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Abstract. Two phenolic compounds namely: methyl-3,4-dihydroxybenzoate (1) and 9,10-dihydrophenanthrene-2,4,7-
triol (2) had been isolated for the first time from the tuber of Dioscorea alata L. The extraction of two compounds were 
done by maceration method using methanol as solvent, followed by partition with n-hexane and ethyl acetate. The ethyl 
acetate extract was separated and purified using various chromatographic techniques yielded pure compounds. The 
structure of isolated compounds were determined based on spectroscopic data, including UV-Vis, 1D and 2D NMR 
spectra. Compounds (1), (2) and ascorbic acid as a comparator were evaluated for their antioxidant properties against 
DPPH, showing their IC50 were 9,41 ± 0,08; 23,52 ± 0,05; and 10,95 ± 0,08 ppm, respectively. 

INTRODUCTION 

Dioscorea alata L. is a plant used as an alternative food for produce carbohydrates which grow throughout 
the Indonesian archipelago [1]. Dioscorea is one genus of the family Dioscoreaceae which has 600 species which 
spread in China, Taiwan and in the tropical countries [2]. Dioscorea plants produce secondary metabolites include 
saponins, steroids, terpenoids, arilpropanoid, alkaloids and stilbenoid [3] [4]. Secondary metabolites of Dioscorea 
show activity as antimicrobial, anti-inflammatory, anti-cancer, allergy, antineoplastic and antioxidant [5] [6] [7] [8] [9] [10] 

[11]. 
Based on literature, research of phytochemical compounds that contained in Dioscorea alata L. until now 

has not been reported as well as an antioxidant activity, and on this occasion will be reported the discovery of two 
phenolic compounds are methyl-3,4-dihydroxybenzoate (1) and 9,10-dihydrophenanthrene-2,4,7-triol (2). The two 
compounds has not been reported yet from this species. It will also be reported to the antioxidant activities of the 
two compounds toward the reagent DPPH (2,2-diphenyl-1-picrylhydrazyl).  
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FIGURE 1. Chemical structures of two isolated compounds 

`MATERIAL METHODS 

Gravitation column chromatography (GCC) was carried out using Merck Si gel 60 (700-200 mesh), radial 
chromatography were carried out using Merck Si gel 60 PF254 , and for TLC analysis, pre-coated Si gel plates 
(Merck Kieselgel 60 GF254, 0.25 mm) were used. UV and IR spectra were measured with a Shimadzu UV-1800 and 
FT IR Spectrum One Perkin-Elmer instruments, respectively. 1H and 13C-NMR spectra were recorded with either 
JEOL ECA 400, operating at 400 (1H) and 100 (13C) MHz, using residual and deuterated solvent peaks as reference 
standards. The determination of antioxidant activity uses the inhibition of free radical against DPPH using 
spectroscopy method.  

Samples of plants which used in this research is the tuber of Dioscorea alata L. which obtained from 
Porong market, Sidoarjo, East Java, Indonesia. The specimen of plant identified in Herbarium Bogoriense Cibinong 
Science Center, Bogor, Indonesia. and a voucher specimen has been deposited at the herbarium. 

The powdered tuber of Dioscorea alata L. (10,0 kg) was maserated with methanol for 2 x 24 hours and 
then concentrated under reduced pressure to give a gummy brownish extract. The methanol extract was partitioned 
with n-hexane and ethyl acetate. The ethyl acetate extract (10,1 grams) was fractionated by gravitation column 
chromatography with the eluent mixture n-hexane-ethyl acetate (9:1 to 7:3) yielded four main fractions A-D. 
Separation of fraction B (256 mg) with radial chromatography (eluent: n-hexane-chloroform 8:2 and chloroform-
ethyl acetate 9:1) was derived compound 1 (2 mg). Separation and purification of fraction D (317 mg) using radial 
chromatography (eluent: n-hexane-ethyl acetate 8,5:1,5 to 7,5:2,5) was derived compound 2 (36 mg).  

DPPH scavenging activity assay was used to determine compound’s inhibiton capacity. Its reaction priciple 
was based on mechanism of free radicals inhibition by hydrogen transfer, the antioxidant activity of sample 
expressed in IC50 (Inhibiton Concentration 50%). A total of 500 μL of test Solutions in various concentration (10-
500 ppm), 500 μL of 0.2 M acetate buffer pH 5.5, and 1000 μL of methanol are mixed in a test tube. Added to this 
mixture is 500 μL of 5x10-4M DPPH. The mixture was homogenized using a vortex in a dark room (resistant to UV 
light) and has incubated for 30 minutes. The mixture was measured by a spectrophotometer UV absorbance at λmax 
517 nm. Ascorbic acid is used as positive control [12]. To prevent the sample from light disturbance, the test tube 
wrapped with aluminum foil. Inhibiton Capacity was measured by this equation: 

 
% inhibisi = ஺Ǥ௕௟௔௡௞௢ି஺Ǥ௦௔௠௣௘௟

஺Ǥ௕௟௔௡௞௢
 x 100% 

RESULTS AND DISCUSSION 

Methyl-3,4-dihydroxybenzoic (1), yellow powder. UV spectrum (MeOH) nm (log ε) 262,5 nm 
(3,67) and 284,5 nm (3,58). (MeOH + NaOH) 306, 0 nm (3,97). 1H-NMR (CDCl3, 400 MHz)

 
and 13C-NMR (CDCl3, 

100 MHz) see Table-1. 
9, 10-dihydrophenanthrene-2, 4, 7-triol (2), yellow gel form. UV spectrum (MeOH) Omaks nm (log ε): 277, 5 

(4, 43) and 294, 5 (4, 25) nm. (MeOH + NaOH) 291, 0 nm (4,20). 1H-NMR (DMSO-d6, 400 MHz)
 
and 13C-NMR 

(DMSO-d6, 100 MHz) see Table-2. 
Compound 1 was obtained as a white solid. 1H-NMR spectrum of phenolic compound 1 shows three 

aromatic proton signals of ABX system that on δH (ppm) chemical shift. It is doublet meta signals at δH 6,91 (J = 2,4 
Hz); doublet doublet ortho and metha signal at pada δH 7,56 (dd, J = 7,6; 2,4 Hz) and doublet para signals at δH 7,57 
ppm (J = 7,6 Hz). The third signal of aromatic protons in ABX system show the characteristic of aromatic 
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compound structure which having substituents attached to the aromatic nucleus. Residual proton signals in the NMR 
spectrum at δH 3,88 ppm with a singlet proton multiplicity for a methoxy substituent. 13C-NMR spectrum of 
compound 1 showed eight carbon signals which separate perfectly. Three metin carbon signals at δC 123,8; 116,5 
and 114,8 ppm confirms that compound 1 has three substituents attached to the aromatic nucleus, the methyl carbon 
at δC 52,1 ppm is the carbon of the methoxy, and four quaternary carbon signals consist by one of the ester carbonyl 
on δC 167,5 ppm, and two oxiaryl groups of hydroxyl -OH on δC 148,6 and 142,9 ppm. Based on the 13C-NMR 
spectrum data suggested phenolic compound 1 is a derivative of the methylbenzoic which having two hydroxyl 
groups attached to the aromatic nucleus of methylbenzoic structure. Additionally, justification of compound 1 is a 
derivative of methylbenzoic which have two hydroxy groups were determined by 2D NMR spectrum. The HMBC 
spectrum measurements can be seen in Figure-2 and Table-1. 

 

C
OCH3

3
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O
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FIGURE 2. The HMBC correlation of Methyl-3, 4-dihydroxybenzoic compound 

 
 

TABLE 1. NMR data (CDCl3) of compound 1 

C 
Compound (1) 

δH (multiplicity, J 
in Hz) δC HMBC (HÙC) 

1 - 122,6 - 
2 6,91(d, 2,4) 116,5 C-1; C-3; C-4 
3 - 142,9 - 
4 - 148,6 - 
5 7,57(d, 7,6) 114,8 C-1; C-3, C-4 
6 7,56(dd, 7,6; 2,4) 123,8 C-2;C-4, C=O 

C=O - 167,5 - 
-OCH3 3,88 (s) 52,1 C=O 

 
Compound 2 was obtained as a yellow gel. 13C-NMR spectrum data showed 14 carbon signals separated 

completely consisting of seven quaternary carbon signals at δC 113,3; 125,9; 138,7; 140,2; 155,1; 155,6 and 156,3 
ppm, five metin carbon signals (CH) at δC 102,2; 107,0; 113,0; 114,6 and 128,9 ppm, and a methylene carbon 
signals (CH2) at δC 30,1 and 30,7 ppm. Quaternary carbon signals at δC155,1; 155,6 and 156,3 ppm are characteristic 
of oxiaryl carbon signal. Based on the analysis of 13C-NMR spectra indicated that compound 2 is a dihydrostilbene 
derivative that has three -OH hydroxy substituents. 1H-NMR spectrum data showed five aromatic proton signals in 
the area, characteristic for compounds which have two aromatic nuclei. Two proton aromatic signals in the form of a 
pair of doublet meta (J = 2.4 Hz) at δH 6,21 and 6,08 ppm. Three proton aromatic signals of ABX system at δH 7,99 
(d, J = 9,3 Hz), 6,53 (dd, J = 9,3; 2,4 Hz) and 6,52 (d, J = 2,4 Hz). Signals of proton at δH 2,45 ppm with a multiplet 
multiplicity is two signals of methylene protons.  

The signal at δH 2,45 ppm consists of two methylene proton signals which supported by 13C-NMR dan 
HMQC spectrum. Based on the results of 1H-NMR spectrum on the compound 2 is two aromatic proton signals 
doublet meta and three aromatic proton signals with ABX system. It is recommended that the compound 2 is 9,10-
dihydrophenanthrene-2,4,7-triol. Position of the hydroxyl groups at C-2, C-4 and C-7 is determined based on the 
analysis of 2D NMR spectrum (HMQC and HMBC). The multiplet of methylene proton signals at δH 2,45 ppm 
showed a correlation with the two carbon signals at 30,1 and 30,7 ppm. This proves the proton signals at δH 2,45 
ppm has two methylene at the C-9 and C-10. HMBC spectrum analysis shows the correlation between doublet meta 
proton signals (J = 2,4 Hz) at δH 6,08 ppm and two quaternary carbon signals at δC 156,3 (C-2) and 113,3 ppm (C-
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4a), one metin signal δC 102,3 ppm (C-3) and methylene carbon signal at δC 30,7 ppm (C-10). Based on the results 
of these measurements are known proton signals at δH 6,08 ppm (H-1). The correlation between the doublet meta
proton signals (J = 2,4 Hz) at δH 6,21 ppm with three quaternary carbon signals δC 156,3 (C-2); 113,3 (C-4) and 
113,1 ppm (C-8) and one metin signal δC 107,0 ppm (C-1). Based on the results of these measurements are known 
proton signals at δH 6,21 ppm is H-3. Based on the correlation data between the aromatic proton signals on the H-1
and H-3 with a carbon signal it can be ascertained that the other aromatic proton signal of ABX system at δH 7,99 
ppm is at H-5, 6,53 ppm is at H- 6 and 6,52 ppm is at H-8. The chemical shift at δH 7,99 ppm in H-5 more 
desheilding than any other aromatic proton signals due to the biphenyl unit. The correlation between the proton 
signals and carbon signals of compounds 2 in the HMBC spectrum can be seen in Figure-3 and Table-2.

TABLE 2. NMR data compound 2 (DMSO-d6)

C Compound (2)
δH (multiplicity, J in Hz) δC HMBC (HÙÙC)

1 6,08 (d, J = 2,4 Hz) 107,0 C-2; C-3; C-4a; C-10
2 - 156,3 -
3 6,21 (d, J = 2,4 Hz) 102,3 C-1; C-2; C-4, C-4a 
4 - 155,6 -
5 7,99 (d, J = 9,3 Hz) 128,9 C-4a; C-7; C-8a
6 6,53 (dd, J = 9,3; 2,4 Hz) 114,6 C-4b; C-8
7 - 155,1 -
8 6,52 (d, J = 2,4 Hz) 113,1 C-4b; C-6, C-9
9 2,45 (m) 30,1 C-4b; C-8; C-10a
10 2,45 (m) 30,7 C-1; C-4a; C-8a
4a - 113,3 -
4b - 125,1 -
8a - 138,7 -
10a - 140,2 -

The antioxidant activity tests of the compounds 1 and 2 toward the radical DPPH reagent exhibit IC50
values respectively 9,41 ± 0,08 and 23,52 ± 0,05 ppm. Compound 1 is very potensial as antioxidant compound. The 
activity was showed more active compare with ascobic acid (10, 95 ± 0,08 ppm) as positive control and also 
compound 2.

CONCLUSION 

Two phenolic compounds, methyl-3,4-dihydroxybenzoic (1) and 9,10-dihydrophenanthrene-2,4,7-triol (1)
had been isolated for the first time from the tubers of Dioscorea alata L. The antioxidant activities test of the 
compound (1) and (2) against DPPH reagent showed potential activity.

OHHO

HO
FIGURE 3. The HMBC correlation of 9,10-dihydrophenanthrene-2,4,7-triol compound 
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Free . September 2017

P(θ, s)-continuous and Pθs-continuous functions related with

some types of continuity and openness
Abdullah M. Abdul-Jabbar and Shayda Sh. Ahmad

AIP Conference Proceedings 1888, 020003 (2017); https://doi.org/10.1063/1.5004280

Free . September 2017

The distinctive character of shell morphology Rectidens

sumatrensis (DUNKER, 1852) against Elongaria orientalis (LEA,

1840) (two local species, bivalvia: Unionidae) from the Brantas

river, Indonesia
Moch. Affandi, Sucipto Hariyanto and Agoes Soegianto

AIP Conference Proceedings 1888, 020004 (2017); https://doi.org/10.1063/1.5004281

Free . September 2017

Entomocidal activity of microwave energy & some aqueous

plant extracts against Tribolium castaneum Herbst &

Trogoderma granarium Everts
W. N. A. Agha, A. H. Amin, S. K. Khidr and A. Y. Ismail

AIP Conference Proceedings 1888, 020005 (2017); https://doi.org/10.1063/1.5004282
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Free . September 2017

Lubrication studies of some type III deep eutectic solvents

(DESs)
Essa. I. Ahmed, Andrew. P. Abbott and Karl S. Ryder

AIP Conference Proceedings 1888, 020006 (2017); https://doi.org/10.1063/1.5004283

Free . September 2017

Microscopic description of energy-levels for even-even 

Xe isotopes
Imad Mamdouh Ahmed

AIP Conference Proceedings 1888, 020007 (2017); https://doi.org/10.1063/1.5004284

Free . September 2017

Thermal analyses, spectral characterization and structural

interpretation of Nd /Er  ions co-doped TeO -ZnCl  glasses

system
Kasim F. Ahmed, Saeed O. Ibrahim, Md. R. Sahar, Saman Q. Mawlud and Hersh A. Khizir

AIP Conference Proceedings 1888, 020008 (2017); https://doi.org/10.1063/1.5004285
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Free . September 2017

Screening of biodiesel production from waste tuna oil

(Thunnus sp.), seaweed Kappaphycus alvarezii and Gracilaria

sp.
Mochammad Amin Alamsjah, Annur Ahadi Abdillah, Hutami Mustikawati and Suci Dwi

Purnawa Atari

AIP Conference Proceedings 1888, 020009 (2017); https://doi.org/10.1063/1.5004286

Free . September 2017

Characterization of local goat breeds using RAP-DNA markers
Yousif M. S. Al-Barzinji and Aram O. Hamad

AIP Conference Proceedings 1888, 020010 (2017); https://doi.org/10.1063/1.5004287

Free . September 2017

Restricted detour polynomial of edge-identification of two

wheel graphs
Ivan Dler Ali and Herish Omer Abdullah

AIP Conference Proceedings 1888, 020011 (2017); https://doi.org/10.1063/1.5004288

Free . September 2017
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Localization and counting of CD68-labelled macrophages in

placentas of normal and preeclamptic women
Lina Ali Al-khafaji and Malak A. Al-Yawer

AIP Conference Proceedings 1888, 020012 (2017); https://doi.org/10.1063/1.5004289

Free . September 2017

Energy calculation for beryllium atom in different excited

states (1s  2s 3s), (1s 2s  3s) and (1s 2s 3s )
Mayada J. Al-Sharaa, Maysoon A. Mahmood, Naaemh C. H. Madhkoor and Khalil H. Al-

Bayati

AIP Conference Proceedings 1888, 020013 (2017); https://doi.org/10.1063/1.5004290

Free . September 2017

Effect of leafhopper Arboridiakurdistanisp.nov on the some

grape leaves elements and its chemical control
Abdulbaset Mohammed Amin and Sara Dasco Younis

AIP Conference Proceedings 1888, 020014 (2017); https://doi.org/10.1063/1.5004291

Free . September 2017

The regeneration of thermal wound on mice skin (Mus

Musculus) after Q-Switch Nd: YAG laser irradiation for cancer
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therapy candidate
R. Apsari, E. Nahdliyatun and D. Winarni

AIP Conference Proceedings 1888, 020015 (2017); https://doi.org/10.1063/1.5004292

Free . September 2017

An in vitro antifungal efficacy of silver nanoparticles activated

by diode laser to Candida albicans
S. D. Astuti, D. H. Kharisma, S. Kholimatussa’diah and A. H. Zaidan

AIP Conference Proceedings 1888, 020016 (2017); https://doi.org/10.1063/1.5004293

Free . September 2017

Design, synthesis, and spectroscopic study of some new

flavones containing two azo linkages
Mzgin Mohammed Ayoob and Farouq Emam Hawaiz

AIP Conference Proceedings 1888, 020017 (2017); https://doi.org/10.1063/1.5004294

Free . September 2017

A comparative biochemical profile of some cyprinids fish in

Dukan Lake, Kurdistan-Iraq
Darya Mohammed Azeez and Sarbaz Ibrahim Mohammed

AIP Conference Proceedings 1888, 020018 (2017); https://doi.org/10.1063/1.5004295
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Free . September 2017

Synthesis and spectroscopic identification of a new series of

2-iminothia-zolidin-4-one compounds from aromatic

heterocyclic primary amines
Hashim J. Azeez and Roshna Bahram

AIP Conference Proceedings 1888, 020019 (2017); https://doi.org/10.1063/1.5004296

Free . September 2017

Estimation of mean glandular dose for patients who undergo

mammography and studying the factors affecting it
Sana L. N. H. Barzanje and Edrees M. Tahir Nury Harki

AIP Conference Proceedings 1888, 020020 (2017); https://doi.org/10.1063/1.5004297

Free . September 2017

Macro controlling of copper oxide deposition processes and

spray mode by using home-made fully computerized spray

pyrolysis system
Mohammed Sh. Essa, Bahaa T. Chiad and Omer Sh. Shafeeq

AIP Conference Proceedings 1888, 020021 (2017); https://doi.org/10.1063/1.5004298
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Free . September 2017

Radioactivity measurement of nuts and seeds available in Erbil

city markets
Saman Khabbat Ezzulddin, Ali Hassan Ahmed, Ahmed Ismael Samad and Sardar Qader

Othman

AIP Conference Proceedings 1888, 020022 (2017); https://doi.org/10.1063/1.5004299

Free . September 2017

Assessment of yeast as a dietary additive on haematology and

water quality of common carp in a recirculating aquaculture

system
Siraj Muhammed Abdulla Goran, Samad Sofy Omar and Ayub Youns Anwer

AIP Conference Proceedings 1888, 020023 (2017); https://doi.org/10.1063/1.5004300

Free . September 2017

Organic template free synthesis of ZSM-5 from calcinated

Indonesian kaolin
Hartati, Alfa Akustia Widati, Alfinda Novi Kristanti, Aning Purwaningsih and Alfiani

AIP Conference Proceedings 1888, 020024 (2017); https://doi.org/10.1063/1.5004301
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Free . September 2017

Molecular investigations of β-thalassemic children in Erbil

governorate
Ahmad N. Hasan and Mustafa S. Al-Attar

AIP Conference Proceedings 1888, 020025 (2017); https://doi.org/10.1063/1.5004302

Free . September 2017

Activity assay of mangosteen (Garcinia mangostana L.)

pericarp extract for decreasing fasting blood cholesterol level

and lipid peroxidation in type-2 diabetic mice
Saikhu Akhmad Husen, Dwi Winarni, Firas Khaleyla, Septian Hary Kalqutny and Arif Nur

Muhammad Ansori

AIP Conference Proceedings 1888, 020026 (2017); https://doi.org/10.1063/1.5004303

Free . September 2017

The protective effect of omega-3 oil against the

hepatotoxicity of cadmium chloride in adult and weanling rats
Treefa F. Ismail and Falah M. Aziz

AIP Conference Proceedings 1888, 020027 (2017); https://doi.org/10.1063/1.5004304

Free . September 2017
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Callus induction of leaf explant Piper betle L. Var Nigra with

combination of plant growth regulators indole-3-acetic acid

(IAA), benzyl amino purin (BAP) and kinetin
Junairiah, Nabilah Istighfari Zuraidassanaaz, Fairuz Nabil Izdihar and Yosephine Sri Wulan

Manuhara

AIP Conference Proceedings 1888, 020028 (2017); https://doi.org/10.1063/1.5004305

Free . September 2017

Estimation of liver parameters and oxidative stress in chronic

renal failure patients on hemodialysis in Erbil governorate
Musher Ismail Salih Kakey and Kamaran Kaiani Abdoulrahman

AIP Conference Proceedings 1888, 020029 (2017); https://doi.org/10.1063/1.5004306

Free . September 2017

Descriptive study of the Xe and Xe isotopes using the

IBM-1 and IBFM-1
Hussein H. Khudher, Ali K. Hasan and Fadhil I. Sharrad

AIP Conference Proceedings 1888, 020030 (2017); https://doi.org/10.1063/1.5004307

Free . September 2017
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The potency of STAT (signal transducers and activators of

transcription) 3 protein as growth promoter for chicken
Anwar Ma’ruf, Sri Iswati, Nove Hidajati and Ratna Damayanti

AIP Conference Proceedings 1888, 020031 (2017); https://doi.org/10.1063/1.5004308

Free . September 2017

Thermal stability and Judd-Ofelt analysis of optical properties

of Sm -doped sodium tellurite glasses
Saman Q. Mawlud, Mudhafar M. Ameena, Md. Rahim Sahar, Zahra A. Said Mahraz and

Kasim Fawzy Ahmed

AIP Conference Proceedings 1888, 020032 (2017); https://doi.org/10.1063/1.5004309

Free . September 2017

Carbon paste electrode modified molecularly imprinted

polymer as a sensor for creatinine analysis by stripping

voltammetry
M. Khasanah, H. Darmokoesoemo and D. A. Rizki

AIP Conference Proceedings 1888, 020033 (2017); https://doi.org/10.1063/1.5004310

Free . September 2017
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Temperature dependence of electron impact ionization

coefficient in bulk silicon
Mowfaq Jalil Ahmed

AIP Conference Proceedings 1888, 020034 (2017); https://doi.org/10.1063/1.5004311

Free . September 2017

Effects of night shift working on some immunological,

prostate specific antigen, cortisol level and malondialdehyde

in male nurses at Hawler city
Dilshad Hussein Muhammad and Fikry Ali Qadir

AIP Conference Proceedings 1888, 020035 (2017); https://doi.org/10.1063/1.5004312

Free . September 2017

A microsatellite study for determination of allelic variation of

Kurdish population-Kurdistan region-Iraq
Media J. Murad and Bushra K. Amin

AIP Conference Proceedings 1888, 020036 (2017); https://doi.org/10.1063/1.5004313

Free . September 2017

Molecular study on some antibiotic resistant genes in

Salmonella spp. isolates
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