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ABSTRACT

Maoecrystal V (1)

Maoecrystal V (1), a novel C o diterpenoid possessing a unique 6,7-
from the leaves of a Chinese medicinal herb,

seco-6-nor-15(8—9)-abeo-5,8-epoxy- ent-kaurane skeleton, was isolated
Isodon eriocalyx . Its structure was determined by comprehensive NMR and MS spectroscopic

analysis and confirmed by single-crystal X-ray diffraction study. Compound 1 showed remarkable inhibitory activity toward HeLa cells with

ICsp = 0.02 pg/mL (cis-platin: IC 5o = 0.99 gg/mL).

Since 1976, in the continuous search for bioactive constitu-

ents from the abundant diterpenoids (maiahtkauranoids)
from the genudsodon(= Rabdosia plants of the Labiatae
family, our group has photochemically investigated more
than 50Isodonspecies distributed in China. About 400 new
diterpenoids with a diversity of highly oxygenated structures

candidates of anticancer agents being studied in our labora-
tory. Another achievement of our studies is the discovery of
many interesting novel compounds such as 1:1 complexes
of natural entkauranoids (Diter-Complex-R&)a natural
equimolecular mixture of two epimerientkauranoids (ir-
roratin A)? 6,7:8,15seceentkauranoids (laxiflorins F and

have been isolated and characterized, most of which haveG),* 15,16seceentkauranoid (rubescensin Sgymmetric

been recently summarizédA number of these isolated

and asymmetricentkauranoid dimers (maoecrystal M,

diterpenoids were found to have potent antitumor activities enanderinanin J,xingdongnins M-O®), and novelent

with very low toxicity. They are therefore promising

abietanoids (laxiflorins N-O,° micranthin G9).

* Corresponding author. Phone: (86) 871-5223251. Fax: (86) 871-
5216343.
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Isodon eriocalyXDunn.) Hara, a perennial herb or shrub a crude extract (978 g), which was suspended in water and
widely distributed in southwestern China, has long been usedsuccessively partitioned with petroleum ether {80 °C)
as a folk medicine for the treatment of sore throat, inflam- and AcOEt. The AcOEt part (395 g) was chromatographed

mation, influenza, hypertension, and dermatophyttsiss
a representativesodonspecies being rich ientkauranoids
of different oxygenation and cleavage patteingriocalyx

on a silica gel column (1.6 kg) eluting with gradient CHCI
in Me,CO to yield seven fractions{iVII). Fraction Il was
decolored with an MCI-gel CHP-20P column (90% aqueous

has been intensively investigated, and so far about 50,CH3;OH as the eluent) and subjected to further silica gel
including over 30 newentkauranoids, have been isolated column chromatography to afford a colorless crystalline,
and identifiedt About 10 years ago, we studied the leaves maoecrystal V 1) (5 mg).

of this plant collected from Jiangchuan prefecture of Yunnan ~ Maoecrystal V 1), [0]2*® —92.9 (c 0.70, CHOH), was
province, which led to the isolation of a number of new isolated as colorless needles ()@©—MeOH—H,0, 95:4:
diterpenoids?-1* Among them, compound, named maoe-  1). Its EIMS showed a molecular ion peakraiz 330 ([M]
crystal V, was not published due to the failure to obtain a +), and positive ESIMS displayed [M Na]* at m/z 3531
suitable single crystal for X-ray crystallographic analysis corresponding to a molecular formula of;dH,,0s, as
(mainly because of the limited amount) to verify its determined by HR-ESIMS (found 353.1359, calcd 353.1364).
unprecedented backbone, which had been established acThe IR spectruf? demonstrated absorptions at 1754, 1720,
cording to its NMR and MS spectral data. Recently, a single and 1684 cm?, indicating the existence of three carbonyl
crystal of compound was achieved and the X-ray diffraction groups for lactone, saturated ketone, and conjugated ketone,
experiment was successfully performed, which unveiled the respectively. Observed in tHél and*3C NMR (including
uncommon structure of the compound. In addition, com- DEPT) spectra (vide Table 1) were two tertiary and a

poundl1 was tested for its cytotoxic activity against five
human tumor cell lines (K562, A549, BGC-823, CNE,

secondary methyl groupyf; 1.04 (3H, s) and 1.21 (3H, s),
1.09 (3H, d,J = 7.3 Hz); 6c 30.4 (q), 18.4 (q) and 15.0

HeLa). Described in this paper are the structure elucidation (q)], ano,3-unsaturated ketone moiety,] 5.99 (1H, ABd,

and cytotoxicity of compound.

Epi-eriocalyxin A (2)

Leaves ofl. eriocalyx(Dunn.) Hara were collected from
Jiangchuan Prefecture of Yunnan Province, China, on
September 10, 1994, and identified by Prof. H. W. Li. Dried
powdered leaves (11.9 kg) were extracted with;OH (4
x 40 L) under reflux and then concentrated in vacuo to give

(5) Han, Q. B.; Li, R. T.; Zhang, J. X.; Sun, H. [
2004 87, 1119-1124.

(6) Shen, X. Y.; Isogai, A.; Furihata, K.; Sun, H. D.; Suzuki, A.

i 994 35, 725-729.

(7) Na, Z.; Li, S. H.; Xiang, W.; Zhao, A. H.; Li, C. M.; Sun, H. D.

" 2002 20, 884—886.

(8) Han, Q. B.; Lu, Y.; Zhang, L. L.; Zheng, Q. T.; Sun, H. D.
nisiassussnet2004 45, 2833-2837.

(9) Niu, X. M.; Li, S. H.; Zhao, Q. S.; Mei, S. X,; Lin, Z. W.; Sun, H.
D.; Lu, Y.; Wang, C.; Zheng, Q. ] 003 86, 299—-306.

(10) Zhao, A. H.; Li, S. H.; Zhao, Q. S.; Lin, Z. W.; Sun, H. D.; Lu, Y ;
Zhang, L. L.; Zheng, Q. T - 003 86, 3470-3475.

(11) Wu, C. Y.; Li, H. W.Flora Reipublicae Popularis Sinicadomus
(66), Labiate (2); Science Press: Beijing, 1977; p 439.

(12) Wang, J.; Zhao, Q. S.; Lin, Z. W.; Sun, H. NG -
1997 19, 191-195.

(13) Wang, J.; Lin, Z. W.; Zhao, Q. S.; Sun, H. Siiaaheilgi\ 998
47, 307-309.

(14) Wang, J.; Lin, Z. W.; Shingu, T.; Sun, H. Rifinisitteafi 1998
4, 143-147.

4328

J=10.3 Hz), 6.54 (1H, ABd,) = 10.3 Hz);d¢c 127.2 (d),
156.7 (d), 194.8 (s)], &-lactone residuedy; 4.73 (1H, ABd,

J = 12.3 Hz), 4.32 (1H, ABd,) = 12.3 Hz);d¢c 69.5 (1),
169.5 (s)], an oxymethin®[; 4.66 (1H, s);0c 85.5 (d)], an
oxygen-containing quaternary carbait[84.6 (s)], and an
isolated ketonedc 211.7 (s)]. In addition, the high-field
region of the’>C NMR and DEPT spectra exhibited three
methylenes, two methines, and three quaternary carbons.
Comparison of all these spectral data with those of previously
isolated diterpenoidsfrom this plant suggested that com-
poundl is a norditerpenoid that shares structural features
with the knownentkaurane diterpenoid, epi-eriocalyxin A
(2).12 Considering that C-6 of this class of diterpenoids was
easily oxidated from aldehyde to carboxylic acid (e.g.,
maoecrystals N and @, compoundl was presumably
derived from2 through oxidation Za) and then decarboxy-
lation at C-6. Further comparison of the NMR spectral data
of 1 with those of2 revealed that still differed from 2 by

the obvious replacements of two methines by an oxymethine
and an oxyquaternary carbon, respectively.

From the HMBC cross-peaks (see Table 1) between the
oxymethine proton/carbon and two geminated methyl carbons/
protons (Me-18 and Me-19) and similar interactions between
the former and the oxymethylene carbon/protons (C-20/H
20), it can be concluded that the oxymethine was ascribable
to C-5. Biogenetically, C-9 oéntkauranoids can be oxygen-
ated from a methine to an oxyquaternary carbon, which was
also plausible irl from the'H—13C long-range correlations
between K11 and H-14 and the oxyquaternary carbon in

(15) Maoecrystal V 1): colorless needles (from acetone); mp 248
[0]2°= —92.9 (c 0.70, CHOH); EIMS m/z (rel int) 330 (39, [MI), 315
(20), 302 (100), 287 (6), 272 (30), 257 (59), 244 (28), 229 (54), 215 (24),
199 (20), 189 (24), 175 (16), 161 (20), 147 (20), 133 (23), 115 (22), 105
(31), 96 (54), 91 (61), 77 (52), 69 (54), 55 (65); positive ESIM (rel
int) 353 (100, [M+Na]"); HR-ESIMS found 353.1359, calcd for §12,0s-

Na 353.1364; UV (MeOH)max (log €): 225.2 (3.9) nm; IR (KBr)vmax
2964, 2928, 1754, 1720, 1684, 1176, 1129 &m
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Table 1. 'H and3C NMR Assignments and Two-Dimensional NMR Correlationsldf

position oy (mult, J, Hz) d¢ (mult) COSY (H—H) HMBC (H-C) ROESY (H—-H)
1 194.8 (s)
2 5.99 (ABd, 10.3) 127.2 (d) 3 4,10 3
3 6.54 (ABd, 10.3) 156.7 (d) 2 1,4,5,18 2
4 38.3 (s)
56 4.66 (s) 85.5 (d) 4,9,18,19, 20 18
7 169.5 (s)
8 84.6 (s)
9 56.9 (s)
10 52.4 (s)
11 2.14 (2H, m) 18.7 (t) 120,125 8,9,12,15 20a, 20b
120 1.48 (m) 18.2 (t) 11, 128 11, 16 128, 13a
128 1.73 (m) 11, 120, 13a 120
130 1.88 (m) 32.9 (d) 128, 148, 160, 148, 160
140 1.77 (d, 14.1) 34.9 (t) 148 7,8,12, 13, 16 148
145 3.28(dd, 4.8, 14.1) 130, 140 7,8,9,13, 16 130, 14a
15 211.7 (s)
160 2.31 (m) 48.3 (d) 13a, 17 12, 15, 17 130
17 1.09 (3H, d, 7.3) 15.0 (q) 16a 13, 15, 16
18 1.04 (3H, s) 30.4 (q) 3,4,5,19
19 1.21 (3H, s) 18.4 (q) 3,4,5,18
20a 4.73 (ABd, 12.3) 69.5 (t) 20b 1,5,7,9, 10 11
20b 4.32 (ABd, 12.3) 20a 1,5,7,9, 10 11

aData were recorded insDsN on Bruker AM-400 MHz tH, 13C) and Bruker DRX-500 MHz spectrometers (COSY, HMBC, REOSY); chemical shifts
(0) are given in parts per million with references to the most downfield signakbgI (0 8.71 ppm) for'H and to the center peak of the most downfield
signal of GDsN (6 149.9 ppm) fort3C.

its HMBC spectrum. Accordingly, the oxyquaternary carbon 5—0—C-9) also was reassigned to G-6—C-8. Compound
in 1 was originally assigned to C-9. The molecular formula 1 should therefore have a rearranged 158-abecent-
of 1, corresponding to 9 double-bond equivalents, implied kaurane skeleton. This adjustment unequivocally explained
the existence of an oxygen bridge between C-5 and C-9 inall the correlations observed in the HMBC spectrum. Because

1. Thus, the structure of was originally proposed aka. 1is a novel diterpenoid possessing such a completely unique
However, in the course of full assignments of all proton and skeleton, further solid evidence such as X-ray diffraction or
carbon resonances &f HMBC interactions between +L1 chemical transformation was necessary.

and C-15, instead of between #4 and C-15, were Fortunately, after many attempts with different solvents,

unexpectedly observed, which suggested a migrated-C-9 a single crystal of compountl was finally obtained from
C-15 connection rather than the normal €&-15 connec- Me,CO—MeOH—H,0 (95:4:1) and an X-ray diffraction
tion in 1. Meanwhile, the aforementioned oxygen bridge (C- experiment (Figure 1§ was realized, which confirmed that

022 024

Figure 1. X-ray crystallographic structure of maoecrystal 1j.(
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1 has the above-deduced G@ee6-nor-15(8—9)-abea5,8-
epoxy-entkaurane skeleton. The relative stereochemistry of
1 was also established by X-ray analysis. Therientation
of H-5 was in agreement with the ROESY correlation (Table
1) between H-5 and Me-18. Th&oriented Me-17 causes
an upfield shift for C-12 in comparison to those compounds
with an a-oriented Me-17 (from cadc 30 to dc 18.2), due
to the y-steric compression effect between Me-17 and
H-1283.12 Consequently, compouridwas determined as 16-
(R)-methyl-1,15-dioxo-6, ecae6-nor-15(8—9)-abeab,8-
epoxyentkaur-2-en-7,20-oilde and given the trivial name
maoecrystal V.

Two 15(8—9)-abesentkauranoidsp and6 (compounds
2 and11in the literature),” were synthesized through acid-
catalyzed rearrangement of the-Bydroxy-11x-acetoxy and
9a,11a-dihydroxy derivatives of methyH)-kaur-9(11)-en-
19-oate 8 and4), in which the two oxy-substituents at C-9

Scheme 1

H,S0,

CHClj, r.t.

5: R=Ac (96% yield)
6: R=H (8% yield) |

and Hela, using the same bhioassay method as previously
described? Interestingly,1 only showed remarkable inhibi-
tory activity against HelLa cells with K= 0.02ug/mL (cis-
platin: 1G, = 0.99 ug/mL). In contrast,1 was almost

and C-11 were indispensable for the reaction (Scheme 1).noncytotoxic toward the other four cell lines, indicating that

Sincel could reasonably be argued to derive fr@mrsuch

its cytotoxicity is highly selective (only exhibiting potent

an acid-catalyzed rearrangement could not be realized duecytotoxicity against gynecologic cancer cells) (Table 2),

to the lack of any oxy substituent at C-9 and C-12.hus,

this reaction might be biochemically generated and enzyme-

which is warrant for further investigation.

catalyzed, which is another interesting topic to be investi- || GG

gated. An in vivo biosynthesis study dfrom 2 would allow
us to better understand the structural evolution amemig
kaurane diterpenoids dsodonplants. Compound. is by
far the most modified naturally occurrirntkauranoid from
Isodonspecies.

Compoundl was evaluated for its cytotoxicity toward five
human tumor cell lines, viz., K562, A549, BGC-823, CNE,

(16) Crystal data: ©H2,0s, M = 330.38, trigonal system, space group
P3;, a=b=15.409 (1),c = 6.605 (1) A,y = 120°, V'= 1358.2 (2) %
Z=3,d=1.216 g/cm. A crystal of dimensions 0.05 0.10 x 0.20 mm
was used for measurements on a MAC DIP-2030K diffractometer with a
graphite monochromatow(26 scans, Bmax = 50.0°), Mo Ko radiation.

The total number of independent reflections measured was 1571, of which

1569 were observedH|2 = 8¢|F|?). The crystal structure was solved by
the direct method SHELX-86 (Sheldrick, G. M. University of Gottingen:

Gottingen, Germany, 1985) and expanded using difference Fourier tech-

niques, refined by the program and method NOMCSDP (Lu, Y.; Wu, B.
M. Chin. Chem. Lett1992 3, 637—640) and full-matrix least-squares
calculations. Final indices:Ry = 0.081, R, = 0.099 (v = 1/o|F|?).
Crystallographic data for the structure dfhave been deposited in the
Cambridge Crystallographic Data Centre (deposition number: CCDC

249099). Copies of these data can be obtained, free of charge, on applicatio

to the CCDC via the Internet at www.ccdc.com.ac.uk/conts/retrieving.html
(or 12 Union Road, Cambridge CB2 1EZ, UK, fax:44 1223 336033,
e-mail: deposit@ccdc.cam.ac.uk).

(17) Nakano, T.; Maillo, M. A.; Usubillaga, A.; McPhalil, A. T.; McPhail,

D. R. iiimaingit 1993 1, 257-62.
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Table 2. Cytotoxicity of Compoundl

1Cs0 (ug/mL)

test substance K562 A549 BGC-823 CNE HeLla
1 6.43 x 10* 2.63 x 10> 1.47 x 104 nd*  0.02
cis-platin 0.38 1.61 0.25 2.31 0.99

a2 Not determined.

n
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