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Abstract—A hexane extract of the stem bark of Polyalthia longifolia furnished nine new clerodane and ent-halimane
diterpenes, i.e. 16-hydroxycleroda-4(18),13-dien-16,15-olide, 16-oxocleroda-4(18),13 E-dien-15-oic acid, cleroda-4(18),-
13-dien-16,15-olide, 16-hydroxy-ent-halima-5(10),13-dien-16,15-olide, 16-oxo-ent-halima-5(10),13E-dien-15-oic acid,
ent-halima-1(10),13E-dien-16,15-olide, 16-0x0-ent-halima-5(10),13E-dien-15-oic acid, ent-halima-5(10),13-dien-16,15-
olide and ent-halima-5(10),13E-dien-16,15-olide, along with five known clerodane diterpenes. The structures of these
compounds were elucidated by spectroscopic methods. The 13E configuration of two of the new ent-halimanes and one
of the known clerodanes was firmly established by NOE experiments.

INTRODUCTION purity due to the failure to obtain base line separation of
these compounds in HPLC.

Compound 1, C,,H;,0;, (EIMS m/z 318 [M]*), was
identified as 16-hydroxycleroda-3,13-dien-16,15-olide by
comparing the NMR data (Tables 1 and 2) with those
reported in the literature [6, 7, 9]. The NMR data further
indicated that 1 is a 1:1 epimeric mixture at C-16. This
compound was previously isolated from the same species
[6, 71, P. viridis [9, 10] and Acritopappus longifolius [11].
It is interesting to note that the 16S configuration was
assigned to the compound isolated from the leaves [6]
and the stem bark [7] of P. longifolia, whereas the 16R
configuration was assigned to the compound isolated
from P. viridis [9]. Recently, the compound isolated from
Premna oligotricha was reported to be a 17:3 mixture of
the C-16 epimers [12]. We found that the (R}-MTPA
esters of the 16R- and 16S-epimers were readily separable
on silica gel TLC, although the C-16 configuration of the
separated epimers has not yet been assigned (‘H NMR

Annonaceae plants are a rich source of bioactive sub-
stances [ 1] and certain genera of this family have recently
aftracted much interest, since they contain a group of
antitumour active tetrahydrofuranic acetogenins [2]. Ina
continuation of our studies on annonaceous plants, we
examined a hexane extract of the stem bark of Polyalthia
longifolia Thw. Polyalthia longifolia is widely distributed
in India and commonly known as Asoka in Hindi.
Aporphine and azafluorene alkaloids [3, 4], proantho-
cyanidines [5], and clerodane diterpenes [6-8] have been
isolated from the plant. In this paper, we describe the
isolation and the structure elucidation of three new
clerodanes (2, 9 and 12) and six new ent-halimanes
[(10 — 9)-friedolabdanes] (3, 6, 7, 10, 13 and 14), along
with five known clerodane diterpenes (1, 4, 5, 8 and 11).

RESULTS AND DISCUSSION

The stem bark of P. longifolia was extracted with
hexane. Separation of the extract by silica gel chromato-
graphy with hexane-ethyl acetate and ethyl acetate-
methanol as eluents afforded three major fractions, A
(0.49% based on bark), B (2.3%) and C (0.96%), and one
minor fraction, D (0.07%). Further reversed-phase HPLC
separation of these fractions furnished 1-3 from fraction

3:R=A 7:R=B
A, 4-7 from fraction B, 8-10 from fraction C, and 11-14 1%{’?;3(: 14:R=D
from fraction D. Compounds 1-7 and 11-14 were isol- 13:R=D

ated in a pure state, while 8-10 were obtained in ca 90%

*Author to whom correspondence should be addressed.
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Table 1. '"HNMR spectral data of 1-14 (500 MHz, CDCl;, TMS as int, standard)

14

13

12

1

10

3*

2*

1*

538 (z, 3.7)

533 (t, 3.8)

5.19 (br 5)
5.83 (s)

5.20 (br s)
6.48 (bs)

5.19 (br 5)
5.69 (s)

S.18 (br s)
5.83 (s)

3

5.68 () 5.67 (s) 6.46 (bs)  6.45 (bs) 581 (s) 5.83 (s) 5.81 (s)
9.53 (s) 9.54 (s) 472 (s) 471 (s5)

217 ()

5.64 (s)

5.83 (s)

5.80 (s)

14

4.74 (s)

4.73 (s)

9.53 (s)
0.82 (d, 64) 0.81(d, 6.4) 0.85(d, 7.3) 0.82(d, 6.4) 0.84 (d. 6.8) 0.86 (d, 6.4) 0.88 (d, 6.8) 0.82(d, 6.4) 0.82(d, 6.2) 0.86 (4, 6.3) 0.84 (d, 6.4)

2.16 (s)

2.14 (s)

6.00 (m) 6.00 (m) 2.17 (s)

16 603 (s)

0.86 (d, 4.0)

0.81 (d, 4.0)

17 0.82 (4, 6.0)

0.85% (d, 4.0)

0.97 (s)

0.801 (d, 6.0)

4.51 (s)

0.811 (d, 6.0)

1.60 (s)

0.87 (s)

0.97 (s)

0.85 (s)
0.94 (s)

0.99 (s)

{

1.59 (s) 451 (s)

0.96 (s)

1.06 (s)
0.79 (s)

1.01 (s)

0.78 (5)

0.98 (s)
0.81 (s)

{

0.89 (s) 1.59 (s) 451 (s)

0.96 (s)

1.05 (s)
0.70 (s)

0.99 (s)
0.68 (s)

0.84 (s)

0.91 (s)

0.98 (s)
0.83 (s)

{

4.51 (s)

1.59 (s)

1.05 (s)
0.75 (s)

1.00 (s)

0.99 (s)
0.87 (3)

*Alcohalic hydrogens of 1-3 resonated at §5.38, 5.39 and 4.80, respectively.
tFor the C-16 epimer.

18
19

1.05 (s)
0.78 (s)

1.01 {s)

0.87 (s)

0.74 (s)

20 0.78 (s)

N. HARA ez al.

data of the two MTPA esters are shown in the Experi-
mental). 2D NMR studies including 'H-'H COSY,
13C-'H COSY and long range COSY experiments of 1
revealed that the previous 1*C assignments [6, 7, 9] need
to be revised for several carbons. The corrected '3C
assignments are listed in Table 1.

Compound 2 has the same molecular formula (EIMS
m/z 318 [M]*) as 1. The '"HNMR spectrum of 2 (Table 1)
was similar to that of 1, except for the presence of the
signal of two hydrogens at §4.51 and the absence of the
signals of an olefinic proton at 4 5.18 and a vinyl methyl
group at 61.60, observed in the spectra of 1. This sugges-
ted a 4(18)-clerodene (exo-methylene structure) bicyclic
structure for 2. The exo-methylene structure was further
supported by the 13C NMR data of 2 in which the signals
for C-4 (quaternary) and C-18 (methylene) resonated at
6160.2/160.2 and 102.7/102.8, respectively. The hydroxy-
lactone side chain structure was evident from the 'H and
I3CNMR data (Tables 1 and 2), as well as the IR
absorptions at 3580, 3290, 1755 and 1645cm ™! On the
basis of these data, the structure of 2 was established to be
16-hydroxycleroda-4(18),13-dien-16,15-olide. This com-
pound was a 1:1 epimeric mixture at C-16, which was
clearly indicated by the '>C NMR spectral data (Table 2).

Compound 3 had the same molecular formula (EIMS
m/z 318 [M]") as 1. The 'H NMR spectrum of 3 exhibited
signals for four (three singlet and one doublet) methyl
groups. The 1*C NMR spectrum indicated the presence of
a tetra-substituted double bond (6138.3/138.4 and
131.3/131.4) in addition to the side chain double bond.
Long range '3C-'"HCOSY experiments, assisted by the
I3C-'HCOSY spectrum, revealed the connectivity
shown in Fig. 1. Analysis of the '3C-'H COSY spectrum
suggested the presence of three allylic methylene carbons
(C-1, C-6 and C-12) in the molecule. Further, the
I3CNMR data for the bicyclic portion of 1 were in good
agreement with those published for dehydroambliol B
which has a 5(10)-halimene skeleton [13]. Hence, 3 was
established to be 16-hydroxy-ent-halima-5(10),13-dien-
16,15-olide. The configurations at C-8 and C-9 were
presumed to be R and S, respectively, by analogy with the
structures of 1 and 2, as well as the known ent-5(10)-
halimene diterpenes of plant origin [14]. Again, 3 was
obtained as a 1:1 mixture epimeric at C-16.

Compound 4, C,,H,,0, (EIMS m/z 304 [M]*) was
identified as kolavenic acid (cleroda-3,13E-dien-15-oic
acid), a well-known clerodane diterpene, on the basis of
spectral comparison ('H, '>*CNMR, IR and UV). Isola-
tion of this acid was reported from several plants, e.g. P.
longifolia [ 7], P. viridis [15], Hardwickia pinnata [16] and
Solidago elongata [17]. Table 2 includes revised
I3CNMR assignments for 4 which were obtained by
2D NMR studies.

Compounds 5-7 had the same molecular formula as 4.
Compound 5 was shown to have 4(18)-clerodene bicyclic
skeleton and 13E-unsaturated-15-oic acid side chain by
comparing the NMR data with those of 2 and 4 (Tables 1
and 2). Hence, the structure of § was established to be
cleroda-4(18),13 E-dien-15-oic-acid. Isolation of this acid
as its methyl ester was reported from Araucaria bidwilli
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Fig. 1. Two- and three-bond connectivities revealed by '*C-'H
long range COSY.

[18] and the 13Z-isomer of 5 has been reported from
Ageratina ixiocladon [19].

Compound 6 gave rise to ‘H and '*CNMR data
(Tables 1 and 2) which could be explained by combina-
tion of 5(10)-ent-halimene bicyclic skeleton (e.g. 3) and
13E-unsaturated acid side chain (e.g. 4 and §). The
structure of 6 was thus established to be ent-halima-
5(10),13E-dien-16-oic acid.

The 'HNMR spectrum of 7 showed signals of an
olefinic proton at 5.33 and four (three singlet and one
doublet) methyl groups, together with the signals due to
13E-unsaturated acid side chain at 5.81 (1H) and 2.17
(3H). The '3C NMR spectrum indicated the presence of a
trisubstituted double bond (§120.3 and 141.1). 3C-'H
long range COSY experiments revealed the connectivities
illustrated in Fig. 2. On the basis of these data, the
structure of 7 was determined to be ent-halima-1(10), 13E-
dien-16-oic acid. The a-orientation of H-S, Me-17 and
Me-20 groups was confirmed by NOE experiments.
Irradiation of the signal at §1.56 (H-5) resulted in en-
hancement of the signals at 60.84 (H-19) and 0.91 (H-20).
Compound 7 is the first example of ent-1(10)-halimene
diterpene lacking an oxygen functionality in the bicyclic
portion, although several C-18 oxidized ent-1(10)-
halimenes are known [20].

Compound 8, C,,H;,0; (EIMS m/z 304 [M]") was
identified as 16-oxocleroda-3,13-dien-16-oic acid by com-
paring the NMR data with those reported previously.
However, the confusion regarding the stereochemistry of
the 13-ene remained. Phadnis et al. [6] and Herz and co-
workers [15] have reported the 13E structure for the
materials (3,13E-kolavadien-15-oic acid-16-al) obtained
from P. longifolia and P. viridis, respectively. In contrast,
McLaughlin and co-workers reported the isolation of the
13Z-isomer from P. longifolia (polyalthialdoic acid) [7].
We undertook the following experiments to solve the
discrepancy as to the stereochemistry of the 13-ene.
Sodium borohydride reduction of 8 afforded the C-16-
alcohol 15. In a NOE experiment irradiation of 15 at
54.20 (H-16) resulted in enhancement of the signal at
56.00 (H-14). These results firmly established the 13E
configuration of 8. Thus, the structure of 8 was concluded
to be 16-oxo-cleroda-3,13E-dien-16-oic acid. The most
reliable '3C NMR data are shown in Table 2, which are
essentially identical with the data of Herz and co-workers
(except for the reversed assignment of C-2 and C-11).

Fig. 2. Two- and three-bond connectivities revealed by '*C-'H
long range COSY.

1§

Compounds 9 and 10 have the same molecular formula
as 8. Compound 9 was shown to have a 4(18)-clerodene
bicyclic skeleton and a 16-oxo-13E-en-15-oic acid side
chain by comparing its NMR data with those of 5 and 8
(Tables 1 and 2). Hence, the structure of 9 was determined
to be 16-oxocleroda-4(18),13E-dien-15-0ic acid. Sim-
ilarly, 10 was determined to be 16-oxo-ent-halima-
5(10),13E-dien-15-oic acid on the basis of a NMR com-
parison with 6 and 8.

Compounds 11-14 have the same molecular formula,
C,0H;00, (EIMS m/z 302 [M]"). Compound 11 was
identified as solidagolactone I(cleroda-3,13Z-dien-16,15-
olide) by comparing its 'HNMR data with those re-
ported [20]. The 1*C NMR data listed in Table 2 are in
accord with the structure. The a-orientation of the 17-,
19- and 20-methyl groups was confirmed by NOE ex-
periments on 11.

Compound 12 was shown to have a 4(18)-clerodene
bicyclic skeleton and an unsaturated y-lactone structure
(e.g. 11) by comparing its NMR data (Tables 1 and 2) with
those of 5 and 11. Hence, the structure of 12 was
established to be cleroda-4(18),13-dien-16,15-olide. Com-
pound 13 was established to be ent-halima-5(10),13-dien-
16,15-olide by comparing the NMR data with those of 6
and 11 (Tables 1 and 2). Compound 14 was similarly
established to be ent-halima-1(10),13-dien-16,15-olide by
NMR comparison.

In conclusion, we have isolated and characterized nine
new bicyclic diterpenes, including 1(10)- and 5(10)-ent-
halimanes from the stem bark of P. longifolia. This is the
first report of the isolation of ent-halimane diterpenes
from Annonaceae plants.

EXPERIMENTAL

Mps: uncorr,; 'H and '*CNMR: 500 and 125 MHz,
respectively; IR and UV; CHCI; and MeOH, respectively.
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Isolation. The stem bark of P. longifolia (1 kg), collected
from Varanasi, India in July 1990, was powdered and
extracted with hexane for 2 days in a Soxhlet extractor.
The petrol extract (50 g) was chromatographed over a
column of silica gel (500 g) with hexane—-EtOAc and then
with EtOAc-MeOH as an eluent. Elution with
hexane—EtOAc (10:1) afforded fr. B (4.9 g), and elution
with hexane-EtOAc (6: 1) afforded fr. A (23.3 g). Contin-
ued elution with EtOAc-MeOH (10:1) gave fr. C (9.6 g).
Rechromatography of the frs elutec before fr. B with
hexane-EtOAc (12:1) gave fr. D (0.7 g).

HPLC sepn (column, STR PREP-ODS, 25x2cmid.,;
solvent, MeOH-H,0 (7:1); flow rate, 8 mlmin~'; detec-
ted by UV at 235 nm) of a part of fr. B (280 mg) gave a
mixt. of 2 and 3 (R, 22.5 min, 60 mg), and 1 (R, 21.0 min,
50 mg). The mixt. of 2 and 3 was further sepd under the
same conditions except for the use of MeCN-H,O (20: 1)
as a solvent to furnish 2 (R, 11.2 min, 24 mg) and 3 (R,
12.3 min, 27 mg). A part of fr. A (680 mg) was sepd
similarly with MeOH-H,O-HOACc (180:120:1) as sol-
vent to furnish 6 (R, 35.8 min, 12 mg), § (R, 36.8 min,
169 mg), 7 (R, 37.8 min, 15mg), and 4 (R, 41.1 min,
204 mg). A part of fr. C (210 mg) was similarly chromato-
graphed with MeOH-H,0-HOAc (200:20:1) to afford
partially purified 9(R, 31.3 min), 10 (R, 32.7 min) and 8 (R,
35.0 min). Repeated HPLC sepn furnished samples (with
ca 90% purity) of 9 (8 mg), 10 (14 mg) and 8 (20 mg). A
part of fr. D (181 mg) was further sepd with MeCN-H,CG
(20:1) as solvent to give 12 (R, 22.8 min, 22 mg), 11 (R,
239 min, 88 mg), 13 (R, 264 min, 35mg) and 14 (R,
27.6 min, 8 mg). Yields based on the bark ranged from
0.003% for 14 to 0.4% for 1.

16-Hydroxycleroda-3,13-dien-16,15-0lide (1). Amorph-
ous solid; [«]3°> —27° (CHCl;; ¢0.68) (lit. —70.58° [6],
—48.7° [9], —42° [11]); IR v,,,, cm ™ ! 3590, 3300, 2970,
2943, 1760, 1652; UV AMOH (168 &) 211 nm (4.1); EIMS
m/z (rel. int.): 318 [M]* (16), 303 (6), 300 (6), 285 (16), 191
(72), 135(36), 107 (100), 95 (91), 55 (86), 41 (96). Compound
1a: the less polar (R)}-MTPA ester of 1, R, 0.31 on Merck
F,s, silica plate (solvent hexane-EtOAc 10:1), oil
'HNMR: 50.64 (d, J =6.8 Hz, H;-17,0.72 (s, H;-20), 0.97
(s, H5-19), 1.61 (s, H;-18), 5.21 (br s, H-3), 5.94 (s, H-14),
6.97 (s, H-16). Compound 1b: the more polar (R)-MTPA
ester of 1, R 0.25 under the same conditions described for
1a, oil, 'THNMR: §0.73 (s, H,-20), 0.76 (d, J = 6.8 Hz, H;-
17),0.98 (s, H;-19), 1.61 (s, H3-18), 5.17 (br s, H-3), 5.95 (s,
H-14), 6.99 (s, H-16).

16-Hydroxycleroda-4(18),13-dien-16,15-olide (2). Oil;
[2]3° +10° (CHCly; ¢1.20); IR v, cm™': 3580, 3290,
2930, 1755, 1645, 893; UV MOH (jog &) 211 nm (4.1);
EIMS my/z (rel. int.): 318 [M]™ (8), 303 (4), 300 (5), 285
(8), 191 (73), 135 (49), 107 (79), 95 (100), 55 (64), 41 (82);
Found: C, 75.13; H, 9.68. C,,H;,0; requires C, 75.43; H,
9.49%.

16-Hydroxy-ent-halima-5(10),13-dien-16,15-olide (3).
Oil; [«]3® + 21°(CHCl,; ¢0.54); IR v, cm™ ' 3575,
3300, 2960, 2925, 1755, 1645; UV /MOH (1og ¢): 211 nm
(4.1); EIMS m/z (rel. int.): 318 [M] (3), 285 (1), 191 (100),
135 (11), 95 (12), 55 (13), 41 (15

Cleroda-3,13E-dien-15-0ic acid (4). Oil; [a]3® —44°
(CHCly; ¢ 0.68); IR v,,,, cm ™~ *: 3000 (br), 2960, 1690, 1637,
1253; UV ;MO (1og ¢): 218 nm (4.1); EIMS m/z (rel. int.):
304 [M]" (32), 289 (4), 271 (7), 191 (58), 135 (35), 107 (88),
95 (100), 55 (70), 41 (99).

Cleroda-4(18),13E-dien-15-oic acid (5) Crystals, mp
106-108° (from MeOH-H,0); [«]3° + 5° (CHCly;
¢0.627); IR v,,,, 3000 (br), 2930 1690, 1637, 1253, 893; UV
JMeOH (1og ¢): 218 nm (4.1); EIMS m/z (rel. int.): 304 [M]*
(19), 289 (6), 286 (4), 271 (6), 191 (99), 135 (44), 95 (100), 81
(56), 55 (64), 41 (96); Found: C, 78.68; H, 10.63. C,,H;,0,
requires C, 78.90 H, 10.59%.

Ent-halima-5(10),13E-dien-15-oic acid (6). Crystals, mp
123-124° (from MeOH-H,0); [«]3® +25.8° (MeOH;
c0.,62); IR v,,, cm ! 3000 (br), 2940, 1690, 1637, 1253;
UV iMeOH (160 ¢): 218 nm (4.1); EIMS myz (rel. int.): 304
[M]* (2), 289 (1), 271 (1), 244 (2), 191 (100), 135 (19), 95
(19), 91 (18), 55 (18), 41 (29).

Ent-halima-1(10),13E-dien-15-oic acid (7). Crystals, mp
111-112° (from MeOH-H,0); [«]3> + 67.5° (MeOH;
c0.37); IR v, cm™ ': 3000 (br), 2940, 1690, 1637, 1255;
UV AMOH (1og ¢): 218 nm (4.1); EIMS m/z (rel. int.): 304
[M]" (3), 289 (5), 271 (1), 244 (3), 191 (100), 135 (33), 95
(21), 55 (24), 41 (39).

16-Oxocleroda-3-13E-dien-15-0ic acid (8). Oil; [«]3°
— 88.8°(MeOH; ¢ 0.5) (lit. — 78.6°[15], — 36.7°[7]); IR
Veax €M 15 3000 (br), 2965, 2935, 1703, 1644; UV Mot
(log &): 235 nm (3.9); EIMS m/z: 318 [M]".

16-Oxocleroda-4(18),13E-dien-15-oic acid (9). Oil; IR
Vimax €M1 3000 (br), 2965, 2935, 1703, 1644, 895, UV

MO (1og ¢): 230 nm (3.8); EIMS m/z: 318 [M]".

16-Oxo-ent-halima-5(10),13E-dien-15-o0ic acid (10). Oil;
IR v, cm ~': 3000 (br), 2965, 2935, 1703, 1644; UV iMeOH
(log &): 235 nm (4.0); EIMS m/z: 318 [M]*.

16-Hydroxycleroda-3,13E-dien-15-oic acid (15). Treat-
ment of acid 8 (20 mg) with NaBH, (10 mg) in MeOH
(1 ml) at room temp. for 1 hr followed by usual work-up
and purification over silica gel gave 15(13 mg, 61%) as an
oil. [a]3> —60.0° (MeOH; ¢0.50) (lit. —67.9° [6]);
'HNMR: §0.71 (s, H-20), 0.84 (d, J = 6.4 Hz, H-17), 0.99
(s, H-19), 1.58 (s, H-18), 2.38 (m, H-12), 4.20 (s, H-16), 5.20
(s, H-3), 6.00 (s, H-14). HREIMS Found 320.2333 [M]*,
C,oH;,05 requires 320.2351.

Cleroda-3,13-dien-16,15-olide (11). Crystals; [«]3’
—52.5° (MeOH; ¢ 1.2); IR v,,,, cm ™% 3025, 2970, 2940,
1784, 1747, 1641. UV MOH (1og ¢): 218 nm (3.9); EIMS
m/z (rel. int.): 302 [M]™ (32), 289 (4), 271 (7), 191 (58), 135
(35), 107 (88), 95 (100), 55 (70), 41 (99). HRFABMS Found
303.2343 [MH]™, C,,H;,0, requires 303.2324.

Cleroda-4(18),13-dien-16,15-olide (12). Crystals, mp
66-67° (MeOH-H,0); [«]3> + 15.2° (MeOH; ¢ 1.9); IR
Venae €M 11 2940, 1783, 1742, 1638, 895, UV AMeOH (jog ¢):
218 nm (3.9); EIMS m/z (rel. int.): 302 [M]* (14), 287 (23),
191 (100), 135(73), 107 (40), 95 (69), 55 (33), 41 (36); Found:
C,78.68; H, 10.63. C,,H;,0, requires C 78.90, H 10.59%.

Ent-halima-5(10),13-dien-16,15-0lide (13). Amorphous;
[x]3° + 18.7° (MeOH; ¢ 1.3); IR v, cm ™ ': 3025, 2940,
2873, 1690, 1637, 1253; UV sMOH (log ¢): 218 nm (4.1);
EIMS m/z (rel. int.): 302 [M]* (12), 287 (12), 191 (100).
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HRFABMS Found 303.2323 [MH]}*, C,,H;,0, re-
quires 303.2324.

Ent-halima-1(10),13-dien-16,15-olide (14). Amorphous;
[«]3° + 77.8° (MeOH; ¢ 1.2); IR v,,,, cm™': 3025, 2940,
1783, 1745, 1638; UV AMOM (log ¢): 218 nm (4.1); EIMS
m/z (rel. int.): 302 [M] ™ (21), 287 (23), 191 (100), 135 (48),
107 (22), 95 (17), 55 (12), 41 (13). HRFABMS Found
303.2320 [MH] ", C,,H;,0, requires 303.2324.
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