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1 2 - O - A c e t y l f u s i c o c c i n  a n d  1 2 - O - A c e t y l i s o f u s i c o c c i n ,  t w o  N e w  M i n o r  M e t a b o l i t e s  of  
Fusicoccum a m y g d a l i  D e l .  

In  previous  papers  ~-4 we have  shown t h a t  cul ture 
f i l t ra tes  of the  p h y t o t o x i c  fungus  Fusicoccum amygdali 
Del. conta in  small  amoun t s  of compounds  which differ 
only  in the  ace ty la t ion  p a t t e r n  f rom the  main  tox ic  
metabo l i t e  called fusicoccin (I)5-7. Two of them,  name ly  
allofusicocciu (II)a and  isofusicoccin (III)2, 3, are isomers 
of fusicoccin hav ing  O-Ac groups respec t ive ly  in 2' and  
19, and  in 4' and 19; ano the r  five con ta in  a single O-Ac 
group placed e i ther  in the  aglycone (IV 1, ~ and V4), or in 
the  glucose uni t  (VI *, VI I  ~ and Vfl IS) .  Finally,  dide- 
acetylfusicoccin (IX)1,2 has also been isolated f rom the  
same source 9. 

We now repor t  the  ocurrence in the  culture f i l t ra tes  of 
F. amygdali of 2 0 - t r i a c e t a t e s  which cor respond  to  12-O- 
acetyI-fusicoccin (X) and 12-O-acetyIisofusicoccin (XI). 

Methods. NMIR-spectra were recorded on a Var ian  HA-  
100 appa ra tu s  wi th  TMS as in ternal  reference. Ro ta t i ons  
were measured  for solut ions in chloroform on a Perk in-  
E l m e r  141 polar imeter .  Mass spec t ra  were recorded on an 
A E I  MS-902 spec t rome te r  opera ted  a t  70 eV. Melt ing 
po in t s  are uncorrected.  The 2 t r i ace ta tes  were isolated b y  
repea ted  column and th in  layer  c h r o m a t o g r a p h y  on 
silica gel of appropr i a t e  f ract ions ob ta ined  by  chromato-  
graphic  f rac t iona t ion  of the  residue left  in e thy l  ace ta te  

a f t e r  c rys ta l l iza t ion  of Iusicoccin ~, ~. 
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Results and discussion. Compound  X was ob ta ined  f rom 
fract ions  eluted s l ight ly ahead  of fusicoccin; it  was 
crystal l ized f rom e thyl  e ther - l ight  pe t ro leum (40-70~ 
had  re.p. 82-83 ~ and jell5 + 30.0 ~ (c = 0.9). Compound  
X I  cor responded to  tile subs tance  indica ted  as F - I I /2  
in a previous paper~;  it  was crystal l ized f rom e thyl  e ther-  
l ight  pe t ro leum (40-70~ had  m.p.  59 ~ and [~)5 + 35.1 ~ 
(c = 1.4). Bo th  p roduc t s  yield t r iacetyl fus icoccin  (XII)6 
on ace ty la t ion  wi th  acetic anhydr ide -py r id ine  a t  room 
tempera tu re ,  and  dideacetyl fus icoccin  (IX)2 on deacety-  
lat ion wi th  alkali;  therefore,  t h e y  differ f rom fusicoccin 
only for the  pos i t ion  and/or  the  n u m b e r  of 0 -Ac  groups.  
Their  NMR-spec t r a  (in CDC1,) demons t ra te ,  besides o ther  
fea tures  charac ter i s t ic  of fusicoccin and fe in ted  com- 
pounds,  t he  presence of 3 0 - A c  groups. Their  mass  spec t ra  
show t h e m  to be isomers w i th  molecular  formula  CasHssOla 
(M + 722); ions a t  m/e 405 and  205 locate in bo th  com- 
pounds  2 0 - A c  groups  in the  aglycone and  1 in the  sugar 
moiety .  The fo rmat ion  of t r iacetyl fus icoccin  (XII)  on 
ace ty la t ion  rules out  t he  C-8 h y d r o x y  group as a site of 
es ter i f icat ion;  consequent ly  b o t h  compounds  carry  
O-Ac groups on C-12 and  C-19 of the  aglycone moie ty  and 
the i r  difference mus t  reside in the  pos i t ion  of tile O-Ac 
on the  glucose unit.  As co mp o u n d  X, a t  var iance  wi th  
compound  XI ,  is no t  oxidized by  per iodate ,  the  O-Ac 
mus t  be placed on C-Y in X and  e i ther  on C-2' or C-4' in 
XI .  N M D R  da ta  indica te  t h a t  the  th i rd  O-Ac in X I  is on 
C-4": in fact ,  on i r rad ia t ion  a round  3.90 d (a value com- 
pa t ib le  w i th  CH-3 '  and CH-5') a t (J = 9 Hz, 1 H) 
cent red  at  4.72 d collapses to a broad  s; mul t ip l i c i ty  and  
spl i t t ing  are incompat ib le  w i th  CH(2 )OAc and  compare  
qui te  well wi th  values found tor CH(4')OAc in isofusi- 
coccin (III)3 and monodeacetyl i sofus icoccin  (IV)4. 
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As p rev ious ly  oberved  w i t h  o the r  c o m p o u n d s  of the  
fusicoccin series O-ace ty la t ed  in t he  glucose m o i e t y  ~, 
c o m p o u n d s  X a n d  X I  are i n t e r c o n v e r t i b l e  a t  bas ic  p H  
values.  The  p h y t o t o x i c i t y  of b o t h  c o m p o u n d s  (de t e rmined  
b y  Professor  A. GRANITI, U n i v e r s i t y  of Bar i )  is lower t h a n  
t h a t  of fusicoccin 10. 

10 This work was supported in part by the Italian Research Council 
(CNR). 

11 On leave from the Istituto di Chimiea Farmaceutiea e Tossieolo- 
giea, University of Perugia. 

12 On leave from the Istituto di Teenica e Legislazione Farmaceutiea, 
University of Perugia. 

Riassunto. Due n u o v i  m e t a b o l i t i  m ino r i  del fungo fito- 
pa togeno  Fusicoccum amygdali Del. vengono  iden t i f i ca t i  
come 12-0-acet i l fus icoccina  (X) e 12-O-acetil isofusicocci- 
n a  (xI). 
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I so la t ion  of ~ - E c d y s o n e  ( 2 0 - H y d r o x y e c d y s o n e )  f r o m  t h e . P a r a s i t i c  N e m a t o d e  Ascaris  lumbricoides  

The  g r o w t h  of n e m a t o d e s  involves  a series of mou l t s  1, 2 
s imi la r  to  those  m a r k i n g  the  successive s tages  of a r t h r o p o d  
deve lopmen t .  I t  is genera l ly  accep ted  t h a t  these  two 
widely  d i v e r g e n t  groups  are  l ikely to h a v e  evo lved  f rom 
a c o m m o n  ances t r a l  s tock.  Thus  i t  is of especial  i n t e r e s t  
to e s t ab l i sh  w h e t h e r  m o u l t i n g  in n e m a t o d e s  is con t ro l led  
b y  s te ro ida l  m o u l t i n g  h o r m o n e s  l ike t h e  a r t h r o p o d  
ecdysones,  or b y  an y  s imi la r  s teroids.  

Free  m o u l t i n g  h o r m o n e s  occur  in  insec ts  a t  such low 
c o n c e n t r a t i o n s  t h a t  large a m o u n t s  of t i ssue  are requ i red  
for sa t i s fac to ry  i sola t ion  a n d  cha r ac t e r i z a t i on  of t he  
ac t ive  subs tances .  The  h ighes t  c o n c e n t r a t i o n s  of ecdy- 
sones a p p e a r  in  insects  a t  t he  t i m e  of m o u l t i n g  (about  
500 ~xg/kg), whereas  d u r i n g  i n t e r m o u l t  per iods  t he  
a m o u n t s  are m u c h  less (about  2 ~zg/kg) 3. I n  the  case of 
n e m a t o d e s  s imi la r  concen t r a t i ons  m i g h t  be  expec ted  if 
eedysones  h a v e  a h o r m o n a l  role. 

The  pa ra s i t i c  n e m a t o d e  Ascaris lumbricoides can  be  
o b t a i n e d  ill r e l a t ive ly  large n u m b e r s  f rom t he  in t e s t ines  
of pigs. Adu l t s  of b o t h  sexes, b u t  of u n k n o w n  age f rom 
the  f inal  moul t ,  were t h o r o u g h l y  w a s h e d  in w a t e r  a f t e r  
collection.  Pooled  samples  were s tored  frozen u n t i l  
ana lyzed  for t he  presence  of ecdysones.  All e q u i p m e n t  
used for t he  s u b s e q u e n t  e x t r a c t i o n  and  pu r i f i ca t ion  
p rocedures  was careful ly  c leaned  to avo id  c o n t a m i n a t i o n  
of t he  Ascaris e x t r a c t s  w i t h  ecdysones  of p l a n t  origin.  
The  an ima l s  (15.5 kg) were t h a w e d  o v e r n i g h t  a n d  minced  
in to  e t h a n o l  (70 1). Af te r  24 h a t  a b o u t  20~ t he  a lcohol  
was  d e c a n t e d  a n d  t he  res idue e x t r a c t e d  3 t imes  f u r t h e r  
w i t h  e thano l  (50 1). The  c o m b i n e d  e t h a n o l  ex t r ac t s  were 
e v a p o r a t e d  to a n  aqueous  e t h a n o l  e x t r a c t  (11 1) which  
was twice  e x t r a c t e d  w i t h  h e x a n e  (1 1) to  r emove  lipids. 
The  aqueous  e t h a n o l  phase  was t h e n  c o n c e n t r a t e d  to  
3.5 1, w a t e r  (3 1) added  a n d  t he  m i x t u r e  e x t r a c t e d  twice  
w i t h  n - b u t a n o l  (3 1). The  b u t a n o l  ex t r ac t s  were combined ,  
e v a p o r a t e d  to d ryness  a n d  p a r t i t i o n e d  be t w een  chloro-  
fo rm (2 1), m e t h a n o l  (3 1) and  w a t e r  (2 1) (2 t u b e  separa-  
t ion) .  The  c o m b i n e d  m e t h a n o l  Iayers  were e v a p o r a t e d  
to  a n  aqueous  res idue  of 750 ml, p o t a s s i u m  h y d r o g e n  
c a r b o n a t e  (20 g) a d d e d  a n d  t he  m i x t u r e  e x t r a c t e d  
3 t i m e s  w i t h  a n  equa l  vo lume  of bu tano l .  The  b u t a n o l  
e x t r a c t s  were in t u r n  washed  w i t h  an  equa l  v o l u m e  of 
w a t e r  a n d  t he  c o m b i n e d  b u t a n o l  ex t r ac t s  e v a p o r a t e d  to 
a n  oily res idue  (5.6 g). E x p l o r a t o r y  s tud ies  w i t h  t h i s  
m a t e r i a l  i nd i ca t ed  t h a t  ecdysones,  if p resen t ,  were too 
low in c o n c e n t r a t i o n  to be  de t ec t ab l e  w i t h  the  Calliphora 
b ioassay  4. There fore  to  select  f r ac t ions  in t h e  s u b s e q u e n t  
I r a c t i o n a t i o n  p rocedures  w h i c h  m i g h t  con t a i n  fi-ecdysone, 
t r i t i u m  label led  fl-ecdysone (370 • 103 cpm, 0.185 ~zg) was 
added.  The  label led  fl-ecdysone was p r e p a r e d  b y  i n j ec t i ng  

[23, 23, 24, 24,-3H4]-a-ecdysone 5 into 3rd instar larvae 
of Calliphora stygia a t  t he  t i m e  of p u p a r i u m  f o r m a t i o n  
and  i so la t ing  the  label led /~-ecdysone  fo rmed  6. 

F u r t h e r  f r a c t i o n a t i o n  of t he  b u t a n o l  e x t r a c t  b y  rever-  
sed phase  p a r t i t i o n  c h r o m a t o g r a p h y  7 afforded a /% 
ecdysone  f r ac t ion  (64 mg) w h i c h  was c h r o m a t o g r a p h e d  
on  a co lumn  of si l ica gel (10 g, 15% water )  m a d e  u p  a n d  
e lu ted  w i t h  96% e thano l - ch lo ro fo rm  (14:86). The  
f rac t ions  c o n t a i n i n g  t he  r a d i o a c t i v i t y  were c o m b i n e d  and  
c h r o m a t o g r a p h e d  on  CM-Sephadex  7. I t  was  t h e n  found  
on p lo t t i ng  the  U V - a b s o r p t i o n  (at  254 nm)  a n d  t h e  
r a d i o a c t i v i t y  aga ins t  e lu t ion  v o l u m e  t h a t  t he  p e a k  due  
to t he  r a d i o a c t i v i t y  coincided w i t h  t h e  peak  due to  UV-  
absorp t ion .  W h e n  t he  p e a k  f r ac t ions  were c h r o m a t o -  
g r a p h e d  on a c o l u m n  of sil ica gel (10 g, 15% water)  m a d e  
up  and  e lu ted  w i t h  96% e thano l - ch lo ro fo rm  (10:90) t he  
UV-  a n d  r a d i o a c t i v i t y  cu rves  aga in  co inc ided  closely. 
F r o m  the  i n t e n s i t y  of t h e  U V - a b s o r p t i o n  A max  242 n m  
in water )  i t  was e s t i m a t e d  t h a t  a t o t a l  of 4.5 ~g of 
ecdysone  was presen t .  W h e n  t he  m a t e r i a l  i so la ted  was 
dissolved in 400 ~zg of w a t e r  and  b ioassayed  4 in C. stygia, 
73% sc le ro t iza t ion  was found.  These  d a t a  i nd i ca t e  t h a t  
a m o u l t i n g  h o r m o n e  ac t ive  subs tance ,  a lmos t  c e r t a in ly  
fl-ecdysone is p r e sen t  in  t he  ex t rac t .  Inokos te rone ,  t h e  
on ly  o the r  k n o w n  a n i m a l  ecdysone  w i t h  s imi la r  chro-  
m a t o g r a p h i c  p roper t i e s  is m u c h  less ac t ive  in t h e  Calli- 
phora t e s t  8. ~ -Eedysone  could no t  be  de t ec t ed  in t he  
Ascar~s e x t r a c t s  a f te r  s imi la r  f r a c t i o n a t i o n  steps.  

Whi le  i t  is t h u s  e s t ab l i shed  t h a t  t he  Ascaris sample  
c o n t a i n e d  fl-ecdysone, t he  a m o u n t  i so la ted  was exceed 
iongly  smal l  (0.3 ~g/kg) and  is a b o u t  1/10 t he  a m o u n t  
i sola ted f rom crayf i sh  a t  a n  i n t e r m o u l t  s tage 9. I t  is 
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