
ent-Kaurene diterpenes have been studied in micro-
biological transformation reactions1,2, the identification
of new anti-HIV and antitumor agents3 and biological-
activity research.4

Sideritis sipylea Boiss is distributed mainly in
western and southern Turkey.  The extract of this plant
with light petroleum (40 – 60˚C) was chromatographed
[silica gel (Merck, 70 – 230 mesh)] with a light
petroleum–diethyl ether–methanol (1:1:1) mixture and
the known diterpenes; siderol, linearol, epicandicandiol
and foliol were eluted.  The physical and spectroscopic

properties of these compounds were identical with
those reported in the literature.5

The structure of linearol (Fig. 1) [C22H34O4, m.p. 492
K, [α]20

D =–67.0˚ (c=1.0 ethanol)] was clarified to be (–)-
18-acetoxy-kaur-16-ene by means of an X-ray crystal-
lographic analysis (Fig. 2) and its optical rotation.  The
torsional angles for rings A, B and C are shown in Fig.
3.  Rings A, B and C have chair conformations while
the conformation of ring D is a half-chair.  Ring C is
especially distorted.  The puckering parameter of the
bridging D ring, the angle between planes C14–C13–
C16–C15 and C14–C8–C15, is 40.6(3)˚.

Ring junction A–B is trans, while B–C is cis.  The
nearest distances between the moieties are C18
C19=2.427(5), O3 C19=2.784(6), C19 C20=3.244(5),
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† To whom correspondence should be addressed.

Fig. 1 Chemical diagram.

Fig. 2 Molecular structure of the title compound with the
atom-numbering scheme. The thermal ellipsoids are drawn at
the 50% probability level.

Table 1 Crystal and experimental data

Formula: C22H34O4

Formula weight=362.51 
Crystal system: monoclinic
Space group: P21 Z=2
a=7.785(1)Å  
b=11.670(1)Å 
c=11.799(2)Å 

=107.35(1)˚
V=1023.2(2)Å3

Dx=1.176 g/cm3

(Mo K )=0.07 mm–1

T=293 K
F(0 0 0)=396
Colorless
Cyrstal size: 0.20×0.25×0.30 mm

(Mo K )=0.71073Å
R=0.0631
Rw=0.0837
No. of reflections used=2003
No. of parameters=235
Goodness-of-fit=1.21
( / )max=0.01
∆ max=0.44 e/Å3

∆ min=–0.38 e/Å3

Measurements: Enraf-Nonius  CAD-4 diffractometer
Program system: CAD-4 EXPRESS Software
Structure determination: MolEN
Treatment of hydrogen atoms: geometric calculation
Refinement: full matrix least-squares (MolEN)
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C11 C14=2.959(5) and C14 C20=3.335(6).
The bond lengths and angles (Table 3) are generally

in good agreement with the chemically expected val-
ues.
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Table 2 Final atomic coordinates and equivalent isotropic 
thermal parameters

Beq=(8π2/3)ΣiΣjUij(ai*aj*)(ai·aj).

Atom x y z Beq/Å2

Table 3 Bond distances (Å) and angles (˚)

Fig. 3 Torsional angles.


