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ABSTRACT: Five sesquiterpene-based meroterpenoids with
three kinds of new skeletons [1, 2, 3, (+)-4, and (—)-4] were
isolated from the leaves of Myrtus communis. Compound 1
featured a new carbon skeleton with an unprecedented
octahydrospiro[bicyclo[7.2.0]Jundecane-2,2"-chromene] tetra-
cyclic ring system, which possessed two preferred conforma-

tions detected by variable-temperature NMR spectroscopy ©

experiments. In addition, the structure of reported myrtu-
commulone K was revised to be compound 3. The plausible
biosynthetic pathways of these meroterpenoids and their
cytotoxicities are discussed.
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Mpyrtus communis L. (Myrtaceae) is an evergreen sclerophyll
shrub that is widely distributed in the Mediterranean region and
has been traditionally used in folk medicine as an antiseptic,
disinfectant, and hypoglycemic agent.””> Pharmacological
studies revealed that the extracts of this plant possessed
antitumor, antibacterial, anti-inflammatory, and antioxidant
activities.” Previous phytochemical investigations of M.
communis have led to the isolation of some monoterpenoids,
triterpenoids, flavonoids, and phloroglucinol derivatives.”” As
a part of our search for structurally unique and biologically
active constituents from Myrtaceae plants,”’ five new
sesquiterpene-based meroterpenoids with three kinds of
unusual skeletons [1, 2, 3, (+)-4, and (—)-4] (Figure 1) were
isolated from the leaves of the title plant. Compound 1 featured
a new carbon skeleton with an unprecedented octahydrospiro-
[bicyclo[7.2.0]Jundecane-2,2'-chromene] tetracyclic ring sys-
tem. Interestingly, 1 existed as two NMR-distinguishable
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Figure 1. Chemical structures of 1—4.
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conformational isomers which could be detected and analyzed
by variable-temperature NMR spectroscopy experiments and
quantum chemical calculations. In addition, the structure of
reported myrtucommulone K° was revised to be compound 3.
Compounds (+)-4 and (—)-4 were a pair of enantiomers. In
this paper, we report the isolation, structural elucidation, and
cytotoxic activities of 1—4. A plausible biogenetic pathway for
the new compounds is also proposed.

Compound 1 was obtained as colorless blocks. The
HRESIMS of 1 showed a quasimolecular ion peak at m/z
441.3364 [M + H]* (calcd for C,oH,s0; 441.3363), consistent
with the molecular formula C,gH,,O; The UV spectrum
revealed the absorption maximum at 267 nm. The IR spectrum
displayed the characteristic absorptions for conjugated carbonyl
(1654 cm™) and olefinic bond (1601 cm™). The crystals
suitable for X-ray diffraction were grown in CHCl;/MeOH
solution. The final refinement of the Cu Ko data resulted in a
small Flack parameter of —0.14(11), allowing the assignment of
the complete structure and absolute configuration of 1 (Figure
2).

It is very interesting that the 'H and '*C NMR spectra of 1
exhibited broad signals and incomplete signals at room
temperature (Figure 3). These abnormal NMR signals
prevented the assessment of purity and structural assignment
of 1. To investigate the structure of 1 in solution, a variable-
temperature NMR spectroscopy experiment was carried out.
When the "H NMR spectra of 1 were recorded from 298 K to
308, 318, and 328 K in DMSO-d, (Figure 3), the two broad
peaks in olefinic bond regions (§y 5.04—5.14 and 5.25—5.38)
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Figure 2. X-ray ORTEP drawing and key 2D NMR correlations of 1.
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Figure 3. "H NMR spectra of 1 in DMSO-dg and CDCl, at different
temperatures.

coalesced, but the other signals were still indistinguishable. On
the other hand, when the recorded temperature was lower than
273 K (in CDCly), the less broadening and well-separated
multiple signals were observed. At 233 K, the distinguishable
'H and "*C NMR spectra of 1 were recorded, which displayed
two sets of '"H NMR signals in a ratio of approximately 5:4 (1a/
1b, Figure 3). The above results and the presence of a
caryophyllene moiety suggested that 1 existed as a mixture of
two conformers (1a and 1b) in solution.'” A comprehensive
analysis of the '"H—"H COSY, HSQC, HMBC (Figure 2), and
NOESY spectra recorded at 233 K (see the Supporting
Information) allowed the assignment of NMR data of 1a and
1b as shown in Table SI.

In order to reveal the two major equilibrating conformers (1a
and 1b) in solution, the quantum chemical calculation method
using the Gaussian09 package was applied. Owing to the
flexibility of a nine-membered ring, two conformations of 1
were found to be the lowest energy ones. The two
conformations ff (1a) and fa (1b) were named according
to the relative orientations of C-13 and C-12 of -caryophyllene
unit in 1."% The torsion C4—Cs—C,—C,, values for 48 and fa
were 18.51° and —15.67° respectively (Figure 4). The
calculated conformational free energy difference (AG. =
0.127 kcal/mol) between BB and Pa conformations was
consistent with their 5:4 ratio found experimentally in the
equilibrium. In addition, the NOESY correlations between H-5
and H-9/H-6a/H-2a, H-12 and H-6 in 1a as well as between
H-5 and H-1/H-6f/H-3f, H-12 and H-6 in 1b supported the
calculated conformations (see the Supporting Information).
The X-ray crystallographic structure also indicated that the
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Figure 4. Two conformations [(1a, #f) and (1b, far)] with the lowest
energy, calculated at the PWPB9S-D3(BJ)/def2-QZVP level in
Gaussian09.

most stable conformation ff (1a) is the preferable one in the
solid state (Figure 2).

The molecular formula of compound 2 was established as
C,0H,O; on the basis of a quasi-molecular ion at m/z
4413361 [M + HJ]* in its HRESIMS spectrum (caled for
C,oH,s05 441.3363). With the aid of 'H-'"H COSY, HSQC,
HMBC, and NOESY experiments, the NMR signals of 2 could
be assigned as shown in Table S2. A comparison of the NMR
data of 2 with those of the known compound myrtucommulone
L° suggested the presence of an isobutyl syncarpic acid unit (a).
The spin coupling systems (H-3 to H-10 and H-7 to H-9'/H-
10") established by the '"H—'H COSY spectrum as well as the
HMBC correlations between H-14/H-15 and C-1/C-10,
between H-13 and C-7/C-9, and between H-12 and C-3/C-5
indicated the presence of a caryophyllene unit (b) (Figure 5).""
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Figure 5. Key '"H-—"H COSY and HMBC correlations of 2 and 4.

Furthermore, the linkage of parts a and b through the C-5—C-
7’ bond was confirmed by the HMBC correlations between H-
7' and C-2'/C-6'/C-4. According to the molecular formula
information, the oxygen atom leftover was deduced to bridge
C-4 (6 83.7) and C-6' (8¢ 171.3) to form a dihydropyran ring
(ring B).

In the NOESY spectrum, the correlations between H-7" and
H-12, between H-S and H-9'/H-10"/H-1, between H-1 and H-
14, as well as between H-9 and H-15 established the relative
configuration of 2 (Figure 6). The complete structure and
stereochemistry of 2 were further confirmed by an X-ray
diffraction analysis. The final refinement of the Cu Ka data
resulted in a small Flack parameter of —0.07(18), allowing an
unambiguous assignment of the absolute configurations of 2 as
1R4R,58,9S,7'S (Figure 7).

The HRESIMS data of 3 (m/z 441.3363 [M + H]"; calcd for
CyoH,505: 441.3363) suggested that 3 has the same molecular
formula C,yH,,0O5 as 2. Detailed examination of 1D and 2D
NMR spectra of 3 and comparison with those of 2 revealed
they have the same planar structure. The NOESY correlations
between H-5 and H-7'/H-1 as well as between H-12 and H-8'/
H-9’ indicated that the isopropyl group at C-7" should be p-
orientated in 3 (Figure 6), which was further confirmed by X-

DOI: 10.1021/acs.orglett.6b01817
Org. Lett. 2016, 18, 4004—4007



Organic Letters

N g !
. N > f1s I
| [L S | v -
- ] 10 :j'-.... 154 “z -L _"-._ h
2 LABR Y
a2z J — fa 4734 i
ad T '.’&' L -
:.;\'79 } ( " ma{\ '\" y ”s&: 9}
1 })\‘; v <5 k’\‘ ;;jm “3“; __l%h
- i S Y
N s T

Figure 7. X-ray ORTEP drawings of 2 and 3.

ray crystallographic analysis. The final refinement in the Cu Ka
data resulted in a small Flack parameter of 0.04(16). Thus, the
absolute configuration of 3 was determined as 1R4R,55,9S,7'R
(Figure 7).

Recently, Cottiglia et al. reported the isolation and structural
elucidation of myrtucommulone K (Figure 1) from M.
communis.® The structure of myrtucommulone K was
established mainly through its MS and NMR data but no X-
ray analysis. Since the MS, '"H NMR, and *C NMR data of
myrtucommulone K are exactly identical to those of 3 (Table
S3), the structure proposed for myrtucommulone K should be
revised to compound 3.

The molecular formula of compound 4 was determined to be
CyoH,,05 by its HRESIMS data (m/z 441.3367 [M + H]%;
caled for C,oH,505 441.3363). Comparison of the NMR data of
4 (Table S2) with those of 2 and 3 suggested that they had the
same substructure of an isobutyl syncarpic acid unit (part a)
(Figure S). The '"H—"H COSY spectrum showed the presence
of three spin systems (H-1 to H-3, H-7 to H-9'/H-10’, and H-9
to H-10) (Figure S). In addition, the HMBC correlations
between H-14/H-15 and C-1/C-10, between H-12 and C-3/C-
S, as well as between H-13 and C-7/C-9 allowed the
construction of a sesquiterpenoid unit (humulene, part b),
which was further confirmed by comparison of the 'H and "*C
NMR data of 4 with those of guajadial B."> Moreover, the
HMBC correlations between H-7’ and C-4/C-1'/C-2'/C-6’
indicated the connection of parts a and b via C-5—C-7’ bond.
Finally, the closure mode of dihydropyran ring connecting the
two fragments (a and b) could be deduced on the basis of the
molecular formula information and the downfield chemical shift
of C-4 (5. 85.4).

The relative configuration of 4 was established on the basis of
the NOESY data and proton coupling constants. The NOE
correlations between H-2 and H-15 as well as between H-1 and
H-3a suggested the presence of E-geometry in 1,2-double bond,
which was in good agreement with the large coupling constant
between H-1 and H-2 (J = 15.8 Hz). The E-geometry in A®’
was also deduced by NOE correlations between H-9 and H-7b

as well as between H-13 and H-10a. Moreover, the NOE
correlations between H-7' and H-5, between H-12 and H-8'/
H-9'/H-6b, as well as the small coupling constants of H-7’ (J=
4.9, 43 Hz) indicated the relative stereochemistry of 4 as
shown in Figure 6."> Although there were three chiral centers in
4, the optical activity and Cotton effects were undetectable,
which suggested that 4 may be a racemate. This was also
supported by chiral HPLC analysis, in which two distinct
chromatographic peaks appeared with a ratio of 1:1 (see the
Supporting Information). To determine the absolute config-
urations of (+)-4 and (—)-4, a comparison between the
experimental and calculated circular dichroism (CD) spectra
using the time-dependent DFT method of each enantiomer was
performed. The measured CD spectrum of (+)-4 showed
positive Cotton effects at 319.7 (Ae + 5.0) and 210.1 (Ae +
10.3) nm as well as negative one at 272.1 (Ae —7.2) nm, which
were consistent with those of the calculated CD spectrum for
48, SR, 7'S isomer. Meanwhile, the CD spectrum of (—)-4
displayed opposite Cotton effects at the same wavelengths,
consistent with those of 4R, 5S, 7'R isomer (Figure 8). Hence,
the absolute configurations of (+)-4 and (—)-4 were elucidated
as 4S,5R,7'S and 4R,5S,7'R, respectively.
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— - exptl of (-)-4
A Y |—- caledof 4SSRT'S
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Figure 8. Calculated and experimental CD spectra of (+)-4 and (—)-4.

On the basis of the key terpene precursors which were
previously detected in the title plant,'® a plausible biosynthetic
pathway for compounds 1—4 is proposed as shown in Scheme
1. First, the isobutyryl-CoA was successively condensed with
three molecules of malonyl-CoA by a polyketide synthase
(PKS) to form the poly-f-keto ester. Then, cyclization and
methylation could lead to the formation of intermediate
flavesone, which had been previously isolated from the same
plant."* The intermediate flavesone could be hydrogenated and

Scheme 1. Hypothetical Biogenetic Pathway of 1—4
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dehydrated to generate isobutylidenesyncarpic acid."” As a
conjugated diene, isobutylidenesyncarpic acid could couple
with different olefinic bond of sesquiterpene precursors such as
P-caryophyllene'” and a-humulene'” through a hetero-Diels—
Alder reaction to form 1—4.

To date, about 19 caryophyllene-based meroterpenoids had
been isolated by several groups from plants and fungi.'""®
Although there are some differences in their skeletal types, all of
the reported caryophyllene-based meroterpenoids possessed
the same coupling positions through the endocyclic double
bond (C-4 and C-S) of the caryophyllene moiety. Compound 1
is the first meroterpenoid with an unusual coupling pattern, in
which the exocyclic double bond (C-8 and C-13) rather than
endocyclic double bond of the caryophyllene unit is involved in
the construction of dihydropyran ring (ring B) and spiro
carbon (C-8) (Scheme 1). This unusual coupling pattern of 1
led to the formation of unprecedented octahydrospiro-
[bicyclo[7.2.0]Jundecane-2,2'-chromene] tetracyclic system.

The inhibitory effects of compounds 1—4 on the viability of
HepG2 and MDA-MB-231 cells were determined by the MTT
assay. The results showed that compound 1 displayed a growth
inhibitory effects against HepG2 and MDA-MB-231 cells with
ICs, values of 4.39 + 0.84 and 19.92 + 4.64 uM. Compound 2
showed moderate inhibitory activity with IC;, values of 40.70 +
5.19 and 40.00 + 4.21 uM, respectively, while compounds 3
and (+)-4 were found to be nearly inactive against these cancer
cells (ICg, > SO uM).
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