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Die K o n f i g u r a t i o n  der  15 ,16 - Me t hy l eng r uppe  lgsst  s ich 
wegen des Feh lens  de r  13-Methy lg ruppe  n i c h t  f iber 
eine N M R - S i g n a l l a g e n b e r e c h n u n g  yon  I-I-18 m i t  In-  
k r e m e n t e n  0, xo durchf i ih ren .  

E ine  e indeut ige  Z u o r d n u n g  der  S te l lung  des Cyclo- 
p r o p a n r i n g s  is t  j edoch  fiber 7 m6gl ich.  Das  V o r h a n d e n -  
sein des Dre i r ings  folgt  aus  den  ftir Cyc lopropane  cha rak-  
t e r i s t i schen  B a n d e n  im n a h e n  I R - B e r e i c h  (6080 u n d  4490 
cm-~) *~ E r  is t  e-st~Lndig angeordne t ,  da  die N M R -  
Signal lage  u n d  die A u f s p a l t u n g  des H-17a  m i t  den  
e n t s p r e c h e n d e n  WerLen des 15~,16~-Methylen tes tos te -  
rons  (6 H-17e  3,26 ppm,  d, J = 2,5 HE) gu t  fiber- 
e i n s t i m m e n  ~~ n n d  das  17e -P ro ton  s ich d a m i t  f iber der  
E b e n e  des Dre i r ings  b e f i n d e n  muss.  Das  M a s s e n s p e k t r u m  
l iefer t  die r i ch t ige  Molekii lgr6sse fiir 7. 

Das  15e ,16e-Methy lens te ro id  6 a zeigte a m  K a n i n c h e n  
be i  s u b c u t a n e r  A p p l i k a t i o n  im B e f r u c h t u n g s h e m m t e s t  
sowie bei  s u b c u t a n e r  und  ora ler  A p p l i k a t i o n  im Clau- 
be rg t e s t  gegeni iber  der  e n t s p r e c h e n d e n  n i c h t m e t h y l e n i e r -  
t en  V e r b i n d u n g  deu t l i ch  e r h6h t e  W i r k u n g e n  n. 

Summary. The  syn thes i s  a n d  biological  ac t iv i t i e s  of 
18-methyl-15a,  16e -me thy lene -17a -e th iny l -19 -nor t e s tos t e -  
rone  6 a are descr ibed.  
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(Z-E)-7,11-hexadecadien-l-ol  Acetate: 
The Sex Pheromone of the Angoumois Grain Moth, Si to t roga  cerea le l la  1 

For  m a n y  years  en tomolog i s t s  h a v e  been  in t e r e s t ed  in  
t he  chemica ls  p roduced  b y  insec ts  of one sex to a t t r a c t  
insec ts  of the  o the r  sex for m a t i ng .  T he  poss ib i l i ty  of 
us ing  these  insec t  sex p h e r o m o n e s  to  con t ro l  insec ts  is 
u n d e r  i n t ens ive  inves t iga t ion .  Often,  however ,  p r ac t i c a l  
r esearch  t o w a r d  t he  con t ro l  of a species w i t h  sex phero-  
mones  m u s t  awa i t  t he  isolat ion,  ident i f ica t ion ,  and  s yn the -  
sis of t he  sex p h e r o m o n e  of t h a t  species. The  female  of 
Sitotroga cerealella (Olivier), t h e  Angoumoi s  g ra in  mo th ,  
one of t he  mos t  de s t r uc t i ve  pes ts  of s tored  grain,  has  
p rev ious ly  been  shown  to  release a chemica l  to  a t t r a c t  
males  ~. W e  r epo r t  here  t he  isolat ion,  iden t i t i ca t ion l  a n d  
syn thes i s  of th i s  sex phe romone .  

CH~(CH2)~C~C(CH2)2OH CI(CH2)6OH 
INa/NH, IDHP 

CI(CH2)6-O-THP 
CHs(CH2)3c=C(CH2)2OH 

I~ ~LiC~CH 
~PBr~ HC~_C(CH2) 6_O-TH R 
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Fig. 1. Scheme used to synthesize (Z, E)-7,11-hexadecadien-1-ol 
acetate. 

The  m e t h o d s  used to  rear  t he  insects ,  e x t r a c t  t he  
females  and  b ioas say  t he  samples  were p rev ious ly  descr ibed  
in de ta i l  3. In  brief, all  f r ac t ions  o b t a i n e d  d u r i n g  t he  puff-  
f i ca t ion  of t he  n a t u r a l  m a t e r i a l  were b ioassayed  for ma le  
a t t r a c t i o n  b y  a t e c h n i q u e  based  on t he  n u m b e r  of males  
a t t r a c t e d  w i t h i n  3 cm of a sample  inse r t ed  in to  t he  u p w i n d  
end  of 1.9 cm I D  • 44 cm acryl ic  p las t ic  tubes .  R e m o v a l  of 
so lven t  f rom d i e thy l  e the r  e x t r a c t s  of 7,000, 1 to  5-day-  
old females  yielded 6.6 g of viscous oil. This  oil was  
t r a c t i o n a t e d  b y  l iquid  c h r o m a t o g r a p h y  in 1.5-g ba t ches  
on  2.5 • 24-cm silicic acid co lumns  b y  us ing  the  p e t r o l e u m  
e the r  (p.b. 30-60 ~  e the r  g r a d i e n t  e lu t ion  sys t em 
prev ious ly  descr ibed  3. The  f rac t ions  t h a t  e l ic i ted a response  
f rom the  males  were c o m b i n e d  and  f u r t h e r  pur i f ied  b y  
sweep co-d is t i l la t ion  a t  180 ~ a n d  0.5 1 /min  N~ b y  us ing  
h e x a n e  as t h e  f lush ing  solvent .  The  ac t ive  sweep co- 
d i s t i l l a t ion  f r ac t ion  was t h e n  s equen t i a l l y  pur i f ied  b y  gas 
c h r o m a t o g r a p h y  on co lumns  1, 2, a n d  3 4. 

The  pur i f ied  sex p h e r o m o n e  e lu ted  as a s ingle sym-  
me t r i ca l  p e a k  upon  gas c h r o m a t o g r a p h y  w i t h  co lumns  2 
( r e t en t ion  t i m e  ~ 11.4 rain),  4 (15.0 min) ,  and  5 (14.5 rain).  
Th i s  chemica l  h a d  biological  a c t i v i t y  equa l  to  c rude  
female  e x t r a c t s  c o n t a i n i n g  e q u i v a l e n t  a m o u n t s  of t he  
same  mater ia l .  None  of t he  o t h e r  f r ac t ions  f rom the  female  
e x t r a c t s  h a d  sex p h e r o m o n e  ac t iv i ty .  

Sapon i f i ca t ion  of t h e  sex p h e r o m o n e  w i t h  0 .5% 
m e t h a n o l i c  N a O H  caused  comple t e  loss of ac t iv i ty ,  b u t  
t he  a c t i v i t y  was res to red  b y  ace ty l a t i on  of t he  saponi f ied  
sex p h e r o m o n e  w i t h  ace ty l  chloride.  H y d r o g e n a t i o n  of 
2 Fg of t he  sex p h e r o m o n e  in h e x a n e  w i t h  5% p a l l a d i u m  
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on  charcoa l  y ie lded a new p r o d u c t  iden t i ca l  in  gas chro- 
m a t o g r a p h i c  r e t e n t i o n  t imes  to  hexadecan-1-o i  ace t a t e  on  
co lumns  4 and  5. These  d a t a  sugges ted  t h a t  t he  p h e r o m o n e  
is t he  ace t a t e  of a 16-carbon,  s t r a i g h t - c h a i n  alcohol.  

The  ra t io  of t he  gas c h r o m a t o g r a p h i c  r e t e n t i o n  t i m e  of 
the  sex p h e r o m o n e  to t h a t  of h e x a d e c a n - l - o l  ace t a t e  was  
0.87 on  co lumn 3 (SE-30),  1.21 on  c o l u m n  2 (Carbowax  
20 M), and  1.43 on co lumn  4 (DEGS) .  B y  compar ison ,  t he  
ra t ios  of z -7 -hexadecen- l -o l  ace t a t e  to  h e x a d e c a n - l - o l  
ace t a t e  were 0.91, 1.08, a n d  1.18 Oil t i le  same 3 columns.  
The  longer  r e t e n t i o n  t i m e s  on  t he  po la r  co lumns  of t i le 
p h e r o m o n e  c o m p a r e d  w i t h  z -7 -hexadecen- l -o l  ace t a t e  
sugges ted  t h a t  t he  p h e r o m o n e  ha s  more  t h a n  one double  
bond .  

A mass  s p e c t r u m  of the  pur i f ied  sex p h e r o m o n e  o b t a i n e d  
f rom a mass  s p e c t r o m e t e r  equ ipped  for chemica l  ioniza-  
tion. showed  t he  fol lowing d iagnos t i c  peaks :  A c lus te r  of 
ions a t  m/e 281, 280, and  279 resu l t ing  f rom (P + 1)% 
P+, and  (P --  1)+, r espec t ive ly ;  m/e 221, [(P + 1) --  
CH3COOH]+;  m/e 61, (CH3COOH2)+; and  m/e 123, base  
p e a k  s . These  d a t a  conf i rmed  t h a t  t h e  sex p h e r o m o n e  
is a 16 ca rbon-a lcoho l  ace t a t e  w i t h  2 double  bonds .  

Microozonolysis  6 of 1- Fg q u a n t i t i e s  of t he  sex p h e r o m o n e  
in h e x a n e  (99% mole  pure) y ie lded  a c o m p o u n d  w i t h  GC 
r e t e n t i o n  t imes  on  co lumns  2, 3 and  4 iden t ica l  to  those  
of 7 -oxohep ty l  ace t a t e  fo rmed  b y  t h e  ozonolysis  of Z-7- 
hexadecen - l -o l  ace ta te .  A second f r a g m e n t  fo rmed  d u r i n g  
t he  ozonolysis  of t he  sex p h e r o m o n e  h a d  r e t e n t i o n  t i m e s  
iden t ica l  to  those  of v a l e r a l d e h y d e  on  co lumns  2, 4, a n d  6. 
Therefore ,  t he  sex p h e r o m o n e  was ident i f ied  as one of t he  
4 possible  isomers  of 7, 11 -hexadecad ien - l -o l  ace ta te .  

An ac t ive  isomer,  (Z, E)-7, 11-hexadecadien-1-ol  ace ta te ,  
was  syn thes ized  f rom 3 -oc tyn - l -o l  a n d  6-chloro-1- 
hexano l  as s t a r t i ng  ma te r i a l s  w i t h  a 7 .1% overa l l  yield 
b y  t h e  scheme ou t l ined  in F igure  1. The  o the r  3 i somers  
were also syn thes i zed  by  ana logous  p rocedures  b u t  el ici ted 

a lmos t  no  biological  a c t i v i t y  f rom t i le  males.  The  de ta i l ed  
syn thes i s  will be  r epo r t ed  elsewhere.  The  isomeric  i d e n t i t y  
of t i le  s y n t h e t i c  p h e r o m o n e  was  conf i rmed  b y  spect ro-  
me t r i c  m e a n s  7. Diagnos t i c  peaks  of t he  mass  s p e c t r u m  
and  GC r e t e n t i o n  t imes  on co lumns  2, 4, a n d  5 were 
iden t ica l  for Z -7 - ,E -11 -hexadecad i en - l -o l  a ce t a t e  a n d  
for t h e  i so la ted  n a t u r a l  sex p h e r o m o n e .  

N o  s ign i f ican t  d i f ferences  b e t w e e n  male  responses  to  
t he  n a t u r a l  sex p h e r o m o n e  and  to (Z,E)-7,  11-hexadeca-  
d ien - l -o l  ace t a t e  could be  de t ec t ed  b y  l a b o r a t o r y  bio- 
assay  (Figure 2, pa i red  t = 0.03). A p r e l i m i n a r y  field t e s t  
was  r u n  as follows: Two s t i cky  t raps ,  one b a i t e d  w i t h  
25 ng  of n a t u r a l  a n d  one b a i t e d  w i t h  25 ng  of s y n t h e t i c  
sex p h e r o m o n e  each  i m p r e g n a t e d  on  t i l t e rpape r  str ips,  
were su spended  aga ins t  t h e  walls  of a 6 • 6 • 2.4-m room 
a t  a h e i g h t  of 1.5 m. T h e  loca t ions  of t he  two ba i t ed  t r a p s  
were a l t e r n a t e d  n igh t l y  for 8 n igh t s .  E a c h  n i g h t  100 males  
were re leased in to  t he  cen te r  of t h e  room m i d w a y  t h r o u g h  
t he  10-h scotophase .  Male ca tches  were r ecorded  5 h la ter .  
Used  t raps ,  bai ts ,  a n d  u n t r a p p e d  insects  were d i sca rded  
a f te r  each  test .  T raps  b a i t e d  w i t h  n a t u r a l  and  s y n t h e t i c  
p h e r o m o n e  c a u g h t  21 =z 8 (X =L SD) and  20 • 12 males ,  
respect ive ly ,  each  n ight .  U n t r e a t e d  con t ro l  t r a p s  t e s t ed  
s i m u l t a n e o u s l y  w i t h  t he  t r e a t e d  t r a p s  c a u g h t  3.5 ~ 2 
males  per  n ight .  The  dif ference b e t w e e n  t h e  t r e a t m e n t  
m e a n s  was no t  s ign i f i can t  (t ~ 0.25). W e  the re fore  
conc lude  t h a t  ( Z , E ) - 7 , 1 1 - h e x a d e c a d i e n - l - o l  a ce t a t e  is 
t he  sex p h e r o m o n e  p roduced  b y  t he  female  Angoumoi s  
gra in  mo th .  

Zusammen/assung. Der  Sexual locks tof f  der  Angoumois  
Ge t re idemot t e ,  Sitotroga cerealelIa (Olivier), wurde  als 
( Z , E ) - 7 , 1 1 - t l e x a d e c a d i e n - l - o l  A c e t a t  ident i f iz ier t .  Die 
s y n t h e t i s i e r t e  V e r b i n d n n g  is t  c h r o m a t o g r a p h i s c h ,  spek-  
t roskopisch ,  u n d  v e r h a l t e n s m g s s i g  iden t i s ch  m i t  dem 
y o n  den  W e i b c h e n  p r o d u z i e r t e n  Sexual lockstoff .  
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Fig, 2. Responses of male Angoumois grain moths to the synthetic 
pheromone (solid circles) and the natural pheromone (open circles). 
The 2 treatments were not significantly different (t = 0.03 at 19 df). 

K. W.  VICK s, H. C. F. Su 9, L. L. SOWER s, 
P. G. MAHANY ~ a n d  P. C. DRIJgMOND s 

Insect Attractants, Behavior and Basic 
Biology Research Laboratory, USDA Agric. Res. Serv., 
P.O. Box ld565, Gainesville (Florida 32604, USA) ; and 
Stored-Product Insects Research and Development 
Laboratory, USDA, Agric, Res, Serv., Savannah 
(Georgia 31403, USA), 10 July 1973. 

5 We thank J. H. TUMLINSON, Insect Attractants Laboratory, 
Gainesville, Fla., and J. NELSON and F. MATSUMUkA, Entomology 
Dept., University of Wisconsin, Madison, Wisconsin, for the mass 
spectra of the isolated female sex pheromone. 

G M, BEROZA and B. A. BI~RL, Analyt. Chem. 39, 1131 (1967). 
7 We thank J. H. TUMLI~SON and R. R. HEATH for confirming the 

location and configuration of the double bonds in the synthetic 
sex pheromone. The double bonds were individually epoxidized 
sad examined by IR, NMR, and chemical ionization mass 
spectrometry. This technique will be published shortly. 
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Oxidized Furanoterpenes from the Sponge Spongia officinalis 
Prev ious  work  t,~ on  t h e  sponge  Spongiao[/icinalis 

has  resu l ted  in t he  i so la t ion  of 6 closely r e l a t ed  l inear  
C21-difuranoterpenes,  all  possess ing t h e  same c a r b o n  skel- 
e ton.  An  accu ra t e  ana lys i s  of t he  more  po la r  f rac t ions  f rom 

t h e  m e t h a n o l i c  e x t r a c t s  of S. o/[ieinalis has  now led to  t h e  
isolat ion,  in  sma l l  a m o u n t ,  of 4 C~t -monofuranote rpenes ,  
closely r e l a t ed  to  furospongin-1  (1) 1, t h e  m a j o r  C~I- 
t e rpene  c o m p o n e n t  of t i le same sponge,  w i t h  1 fu ran  r ing  


