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Abstract

A new antifungal flavanone, muscanone (1), was isolated along with known naringenin (2) from Commiphora wightii (Arn.)

Bhandari (Burseraceae) by directing the fractionation of an EtOH extract of the air-dried trunk of C. wightii with microbial sensi-
tivity assay. The structures of 1 and 2 were determined from EIMS, HREIMS, DEPT, 1H–1H COSY, HSQC and HMBC spectral
data. Muscanone (1) was identified as 3-O-(100, 800,1400-trimethylhexadecanyl)naringenin and was found to be active against Candida

albicans. The isolation, structure elucidation, NMR spectral assignments, and bioactivities of 1 and 2 are reported.
# 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Commiphora wightii (Arn.) Bhandari (Syn. C. mukul
Hook ex Stocks) Engl. (Burseraceae) is a prostrate and
spiny shrub with a whitish bark. It has serated, non-
hairy and trifoliate leaflets. It is thus distinct from
Commiphora foliacea, Commiphora habessinica and
Commiphora gileadensis (Miller and Morris, 1988),
which are also found in the Sultanate of Oman. The
Dhofaris in the southern part of Oman use Commiphora
plants to disinfect wounds and also as an anthelmintic
and hair shampoo (Miller and Morris, 1988). The
application of a lotion prepared from the bark of Com-
miphora plants to treat skin conditions such as impetigo,
eczema and shingles motivated us to investigate
C. wightii for antifungal components. Many groups
have studied the phytochemistry of the genus Commi-
phora and found dammarane triterpenes (Dekebo et al.,
2002; Waterman and Ampoto, 1985), ferulates (Zhu et
al., 2001), furanosesquiterpenes (Brieskorn and Noble,
1983; Manguro et al., 1996; Maradufu, 1982; Ubillas et

al., 1999), mansumbinane derivatives (Provan et al.,
1992), steroids (Bajaj and Dev, 1982), lanostenols (Pro-
van and Waterman, 1988), sesquiterpenes (Andersson et
al., 1997; Dolara et al., 2000), oxygenated alkanes
(McDowell et al., 1988), guggulsterones (Swaminathan
et al., 1987), guggutetrols (Kumar and Dev, 1987), and
lignans (Provan and Waterman, 1985). We report here
the isolation of a new flavanone, muscanone (1), and
known naringenin (2) from the air-dried trunk of
C. wightii, and their bioactivity on Candida albicans.
Previously, flavonoids with antimicrobial properties
have been isolated from the Leguminosae (Harborne,
1999) and Cactaceae (Pare et al., 1991) families.

2. Results and discussion

A portion of the EtOH extract of air-dried trunk of
C. wightii was fractionated by solvent–solvent partition
between CHCl3 and H2O, followed by further fractio-
nation of the CHCl3 soluble residue between 10% aqu-
eous MeOH and hexane. The residue obtained on
evaporation of the aqueous MeOH fraction constituted
ca. 80% of the EtOH extract. It was lethal to brine
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shrimp larvae (BST LC50=196 mg/ml) but inactive
against Candida albicans, Staphylococcus aureus, and
Streptococcus pyogenes at 1000 mg/ml. The separation
achieved by this procedure did not lead to the enrich-
ment of the antifungal component in the aqueous
methanol fraction. As a result, another portion of the
EtOH extract was submitted to CC over silica gel to
give seven combined fractions. Fractions 4 and 5, eluted
with CHCl3–EtOAc (1:1) and EtOAc, were active
against Candida albicans, Staphylococcus aureus, and
Streptococcus pyogenes at 500 mg/ml. The active frac-
tions were combined and further separated on silica gel
column to give 1 and 2.

Muscanone (1) was obtained as a brownish solid. The
EIMS spectrum of 1 gave a molecular ion at m/z 554
[M]+, which was established as C34H50O6 on the basis
of HREIMS. This also suggested the presence of 10
unsaturated equivalents in the structure of 1. The IR
spectrum shows absorptions due to hydroxyl, carbonyl
and aromatic groups. The presence of a naringenin
substructure in 1 was demonstrated by UV absorptions
at 214, 292, 225, and 337 nm, respectively (Harborne,
1998). A comparison of the 1H NMR and 13C NMR
data of 1 and 2 (Table 1) showed some similarities and
differences. The pattern of the aromatic signals of the
two compounds are similar, thus further suggesting a
40,5,7-trihydroxyflavanone nucleus for muscanone (1).
The resonance of H-3 in compound 1 was observed at �
5.09 (1H, d, J=11.6 Hz) but the H-3 atoms of 2 reso-
nated as two signals at � 3.17 (1H, dd, J=17.0, 13.0
Hz), � 2.70 (1H, d, J=17.0 Hz), respectively. The mul-
tiplicity and the chemical shift of H-3 in 1 as compared
with 2 indicated the presence of an alkoxy substituent at
C-3 of 1. A cluster of overlapping signals was observed
at � 0.80–1.10, 1.20–1.40, 1.60–1.90, and 5.13 in the 1H
NMR of 1. These signals were attributed to the C19

ether side chain. The 13C NMR spectrum of 1 indicated
the presence of 13 sp2 carbons (one of which is a ketone
carbon), 12 methylene, four methyl, three methinoxy
and two methine groups. The DEPT and HSQC NMR
spectra partially established a saturated substructure for
the C19 ether side chain. The signal at �c 69.8 (C-100)

showed cross-peaks to the signals at � 5.13 (1H, m,
H-100), and the signals at �c 34.0 (C-800) and 34.5 (C-1400)
also showed cross-peaks to the overlapping signals of
H-800 and H-1400 between � 1.20 and 1.40. The presence
of a 9,15-dimethyl-2-heptadecanoxy moiety at C-3 was
further supported by the fragmentation pattern (Fig. 1)
of 1 in the EIMS, and by the connectivity observed in
the HMBC spectrum. Compound 1 gave a molecular
ion peak at m/z 554 [M]+ in the EIMS. The cleavage of
the oxygen-alkyl ether bond and the protonation of the
resulting ion gave m/z 288. The removal of ring B, cor-
responding to 93 amu, from the molecular ion and the
truncation of the side chain led to a mass spectral frag-
ment at m/z 434. The presence of the peaks at m/z 402,
401, 153, 152 and 94 unambiguously showed that the
C19 moiety is not tethered to ring A or B in compound
1. The peaks at m/z 401 and 153 were formed by retro

Table 1
1H and 13C NMR of compounds 1 and 2

Entry 1 2

�H (J in Hz)a �C DEPTb �H (J in Hz)a �C DEPTb

1

2 4.66 (11.6, d) 72.2CH 5.45(13.0, d) 79.0 CH

3 5.09 (11.6, d) 83.4CH 3.17(17.0, 13.0, dd)42.6 CH2

2.70(17.0, d)

4 197.3 196.3

5 164.1 164.4

6 5.99 (s) 96.2CH 5.96(s) 95.9 CH

7 166.9 166.4

8 5.95 (s) 95.1CH 5.96(s) 95.9 CH

9 163.3 163.5

10 100.6 102.3

10 128.2 128.1

20 7.43 (8.1, d) 129.3CH 7.40(7.6, d) 129.9 CH

30 6.91 (8.1, d) 115.0CH 6.91(7.6, d) 115.3 CH

40 157.9 157.8

50 6.91 (8.1, d) 115.0CH 6.91(7.6, d) 115.3 CH

60 7.43 (8.1, d) 129.3CH 7.40(7.6, d) 129.9 CH

100 5.13 (m) 69.8CH

200 1.30–1.40 (m) 36.8CH2

300 0.80–1.10 (m) 24.3CH2

400 0.80–1.20 (m) 31.1CH2

500 0.80–1.20 (m) 31.1CH2

600 0.80–1.20 (m) 27.4CH2

700 1.30–1.40 (m) 35.5CH2

800 1.20–1.40 (m) 34.0CH

900 1.30–1.40 (m) 35.4CH2

1000 0.80–1.20 (m) 27.2CH2

1100 0.80–1.20 (m) 31.5CH2

1200 0.80–1.20 (m) 26.9CH2

1300 1.30–1.40 (m) 35.0CH2

1400 1.20–1.40 (m) 34.5CH

1500 1.20–1.40 (m) 30.3CH2

1600 0.88 (6.3, t) 17.8CH3

100-CH3 1.62 (6.7, d) 24.9CH3

800-CH3 1.00 (9.6, d) 20.3CH3

1400-CH30.97 (9.6, d) 19.9CH3

a Assigned by 1H–1H COSY.
b Protonated carbons assigned by HSQC.
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Diels-Alder cleavage of ring C (Fig. 1), and the peak at
m/z 94 was derived from a cleavage of the carbon–car-
bon bond between ring B and C followed by a proto-
nation of the resulting phenoxyl ion. The ion at m/z 402
lost 93 amu or ring B and two 42 amu to give peaks at
m/z 309, 267 and 225. Further fragmentation of the ion
at m/z 225 by successive lost of five methylene groups
resulted in peaks at m/z 211, 197, 183, 169 and 155,
respectively. Long-range connectivity of � 5.09 (H-3)
with �c 69.8 (C-100) and that of � 5.13 (H-100) with �c 24.3
(C-300) were discerned in the HMBC NMR. In addition,
connectivity of signals at � 1.62 (100-CH3) with �c 69.8
(C-100), at � 1.00 (800-CH3) with �c 35.5 (C-700) or �c 35.4
(C-900), at � 0.97 (1400-CH3) with �c 35.0 (C-1300) or �c 30.3
(C-1500), and also at � 0.88 (1600-CH3) with �c 35.4 (C-1400)
were observed. Therefore, 1 was identified as 3-O-(100, 800,
1400-trimethylhexadecanyl)naringenin, and its complete
1H NMR and 13C NMR data are given in Table 1.

Compound 2, C15H12O5, had 13C NMR character-
istics that are consistent with those of naringenin
(Breitmaier and Voelter, 1990). It gave the expected
molecular ion at m/z 272 [M]+ in the EIMS. Table 1
shows the 1H and 13C NMR spectral data of 2. After the
assignments of the UV, IR, 1D and 2D NMR spectral
data, it was possible to establish that 2 is a 40,5,7-trihy-
droxyflavanone.

The two isolates were tested for antifungal activity
against Candida albicans. The new flavanone, musca-
none (1) inhibited the growth of C. albicans at 250 mg/

ml. Naringenin (2) did not. Flavanones with stronger
antifungal properties have previously been isolated from
plants (Miles et al., 1991). Our result is of interest to us
from structure–activity considerations and medicinal
uses of C. wightii.

3. Experimental

3.1. General

Melting points were determined on a Gallenkamp
apparatus and were uncorr. UV was recorded on a
UV–visible HP-8453 spectrophotometer. IR was mea-
sured on a Nicolet FT-IR spectrometer. 1H and 13C
NMR (DEPT, 1H–1H COSY, HSQC and HMBC) were
recorded on Brüker Avance 400 spectrometer at 400
and 100.58 MHz, respectively with TMS as internal
standard. EIMS (70 eV) and HREIMS (3.0 KV) were
obtained with Jeol JMS-SX102A. Kieselgel (Riedel-
deHaen) 70-230 mesh, was used for CC and Whatman
precoated silica gel (60A K6F) plates were used for
TLC. TLC bands were visualized under UV lamp or by
spraying with vanilline-H2SO4 followed by heating.

3.2. Plant material

Thick and spiny branches or trunks of C. wightii were
collected from a hill opposite the gate of PDO Staff

Fig. 1. EIMS fragmentation pattern of compound 1.
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Club, Qurum, Muscat in September 1999. A specimen
of the trunk is preserved at Sultan Qaboos University
Herbarium, Oman.

3.3. Extraction and isolation

Air-dried trunks of C. wightii (800 g) were milled and
extracted at room temperature by maceration with
EtOH (5.0 l) for 2 weeks. The extract was concentrated
under reduced pressure to give a residue (62 g). A por-
tion of the extract (25 g) was fractionated between water
(400 ml) and chloroform (400 ml). The residue from the
chloroform fraction was partitioned between hexane
(400 ml) and 10% aqueous MeOH (400 ml). On eva-
poration, the aqueous methanol fraction gave a residue
of 20.6 g, which was inactive at 1000 mg/ml against
Candida albicans. A second portion of the the EtOH
extract (24 g) was chromatographed on silica gel (130 g)
and eluted successively with solvents to give fractions
and residues shown in parenthesis: hexane (0.33 g);
CHCl3–hexane, 1:1, (0.17 g); CHCl3 (0.96 g); CHCl3–
EtOAc, 1:1, (3.11 g); EtOAc, (0.22 g); EtOAc–EtOH,
3:1, (12.53 g); and EtOAc–EtOH, 1:1, (0.27 g). Frac-
tions 4 and 5 eluted with CHCl3–EtOAc, (1:1) and
EtOAc were active against Staphylococcus aureus,
Streptococcus pyogenes and Candida albicans at 500 mg/
ml. Fractions 4 and 5 were combined to give a residue
(3.33 g), which was further chromatographed on silica
gel (50 g) and eluted with increasing polarity of hexane–
EtOAc mixtures to give 13 fractions. Fraction 5, eluted
with Hexane–EtOAc (4:1), gave Naringenin (2) (330
mg) with Rf value of 0.75 (Eluent EtOAc�hexane, 2:1).
Fraction 7 eluted with Hexane–EtOAc (6.5:3.5), gave
muscanone (1) (144 mg) with Rf value of 0.63 (Eluent
EtOAc–hexane, 2:1).

3.4. Muscanone (3-O-(100, 800, 1400-trimethylhexadecanyl)
naringenin) (1)

Brownish solid. mp 124–126 �C; IR �KBr
max cm�1: 3424,

2926, 1731, 1645, 1473, 1259, 1164, 829; UV lEtOH
max nm

(log "): 214 (3.4), 225 (2.4), 292 (2.2), 337 (1.6); EIMS
(rel. int.): 554 [M]+ (13); 434 (62); 418 (30); 402 (12);
401 (25); 309 (10); 267 (10); 288 (25); 259 (53); 225 (19);
197 (13); 183 (22); 169 (22); 157 (25); 155 (22); 153 (100);
131 (40); 94 (55); 53 (12); 18 (20). HREIMS m/z
554.3585 (calc. for C34H50O6 554.36074). 1H and 13C
NMR spectral data in acetone-d6 are given in Table 1.

3.5. Brine shrimp lethality test (BST)

Fractions were evaluated for lethality to brine shrimp
using standard protocols (Meyer et al., 1982;
McLaughlin, 1991). In this test a drop of DMSO was
added to vials of the test and control substances to
enhance the solubility of test materials.

3.6. Antifungal assay

Antimicrobial sensitivity test was performed using a
standard agar-dilution-streak method (Mitscher et al.,
1972, 1984). C. albicans, S. aureus, and S. pyogenes
clinical isolates used were from laboratory stock cul-
tures. After culturing one or two microbiological loop
of the organisms in tryptone soya broth (10 ml) (Oxoid)
at 37 �C for 24 h, 1 ml of a suspension of C. albicans
and 100 ml of other organisms were separately diluted in
10 ml sterile saline and used to streak tryptone soya
agar (Oxoid) plates containing test samples, negative
controls and positive controls containing streptomycin
and ketoconazole, respectively. All extracts were dis-
solved in DMSO. The concentration of test sample that
inhibited each of the organisms, after incubation at
37 �C for 24 h was determined by serial 2-fold dilutions.
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