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Abstract: For several years, some IRAK-4 inhibitors have been developed to treat chronic lymphocytic 

leukemia; however, their interaction with the IRAK-4 kinase is unclear. The aim of this study was to 

evaluate the interaction of some amine and furanone derivatives with IRAK-4 as a therapeutic 

alternative to treat chronic lymphocytic leukemia. The theoretical coupling of amine and furanone 

derivatives with the IRAK-4 was carried out using the 5uit protein as a theoretical model. Besides, 1-

439 PF-3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib drugs were used as controls 

in the DockingServer program. The results displayed different types of amino acid residues involved in 

the interaction of amine and furanone derivatives with the 5uit protein surface compared to the controls. 

Besides, the inhibition constant was lower for amino derivatives 3, 9, 25, 33, and 36 compared with the 

controls. Other data indicate that the inhibition constant was lower for furanone analogs 1, 3, 7, 13, 27, 

32, and 34 compared with PF-3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib. In 

conclusion, theoretical data indicate that amine (3, 9, 25, 33, and 36) and furanones (1, 3, 7, 13, 27, 32, 

and 34) derivatives might have a higher affinity for the 5uit protein surface compared with the controls. 

This data suggests that both amino and furanone derivatives can act as IRAK-4 inhibitors, which may 

serve to treat chronic lymphocytic leukemia.  
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1. Introduction 

Chronic lymphocytic leukemia is a global health problem that reduces the quality of 

life of the population [1-3]. This clinical pathology is characterized by the expansion of 

monoclonal mature B lymphocytes expressing CD5 and CD23 in the blood, bone marrow 

(BM), lymph nodes, and spleen [4]. It is important to note that some studies have reported an 

association between factors involved in the inflammatory process and chronic lymphocytic 

leukemia, such as interleukins [5-7]. For example, interleukin-1 receptor-associated kinases 

(IRAK1, IRAK2, IRAK3, IRAK4) exert their activity through multiple inflammatory pathways 

involved in hematologic malignancies [8]. In this way, the study indicates that interleukin-1 

receptor-associated kinase 4 (IRAK-4) may mediate the inflammatory process in chronic 
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lymphocytic leukemia [9]. Furthermore, a report suggests that IRAK-4 may play an important 

role in the development of acute myeloid leukemia [10, 11]. It is important to note that some 

IRAK-4 inhibitors have been used to treat chronic lymphocytic leukemia; for example, a report 

indicates that emavusertib is used to treat lymphoid and myeloid malignancies [12]. Other data 

indicate that administration of ABT-737 (IRAK1/4 inhibitor) or vincristine may reduce 

leukemia burden in mice and prolong survival [13]. Furthermore, a study showed that ABT-

737 was co-encapsulated into polyethylene glycol nanoparticles to enhance therapy against 

acute lymphoblastic leukemia [14]. Other reports showed that the CA-4948 drug (an IRAK-

4/FLT3 inhibitor) can produce biological activity on acute myeloid leukemia with wild-type 

and mutated FLT3 (FMS-like tyrosine kinase 3) using a murine model [15]. Another study 

shows that the CA-4948 drug has beneficial effects in patients with acute myeloid leukemia or 

myelodysplastic syndrome [16].  

On the other hand, some theoretical methods have been used to develop new IRAK-4 

inhibitors; for example, the synthesis of compounds BAY1834845 and BAY1830839 and their 

theoretical activity on IRAK4 using Glide Software [17]. Other studies showed that a 5-

azaquinazoline derivative may act as an IRAK-4 inhibitor using the 7C2V protein as a 

theoretical tool in the AutoDock program [18]. Furthermore, a study shows the interaction of 

the CA-4948 drug with IRAK-4 using the 7c2v protein as a tool in a theoretical model [19]. 

These data indicate that several compounds have been developed as IRAK-4 antagonists; 

however, there remains a need to develop selective inhibitors for the treatment of cancer and 

various autoimmune diseases. For this reason, the aim of this study was to determine the 

interaction of several compounds (with amino and furan functional groups) with IRAK-4 as a 

therapeutic alternative for the treatment of chronic lymphocytic leukemia. 

2. Materials and Methods 

Amino (Figure 1, Table 1) and furanone (Figure 2, Table 2) analogs were used to 

determine the interaction with the IRAK-4 surface as follows: 

Table 1. Name of amino derivatives (1-43). 

1) 3-(1H-indazol-5-yl)-N-propylimidazo[1,2-b]pyridazin-6-amine 

2) (+)-3,4-Dihydroxyphenylalanine 

3) (2-Methylbutyl)amine 

4) 1,3-benzothiazole-2,6-diamine 

5) 1,4-Benzodioxan-6-amine 

6) 1,5-Naphthyridin-3-amine 

7) 1-(4-Bromophenyl)-4-phenyl-1H-pyrazol-5-amine 

8) 1-(4-chlorobenzyl)-3-phenyl-1H-pyrazol-5-amine 

9) 1-(4-Fluorophenyl)-4-phenyl-1H-pyrazol-5-amine 

10) 1-Cyclopropyl-propylamine 

11) 1-Phenyl-4-p-tolyl-1H-pyrazol-5-amine 

12) 1-phenyl-N-(1-phenylethyl)ethanamine 

13) 1H-Pyrrol-1-amine 

14) 2,2',2''-Nitrilotriethylamine 

15) 2-Cycloheptyl-ethylamine 

16) 2-Cyclooctyl-ethylamine 

17) 2-Cyclopropyl ethyl amine 

18) 2-Ethyl-N,N-bis(2-ethylhexyl)hexan-1-amine 

19) 2-Methoxy-N-(2-methoxyethyl)ethanamine 

20) 2-Methylbut-3-yn-2-amine 

21) 2-Phenyl-1,3-benzoxazol-5-amine 

22) 2-Phenyl-1-benzofuran-5-amine 

23) 3,5-Diiodo-pyridin-4-ylamine 

24) 3-((2-Methylbenzyl)thio)-5-phenyl-4H-1,2,4-triazol-4-amine 

25) 3-((4-Methoxybenzyl)thio)-5-phenyl-4H-1,2,4-triazol-4-amine 

26) 3-(4-(Methylthio)phenyl)-1H-pyrazol-5-amine 
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27) 3-(Furan-2-yl)-1-phenyl-1H-pyrazol-5-amine 

28) 3-Amino-1-(2-azatricyclo[10.4.0.04,9] he-xadeca-1(16),4,6,8,12,14-hexaen-10-yn-2-yl)propan-1-one 

29) 3-Aminoimidazo[1,2-a]pyridine 

30) 3-Buten-1-amine 

31) 3-Butoxy-phenylamine 

32) 3-Cyclopentyl-propylamine 

33) 3-Methyl-pentylamine 

34) 3-Phenyl-1H-indazol-5-amine 

35) 3-tert-Butyl-1-phenyl-1H-pyrazol-5-amine 

36) 4,5-Dimethoxypyridin-3-amine 

37) 4,5-Dimethylisoxazol-3-amine 

38) 4-(4-Bromophenyl)-1-phenyl-1H-pyrazol-5-amine 

39) 4-(Ethylaminomethyl)pyridine 

40) 4-Bromo-N-(4-bromophenyl)aniline 

41) 4-Phenyl-1-p-tolyl-1H-pyrazol-5-amine 

42) 4-Phenylisoxazol-5-amine 

43) 5-(4-Trifluoromethyl-phenyl)-2H-pyrazol-3-ylamine 
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Figure 1. Chemical structure of amino derivatives (1-43). Source: https://pubchem.ncbi.nlm.nih.gov. 

Table 2. Name of furanone analogs (1-35). 

1) (4R)-4-Benzyl-3-(5-hexenoyl)dihydro-2(3H)-furanone 

2) (5S)-5-{2-[(Benzyloxy)methoxy]ethyl}dihidro-2(3H)-furanone 

3) (S)-(-)-5-Hydroxymethyl-2(5H)-furanone 

4) (Z-)-4-Bromo-5-(bromomethylene)-2(5H)-furanone 

5) 2,2-Dimethyl-5-phenyldihydro-3(2H)-furanone 

6) 2,5-Dimethyl-3(2H)-furanone 

7) 2,5-Dimethyl-4-methoxy-3(2H)-furanone 

8) 2-Hydroxy-2,4,5-triphenyl-3(2H)-furanone 

9) 2-Methoxy-2,4-diphenyl-3(2H)-furanone 

10) 2-Methyltetrahydro-3-furanone 
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11) 3,3,5-Trimethyldihydro-2(3H)-furanone 

12) 3,4,5-Triphenyl-2(3H)-furanone 

13) 3,4-Dibromo-2(5H)-furanone 

14) 3,4-Dichloro-2(5H)-furanone 

15) 3,4-Dichloro-5-(oxo)-2-phenylethyl)-2(5H)-furanone 

16) 3,4-Dichloro-5-(4-chlorophenyl)-5-hydroxy-2(5H)-furanone 

17) 3-(Triphenylphosphoranylidene)dihydro-2(3H)-furanone 

18) 3-Allyldihydro-2(3H)-furanone 

19) 3-Bromo-5-(diphenylmethylene).2(5H)-furanone 

20) 3-Methyl-2(5H)-furanone 

21) 4-(2,2-Dichlorovinyl)-4,5-dihydro-5,5-dimethyl-2(3H)-furanone 

22) 4-Acetoxy-2,5-dimethyl-3(2H)-furanone 

23) 4-Anilino-2(5H)-furanone 

24) 4-Bromo-5-(4-methoxy-phenyl)-3-methylamino-5H-furan-2-one 

25) 4-Hydroxy-2,5-dimethyl-3(2H)-furanone 

26) 4-Hydroxy-3-(1-(phenylimino)ethyl)-2(5H)-furanone 

27) 4-Hydroxy-5-methyl-3-furanone 

28) 4-Methoxy-2(5H)-furanone 

29) 4-[(Cyclohexylamino)methyl]-3,3-diphenyldihydro-2(3H)-furanone 

30) 5-(Chloromethyl)dihydro-2(3H)-furanone 

31) 5-Ethyl-3-hydroxy-4-methyl-2(5H)-furanone 

32) 5-Ethyl-4-hydroxy-2-methyl-3(2H)-furanone 

33) Dihydro-2,2,5,5-tetramethyl-3(2H)-furanone 

34) Dihydro-3-amino-2-(3H)-furanone 

35) 5H-furan-2-one 
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Figure 2. Chemical structure of furanone derivatives (1-35). Source: https://pubchem.ncbi.nlm.nih.gov.  

2.1. Ligand-protein complex. 

The coupling of amide analogs (1-23) with the IRAK-4 surface was determined using 

5uit protein (https://doi.org/10.2210/pdb5UIT/pdb) [20] as a theoretical tool. Besides, PF-

3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib drugs were used as controls 

in DockingServer software (https://www.dockingserver.com/web). This program uses the 

MMFF94 force field [21] for energy minimization of the ligand molecules (amine and 

furanonone derivatives). Gasteiger partial charges were added to the atoms involved in the 

ligand. In addition, the hydrogen atoms were fused, and the rotational bonds were defined. 

https://doi.org/10.33263/BRIAC163.082
https://pubchem.ncbi.nlm.nih.gov/
https://www.dockingserver.com/web


https://doi.org/10.33263/BRIAC163.082    

 https://biointerfaceresearch.com/   5 of 20 

 

On the other hand, affinity maps (grids) of 20×20×20 Å with a spacing of 0.375 Å were 

generated using the Autogrid program [22]. Furthermore, the AutoDock parameter set and 

distance-dependent dielectric functions were used to calculate the van der Waals and 

electrostatic terms. It is worth noting that the docking simulations were performed using the 

Lamarckian genetic algorithm (LGA) and the local search method of Solis & Wets [23]. The 

initial position, orientation, and torsions of the ligand molecules were randomly established. It 

is important to mention that each docking experiment was determined after a maximum of 

250,000 energy evaluations, with 150 repetitions. Finally, a translation step size of 0.2 Å and 

quaternion and torsion step sizes of 5 were used during the study. 

2.2. Pharmacokinetic analysis. 

Pharmacokinetic data for amine (3, 9, 25, 33, and 36) and furanone analogs (1, 3, 7, 13, 

27, 32, and 34) were determined using the SwissADME software. The SwissADME program 

is a theoretical tool used to evaluate the pharmacokinetics, pharmacological similarity, and 

chemical compatibility of small molecules [24, 25]. 

2.3. Toxicology degree. 

Toxicology evaluation for amine (3, 9, 25, 33, and 36) and furanone derivatives (1, 3, 

7, 13, 27, 32, and 34) was determined using the Gussar software [26]. The GUSAR software 

was developed to create models based on the association of chemical structure and 

toxicological activity of various compounds. In silico prediction of LD50 values for rats with 

four types of administration (oral, intravenous, intraperitoneal, subcutaneous, inhalation) by 

GUSAR software. The training sets were created based on data from SYMYX MDL Toxicity 

Database. They include the information about ~10000 chemical structures with data on acute 

rat toxicity represented on the LD50 values (log10 (mmol/kg)). 

3. Results and Discussion 

3.1. Ligand-protein complex. 

Table 3 shows the different types of amino acid residues involved in the interaction of 

amino derivatives (1-43) and the controls (1-439 PF-3758309, 336113-53-2, 509093-47-4, 

ND-2158, and emavusertib drugs) with the 5iut protein surface. Besides, Figure 3 shows the 

coupling of controls with the 5iut protein surface. 

Table 3. Amino acid residues involved in the coupling of amino derivatives and the controls with the 5-uit 

protein surface. 

Compound Aminoacid residues 

PF-3758309 Met344; Arg347; Ile348; Gly362
 

336113-53-2 Arg334; Val343; Met344; Arg347; Ile348; Ile364 

509093-47-4 Ile308; Arg334; Ala335; Val343; Ile364; Pro366 

ND-2158 Arg347; Gly362 

Emavusertib Met344; Ile348 

1 Ile308; Arg334; Thr342; Val343; Ile364; Thr365; Pro366 

2 Glu225; Gln228; Gln229; Gln232; Arg310; Arg334; Val349 

3 Arg310; Val349; Met355; Ala359; Ile364 

4 Ile308; Arg310; Ile348; Val349; Met355; Ala359; Ile364; Ser368; Asp369 

5 Ile308; Arg310; Ile348; Val349; Met355; Ala359; Ile364; Thr365; Ser368; Asp369 

6 Ile308; Arg310; Ile348; Val349; Met355; Ala359; Glu363; Ile364; Ser368; Asp369 

7 Glu225; Gln228; Gln229; Gln232; Gly331; Leu332; Arg347; Val349 

8 Arg310; Arg334; Met344; Arg347; Ile348; Met355; Ala359; Gly362; Ile364 

9 Glu225; Gln228; Gln229; Gln232; Leu332; Arg347; Val349 
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Compound Aminoacid residues 

10 Arg310; Val349; Met355; Ala359; Ser368; Ser372 

11 Glu225; Gln229; Gln232; Arg310; Leu332; Arg334; Arg347; Val349 

12 Glu225; Gln228; Gln229; Gln232; Arg310; Gly331; Leu332; Arg334; Val349 

13 Ile308; Arg310; Ala359; Thr365; Ser368 

14 Phe197; Glu225; Gln229; Arg347; Ile348; Val349 

15 Arg310; Ile348; Glu363; Ile364; Ser368 

16 Glu225; Gln228; Gln229; Gln232; Arg310; Leu332; Arg334 

17 Arg310; Ile348; Val349; Met355; Ala359; Ile364 

18 Glu225; Gln228; Gln229; Gln232; Arg334; Arg347 

19 Arg310; Ile348; Ala359; Glu363; Ile364; Ser368 

20 Arg310; Ile348; Ala359; Glu363; Ile364 

21 Arg310; Ile348; Val349; Met355 Ala359; Ile364 

22 Arg310; Ile348; Val349; Ala359; Gly362; Ile364; Ser368; Asp369; Ser372 

23 Ile308; Arg310; Val349; Met355; Ala359; Ile364; Ser368; Asp369 

24 Gln228; Gln229; Arg310; Leu332; Arg334; Arg347; Val349 

25 Ile308; Arg334; Ala335; Val343; Ile364; Pro366 

26 Arg310; Arg334; Arg347; Val349; Met355; Ala359; Glu363; Ile364 

27 Arg310; Arg334; Met344; Arg347; Ile348; Ile36 

28 Met344; Ile364 

29 Arg310; Ile348; Val349; Met355; Ala359; Ile364; Ser368 

30 Ile308; Arg310; Ala359; Ser368; Asp369; Ser372 

31 Ile308; Arg310; Ile348; Ala359; Ile364; Ser368; Asp369; Ser372 

32 Ile308; Arg310; Ile348; Met355; Ala359; Ile364; Ser368; Asp369 

33 Arg310; Ala359; Ser368; Asp369; Ser372 

34 Arg310; Arg334; Arg347; Ile348; Ala359; Ile364 

35 Phe197; Glu225; Gln229; Gln232; Arg310; Leu332; Arg332; Arg347; Val349 

36 Ile308; Arg310; Met355; Ala359; Ile364; Thr365; Ser368; Asp369; Ser372 

37 Ile308; Arg310; Ala359; Ile364; Thr365; Ser368; Asp369 

38 Arg310; Met344; Ile348; Val349; Met355; Ala359; Glu363; Ile364; Ser368 

39 Arg310; Ile348; Val349; Met355; Ala359; Ile364; Ser368; Ser372 

40 Arg310; Arg334; Ile348; Val349; Ala359; Gly362; Ile364 

41 Ile308; Arg334; Ala359; Ser336; Val343; Ile364 

42 Arg310; Ile348; Val349; Met355; Ala359; Glu363; Ile364; Ser368 

43 Arg310; Met344; Ile348; Val349; Met355; Ala359; Ile364 

 
Figure 3. Couplig of PF-3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib drugs with 5uit 

protein surface. Visualized with the DockingServer program. 
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3.2. Thermodynamic parameters. 

Table 4 displayed the energy levels and inhibition constant (Ki) involved in the 

coupling of amino analogs (1-43), PF-3758309, 336113-53-2, 509093-47-4, ND-2158, and 

emavusertib (controls) with the 5uit protein surface. Besides, Figure 4 shows the energy levels 

for the amino derivative (3, 9, 25, 33, and 36) and the controls involved in the ligand-protein 

complexes formation. Finally, it is important to note that the inhibition constants for 

compounds 1, 9, 25, 33, and 36 were lower than those of the controls. 

Table 4. Thermodynamic parameters involved in the coupling of amino derivatives (1-43), and the controls (PF-

3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib) with the 5uit protein surface. 

Compound A B C D E F 

PF-3758309 -4.22 809.09 -4.88 -0.36 -5.25 628.24 

336113-53-2 -1.44 88.24 -5.79 0.22 -5.57 743.36 

509093-47-4 -5.14 170.06 -5.90 -0.01 -5.91 578.91 

ND-2158 -3.83 1.57 -4.22 0.00 -4.22 663.10 

Emavusertib -4.01 1.15 -4.39 0.14 -4.25 518.51 

1 -3.64 2.89 -4.95 0.25 -4.70 589.33 

2 -4.65 548.65 -3.13 -0.77 -3.90 485.63 

3 -4.06 1.06 -4.52 -0.43 -4.95 345.57 

4 -5.56 83.46 -5.77 -0.09 -5.86 421.65 

5 -4.43 570.56 -4.64 -0.09 -4.72 409.57 

6 -5.47 98.61 -5.68 -0.09 -5.76 407.77 

7 -4.22 813.01 -5.15 0.04 -5.11 595.15 

8 -4.98 224.96 -6.08 -0.04 -6.13 681.64 

9 -4.06 1.05 -4.88 -0.08 -4.97 611.84 

10 -4.19 844.23 -4.66 -0.43 -5.09 348.87 

11 -4.65 388.24 -5.68 -0.05 -5.73 619.70 

12 -3.55 2.48 -4.50 0.24 -4.27 585.48 

13 -3.44 3.01 -3.65 -0.09 -3.74 301.11 

14 -1.13 147.97 -3.05 -1.29 -4.34 400.88 

15 -5.56 84.69 -6.28 -0.13 -6.41 426.32 

16 -4.48 519.61 -4.83 -0.52 -5.35 509.29 

17 -3.56 2.48 -4.25 -0.24 -4.49 334.79 

18 -1.32 107.80 -4.82 0.45 -4.37 698.95 

19 -3.61 2.27 -4.51 0.23 -4.27 412.09 

20 -3.56 2.47 -4.06 -0.09 -4.15 344.05 

21 -4.51 493.43 -5.03 -0.08 -5.10 579.98 

22 -5.31 127.46 -5.94 0.02 -5.91 540.76 

23 -5.71 65.76 -5.93 -0.08 -6.00 317.87 

24 -5.13 173.51 -6.33 -0.01 -6.34 657.42 

25 -4.03 1.11 -5.26 -0.08 -5.34 499.69 

26 -5.93 45.02 -6.67 -0.16 -6.82 559.63 

27 -4.35 648.21 -4.93 -0.31 -5.24 598.68 

28 -4.13 942.25 -4.08 0.14 -3.94 560.01 

29 -4.31 696.19 -4.55 -0.06 -4.61 389.58 

30 -3.40 3.19 -3.72 -1.04 -4.31 297.28 

31 -4.75 327.43 -6.14 -0.03 -6.18 499.92 

32 -4.23 789.49 -4.49 -0.91 -5.40 404.46 

33 -4.07 1.05 -4.29 -0.94 -5.23 351.65 

34 -4.39 607.65 -4.94 -0.06 -5.00 573.35 

35 -4.55 462.20 -5.45 0.00 -5,45 600.65 

36 -3.86 1.48 -4.80 0.03 -4.77 425.92 

37 -4.62 413.34 -4.73 -0.18 -4.91 349.63 

38 -6.52 16.60 -7.69 0.08 -7.61 620.71 

39 -4.82 293.99 -5.64 -0.36 -5.70 428.50 

40 -4.34 663.58 -4.99 0.07 -4.92 546.37 

41 -4.77 317.45 -5.52 -0.18 -5.70 461.80 

42 -6.02 38.99 -6.51 -0.13 -6.64 431.38 

43 -5.04 203.27 -5.95 0.01 -5.93 530.17 

A = Est: free energy of binding (kcal/mol); B = Inhibition constant (Ki, mM); C = vdW + Hbond + desolv 

energy (kcal/mol); D = Electrostatic energy (kcal/mol); E = Total intermolec. energy (kcal/mol); F= Interact. 

surface. 
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Figure 4. Energy levels for amino derivatives (3, 9, 25, 33, and 36) and controls (A-E).A = PF-3758309; B = 

336113-53-2; C = 509093-47-4; D =ND-2158; E = Emavusertib. 

3.3. Bond type.  

Figure 5 and Table 5 show differences in the types of bonds involved in the coupling 

of amino derivatives (3, 9, 25, 33, and 36) with the 5-uit protein surface. Besides, Table 6 

shows the decomposed interaction energies involved in the formation of the amino-5-uit 

protein complex for amino derivatives 3, 9, 25, 33, and 36. 

 
Figure 5. Coupling of amino derivatives (3, 9, 25, 33, and 36) with the 5uit protein surface. Visualized with 

DockingServer. 

Table 5. Bond type and distance levels involved in the interaction of amino derivatives with the 5uit protein 

surface. 

Compound Hydrogen bond Polar bond Hydrophobic bond 

3 
Arg310 (N1, 2.60) Val349 

(N1, 2.58) 
Arg310 (H20, 2.77) 

Ala359 (C6, 3.24) 

Ile364 (C6, 3.76) 

9 

Glu225 (N3, 2.62) 

Glu225 (H2, 2.98) 

Glu225 (H3, 3.05) 

Gln229 (N1, 3.44) 

Gln229 (N1, 3.45) 

Leu332 (C1, 3.19) 

Val349 (C10, 3.49) 
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Compound Hydrogen bond Polar bond Hydrophobic bond 

Gln228 (H3, 3.77) 

25 Ala335 (N4, 2.88) Arg334 (O1, 3.42) 

Ile308 (C6, 3.16) 

Ile308 (C7, 3.22) 

Val343 (C14, 3.34) 

Val343 (C16, 3.46) 

Val343 (C8, 3.49) 

Ile364 (C16, 3.34) 

Ile364 (C7, 3.57) 

Pro366 (C6, 3.79) 

33 Asp369 (N1, 2.46) 

Asp (H23, 2.12) 

Ser372  (H23, 3.60) 

Arg310 (H23, 3.66) 

Ala359  (C7, 3.41) 

36 

Asp369 (N2, 3.04) 

Thr365 (N1, 3.14) 

Asp369 (H4, 3.61) 

Asp369 (H3, 3.82) 

Ser368 (H4, 3.24) 

Ser368 (H3, 3.65) 

Ser368 (N1, 3.73) 

Arg310 (O2, 3.84) 

Ile308 (C1, 3.29) 

Ile364 (C6, 3.74) 

Ala359 (C7, 3.18) 

Ala359 (C4, 345) 

Ala359 (C3, 3.57) 

Met355 (C7, 3.44) 

Table 6. Decomposed Interaction Energies in kcal/mol involved in the amino-5-uit protein complex formation. 

Compound Hydrogen bond Polar Bond Hydrophobic bond Other 

3 
Arg310 (-0.892) 

Val349 (-0.0487) 

Ile364 (-0.5496) 

Ala359 (-0.298) 
 Met355 (-0.2804) 

9 Glu225 (-0.9881) Gln229 (-1.6033) 
Val349 (-0.5322) 

Leu332 (-0.2849) 

Gln232 (-0.4896) 

Gln228 (-0.252) 

25 Ala335 (-0.3097) Arg334 (-0.8028) 

Val343 (-0.6088) 

Ile364 (-0.2334) 

Pro366 (-0.2163) 

Ile308 (-0.0661) 

 

33 Asp369 (-0.2255) 
Arg310 (-0.7019) 

Ser372 (-0.1278) 
Ala359 (-0.1938) Ser368 (-0.109) 

36 
Asp369 (-0.6573) 

Thr365 (-0.4893) 

Arg310 (-1.2485) 

Ser368 (-0.2375) 

Ser372 (-0.1706) 

Ile3764 (-0.5409) 

Ile308 (-0.2647) 

Met355 (-0.2527) 

Ala359 (-0.1317) 

 

3.4. Furanone analogs coupling.  

Table 7 shows the differences in amino acid residues involved in the interaction of 

furanone analogs, 1-439 PF-3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib 

(controls) with the 5iut protein surface. 

Table 7. Amino acid residues involved in the coupling of furanone derivatives (1-35), and the controls (PF-

3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib) with the 5uit protein surface. 

Compound Aminoacid residues 

PF-3758309 Met344; Arg347; Ile348; Gly362
 

336113-53-2 Arg334; Val343; Met344; Arg347; Ile348; Ile364 

509093-47-4 Ile308; Arg334; Ala335; Val343; Ile364; Pro366 

ND-2158 Arg347; Gly362 

Emavusertib Met344; Ile348 

1 Phe197; Glu225; Gln228; Gln229; Gln232; Leu332; Arg334; Arg347; Val349 

2 Glu225; Gln228; Gln229; Arg310; Leu332; Arg347; Val349 

3 Arg310; Met355; Ala359; Ser368 

4 Ile308; Arg310; Ile348; Val349; Met355; Ala359; Glu363; Thr365; Ser368 

5 Ile308; Arg334; Val343; Ile364 

6 Arg310; Arg334; Ile348; Ile364 

7 Arg310; Arg334; Ile348; Ile364 

8 Phe197; Glu225; 225; Gln228; Gln229; Gln232; Arg310; Leu332; Arg347; Val349 

9 Glu225; Gln228; Gln229; Gln232; Arg310; Arg334; Arg347; Val349 

10 Ile308; Arg310; Ala359; Ser368 

11 Arg310; Met355; Ala359; Ser368; Asp369; Ser372 

12 Ile308; Arg334; Ala335; Val343; Ile364 

13 Ile308; Arg310; Val349; Met355; Ala359; Ile364; Thr365; Ser368; Asp369 

14 Ile308; Arg310; Val349; Ala359; Glu363; Ile364; Ser368; Asp369 

15 Ile308; Arg334; Ala335; Val343; Ile364 
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Compound Aminoacid residues 

16 Ile308; Arg334; Ala335; Val343; Ile364 

17 Arg334; Val343; Ile348; Ile364 

18 Arg310; Ala359; Ile364; Ser368 

19 Phe197; Gln228; Gln229; Arg310; Leu332; Arg334; Arg347; Val349 

20 Ile308; Arg310; Ala359; Ser368 

21 Arg310; Arg347; Ile348; Gly362; Ile364 

22 Il308; Val343; Ile364 

23 Arg310; Ile348; Met355; Ala359; Ile364; Ser368; Asp369; Ser372 

24 Arg310; Met344; Ile348; Gly362; Ile364 

25 Arg310; Arg334; Ile364 

26 Arg310; Arg334; Met344; Ile348; Ile364 

27 Arg310; Arg334; Ile364 

28 Ile308; Arg310; Ile348; Ala359; Ile364; Ser368 

29 Arg334; Val343; Met344; Arg347; Ile364 

30 Arg310; Ala359; Glu363; Ser368 

31 Arg310; Arg334; Ile348; Ile364 

32 Arg310; Met355; Ala359; Thr365; Ser368; Asp369 

33 Gln229; Gln232; Arg310; Leu332; Arg334; Val349 

34 Ile308; Arg310; Met355; Ala359; Ser368; Asp369; Ser372 

35 Arg310; Ile348; Met355; Ala359; Ile364 

3.5. Energy levels. 

Table 8 displays the energy levels and inhibition constants (Ki) for the coupling of 

furanone analogs (1-43), PF-3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib 

(controls) with the 5uit protein surface. Besides, Figure 6 shows the energy levels for furanone 

derivative (1, 3, 7, 13, 24, 27, 32, and 34) and the controls involved in the ligand-protein 

complexes formation. It is noteworthy that the inhibition constants for compounds 1, 3, 9, 25, 

33, and 36 were lower than those of the controls. 

Table 8. Thermodynamic parameters involved in the coupling of furanone derivatives (1-34), (PF-3758309, 

336113-53-2, 509093-47-4, ND-2158, and emavusertib) with the 5uit protein surface. 

Compound A B C D E F 

PF-3758309 -4.22 809.09 -4.88 -0.36 -5.25 628.24 

336113-53-2 -1.44 88.24 -5.79 0.22 -5.57 743.36 

509093-47-4 -5.14 170.06 -5.90 -0.01 -5.91 578.91 

ND-2158 -3.83 1.57 -4.22 0.00 -4.22 663.10 

Emavusertib -4.01 1.15 -4.39 0.14 -4.25 518.51 

1 -3.95 1.27 -5.48 -0.15 -5.53 679.05 

2 -3.13 5.09 -4.77 -0.32 -5.09 593.06 

3 -3.87 1.47 -3.61 -0.04 -3.65 326.96 

4 -4.92 248.83 -4.84 -0.08 -4.92 309.30 

5 -4.25 772.46 -4.57 0.02 -4.54 462.02 

6 -4.33 73.13 -3.03 -1.30 -4.33 415.86 

7 -3.91 1.37 -2.87 -1.34 -4.21 482.72 

8 -4.38 616.43 -5.14 -0.12 -5.26 731.59 

9 -4.65 393.66 -5.47 -0.13 -5.60 654.34 

10 -3.63 2.18 -3.63 0.00 -3.63 311.99 

11 -4.38 612.20 -4.53 0.14 -4.38 344.76 

12 -4.38 618.40 -5.36 0.06 -5.30 567.28 

13 -3.98 1.21 -4.64 0.03 -3.98 284.23 

14 -4.99 22.91 -5.09 0.11 -4.99 361.59 

15 -4.12 947.43 -4.74 -0.04 -4.77 455.85 

16 -4.89 259.26 -5.33 -0.08 -5.41 447.03 

17 -3.28 3.98 -4.52 0.08 -4.44 642.11 

18 -4.26 759.27 -4.81 -0.03 -4.84 370.93 

19 -4.29 719.32 -4.83 -0.07 -4.90 623.38 

20 -3.45 2.97 -3.34 -0.11 -3.45 308.73 

21 -4.47 533.36 -4.90 0.14 -4.75 518.22 

22 -3.51 2.68 -3.18 -0.86 -4.05 390.66 

23 -5.05 199.52 -5.74 -0.08 -5.80 454.15 

24 -4.07 1.05 -4.22 -0.30 -4.52 542.57 

25 -4.16 898.44 -2.58 -1.60 -4.16 418.86 
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Compound A B C D E F 

26 -4.66 384.32 -3.85 -1.42 -5.27 530.52 

27 -3.64 1.29 -2.41 -1.53 -3.94 368.54 

28 -3.37 3.41 -3.57 -0.09 -3.66 335.99 

29 -4.63 402.89 -4.57 -0.08 -4.65 616.11 

30 -4.71 351.17 -5.11 0.09 -5.01 360.62 

31 -4.27 743.06 -3.45 -1.12 -4.57 466.70 

32 -3.69 1.19 -4.17 -0.12 -4.29 392.92 

33 -3.60 2.28 -3.49 -0.11 -3.80 457.26 

34 -3.95 1.28 -3.11 -1.14 -4.25 299.48 

35 -3.18 -4.65 -2.99 -0.20 -3.18 295.46 

A = Est: free energy of binding (kcal/mol); B = Inhibition constant (Ki, mM); C = vdW + Hbond + desolv 

energy (kcal/mol); D = Electrostatic energy (kcal/mol); E = Total intermolec. energy (kcal/mol); F= Interact. 

Surface. 

 
Figure 6. Energy levels for furanone derivatives (1, 3, 7, 13, 24, 27, 32, and 34) and controls (A-E). A = PF-

3758309; B = 336113-53-2; C = 509093-47-4; D =ND-2158; E = Emavusertib. 

3.6. Bond type.  

Table 9 and Figure 7 show differences in the types of bonds involved in the coupling 

of furanone analogs (1, 3, 7, 13, 24, 27, 32, and 34) with the 5uit protein surface.  

 
Figure 7. Interaction of furanone analogs (1, 3, 7, 13, 24, 27, 32, and 4) with the 5uit protein surface. Visualized 

with DockingServer. 
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Table 9. Bond type and distance levels involved in the coupling of furanone derivatives with the 5uit protein 

surface. 

Compound Hydrogen bond Polar bond Hydrophobic bond Halogen bond 

1  Gln229 (O3, 3.62) 

Leu332 (C13, 3.58) 

Val349 (C13, 3.22) 

Val349 (C12, 3.26) 

Val349 (C11, 3.32) 

 

3  
Arg310 (O8, 3.41) 

Arg310 (H14, 3.85) 
Ala359 (C7, 3.59)  

7 Arg310 (O3, 3.10) Arg334 (O3, 3.56) 
Ile364 (C6, 3.45) 

Ile364 (C4, 3.89) 
 

13  Arg310 (O8, 3.38) Ala359 (C5, 3.38) 

Asp369 (Br, 3.11) 

Arg310 (Br, 3.14) 

Val349 (Br, 3.39) 

Thr365 (Br, 3.88) 

24  Arg310 (O3, 3.09) 

Ile348 (C10, 3.06) 

Ile348 (C11, 3.40) 

Ile364 (C8, 3.36) 

Ile364 (C9, 3.90) 

Ile364 (C12, 3.69) 

Gly362 (Br, 3.56) 

27 Arg310 (O, 3.18) Arg334 (O, 3.34) Ile364 (C, 3.58)  

32 Thr365 (O3, 3.28) 

Arg310 (O3, 3.74) 

Arg310 (O4, 3.89) 

Asp369 (O2, 3.26) 

Ala359 (C6, 3.40) 

Ala359 (C2, 3.48) 

Ala359 (C3, 3.83) 

Met355 (C6, 3.73) 

Arg310 (C3, 3.64) 

Arg310 (C4, 3.63) 

Arg310 (C1, 3.56) 

Arg310 (C2, 3.67) 

Arg310 (C5, 3.64) 

Ala359 (O1, 3.39) 

Ala359 (O4, 3.85) 

Ser368 (C4, 3.53) 

Ser368 (O2, 3.11) 

34 

Asp369 (N6, 2.35) 

Ile3.08 (H15, 3.58) 

Arg310 (H15, 3.77) 

Ser368 (H15, 3.66) 

Asp369 (H15, 3.20) 

Arg310 (O, 3.39) 
Met355 (C5, 3.21) 

Ala359 (C5, 3.73) 
 

Finally, Table 10 shows the decomposed Interaction Energies for furanone derivatives 

(1, 3, 7, 13, 24, 27, 32, and 34). 

Table 10. Decomposed Interaction Energies in kcal/mol involved in the ligand-protein complex formation. 

Compound Hydrogen bond Polar Bond Hydrophobic bond Other 

1  Gln229 (-0.4762)  

Arg347 (-1.3044) 

Glu225 (-0.8725) 

Arg334 (-0.7681) 

Gln232 (-0.626) 

Gln228 (-0.4601) 

3  Arg310 (-1.05) Ala359 (-0.4453) 
Met355 (-0.2877) 

Ser368 (-0.1567) 

7  
Arg310 (-0.4269) 

Arg334 (-0.3643) 
Ile364 (-0.2735) Ile348 (-0.6681) 

13 

Arg310 (-0.4295) 

Thr365 (-0.3427) 

Val349 (-0.2212) 

A310 (-0.4269) 

   

24 Gly362 (-0.0762) Arg310 (-0.6309) 
Ile364 (-0.4625) 

Ile348 (-0.3579) 
Met344 (-0.5945) 

27 Arg310 (-0.4053) Arg334 (-0.5675) Ile364 (-0.4622)  

32 Thr365 (-0.471) 
Arg310 (-0.9801) 

Asp369 (-0.2814) 

Met355 (-0.3027) 

Ala359 (-0.2367) 
Ser368 (-0.2003) 

34 Asp369 (-0.8202) Arg310 (-0.7167) 
Met355 (-0.1202) 

Ala359 (-0.1796) 

Ser372 (-0.1917) 

Ile308 (-0.1457) 

Ser368 (-0.0758) 
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3.7. Pharmacokinetic parameters. 

The pharmacokinetic values for amino derivatives 3, 9, 25, 33, and 36 are shown in 

Table 11 using the SwissADME program. The results showed that compounds 3, 33, and 36 

lack affinity for all CYPs studied (Table 9). 

Table 11. Pharmacokinetic parameters for amino derivatives (3, 9, 25, 33, and 36). 

Compound A B C D E F G H I 

3 High Yes No No No No No No 1.06 

9 High Yes No Yes Yes No No No 3.11 

25 High No No Yes Yes Yes No No 2.82 

33 High Yes No No No No No No 1.45 

36 High Yes No No No No No No 0.45 

A =  GI absorption; B = BBB permeant; C = P-GP substrate; D = CYP1A2 inhibitor; E  = CYP2C19 inhibitor; F 

= YP2C9 inhibitor; G = CYP2D6 inhibitor; H= CYP3A4 inhibitor; I = Consensus LogPO/W 

Other results showed that furanone analogs 3, 27, 32, and 34 lack affinity for all CYPs 

studied (Table 12). 

Table 12. Pharmacokinetic factors for furanone analogs (1, 3, 7, 13, 24, 27, 32, and 34). 

Compound A B C D E F G H I 

1 High Yes No Yes Yes Yes No No 3.15 

3 High No No No No No No No -0.07 

7 High Yes No No No No No No 0.92 

13 High Yes No No No No No No 1.61 

24 High Yes No Yes Yes No No No 2.09 

27 High No No No No No No No 0.27 

32 High No No No No No No No 0.25 

34 High No No No No No No No -0.22 

A =  GI absorption; B = BBB permeant; C = P-GP substrate; D = CYP1A2 inhibitor; E  = CYP2C19 inhibitor;  

F = CYP2C9 inhibitor; G = CYP2D6 inhibitor; H= CYP3A4 inhibitor; I = Consensus Log PO/W. 

Finally, Tables 13 and 14 showed the theoretical toxicity degree for amino and furanone 

derivatives. 

Table 13. Toxicity degree analysis produced by amino derivatives (3, 9, 25, 33, and 36) using the Gussar 

program. 

Compuesto 
IP LD50 

(mg/kg) 

IV LD50 

(mg/kg) 

Oral LD50 

(mg/kg) 

SC LD50 

(mg/kg) 

3 260.80 70.28 588.60 389.80 

9 571.70 196.40 638.40 567.00 

25 493.20 123.60 1357.00 974.40 

33 121.60 71.83 1024.00 426.60 

36 245.10 141.60 552.70 337.90 

IP - Intraperitoneal route of administration; IV - Intravenous route of administration; Oral - Oral route of 

administration; SC - Subcutaneous route of administration. 

Table 14. Toxicity degree analysis produced by furanone analogs (1, 3, 7, 13, 24, 27, 32, and 34) using the 

Gussar program. 

Compuesto 
IP LD50 

(mg/kg) 

IV LD50 

(mg/kg) 

Oral LD50 

(mg/kg) 

SC LD50 

(mg/kg) 

1 122.00 28.43 1459.00 377.40 

3 490.60 375.70 2994.00 1263.00 

7 263.20 40.96 872.00 651.50 

13 903.10 47.30 1179.00 1641.00 

24 857.30 70.62 1723.00 2142.00 

27 186.00 46.95 1094.00 280.60 

32 181.40 67.78 1322.00 522.80 

34 172.30 41.45 1268.00 457.10 

IP - Intraperitoneal route of administration; IV - Intravenous route of administration; Oral - Oral route of 

administration; SC - Subcutaneous route of administration. 
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3.8. Discussion. 

IRAK-4 is a biomolecule involved in cell signaling, inflammation, apoptosis, and cell 

differentiation. Notably, IRAK-4 has been associated with various types of cancer and 

autoimmune diseases, leading to the development of several IRAK-4 inhibitors for the 

treatment of these clinical pathologies [27-31]. However, more selective inhibitors are needed 

for the treatment of chronic lymphocytic leukemia to reduce some of the side effects produced 

by IRAK-4 inhibitors. For this reason, this study aimed to determine the interaction of several 

compounds (with amino and furan functional groups) with IRAK-4 as a possible therapeutic 

alternative for the treatment of chronic lymphocytic leukemia, as follows: 

 

3.8.1. Amino derivative-protein complex. 

Several methods have been reported for determining the interactions of various drugs 

(ligands) with different biomolecules, including SwissDock [32], DockThor-VS [33], 

AutoDock [34], GlideWS [35], Gold [36], X-Dock [37], and DockingServer [38]. In this study, 

the possible interaction of some amino and furanone derivatives with IRAK-4 was determined 

using the 5uit protein as a theoretical tool. Besides, 1-439 PF-3758309, 336113-53-2, 509093-

47-4, ND-2158, and emavusertib drugs were used as controls in the DockinServer program. 

The results showed differences in the amino acid residues involved in interactions between 

amine derivatives (compounds 1-43) and the 5uit protein surface compared to the controls. This 

phenomenon could lead to changes in the biological activity of IRAK-4, associated with 

different energy levels during the interaction of amine derivatives with IRAK-4. For this 

reason, the energy levels involved in the interaction of amine derivatives with the 5uit protein 

were determined using DockingServer. The results showed that free energy for binding was 

lower for amino derivatives 3, 9, 25, 33, and 36 compared with the 336113-53-2 drug. 

However, the free energy of binding for these amino derivatives was higher in comparison with 

the 509093-47-4 drug. Finally, the free energy of binding for compounds 3, 9, 25, 33, and 36 

was in a manner similar to the PF-3758309, ND-2158, and Emavusertib drugs. Besides, the 

inhibition constants were lower for amino derivatives 3, 9, 25, 33, and 36 than for the PF-

3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib drugs. This phenomenon 

could be due to different types of bonds involved in the ligand-protein formation complex 

between amino derivatives and the 5uit protein. The results showed that amino derivatives 33 

and 36 may interact with amino acid residues Asp369 via hydrogen bonds and with Arg310, 

compared with amino analogs 3, 9, and 25. These results indicate that compounds 3, 9, 25, 33, 

and 36 may alter the biological activity of IRAK-4, potentially decreasing the development of 

chronic lymphocytic leukemia, and this effect may depend on the chemical structure of each 

amino derivative. Analyzing this hypothesis, this study determined the coupling of furanone 

analogs with the 5UIT protein surface to characterize whether these compounds could have an 

affinity for IRAK-4 as follows: 

3.8.2. Furanone derivative-protein complex. 

The results show differences in the amino acid residues involved in the interactions of 

furanone analogs (compounds 1-34) with the 5uit protein surface compared with those of the 

PF-3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib drugs. Other data 
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indicate that the inhibition constant was lower for the compounds 1, 3, 7, 13, 27, 32, and 34 

compared with PF-3758309, 336113-53-2, 509093-47-4, ND-2158, and emavusertib. These 

data suggest that compounds 1, 3, 7, 13, 27, 32, and 34 may have higher affinity for the 5uit 

protein surface. This phenomenon could be conditioned by some thermodynamic parameters 

involved in the ligand-protein formation. For this reason, the energy levels were determined; 

the results showed that the free energy of binding for furanone derivatives 1, 3, 7, 13, 27, 32, 

and 34 was higher compared to the 509093-47-4 drug. Besides, the binding free energy of 

furanone derivatives was lower than that of the 336113-53-2 drug. Finally, the free energy of 

binding for compounds 3, 9, 25, 33, and 36 was in a manner similar to the PF-3758309, ND-

2158, and Emavusertib drugs.  

On the other hand, the different types of chemical bonds could condition the coupling 

of furanone derivatives with the surface of the 5uit protein. In this way, the amino acid residue 

Arg 310 appears to be important in the coupling of compounds 3, 24, 27, 32, and 34 to the 5uit 

protein surface via polar bonds, compared to furanone derivatives 7 and 13. All these suggest 

that furanone derivatives 1, 3, 7, 13, 27, 32, and 34 could produce changes in biological activity, 

and this phenomenon may inhibit the activity of IRAK-4; however, it is important to mention 

that it is necessary to determine their biological activity using an in vivo or in vitro model. For 

this reason, some pharmacokinetic parameters of the amino and furanone derivatives were 

analyzed, as follows: 

3.8.3. Pharmacokinetic parameters. 

Several methods have been used to determine some pharmacokinetic parameters 

associated with the biological activity of different drugs, such as GastroPlus@ [39], PKMP 

[40], NONMEM [41], PBPK [42], SwissADME [43], and others. In this study, SwissADME 

was used to predict the pharmacokinetic parameters of amine derivatives 3, 9, 25, 33, and 36. 

The results indicate that amine analogs may exhibit increased gastrointestinal absorption. 

Furthermore, the metabolism of amine derivatives 1 and 24 involves interaction with CYP1A2 

and CYP2C19. However, compounds 3, 33, and 36 do not interact with the CYPs involved in 

this study. All these data suggest that CYP1A2 may significantly influence the metabolism of 

1 and 24, affecting their efficacy and safety. This phenomenon is supported by data indicating 

that CYP1A2 plays an important role in the metabolism of several drugs [44]; for example, a 

study found that CYP1A2 accounts for 10-15% of the metabolism of drugs such as clozapine, 

olanzapine, and duloxetine [45]. Analyzing these data, in this study, some pharmacokinetic 

factors were determined for furanone analogs 3, 7, 13, 27, 32, and 34. The results showed that 

furanones 3, 7, 27, 32, and 34 may have higher gastrointestinal absorption. However, these 

compounds do not interact with the CYPs involved in this study; these data suggest that they 

could be metabolized by other biological systems, as is the case with aristolochic acid, which 

is metabolized by the human UDP-glucuronosyltransferase 1A enzyme to form a less 

nephrotoxic glucuronide [46]. 

3.8.4. Toxicology analysis. 

For several years, several methods such as ToxCast [47], TOXII [48], GENETOX [49], 

Osiris [50], and Gussar [51] have been used to determine the degree of toxicity of different 

drugs. In this way, to evaluate the theoretical toxicity degree produced by some amine analogs 

(3, 9, 25, 33, and 36), the Gussar software was used. The results indicate that amine derivative 
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9 requires a higher dose to produce toxicity via the intraperitoneal route compared with the 

compounds 3, 25, 33, and 36. However, amino derivative 33 requires a higher dose to produce 

toxicity via the oral route. These data suggest that differences in the chemical structure of amino 

derivatives can produce changes in the degree of toxicity. This hypothesis is supported by 

toxicity studies on various amino-aromatic derivatives using the Jakel-Klein model [52]. 

On the other hand, a report showed that some furanone derivatives can produce 

different degrees of toxicity [53]; for this reason, in this study, the possible degree of toxicity 

produced by furanone derivatives (1, 3, 7, 13, 24, 27, 32, and 34) was calculated using the 

Gussar program. The results showed that furanone 3 may require a higher dose to produce 

toxicity via the oral route than 1, 7, 13, 24, 27, 32, and 34. Besides, the compound 24 requires 

a higher dose to produce toxicity via the intravenous route. These data indicate that the toxicity 

degree produced by furanones may depend on: 1) the dose and routes of administration, and 2) 

differences in the chemical structure of furanone derivatives. 

4. Conclusions 

In this study, we reported the interaction of some amine and furanone derivatives with 

IRAK-4 using the 5uit protein as a theoretical tool in the DockingServer program. The results 

indicated that amine (3, 9, 25, 33, and 36) and furanone (1, 3, 7, 13, 24, 27, 32, and 34) 

derivatives may have a higher affinity for the 5uit protein surface in comparison with the 

controls. These data indicate that both amine and furanone derivatives can act as IRAK-4 

inhibitors, suggesting they are promising candidates for the treatment of chronic lymphocytic 

leukemia. However, further experiments using a biological model are needed to validate this 

hypothesis and rule out potential side effects of these compounds. 
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