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P o d o l i d e ,  a N e w  A n t i l e u k e m i c  N o r d i t e r p e n e  D i l a c t o n e  f r o m  Podocarpus gracilior ~ 

In  recent  years  a number  of nordi terpenoid  lactones 
have  been isolated f rom both  plant  and fungal  sources2. 
In  the  course of a cont inuing search for tumor - inh ib i to ry  
compounds  f rom higher  plants  we have  isolated a new 
member  of this  series f rom t~odocarp2,s gracilior Pilg. 
(Taxaceae). Podol ide (1) is t i le first  compound  of this  
class repor ted  to show tumor - inh ib i to ry  ac t iv i ty  3. 

The tumor - inh ib i to ry  ac t i v i t y  of an e thanol  ex t rac t  of 
the twigs and leaves of P. gracilior was concent ra ted  in the  
chloroform layer  of a chloroform-water  pa r t i t ion  and then  
in the  aqueous  me thano l  layer of all aqueous  methanol -  
Skellysolve 13 par t i t ion.  Successive column chromat-  
ography  on silica gel and S i l icAR CC-7, guided by  assay 
against  P-388 cell culture,  yielded podolide (1) (0.00250),  
C19H2205; mp  296-298~ E ~ 5 - 1 2  ~ (c 0.66, pyridine) 4. 
Absorpt ion in the  UV at  218 nm (s 13,000) and I R  a t  
5.87 F (KBr) suggested the  presence of an e, /~-unsaturated 
d-lactone, while a second I R  band at  5.63 ~x was indica t ive  
of a 7-1actone moiety .  

Tile s imi lar i ty  of these da t a  to those described for 
inumaki lac tone  A 5 and s t ruc tura l ly  s imilar  compounds2 
suggested tha t  podol ide possessed a nordi te rpenoid  
skeleton. This was conf i rmed by  compar ison of the PMR-  
spec t rum of (1) to published data.  Thus signals at  z 4.01 
(1H, s), 5.05 (1H, dd, jr 4.4, 1.6 Hz), 6.06 (1H, d, J 1.6 Hz), 
and 8.16 (1H, d, J 4.4 Hz) could be assigned to the  l l - H ,  
6-H, 7-H and 5-H, respect ively.  

Reduc t ion  of podolide wi th  sodium borohydr ide  afforded 
the  oily diol (2) as the  major  p roduc t  ~. Tile PMR-  
spec t rum of (2), in contras t  to the  complex i ty  of the  

me thy l  region in the spec t rum of (1), showed clearly- 
discernible, signals corresponding to two angular  me thy l  
groups (v 8.80, 8.97; 6H,  2s) and an isopropyl  group 
(v 8.94, 9.08; 6H,  2d, J 7.0 Hz). Oxida t ion  of (2) wi th  
manganese dioxide gave podolide in excel lent  yield. 
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(1) (2) R = H 
(3) R = COCH 3 

Crystals of (1) are monoclinic,  space group P21, wi th  
a = 12.165 (3), b = 7.771 (1), c = 9.708 (4) A, fl = 113.76 
(3) ~ , and Z = 2. Tile s t ruc ture  was solved by  direct  
methods  of phase de te rmina t ion  (MuLTAN ~) and refined 
by  block-diagonal  least-squares techniques  to yield R = 
0.047 for 1975 independent  reflections whose intensi t ies  
were measured by counter  d i f f rac tomet ry  wi th  mono-  
chromat ic  Mo-K~ radiat ion.  Anisotropic  the rmal  para-  
meters  were assumed for the non-hydrogen atoms,  and all 
hydrogen  a toms were located and included in the  refine- 
ment .  

Stereoscopic view of the molecular structure of (1). Thermal ellipsoids 
probability level 

(ORTEP II) for the non-hydrogen atoms are drawn at the 50% 
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A stereoscopic r ep resen ta t ion  of the  molecular  s t ruc tu re  
of (1) is shown in the  Figure.  The double  bond  in r ing A 
is ident i f ied as C (2)-C (3~. The lactone r ing is a C (5) 
envelope,  the  cyc lohexene  and cyclohexane  r ings have  
sl ight ly d i s to r ted  1, 2-diplanar  (so[a) conformat ions ,  
while the  p y r a n  r ing has a s l ight ly  d i s to r ted  1, 3-diplanar  
conformat ion  s . 

The absolute  conf igura t ion  of podol ide  (1) was assigned 
on the  basis  of the  observa t ion  of a nega t ive  Cot ton  effect  

MeOtt in the  CD spec t rum,  [q~l 262 -1 5 ,0 9 0  s,9. Studies  are in 
progress  to  de t e rmine  the  re la t ive impor t ance  of t he  
e, f l -unsatura ted  &lactone,  epoxide  10, and  o the r  funct ions  
w i th  respect  to t he  t umor - inh ib i to ry  ac t iv i ty  of podol ide  n.  

Zusammen/assung. Nachweis,  dass Podol id ,  ein neues 
antileukS.misches nord i te rp in isches  Di lac ton  aus Podo- 
carpus gracilior Pilg. die S t ruk tu r  (1) besi tz t .  
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T h e  S t r u c t u r e  o f  C l a u s a n t a l e n e ,  a New Sesquiterpene from Clausena ind ica  O l i v .  1 

F r o m  the  roots  of Clausena indica Oliv. (Rutaceae)  
some known  coumar ins  2, a new cyclopropyl  coumar in  3 
and  two new carbazole alkaloids 4, 5 have  been  isolated. In  
th is  communica t ion  we repor t  isolat ion of a new sesqui- 
t e rpene  des igna ted  c lausanta lene  and  its s t ruc tu re  
de t e rmina t ion  based  OH spect ra l  and  X - r a y  crystal lo-  
graphic data .  Hexane  ex t rac t  of the  roots,  on careful  
ch romatograph ic  separa t ion  on silica gel and  p repa ra t ive  
TLC, gave abou t  0.01% yield of colourless crys ta ls  of 
c lausanta lene  C15H2eO~, m.p.  114 ~ LeJ~ + 2 7 . 7  ~ (C 1.9, 
CHC13) (RI 0.55, CHCI 3 - - 2 %  MeOH;  TLC Si gel). I t  has  
no UV-absorp t ion  and  i ts  I R - s p e c t r u m  ind ica ted  the  
presence  of h y d r o x y l  groups  (3380 cm-1). I t s  mass  
spec t rum showed a negligible molecular  ion peak  a t  m/e 
238 and  a base peak  a t  m/e 220 (M + --  H20 ). The o the r  
ma jo r  f r agmen t  ions a t  m/e 177 (220--CanT) , 151 
(220 --  CsH~) suggested the  presence  of an i sopen teny l  
chain.  This was conf i rmed by  its N M R  spec t rum (100 MHz, 
CDC18) which  showed gem-d ime thy l s  a t  • 1.65 and 1.72 
(3H each, J = 1 Hz), and  a s l ight ly spl i t  t r ip le t  a t  ~ 5.25 
(1H, J = 7 Hz) assigned to  all olefinic p ro ton  ad jacen t  to 
an unsubs t i t u t ed  me thy lene  group appear ing  at  ~ 2.1 
(confirmed by  decoupling).  I r r ad ia t ion  at  d 1.72 sha rpened  
the  t r ip le t  a t  6 5.25. A one-pro ton  t r ip le t  a t  3.88 (J = 7 Hz), 
also coupled to t he  me thy l ene  p ro tons  a t  d 2.1 as shown 
by  double  resonance  exper iments ,  ind ica ted  t h a t  the  
p ro ton  should be placed on a me thy lene  carbon  hav ing  an 
oxygen  funct ion.  2 broad  signals (1H each) a t  6 2.7 and  
3.3 van i shed  on deutera t ion ,  ind ica t ing  the  presence  of 
2 hydroxy l  groups. 2 t e r t i a ry  me thy l s  appeared  a t  d 0.9 
and  1.2, of which  the  la t t e r  should be due to  a m e t h y l  
on a carbon bear ing a hyd roxy l  group. H y d r o g e n a t i o n  
over  Pd-C or PrO 2 af forded d ihydroc lausan ta lene  
C15H2sO2, m.p.  102 ~ [Cr + 16.6 ~ (C 2, CHCI~) by  reduc t ion  

of the  i sopentenyl  double  bond.  Since the  d ihydro-  
der iva t ive  does nd t  con ta in  any  unsa tu r a t i on  (NMR; no 
t e t r a n i t r o m e t h a n e  colour), c lausanta lene  should be a 
bicyclic sesqui te rpene  conta in ing  the  5-carbon chain  (a). 
A par t i a l  s t ruc tu re  (I) could be w r i t t en  on the  evidence 
ci ted above and  c lausanta lene  should therefore  belong to  
the  sesquicarane,  b e r g a m o t a n e  or f i -santalane types  6. 
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