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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). 
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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  
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modif ied  as a y-hydroxy-c~, f l -butenol ide  (2-5). I n  a d d i t i o n  
we h a v e  also o b t a i n e d  a m i x t u r e  of 4 more  less-polar  fl, 
F -epoxybu teno l ides  (6-9) wh ich  v e r y  read i ly  undergoes  
decompos i t ion  to t h e  p rev ious  y-hydroxy-~ ,  f i -butenol ides  
(2-5). 

E x t r a c t i o n  of Spongia officinalis (350 g, d r y  wt.  a f t e r  
ex t rac t ion)  a n d  t he  s u b s e q u e n t  SiO 2 co lumn  c h r o m a t o g -  
r a p h y  were descr ibed  prev ious ly~;  a f t e r  r e m o v i n g  t he  
C~l-d i furanoterpenes  b y  w as h i ng  t he  co lumn  w i t h  
benzene,  e lu t ion  w i t h  benzene  and  increas ing  a m o u n t s  
of e t h e r  y ie lded t he  /3, y - epoxybu teno l ide  (ca. 50 rag) 
a n d  t he  y-hydroxy-~ ,  f l -butenol ide  (ca. 200 rag) frac- 
t ion,  in  t h a t  order.  

y-Hydroxy-cqfl-butenolide [faction (2-5). This  was  
resolved  in to  2 Ehr l i ch -pos i t i ve  f ract ions ,  ill approx i -  
m a t e l y  equa l  p ropor t ions ,  b y  TLC on silica gel in benzene  : 
e t h e r  (4: 1), R f  0.3 a nd  0.2, respect ively .  A t t e m p t s  to  ob- 
t a i n  single c o m p o n e n t s  were fruit less.  B o t h  f rac t ions  gave  
s u b s t a n t i a l l y  iden t ica l  MS w i t h  a molecu la r  ion a t  
role 362 a n d  p r o m i n e n t  peaks  a t  role 213, 181 and  150, 
I R  w i t h  abso rp t ions  for O H  (3450-3200 cm-~), CO 
(1755 cm -1) a n d  doub le  b o n d s  (1640 cm-~), a n d  U V  
(,~ma~ 223 nm,  log e = 3.96). The  N M R - s p e c t r a  of b o t h  
f r ac t ions  showed signals  co r re spond ing  to  those  ass igned 
in  t he  s p e c t r u m  of furospongin-1  (1) to  a # - s u b s t i t u t e d  
f u r a n  r ing  (1H b r o a d  s ingle ts  a t  6 7.25, 7.13 a n d  6.18), 
a C H O H  group  (1H, b r o a d  m u l t i p l e t  a t  $ 3.70, H-11) ,  
a v iny l  m e t h y l  (6 1.61, d, J = 2Hz), a n d  a see-methyl 
(0.89, J = 6Hz). 

I n  t he  low-field region of t h e  spec t rum,  t h e  less-polar  
f ract ion,  Rf  ca. 0.3, showed 2 b r o a d  doub le t s  (1H each, 

J = 2 Hz) a t  ~ 6.78 a n d  5.88, wh ich  can  be ass igned to  
a n  c~-snbstituted-y-hydroxy-or sys t em a,a in  
a g r e e m e n t  w i t h  the  IR-  a n d  UV-da t a ,  a n d  w i th  t he  fo rma-  
t ion  of a d i ace t a t e  5 on  t r e a t m e n t  w i t h  acet ic  a n h y d r i d e  
in cold pyr id ine .  All  these  d a t a  Call r e a s o n a b l y  be in te r -  
p re t ed  in t e r m s  of t he  s t r u c t u r e s  (2) and  (3) for  t he  less- 
po la r  f ract ion,  in  wh ich  one of t he  f i - subs t i tu ted  fu ran  
r ings  of furospongin-1  (1) is modi f ied  as a ~ - subs t i t u t ed -  
y-hydroxy-~ , f i -bu tenol ide .  The  f r a g m e n t a t i o n  p a t t e r n  
in t he  MS conf i rmed  t h a t  th i s  f r ac t ion  is a c tua l l y  a 
m i x t u r e :  peaks  a t  role 1506 a n d  213 are  assoc ia ted  w i t h  
(2), o r ig ina t ing  b y  c leavage  of t he  10, l 1-bond,  whi le  
the  peak  a t  m/e 181 is assoc ia ted  w i t h  (3) ar i s ing  b y  
c leavage  of t he  same  10,11-bond.  

The  m i x t u r e  of i somers  (2) and  (3) was  d i rec t ly  cor- 
r e l a t ed  w i t h  fu rospongin-1  (1). N a B H  4 r educ t i on  of t he  
m i x t u r e  (2) a n d  (3) gave  a m i x t u r e  of t he  co r r e spond ing  
ct, # - u n s a t u r a t e d  y- lactones,  wh ich  was cha rac t e r i zed  as 
mixed  a c e t a t e s L  The  y- lacfone func t i on  was reduced  
w i t h  d i - i sobu ty l  a l u m i n i u m  h y d r i d e  in t e t r a h y d r o -  
fu ran  s, to  af ford  a d i fu rano  d e r i v a t i v e  i nd i s t i ngu i shab le  
f rom furospongin-1  ace t a t e  b y  TLC, GLC (1% SE-30 ~ 
a n d  NMR.  

The  s l igh t ly  more  po la r  f ract ion,  Rf  ca. 0.2, c o n t a i n e d  
a m i x t u r e  of (4) a n d  (5), ill wh ich  one of t he  f u r a n  r ings  
of furospongin-1  (1) is oxidized to  a f l - subs t i tu ted-y-  
hydroxy-~ ,  fl-butellolide.  The  100 MHz  N M R - s p e c t r u m  
is r e m a r k a b l y  s imi la r  to  t h a t  of furospongin-1  (1), 
excep t  t h a t  t he  resonances  a r i s ing  f rom one #- furan  
r ing in t he  l a t t e r  are  rep laced  b y  those  of a v iny l  a n d  a 
CHOH p r o t o n  a t  b 5.9 and  5.8, r e spec t ive ly  (each a 
b r o a d  s ing le t ;  see fo rmulae  4 a n d  5)3. Chemica l  con- 
f i r m a t i o n  was s imi la ry  ach ieved  b y  d i rec t  cor re la t ion  9 
w i t h  furospongin-1  (1). 

#,y-Epoxybutenolide /raction .(6-9). This  f r ac t ion  
shows I R - a b s o r p t i o n  for a s a t u r a t e d  7- lac tone  r ing  
(1790 cm-1),  whi le  t he  U V - s p e c t r u m  exh ib i t s  a m a x i m u m  
a t  216 nm,  log e = 3.45 ( furan  ch romophore ) .  I t s  N M R -  
s p e c t r u m  has  t he  same  fea tu res  as t h a t  of furospongin-1  
(1) excep t  t h a t  r esonances  ar i s ing  f rom one f l - subs t i tu ted  
fu ran  r ing  in (1) are rep laced  b y  s ignals  a t  b 5.44 (d, 
J = 2 Hz,  0.SH), 5.20 (m, 0.SH), 3.70 (t, J = 2Hz, 
0.SH), 2.70 (m, 0.5H) and  2.46 (ill, 1H), t h u s  sugges t ing  

1 G. CIMINO, S. DE STEFANO and L. ~[INALE, Tetrahedron 27, 4673 
(1971). 
G. CtMINO, S. DE STEPHANO and L. IV[I~AI~E, Tetrahedron 28, 267 
(3972). 

8 j. M. F~RLAND, Y. LEFEBVRE, R. DEGHE~Om and K. W~ESN~R, 
Tetrahedron Lett. 7986, 3617. 

4 B. A. BURKE, W. R. CHAN, K. E. MAGNUS and D. R. TAYLOR, 
Tetrahedron 25, 5007 (1969). 

5 The mixture of the acetates of (2) and (3) has the following 
spectra features: MS, role 446 (M+), 386, 326; IR, v~a~ 1770 and 
1728 cm-l; NMR, 6 6.78 (2H, broad singlet, protons of the buten- 
olide moiety)% 2.1 and 1.92 (each 3H singlets, CH3CO- ). 

6 ]t should be noted that the peak at role 150 originates by cleavage 
of the 10, l l-bond and H transfer; the same strong peak is equally 
apparent in the mass spectrum of furospongin-1 (1)1. 

7 The mixture of 0c, E-unsaturated y-Iactone acetates derived from 
(2) and (3) has the following properties: MS, M+/e 388; NMR, 
6~ 7.10 (1H, t, J = 2 Hz, -CH-C-C-O) and 4.68 (2H, narrow 
Inultiplet, -CH2-O-C=O)* coupled to each other, and confirmed 
by decoupling experiments; IR v,~= 1750 (cr fl-unsaturated 
7-1actone), 1730 (acetate) and 1690 (C=C). 

s H. MINATO and T. NAGASAKI, J. chem. Soe. (C) 7966, 377. 
The mixture of ct, ~-unsaturated y-lactones, obtained by NaBH 4 
reduction of the mixture of Iactols (4) and (5), was also characteriz- 
ed as the acetates: MS, M+/e 388; NMR, ~ 5.74 (1H, narrow 
multiplet, C=CH-C-O) ~0 and 4.61 (2H, narrow inultiplet, -CH2 C=- 
O); IR, v~= 1750 (0~, fl-unsaturated T-Iactone), 1730 (acetate) 
and 1685 (C=-C). 
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t ha t  this fract ion is a mix ture  of a least  two components .  
This was confirmed by  the  MS, which showed the  same 
molecular  ion (m/e 362; 7%) as t ha t  of the  y-hydroxy-  
-e, fi-butenolides and an ident ical  f ragmenta t ion  pa t t e rn  
wi th  s trong peaks at  m/e 213 (80%), 181 (75%) and 150 
(100%) n. A t t emp t s  at  separat ion by SiO~ chromatog-  
r aphy  resulted in the isolation of the  mix ture  of (2- 
5), as indicated by  I R  and NMR.  Acety la t ion  of (6-9) 
gave the  mix tu re  of y-acetoxy-~,  fl-butenolide acetates.  
All these da ta  are const i tent  wi th  s t ructures  (6-9), 
and the  NMR-signals,  l is ted above, can be reasonable 
assigned to the  15, y-epoxybutenol ide  moieties as indicated 
in formulae (6) and (9). Pro tons  a t  d 5.44 and 3.70 are 
coupled to each other, as confirmed by  decoupling ex- 
per iments .  

Terpenoids wi th  different  s tates of oxidat ion  of the  
furan ring are known 4,~2,~3, bu t  the i r  s tatus as na tura l  
products  is uncertain.  I t  is established~*-~ t h a t  a lkylat-  
ed fnrans give au tox ida t ion  products  of type  (10), and 
evidence has been accumula ted  tha t  such photo-oxida-  
t ions proceed v ia  ozonides, which, in a few cases, have  
been isolated. Moreover,  the  co-occurrence in a specimen 
of CedreIa odorata of gedunin and photogedunin,  in which 
la t te r  the  furan ring is oxidized to a y-hydroxy-a,  fi- 
butenolide,  has been reported recent ly  4. 

The  mode of isolation of photogedunin,  and its absence 
~rom other  samples of Cedrela in which gedunin was 
present,  led the  authors  ~ to  suggest t ha t  the  photo-  
oxidat ion  of the  furan ring migh t  occur in vivo.  

Ex t r ac t i on  of a sample of Spongia o/]icinalis in the 
dark  gave both  7-hydroxy-  and fl, 7-epoxybutenol ide  
fractions, while f rom a methanol ic  solution of furospon- 
gin-I  (1) we were unable  to detect  any of the above 
oxidized der iva t ives  after exposure to light.  This indicates 
t h a t  at  least  the  fi, y-epoxybutenol ides  (6-9) are genuine 
na tura l  products  and tha t  possibly the oxidat ion  of the  
furan rings migh t  occur th rough epoxidat ion steps as 

(lO) 

indicated in Scheme 1, in contras t  to photo-oxida t ion  
in vitro15 (the spontaneous  isomerizat ion of arena oxides 
to phenols is well documentedlT).  

Final ly  we wan t  to emphasise  tha t  fi, ;~-epoxybuteno- 
lides are compounds  of a type  not  previous ly  encountered.  

Riassunto. L' i so lamento  dalla Spongia o//icinalis di 
ot to  C21 monofuranoterpeni ,  s t r e t t amen te  correlat i  alla 
furospongina-1 (1), il componente  terpe__ico pifi abbon- 
dante  della stessa spugna, per  qua t t ro  dei qual i  si di- 
mos t rano  le s t ru t tu re  di ?-idrossi-~,fi-butenolidi (2-5) 
e per gli al tr i  qua t t ro  le s t ru t tu re  di fl ,y-epossibutenolidi 
(6-9), sembra  r i levante  in connessione col p rob lema della 
ossidrilazione dei substra t i  a romat ic i  in vivo.  
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H e m i n  as  a C a t a l y s t  for  C h e m i l u m i n e s c e n c e  

The chemiluminescence produced by  the  react ion of 
luminol  (5-amino-2,3-dihydro-l ,4-phthalazinedione)  in a 
basic solution in the  presence of hydrogen  peroxide  and 
ca ta lyzed by p ro tohemin  (protoporphyrin I X  iron I I I  
chloride) has been well  studied. The actual  mechanism 
of the  reaction, however,  is not  thoroughly  understood.  
The purpose of this invest igat ion was to de termine  the  
effect of the  chemical  modif icat ion at  the  2 and 4 positions 
of p ro tohemin  on its abi l i ty  to cata lyze the decomposi t ion 
of luminol.  

W h e n  the  v inyl  side chains of heroin are modified,  
var ious electronic effects have  been observed through 
examina t ion  of the  absorpt ion spectra in solvents  of 
va ry ing  polari ty,  at  different  p H  values and as pyr idine 
hemochromogens.  Changes in bo th  in tens i ty  and posi t ion 
of the absorpt ion m a x i m a  occur and the  degree of to r te -  

la t ion be tween ca ta ly t ic  and absorp t ive  changes is con- 
sidered. 

The assays for chemiluminescence were done  according 
to the  me thod  of NEUFZLD et al 1. The  salient features of 
the  ins t rument  used are : a holder  for the  tes t  tube  which is 
l ight- t ight ,  a camera  shut ter  t h a t  permi ts  changing sample 
tubes wi thou t  tu rn ing  off the  high vol tage  to the  photo-  
tube,  and a housing for the  phototube .  We used e i ther  a 
RCA IP28, IP21, or an E M I  9635 photo tube  ; ampl i f ica t ion 
was provided  by a Sanborn  preamplif ier  model  150-1500. 
The  da ta  were recorded on a Sanborn  151 recorder. The  
react ion is t r iggered by  the inject ion of H20  ~ into a test  
tube  containing alkaline luminol,  EDTA,  and the  catalyst .  

1 H. A. NEUFELD, C. J. CONKLIN and R. D. TOWNER, Analyt. Bio- 
chem. 12, 303 (1965). 


