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Six newentlabdane diterpenoids, @-f-p-glucopyranosyl-14,19-dideoxyandrographolidg, (L4-deoxy-17-hydroxy-
andrographolide 2), 19-O-[$-p-apiofuranosyl(3>2)-3-p-glucopyranoyl]-3,14-dideoxyandrographolid8),( 3-O-/-p-
glucopyranosylandrographolidé)( 12S-hydroxyandrographolidebf, and andrographatosidé)( together with 17 known
analogues, were isolated from the aerial partdwdrographis paniculataThe structures of—6 were determined by
spectroscopic data analysis. All compounds isolated were evaluated for their inhibitory activity against several bacterial
and fungal strains.

Andrographis paniculataNees (Acanthaceae), a well-known Table 1. 3C NMR Spectroscopic Data of Compounis 7
herbal medicine, is cul_tivated_widely in souther_n maiplqnd Chine} carbon 1 2 3 4 5 6 7
é?ld usedf ali an gﬁgcél\/Ee antlk_)acterr]lal gndl angph:]oglstlc ag?”‘l'“ 37.0t 372t 389t 371t 379t 393t 37.9t
Chinese folk mediciné.Extensive chemical and pharmaceutica 243t 286t 192t 238t 290t 20.6t 284t
investigations on this species have demonstratedetielabdane 848d 80.3d 359t 855d 81.0d 386t 80.9d
diterpenoids are the main bioactive components and have led to 389s 431s 385s 435s 437s 448s 436s
the clinical application of several antibacterial and anti-inflammatory gié? gfgtd 252&:’ 2551377 td ;gftd 2566;58td 25zﬁéotd
drugs based oA. panlculatgm the P_eople s Republic of Chirte. 3841 318t 384t 383t 394t 392t 376t
More than 2Centlabdane diterpenoids have been reported flam 1483s 42.4d 1483s 1481s 149.2s 1488s 600s
paniculata®*—10 56.3d 522d 565d 56.3d 539d 56.3d 545d
The present study of. paniculantshas resulted in the isolation 100 99.55 38.05 © 29.65° 39.05 L4085 al0s - al0s
f six newentlabdane diterpenoid4d.{6), together with 17 known 1 223t 275t 220t 251t 30.3t 232t 2L2t
0 , diterp » 109 12 251t 277t 249t 147.1d 71.0d 347t 27.8t
compounds of this series. The structures of compourtBwere 13 134.2s 134.3s 134.2s 1302s 53.8d 1429s 1345s
determined by extensive spectroscopic methods, including 1D and 14  1457d 1456d 1455d 66.0d 73.6d 127.5d 147.8d
2D NMR analysis. This paper reports the isolation, characterization, 12 l;g-gt 17704-78t 177045; 1305; 7167-52 5868 tlt 7127?0
.. . . . . 8s 8s 5s 9s 4s . Us
and antimicrobial screening of t_hese diterpenoids. Moreov_er, 17 1072s 649t 1071t 1088t 1079t 1069t 5lat
compound? has_ bee_'n reported pre\_/lou_sly only as a product of solid- 1 288q 237q 281q 236q 234q 29.0q 23.4q
phase synthesis without the publication of complete NMR #ata. 19 170q 645t 719t 63.7t 65.0t 176.6s 649t

OCO~NOUDMWNPEP

Herein, we have assigned the NMR data of compotildrough 20 14-73 15.1q 15-4dq 14-9(;4 15.7q 13-7dq 15.7q

; 1 1025 103.8d 101.3 95.8

HMQC and HMBC experiments. 2 75.2d 78.7d  75.2d 74.1d

) . 3 78.7d 78.8d 78.7d 79.1d

Results and Discussion 4 72.1d 720d 71.9d 71.1d

. 5 78.5d 782d 78.7d 79.4d

T_he 70% acetonewater extract of the aerial parts @k. 6 63.3t 628t 631t 62.3t
paniculatawas partitioned between ethyl acetate and water, and 1" 110.9d
then betweem-butanol and water. The ethyl acetate- arolutanol- 2 78.0d
soluble extracts were chromatographed sequentially over MCl-gel i,, gg;f
CHP-20P and silica gel columns and further purified by high- 5 66.3 t

performance liquid chromatography (HPLC), using a reversed-phase

column, to yield 23 compounds. _ ~and implied that the hydroxymethylene of C-19 in 14-deoxy-
Compound1 was isolated as a white powder. The negative anqrographolide was converted into a tertiary methyLiThe
FABMS displayed a pseudomolecular ion [M 1]~ at m'z 479 glucose unit was linked to the C-3 position due to the observation
and a fragment peak avz 317 [M — 1 — 162]". The HRESIMS of HMBC correlations between signals for the anomeric proton at
(M/z479.2655 [M— 1]7), together with the NMR data, were used 5 4 g9 (1H, d,J = 7.7 Hz) and C-3dc 84.8). Accordingly, the

to determine the molecular formula bfas GeHa¢Os. The'H and structure of1 was assigned as @--p-glucopyranosyl-14,19-
3C NMR spectra ofl (Table 1) exhibited signals for three tertiary  gigeoxyandrographolide.

methyls, an exocyclic methylene group.-unsaturateg-lactone, Compound2 was isolated as a white powder. The HRESIMS
and a glucose, suggestlng that compodnsl a glucose derivative (mz 375.2155 [M+ NaJ*) and the NMR data (Table 1) revealed
of an andrographolide analogue. When compared ta*Be&\MR the molecular formula as fHs,0s. Characteristic signals for two

data of 14-deoxyandrographoliéiéhe aglycon moiety of showed tertiary methyl groupsdy 0.78, 1.48) and amS-unsaturated-

the absence of a resonance for a hydroxymethylene for C-19 and|5ctone 0c 134.3, 145.6, 174.8) implied thatis an analogue of
the presence of a signal for an additional tertiary metbyl17.0) 14-deoxyandrographolide. The absence of any signal for an
exocyclic methylene, along with the observation of resonances for
U Dedicated to Dr. Norman R. Farnsworth of the University of lllinois  an additional methined¢ 42.4) and a hydroxymethylenéd 64.9),

G whorn correapondence ahould be adirecsed. Tel® 86.871.5223251 Suggested that the double bond at C-8(17) is hydrogenated and
Fax: 86-871-5216343. E-mail: hdsun@mail.kib.ac.cn. ‘substituted by a hydroxyl at C-17. This was confirmed by HMBC

T Kunming Institute of Botany, Chinese Academy of Sciences. correlations (Figure 1) of {17 (04 3.94 and 3.81) with C-74¢
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Figure 1. Key HMBC and ROESY correlations for compouBd 8 H OH =CH,
17-hydroxymethylene was assigned with3-arientation, on the o]
basis of ROESY correlations (Figure 1) ob-H#7 with H-93 (dn
0.95) and H-12ady 2.35). From these data, compouBdwas | HO °©
""OH

deduced to be 14-deoxy-#-hydroxyandrographolide.

Compound3, a brown-yellow powder, exhibited a pseudo- A
molecular ion al/z 611 ([M — 1]7) and a fragment peak at/z
479 (M — 1 — 132]) in the negative FABMS, consistent with Glco '
the molecular formula, §£H4g012, which was confirmed by negative “Hon “Hon
HRESIMS fn/z611.3074 [M— 1]7). The'H NMR spectrum of3 5
exhibited characteristic resonances similar to those of androgra-
pholide, including two tertiary methyl signals{ 0.60, 1.26) and HO
three sp proton signalsdy 4.69, 4.90, 7.18) for an exocyclic double ~ o
bond and a trisubstituted double bond. The comparison ofthe OH j_/\ &

zZ

and DEPT spectroscopic data (Table 1) ®fwith those of
neoandrographolide revealed the presence of an apiofuranosyl unit,

3.412 An HMBC experiment of3 showed a long-range correlation Y

between the anomeric proton H-bf the apiose and the C-2c .

78.7) of glucose, suggesting the apiosyl to be attached atat-2 ”C—OGIc HO' “H oy
the glucosyl moiety. Thus, compoun8 was determined as 3
19-O-[p-p-apiofuranosyl(+2)-5-p-glucopyranoyl]-3,14-dideoxy- 6 9

andrographolide.

analysis (M — 1]7, m/z 511.2537) and NMR data. Careful

Compound4 was obtained as a white powder. The molecular o o
formula of GgH40010 was inferred from negative HRESIMS A o O)?\OH
|
comparison of the NMR data &f with those of andrographolide ‘OH

indicated thatd has one more glucose than andrographolide. The : B
HMBC correlation of anomeric proton of glucosedat 4.95 with

C-3 (0c 85.5) suggested that the glucose is linked to the C-3 position HO" )7 HO™

of andrographolide. From the above observations, compduvels “T0H -Hon

concluded to be &-/-p-glucopyranosyandrographolide.

The molecular formula of compoursl was determined to be
CooH3206 from its HRESIMS Wz 391.2086 [M+ Na]*) and NMR in the 1%-isomer occur more downfield (neay 4.7 ppm) than
data. ThelH NMR spectrum of5 exhibited two tertiary methyl the corresponding protons (ne&f 4.4 ppm) in the 1R-isomert3
signals athy 0.69 and 1.99, a pair of doubletscf 4.09 and 3.33 Compoundb, exhibiting two H-17 protons aiy 4.88 and 4.68, is
(each 1H, dJ = 10.8 Hz, H-19) for a hydroxymethylene, two  considered to have Shirality. Thus, compoun8l was determined
proton signals for an exocyclic double bonddat 4.88 and 4.68 as 15-hydroxyandrographolide.
(each 1H, s, K#17), and two doublets at 1.27 (1H, 3= 12.7 Hz, Compounds was obtained as a white powder, and the molecular
H-58) and 1.72 (1H, dJ = 11.2 Hz, H-®), while the13C and formula GeH4209 was deduced from a pseudomolecular ion
DEPT NMR data (Table 1) showed 20 carbon signals, including [M — 1]~ atm/z497 in the FABMS (negative) and from the NMR
two methyls, eight methylenes, six methines, and four quaternary data and further confirmed by the negative HRESIM®&/z(
carbon signals. The NMR spectroscopic data5ofiere closely 497.2764 [M — 1]7). The 'H NMR spectrum of6 showed
similar to those of andrographolideexcept for the absence of characteristic signals for two tertiary methyt$(0.92 and 1.28),
signals for a trisubstituted double bond between C-12 and C-13 one exocyclic double bond 4.25 and 4.85), and one trisubstituted
and the presence of resonances for two extra mething4.00, m olefinic proton @y 5.94, t,J = 6.6 Hz), similar to most androgra-
and 2.43, t-like). The HMBC correlations (Figure 2) observed pholide derivatives, suggesting @mtlabdane skeleton. Besides
between the oxymethine signal@t 4.00 and C-9¢c 53.9), C-14 the signals for a glucose moiety, th%& and DEPT spectra &
(6c 73.6), and C-16dc 178.4) implied a hydroxyl group at the  (Table 1) also displayed a signal for an ester carbodyl1(76.6),
C-12 position in5. The C-12 chirality could be determined from ascribed to C-19, based on HMBC correlations (Figure 2) of H-3
the chemical shifts of the vinyl protons at C-17. Due to the (dn 2.40), H-5 ¢y 1.32), and Me-18 with C-19. The HMBC
deshielding effect of the hydroxyl group at C-12, the H-17 protons correlation observed between the anomeric proton of glucose at
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Figure 2. Key HMBC correlations for compounds and6.

Op 6.25 (1H, d,J = 7.7 Hz) and C-19 indicated the linkage of
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deposited at the State Key Laboratory of Phytochemistry and Plant
Resources in West China, Kunming Institute of Botany, Chinese
Academy of Sciences.

Extraction and Isolation. The dried and powdered aerial parts of
A. paniculata(9 kg) were extracted with 70% MEO (3 x 25 L) at
room temperature for 72 h and filtered. The filtrate was evaporated
and partitioned, in turn, between,® and EtOAc, and KD and
n-butanol.

The EtOAc extract (300 g) was applied to column chromatography
over MCI-gel CHP-20P (MeOHH,0 9:1, 100% MeOH, 100% Me
CO). The 90% MeOH fraction (201 g) was chromatographed sequen-
tially over silica gel (206-300 mesh, 1.5 kg), eluting with CH&t
Me,CO (1:0, 9:1, 8:2, 7:3, 6:4, 1:1, and 0:1) to afford fraction¥/Il.
Fraction | was chromatographed over silica gel (2600 mesh) and
Sephadex LH-20 and finally purified by semipreparative HPLC
(MeOH—CH3;CN—H0, 10:35:55) to yield bisandrographolide B (122
mg) and bisandrographolide C (36 mg). Fraction Il was repeatedly
recrystallized with MeOH to afford 14-deoxy-11,12-didehydroandrogra-
pholide (7.746 g), and the mother liquor then was separated by
semipreparative HPLC (MeO+HH,0, 50:50) to obtain 14-deoxy-12-
hydroxyandrographolide (21 mg). Fraction Il was purified by recrys-
tallization and repeated chromatography over silica gel, RP-18, and
Sephadex LH-20 (MeOH), followed by semipreparative and preparative
HPLC (MeOH-H0, 45:55, 50:50), to yield compoun8434.087 g)
and 10 (494 mg).

Fraction IV was repeatedly recrystallized with MeOH to afford
compoundll (18.452 g), and the mother liquor then was chromato-
graphed sequentially over silica gel (eluting with Cht&MeOH, 20:

1, 9:1, 8:2, 7:3), RP-18 (MeOHH-0, 30:70, 35:65, 40:60, 45:55, 50:

glucose to C-19. The absence of an ester carbonyl at C-16 impliedso, 60:40, 100:0), and Sephadex LH-20 (MeOH), followed by

the opening of they-lactone ring and the formation of two

semipreparative and preparative HPLC (RP-18, Me®HO 45:55,

hydroxymethylenes at C-15 and C-16, respectively. The geometrical 50:50), to yields (48 mg), 12epi-14-deoxy-12-methoxyandrographolide

configuration of theA314double bond was determined to bis

on the basis of the ROESY correlations of H-14 with H-11 and
H-12. Therefore, compourfiwas elucidated as 19-carboxylic acid-
O-f3-p-glucopyranosyl-8(17),18ntlabdadien-15,16-diol and named
andrographatoside.

The structures of the known compounds isolated were identified
as 8,17-epoxy-14-deoxyandrographolid®, andrographolidé,
andrographisidé,andrograpanin) §),> neoandrographolide,14-
deoxy-11,12-didehydroandrographolid®),f 14-deoxy-11,12-di-
hydroandrographisid&]4-deoxy-12-hydroxyandrographolidedy,
isoandrographolidel(l),* 14-deoxyandrographolideandropano-
side? 12-epi14-deoxy-12-methoxyandrographolitid4-deoxy-12-
methoxyandrographolide]14-deoxy-11-oxoandrographoli@ig,4-
deoxy-11-hydroxyandrographolide pisandrogrpholide B, and
bisandrographolide €py comparison of their spectroscopic data
with literature values.

All diterpenoids were qualitatively evaluated for inhibitory
activity againsBacillus subtilis Staphylococcus aurepgscherichia
coli, Micrococcus luteusSarcina luteaCandida albicansCandida
sake andAspergillus niger Compound8—11inhibited the growth
of Bacillus subtilisand showed clear inhibition zones with a
diameter of 78 mm at the minimal concentration (1@/mL) used.

(142 mg), and 14-deoxy-12-methoxyandrographolide (36 mg). Fraction
V was subjected to column chromatography over silica gel, eluted with
CHCL—MeOH (9:1 and 8:2), to obtain 14-deoxy-11-hydroxyandrogra-
pholide (27 mg), and the mother liquor was purified by repeated
chromatography over RP-18 (MeGHH,O, 30:70, 35:65, 40:60, 45:

55, 50:50, 60:40, 100:0) and semipreparative and preparative HPLC
(MeOH—H.0, 45:55, 50:50) to yield (8 mg), isoandrographolide (211
mg), and 14-deoxyandrographolide (21 mg). Fraction VI was respec-
tively purified with similar chromatographic methods, by using silica
gel (CHCE—MeOH 9:1) and Sephadex LH-20 (MeOH), followed by
semipreparative and preparative HPLC (Me©EH;CN—H,0, 40:10:

50), to yield9 (57 mg), 14-deoxy-11,12-dihydroandrographiside (47
mg), andropanoside (124 mg), and 14-deoxy-11-oxoandrographolide
(4 mg).

The n-butanol extract (161 g) was subjected to column chromatog-
raphy over MCl-gel CHP 20P (90% MeGHH,0, 100% MeOH, 100%
Me,CO). The 90% MeOH fraction (130 g) was chromatographed over
silica gel (200-300 mesh, 1.0 kg), eluting with a CHEIMe,CO (1:
0—1:1) gradient system, to give fractions—%. Fraction 1 was
chromatographed over RP-18 (Me©H0, 30:70, 35:65, 40:60, 45:
55, 50:50, and 100:0) and further purified by preparative HPLC
(MeOH—H,0 35:65) to obtair? (72 mg). Fraction 2 was chromato-
graphed sequentially over RP-18 (using Me&bO gradient system),
Sephadex LH-20 (100% MeOH), and preparative HPLC (Me®H0,

The other compounds were inactive against all organisms tested.35:65) to obtainl (25 mg) and4 (33 mg). Fraction 4 was also

Experimental Section

General Experimental Procedures.Optical rotations were mea-
sured with a Horiba SEAP-300 spectropolarimeter. UV spectra were
taken on a Shimadzu double-beam 210A spectrophotoméiter.
NMR,¥C NMR, and 2D NMR spectra were recorded on a Bruker AM-

400 and a Bruker DRX-500 spectrometer with TMS as internal standard.

chromatographed on a Sephadex LH-20 column (GH®IeOH, 1:1)

and then subjected to preparative HPLC (Me€H}O, 35:65) to afford

3 (13 mg) and6 (21 mg).
3-O-f-p-Glucopyranosyl-14,19-dideoxyandrographo-lide (1)white

powder; ]2 —51.0° (c 0.28, MeOH); UV (MeOH)imax (log €) 204

(4.11) nm;*H NMR (CsDsN, 500 MHz)oy 1.64 (1H, overlapped, H-1a),

0.98 (1H, overlapped, H-1b), 2.05 (1H, m, H-2a), 1.64 (1H, overlapped,

H-2b), 3.51 (1H, ddJ = 4.4, 12.1 Hz, H-B), 0.98 (1H, overlapped,

MS were obtained on a VG Autospec-3000 spectrometer. Semiprepara-y.gg) 1.48 (1H, m, H-6a), 1.30 (1H, m, H-6b), 2.36 (1H, m, H-7a),1.92

tive HPLC was performed on an Agilent 1100 liquid chromatograph
with a Zorbax SB-Gg, 9.4 mmx 25 cm column. Preparative HPLC
was performed on a Shimadzu LC-8A preparative liquid chromatograph
with a Shimadzu PRC-ODS (K) column.

Plant Material. The aerial parts oA. paniculatawere purchased
in Juhuacun herbal market, Kunming, Yunnan Province, People’s
Republic of China, in October 2002, and were identified by one of the
authors (Z.-W.L.). A voucher specimen (KIB-2002-10 Lin) was

(1H, m, H-7b), 1.57 (1H, d) = 11.5 Hz, H-¥), 1.71 (1H, m, H-11a),
1.64 (1H, overlapped, H-11b), 2.53 (1H, m, H-12a), 2.31 (1H, m,
H-12b), 6.97 (1H, s, H-14), 4.78 (2H, s,H5), 4.90 (1H, s, H-17a),
4.74 (1H, s, H-17b), 1.17 (3H, s, Me-18), 0.86 (3H, s, Me-19), 0.64
(3H, s, Me-20), 4.89 (1H, d] = 7.7 Hz, H-1), 3.99 (1H, overlapped,
H-2'), 3.99 (1H, overlapped, HB 4.21 (1H, t,J = 9.3 Hz, H-4),
4.28 (1H, t,J = 9.5 Hz, H-8), 4.58 (1H, dJ = 11.5 Hz, H-6a), 4.37
(1H, dd,J = 5.5, 11.5 Hz, H-B); 13C NMR (CsDsN, 125 MHz), see
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Table 1; FABMS (negative)vz479 [M — 1], 317 [M— 1 — 162];
HRESIMS (negativeyn/z 479.2655 [M— 1]~ (calcd 479.2644 for
C26H3908)-

14-Deoxy-1p-hydroxyandrographolide (2): white powder;
[0]2® —9.4° (c 0.80, MeOH); UV (MeOHYmax (Iog €) 208 (4.08) nm;
H NMR (CsDsN, 500 MHz) 8y 1.82 (1H, m, H-1a), 1.02 (1H, dd,
= 3.7, 13.3 Hz, H-1b), 2.02 (1H, m, H-2a), 1.93 (1H, m, H-2b), 3.62
(1H, dd,J = 4.1, 11.0 Hz, H-B), 0.98 (1H, d,J = 11.0 Hz, H-B),
1.76 (1H, d,J = 12.8 Hz, H-6a), 1.32 (1H, m, H-6b), 2.19 (1H, m,
H-7a), 1.45 (1H, overlapped, H-7b), 1.45 (1H, overlap, ¢);80.95
(1H, m, H-9), 1.67 (1H, m, H-11a), 1.38 (1H, m, H-11b), 2.65 (1H,
brt, H-12a), 2.35 (1H, m, H-12b), 7.21 (1H, brs, H-14), 4.75 (2H, s,
H,-15), 3.94 (1H, dJ = 10.6 Hz, H-17a), 3.81 (1H, dd,= 4.1, 10.6
Hz, H-17b), 1.48 (3H, s, Me-18), 4.98 (1H, d= 10.6 Hz, H-19a),
3.64 (1H, d,J = 10.6 Hz, H-19b), 0.78 (3H, s, Me-20%3C NMR
(CsDsN, 100 MHz), see Table 1; FABMS (positiveyz 353 [M +
1]*; HRESIMS (positive)m/z 375.2155 [M+ NaJ* (375.2147 for
C20H3205Na).

19-O-[f-p-Apiofuranosyl(1—2)-f-b-glucopyranoyl]-3,14-di-
deoxyandrographolide (3): brown-yellow powder; @]Eﬁ —=57.7 (c
0.32, MeOH); UV (MeOH)Amax (log €) 204 (4.21) nm;'H NMR
(CsDsN, 500 MHz) oy 1.60 (1H, overlapped, H-1a), 0.93 (1H,
overlapped, H-1b), 1.60 (1H, overlapped, H-2a), 1.31 (1H,4€,14.3
Hz, H-2b), 2.33 (1H, dJ = 13.2 Hz, H-3a), 0.93 (1H, overlapped,
H-3b), 1.13 (1H, dJ = 13.2 Hz, H-B), 1.75 (1H, m, H-6a), 1.21
(1H, m, H-6b), 2.33 (1H, dJ = 7.6 Hz, H-7a), 1.88 (1H, m, H-7h),
1.60 (1H, overlapped, H/A, 1.70 (1H, m, H-1la), 1.60 (1H,
overlapped, H-11b), 2.49 (1H, m, H-12a), 2.17 (1H, m, H-12b), 7.18
(1H, s, H-14), 4.75 (2H, s, #H15), 4.90 (1H, overlapped, H-17a), 4.69
(1H, s, H-17b), 1.26 (3H, s, Me-18), 4.32 (1H,X&= 9.9 Hz, H-19a),
3.41 (1H, d,J = 9.9 Hz, H-19b), 0.60 (3H, s, Me-20), 4.77 (1H,d,
= 7.7 Hz, H-1), 4.15 (1H, t,J = 8.2 Hz, H-2), 4.25 (1H, tJ = 8.2
Hz, H-3), 4.12 (1H, t,J = 9.4 Hz, H-4), 3.85 (1H, m, H-5, 4.48
(1H, d,J = 11.5 Hz, H-6a), 4.30 (1H, dJ = 11.5 Hz, H-6b), 6.45
(1H, s, H-1'), 4.90 (1H, overlapped, H*2, 4.71 (1H, dJ = 9.4 Hz,
H-4"a), 4.40 (1H, dJ = 9.4 Hz, H-4'b), 4.23 (2H, s, H-5); 13C NMR
(CsDsN, 125 MHz), see Table 1; FABMS (negativeyz 611 [M —
1], 479 [M — 1 — 132]"; HRESIMS (negativejnz 611.3074 [M—
1]~ (calcd 611.3067 for §H7O12).

3-O-f-b-Glucopyranosyandrographolide (4): white powder;
[0]2® —80.% (c 0.48, MeOH); UV (MeOH)Amax (log €) 203 (4.05),
221 (4.03) nm#H NMR (CsDsN, 400 MHz) 6y 1.65 (1H, t,J = 12.3
Hz, H-1a), 1.05 (1H, tJ = 12.3 Hz, H-1b), 2.14 (2H, m, #2), 3.81
(1H, dd,J = 3.8, 11.8 Hz, H-B), 1.14 (1H, d,J = 12.1 Hz, H-B),
1.79 (1H, m, H-6a), 1.39 (1H, m, H-6b), 2.28 (1H, m, H-7a), 1.87
(AH, m, H-7b), 1.79 (1H, overlapped, K9 2.68 (2H, m, H-11), 7.16
(1H, d,J = 6.0 Hz, H-12), 5.38 (1H, brs, H-14), 4.63 (1H,3= 10.1
Hz, H-15a), 4.53 (1H, dJ = 10.1 Hz, H-15b), 4.85 (1H, brs, H-17a),
4.83 (1H, brs, H-17b), 1.45 (3H, s, Me-18), 4.26 (1HJds 9.8 Hz,
H-19a), 3.58 (1H, dJ = 9.8 Hz, H-19b), 0.63 (3H, s, Me-20), 4.95
(1H, d, J = 7.6 Hz, H-1), 3.96 (1H, m, H-2, 4.28 (1H, m, H-3,
4.15 (1H, m, H-4), 4.01 (1H, m, H-9), 4.59 (1H, m, H-6a), 4.38 (1H,
m, H-6b); 3C NMR (GDsN, 100 MHz), see Table 1; FABMS
(negative)m'z 511 [M — 1]; HRESIMS (negativejz 511.2537 [M
— 1] (calcd 511.2543 for gHz¢010).

12S-Hydroxyandrographolide (5): white powder; §]% —82.1°
(c 0.32, MeOH); UV (MeOH)Amax (log €) 203 (3.83) nm;H NMR
(CD:0D, 500 MHZz)dy 1.87 (1H, m, H-1a), 1.36 (1H, m, H-1b), 1.77
(2H, m, H-2), 3.39 (1H, tJ = 8.3 Hz, H-3), 1.27 (1H, d,J = 12.7
Hz, H-58), 1.83 (1H, m, H-6a), 1.33 (1H, m, H-6b), 2.40 (1H, m, H-7a),
1.98 (1H, m, H-7b), 1.72 (1H, d = 11.2 Hz, H-B), 2.21 (1H, m,
H-11a), 1.62 (1H, m, H-11b), 4.00 (1H, m, H-12), 2.43 (1H, tlike,
H-13), 4.38 (1H, m, H-14), 4.44 (1H, dd,= 4.9, 9.4 Hz, H-15a),
4.05 (1H, ddJ = 2.0, 9.4 Hz, H-15b), 4.88 (LH, s, H-17a), 4.68 (1H,
s, H-17b), 1.99 (3H, s, Me-18), 4.09 (1H, d,= 10.8 Hz, H-19a),
3.33 (1H, d,J = 10.8 Hz, H-19b), 0.69 (3H, s, Me-20¥C NMR
(CD;OD, 100 MHz), see Table 1; EIMS (70 ewyz 368 (1) [M]",
350 (1), 332 (5), 314 (5), 309 (7), 296 (10), 291 (12), 284 (17), 219
(20), 201 (34), 189 (27), 173 (45), 159 (46), 145 (50), 133 (57), 121
(100), 105 (74), 93 (70). 81 (46); HRESIMS (positivejz 391.2086
[M + NaJ* (calcd 391.2096 for &H3,0sNa).
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Andrographatoside (6): white powder; {2 —29.8 (c 0.35,
MeOH); UV (MeOH) Amax (log €) 204 (4.03) nm*H NMR (CsDsN,
500 MHz) 6y 1.83 (1H, overlapped, H-1a), 1.02 (1H, m, H-1b), 2.13
(1H, overlapped, H-2a), 1.32 (1H, brd, H-2b), 2.40 (1H, overlapped,
H-34), 1.32 (1H, dJ = 12.5 Hz, H-B), 2.40 (1H, overlapped, H-6a),
2.13 (1H, overlapped, H-6b), 1.95 (2H, m;-A), 1.83 (1H, overlapped,
H-95), 1.83 (1H, overlapped, H-11a), 1.67 (1H, m, H-11b), 2.69 (1H,
m, H-12a), 2.24 (1H, m, H-12b), 5.94 (1H,X= 6.6 Hz, H-14), 4.65
(2H, d,J = 6.6 Hz, H-15), 4.58 (1H, dJ = 12.7 Hz, H-16a), 4.53
(1H, d,J=12.7 Hz, H-16b), 4.85 (1H, s, H-17a), 4.25 (1H, s, H-17b),
1.28 (3H, s, Me-18), 0.92 (3H, s, Me-20), 6.25 (1H,Jo= 7.7 Hz,
H-1'), 4.15 (1H, t,J = 8.8 Hz, H-2), 4.22 (1H, t,J = 8.8 Hz, H-3),
4.29 (1H, d,J = 9.3 Hz, H-4), 3.97 (1H, m, H-H, 4.41 (1H, ddJ =
2.2,12.1 Hz, H-&), 4.34 (1H, dd) = 4.4, 12.1 Hz, H-B); 13C NMR
(CsDsN, 125 MHz), see Table 1; FABMS (negative)z 497 [M —
1]7; HRESIMS (negativeywz 497.2764 [M— 1]~ (calcd 497.2750
for C26H4109).

8,17-Epoxy-14-deoxyandrographolide (7):white powder; {aL]ZD4
—5.7° (c 0.28, MeOH); UV (MeOH)Amax (log €) 208 (3.93) nm;*H
NMR (CDsOD, 400 MHz)dy 1.78 (1H, m, H-1a), 1.20 (1H, overlapped,
H-1b), 1.73 (2H, m, K-2), 3.37 (1H, t-like, H-B), 1.20 (1H, overlap,
H-56), 1.89 (1H, m, H-6a), 1.58 (1H, m, H-6b), 1.37 (2H, mz-A),
1.45 (1H, overlap, H-8), 1.45 (1H, overlapped, H-11a), 1.04 (1H, m,
H-11b), 2.32 (1H, m, H-12a), 2.20 (1H, m, H-12b), 7.34 (1H] &
1.4 Hz, H-14), 4.79 (1H, d] = 1.4 Hz, H-15), 2.80 (1H, dd] = 1.8,
4.0 Hz, H-17a), 2.50 (1H, dl = 4.0 Hz, H-17b), 1.21 (3H, s, Me-18),
4.08 (1H, d,J = 10.1 Hz, H-19a), 3.39 (1H, d} = 10.1 Hz, H-19b),
0.83 (3H, s, Me-20)13C NMR (CD;0D, 100 MHz), see Table 1;
FABMS (positive) mz 351 [M + 1]*; HRESIMS (positive)m/z
373.1989 [M+ Nal" (373. 1990 for GoH3oOsNa).

Antimicrobial Testing. All diterpenoids were tested for inhibitory
activity against eight microbial strains, namelBacillus subtilis
Staphylococcus aurepBscherichia coli Micrococcus luteusSarcina
lutea Candida albicans Candida sakeand Aspergillus nigerat a
concentration 1Q«g/mL, using a disk diffusion assay on agar plates,
as described previosh.
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