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Abstract: Capsaicin and dihydrocapsaicin were modified at phenolic moieties and allylic of double-bond to 

provide seven capsaicin and dihydrocapsaicin derivatives. Their structures were assigned by spectroscopic 

techniques (1D-NMR and MS). All compounds were evaluated as histone deacetylase inhibitors via in vitro 

fluorometric assay at 100 µM. The results revealed that the chloranil derivatives were found to be best histone 

deacetylase inhibitors among the tested compounds with 86% and 87% inhibitions. In addition, molecular docking 

experiments of the active compounds with representatives of class I (HDAC1, HDAC2, HDAC3 and HDAC8), 

class IIa (HDAC4 and HDAC7) and class IIb (HDAC6) HDAC isoforms displayed potential isoform-selective 

HDAC inhibitors. Those data show a new method for providing the isoform-selective histone deacetylase 

inhibitors from common natural products. 
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1.  Introduction  

Modification of histone proteins plays a critical role in the epigenetic regulation of transcription 

in cell. Histone acetylation is controlled by a balance between the opposing functions of histone acetyl 

transferases (HATs) and Histone deacetylases (HDACs). The balance between the activities of HATs 
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and HDACs are associated with cancer development involved in the control of the cell cycle progression, 

differentiation, apoptosis and tumourigenesis. Therefore, HDACs have become an essential therapeutic 

target for a broad range of human disorders such as cancers, diabetes and brain disorders1-4. Based on 

sequence homology to yeast models, eighteen mammalian isoforms HDACs are grouped into four 

classes5. Class I (HDAC1, 2, 3 and 8), class IIa (HDAC4, 5, 7 and 9), class IIb (HDAC6 and 10) and 

class IV (HDAC11), HDACs are zinc dependent metallo proteins. Class III (SIRT1-7), HDACs are 

NAD+-dependent proteins. The HDAC isoforms are involved in multiple different stages and types of 

diseases and cancers. For example, high expression of HDAC1, HDAC2 and HDAC3 are associated 

with poor outcomes in ovarian, pancreatic and lung cancers6,7. High expression of HDAC8 correlates 

with advanced stage disease and poor survival in neuroblastoma8,9. HDAC2 have also been detected in 

neurodegenerative diseases, ovarian and gastric cancers10,11. HDAC1 and HDAC5 have been detected 

in gastric cancer whereas HDAC2 and HDAC3 have also been found in colorectal cancer12,13. HDAC4 

have been associated with colon cancer, ovarian cancer, and gastric cancer14-16. HDAC7 plays a major 

role in cardiovascular developments and diseases17. 

Histone deacetylase inhibitors contribute to tumor cell growth arrest, differentiation, enhancing 

cell apoptosis and promoting cell-cycle arrest by blocking substrate access to the histone deacetylase-

active site3. The structure-activity relationships and X-ray crystallography of HDAC inhibitors reveal 

that HDACs inhibitors are composed of a metal-binding domain, a linker domain, and a surface-

recognition domain. The metal-binding functional group is responsible for binding a Zn2+ ion in the 

HDAC active site, whereas the hydrocarbon linker domain plays a role in filling out a narrow tunnel 

leading to the active site. Finally, the capping group on the surface-recognition domain interacts with 

the amino acids close to the entrance of the HDAC active site. Capsaicin (CAP) and dihydrocapsaicin 

(DHC) partially mimic the structure of the FDA-approved HDAC inhibitors suberoylanilide hydroxamic 

acid (SAHA) and trichostatin A (TSA). Therefore, capsaicin and dihydrocapsaicin derivatives may also 

inhibit histone deacetylases.   

 

 
 

Figure 1. The pharmacophoric summary of HDAC inhibitor structures in comparison to capsaicin and 

dihydrocapsaicin 

 

In this work, the structural modifications of CAP and DHC at the metal-binding domain and a 

surface-recognition domain were prepared to improve HDAC inhibitory activity. In order to search for 

the isoform-selective inhibitors with different HDAC enzymes, molecular docking studies of all 

derivatives with HDAC1, 2, 3, 4, 6, 7 and HDAC 8 isoforms are described. These derivatives exhibit 

promising HDAC inhibition with high selective inhibitors and may warrant further studies at the cellular 

level. 

 

 

2.  Experimental 
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2.1. Chemical Material and Apparatus 

Reagents and solvents were purchased from Sigma-Aldrich Corporation (USA). All solvents 

and volatile reagents were distilled prior to use. Reactions were monitored using analytical TLC plates 

(silica gel 60 F254, Merck (Germany)). Silica gel grade 60 (230-400 mesh, Merck (Germany) was used 

for column chromatography. NMR spectra were recorded in the indicated solvents on a Varian Mercury 

plus spectrometer operating at 400 MHz (1H) and at 100 MHz (13C). IR spectra were obtained on Perkin 

Elmer Spectrum One FT-IR spectrophotometer. Mass spectra were determined by using a Micromass 

Q-TOF 2 hybrid quadrupole, time-of-flight (Q-TOF) mass spectrometer with a Z-spray ES source.  

2.2. Separation of Capsaicin and Dihydrocapsaicin 

One kilogram of dried red chili spur peppers (Capsicum annuum) was extracted with CH2Cl2 

and purified by column chromatography as previously described to provide a mixture of Capsaicin 

(CAP, 1) and Dihydrocapsaicin (DHC, 2) (690 mg) as a yellow-orange oil18. 

 

2.3. Chemistry 

2.3.1. Preparation of Silyl Ether-CAP (3) and Silyl Ether-DHC (4) 

To a suspension of NaH (60% in mineral oil, 6.20 mg, 0.16 mmol, 2 equis.) in THF (1 mL) at 0 

oC under N2 was added the solution of 1 and 2 mixture (1:1), (23.70 mg, 0.08 mmol) in THF (2 mL) 

over a 15 min period. The reaction mixture was warmed to room temperature and stirred for 10 min 

before TBDMSCl (15.1 mg, 0.1 mmol, 1.3 equis) in THF (1 mL) was added over 5 min. The mixture 

was refluxed for 29 h. After the solution was cooled to ambient temperature, 5% NaHCO3 (4 mL) was 

added slowly to the reaction mixture followed by extraction with EtOAc (3x20 mL). The combined 

organic layers were dried and concentrated. Purification of the crude product by column chromatography 

(1:3 (v/v) EtOAc/hexanes) gave an orange oil of compounds 3 and 4 (24.5 mg, 96%). 

.  

(E)-N-(4-(tert-butyldimethylsilyloxy)-3-methoxybenzyl)-8-methylnon-6-enamide (3): Rf = 0.85 (1:1 (v/v) 

EtOAc/hexanes). IR (neat) : 3290, 2923, 1645, 1515, 1286, 1159, 1126, 1036, 902, 840 cm-1. 1H NMR 

(CDCl3) : δ 6.79 (d, Ј = 8.4 Hz, 1H5), 6.75 (s, 1H2), 6.70 (d, Ј = 8.4 Hz, 1H6), 5.70 (br s, 1H8), 5.35 (m, 

1H14), 5.30 (m, 1H15), 4.38 (d, Ј = 5.4 Hz, 2H7), 3.79 (s, OCH3), 2.20 (t, Ј = 7.8 Hz, 2H10), 1.98 (q, Ј = 

7.2 Hz, 2H13), 1.64 (quin, Ј = 7.8 Hz, 2H11), 1.40 (quin, Ј = 7.8 Hz, 2H12), 1.29 (m, 1H16), 1.00 (s, 9H21), 

0.95 (d, Ј = 6.6 Hz, 6H17,18), 0.18 (s, 6H19). 13C NMR (CDCl3) : δ 172.52 (C9), 150.62 (C3), 144.03 (C4), 

137.61 (C15), 131.31 (C1), 126.01 (C14), 120.38 (C6), 119.68 (C5), 111.48 (C2), 55.01 (OCH3), 43.03 

(C7), 36.21 (C10), 31.75 (C16), 29.16 (C13), 28.81 (C12), 25.37 (C21), 24.84 (C11), 22.18 (C17), 22.18 (C18), 

17.97 (C20), -5.11 (C19).  

 

2.3.2. Preparation of Allylic Alcohol Silyl Ether (5) 

 To a solution of silyl ether-CAP (3) and silyl ether-DHC (4) (60 mg, 0.14 mmol) in THF (3mL) 

was added SeO2 (23 mg, 1.5 equis). Catalytic amount of pyridine (0.1 mL) was added and the reaction 

mixture was heated to reflux for 10 h. Then water (3 mL) was added and the mixture was extracted with 

EtOAc (3x20 mL). The organic layer was combined, washed with water, brine and dried with anhydrous 

Na2SO4. The solvent was removed to furnish crude mixture. Purification of the crude mixture by column 

chromatography (1:1 (v/v) EtOAc/hexanes) gave a yellow oil of compound 5 (25 mg, 80%) and 

recovered compound 4 (28 mg, 93%). 

 

(E)-N-(4-(tert-butyldimethylsilyloxy)-3-methoxybenzyl)-5-hydroxy-8-methylnon-6-enamide (5): Rf = 

0.40 (1:1 (v/v) EtOAc/hexanes). IR (neat) : 3306, 2928, 2856, 1645, 1515, 1462, 1283, 1158, 1126, 

1037, 902, 840, 782 cm-1. 1H NMR (CDCl3) : δ 6.78 (d, Ј = 8.0 Hz, 1H5), 6.76 (s, 1H2), 6.70 (d, Ј = 8.0 

Hz, 1H6), 5.80 (br s, 1H8), 5.60 (m, 1H15), 5.40 (dd, Ј = 7.0, 15.0 Hz, 1H14), 4.35 (d, Ј = 5.5 Hz, 2H7), 

4.05 (q, Ј = 6.3 Hz, 1H13), 3.78 (s, OCH3), 2.15 (m, 2H10), 2.05 (br s, OH), 1.70 (m, 2H12), 1.55 (m, 
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1H16), 1.40 (m, 2H11), 0.96 (s, 9H21), 0.92 (d, Ј = 6.0 Hz, 3H17), 0.92 (d, Ј = 6.0 Hz, 3H18), 0.16 (s, 6H19). 
13C NMR (CDCl3) : δ 172.70 (C9), 151.09 (C3), 144.52 (C4), 139.19 (C15), 138.36 (C14), 129.63 (C1), 

120.86 (C6), 120.18 (C5), 112.00 (C2), 72.60 (C13), 55.50 (OCH3), 43.54 (C7), 36.67 (C10), 31.81 (C12), 

29.80 (C16), 25.69 (C20), 22.29 (C18), 22.24 (C17), 21.56 (C11), 18.42 (C21), -4.65 (C19). HRMS m/z 

458.2704 [M + Na]+ (calcd. For C24H41NO4Si + Na, 458.2703). 

 

 

2.3.3. Preparation of Allylic Alcohol (6) 

 To a solution of compounds 1 and 2 (25 mg, 0.08 mmol) in THF (3 mL) was added SeO2 (10 

mg, 1.2 equis). Catalytic amount of pyridine (0.1 mL) was added and the reaction mixture was refluxed 

for 4 h. Then water (3 mL) was added and the mixture was extracted with EtOAc (3x20 mL). The organic 

layers were combined, washed with water, brine and dried with anhydrous Na2SO4. The solvent was 

removed to furnish a crude mixture. Purification of the crude mixture by column chromatography (1:1 

(v/v) EtOAc/hexanes) gave a yellow oil of compound 6 (9 mg, 89%) and recovered compound 2 (12 

mg, 96%). 

 

(E)-5-hydroxy-N-(4-hydroxy-3-methoxybenzyl)-8-methylnon-6-enamide (6): Rf = 0.20 (1:1 (v/v) 

EtOAc/hexanes). IR (neat) : 3306, 2927, 1758, 1645, 1515, 1262, 1035 cm-1. 1H NMR (CDCl3) : δ 6.86 

(d, Ј = 8.0 Hz, 1H5), 6.80 (s, 1H2), 6.75 (d, Ј = 8.0 Hz, 1H6), 5.80 (s, 1H8), 5.70 (br s, OH4), 5.60 (m, 

1H14), 5.40 (m, 1H15), 4.35 (d, Ј = 5.4 Hz, 2H7), 4.05 (q, Ј = 7.8 Hz, 1H13), 3.85 (s, OCH3), 2.20 (t, Ј = 

7.8 Hz, 2H10), 2.00 (br s, OH13), 1.57 (m, 2H11), 1.40 (m, 2H12), 1.29 (m, 1H16), 0.95 (d, Ј = 6.6 Hz, 

3H17), 0.95 (d, Ј = 6.6 Hz, 3H18). 13C NMR (CDCl3) : δ 172.81 (C9), 146.68 (C3), 145.12 (C4), 139.22 

(C15), 138.33 (C14), 129.57 (C1), 120.81 (C6), 114.39 (C5), 110.73 (C2), 72.60 (C13), 55.94 (OCH3), 43.58 

(C7), 36.62 (C10), 36.33 (C12), 29.77 (C16), 22.22 (C17), 22.22 (C18), 21.53 (C11). HRMS m/z 344.1841 

[M + Na]+ (calcd. for C18H27NO4 + Na, 344.1838). 

 

2.3.4. Preparation of Diacetate (7) 

 To a solution of dihydroxy-CAP 6 (10.0 mg, 0.03 mmol) in pyridine (2 mL) was added Ac2O 

(0.01 mL, 0.098 mmol, 2.5 equis). The solution was stirred at room temperature for 29 h. Then water (3 

mL) was added and the mixture was extracted with EtOAc (3x20 mL). The combined organic layers 

were dried and concentrated. Purification of the crude product by column chromatography (1:3 (v/v) 

EtOAc/hexanes) gave a yellow oil of compound 7 (11 mg, 86%). 

 

9-(4-acetoxy-3-methoxybenzylamino)-2-methyl-9-oxononan-4-yl acetate (7): Rf = 0.50 (1:1 (v/v) 

EtOAc/hexanes). IR (neat) : 3335, 2929, 2866, 1634, 1463, 1277, 1156, 1126, 1035 cm-1. 1H NMR 

(CDCl3) : δ 6.98 (d, Ј = 7.8 Hz, 1H5), 6.90 (s, 1H2), 6.85 (d, Ј = 7.8 Hz, 1H6), 5.80 (s, 1H8), 5.65 (dd, Ј 

= 6.5, 15.3 Hz, 1H14), 5.32 (dd, Ј = 7.2, 15.4 Hz, 1H15), 5.15 (q, Ј = 7.8 Hz, 1H13), 4.35 (d, Ј = 5.6 Hz, 

2H7), 3.75 (s, OCH3), 2.30 (s, 3H20), 2.18 (t, Ј = 7.6 Hz, 2H10), 1.95 (s, 3H22), 1.60 (m, 2H12), 1.57 (m, 

2H11), 1.20 (m, 1H16), 0.95 (d, Ј = 6.8 Hz, 3H17), 0.95 (d, Ј = 6.8 Hz, 3H18). 13C NMR (CDCl3) : δ 172.38 

(C9), 170.47 (C21), 169.11 (C19), 151.19 (C3), 141.48 (C15), 139.08 (C4), 137.27 (C1), 124.87 (C14), 

122.84 (C5), 120.04 (C6), 112.19 (C2), 74.38 (C13), 55.89 (OCH3), 43.47 (C7), 36.10 (C10), 34.06 (C12), 

30.65 (C16), 22.63 (C11), 22.05 (C18), 22.05 (C17), 21.36 (C22), 20.62 (C20). HRMS m/z 386.1613 [M - 

Ac+ Na ]+ (calcd. for C20H29NO5 + Na, 386.1943). 

 

2.3.5. Preparation of Chloranil-CAP (8) 

 To a solution of compounds 1 and 2 (15.2 mg, 0.05 mmol) in THF (4 mL) at -40 oC under N2 

was added 13.4 mg (0.05 mmol) of p-chloranil. After 20 h. at room temperature, the solvent was 

removed in vacuo and 5% NaHCO3 was added to the residue which was then extracted with EtOAc 

(3x20 mL). The combined organic layers were dried and concentrated. Purification of the crude product 

by column chromatography (1:1 (v/v) EtOAc/hexanes) gave a brown gum of compounds 8 and 9 (16 

mg, 95%). 
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(E)-N-(3-methoxy-4-(2,4,5-trichloro-3,6-dioxocyclohexa-1,4-dienyloxy)-benzyl)-8-methylnon-6-

enamide (8): Rf  = 0.75 (1:1 (v/v) EtOAc/hexanes). IR (KBr) : 3435, 3304, 2954, 2926, 2852, 1692, 

1644, 1572, 1505, 1195, 1175 cm-1. 1H NMR (CDCl3) : δ 7.05 (d, Ј = 8.6 Hz, 1H5), 6.85 (s, 1H2), 6.85 

(s, 1H6), 5.75 (br s, 1H8), 5.35 (m, 1H14), 5.30 (m, 1H15), 4.40 (d, Ј = 5.4 Hz, 2H7), 3.75 (s, OCH3), 2.20 

(t, Ј = 7.8 Hz, 2H10), 1.98 (q, Ј = 7.2 Hz, 2H13), 1.65 (quint, Ј = 7.8 Hz, 2H11), 1.38 (m, 2H12), 1.29 (m, 

1H16), 0.95 (d, Ј = 6.7 Hz, 6H17,18). 13C NMR (CDCl3) : δ 172.93 (C9), 171.76 (C20), 170.64 (C23), 153.14 

(C19), 148.61 (C3), 144.22 (C4), 140.42 (C21), 138.70 (C22), 138.12 (C15), 136.31 (C1), 126.40 (C14), 

124.43 (C24), 120.64 (C6), 119.14 (C5), 112.68 (C2), 56.34 (OCH3), 43.20 (C7), 36.64 (C10), 32.18 (C16), 

30.94 (C13), 29.26 (C12), 25.21 (C11), 22.63 (C17), 22.63 (C18).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Structural modification of CAP/DHC derivatives 
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2.3.6. Preparation of Chloranil-DHC (9) 

 To a solution of DHC 2 (35.0 mg, 0.114 mmol) in THF (4 mL) at -40 oC under N2 was added 

42.0 mg (0.171 mmol) of p-chloranil. After 17 h at room temperature, the solvent was removed in vacuo 

and 5% NaHCO3 was added to the residue and the residue was extracted with EtOAc (3x20 mL). The 

combined organic layers were dried and concentrated. Purification of the crude product by column 

chromatography (1:1 (v/v) EtOAc/hexanes) gave a brown gum of compounds 9 (36.3 mg, 92%). 

 

N-(3-methoxy-4-(2,4,5-trichloro-3,6-dioxocyclohexa-1,4-dienyloxy)benzyl)-8-methylnonan-amide (9): 

Rf  = 0.75 (1:1 (v/v) EtOAc/hexanes). IR (KBr) : 3299, 2921, 2851, 1692, 1644, 1573, 1535, 1505, 1466, 

1431, 1366, 1321, 1259, 1195, 1147, 1123, 1059, 1035, 793, 722 cm-1. 1H NMR (CDCl3): δ 7.05 (d, Ј = 

7.9 Hz, 1H5), 6.85 (s, 1H2), 6.84 (m, 1H6), 6.0 (br s, 1H8), 4.40 (s, 2H7), 3.75 (s, OCH3), 2.25 (t, Ј = 7.8 

Hz, 2H10), 1.62 (quint, Ј = 6.8 Hz, 2H11), 1.50 (m, 1H16), 1.30 (m, 2H12), 1.26 (m, 2H13), 1.25 (m, 2H14), 

1.15 (m, 2H15), 0.85 (d, Ј = 6.4 Hz, 6H17,18). 13C NMR (CDCl3): δ 173.41 (C9), 171.75 (C20), 170.64 

(C23), 153.13 (C19), 148.61 (C3), 144.25 (C4), 140.42 (C21), 138.69 (C22), 136.10 (C1), 124.44 (C24), 

120.67 (C6), 119.14 (C5), 112.72 (C2), 56.37 (OCH3), 43.30 (C7), 38.92 (C15), 36.65 (C10), 29.58 (C13), 

29.32 (C12), 27.91 (C16), 27.21 (C14), 25.79 (C11), 22.60 (C17), 22.60 (C18).  HRMS m/z 538.0966 [M + 

Na]+ (calcd. for C24H28Cl3NO5 + Na, 538.0931). 

 

2.4. Biological Assay 

2.4.1. Histone Deacetylase Activity Assay 

CAP/DHC and their synthetic derivatives were evaluated for their ability to inhibit a 

commercially available assay (Fluor de Lys assay system, Biomol, Enzo Life Sciences International, 

Inc., USA). TSA purchased from Sigma-Aldrich Corporation (USA) was used as the positive control. 

A 5 µL of each sample (in DMSO), 1 µL of the Hela nuclear extract and 19 µL of a buffer were added 

into the 96-well plate and incubated at 37 oC for 5 minutes. Next, a 25 µL of a substrate was added and 

incubated again at 37 oC for 15 minutes. Deacetylation of the substrate followed with the addition of the 

developer (50 µL) generated a fluorophore. Comparison of inhibitor versus control relative fluorescence 

signals with excitation at 360 nm and emission at 460 nm was done using the spectra Max Gemini XPS 

microplate spectrofluorometer. All experiments were carried out in triplicate. 

 

2.4.2. Molecular Docking Studies 

Molecular docking studies were performed for 50 runs using AutoDockTools 1.5.4 (ADT) and 

AutoDock 4.2 programs with a grid box size of 666666 points, spacing between grid points as 0.375 

angstroms and Lamarckian genetic algorithm search. The crystal structures of HDACs were obtained 

from the Protein Data Bank [PDB entry code: 4BKX (HDAC1), 3MAX (HDAC2), 4A69 (HDAC3), 

2VQW (HDAC4), 6UO2 (HDAC6), 3C0Z (HDAC7) and 1T64 (HDAC8)]. All water and non-

interacting ions as well as ligands were removed. Then all missing hydrogen and sidechain atoms were 

added using the ADT program. Gasteiger charges were calculated for the system. For ligand setup, the 

molecular modeling program Gauss View 03 program was used to build the ligands. Energy of the 

ligands was optimized with the AM1 level using Gaussian program.  

 

3.  Results and Discussion 

A mixture of capsaicin (CAP, 1) and dihydrocapsaicin (DHC, 2) was isolated from C. annuum 

fruits18. The structural modification of a CAP/DHC mixture was performed without further purification, 

as shown in Figure 2. The mixture of 1 and 2 was protected by TBDMSCl to produce the silyl ether 

mixture 3 and 4 in a good yield. Allylic oxidation of the mixture 3 and 4 with SeO2 and pyridine provided 

allylic alcohol silyl ether 5 along with recovery of 4. Furthermore, allylic oxidation of the mixture 1 and 

2 also gained allylic alcohol 6 in a good yield together with recovery of 2. The structure of 6 was 
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confirmed as the racemic mixture by CD experiment. The racemic mixture of 6 was readily converted 

into diacetate 7 by using acetic anhydride and pyridine. We attempted to oxidize the phenolic moiety of 

1 and 2 with p-chloranil. Surprisingly, the mixture of chloranil-CAP 8 and chloranil-DHC 9 was 

obtained in a high yield. In the same condition, chloranil-DHC 9 was achieved by treating 2 with p-

chloranil. The structure of 9 was confirmed by mass spectrum.  
 

        Table 1. The in vitro HDAC inhibitory activities of the obtained compounds 

Compound %HDAC inhibition 

1,2 Not detected 

3,4 83.3 + 0.8 

4 85.1 + 0.9 

5 76.2 + 0.7 

6 85.0 + 0.9 

7 79.4 + 0.8 

8,9 86.0 + 0.6 

9 87.0 + 0.6 

TSA (25 µM) 93.1 + 0.8 
 

CAP 1, DHC 2 and their synthetic derivatives were tested in vitro using a HeLa nuclear extract 

in a fluoro metric assay at 100 µM. The inhibitory activities of all compounds against HDAC are 

presented in Table 1. The mixture of CAP 1 and DHC 2 exhibited no activity. Modification of the 

phenolic group provided the mixture of silyl ether-CAP 3 and silyl ether-DHC 4 with high inhibitory 

activity. The incorporation of hydroxyl group in the alkyl chains was conducted to gain allylic alcohols 

5 and 6, which were expected to exhibit improved coordinating and chelating properties to the zinc ion. 

Surprisingly, only allylic alcohol 6 showed high inhibitory activity against HDAC with 85% inhibition. 

Allylic alcohol silyl ether 5 showed less inhibitory activity against HDAC than the compound 3. These 

data suggested that the silyl group of allylic alcohol silyl ether 5 may be too bulky to allow ligand-

enzyme binding. The HDAC inhibitory activity test of diacetate 7 was performed to examine whether 

the acetate esters in the alkyl side chain and the phenolic improved activity. Unfortunately, diacetate 7 

exhibited slightly reduced HDAC inhibition. Chloranil CAP 8 and chloranil DHC 9 showed the most 

inhibitory activities against HDAC among the tested compounds. The data indicated that high electron 

intensity of the chloranil group may be chelating to the zinc ion or interacting at the active site cavity. 

 

Table 2. The in silico HDAC inhibitory activities of the obtained compounds 
Cp Class I  Class IIa Class IIb 

HDAC1 HDAC2 HDAC3 HDAC8 HDAC4 HDAC7 HDAC6 

∆Ga Kib ∆Ga Kib ∆Ga Kib ∆Ga Kib ∆Ga Kib ∆Ga Kib ∆Ga Kib 

3 -7.78 2.00 -6.56 15.50 -7.30 5.25 -6.76 11.10 -7.07 6.57 -7.39 4.50 -7.22 4.84 

4 -7.73 2.14 -6.96 7.88 -7.14 5.81 -6.46 18.50 -7.50 3.18 -6.94 8.17 -6.94 8.21 

5 -7.29 4.55 -8.26 0.88 -7.27 4.67 -7.15 5.73 -7.34 4.20 -7.91 1.60 -7.49 3.26 

6 -6.78 10.66 -7.51 3.11 -7.69 2.32 -7.50 3.17 -6.80 10.43 -7.30 4.46 -7.80 1.93 

7 -5.91 46.17 -6.70 12.17 -7.03 7.07 -6.18 29.53 -6.94 8.16 -6.29 24.4 -6.32 23.1 

8 -6.91 8.58 -8.87 0.32 -7.95 1.44 -7.47 3.34 -8.69 0.43 -8.18 1.02 -7.89 1.66 

9 -7.05 6.75 -8.85 0.33 -7.59 2.74 -7.06 6.70 -8.25 0.90 -7.95 1.48 -7.26 4.74 

a(kcal/mol) b(µM)   

Molecular docking studies were conducted with the presentative HDAC Class I (HDAC1, 2, 3, 

8), Class IIa (HDAC4, 7) and Class IIb (HDAC6) to gain more details on the binding mode and to obtain 
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the isoform-selective inhibitors with different HDAC enzymes. The active in vitro compounds were 

analyzed to allow comparisons of the calculated free energies of binding (∆G) and inhibition constants 

(Ki), which are also demonstrated in Table 2. Silyl ether 3 and 4 showed moderate inhibition against 

HDAC2, HDAC8, HDAC4 and HDAC7. Interestingly, silyl ether 3 and 4 displayed selectivity to 

HDAC1 with Ki values as 2.00 and 2.14 µM, respectively. Allylic alcohol 5 was selective towards 

HDAC2 (Ki = 0.88 µM). The compound 5-HDAC2 complex presented a zinc chelation via the hydroxyl 

group and the ¶-¶ interaction between the phenyl group of 5 and Tyr209 as demonstrated in Figure 3A. 

The molecular docking results of compound 5 also revealed that the methoxy and the silyloxy groups in 

the aromatic region played a critical role in the surface recognition element. Alcohol 6 showed moderate 

inhibition against HDAC1, HDAC2, HDAC3, HDAC4, HDAC7 and HDAC8. Remarkably, alcohol 6 

was selective towards HDAC6 (Ki = 1.93 µM). While, diacetate 7 displayed weak to moderate 

inhibitions against all HDACs. Interestingly, chloranil 8 and 9 which were the most active HDAC 

inhibitor in vitro showed a strong inhibitory activity against HDAC2 (Ki = 0.32, 0.33 µM) and HDAC4 

(Ki = 0.43, 0.90 µM), respectively. Figure 3B shows the binding interactions of 8 with the active site 

cavity of HDAC2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The interaction modes of (A): 5 in the active site of HDAC2, (B): 8 in the active site of 

HDAC2, (C): 8 in the active site of HDAC4 and (D): 9 in the active site of HDAC2 

 

The compound 8-HDAC2 complex presented a zinc chelation via the carbonyl group (2.6 Å) 

and interaction with Asp104. Another interaction was seen between the amide group of 8 and Gly154 

with a distance of 1.9 Å. The compound 8-HDAC4 complex (Figure 3C) displayed a zinc chelation via 

the carbonyl group (3.1 Å). Two important interactions considered to be hydrogen bonds occurred: one 

hydrogen bond occurred between the back bone hydroxyl group of Ser123 and the carbonyl group that 
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belongs to 8 (2.8 Å). Another interaction was seen between the chlorine atom of 8 and the hydrogen 

atom of Pro155. The major interaction between HDAC2 and compound 9 were also hydrogen bonds 

(Figure 3D). One hydrogen bond occurred between the carbonyl group of Asp104 and the amide moiety 

of 9. Another interaction was seen between the chlorine atom of 9 and Glu208. 

The HDAC activity and the docking data revealed that CAP and DHC derivatives possessing a 

chloranil-substitution pattern acted as good HDAC inhibitors with selectivity to HDAC2 and HDAC4. 

HDAC2 play crucial roles in medulloblastoma, lung, liver and pancreatic cancers19-21. HDAC4 play a 

significant role in colon, glioblastoma, ovarian and gastric cancers22-24. Therefore, these compounds 

could be energetic leads for safe and selective anticancer agents with HDAC inhibitory activity. 

 

4.  Conclusion  

 A series of new capsaicin and dihydrocapsaicin derivatives were designed and synthesized 

with the aim to improve the HDAC inhibitory activities by converting the surface-recognition domain 

and installing the hydroxyl group at the metal-binding affinity. Seven derivatives exhibited inhibitory 

activity against HDAC in the micromolar concentration range. A conventional modification of the 

phenolic group into a silyl ether, acetyl ester, and chloranil resulted in an improved inhibitory activity 

compared to that of the lead compounds. Incorporation of the hydroxy group into the alkyl side chain 

provided alternative coordination of the zinc ion and resulted in the increased activity. The molecular 

docking studies provided valuable information with selective HDAC isoforms. These obtained data 

show that minor structural changes in capsaicin and dihydrocapsaicin can significantly improve both 

HDAC inhibitory and anticancer activities. These novel non-hydroxamic acid HDAC inhibitors should 

be further studied and developed as anticancer drugs.  
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