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Abstract—We report herein the first isolation of a novel structural type sesquiterpene designated as ‘litseane’ from the twigs and
leaves of Litsea verticillata Hance (Lauraceae). The isolate (litseaverticillol A, 1) was obtained as a racemate through
bioassay-guided fractionation and found to inhibit the replication of human immunodeficiency virus (HIV) type 1 with an IC50

value of 5.0 �g/mL (21.4 �M) and a selectivity index of 2.6. Spectroscopic data and a potential biosynthetic pathway are given.
© 2001 Elsevier Science Ltd. All rights reserved.

Litsea verticillata Hance (Lauraceae), a perennial shrub
or arbor, was collected in the Cuc Phuong National
Park (Nho Quan District, Ninh Binh Province, Viet-
nam) as part of our International Cooperative Biodi-
versity Group (ICBG) project.1 The goal of the ICBG is
to address the related issues of biodiversity conserva-
tion, economic growth and promotion of human health
through the discovery of anti-HIV, anti-malarial, anti-
cancer and anti-tuberculosis natural products.1,2 During
an initial screen for anti-HIV activity, the chloroform
extract of the leaves and twigs of L. verticillata inhib-

ited HIV-1 replication by 50% at a concentration of 20
�g/mL with minimal toxicity (90% cell viability). Bioac-
tivity-guided fractionation of the re-collected material
was initiated in an attempt to isolate and identify the
active constituent(s).

As described previously,3 the dried leaves and twigs of
L. verticillata (4.5 kg) was milled and extracted with
MeOH. The extract was then defatted with hexane and
partitioned with CHCl3 to afford an active CHCl3
extract (93 g). Bioassay-directed fractionation of the

Table 1. 1H and 13C NMR data for litseaverticillol A (1)a

�HPosition �C Position �H �C

4.51, m1 26.44 t2.04, m976.21 dc

155.57 d 107.09, m 5.04, brt, 6.72 123.84 d
131.51 s142.25 s 113

25.54 q206.87 s 124 1.62, s
10.07 q1.73, t, 1.6135 55.97 d3.10, dd, 9.0, 2.4b

6 4.95, brd, 9.0 118.81 d 14 1.69, s 16.97 q
1.54, s15141.62 s 17.56 q7

2.00, m8 39.51 t

a Recorded on Bruker DRX-500 MHz spectrometer at 24°C in CDCl3 (Sigma).
b Coupling constant in Hz.
c Multiplicity was determined by DEPT data.
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CHCl3 extract by repeated flash column chromatogra-
phy on Si gel and RP-18 Si gel, followed by preparative
HPLC afforded an active isolate. This isolate, assigned
the trivial name of litseaverticillol A (1), was found to
be a new sesquiterpenoid racemate with a unique skele-
ton and. The present paper describes the structure
elucidation of 1, its biological evaluation as an anti-
HIV agent, and a possible biosynthetic pathway.

Litseaverticillol A (1), a colorless gum, was purified
from an anti-HIV fraction by separation on a prepara-
tive HPLC column (GROM-Suphir 110 C18, 120 A� , 12
�m, 300×40 mm; MeCN/H2O 50:50, 20 mL/min).4 The
molecular formula (C15H22O2) of 1 was established by
analysis of the 13C NMR and DEPT spectra, and
confirmed by HRTOFMS ([M+H]+ m/z 235.1703,
calcd. 235.1698). The 15 carbons were characterized by
DEPT-135 and DEPT-90 spectra as four non-
oxymethyl carbons (� chemical shifts between 10 and
20 ppm), two non-oxymethylene carbons (� 39.51,
26.44), a non-oxymethine carbon (� 55.97), an oxy-
methine carbon (� 76.21), three olefinic methane carbons
(� chemical shifts between 110 and 160 ppm), three
olefinic quaternary carbons (� chemical shifts between
130 and 145 ppm), and a quaternary carbonyl carbon
(� 206.87) (Table 1). Three double bonds were present.
One was deduced to form an �,�-conjugated keto group
with the carbonyl carbon (� 206.87) due to the
downfield shift of the olefinic methine carbon (� 155.57)
and the upfield shift of the carbonyl carbon in the 13C
NMR spectra. More conclusive structural information
was obtained by applying 1H–1H COSY, HMQC, and
HMBC techniques. 1H–1H COSY spectra normally
reveal direct proton–proton coupling,5,6 while HMQC
spectra uncover direct proton–carbon coupling.7,8 In
addition, the more powerful HMBC spectra suppress
direct proton–carbon coupling, but reveal two- or
three-bond couplings between protons and carbons.9

The four non-oxymethyl groups (�H 1.73, 1.69, 1.62,

1.54) were used as a starting point for deducing three
substructures in 1 (Fig. 1). The methyl protons at �H

1.73 were shown to have three long-range correlations
to �C 206.87 (s), 142.25 (s) and 155.57 (d) in the HMBC
spectrum (Fig. 2), thus establishing a sub-structural
unit of Me-C(-C�O)=CH- (unit A). The presence of
HMBC correlations between �H 1.69 and �C 141.62 (s),
�C 118.81 (d), or �C 39.51 (t), respectively, suggested a
second sub-structural unit of Me-C(CH2)=CH- (unit
B). Lastly, the protons in the two methyl groups (�H

1.62, 1.54) were shown to be long-range-coupled with
�C 131.51 (s), �C 123.84 (d) and �C 26.44 (t), respec-
tively, suggesting the presence of a third potential sub-
structural unit of Me2C�CH- (unit C) (Fig. 1). One of
the proton signals (�H 5.04) in unit C was observed to
have correlations with the methylene protons (�H 2.04)
in the 1H–1H COSY spectrum. This observation further
defines the third substructural unit as Me2C�CH-CH2-.
This last unit was observed to be connected to another
methylene group based on the presence of the 1H–1H
COSY correlation between the two methylenes. This
indicates a connection between units C and B to afford
yet another sub-structural unit of Me2C�CH-CH2-CH2-
C(Me)=CH- (unit D). Further analysis of the 1H–1H
COSY spectrum revealed the proton signal in unit D at
�H 4.95 to be coupled with the proton signal at �H 3.10,

Figure 2. HMBC correlation for litseaverticillol A (1)
(CDCl3).

Figure 1. Structure deduction of litseaverticillol A (1).
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which was in turn coupled with the proton signal at �H

4.51. Taken together, this suggested that 1 contains a
Me2C�CH-CH2-CH2-C(Me)=CH-CH-CH(OH)- group
(unit E). The fact that the proton signal in unit A at �H

7.09 was coupled with the proton signal in unit E at �H

4.51 in the 1H–1H COSY spectrum linked the two units
(A and E) as Me2C�CH-CH2-CH2-C(Me)=CH-CH-
CH(OH)-CH�C(-C�O)-Me (unit F). Five double-bond
equivalents were calculated from the molecular formula
(C15H22O2) of 1. Four of these were accounted for by
the presence of the three carbon�carbon double bonds
and a carbonyl double bond, with the remaining unsat-
urated bond equivalent being unassigned. Conceivably,
this unassigned double bond equivalent could be due to
the presence of a ring structure in 1. This assumption
was confirmed by the HMBC correlations between the
carbonyl carbon (�C 206.87) and the proton signals at
�H 3.10 and �H 4.95, which demonstrated that a five-
member ring was formed by connecting the carbonyl
carbon and the non-oxymethine carbon in unit F. The
final planar structure was thus elucidated for 1 (Fig. 1).
This represents a unique sesquiterpene structural skele-
ton that has not been reported previously from nature.
We have designated this type structure as ‘litseane’. In
addition, compound 1 represents a new anti-HIV
chemotype.

The relative stereochemistry of 1 was obtained through
an analysis of coupling constants and a ROESY
experiment10 (Fig. 3). The protons on C-1 and C-5 in
compound 1 were determined to be of �- and �-orienta-
tion, respectively, based on the small coupling constant
(J=2.4 Hz) between H-1 and H-5, which was caused by
the proximate 90° dihedral angle between the two pro-
tons. The geometric isomerism at C-6 and C-7 was
assigned the E-configuration through the observation
of an ROE correlation between H-5 and H-14. This
observation, when taken together with the ROE corre-
lation between H-1 and H-6, confirmed the hydroxy
group of C-1 as being in an �-orientation and the side
chain of C-5 to be in a �-orientation.

The optical rotation of 1, [� ]D=0°, suggested that 1
may be a racemate. To determine the optical purity of
1, a Mosher ester reaction was performed.11,12 Theoret-
ically, the Mosher reaction of an optically pure com-
pound will result in a single Mosher ester derivative
being formed. However, treatment of 1 with (R)- or
(S)-�-methoxy-�-trifluoromethylphenylacetyl chlorides

(MTPA-Cl) afforded two mono-ester derivatives.13

These esters appeared to exist in a 1:1 ratio based on
the 1H and 13C NMR spectra, in which the signals
either overlapped or existed in pairs, with the pairing
signals exhibiting almost identical areas of integration.
Thus, 1 was determined to be an equimolar racemic
mixture.

Accordingly, 1 was established to be (±)-1�-hydroxy-
(E)-litse-2,6,10-trien-4-one,14 and given the trivial name
of litseaverticillol A.

By virtue of its novelty, the biosynthetic pathway of 1
has not been previously established. However, given its
proposed litseane structure, it is most probable that 1 is
formed through the mevalonate pathway characteristic
of sesquiterpenes. In fact, the side chain represents a
geranyl unit. Thus, it may be postulated that 1 is
formed by the condensation of an isopentenyl diphos-
phate with a geranyl diphosphate to give farnesyl
diphosphate. Cyclization and oxidation of the latter
leads to 1, as proposed in Fig. 4.

The isolate 1 was tested for in vitro inhibitory effects
against HIV-1 replication in HOG.R5, a reporter cell
line constructed for quantitating HIV-1 replication.15

This microtiter assay is based on the transactivation of
a stably integrated HIV-1 LTR-green fluorescent
protein (GFP) transcription unit by the viral Tat
protein. The system was validated and adapted in our
laboratory as a moderately high-throughput procedure
for screening natural products for anti-HIV activity.
We recently reported the isolation of two lignans from
L. verticillata that possess anti-HIV activity.3 The
present litseane, 1, inhibited the replication of HIV-1
with an IC50 value of 5.0 �g/mL (21.4 �M). It also
demonstrated toxicity to HOG.R5 cells, with a CC50

value of 13.2 �g/mL (56.4 �M). This yields an unfavor-
able selectivity index value (CC50/IC50) of 2.6 that
excludes 1 from consideration for more advanced stud-
ies with in vivo models of HIV infection. However, this
prototypic molecule may warrant a more detailed in
vitro evaluation as a lead compound for the develop-
ment of novel anti-HIV agents.
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Figure 3. 1H–1H COSY (shown as bold bonds) and ROESY
correlations for litseaverticillol A (1) (CDCl3).
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Figure 4. A proposed biosynthetic pathway for litseaverticillol A (1).
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