
Introduction

The genus Duranta (Verbenaceae) comprises about 35  
species which mainly occur in the West Indies and Tropical 
and South America. It is represented in Pakistan by two spe-
cies, namely Duranta repens and Duranta stenostachya1.

Duranta repens Linn. (syn. D. erecta, D. microphylla,  
D. plumieri, common name Sky Flower, Golden Dew Drop, 
Pigeon Berry) is a large, subtropical, shrub to small tree up 
to 18 feet in height. It is commonly grown as a hedge plant, 
and when trimmed, forms a strong compact hedge almost 
impenetrable to cattle2. Duranta repens is widely distributed 
in the northern area of Pakistan. Medicinally, the fruit of this 
plant is used for the treatment of malaria3. The MeOH extract 
of the plant also shows insecticidal and antifeedant properties 
against Aedes aegypti and Attagenus piceus, respectively4.

Previous studies on the genus Duranta have resulted in 
the isolation of various compounds, including coumari-
nolignoids5, (E)-cinnamic acid, (E)-p-methoxycinnamic 

acid6, diterpenoids7,8, flavonoids7,8, steroids9, glycosides of 
phenylpropanoids10,11, triterpenes12, and iridoids6,13,14.

Malaria is one of the most common infectious diseases 
in tropical and subtropical countries, including parts of the 
Americas, Asia, and Africa. Each year, it affects about 400–900 
million people, and causes approximately one to three mil-
lion deaths15. Human malaria is caused by Plasmodium 
falciparum, P. malariae, P. ovale, and P. vivax; however, 
P. falciparum is the most prevalent for the disease, and is 
responsible for about 80% of infections and 90% of deaths16. 
The first effective treatment (17th century) against the  
P. falciparum parasite was the bark of the cinchona tree, 
which contains quinine, a quinoline alkaloid. A number 
of medicines have been developed to treat malaria, with 
chloroquine and its derivatives17 as the mainstay therapy. In 
recent years, P. falciparum has become increasingly resist-
ant to conventional antimalarial drugs, and the search for 
new antimalarial compounds by combining natural sources 
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Abstract
The CHCl

3
-soluble fraction of the whole plant of Duranta repens showed anti-plasmodial activity against the chlo-

roquine-sensitive (D6) and chloroquine-resistant (W2) strains of Plasmodium falciparum, with IC
50

 values of 8.5 ± 0.9 
and 10.2 ± 1.5 μg/mL, respectively. From this fraction, two new flavonoid glycosides, 7-O-α-d-glucopyranosyl-
3,4′-dihydroxy-3′-(4-hydroxy-3-methylbutyl)-5,6-dimethoxyflavone (1) and 7-O-α-d-glucopyranosyl(6′′′-p-
hydroxcinnamoyl)-3,4′-dihydroxy-3′-(4-hydroxy-3-methylbutyl)-5,6-dimethoxyflavone (2), along with five 
known flavonoids, 3,7,4′-trihydroxy-3′-(4-hydroxy-3-methylbutyl)-5,6-dimethoxyflavone (3), 3,7-dihydroxy-
3′-(4-hydroxy-3-methylbutyl)-5,6,4′-trimethoxyflavone (4), 5,7-dihydroxy-3′-(2-hydroxy-3-methyl-3-butenyl)-
3,6,4′-trimethoxyflavone (5), 3,7-dihydroxy-3′-(2-hydroxy-3-methyl-3-buten-yl)-5,6,4′-trimethoxyflavone (6), and 
7-O-α-d-glucopyranosyl-3,5-dihydroxy-3′-(4′′-acetoxy-3′′-methylbutyl)-6,4′-dimethoxyflavone (7), have been iso-
lated as anti-plasmodial principles. Their structures were deduced by spectroscopic analysis including 1D and 2D 
NMR techniques. The compounds (1–7) showed potent anti-plasmodial activities against D6 and W2 strains of 
Plasmodium falciparum, with IC

50
 values in the range of 5.2–13.5 μM and 5.9–13.1 μM, respectively.
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and synthetic approaches is still under way18,19. The spread 
of resistance of Plasmodium falciparum to commonly used 
antimalarial drugs has created an urgent need to develop new 
antimalarial treatments, preferably drugs that are affordable 
to developing countries where malaria is prevalent. Although 
powerful new technologies such as high-throughput screen-
ing and combinatorial chemistry are revolutionizing drug dis-
covery, natural products still offer structural diversity, which 
makes them a valuable source of novel lead compounds.

Herein we report the isolation and char-
acterization of two new flavonoid glycosides, 
7-O-α-d-glucopyranosyl-3,4′-dihydroxy-3′-(4-hydroxy-
3-methylbutyl)-5,6-dimethoxyflavone (1) and 7-O-α-d-
glucopyranosyl(6′′′-p-hydroxcinnamoyl)-3,4′-dihydroxy-3′-
(4-hydroxy-3-methylbutyl)-5,6-dimethoxyflavone (2), along 
with five known flavonoids, 3,7,4′-trihydroxy-3′-(4-hydroxy-
3-methylbutyl)-5,6-dimethoxyflavone (3)7, 3,7-dihydroxy-
3′-(4-hydroxy-3-methylbutyl)-5,6,4′-trimethoxyflavone 
(4)7, 5,7-dihydroxy-3′-(2-hydroxy-3-methyl-3-butenyl)-
3,6,4′-trimethoxyflavone (5)8, 3,7-dihydroxy-3′-(2-hydroxy-
3-methyl-3-buten-yl)-5,6,4′-trimethoxyflavone (6)8, and 
7-O-α-d-glucopyranosyl-3,5-dihydroxy-3′-(4′′-acetoxy-3′′-
methylbutyl)-6,4′-dimethoxyflavone (7)20 (Figure 1). The 
compounds (1–7) showed potent anti-plasmodial activi-
ties against D6 and W2 strains of Plasmodium falciparum, 
with IC

50
 values in the range 5.2–13.5 μM and 5.9–13.1 μM, 

respectively.

Materials and methods

General experimental procedure
Optical rotations were measured on a Jasco DIP-360 digital 
polarimeter. Infrared (IR) spectra were recorded on a 460 
Shimadzu spectrometer. Ultraviolet (UV) spectra were 
obtained on a Hitachi UV-3200 spectrophotometer. The 1H 
and 13C nuclear magnetic resonance (NMR), heteronuclear 
multiple quantum coherence (HMQC), and heteronuclear 
multiple bond coherence (HMBC) spectra were recorded 
on Bruker NMR spectrometers operating at 400 MHz for 
1H and 100 MHz for 13C NMR, respectively. The chemical 
shift values are reported in ppm (δ) units relative to SiMe

4
 

as an internal standard and the coupling constants (J) are 
in Hz. Electron ionization (EI), fast atom bombardment 
(FAB), and high resolution-electron ionization mass 
spectra (HR-EIMS) were recorded on Jeol JMS-HX-110 and 
JMS-DA-500 mass spectrometers, m/z (rel. int). Aluminum 
sheets precoated with silica gel 60 F

254
 (20 × 20 cm, 0.2 mm 

thick; E. Merck) were used for thin layer chromatog-
raphy (TLC), and silica gel (230–400 mesh; E. Merck) 
was used for column chromatography. For recycling  

high-performance liquid chromatography (HPLC) (LC 
908 W), a semi-preparative column (ODS-M80) was used.

Plant material
The whole plant of Duranta repens Linn. (Verbenaceae) was 
collected from Swat (Pakistan) in March 2007 and identified 

by Nisar Ahmad, Department of Plant Sciences, Kohat 
University of Science and Technology, Kohat. A voucher 
specimen (PSK-61) was deposited in the herbarium of Kohat 
University.

Extraction and isolation
The shade-dried whole plant (8 kg) was chopped and 
soaked in MeOH for 10 days, extracted three times at room 
temperature in the same solvent, and filtered. The filtrate 
was evaporated in vacuo to give a dark-greenish residue  
(300 g), which was suspended in water and partitioned 
successively with n-hexane, CHCl

3
, and n-BuOH to 

obtain n-hexane-soluble (60 g), CHCl
3
-soluble (40 g), 

and n-BuOH-soluble (120 g) fractions, respectively. The 
CHCl

3
-soluble fraction (40 g) was subjected to column 

chromatography (CC) using hexane–CHCl
3
 in increas-

ing order of polarity to give five fractions. The fraction 
which eluted with n-hexane–CHCl

3
 (7:3) was rechroma-

tographed over flash silica gel using n-hexane–CHCl
3
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Figure 1.  Structures of flavonoids 1–7.
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(9:1–1:1) as a solvent system to give three successive 
fractions. The third fraction was further subjected to 
CC (silica gel) using n-hexane–CHCl

3
 (7:3 and 6:4) 

as eluent to afford compounds 3 (18 mg), 4 (11 mg),  
5 (14 mg), and 6 (15 mg) by repeated column chromatog-
raphy. The fraction obtained from n-hexane–CHCl

3
 (3:7) 

was subjected to CC using MeOH:CHCl
3
 (1:9, 2:8) followed 

by CC over Sephadex LH-20 with pure water to get semi-
pure compounds 1, 2, and 7, which were finally purified on 
recycling HPLC (LC 908 W) (ODS-M80 semi-preparative 
column, MeOH:H

2
O (1:1), flow rate 3 mL/min); UV and 

refractive index (RI) detectors; retention time (t
R
) 13 min 

(1, 21 mg), 20 min (2, 19 mg), and 26 min (7, 15 mg).

7-O-α-d-Glucopyranosyl-3,4′-dihydroxy-3′-(4-hydroxy-3-
methylbutyl)-5,6-dimethoxyflavone (1)  Yellowish gummy 
solid. [α]

D
25 = +91.3° (c = 0.01, MeOH). UV λ

max
 (MeOH) nm 

(log ε): 273 (4.76), 340 (4.53). IR υ
max

 (KBr) cm−1: 3396, 2925, 
1656, 1597, 1190. HR-FAB-MS (pos.): 579.2072 [M + H]+. 
EI-MS: 578 (2), 416 (100), 401 (37), 398 (12.3), 373 (7), 343 
(9), 342 (5.1), 329 (7.5), 207 (2.3), 152 (3.1). For 1H and 13C 
NMR data see Table 1.

7-O-α-d-Glucopyranosyl(6′′′-p-hydroxcinnamoyl)-
3,4 ′ -dihydroxy-3 ′ -(4-hydroxy-3-methylbut yl)-5,6-
dimethoxyflavone (2)  Yellowish gummy solid. 
[α]

D
25 = +82.9° (c = 0.01, MeOH). UV λ

max
 (MeOH) nm (log 

ε): 271 (4.70), 342 (4.55). IR υ
max

 (KBr) cm−1: 3387, 2920, 

Table 1.  1H (400 MHz) and 13C NMR (100 MHz) assignments (δ ppm) of flavonoids (1 and 2) in CD
3
OD.

Position

1 2

δ (1H) δ (13C) δ (1H) δ (13C)

2 — 154.7 — 154.3

3 — 138.6 — 138.5

4 — 180.2 — 180.1

5 — 159.8 — 159.5

6 — 131.2 — 131.0

7 — 156.0 — 156.2

8 6.51 (s) 94.3 6.49 (s) 94.4

9 — 153.7 — 153.5

10 — 106.3 — 106.5

1′ — 122.3 — 122.1

2′ 7.83 (d, 1.8) 130.7 7.83 (d, 1.9) 130.9

3′ — 131.2 — 131.4

4′ — 158.3 — 158.0

5′ 6.89 (d, 8.6) 116.1 6.87 (d, 8.5) 116.0

6′ 7.80 (dd, 8.6, 1.8) 128.5 7.79 (dd, 8.5, 1.9) 128.2

1′′ 2.63 (t, 7.1) 28.1 2.65 (t, 7.3) 28.0

2′′ 1.40 (m) 34.4 1.41 (m) 34.3

3′′ 1.65 (m) 35.2 1.67 (m) 35.0

4′′ 3.50 (d, 6.5) 68.6 3.49 (d, 6.6) 68.5

5′′ 0.99 (d, 6.8) 17.3 0.99 (d, 6.8) 17.2

1′′′ 5.31 (d, 3.6) 99.9 5.30 (d, 3.6) 99.8

2′′′ 3.98 (dd, 9.6, 3.6) 73.0 3.98 (dd, 9.6, 3.6) 73.1

3′′′ 3.85 (t, 9.6) 73.7 3.84 (t, 9.6) 73.8

4′′′ 3.56 (t, 9.6) 71.1 3.57 (t, 9.6) 71.0

5′′′ 3.68 (m) 74.2 3.67 (m) 74.2

6′′′ 3.66 (dd, 11.1, 4.6)3.77 (dd, 11.1, 5.2) 62.9 3.89 (dd, 11.2, 4.6)4.10 (dd, 11.2, 5.2) 64.1

1′′′′ — — — 165.7

2′′′′ — — 6.41 (d, 15.9) 117.0

3′′′′ — — 7.51 (d, 15.9) 144.7

4′′′′ — — — 125.9

5′′′′ — — 7.40 (d, 8.0) 130.2

6′′′′ — — 6.89 (d, 8.0) 116.0

7′′′′ — — — 159.3

8′′′′ —  6.89 (d, 8.0) 116.0

9′′′′ —  7.40 (d, 8.0) 130.2

OCH3
-5 3.86 (s) 61.3 3.88 (s) 61.1

OCH
3
-6 3.78 (s) 60.6 3.76 (s) 60.7

Note. Multiplicities and coupling constants (J = Hz) are given in parentheses. δ in ppm from TMS.
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1732, 1655, 1590, 1250, 1193. HR-FAB-MS (pos.): 725.2439 
[M + H]+. EI-MS: 724 (1), 578 (1), 577 (6), 561 (9), 416 
(100), 401 (35.2), 398 (10.9), 373 (5), 343 (10), 342 (6.4), 
329 (5.6), 207 (2.6), 152 (3). For 1H and 13C NMR data see  
Table 1.

3,7,4′-Trihydroxy-3′-(4-hydroxy-3-methylbutyl)-5,6-
dimethoxyflavone (3)  Gummy solid. [α]

D
25 = +110° (c = 0.01, 

MeOH). UV λ
max

 (MeOH) nm (log ε): 273 (8.06), 343 (8.02). 
IR υ

max
 (KBr) cm−1: 3385, 2900, 1655, 1595, 1193. For EI-MS, 

1H and 13C NMR data see reference 7.
3,7-Dihydroxy-3′-(4-hydroxy-3-methylbutyl)-5,6,4′-

trimethoxyflavone (4)  Gummy solid. [α]
D

25 = +73.6° (c = 0.02, 
MeOH). UV λ

max
 (MeOH) nm (log ε): 271 (8.25), 340 (8.33). IR 

υ
max

 (KBr) cm−1: 3380, 2905, 1650, 1590, 1190. For EI-MS, 1H 
and 13C NMR data see reference 7.

5,7-Dihydroxy-3′-(2-hydroxy-3-methyl-3-butenyl)-
3,6,4′-trimethoxyflavone (5)  Yellow gummy solid. 
[α]

D
25 = +18.5° (c = 0.01, MeOH). UV λ

max
 (MeOH) nm (log 

ε): 272 (4.41), 338 (4.48). IR υ
max

 (CHCl
3
) cm−1: 3430, 2927, 

1680, 1655, 1600, 1193. For EI-MS, 1H and 13C NMR data 
see reference 8.

3,7-Dihydroxy-3′-(2-hydroxy-3-methyl-3-buten-yl)-
5,6,4′-trimethoxyflavone (6)  Yellow gummy solid. 
[α]

D
25 = +33.3° (c = 0.03, MeOH). UV λ

max
 (MeOH) nm (log 

ε): 272 (4.62), 344 (4.70). IR υ
max

 (CHCl
3
) cm−1: 3425, 2900, 

1684, 1650, 1590, 1190. For EI-MS, 1H and 13C NMR data 
see reference 8.

7-O-α-d-Glucopyranosyl-3,5-dihydroxy-3′-(4′′-acetoxy-3′′-
methylbutyl)-6,4′-dimethoxyflavone (7)  Yellowish gummy 
solid. [α]

D
25 = +27° (c = 0.01, MeOH). UV λ

max
 (MeOH) nm 

(log ε): 273 (4.63), 343 (4.69). IR υ
max

 (KBr) cm−1: 3396, 2925,  
1656, 1597, 1190. For EI-MS, 1H and 13C NMR data see 
reference 20.

In vitro anti-plasmodial activity
The CHCl

3
-soluble fraction and pure compounds were 

tested for anti-plasmodial activities based on the inhibition 
of [3H]hypoxanthine uptake as described in the previously 
established protocol21. Briefly, the CHCl

3
-soluble fraction 

and pure compounds were assayed using an automated 
microdilution technique to determine 50% growth inhibition 
of cultured parasites22,23. Two different strains, chloroquine-
sensitive Sierra Leone I (D6) and chloroquine-resistant 
Indochina I (W2), of Plasmodium falciparum were grown 
as described in the literature22,23. The samples were serially 
diluted across the plate to provide a range of concentrations, 
used to determined IC

50
 values. Plates were incubated in a 

mixed gas incubator for 24 h. [3H]Hypoxanthine was then 
added and parasites allowed to grow for an additional 18 h. 
Cells were processed with a plate harvester (TomTec) onto 
filter paper and washed to eliminate unincorporated iso-
tope. Filters were measured for activity in a microtiter plate 
scintillation counter (Wallac). Data from the counter were 
imported into a Microsoft Excel spreadsheet, which was 
then imported into an Oracle Database program to deter-
mine IC

50
 values. IC

50
 values were calculated from triplicate 

experiments.

Acid hydrolysis of compound 1
A solution of 1 (8 mg) in MeOH (5 mL) containing 1 N HCl 
(4 mL) was refluxed for 4 h, concentrated under reduced 
pressure, and diluted with H

2
O (8 mL). It was extracted with 

EtOAc and the residue recovered from the organic phase was 
found to be an inseparable mixture of products. The aque-
ous phase was concentrated, and d-glucose was identified 
by co-TLC using the solvent system EtOAc:MeOH:H

2
O:HOAc 

(11:2:2:2) and the sign of its optical rotation ([α]
D

20 +52.6°, 
c 0.02, H

2
O). It was also confirmed based on the retention 

time of its tetramethylsilane (TMS) ether (α-anomer 4.1 min, 
β-anomer 7.8 min) compared with a standard in gas chroma-
tography (GC).

Results and discussion

Compound 1 was isolated as a yellowish gummy solid and 
its molecular formula was established as C

28
H

34
O

13
 by a 

[M + H]+ peak at m/z 579.2072 (calcd. for C
28

H
35

O
13

: 579.2077) 
in HR-FAB-MS. It gave a red color in the Shinoda test, indi-
cating it to be a flavonoid24. Negative results in the Quastel 
test indicated the absence of an ortho dihydroxyl moiety25. 
The UV absorption maxima in MeOH at 273 and 340 nm sug-
gested that it was a flavonoid26. The IR spectrum showed the 
aromatic ring at 1597 cm−1, α,β-unsaturated carbonyl group 
at 1656 cm−1, methoxyl groups at 2925 and 1190 cm−1, and 
hydroxyl group at 3396 cm−1.

The 1H NMR spectrum of 1 exhibited an ABX system in 
ring B of the flavonoid, resulting in signals at δ 6.89 (1H, d, 
J = 8.6 Hz, H-5′), 7.80 (1H, dd, J = 8.6, 1.8 Hz, H-6′), and 7.83 
(1H, d, J = 1.8 Hz, H-2′). A singlet at δ 6.51 could be assigned 
to the aromatic proton of ring A22. The signals of two methoxyl 
groups appeared at δ 3.86 (3H, s, MeO-5) and 3.78 (3H, s, 
MeO-6), while the benzylic methylene protons of ring B reso-
nated at δ 2.63 (2H, t, J = 7.1 Hz, H-1′′). The signals of the side 
chain were observed at δ 0.99 (3H, d, J = 6.8 Hz, H-5′′), 1.40 
(2H, m, H-2′′), 1.65 (1H, m, H-3′′), and 3.50 (2H, d, J = 6.5 Hz, 
H-4′′), which identified the side chain as 3′′-methylbutyl. 
The above spectral data showed striking resemblance to 
those of 37, except differing in the presence of the additional 
sugar moiety, which was revealed by a doublet of the ano-
meric proton at δ 5.31 (1H, d, J = 3.6 Hz, H-1′′′). The signals of  
four protons geminal to the hydroxyl groups of the sugar 
appeared at δ 3.56 (1H, t, J = 9.6 Hz, H-4′′′), 3.68 (1H, m, H-5′′′), 
3.85 (1H, t, J = 9.6 Hz, H-3′′′), and 3.98 (1H, dd, J = 9.6, 3.6 Hz, 
H-2′′′) and methylene protons at δ 3.66 (1H, dd, J = 11.1, 
4.6 Hz, H-6′′′a) and 3.77 (1H, dd, J = 11.1, 5.2 Hz, H-6′′′b).

The 13C NMR (broadband (BB) and distortionless enhance-
ment by polarization transfer (DEPT)) spectra of 1 showed a 
total of 28 carbons, with signals of the anomeric carbon at δ 
99.9 and carbonyl carbon at δ 180.2. The assignments of all 
carbons were achieved by HMQC experiment.

Both the 1H and 13C NMR spectra indicated the presence 
of a carbohydrate moiety by the appearance of characteristic 
resonances at δ

H
 5.31 and δ

C
 99.9 (due to anomeric proton 

and carbon, respectively). This was further supported by 
resonances due to other oxygen-bearing carbons at δ 71.1, δ 
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73.0, δ 73.7, δ 74.2, and δ 62.9 in the 13C NMR spectrum. The 
identity of sugar as α-D-glucose was confirmed through com-
parison of the chemical shifts of its carbons with literature 
values27, and was further confirmed through acid hydrolysis, 
which provided glycone identified as D-glucose through the 
sign of its optical rotation ([α]27 + 52.5°) and comparison of the 
retention time of its TMS ether with that of the standard in 
gas–liquid chromatography (GLC). The α-configuration of the 
glucose moiety was assigned on the basis of a small coupling 
constant of the anomeric proton H-1′′′ (J = 3.6 Hz).

The EI-MS spectrum showed a strong fragment peak at 
m/z 416 due to loss of the sugar moiety from the molecule. 
The other characteristic fragments originated from this peak 
at m/z (343 [416 – C

4
H

9
O]+, 342 [416 – C

4
H

8
O]+, 329 [416 – 

C
4
H

8
O–CH

3
]+, 207 [416 – C

10
H

9
O

5
]+, and 152 [416 – C

14
H

16
O

5
]+) 

were similar to those of 37. These fragments confirmed the 
presence of two methoxyl groups and one hydroxyl group on 
ring A of 1, one hydroxyl and the side chain on ring B, and the 
remaining hydroxyl at the C-3 position28. The occurrence of 
benzylic cleavage explained the loss of 73 amu, while the loss 
of 72 amu was due to β-cleavage of the side chain with hydro-
gen transfer to the aromatic nucleus via a 1,6 rearrangement. 
Since this requires at least one free ortho position29, the side 
chain therefore had to be located at either C-3′ or C-4′.

In the HMBC experiment of 1 (Figure 2), the anomeric 
proton at δ 5.31 showed 3J correlations to C-7 (δ 156.0), C-3′′′ 
(δ 73.7), and C-5′′′ (δ 74.2). This confirmed attachment of the 
sugar moiety at the C-7 position. The 2J and 3J connectivities 
of H-1′′ at δ 2.63 with C-3′ (δ 131.2), C-2′′ (δ 34.4), C-2′ (δ 
130.7), and C-4′ (δ 158.3) confirmed the position of the side 
chain at C-3′. The methyl protons of the side chain at δ 0.99 
showed 2J and 3J correlations with C-3′′ (δ 35.2), C-4′′ (δ 68.6), 
and C-2′′ (δ 34.4). The protons at δ 3.50 (H-4′′) correlated with 
C-5′′ (δ 17.3), C-3′′ (δ 35.2), and C-2′′ (δ 34.4). The methoxyl 
group at δ 3.78 exhibited 3J correlation with C-6 (δ 131.2), 
and the other methoxyl group at δ 3.86 showed 3J interaction 
with C-5 (δ 159.8), thereby confirming the position of the two 
methoxyl groups at C-6 and C-5, respectively.

The carbons at positions C-5, C-7, and C-9 were assigned 
through HMQC and HMBC experiments. The H-8 proton 
at δ 6.51 showed 2J correlations with C-7 (δ 156.0) and C-9 
(δ 153.7) and 3J correlations with C-6 (δ 131.2) and C-10 (δ 
106.3). The other aromatic protons of ring B also showed 
HMBC interactions: the proton at δ 6.89 (H-5′) coupled with 

C-4′ (δ 158.3), C-3′ (δ 131.2), and C-1′ (δ 122.3), the proton at 
δ 7.83 (H-2′) coupled with C-4′ (δ 158.3), C-2 (δ 154.7), C-1′′ 
(δ 28.1), and C-6′ (δ 128.5), and the proton at δ 7.80 (H-6′) 
showing correlations with C-4′ (δ 158.3), C-2 (δ 154.7), and 
C-2′ (δ 130.7). All the ongoing data confirmed the structure 
of compound 1 as 7-O-α-d-glucopyranosyl-3,4′-dihydroxy-
3′-(4-hydroxy-3-methylbutyl)-5,6-dimethoxyflavone.

Compound 2 was obtained as a yellowish gummy 
solid, molecular formula C

37
H

40
O

15
 by [M + H]+ peak at  

m/z 725.2439 in HR-FAB-MS spectrometry (calcd. for 
C

37
H

41
O

15
: 725.2445). Its IR spectrum showed similar absorp-

tions to 1, plus additional resonances due to an ester group 
(1732 and 1250 cm−1).

The 1H and 13C NMR spectra of 2 (Table 1) were almost 
identical to those of 1, except differing in having additional 
characteristic signals for the p-hydroxycinnamoyl moiety 
(aromatic protons showing AA′, BB′ pattern with δ 7.40 (2H, d, 
J = 8.0 Hz) and δ 6.89 (2H, d, J = 8.0 Hz); trans olefinic protons 
at δ 7.51 (1H, d, J = 15.9 Hz) and δ 6.41 (1H, d, J = 15.9 Hz)). 
The 13C NMR spectrum of 2 showed additional signals due to 
the ester carbonyl group (δ 165.7), olefinic C-atoms (δ 144.7, 
117.0), oxygenated aromatic C-atom (δ 159.3), and aromatic 
C-atoms (δ 125.9, 130.2 × 2, 116 × 2).

The EI mass spectrum of 2 showed prominent peaks at m/z 
577 and 561, arising from the loss of p-hydroxycinnamoyl and 
p-hydroxycinnamate moieties, respectively. The remaining 
fragmentation pattern was similar to that of 1.

Comparison of the NMR spectroscopic data of 1 and 2 
revealed a downfield shift for the sugar-OCH

2
 1H and 13C NMR 

signals of 2, indicating that the p-hydroxycinnamoyl moiety 
was attached at the 6′′′-O-atom of the glucosyl moiety. This 
was further confirmed by 3J HMBC correlations of CH

2
 (6′′′) 

to the ester carbonyl moiety at δ (C) 165.7. Thus, the structure 
of 2 was identified as 7-O-α-d-glucopyranosyl (6′′′-p-hydro-
xcinnamoyl)-3,4′-dihydroxy-3′-(4-hydroxy-3-methylbutyl)-
5,6-dimethoxyflavone.

The structures of the known compounds (3–7) were estab-
lished by comparison of their spectral data with literature 
values7,8,20.

The two new flavonoid glycosides (1, 2) and the known 
flavonoids (3–7) described in this study were tested for 
anti-plasmodial activities against the chloroquine-sensitive 
(D6) and chloroquine-resistant (W2) strains of Plasmodium 
falciparum. Activities were observed for all of the tested 
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Figure 2.  Important HMBC correlations of 1.

Table 2.  In vitro IC
50

 values of flavonoids (1–7) against W2 and D6 strains 
of P. falciparum.

Flavonoid

IC
50

 (μM)

D6 W2

1 12.3 ± 1.4 12.9 ± 1.6

2 9.7 ± 1.2 9.2 ± 0.9

3 5.2 ± 1.7 5.9 ± 1.4

4 6.4 ± 1.5 7.0 ± 1.2

5 6.9 ± 1.1 6.7 ± 1.5

6 8.6 ± 0.9 8.3 ± 1.3

7 13.5 ± 1.7 13.1 ± 1.4

Chloroquine 0.008 ± 0.004 0.09 ± 0.003

Quinine 0.06 ± 0.03 0.29 ± 0.02
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compounds (1–7) (Table 2), with IC
50

 values in the range 
5.2–13.5 μM and 5.9–13.1 μM for D6 and W2 strains of 
Plasmodium falciparum, respectively. These flavonoids 
appeared to be responsible for the observed anti-plasmodial 
activities of the crude CHCl

3
-soluble fraction of the whole 

plant of Duranta repens.
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