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Nine new ent-labdane-type diterpenoids (1-9), mostly in the form of the corresponding 16,15-lac-
tones, were isolated from the 85%-EtOH extract of the aerial parts of Andrographis paniculata NEEs.,
together with nine known compounds (10-18). Their structures were deduced by in-depth NMR spec-
troscopy and high-resolution mass spectrometry.

Introduction. — Andrographis paniculata NEegs. (Acanthaceae) is an erect herb
widely distributed in Southeast China. The whole plant is used extensively as an anti-
inflammatory and antipyretic drug for the treatment of fever, cold, laryngitis, diarrhea,
and inflammation [1]. The extract of A. paniculata and its major ent-labdane diterpe-
noids have been shown to display antiviral [2], bacteriostatic [3], immunostimulatory
[4], as well as hepatoprotective and hepatostimulating [5] activities. Phytochemical
studies on the aerial parts of A. paniculata have led to the isolation of, so far, more
than 20 ent-labdane diterpenoids [6-13].

As a part of our ongoing research on the metabolism of A. paniculata, we have pre-
viously investigated the in vivo metabolism of andrographolide after oral administra-
tion in rats and humans [14—16]. To further explore the in vivo absorbed chemical con-
stituents of the extract of this plant, we decided to systematically investigate the chem-
ical constituents of the 85%-EtOH extract of the aerial parts of A. paniculata, which led
to the isolation of nine new ent-labdane diterpenoid lactones or derivatives thereof: 19-
hydroxy-3-oxo-ent-labda-8(17),11,13-trien-16,15-olide (1),  3,18,19-trihydroxy-ent-
labda-8(17),13-dien-16,15-olide  (2), 3,19-dihydroxy-ent-labda-8(17),12-dien-16,15-
olide (3), 19-[(5-p-glucopyranosyl)oxy]-19-oxo-ent-labda-8(17),13-dien-16,15-olide
(4), 3,19-dihydroxy-15-methoxy-ent-labda-8(17),11,13-trien-16,15-olide (5), ent-labda-
8(17),13-diene-15,16,19-triol ~ (6), 3,15,19-trihydroxy-ent-labda-8(17),13-dien-16-oic
acid (7), 3,19-dihydroxy-14,15,16-trinor-ent-labda-8(17),11-dien-13-oic acid (8), and
13,14,15,16-tetranor-ent-labd-8(17)-ene-3,12,19-triol (9).

Also isolated were nine known constituents, which could be identified by compar-
ison of their physico-chemical and spectroscopic properties with published data: neo-
andrographolide (10) [7][10][12], 3,14-dideoxyandrographolide (11) [10][12], andro-
grapholide (12) [9][10], 14-deoxy-11,12-didehydroandrographolide (13) [8][10][12],
19-hydroxy-ent-labda-8(17),13-dien-15,16-olide (14) [17], 14-deoxyandrographolide
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(15) [10][12], deoxyandrographiside (16) [10] [12], 14-deoxy-11,12-didehydroandrogra-
phiside (17) [10], and andrographiside (18) [10].

Results and Discussion. — The aerial parts of Andrographis paniculata NEgs. were
extracted with 85% aq. EtOH. The residue of the EtOH extract was partitioned
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between AcOEt and H,0O, and the organic layer was subjected to column chromatog-
raphy on silica gel, followed by repetitive reverse-phase HPLC to afford 1-18.

HR-ESI-MS Analysis of 1 (m/z 353.1754 (|[M +Na]*)) indicated the molecular for-
mula C,yH,4O,, in combination with the *C- and '"H-NMR spectroscopic data (Tables 1
and 2, resp.). The IR spectrum of 1 showed the presence of OH groups (3410), an (-
unsaturated y-lactone (1741, 1639), an exo-methylidene (889), and of a keto C=0
group (1698 cm™!). Positive Legal and Kedde color reactions [18] further confirmed
the presence of an a.3-unsaturated y-lactone. The characteristic “C-NMR data
(Table 1) indicated that 1 was a labdane-type diterpene with an exocyclic CH, group
(6(C) 109.5, C(17)), a Me(18) group (6(C) 21.2), a 19-CH,OH group (6(C) 64.5),
and an angular Me(20) group (6(C) 15.4).

The '"H-NMR spectrum of 1 also indicated an a.3-unsaturated y-lactone with signals
at 0(H) 7.31 (t, J=2.0 Hz, H-C(14)) and 4.79 (br. s, CH,(15)); the corresponding "*C-
NMR signals appeared at 6(C) 128.7 (C(13)), 145.4 (C(14)), 70.3 (C(15)), and 172.7
(C(16)). In the HMBC spectrum, correlations of H—C(11) (6(H) 7.21) to C(13), and
of H-C(12) (6(H) 6.25) to C(14), C(16), and C(9) (6(C) 61.1), were observed, indicat-
ing that the lactone moiety was attached to the labdane skeleton via a C=C bond
between C(11) (6(C) 135.1) and C(12) (6(C) 122.4). Additionally, the C=0 signal
(6(C) 213.7) could be assigned to C(3) based on its HMBC correlations to Me(18)
(0(C) 1.44), CH,(19) (6(H) 4.26,3.79), CH,(1) (6(H) 1.79-1.76, 1.44), and CH,(2). Fur-
thermore, H—C(14) (6(H) 7.31) showed a NOESY correlation with H—C(12) (6(H)

Table 1. "C-NMR Chemical Shifts of 1-9. At 150 MHz in (Ds)pyridine.

Position 1 2 3 4 5 6 7 8 9
1 39.6 373 372 39.3 38.7 39.3 373 38.7 37.5
2 36.5 28.9 29.1 20.4 28.9 19.5 29.1 28.8 29.2
3 213.7 73.9 79.9 38.5 80.1 36.0 80.0 80.0 80.2
4 55.1 472 433 44.6 43.4 39.9 433 43.4 433
5 56.3 47.5 553 56.6 54.7 56.4 554 54.6 55.6
6 24.3 24.8 244 26.4 23.6 24.8 24.4 23.6 24.7
7 36.6 38.7 38.2 39.0 37.0 39.0 384 36.9 38.7
8 148.7 148.3 148.2 148.2 149.0 148.9 148.3 148.6 148.8
9 61.1 56.7 56.1 56.0 61.8 57.0 56.7 60.1 52.7
10 38.9 394 39.2 40.9 39.1 39.5 39.3 38.9 39.2
11 135.1 224 25.8 224 138.6 23.0 24.4 146.5 28.4
12 122.4 25.0 141.0 252 121.4 34.6 323 126.3 61.4
13 128.7 134.2 126.1 134.2 132.7 142.8 130.6 168.6 -
14 1454 1454 254 145.5 141.5 127.4 145.1 - -
15 70.3 70.6 65.6 70.7 102.9 60.0 61.6 - -
16 172.7 174.6 171.3 174.4 170.2 58.5 170.5 - -
17 109.5 107.0 108.0 106.9 108.9 106.9 108.5 108.9 107.1
18 21.2 62.8 23.8 28.9 23.7 28.1 23.8 23.7 23.8
19 64.5 63.1 64.2 176.5 64.2 63.8 64.3 64.2 64.3
20 154 15.3 15.2 13.5 16.0 15.6 15.4 15.9 15.6
MeO - - - - 56.5 - - - -

) Sugar resonances for C(1") to C(6): 6(C) 95.7, 74.0, 79.4, 71.1, 79.2, and 62.2, resp.
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Table 2. '"H-NMR Spectroscopic Data of 1-3. At 600 MHz in (Ds)pyridine. Asterisks (*) denote over-
lapping signals.

Position 1 2 3

1.79-1.76 (m)

1.76-1.72 (m)

1.66 (br. d, J=132)

1.44 (dt, J=14.0, 4.0) 1.21 (dt, 1=12.9,42) 1.17 (dt, 1=132, 4.8)
2 2.84 (dt, J=14.4, 4.0) 2.25-2.16 (m) 2.05-2.01 (m)
2.44-2.40 (m) 2.13-2.09* 2.01-1.98 (m)
3 - 441 (br. d, J=10.8) 3.68-3.63*
4 _ _ _
5 1.67-1.63* 2.05 (br. d, J=13.6) 122 (dd, J=12.6,2.1)
6 1.75-1.72 (m) 2.13-2.09* 1.81-1.79 (m)
1.67-1.63* 1.53-1.51 (m) 1.36-1.33 (m)
7 2.38-2.35 (m) 236 (br. d, J=12.6) 232 (br. d, J=12.6)
2.05 (br. t, J=13.6) 2.04-2.02 (m) 1.92 (dt, J=12.6, 4.8)
8 — — —
9 2.45 (br. d, J=10.0) 1.72 (br. s) 1.78 (br. d, J=102)
10 - - -
11 721 (dd, J=16.0, 10.0) 1.82-1.78 (m) 2.30-2.28 (m)
1.66—1.63 (m) 2.23-2.20 (m)
12 625 (d, J=16.0) 251 (br. 1, J=12.6) 6.86 (br. 1, J=6.6)
2.16 (br. d, J=12.6)
14 731 (t, J=2.0) 7.15 (br. s) 2..80 (br. t, J=7.2,2 H)
15 479 (br. s) 470 (br. s) 427 (t,7J=72,2 H)
16 491 (d, ]=2.0) 4.92 (br. s) 4.85 (br. s)
17 481 (d, ]=2.0) 474 (br. s) 451 (br. s)
18 1.44 (s) 4.83 (d, J=10.9) 1.51 (s)
4.17 (d, J=10.9)
19 426 (d, J=10.8) 4.61 (d, 7=10.9) 447 (d, J=10.8)
3.79 (d, J=10.8) 3.91 (d, J=10.9) 3.68-3.63
20 1.19 (s) 0.79 (s) 0.71 (s)

6.25), but no correlation with H—C(11) (6(H) 7.21), implying a predominantly transoid
conformation of the C(12)—C(13) single bond.

On the basis of the above evidence, the structure of 1 was established as 19-hydroxy-
3-oxo-ent-labda-8(17),11,13-trien-16,15-olide. The absolute configuration of 1 and of all
other compounds described in this paper was tentatively assigned based on biogenetic
grounds.

HR-ESI-MS Analysis of 2 (m/z 373.2002 ([M +Na]")) indicated the molecular for-
mula C,,H;,0Os, in combination with NMR experiments. The IR spectrum of 2 showed
the presence of OH groups (3492), an a.3-unsaturated y-lactone (1753, 1652), and an
exo-methylidene group (902 cm™). Positive Legal and Kedde color reactions [18] fur-
ther confirmed the presence of an a,S-unsaturated y-lactone. The characteristic
NMR data of 2 indicated that it was also a labdane-type diterpene with an «,5-unsatu-
rated y-lactone (0(C) 134.2, 145.4, 70.6, 174.6), very similar to the known 14-deoxyan-
drographolide (15) [10][12]. The significant difference between the two compounds
was at C(18) of the ent-labdane skeleton, with signals at 6(H) 4.83 and 4.17 (2d,
J=10.9 Hz each, 2 x 1 H) attributable to an 18-CH,OH function (6(C) 62.8) in 2 instead
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of only one signal at 6(H) 1.49 (s, 3 H) for Me(18) (6(C) 23.6) in 15. This was confirmed
by HMBC correlations of CH,(18) (6(H) 4.83, 4.17) with C(3) (6(C) 73.9), C(5) (6(C)
47.5), and C(19) (6(C) 63.1). NOESY Correlations of CH,(18) (6(H) 4.83, 4.17) with
H-C(3) (6(H) 4.41) and H-C(5) (6(H) 2.08), and of CH,(19) (6(H) 4.61, 3.91) with
Me(20) (6(H) 0.79) further corroborated that CH,(18)OH was f-oriented, whereas
CH,(19)OH was a-oriented. Based on the above evidence, the structure of 2 was estab-
lished as 3,18,19-trihydroxy-ent-labda-8(17),13-dien-16,15-olide.

HR-ESI-MS Analysis of 3 (m/z 357.2054 ([M + Na]*)) pointed to the molecular for-
mula CyH3,0,, as further supported by NMR spectroscopy (7ables I and 2). The IR
spectrum of 3 showed the presence of OH groups (3277), an a,B-unsaturated y-lactone
(1747, 1678), as confirmed by Legal and Kedde color reactions [18], and an exo-meth-
ylidene moiety (902 cm™'). The NMR data of 3 indicated a labdane-type diterpene with
an exocyclic CH, group (6(C) 108.0, C(17)), a Me(18) group (6(C) 23.8), a CH,(19)OH
group (0(C) 64.2), and an angular Me(20) group (6(C) 15.2). The NMR data of 3 were
very similar to those of andrographolide (12) [9][10], except for a signal at 6(H) 2.80
(br. t, J=7.2 Hz, 2 H) ascribable to a CH,(14) unit (6(C) 23.6) in 3 instead of a signal
at o(H) 5.02 (¢, /=2.4 Hz, 1 H) due to the hydroxymethine group at C(14) (6(H) 66.0)
in 12. This was further substantiated by a HMBC experiment with 3, showing long-
range correlations of CH,(14) (6(H) 2.80) to C(12) (6(C) 141.0), C(13) (6(C) 126.1),
and C(16) (6(C) 171.3). From the above evidence, the structure of 3 was established
as 3,19-dihydroxy-ent-labda-8(17),12-dien-16,15-olide.

HR-ESI-MS Analysis of 4 (m/z 517.2410 (|[M +Na]*)) indicated the molecular for-
mula C,sH330,, in combination with NMR analyses (7ables I and 3). The IR spectrum
of 4 showed the presence of OH groups (3421), an a.f-unsaturated y-lactone (1747,
1644), as confirmed by Legal and Kedde color reactions [18], and an exo-methylidene
(899 cm™) function.

The characteristic ?C-NMR signals (Table 1) showed that 4 was a labdane with an
exocyclic CH,(17) group (6(C) 106.9), a Me(18) group (6(C) 28.9), and an angular
Me(20) group (6(C) 13.5). The a,fS-unsaturated y-lactone moiety resonated at 6(H)
7.7 (t, J=0.7 Hz, H-C(14)) and 4.75 (br. s, CH,(15)), with *C-NMR signals at 6(C)
134.2 (C(13)), 145.5 (C(14)), 70.7 (C(15)), and 174.4 (C(16)). The HMBC spectrum
indicated that the lactone moiety was attached to the bicyclic skeleton via the aliphatic
C(11)—C(12) chain (6(C) 22.4,25.2), which indicated that 4 was an analogue of neoan-
drographolide (10) [7][10][12]. However, the absence of a resonance for an oxymethy-
lene for C(19), along with an additional C=0 signal (6(C) 176.5), suggested that the 19-
CH,OH group in neoandrographolide had been oxidized to a COOR group in 4. This
was confirmed by HMBC correlations between C(19) (6 176.5) and CH,(3) (6(H)
2.39-2.36, 1.05), H-C(5) (6(H) 1.32), and Me(18) (6(H) 1.28).

In addition, the "C- and '"H-NMR signals of a 3-p-glucopyranosyl (GlIc) group were
found at 6(C) 60-100 and 6(H) 3.9-4.5, resp. The -configuration was assigned based
on the coupling constant of the f-anomeric H-atom, H—C(1'), at (H) 6.28 (d, J=8.1
Hz), and was confirmed by specific hydrolysis of 4 with S-p-glucosidase [19]. The
HMBC correlation between H—C(1') and C(19) indicated the presence of an ester link-
age between the glucopyranosyl residue and the COO group in position 19. In the
NOESY spectrum, the correlation between Me(18) (6(H) 1.28) and H-C(5) (6(H)
1.32), and the absence of a correlation between Me(18) and Me(20) (6(C) 0.97) dem-
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Table 3. 'H-NMR Spectroscopic Data of 4—6. At 600 MHz in (Ds)pyridine. Asterisks (*) denote over-
lapping signals.

Position 4%) 5 6
1 1.80-1.77 (m) 1.43 (br. d, J=132) 1.71-1.68 (m)
1.03 (dt, J=13.2, 3.6) 1.10 (dr, J=13.2, 3.6) 1.03 (dt, J=13.2,3.6)
2 2.17-2.15 (m) 1.95 (br. d, J=10.2) 1.59 (br. d, J=12.0)
1.46 (br. d, J=13.2) 1.94-1.89 (m) 1.44-1.41 (m)
3 2.39-2.36 (m) 3.66-3.64% 2.21 (br. d,J=13.2)
1.05 (dt, J=13.2, 3.6) 1.00 (dt, J=13.2, 3.6)
4 _ _ _
5 1.32 (dd, J=12.6, 2.4) 1.19 (br. d, J=12.6) 1.23 (dd, J=12.0, 2.1)
6 2.45-2.41 (m) 1.76 (br. d, J=12.6) 1.83-1.80 (m)
2.10 (br. d, J=12.6) 1.40-1.37 (m) 1.41-1.38 (m)
7 2.40-2.36 (m) 2.39-2.36 (m) 237 (br. d, J=12.6)
1.93 (dt, J=12.6, 3.6) 1.98 (dt, J=13.8, 6.6) 1.96 (dt, J=12.6, 4.8)
] _ _ _
9 1.66 (br. d, J=10.8) 2.36 (br. d, J=10.5) 1.73 (br. d, J=10.8)
10 - - -
11 1.77-1.75 (m) 7.19 (d, J=15.6) 1.85-1.83 (m)
1.65-1.61 (m) 1.70-1.66*
12 2.53 (br.t,/=13.2) 6.27 (d, J=15.6) 2.70 (br. t, J=12.5)
2.19 (br.t,J=13.2) 2.27-2.24 (m)
14 7.17 (¢, 7=0.7) 7.22 (br. s) 5.96 (t, J=6.6)
15 4.75 (br. s) 6.01 (s) 4.59 (d,J=6.3)
4.55 (d,J=6.3)
16 - - 4.66 (br. s)
4.65 (br. s)
17 4.86 (s) 4.84 (s) 4.91 (s)
4.73 (s) 4.67 (s) 4.78 (s)
18 1.28 (s) 1.51 (s) 1.18 (s)
19 - 4.47 (d, J=10.9) 3.98 (d, J=10.2)
3.66-3.64* 3.39 (d, J=10.2)
20 0.92 (5) 0.86 (s) 0.71 (s)
MeO - 3.46 (s) -

) Sugar resonances: 6.28 (d, J=8.6, H-C(1")); 4.16 (1, J=8.6, H-C(2')); 3.98 (dt, J=8.6, 3.0, H-C(3'));
433 (1, J=8.6, H-C(4)); 4.23 (t, J=8.6, H-C(5)); 4.43 (dd, J=12.0, 1.7, 1 H of CH,(6')); 4.36 (dd,
J=12.0, 4.3, 1 H of CH,(6)).

onstrated that Me(18) was -oriented; consequently, the GlcOOC(19) moiety was in a-
position.

From the above data, compound 4 was identified as 19-[(3-D-glucopyranosyl)oxy]-
19-ox0-ent-labda-8(17),13-dien-16,15-olide. Interestingly, its 4-epimeric analogue has
been isolated before from the aquatic plant Potamogeton lucens [19].

The molecular formula of 5 was determined as C,H;,Os by HR-ESI-MS (m/z
385.1986 ([M +Na]*)) and NMR analyses (7ables I and 3). The IR spectrum of 5
showed the presence of OH groups (3419), an a,B-unsaturated y-lactone (1762,
1644), and an exo-methylidene function (896 cm™). Again, positive Legal and Kedde
color reactions [18] confirmed the unsaturated y-lactone moiety. The NMR data of 5
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showed characteristic signals similar to those of 13 [8][10][12], including an exocyclic
CH,(17) group (6(C) 108.9), a Me(18) group (6(C) 23.7), an angular Me(20) group
(6(C) 16.0), and a 1,2-disubstituted (F)-configured C=C bond (6(C) 138.6, 121.4).
Comparison of the '"H-NMR data of 5 with those of 13 revealed a MeO group at
O(H) 3.46 (s, 3 H) and a signal due to an acetal CH at 6(H) 6.01 (s, 1 H). The HSQC
spectrum indicated that the signal at 6(H) 6.01 correlated to the acetal methine carbon
signal at 6(C) 102.9. Long-range HMBC correlations of d(H) 6.01 to C(13) (6(C)
132.7), C(14) (6(C) 141.5), and C(16) (6(C) 170.2) suggested that the acetal H-atom
was at C(15). The position of the MeO group at C(15) was determined from the
HMBC correlation between the MeO H-atoms at §(H) 3.46 and C(15) at 6(C) 102.9,
and from the NOESY correlations between 6(H) 3.46 and both H-—C(14) (6(C)
7.22) and H-C(15) (6(H) 6.01).

From the above data, the structure of compound 5 was assigned as 3,19-dihydroxy-
15-methoxy-ent-labda-8(17),11,13-trien-16,15-olide. The absolute configuration at
C(15) could not yet be established [19][20].

HR-ESI-MS Analysis of 6 (m/z 345.2412 ([M +Na]"), together with the NMR data
(Tables 1 and 3), indicated the molecular formula C,yH;,Os. The IR spectrum of 6
showed the presence of OH groups (3284) and an exo-methylidene (896 cm™), but
no a,fB-unsaturated y-lactone, as corroborated by negative Legal and Kedde tests
[18]. The *C-NMR signals indicated a labdane-type bicyclic skeleton with an exocyclic
CH,(17) group (6(C) 106.9), a Me(18) group (6(C) 28.1), a CH,(19)OH group (6(C)
63.8), and an angular Me(20) group (0(C) 13.5), similar to most ent-labdane diterpe-
noids from A. paniculata [10]. However, the absence of the lactone C=0 signal and
the presence of two CH,OH signals at 6(C) 60.0 and 58.5 implied that the a,3-unsatu-
rated y-lactone ring had been opened and transformed to CH,OH groups in positions
15 and 16, respectively. In the HSQC spectrum, two signals at 6(H) 4.59 (d,/=6.3 Hz, 1
H) and 4.55 (d, J=6..3 Hz, 1 H), correlating with one CH,OH (J(C) 60.0), and two
more signals at 6(H) 4.66 (s, 1 H) and 4.65 (s, 1 H), correlating with the second
CH,OH (4(C) 58.5), were ascribed to CH,(15) and CH,(16), respectively. This was fur-
ther substantiated by HMBC correlations between CH,(16) and C(11) (6(C) 23.0),
C(13) (0(C) 142.8), and C(14) (6(C) 127.4), and between CH,(15) and C(13) (d
142.8) and C(14) (6(C) 127.4), respectively.

The configuration of the C(13)=C(14) bond was determined to be (Z), based on
NOESY correlations of H—C(14) with H-C(11) and H—C(12). From the above evi-
dence, the structure of 6 was elucidated as ent-labda-8(17),13-diene-15,16,19-triol.
Note that 6 is the enantiomer of a derivate of pinusolide isolated from Biota orientalis
[17], based on the opposite absolute configurations at C(4), C(5), C(9), and C(10).

HR-ESI-MS Analysis of 7 (m/z 375.2135 ([M +Na] ")) and NMR analyses (Tuables I
and 4) revealed the molecular formula C,yH;,0s. The IR spectrum of 7 showed the
presence of OH groups (3415), a COOH function (1677), as confirmed by reaction
with Bromocresol Green, and an exo-methylidene group (902 cm™). Negative Legal
and Kedde tests [18] confirmed the absence of an «,f-unsaturated y-lactone ring.
The NMR spectroscopic data of 7 were very similar to those of 14-deoxyandrographo-
lide (15) [10][12], except that C(15) and C(16) were shifted upfield to 6(C) 61.6 and
170.5, respectively. Furthermore, the *J correlation between CH,(15) (8(H) 4.24) and
C(16) (6(C) 170.5) could not be observed in the HMBC spectrum, confirming the open-
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Table 4. 'TH-NMR Spectroscopic Data of 7-9. At 600 MHz in (Ds)pyridine. Asterisks (*) denote over-
14 P 5)PY
lapping signals.

Position 7 8 9
1 1.68 (br. d, J=12.6) 1.37-1.41(m) 1.77-1.73 (m)
1.18 (dt, J=12.6, 3.6) 1.11 (dt, J=13.2,3.6) 1.21 (dt, J=12.8, 4.0)
2 2.03-2.01 (m) 1.94 (dd, J=12.0, 4.5) 2..08-2.04 (m)
1.96 (br. d, J=12.6) 1.91-1.87 (m) 1.89-1.95*%
3 3.66-3.62% 3..66-3.62% 3.63-3.60%*
4 _ _ _
5 1.21 (dd, J=12.6, 2.4) 1.19 (br. d, J=13.2) 1.24 (dd, J=12.0, 4.4)
6 1.77-1.75 (m) 1.76 (br. d, J=13.2) 1.80-1.77 (m)
1.35-1.31 (m) 1.43-1.41 (m) 1.37-1.32 (m)
7 2.33 (br.d,J=12.9) 2.37 (br. d, J=13.5) 2.35 (br. d, J=12.8, 4.0)
1.93 (dt, J=12.9, 3.6) 2.00 (dt, J=13.5,4.5) 1.98-1.94%
8 _ _ _
9 1.84 (br. d, J=10.8) 2.51 (br. d,J=10.2) 1.96 (br. d, J=9.4)
10 - - -
11 2.65-2.61 (m) 7.35 (dd, J=15.6,10.2) 1.98-1.94%
2.51-2.46 (m) 1.81-1.79 (m)
12 3.15 (br.t,J=72) 6.25 (d, J=15.6) 4.03-3.99 (m)
3.15 (br.t,J=17.2) 3.83-3.77 (m)
14 733 (1, ]=6.3) - -
15 4.26 (¢, /=6.3) - -
423 (¢,/=6.3)
16 - - -
17 4.91 (s) 4.83 (s) 4.89 (br.. s)
4.72 (s) 4.64 (s) 4.69 (br. s)
18 1.49 (s) 1.19 (s) 1.48 (s)
19 4.46 (d, J=10.9) 4.46 (d, J=10.8) 4.47 (d, J=10.8)
3.60 (d, J=10.9) 3.63* 3.63-3.60%*
20 0.70 (s) 0.85 (s) 0.72 (s)

ing of the y-lactone ring. The geometry of the C(13)=C(14) bond was determined to be
(Z), on the basis of NOESY correlations between H—C(14) and both H—C(11) and H—
C(12). From the above evidence, compound 7 was identified as 3,15,19-trihydroxy-ent-
labda-8(17),13-dien-16-oic acid.

HR-ESI-MS Analysis of 8 (m/z 317.1721 ([M +Na]")), together with the NMR data
(Tables 1 and 4), suggested the molecular formula C,;H,;04. The IR spectrum of 8
showed the presence of OH (3412), COOH (1689), and exo-methylidene (896 cm™')
groups. Negative Legal and Kedde color reactions [18] confirmed the absence of an
a,B-unsaturated y-lactone ring. Reaction with Bromocresol Green gave a positive
result, confirming the presence of a COOH group. The “C-NMR spectrum showed
17 C-atoms. A characteristic oxygenated CH in position 3 (6(C) 80.0), an exocyclic
methylidene at 6(C) 108.9 (C(17)), a Me(18) group (6(C) 23.7), an oxygenated C(19)
(60(C) 64.2), and an angular Me(20) group (6(C) 13.5), suggesting the presence of a
nor-labdane skeleton similar to that of 7. The HMBC correlations of both H—C(11)
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(6(H) 7.35) and H—C(12) (6(H) 6.25) to the COOH group (6(C) 168.6) confirmed that
the 13-position was oxidized and attached to the bicyclic skeleton by a 1,2-disubsti-
tuted, (E)-configured C(11)=C(12) chain (6(C) 138.6, 121.4, resp.). On the basis of
the above evidence, the structure of 8 was established as ‘3,19-dihydroxy-14,15,16-tri-
nor-ent-labda-8(17),11-dien-13-oic acid’ (=(2E)-3-[(1R,5R,6R,8aR)-decahydro-6-hy-
droxy-5-(hydroxymethyl)-5,8a-dimethyl-2-methylidenenaphthalen-1-yl]prop-2-enoic
acid).

The molecular formula of compound 9 was deduced as C,;H,;O; by HR-ESI-MS
(m/z 291.1914 ([M +Na]*)) and NMR analyses (Tables I and 4). The IR spectrum
showed the presence of OH functions (3258) and an exo-methylidene (908 cm™"), but
no lactone (negative Legal and Kedde tests [18]). The *C-NMR spectrum showed 16
C-atoms, with an OH at C(3) (6(C) 80.2), an exocyclic methylidene group (C(17), a
Me(18) group (6(C) 23.8), an oxygenated CH,(15) (6(C) 64.3), and an angular
Me(20) group, implying that 9 was an analogue of 8. In the HSQC spectrum, the two
signals at 6(H) 4.03-3.99 (m, 1 H) and 3.83-3.77 (m, 1 H), correlating with 6(C)
61.4, were ascribed to CH,(12). This was further substantiated by the HMBC correla-
tions between CH,(12) (6(H) 4.03-3.99, 3.83-3.77) and both C(9) (6(C) 52.7) and
C(11) (6(C) 28.4). Therefore, the structure of 9 was elucidated as 13,14,15,16-tetra-
nor-ent-labd-8(17)-ene-3,12,19-triol’  (=(1R,2R 4aS,5R)-decahydro-5-(2-hydroxyethyl)-
1-(hydroxymethyl)-1,4a-dimethyl-6-methylidenenaphthalen-2-ol). Note that 9 is the
enantiomer of the microbial-transformation product of communic acid [21], with oppo-
site absolute configurations at C(3), C(4), C(5), C(9), and C(10).

Experimental Part

General. All reagents were of anal. grade and purchased from Shenyang Chemical Company (She-
nyang, China). Prep. HPLC: Waters-600 chromatograph with ODS C;5 column (250 x20 mm; Inertsil
Pak) and Waters-490 UV detector; as solvents, HPLC-grade MeOH and double-distilled H,O were
used. Column chromatography (CC) was performed on silica gel 60 (Qingdao Haiyang Chemical Co.,
Ltd, China), Sephadex LH-20 (Advanced Technology Industrial Co., Ltd), and ODS (40-75 pm, Fuji Sily-
sia Chemical Ltd, Japan). Thin-layer chromatography (TLC): silica gel 60; visualization by spraying with
Kedde’s reagent. IR Spectra: Bruker IFS-55;in cm™'. NMR Spectra: Bruker ARX-600 apparatus, at 600
(*H) and 150 MHz (**C) in (Ds)pyridine; 6 in ppm rel. to Me,Si, J in Hz. HR-ESI-MS: Bruker APEX-II
mass spectrometer; in m/z.

Plant Material. The dried aerial parts of Andrographis paniculata Negs. were collected from Fujian
Province, China. A voucher specimen was identified by Prof. Qi-Shi Sun, and deposited at the Depart-
ment of Natural Products Chemistry, Shenyang Pharmaceutical University, China.

Extraction and Isolation. The plant material (10 kg) was cut into small pieces and heated at reflux
with 85% aq. EtOH (3 x). The resulting EtOH extract was concentrated in vacuo, suspended in H,O,
and partitioned between cyclohexane and AcOEt. The AcOEt layer (295 g) was concentrated and
then subjected to CC (SiO,, 10x120 cm; gradient of CHCl;/MeOH 98:2, 97:3, 95:5, 9:1, 8:2): eight
fractions (Fr. 1-8). Fr. 1 was subjected to CC (Sephadex LH-20; CHCly/MeOH 1:1). The diterpenoid-
containing fraction was re-subjected to CC (SiO,; cyclohexane/AcOEt 9:1, 8:2, 7:3), followed by
repeated prep. HPLC, to afford 11 (256.1 mg), 1 (17.6 mg), and 14 (32.8 mg). A part (10 g) of Fr. 2 (60
g) was purified by CC (Sephadex LH-20; CHClL,/MeOH 1:1), and the diterpenoid-containing fraction
was subjected to MPLC (ODS; MeOH/H,0O 7:3) to afford 13 (34.2 mg) and 15 (102.3 mg). Fr. 3 and
Fr. 4 were combined, evaporated, and subjected to CC (Sephadex LH-20; CHCl;/MeOH 1:1), and the
diterpenoid-containing fraction was re-subjected to CC (SiO,; cyclohexane/acetone 9:1, 8:2, 7:3), fol-
lowed by prep. HPLC, to afford 2 (46.2 mg), 5 (12.2 mg), 6 (28.2 mg), 8 (46.0 mg), and 9 (56.6 mg). Fr.
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6 was recrystallized from MeOH to afford 12 (56 g). The mother liquor of 12 was purified by CC
(Sephadex LH-20; CHCL,/MeOH 1:1), and the diterpenoid-containing fraction was further purified by
CC (SiO,; CHCly/MeOH 97:3, 95:5, 9:1) to give 3 (22.2mg) and 7 (36.5 mg). Fr. 7 was purified by
CC (Sephadex LH-20; CHCly/MeOH 1:1), and the diterpenoid-containing fraction was recrystallized
from MeOH to provide 10 (15.7 g). The mother liquor of 10 was applied to MPLC (ODS; MeOH/
H,O 1:1) to give 4 (37.0 mg) and 16 (47.7 mg). Fr. 8 was subjected to CC (Sephadex LH-20; CHCl,/
MeOH 1:1), and the diterpenoid-containing fraction was purified by CC (SiO,; CHCly/MeOH 95 :5,
9:1, 8:2) to afford, after purification by prep. HPLC, 17 (35.5 mg) and 18 (83.5 mg).

19-Hydroxy-3-oxo-ent-labda-8(17),11,13-trien-16,15-olide (1). Colorless needles. M.p. 155-156°
(MeOH). [a]3 =—12.5 (c=0.1, MeOH). IR (KBr): 3410, 1741, 1698, 1639, 1101, 1050, 889. 'H-NMR:
see Table 2. "C-NMR: see Tuble 1. HR-ESI-MS: 353.1754 ([M +Na]", C,yH,NaO; ; calc. for 353.1729).

3,18,19-Trihydroxy-ent-labda-8(17),13-dien-16,15-olide (2). Colorless needles. M.p. 153-154°
(MeOH). [a]5 =—40.8 (c=0.24, MeOH). IR (KBr): 3492, 2925, 1753, 1652, 1637, 1059, 1014, 902. 'H-
NMR: see Table2. PC-NMR: see Table I. HR-ESI-MS: 3732002 ([M +Na]*, C,HyNaO{; calc.
373.1991).

3,19-Dihydroxy-ent-labda-8(17),12-dien-16,15-olide (3). Colorless plates. M.p. 179-180° (MeOH).
[a]Z =—22 (c=0.22, MeOH). IR (KBr): 3277, 2926, 1747, 1678, 1640, 1223, 1035, 1013, 902. 'H-
NMR: see Table2. PC-NMR: see Table I. HR-ESI-MS: 357.2054 ([M+Na]*, C,H;NaOj]; calc.
357.2042).

19-[(B-p-Glucopyranosyl)oxy|[-19-oxo-ent-labda-8(17),13-dien-16,15-olide (4). Pale-yellow powder
(MeOH). [a]3 =—25.0 (c=0.2, MeOH). IR (KBr): 3421, 2932, 1747, 1644, 1448, 1073, 899. 'H-NMR:
see Table 3. "C-NMR: see Table I. HR-ESI-MS: 517.2410 ([M +Na]', C,sH;sNaOy ; calc. 517.2408).

3,19-Dihydroxy-15-methoxy-ent-labda-8(17),11,13-trien-16,15-olide (5). Colorless powder (MeOH).
[a]5 =+50.0 (c=0.1, MeOH). IR (KBr): 3419,2936, 1762, 1644, 1449, 1090, 1031, 985, 896. '"H-NMR: see
Table 3. P*C-NMR: see Table 1. HR-ESI-MS: 385.1986 ([M +Na]*, C,;H;NaOX ; calc. 385.1991).

ent-Labda-8(17),13-diene-15,16,19-triol (6). Colorless needles. M.p. 97-98° (MeOH). [a]3 = —25.7
(¢c=0.17, MeOH). IR (KBr): 3284, 2933, 1642, 1444, 1023, 980, 896. 'H-NMR: see Table 3. *C-NMR:
see Tuble 1. HR-ESI-MS: 345.2412 ([M +Na]", C,0H;,NaOj ; calc. 345.2405).

3,15,19-Trihydroxy-ent-labda-8(17),13-dien-16-oic Acid (7). Colorless needles. M.p. 186-187°
(MeOH). [a]3 =+14.3 (¢=0.14, MeOH). IR (KBr): 3415, 2927, 1747, 1678, 1223, 1078, 1013, 902. 'H-
NMR: see Table4. "C-NMR: see Table I. HR-ESI-MS: 375.2135 ([M +Na]*, C,H;NaO{; calc.
375.2147).

‘3,19-Dihydroxy-14,15,16-trinor-ent-labda-8(17),11-dien-13-oic Acid’ (=(2E)-3-[(IR,5R,6R,8aR)-
Decahydro-6-hydroxy-5-(hydroxymethyl)-5,8a-dimethyl-2-methylidenenaphthalen-1-yl]prop-2-enoic
Acid; 8). Colorless plates. M.p. 240-241° (MeOH). [a]? = —4.2 (c=0.24, MeOH). IR (KBr): 3412, 2935,
1689, 1657, 1304, 1047, 896. 'H-NMR: see Table 4. C-NMR: see Table I. HR-ESI-MS: 317.1721
([M +Na]*, C;;H,xNaOyj ; calc. 317.1729).

¢13,14,15,16- Tetranor-ent-labd-8(17)-ene-3,12,19-triol’ (= (IR,2R,4aS,5R)-Decahydro-5-(2-hydroxy-
ethyl)-1-(hydroxymethyl)-1,4a-dimethyl-6-methylidenenaphthalen-2-ol; 9). Colorless needles. M.p.
188-190° (MeOH). [a]% = —27.3 (c=0.22, MeOH). IR (KBr): 3258, 2967, 2944, 1645, 1446, 1036, 972,
908. '"H-NMR: see Tuble 4. PC-NMR: see Tuable 1. HR-ESI-MS: 291.1914 ([M +Na]*, C;sH,sNaO;;
calc. 291.1936).
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