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This alcohol, [0~]D + 19.1 ~ was isolated in a homo-  
geneous s ta te  wi th  respect  to gas ch roma tog raphy  by 
means  of the  combina t ion  of f ract ional  dist i l lat ion and 
elut ion ch roma tog raphy  (silica gel and n-hexane involv ing  
15% e thyl  acetate).  I t  has a molecular  formula  of 
CzsH240 upon the  de te rmina t ion  of the  molecular  ion 
(m/e calcd. 220.183, obsd. 220.184), and exhibi ted  I R -  
absorpt ion bands (liquid film) and NMR-signals  (in 
CDC18) a t t r ibu tab le  to a hydroxy l  group and a p ro ton  on 
the  carbon a tom bear ing a hydroxy l  group respect ive ly  
at  3300 and 1019 cm -z, 1.56 p p m  (1H, exchangeable  wi th  
D20 ) and 4.15 p p m  (1H, m). When  the  compound  was 
t rea ted  overn igh t  wi th  acetic anhydr ide  in pyr id ine  at  
room tempera ture ,  i t  easily produced an ace ty la ted  pro- 
duct  which showed character is t ic  signals at  2.08 p p m  (3H, 

I 
s, -OCOCH3) and 5.40 p p m  (1H, m, H - C - O A c ) .  On the  i 
basis of these evidences the  compound  was character ized 
as a secondary alcohol. 

NMR-  and IR-spec t ra  of this alcohol also indicate  the  
presence of an exomethy lene  group (1645 and 888 cm -1, 
4.87 and 5.06 ppm,  each 1H and s), a par t ia l  s t ruc ture  of 

[ I 
CH~-C=C-H (823 cm -z, 1.80 ppm,  3H, d, J = 1.5 Hz, 
5.49 ppm, 1H, broad d, J = 5.0 Hz) and one geminal  di- 
me thy l  group (1382 and 1377 cm -z, 0.90 and 1.06 ppm,  
each 3H and s). All these groups were recognized in the  
previous ly  repor ted  hydrocarbon,  bazzanene,  and the  

{I) (~) (~I} 

whole pa t t e rn  of the  NMR-spec t rum,  except ing signals 
re la ted to the  hydroxy l  group, resembles closely the  
spec t rum of bazzanene,  a l though 2 signals of the  v iny l  
p ro ton  and of the me thy l  group a t t ached  to the  double  
bond are bo th  split  into doublets  in this alcohol. Such 
spect rometr ic  resemblance be tween bazzanene and 
bazzanenol ,  and the  above  fact  t ha t  the  v inyl  p ro ton  
signal is spli t  into doublet ,  make  us assume bazzanenol  
to be a secondary  alcohol which has a hydroxyl  group 
at  C4-position of bazzanene.  

In  order  to give the  posi t ive  proof for this assumption,  
the  alcohol was oxidized wi th  Jones reagent,  and an ~, fi- 
unsa tu ra ted  ketone, C15H~O (m/e calcd. 218.167, obsd. 

1 l iq  ,~CDC13 ~ ~v~ 218. 65, vma x 1672 cm -z, 1H, m) was obtained.  ~ p p m  . . . .  , 

These IR-,  N M R -  and mass-spectra  of this ke tone  co- 
incided respect ively  wi th  those of a ketone (III)  der ived 
f rom bazzanene  by  sodium dichromate  oxidat ion  2. 

Zusammen/assung. Isol ierung und St rukturaufk! / i rung 
eines neuen Sesqui terpenalkohols  aus Bazzania pompeana 
(Lac.) Mitt .  
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The Biosynthesis of Trisporic Acids from/1-Carotene via Retinal and Trisporol 

The tr isporic  acids, obta ined  f rom ' m a t e d '  cul tures of 
Blakeslea trispora, include the  9-cis and -trans isomers i of 
t r isporic acid C (Ia) 2, the  main  component ,  and of the  cor- 
responding 13-keto-compound tr isporic  acid 13 (Ib). The  
acids p romote  carotene and steroid synthesis  in (-)-B. 
trispora 8, apparen t ly  by  an enzyme- induct ion  mechan ism 4. 
Moreover  the  'gamones '  which, in heterothal l ic  Mucorales 
generally,  diffuse be tween  opposite  ma t ing  types  and 
elicit  sexual  differentiat ion,  have  been identif ied wi th  tri-  
sporic acids 5. In  part icular ,  the  ac t ive  ex t rac t  f rom ma ted  
Mucor mucedo has afforded identif iable cis- and trans- 
t r isporic  acids A, 13, and (principally) C, and conversely  
pure  me thy l  trisporate-13 and t r isporate-C have  ac t iv i ty  
towards  (-)-M. mucedo which is quan t i t a t i ve ly  comparab le  
to t h a t  of the  to ta l  ex t rac t  f rom ma ted  strains of the  same 
fungus 6. 

Amongs t  the  m a n y  co-metabol i tes  of (I) which are 
pecul iar  to ma ted  cultures of B. trispora is a series of 
neut ra l  compounds,  of which in our experience the  major  
componen t  is a substance which we have  now charac-  
ter ized and designate  as trisporol-C, (II). I sola ted  chroma-  
tographical ly ,  i t  has the  molecular  formula  C18H2803 (from 
high resolut ion mass spec t romet ry) ;  i t  has the  charac-  
ter is t ic  t r ienone chromophore  as seen in (I) and the  frag- 
men ta t ion  pa t t e rn  in the  mass spec t rometer  indicates  the  
s t ructure  (II). This  s t ruc ture  was confirmed by  a par t ia l  
synthesis  f rom (Ia) by  LiA1H 4 reduct ion  of the  correspond- 
ing keta l ;  compared  wi th  the  na tura l  material ,  the  p r o -  

duct  had ident ical  UV-, I R -  and mass-spectra and was 
chromatographica l ly  indist inguishable on silica gel plates 
wi th  a range of solvents and colour sprays. Since in the  
precursor- incorporat ion exper iment  repor ted  below, the  
di lut ion of r ad ioac t iv i ty  in (II) was marked ly  less t han  in 
(Ia), we bel ieve tha t  this p r ima ry  alcohol is a near  pre- 
cursor of the  tr isporic acids. I ts  physiological  role is under  
invest igat ion.  

Earlier ,  by  using 2-14C-mevalonate we had shown t h a t  
(I) contains  the  remains  of 4 isoprene units, and adduced  
a rguments  t h a t  the  monocycl ic  C18 skeleton of the  t r isporic  
acids arises f rom fl-caroteneL In  part icular ,  when z4C-fl- 
carotene (labelled b iosynthet ica l ly  f rom 2-14C-acetate) 
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was fed to  m a t e d  B. trispora t h e  pe rcen t age  incorpora -  
t ions  a n d  d i lu t ions  ind ica t ed  t h a t  th i s  was  a more  eff ic ient  
p recursor  t h a n  was 2-~4C-mevalonate u n d e r  c o m p a r a b l e  
condi t ions .  
P e r c e n t  i nco rpo ra t i on  (and d i lu t ion  factor)  in :  

(Ib) (la) 

f rom 14C-fl-carotene 2 . 5 %  0.9% 
( • 220) ( X 3,700) 

f rom 2-14C-mevalonate 0 .03% ,, 0.6% 
( x  8,800J ( •  11,200) 

Such  d a t a  also sugges t  t h a t  t he  ke tone  (Ib) is a p recurso r  
of t h e  a lcohol  (Ia). 

T h r o u g h  t he  cour te sy  of t he  H o f f m a n - L a  R o c h e  Com- 
p a n y  of Basle,  a s ample  of 11, 12-3H~-retinyl ace t a t e  was  
avai lable .  R e t i n a l  is k n o w n  to occur  in  P h y c o m y c e s  a n d  
seemed a possible  i n t e r m e d i a t e  be t w een  f l -carotene a n d  
(II).  The  c o m p o u n d  was fed to m a t e d  B. trispora and  t h e  
isotope was ve ry  ef fec t ively  i nco rpo ra t ed  in to  t r i sporo l  
a n d  t he  t r i spor ic  ac ids :  in  (II), i nco rpo ra t i on  1.3%, di lu-  
t i on  • 50; in  (Is), i ncopora t i on  1.9%, d i lu t ion  • 450. The  
pur i f ied  m e t h y l  es ter  f rom (Ia) was  deg raded  b y  ozono- 
lysis of t h e  ace t a t e  followed b y  LiA1H 4 r educ t i on  s, 
pu r i fy ing  t he  r e s u l t a n t  diols as t he  p -n i t robenzoa te s .  The  
p r o p a n - l , 2 - d i o l  d e r i v a t i v e  [from C(s), C(9 ) and  9-Me of 
(Ia)] was v i r t u a l l y  i nac t ive  and  t he  ( - ) - 4 R - p e n t a n - l , 4 -  
diol d e r i v a t i v e  9, f rom C(10)-C(14) of (Is), c o n t a i n e d  48% of 
t h e  aH or ig ina l ly  found  in (Ia). Af te r  conve r s ion  of t he  
p e n t a n d i o l  in to  1 - t r i t y l o x y p e n t a n - 4 - o n e  a n d  base -ca ta -  
lysed exchange  in D20,  21% of t he  or ig ina l  aH [of (Ia)] 
was re ta ined .  I t  follows t h a t  in t he  or ig ina l  (Ia) a t  leas t  
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21% of t he  t o t a l  3H was a t  C(11) (or, less p laus ib ly ,  C(10) ) 
a n d  a t  leas t  27% was a t  C(lz) (or less p laus ib ly ,  C(ta) or 
C(14)). 

The  n o m i n a l  d i s t r i b u t i o n  of aH in t he  r e t i ny l  a ce t a t e  
which  was fed is equa l  be tween  Cm)  a n d  C(li), b u t  since 
t he  syn thes i s  inc ludes  cis-trans i somer i sa t ion  of a doub le  
b o n d  a t  Cm)  t he  ac tua l  at-I d i s t r i b u t i o n  m a y  well  h a v e  
been  unequa l .  A n  u n e q u a l  d i s t r i b u t i o n  of aH b e t w e e n  these  
2 pos i t ions  m a y  a l t e r n a t i v e l y  h a v e  ar i sen  d u r i n g  t he  bio-  
syn thes i s  of (Ia). F u r t h e r m o r e ,  in t he  d e g r a d a t i o n  of (Ia), 
d u r i n g  LiA1H 4 r e d u c t i o n  of t he  ozonide,  C(n ) is t r a n s i e n t l y  

to  a ldehyde  C=O a n d  y to a n  a lkoxy l  an ion ,  a n d  hence  
v e r y  l iable  to  aH loss (as H2). Thus ,  a l t h o u g h  some aspec t s  
of t he  d a t a  will on ly  be  clarif ied b y  more  de ta i l ed  exper i -  
men t s ,  our  fa i lure  to  a ccoun t  for some 52% of t he  3H 
p re sen t  in  (Ia) is expl icable  a n d  does n o t  a f fec t  t he  m a i n  
conclus ion  t h a t  t h e  r e t i ny l  a ce t a t e  was  c o n v e r t e d  in to  
t r i spor ic  acids b y  a d i rec t  route .  I n  t h e  u n p e r t u r b e d  
sys tem,  we p r e sume  t h a t  r e t ina l  is t he  more  p r o b a b l e  in- 
t e r m e d i a t e  a n d  t h a t  th i s  is fo rmed  b y  t he  n o r m a l  b reak-  
down of fl-carotene.  

The  overa l l  b iosyn thes i s  of t he  t r i spor ic  acids,  and  inci-  
den t a l l y  t he  ' pos i t ive  f eedback '  n a t u r e  of t r i spo ra t e -  
m e d i a t e d  caro tenogenes is ,  are the re fore  es tab l i shed .  The  
m e c h a n i s m  now prov ides  a clear  chemica l  bas is  for unde r -  
s t a n d i n g  o b s e r v a t i o n s  t h a t ,  in m u t a n t s  of P h y c o m y c e s  
w i th  defec t ive  /3-carotene synthes is ,  in wh ich  r e t i na l  is 
also a b s e n t  ~~ b o t h  ' g a m o n e '  p r o d u c t i o n  n a n d  t he  resul-  
t a n t  sexual  d i f f e ren t i a t ion  12 are i m p a i r e d  13. 

Zusammen/assung. Aus Blakeslea trispora wird  eine 
neue  V e r b i n d u n g ,  Tr isporol -C isoliert ,  ihre  S t r u k t u r  auf-  
gekl/ ir t  u n d  die B io syn the se  der  v e r w a n d t e n  Tr i spor in -  
s / iuren aus  f i -Carot in u n d  re t ina l  u n t e r s u c h t .  
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Character izat ion of B y - P r o d u c t s  of Fus icocc in  in Culture Fi l trates  of Fusicoccum amygdali Del.  

Fusicocc in  is a h igh ly  ac t ive  p h y t o t o x i c  m e t a b o l i t e  
p roduced  b y  s u b m e r g e d  cu l tures  of t he  p h y t o p a t h o g e n i c  
fungus  Fusicoccum amygdali DelA. I t s  s t r u c t u r e  (I) ha s  
been  e luc ida ted  in these  l abora to r ies  2, a n d  i n d e p e n d e n t l y  
conf i rmed  a t  Impe r i a l  College, L o n d o n  3. 

T h i n - l a y e r  c h r o m a t o g r a p h y  (silica gel G, 8% p ropan -  
2-ol in  chloroform) of cu l tu re  f i l t ra tes  of F. amygdali con-  
s i s t en t ly  shows, besides  fusicoccin, smal l  a m o u n t s  of 6 

subs t ances  w i t h  lower  Rf  values.  I n  w h a t  follows these  are 
i nd i ca t ed  as F I I ,  F I I I  . . . .  F VI I ,  in order  of decreas ing  
c h r o m a t o g r a p h i c  mobi l i ty .  4 of t h e m ,  n a n m l y  F I I ,  F I I I ,  
F I V  a n d  F VI I ,  are also fo rmed  w h e n  d i lu te  so lu t ions  of 
fusicoccin are i n c u b a t e d  a t  room t e m p e r a t u r e  in  buf fe r  
h a v i n g  t he  s ame  p H  (abou t  7.0) of t he  cu l tu re  b r ew  d u r i n g  
t he  p r o d u c t i o n  phase ,  and  p r o b a b l y  arise n o n - e n z y m i c a l l y  
f rom fusicoccin in t h e  course of t he  f e r m e n t a t i o n  ~. A m o n g  


