
Experientia 39 (1983), Birkhauser Verlag, CH-4010 Basel/Switzerland 

slow E E G  act ivi ty  m i g h t  ind ica te  p a r t i c u l a r l y  severe  
de t e r io r a t i on  o f  the  b r a i n s  o f  these i nd iv idua l s .  T h u s  
w h a t e v e r  d a m a g e  has  occur red  to cause  the  a p p e a r -  
ance  o f  these  slow waves  also seems to affect s leep 
qua l i ty .  

4. Rhythmic aspects o f  sleep. In  con t ras t  to the  grea t  
a b n o r m a l i t i e s  in  o the r  s leep pa ramete r s ,  the  N R E M -  
R E M  cycles, o n  ave rage  a n d  pa r t i cu l a r ly  in  the males ,  
d id  no t  show great  d e v i a t i o n  f rom the n o r m a l  pa t t e rn .  
A l t h o u g h  there  was wide  v a r i a t i o n  in  i n d i v i d u a l  
N R E M - R E M  cycle d u r a t i o n ,  this u l t r a d i a n  r h y t h m  
seems to be  m a i n t a i n e d  in  pa t i en t s  whose  b r a i n  is no  
longe r  c a p a b l e  o f  p r o d u c i n g  s y n c h r o n i z e d  a l p h a  ac- 
tivity. Sleep,  as m i g h t  be  expected,  was severe ly  
f r a g m e n t e d  in  mos t  pa t i en t s  (fig. 9), wi th  n u m e r o u s  
shor ter  a n d  l o n g e r  s leep episodes  occur r ing  d u r i n g  the  
day.  However ,  the  d a y - n i g h t  cycle o f  wake fu lness  a n d  
sleep cou ld  still be  recogn ized  in  the g ro u p  o f  pa t i en t s  
as a whole  (fig. 10). 

For reprints, write to R.S., Clinical Research, Sandoz Ltd, 
CH-4002 Basel, Switzerland. 
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Summary. 2,6-dimethyl-5-heptenal (1) and 2,6-dimethyl-5-heptonic acid (2) were isolated from skin extracts of  the 
nudibranch Melibe leonina. The aldehyde 1 is responsible for the pleasant odour of the animals. 

The dendronotid nudibranch Melibe leonia (Gould,  1852) dwelling animals, rather, it feeds upon zooplankton by 
has one of the most unusual  feeding behaviors of any majestically sweeping the sea with its large oral hood 3. 
member  of  the phylum mollusca. Unlike other nudi-  4 Our chemical studies on M. leonina were prompted by a 
branchs, M. leonina is not  a predator of sessile bottom report that the nudibranch 's  primary defense is an odifer- 
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ous substance that is repugnant to potential predators 5. 
Agersborg 6 likened the odour to that of o i l  of bergamot, 
and described in detail the glands from which the substance 
is secreted. 
Specimens of M. teonina were collected during a reproduc- 
tive congregation of the nudibranchs in a shallow kelp bed 
( -  t to - 5 M) at Cares Park, Vancouver, B.C. The number  
of nudibranchs was extremely high ( ~  50 animals/m 2) and 
their odour could be detected in-situ by self contained 
underwater breathing apparatus (SCUBA) divers. Freshly 
collected whole specimens were immediately immersed in 
chloroform. 
Silica gel column chromatography (hexane/chloroform) of 
the chloroform extracts yielded 2 pure metabolites. Mass 
spectrometry indicated that the least polar compound I had 
a molecular formula of C9I.I160 (M +, m/z, 140). An li.i 
NMR-spectrum of this substance displayed resonances ap- 
propriate for 3 methyl groups at ~ 1.70 (bs, 3 H), 1.61 (bs, 
3H) and 1. t 1 (d, J = 7.1 Hz, 3H), for a single olefinic proton 
at 5.10 (m), and for an aldehyde proton at 9.62 (d, J=  1.9 
Hz). The aldehyde functionality also displays an IR-ab- 
sorption at 1723 cm-1 and a 13C NMR-resonance at 6 205.0 
(d). In the mass spectrum compound I undergoes a McLaf- 
ferty rearrangement to give a base peak at m/z  82. All the 
spectral evidence 7 suggested that the non polar compound 1 
was the degraded monoterpene 2,6-dimethyl-5-heptenal 
which had been previously reported as a component of one 
of the pheromones of the ant Lasius carniolicus 8 and which 
is used as the synthetic racemate in the perfume industry 9. 
The more polar compound from M. leonia extracts had a 
molecular formula of C~i.iarO 2 (HRMS: M § m/z  156.1151, 
calc d 156.1151) and its IH NMR-spectrum indicated that it 
was closely related to 11~ . IR-absorption bands 
(3500 --, 2200 and 1700 cm- 1) characteristic of a carboxylic 
acid and the absence of :an aldehyde proton in the tH 
NMR-spectrum suggested that the polar metabolite was 
2,6-dimethyl-5-heptenoic acid (2). This was confirmed by 
preparing the methyl ester 3. We have not been able to find 
any previous report of carboxylic acid 2 as a natural 
product 11. 
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In view of the postulated defensive role for the odiferous 
compound, we tested 1 and 2 for antifeedent activity in a 
standard goldfish bioassay 12. The carboxylic acid 2 showed 
no activity at 100 gg/mg, while the aldehyde 1 was too 
volatile for reliable testing. 
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Summary. The cleavage of A23187 to give a synthon (4) and the semi-synthesis from (4) of 2 Des-N-methylamino A23187 
isomers (7a, b) are described. The antibiotic activities of the acids analogous to A23 t 87 (1), (2), (7a), (7b) are compared. 

A23187 (calcimycin) (1) has been isolated from a strain of 
Streptomyees chartreusis NRRL 38823. It belongs to a large 
and growing class of natural carboxylic ionophores and 
presents a structure which is specifically ada4Pted for the 
complexation of divalent cations in solution and allows 
their transport through a membrane phase 5. Extensive 
work has been done on the application of this ionophore to 
investigations of the involvement of Ca + + in the control 
of numerous physiological processes 6. However, its 
mechanism of action as an antibacterial agent is not yet 
clearly understood 7. 
In this communication, we report the first example of a 
semi-synthetic method for obtaining analogs with a 
modified benzoxazole ring which may be of interest for 
structure-activity studies, since benzoxazole appears to 

interact at 2 sites with Ca + +8 or Mg + +9 judging by X-ray 
structures of2:1 complexes. 
The N-methyl derivative (2) was prepared by a con- 
ventional method and has the following physical 
parameters: m.p. 113-115 ~ (a)2~8: - 26 ~ (c: 0.01, CHC13) , 
mass spectrum (M+=537),  13C-NMR (15 MHz, CDCI3) 
3:32.5 (C9), 45.9 ( - N  (CH3)2) , 98.7 (C14), 165.3 (C8), 168.3 
(C1), 194.6 (Czo) 1~ 
We observed that this compound, unlike calcimycin, is 
rapidly cleaved in a proton-containing medium like DMF. 
The oxazole ring is opened to give the corresponding 
amide-phenol (3) (64% yield), m.p. 114 C, (a)~s: +79 
(c: 0.01, CHC13) mass spectrum (M+=555), 13C NMR 
(15 MHz, CDC13) ~: 42.3 (C9) , 45.6 (-N(CH3)2) , 98.4 
(Cl4), 170.5, 173.5 (Ct, C8), 194.3 (C20). 


