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Abstract

Five clerodane diterpenoids have been isolated from the aerial parts of Pulicaria wightiana along with 3 05,6-trihydroxy-3,4 0,7-tri-

methoxyflavone and 2-methyl-5-hydroxy-chroman-4-one. The structures and stereochemistry of the compounds were established

from spectral (mainly 1D and 2D NMR) studies. The last two compounds were not reported earlier from this plant. The antibac-

terial activity of the diterpenoids were studied.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Various species of Pulicaria are distributed in differ-
ent parts of India and are known for their medicinal

properties (Annonymus, 1969). Earlier chemical investi-

gations on different Pulicaria species afforded several

sesquiterpenoids (Bohlman et al., 1979), diterpenoids

(Rustaiyan et al., 1981; Nurmukhamedova et al., 1986)

and flavonoids (Mansour et al., 1990). From Pulicaria

wightiana an isopimarane was previously reported

(Chiplunkar and Nagasampagi, 1992). We have recently
isolated five new clerodane diterpenoids, 1–5, together

with 3 0,5,6-trihydroxy-3,4 0,7-trimethoxyflavone and 2-

methyl-5-hydroxy-chroman-4-one from the aerial part

of the plant. Here, we report the isolation of the constit-

uents and the characterization of the new compounds.
0031-9422/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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2. Results and discussion

Compound 1 was isolated as white crystals. Its molec-
ular formula was suggested to be C21H30O5 from its ele-

mental analysis and 1H and 13C NMR spectra

(indicating the presence of 30 protons and 21 carbons,

respectively). The mass spectra (EIMS and LSIMS)

did not show the molecular ion peak but a significant

peak at m/z 330 (M+� �MeOH) was observed in EIMS.

The IR spectrum revealed the presence of hydroxyl

group as well as unsaturated c-lactone and ester func-
tion in the molecule. The 1H and 13C NMR spectral data

(Tables 1 and 2, respectively), suggested that the com-

pound is related to the clerodane diterpenoid, (�)-hard-

wickiic acid (Misra et al., 1979). The assignment of

protons and carbons was made with the help of 2D

NMR (HSQC, HMBC and NOESY) (Fig. 1) and APT

experiments. The 1H NMR signals of the olefinic pro-

tons (d 6.72, 1H, t, J = 3.5 Hz, H-3), two tertiary meth-
yls (d 1.24, 3H, s, Me-19 and 0.78, 3H, s, Me-20) and a

secondary methyl (d 0.86, 3H, d, J = 7.0 Hz, Me-17) are

similar to those of (�) hardwickiic acid and related
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Table 1
1H NMR spectral data (d in ppm) of compounds 1–5a

Proton 1 2 3 4 5

H-1a 1.68–1.56 (m) 1.78 (m) 1.74 (m) 1.78–1.42 (m) 1.88–1.50 (m)

H-1b 1.68–1.56 (m) 1.68–1.54 (m) 1.63–1.44 (m) 1.78–1.42 (m) 1.88–1.50 (m)

H-2a 2.40–2.21 (m) 2.41 (m) 2.56 (m) 2.32 (m) 2.48–2.06 (m)

H-2b 2.21–2.04 (m) 2.28–2.04 (m) 2.40–2.18 (m) 2.24–2.16 (m) 2.48–2.06 (m)

H-3 6.72 (t, 3.5) 6.84 (t, 3.5) 6.48 (t, 3.5) 6.78 (t, 3.5) 6.78 (t, 3.5)

H-6b 3.64 (dd, 10.0,3.0) 3.48 (d, 3.5) 3.61 (d, 3.5) 3.62 (dd, 10.0,3.0) 3.62 (dd, 10.0,3.0)

H-7a 1.68–1.56 (m) – 4.42 (t, 3.5) 1.78–1.42 (m) 1.88–1.50 (m)

H-7b 1.68–1.56 (m) 3.98 (t, 3.5) – 1.78–1.42 (m) 1.88–1.50 (m)

H-8b 1.68–1.56 (m) 1.68–1.54 (m) 1.63–1.44 (m) 1.78–1.42 (m) 1.88–1.50 (m)

H-10 1.30 (dd, 10.0,3.0) 1.32 (dd, 10.0,3.0) 1.42 (dd, 10.0,3.0) 1.30 (dd, 10.0,3.0) 1.39 (dd, 10.0,3.0)

H-11a 1.68–1.56 (m) 1.68–1.54 (m) 1.63–1.44 (m) 1.78–1.42 (m) 1.88–1.50 (m)

H-11b 1.68–1.56 (m) 1.68–1.54 (m) 1.63–1.44 (m) 1.78–1.42 (m) 1.88–1.50 (m)

H-12a 2.40–2.21 (m) 2.28–2.04 (m) 2.40–2.18 (m) 2.24–2.16 (m) 2.48–2.06 (m)

H-12b 2.21–2.04 (m) 2.28–2.04 (m) 2.40–2.18 (m) 2.04 (m) 2.48–2.06 (m)

H-14 5.84 (s) 5.83 (s) 5.86 (s) 6.84 (brs) 6.21 (brs)

H-15 – – – 6.08 (brs) 7.18 (brs)

H-16a 4.72 (s) 4.76 (s) 4.76 (s) – 7.34 (s)

H-16b 4.72 (s) 4.76 (s) 4.76 (s) –

Me-17 0.86 (d, 7.0) 1.10 (d, 7.0) 1.18 (d, 7.0) 0.82 (d, 7.0) 0.92 (d, 7.0)

Me-19 1.24 (s) 1.45 (s) 1.36 (s) 1.21 (s) 1.24 (s)

Me-20 0.78 (s) 1.08 (s) 1.08 (s) 0.78 (s) 0.78 (s)

–COOMe 3.76 (s) 3.76 (s) – 3.78 (s) 3.79 (s)

OH-6 4.86 (brs) 6.14 (brs) 2.88 (brs) 5.10 (brs) 4.88 (brs)

OH-7 – 2.97 (brs) – – –

OH-15 – – – 3.94 (brs) –

a Multiplicity and coupling constant (J in Hz) are in parenthesis; the assignments were made on the basis of 1H–1H COSY, NOESY and HMBC

data.
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compounds (Rustaiyan et al., 1981; Misra et al., 1979).

However, the isolated compound contains no furan ring

at C-12 but instead of it an a,b-unsaturated-c-lactone
moiety (d 5.84, 1H, s, H-14 and 4.72, 2H, s, H2-16) is
Table 2
13C NMR spectral data (d in ppm) of compounds 1–5a

Carbon 1 2 3 4 5

C-1 17.1 16.7 17.6 17.5 17.3

C-2 26.8 27.2 27.2 27.1 27.1

C-3 138.2 140.7 129.6 140.6 138.3

C-4 140.5 141.7 140.4 140.9 141.4

C-5 44.1 44.5 41.8 44.8 44.8

C-6 74.8 75.0 72.9 74.3 74.4

C-7 35.2 75.4 88.0 35.9 36.2

C-8 34.3 36.7 36.8 34.0 34.0

C-9 38.1 38.2 39.5 38.6 38.6

C-10 45.1 45.6 46.0 45.5 45.5

C-11 33.4 37.8 41.7 35.7 38.6

C-12 22.1 22.3 23.1 18.6 17.9

C-13 169.8 170.1 169.7 138.5 125.3

C-14 114.2 115.4 115.5 142.9 110.8

C-15 173.3 171.3 170.0 96.7 142.7

C-16 72.2 72.9 72.2 171.5 138.9

C-17 15.2 12.4 11.9 15.5 15.6

C-18 170.8 173.8 173.6 171.7 171.7

C-19 16.3 18.2 17.2 16.5 16.4

C-20 17.2 19.6 20.3 17.1 17.6

–COOMe 52.2 52.5 – 52.4 52.2

a The assignments were made on the basis of APT, HSQC and

HMBC data.
present. The compound is also not a free acid but a

methyl ester (d 3.76, 3H, s). Additionally, the new com-

pound contains a hydroxyl group (d 4.86, 1H, brs). The
13C NMR spectrum of 1 showed the signals characteris-

tic of clerodane diterpenoids (Rustaiyan et al., 1981).
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The molecule was found to contain 21 carbons including

two carbonyls (lactone and ester) and four double

bonded carbons along with two quarternary, three ter-

tiary, six secondary and four primary carbons. The hy-

droxyl group in 1 was placed at C-6 as the H-6 (d 3.64,

1H, dd, J = 10.0, 7.0 Hz) showed clear correlation with
C-19 (d 16.3) in the HMBC spectrum (Fig. 1). The H-3

was related to C-1, C-2, C-5 and –COOMe and H-10

to C-20. The spectrum also showed the correlation be-

tween the proton of OH-6 and C-7 and the latter with

Me-17. The NOESY experiment (Fig. 1) suggested the

compound 1 to be of ent-clerodane type (Rustaiyan

et al., 1981). The H-10 did not show any correlation with

Me-19 but it showed correlation with H-8 (d 1.62, 1H,
m), which was again related to H-6. The proton of OH-

6 was also related to Me-19. These correlation indicated

that the hydroxyl at C-6 is with a-configuration. Me-19

was also correlated with Me-20 and the latter with Me-

17. All these spectral data clearly confirmed the structure

and stereochemistry proposed for the compound 1.

Compound 2 was isolated as a viscous mass. Its

molecular formula was decided to be C21H30O6 from
its elemental analysis and 1H and 13C NMR spectra

(indicating the presence of 30 protons and 21 carbons,

respectively). The EIMS was not informative about the

molecular ion peak and the fragmentation pattern but

LSIMS showed the peak at m/z 379 (M+� + 1). The IR

spectrum revealed the presence of hydroxyl group and

ester and c-lactone functionalities. The 1H and 13C

NMR spectral data (Tables 1 and 2) suggested that
the structure of 2 is similar to that of 1 but the former

contains an additional –OH group. This is also sup-

ported by a comparison of the molecular formula of 2

with that of 1. The 1H NMR spectrum showed the pres-

ence of two hydroxyl groups (d 6.14, 1H, brs and 2.97,

1H, brs) along with three methyls (d 1.10, 3H, d,

J = 7.0 Hz, Me-17; 1.45, 3H, s, Me-19 and 1.08, 3H, s,

Me-20), one methyl ester (d 3.76, s, 3H) and two olefinic
protons (d 6.84, 1H, t, J = 3.5 Hz, H-3 and 5.86, 1H, s,

H-14). The number of carbon atoms in both 1 and 2

were same but the latter possesses four tertiary carbons

while the former three. The HMBC experiment (Fig. 1)

decided the positions of the two hydroxyl groups at C-6

and C-7 as H-6 (d 3.48, d, J = 3.5 Hz) showed correla-

tion with Me-19 while H-7 (d 3.98, t, J = 3.5 Hz) with

Me-17, H-10 was related to Me-20 and H-3 to C-1, C-
2 and –COOMe. In the NOESY experiment (Fig. 1).

H-10 (d 1.32, dd, J = 10.0, 3.0 Hz) was not correlated

to Me-19 but it was related to H-8 (d 1.68–1.54, m)

which was again related to H-6 and H-7. The two hydro-

xyl groups at C-6 and C-7 are thus with a-configuration.
Me-20 was also related to Me-19 and Me-17, all having

similar a-configuration. The structure and stereochemis-

try of 2 was thus completely decided.
Compound 3 was obtained as white crystals. Its

molecular formula was assigned to be C20H26O5 from
its elemental analysis, 1H and 13C NMR spectra (indi-

cating the presence of 26 protons and 20 carbons) and

LSIMS [m/z 347 (M+� + 1)]. The EIMS was not informa-

tive. The IR spectrum indicated the presence of hydroxyl

group and unsaturated c and d lactones in the mole-

cules. The 1H and 13C NMR spectral data of 3 (Tables
1 and 2) suggested that structurally the compound is

similar to that of 1 and 2 but the former contains no es-

ter function. The 1H NMR spectrum showed the pres-

ence of one hydroxyl (d 2.88, 1H, brs) and three

methyl groups (d 1.18, 3H, d, J = 7.0 Hz, Me-17; 1.36,

3H, s, Me-19 and 1.08, 3H, s, Me-20). The downfield

shift of H-7 (d 4.42, t, J = 3.5 Hz) and the absence of es-

ter moiety decided that three contains a d-lactone func-
tion involving C-4 and C-7. The 13C NMR spectrum

(Table 2) also suggested the presence of this d-lactone.
The HMBC experiment (Fig. 2) showed that H-6 (d
3.61, d, J = 3.5 Hz) was related to C-19 (d 17.2) and

C-8 (d 36.8) while H-7 to C-5 (d 41.8) and C-17 (d
11.9). The hydroxyl group was thus placed at C-6. In

the NOESY experiment (Fig. 2) H-10 (d 1.42, dd,

J = 10.0, 3.0 Hz) did not show correlation with Me-19
but showed correlation with H-6 and H-8 (d 1.63–1.44,

m). H-7 was found to be related to H-6 and Me-17.

Inspection of the structure of 3 made by molecular

model suggested that such NOE correlations are

expected when lactone ring is at the b position and H-6,

H-7 and H-8 are with b, a, and b configurations, respec-

tively. If H-7 were with b orientation it could not show

NOE correlation with Me-17. However, the coupling
constant of H-7 was only 3.5 Hz possibly due to the dis-

tortion of the B ring having the lactone ring at the b po-

sition. All the spectral data are thus in agreement with

the structure and stereochemistry of 3.

Compound 4 was isolated as viscous mass. Its molec-

ular formula was deduced to be C21H30O6 from its ele-

mental analysis and 1H and 13C NMR spectra
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(indicating the presence of 30 protons and 21 carbons,

respectively). The molecular ion peak was not observed

in the mass spectra (EIMS and LSIMS) but the peaks at

m/z 265 and 113 arising from the fragment at C-11 to C-

12 appeared in the EIMS. The molecular formula of 4

was similar to that of 2. The IR spectrum indicated
the presence of hydroxyl, ester and c-lactone functions.

The 1H and 13C NMR spectral data (Tables 1 and 2)

suggested that the compound 4 is structurally related

to 1 and 2. The functionalities present in both the rings

A and B of 4 and 1 were exactly similar. However, the

former contains an additional –OH group which was

reasonably placed at C-15 and the carbonyl group of

the lactone moiety at C-16 as H-15 and H-14 appeared
at d 6.08 (1H, brs) and 6.84 (1H, brs), respectively.

The 13C NMR spectrum (Table 2) revealed the presence

of four tertiary carbons among which two are oxygen-

ated. The HMBC experiment (Fig. 1) clearly showed

that H-6 (d 3.62, dd, J = 10.0, 3.5 Hz) was related to

C-19 (d 16.5) while H-15 to C-13 (d 138.5) indicating

the presence of two hydroxyl groups at C-6 and C-15.

H-10 (d 1.30, dd, J = 10.0, 3.0 Hz) showed correlation
with C-19 (d 16.5) and C-20 (d 17.1). However, the

NOE spectrum (Fig. 1) displayed that this proton was

not related to Me-19 (d 1.21, 3H, s) and Me-20 (d
0.78, 3H, s) but related to H-6 and H-8 (d 1.78–1.42,

m) suggesting that the protons at C-6, C-8 and C-10

are all with b-configuration. The proton of HO-6 (d
5.10, brs) was also related to Me-19. The structure and

stereochemistry of 4 were thus clearly settled.
Compound 5 was obtained as viscous mass. Its ele-

mental analysis, 1H and 13C NMR spectra (indicating

the presence of 30 protons and 21 carbons, respectively),

and LSIMS [m/z at 347 (M+� + 1)] suggested the molec-

ular formula to be C21H30O4. The IR spectrum of the

compound showed the presence of hydroxyl and unsat-

urated ester groups as well as furan moiety. The NMR

(1D and 2D) spectra suggested that the structure and
stereochemistry of 5 are similar to those of 1 except

the former contains a furan ring at C-12 instead of a lac-

tone moiety present in 1. In the downfield region of the
1H NMR spectrum four signals (d 7.34, 1H, brs, H-16;

7.18, 1H, brs, H-15; 6.74, t, J = 3.8 Hz, H-3 and 6.21,

1H, brs, H-14) were observed. The spectrum also re-

vealed the presence of methyl ester group (d 3.79, 3H,

s), three methyls (d 1.24, 3H, s, Me-19; 0.92, 3H, d,
J = 7.0 Hz, Me-17 and 0.78, 3H, s, Me-20) and a hydro-

xyl group (d 4.88, 1H, brs). The 13C NMR spectrum

showed the signals for 21 carbons including those for

a furan ring (d 125.3, C-13; 110.8, C-14; 142.7, C-15

and 138.9, C-16) and a methyl ester (d 171.7 and 52.2).

The H-6 (d 3.62, dd, J = 10.0, 7.0 Hz) showed clear cor-

relation with C-19 (d 16.4) in the HMBC experiment

(Fig. 1) but not with Me-19 in the NOESY experiment
(Fig. 1) indicating 6a position of the –OH group. The

proton of this hydroxyl group also showed NOE corre-
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lation (Fig. 1) with Me-19. The NOESY experiment also

proved that the stereochemistry of other chiral centers

(C-5, C-8, C-9 and C-10) of 5 are similar to that of 1.

The structure of 5 with stereochemistry was thus prop-

erly deduced.

The methyl esters 1, 2, 4 and 5 are not artifact as
MeOH was not used in the extraction, isolation and

purification of these compounds. The original extract

also showed (TLC) the presence of these compounds.

Along with the isolated dieterpenoids (1–5) two other

known constituents, 3 0,5,6-trihydroxy-3,4 0,7-trimeth-

oxyflavone (Wilson et al., 1968) and 2-methyl-5-hydro-

xy-chroman-4-one (Anderson et al., 1983) were also

isolated. These two compounds were not reported ear-
lier from the title species.

A fresh sample of the plant material was extracted

under nitrogen atmosphere. The extract was observed

(TLC) to contain all the diterpenoids (1–5) along with

flavonoid and the chromanone discussed above indicat-

ing that any one of these compounds was not an air-

oxidation product.

The antibacterial activity of the new constituents 1–5
was evaluated (Table 3) by following the Agar cup bio-

assay method employed (Srinivas et al., 2003) earlier by

us. The compounds showed moderate activity against

the Gram-positive organisms, Bacillus subtilis, Bacillus

sphaerius and Staphylococeus aureus. However, they

were less active against the Gram-negative organisms,

Kelbsiella aerogenes and Chromobacterium violaceum

and inactive against Pseudomonas aeruginosa.
3. Experimental

3.1. General

Melting points were measured in a Buchi-510 appara-

tus and are uncorrected. The IR spectra were recorded
on a Perkin–Elmer RX1 FT-IR spectrophotometer,

the NMR spectra on a Varian Gemini-200 MHz spec-

trometer and the mass spectra on a VG-Micromass

7070H and Finnigan-MAT 1020 instruments. Optical

rotations were measured on a JASCO DIP-360 polarim-

eter. Column chromatography was performed with silica

gel (BDH, 100–200 mesh) and TLC with silica gel

GF254. Antibacterial activity was studied following our
reported method (Srinivas et al., 2003).
3.2. Plant material

The aerial parts of P. wightiana were collected from

Tirumala hill, Andhra Pradesh in September, 2002 and

identified by Professor C. Rajugopal, Department of

Botany, Osmania University, Hyderabad. A voucher
specimen (No. PW-AP-2) is preserved in our laboratory
and another voucher specimen (No. IICP 101002) in

IICT herbarium.

3.3. Extraction and isolation

The shade dried plant material (6 kg) was powdered
and extracted with hexane (12 l) for 72 h at room tem-

perature. The defatted plant material was subsequently

extracted thrice with CHCl3, each extraction was contin-

ued for 72 h with 12 l of solvent. The total extract was

concentrated to afford a thick brown mass (42.2 g).

The residue (42 g) was subjected to column chromatog-

raphy over silica gel using hexane–EtOAc as eluent. Sep-

aration of the components in the mixture was monitored
by TLC. The following compounds were eluted accord-

ing to the increasing order of polarity: chromanone

(15 mg), compound 5 (12 mg), compound 1 (98 mg), fla-

vonoid (17 mg), compound 4 (14 mg), compound 2

(14 mg) and compound 3 (18 mg) (the compounds were

eluted with 3%, 7%, 15%, 20%, 25% and 30% EtOAc in

hexane, respectively).

3.4. Compound 1

White crystals, m.p. 200–201 �C (MeOH), ½a�25D �34.9

(c 1.08, CHCl3); IR mmax (KBr) cm�1: 3422, 1751 (br),

1677, 1634, 1018; 1H and 13C NMR: Tables 1 and 2;

EIMS: m/z (rel. int.) 330 (42), 313 (18), 216 (12),

117(100), 111(16). Anal. Calcd. for C21H30O5: C,

69.61; H, 8.29%. Found: C, 69.73; H, 8.21%.

3.5. Compound 2

Viscous, ½a�25D �31.1 (c 0.6, CHCl3); IR mmax

(KBr) cm�1: 3460, 1752 (br), 1638, 1220; 1H and 13C

NMR: Tables 1 and 2; LSIMS: m/z (rel. int.) 379

(M+� + 1) (2%). Anal. Calcd. for C21H30O6: C, 66.67;

H, 7.94%. Found: C, 66.52; H, 8.02%.

3.6. Compound 3

White crystals, m.p. 205–206 �C (MeOH), ½a�25D �37.3

(c 0.8, CHCl3); IR mmax (KBr) cm�1: 3411, 1740 (br),

1622, 1450,1133; 1H and 13C NMR: Tables 1 and 2;

LSIMS: m/z (rel. int.) 347 (M+� + 1) (2%). Anal. Calcd.

for C20H26O5: C, 69.36; H, 7.51%. Found: C, 69.43;
H, 7.48%.

3.7. Compound 4

Viscous, ½a�25D �16.3 (c 0.4, CHCl3); IR mmax

(KBr) cm�1: 3423, 1762 (br), 1684, 1762

(br),1684,1438, 1256; 1H and 13C NMR: Tables 1 and

2; EIMS: m/z (rel. int.) 265 (2), 209 (6), 164 (32), 120
(90), 113 (4). Anal. Calcd. for C21H30O6: C, 69.61; H,

8.29%. Found: C, 69.52; H, 8.34%.
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3.8. Compound 5

Viscous, ½a�25D �33.8 (c 1.12, CHCl3); IR mmax

(KBr) cm�1: 3382, 1730, 1476, 1240, 955, 885; 1H and
13C NMR: Tables 1 and 2; LSIMS: m/z (rel. int.) 347

(M+� + 1). Anal. Calcd. for C21H30O4: C, 72.83; H,
8.67%. Found: C, 72.73; H, 8.74%.
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