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Two New Sesquiterpenes from Myrrh
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Two new sesquiterpenes, named 9-methoxymyrrhone (1) and rel-(15,28,3R,4S)-1,2-epoxy-3-methox-
yfuranogermacr-10(15)-en-6-one (2), together with nine known compounds (3-11), were isolated from
the resin of Commiphora opobalsamum. The structures were established by HR-ESI-MS, 1D-, and 2D-
NMR spectroscopic analyses.

Introduction. — Myrrh, one of the oldest herbal medicines and flavoring agents, is
the oleo-gum-resin obtained from trees of Commiphora species of the Burseraceae
family. As a traditional Chinese medicine, its main effect is to relieve painful swelling
and pains due to blood stagnation, traumatic injury, or other kinds of wounds [1]. It is
known as a rich source of secondary metabolites, such as sesquiterpenes, triterpenes,
steroids, and lignans [2—-8]. The contemporary pharmacology research showed that
myrrh and its constituents possess various bioactivities, such as cytotoxic, antifungal,
antibacterial, antalgic, antioxidant, and anti-inflammatory properties [9-11].

As part of our ongoing search for chemical constituents of myrrh, two new
sesquiterpenes, 9-methoxymyrrhone (1) and rel-(15,25,3R,45)-1,2-epoxy-3-methoxy-
furanogermacr-10(15)-en-6-one (2), along with the nine known compounds (3-11;
Fig. 1), were obtained from the CH,Cl, extract of the resin of Commiphora
opobalsamum. Herein, the isolation and structure determination of 1 and 2 are
reported.

Results and Discussion. - Compound 1 was obtained as colorless needles (CH,Cl,).
The molecular formula was determined as C,;;H;305 by the guasi-molecular-ion peak
(m/z 281.1139 ([M + Na]™; calc. 281.1154)) in the positive-ion mode HR-ESI-MS, and
implied eight degrees of unsaturation. 'H-NMR (600 MHz, CDCl;) spectroscopic
analysis revealed the presence of a sesquiterpene, endowed with a pentasubstituted
benzofuran unit (60(H) 7.38 (¢, /=12, 1 H)), three Me groups (1.17 (d, /=6.0, 3 H),
241 (d, J=12, 3H), 2.61 (br. s, 3H)), and one MeO group (3.99 (s, 3H)). The
BC-NMR (150 MHz, CDCl,) spectrum indicated 16 C-atoms, including four Me (three
Me (6(C) 11.2,13.8, 21.5) and one MeO (6(C) 60.8)), one C=0 C-atom (6(C) 200.1),
eight aromatic C-atoms (0(C) 117.2, 125.6, 127.5, 128.9, 135.4, 142.0, 142.3, 150.0), and
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Fig. 1. Structures of compounds 1-11

three aliphatic C-atoms (6(C) 30.0, 35.3, 48.9). These data, together with eight degrees
of molecular unsaturation, indicated that compound 1 was a close analogue of
myrrhone (3) [12], a well-known compound isolated from myrrh, with the difference of
the presence of a MeO group and the lack of one aromatic H-atom signal in 1. The
location of the MeO substituent was elaborated by an HMBC between the MeO signal
at 0(H) 3.99 and C(9) (6(C) 142.3) (Fig. 2). The completely assigned 'H- and
BC-NMR signals are shown in the Table. Therefore, compound 1 was determined as 9-
methoxymyrrhone.

Compound 2 was isolated as a colorless oil, and the quasi-molecular-ion peak at m/z
299.1248 ([M + Na]*) in the HR-ESI-MS established the molecular formula C;¢H,,O,,
indicating seven degrees of unsaturation. 'H-NMR (400 MHz, CDCl;) spectrum of 2
exhibited signals due to one terminal C=C bond (6(H) 5.16 (br. s, 1 H), 4.95 (br. s,
1 H)), two Me groups (1.09 (d,/=6.6,3 H), and 2.05 (d,J =1.0,3 H)), one MeO group
(3.52 (s, 3H)), and one downfield olefin H-atom at 6(H) 7.06 (¢, /=10, 1 H). The
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Fig. 2. Key HMBCs (H—C) of 1
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Table. 'H- and *C-NMR Data of 1 and 2. d in ppm, J in Hz

Position  1%) 2%)
6(H) 6(C)  S6(H) 5(C)
1 1275 291 (br. 5) 56.0
2 200.1 2.36 (dd,J=8.9,2.1) 65.8
3 2.71-2.73 (m), 2.35-2.38 (m) 489  2.46 (d,J—89) 86.1
4 2.33 30.0 2.18-2.24 (m) 34.6
5 348-3.51 (m), 2.82 (dd, J—=162,102) 353  2.70-2.76 (m), 2.30-2.34 (m) 521
6 135.4 201.0
7 125.6 129.0
8 150.0 153.9
9 1423 345 (br. d, J—14.5),2.66 (d, J=145) 375
10 128.9 141.0
11 117.2 117.8
12 7.38 (¢, J=12) 1420 7.06 (¢, J=1.0) 138.7
Me(13) 241 (d, J=12) 112 2.05(d,J=10) 9.6
Me(14) 117 (d,J=6.0) 215 109 (d,J—6.6) 183
Me(15)  2.61 (br. s) 138 5.16 (br. s), 4.95 (br. 5) 112.8
MeO  3.99 (s) 608  3.52(s) 595

) 600 and 150 MHz in CDCl,. ) 400 and 100 MHz in CDCl,.

BC-NMR spectrum displayed 16 C-atom signals, which were assigned by a DEPT
experiment as two Me, one MeO group, two aliphatic and one olefinic CH, groups, four
aliphatic and one olefinic CH groups, four olefinic C,-atoms, and one C=0 C-atom,
suggesting that 2 was a furanosesquiterpene. The NMR data of 2 exhibited close
similarity to those of rel-(15,25,4R)-1,2-epoxy-furanogermacr-10(15)-en-6-one (5) [13],
except for an extra MeO group, which was located at C(3), as confirmed by the
HMBC correlation MeO/C(3). The relative configuration of 2 was determined by the
similarity of the coupling constants compared to those of 5. This contention was
confirmed by the NOESY correlations between H-C(1) (6(H) 2.91)/H—C(3) (6(H)
2.46), H-C(2) (6(H) 2.36)/MeO (6(H) 3.52), H-C(3) (6(H) 2.46)/Me(14) (6(H)
1.09), respectively (Fig. 3). Therefore, the structure of 2 was elucidated as rel-
(185,28,3R ,45)-1,2-epoxy-3-methoxyfuranogermacr-10(15)-en-6-one, its absolute con-
figuration remaining to be determined.

Fig.3. Key 'H,'H-COSY (=), HMBC (H— C), and NOESY (H < H) correlations of 2
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The known compounds were identified as myrrhone (3) [12], agarsenone (4) [14],
rel-(18,25,4R)-1,2-epoxyfuranogermacr-10(15)-en-6-one (5) [13], (1(10)E2R* 4R*)-2-
methoxy-8,12-epoxygermacra-1(10),7,11-trien-6-one (6) [15], (1(10)E,2R* 5R*)-2-me-
thoxy-5-acetoxyfuranogermacr-1(10)-en-6-one (7) [16], rel-(1E,3R,4S)-methoxy-4-fur-
anogermacra-1,10(15)-dien-6-one (8) [13], myrrhanolides B and C (9) [17], 2a-
methoxy-8a-hydroxy-6-oxogermacra-1(10),7(11)-dien-12,8-olide (10) [18], and alismol
(11) [19] by various spectroscopic analyses and comparison with the data reported in
the literature.

We are grateful to Mr. Y. Sha and Mrs. W. Li for measurements of the NMR data and Prof. Q.-S. Sun
for material identification. Financial support of the National Natural Science Foundation of China (Grant
No. 81172958) and Training Programs of Innovation and Entrepreneurship for Undergraduates are
gratefully acknowledged.

Experimental Part

General. Column chromatography (CC): silica gel (SiO,, 100-200 and 200-300 mesh; Qingdao
Haiyang Chemical Co., Ltd., P.R. China), Sephadex LH-20 (Amersham Co. Ltd.) and ODS (Cg
reversed-phase (RP) SiO,; 50 um; GE Healthcare). Optical rotations: JASCO P-2000 automatic
polarimeter. 'H- and *C-NMR spectra: Bruker ARX-400 and AV-600 NMR spectrometers; 6 in ppm
rel. to Me,Si as internal standard, J in Hz. HR-ESI-MS: Autospec-VitimaE TOF mass spectrometer,
in m/z.

Plant Material. The resin of Commiphora opobalsamum was purchased from Beijing Tongrentang,
Shenyang, P. R. China, in March 2007, and identified by Prof. Q.-S. Sun (School of Traditional Chinese
Materia Medica, Shenyang Pharmaceutical University, Shenyang, P. R. China). A voucher specimen
(MY20070320) was deposited with the Department of Natural Products Chemistry, Shenyang
Pharmaceutical University, Shenyang, P. R. China.

Extraction and Isolation. The powdered myrrh (900 g) was extracted three times (3 x 1.5 h) with
CH,Cl, under reflux. The crude extract (400 g) was subjected to CC (SiO,; PE/AcOEt 100:0, 100:5,
100:10, 100 :20, 100:50) to yield five fractions (Frs. A—E). Fr. B (67.0 g) was separated by CC (SiO,;
PE/AcOEt 100:0 — 100:5) to give five subfractions, Frs. BI — B5, then Fr. B4 (12 g) was further purified
by recrystallization to yield 7 (500 mg). Fr. B2 (6 g) was submitted to CC (ODS; MeOH/H,0 40 :60) and
then separated by semi-prep. HPLC (MeOH/H,O 73:27) to give 6 (100 mg), 3 (30 mg), 1 (37 mg), 4
(23 mg), and 8 (8 mg). Fr. B3 (1 g) was further purified by semi-prep. HPLC (MeOH/H,O 73:27) to
obtain 5 (10 mg) and 11 (8 mg). Fr. D (34.0 g) was separated by CC (ODS; MeOH/H,0 40 :60 — 60 :40)
and further by HPLC (MeOH/H,O 78:22) to yield 9 (15 mg), 10 (10 mg), and 2 (6 mg).

9-Methoxymyrrhone (=(8R)-8,9-Dihydro-4-methoxy-1,5,8-trimethylnaphtho/2,1-b[furan-6(7H)-
one; 1). Colorless needles (CH,Cl,). [a]® =—15.2 (¢=2.52, CH,Cl,). 'H- and *C-NMR (CDCl,): see
the Table. HR-ESI-MS: 281.1139 ([M + Na]*, C;sH gNaO{; calc. 281.1154).

rel-(1S,2S,3R,4S )-1,2- Epoxy-3-methoxyfuranogermacr-10(15)-en-6-one (=rel-(1aS,2R,3S,10aS)-
1a,3,4,9,10,10a-Hexahydro-2-methoxy-3,6-dimethyl-10-methylideneoxireno[ 78 cyclodeca1,2-b [furan-
5(2H)-one; 2). Colorless oil. [a]g =+11.7 (¢ =0.29, CH,Cl,). 'H- and PC-NMR (CDCl;): see the Table.
HR-ESI-MS: 299.1248 ([M + Na]*, C;sHyNaOy; calc. 299.1254).
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