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Abstract 
Artemisia annua L. cultivar jwarharti (Asteraceae) is an aromatic annual herb up to 2 m in height found 

in temperate Asia, especially China and naturalized in many countries of the world. The plant is 

prescribed against fever, malaria, skin diseases, jaundice, malignant ulcers and haemorrhoids. 

Phytochemical investigation of the methanolic extract of the shoots of A. annua var. jwarharti led to the 

isolation of three new chemical constituents characterized as 5, 7, 4′- trimethoxy-8,3′'-dihydroxyflavone 

(2), 3,4-dihydroxybenzyl 2′,3′,4′-trihydroxybenzoate (3) and 3,4-dihydroxybenzyl 2′,3′,4′-

trihydroxybenzoate 4,4′-β-D-dixylopyranoside (4) along with the known compound stigmasterol. The 

structures of all these phytoconstituents have been identified on the basis of spectral data analysis and 

chemical reactions. 

 

Keywords: Artemissia annua cultivar jwarharti, shoots, flavone, 3,4-dihydroxybenzy benzoate 

derviatives, structural elucidation. 

 

1. Introduction 
Artemisia annua L. (Asteraceae), known as sweet wormwood, sweet sagewort or annual 

wormwood (Chinese: qinghao), is an aromatic annual herb up to 2 m in height with yellow 

flowers. It is a native to temperate Asia, especially China but naturalized throughout the world 

including Argentina, Bulgaria, France, Hungary, India, Italy, Romania, Spain and USA. 

Currently, it is the source for the production of artemisinin and semi-synthetic artemisinin 

derivatives (including dihydroartemisinin, artesunate, artemether and arteether) which are 

cadinane-type sesquiterpenes lactones used for the production of combination therapies for 

treatment of malaria [1, 2]. The plant is highly pollinated and the seeds exhibited a great 

variation in maturity, biomass and the quantity of artemisinin. Artemisinin (Qinghaosu) 

presently is the most potent and efficacious compound against chloroquine and quinine-

resistant Plasmodium falciparum and other malaria-causing parasites. Beside antimalarial 

effects, A. annua exhibited biological activities such as antibacterial, anti-inflammatory, 

angiotensin converting enzyme inhibitory, cytokininlike and antitumor effects [3]. In China, an 

aqueous preparation of the dried herb is prescribed to treat fever, malaria, skin diseases, 

jaundice, malignant ulcers and haemorrhoids. It is effective against pathogenic ‘shu’, a 

summer heat syndrome characterized by headache, fever, dry mouth, irritability, excessive 

sweating and full pulse. A. annua is one of the important ingredient in several Ayurvedic 

formulations. World Health Organization shows high interest with the active constituent 

artemisinin and its chemical derivatives. A. annua is included in the official Pharmacopoeia of 

China as Qinghao and in the drug directories of India, Japan and Vietnam.  

The prominent coumarins identified from A. annua were aesculetin, iso-fraxidin, scopoletin, 

scopolin and tomentin. The main phenolic components of A. annua were quercetin glucoside, 

flaviolin, rhamnetin, chrysoplenol D, pillion and chlorogenic acid. In addition, other phenolic 

compounds such as 2, 4-dihydroxy-6-methoxy-acetophenone, 5-nonadecyl-3-O-

methyletherresorcinol, 2, 2, 6-trihydroxychromene and 2,2-dihydroxy-6-methoxychromene 

have also been isolated from A. annua [4–11]. Apart from artemisinin, other terpenoidal lactones 

have been isolated from the aerial parts of the plant [12]. The plant also contained phytols, 

flavones, chrysoplenetin, chrysosplenol-D, friedelin, sterols and anthraquinones [12,13]. The root 

volatile oil was consisted mainly of cis-arteannuic alcohol (25.9%), β-farnesene (6.7%), β-

maaliene, β-caryophyllene, its oxide and 2-phenylbenzaldehyde [14]. The stem volatile oil was 

rich in sesquiterpenes [15]. The paper describes isolation and characterization of three new  
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chemical constituents from the shoots of A. annua L. cultivar 

jwarharti.  

 

2. Material and Methods  

2.1 General procedures 

Melting points were determined on a Perfit melting apparatus 

(Ambala, Haryana, India) and are uncurrected. UV spectra 

were measured with a Lambda Bio 20 spectrophotometer 

(Perkin-Elmer-Rotkreuz, Switzerland) in methanol. Infra-red 

spectra were recorded on Bio-Rad FTIR 5000 (FTS 135, 

Kawloon, Hong Hong) spectrophotometer using KBr pellets; 

γmax values are given in cm-1. 1H and 13C NMR spectra were 

screened on advance DRX 400, Bruker spectrospin 400 and 

100 MHz instrument in 5 mm spinning tubes at 27 ºC, 

respectively (Karlesruthe, Germany) using TMS as an internal 

standard. Mass spectra were scanned by effecting FAB 

ionization at 70 eV on a JEOL-JMS-DX 303 spectrometer 

(Japan) equipped with direct inlet probe system. Column 

chromatography was performed on silica gel (60-120 mesh; 

Qualigen, Mumbai, India). TLC was run on silica gel G 

(Qualigen). Spots were visualised by exposing to iodine 

vapours, UV radiation, and spraying with ceric sulphate 

solution.  

 

2.2 Collection of plant material  

The shoots of A. annua cultivar jwarharti were collected from 

the experimental field of National Institute of Plant Genome 

Research (NIPGR), Aruna Asif Ali Road, New Delhi -110067 

and identified by Dr. Sushil Kumar, Scientist Emeritus, 

NIPGR.  

 

2.3 Extraction and isolation 

The dried shoot powder (1.0 kg) was exhaustively extracted 

with methanol in a Soxhlet apparatus. The methanolic extract 

was evaporated under reduced pressure to get a brown viscous 

mass (50 g, 5.0% yield). The dried extract was dissolved in 

minimum quantity of methanol and added to silica gel (60-

120 mesh) to prepare a slurry. It was air-dried, powdered and 

loaded on a silica gel column prepared in petroleum ether. 

The column was run with petroleum ether (b.p. 60- 80 °C), 

petroleum ether-chloroform (9:1, 3:1, 1:1, 1:3, v/v), 

chloroform, chloroform- methanol (99:1, 49:1, 19:5, 9:1, 

17:3,4:1 7:3 and 1:1, v/v) and methanol. Various fractions 

were collected separately and matched by TLC to check 

homogeneity. Similar fractions having same Rf values were 

combined and crystallized. The isolated compounds were 

recrystallized to get pure compounds. The following 

compounds were isolated: 

 

2.4 Stigmasterol (1)  

Elution of the column with chloroform furnished colourless 

crystals of 1; recrystallized from methanol; 21 mg (0.025% 

yield); Rf: 0.24 (petroleum ether: chloroform, 1:9); 

comparable with the authentic sample of stigmasterol, m. p.: 

168-169o C; +ve ion FAB MS m/z (rel. int.): 412 [M]+ 

(C29H48O) (15.6), 397 (28.3), 394 (21.5). 

 

2.5 Artimisiaflavone (2)  

Elution of the column with chloroform–methanol (99:1) 

mixture afforded colourless amorphous powder of 2; 

recrystallized from chloroform-methanol (1:1); 153 mg (0.188 

% yield), Rf : 0.44 (chloroform-methanol, 9:1), m. p.: 163-

165o C, UV λmax (MeOH): 272, 313, 344 nm (log ε 4.8, 4.9. 

6.9), UV λmax (MeOH + NaOMe): 271, 313, 344 nm (log ε 

6.7, 5.3), UV λmax (MeOH + NaOAc): 273, 311 nm (log ε 2.9, 

4.1), UV λmax (MeOH + NaOAc + H3BO3): 273, 311, 346 nm 

(log ε 3.5, 4.8), UV λmax (MeOH + AlCl3): 270, 298, 310 nm 

(log ε 3.5, 3.6, 4.7), UV λmax (MeOH + AlCl3 + HCl): 273, 

309, 345 nm (log ε 3.4, 3.5, 4.2), IR υmax (KBr): 3335, 2990, 

2945, 1702, 1612, 1564, 1506, 1423, 1288, 1190, 1134, 1014, 

915, 863, 816, 740 cm-1, 1H NMR (CDCl3): δ 7.68 (1H, dd, J 

= 2.8, 9.3 Hz, H-6′), 7.71 (1H, d, J = 2.8 Hz, H-2′), 6.93 (3H, 

brs, H-3), 6.84 (1H, brs, H-6), 6.16 (1H, J = 9.3 Hz, H-5′), 

3,96, 3.90, 3.88 (3H each, brs, 3 x OMe); 13C NMR (CDCl3): 

δ 162.46 (C-2), 102.75 (C-3), 182.30 (C-4), 161.17 (C-5), 

101.86 (C-6), 164,98 (C-7), 141,84 (C-8), 162.99 (C-9), 

103.06 (C-10), 121.78 (C-1′), 110.91 (C-2′), 142.71 (C-3′), 

150.61 (C-4′), 116.03 (C-5′), 119.11 (C-6′), 55.18, 55.31, 

55.15 (3 x OMe) +ve ion FAB MS m/z (rel. int.): 344 [M]+ 

(C18H16O7) (2.2), 329 (5.2), 313 (3.6), 301 (4.2), 237 (5.2), 

221 (5.3), 196 (10.3), 192 (100), 181 (11.3), 177 (14.5), 176 

(10.6), 166 (18.3), 161 (18.5), 153 (52.8), 152 (13.7), 148 

(39.1), 138 (33.5), 137 (41.2), 133 (21.5), 123 (45.3), 117 

(21.8), 108 (37.6).  

 

2.6 3, 4-Dihydroxybenzyl trihydroxybenzoate (3)  

Elution of the column with chloroform–methanol (7:3) 

mixture furnished colourless precipitate of 3; recrystallized 

from ethanol; 447 mg (0.562% yield), Rf : 0.17 

(MeOH:CHCl3 ; 3:7), m. p.: 209 - 210o C, UV λmax (MeOH): 

275 nm (log ε 3.1), IR υmax (KBr): 3440, 3345, 3205, 3058, 

2760, 1723, 1657, 1603, 1528, 1430, 1393, 1281, 1186, 1058, 

1011, 818 cm-1, 1H NMR (CDCl3): δ 8.08 (1H, d, J = 2.5 Hz, 

H-2), 6.93 (1H, d, J = 7.8 Hz, H-5′), 6,18 (1H, d. J = 8.5 Hz, 

H-5), 5.81 (1H, dd, J = 2.5, 8.5 Hz, H-6), 5.25 (1H, d, J = 7.8 

Hz, H-6′), 3.39 (2H, brs, H2-7); 13C NMR (CDCl3): δ 142.11 

(C-1), 137.48 (C-2), 155.36 (C-3), 151,23 (C-4), 131,78 (C-

5), 118.29 (C-6), 62.86 (C-7), 138.25 (C-1′), 156.81 (C-2′), 

157.46 (C-3′), 156.13 (C-4′), 127.73 (C-5′), 116.18 (C-6′), 

173.71 (C-7′), +ve ion FAB MS m/z (rel. int.): 292 [M]+ 

(C14H12O7) (2.5), 153 (18.6), 139 (10.1), 123 (11.3). 

 

2.7 Hydrolysis of 3: Compound 3 (25 mg) was heated with 

alkaline alcoholic solution on a steam bath for 1 h. The 

reaction mixture was extracted with chloroform (2 x 5 ml) to 

isolate 3,4-dihydroxybenzyl alcohol, m. p. 116 – 117 °C; 

HPTL Rt 53.08 (C18 Beckman column, solvent : methanol-

formic acid, 19:1). The reaction mixture was acidified with 

dilute hydrochloric acid, dried under reduced pressure and 

dissolved in ethanol to isolate colourless crystals of 2,3,4-

dihyddroxybenzoic acid, m. p. 203 – 205 oC, Rt 21.01 (C18 

column, solvent: methanol and formic acid (0.1%).  

 

2.8 3,4-Dihydroxybenzyl trihydroxybenzoate diglucoside 

(4)  

Further elution of the column with chloroform–methanol (7:3) 

mixture afforded colourless crystals of 4; recrystallized from 

methanol; 110 mg (0.138% yield), Rf : 0.82 (MeOH:CHCl3 ; 

3:7), m. p. : 169 - 170o C, IR υmax (KBr): 3404, 3317, 3216, 

2953, 2906, 1722, 1511, 1453, 1342, 1280, 1132, 1076, 1022, 

959 cm-1, 1H NMR (DMSO- d6): δ 8.02 (1H, d, J = 2.7 Hz, H-

2), 6.91 (1H, d, J = 8.1 Hz, H-5′), 6.26 (1H, d, J = 8.5 Hz, H-

5), 5.80 (1H, dd, J = 2.7, 8.5 Hz, H-6), 5.28 (1H, d, J = 8.1 

Hz, H-6′), 4.73 (1H, d, J = 7.2 Hz, H-1′′), 4.64 (1H, d, J = 7.3 

Hz, H-1′′′), 4.54 (1H, m, H-2′′), 4.50 (1H, m, H-2′′′), 4.37 

(1H, m, H-3′′), 4.35 (1H, m, H-3′′′), 3.63 (1H, m, H-4′′), 3,61 

(1H, m, H-4′′′), 3.29 (2H, d, J = 8.8 Hz, H2-5′′), 3.04 (2H, d, J 

= 9.3 Hz, H2-5′′′); 13C NMR (DMSO- d6): δ 140.39 (C-1), 

138.15 (C-2), 155.61 (C-3), 150.84 (C-4), 131,75 (C-5), 

117.52 (C-6), 63.16 (C-7). 140.23 (C-1′), 157.49 (C-2′), 
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156.14 (C-3′), 152.26 (C-4′), 127.68 (C-5′), 119.04 (C-6′), 

173.68 (C-7′), 100.84 (C-1′′), 82.86 (C-2′′), 70.78 (C-3′′), 

72.67 (C-4′′), 62.51 (C-5′′), 100.26 (C-1′′′), 81.63 (C-2′′′), 

70.15 (C-3′′′), 72.04 (C-4′′′), 60.13 (C-5′′′); +ve ion FAB MS 

m/z (rel. int.): 556 [M]+ (C24H28O15) (1.1). 

 

2.9 Hydrolysis of 4: Compound 4 (30 mg) was dissolved in 

ethanol (5 ml), 1N sodium hydroxide solution (2 ml) was 

added and the reaction mixture was refluxed for 1 h. It was 

dried under reduced pressure and the residue was dissolved in 

chloroform to isolate 3,4-dihydroxybenzyl alcohol, m. p. 116 

– 117 °C; HPTL Rt 53.08 (C18 Beckman column, solvent : 

methanol-formic acid, 19:1). The reaction mixture was 

acidified with dilute hydrochloric acid to pH 3 and re-

extracted with chloroform (3 x 5 ml) to separate 2,3,4- 

trihydroxybenzoic acid, m. p. 203-205 oC, Rt 21.01 (C18 

column, solvent: methanol and formic acid (0.1%). The 

mother liquor was chromatographed over SiO2 TLC along 

with the authentic sample of D- xylose, Rf : 0.2 (n-BuOH: 

HOAc: H2O; 4:1:5, top). 

 

3. Results 

Elution of the column with chloroform gave compound 1 as a 

colourless product. Compound 2 was obtained as a colourless 

amorphous powder on elution of the column with 

chloroform–methanol (99:1) mixture. Elution of the column 

with chloroform–methanol (7:3) mixture furnished 

compounds 3 and 4 as colourless products.  

 

4. Discussion 

Compound 1 was a known compound identified as 

stigmasterol [16].  

Compound 2, named artimisiaflavone, was obtained as 

colourless, amorphous powder from chloroform–methanol 

(99:1) eluants. It displayed UV absorption maxima at 272, 

313 and 344 nm, a one-proton singlet at δ 6.93 and the 

corresponding upfield vinylic carbon signal at δ 102.75 

characteristic of H-3 and C-3, respectively, in a flavone 

structure[17]. Shifting of band I to + 48 nm with no decrease of 

intensity with sodium methoxide indicated the presence of 

free hydroxy groups. The absence of any shift of bands with 

sodium acetate solution indicated bound nature of 7-hydroxyl 

group. There was no significant shift in band I with sodium 

acetate and boric acid ruling out the existence of B-ring 

dihydroxy groups. Absence of any shift of band I with 

aluminum chloride indicated the presence of bound 5-

hydroxyl group. There was no shift of band I with aluminum 

chloride and hydrochloric acid ruling out the existence of B-

ring o- dihydroxy groups [17-19]. Its IR spectrum exhibited 

characteristic absorption bands for hydroxyl groups (3335 cm-

1), carbonyl group (1702 cm-1) and unsaturation (1612 cm-1). 

On the basis of its FAB mass and 13C NMR spectra the 

molecular ion peak of 2 was determined at m/z 344 consistent 

with the molecular formula of a flavonoid, C18H16O7. The 

prominent peaks generated at m/z 196 and 148 due to retro-

Diels-Alder fragmentation supported the presence of two and 

one hydroxyl groups in ring A and one-each methoxy and 

hydroxyl functions in ring B. The 1H NMR spectrum of 2 

showed two one-proton doublets at δ 7.71 (J = 2.8 Hz) and 

6.16 (J = 9.3 Hz) assigned to meta-coupled H-2′ and ortho-

coupled H-5′ protons, respectively, and a one-proton double 

doublet at δ 7.68 (J = 9.3, 2.8 Hz) attributed to ortho-, meta-

coupled H-6′ suggesting ABX system of ting B. A one-proton 

broad singlet at δ 6.84 were ascribed to H-6. The broad 

singlets at δ 3.96, 3.90 and 3.88 integrating three protons each 

were accounted to three methoxy protons. The 13C NMR 

spectrum of 2 showed a signal for carbonyl carbon at δ 182.30 

(C-4) supporting the flavone type carbon framework of the 

molecule, methoxy carbons at δ 55.18, 55.31 and 55.15 and 

other flavone carbons between δ 162.46 - 101.86. The 1H and 
13C NMR values were compared with the reported values of 

flavone molecules [17, 20]. On the basis of the spectral data 

analysis and chemical reactions, the structure of 2 has been 

elucidated as 5, 7, 4′- trimethoxy-8,3′'-dihydroxyflavone. This 

has been found to be a new flavone. 
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Compound 3, designated as 3,4-dihydroxybenzyl 

trihydroxybenzoate, was obtained as a colourless mass from 

chloroform–methanol (7:3) eluants. It gave positive test for 

phenolic compounds. Its IR spectrum displayed absorption 

bands for hydroxyl groups (3440, 3345, 3205, cm-1). On the 

basis of FAB mass and 13C NMR spectra the molecular ion 

peak of 3 was determined at m/z 292 corresponding to a 

molecular formula of a dihydroxybenzyl trihydroxybenzoate, 

C14H12O7. The prominent fragment ion peak generating at m/z 

153 [(HO)3C6H2CO]+, 139 [OCH2C6H3(OH)2]+ and 123 

[CH2–C6H3(OH)2]+ indicated esterification of 

trihydroxybenzoic acid with dihydroxybenzyl alcohol. The 1H 

NMR spectrum of 3 exhibited four one-proton doublets δ 8.08 

(J = 2.5 Hz), 6.93 (J = 7.8 Hz), 6.18 (J = 8.5 Hz) and 5.25 (J = 

7.8 Hz) assigned correspondingly to meta-coupled H-2 and 

ortho-coupled H-5′, H-5 and H-6′ proton. A one-proton 

double doublet at δ 5.81 (J = 2.5, 8.5 Hz) and a two proton 

singlet at δ 3.39 were associated with aromatic H-6 and 

oxygenated methylene H2-7 protons, respectively. The 13C 

NMR spectrum of 3 showed important signals for ester 

carbon at δ 173.71 (C-7′), aromatic carbons between δ 157.46 

– 118.29 and oxygenated methylene carbon δ 62.86 (C-7). 

Alkaline hydrolysis of 3 yielded 3,4-dihydroxybenzyl alcohol 

and 2,3,4-trihydroxbenzoic acid. On the basis of the above 

discussion, the structure of 3 has been established as 3,4-

dihydroxybenzyl 2′,3′,4′-trihydroxybenzoate. This is a new 

dihydroxybenzyl trihydroxybenzoate. 
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Compound 4, designated as 3,4-dihydroxybenzyl 

trihydroxybenzoate diglucoside, was obtained as a colourless 

crystalline powder from chloroform–methanol (7:3) eluants. It 

gave positive test for phenolic glycosides. Its IR spectrum 

displayed absorption bands for hydroxyl group (3404, 3317, 

3216 cm-1), ester group (1722 cm-1) and aromatic ring (1511, 

959 cm-1). On the basis of FAB mass and 13C NMR spectra its 

molecular ion peak was established at m/z 556 corresponding 
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to a molecular formula of a dihydroxybenzyl 

trihydoxybenzoate diglycoside, C24H28O15. The 1H NMR 

spectrum of 4 exhibited four one- proton doublets at δ 8.02 (J 

= 2.7 Hz), 6.91 (J = 8.1 Hz), 6.26 (J = 8.5 Hz), and 5.28 (J = 

8.1 Hz) and a one-proton double doublet at δ5.80 (J = 2.7, 8.5 

Hz) assigned to meta-coupled H-2 and ortho-coupled 

aromatic H-5′, H-5 and H-6′ protons and meta-, ortho-coupled 

H-6 protons. Two one-proton doublets at δ 4.73 (J = 7.2 Hz) 

and 4.64 J = 7.3 Hz) were ascribed to anomeric H1′′ and H-1′′′ 

protons, respectively. The other sugar protons appeared from 

δ 4.54 to 3.04. The 13C NMR of 4 displayed signals for ester 

carbon at δ 173.68 (C-7′), aromatic carbons between δ 157. 49 

to 117.52, anomeric carbons δ 100.84 (C-1′′) and 100.26 (C-

1′′′) and other sugar carbons between δ 82.86 – 60.13. 

Alkaline hydrolysis of 4 yielded 3,4-dihydroxybenzyl alcohol, 

2,3,4-trihydroxybenzoic acid and D- xylose. On the basis of 

the spectral data analysis and chemical evidences, the 

structure of 4 has been established as 3,4-dihydroxybenzyl 

2′,3′,4′-trihydroxybenzoate 4,4′-β-D-dixylopyranoside. This 

phytoconstituent is reported for the first time.  
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5. Conclusion 

Phytochemical investigation of a methanolic extract of the 

shoots of A. annua cultivar jwarharti led to the isolation of 

stigmasterol and one each of flavone, dihydroxybenzyl ester 

and its dixyloside. This work has enhanced understanding 

about the phytoconstituents of the plant. These secondary 

metabolites can be used as an effective analytical marker, 

identity, purity and quality control of this plant.  
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