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  Abstract: Background: Eusiderin A is a neolignan derivate, which makes up the majority of the sec-
ondary metabolite of Eusideroxylon zwageri. It has been reported as a potent biopesticide and antifun-
gal agent. Previous studies on the oxidation of terminal methylene of the allylic chain in Eusiderin A 
have been able to produce primary alcohol, pinacol, and an aldehyde which demonstrated strong 
activity against plant pathogenic fungi, therefore activity against dermal fungi needs to be studied. 

Objective: The current study aims to improve the hydrophilicity of Eusiderin A via oxidation of the 
allylic chain in order to derive a potent antifungal property.  

Methods: Transformation of Eusiderin A has been achieved by using the Wacker Oxidation Method in 
combination with the α-Hydroxylation-Ketone Method to produce 7,3’-epoxy-8,4’-oxyneolignane-1’-
carboxylic acid. The structure of the 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid was identified 
from spectroscopy data. The in vitro antifungal activity study was performed using the paper disc 
diffusion method against Trichophyton mentagrophytes.  

Results: New molecule of natural Eusiderin A through the oxidation of the allylic chain to increase the 
hydrophilicity of Eusiderin A has been designed. Based on the observed UV, IR, 1H and 13C-NMR, 
and MS spectra, it can be stated that the 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid has been 
formed. At a concentration of 50 ppm, this compound showed antifungal activity against Trichophyton 
mentagrophytes.  

Conclusion: It can be concluded that the 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid is a potent 
antifungal agent as it is able to inhibit the Trichophyton mentagrophytes colonies growth. 
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1. INTRODUCTION 

The bulian plant (Eusideroxylon zwageri), which is also 
referred to as ironwood, belongs to the family of  Lauraceae. 
It has been widely used as a building material due to its 
strong resistance against termites and fungi. It is due to the 
presence of secondary metabolites as active compounds. The 
bulian plant contains four major groups of secondary 
metabolite including alkaloids, terpenoids, steroids and 
phenols. Amongst the four groups, the phenolic compounds 
of stilbene and lignan derivatives have fungicidal and 
insecticidal properties [1, 2]. 

Five pure compounds had been identified, three of which 
were neolignan derivatives. The other two were derived from 
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the aporphin and phenantren alkaloids [1, 2]. One of these 
neolignan compounds were identified as Eusiderin A. It was 
first isolated by Hobbs and King in 1960 [1]. It was found 
that Eusiderin A exhibits antithematic activity against 
horticultural crop pests (Epilachna sparsa) [3-7]. Studies on 
the chemical potency of Eusiderin A which was derived 
from E. zwageri enabled the isolation of  antifeedant and 
antifungal potency investigations [6, 8, 9]. The biological 
activity as antifeedant and antifungal of Eusiderin A had 
been reported by our research group [9]. It showed potent 
antifeedant activity at a concentration of 0.01% against Epi-
lachna sparsa [9]. In addition, at a concentration of 3 ppm, it 
was also able to prevent Fusarium oxysporum f.sp. lycoper-
sici from causing the well-known tomato wilt disease [2]. 
This finding led to the reason of why this plant was able to 
provide durable wood. It can also be concluded that Eusider-
in A may play a vital role in the protection against microbes, 
insects and fungi [2, 9].  
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Trichophyton mentagrophytes is an important zoonotic 
dermatophytic (ringworm) pathogen causing onychomyco-
sis, tinea corporis, tinea pedis, and other dermatological 
problems in humans. Metalloprotease genes of Trichophyton 
mentagrophytes are important for pathogenicity [10-13]. 
Pathogenicity studies revealed a few universal pathogenicity 
factors between plant and animal pathogenic fungi [14-16].  
Analyses of fungal interactions with other hosts, such as in-
sects (e.g., diseases caused by Metarhizium anisopliae), oth-
er fungi (e.g., mycoparasites such as Trichoderma spp.), and 
plants that host endosymbiont fungi, provide important com-
parisons between pathogenic and nonpathogenic interactions. 
A recent study also has identified that complement of genes 
in a fungal pathogen of plants is not so different from that of 
a fungal pathogen of animals in both content and synteny 
[16].  

Other study showed that genomes of Aspergillus oryzae, 
a food biotechnology organism and Aspergillus flavus,  a 
pathogen, are extremely similar.  Since Eusiderin A and their 
derivatives showed activities in inhibiting the growth of  
plant pathogenic fungi while genes in a fungal pathogen of 
plants are not so different from that of animals in both 
content and synteny, the researchers are interested in 
utilizing these compounds to eradicate pathogenic fungi 
causing skin diseases in humans. 

Muhaimin et. al. (2017) reported that Acetyl Propylen 
Ester Eusiderin A can be synthesized using Eusiderin A,  
Br2, Eusiderin A dibromide and Base in glacial acetic acid 
[6]. This compound showed good antifungal activity against 
Trichophyton mentagrophytes [6]. These results and reason 
have led us to transform the Eusiderin A into a new analog 
(7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid) and to 
evaluate its antifungal activity against Trichophyton men-
tagrophytes as a sample of human dermatophyte. 

2. MATERIALS AND METHODS 

2.1. Materials 

All materials were in reagent grade and were used as re-
ceived: dichloromethane, acetone, methanol, ethyl acetate, 
ethanol 70%, n-hexane, H2SO4, acetic acid, NaHCO3, 
Na2SO4, Ce (SO4)2, PdCl2, phosphomolibdat,  CuCl2, I2, 
DMF, DMSO, PDA (Potato Dextrose Agar) (BioRad), silica 
gel (Merck 60 GF254 (230-400 Mesh), Silica gel G 60 (70-
230 Mesh), and Kieselgel 60F254 plates (0.25 mm, Merck). 
All chemical reagents and solvents were purchased from 
Sigma Aldrich and used without further purification. Bulian 
wood (Eusideroxylon zwageri) was collected from the 
Senami Forest located in the Batanghari District, Jambi, 
Indonesia. Trichophyton mentagrophytes ATCC 9533 were 
purchased from Thermo Fisher Scientific.  

2.2. Experimental 

2.2.1. Isolation and Purification of Eusiderin A (1a) from 
Heartwood of E. Zwageri 

Eusiderin A was isolated from the heartwood of  
E. zwageri. The isolation, purification and identification 

method of Eusiderin A from dried heartwood of E. zwageri 
have been reported previously [2]. The E. zwageri heartwood 
samples were dried and ground into powder. It was extracted 
repeatedly over three cycles with MeOH at room tempera-
ture for 6 hours, followed by another three-cycle extraction 
under reflux for 4 hours. The MeOH extract was then 
fractionated using silica gel vacuum liquid chromatography 
with a combination of n-hexane and ethyl acetate as an 
eluent. All experiments were monitored via Thin-Layer 
Chromatography (TLC). Column chromatography was 
performed on silica gel (230-400 mesh) using n-hexane:ethyl 
acetate (4:1). Six fractions were obtained to which the 
second and third fractions were identified as Eusiderin A. 
These fractions were then crystallized with n-hexane and 
Eusiderin A (1.6 gram) was collected as a result. The yield 
was characterized by confirming the melting point,  and 
structure elucidation using UV, IR, 1H NMR, 13C NMR and 
MS. It was determined by an HRMS-EI (Shimadzu), UV 
Spectrophotometer (Perkin Elmer) and IR Spectroph-
otometer (Perkin Elmer). The 1H NMR and 13C NMR spectra 
were recorded using a Bruker Avance III 500 MHz Digital 
NMR spectrometer and 300 MHz NMR spectrometer 
(Bruker) which utilised CDCl3 as a solvent. The result was 
subsequently compared to findings from previous research 
works. 

2.2.2. Synthesis of α-keto Eusiderin A (1b) using the 
Wacker Oxidation Method [17-22] 

Eusiderin A (193 mg, 0.5 mmol) was dissolved in 
dimethylformamide (DMF) (10 mL). The solution was 
poured into a reaction flask containing palladium (II) 
chloride (PdCl2) (17.4 mg, 0.1 mmol) and copper (II) 
chloride (CuCl2) (170.6 mg, 1 mmol). Two mL aqua dest 
was added into this solution. The reaction process was kept 
at room temperature, under atmospheric conditions.  The 
reaction was allowed to progress until all of the Eusiderin A 
completely reacted. After 48 hours, the reaction was 
terminated, then continued by  the extraction with a ratio of 
water : ethyl acetate (20:20) over 5 cycles. The organic layer 
was extracted with water (20 mL) over 10 cycles to remove 
DMF. It was then evaporated to obtain precipitated product 
rendement. In order to remove residual water, anhydrous 
sodium sulphate (Na2SO4) was added. Further purification 
was conducted via Column Chromatography using a combi-
nation of DCM : n-hexane (5:5) as eluent  to obtain α-keto 
eusiderin A. The individual compounds were collected as 
fractions and evaporated under room temperature to give 
crystals for further analysis. Characterization of α-Keto 
Eusiderin A was conducted by confirming the melting point 
and study by UV, IR, 1H NMR, 13C NMR and MS  to obtain 
the structural elucidation of the compound. 

2.2.3. Synthesis of 7,3’-epoxy-8,4’-oxyneolignane-1’-
carboxylic Acid (1c) using the α- hydroxylation-ketone 
Method [23-25] 

The compounds of α-keto Eusiderin A (171.8 mg, 0.43 
mmol), I2 (43.65 mg, 40% mmol) and dimethyl sulfoxide 
(DMSO) (0.5 mL) were left to react for 24 h at room 
temperature. Sodium thiosulfate (Na2S2O3) 0.5 M was added 
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to this solution until the colour faded. The final solution was 
extracted using a ratio of water: ethyl acetate (15:15) over 5 
cycles. It was then evaporated to obtain a reaction product as 
7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid. Further 
purification was performed on the reaction product via 
Column Chromatography using n-hexane:ethyl acetate as 
eluent. Subsequently, the reaction product was collected as a 
fraction and evaporated under room temperature conditions 
to obtain desired  7,3’-epoxy-8,4’-oxyneolignane-1’-carbox-
ylic acid crystals. Characterization of 7,3’-epoxy-8,4’-oxyn-
eolignane-1’-carboxylic acid was conducted by confirming 
the melting point and structure elucidation of the compound 
by using UV, IR, MS, 1H and 13C NMR. 

2.3. Spectral Characterization of the Synthesized 
Compounds 

2.3.1. Eusiderin A  

White crystal solid; m.p. 99-100oC (from hexane); IR 
1624 (C=C-C) cm-1; 13C NMR (CDCl3): δ 17.29 (C9), δ 
38.85 (C7’), δ 56.21 (3-OCH3), δ 56.21 (5-OCH3), δ 56.21 
(5’-OCH3), δ 60.84 (4-OCH3), δ 74.15 (C8), δ 81.08 (C7), δ 
102.54 (C8’), δ 104.42 (C2), δ 104.43 (C6), δ 105.34 (C2’), 
δ 108.24 (C9’), δ 110.84 (C6’), δ 126,39 (C1’), δ 132.12 
(C4’), δ 132.35 (C1), δ 138.42 (C4), δ 148.81 (C3’), δ 
153.53 (C3), δ 153.54 (C5), δ 153.54 (C5’); 1H NMR 
(CDCl3): δ 1.26 (d, J = 6.1 Hz, 3H, C9H), δ 3.30 (d, J = 6.7 
Hz, 2H, C7’H), δ 3.86 (s, 3H, 3-OCH3), δ 3.88 (s, 3H, 4-
OCH3), δ 3.88 (s, 3H, 5-OCH3), δ 3.89 (s, 3H, 5’-OCH3), δ 
4.10 (dq, J = 7.9 Hz; J = 6.1 Hz, 1H,  C8H), δ 4.55 (d, J = 
7.9 Hz, 1H, C7H), δ 5.07 (dd, J = 18.0 Hz; J = 10.9 Hz, 2H, 
C9’H), δ 5.94 (ddt, J = 17.0 Hz; J = 7.3 Hz; J = 6.7 Hz, 1H, 
C8’H), δ 6,38 (s, 1H, C2’H), δ 6,49 (s, 1H, C6’H), δ 6,57  
(s, 1H, C2H), δ 6,57 (s, 1H, C6H); HRMS (EI) m/z: Calcd. 
for [M]+ C22H26O6: 386.1362; found: 386.1361. 

2.3.2. α-Keto Eusiderin A (7,3’-epoxy-8,4’-oxyneolignane-
1’- ketone) 

White crystal solid; Yield 89%; m.p. 98-99oC (from 
hexane); IR 1712 (C=O) cm-1; 13C NMR (CDCl3): δ 17.33 
(C9), δ 29.23 (C9’), δ 50.76 (C7’), δ 56.24 (3-OCH3), δ 
56.24 (5-OCH3), δ 56.24 (5’-OCH3), δ 60.88 (4-OCH3), δ 
74.18 (C8), δ 81.10 (C7), δ 104.45 (C2), δ 104.45 (C6), δ 
105.38 (C2’), δ 110.86 (C6’), δ 126,43 (C1’), δ 132.15 
(C4’), δ 132.38 (C1), δ 138.46 (C4), δ 148.84 (C3’), δ 
153.57 (C3), δ 153.57 (C5), δ 153.57 (C5’), δ 206.64 (C8’); 
1H NMR (CDCl3): δ 1.24 (d, J = 6.35 Hz, 3H, C9H), δ 2.15 
(s, 3H, C9’H), δ 3.57 (brs, 2H, C7’H), δ 3.83 (s, 3H, 4-
OCH3), δ 3.86 (s, 3H, 3-OCH3), δ 3.86 (s, 3H, 5-OCH3), δ 
3.86 (s, 3H, 5’-OCH3), δ 4.08 (m, 1H,  C8H), δ 4.54 (d, J = 
7.8 Hz, 1H, C7H), δ 6,34 (d, J = 1.61 Hz, 1H, C2’H), δ 6,46 
(d, J = 1.61 Hz, 1H, C6’H), δ 6,56 (brs, 1H, C2H), δ 6,56 
(brs, 1H, C6H); HRMS (EI) m/z: Calcd. for [M]+ C22H26O7: 
402.2544; found: 402.2543. 

2.3.3. 7,3’-epoxy-8, 4’-oxyneolignane-1’-carboxylic Acid  

White crystal solid; Yield 84%; m.p. 96-97oC (from 
hexane); IR 1707 (C=O) cm-1; 13C NMR (CDCl3): δ 17.20 
(C9), δ 56.23 (3-OCH3), δ 56.23 (5-OCH3), δ 56.23 (5’-

OCH3), δ 60.84 (4-OCH3), δ 74.75 (C8), δ 80.81 (C7), δ 
104.42 (C2), δ 104.42 (C6), δ 105.85 (C2’), δ 112.76 (C6’), 
δ 121,52 (C1’), δ 131.91 (C1), δ 137.80 (C4’), δ 138.54 
(C4), δ 148.50 (C3’), δ 153.59 (C3), δ 153.59 (C5), δ 153.59 
(C5’), δ 170.23 (C7’); 1H NMR (CDCl3): δ 1.24 (d, J = 6.35 
Hz, 3H, C9H), δ 3.80 (s, 3H, 4-OCH3), δ 3.83 (s, 3H, 3-
OCH3), δ 3.83 (s, 3H, 5-OCH3), δ 3.89 (s, 3H, 5’-OCH3), δ 
4.13 (m, 1H,  C8H), δ 4.53 (d, J = 7.85 Hz, 1H, C7H), δ 6,54 
(s, 1H, C2H), δ 6,54 (s, 1H, C6H), δ 7,24 (brs, 1H, C2’H), δ 
7,38 (brs, 1H, C6’H); HRMS (EI) m/z: Calcd. for [M]+ 
C20H22O8: 390.1301; found: 390.1302. 

2.4. Determination of Minimum Inhibitory Concentra-
tion 

MIC determination of 7,3’-epoxy-8, 4’-oxyneolignane-
1’-carboxylic acid against Trichophyton mentagrophytes was 
performed by using diffusion agar method. The samples 
were dissolved in DMSO using a certain ratio and were 
mixed with liquid PDA in a sterile petri dish. Petri dish was 
shaken until the mixture becomes homogeneous, and solidify 
at room temperature. Suspension of Trichophyton men-
tagrophytes then was introduced using a wire loop. All Petri 
dishes then were incubated at 35oC for 5 days. Colony 
growth of Trichophyton mentagrophytes was observed. 

2.5. In vitro Antifungal Activity Assay  

Trichophyton mentagrophytes ATCC 9533 were pur-
chased from Thermo Fisher Scientific. The antifungal 
activity of 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid 
was studied against Trichophyton mentagrophytes using 
PDA (Potato Dextrose Agar) as a culture media. The 
observation was carried out over a five day of incubation. 
The in vitro antifungal test was performed using  paper disc 
diffusion method. An amount of 20ml of sterilized medium 
in the presence of inoculums Trichophyton mentagrophytes 
(which was cultivated for a week) was placed into separate 
petri dishes. A sample amount of 20µl containing different 
concentrations of 7,3’-epoxy-8,4’-oxyneolignane-1’-carbox-
ylic acid solution was loaded into the paper disc. It was then 
placed on the prepared media and incubated over five days. 
The plates were incubated at 35oC for 5 days in an upright 
position and the inhibition which appeared as a clear zone 
around the paper disc was observed. A disc loaded with 
DMSO was used as a solvent control [2, 6, 26]. The 
experiment was carried out in triplicates to get the average 
reading. The percentage inhibition of the 7,3’-epoxy-8,4’-
oxyneolignane-1’-carboxylic acid, ketoconazole, and dimet-
hyl sulfoxide (DMSO) was calculated using the following 
formula: 

 % inhibition = (diameter zone of sample/diameter zone 
of ketoconazole) x 100. 

3. RESULTS AND DISCUSSION 

3.1. Chemistry 

The chemical structure of the product had been 
determined and reported as shown in Fig. (1) [2]. Confir-
mation of the product via characterization of the melting 
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point and UV, IR, 1H and 13C NMR and MS elucidation 
study  showed that the crystal was Eusiderin A as reported in 
the previous study [2]. 

 

 

O

O

OMe
OMe

OMe

Me
OMe  

Fig. (1). Structure of Eusiderin A (1a). 

 
Eusiderin A is a basic material used for the synthesis of 

α-keto Eusiderin A. The Wacker Oxidation synthesis method 
was used in this study [17-27].  PdCl2 was used as a catalyst, 
alongside additions of CuCl2 which acted as a redox co-
catalyst. H2O acted as a nucleophile to provide a pair of 
electrons to an electrophilic carbon [27-34]. The product was 
dissolved using dimethylformamide (DMF) as a solvent 
under atmospheric conditions.  

The reaction mechanism of α-keto Eusiderin A using the 
Wacker Oxidation Method is shown in Scheme 1. The first 
step of oxidation involves coordinating the alkene to the 
centre of palladium to form the π-complex (4). The result of 
the substrate depicted the formation of β-hydride elimination 
to form an enol complex compound (7), and re-entry to the 
Pd-H bond to form a complex compound (8). The next step 
involved deprotonation, which was achieved using chloride 
to create the product and palladium (0). The oxidation of 
Pd(0) by Cu(2+) (copper (II) chloride) then regenerated PdCl2 
[28-30,33,34]. 

The UV spectra in CHCl3 showed absorbance at λmax (log 
ε) 248 (5, 94) and 267 (2,75) nm. The infra-red spectra of 
this compound showed a sharp aromatic C-H stretching vi-
bration at 2947 cm-1, and an aliphatic C-H stretching vibra-
tion at 2834 and 2691 cm-1. The aromatic C-H bending vi-
bration was also seen in the finger print at 855, 742 and 653 
cm-1. These vibration regions also indicated that the aromatic 
system had been substituted. The sharp aromatic C=C 
stretching vibration was also seen at 1597 and 1507 cm-1. 
The sharp C=O stretching vibration occurred at 1712 cm-1, 
while the sharp C-O stretching vibration occurred at 1015, 
1183 and 1257 cm-1. 

Based on the IR spectra data, the result of oxidation 
showed that the allylic chain in Eusiderin A had changed to 
the ketone. This was indicated by the loss of a proton from 
methine caused by the carbonyl group bonding from the 
Ketones. The conclusion which can be drawn from this is 
that the oxidation in the allyl chains had been successfully 
achieved [2, 4, 6, 9]. The presence of the ketone groups in 
this synthesized compound is supported by the presence of 
carbonyl group stretching vibrations at 1712 cm-1. 

The α-keto Eusiderin A compound was analyzed using 
1H and 13C NMR using CDCl3 as a solvent. The 13C NMR 
data can be used to determine the amount of carbon present 
in the α-keto Eusiderin A. 

Based on the 1H NMR spectra data, it can be stated that 
the oxidation synthesis had changed the allylic chain into an 
aliphatic one (shown in Scheme 1). This indicated that the 
loss of proton of methin (H-8') at δH 5.94 ppm and the 
chemical shift of methyl proton (H-9') at δH 2.15 ppm 
deshielding, was caused by the presence of the carbonyl 
group at C8’.  

Based on the 13C NMR spectra, the number of integrated 
C atoms of the synthesized product depicted 17 types, 
representing the existing 22 C atoms. There are 2 types of 
methyl carbon shown by the two signals in the upfield region 
of the chemical shift at δC 17.33 ppm and δC 29.23 ppm, 
respectively. The signal shift in the area of δC 50.76 ppm 
indicated a chemical shift of methylene carbon. The signal 
range in the region δC 56.24-60.88 ppm was a signal shift of 
methoxy carbon. Two types of methyl carbon were detected 
at the chemical shifts of δC 74.18 and 81.10 ppm. The 
emergence of carbon signals in the region range of δC 
104.45-110.86 ppm indicated a chemical shift of non-
oxygenated aromatic carbon. Whereas the carbon signal at δC 
132.15 ppm and the range of δC 138.46-153.57 ppm were 
indicated as the chemical shift of oxygenated aromatic 
carbons. Two types of quartener carbon signals were 
detected at δC 126.43 ppm and δC 132.38 ppm. The signal in 
the region of δC 206.64 ppm indicated a chemical shift of the 
carbonyl carbon signal.  

Accordingly, the formation of the α-keto Eusiderin A 
compounds was confirmed by the presence of a methyl 
carbon signal at δC 29.23 ppm. The structure of the α-Keto 
Eusiderin A is shown in Fig. (2). 

 

 

Fig. (2). Structure of α-Keto Eusiderin A (1b). 

 

3.2. Synthesis of 7,3’-epoxy-8,4’-oxyneolignane-1’-
carboxylic acid using the α- Hydroxylation-Ketone 
Method 

The 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid 
was obtained from hydroxylation of α-keto Eusiderin A, I2 
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and dimethyl sulfoxide (DMSO) with further purifications. 
The reaction mechanism of 7,3’-epoxy-8,4’-oxyneolignane-
1’-carboxylic acid synthesis is shown in Scheme 2. 

The UV spectra of 7,3’-epoxy-8,4’-oxyneolignane-1’-
carboxylic acid in CHCl3 showed an absorbance peak at λmax 
(log ε) 254 (6,74) and 273 (2,96) nm. The IR spectrum of 
this compound showed a sharp aromatic C-H stretching vi-
bration at 2954 cm-1 and an aliphatic C-H stretching vibra-
tion at 2846 and 2683 cm-1. Aromatic C-H bending vibra-
tions were detected in the fingerprint at 840, 731 and 677 
cm-1. These vibration regions also indicated that the aromatic 
system had been substituted. The sharp aromatic C=C 
stretching vibration was observed at 1592 and 1518 cm-1, 
whereas the sharp C=O stretching vibration was seen at 1707 
cm-1. The broad O-H stretching vibration was also detected 
at 3442 cm-1. The  sharp C-O stretching vibration showed up 
at 1003, 1111 and  1219 cm-1. The sharp C=O peak at 1707 
cm-1 indicated the presence of a carboxylic acid group.  

Based on the IR spectrum data, the result of 
hydroxylation synthesis showed that a change occurred in 

the structure of the aliphatic chain. This was indicated by the 
loss of methylene proton (H-7')  and methyl proton (H-9'). 
This can be attributed to the induction effect of the bond 
with carboxylic acid functional groups. This results revealed 
that the oxidation in the aliphatic chain had occurred 
successfully [17-20,30-33]. 

The 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid 
was analyzed using NMR spectroscopy which included 1H 
and 13C NMR in CDCl3 solvents as well as mass 
spectrometry. Based on the 1H NMR spectra data, the result 
of hydroxylation synthesis showed that there had been a 
change of the structure  in the aliphatic chain. In the 1H 
NMR spectrum, there was a proton chemical shift in the δH 
area of 7.24 ppm (H-2 ') and δH 7.38 ppm (H-6') that had a 
deshielding effect due to induction effect of the bond with a 
carboxylic acid.  

Based on the 13C NMR spectra, it can be concluded that 
the number of C atoms integrated in the synthesized product 
amounted to 15 from a total of 20 C atoms. The carbon 
signal in the area of δC 17.20 ppm, was defined as a chemical 
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Scheme 1. Oxidation of Eusiderin A into α-keto Eusiderin A using Wacker Method [17, 22]. 
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shift of the methyl carbon group. The signal range in the 
region of δC 56.23-60.84 ppm was that of methoxy carbon. A 
total of 2 types of methyl carbon were detected in the 
chemical shift at δC 74.75 ppm and δC 80.81 ppm. The 
presence of carbon signals in the range of δC 104.42-112,76 
ppm indicated a chemical shift of non-oxygenated aromatic 
carbon. Whereas the carbon signal in the range of δC 137.80-
153.57 ppm was attributed to a chemical shift of oxygenated 
aromatic carbons. The presence of 2 quartener carbons was 
shown in the area of δC 121.52 ppm and δC 131.91 ppm. The 
signals in the area of δC 170.23 ppm and δC 206.64 ppm 
indicated a chemical shift of the carbonyl carbon. 

Carbon oxygen bond was detected at δC 170.23 ppm as C 
= O, indicating the presence of carboxylic acid groups. 
Accordingly, the formation of this new compound was 
supported by the absence of a methyl carbon signal at ± δC 
24 ppm and an aliphatic methyl carbon signal at ± δC 80 
ppm. 

Based on the UV, IR, 1H and 13C NMR data, the structure 
of the 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid is 
shown in Fig. (3). 
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Fig. (3). Structure of 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic 
acid (1c). 

 

Scheme 2. Reaction Mechanism of 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid synthesis [23-25]. 
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Based on the mass spectra data (Scheme 3), the 
synthesized compound has a molecular weight of m/z 391.14 
with mass fragmentation at m/z 283.31; 225,11; 197,11; and 
139.09. The results of the fragmentation that occurred in the 
synthesized compound can be explained as follows: 

Based on the NMR spectra and the supported data from 
the mass spectroscopy analysis, it can be concluded that the 
compound resulting from the hydroxylation process was that 
of 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid, having 
a molecular weight of m/z 390.13. 

3.3. Antifungal Activity 

To determine the Minimum Inhibitory Concentration 
(MIC) of 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid 
against Trichophyton mentagrophytes,  antifungal activity 
was studied at different concentrations (0.625, 1.25, 2.5, 5 
and 10 ppm) of samples. Minimum Inhibition Concentration 
(MIC) value was observed as the lowest concentration 
effective in inhibition of fungal growth. The results showed 
that the MIC value of 7,3’-epoxy-8,4’-oxyneolignane-1’-
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carboxylic acid against Trichophyton mentagrophytes was 5 
ppm (Table 1). 
 
Table 1. MIC of 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic 

acid against Trichophyton mentagrophytes. 

Sub Culture Concentration (ppm) Result 

1 Media - 

2 Media + Sample - 

3 10 - 

4 5 - 

5 2.5 + 

6 1.25 + 

7 0.625 + 

8 DMSO + Trichophyton mentagrophytes + 

9 Trichophyton mentagrophytes + 

Annotation: (-): no colony growth were observed  (+): colony growth were 
observed. 
 

A comparison study on antifungal activity of 7,3’-epoxy-
8,4’-oxyneolignane-1’-carboxylic acid with ketoconazole 
against  Trichophyton mentagrophytes was conducted  using 
paper disc diffusion method (i.e., zone of inhibition). The 
inhibition percentages were 1.75, 11.14, 58.74, 90.64 and 
98.85%  at concentrations of 5, 25, 50, 100 and 200 ppm, 
respectively (Table 2 and Fig. 4). Ketoconazole has been 
used as a positive control, due to its activity as a broad-
spectrum antifungal agent having fungistatic and fungicidal 
effects. The negative control (DMSO) had no activity (data 
not shown). The results suggested that 50 ppm was the IC50 
value in which the concentration was capable to inhibit more 
than 50% of Trichophyton mentagrophytes growth. There-
fore, 50 ppm was assumed as the ideal concentration of 
which antifungal activity had potently inhibited the colony 
growth of Trichophyton mentagrophytes. 
 
Table 2. Antifungal activity of 7,3’-epoxy-8,4’-oxyneolignane-

1’-carboxylic acid and ketoconazole on Trichophyton 
mentagrophytes colony growth. 

Concentration 
(ppm) 

Diameter Mean (mm) ± SD of Sample 

Inhibition Per-
centage (%) 

7,3’-epoxy-8,4’-
oxyneolignane-1’-

carboxylic 
Ketoconazole 

5 0.05 ± 0.05 2.87 ± 0.37 1.75 

25 0.52 ± 0.42 4.67 ± 0.12 11.14 

50 3.14 ± 0.48 5.34 ± 0.25 58.74 

100 6.92 ± 0.35 7.64 ± 0.44 90.64 

200 12.42 ± 0.56 12.56 ± 0.51 98.85 

 

Fig. (4). Percentage of inhibition of Trichophyton mentagrophytes 
growth by 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid. 

 
The antifungal activity of 7,3’-epoxy-8,4’-oxyne-

olignane-1’-carboxylic acid on Trichophyton men-
tagrophytes was strongly influenced by concentrations as 
shown in Fig. (4) and Fig. (6). Based on previous research 
works [2], the acetyl group played an important role in the 
antifungal activity of the substance. The presence of this 
functional group was responsible for the strong activity of  
7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid against  
Trichophyton mentagrophytes.  

The di-oxane ring is necessary to maintain formation and 
stability. However, aliphatic elongation on the allylic moiety 
tends to reduce the activity [2, 4, 6]. The  7,3’-epoxy-8,4’-
oxyneolignane-1’-carboxylic acids are proven to possess 
antifungal activity through their capacity to form bonds with 
glycoproteins which are present on the external membranes 
of fungi, consequently disorganizing the exchanges between 
the intracellular and extra-cellular environments in the fungi 
which leads to their death [15, 35]. 

Ketoconazole is a broad-spectrum antifungal having 
fungistatic and fungicidal effects. Commonly, Azole group 
antifungi work by inhibiting fungal lipid biosynthesis. 
Ketoconazole as azole antifungi works by blocking the 
synthesis of ergosterol (a component of the fungal cell 
membrane) through inhibition of the cytochrome P-450 in 
the enzyme lanosterol 14α-demethylase. Due to this enzyme 
inhibition, lanosterol cannot convert into ergosterol in the 
fungal membrane cell. As the results, Ergosterol on the walls 
of cell membranes will become thinner hence causing 
weakening of the structure and function of the cell 
membrane which leads to death [35, 36]. The chemical struc-
ture of  ketoconazole is shown in Fig. (5). 

In order to compare antifungal activity of 7,3’-epoxy-
8,4’-oxyneolignane-1’-carboxylic acid with ketoconazole, a 
comparison study had been carried out (Table 3 and Fig. 6). 
When data in Table 3 converted to Fig. (7), it can be observed 
that the 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid 
graph is below the ketoconazole.  The results revealed that 
ketoconazole provides better antifungal activity than that of 
7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid.  
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Calculation on comparative antifungal activity of 7,3’-
epoxy-8,4’-oxyneolignane-1’-carboxylic acid with ketocona-
zole on Trichophyton mentagrophytes for 5 days resulted in 
an equation of  y = 0,0043e3,6024x for 7,3’-epoxy-8,4’-
oxyneolignane-1’-carboxylic acid, and y = 1,4228e0,8734x for 
ketoconazole. 

Based on the calculations, the comparative value of the 
antifungal activity of 7,3’-epoxy-8,4’-oxyneolignane-1’-
carboxylic acid with ketoconazole on Trichophyton men-
tagrophytes was 1: 0.7368.  

Based on the data, 7,3’-epoxy-8,4’-oxyneolignane-1’-
carboxylic acid provided almost similar antifungal activity 
strength to that of Ketoconazole. Strong activity of ketocon-
azole compared with 7,3’-epoxy-8,4’-oxyneolignane-1’-
carboxylic acid is probably related to the mechanism of 
action of the two antifungals. Specifically, 7,3’-epoxy-8,4’-
oxyneolignane-1’-carboxylic acid inhibits cytochrome P450 
microsomal enzymes on the membrane fungi responsible for 
the synthesis of fungal cell ergosterol. 7,3’-epoxy-8,4’-
oxyneolignane-1’-carboxylic acid works by interfering with 
ergosterol synthesis in fungal cell membranes [10, 15 ,35]. 

 

Fig. (5). Structure of ketoconazole  (1d). 

 

 

Fig. (6). Antifungal investigation of 7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid on Trichophyton mentagrophytes, (a) DMSO; (b - f) 
7,3’-epoxy-8,4’-oxyneolignane-1’-carboxylic acid in DMSO 5, 25, 50, 100, 200 ppm; and (g) Ketoconazole 200 ppm against Trichophyton 
mentagrophytes. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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CONCLUSION 

In conclusion, 7,3’-epoxy-8,4’-oxyneolignane-1’-carbox-
ylic acid can be synthesized using Eusiderin A through the 
Wacker Oxidation Method with PdCl2 as a catalyst, CuCl2 as 
redox co-catalyst and H2O as a nucleophile,  continued by α- 
Hydroxylation-Ketone Method. The 7,3’-epoxy-8,4’-
oxyneolignane-1’-carboxylic acid has shown good antifungal 
activity against Trichophyton mentagrophytes. 50 ppm was 
the concentration at which it is capable to inhibit more than 
50% of Trichophyton mentagrophytes’ colony growth. 
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