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el i tes  (ca. 0.5-1.0 mg). The  spec t ra  were o b t a i n e d  a f te r  
several  scans  us ing  a c o m p u t e r  a v e r a g i n g  t echn ique .  

Results. Tile N M R - s p e c t r a  of t h e  a c e t o x y c h l o r o b i p h e n y l  
m e t a b o l i t e  is shown  in F igure  1 a n d  consis ts  of 4 recogni-  
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Fig. 2. NMR-spectrum of 3-acetoxy-4,4'-dichlorobiphenyl. 

zable doub le t s  which  is cons i s t en t  w i t h  a s y m m e t r i c a l  
s t ruc tu re .  Thus  t he  h y d r o x y l  g roup  m u s t  h a v e  been  
i n t r o d u c e d  in to  t he  4' pos i t ion  of the  b i p h e n y l  nuc leus  a n d  
th i s  s t r u c t u r e  is cons i s t en t  w i t h  t he  chemica l  shif ts  and  
coupl ing  c o n s t a n t s  shown  for 4 - ace toxy -4 -ch lo rob ipheny l  
(Figure 1). 

The  N M R - s p e c t r a  of t he  a c e t o x y d i c h l o r o b i p h e n y l  
wh ich  was fo rmed  f rom feeding 4 ,4 ' -d i ch lo rob ipheny l  
to  r a t s  is s h o w n  in F igure  2. The  set  of 2 doub le t s  for t he  
s y m m e t r i c a l  Ha a n d  H 5 p ro tons  are easi ly  recognized  a t  
~5 7.42 and  7.48 ppm.  Since t he  h y d r o x y l  g roup  can  on ly  
be i n t r o d u c e d  a t  t he  2 or 3 pos i t ion  of t h e  b i p h e n y I  r ing  
t he  s t r u c t u r e  a s s i gnmen t s  shown  in F igure  2 are con- 
s i s t en t  w i t h  h y d r o x y l a t i o n  a t  pos i t ion  3 to  give 3-ace- 
toxy-4 ,4 ' -d i ch lo rob ipheny l .  H~ is meta coupled  w i t h  H3; 
H 8 in t u r n  gives a q u a r t e t  due  to  meta coupl ing  w i t h  H~ 
and  ortho coupl ing  w i t h  H~; H e appea r s  as a doub l e t  
couple t  on ly  w i t h  H 3. These  coupl ing  c o n s t a n t s  would  
also be  cons i s t en t  for 2 -ace toxy-4 ,4 ' -d i ch lo rob ipheny l  
even  t h o u g h  i n t r o d u c t i o n  of a n  h y d r o x y l  g roup  in to  t he  
s t e r i ca l ly -h indered  2 pos i t ion  would  be  less l ikely.  The  
s t r u c t u r e s  of b o t h  4 -ace toxy -4 -ch lo rob ipheny l  a n d  
3 -ace toxy-4 ,4 ' -d i ch lo rob ipheny l  were conf i rmed  b y  un-  
a m b i g u o u s  syn thes i s  of t he  a u t h e n t i c  c o m p o u n d s  z2 
which  in t u rn ,  were iden t ica l  to  t he  two metabo l i t e s .  The  
m e c h a n i s m  of t he  h y d r o x y l a t i o n  and  f u r t h e r  m e t a b o l i c  
d e g r a d a t i o n  of i someric  PCBs  are c u r r e n t l y  u n d e r  
inves t iga t ion .  

Zusammen/assung. Iden t i f i z i e rung  u n d  S t r u k t u r a u f -  
kl / i rung zweier lVfetaboliten yon  4 -Chorb ipheny l  u n d  
4 ,4 ' -Dich lo rb ipheny l  mi t t e l s  NMl%Spek t roskop ie .  
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Volati le Ketones  in the Hairpenci l  Secret ion of Danaid Butterfl ies  (Amauris and Danaus) 

Chemica l  s tud ies  of t he  cour t sh ip  p h e r o m o n e s  of 
bu t t e r f l i e s  of t he  s u b f a m i l y  D a n a i d a e  1-4, p r o m p t e d  b y  
ear l ier  b e h a v i o r a l  i n v e s t i g a t i o n  of these  insects  5 h a v e  led 
to t he  i so la t ion  of a he te rocyc l ic  ke tone ,  2, 3-dihydro-7-  
m e t h y l - l H - p y r r o l i z i n - l - o n e  (I) f rom t h e  g l andu la r  ab-  
d o m i n a l  b rushes  ( 'ha i rpenc i l s ' )  of males  of 3 species of t he  
group.  I n  1 species, t he  Queen  b u t t e r f l y  Danaus gilippus, 
w h i c h  was s tud ied  in detai l ,  t h e  ke tone  func t ions  as an  
aphrodis iac ,  a d m i n i s t e r e d  b y  t he  males  in  f l igh t  to  t he  

a n t e n n a e  of t he  females6,  v. The  a n t e n n a e  are electro-  
phys io logica l ly  sens i t ive  to  the  ke tone  s, ". O t h e r  d a n a i d  
bu t t e r f l i e s  are k n o w n  s0 or p r e s u m e d  to  cour t  in  a s imi la r  
way,  a l t h o u g h  i t  is now becoming  a p p a r e n t  t h a t  t he  
chemica l  r e p e r t o r y  of t he  ha i rpenc i l s  is diversif ied.  
CULVBNOR et  al. 12 h a v e  r epo r t ed  t he  i so la t ion  of t he  closely 
r e l a t ed  he te rocyc l ic  a ldehydes  I I  and  I I I  f rom the  males  of 
severa l  species. W e  here  r epo r t  on the  ha i rpenc i l  c h e m i s t r y  
of n ine  species and  subspecies  of t he  genera  Arnauris a n d  
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Species Locality ~ Components 

I IV 

Amaur is  albimaculata U, K 1 + --  
A. crawshayi ( = oscarus oscarus of authors) U --  --  
A.  echeria K 1 + -- 
A.  niavius o U, K 2 + + 
A.  ochlea K~ + - -  

A. tartarea U, K 1 _ + a 

Danaus chrysippus dorippus K~, r + ~ - -  

D. ]ormosa mercedonia U --  - -  
D. limniace petiverana U, K 8 + --  

U, Uganda (Kampala area); K, Kenya (K1, Kakamega; K~, Mombasa; Ka, Shimba Hills; Kr Kenya Highlands). " Identifications based 
on direct comparison with authentic samples by gas chromatography-mass spectrometry (ge-ms). o Ectraxts from specimens collected at 
3 different times were combined, a Less than  2% of the total extract, compared to 15% in A.  niavius, ~ Identification based on thin layer 
chromatography (tlc). RI and color response to 2,4-DNPH indistinguishable from those of a synthetic sample of I. 

D a n a u s .  S o m e  of  t h e s e  f o r m s  p o s s e s s  k e t o n e  I, wh i l e  
o t h e r s  h a v e  a n o t h e r  v o l a t i l e ,  a r o m a t i c  k e t o n e ,  3 ,4-  
d i m e t h o x y a c e t o p h e n o n e  (IV),  p r e s e n t  e i t h e r  w i t h  o r  
w i t h o u t  k e t o n e  I. 

C O C H  8 
/ C H  a / C H O  I 

I [ 1 l O C H  a 

I I I : R = H  

III :  R = OH 
I v  

T h e  b u t t e r f l i e s  s t u d i e d  a n d  t h e i r  E a s t  A f r i c a n  sou rce s ,  
a s  g i v e n  t o  u s  b y  t h e  s u p p l i e r s  of  t h e  i n s e c t s ,  a r e  l i s t e d  in  
t h e  T a b l e .  T h e y  w e r e  m a i i e d  to  o u r  l a b o r a t o r i e s  in  
S e e w i e s e n ,  G e r m a n y ,  a n d  I t h a c a ,  N . Y . ,  w h e r e  t h e i r  
h a i r p e n c i l s  w e r e  r e m o v e d  a n d  e x t r a c t e d  w i t h  m e t h y l e n e  
c h l o r i d e  or  c a r b o n  d i s u l f i d e .  M o s t  b u t t e r f l i e s  a r r i v e d  
l ive  o r  m o r i b u n d  a n d  we re  v i v i s e c t e d ,  b u t  h a i r p e n c i l s  
w e r e  a l so  t a k e n  f r o m  s p e c i m e n s  t h a t  a r r i v e d  d e a d  b u t  
s t i l l  s o f t  e n o u g h  for  d i s s e c t i o n .  

T h e  e x t r a c t s  o f  t h e  h a i r p e n c i l s  w e r e  a n a l y z e d  b y  t h i n  
l a y e r  c h r o m a t o g r a p h y  ( E a s t m a n  C h r o m a g r a m  S h e e t  6060 

S i l i ca  Gel  w i t h  f l u o r e s c e n t  i n d i c a t o r ,  d e v e l o p e d  w i t h  
m e t h y l e n e  ch lo r i de ) ,  a n d  b y  g a s  c h r o m a t o g r a p h y - m a s s  
s p e c t r o m e t r y  ( L K B - 9 0 0 0 ,  2 m x 0 . 2 5  m m  g l a s s  c o l u m n ,  
1 %  OV-1  o n  8 0 - 1 0 0  m e s h  G a s  C h r o m  Q). T h e  o c c u r r e n c e  
of 3, 4 - d i m e t h o x y a c e t o p h e n o n e  (IV) in  a n  i n s e c t - d e r i v e d  
s e c r e t i o n  w a s  n o t e d  for  t h e  f i r s t  t i m e  i n  t h e  c o u r s e  of  t h i s  
work .  N a t u r a l l y  o c c u r r i n g  I a n d  I V  w e r e  i d e n t i f i e d  b y  
d i r e c t  c o m p a r i s o h  of  t h e i r  s p e c t r a l  a n d  c h r o m a t o g r a p h i c  
p r o p e r t i e s  w i t h  t h o s e  of  a u t h e n t i c  s y n t h e t i c  s a m p l e s .  T h e  
T a b l e  s u m m a r i z e s  t h e  r e s u l t s  t h u s  o b t a i n e d .  

I n  t h e  c a s e  of  A .  n i a v i u s ,  we  o b s e r v e d  a c o n s i d e r a b l e  
v a r i a t i o n  i n  t h e  r a t i o  of  t h e s e  p h e r o m o n a l  c o n s t i t u e n t s .  
T h u s  w h i l e  k e t o n e  I a n d  t h e  a c e t o p h e n o n e  I V  were  f o u n d  
in  a p p r o x i m a t e l y  e q u a l  a m o u n t s  in  3 of  t h e  4 s h i p m e n t s  
of  A .  n i a v i u s ,  in  t h e  4 t h  s h i p m e n t  t h e  r a t i o  of  I : IV w a s  
1:10.  S u c h  f l u c t u a t i o n s  m i g h t  r e s u l t  f r o m  d i f f e r e n c e s  in  
d i e t a r y  i n t a k e  of  e s s e n t i a l  b i o s y n t h e t i c  p r e c u r s o r s  o f  t h e  
c o n s t i t u e n t s .  E x i s t i n g  e v i d e n c e  s u g g e s t s  t h a t  d a n a i d  
m a l e s  m a y  o b t a i n  a l k a l o i d a l  p r e c u r s o r s  of  I f r o m  p l a n t s  
t h a t  t h e y  v i s i t  a f t e r  e m e r g e n c e  as  a d u l t s  (e.g. s p e c i e s  
of  t h e  b o r r a g i n a c e o u s  g e n u s  H e l i o t r o p i u m ) n - l a .  A s ing le  
m a l e  of  A .  ~ i a v i u s  t h a t  we  r a i s e d  in  t h e  l a b o r a t o r y  (on  
C y n a n c h u m  v i n c e t o x i c ~ m ,  s y n .  V i n c e t o x i c u m  o / / i c i n a l e )  
w a s  s h o w n  to  h a v e  n o  d e t e c t a b l e  a m o u n t s  of  I in  i t s  
h a i r p e n c i l s .  E v e n  I V  m i g h t  c o n c e i v a b l y  d e r i v e  f r o m  a n  
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exogenous  source. This  c o m p o u n d  has  n e v e r  been  r e p o r t e d  
f rom a n  an imal ,  b u t  is k n o w n  f rom t h e  essen t i a l  oil of an  
iris ~6, a n d  as a m e t h y l a t i o n  p r o d u c t  of t he  base  hydro -  
lyza te  o b t a i n e d  f rom l ignin  ~7 

F ina l ly ,  i t  m u s t  be  n o t e d  t h a t  t he re  are o the r  less 
vo la t i l e  c0n lpounds  in all  of these  secret ions,  m a n y  of 
wh ich  h a v e  no t  been  charac te r i zed .  The  e x t r a c t  f rom 
A. niavius, for  example ,  shows as m a n y  as 33 compo-  
nen ts~S  in s h a r p  c o n t r a s t  to  t he  p h e r o m o n a l  ex t r ac t s  of 
the  species s tud ied  ear l ier  ~-4. W e  p l an  to pur sue  t h i s  
a n a l y t i c a l  work  fur ther ,  in the  hope  t h a t  the  obv ious ly  
complex  chemica l  l anguage  of these  species will e v e n t u a l l y  
b y  e luc ida ted  ~9. 

Zusammen/assung. E x t r a k t e  von  D uf t p i n s e l n  m g n n -  
l icher  a f r ikan i sche r  S c h m e t t e r l i n g e  der  G a t t u n g e n  Amau- 

ris und  Danaus w u r d e n  chemisch  ana lys ie r t .  Zwei 
S u b s t a n z e n  w u r d e n  isol ier t :  e in neues  a r o m a t i s c h e s  
K e t o n  ( 3 , 4 - d i m e t h o x y a c e t o p h e n o n )  u n d  ein schon  von  
a n d e r e n  D a n a i d e n  b e k a n n t e s  he te rozyk l i sches  Ke ton .  

J. M1ZlNWALD e0, C. J. ]3ORIACK 20 D. SCHNEIDER 21 
M. BOPpRs W. F. WOOD 22 and  T. EISNER 2~ 
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Lobster Molting Hormones: Isolation and Biosynthesis of Ecdysterone 

Crus tacea  in genera l  have d i s t i nc t  m o l t i n g  g lands  (Y 
organs)  c o m p a r a b l e  to  those  of insects.  However ,  in the  
Iobster .  Homarus americanus, no s t r u c t u r e  c o m p a r a b l e  to  
the  Y o rgan  or a n y  m o l t i n g  g land  has  been  d e m o n s t r a t e d  
to be  p r e s e n t L  W e  fel t  t h a t  t h i s  phys io logica l  di f ference 
be tween  lobs te rs  a n d  t he  o the r  m e m b e r s  of t h e i r  class 
m i g h t  also be  ref lec ted  in t h e  c h e m i s t r y  of t he  lobs te r  
m o l t i n g  ho rmone ,  b o t h  in i ts  s t r u c t u r e  and  b iosynthes i s .  

A l t h o u g h  ecdys t e rone  has  been  e x t r a c t e d  and  iden t i f i ed  
as t he  m o l t i n g  h o r m o n e  of m a n y  species of insects,  i t  has  
been  found  in on ly  a few selected crus tacea .  E c d y s t e r o n e  
has  been  i so la ted  in low concen t r a t i ons  f rom the  m a r i n e  
crayf ish ,  Jasus lalandei 2, a n d  t h e  female  m a r i n e  crab,  
Callinecles sapidus a. The  ecdysone  c o n c e n t r a t i o n  was 
r epor ted  to be  m u c h  h igher  in p o s t - m o l t  c rabs  t h a n  in 
p r e m o l t  (see Table) .  

I n  insects  the  b i o s y n t h e t i c  precursors  of ecdys te rone  are 
choles terol  a n d  ~.-ecdysone. However ,  v e r y  l i t t l e  work  has  
been  accompl i shed  on ecdys te rone  b iosyn thes i s  ill 
c rus tacea .  KIN~ and SlDDALL 4 h a v e  shown that t h e  
sh r imp ,  Crangon nigricauda, and  t he  crab,  Uca pugilator, 
conve r t  e -ecdysone  to ecdys te rone  v e r y  ef f ic ient ly  d u r i n g  
p r e m o l t  a n d  m o l t i n g  periods.  The  u p t a k e  and  t u r n o v e r  of 
~4C choles tero l  in  Y organs  of t h e  crab,  Hemigrapsus 
nudus, were s tud ied  as a f unc t i on  of m o t t  cycle b y  
SPAZlANI and  KATER 5. Labe led  de r iva t i ve s  of choles terol  
were found  to  c o - c h r o m a t o g r a p h  w i t h  ecdysone  s t anda rds ,  
b u t  t h e  d e r i v a t i v e  c o n c e n t r a t i o n s  were too low for 
a d d i t i o n a l  ana lyses  a n d  t h e i r  i d e n t i t y  as ecdysolleS was 
specula t ive .  

W e  r e p o r t  here  t he  i so la t ion  of a lobs te r  m o l t i n g  hor-  
mone,  ecdysterone ,  and  t he  f i rs t  de f in i t ive  s t u d y  of t he  
u p t a k e  and  b i o s y n t h e t i c  convers ion  of choles terol  to  
ecdys te rone  in crus tacea .  

P r e m o l t  female  lobs ters  were col lected a t  Woods  Hole,  
M a s s a c h u s e t t s  a n d  k e p t  in sea  w a t e r  a q u a r i a  un t i l  mol t -  
ing occurred.  T h e i r  sample  we igh t s  r anged  f rom 475-525 g. 
10 f resh ly  mo l t ed  females  were g round  up  in a b l ende r  in 
me thano l ,  Soxh le t  ex t rac ted ,  and  f i l tered.  The  re su l t ing  
so lu t ion  was e x t r a c t e d  w i t h  h e x a n e  to  r e m o v e  t he  m a j o r i t y  
of lipids. Three  c o u n t e r - c u r r e n t  d i s t r i b u t i o n s  were t h e n  
pe r fo rmed :  b u t a n o l / w a t e r  (1 :1) ;  c h l o r o f o r m / m e t h a n o l /  
wa te r  (1 : 1 : 1); and  c h l o r o f o r m / e t h a n o l / w a t e r  (1 : 1 : 1) 
followed b y  r epea t ed  l iquid  c h r o m a t o g r a p h y  on  d e a c t i v a t -  
ed (20% water)  silicic acid w i t h  c h l o r o f o r m / e t h a n o l  (5 : 1) 
as e luent .  S t a n d a r d i z a t i o n  of the  co lumns  for ecdysone  
sepa ra t ions  was accompl i shed  b y  h i g h  pressure  l iqu id  

c h r o m a t o g r a p h y  us ing  two 2' • 3 /8"  Porage l  P N  columns% 
Si ly la t ion  of t he  ecdysone  c o n t a i n i n g  f rac t ions  w i t h  
t r imethy l s i ly l in f idazo le  (TMSIM) was followed b y  gas 
c h r o m a t o g r a p h y  on a 2% SE-30 on  Gas Chrom Q, 6" glass 
co lumn  a t  280~ co lumn  t e m p e r a t u r e L  The  a d d i t i o n  of 
a l iquo ts  of more  T M S I M  at  15 rain  in t e rva l s  whi le  h e a t i n g  
a t  80~ fol lowed b y  gas c h r o m a t o g r a p h i c  analysis ,  
revea led  the  t r a n s f o r m a t i o n  of the  p e n t a - T M S  d e r i v a t i v e  
of ecdys te rone  to the  h e x a - T M S  der iva t ive .  B y  t he  use of 
gas c h r o m a t o g r a p h y  less t h a n  50 ng  of ecdys te rone  can  be 
detec ted .  F ina l  s t r u c t u r e  proof  was accompl i shed  b y  inass  
spec t romet ryS ,  9. W'e are able  to  isola te  55% of the  m o l t i n g  
h o r m o n e  b y  this procedure  as d e t e r m i n e d  f rom eedys te rone  
sp iked  samples .  The  ave rage  q u a n t i t y  of ecdys t e rone  
found  was 3 ~g per  f resh ly  mo l t ed  500 g female  lobster .  

The  p rocedure  and  resul t s  of t he  b i o s y n t h e t i c  s tud ies  
are as follows. The  blood s inus  of a p r e m o l t  female  lobs te r  
(512 g) was in jec ted  w i t h  10 ~C of [4-14C~ choles terol  in 
0.3 ml  of p e a n u t  oil ~~ Af te r  16 h, t he  a n i m a l  was sacrif iced 
and  t he  b lood (46 nil) w i t h d r a w n .  The  muscle  and  v iscera  

1 J. B. SOCHASKY, D. E. AIKEN and N. H. F. WATSON, Can. J. 
zooI. 50, 993 (1972). 

2 F. HAMPSHIRE and D. H. S. HORN, Chem. Commun. 1966, 37. 
A. FAUX, D. H. S. HoRs, E. J. MIDDL~TON, H. M. FALES arid 
M. E. LowE, Chem. Commun., 796g, 175. 

4 D. S. KING and J. B. SIDDALL, Nature, Lond. 221, 955 (1969). 
5 E. SPazlAm and S. ]3. KATER, Gen. comp. Endocr. 20, 534 (1973). 

D. A. SC~OOLEY and K. NAKANISHI, in Modern Methods of Steroid 
Analysis (Ed. E. HEFTMANN; Academic Press, New York, N.Y. 
1973), p. 37. 

7 N. IKEKAWA, F. HATTORI, J. RUBIO-LIGHTBOURN, H. ~V[I'ZAZAKI, 
M:. ISHIBASHI and C. MoRI, J. Chromat. Science 70, 233 (1972). - 
H. 2r M~. ISH1BASHI and C. Morn, Analyt. Chem. 45, 1164 
(1973). 

s D.A. SCHOOLEV, G.WEIss and K.NAKA,'~IS~I, Steroids 79,377 {1972). 
9 D. H. S. HORU, in Naturally Occurring Insecticides (Eds. M. 

JACOI3SON and P. G. CROSBY; Marcel Dekker, New York, N.Y. 
1971), p. 333. - K. NAKAmSKI, XXIII  col. Int. Congr. Pure and 
Applied Chemistry (Butterworths, London f971), vol. 3, p. 27. 

10 The T. C. U. group has experienced a high degree of success in 
inducing the molting condition in lobsters by eye stalk ablation. 
Aritene, a form of microcrystalline collagen, was used as a hemostat 
(Aricon, Inc., Box 85, Fort Worth, Texas 76101, USA). Progress 
towards molt was followed by x-raying the gastroliths. Usually 
3045 days was required for an animal with no initial gastroliths 
to molt. For lobsters in the 400-500 g range a length of about 
1.6 cm for the gastroliths indicated an imminent onset of molting. 


