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Abstract

Ferulic acid is reported to have antioxidant and anti-tyrosinase. However, it tends to change its colour because of undergoes autooxidation,
decarboxylation, and dimerization. Structural modification through Mannich base substitution could change the compound's physicochemical
properties and biological activity. This study aims to synthesize novel Mannich base derivatives of ferulic acid (3a-f) and evaluate them for
their tyrosinase inhibitory and antioxidant activity. The study indicated that all the compounds exhibited tyrosinase inhibitor and antioxidant
activity. Compound 3b has the highest tyrosinase inhibitory activity (ICso: 312.60 pM), higher than ferulic acid (ICs: 345.95 pM) but lower
than a standard used (kojic acid, I1Csq: 46.34 uM). Compound 3e has the highest antioxidant activity (ICs:15.98 pM), higher than ferulic acid
(ICso: 22.04 uM), and equal to ascorbic acid used as standard (IC50: 15.26 uM).
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1. Introduction

Melanin is a pigment used to colour the eye, skin, and hair and as a barrier against harmful UV radiation [1]. UV exposure
encourages melanin formation in the skin and causes inflammation, freckles, brown patches, and age spots. Melanin is produced
in melanocytes by oxidizing L-DOPA to dopaquinone catalyzed by tyrosinase enzyme [2]. The most popular method to terminate
melanin production is by blocking tyrosinase activity. In addition, based on a previous report, the mechanism of melanogenesis
is related to radical oxidative stress [3]. Thus, the antioxidant properties compound could be a potential anti-tyrosinase.

Ferulic acid is well known as an antioxidant. In addition to being a free radical scavenger, ferulic acid also increases the
activity of scavenger enzymes and inhibits the enzymes that cause the production of free radicals [4]. It has a unique structure
containing phenyl with o-methoxy and p-hydroxyl, ethylenic chain, and carboxylic group [5-6] Its distinctive structure contributes
significantly to its activity as an antioxidant. The structure of ferulic acid contains a hydrogen-donating group that can produce
stable phenol radicals [5]. The advantages of these structural characteristics are utilized in cosmetic preparation formulas as
sunscreen agents to absorb UV light at a wavelength of 290-320 nm, anti-aging, anti-wrinkle, and skin-lightening agents because
of inhibition of the enzyme tyrosinase activity and melanocyte proliferation [5,7].

The physicochemical properties of ferulic acid are less favourable. It has low bioavailability and poor water stability [8].
Exposure to moisture, oxygen, high temperatures, and light during storage causes ferulic acid to change colour and develop an
unpleasant odour. It undergoes autooxidation [9], decarboxylation, and dimerization [7], forming dimer anions with lower
pharmacological activity. Providing nitrogen gas or adding other antioxidants to ferulic acid preparations does not prevent the
degradation process [10-13]

The stability improvements of ferulic acid have been made by modifying the structure, including through encapsulation with
poly(anhydride-ester) [7], esterification [14-15] and amidation [16-18]. However, the results were not optimal, and the ester
product showed a cytotoxic effect.

Mannich base derivatives of phenolic compounds thermodynamically show better stability due to intramolecular hydrogen
bonds between the hydroxy group and N of the amine [19]. However, the Mannich base substitution may affect their biological
activity. For example, the Mannich derivatives of the vanillin-dopamine compound had better antioxidant activity than standard
BHT and, as a tyrosinase inhibitor, was more effective than kojic acid [20]. Likewise, the anti-tyrosinase activity of several kojic
acid derivative compounds substituted with Mannich bases was more effective than unsubstituted kojic acid [21].

To further study the effect of Mannich base substitution on biological activity, we report here the synthesis and bioactivity
study of Mannich base derivatives of ferulic acid as a tyrosinase inhibitor and antioxidant.
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2. Experimental
2.1. General

Ferulic acid was prepared by Knoevenagel condensation, as reported earlier [22]. The chemicals and reagents were analytical
grades purchased from commercial suppliers (Sigma Aldrich and Merck). A purity test and reaction monitoring were performed
using the TLC method. The melting points” products were measured using melting point equipment (Stuart Scientific). The IR
and NMR spectra were taken by FTIR Spectrophotometer (Shimadzu 8400S) and NMR Spectrometer (JEOL JNM 500),
respectively. Mass spectra were determined by LC-MS/MS with the ESI+ method (Xevo G2-S QToF, Waters, USA).

2.2. Synthesis of Vanillin Mannich Base Derivatives (2a-f)

The compounds (2a-f) were synthesized by amino alkylation of vanillin reported earlier [23]. Paraformaldehyde (1.5 eq) and
sec-amine (1.2 eq) were mixed in ethanol (20 mL) and refluxed at 80°C for 1 h. Then vanillin (1 eq) was added, refluxed, and
stirred until a complete reaction for 2-8 h. After that, the solvent was reduced to 1/3 volume, refrigerated overnight, filtered the
precipitate, and washed with ethanol to afford pure 2a-f.

4-Hydroxy-3-methoxy-5-(morpholinomethyl) benzaldehyde (2a). Pinkish-white powder; 56,95% yield (143.1 mg); mp 98-
100°C; FTIR (cm™): 2949 (CH Al), 2837 (CHO), 1651 (HC=0), 1593 & 1471 (C=C Ar), 1274 (C-0), 1144 (C-N), 1062 (Car-
0). H-NMR (500 MHz, CDCls): 8/ppm = 9.79 (s, 1H, CHO), 7.36 (d, J = 1.5 Hz, 1H, ArH), 7.18 (d, J = 1.5 Hz, 1H, ArH), 3.95
(s, 3H, CHz-0), 3.82 (s, 2H, ArCH2-N), 3.78 (s, 4H, -CH2-0); 2.63 (4H, -CH2-N).

3-((2,6-Dimethylmorpholino)methyl)-4-hydroxy-5-methoxybenzaldehyde (2b). White powder, 44.51% yield (124.3 mg), mp
120-122°C, FTIR (cm™): 2938 (CH Al), 2878 (CHO), 1677 (HC=0), 1586 & 1431 (C=C Ar), 1279 (C-0), 1143 (C-N), 1070
(Car-0). tH-NMR (500 MHz, CDCls): 8/ppm = 9.79 (s, 1H, CHO), 7.36 (d, J = 1.7 Hz, 1H, ArH), 7.17 (d, J = 1.4 Hz, 1H, ArH),
3.95 (s, 3H, CHs-0), 3.88 (ArCHz-N), 3.75-3.69 (m, 2H, 2 -CH-0), 2.85-2.83 (d, 2H, -CH2-N), 1.95-1.91 (t, 2H, -CH2-N), 1.18
(d, 6H, C-CHs) [23].

3-((Dimethylamino)methyl)-4-hydroxy-5-methoxy benzaldehyde (2c). Pale-white powder, 75.43% yield (157.8 mg), mp 138-
140°C, FTIR (cm): 2941 (CH Al), 2832 (CHO), 1641 (HC=0), 1589 & 1431 (C=C Ar), 1265 (C-0), 1144 (C-N), 1039 (Car-
0).). *H-NMR (500 MHz, CDCls): 8/ppm = 9.77 (s, 1H, CHO), 7.35 (d, J = 1.7 Hz, 1H, ArH), 7.15 (d, J = 0.9 Hz, 1H, ArH),
3.94 (s, 3H, CH3-0), 3.76 (s, 2H, ArCH2-N), 2.38 (s, 6H, (N-CHa)a.

3-((Diethylamino)methyl)-4-hydroxy-5-methoxy benzaldehyde (2d). Yellow powder, 64.99% yield (118.2 mg), mp 73-75°C,
FTIR (cm™): 2940 (CH Al), 2832 (CHO), 1647 (HC=0), 1589 & 1452 (C=C Ar), 1273 (C-0), 1144 (C-N), 1038 (Car-0). *H-
NMR (500 MHz, CDCls): 8/ppm =9.76 (s, 1H, CHO), 7,33 (d, J = 1.7 Hz, 1H, ArH), 7.15 (d, J = 1.7 Hz, 1H, ArH), 3.93 (s, 3H,
CHs-0), 3.88 (s, 2H, ArCH2-N), 2.68 (m, 4H, N-(CH2-C)2, 1.15 (t, 6H, (C-CHs)2.

4-Hydroxy-3-methoxy-5-(pyrrolidine-1-ylmethyl) benzaldehyde (2e). Orange powder, 61.34% yield (144.3 mg); mp 130-
132°C, FTIR (cm): 2985 (CH Al), 2857 (CHO); 1672 (HC=0), 1588 &1435 (C=C Ar), 1221 (C-O), 1137 (C-N), 1085 (Car-0);
IH-NMR (500 MHz, CDCl3): 8/ppm = 9.76 (s, 1H, CHO), 7.33 (d, J = 1.5 Hz, 1H, ArH), 7.16 (d, J = 0.5 Hz, 1H, ArH), 3.95 (s,
2H, ArCH2-N), 3.94 (s, 3H, CH3-0); 2.70 (m, 4H, -CH2-N-CH3-), 1.89 (m, 4H, (-CH2-CH>-).

4-Hydroxy-3-methoxy-5-((4-methylpiperazin-1-yl) methyl)benzaldehyde (2f). White powder, 57.08% vyield (150.8 mg), mp
116-118°C, FTIR (cm™): 2985 (CH Al), 2810 (CHO), 1672 (HC=0), 1459 (C=C Ar), 1282 (C-0), 1151 (C-N), 1071 (Car-O).
'H-NMR (500 MHz, CDCls): 8/ppm = 9.78 (s, 1H, CHO), 7.35 (d, J = 1.7 Hz, 1H, ArH), 7.17 (d, J = 1.6 Hz, 1H, ArH), 3.94 (s,
2H, ArCH2-N), 3.83 (s, 3H, CH3-O), 2.40-3.20 (m, 8H, (-CH2-N-CH2-)2), 2.31 (s, 3H, N-CHa).

2.3. Synthesis of Ferulic Acid Mannich Base Derivatives (3a-f)

The compounds (3a-f) were synthesized by adapting the Ferulic acid method synthesis [22]. A mixture of vanillin Mannich base
derivatives (2a-f) (1 eq), malonic acid (1.2 eq), and ammonium bicarbonate (0.4 eq) dissolved in a minimum volume of solvent
(ethanol or ethyl acetate). The solvent was removed by vacuum oven at 40°C. The solid reaction was heated at 90°C for 2 h,
diluted in methanol, and cooled in a refrigerator. The precipitate gained was filtered and purified by recrystallization or column
chromatography afforded pure 3a-f.

1-3-(4-Hydroxy-3-methoxy-5-(morpholinome-thyl)phenyl)acrylic acid (3a). Pale-white powder, 36.85% yield (43.01 mg), mp
148-150°C. FTIR (cm™): 3371 (OH, COOH), 2987 & 2869 (CH Al), 1642 (C=0, COOH), 1597 & 1428 (C=C Ar), 1284 (C-0),
1156 (C-N), 1054 (Car-0). 'H-NMR (500 MHz, DMSO-ds): 8/ppm = 7.47 (d, J = 15.9 Hz, 1H, C=CH-Ar), 7.24 (d, J = 1.2 Hz,
1H, ArH), 7.05 (d, J = 1.3 Hz, 1H, ArH); 6.38 (d, J = 15.9 Hz, 1H, C=CH-C=0), 3.81 (s, 3H, CH3-0), 3.62 (s, 2H, ArCH2-N),
3.60 (s, 4H, (CH2-0)2, 2.45 (s, 4H, (-CH2-N)2. 3C-NMR (125 MHz, DMSO-ds): 8/ppm = 168.46 (C=0, COOH), 148.79, 148.15,
145.01, 125.39, 123.66, 122.71, 116.23, 110.33, 66.52, 58.73, 56.20, 53.08. HRMS (ESI/Q-TOF) m/z: [M + H]* calcd for
C15H20NOs 294.1341; found 294.1359; Error 0.0018 m/z unit.

1-3-(3-((2,6-Dimethylmorpholino)methyl)-4-hydroxy-5-methoxyphenyl)acrylic acid (3b). Yellow powder, 28.74% vyield
(33.06 mg), mp 194-196°C. FTIR (cm™): 3213 (OH, COOH); 2972 & 2877 (CH Al), 1655 (C=0, COOH), 1575 & 1430 (C=C
Ar), 1296 (C-0), 1157 (C-N), 1053 (Car-0). 'H-NMR (500 MHz, DMSO-ds): 8/ppm = 7.48 (d, J = 15.9 Hz, 1H, C=CH-Ar), 7.24
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(d, J=1Hz, 1H, ArH), 7.03 (d, J = 1 Hz, 1H, ArH), 6.38 (d, J = 15.9 Hz, 1H, C=CH-C=0), 3.81 (s, 3H, CHs-0), 3.60 (s, 2H,
ArCH2-N), 3.54-3.58 (m, 2H, (-CH-0)z, 2.74-276 (d, 2H, -CH2-N), 1,73-1.77 (t, 2H, -CH2-N), 1.04-1.05 (d, 6H, C-CHs) [24].
13C-NMR (125 MHz, DMSO-ds): 8/ppm = 168.47 (C=0, COOH), 148.90, 148.14, 145.01, 125.39, 122.67, 116.22, 110.31, 71.45,
62.59, 58.57, 56.15, 19.33. HRMS (ESI/Q-TOF) m/z: [M + H]* calcd for C17H24NOs 322.1654; found 322.1646; Error 0.0008
m/z unit.

1-3-(3-((Dimethylamino)methyl)-4-hydroxy-5-methoxyphenyl)acrylic acid (3c). Brown powder, 21.13% yield (25.56 mg),
mp 146-148°C. FTIR (cm™): 3246 (OH, COOH), 2922 & 2853 (CH Al), 1638 (C=0O0H), 1595 & 1431 (C=C Ar), 1288 (C-0),
1161 (C-N), 1086 (Car-O). *H-NMR (500 MHz, DMSO-ds): 8/ppm = 7.38 (d, J = 15.8 Hz, 1H, C=CH-Ar), 7.16 (d, J = 2.1 Hz,
1H ArH), 6.95 (d, J = 2.1 Hz, 1H, ArH), 6.35 (d, J = 15.9 Hz, 1H, C=CH-C=0), 3.79 (s, 3H, CHs-0), 3.59 (s, 2H, ArCH-N),
2.24 (s, 6H, (N-CHs)2. 3C-NMR (125 MHz, DMSO-ds): 8/ppm = 169.41 (C=0, COOH), 149.24, 148.15, 143.28, 125.68, 123,25,
122.52,118.45,110.49, 60.73, 56.14, 44.58. HRMS (ESI/Q-TOF) m/z: [M + H]* calcd for C13H1sNO4 252.1236; found 252.1243;
Error 0.0007 m/z unit.

1-3-(3-((Diethylamino)methyl)-4-hydroxy-5-me-thoxyphenyl)acrylic acid (3d). Yellowish-brown powder, 14.88% yield
(17.49 mg), mp 162-164°C. FTIR (cm™): 3331 (OH, COOH), 2969 & 2838 (CH Al), 1638 (C=0, COOH), 1559 & 1429 (C=C
Ar), 1289 (C-0), 1161 (C-N), 1082 (Car-0). H-NMR (500 MHz, DMSO-ds): 8/ppm = 7.39 (d, J = 15.9 Hz, 1H, C=CH-Ar), 7.15
(d, J=1.9 Hz, 1H, ArH), 6.96 (d, J = 1.8 Hz, 1H, ArH), 6.34 (d, J = 15.9 Hz, 1H, C=CH-C=0), 3.76 (s, 3H, CH3-0), 3.74 (s, 2H,
ArCH>-N), 2.56 (m, 4H, -CH2-N), 1,03 (t, 6H, CH3-C). 3C-NMR (125 MHz, DMSO-ds): 8/ppm = 168.62 (C=0, COOH), 150.32,
148.20, 144.69, 125.11, 123.16, 122.57, 116.38, 110.68, 56.13, 55.55, 46.16, 11.41. HRMS (ESI/Q-TOF) m/z: [M + H]* calcd
for C1sH22NQO4 280.1549; found 280.1559; Error 0.001 m/z unit.

1-3-(4-Hydroxy-3-methoxy-5-(pyrrolidine-1-ylme-thyl)phenyl)acrylic acid (3e). Yellow powder, 26,64% yield (31.4 mg), mp
156-158°C. FTIR (cm): 3340 (OH, COQOH); 2985 & 2958 (CH Al), 1650 (C=O0H), 1497 & 1428 (C=C Ar), 1278 (C-0), 1154
(C-N), 1080 (Car-0). 'H-NMR (500 MHz, DMSO-de): 7.45 (d, J = 14 Hz, 1H, C=CH-Ar), 7.21 (d, J = 1.5 Hz,1H, ArH), 7.02 (d,
J=1.5Hz, 1H, ArH), 6.35 (d, J = 15 Hz, 1H, C=CH-C=0), 3.80 (s, 3H, CHs-0), 3.79 (s, 2H, ArCH2-N), 2.58 (m, 4H, -CH2-N-
CHa-), 1.76 (M, 4H, (-CH2-CH2-). 3C-NMR (125 MHz, DMSO-ds): 3/ppm = 167.98 (C=0, COOH), 148.89, 147.56, 144.32,
122.23, 124.53, 122.93, 115.65, 109.88, 55.88, 55.57, 52.83, 23.02. HRMS (ESI/Q-TOF) m/z: [M + H]* calcd for C1sH20NO4
278.1392; found 278.1398; Error 0.0006 m/z unit.

1-3-(4-Hydroxy-3-methoxy-5-((4-methylpipera-zin-1-yl)methyl)phenyl)acrylic acid (3f). Yellow powder, 52,8% yield (61.21
mg), mp 166-168°C. FTIR (cm™): 3250 (OH, COQH), 2873 and 2810 (CH Al), 1672 (C=0, C=00H), 1592 & 1493 (C=C Ar),
1282 (C-0), 1152 (C-N), 1072 (Car-0O). *H-NMR (500 MHz, DMSO-ds): 7.47 (d, J = 15.9 Hz, 1H, C=CH-Ar), 7.21 (d, J= 1.5
Hz, 1H, ArH), 7,01 (d, J = 1.3 Hz, 1H, ArH), 6.36 (d, J = 15.9 Hz, 1H, C=CH-C=0), 3.83 (s, 2H, ArCHz-N); 3.79 (s, 3H, CHs-
0), 3.64 (m, 3H, CH3-N); 2.23-2.53 (m. 8H, (-CH2-N-CH2-)2. *C-NMR (125 MHz, DMSO-ds): &/ppm = 168.59 (C=0, COOH),
149.07, 148.19, 144.86, 125.40, 123.18, 122.71, 116.40, 110.33, 58.78, 56.14, 54.76, 52.18, 45.63. HRMS (ESI/Q-TOF) m/z: [M
+ H]* calcd for Ci16H23N204 307.1658; found 307.1669; Error 0.0011 m/z unit.

2.4. Anti-tyrosinase Activity Assay

The method previously reported [25] with kojic acid as a standard and mushroom tyrosinase as an enzyme was used to
evaluate the tyrosinase inhibitory activity of the synthesized compounds (3a-f) and ferulic acid. In 96 well plates contain mixtures
of phosphate buffer (50 mM, pH 6.5) (80 pL), tested or standard solution (40 pL), L-DOPA solution (3 mM) (40 uL), and
tyrosinase enzyme solution (175 U/mL) (40 uL); the above mixture without tyrosinase enzyme as sample control; the mixture of
phosphate buffer (50 mM, pH 6.5) ( 120 uL), L-DOPA solution (4 mM) (40 uL), and tyrosinase enzyme solution (75 U/mL) (40
pL) as a blank; and a blank without tyrosinase enzyme as a blank control. The well plates were incubated (25°C, 30 min), then
measured their absorbance at 490 nm, and calculated the inhibition (%) by the formula:

Inhibition (%) = m_a:#xmo

A = blank solution’s absorbance,

B = blank control solution’s absorbance
C = sample solution’s absorbance

D = sample control solution’s absorbance.

The values of 50% inhibitory activity (1Cso) were determined by plotting the inhibition (%) versus concentration.
2.5. Antioxidant Activity Assay

The free-radical 1,1-diphenyl-2-pycrylhydrazine (DPPH) scavenger method, as reported previously, with slight modification
[25-27] was used to evaluate the antioxidant activity of the synthesized compounds (3a-f), ferulic acid, and ascorbic acid
(standard). A series concentration of tested or standard solution was mixed with DPPH solution in methanol (100 pg/ml), stirred,
incubated (30 min, 25°C, protected from light), and then measured the absorbance at 517 nm against the blank. The percent of
scavenging and the 1Cso were then calculated.
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3. Result and Discussion
3.1. Chemistry

The Mannich base derivatives of Ferulic Acid (3a-f) were prepared in two steps (Figure 1). The amino-alkylation of vanillin
(1) by Mannich base reaction using formaldehyde and sec-amine (morpholine, 2,6-dimethylmorpholine, dimethylamine,
diethylamine, pyrroliidine, and N-methylpiperazine) afforded vanillin Manncih base derivatives (2a-f). Knoevenagel
condensation of 2a-f and malonic acid utilizing ammonium carbonate as a catalyst in solvent-free reaction afforded the title
compounds (3a-f).

The IR spectra of 2a-f indicated the appearance of aliphatic C-N as a strong band at 1000-1250 cm™ and OH phenolic peak
disappearance due to hydrogen bond formation between the OH and N atom of the Mannich base [28]. The 'H-NMR spectra
exhibited the presence of two methylene protons detected as a singlet peak at 8 3.96-3.76 ppm connecting the aromatic ring and
the amine group [29] and proton aldehyde as a singlet peak at § 9.76-9.79 ppm. The data confirmed the successful preparation of
vanillin Mannich base derivatives.

HO

Paratormaldehyde Maunich Reaction
Sec-amine
Q
2a R = morpholine
a “ b R = 2.6-dimetylmorpholine
i ) 2e. R = dimethylanune
HyC 1 Ho 20 R = diethylanmine
le: R = pyrrolidine
. 2, R = N-Methylpiperazine
HO Y
2a 0 J
[
Malonic acid Knoevenagle
l‘\l'm" l‘h‘( condensanon
(o]
I
o |
H,Y. l - OH
’ . 3a: R« morpholine
HO b R = 2 6. dimeryimorpholine
’ ic. R = dimethylamine
daf 1d: R = diethylamine
R to: R = pyrrolidine
3f. R = N-Methylpspesazine

Figure 1. Synthesis of Ferulic acid Mannich base derivatives.

The IR spectra of 3a-f indicated the appearance of OH and C=0 bands of the carboxylic group at 3213-3371 and 1637-1672
cm* The *H-NMR spectra showed the ethylenic chains at § 6.34-6.38 and 7.38-7.48 ppm. There is no OH proton peak on both
aromatic rings on carboxylic groups in the *H-NMR spectra observed because of its inclination to exchange with the deuteriums
of D20 [30]. The occurrence of carboxylic groups and ethylenic chains was strengthened with the appearance of peaks at &
169.41-167.56, 145.01-143.26, and 122.71-122.23 ppm in the *C-NMR spectra. The data were also completed with mass
spectra, confirming their suitability with the targeted structures.

3.2. Anti-tyrosinase Activity

The newly synthesized compounds (3a-f) were screened for their anti-tyrosinase activity in vitro. The inhibition activity
displayed a relation with their concentration (Figure 2). The activities were concentration-dependent, and all the synthesized
compounds have anti-tyrosinase (ICso: 312.60 — 380.75 uM). Their activity was lower than kojic acid (ICso: 46.34 uM), but 3a,
3b, and 3f were a little higher than ferulic acid (ICso: 345.95 uM) (Table 1). The ICso value for kojic acid is not too different
from the result of the previous study [31-32].
The anti-tyrosinase activity of the phenolic compounds might be caused by the formation of hydrogen bond interaction between
hydroxy!l groups and the active site of the enzyme, changing conformation and leading to the inhibition of the enzymatic activity
[33]. The introduction of the Mannich base to phenolic compounds results in an intramolecular hydrogen bond between the OH

and N of Mannich bases. However, the strength of the hydrogen bond is different between the compounds, leading to various
inhibition effects. The lower basicity of N Mannich base on morpholine, 2,6-dimethylmorpholine, and N-methylpiperazine
(compounds 3a, 3b, and 3f) (Table 1) might lower intermolecular hydrogen interaction and, on the contrary, the Mannich group
enhance the strength interaction with the enzyme and enhance the inhibitory activity of the compounds, and also vice versa.
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3.3. Antioxidant Activity

The compounds’ antioxidant activity was tested using the DPPH radical scavenging method. Figure 3 presents the relation
between the concentration of the compounds and their activity. The activities were concentration-dependent. All the compounds
3a-f exhibited potent antioxidants (ICso: 15.98 — 27.77 uM) (Table 1). The compound (3e) showed the best antioxidant activity
in this series. The activity was similar to ascorbic acid, which was used as a standard.

The antioxidant activity of compounds 3c, 3d. and 3e, having dimethylamine, diethylamine, and pyrroline Mannich base
groups, was higher than Ferulic acid, in contrast with compounds 3a, 3b, and 3f, having morpholine, 2,6-dimethylmorpholine,
and N-methylpiperazine Mannich base groups. This finding is in line with previous research on the Mannich base of cyclovalone
[34]. It demonstrated that active compounds with larger pKa values will enhance their antioxidant activity more [35].

The antioxidant activity of ferulic acid is due to its ability to make stable phenoxy! radicals, which inhibit the formation of
new free radicals, or its ability to transfer hydrogen directly to the radicals [36]. In addition, the ethylenic chains shield the
aromatic ring from the electron-withdrawing effect of the carboxyl groups [37].

90.00 e K OJ1C
80.00 Acid
’ ~—w— Ferulic
70.00 %) Acid
? &0 00 " ’A € = e
E S0.00 f { 3b
P 4
B 40.00 —— 3
= 14 /
8 3000 { B
20.00 ;‘1
! 3a
10.00
A 3f
000
0 200 400 600

Concentration (uN)

Figure 2. Tyrosinase Inhibition (%) vs Concentrations Curve of Ferulic acid Mannich base derivatives.

80 —8— Ascorbic
acid
70 Ferulic acid
60
S 50 3a
£ 40 3b
=30
< —0— 3C
20
10 —o— 3d
0 —0— 3¢

0 Concentrdfion (UMm) 40
Figure 3. Radical Scavenging (%) vs Concentrations Curve of Ferulic acid Mannich base derivatives.

Table 1. Anti-tyrosinase and Antioxidant Activity

Compounds . ot
N basicity* Anti-tyrosinase  Antioxidant
3a 6.89 31855+1.25  25.08 +0.10
3b 751 31260+ 159  26.64+0.33
3c 8.50 380.75+1.10  17.53+0.08
3d 9.81 361.81+0.92 17.81+0.06
3e 9.72 34595+157  15.98+0.13
3f 7.89 315.31+0.80  27.77+0.33
Ferulic Acid - 34595 +1.57  22.04+0.17
Ascorbic acid - 46.34+027  15.26+0.18

*N basicity of Mannich base. Calculated using MarvinSketch [38].
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The structure of the majority of tyrosinase inhibitors is like that of tyrosine. The activity of phenolic compounds is closely
related to the antioxidant activity. In this study, inconsistent results were obtained. All synthesized compounds showed anti-
tyrosinase and antioxidant activity. However, compounds with higher anti-tyrosinase activity (3a, 3b, and 3f) had lower
antioxidant capacity and vice versa for compounds 3c, 3d, and 3e. The result is more in line with the anti-tyrosinase activity of
p-aminophenol, as reported earlier [39].

4. Conclusions

Ferulic acid Mannich base derivatives have been synthesized successfully through Knoevenagel condensation using vanillin
Mannich base derivatives as starting materials. The compounds 3a, 3b, and 3f, having morpholine, 2,6-dimethylmorpholine, and
N-methylpiperazine Mannich base substitutions exhibited higher antityrosinase activity than ferulic acid. While compounds 3c,
3d, and 3e, having diethylamine, dimethylamine, and pyrrolidine Mannich base substitutions, exhibited higher antioxidant activity
than ferulic acid.
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