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(quintet) ,  respect ively,  and the  re la t ive  magn i tudes  of 
these  shif ts  ind ica ted  t h a t  the  qu in te t  was due to a CH 2 
group fi to  the  amide  carbonyl ,  while  the  sex te t  and 
qua r t e t  mus t  be due to  CI-t 2 groups in the  o ther  chain.  

F ina l ly  the  a romat ic  subs t i tu t ion  p a t t e r n  was elucidat-  
ed. Of the  6 possible  posi t ional  isomers,  only 1 was 
cons i s ten t  w i th  the  observed order  of induced shif ts  of 
the  a romat ic  p ro tons  in (I), (III) and  (V). In  compounds  
(I) and (III),  Eu(DPM)a associates w i t h  b o t h  funct ional  
groups  b u t  the  effect  of the  amide  is grea ter  t h a n  e i ther  
of t he  oxygen funct ions  a t  C-13. This  results  in a h igher  
induced shif t  for the  p ro ton  at  C-8 compared  to the  o ther  
ortho pro ton  at  C-11 (see Table). I n  c o m p o u n d  (V), only 
the  amide  associates wi th  the  complex.  The induced shif t  
of the  p ro ton  at  C-8 is still  t he  largest  b u t  the  shifts  of 
the  p ro tons  a t  C-9 and  C-11 are now ident ical  which is 
cons is ten t  w i th  the i r  equid is tance  f rom the  amide.  
Moreover,  the  low induced  shif ts  of these  two  p ro tons  
conf i rm thei r  meta r a the r  t h a n  ortho subs t i tu t ion  re la t ive 
to t he  amide  chain. 

Protons at C No. d (I) Ad~ (I) d (III) Zl~ (III) d (V) zJ~ ~ (V) 

CH 2 2 2.21 2.35 2.21 2.35 2.25 2.35 
CH2 3 1.77 1.94 1.84 1.91 1.79 1.93 
CH 2 4 2.24 1.10 2.27 1.08 2.25 1.10 
CH= 5 5.94 0.63 5,89 0.63 5.96 0.58 
CH= 6 6.68 0.63 6.65 0.62 6.63 0.46 
CH= 8 7.27 0.28 7.37 0.25 7.25 0.22 
CH= 9 7.01 0.10 7.20 0.09 6.96 0.08 
C-CHa 10 2.31 0.07 2.35 0.06 2.29 0.04 
CH= 11 7.23 0.23 7.34 0.14 7.25 0.08 

13 4.95 0.51 6.60 0.21 
14 1.68 0.33 2.83 0.13 6.06 0.15 

CH 2 15 1.38 0.21 1.68 0.07 2.02 0.06 
CH a 16 0.92 0.11 0.96 0.02 1.08 0.04 

zJd Eu(DPM)a induced paramagnetic shifts. 

R1 R 2 
Me 11 ~ '- (ll RI=H, R2=OH, R3=NH 2 

~ M e  O Ill) RI=H, R2=OAc, Rs=NH 2 
9~ ~ 2  /./55 . ~ fill) RI+R2=O, R3=NH2 
~ ~ ~ ' X R 3  (IV) R I= H, R2=OH, R~=OH 

M e ~  Me 0 
1 Iv/ 

Compounds  (I) and (V) p ro b ab l y  arise b iosynthe t ica l ly  
f rom a su i tab ly  unsa tu r a t ed  10-methylpa lmi t ic  acid 
precursor  by  a s imilar  p a t h w a y  (in th is  case a 7,12 
cycl izat ion would be involved) to t h a t  discussed recent ly  a 
for the  ant ib io t ic  brefe ldin  A and  the  b iosynthe t ica l ly  
re la ted  pros taglandins .  We  have  es tab l i shed  4 t h a t  ant i -  
biot ic  X-537A is assembled  f rom acetate ,  p rop iona te  and 
b u t y r a t e  units ,  suggest ing t h a t  in the  X-537 co-metabol i tes  
(I) and  (V), the  a romat ic  m e t h y l  arises f rom a p rop iona t e  
uni t  r a the r  t h a n  a C1 donor  sys tem.  

Zusammen/assung.  Die S t ru k t u r  des lrans-6-[2-(1- 
hydroxybuty l ) -4- to ly l~-hex-5-enamids  (I), eines neuen 
mikrobiel len Metabol i ten,  wurde  du tch  Pro tonenresonanz-  
Spekt roskopie  un te r  Ve rwendung  des Verschiebungsrea-  
genz Eu  (DPM)3 b e s t i m m t .  
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The Sterols  of the Ech inoderm,  Ctenodiscus crispatus Retzius  

E c h i n o d e r m s  have  been  known  for some t ime  to  con- 
ta in  mix tu re s  of sterols 1, b u t  recen t  worke,  3 has shown 
these  to  be more  complex  t h a n  previous ly  envisaged.  We  
repor t  here the  compos i t ion  of the  free sterol  f rac t ion  
ob ta ined  f rom the  m u d s t a r  Ctenodiscus crispatus Retzius ,  
Order  Phanerozonia ,  Fami ly  Porcel lanas ter idae .  Unl ike  
o the r  sea s tars  t h a t  have  been examined,  th is  species is 
no t  carnivorous,  b u t  feeds by  inges t ing  f rom m u d d y  
ocean bo t toms ,  on which  i t  l ives 4. 

Methods. The live animals  were b lended  in chloroform, 
which  was t h e n  washed,  dried, and c h r o m a t o g r a p h e d  on 
a silica-gel column.  Visual  f rac t ions  t u rned  out  to  conta in  
p r imar i ly  d i f ferent  classes of metabol i tes ,  ma jo r  ones 
being neu t ra l  glycerides and  free sterols.  Typical ly,  
87 animals  (1425 g ne t  weight)  gave 12.1 g of glycerides 
and  2.72 g of sterols.  A clean, c rys ta l l ine  sterol  f rac t ion  
was ob ta ined  by  c h r o m a t o g r a p h y  on Florisil  (using iso- 
oc tane /e ther ,  3:1) and had  m.p .  135-138 ~ e~o 0.4 (c 
1.49 g/100 ml, chloroform).  P repa ra t i ve  TLC of the  sterol  
f rac t ion on silica gel (HF~54+~66) conta in ing  20% silver 
n i t r a t e  (4 elut ions w i t h  chloroform) gave 3 bands ,  viz. 
Band  I (least polar,  85%), Band  I I  (15%) and  Band  I I I  

(most polar,  t race quant i ty ) ,  the  f i rs t  2 of which  corres- 
ponded  pr imar i ly  to  monoenic  and dienic sterols. Band  
I I I  was not  examined  fur ther .  

Results and discussion. E x a m i n a t i o n  of the  GLC and 
the  IR- ,  UV- and  N M R - s p e c t r a  of the  sterol  fraction,  as 
well  as of i ts  monoace t a t e  and  m o n o m e t h y l  ether ,  sug- 
ges ted the  presence  of a m i x t u r e  of cholestenols.  The mass  
spec t ra  (MS) of the  sterols  and  of the i r  me t h y l  e thers  
showed qui te  clearly t h a t  the  mi x t u r e  was pr imar i ly  a 
series of homologs  of 5c~-cholest-7-en-3-ols 5,~. Unusua l ly  
in tense  M-2 peaks  suggested the  presence  of dehydrocho-  
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GLC-MS data on the sterol mixture ~ 
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Peak Number Retention Abundance, M + (ainu) 
time relative (% of total 
to peak a sterol) 

Assignment 

388 
a 1.00 2.5 386 

384 
b 1.12 42.0 386 
e 1.36 8.5 400 
d 1.43 1.7 -- 
e 1.67 30.0 414 
f 1.95 0.3 428 

g 1.00 0.3 386 
384 

h 1.08 trace -- 
i 1.20 0.1 398,396 
j 1.32 2.0 398 
k 1.61 0.6 412 
1 1.73 6.0 412 
m 1.87 0.5 426,424 
n 2.01 5.5 426 

5a-eholestan-3~-ol 
uncertain, not cholesterol 
uncertain 
5 cr 
24~-methyl-5 ~-eholest-7-en-3fl-ol 
Uncertain 
24~e-ethyl-5 c~-eholest- 7-en-3fi-ol 
24~-propyl-5~-chdlest-7-en-3fl-ol 

Cholest-5-en-3fl-ol 
5~-cholesta-7, 22-dien-3~-ol 
Not measured 
Uncertain, but possibly contains 24~-raethyl-5~-cholesta-7, 22-dien-3~-ol 
24-methylene-5c~-eholest-7-en-3~-ol 
Uncertain, but possibly contains 24~-ethyl-5a-cholesta-7,22-diem3~-ol 
24-ethylidene-5c~-eholest-7-en-3fi-ol 
Uncertain 
24-propylidene-Sc~-cholest-7 -en-3/~-oi 

Glc on 3% OV-101 at 255~ peaks a-f and g-n correspond to results from bands I and II, respectively. 

lestenols,  and  since the  peaks  a t  m/e 388 or 402 were 8% 
more  in tense  t h a n  expected ,  a choles tanol  was  also pre-  
sent .  Oxida t ion  of t he  sterol  m ix tu r e  w i th  CrO3/acetone, 
fol lowed by  t r e a t m e n t  w i th  a t race  of base, gave a ke tonic  
ma te r i a l  w i th  app ropr i a t e  spectroscopic  p roper t ies  for 
5~-cholest-7-en-3-ones 7, a l though  i ts  U V - s p e c t r u m  indi- 
ca ted  the  presence  of ca. 0.8% cholest-5-en-3/5-ol (choles- 
terol)  in t he  sterol  mix ture .  

Subjec t ion  of the  mate r ia l  f rom Bands  I and  I I  to  
combined  GLC-MS conf i rmed  t h a t  the  separa t ion  of A 7 
monoenes  f rom A 7 dienes had  been  successful ly accomp-  
lished. No twi th s t and ing ,  m a n y  GLC peaks  still  were no t  
homogeneous  and  consequen t ly  comple te  c o m p o n e n t  
ident i f ica t ion  was no t  possible.  The ass ignments  we have  
made  are shown in t he  Table.  They  are based  on com-  
par i son  of t he  expe r imen ta l ly  der ived spec t ra  w i t h  those  
r epor ted  in the  l i te ra ture  s and  wi th  those  ob ta ined  f rom 
s t a n d a r d  materials% The ma jo r  peaks  b, c, e, j, 1 and  n 
were easily ident i f ied  (see Table).  Signif icant ly  in tense  
M + 2 ions in the  spec t ra  of peaks  j, 1 and  n could reason-  
ably  be assigned to 24-cholesterol  homologs  since choleste-  
rol i tself has  an Rf  (in t he  TLC sys t em used) s imilar  to 
t he  RI  of the  A 7 diene fract ion.  Peak  a conta ined  5~- 
cholestan-3fl-ol  f rom its molecular  ion a t  m/e 388 and  i ts  
charac ter i s t ic  doub le t  a t  role 234, 233. The m/e 386 ion 
in GLC peak  a could no t  have  ar isen f rom cholesterol  
since the  m/e 301 ion in the  spec t rum was no t  suff ic ient ly  
intense.  The major  componen t s  in peaks  g, i and  k possess- 
ed p a r e n t  ions a t  m/e 384, 398, and 412 respec t ive ly  and 
all con ta ined  a re la t ive ly  in tense  m/e 300 f r agmen t  ion. 
We have  t e n t a t i v e l y  assigned these  componen t s  respec- 
t ive ly  to 5a-cholesta-7,22-dien-3/~-ol and its 24-methyl  
and  24-ethyl  homologs.  

The gross compos i t ion  of th is  s terol  m ix tu r e  is essen- 
t ia l ly  s imilar  to  those  s tud ied  by  GOAD 2 and  SCHE~JER 1~ 
The presence  of small  a m o u n t s  of 5m-cholestan-3fi-ol and  
of AS-sterols conf i rms GOAD'S' f indings  and  cur ren t  sug- 
gest ions 2 for t he  b iosyn thes i s  of sterols in asteroids.  Of 
in te res t  is the  presence  of several  a p p a r e n t l y  different ,  
previous ly  unrepor ted ,  C-30 sterols.  Only th ree  C-30 
cholestenol  homologs  have  been  repor ted  to da te  1,11, two  

being A 5 and  A 7 isomers of a sterol  wi th  a cyc lopropane-  
conta in ing  side chain and  the  o ther  be ing (Z)-24-propyli- 
denecholest-5-en-3fl-ol  which  was  found  in a local mol- 
lusc 11. Considering the  probable  b iosynthes i s  of s terols  i n  
sea stars,  i t  is pe rhaps  no t  unexpec t ed  t h a t  C. crispatus 
should yield t he  A 7 isomer  of th is  mollusc sterol, t oge the r  
w i th  its 24-28 d ihydro  der ivat ive .  An in te res t ing  ques t ion  
raised by  these  resul ts  1~ is w h e t h e r  a comparab le  m i x t u r e  
of A 5 sterols can be isolated f rom the  m u d  on which  these  
sea s tars  feed. 

Zusammen/assung. Aus dem S c h l a m m s t e r n  Ctenodiscus 
crispatus wurde  ein kompl iz ier tes  Gemisch yon  Sterolen 
isoliert, die als Homologe  des 5~-Cholest-7-en-3fl-oIs und  
deren 24-Methylder ivate  e rk an n t  wurden .  
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The mass spectrum of the ketone mixture differed from that of the 
parent alcohol by 2 units in all the appropriate peaks. 
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