
1552 Specialia EXPERIENTIA 33/12 

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* 
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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).  
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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. 
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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.  
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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 
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Table  1 

Special ia 1 5 5 3  

Synthes is  of fl-ergosine Synthesis  of f l -ergopt ine  
Name of in t e rmed ia te  or a lka lo id  m.p.  (~)~  m,p. (~)~30 

Cyclolcarbonic ac id-e thyles ter  

Cyclolcarbonie acid 

Benzyloxycarbonyl -  aminocyclol  

Aminoeyclol -hydrochlor ide  

f l-Ergosine (2) 

f l -Ergosinine 

f l -Ergopt ine  (3) 

f l -Ergopt in ine  

124-125~ 

173-174~ 
(dee.) 

188-189~ 

122-123oc 
(dec.) 
conta ins  
1 mole DMF 

203-205~ 
(dec.) 

206-208~ 
(dec.) 

+ 11.2 ~ c = 3, e thanol  84-85 ~ 

+ 16.6 ~ c = 1, e thanol  164-167~ 
(dee.) 

+ 26.6 ~ e = 1, e thanol  180.5-181.5~ 
(dec.) 

+ 62.5 ~ e = 1, d imethy l -  167-169~ 
formamide  (dec.) 

+ 5.2 ~ , c = 1, pyr id ine  
--  153.0 ~ c = 0.5, chloroform 

+443 .0  ~ c = 1, chloroform 
+446 .0  ~ e = 2, pyr id ine  

201-203~ 
(dee.) 

205-206~ 
(dee.) 

+ 18.0 ~ , c = 1, e thanol  

+ 25.4 ~ , c = 1, e thanol  

+ 33.7 ~ , c = 1, e thanol  

+ 59.4 ~ c = 1, d imethy l formanf ide  

- -163 ~ c = 1, chloroform 
--  22.6 ~ c = 0.5, pyr id ine  

+421  o, c = 0.5, chloroform 
+ 4 8 8  o, c ~ 0.5, pyr id ine  

o f  t h e  e r g o t - p e p t i d e  a l k a l o i d s  p r o c e e d  w i t h  c o m p l e t e  
s t e r i c  c o n t r o l  L 
I n  t a b l e  1, m e l t i n g  p o i n t s  a n d  o p t i c a l  r o t a t i o n s  of  t h e  
m o s t  i m p o r t a n t  i n t e r m e d i a t e s  of  b o t h  s y n t h e s e s  a r e  g i v e n ,  
i n  a d d i t i o n  t o  t h o s e  o f / ~ - e r g o s i n e  (2) a n d  f i - e r g o p t i n e  (3) 
a n d  t h e i r  i s o - f o r m s .  F o r  a l l  c o m p o u n d s ,  c o r r e c t  e l e m e n t a l  
a n a l y s e s  a n d  s p e c t r a l  d a t a  w h i c h  a r e  i n  a g r e e m e n t  w i t h  
t h e  c o r r e s p o n d i n g  s t r u c t u r e s  a r e  a v a i l a b l e .  
6 m a i n  a c t i v i t i e s  o f  e r g o t  a l k a l o i d s  w e r e  i n v e s t i g a t e d  
p h a r m a c o l o g i c a l l y :  a) T h e  e - a d r e n o c e p t o r  b l o c k i n g  a c -  
t i v i t y  i n  t h e  a d r e n a l i n e - s t i m u l a t e d  g u i n e a - p i g  s e m i n a l  
v e s i c l e  in  v i t r o  s. b) T h e  s e r o t o n i n  a n t a g o n i s m  i n  t h e  s e r o -  
t o n i n - s t i m u l a t e d  r a t  u t e r u s  i n  o e s t r u s O ,  10. c) T h e  v a s o -  

* 86th communica t ion  on ergot  alkaloids.  
1 P . A .  Stadler ,  A. J.  Frey, H. Ot t  and  A. Hofmann,  Helv.  chim. 

Acta  47, 1911 (1964). 
2 P. Sti i tz,  P. A. S tadler  and  A. Hofmann,  Helv. chim. Ac ta  53, 

1278 (1970). 

3 W. Schlientz,  R. Brunner ,  A. Rfiegger, B. Berde, E. Stf irmer 
and  A. Hofmann,  Expe r i en t i a  23, 991 (1967). 

4 P . A .  Stadler ,  St. Gu t tmann ,  H. Hau th ,  R. L. Huguenin ,  
Ed. Sandrin,  G. Wersin,  H. Wil lems and A. Hofmann,  Helv. 
chim.  Acta  52, 1549 (1969). 

5 P . A .  Stadler ,  A. J.  F rey  and A. Hofmann,  Helv. chim. Ac ta  
46, 2300 (1963). 

6 W. Schlientz,  R. Brunner ,  P. A. Stadler ,  A. J.  Frey, H. Oft  and 
A. Hofmann,  Helv.  chim. Acta  d7, 1921 (1964). 

7 A. Hofmann,  H. Ott ,  R. Griot,  P. A. S tadler  and  A. J.  Frey, 
Helv.  chim. Ac ta  46, 2306 (1963). 

8 J.  Brtigger, Helv.  physiol .  Ac ta  3, 117 (1945). 
9 A. Cerlet t i  and W. Doepfner,  J .  Pharmac .  exp. Ther. 122, 124 

(1958). 
10 R . B .  Sund, Ae ta  pharmae ,  tox.,  Kbh. 20, 233 (1963). 
11 G. Barger  and H. H. Dale , J .  Physiol. ,  Lond. 4/ ,  19 (1910). 
12 B. Berde and K. Saameli ,  in :  Methods in d rug  eva lua t ion  

p. 481. Ed. P. Mantegazza  and F. Piecinini .  Nor th  Hol land 
Publ.  Co., A m s t e r d a m  1966. 

13 I3. Hool-Zulauf  and  E. Stt irmer,  Drug Res., in press (1977). 
14 L . C .  Miller and  M. L. Tainter ,  Proc. Soc. exp. Biol. Med. 57, 

261 (1944). 

Table  2 

~-Adrenoceptor-  5HT Receptor  
b lockade  b lockade  
i so la ted  guinea-pig  i so la ted  ra t  uterus  
seminal  vesicle 

Pressor ac t i v i t y  Oxytoeic  ac t i v i t y  Inh ib i t ion  of Acute  tox ic i ty  
spinal  ca t  r abb i t  u terus  fer t i l i ty  in ra ts  (LD59) rabbi ts ,  
i.v. in jec t ion  in  s i tu  i.v. in jec t ion  s.c. in ject ion i.v. in ject ion 

Ergo tamine  100 100 100 100 100 100 
EC501.4 - 10 -s  g /ml  EC5o5.8 �9 10 - s  g]ml E D  1-3 [xg]kg E D  0.1-0.3 mg /kg  EDs0 15.8 mg /kg  ED6o 1.26 mg /kg  

Ergosine  230 100 90 100 100 100 220 100 280 100 100 100 

f l-Ergosine 175 75 125 145 155 155 130 60 250 90 90 90 

Ergopt ine  350 100 20 100 100 100 80 100 750 100 130 100 

f l -Ergopt ine  350 100 65 325 100 100 10 13 830 110 115 90 

~ -Ergokryp t ine  210 100 40 100 25 100 19 100 1600 100 130 100 

f l -Ergokrypt ine  320 150 50 125 50 200 22 115 570 35 160 125 
a b a b a b a b a b a b 

Pharmacologica l  ac t iv i t ies  of f l-(5 '~-sec.butyl)-ergot pept ide  alkaloids  compared  wi th  those of the corresponding 0r 
pept ide  a lkaloids  ( =  100; columns b) and  those of e rgotamine  ( =  100, columns a) in  6 different  exper iments .  For  e rgo tamine  absolute  values  
are g iven  addi t ional ly .  
Abbrevia t ions :  ECs0 (EDs0), Effect ive  concent ra t ion  (dose) to generate  50% of the  m a x i m a l  effect. ED,  effective dose. LDa0 , Dose ki l l ing 
50% of the animals  wi th in  24 h. 
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cons t r i c to r  ac t iv i ty  in the  spinal  cat  p repa ra t ion  n (i.v. in- 
ject ion),  d) The oxytocic  ac t iv i ty  using the  u terus  of non-  
p r e g n a n t  r abb i t  in spon taneous  oest rus  ~2, 18. e) The anti-  
fert i le ac t iv i ty  in ra t s  af ter  s.c. in ject ion on day  5 pos t  
co i tum (spermatozoa  control ;  au topsy  at  day  12 p.c.). 
f) The acute  tox ic i ty  in rabb i t s  af ter  i.v. inject ion (LDs0 
P r o b i t - m e t h o d  ~4). 
The  resul ts  are given in table  2. 2 compar i sons  were cal- 
cu la ted :  1. Act iv i t ies  in pe rcen t  of those  of e rgo tamine  
= 100. 2. Act ivi t ies  of the  E-alkaloid in pe rcen t  of those  of 
t he  ~-alkaloid --  100. Addi t iona l ly  absolute  values  are 
g iven  for e rgotamine .  
Table  2 shows t h a t  the  ac t iv i ty  profiles of the  ergot  alka- 
loids under  inves t iga t ion  are qua l i ta t ive ly  similar  bu t  

differ quan t i t a t ive ly .  No sys t emat i c  difference exis ts  
be tween  the  e- and fl-alkaloids wi th  the  except ion  of 
se ro ton in -an tagon i sm which  is more  p o t e n t  in the  fl- 
alkaloids. The grea tes t  q u a n t i t a t i v e  difference was found 
be tween  ,r and fl-ergoptine concerning u te ro tonic  ac t iv i ty  
(factor 8) followed by  the  se ro ton in -an tagon i sm (factor 3), 
and be tween  e- and  f i -ergokrypt ine  in the  ant i fer t i le  ac- 
t i v i t y  (factor 3). All o the r  differences in ac t iv i ty  are 
smaller.  
The resul ts  compare  well wi th  those  repor ted  earlier for 
e- and /%ergokryp t ine  15. 

15 W. Schlientz, R. Brunner, A. Rtiegger, B. Berde, E. Stiirmer 
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N e w  t ig l iane  and d a p h n a n e  der ivat ives  f r o m  Pimelea prostrata and Pimelea s i m p l e x  

S. Zayed 1, A. Hafez,  W. Adolf  and  E. Hecker  2, 3 

Institut /i~r Biochemie, Deutsches Krebs/orschungszentrum, Im Neuenheimer Feld 280, D-6900 Heidelberg l 
(Federal Republic o/Germany, BRD), 37 May 1977 

Summary. F r o m  the  me thano l  ex t rac t  of Pimelea prostrata, pros t r a t i n  (I) and 2 au tox ida t ion  p roduc t s  have  been 
isolated.  They  are t igl iane der iva t ives  and re la t ively  non i r r i t an t  on the  mouse ear. The i r r i t an t  p imelea  factor  P5 (IIa) 
also wi th  a t igl iane skeleton and re la ted to mancinel l in  (IIb),  as well as the  i r r i t an t  d i t e rpene  ester  pimelea factor  Pl  
( I Ia ,  s implexin) w i th  d a p h n a n e  skeleton,  were found to be p resen t  in b o t h  P .  prostrata and P. simplex. F u r t h e r  the  
i r r i t an t  homologue of s implexin,  p imela  factor  I I I b  was de tec ted  in P. prostrata. Some biogenet ic  consequences  of 
these  f indings are discussed.  

A large n u m b e r  of species of the  Euphorb iaceae  are known 
to  con ta in  toxic,  i r r i t an t  and  cocarcinogenic d i te rpene  
es ters  of the  t igl iane and/or  d a p h n a n e  as well as of the  
ingenane  type4. F r o m  species of the  Thymelaeaceae ,  the  
tox ic  and i r r i t an t  d i t e rpene  esters  isolated unt i l  r ecen t ly  4a 
were  of the  d a p h n a n e  type ,  e.g. mezerein 5 f rom Daphne 
mezereum L. (spurge laurel) and s implexin  6 f rom Pimelea 
simplex F. Muell. (desert  rice flower). Bo th  toxins  are 
eocarcinogenic4,  7,8 in mouse  skin. Moreover,  meze le in  9 
and  crude ex t rac t s  of P. simplex1~ were shown to  exhib i t  
an t i leucemic  ac t iv i ty .  The first  t igliane der iva t ive  f rom 
the  Thymelaeaceae  family,  p ros t ra t in  [13-O-acetyl-12- 
deoxyphorbo l  (I)], was isolated recent ly  f rom the  s t r a th -  
more  weed Pimelea prostrata Willd. 11. This p lan t  is a small  
endemic  New Zealand sh rub  known to be toxic  to life- 
s tock  12, ex t rac t s  of which were repor ted  to exhib i t  ant i -  
t u m o r  ac t iv i ty  n.  Now we wish to r epor t  on fu r the r  new 
t igl iane and d a p h n a n e  der ivat ives  isolated f rom P.  
prostrata and P. simplex (figure). 
F r o m  me thano l  ex t rac t s  of d i f ferent  air-dried pa r t s  of 
P. prostrata, by  a combina t ion  of counter  cu r ren t  d is t r ibu-  
t ion  and  ch roma tograph ic  methods ,  besides the  main  

I II III ~ ~ R 17 
ta,. ~ ,,OR lB... ~ .OR 1 8 . . ) ~ " ' ,  

19 19 14 

O ~ H  ,OH ~ o  
2 OH ~H20 H OH ~H20 H 

R - COCH 3 a) R - CO(CH2)12 CH 3 a) R = C9H19 
b) R - CO(CH=CH)3(CH2)sCH 3 b) R= CBH27 

Structures of prostratin (I), mancinellin (IIb) and simplexin (pimelea 
factor P1, IIIa) together with the new pimelea factors P5 (IIa) and 
1)4 (IIIb) isolated from Pimelea prostrata. 

cons t i t uen t  p ros t ra t in  (I) n,  some oxida t ion  p roduc t s  
der ived f rom it, as well as the  new pimelea  factors  Pl,  P4 
and  Ps, were ob ta ined  (for i r r i t ancy  and some o the r  da t a  
see table).  
As,6-7-Hydroperoxide of I (table): I R  (CH,C12): 3380, 
3560 (OH); 1705 (CO); 1620 cm -1 (C--C);  UV (MeOH): 
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