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Abstract

Two novel nitrogen-containing clerodane diterpenoids, echinophylling) Arfd B @), were isolated from the
leaves of the Brazilian medicinal plagchinodorus macrophylluéChapéu-de-couro’), and their structures and
relative stereochemistry were elucidated by spectroscopic data. EchinophyllijsaAd B @) possess a unique

, -unsaturated -lactam ring consisting of a clerodane diterpene and a tyramine ulNtferuloyl putrescine
unit, respectively. © 2000 Elsevier Science Ltd. All rights reserved.
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Brazilian medicinal plants have proven to be a rich source of compounds which might be useful for
the development of new pharmaceutical agéntsour search for bioactive compounds from Brazilian
medicinal plants, a negecolabdane-type diterpenoid, chapecoderin A, and two new rearranged labdane-
type diterpenoids, chapecoderins B and C, with anrunsaturated -lactone ring in the side chain, have
been isolated from the leaves BEhinodorus macrophyllus This plant is known in Brazil as ‘Chapéu-
de-couro’ and used to treat difficulties in urination, hepatitis, and rheumatism. Further investigation on
the extracts of leaves from another collection of this plant led to the isolation of two novel nitrogen-
containing clerodane-type diterpenoids, named echinophyllirlg And B @). In this paper we describe
the isolation and structure elucidationloand2.

Corresponding authors. Tel: +81-11-706-4985; fax: +81-11-706-4989; e-mail: jkobay@pharm.hokudai.ac.jp (J. Kobayashi).
Tel: +81-3-5280-8153; fax: +81-3-5280-8005; e-mail: a-ohsaki@i-mde.tmd.ac.jp (A. Ohsaki)

0040-4039/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
P1l: S0040-4039(00)00314-2

tetl 16594



2940

i i

~19
18 COzH 1

The leaves of the Brazilian medicinal plaBthinodorus macrophyllugkunth) Micheli (Alisma-
taceae) were extracted with MeOH. The MeOH extracts were partitioned between hexane and 90%
agqueous MeOH, and then the MeOH-layer was partitioned with EtOAc @ Fhe EtOAc-soluble
portions were subjected to a silica gel column (CkiEOH, 96:4) and then a reversed-phase column
(MeOH:H,0O, 70:30" MeOH) to afford an alkaloidal fraction, which was purified by a silica gel column
(hexane:acetone, 111:5) to give echinophyllins A%, 7.3 mg, 0.015%) and B2( 4.1 mg, 0.0082%)
as colorless amorphous solids together with a known clerodane diterpene, 16-oxd-h&rti@vickiic
acic? (patagonic acit) (3, 2.8 mg, 0.0056%).

The molecular formula, §H37NOy, of echinophyllin A ), & 53.4° € 0.73, MeOH), was
established by HREIMSnji/z451.2696 (M), +2.7 mmu]. The IR spectrum implied the presence
of hydroxy (3405 cm?) and unsaturated carbonyl (1666 chhgroups. The gross structure bfwas
deduced from detailed analysis of thé and'3C NMR data (Table 1) aided with 2D NMR experiments
(*H-'H COSY, HMQC, and HMBC). Thé3C NMR data indicated that the molecule possessed one
unsaturated carboxylic carbon, one unsaturated lactam carbonyl, two trisubstituted olefin, six aromatic
carbons (one of which was bearing an oxygen atom),d@iajuaternary carbons, nine methylenes, two
methines, and three methyl groups. Since seven out of eleven unsaturations were thus accounted for,
it was concluded that contained four rings. Th&H-H COSY spectrum revealed connectivities (Fig.

1) of C-1 to C-3 and C-10, C-6 to C-8 and C-17, C-11 to C-12, C-14 to C-19, ©6-C-2, C-4 to
C-%, and C-7 to C-8. HMBC correlations (Fig. 1) of H-3 to C-5 and C-184 170.8), H-19 to C-4,
C-5, C-6, and C-10, and H-10 to C-5 revealed the presence of a cyclohexene ring (ring A), in which a

11 12 +2 +2
S
m/z 332 403
= 'H-'H COSY
----= HMBC
2 — NOE

Fig. 1. SelectedH-'H COSY and HMBC correlations for echinophyllins A)(and B ) and NOE and FABMS fragments for
2
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Table 1
1H and**C NMR data of echinophyllins A1) and B @) in CDCl,

1 2
position 1Ha J(Hz) 13Ca 1Ha J(Hz) 13Ca
1 ga) 1.68 m 17.4 1.65 m 17.5
b) 1.40 m 1.48 m
2 224 m 27.4 227 m 27.4
3 6.82 brs 140.0 6.80 brs 139.7
4 141.0 141.3
5 38.0 38.7
6 (a) 2.43 dd 3.0, 10.0 37.6 2.43 m 37.6
b) .13 m 1.18 m
7 (a) 1.49 m 27.3 148 m 27.2
b) 1.40 m 140 m
8 1.59 m 36.1 1.59 m 36.1
9 38.9 38.8
10 1.36 m 46.7 1.37 m 46.7
11 (a) 1.66 m 38.7 1.66 m 38.8
b) 1.49 m 1.49 m
12 (a) 2.17 m 19.3 2.18 m 19.3
b) 2.07 m 207 m
13 141.0 141.6
14 6.56 brs 133.7 6.67 brs 133.7
15 3.72 brs 51.6 3.89 brs 51.1
16 171.9 172.3
17 079 d 7.0 16.0 085 d 7.0 16.1
18 170.8 170.2
19 1.23 s 20.6 123 s 20.6
20 0.75 s 18.4 0.80 s 18.5
1 367 t 8.0 44.3 353 m 41.9
2‘ 281 t 8.0 34.1 1.67 m 26.6
3! 130.0 1.60 m 26.0
4! 6.78 d 10.0 140.0 343 m 394
5! 7.04 d 10.0 129.6 166.4
6! 154.7 6.37 d 15.0 118.5
7 7.04 d 100 129.6 7.58 d 15.0 141.1
8! 6.78 d 10.0 140.0 127.5
9! 7.00 s 109:8
10! 146.6
9y 147.1
12' 690 d 8.0 114.7
13 ' 7.08 d 8.0 121.9
MeO-10 392 s 56.0
2) in ppm

carboxyl group and Me-19 were attached to C-4 and C-5, respectively. The presence of a cyclohexane
ring (ring B) with Me-17 at C-8 and Me-20 at C-9 was elucidated by HMBC correlationszeZ(Hto

C-9, H;-17 to C-9, and H-10 to C-9. The HMBC correlation 0§40 to C-11 allowed the connection
between C-9 and C-11. Cross-peaks of H-14 to C-13141.0) and C-16 (¢ 171.9), h-15 to C-16,

and H-12 to C-13 and the chemical shift of C-15d4 51.6) revealed the presence of dactam ring
(C-13 to C-15, C-16 and N-15) connected between C-12 and C-13. Proton signgjs3a&87 (2H, t,
J=8.0 Hz, H-17), 2.81 (2H, t,J=8.0 Hz, H-2°), 6.78 (2H, d,J=10.0 Hz, H-4 and H-8), and 7.04 (2H,

d, J=10.0 Hz, H-8 and H-?), a phenol carbon signals at 154.7 (C-8), and HMBC correlations of
H,-2° to C-3, H-4° to C-@, and H-3 to C-3 revealed the presence of a tyramine moiety {C-C-8&,
N-15, and 8-OH). The connectivity of N-4to C-15 and C-16 to form a-lactam ring was deduced from
HMBC correlations of H-1° to C-15 and C-16. Thus, the structure of echinophyllin A was elucidated to
bel. NOESY correlations (Fig. 2) of £419 to H-20, Hz-17 to H-7a and H-7b, H-6b to H-8 and H-10,
H-8 to H-11b, and H-10 to H-11a indicated a chair conformation of ring tBamsrelationship between
rings A and B, -orientations of Me-17, Me-19, and Me-20, anebrientation of H-10. Therefore, the
relative stereochemistry of echinophyllin A was assignetl. as
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EchinophyllinB @), & 26.3° €0.25, MeOH), showed the pseudomolecular ion peak/a679
(M+H)* in the FABMS. HRFABMS analysis revealed the molecular formula to bgHgsN2Og [M/z
579.3464 (M+HJ, +3.0 mmu]. ThetH and'3C NMR spectra of a clerodane diterpene moiety contai-
ning an , -unsaturated-lactam ring (C-1 to C-20, and N-15) were similar to those of echinophyllin A
(1). Analysis of the!H and3C NMR data (Table 1) and the HMQC spectrum provided one unsaturated
amide carbonyl, one disubstituted olefin, six aromatic carbons (two of which were bearing an oxygen
atom), four methylenes (two of which were bearing a nitrogen atom), and one methoxy group other than
the clerodane diterpene moiety containing thactam ring*H-tH COSY connectivities of C%to C-4
and N-4 and the3C chemical shifts of C( ¢ 41.9) and C-%( ¢ 39.4) indicated the presence of a
putrescine (1,4-diaminobutane) moiety. Proton signals4a3.92 (3H, s, MeO-19, 6.90 (1H, d,J=8.0
Hz, H-12), 7.00 (1H, s, H-9, 7.08 (1H, d J=8.0 Hz, H-138), 6.37 (1H, d,J=15.0 Hz, H-6), and 7.58
(1H, d, J=15.0 Hz, H-?, trans-oriented) and HMBC correlations (Fig. 1) of H-& C-3 ( ¢ 166.4),

H-7° to C-8 ( ¢ 127.5), H-9 and H-13 to C-? and C-1% ( ¢ 147.1), H-12 and H-OMe to C-18

( c 146.6) revealed the presence of a ferulic acid moiety. The HMBC correlation-af kb C-15, the
NOE enhancement of H@®n irradiation of 4-NH, and the FABMS fragments at/z332 and 403 (Fig.
1) indicated that the ferulic acid was connected to the-unsaturated -lactam through the putrescine
unit. Thus, the structure of echinophyllin B was elucidated t@ b€he relative stereochemistry of the
clerodane diterpene moiety Bfwas assigned as the same as thdt @ig. 2) by NOESY correlations.

Echinophyllins A () and B @) are novel nitrogen-containing diterpenoids with a unique -
unsaturated -lactam ring consisting of a clerodane skeleton and a tyramine unit d¥-fmuloyl
putrescine unit, respectively, from the Brazilian medicinal p&ahinodorus macrophylluslthough
a bis-clerodane imide has been obtained from the higher [Ralyialthia viridis® Biogenetically,
echinophyllins A () and B @) may be derived from 16-oxo-15,M6hardwickiic acid 8) through
coupling with tyramine oN-feruloyl putrescine, respectively.



2943

Acknowledgements

We thank Dr. T. Nakasumi (Instituto de Pesouisas de Plantas Medicinais do Brasil) for identification
of this plant. This work was partly supported by a Grant-in-Aid for Scientific Research from the Ministry
of Education, Science, Sports and Culture of Japan.

References

1. Ohsaki, A.; Takashima, J.; Chiba, N.; Kawamura,Biborg. Med. Chem. Letfl999 9, 1109-1112.
2. Kobayashi, J.; Sekiguchi, M.; Shigemori, H.; OhsakiJANat. Prod.in press.

3. Singh, P.; Jain, S.; Jakupovic,Rhytochemistry1988 27, 1537-1539.

4. Rivera, A. P.; Faini, F.; Castillo, Ml. Nat. Prod.1988 51, 155-157.

5. Kijjoa, A.; Pinto, M. M. M.; Pinho, P. M. M.; Herz, WPhytochemistr1993 34, 457-460.



