
1 
 
 

 

 

 

 

 

Supplementary Materials 
 
 

 

Design and Synthesis of New Pyrimidine-
Quinolone Hybrids as Novel hLDHA Inhibitors 
 

Iván Díaz, Sofia Salido, Manuel Nogueras and Justo Cobo * 

Facultad de Ciencias Experimentales, Departamento de Química Inorgánica y Orgánica, Universidad de 
Jaén, E-23071 Jaén, Spain; idc00005@red.ujaen.es (I.D.); ssalido@ujaen.es (S.S.); mmontiel@ujaen.es (M.N.) 
* Correspondence: jcobo@ujaen.es 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
 
 

 

Table of contents.  
1. In-silico studies ...................................................................................................................... 4 

2. Chemistry .............................................................................................................................. 7 

3. LDHA biological assays. ......................................................................................................... 8 

3.1 Dose-response inhibition curves ................................................................................... 8 

4. NMR, MS and HRMS spectra. .............................................................................................. 14 

4.1 Compound 8 ................................................................................................................ 14 

4.2 Compound 9 ................................................................................................................ 17 

4.3 Compound 15 .............................................................................................................. 20 

4.4 Compound 19 .............................................................................................................. 23 

4.5 Compound 22a ............................................................................................................ 26 

4.6 Compound 22b ............................................................................................................ 29 

4.7 Compound 22c ............................................................................................................ 32 

4.8 Compound 23a ............................................................................................................ 35 

4.9 Compound 23b ............................................................................................................ 38 

4.10 Compound 23c ............................................................................................................ 41 

4.11 Compound 24a ............................................................................................................ 44 

4.12 Compound 24b ............................................................................................................ 47 

4.13 Compound 24c ............................................................................................................ 50 

4.14 Compound 25a ............................................................................................................ 53 

4.15 Compound 25b ............................................................................................................ 56 

4.16 Compound 25c ............................................................................................................ 59 

4.17 Compound 26a ............................................................................................................ 62 

4.18 Compound 26b ............................................................................................................ 65 

4.19 Compound 26c ............................................................................................................ 68 

4.20 Compound 27a ............................................................................................................ 71 

4.21 Compound 27b ............................................................................................................ 74 

4.22 Compound 27c ............................................................................................................ 77 

4.23 Compound 28a ............................................................................................................ 80 

4.24 Compound 28b ............................................................................................................ 83 

4.25 Compound 28c ............................................................................................................ 86 

4.26 Compound 29a ............................................................................................................ 89 

4.27 Compound 29b ............................................................................................................ 92 

4.28 Compound 29c ............................................................................................................ 95 



3 
 
 

4.29 Compound 30a ............................................................................................................ 98 

4.30 Compound 30b .......................................................................................................... 101 

4.31 Compound 30c .......................................................................................................... 104 

4.32 Compound 31a .......................................................................................................... 107 

4.33 Compound 31b .......................................................................................................... 110 

4.34 Compound 31c .......................................................................................................... 113 

4.35 Compound 32a .......................................................................................................... 116 

4.36 Compound 32b .......................................................................................................... 119 

4.37 Compound 32c .......................................................................................................... 122 

4.38 Compound 35a .......................................................................................................... 125 

4.39 Compound 35b .......................................................................................................... 128 

4.40 Compound 35c .......................................................................................................... 131 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 
 

1. In-silico studies 
Table S1. Affinity and energy values (kcal/mol) involved in the interaction of the screening 
compounds (10–21) and reference W31 when docked in the LDHA active site. 

Compound S Arg168 His192 Asn137 Asp194 
W31 -10,444 -8,7 -6 -3,6 -3,5 

10 -9,950 -10,3 0 0 -7,7 
11 -9,301 0 -2,7 -4,5 0 
12 -7.467 0 0 0 -10.1 
13 -9.601 -7.1 0 0 -4.7 
14 -9.983 -5.7 -3.2 0 -3.5 
15 -9,231 -1,6 0 0 -5 
16 -9,372 0 -2,6 -4,4 0 
17 -9,463 -6,5 0 0 0 
18 -9,917 -6 0 0 -3,4 
19 -8,130 0 0 0 0 
20 -8,70 0 0 0 -2,5 
21 -8,399 0 -2,5 -4,5 0 

 
Table S2. Affinity and energy values (kcal/mol) involved in the interaction of the screening 
compounds (10–21) and reference NAD when docked in the NAD site. 

Compound S Asp51 Val135 Arg98 Val30 
NAD -13,280 -7,7 -3,7 -16,9 -5,6 
10 -9,847 0 -3,9 -4,3 0 
11 -8,446 0 -3,3 -5,9 0 
12 -8.668 0 0 0 0 
13 -9.782 0 0 0 0 
14 -8.431 -3.4 0 0 0 
15 -8,001 0 0 -2,4 0 
16 -8,499 -0,7 0 0 0 
17 -8,597 -0,6 0 0 0 
18 -8,588 0 0 0 0 
19 -8,486 0 0 0 0 
20 -8,829 0 0 0 0 
21 -9,073 0 0 0 0 
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Table S3. Affinity and energy values (kcal/mol) involved in the interaction of the screening 
compounds (10–21) when docked in the extended site. 

Compound S Arg168 His192 Asn137 Asp194 Asp51 Val135 Arg98 Val30 
10 -8,652 -3,1 0 -1,3 0 0 0 0 0 
11 -7,608 -9,3 -7 -3,4 -3,4 0 0 0 0 
12 -8.727 -0.7 0 0 0 0 0 0 0 
13 -8.239 0 0 0 0 0 0 0 0 
14 -8.121 0 -5.8 0 -4.8 0 0 0 0 
15 -8,098 0 0 -0,7 0 0 0 0 0 
16 -7,857 0 -3,1 -4,9 0 0 0 0 0 
17 -8,172 0 0 0 -1,6 0 0 0 0 
18 -8,658 0 0 0 0 0 0 0 0 
19 -8,341 -2,9 0 -3,5 0 0 0 0 0 
20 -7,826 0 -4,4 -0,5 0 0 0 0 0 
21 -7,385 -3,7 0 -8,1 0 0 0 0 0 

 

Table S4. Affinity and energy values (kcal/mol) involved in the interaction of compounds 24–
31(a–c) with the main aminoacid residues. If empty, that compound did not pass some of the 
filtering stages. 

Quinolone Aryl Comp. Arg168 His192 Asn137 Asp194 Affinity 
 
 

6-H 

4-ClPh 24a -7,8 0 0 -4,8 -9,240 
4-CF3Ph 25a -4,5 0 -0,5 -2 -9,781 

Naphthalene-2-yl 26a -5,1 0 -0,7 -3,1 -10,254 
3,4-(OCH2O)Ph 27a       

 
 

6-Cl 

4-ClPh 24b -4,7 0 -0,5 -5,1 -9,971 
4-CF3Ph 25b -4,3 0 -0,6 -4 -10,115 

Naphthalene-2-yl 26b -5,9 0 0 -3,1 -10,355 
3,4-(OCH2O)Ph 27b -5,8 -2 -4,2 0 -10,066 

 
 

6-OCH3 

4-ClPh 24c -8,2 -0,6 -0,6 0 -9,215 
4-CF3Ph 25c -2,2 0 0 0 -9,442 

Naphthalene-2-yl 26c -6,6 0 0 -3,2 -10,765 
3,4-(OCH2O)Ph 27c -3,7 0 0 0  -9,353 

 
 

6-H 

4-ClPh 28a      
4-CF3Ph 29a -11,1 0 0 0 -9,217 

Naphthalene-2-yl 30a       
3,4-(OCH2O)Ph 31a       

 
 

6-Cl 

4-ClPh 28b -8,7 0 0 0 -9,145 
4-CF3Ph 29b -4,4 0 0 0 -9,506 

Naphthalene-2-yl 30b       
3,4-(OCH2O)Ph 31b -2,5 -0,8 0 0 -9,024 

 
 

6-OCH3 

4-ClPh 28c       
4-CF3Ph 29c       

Naphthalene-2-yl 30c -5,9 0 0 0 -9,357 
3,4-(OCH2O)Ph 31c -4,8 0 0 0 -9,268 
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Table S5. Affinity and energy values (kcal/mol) involved in the interaction of the different 
pyrimidine-quinolone hybrids 24–31(a–c) and 33–36(a–c) with the main aminoacid residues. If 
empty, that compound did not pass some of the filtering stages. 

Quinolone Aryl Comp. Arg168 His192 Asn137 Asp194 Affinity 
 
 

6-H 

4-ClPh 24a -7,8 0 0 -4,8 -9,240 
4-CF3Ph 25a -4,5 0 -0,5 -2 -9,781 

Naphthalene-2-yl 26a -5,1 0 -0,7 -3,1 -10,254 
3,4-(OCH2O)Ph 27a       

 
 

6-Cl 

4-ClPh 24b -4,7 0 -0,5 -5,1 -9,971 
4-CF3Ph 25b -4,3 0 -0,6 -4 -10,115 

Naphthalene-2-yl 26b -5,9 0 0 -3,1 -10,355 
3,4-(OCH2O)Ph 27b -5,8 -2 -4,2 0 -10,066 

 
 

6-OCH3 

4-ClPh 24c -8,2 -0,6 -0,6 0 -9,215 
4-CF3Ph 25c -2,2 0 0 0 -9,442 

Naphthalene-2-yl 26c -6,6 0 0 -3,2 -10,765 
3,4-(OCH2O)Ph 27c -3,7 0 0 0  -9,353 

 
 

6-H 

4-ClPh 28a      
4-CF3Ph 29a -11,1 0 0 0 -9,217 

Naphthalene-2-yl 30a       
3,4-(OCH2O)Ph 31a       

 
 

6-Cl 

4-ClPh 28b -8,7 0 0 0 -9,145 
4-CF3Ph 29b -4,4 0 0 0 -9,506 

Naphthalene-2-yl 30b       
3,4-(OCH2O)Ph 31b -2,5 -0,8 0 0 -9,024 

 
 

6-OCH3 

4-ClPh 28c       
4-CF3Ph 29c       

Naphthalene-2-yl 30c -5,9 0 0 0 -9,357 
3,4-(OCH2O)Ph 31c -4,8 0 0 0 -9,268 

 
 

6-H 

4-ClPh 33a -6,5 0 0 0 -9,278 
4-CF3Ph 34a -6,1 0 0 -0,9 -10,134 

Naphthalene-2-yl 35a -6 0 0 -0,9 -10,324 
3,4-(OCH2O)Ph 36a       

 
 

6-Cl 

4-ClPh 33b -2,8 0 0 -0,7 -9,616 
4-CF3Ph 34b -5,6 0 0 -6 -10,218 

Naphthalene-2-yl 35b -5,4 -1,5 0 -0,5 -9,693 
3,4-(OCH2O)Ph 36b -5,2 0 0 -5,3 -9,820 

 
 

6-OCH3 

4-ClPh 33c -6,6 0 0 0 -9,386 
4-CF3Ph 34c -11,2 0 -1,5 0 -9,251 

Naphthalene-2-yl 35c -6,7 0 0 0 -9,329 
3,4-(OCH2O)Ph 36c           
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Table S6. Mean energy values (kcal/mol) involved in the interaction of hybrids 24–31(a–c) and 
33–36(a–c) with the main aminoacid residues 

Substitution Compounds Arg168 Asp194 His192 Asn137 Affinity 
Ortho 24-27(a-c) -5,3 -3,6 -1,3 -1,2 -9,869 
Para 28-31(a-c) -6,2 0,0 -0,8 0,0 -9,253 
Meta 33-36(a-c) -6,2 -2,4 -1,5 -1,5 -9,705 

 

 

 

2. Chemistry 

Table S7. Conditions used in different trials for reaction between intermediates 24–25 and 1–4. 

Solvent Acid Base Catalyst Heating 

EtOH    MW (120°C) 

EtOH  Et3N  MW (120°C) 

EtOH  K2CO3  MW (120°C) 

EtOH  K2CO3 KI MW (120°C) 

EtOH pTSA   MW (120°C) 

EtOH HCl   MW (120°C) 

DMF  K2CO3 KI MW (160°C) 

DMF  K2CO3 KI MW (180°C) 

DMF  K2CO3 Pd(OAc)2 + BINAP 80°C 

DMSO  K2CO3 AgNO3 80°C 100°C 

CH3CN    MW (120°C) 

CH3CN  Et3N  MW (120°C) 

CH3CN  K2CO3 Pd(OAc)2 MW (120°C) 
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3. LDHA biological assays. 
 

3.1 Dose-response inhibition curves  
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Figure S1. LDHA inhibition curve of compound 24a (mean ± SD of n = 3 replicates) 
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Figure S2. LDHA inhibition curve of compound 24b (mean ± SD of n = 3 replicates) 
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Figure S3. LDHA inhibition curve of compound 24c (mean ± SD of n = 3 replicates) 
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Figure S4. LDHA inhibition curve of compound 25a (mean ± SD of n = 3 replicates) 
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Figure S5. LDHA inhibition curve of compound 25b (mean ± SD of n = 3 replicates) 
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Figure S6. LDHA inhibition curve of compound 25c (mean ± SD of n = 3 replicates) 
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Figure S7. LDHA inhibition curve of compound 26a (mean ± SD of n = 3 replicates) 

-2 -1 0 1 2 3
0

50

100

150

Log ([26b] µM)

LD
HA

 a
ct

iv
ity

 (%
)

 
Figure S8. LDHA inhibition curve of compound 26b (mean ± SD of n = 3 replicates) 
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Figure S9. LDHA inhibition curve of compound 26c (mean ± SD of n = 3 replicates) 
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Figure S10. LDHA inhibition curve of compound 27b (mean ± SD of n = 3 replicates) 
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Figure S11. LDHA inhibition curve of compound 27c (mean ± SD of n = 3 replicates) 
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Figure S12. LDHA inhibition curve of compound 29b (mean ± SD of n = 3 replicates) 
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Figure S13. LDHA inhibition curve of compound 30a (mean ± SD of n = 3 replicates) 
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Figure S14. LDHA inhibition curve of compound 35a (mean ± SD of n = 3 replicates) 
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Figure S15. LDHA inhibition curve of compound 35b (mean ± SD of n = 3 replicates) 
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Figure S16. LDHA inhibition curve of compound 35c (mean ± SD of n = 3 replicates) 
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4. NMR, MS and HRMS spectra.  
4.1 Compound 8 
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4.7 Compound 22c 
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4.14 Compound 25a 
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4.20 Compound 27a 
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