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T h e  S truc ture  D e t e r m i n a t i o n  of a N o v e l  C~7 Metabo l i t e  f r o m  S t r e p t o m y c e s  X-537 u s i n g  Eu (DPM)a 

D u r i n g  a s t u d y  of t he  f e r m e n t a t i o n  yields  of an t ib io t i c  
X - 5 3 7 A  1, we i so la ted  c rys ta l s  of (I), f rom t h e  m o t h e r  
l iquors  of t he  b r o t h  e thy l  ace t a t e  ex t rac t .  F r o m  micro-  
ana lys i s  a n d  mass  spec t rome t ry ,  t he  molecu la r  fo rmula  
of (I), m.p.  119-121 ~ was d e t e r m i n e d  as C17H~sNO2(M+ 
275) a n d  UV-  and  IR-spec t roscop ies  revea led  2ma~ 
(E tOH)  211 (26,100), 252 (15,800) n m  (~) and  vm~ (KBr)  
1650, 3200, 3380 cm -1. 

A c e t y l a t i o n  of (I) w i t h  acet ic  a n h y d r i d e  in py r id ine  
gave  (II), CIgH~TNOa, m.p.  84 ~ 2 ~ x  (E tOH)  210 (26,000), 
241 (14,900) n m  (e); Vmax (CHC13) 1680, 1728, 3415, 
3580 cm -1. Jones  o x i d a t i o n  of (I) gave  t he  k e t o n e  (II I ) ,  
C17H2aNO~, m.p.  59-60 ~ , M +  273, 2m~ (E tOH)  234 
(19,000), 260 (10,500), 307 (2000) n m  (e); V~ax (CHC13) 
1680 cm -1, a n d  t r e a t m e n t  of (I) w i t h  5% sod ium hydro -  
x ide  in aqueous  m e t h a n o l  (1:1 V/v) gave  t he  acid (IV), 
Cl~H24Oa, m.p.  127-8 ~ Vmax (CHC13) 1710, 3510 cm -1. 

A closely r e l a t ed  compound ,  tram-6- E/vans-2- (1-butenyl ) -  
4 - to ly l ]hex-5 -enamide  (V), C17H2aNO, m.p.  127-128 ~ 2maz 
(E tOH)  239 n m  (~ 27,800), 264 (21,200); V~x (KBr)  960, 
1665, 3420 cm -~, ha s  also been  i so la ted  f rom t he  X-537 
f e r m e n t a t i o n .  F u r t h e r m o r e ,  (V) can  be  r ead i ly  o b t a i n e d  
f rom (I) b y  d e h y d r a t i o n  us ing  p - to luene  su lphonic  acid 
in r e f lux ing  benzene .  

The  s t r u c t u r e  of (I) was  d e t e r m i n e d  b y  p r o t o n  N M R -  
spec t roscopy  w i t h  t h e  a id  of lris(dipivalomethanato)- 
e u r o p i u m - i n d u c e d  shi f t s  ~. The  s p e c t r u m  in DMSO-d  6 
(Figure) e x h i b i t e d  peaks  a t  d 0.88 (t, 3, CHaCH2), 1.10- 
1.90 (m 6 3CH~) 2.00-2.40 (m, 4, 2CH~), 2.28 (s, 3, C H  3- 
Ar), ' ' ' ' 4.80 (m,I ,  ArCHOH),  4.95 (d, 1, J 4  Hz, CHOH),  
5.99 (d of t, 1, d r trans 15 Hz  and  J v i c  6.5 Hz, -CH2CH=CH-) ,  
6.62 (d, 1, J lrans 15 Hz,  - C H - C H - A r ) ,  6.65, 7.22 (br, 

2, -CONH2),  a n d  7.26, 7.22, 6.94 (ABX,  3, J a x  o r tho  8 Hz,  
JBX m e t a  2 Hz,  1, 2, 4 - t r i s u b s t i t u t e d  benzene  ring).  F r o m  
these  da ta ,  t he  fol lowing pa r t i a l  s t r u c t u r e  could be  
deduced  : 

H r-Me 

H/ ~ ~[-CH=OH-CH~ - [-(CH2)2-xt-CH2CONH2where 
H 

x=0 or1. 

Using  Eu(DPM)3 in CDCI~, i t  was  possible  to  select  a 
un ique  s t r u c t u r e  (I). I n  par t i cu la r ,  t h e  n u m b e r  of m e t h y -  
lene groups  in each  cha in  was deduced ;  secondly,  t he  
c h a i n - t e r m i n a t i n g  groups  of t h e  ca rb ino l  a n d  olefin 
a r o m a t i c  s u b s t i t u e n t s  were  shown  to  be  - C H  3 and  
-CONH~,  respect ive ly .  These  deduc t ions  were based  on  t h e  
fol lowing results .  Add i t i on  of 10 m g  of Eu(DPM)a  to  a 
so lu t ion  c o n t a i n i n g  20 m g  of (I) in  CDCI~ (0.3 ml) showed  
t h a t  t h e  two  low/ield CH 2 groups  (~ 2.21 a n d  2.24) 
a d j a c e n t  to  C O N H  2 a n d  C-C were sh i f t ed  p a r a m a g n e t -  
ical ly  2.35 ( t r iplet)  a n d  1.10 p p m  (quar te t ) ,  respect ively ,  
where.as t he  C H O H  p r o t o n  was sh i f t ed  on ly  0.50 ppm.  
The  th r ee  high-/ield CH~ groups  (d 1.38, 1.68, a n d  1.77) 
gave  shif ts  of 0.21 (sextet) ,  0.33 (quar te t ) ,  a n d  1.94 
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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 
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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-  

1 j .  S. GROSSERT, Chem. Soc. Reviews, Lond. 1, 1 (1972). 
2 L. J. GOAD, I. RUBENSTEIN and A. G. SMIT~t, Proc. R. Soc., Lond. 

B 180, 223 (1972), and references therein. 
a T. MATSUNO, S. NAGATA and K. MIZUTANI, Nippon Suisan Gak- 

kaishi 38, 144 (1972). 
4 A. M. D'YAKANOV, Sea Stars (Asteroids) o/the USSR Seas (Israel 

Program for Scientific Translations, Jerusalem, 1968; translated 
from the Russian, Morskie zvezdy morel SSSR), page 16. 

g D. R. IDLER, L. M. SAFE and S. SAFE, Steroids 16, 251 (1970). 
6 }3. A. KNIGHTS, J. Gas Chromat. 5, 273 (1967). 


