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The  above  d a t a  s t rong ly  sugges ted  t h a t  I I I  was closely 
r e l a t ed  to b romosphae ro l .  Chemical  cor re la t ion  be tween  
t he  2 c o m p o u n d s  was a t t a i n e d  as follows. Ca ta ly t i c  
h y d r o g e n a t i o n  of I I I  y ie lded a p r o d u c t  which  p r o v e d  to 
be  iden t ica l  w i t h  an  a u t h e n t i c  sample  of I V  der ived  f rom 
b r o m o s p h a e r o l  3. 
The  s t r u c t u r e  of b r o m o s p h a e r o d i o l  was de f in i t ive ly  
e luc ida ted  b y  i ts  pa r t i a l  syn thes i s  fronl  b romosphae ro l .  
O x i d a t i o n  of I I  afforded,  in add i t i on  to m i n o r  a m o u n t s  
of V, ke tone  VI ,  m.p.  131-133~ [~]D -- 97.70 (c 1 in 
chloroform),  M + m/e  460, 462, 464, CHCh v max 3350 (OH), 
1680 a n d  1650 cm -~ (a, f l -unsa tu ra ted  ketone) ,  ~m~x 
233 n m  (e 5190), d (CDCla) 6.72 (1H,  A - p a r t  of an  A B X  
p a t t e r n ,  JAB 10.5 Hz, J a x  5 Hz, H-3),  6.25 (1H,  B - p a r t  
of an  A B X  p a t t e r n ,  J . x  n o n e x i s t e n t  or ve ry  sma l l ,  H-2),  
4.02 (1H,  dd, J 12 a n d  3 Hz,  H-14),  3.56 (2H,  A B  sys tem,  
J 11 Hz, H-17),  2.70 (1H,  m, H-4),  1.33 (3H.  s, H-15),  
1.03 (3I-I. s, H-16) ,  1.09 and  0.99 (3H each,  d 's ,  J 7 Hz,  
H-19 a n d  H-20).  I r r a d i a t i o n  a t  d 2.70 c o n v e r t e d  the  
s ignal  a t  J 6.72 to  the  A - p a r t  of an  A B  sys tem,  while  

i r r ad i a t i on  a t  d 2.21 ( t en t a t i ve ly  t he  f r equency  of H-18) 
n o t  on ly  s impl i f ied  the  m u l t i p l e t  a t  d 2.70 b u t  a t  t he  same 
t i m e  caused  t he  doub le t s  due  to t he  m e t h y l s  of t h e  isopro- 
py l  g roup  to  collapse in to  singlets.  
Sod ium b o r o h y d r i d e  r educ t ion  of VI  af forded in h igh  
yield a c o m p o u n d  which  was iden t i f i ed  as b r o m o s p h a e r o -  
diol on the  basis  of i ts  phys ica l  (m.p., la in,  NMR,  MS) 
and  c h r o m a t o g r a p h i c  proper t ies .  Th i s  resu l t  f i rmly 
es tab l i shes  s t r u c t u r e  I I I  for b r o m o s p h a e r o d i o l  and  a t  the  
same t ime  d e t e r m i n e s  i ts  r e la t ive  s t e r eochemis t ry  (apar t  
f r om the  C-1 centre) ,  since t he  re la t ive  s t e r eochemis t ry  
of I I  is k n o w n  S. The  quas i - equa to r i a l  n a t u r e  of the  O H  
group  a t  C-1 was ind ica t ed  b y  t he  va lue  of t he  coupl ing  
c o n s t a n t  (11 Hz) be tween  H-1 a n d  H-10 in t he  N M R  
s p e c t r u m  of I I I .  
The  Horeau  m e t h o d  4 appl ied  to I I I  al lowed to d e t e r m i n e  
t he  ch i ra l i ty  a t  C-1 as S, and  th i s  d e t e r m i n e s  t h e  abso lu te  
s t e r e o c h e m i s t r y  of I I I  and  c o n s e q u e n t l y  of I I .  

4 A. Horeau, Tetrahedron Lett. 1961, 506; 7962, 965. 

M e t a b o l i s m  in Porifera.  VII. Convers ion  of [7 ,7 -aH2]- fucostero l  into  calysterol  
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Summary .  The  sponge  Calyx niceaensis metabo l i zes  a d m i n i s t e r e d  I7,7-aH21-fucosterol to  p roduce  label led calysterol ,  
t h e  p r inc ipa l  s terol  c o m p o n e n t  of the  sponge,  possess ing t he  u n i q u e  fea tu re  of a cyc lopropene  r ing  b r idg ing  C23,24. 

Sponges  c o n t a i n  a g r ea t  v a r i e t y  of s terols  1 inc lud ing  
b iogene t i ca l ly  u n p r e c e d e n t  ap lys te ro l  and  24,28-dide-  
h y d r o a p l y s t e r o l  2, f i rs t  examples  of 26-a lky la t ion  in 
s te ro id  b iosyn thes i s ,  f rom t he  sponges of t he  genus  
Verongia S, a n d  19-nor-s tanols  and  3 f l -hydroxymethy l -A-  
nor -Sa-s te ranes ,  f rom t he  sponges  Axinella polypoides 4 
a n d  A.  verrucosa 5, respect ive ly .  P rev ious  rad io labe l l ing  
e x p e r i m e n t s  us ing  label led  m e v a l o n a t e  a n d / o r  a ce t a t e  
in t he  sponges  V. aerophoba 6, A .  polypoidesV and  A.  ver- 

Table 1. Incorporation of label from [1-14C]-acetate and ECHa-14C~- 
methionine into fatty acids and calysterol (1) by Calix niceaensis* 

[1-14C]-acetate ** [CH~-14C~- 
(0.125 mCi) methionine*** 

(0.05 mCi} 
Weight dpm/mg Weight dpm/mg 
(g) (g) 

Lyophilized animals 48 - 99 - 
Fatty acid methyl esters 0.14 913 0.095 7.615 
Crude sterol fraction 0.28 309 0.32 1.137 
Calysterol (after acetylation 
in the hot and 
chromatography) 0.10 35 0.085 177 
Calysterol (after conversion 
to the diols mixture and 
chromatography) 0.02 23 0.012 243 

*Labelled precursors were fed to the animals by addition of 5 ml of 
aqueous solution to the aquarium (50 1); 10 days after the adminis- 
tration, the animals were taken, washed and frozen at -20 ~ ** Spe- 
cific activity 62 mCi/mmole. *** Specific activity 56 mCi/mmole. 

rucosa s resu l ted  in no r ad ioac t ive  sterols,  b u t  A.  poly- 
poides and  A.  verrucosa c o n v e r t e d  v e r y  eff ic ient ly  
choles tero l  in to  19 -nor -cho les t anoP  and  3f l-hydroxy-  
m e t h y l - A - n o r - 5 a - c h o l e s t a n e  s, respect ively .  So we could 
conc lude  t h a t  sponges  are u n a b l e  to  syn thes ize  de novo  
t h e i r  s terols  bu t ,  a t  leas t  in t he  case of 2 Axinella species, 
t h e y  modi fy  tile s terols  t a k e n  up  f rom t h e  diet .  
A f u r t h e r  r e m a r k a b l e  s t r u c t u r a l  v a r i a n t  in s tero id  bio- 
synthes is ,  in  which  t he  a t t a c h m e n t  of ' e x t r a '  c a rbon  
a t o m s  to t he  n o r m a l  choles terol  ske le ton  a t  C-23 is 
exemplif ied,  is now rep resen ted  b y  ca lys te ro l  (1), t he  
p r inc ipa l  s terol  c o m p o n e n t  (ca. 90% of t he  t o t a l  s terol  
con ten t )  of t h e  sponge  Calyx niceaensis 9, where  i t  occurs  
a c c o m p a i n e d  b y  2 m i n o r  ye t  u n u s u a l  sterols,  choles ta-5-  
ene-23-yn-3fi -ol  (2) and  23-e thylcholes ta-5 ,23-dien-3f i -o l  
(3) ~o. 

1 L. Minale, G. Cimino, S. De Stefano and G. Sodano, Prog. Chem. 
org. nat. Prod. 33, t (1976). 

2 P. De Luca, M. De Rosa, L. Minale and G. Sodano, J. chem. 
Soc. Perkin I 1972, 2132. 

3 M. De Rosa, L. Minale and G. Sodano, Comp. Biochem. Physiol. 
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6 M. De Rosa, L. Minale and G. Sodano, Comp. Biochem. Physiol. 
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Table 2. Incorporation results after administration of labelled C-29 sterols to Cc~lix niceaensis* 
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Precursor Total fed Lyophilized Total sterols Radioactivity CalysteroI Radioactivity*** 
(dpm) animals (g) (mg) (dpm/mg) recovered (%) (rag) (dpm/mg)** in calysterol (%) 

~7,7-SH~]-Fucosterol 13.5 • 106 30 ' 155 45.625 53 56 1.160 2.7 
[7,7-SH~]-Stigmasterol 25.1 • 106 260 1031 9.143 37 460 20 0.21 
[7,7-SH~]-fl-Sitosterol 1.2 • 10 ~ 80 346 1.696 94 75 9 0.28 

* Labelled precursor were fed to the animals by addition of 1 ml ethanolic solutions to the aquaria (50 1); incubation period: 10 days; E7,7- 
SH~]-fucosterol, [7,7-3H2]-stigmasterol and [7.7-SHz]-/~-sitosterol bad the following specific activities: (dpm/mg) 4.84 • 10 ~, 6.96• 106 and 
2.99 • 105, respectively. ** After the final purification. *** Respect to that present in the total fraction and assuming that calysterol accounts 
for 90% of the total sterol recovered. 

R 

1R= ~ 

4 R = 
OH 

A s terol  such  as t he  ace ty lenic  2 m i g h t  be  a b iochemica l  
p recu r so r  of the  cyc lop ropene -con ta in ing  ca lys te ro l  b y  
t r a n s m e t h y l a t i o n  f rom S - a d e n o s y l m e t h i o n i n e  and  the  
p r e s e n t  i n v e s t i g a t i o n  was the re fore  u n d e r t a k e n  f i r s t ly  to  
e x a m i n e  th i s  poss ibi l i ty .  
Because  of s u b s t a n t i a l l y  nega t ive  resul t s  of these  exper i -  
men t s ,  t he  sponge was fed w i t h  t h e  m o s t  c o m m o n  
n a t u r a l l y  occur r ing  C~  sterols  in o rder  to  i nves t i ga t e  the  
poss ib i l i ty  t h a t  ca lys te ro l  or ig ina tes  b y  modi f ica t ion  of 
exogenous  s terols  t a k e n  f rom t he  diet .  
Materials and methods. Feed ing  expe r imen t s .  In  s epa ra t e  
expe r imen t s ,  Calyx niceaensis, m a i n t a i n e d  in well- 
a e r a t e d  sea w a t e r  a t  14~ was fed w i t h  El-l*C~-acetate 
a n d  ECH3-1*C]-methionine b y  add i t i on  of aqueous  solu- 
t ions  to  t h e  aquar i a .  Free  s terols  and  f a t t y  acids were 
recovered  b y  c h r o m a t o g r a p h y  on  silica gel of t he  l igh t  
p e t r o l e u m  e x t r a c t  of the  lyophi l ized tissues.  E l u t i o n  w i t h  
benzene  gave  t he  free f a t t y  acids,  wh ich  were c o n v e r t e d  
in to  m e t h y l  es ters  (d iazomethane)  a n d  f u r t h e r  pur i f ied  
by  c h r o m a t o g r a p h y  on silica gel followed b y  d i s t i l l a t ion  
a t  250~ (for de ta i l s  see De Rosa  e t  al. 6) and  coun ted .  
The  s te ro l  f rac t ion  was e lu ted  w i t h  b e n z e n e - e t h e r  (9:1) 
a n d  t h e n  crys ta l l ized  f rom m e t h a n o l .  F u r t h e r  pur i f i ca t ion  

of ca lys tero l  was  car r ied  ou t  b y  a c e t y l a t i o n  in the  ho t  
(acetic a n h y d r i d e  - py r id ine  - sterols,  1 ml  - 2 drops  - 
50 mg;  5 h reflux) which  resu l ted  in t he  f o r m a t i o n  of a 
m i x t u r e  of d i ace t a t e s  (arising f rom ca lys te ro l  b y  open ing  
of t he  cyc lopropene  ring), wh ich  was s epa ra t ed  b y  silica 
gel c h r o m a t o g r a p h y  f rom s terol  m o n o a c e t a t e s  der iv ing  
f rom 2, 3 and  c o n v e n t i o n a l  s terols  p r e sen t  in t he  or iginal  
mix tu re .  T h e  m a j o r  c o m p o n e n t  of the  d i ace t a t e  m i x t u r e  
was shown to be 4 on  the  basis  of i ts  spec t ra l  p roper t i e s  11. 
The  d iace ta t e s  were c o n v e r t e d  to the  co r re spond ing  
diols (20~o m e t h a n o l i c  K O H ;  6 h reflux),  wh ich  were 
coun t ed  a f t e r  c h r o m a t o g r a p h y  on  silica gel and  c rys ta l -  
l izat ion.  3 s imi la r  s epa ra t e  feeding e x p e r i m e n t s  were 
effected b y  add ing  label led fucosterol ,  s t igmas te ro l  a nd  
~-si tosterol  in e thano l i c  so lu t ions  to  the  a q u a r i a ;  a f te r  
i ncuba t i ons  s terols  were recovered  f rom the  lyophi l ized 
an imal s  as before,  and  added  to the  a p p r o p r i a t e  car r ier  
a n d  pur i f ied  as before.  
Labe l led  s terol  subs t ra tes .  The  s u b s t r a t e s  were label led 
w i th  t r i t i u m  in t he  pos i t ion  7 us ing  the  p rocedure  of 
K n a p p  e t  al. ~, sub jec t  to  s l ight  modif ica t ions .  3 ~ , 5 e -  
Cyclo-s teran-6-ones  were a c t i v a t e d  b y  ~H-exchange b y  
re f lux ing  for 15 h t he  ke tones  (30 rag) in 3H20 (0.2 ml, 
1 Ci), d ioxane  (0.8 ml) and  t r i e t h y l a m i n e  (0.1 ml) in a 
sealed viale.  T r i t i a t e d  ma te r i a l s  were recovered  b y  
lyophi l i za t ion  a n d  c o n v e r t e d  in to  t he  co r re spond ing  
alcohols b y  LiA1H 4 reduc t ion .  The  free s terols  were 
r egenera ted  b y  t r e a t m e n t  w i t h  z inc-acet ic  acid, followed, 
a f te r  d i lu t ion  w i th  a p p r o p r i a t e  carr iers  (ca. 50 mg), b y  
sapon i f i ca t ion  of t he  r e su l t ing  ace ta tes ,  and  recrys ta l l ized  
to  c o n s t a n t  r ad ioac t iv i ty .  
Results and discussion. The  resul t s  of the  feeding experi-  
m e n t s  are g iven  in t ab les  1 and  2. Ace t a t e  ( table  1) is 
i nco rpora t ed  ef f ic ient ly  in to  f a t t y  acids, b u t  ut i l ized on ly  
to a v e r y  smal l  e x t e n t  for t he  b iosyn thes i s  of calysterol. 
(1), sugges t ing  t h a t  t he re  is no  de novo  s terol  b iosynthes i s .  
Similar  resul t s  also occurred  w h e n  t he  sponge was fed 
w i t h  me thy l - l abe l l ed  m e t h i o n i n e :  the  smal l  a m o u n t  of 
r a d i o a c t i v i t y  associa ted  w i t h  ca lys te ro l  ( 1 ) w h e n  com- 
pa red  w i t h  t h a t  associa ted  w i t h  f a t t y  acids is sugges t ive  
for the  absence  in t he  sponge  of a b iosyn thes i s  of 1 b y  
d i rec t  add i t ion  of 2 'C1 un i t s '  de r ived  f rom adenosyl -  
m e t h i o n i n e  to a C2~ s terol  s u b s t r a t e  such  as for example  2. 
I n  view of these  and  p rev ious  results ,  i nd i ca t i ng  t he  
ab i l i ty  of sponges  to  m o d i f y  d i e t a ry  sterols,  we decided 
to  feed Calyx niceaensis w i t h  a series of label led  C29 
sterols,  as fucosterol ,  s t i gmas te ro l  and  /3-sitosterol, to  
examine  t he  poss ib i l i ty  of t r a n s f o r m a t i o n  o f  exogenous  
s terols  for ca lys te ro l  p r o d u c t i o n  in t he  sponge.  
The  inco rpo ra t ion  d a t a  ( table  2) ind ica te  t h a t  the  sponge 
can  me tabo l i ze  in jec ted  [7,7-aH2]-fucosterol to  p roduce  

11 An account of this work will be published elsewhere. 
12 F.F. Knapp, J. B. Graig, L.J. Goad and T. W. Goodwin, J. C. S. 

Chem. Commun. 797t, 707. 
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labelled calysterol,  while apparen t ly  s t igmasterol  and 
fl-sitosterol cannot  act  as precursor  of this unique sterol. 
Pur i f ica t ion of calysterol  th rough tile diacetates,  the  
diols and again the  diacetates  in the exper iment  wi th  
[7,7-3H2]-fucosterol shows tha t  the rad ioac t iv i ty  asso- 
ciated wi th  the  calysterol  der iva t ives  is subs tant ia l ly  
cons tan t  in all the  steps of the  purif icat ion,  whilst  in the  
case of the  exper iments  wi th  E7,7-aH2~-stigmasterol and 
[7,7-3H~]-fl-sitosterol, the  rad ioac t iv i ty  decreases to the  
final values  given in table  2. 

In  a t r ia l  exper iment ,  'cold'  calysterol  was mixed  wi th  
labelled fucosterol  and ace ty la ted  in the  hot :  The caly- 
sterol der ivat ives ,  purified as above,  were found to be 
devoid of s ignif icant  rad ioac t iv i ty .  
Al though  these findings are no t  conclusive if fucosterol  
is indeed the  t rue  calysterol  precursor,  nevertheless  t h e y  
add fur ther  suppor t  to the  suggestion t h a t  the sponges 
are unable to synthesize thei r  sterols de novo bu t  t h e y  
modi fy  sterols t aken  up f rom the  diet. 

Completion of the natural groups of ergot alkaloids: Syntheses and pharmacological profiles 
of ~-ergosine and ~-ergoptine* 

P. A. Stadler,  P. St i i tz  and E. St i i rmer  

Pharmaceutical Chemical Laboratories and Biological and Medical Research Division, Sandoz Ltd, 
CH-4002 Basel (Switzerland), 7 July 1977 

Summary. The syntheses and pharmacologica l  potencies of fl-ergosine and/%ergopt ine,  the  missing links in the  na tura l  
groups of ergot  pept ide  alkaloids are described. 

E rgo t  alkaloids occuring in na ture  can be divided into 3 
groups by  their  subs t i tu t ion  in posit ion 2' of the  pept ide  
moie ty  (see depicted general  s t ructure  1 and corresponding 
table).  

10' 
H..~!_~ R r O H C - - I  ~' 

,;11 j. o , 
" " 

'~1 IP 
HN ,I T 2 (1) 

In  line wi th  the  exist ing nomencla ture ,  the name fl- 
ergosine (2) is proposed for the  alkaloid of the ergotamine 
group and the  name fl-ergoptine (3) for the  alkaloid of the  
ergoxine group. 

i ! cH~ oHF---I 
"- - - :  ~ 

H~'CH3 L . / / , i ~ , . . u  
CH 3 rl '~"2 

CH 3 

(2), i~-Ergosine 

R' 

Ergotamine Ergoxine Ergotoxine 
group group group 
R--CH a R=C~H 5 R=CH(CH3) 2 

CH2-C6H ~ Ergotamine Ergostine Ergocristine 
CHz-CH(CHa) 2 Ergosine Ergoptine* ~-Ergokryptine 
CHCH3-C2H ~ /~-Ergosine * /~-Ergoptine * fl-Ergokryptine 
CH(CHs) 2 Ergovaline * Ergonine * Ergoeornine 

* Not yet found in nature. 

4 na tu ra l  alkaloids are found in the  ergotoxine  group 
character ized by  an isopropyl  residue in posit ion 2" of the  
pept ide  moie ty :  ergocristine,  ~-ergokryptine,  fl-ergo- 
k ryp t ine  and ergocornine.  In  the  2 o ther  groups, smaller  
numbers  of na tura l  alkaloids occur:  in the  ergotamine  
group ergotamine  and ergosine, in the ergoxine group 
ergostine only. 
In  order to comple te  the  2 la t te r  groups ergoval ine 1, 
ergopt ine and ergonine 2 have  formerly  been synthet ized.  
Discovery  3 and synthesis  4 of the  4th na tura l  member  of 
the  ergotoxine  group, fl-ergokryptine,  p rompted  us to 
synthet ize  the  corresponding analoga of the  ergotamine  
and ergoxine group and to inves t igate  thei r  pharmaco-  
logical activit ies.  

ICH 
O I~ CH 2 O F- - - - - ]  

. . . . .  , I  "TH 

HN 
(3), ~- Ergoptine 

The syntheses of the  2 alkaloids have  been accomplished 
in str ict  analogy to those of ergosine 1, respect ively ergop- 
t ine 3, wi th  the  only difference t h a t  L-isoleucyl-L-proline- 
l ac tam 4 was used as essential  bui lding block instead of 
L-leucyl-L-prol ine- lactam. The syntheses and absolute  
configurat ions of S - (+ ) -me thy l -benzy l~176  
monoethyles ter -chlor ide  5 used for the  synthesis of fl-ergo- 
sine, respect ive ly  S- (+) -e thy l -benzyloxy-malonic -ac id-  
monoethyles ter -chlor ide  * used for the synthesis of fl- 
ergopt ine  were known. Hence  follow au tomat ica l ly  the  
absolute  configurat ions of the  2 new alkaloids given in 
formulas  2 and 3, since it  is known t h a t  the syntheses 


