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NOTE

Structural determination of daphnecin, a new coumarinolignan from
Daphne mucronata

Muhammad Azam Rasoola, Rehan Khana, Abdul Malika*,

Nazia Bibib and Shahana Urooj Kazmib

aInternational Center for Chemical and Biological Sciences, H.E.J. Research Institute of Chemistry,
University of Karachi, Karachi 75270, Pakistan; bImmunology and Infectious Disease Research

Laboratory, Department of Microbiology, University of Karachi, Karachi 75270, Pakistan

(Received 19 November 2009; final version received 10 January 2010)

Daphnecin (1), a new coumarinolignan, has been isolated from the ethyl acetate-
soluble fraction of Daphne mucronata along with three known compounds, aquillochin
(2), umbelliferone (3), and coumarin (4). Their structures were determined by
spectroscopic studies.
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1. Introduction

The family Thymelaeaceae comprises 15

genera and 500 species. In Pakistan, it is

represented by five genera, one of which is

Daphne. It is well known as a source of a

wide range of bioactive secondary meta-

bolites, particularly coumarins [1,2], flavo-

noids [2–4], lignans [5], triterpenoids [2],

and coumarinolignans [6]. The roots and

leaves of most species of Daphne are used

as an abortifacient in traditional Chinese

medicine. These were also used for the

treatment of ulcer, rheumatism, and tooth-

ache. The bark is used as a remedy for

diseases of bone. Daphne mucronata

occurs in the northern areas of Pakistan

[7]. The decoction of its leaves is used for

the treatment of inflammation and arthritis.

Previously, ursolic acid, oleanolic acid,

vergatic acid, a-amyrin, b-sitosterol,

caryatin, pachypodol, apigenin, daphnero-

tin, umbelliferone, coumarin, p-hydroxy-

benzoic acid, and vanillic acid [8] have

been reported from this species. The

chemotaxonomic and ethnopharmaco-

logical importance of the genus Daphne

prompted us to carry out phytochemical

studies on D. mucronata. As a result,

we herein report the isolation and struc-

tural elucidation of a new coumarino-

lignan named as daphnecin (1) (Figure 1),

along with aquillochin (2) [9], umbellifer-

one (3) [10–12], and coumarin (4) [13],

respectively.

2. Results and discussion

The ethyl acetate-soluble fraction of the

methanolic extract of the whole plant of

D. mucronata was subjected to a series of

column chromatographic techniques to

obtain compounds 1–4 and their structures

were established by UV, IR, MS, and

NMR spectroscopies.

Daphnecin was isolated as a light

yellow amorphous solid, ½a�25D þ2

(c ¼ 0.3 in MeOH). It gave violet
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coloration with FeCl3. The molecular

formula C20H18O9 was established by

HR-FAB-MS showing an [MþH]þ peak

at m/z 403.1027, having 12 degrees of

unsaturation. The molecular formula was

supported by broadband and distortionless

polarization transfer 13C NMR spectra,

which showed the presence of 2 methyl, 1

methylene, 7 methine, and 10 quaternary

carbons. The IR spectrum showed the

presence of the hydroxyl group

(3450 cm21), conjugated carbonyl

(1710 cm21), CvC (1620 cm21), and

ZOCH3 (1225 cm21). The UV spectrum

showed a maximum at 324 nm, which is

characteristic of a coumarin [9]. The EI-

MS gave a peak at m/z 384 [Mþ2H2O]

and the most abundant Retro-Diels-Alder

fragment ion at m/z 210, which is common

to aquillochin [9]. This was also supported

by the fragment at m/z 167 due to the

cation C9H11O3 [9]. The fragment at m/z

194 is 14 a.m.u. lower than that of

aquillochin, revealing the demethylation

of the coumarin unit in daphnecin [9]. The

double bond signals in the 1H NMR

spectrum at d 7.70 (1H, d, J ¼ 9.5Hz, H-4)

and 6.38 (1H, d, J ¼ 9.5Hz, H-3), the

signal at d 6.62 (1H, s), as well as the signal

at d 160.5 in the 13C NMR spectrum indic-

ated the presence of a 6,7,8-trioxygenated

coumarin skeleton [14–21]. A singlet at d

3.81 (6H, 2£OCH3) and another singlet at d

7.18 integrating for two aromatic protons

indicated the presence of a symmetrical

30,50-dimethoxy-40-hydroxyphenyl

group. A three-carbon sequence,

CH(O)CH(O)CH2OH, was deduced by

the presence of a doublet at d 5.59 (1H, d,

J ¼ 8.1Hz, H-70), a multiplet at d 4.43 (1H,

m, H-80), and geminally coupledmethylene

protons at d 4.31 (1H, dd, J ¼ 12.7, 7.5 Hz,

Ha-90) and 3.96 (1H, dd, J ¼ 12.7, 3.5 Hz,

Hb-90), as well as the presence of carbon

signals at d 77.9 (C-70), 80.1 (C-80), and

60.8 (C-90). The HMBC correlations

(Figure 2) confirmed the presence of these

groups. In the HMBC spectrum, the long-

range correlations between the proton

signal at d 5.59 (H-70) and carbon signals

at d 106.4 (C-20) and 106.4 (C-60) suggested

that the three-carbon sequence was

attached to the 30,50-dimethoxy-40-hydro-

xyphenyl group. It could be confirmed by

the prominent fragment at m/z 210 due to

Retro-Diels-Alder fragmentation [6].

According to the molecular formula of 1,

the double bond equivalent should be 12,

which indicated the presence of an

additional ring beside the coumarin ring

and 30,50-dimethoxy-40-hydroxyphenyl

moiety in the structure. Since seven oxygen
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Figure 1. Structure of daphnecin (1).
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Figure 2. Important HMBC correlations of
daphnecin (1).
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atoms have already been accounted for, the

remaining two oxygen atoms constitute the

dioxane ring as in the case of aquillochin

[9]. The stereochemistry at C-70 and C-80

was assigned asR and S, respectively, as the

coupling constant between H-70 and H-80

and the chemical shifts of H-70, H-80, and

H-90, as well as their corresponding carbons

were closely comparable to those of

nitidanin [22] and grewin [23]. The large

coupling constant (8.1Hz) is caused by the

inflexible trans stereochemistry between

H-70 and H-80. The lone proton in the

coumarin skeleton was assigned to C-5

based on the HMBC correlations, allowing

us to assign the hydroxyl group to C-6.

Based on these evidences, daphnecin was

assigned the structure shown in Figure 1.

3. Experimental

3.1 General experimental procedures

Melting points were determined on a

Gallenkamp apparatus and are uncor-

rected. Optical rotations were measured

on a JASCO DIP-360 polarimeter. UV

spectra were recorded on a Hitachi

UV-3200 spectrophotometer. The IR spec-

trum was recorded on a JASCO 302-A

spectrometer. The EI-MS was recorded on

a Finnigan MAT 12 spectrometer and ions

are given in m/z (%). Positive-mode FAB-

MS was recorded on a Jeol JMS-DA-500

mass spectrometer. The 1H and 13C NMR

spectra were recorded on a Bruker AM 400

NMR spectrometer. Column chromatog-

raphy was carried out using silica gel

(230–400 mesh; E. Merck, Darmstadt,

Germany). TLC was performed with silica

gel plates (Si 60 F254; E. Merck) and

detection was done at 254 nm, and by

spraying with ceric sulfate in 10% H2SO4.

3.2 Plant material

The whole plant material of D. mucronata

Royle was collected from Gilgit District

near Haramosh (NWFP) in July 2006 and

identified by Prof. Dr Surraiya Khatoon,

Plant Taxonomist, Department of Botany,

University of Karachi, Karachi, Pakistan,

where a voucher specimen (45G.H. No.

67894) has been deposited.

Table 1. 1H NMR (400MHz) and 13C NMR (100MHz) spectral data of compound 1 (C5D5N).

Position dC dH (mult., J, Hz)

2 160.5 –
3 113.3 6.38 (1H, d, J ¼ 9.5)
4 144.5 7.70 (1H, d, J ¼ 9.5)
5 101.5 6.62 (1H, s)
6 145.5 –
7 136.8 –
8 131.4 –
9 144.3 –
10 113.7 –
10 126.6 –
20 106.4 7.18 (1H, s)
30 147.9 –
40 138.5 –
50 147.9 –
60 106.4 7.18 (1H, s)
70 77.9 5.59 (1H, d, J ¼ 7.9)
80 80.1 4.43 (1H, m)
90 60.8 90a 4.31 (1H, dd, J ¼ 12.7, 7.5)

90b 3.96 (1H, dd, J ¼ 12.7, 3.5)
30-OMe and 50-OMe 56.5 3.81 (3H, s)
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3.3 Extraction and isolation

The shade-dried whole plant material

(10 kg) was extracted with CH3OH (3£

50 liters) at room temperature. The com-

bined methanolic extract was evaporated

under reduced pressure to obtain a thick

gummy mass (400 g). It was suspended in

water and successively extracted with

n-hexane, ethyl acetate, and n-butanol.

The EtOAc-soluble fraction (100 g) was

subjected to column chromatography

eluted with CHCl3, CHCl3–MeOH, and

MeOH in increasing order of polarity to

obtain three fractions (A–C). Fraction A

obtained from CHCl3–MeOH (9.0:1.0)

was a mixture of two components, which

were separated by column chromatog-

raphy using the solvent system CHCl3–

MeOH (9.3:0.7) to afford compounds 3

(8mg) and 4 (10mg) from the top and the

tail fractions, respectively. Fraction B

obtained from CHCl3–MeOH (8.5:1.5)

was further purified by column chroma-

tography eluted with CHCl3–MeOH

(8.5:1.5) to afford compound 1 (6mg).

Fraction C obtained from CHCl3–MeOH

(7.8:2.2) was rechromatographed and

eluted with CHCl3–MeOH (7.8:2.2) to

afford 2 (5mg).

3.3.1 Daphnecin (1)

Light yellow amorphous solid; ½a�25D þ2

(c ¼ 0.3 in MeOH); UV (MeOH) lmax

(nm): 324; IR (KBr) nmax (cm21): 3450,

1710, 1620, 1574, 1420, 1225, 1155; 1H

NMR (C5D5N, 400MHz) and 13C NMR

(C5D5N, 100MHz) spectral data, see

Table 1; EI-MS m/z (rel. int. %): 384

(12) [M218]þ, 210 (100), 194 (16), 167

(60), 161 (8), 121 (25), 92 (25), 77 (30);

HR-FAB-MS m/z: 403.1027 [MþH]þ

(calcd for C20H19O9, 403.1029).
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