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1. Introduction

Nicotiana tabacum, tobacco, is a stout herbaceous plant in the
Solanaceae (nightshade family) that originated in the tropical
Americas (South America, Mexico, and the West Indies) and now
cultivated worldwide as the primary commercial source of
tobacco, which is smoked or chewed as a drug for its mild
stimulant effects (Kuang and Lu, 2005; Hu et al., 2006). In addition,
N. tabacum is also used as insecticides, anesthetics, diaphoretics,
sedatives, and emetic agents in Chinese folklore medicines because
of its containing many useful chemical compounds (Kuang and Lu,
2005; Rodgman and Perfetti, 2008). Previous investigation of this
species led to the discovery of a number of new compounds that
showed various bioactivities, such as anti-HIV-1, anti-TMV, and
cytotoxicity by our groups (Tan et al., 2011; Chen et al., 2012a,b,
2013; Gao et al., 2012; Mou et al., 2012). In continuing efforts to the
phytochemistry research on the roots and stems of K326 (a variety
of N. tabacum) led to the isolation of three new isocoumarin
derivatives (1–3) and three known phenolic compounds (4–6)

(Fig. 1). This paper deals with the isolation, structural elucidation,
and anti-TMV activities of these compounds.

2. Results and discussion

A 70% aq. acetone extract prepared from the roots and stems of
N. tabacum was partitioned between EtOAc and H2O. The EtOAc
layer was subjected repeatedly to column chromatography on Si
gel, RP-18 and preparative HPLC to afford compounds 1–6, which
included three new isocoumarin derivatives, named tabaisocou-
marins A–C (1–3), together with three known phenolic com-
pounds, 5-hydroxy-7-methoxy-3-(1-hydroxyethyl)phthalide (4)
(Takenaka et al., 2011), angelicoin A (5) (Jens et al., 2012), and
cichorin A (6) (Hidayat et al., 2011). The structures of compounds
1–6 are shown in Fig. 1, and the 1H and 13C NMR data of
compounds 1–3 are listed in Table 1.

Compound 1, obtained as white solid, had a molecular formula
C16H18O4 as established by the quasimolecular ion peak observed
using HRESIMS measurement at m/z 297.1108 [M + Na]+ (calcd for
297.1103), suggesting 8 degrees of unsaturation. The UV spectrum
showed absorption maxima at 210, 268, 297, and 335 nm, and the
IR spectrum showed absorption bands at 3423, 1718, 1604, 1566,
and 1493 cm�1, indicating the presence of hydroxy group(s), an
aromatic ring and an unsaturated lactone. Its 1H NMR spectrum
exhibited signals for a 1,2,3,4-tetrasubstituted benzene ring at
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A B S T R A C T

Three new isocoumarin derivatives, tabaisocoumarins A–C (1–3), together with three known phenolic

compounds (4–6), were isolated from the roots and stems of Nicotiana tabacum. Their structures were

elucidated by spectroscopic methods, including extensive 1D- and 2D NMR techniques. Compounds 1–6
were evaluated for their anti-tobacco mosaic virus (anti-TMV) activities at the concentration of 20 mM.

Compound 2 exhibited anti-TMV activity with inhibition rate of 33.8%, which is higher than that of

positive control, ningnanmycin. The other compounds also showed potential anti-TMV activities with

inhibition rates in the range of 18.7–28.5%, respectively.
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dH 6.76 (d, J = 8.4 Hz) and 7.69 (d, J = 8.4 Hz), other two olefinic
protons at dH 5.12 (t, J = 6.9 Hz) and 6.50 (s), two methyl group at dH

1.57 (s) and 1.78 (s), one methoxy groups at dH 3.81, two methylene
groups (including an oxygenated one) at dH 4.36 (s) and 3.40 (d,
J = 6.9 Hz). The 13C NMR spectrum of 1 showed eleven sp2 signals
containing four methine carbons and seven quaternary carbons
(one carbonyl carbon), three methyl carbons including a methoxy
group, two methylene carbons (one oxygenated) (Table 1). The 1H
and 13C NMR signals were further assigned with the help of HSQC
and HMBC experiments (Table 1, Fig. 2). These spectral data were
closely related to those of 6-hydroxy-3-hydroxymethyl-8-meth-
oxyisocoumarin (Takenaka et al., 2011) isolated from the spore-
derived mycobionts of Graphis proserpens. The major differences
were the presences of the 1,2,3,4-tetrasubstituted benzene ring
and an dihydropyrano unit (C-10–C-50) being verified by the 1H–1H
COSY and HMBC data in compound 1 while the presence of an
1,3,4,5-tetrasubstitued benzene ring and absence of dihydropyr-
ano unit in compound 6-hydroxy-3-hydroxymethyl-8-methoxyi-
socoumarin (Fig. 2), which may be in virtue of the additional
dihydropyrano unit and the different positions of the substituted
benzene. The HMBC correlations from H-8 to C-1, C-4a, and C-8a,
from H-7 to C-5 and C-6, from 6-OMe to C-6, together with the
1H–1H COSY correlations between H-7 and H-8 indicated that the
6-OMe was located at C-6; While the dihydropyrano unit was
located at C-5 on account of the HMBC correlations from H-10 to
C-5 and C-6 (Fig. 2). Other 2D data further confirmed the deduction
(Fig. 2). Thus, the structure of 1 was established as shown, and was
given the name of tabaisocoumarin A.

Tabaisocoumarin B (2) was isolated as white solid and it gave an
[M + Na]+ peak at m/z 283.0942, consistent with a molecular
formula of C15H16O4. The IR spectrum exhibited absorptions of
hydroxy (3425 cm�1), aromatic ring (1608, 1578, and 1495 cm�1),

and unsaturated lactone groups (1716 cm�1). The data of 1H NMR
were correlated with those of 13C NMR with the help of HSQC
spectrum (Table 1). Its 1H and 13C NMR spectroscopic data were
similar to those of 1, which suggested that 2 was structurally
related to 1. The marked differences between them were the
absence of an methoxy group and an double bond (C-2055C-30) and
the presence of additional signals of one methylene group and one
oxygenated quaternary carbon in compound 2. The HMBC
correlations from H3-40 and H3-50 to C-6, C-20 and C-30, the
1H–1H COSY correlation between H-10 and H-20, combined with the
chemical shift of C-30 (dC 73.7) showed that C-30 and C-6 was linked
to each other through an oxygen atom (Fig. 2). Other 2D data
further confirmed the whole structure of 2.

Tabaisocoumarin C (3) was assigned a molecular formula of
C12H12O5 as supported by the HRESIMS (m/z 259.0587 [M + Na]+),
corresponding to seven degrees of unsaturation. Strong absorption
bands accounting for hydroxy (3426 cm�1), aromatic groups
(1608, 1562, and 1476 cm�1) and unsaturated lactone groups
(1721 cm�1) were observed in the IR spectrum. Its 1H and 13C NMR
spectroscopic data were similar to those of compound 1, except for
the presence of an oxygenated methylene and the absence of an
dihydropyrano unit. The HMBC correlations from H2-10 to C-4a,
C-5, and C-6 suggested that the dihydropyrano unit in 1 was
replaced as an oxygenated methylene (Fig. 2). Other 1H–1H COSY
and HMBC correlations further verified the deduction. Accordingly,
compounds 3 was formulated as shown.

Finally, compounds 1–6 were tested for their anti-TMV activity.
The inhibitory activity of compounds 1–6 against TMV replication
were tested using the half-leaf method (Hu et al., 2013).
Ningnanmycin, a commercial product for plant disease in China,
was used as a positive control. The antiviral inhibition rates of
compounds 1–6 at the concentration of 20 mM were listed in
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Fig. 1. Structures of new isocoumarins from Nicotiana tabacum (1–3).

Table 1
1H (500 MHz) and 13C NMR (125 MHz) data of compounds 1–3 in C5D5N.

Position Compound 1 Compound 2 Compound 3

dC dH (m, J, Hz) dC dH (m, J, Hz) dC dH (m, J, Hz)

1 161.2 s 161.3 s 161.2 s

3 157.0 s 156.8 s 157.2 s

4 106.0 d 6.50 s 105.7 d 6.49 s 106.0 d 6.48 s

4a 139.1 s 137.3 s 136.8 s

5 132.4 s 129.9 s 116.6 s

6 163.1 s 58.8 s 163.0 s

7 114.1 d 6.76 (d) 8.4 114.9 d 6.91 (d) 8.4 115.1 d 6.81 (d) 8.4

8 127.6 d 7.69 (d) 8.4 126.7 d 7.81 (d) 8.4 130.5 d 7.86 (d) 8.4

8a 121.9 s 122.0 s 122.2 s

9 62.0 t 4.36 s 62.1 t 4.33 s 62.4 t 4.35 s

10 27.2 t 3.40 (d) 6.9 21.8 t 2.69 (t) 6.8 52.8 t 4.87 (d) 9.2

20 124.2 d 5.12 (t) 6.9 33.1 t 1.79 (t) 6.8

30 133.7 s 73.7 s

40 17.7 q 1.57 q 26.4 q 1.64 q

50 25.9 q 1.78 q 26.4 q 1.64 q

6-OMe 56.0 q 3.81 s 56.0 q 3.80 s

10-OH 4.47 br s
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