiety located at the 4-
position of the benzenesulfonamide core structure resulted in 
the suppression of the chiral carbon atom. However, this 
modification was also responsible for a strong decrease of 
the inhibitory activity on the PDK complex (see for example 
10c and 10d compared to 10f and 10h). 
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Scheme 1. Synthetic pathway to compounds 16a-f. Reagents: i: CH3COCl, CH2Cl2; ii: oxalyl chloride, DMF, CH2Cl2.  

 

 
Scheme 2. Synthetic pathway to compounds 20a-d. Reagents: i: 1. NaNO2, HCl, HOAc; 2. SO2, CuCl2, HOAc; ii: R3-NH2, TEA, dioxane; iii: 
Fe, HOAc, H2O. 

 

 
21a, 10a (= 4): R1 = CF3, R2 = CH3, R3 = CH2CH(CH3)2 (R) 
21b, 10b (= 5): R1 = CF3, R2 = CH3, R3 = CH2CH=CH2 (R) 
21c, 10c: R1 = CF3, R2 = CH3, R3 = CH2CH(CH3)2 (R,S) 
21d, 10d: R1 = CF3, R2 = CH3, R3 = CH2C6H5 (R,S) 
21e, 10e: R1 = CF3, R2 = CH3, R3 = CH2CH2C6H5 (R,S) 
21f, 10f: R1 = CH3, R2 = CH3, R3 = CH2CH(CH3)2 

21g, 10g: R1 = CH3, R2 = CH3, R3 = CH2CH=CH2 

21h, 10h: R1 = CH3, R2 = CH3, R3 = CH2C6H5 

21i, 10i: R1 = CH3, R2 = CH3, R3 = CH2CH2C6H5 
21j, 10j: R1 = C6H5, R2 = H, R3 = CH2CH(CH3)2 (R,S) 
21k, 10k: R1 = C6H5, R2 = H, R3 = CH2CH=CH2 (R,S) 
21l, 10l: R1 = C6H5, R2 = H, R3 = CH2C6H5 (R,S) 
21m, 10m: R1 = C6H5, R2 = H, R3 = CH2C6H5 (R) 
21n, 10n: R1 = C6H5, R2 = H, R3 = CH2C6H5 (S) 

Scheme 3. Synthetic pathway to compounds 10a-n. Reagents: i: pyridine, CH2Cl2; ii: NaOH, H2O. 

 

 
Scheme 4.  Synthetic pathway to compounds 11a-h and 12b-d,f-h. Reagents: i: 1. NaNO2, HCl, HOAc; 2. SO2, CuCl2, HOAc; ii: NH3, H2O; 
iii: R3-NH2; iv: Fe, NH4Cl, H2O, EtOH; v: 16a-d, TEA, CH3CN; vi: H(COEt)3; vii: NaHCO3, H2O, MeOH; viii: NaBH4, isopropanol. 
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Scheme 5. Synthetic pathway to compound 13c. Reagents: i: benzylamine; ii: NH3, H2O; iii: paraformaldehyde, sodium isopropanoate; iv: Fe, 
NH4Cl, H2O, EtOH; v: 16a, TEA, CH3CN; vi: NaOH, MeOH. 

 
Table 2. Inhibitory activity on the pyruvate dehydrogenase kinase (PDK) complex of N-(2-chloro-4-(N-alkyl/aralkylsulfamoyl) 

phenyl)-2-hydroxy-2-methylpropanamides (10). 

 

Compounds Conf. -R1 -R2 -R3 IC50 (nM)[a] 

10a (4) R -CF3 -CH3 -CH2CH(CH3)2 7.3 ± 1.5 

10b (5) R -CF3 -CH3 -CH2CH=CH2 10.1 ± 2.2 

10c R,S -CF3 -CH3 -CH2CH(CH3)2 40.8 ± 11.4 

10d R,S -CF3 -CH3 -CH2C6H5 40.1 ± 8.2 

10e R,S -CF3 -CH3 -CH2CH2CH(CH3)2 75.0 ± 15.5 

10f - -CH3 -CH3 -CH2CH(CH3)2 114.9 ± 24.6 

10g - -CH3 -CH3 -CH2CH=CH2 197.5 ± 51.1 

10h - -CH3 -CH3 -CH2C6H5 175.1 ± 46.8 

10i - -CH3 -CH3 -CH2CH2C6H5 136.9 ± 25.1 

10j R,S -C6H5 -H -CH2CH(CH3)2 n.a.[b] 

10k R,S -C6H5 -H -CH2CH=CH2 n.a. 

10l R,S -C6H5 -H -CH2C6H5 n.a. 

10m R -C6H5 -H -CH2C6H5 n.a. 

10n S -C6H5 -H -CH2C6H5 n.a. 
[a] Estimated IC50 values for the inhibition of PDKs. Results are expressed as mean ± standard deviation of at least three determinations (n≥3). [b] n.a.: not active 
(IC50 > 100 µM). 

 
The introduction of a bulkier phenyl group instead of the 

two methyl or the trifluoromethyl/methyl groups on the α-
position of the acetamide moiety, providing the mandelic 
acid derivatives 10j-n, resulted in a complete loss of inhibi-
tory activity on the PDK complex. 

According to this first set of biological results, the next 
series of compounds (1,2,4-benzothiadiazine 1,1-dioxides 
11, 12 and 13 designed as conformationally restricted ring-
closed analogues of N-alkyl/aralkyl-substituted benzenesul-
fonamides) carried only a (methyl/trifluoromethyl) pro-
panamide moiety at the 6-position of the heterocycle. 
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Table 3 reports the biological results obtained with the 
novel 1,2,4-benzothiadiazine 1,1-dioxides 11, 12 and 13. As 
previously observed with the N-(2-chloro-4-(N-alkyl/ 
aralkylsulfamoyl)phenyl)-2-hydroxy-2-methylpropanamides 
10, the presence of a 2-trifluoromethylpropanamide side 
chain was always preferred to that of a 2-methylpropanamide 
moiety at the 6-position of the 4-alkyl/aralkyl-substituted 
4H-1,2,4-benzothiadiazine 1,1-dioxides (“unsaturated” 1,2,4-
benzothiadiazine 1,1-dioxides; compare 11a-d with 11e-h). 
Interestingly, the best choice of hydrocarbon side chain at 
the 4-position was found to be the benzyl chain, providing 
11c, the most active compound (IC50 = 3.6 µM) belonging to 
the 4-alkyl/aralkyl-substituted “unsaturated” 1,2,4-
benzothiadiazine 1,1-dioxides. Another attractive observa-
tion was also the quite marked inhibitory activity of the 
phenethyl-substituted compounds 11d and 11h compared to 
the other representatives of this series of drugs. Such a result 
supports the view that bulky substituents could be tolerated 
at the 4-position of the heterocycle. 

Saturation of the C(2)=N(3) double bound of compounds 
11, providing the corresponding “saturated” analogues 12 
(“saturated” 1,2,4-benzothiadiazine 1,1-dioxides), was re-
sponsible for a clear increase of the inhibitory activity on the 
PDK complex (see Table 3; compare 12b-c with 11b-c and 
12f-h with 11f-h). Once again, the most active compound of 
this series was the benzyl-substituted trifluoromethylpro-
panamide derivative 12c with an IC50 value below the mi-
cromolar concentration (IC50 = 0.5 µM). It was concluded 
that the saturation of the C=N double bound favorably modi-
fied the 3D-conformation of the molecules so that a better 
recognition by the biological target was observed. In this 
series of saturated compounds, the 4-phenethyl-substituted 
derivatives 12d and 12h were also found to express a marked 
activity. 

Lastly, compound 13c was prepared to examine the im-
pact of the introduction of the benzyl side chain at the 2-
position instead of the 4-position of the saturated heterocy-
cle. Such a compound could also be viewed as a tightly re-
lated ring-closed analogue of compound 10d. According to 

Table 3. Inhibitory activity on the pyruvate dehydrogenase kinase (PDK) complex of N-(4-alkyl/aralkyl-1,1-dioxo-4H-1,2,4-benzot-
hiadiazin-6-yl)-2-hydroxy-2-methylpropanamides (11), N-(4-alkyl/aralkyl-1,1-dioxo-3,4-dihydro-2H-1,2,4-benzothia-
diazin-6-yl)-2-hydroxy-2-methylpropanamides (12) and N-(2-alkyl/aralkyl-1,1-dioxo-3,4-dihydro-2H-1,2,4-benzothia-
diazin-6-yl)-2-hydroxy-2-methylpropionamide (13). 

       

Compounds Conf. -R1 -R2 -R3 IC50 (µM)[a] 

11a R,S -CF3 -CH3 -CH2CH(CH3)2 33.5 ± 8.2 

11b R,S -CF3 -CH3 -CH2CH=CH2 22.8 ± 8.8 

11c R,S -CF3 -CH3 -CH2C6H5 3.6 ± 0.9 

11d R,S -CF3 -CH3 -CH2CH2C6H5 8.2 ± 1.5 

11e - -CH3 -CH3 -CH2CH(CH3)2 86.1 ± 13.9 

11f - -CH3 -CH3 -CH2CH=CH2 64.4 ± 14.2 

11g - -CH3 -CH3 -CH2C6H5 80.8 ± 12.4 

11h - -CH3 -CH3 -CH2CH2C6H5 24.8 ± 10.8 

12b R,S -CF3 -CH3 -CH2CH=CH2 4.6 ± 1.2 

12c R,S -CF3 -CH3 -CH2C6H5 0.5 ± 0.2 

12d R,S -CF3 -CH3 -CH2CH2C6H5 1.2 ± 0.5 

12f - -CH3 -CH3 -CH2CH=CH2 12.9 ± 4.4 

12g - -CH3 -CH3 -CH2C6H5 13.2 ± 4.2 

12h - -CH3 -CH3 -CH2CH2C6H5 3.6 ± 1.3 

13c R,S -CF3 -CH3 -CH2C6H5 1.36 ± 0.34 
[a] Estimated IC50 values for the inhibition of PDKs. Results are expressed as mean ± standard deviation of at least three determinations (n≥3). 
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Table 2, compound 13c was found to be quite active as an 
inhibitor of the PDK complex (IC50 = 1.36 µM), but less 
active than compound 12c. It is concluded that conforma-
tionally restricted analogues of N-(4-(N-alkyl/aralkyl-
sulfamoyl)phenyl)-2-hydroxy-2-methylpropanamides be-
longing to “saturated” 1,2,4-benzothiadiazine 1,1-dioxides 
can advantageously bear a bulky aralkyl side chain at the 2- 
or the 4-position of the heterocycle, but that the 4-position 
appeared to be preferred. 

CONCLUSION 

The present work reported the synthesis and the biologi-
cal evaluation of novel pyruvate dehydrogenase kinase 
(PDK) inhibitors belonging to N-(4-(N-alkyl/aralkyl-
sulfamoyl)phenyl)-2-methylpropanamides and to 1,2,4-
benzothiadiazine 1,1-dioxides carrying a (methyl/tri-
fluoromethyl)propanamide moiety at the 6-position designed 
as conformationally restricted ring-closed analogues of N-(4-
(N-alkyl/aralkylsulfamoyl)phenyl)- 2-methyl-propanamides. 

The newly synthesized N-(4-(N-alkyl/aralkylsulfamoyl) 
phenyl)-2-methylpropanamides structurally related to the 
reference compounds 4 and 5 were found to be potent inhibi-
tors of the PDK complex. The introduction of a benzyl side 
chain instead of an isobutyl or an allyl chain on the sulfona-
mide nitrogen atom was found to preserve potent inhibitory 
activity. Replacement of the trifluoromethyl group by a sim-
ple methyl group on the propanamide moiety located at the 
4-position of the benzenesulfonamide core structure resulted 
in a strong decrease in the inhibitory activity of the PDK 
complex. 

Most of the 1,2,4-benzothiadiazine 1,1-dioxides designed 
as conformationally restricted ring-closed analogues of N-(4-
(N-alkyl/aralkylsulfamoyl)phenyl)-2-hydroxy-2-
methylpropanamides were found to be less potent than their 
rind-opened analogues. However, the best choice of hydro-
carbon side chain at the 4-position was again the benzyl 
chain. Saturated 1,2,4-benzothiadiazine 1,1-dioxides were 
always found to be more potent than the corresponding un-
saturated analogues. Another observation was also the rather 
marked inhibitory activity of the phenethyl-substituted com-
pounds supporting the view that bulky substituents could be 
tolerated at the 4-position of the heterocycle. 

In the near future, the in vivo effect in animal models of a 
selection of these new PDK inhibitors as modulators of the 
lactate plasma levels has to be performed in order to examine 
a possible beneficial effect of these drugs in the treatment of 
pathologies requiring the control of excessive lactate produc-
tion. 
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