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n-hexane),  [~] ~)0o _31 .4  ~ (c, 0.48, CHCI3)~; compound  6 
on react ion wi th  Na and benzy lmercap tan  in D M F  affords 
the  benzyl th ioe ther  7 (a syrup). Desulfurat ion (Raney/Ni)  
of 7 yields the alcohol 8 [m.p. 51-53 ~ (from E t O H : H 2 0  ), 
[ ~ ] L  s~ --11.2 ~ (c, 0.73, CHC13) ~. HOREAU'S method  of 
par t ia l  resolut ion n applied to 8 affords ( - - ) -e -phenyl  
butyr ic  acid defining as 14 S the  absolute  configuration.  
On the  o ther  hand, appl icat ion of BREWSTER'S 12 'benzoate  

zz A. HOREAU and A. NOUAILLE, Tetrahedron Left. 1971, 1939. 
12 j .  R. BREWSTER, Tetrahedron 13, 106 (1961). 
13 The authors thank Dr. J. 13ORJA, Botany Department, Faculty of 

Pharmacy, Madrid, for the collection and botanical classification 
of the plant material and Dr. ]3. M. FRAGA, Department of Organic 
Chemistry, University of La Laguna (Tenerife, Canary Isles) for a 
sample of (--)-13-epimanoyl oxide. 

rule '  to compounds  8 and 9 Em.p. 168-169 ~ (from E t O H :  
H~O), ~ ]  ~)so + 11.9 ~ (c, 1.54, CHC13) ] also define as S 
the  absolute  s tereochemis t ry  of C-14. 

Therefore  barba to l  (1), ep imer  at  C-14 of compound  5, 
is ent-8, 13fl-epoxylabdane-14 S, 15-diol. 

Rdsumd. Un nouveau  diterp~ne, barba to l  (1), a 6t6 isol6 
d 'une  sous-esp~ce de la Sideritis arborescens Salzm. (La- 
bi6es) et sa s t ructure  a 6t6 6tablie comme 6tant  ent- 
8, 13 f l-epoxylabdane- 14 S, 15-diol. 
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Metabolism i n  P o r i f e r a - V .  B i o s y n t h e s i s  o f  19-Nor-Stanols: Conversion of Cholesterol into 
19-Nor.Cholest.an~ols by th~ Sponge Axinella polypoides \, 

Sponges have  p roved  to be s6urces of unusual  sterols, 
including new pa t te rns  of side2dtiain al~y!a}ion 1 and 
modified te t racycl ic  nuclei2, 3. 

We have  previous ly  shown t h a t  A. verrucosa, which 
contains  3f l -hydroxymethyl -A-nor-5e-s te ranes  as sole 
sterol components ,  readi ly  t ransforms the cholesterol  
nucleus into the  A-nor-choles tane nucleus. The ve ry  low 
incorporat ion of r ad ioac t iv i ty  from aceta te  into these 
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stanols led to the  conclusion t h a t  in the  sponge the  A-nor-  
stanols arise main ly  by  modif icat ion (ring-A contract ion) 
of d ie tary  sterols 4. 

In  this paper  we are concerned wi th  the  origin of 19- 
nor-stanols  (1-8) in the  sponge Axinella polypoides, in 
which the  usual sterols are also absent  e. 

In  two separate  exper iments ,  A. polypoides, mainta ined  
in well-aerated sea water  a t  14 C, was fed with  labelled 
aceta te  and cholesterol by addi t ion  of aqueous  (acetate) 
and ethanolic (cholesterol) solutions to the  aquaria.  

Sterols were recovered as a free sterol fract ion by 
ch romatography  on silica gel of the  l ight  pe t ro leum ex t rac t  
of the  lyophil ized tissues, while f a t t y  acids were obtained 

. f rom the  subsequent  ch lorophorm-methanol  ext rac t  by  
saponificat ion procedure and then  purified, after con- 
version into me thy l  esters, by  ch roma tog raphy  on silica 
followed by  dist i l lat ion at  250~ (experimental  details 
are given in ref. 5). Crude sterols recovered from sponges 
fed wi th  aceta te  were crystal l ized and fur ther  purified, 
af ter  conversion to acetates,  by  chromatography  on 
silica followed by  crystal l izat ion.  The free sterols from the  
cholesterol incubations,  af ter  crysta l l izat ion from metha-  
nol, were hydrogena ted  over  P t /C  and subsequent ly  
oxidized wi th  d ichromate  to yield the  corresponding 3- 
ketones 6. The la t te r  were added to carrier  5 ~-cholesten-3- 
one, b romina ted  in acetic acid to the  2, 4-dibromo-deriva-  
f ives which were dehydrobromina ted  wi th  l i th ium car- 
bona te- l i th ium bromide  in d ime thy l fo rmamide  to give a 
mix ture  of phenols  (derived f rom 19-nor-stanols) and 
cholesta-1, 4-dien-3-one 7. The mix tu re  was then  submit ted  
to a silica gel prepara t ive  TLC (benzene-ether 9: 1). The 
phenol f ract ion (Rf 0.8) was purif ied to cons tant  specific 
ac t iv i ty  by  crystal l ization,  ace ty la t ion  and fur ther  silica 
gel prepara t ive  TLC (benzene). 

i p. DE LUCA, M. DE ROSA, L. ?r and G. SODANO, J. chem. 
Soc. Perkin I, 2132 (1972). - P. DE LUCA, M. DE ROSA, L. MINALE, 
R. PULITI, G. SODANO, F. GIORDANO and L. I~AZZARELLA, J. 
chem. Soc. Chem. Commun. 7973, 825. 

s L. MINALE and G. SODANO, J. chem. Soc. Perkin I, 1888 (1974). 
3 L. MINALE and G. SODANO, J. chem. Soc. Perkin I, 2380 (1974). 
4 M. DE RosA, L. MINALE and G. SODANO, Experientia 31,408 (1975). 
M. DE RosA, L. MINALE and G. SODANO, Comp. Biochem. Physiol., 
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6 19-Nor-stanols have the same TLC Rf on silica gel as cholesterol s. 
Experimental details are given in reference ~. In a typical experi- 
ment 200 mg of labelled 19-nor-steran-3-ones were added to 25 mg 
of carrier 5~-eholestan-3-one. 
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Table I. Incorporation of label from [1-1*C]-acetate into fatty acids 
and 19-nor-stanols by A. polypoides ~ 

Weight (g) dpm[iag b 

48 h 290 h 48 h 290 h 

Lyophilized animals 80 75 
Fatty acid methyl esters 0.41 0.52 3,070 4,160 
Crude stanol fraction 0.17 0.15 -- 
After reeryst allization 0.1 0.09 134 132 
After conversion to acetates and 
purification by chromatography and 
crystallization 0.06 0.06 59 67 

�9 [1-14C~-acetate (62 mCi/nmlole; 0.25 mCi) was fed to the animals 
by addition of 5 ml aqueous solution to the aquarium (50 1). 48 h 
after the administration, ca. half of the animals were taken, washed 
and frozen at --20 ~ and the remaining animals were killed after 
290 h incubation 
bThe radioactivity was measured by a Beekmann LS-250 liquid 
scintillation system. 

A c e t a t e  w a s  r e ad i l y  i n c o r p o r a t e d  i n to  f a t t y  acids,  b u t  
u t i l ized  on ly  to  a v e r y  low e x t e n t  for  t h e  b i o s y n t h e s i s  of 
19 -no r - s t ano l s  (Table  I) ,  s u g g e s t i n g  t h a t  t h e r e  is l i t t le  or  
no  de n o v o  s te ro l  b i o s y n t h e s i s .  I n  v i e w  of t h e  s a m e  v e r y  
low r a d i o a c t i v i t y  r e c o v e r e d  in t h e  s t a no l s  f r o m  b o t h  48 h 
a n d  290 h feeding  e x p e r i m e n t s ,  we  p r e s u m e  t h a t  i t  m u s t  
be d u e  to  c o n t a m i n a t i o n  and ,  acco rd ing ly ,  t he  sponge ,  
u n d e r  s u c h  cond i t ions ,  is u n a b l e  to  s y n t h e s i z e  s te ro l s  f r o m  
ace ta te .  W h e n  s p e c i m e n s  of A.  polypoides were  i n c u b a t e d  
w i t h  [26-~4C~-cholesterol, r a d i o a c t i v i t y  w a s  ef f ic ient ly  
i n c o r p o r a t e d  i n to  t h e  19 -no r - s t ano l s  (Table  I I )  a n d  a l m o s t  
all of t h i s  r a d i o a c t i v i t y  c o r r e s p o n d e d  to  t h e  19-nor-  
cho l e s t ano l  f rac t ion ,  as  s h o w n  b y  p r e p a r a t i v e  GLC of t h e  
de r ived  p h e n y l  a c e t a t e s  m i x t u r e  a n d  d e t e r m i n a t i o n  of t h e  
r a d i o a c t i v i t y  of t h e  reso lved  i n d i v i d u a l  c o m p o n e n t s  
(9-11) 8 

These  r e su l t s  ind ica te  t h a t  A.  polypoides r ead i ly  r e m o v e s  
t h e  1 0 - m e t h y l  g r o u p  f r o m  cho les t e ro l  s u b s t r a t e  a n d  sug-  
ges t  t h a t  in t h e  s p o n g e  t he se  u n i q u e  19 -no r - s t ano l s  ar ise  
b y  m o d i f i c a t i o n  ( r emova l  of 1 0 - m e t h y l  g roup)  of d i e t a r y  
s te ro l s  9. 

Table II. Incorporation of I26-14C~-eholesterol into 19-nor-stanols by A. polypoides 

Period of Lyophilized Total Total sterol Radioactivity recovered 
incubation animals (g) fed (dpm) recovered (%) 

Radioactivity recovered (%) 

(rag) (dpm) Precursor b 19-Nor-stanols ~ 

48 h 38 5.5 • 10 s 220 2.03 • 106 0.37 80 20 

290 h 25 5.5 • 10 ~ 305 11.3 • 106 2.04 22 78 

[26-14C]-cholesterol (61 mCi/mmole) was fed to the animals by addition of 2 ml ethanolic solution to the aquariunl (50 1). 48 h after the 
administration, ca. half of the animals were taken, washed with water and frozen at --20"C, and the remaining animals were killed after 
290 h incubation, b Radioactivity was measured on eholesta-l,4-dien-3-one (see text). ~ Radioactivity was measured on the derived phenols 
and phenyl acetates purified to constant specific activity (see text). 

8 Portion of the labelled phenyl acetates from 19-nor-stanols deriving 
from 48 h incubation with I26-14Cl-eholesterol was added to a 
mixture of carrier pbenyl acetates to obtain a specific radioactivity 
of 4• dpm/mg and subjected to preparative GLC. A Carlo 
Erba gaschromatograph, model G-V, equipped with a flame ioni- 
zation detector was used and the separation was performed using 
a 2-m glass column (i.d. 6 ram) packed with 1% 0V-1 Gas-Chrom 
80 100 mesh and operated at 260 ~ with N= at 120 ml/min. The 
first peak corresponding to 19-norcholesta-l,3,5(10)-trien-3-yl 
acetate (9) (31.6% of the total mixture) has a specific radioactivity 
of 1.2 • 10 a dpm/mg. 

9 Acknowledgments. We thank the Zoological Station (Naples) for 
provision of the sponges and use of Laboratory facilities. The 
technical assistance of Mr. A. CmSFINO is also acknowledged. 

Riassunto.  La  s p u g n a  Axine l la  polypoides t r a s f o r m a  i l 
~26-14C~-colesterolo nel  19-nor -co les tano lo  (1), m e n t r e  n o n  
ut i l izza  l ' [1-14C]-acetato  p e r  la s in tes i  dei 19-nor - s tano l i  
(1-8) .  Si sugger isce  che q u e s t i  unic i  s t ano l i  si o r ig inano  da  
s terol i  d ie ta r ic i  pe r  r imoz ione  del inet i le  in 10. 
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Preparation of Synthetic Rotenoids 

I n  a p r e v i o u s  r epo r t ,  t h e  s y n t h e s i s  of a n e w  d e h y d r o -  
r o t e n o i d  w a s  desc r ibed  b y  r ingc losu re  of deox?)benzoine  
d e r i v a t i v e s  1. N o w  we w i s h  to  r e p o r t  t he  p r e p a r a t i o n  of 
n e w  r o t e n o i d s  b y  t h e r m a l  c o n d e n s a t i o n  of 4 - e t h o x y c a r -  
b o n y l - 3 - c h r o m a n o n e s  w i t h  O-he te rocyc l ic  pheno l s ,  a f ford-  
ing d e h y d r o r o t e n o i d s  w h i c h  were  t r a n s f o r m e d  in to  ro te -  
no ids  b y  c a t a l y t i c  h y d r o g e n a t i o n  2, 3. 

H e a t i n g  of  a m i x t u r e  of 4 - e t h o x y c a r b o n y l -  3 - c h r o m a n o n e s  
(1) (0.15 m m o l )  w i t h  t he  p h e n o l s  (2, 5) (0.1 rental)  a t  
160-170~ m m  H g  for  4 h gave  the  d e h y d r o r o t e n o i d s  

(3, 6), w h i c h  were  easi ly  i so la ted  f r o m  the  r eac t ion  m i x t u r e  
b y  t r i t u r a t i o n  w i t h  e ther .  W h e n  t h e  r ea c t i on  w a s  car r ied  
o u t  in bo i l ing  d i p h e n y l  e ther ,  t h e  y ie lds  were  s l igh t ly  
decreased .  

1 R. VERHI~, N. SCHAMP and M. SADONES, Experientia 31, 266 
(1975). 

2 R. V~RH~ and N. SCHAMP, Bull. Soe. chim. Beiges 82, 283 (1973). 
3 R. VERH~, L. DE BUYCK and N. SCHAMP, Synthesis, in press. 


