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ABSTRACT

A phytochemical study of the secondary metabolites produced by the species of Isodon rubescens has led to the isolation of three new
dimeric ent-kauranoids and two known ones. The most important of these compounds are bisrubescensin A (1), which contains an unprecedented

C,s ent-kaurane unit, and bisrubescensin C (3), which is the precursor of bisrubescensin B (2) from the viewpoint of biosynthesis. Their
structures were determined on the basis of extensive spectroscopic analysis and chemical evidence.

The genussodon, which includes about 150 species, is one agents to treat cancer, more thanl&@donspecies of China

of the most widespread members of the Labiatae (Lamiaceaehave been phytochemically investigated by our group, and
family and has attracted considerable attention as a prolific about 500 new diterpenoids (maingnt-kauranoids) have
source of new natural products with diverse structures andbeen isolated and characteriZed.

biological properties. In particular, diterpenoids are thought Isodon rubescens, a perennial herb of this genus that is
by many to be the largest pool of chemically diverse and notable for being abundant ient-kaurane diterpenoids, is
physiologically interesting metabolitéd.For the past 30  well-known in China as an anticancer and antiinflammation
years, as part of research for the discovery of novel naturalfolk medicine? Several varieties of this species collected
products as useful leads for the development of therupeuticfrom different regions of China have been systematically
investigated by our group.About 60 new diterpenoids

T Kunming Institute of Botany.

* Chengdu Institute of Biology. including several compounds with novel skeletons, such as
> Shanghal Insitute of Materia Medica. dimericentkuaronoids (xindongnins MO) %28, 15seceent
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kauranoids (rubescensins U and %)15,16-seco-ent-kau- || | 3D

ranoid (rubescensin 8j,and 20-nor-ent-kauranoid (rubes- Table 1. H and“C NMR Data for Compound. in CsDsN
censin N have been isolated and identified. With an aim
to isolate structurally interesting and bioactive diterpenoids,
as well as key intermediates to clarify the biogenetic no. Ou mult dc  mo. On mult Oc

pathways, purification of an extract ¢f rubescended to 3.65, t like (8.1) 72.8 1' 3.83,dd (125,5.0) 76.8

1 (J in Hz) 1 (Jin Hz)

-

the isolation of three new dimerient-kauranoids, bisrube- 2 180-1.90m,2H 305 2 202,m 29.7
scensins A—C 1—3) and two knowrent-kauranoids, ori- 1.54, m
donin (4§ and rabdoternin F5).” Among them,1 has a 3o 1.45°m 394 3o 1389m 38.6
unique G; ent-kaurane diterpenoid unit. Moreover, the 38 1.33%m 3p  1.25¢m
isolation of two biogenetically related dimeBsand3, which ‘51 L 3?'(13 g Lz 23;
have the unique linkage of single carbararbon bond o "0 44108 57) 747 6 425dd(11.1,93) 755
between two subunits, provide important support to the 981 7 100.6
biosynthetic pathways of xindongnins MD proposed 8 62.6 & 61.8
previously®@ This paper describes the isolation and structure 9 1.89¢ 53.9 9 1.87¢ 53.9
elucidation of bisrubescensinsAC (1—3) on the basis of 10 415 10' 38.6
spectroscopic analysis and chemical transformation. 1lo 1.88¢ 195 1l'o 2.94,m 23.8

Bisrubescensin A1) was isolated as amorphous powder. 15 151 15 1.86,%m

X 120 1.98, m 20.6 12'a 2.46, m 31.6

The IR spectrum of showed absorptions for hydroxy (3418 125 1.66.m 128 1.46°m
cm™), ketone (1723 crmt), conjugated ketone (1706 ci), 13 2.79: m 389 13 3.18: m 438
and olefinic (1643 cm') groups. The molecular formula 14 543 brs 742 14' 556, brs 79.9
Ca3He0013 was determined by HRESIMS for the [M Na]* 15 225.1 15' 208.8
ion at m/z 807.3929, which requires 14 degrees of unsat- 16 3.59, m 49.6 16' 153.3
uration in the molecule. Th#H and'3C NMR spectra ofl 17a 249, m 282 17'a 5.50,brs 119.8
(Table 1) showed 43 carbon resonances due to two carbonyl7> 1.79,%m 17'b 6.26, brs
groups, an oleflnic group, 11 oxygenated carbons including 1?; SS g?; 13, (l)'zg’ SS 222
two quaternary and one methylene carbons, and f(_)ur tertiary 4.40: 4(10.5) 649 20’ 5.96: < 99.0
and one secondary methyl groups. Careful analysis of NMR o0y, 475 4 (10.5)
and MS spectra showed thhiseemed to be a dimerant- 21 219, m 36.0
kaurane diterpenoid. 22 5.05¢ 95.9

The gross structure dfwas elucidated by the analysis of 23 1.14,d(6.5) 15.3
2D NMR data and by Comparison with the NMR datadof a-d Sjgnals overlapped.Overlapped with peak of }D.

and5. Each pair of thestH and*3C NMR signals ofl (Table
1) seemed to be due to each half of molecule (paesdb,
Figure 1). In part, the close similarities of the NMR data C-22 (0c 95.9, d) allowed us to determine the gross structure
of the A and B rings with those of known compoudd of parta. Subtraction of the twenty three carbons associated
suggested a similar structure for rings A and B, but with With part a left 20 carbons, which were suggestive of a
differences in the chemical shifts at C-12 and C-13 of C nhormal diterpene skeleton. Comparison of the remaining
ring. These changes, along with the completely different carbon and proton NMR chemical shifts bfto those of5
carbon and proton chemical shifts of C-15, C-16, and C-17, indicated the gross structure of past which was also
indicated that the structures of compouridsnd4 differ in confirmed by the careful analysis of 2D-NMR data. The
the D ring of the molecule. The substructure of the D ring connection between par& and b was achieved by the
was revealed by 2D NMR experiments (Figure 1). The HMBC correlations of H-22 44 5.05) with C-1'(dc 76.8,
IH—1H COSY correlations of H-17 with H-21 and HMBC  d) and C-20'(6c 99.0, d) and of H-20(dw 5.96, s) with
correlations of H-21 with C-16 and C-17 showed that C-17

was connected to C-21 through a single carboarbon bond. _
Furthermore, the HMBC cross-peaks of-283 (6y 1.14, d,
J = 6.5 Hz) with C-21 ¢ 36.0, d), C-17 §c 28.2, t), and

(4) In The Pharmacopoecia of People’s Repulic of Chip@ople’s Health
Press: Beijing, 1977; p 186.

(5) (@) Han, Q. B.; Lu, Y.; Zhang, L. L.; Zheng, Q. T.; Sun, H. D.
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A.H.;Sun, H. D.; Lu, Y.; Wu, Y. S.; Zheng, Q. Tletrahedron2004,60,
2373-2377. (c) Han, Q. B.; Li, R. T.; Zhang, J. X.; Sun, H. Bely. Chim.
Acta2004,87, 1119-1124. (d) Han, Q. B.; Jiang, B.; Zhang, J. X.; Niu,
X. M.; Sun, H. D.Helv. Chim. Acta2003,86, 773—777.

(6) Henan Institute of Medicinal Science, Henan Medical College,
Yunnan Institute of Botany, and Zhengzhou Chemicopharmaceutical Plant.
Chin. Sci. Bull.1978,23, 53-58. . .
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C-22, giving rise to the connectivities of C-22 to Cdahnd atoc 37.2 (1), 19.9 (1), 52.0 (d), and 80.1 (s) suggested that
C-20 through two ether bonds. ROESY correlations of H-22 both diterpene units have a 16,17-dihydrooridonin moiety.
with H-2'a and H-20'also supported the connectivities of In addition, the protons of two methylene groups-&T and
the two parts. Thus, the gross structure of bisrubescensin AH,-17') showedH—'H COSY correlations with each other
(1) was assigned as a new dimeric diterpenoid consisting ofindicating a single bond between these two carbons, which
a Gy diterpene unit. was further confirmed by a series of HMBC correlations of

The ROESY spectrum was used to establish the relative H,-17 with C-15, C-16, and C-170of H,-17' with C-15',
stereochemistry. Although we have not yet determined the C-16, and C-16', and of H-1&vith C-17.
absolute stereochemistry, we have shown here the molecules The relative stereochemistry 2fwas deduced by ROESY
with ent-stereochemistry as was found in #m-kauranes  experiment. Key ROESY correlations between H-17 and
from the genudsodon. TheS configuration for C-20was H-124 indicated that the OH-16 was in aw-orientation.
suggested from the strong ROESY correlations of Hvth Similarly, thes-orientation of 16'methylene group was also
Hs-19' and H-6'as shown in molecular models (Figure 2), deduced by the ROESY correlation between H-&wd
H-12'4. Thus, the stereochemistry of C-16 and C-ddild
be superimposed on that of xindongnin M, the absolute
stereochemistry of which was determined by single X-ray
diffraction 5 This result was also supported by the fact that
the chemical shifts of C-16)¢ 80.1) in2 closely resembled
those of xindongnin Mdc 80.5)%2 Therefore, the structure
of bisrubescensin B was concludedZs

From3C NMR data (Table 2), it was clear that bisrube-
scensin C (3was closely related t@, since the chemical

Table 2. 13C NMR Data for Compoundg and3 in CsDsN

no. 2 3 no. 2 3

1 73.0 72.8 1 72.7 72.6

Figure 2. Key ROESY correlations ofl and corresponding 2 30.5 30.74 2' 30.5 30.64
interatomic distance (A). 3 39.3 39.3 3 39.3 39.5
4 34.00 33.8 4 34.1¢ 34.1

5 60.7 60.1 5 61.5 61.6

energy minimized using the PCFF force field in Material 6 74.8 75.1 6: 745 744
. S . . 7 98.0° 98.2 7 98.16 99.3
Studio 3.0.1 overlaid with ke_y corr_elatlons observe_d in the 8 6.7 63.2 8 62.6 56.4
ROESY spectrum. The configuration of C-22 was inferred ¢ 546 541 o 53.8 493
to be R, judging from ROESY correlations of H-22 with 10 416 49.0° 10’ 41.4 41.9¢
H-20 and H-24, which were all supported by calculated 11 19.2 19.3 11’ 19.3 21.0
interatomic distances of approximately 2.40 A. The ROESY 12 20.3 21.3 12 19.9 22.3
cross-peaks of H-16 with H-12¢bnfirmed thg3-orientation 13 42.8 44.0 13 37.6 44.0
of H-16 in 1. All of the other chiral centers of were in 14 734 73.0 14 1 769
complete agreement with those #4fand 5. However, the ig 232‘1 2;2'2 12 2?2'8 ﬁgg
relative conflgurat_lon at C-21 ith could not be determined 17 379 30.9 17 19.9 175
from spectroscopic data alone, and the small amount of g 33.3¢ 33.9 18" 33.1¢ 33.1
material has thus far precluded chemical degradation efforts 19 21.8 22.4 19’ 22.2 21.9
to elucidate this final structure feature. 20 64.1 64.1 20’ 64.1 64.0

Bisrubescensin B2) was obtained as an amorphous solid,
and the molecular formula was established to bgH60;3
by its HRESIMS data (m/Z69.3751 [M+ Na]"). Its *C
NMR spectrum showed 40 carbon signals, which exhibited shifts of rings A, B, and C were nearly identical (Table 2).
two diterpene units. The characteristic signals of four methyl On the basis of IR, MS, and NMR data, compoddiffered
groups (C-18,18and C-19,19'), six unoxygeated methine from 2 by the presence of an additional tetrasubstituted
carbons (C-5,5', C-9,9', and C-13,13'), and six quaternary double bond (¢ 153.6, s and¢ 115.5, s), a loss of methine
carbons (C-4/4 C-8,8', and C-10,19 in the 3C NMR and ketone carbons, and an additional ring. In the HMBC
spectrum showed that each diterpene unit haengkaurane spectrum, a series of key correlations were clearly ob-
skeleton. Comparison of tHél NMR data of2 with those served: H-17 with C-15, 16, 16and 17, H-17' with C-15,
of 4 suggested that each unit resembled texcept for the 16', 16, and 17', and H-13Uith C-15'. As a consequence,
absence of olefinic signals attributable to H-16 and H-17. C16—0—C15'-C16'—C17'—C17 formed a six-membered
The signals corresponding to this double bond were also dihydropyran ring. To determine the stereochemistry of C-16,
absent from thé3*C NMR spectrum o2, where four signals  the ROESY spectrum was employed. Unfortunately, no

a~eSjgnals may be interchangeable.
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ROESY correlation was observed to confirm the stereo- Me,CO and silica gel; CHGland silica gel) under a nitrogen

chemistry of C-16. The close biogenetic relationshi3 ¢d atomosphere or air at room temperature for 4 weeks, and
2 might indicate that the absolute stereochemistry at C-16 the reactions were monitored by HPTLC withand 3 as
for 3is the same as that @, so we hydrolyze@® with HCI control, but no change was observed in any of conditions.

to a single product, which was identical 2dby NMR and Thus, the synthesis of this type of dimer may be catalyzed
HPTLC). This fact indicated that the configuration of C-16 by a Diels-Alderase inlsodonspecies. Recently, consider-
in 3 was the same as that af Thus, bisrubescensin C (3) able efforts have been made to prove and to identify the
was determined to be a dimer#finked by a six-membered  enzymatic Diels-Alder reaction in the biosynthesis of natural
dihydropyran ring. productss and several natural DielsAlderase such as

The biosynthetic pathway of bisrubescensin B (s solanapyrone syntha8égvastatin nonaketide syntha¥end
outlined in Scheme 1. The key step is the formatiodaf macrophomate synthddénave been purified and character-

ized. Therefore, the function and catalytic mechanism of
_ Diels—Alderase inlsodon species are another interesting
Scheme 1. Proposed Biogenetic Pathway fbr3 topic to be investigated.

Compoundsl—3 were tested for cytotoxicity against
AB49, HT-29, and K562 cells using the sulforhodamine B
(SRB) method as reported previoustyCompoundl ex-
hibited significant inhibitory activity against those tumor cell
lines with 1G5 values of 0.54, 1.48, and 1.8BM, respec-
Diels-Alder + tively. Compounds2 and 3 were completely inactive with

addition H ICso values of>100 uM.
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bisrubescensin B (2) bisrubescensin A (1)

of the experimental procedures, copies of the NMR (1D and
2D) and MS spectra of compoundls-3, and*H NMR data

for compounds2 and 3. This material is available free of
charge via the Internet at http://pubs.acs.org.

followed by condensation reaction between aldehyde group
of 4aand hydroxy and methoxy groups®producing dimer
1. The co-occurrence of compoun2is4 in the same plant  0L0531379
suggests a similar biosynthetic pathway. The six-membered
dihydropyran ring o8 could be formed via an intermolecular §Sg Oillzawa, H.; Tokiwano, TNat. Prokd- Rep2t?g4,21, 32ﬁ—352.
e o - 9) Oikawa, H.; Katayama, K.; Suzuki, Y.; Ichihara, A.Chem.Soc.,
Diels—Alder cycloaddition betwe_en the olefin group and_ the Chem.Commun.1995, 13211322,
o,B-unsaturated ketone group 4 The hydrolysis of this (10) Auclair, K.; Sutherland, A.; Kennedy, J.; Witter, D. J.; Van den
heterocycle yield® (Scheme 1). Therefore, it was interesting Tz'ez?vﬂsiga;lrsuztghmson’ C. R, Vederas, JJ3m. Chem.Soc.2000,
to investigate the biogenetic Dieté\lder reaction leading (11) Watanabe, K.; Oikawa, H.; Yagi, K.; Ohashi, S.; Mie, T.; Ichihara,
to synthesis of compoundsand3 in vitro. The Diels-Alder A.;(Tzq)nﬁa, kM'JAB'CS)Chzm'ZOOS’lg’ ﬁm_;?&sr] ver R Paull. K
. . . : H H OoNnkKs, A., Scudiero, D.; enan, F.; oemaker, R.; Faull, K.;
dlmerlzatlon reactions oft were carried out 'n_ several Vistica, D.; Hose, C.; Langley, J.; Cronise, P.; Vaigro-Wolff, A.Natl.
solutions (CHOH; Me,CO; CHCE; CH3OH and silica gel; Cancer Inst.1991,83, 757—766.

1160 Org. Lett, Vol. 8, No. 6, 2006



