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Nodosin, or 13-deoxy-5�-hydroxyenmein, C20H26O6, has been

established as a pentacyclic 6,7-seco-ent-kaurane diterpenoid

with an enmein skeleton. Two independent intermolecular

OÐH� � �O hydrogen bonds are present and link each

molecule to four neighbours.

Comment

The diterpenoid nodosin, (I), has been found in Rabdosia

plants (Takeda et al., 1982) and possesses antitumour activity

against P 388 lymphocytic leukemia innoculated into mice

(Nagao et al., 1982). The X-ray structure analysis shows that

nodosin is a structural isomer of enmein (Fujita et al., 1976),

with the �-hydroxy group attached to C12 (nodosin) rather

than C3 (enmein).

From the assumed absolute stereochemistry shown in Fig. 1,

the eight chiral centres present are S for C1, C8, C10, C11 and

C14, and R for C5, C6 and C12. The ring conformations (see

Scheme) approximate to chair, screw-boat, boat, C15-

envelope and half-chair for A±E, respectively.

Details of two well de®ned intermolecular hydrogen bonds

are shown in Table 2. Here, the two hydroxy groups O1 and

O6 act as donor atoms, and O2 and O4 act as acceptor atoms.

Within the molecule, O6 is also close to H1A (2.26 AÊ ), H5

(2.54 AÊ ) and H15B (2.35 AÊ ), and these interactions result in a

longer O6ÐC12 distance of 1.435 (4) AÊ compared with O1Ð

C6 of 1.403 (3) AÊ . As shown in Fig. 2, the two independent

hydrogen bonds result in an arrangement such that each

molecule is held in the crystal by four intermolecular

hydrogen bonds. The hydrogen-bonding pattern is two-

dimensional as there are no hydrogen bonds linking molecules

in the direction of the b axis.

Some geometrical features of the molecule determined by

PLATON (Spek, 1998) are shown in Table 1. Here, the longest

bond, C10ÐC11 of 1.583 (4) AÊ , is located where in-plane

bending due to ring strain is most evident. The deviations from

ideal sp3 angular values around C10 are shown by C16ÐC10Ð

C15 of 101.2 (3)� and C9ÐC10ÐC11 of 117.3 (3)�. Table 1

also shows the endocyclic torsion angles that describe the

somewhat planar portions of the fused rings.
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Figure 1
The atomic arrangement in the title molecule (50% probability
displacement ellipsoids).

Figure 2
The intermolecular hydrogen bonding viewed normal to the (010) plane.
[Symmetry codes: (i)ÿ1 + x, y, z; (ii) 1 + x, y, z; (iii) 1

2 ÿ x,ÿy,ÿ1
2 + z; (iv)

1
2 ÿ x, ÿy, 1

2 + z.]
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Similar structures based on spectroscopic evidence have

been reported (Takeda et al., 1986) and the absolute con®g-

uration of a related structure, acetyl±bromoacetyl±dihydro-

enmein (Natsume & Iltaka, 1966) is known. Unfortunately, the

name nodosin has also been applied to a glycosyliso¯avone

(Ilyas et al., 1994).

Experimental

Nodosin was extracted from the Chinese medicinal plant Rabdosia

serra (Maxim.) Hara (family: Labiatae). The solvent used for

extraction was aqueous ethanol (70%) and the solvent used for

recrystallization was acetone.

Crystal data

C20H26O6

Mr = 362.41
Orthorhombic, P212121

a = 7.474 (3) AÊ

b = 15.262 (6) AÊ

c = 15.870 (8) AÊ

V = 1810.3 (14) AÊ 3

Z = 4
Dx = 1.330 Mg mÿ3

Mo K� radiation
Cell parameters from 6964

re¯ections
� = 1.85±27.5�

� = 0.097 mmÿ1

T = 150 (2) K
Block, colourless
0.10 � 0.8 � 0.8 mm

Data collection

Enraf±Nonius KappaCCD area-
detector diffractometer

' and ! scans to ®ll Ewald sphere
Absorption correction: multi-scan

(SORTAV; Blessing, 1995)
Tmin = 0.95, Tmax = 0.99

6964 measured re¯ections

2220 independent re¯ections
1534 re¯ections with I > 2�(I)
Rint = 0.072
�max = 27.5�

h = ÿ6! 9
k = ÿ18! 19
l = ÿ20! 20

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.047
wR(F 2) = 0.103
S = 1.019
2220 re¯ections
246 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0392P)2]

where P = (Fo
2 + 2Fc

2)/3

(�/�)max = 0.001
��max = 0.21 e AÊ ÿ3

��min = ÿ0.21 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.022 (2)
Absolute structure: Flack (1983)
Flack parameter not reliably deter-

mined

Friedel re¯ections were merged before the re®nement. The

hydroxy H atoms were re®ned freely and the remaining H atoms

were initially placed in calculated positions and thereafter allowed to

ride on their attached atoms with common isotropic displacement

parameters which converged to 0.029 (2) (non-methyl H atoms) and

0.051 (5) AÊ 2 (methyl H atoms). Constrained CÐH distances were

0.95, 1.00, 0.99 and 0.98 AÊ for sp2, methine, methylene and methyl

groups, respectively.

Data collection: DENZO (Otwinowski & Minor, 1997) and

COLLECT (Hooft, 1998); cell re®nement: DENZO and COLLECT;

data reduction: DENZO and COLLECT; program(s) used to solve

structure: SIR97 (Altomare et al., 1999); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEP-3 (Farrugia, 1997).

We thank the EPSRC for use of the National Crystal-

lographic Service at Southampton University (X-ray data

collection) and for the use of the Chemical Database Service

at Daresbury Laboratory (Fletcher et al., 1996).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: BM1432). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �).

O1ÐC6 1.403 (4)
O5ÐC16 1.213 (4)
O6ÐC12 1.435 (4)

C1ÐC2 1.503 (4)
C10ÐC11 1.583 (4)

C7ÐC8ÐC5 101.4 (2)
C16ÐC10ÐC15 101.2 (3)
C9ÐC10ÐC11 117.3 (3)
C12ÐC11ÐC8 116.4 (2)
O5ÐC16ÐC17 127.4 (3)

O5ÐC16ÐC10 126.8 (3)
C17ÐC16ÐC10 105.7 (3)
C18ÐC17ÐC16 121.8 (3)
C18ÐC17ÐC14 130.0 (3)
C16ÐC17ÐC14 108.2 (3)

C1ÐO3ÐC9ÐC10 ÿ1.7 (4)
C15ÐC10ÐC11ÐC12 ÿ7.1 (4)

C9ÐC10ÐC11ÐC8 ÿ4.4 (4)
C10ÐC16ÐC17ÐC14 ÿ1.2 (3)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O1ÐH1� � �O4i 0.91 (3) 1.96 (4) 2.841 (3) 162 (3)
O6ÐH6� � �O2ii 0.85 (4) 1.88 (4) 2.728 (3) 171 (3)

Symmetry codes: (i) 1
2ÿ x;ÿy; zÿ 1

2; (ii) xÿ 1; y; z.


