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Structures of Shikoccin, a Unique 8,9-Seco-ent-kaurene Diterpenoid, and 
Shikoccidin (X-Ray Crystallography), a New Penta-oxygenated 

ent -Kaurene Diterpenoid 

By EIICHI FUJITA,* Nozom~ ITO, ITSUO UCHIDA, and KAORU FUJI 
(Insti tute f o y  Chemical Researclz, Kjioto Univevsity, Uji, Kyoto-Fzt 61 1, J a p a n )  

and TOORU TAGA and KEXJI OSAKI 
(Faculty of Plmwaceut ica l  Sciences, h'yoLo L7Ji!i1evsitji, Kjloto GOG, J a p a n )  

Suinwzary The structure of shikoccidin, a minor diterpenoid 
of Rabdosia shikokiana vav. occidetztalis, was determined 
by X-ray analysis to be as shown in (l) ,  from which the 
structure of the main diterpenoid shikoccin was deduced to 
be (3). 

OUR recent investigation of ether extracts of the dry aerial 
parts of Rabdosia shikokiana (Makino) I h r 2  vay. occidentalis 
(Murata) Haral (Labiatae) resulted in the isolation of two 
new diterpenoids. The major diterpenoid, shilroccin {m.p. 
150-152 OC, [a]: + 47" (CHCI,), U.V. (MeOI-I) 246 nm 
( E  7460) ] has been shown to possess marginal in vivo anti- 
tumour activity against P 388 lymphocytic leukaemia in 
mice. 

OR ., n 

(1) R = C i l ,  
(2) R = w - H , O - M e  ( 4 )  R = A C  

(3 )  R = H 

(5; 8 = ti 

( 6 )  R = A C  

The detailed structure and relative stereochemistry of 
shikoccidin (l), C22H3206, m.p. 181-182 "C, [CC]? t 7.2" 
(EtOH) were established by X-ray diffraction. (1) was 
crystallised from ethyl acetate, orthorhombic, space group 
P2,2,2, ,  a = 19.76(2), b = 15-81(4), c = i * 2 Q i ( 5 )  -&, 2 = 4. 
Intensity data were collected using a densitometer from 
Weissenberg films taken using Cu-K, radiation. The struc- 
ture was solved by the direct method and refined by block- 
diagonal least-squares calculations. The crystal includes 
one disordered ethanol molecule in the unit cell. The most 
probable position of the solvent molecule was estimated 
from the difference Fourier map. The final I?-value is 0.137 
for 1499 reflecti0ns.t A perspective drawing of the 

FIGURE. perspective drawing of shikoccidin (1). 

shikoccidin molecule is shown in the Figure. The structure 
has an intramolecular hydrogen-bond between the C-9 axial 
OH and the C-15 ketone 0 (0 - - - 0 distance 2.85 A). 
All computations for the X-ray analysis were performed on a 
FACOM 11-190 in the Data Processing Centre of Kyoto 
University, using the prograin system KPAX which included 
the U N C S  program. 

Shikoccidin (1) on catalytic hydrogenation (Pd-C) gave 
only the dihydro-derivative ( a ) ,  m.p. 178-174 "C, whose 
c.d. spectrruii showed a -Cotton effect a t  325nm and a 
+Cotton effect a t  298 iim.2 These data suggested the 
absolute coniiguiation to be as represented in (1). 

Shikoccidin (1) on treatment with acetic anhydride in 
pyridine galre an acetate, m.p. 183-185 "C, which was 
shown to have no hydrosy group but two acetoxy groups 
[i.r. (liT3r) 1736 ctii-l, n.1x.r. (CDCl,) 8 2.02, 2.15 (each 3H, 
s), -1.78 ( lH,  ni), and 5.50 (IH, dd, J 5 and I1  Hz)], two 
1;eto:ie groups [i.r. (IiEr) 1740 and 1702 cin-l], an esocyclic 
methylene group [i.r. (EiRr) 1654 cm-l, n.m.r. (CDCI,) 
8 6-19 and 5 4 5  (each lH)], and a trisubstituted double bond 
[ix. (KBr) 1623 cm-l, n.m.r. (CDCI,) 8 7.20 (lH, d, J 2 Hz)]. 
It 13. as shon-n to  be identical with shikoccin nionoacetate (4) 
derived frc>in shikoccin by acetylation with acetic anhydride 
in pyridine. 

This led to  the assignment of structure (3) to shikoccin. 
Thus the structure of shikoccin corresponds to that of a 
retroaldol reaction product from sliilroccidin. The alterna- 
tive double bond isomeric structure (5 )  is excluded by the 
following facts. (i) The n.ni.r. signal 8 4.45 in shikoccin and 
a t  8 5.50 in shilroccin monoacetate (dd, J 5 and 11 Hz) may 
be assigned to C-7-H in (3) and (4), but not to C-14-H in (5 )  
and (6). (ii) A doublet ( J  2 Hz)  at 8 7-26 in shikoccin and a t  

t The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre, 
-Any request should be accompanied by the full literature University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW. 
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8 7.20 in its monoacetate may be assigned to C-14-H in (3) 
and (4), but not to C-7-H in ( 5 )  and (6) .  (iii) Strain of the 
ten-membered ring system in (3) and (4) is less than that in 
(5 )  and ( 6 ) .  

Finally, shilioccidin (1) ssras treated as in the extraction 
procedure, but no transformation into shikoccin (3) n-as 
crbserved, thus confirniing that sl~ilioccil~ is a natural 
product. 
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