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ABSTRACT

Phytochemical investigation on Myrtus communis Linn. afforded myrtucommuacetalone (1) with an unprecedented carbon skeleton and a new
phloroglucinol-type compound, myrtucommulone M (2), along with four known constituents 3�6. Their structures were established by extensive
analyses of NMR andmass spectral data as well as by single-crystal X-ray diffraction studies. These constituents were evaluated for their ability to
modulate the immune response, based on their effects on various components of immune system. Compounds 1 and 5 exhibited significant
inhibitory effect against nitric oxide (NO•) production. Compound 1 also exhibited significant antiproliferative activity (IC50 < 0.5 μg/mL) against
T-cell proliferation. Myricetin (3) exerted a significant inhibition (IC50 = 1.6 μg/mL) on zymosan-stimulated whole blood phagocytes ROS
production. Compounds 1 and 3 were active against PMA-stimulated ROS generation.

Myrtus communisLinn., commonly referred to as “True
Myrtle”, is an evergreen shrub widely spread over the
Mediterranean region. It is an important medicinal herb
of the family Myrtaceae.1,2 Myrtle has been traditionally
used in folk therapeutic practices as an anti-inflammatory,

antibacterial, antioxidant, antihyperglycemic, and anal-
gesic agent, as well as for the treatment of oral dis-
eases, candidiasis, wounds, and urinary disorders.3�6 The
major constituents of the plant include monoterpenoids,
triterpenoids, flavonoids, and phloroglucinol derivatives.
Previously, we reported several phloroglucinol-type com-
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this plant.7 A current study has led to the isolation of two
new acylphloroglucinols derivatives (1 and 2), along with
four known compounds, myricetin (3),8 isousnic acid (4),9

G3-factor (5),10 andmyrtocommulone E (6).7 The effect of
compounds 1�6 on the production of a short-lived nitric
oxide radical, the end product of the enzymatic oxidation
of L-arginine in macrophages,11 was also evaluated. LPS-
activated macrophages produce large amounts of nitric
oxide, which is an essential mediator of the innate
response.12 Nitric oxide radicals, generated as an immune
response, are toxic to bacteria.13 Excess NO• production is
associated with the pathogenesis of various diseases, such
as septic shock, colitis, diabetes mellitus, and ischemic
neuronal damage.14

In the current study, we examined the effect of com-
pounds 1�6 on the production of ROS by human periph-
eral blood phagocytes, generated by NADPH oxidase.15

When phagocytes are exposed to an opsonized microbial
particle, production of a series of ROS is initiated as an
oxidative burst which promotes inflammatory responses
and can cause tissue damage.16 On the other hand, sup-
pression of T-cell activity is required for the prevention or
treatment of autoimmune disorders such as Parkinson’s
disease, diabetes mellitus, and rheumatoid arthritis.16

Compound 1was obtained fromM. communis as yellow
crystals. The molecular formula of 1 was found to be
C38H52O9 on the basis of positive-ion [M þ 1]þ at m/z
653.3685 (calcd for C38H53O9, 653.3689) based on a
HRESIMS measurement. The novel structure of com-
pound 1 was deduced by single-crystal X-ray diffraction
(Figure 1), and NMR studies as a hybrid of syncarpic
acid17 with an unusual bridged tetracyclic ketal skeleton
containing a furochromene moiety. NMR spectral data
(Table S1) of 1 exhibited signals closely similar to those
observed in bullataketals A and B, the constituents of
Lophomyrtus bullata (Myrtaceae) .17 However, the signals
of the unsubstituted aromatic ring of bullataketals were
lacking and additional signals of four quaternary methyls,
two quaternary carbons, and one carbonyl group were
observed in the NMR spectra of 1.

Single-crystalX-ray diffraction studies of 1 revealed that
compound 1 contains an unprecedented bridged furochro-
menemoiety.Thus unassignedNMRsignalswereassigned
to the carbonyl and vicinal two gem dimethyl groups in
ring E. The 1HNMR spectrum of 1 displayed signals for 5
methine, 1methylene, and14methyl groups. In theHMBC
spectrum (Figure S1), four quaternary methyl groups
(δ 1.33, 1.41, 1.37, 1.49) exhibited interactions with C-20,
C-30, C-40, C-50, and C-60, indicating the presence of an
enolizable 1,1,3,3-tetramethylcyclohexatrione (syncarpic
acid) moiety similar to that found in bullataketals.17 The
correlation of the H-17 methine proton (δ 3.73) with the

Figure 1. Computer-generated ORTEP diagram of compound
1. H-atoms are omitted for clarity.

(7) Shaheen, F.; Ahmad,M.; Khan, S. N.; Hussain, S. S.; Anjum, S.;
Tashkhodjaev, B.; Turgunov,K.; Sultankhodzhaev,M.N.; Choudhary,
M. I.; Atta-ur-Rahman Eur. J. Org. Chem. 2006, 2371–2377.

(8) Nicollier, G.; Thompson, A. C. J. Nat. Prod. 1983, 46, 112–117.
(9) Goel,M.;Dureja, P.; Rani,A.;Uniyal, P. L.; Laatsch,H. J. Agric.

Food Chem. 2011, 59, 2299–2307.
(10) Crow, W. D.; Nicholis, W.; Sterns, M. Tetrahedron Lett. 1971,

18, 1353–1356.
(11) Nathan, C. FASEB J. 1992, 6, 3051–3064.
(12) Nussler, A. K.; Billiar, T. R. J. Leukocyte Biol. 1993, 54, 171–178.
(13) Li, C.-Q.; Pang, B.; Kiziltepe, T.; Trudel, L. J.; Engelward, B. P.;

Dedon, P. C.; Wogan, G. N. Chem. Res. Toxicol. 2006, 19, 399–406.
(14) Corbett, J.; Wang, J.; Hughes, J.; Wolf, B.; Sweetland, M.;

Lancaster, J.; Mcaniel, M. Biochem. J. 1992, 787, 229–235.
(15) Swindle, E. J.; Hunt, J. A.; Coleman, J. W. J. Immunol. 2002,

169, 5866–5873.

(16) ElAshry, E. S.; El Tamany, E. S.; AbdEl Fattah,M.E.; Aly,M.R.;
Boraei, A. T.; Mesaik, M. A.; Abdalla, O. M.; Fatima, B.; Jabeen, A.;
Shukrulla, A.; Soomro, S. J. Enzyme Inhib. Med. Chem. 2013, 28, 105–12.

(17) Larsen, L.; Benn, M. H.; Parvez, M.; Perry, N. B. Org. Biomol.
Chem. 2005, 3, 3236–3241.



1864 Org. Lett., Vol. 15, No. 8, 2013

H-18 methine proton (δ 2.92), and correlations of H-18
withC-19 (δ 0.68) andC-20 (0.80) gem dimethyl protons in
the COSY spectrum (Figure S2), indicated the presence of
an isobutylidenemoiety in themolecule. Theheteronuclear
interactions of the H-17 methine proton of the isobutyli-
dene moiety with quaternary C-5 (δ 162.0), C-6 (δ 108.2),
C-10 (δ 114), and C-60 (δ 178.7) and the carbonyl carbon at
C-20 (δ 202.9) indicated the connectivity of the syncarpic
acid moiety with the phloroglucinol group of 1. This
linkage is also found in other compounds such as semi-
myrtucommulone and bullataketals.17 In theHMBC spec-
trum, theH-80 methine proton (δ 4.09) showed interactions
with the C-70 carbonyl (δ 211.4) and C-90 (δ 20.8) and C-100

(δ 18.9) gem-dimethyl carbons. This supported the pre-
sence of a 2-methylpropionyl group in 1. The tetracyclic
fused structure was supported by COSY and HMBC
techniques. In the COSY spectrum, H-9 methine (δ 3.43)
showed a cross-peakwith theH-10methine (δ 3.40), which
was in turn correlated with H2-11 methylene (δ 1.86). The
HMBC spectrum showed heteronuclear interactions of
H-9 (δ 3.43) with C-1 acetal (δ 113.9), C-3 (δ 162.5), C-8
(δ 102.2), and C-10 (δ 34.9) of the furochromene moiety
and also showed interactions with the C-16 (δ 50.0) of ring
E. However H-10 (δ 3.40) exhibited interactions with C-1
acetal carbon (δ 113.9) and C-16 (δ 50.0) of ring E. The
single methylene group (δ 1.86) of the skeleton exhibited
correlations with the C-1 acetal carbon and C-10 (δ 34.9),
thus supporting the fused tetracyclic part of compound 1.
The X-ray studies showed that compound 1 consists of a
planner phenyl ring A, three six membered rings B, C,
and D, and a five membered ring E. Rings B, C, and D
possess a half chair/half chair and chair conformations,
respectively, while ring E is in envelope conformation.
All the bond angles and lengths were within the normal
range. Thus the NMR and single-crystal X-ray data
unambiguously deduced the novel structure of com-
pound 1 (myrtucommuacetalone).
Compound 2 (myrtucommuloneM) was obtained from

M. communis as colorless crystals. NMRand single-crystal
X-ray diffraction studies revealed the structure of 2 as a
dimeric form of a known compound myrtucommulone
B.18Themolecular formulaof compound 2wasdeduced to
be C49H60O12 on the basis of [M þ 1]þ at m/z 841.4135
(calcd for C49H61O12, 841.4163) in HRESIMS. The frag-
ment ion at m/z 427 in EI-MS was due to the monomeric
unit of compound 2with an intact methylene group which
acts as the bridge between the two monomers (Figure S3).
The 1H NMR spectrum of 2 showed eight resonances for
methyl groups, an upfield multiplet at δ 1.96 and a down-
field doublet at δ 4.39 (J7,8 = 3.6 Hz) for methine protons
of an isobutylidine group, a multiplet at δ 3.91 for an
isopropyl methine, and a multiplet for a methylene proton
atδ 3.85. The 13Cbroad-banddecoupled andDEPTNMR
spectra showed25 signals, including 8methyl, 1methylene,
3methine, and 13quaternary carbons. TheCOSYspectrum

(Figure S4) showed the correlation of the H-7 methine
proton (δ 4.39) with the H-8 methine proton (δ 1.96),
which was further correlated with C-9 (δ 0.72) and C-10
(δ 0.94) methyl protons. These correlations indicated the
presence of an isobutylidine group in the skeleton. The
heteronuclear interactions of the H-7 methine proton with
C-10 (δ 111.9), C-60 (δ 167.4), and C-1 (δ 105.9) indicated
the linkage of the syncarpic acid moiety with the phloro-
glucinol group, as found in myrtucommulone B. The
presence of the 2-methylpropionyl group was inferred
from the COSY correlations of the H-80 methine proton
(δ 3.91) with C-90 and C-100 methyl protons and hetero-
nuclear interactions of H-80 with C-70 carbonyl carbon
(δ 209.7). The dimeric nature of the compoundwas further
deduced by the HMBC correlations of methylene protons
(δ 3.85) with quaternary carbons at δ 161.1 and 109.8
(Figure S5). Single-crystal X-ray diffraction analysis of 2
unambiguously established the structure for myrtucom-
mulone M (2) (Figure 2). It showed that the monomeric
units of the myrtucommulone M are linked together
through a methylene bridge. Two monomers have three
rings A/B/C and D/E/F with planar (rings A and F), boat
(rings B and E), and half-chair (rings C and F) conforma-
tions. The isopropyl group adopts a pseudo-axial orienta-
tion on rings B andE.All the bond angles and lengths were
within the normal range.
Myricetin (3) is a flavonol, commonly found in plants.

It is a potent antioxidant as well as an anticarcinogenic,
antidiabetic and antithrombotic agent.19 It is also reported
to affect glutamate induced apoptotic signaling via multi-
ple distinct biochemical pathways.20 Isousnic acid (4) is
exclusively found in lichens.21 Growth regulator G3 factor
(5) was previously isolated from Eucalyptus grandis,22

whereas myrtucommulone E (6) was obtained previously
from M. communis.7

The effects of compounds 1�6 on ROS and RNS
production, as well as on proliferation of T-cells, was also
studied (Table S2). Compound 3 (myricetin) exhibited
significant activity on professional phagocytes upon acti-
vation with the serum opsonized zymosan (as an antigen).

Figure 2. X-Ray structure. ORTEP generated diagram of com-
pound 2. H-atoms omitted for clarity.
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Compound 3 exhibited dose dependent inhibitory activ-
ity onROSproduction ofwhole blood phagocytes (IC50 of
1.6 μg/mL). Thus 3 was identified as an inhibitor of the
innate immune response. Compounds 1 and 5 inhibited
NO• production in mouse macrophages (82.3% and
59.36% respectively) at 25 μg/mL concentration. The
results were compared with the standard inhibitor of NO•

(LNMA) (% Inhibition 65.65%) at 25 μg/mL (Table S2).
iNOSproduces large amounts ofNO• as a defense tool and
is an important factor against parasite attack, bacterial

infection, and tumor growth. In contrast, if over produced,
it reacts with superoxide and gives rise to a toxic radical
peroxynitrite, which is one of the main causes of septic
shock and may play a role in many diseases with an
autoimmune etiology. Therefore, compounds 1 and 5
may have some therapeutic potential against the diseases
which involve nitric oxide associated oxidative stress.
In the PHA-induced T-cell proliferation assay, com-

pound 1 showed potent inhibition (IC50 of e0.5 μg/mL)
(Table S2). These results indicate that compound 1 has a
highly significant inhibitory activity on cellular immune
response and might be useful in suppressing various aller-
gic, inflammatory, and autoimmune disorders.
The effect of compounds 1 and 3 on intracellular ROS

was also studied by using the 20,70-dichlorofluorescein
(DCFH) dye. PMA was employed as a stimulant to
distinguish the activity of the oxidative burst from opso-
nized zymosan activation used in a chemiluminiscence
assay.23 PMA is also known to activate the NADPH
oxidase via a protein kinase C pathway whereas zymosan
is involved in phagocytosis. Compounds 1 and 3 were
found to possess an inhibitory effect on ROS generation
(Figure 3).
Compound 3 inhibits ROS in both stimulant systems.

The possiblemechanism of action of 3 could be through its
action on myeloperoxidase dependent ROS generation as
in the case of H2O2. Interestingly compound 1 showed
inhibitory effects only in the PMA induced ROS genera-
tion, but not in zymosan-induced ROS. This suggests that
compound 1 is inhibiting ROS production, particularly
superoxide, by a myloperoxidase independent pathway.
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Figure 3. (a) Mouse macrophage J774.2 intracellular oxidative
stress examined by fluorescent microscopy. The J774.2 cells,
treated with phorbol 12-myristate 13-acetate (PMA) alone
(positive control) or in combination with compounds 1 and 3
for 30 min and then incubated with 20,70-dichlorofluorescein
DCFH; 20 μM for 30 min. The cells were examined at 20�
magnification under a green channel. Brightfield images, show-
ing the total number of cells present in the same field, were
obtained under phase contrast at 20�magnification. (b) Histo-
gram shows the mean intensity of fluorescence.
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