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ab l e i t enden  Epox i d s  8. Dieses geh t  be im  kurzen  Er-  
h i t zen  auf  295 ~ in den  Al ly la lkohol  9 fiber, dessert Vinyl -  
a e t h e r g r u p p i e r u n g  im I R - S p e k t r u m  zu e iner  scha r fen  
B a n d e  bei  1655 cm -1 Anlass  gibt .  Die U m g e b u n g  dieser  
G r u p p i e r u n g  u n d  ihre  r e l a t ive  Lage zur  a l ly l i schen  
H y d r o x y l f u n k t i o n  folgt  e indeu t ig  aus  N M R - E n t k o p p -  
l ungsexpe r imen ten .  Die B i l dung  von  9 di i r f te  d u r c h  
W a s s e r a b s p a l t u n g  aus  der  i n t e r n e n  H a l b a c e t a l f o r m  e iner  
a l d e h y d i s c h e n  Zwischens tu fe  erfolgen, welche in e inem 
R e t r o - P r i n s  ghn l i chen  Prozess  aus  8 (siehe Pfeile) her-  
vo rgehen  k a n n .  

Beweisend  fiir S t r u k t u r  4 is t  die P a r t i a l s y n t h e s e  der  
S u b s t a n z  aus  d e m  Sa t ivend io l  1. Das  d a r a u s  f iber das  
M o n o b e n z o a t  erh~tltliche Mesy la t  11 e rg ib t  d u r c h  Ace- 
to lyse  be i  65 ~ ein l : 3 - G e m i s c h  yon  12 u n d  13. Das  
N e b e n p r o d u k t  is t  auch  d u r c h  Ace ty l i e rung  yon  5 zu- 
g/ ingl ich u n d  lgsst  s ich d u r c h  a lkal ische Hydro ly se  in 4 
i iberf i ihren.  Die d e m  H a u p t p r o d u k t  der  R e a k f i o n  zu- 
geo rdne te  S t r u k t u r  13 fuss t  im wesen t l i chen  auf  N M R -  
D a t e n  u n d  m e c h a n i s t i s c h e n  ~ b e r l e g u n g e n .  

Fi i r  e inen  we i t e ren  P i l zme tabo l i t en ,  C15H240 a, Smp.  
206 o, [e]~)5 = + 1 1  ~ (EtOH) ,  k o n n t e  S t r u k t u r  14 d u r c h  
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eine d i rek te  Verkn f ip fung  e r m i t t e l t  werden.  B e h a n d l u n g  
des D i a c e t a t s  yon  14 m i t  P h o s p h o r o x y t r i c h l o r i d  in  
P y r i d i n  u n d  anschl iessende  Verse i fung l iefern 15 n e b s t  
dem I sopropy l iden i someren .  U n t e r  gleichen Reduk t i ons -  
b e d i n g u n g e n  e rgeben  sowohl 4 wie auch  15 ein in jeder  
H i n s i c h t  iden t i sches  4:1 Gemisch  zweier ep imere r  ge- 
sg t t ig t e r  D e r i v a t e  m i t  endo-  bzw. exo-Lage der  sekun-  
dgren  Methy lg ruppe .  

Der  den  be iden  n e u e n  M e t a b o l i t e n  4 u n d  14 zug runde  
l iegende Kohlenwasse r s to f f  I s o s a t i v e n  is t  zwar  chemisch  
aus  Sa t i ven  u n t e r  aequ i l i b r i e r enden  B e d i n g u n g e n  her-  
geste l l t  worden  5, k o n n t e  abe r  b i sher  weder  als solcher 
noch  in F o r m  yon  D e r i v a t e n  aus  na t i i r l i che r  Quelle 
isol iert  werden.  Das  h ie r  nachgewiesene  gleichzei t ige Vor-  
k o m m e n  des cis-1, 2-Diols 1 u n d  des cis-1, 3-Diols 4 lgsst  
v e r m u t e n ,  dass  ihre  B i l dung  fiber die geme insame  ka t io-  
n ische  Zwischens tu fe  16 erfolgt.  

Summary. The  s t r u c t u r e  of two new sesqu i te rpene  
m e t a b o l i t e s  of Helminthosporium sativum, prev ious ly  
ass igned  to t he  s a t ivene  series, has  been  se t t led  as in 4 
and  14 b y  chemica l  corre la t ion.  
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The Synthes i s  of a Pept ide  Having  the Structure 

A s u b s t a n c e  p roduced  in b r a i n  c o n c o m i t a n t l y  w i t h  a 
h a b i t u a t i o n  to  a bell  sound  s t imulus  has  been  recen t ly  
i sola ted f rom t r a i n e d  ra ts .  T he  ac t ive  m a t e r i a l  was  shown  
to  be a pep t ide  a n d  n a m e d  ' amele t in ' .  On t he  bas is  of 
m i c r o d a n s y l a t i o n  a n d  a c h y m o t r y p s i n  digest ion,  t he  
c o m p o u n d  c o n t a i n e d  6 amino  acids - Ala, Glu, Gly, Lys, 
Set, T y r -  and  a T y r - Se r  l inkage.  A p y r o g l u t a m i c  acid 
res idue was in fe r red  f rom a nega t ive  n i n h y d r i n  test ,  
while  t he  C- t e rmina l  was  ident i f ied  as lysine 1. Us ing  t he  
above  i n fo rma t ion ,  p lus  t he  c h a r a c t e r i z a t i o n  of 3 d ipep-  
t ides  p roduced  b y  hydro lys i s  w i t h  d ipep t idy l  amino-  

- - I  
pept idase ,  t h e  s t r u c t u r e  L G l u - A l a - G l y - T y r - S e r - L y s - O H  
was ass igned  to amele t in2 ,  3. W e  now wish to r e p o r t  a 
p r e p a r a t i o n  of th i s  hexapep t i de ,  as well as t he  resu l t s  of 

Attributed to a Sound Habituat ing Material  

t h e  b io logica l  a n d  c h r o m a t o g r a p h i c  compar isons ,  wh ich  
were done  in the  s u m m e r  of 1973. 

The  p ro t ec t ed  a m i n o  acid (I)4 was c o n v e r t e d  in to  the  
a m i n e  (II),  wh ich  was jo ined  to t he  h y d r a z i d e  ( I I I )  ~ by  
the  azide  procedure .  T r ipep t ide  (IV), m p  113 ~ was 

1 G. [JNGAR and S. R. BURZYN'SKI, Fedn. Proc. 32, 367 (1973), 
abstract 844. 

2 G. UNGAR, personal communication (May 6, 1973). 
3 G. U~GAR, Life Sci. Id, 595 (1974). - Biochem. Pharmac. 23, 1553 

(1974). 
4 E. WONSCH and A. TRINKL, Hoppe-Seyler's Z. physiol. Chem. 345, 

193 (1966). 
5 A. A. COSTOPANAGIOTIS, B. O. HANDFORD and B. WEINSTEIN, 

J, org. Chem. 33, 1261 (1968). 
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Thin-layer chromatography data  
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Solvent system Natural  �9 Synthetic b Synthetic ~ 

n-BuOH/EtOH/HOAc/H20 (8 : 2 : 1:3) ~ 0 . 4  0.38 0.20 
Pyr/MEK/HOAe/H20 (15:70:2:15) ~0 .1 -0 .2  0.20 0.12 

EtOH/Pyr]HOAc/EtOAc/H20 (5 : 1 : 2 : 2 : 2) ~ 0 . 5  0.47 0.54 
n-BuOH/Pyr/HOAc/HiO (15 : 10 : 3 : 24) --  0.28 

Deterlnined in Houston by transfer bioassay, bDetermined ill Houston, silica gel sheets (K301R2). o Determined in Chicago-Seattle, silica 
gel G activated plates. In order to locate any impurities, 0.5 mg was applied; detection was by UV-fluorescence, ninhydrin,  iodine, and 
choline-toluidine methods. Only one spot was seen in all solvent systems. 

d e b l o c k e d  to  g ive  t h e  o i ly  a m i n e  (V), a n d  a c o u p l i n g  
w i t h  t h e  b l o c k e d  d i p e p t i d e  (VI) ~, m p  132 ~ v i a  t h e  ac t i -  
v a t e d  e s t e r  (VII) ,  m p  154 ~ p r o d u c e d  p e n t a p e p t i d e  (VI I I ) ,  
m p  160 ~ T h e  a m i n e  ( IX)  w a s  r e a c t e d  w i t h  t h e  a c t i v e  
e s t e r  (X) 7 t o  y i e l d  t h e  h e x a p e p t i d e  (XI) ,  m p  193 ~ . 
H y d r o g e n o l y s i s  f o r m e d  t h e  a m i n e  ( X I I )  a n d  t r e a t m e n t  
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Fig. 1. Synthetic route to the hexapeptide. 
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Fig. 2. Transfer bioassay of synthetic hexapeptide in rats. Male rats 
(220 250 g) were injected i.p. with 50 [zl of vehicle or 100.0 ng of 
peptide. Jus t  after injection and 19 h thereafter the number  of 
startle responses per 100 sequential stimulations were charted using 
the same type bell and conditions as in the original assay of crude 
brain extracts% The increase in speed of habituation as a consequence 
of injection of the hexapeptide is significant to p = 0.001 at 19 h. 

w i t h  a s o l u t i o n  of  t r i f l u o r o a c e t i c  a c i d - a n i s o l e  f u r n i s h e d  
L - p y r o g l u t a m y l - L - a l a n y l g l y c y l - L - t y r o s y l - L - s e r y l - L - l y s i n e  
t r i f l u o r o a c e t a t e  (XlII), m p  211 ~ P a s s a g e  of  X l I I  t h r o u g h  
a n  i o n - e x c h a n g e  r e s in  c o l u m n  ( A G - 1 - X 2 )  g e n e r a t e d  t h e  
e q u i v a l e n t  a c e t a t e  s a l t  (XIV) ,  w h i c h ,  a f t e r  l y o p h i l i z a t i o n ,  
w a s  le f t  a s  a w h i t e  p o w d e r ,  m p  173% P e p t i d e  X I V  h a d  a 
s a t i s f a c t o r y  a m i n o  ac id  a n a l y s i s  (Ala,  0 .98;  Glu ,  0 .95;  
Gly ,  1.00, L y s ,  0 .97;  Ser,  0 .80;  T y r ,  0.96). O n  p a p e r  
e l e c t r o p h o r e s i s  ( p H  3.5, 1000 V, 2 h)  t h e  c o m p o u n d  
a p p e a r e d  a t  2.2 c m  v s  c a t h o d e  as  a s ing le  p i n k i s h - r e d  
n i n h y d r i n  p o s i t i v e  s p o t ;  u n d e r  t h e  s a m e  c o n d i t i o n s  
l e u c i n e  w a s  s e e n  a t  2.4 cm .  T h i s  p r e p a r a t i o n  is s u m m a r i z e d  
in  F i g u r e  1. 

A t a b u l a t i o n  of  t h e  R f  c o n s t a n t s  for  t h e  n a t u r a l  
m a t e r i a l  s a u d  o u r  s y n t h e t i c  c o m p o u n d  is g i v e n  in  t h e  
T a b l e .  I t  wi l l  be  n o t e d  t h a t  t h e  v a l u e s  o b t a i n e d  in  
H o u s t o n  s u p p o r t  a close,  b u t  n o t  i d e n t i c a l  n a t u r e  for  t h e  
2 s u b s t a n c e s .  B y  c o n t r a s t ,  s o m e w h a t  d i f f e r e n t  n u m b e r s  
we re  s e e n  in  C h i c a g o - S e a t t l e  for  t h e  a u t h e n t i c  h e x a -  
p e p t i d e ,  a n d  t h e  r e a s o n  for  t h i s  d i s c r e p a n c y  m a y  be  d u e  
to  u s e  of d i f f e r e n t  m e d i a  or  o t h e r  f a c t o r s .  

T h e  c o m p a r i s o n  b e t w e e n  n a t u r a l  r a t  a m e l e t i n  a n d  o u r  
s y n t h e t i c  h e x a p e p t i d e  w a s  m a d e  in H o u s t o n  b y  a t r a n s f e r  
m e t h o d  u s i n g  n a i v e  m i c e  as  r e c i p i e n t s .  T h a t  is, d i f f e r e n t  
d o s e s  of  p e p t i d e  were  i n j e c t e d  a n d  a l eve l  w a s  i d e n t i f i e d  
t h a t  g a v e  t h e  b e s t  r e d u c t i o n  in  h a b i t u a t i o n  t i m e .  T h i s  
b i o a s s a y  t e c h n i q u e  is t h e  p r o c e d u r e  d e s c r i b e d  in  t h e  
o r i g i n a l  s o u n d  h a b i t u a t i o n  t e s t  9. F a i r l y  p u r e  r a t  a m e l e t i n  
h a d  m a x i m u m  a c t i v i t y  a t  500 n g / m o u s e ,  wh i l e  a s a m p l e  
of t h e  s y n t h e t i c  p e p t i d e  p o s s e s s e d  h a b i t u a t i o n  a c t i v i t y  
in  t h e  r a n g e  of 5 0 - 2 0 0  n g / m o u s e  1~ 

I n  o r d e r  to  e s t a b l i s h  t h a t  a s y n t h e t i c  p r o d u c t  is i d e n t i c a l  
w i t h  a n a t u r a l  p r o d u c t ,  b o t h  c o m p o u n d s  s h o u l d  h a v e  
i d e n t i c a l  p h y s i c a l  a n d  c h e m i c a l  c o n s t a n t s .  M o r e o v e r ,  a 
s y n t h e t i c  m a t e r i a l  m u s t  s h o w  b io log i ca l  a c t i v i t y  in t h e  
s p e c i e s  f r o m  w h i c h  t h e  n a t u r a l  m a t e r i a l  is i t se l f  i so l a t ed .  
As  c a n  be  s e e n  f r o m  t h e  s o u n d  h a b i t u a t i o n  d a t a  p r e s e n t e d  
in  F i g u r e  2, a p h y s i o l o g i c a l l y  r e a s o n a b l e  d o s e  of  t h e  
h e x a p e p t i d e  d o e s  i n d e e d  i m p r o v e  bel l  s o u n d  h a b i t u a t i o n  
in  t r a n s f e r  b i o a s s a y s  u s i n g  r e c i p i e n t  r a t s  n .  U n f o r t u n a t e l y ,  
t h e  s c a r c i t y  of  n a t u r a l  a m e l e t i n  n o w  a n d  in  t h e  n e a r  
f u t u r e  r u l e s  o u t  f u r t h e r  d e t a i l e d  c o m p a r i s o n s  w i t h  t h e  
s y n t h e t i c  s a m p l e .  

8 A. ALl, R. M. COOK and B. WEINSTEIN,  Int. J. Prot. Res. 4, 177 
(1972). 
H. GIBIAN and E. KLIEGER,  Justus  Liebigs Annln Chem. 640, 145 
(1961). 

s G. UNGAR, personal communication (July 16, 1973). 
9 G. UNGAR and C. OCEGUERA-NAVARRO, Nature 207, 301 (1965). 

10 G. UNGAR, personal conununication (December 3, 1973). 
u The preparation and biological assay of the synthetic hexapeptide 

have been briefly described: B. WEINSTEIN and H. N. GUTTMAN, 
Trans. Am. Soc. Neurochem. 5, 173 (1974). 
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F r o m  the  above  exper iments ,  it  is clear t h a t  the  pro- 
posed p r im a ry  sequence m a y  be close to  t he  na tu ra l  
p roduct .  However ,  o ther  a l ternat ives ,  such as a cyclic 
fo rmula t ion  or even N-ace ty l  and  N-formyl  der ivat ives ,  
can fi t  t he  known  chemical  data .  Note  t h a t  a molecular  
weight  m e a s u r e m e n t  on the  original  subs tance  is still 
necessary  in order  to  suppor t  a possible monomer ic  

z2 Since the free Ns-amino group in lysine will routinely give a 
positive ninhydrin reaction, then the natural peptide must possess 
blocking groups at both the glutamic acid and lysine residues. 

zs After this work was completed, a second synthesis appeared: 
H. LACKNER and N. TIEMANN, Naturwissenschaften 61, 217 
(1974). Although the product possessed a broader mp of 170-177% 
the chromatographic properties were said to be identical with our 
peptide. Unfortunately, a direct comparison was not possible be- 
tween the Seattle and G6ttingen peptides, due to a lack of addi- 
tional material from the latter group. In any event, little biological 
activity was found and it was concluded that a mistake existed 
in the original structural investigation. 

14 G. UNGAR, personal communication (June 5, 1975). The possible 
presence of some cofactor has been suggested as an explanation 
for the higher activity of the natural product. 

cyclic pep t ide  a r r a n g e m e n t  (for which several  possibil i t ies 
can be wri t ten)  l~. W h e t h e r  these  and o the r  compounds  
will yield t he  same enzymat i c  cleavage f ragments ,  m u c h  
less t h e  biological ac t iv i ty  of the  na tu ra l  p roduc t ,  is 
uncer ta in  a t  th is  t ime  13,1~. 

Summary. A pep t ide  isolated f rom ra t s  h a b i t u a t e d  to  a 

sound s t imulus  has  been given the  s t ruc ture  IZ-~lu-Ala-Gly- 
Tyr -Ser -Lys -OH.  A synthes is  of th is  co mp o u n d  afforded 
a p ro d u c t  t h a t  d i f fe ren t  f rom the  na tu ra l  mater ia l  on the  
basis of ch roma tograph ic  and  physiological  comparisons .  
The p roposed  sequence m u s t  therefore  be in error. 

]3. WEINSTEIN, R. M. ]3ARTSCHOT, R. M. COOK, 
P. S. TAM and H. N. GUTTMAN 

Department o/ Chemistry BG-IO, University o/ 
Washington, Seattle (Washington 98195, USA); and 
Department o/Biological Sciences, 
University o/ Illinois at Chicago Circle, 
Chicago (Illinois 60680, USA), 7 October 1974. 

O c c u r r e n c e  of 4 - H y d r o x y p h e n y l p y r u v i c  Acid  O x i m e  

Sponges of the  family  Verongidae  p rov ide  a series of 
closely re la ted  compounds  which  m a y  be considered as 
metabo l i t es  of 3, 5-dibromotyros ine ,  including aero th ionin  
(1) 1, homoae ro th ion in  (2)1 and  the  nitr i le aeroplysinin-1 
(3) '~. 

The spiro sys t em in 1 and  2 could arise in var ious  ways,  
including nucleofilic a t t a ck  by  an oxime func t ion  on an 
arene oxide as shown in 4. Fol lowing cer ta in  suggest ions 
t h a t  ni t r i les  m a y  be der ived in vivo f rom ~-amino-acids 
by  w a y  of ~-keto- and  ~-oximino-acids  a, it  has  been 
specula ted  t h a t  the  oxime 4 could be also a l ikely pre- 
cursor  of the  ni tr i le  aeroplysinin-1,  as ind ica ted  in 51. 

We  now have  good suppor t  for the  hypo thes i s  of an 
oxime precursor  of these  compounds ,  by  isolat ing f rom a 
mar ine  sponge,  Hymeniacidon sanguinea, the  oximino-  
pyruv ic  acid 6. 

F resh  sponge (50 g, d ry  weigh t  af ter  ext rac t ion) ,  collec- 
t ed  near  Roscoff  4 (France), was  ex t rac ted  ( • 3) w i th  cold 
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in the  Mar ine  S p o n g e  Hymeniacidon sanguinea 
acetone  for 3 days ;  solvent  was r emoved  and the  aqueous  
residue was ex t r ac t ed  wi th  e ther  and  n-butanol .  Af te r  

evapora t ion ,  2 g n -bu tano l  soluble mate r ia l  was dissolved 
in H~O and  appl ied  to  a co lumn (2 • 20 cm) of Dowex  
50W-X2, H+ forml After  washing  wi th  1 N HC1, the  crude 
4 -hydroxypheny l -py ruv ic  acid oxime (6, 0.5 g) was 
e luted wi th  HzO. The N M R - s p e c t r u m  (deuter ia ted  ace- 
tone) showed 2 b road  double t s  (J 8Hz) cen te red  at  d 6.7 
and  7.2 for the  a romat ic  p ro tons  cons is ten t  wi th  a 1,4- 
d i subs t i t u t ed  benzene  sys tem and  a b singlet  a t  ~ 3.8. 
The UV, ~max 279 n m  (MeOH) ba thochromica l ly  shif ted 
b y  add i t ion  of alkali  to 290 nm, was indicat ive  for a phenol  
s t ruc ture .  

F u r t h e r  pur i f icat ion 5 was carried out  on the  pe rme thy l -  
der iva t ive ,  p repa red  wi th  CHIN,  (in methanol ,  1 h a t  
r.t .) or w i th  m e t h y l  iodide and  silver oxide in ch lo rophorm 
at  r. t .  PLC on silica gel (Merck F,54; e luent :  benzene)  of 
the  p ro d u c t  gave 7 (in ca. 50% yie ld  based on the  crude 

MeOH material) ,  as oil, M+/e 237; ~max 225 and  275 n m  (e, 

9,900; 2,370); •maxliquidfilm 1725, 1610 and  1510, 1040, 840 
and 815 cm-1;  d (100 MHz, CCI,, p p m  from TMS), 7.04 
(2H, d, J 8 Hz), 6.65 (2H, d, J 8 Hz), 4.00 (3H, s, OCH3) 
and  over lapping  2 sharp  singlets  centered  3.75 for 2 0 C H ~  
and the  benzylic  CH~. 

The s t ruc tu re  of 3- (4-hydroxyphenyl ) -2-oximinopro-  
pionic acid for th is  sponge metabol i t e  was def ini t ively  
p roved  by  conver t ing  6 to  tyrosine,  and  synthes iz ing  the  
me t h y l  3- (4-methoxyphenyl ) -  2 -methox imino-prop iona te  
(7). 
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