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Volatile 

ABSTRACT 

compounds which are attractive for the rusty grain 

beetle, Cryptolestes ferrugineus, have been shown to be derived 

from fungus-infected wheat, the beetles themselves and beetle- 

produced frass. Volatiles from male beetles and from frass pro- 

duced by male beetles elicit the response of both sexes and thus 

males produce a true aggregation pheromone. Only females respond 

to the odor of females. 

Porapak Q has been found to be an efficient adsorbent in 

which to trap these attractive compounds. Soxhlet extraction of 

the odor laden Porapak Q with pentane removed all of the attrac- 

tants. Fractionation, by preparative gas-liquid chromatography, 

of pentane extracts of Porapak Q-entrapped volatiles from 

beetle-produced frass coupled with comparative bioassays have 

shown that aggregation is induced by a pheromone complex of 

two to four compounds. Two of these compounds have the composi- 

tions C H 0 and C1,+H2402. Spectral data indicate that these 12 20 2 

two attractants are probably esters or lactones. The third 

attractant, the major component of the pheromone, has been identi- 

fied as 10-hydroxy-4,8-dimethy1,4-E,8-E,decadienoc acid'lac- 

tone(1). - A seven-step synthesis starting from geraniol was 

successfully conducted to yield - I in 0.17% overall yield. 
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I .  INTRODUCTION 

The r u s t y  g r a i n  b e e t l e ,  C r y p t o l e s t e s  f e r r u g i n e u s  ( S t e p h e n s )  

( ~ o l e o p t e r a : C u c u j i d a e ) ,  i s  a  major  i n s e c t  p e s t  o f  s t o r e d  g r a i n  i n  

1 
Canada . It  i s  t h e  most s e r i o u s  p e s t  o f  s t o r e d  wheat  i n  t h e  

2 p r a i r i e  p r o v i n c e s ,  d e v o u r i n g  t h e  p r o t e i n  c o n t a i n i n g  wheat  germ . 
3 I t  c a u s e s  h e a t i n g  i n  wheat and i s  o f t e n  found i n  a s s o c i a t i o n  

4 
w i t h  wheat-damaging fungus  . 

C .  f e r r u g i n e u s  was t h e  most f r e q u e n t l y  found i n s e c t  i n  a 

5 survey  o f  f a r m - s t o r e d  g r a i n  and i s  o f t e n  found i n  g r a i n  e l e -  

2 
v a t o r s ,  box c a r s  and c a r g o  s h i p s  . I t  i s  o f t e n  found i n  g r a i n  

6 
e x p o r t e d  t o  G r e a t  B r i t a i n  from Canada and does  much damage t o  

7 s t o r e d  g r a i n  i n  Grea t  B r i t a i n  . Because o f  t h e  damage i t  c a u s e s  

and because  o f  s t i p u l a t i o n s  i n  t h e  Canada Grain  Act  t h a t  g r a i n  

be  f r e e  f rom i n s e c t  i n f e s t a t i o n s ,  t h e  r u s t y  g r a i n  b%efl-e i s  a 

major  c o n c e r n .  

Traps  c u r r e n t l y  used  t o  d e t e c t  - C .  f e r r u g i n e u s  i n  s t o r e d  

g r a i n s  and i n  b o x ' c a r s  r e l y  on p a s s i v e  e n c o u n t e r s  o f  t h e  b e e t l e s  

8 
w i t h  t h e  t r a p s  . I n  t e r m i n a l  g r a i n  e l e v a t o r s ,  t h e  vacuum sample 

d e l i v e r y  sys tem u s e d  f o r  d e t e c t i o n  k i l l s  7 0 %  o f  t h e  b e e t l e s  

9 
b e f o r e  t h e y  c a n  be obse rved  . S i n c e  o t h e r  s t o r e d  g r a i n  b e e t l e s  

u t i l i z e  pheromones10, t h e  p o s s i b i l i t y  e x i s t s  t h a t  pheromones 

cou ld  be used  t o  d e t e c t  - C .  f e r r u g i n e u s .  

C .  f e r r u g i n e u s  i s  known t o  b e  a s s o c i a t e d  w i t h  fungus-  - 

i n f e c t e d  g r a i n .  Of t w e n t y - t h r e e  s p e c i e s  o f  f u n g i  which were i s o -  

l a t e d  from s t o r e d  wheat  and t e s t e d  as f e e d i n g  media  and o v i -  

p o s i t i o n  s j t e s  f o r  t h e  r u s t y  g r a i n  b e e t l e ,  Loschiavo and S inha  
4 

showed t h a t  t h e  b e s t  f u n g i  f o r  f e e d i n g  and o v i p o s i t i o n  were 

Nigrospora  s p h a e r i c a ,  Mucor s p h a e r o s p o r u s ,  Hormodendrum 



s 4 
c l a d o s p o r i o i d e s  and C u r v u l a r i a  t e t r a m e r a  . D o l i n s k i  and  - 
Loschiavol1,  w h i l e  s t u d y i n g  t h e  e f f e c t  o f  f u n g i  on t h e  locomo- 

t o r y  b e h a v i o r  o f  t h e  r u s t y  g r a i n  b e e t l e ,  showed t h a t  C .  - 

f e r r u g i n e u s  w a s  a t t r a c t e d  t o  P e n i c i l l i u m  corymbiferum,  

~ c o p u l a r i o p s i s  b r e v i c a u l i s  and  Fusa r ium s p , ,  a l l  o f  which 

4 
o c c u r  i n  s t o r e d  wheat  . 

I f  pheromones o r  f u n g a l  a t t r a c t a n t s  were  a v a i l a b l e  a s  p u r e  

compounds f o r  C .  f e r r u g i n e u s ,  more e f f e c t i v e  d e t e c t i o n  and s u r v e y  

t r a p s  might  b e  d e v e l o p e d  a n d  pheromone-based c o n t r o l  programs 1 2  

m i g h t  be  f e a s i b l e .  T h e  o b j e c t i v e  o f  t h i s  r e s e a r c h  w a s  t o  

i s o l a t e ,  i d e n t i f y  and  s y n t h e s i z e  a t t r a c t a n t s  f o r  t h e  r u s t y  g r a i n  

b e e t l e .  



11. AERATION AND EXTRACTION PROCEDURES AND RESULTS 

A. Procedures  

i. I n t r o d u c t i o n :  

A t t r a c t a n t s  f o r  i n s e c t s  may be  o b t a i n e d  from s e v e r a l  s o u r c e s  

i n c l u d i n g  t h e  i n s e c t s  t h e m s e l v e s ,  h o s t  f e e d i n g  m a t e r i a l ,  as- 

s o c i a t e d  m i c r o f l o r a  and i n s e c t  f r a s s .  Examples of i n s e c t  d e r i v e d  

a t t r a c t a n t s  abound13.  A t t r a c t a n t s  d e r i v e d  from h o s t  f e e d i n g  

m a t e r i a l  have been r e p o r t e d  f o r  C a r p o p h i l u s  spp .  ( C o l e o p t e r a :  

N i t i d u l i d a e )  which are a t t r a c t e d  t o  v o l a t i l e  compounds p r e s e n t  

1 4  
i n  r i p e n i n g  f i g s  . Onion v o l a t i l e s  have  been shown t o  a t t r a c t  

and s t i m u l a t e  o v i p o s i t i o n  f o r  t h e  on ion  maggot ,  Hylemya a n t i g u a  

I n s e c t  f r a s s  i s  a common s o u r c e  o f  i n s e c t  a t t r a c t a n t s .  F r a s s  
- c.L- 

( a  mix tu re  o f  b o r i n g  d u s t  and i n s e c t  f e c e s )  from s e v e r a l  b a r k  and 

t i m b e r  b e e t l e s ,  among them ambros ia  b e e t l e s ,  Trypodendron l i n e a t u m  

and G n a t h o t r i c h u s  s u l c a t u s  (Coleoptera:Scolytidae), have  been 

shown t o  c o n t a i n  s p e c i e s  s p e c i f i c  pheromones 17 ,18  

A l l  of t h e s e  p o s s i b l e  s o u r c e s  a s  w e l l  a s  f u n g u s - i n f e c t e d  

wheat were examined as a t t r a c t a n t  s o u r c e s  f o r  t h e  r u s t y  g r a i n  

b e e t l e .  

ii. E x p e r i m e n t a l  i n s e c t s  and  f r a s s  p r o d u c t i o n :  

C.  f e r r u g i n e u s  c u l t u r e s  were  m a i n t a i n e d  on whole o r  c r a c k e d  - 

wheat and wheat  germ i n  3 .8  R g l a s s  j a r s  a t  27-30 C and 8 0  + 1 0 %  

r e l a t i v e  h u m i d i t y  ( R . H . ) .  The lower  t e m p e r a t u r e  and h u m i d i t y  

l e v e l s  were b e n e f i c i a l  f o r  i n c r e a s e d  f r a s s  p r o d u c t i o n  s i n c e  

f u n g a l  growth w a s  r e d u c e d ;  however,  f e w e r  l a r v a e  o c c u r r e d  u n d e r  

t h e s e  c o n d i t i o n s .  B e e t l e s  f o r  e x p e r i m e n t s  w e r e  s e p a r a t e d  f rom 

t h e  l a r g e r  d i e t  components w i t h  a No. 2 5  s i e v e  and were c o l l e c t e d  



th rough  a  microscope t h e s e  t a i l i n g s  c o n t a i n e d  approx imate ly  50% 

f e c a l  p e l l e t s  on a  volume b a s i s .  The r e m a i n d e r  was made up  o f  

b o r i n g  d u s t ,  cha f f  and l a r v a e  s k i n s .  T h i s  f r a s s  was s t o r e d  i n  

g l a s s  c o n t a i n e r s  u n t i l  needed.  

Numbers of b e e t l e s  i n  l a r g e  samples  were e s t i m a t e d  by volume 

( 1 , 0 0 0  b e e t l e s / @ )  o r  by we igh t  ( 2 . 9  X g / b e e t l e ) .  I f  i n -  

s e c t s  o f  e i t h e r  s e x  w e r e  r e q u i r e d ,  cold- immobi l ized  b e e t l e s  were 

sexed by t h e  p r e s e n c e  o f  t h e  m a l e s '  v e n t r o - l a t e r a l ,  mand ibu la r  

19 
t o o t h  . 

iii. F u n g u s - i n f e c t e d  g r a i n s :  

F u n g u s - i n f e c t e d  g r a i n  was d e r i v e d  from two s o u r c e s .  P r e -  

l i m i n a r y  s t u d i e s  were conduc ted  w i t h  wheat  i n f e c t e d  w i t h  uniden-  

t i f i e d  f u n g i  o f  s e v e r a l  s p e c i e s .  These samples  werg 7 b t a i n e d  

d i r e c t l y  f rom f i e l d  i n f e s t a t i o n s  o f  C.  f e r r u g i n e u s .  - 

I n  s u b s e q u e n t  work, g r a i n  i n f e c t e d  w i t h  a  s i n g l e  s p e c i e s  

of f u n g i  was u s e d ,  Samples o f  pure  i d e n t i f i e d  f u n g i  ( A s p e r g i l l u s  

f l a v u s  and P e n i c i l l i u m  corymbiferum) on a g a r  were o b t a i n e d  from 

-i- D r .  J .  M i l l s  . I n i t i a l l y ,  e a c h  f u n g a l  s p e c i e s  t o  be  used  was 

s c r a p e d  from t h e  a g a r  w i t h  a s t e r i l e  w i r e  l o o p  and t r a n s f e r r e d  t o  

a 2 R Erlenmeyer  f l a s k  c o n t a i n i n g  -1,000 g  o f  a u t o c l a v e d  

B u c k e r f i e l d ' s  Hard Red S p r i n g  Canada No. 1 wheat  ( 2 0 %  m o i s t u r e  

c o n t e n t ) .  The f l a s k s  o f  g r a i n  were a l l o w e d  t o  s t a n d  a t  29 + 1 • ‹ C  

and 7 0  2 5 %  r e l a t i v e  h u m i d i t y  and s h a k e n  d a i l y  f o r  two weeks. 

L a t e r ,  t o  i n c r e a s e  t h e  amount o f  f u n g u s - i n f e c t e d  g r a i n ,  one 

~ ~ k i c u l t k e  Canada Resea rch  S t a t i o n ,  Winnipeg, Manitoba. 



5  

g a l l o n  g l a s s  c o n t a i n e r s ,  e a c h  h o l d i n g  3,000 g  o f  wheat ,  were 

i v .  Bioassay  development:  

Once an  odor  s o u r c e  h a s  been o b t a i n e d ,  v o l a t i l e s  f r o m . t h e  

odor  s o u r c e  must be t e s t e d  f o r  b i o l o g i c a l  a c t i v i t y ,  u s u a l l y  by 

measur ing  t h e  b e h a v i o r a l  r e s p o n s e s  of t h e  i n s e c t s  t o  t h e  v o l a -  

t i l e s .  

I n i t i a l  s tudies1 '  t e s t e d  t h e  locomotory  b e h a v i o r  o f  C .  

f e r r u g i n e u s  t h r o u g h  a column of wheat  t o  f u n g a l  o d o r s .  T h i s  

method was l a b o r - i n t e n s i v e  and t i m e  consuming ( b i o a s s a y s  t a k e  48  h )  

s o  a  s i m p l e ,  more r a p i d  b i o a s s a y  method was developed based on a n  

20 open a r e n a ,  a i r f l o w  o l f a c t o m e t e r  . T h i s  a p p a r a t u s  wa.s main- 

t a i n e d  a t  2 0  + 2 C and v a r i a b l e  r e l a t i v e  humid i ty  i n  a  room 

r e s e r v e d  f o r  o l f a c t o r y  e x p e r i m e n t s .  An aquar ium pump f o r c e d  a i r  - a - 
a t  0.5-1 R/min t h r o u g h  tygon  t u b i n g  i n t o  a 125 mR Erlenmeyer 

f l a s k  c o n t a i n i n g  t h e  o d o r  s o u r c e .  The a i r  passed  o u t  o f  t h e  

f l a s k  t h r o u g h  g l a s s  t u b i n g  which f e d  t h e  a i r  h o r i z o n t a l l y  o v e r  a 

p a p e r  a r e n a  s u r f a c e .  The p a p e r  w a s  changed f o r  each  new s t imu-  

l u s .  . 

The o l f a c t o m e t e r  was l a t e r  m o d i f i e d  t o  u s e  a  compressed a i r  

c y l i n d e r  i n s t e a d  o f  t h e  aquar ium pump. T h i s  avo ided  r e c y c l i n g  

t h e  room a i r  t h r o u g h  t h e  a p p a r a t u s .  The tygon t u b i n g  w a s  r e -  

p l a c e d  w i t h  copper ,  b r a s s  and g l a s s  t u b i n g .  The Erlenmeyer f l a s k  

was r e t a i n e d  f o r  b u l k  o d o r  s o u r c e s ,  b u t  t o  e n s u r e  more un i fo rm 

s t i m u l u s  l e v e l s ,  e x t r a c t  s t i m u l i  were  d e l i v e r e d  f o r  e a c h  r e p l i -  

c a t e  t h r o u g h  d i s p o s a b l e  5 cm l o n g ,  11 mrn O . D .  g l a s s  t u b e s  con- 

t a i n i n g  a $oiled, unwaxed f i l t e r  p a p e r  impregna ted  w i t h  t h e  ex- 

t r a c t .  The p a p e r  a r e n a  w a s  r e p l a c e d  by a 7.5 X 7 .5  c m  g l a s s  



p l a t e  which was changed f o r  each  new s t i m u l u s  and  washed w i t h  

a c e t o n e  p r i o r  t o  r e - u s e .  The a i r  o u t l e t  was 1 mm f rom t h e  

a r e n a  s u r f a c e .  

B ioassay  b e e t l e s  were h e l d  i n  25 mR g l a s s  v i a l s  and r e l e a s e d  

i n  r e p l i c a t e  g roups  of  10-50, 4  c m  downwind o f  t h e  a i r  o u t l e t .  

~ e s p o n d i n g  b e e t l e s  walked upwind. They were c o n s i d e r e d  t o  be 

r e s p o n d e r s  o n l y  i f  w i t h i n  t w o ' m i n u t e s  t h e y  e n t e r e d  a 1 X 0.5 cm 

r e c t a n g l e  i n  f r o n t  o f  t h e  a i r  o u t l e t  and were  headed upwind. 

A f t e r  u s e  t h e  b e e t l e s  were r e t u r n e d  t o  t h e i r  25 mR g l a s s  h o l d i n g  

v i a l ,  which w a s  p l a c e d  a t  t h e  end  o f  a r o t a t i o n  o f  a t  l e a s t  seven  

o t h e r  v i a l s .  There was no e v i d e n c e  t h a t  t h i s  p r o c e d u r e  r e s u l t e d  

i n  v a r i a t i o n  i n  r e s p o n s e  th rough  t i m e .  

v .  P r e l i m i n a r y  b i o a s s a y  r e s u l t s :  

Fo l lowing  t h e  development o f  t h e  a r e n a  a i r f l o w  o l f a c t o m e t e r ,  - C. - 

t h e  v a r i o u s  o d o r - s o u r c e s  were t e s t e d  f o r  a t t r a c t i v e n e s s  f o r  t h e  

r u s t y  g r a i n  b e e t l e .  The e x p e r i m e n t s  were performed as o u t l i n e d  

i n  T a b l e  I. The f i r s t  two u t i l i z e d  b e e t l e s  as s t i m u l u s  s o u r c e s .  

The l a s t  one a s s e s s e d  t h e  a t t r a c t i v e n e s s  o f  frass. The b i o a s s a y s  

f o r  a l l  t h e  e x p e r i m e n t s  were comple ted  w i t h i n  s e p a r a t e  l - 4 , h o u r  

s e s s i o n s .  A l l  d a t a  f o r  e a c h  exper iment  were p o o l e d  and  compared 

w i t h  X2 t e s t s  i n  which a l l  v a l u e s  were compared i n  a l l  p o s s i b l e  

p a i r s .  S i n c e  f u n g u s - i n f e c t e d  g r a i n  was a l r e a d y  known t o  b e  a t -  

t r a c t i v e  f o r  -- C .  f e r r u g i n e u s 4 ,  it w a s  n o t  b i o a s s a y e d  a t  t h i s  t i m e .  

Exper iments  1 and 2 were conduc ted  t o  d e t e r m i n e  i f  t h e  odors  

of - C. f e r r u g i n e u s  p o p u l a t i o n s  o f  d i f f e r e n t  s i z e s  and s e x e s  were 

a t t r a c t i v e  t o  b e e t l e s  o f  e i t h e r  o r  b o t h  s e x e s .  I n  t h e  f i r s t  

exper iment  ' the o d o r  of 5,000 r u s t y  g r a i n  b e e t l e s  o f  mixed s e x e s  

a t t r a c t e d  b e e t l e s  o f  b o t h  s e x e s .  I n  Experiment  2 ,  t h e r e  were 
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s i g n i f i c a n t  r e s p o n s e s  t o  2 , 2 0 0  and 1 ,100  b e e t l e s ,  b u t  n o t  t o  

500 b e e t l e s .  These r e s u l t s  p r e s e n t  s t r o n g  e v i d e n c e  t h a t  C .  - 

f e r r u g i n e u s  u t i l i z e s  a n  a g g r e g a t i o n  pheromone. Aggrega t ion  

pheromones are c h e m i c a l s  produced by e i t h e r  ma les  o r  f emales  

which cause  o t h e r  members o f  t h e  same s p e c i e s  t o  a g g r e g a t e  i n  a  

2 1  p a r t i c u l a r  a r e a  . F o r  - C .  f e r r u g i n e u s ,  a s  w e l l  a s  o t h e r  

C o l e o p t e r a ,  such  pheromones may have a r i s e n  a s  mechanisms which 

c a u s e  a g g r e g a t i o n  a t  a s u i t a b l e  food s o u r c e .  T h i s  a g g r e g a t i o n  

pheromone may a c t  i n  c o n j u n c t i o n  w i t h  f u n g a l  v o l a t i l e s  t o  p r o -  

mote p o p u l a t i o n  b u i l d - u p  i n  g r a i n  s u i t a b l e  f o r  h a b i t a t i o n .  

Experiment  2 shows t h a t  t h e  minimum number of  s t i m u l u s  

b e e t l e s  n e c e s s a r y  f o r  a s i g n i f i c a n t  r e s p o n s e  i s  r e l a t i v e l y  h i g h .  

This  may be b e c a u s e  t h e  b e e t l e s  produce  v e r y  s m a l l  q u a n t i t i e s  o f  

pheromone o r  because  o f  d e s i g n  problems i n  t h e  o l fa_ctometer .  % - 

R e s u l t s  from Exper iment  3 s u g g e s t  t h a t  t h e  pheromone e x i s t s  

i n  t h e  r u s t y  g r a i n  b e e t l e  f rass  and may b e  produced i n  t h e  a l i -  

2 0  mentary c a n a l  a n d / o r  t h e  Malp igh ian  t u b u l e s  . 
v i .  Methods t o  c a p t u r e  and e x t r a c t  a t t r a c t a n t s :  

The d e m o n s t r a t i o n  t h a t  o d o r  s o u r c e s  were  a t t r a c t i v e  t o  t h e  
,- 

r u s t y  g r a i n  b e e t l e  was f o l l o w e d  by p r e p a r a t i o n  o f  chemica l  ex-  

t r a c t s  c o n t a i n i n g  t h e  a t t r a c t a n t s .  The two main methods o f  

c o l l e c t i n g  a t t r a c t a n t s  from s o l i d  b i o l o g i c a l  m a t e r i a l  a r e  vapour  

en t rapment  and s o l v e n t  e x t r a c t i o n .  

Both o f  t h e s e  methods were examined as o u t l i n e d  i n  T a b l e s  

1 1 - I V .  Exper iments  u s i n g  t h e  vapour  en t rapment  method, i n v o l v e d  

en t rapment  o f  v o l a t i l e s  from a n  odor  s o u r c e - i n t o  Porapak Q 
* 

(ethylvinylbenzene-diuinylbenzene copolymer,  50/80 mesh, Appl ied  

S c i e n c e  L a b o r a t o r i e s ,  I n c . ) .  Porapak Q h a s  been shown t o  c o l l e c t  
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2 2 
v o l a t i l e s  e f f i c i e n t l y  . P r i o r  t o  an e x p e r i m e n t ,  Po rapak  Q 

was c o n d i t i o n e d  by e x t r a c t i o n  w i t h  a n h y d r o u s ,  r e a g e n t - g r a d e  

e t h e r  i n  a S o x h l e t  e x t r a c t o r  f o r  a  minimum o f  15  h o u r s  a n d ,  

a f t e r  e v a p o r a t i o n  of r e s i d u a l  e t h e r ,  w a s  s t o r e d  i n  g l a s s -  

s t o p p e r e d  b o t t l e s  i n  t h e  d a r k .  F o r  t h e  c a p t u r e  o f  b e e t l e - p r o -  

duced  v o l a t i l e s ,  l a r g e  numbers o f  b e e t l e s  were p l a c e d  i n  a 2 . 8  R 

s t e r i l i z e d  g l a s s  c u l t u r e  f l a s k  ( F i g u r e  l a ) .  Two S-19 g round  g l a s s  

j o i n t s  were f i t t e d  t o  t h e  t o p  o f  t h e  f l a s k .  From one  o f  t h e s e ,  

s e r v i n g  as an a i r  i n l e t ,  1 0  mm O . D .  g l a s s  t u b i n g  e x t e n d e d  t o  

w i t h i n  2 cm o f  t h e  b o t t o m  o f  t h e  f l a s k .  A 55/44  ground g l a s s  

j o i n t  n e a r  t h e  t o p  o f  t h e  f l a s k  p e r m i t t e d  a c c e s s .  Po rapak  Q- 

f i l l e d  g l a s s  t u b e  t r a p s  ( 2 . 4  cm O . D .  X 2 0  cm) were  f i t t e d  w i t h  

S-19 f ema le  and  m a l e  g round j o i n t s  on  t h e  t o p  and  b o t t o m ,  r e s -  

p e c t i v e l y .  A c o a r s e ,  s i n t e r e d  g l a s s  d i s k  w a s  s e a l e d  i n s i d e  e a c h  

t u b e  a t  t h e  bot tom.  These  t u b e s  h e l d  a p p r o x i m a t e l y  2 6  g  o f  

Porapak  Q .  A smaller  P o r a p a k  Q - f i l l e d  t r a p  ( 2 . 4  cm O . D .  X 1 2  cm) 

w a s  a t t a c h e d  t o  t h e  f l a s k  i n l e t  and  s e r v e d  as a n  a i r  s c r u b b e r .  

To a v o i d  Porapak  c o n t a m i n a t i o n ,  s t o p c o c k  g r e a s e  w a s  n o t  a p p l i e d  

t o  ground g l a s s  j o i n t s ,  wh ich  s e a l e d  f i r m l y  i f  k e p t  c l e a n .  A i r  

w a s  drawn w i t h  a water a s p i r a t o r  a t  a r a t e  o f  1 - 2  Rlmin (measured  

a t  t h e  i n l e t  w i t h  a Brooks  F l o w m e t e r ) ,  t h r o u g h  w a t e r  ( t o  p r e v e n t  

d e s i c c a t i o n  o f  t h e  b e e t l e s ) ,  t h r o u g h  t h e  s c r u b b e r ,  o v e r  t h e  

b e e t l e s  and f i n a l l y  t h r o u g h  t h e  l a r g e r  t r a p .  C o l l e c t i o n  o f  

b e e t l e  r e l e a s e d  v o l a t i l e s  u s u a l l y  i n v o l v e d  3-5 a e r a t i o n s ,  e a c h  

l a s t i n g  2 -4  d a y s .  The b e e t l e s  were  a l l o w e d  t o  f e e d  f o r  a t  l e a s t  

two d a y s  be tween a e r a t i o n s .  
e 

To c a p t u r e  f r a s s ,  whea t  o r  wheat  germ v o l a t i l e s ,  t h e  o d o r  

s o u r c e  w a s  g round  w i t h  a m o r t a r  and  p e s t l e  and  p l a c e d  i n  a g l a s s  



F i g u r e  1 

A e r a t i o n  a p p a r a t u s  u s e d  f o r  Po rapak  Q t r a p p i n g  o f  b e e t l e  p roduced  

v o l a t i l e s  (a) and  f r a s s ,  whea t  o r  wheat  germ v o l a t i l e s  ( b ) .  
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tube ( 3 . 5  cm O . D .  X 45 cm) f i t t e d  wi th  S-19 female and male 

ground j o i n t s  on each  end ( F i g u r e  l b ) .  A coa r se  s i n t e r e d  

g l a s s  d i s k  w a s  s e a l e d  i n s i d e  t h e  t ube  a t  t h e  end ( female  j o i n t ) .  

Near t h e  t u b e  i n l e t  a 2 4 / 4 0  j o i n t  pe rmi t t ed  a c c e s s .  This  t u b e  

he ld  approximately  1 6 0  g  o f  odor  sou rce .  A Porapak Q - f i l l e d  

sc rubber  was a t t a c h e d  t o  t h e  i n l e t  end and a  l a r g e r  Porapak Q 

t r a p  was connected t o  t h e  o t h e r  end. A i r  was drawn through  t h e  

system wi th  a wa te r  a s p i r a t o r  a t  approximately  1 R/min f o r  7 t o  

1 4  days.  

To c a p t u r e  v o l a t i l e s  from fungus- infec ted  wheat ,  t h e  i n -  

f e c t e d  wheat was p l aced  i n  one t o  f o u r  s t e r i l i z e d  g l a s s  chambers 

(approximately  3,000 g  of  wheat p e r  chamber). The two-piece ,  

c y l i n d r i c a l  chambers ( 1 5 . 5  cm I . D .  X 2 7  cm) were f i t t e d  w i th  a 

1 .5  cm wide ground g l a s s  f l a n g e  about  9 cm from the- t 9 p r  The two 

p ieces  were h e l d  t o g e t h e r  by two p l a s t i c  r i n g s  t h a t  r e s t e d  on t h e  

f l ange  and were drawn t o g e t h e r  by f o u r  screws.  The t o p  and bottom 

of t h e  chamber were f i t t e d  w i t h  c e n t e r e d  S-19 female and male 

s p h e r i c a l  ground j o i n t s .  A P o r a p a k - f i l l e d  s c rubbe r  w a s  a t t a c h e d  

t o  t h e  t o p  o f  t h e  chamber. The chambers were suppor ted  i n  a 

s t and  s o  t h a t  t h e  l a r g e  Porapak Q t r a p  could be connected ve r -  

t i c a l l y  t o  t h e  bottom o f  t h e  chamber. A i r  w a s  drawn through t h e  

chamber by a s u c t i o n  pump connected t o  t h e  bottom o f  t h e  t r a p  a t  

- 2  R/min. I n  exper iments  where more t h a n  one chamber o f  t h e  

same fungus- infec ted  g r a i n  w a s  u sed ,  t h e  chambers were connected 

i n  s e r i e s  u s i n g  g l a s s  connec to r s .  

Pentane (Caledon L a b o r a t o r i e s . L t d . 1  f r a c t i o n a l l y  d i s t i l l e d  
C 

through a 3 0  c m  g l a s s  Dufton column was used t o  e x t r a c t  odor  

l aden  Porapak Q i n  a Soxhle t  e x t r a c t o r  f o r  a t  l e a s t  2 0  hours .  



t? 
C The e x t r a c t  o b t a i n e d  was c o n c e n t r a t e d  t o  a b o u t  5 mR by d i s t i l -  

l a t i o n  of t h e  pen tane  t h r o u g h  a Dufton column. The c o n c e n t r a t e  

w a s  t r a n s f e r r e d  t o  a  g r a d u a t e d  c y l i n d e r  and t h e  volume w a s  

b r o u g h t  up t o  1 0  m i .  T h i s  s o l u t i o n  was t h e n  p l a c e d  i n  g l a s s  v i a l s  

w i t h  T e f l o n - l i n e d  caps  and s t o r e d  i n  t h e  d a r k  u n t i l  u s e d .  

I n  exper iments  where a t t r a c t a n t s  were c a p t u r e d  u s i n g  s o l v e n t  

e x t r a c t i o n  t e c h n i q u e s ,  t h e  o d o r  s o u r c e  was e x t r a c t e d  i n  a  S o x h l e t  

e x t r a c t o r  w i t h  p u r i f i e d  p e n t a n e  f o r  a t  l e a s t  2 0  h o u r s .  The pen- 

t a n e  e x t r a c t  was p r o c e s s e d  a s  p r e v i o u s l y  d e s c r i b e d .  

Exper iment  11 ( T a b l e  IV) was u n d e r t a k e n  t o  d e t e r m i n e  i f  

a t t r a c t i v e  compounds from A s p e r g i l l u s  f l a v u s  i n f e c t e d  wheat  c o u l d  

be  o b t a i n e d  by s team d i s t i l l a t i o n .  I n  t h i s  e x p e r i m e n t ,  1 ,800 mR 

of d i s t i l l e d  w a t e r  w a s  added t o  1 ,300  g  o f  A s p e r g i l l u s  f l a v u s  

i n f e c t e d  wheat  i n  a  5 R f l a s k .  T h i s  m i x t u r e  was d i s t i l l e d  under  - C r -  

reduced  p r e s s u r e  ( u s i n g  a w a t e r  a s p i r a t o r )  w i t h  t h e  f i r s t  500 mR 

o f  d i s t i l l a t e  b e i n g  c o l l e c t e d  i n  a 1 R f l a s k  c o o l e d  i n  a n  a c e t o n e /  

d r y  ice  b a t h .  Th i s  d i s t i l l a t e  was e x t r a c t e d  w i t h  t h r e e  7 5  mR 

p o r t i o n s  o f  p u r i f i e d  p e n t a n e .  A f t e r  b e i n g  washed w i t h  100 mR 

o f  s a t u r a t e d  NaCl s o l u t i o n ,  d r i e d  (MgS04) and f i l t e r e d ,  t h i s  

p e n t a n e  e x t r a c t  was p r o c e s s e d  as p r e v i o u s l y  d e s c r i b e d .  

B.  R e s u l t s  

i. A t t r a c t i v e  e x t r a c t s :  

Tab le  I1 shows t h e  r e s u l t s  o f  e x p e r i m e n t s  des igned  t o  o b t a i n  

p e n t a n e  e x t r a c t s  of  a t t r a c t a n t s  from C .  f e r r u g i n e u s  which a r e  a t -  

t r a c t i v e  t o  t h e  b e e t l e s .  S imple  p e n t a n e  e x t r a c t i o n  o f  t h e  

b e e t l e s  (Exper iment  4)  d i d  n o t  l e a d  t o  a n  a t t r a c t i v e  e x t r a c t .  
C 

T h i s  may i n d i c a t e  t h a t  t h e  b e e t l e s  do n o t  s t o r e  t h e  pheromone 

and ,  i n s t e a d ,  r e l e a s e  i t  s h o r t l y  a f t e r  it  i s  produced.  
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may be v e r y  low and may be below t h e  d e t e c t i o n  l i m i t  f o r  t h e  

b e e t l e s .  Whatever  t h e  r e a s o n s  f o r  t h e  n o n - a t t r a c t i v e n e s s ,  t h i s  

method of  o b t a i n i n g  a t t r a c t i v e  e x t r a c t s  i s  c l e a r l y  n o t  s a t i s -  

f a c t o r y  c o n s i d e r i n g  >20,000 b e e t l e s  were s a c r i f i c e d  i n  t h i s  ex-  

pe r iment .  

Exper iments  5 and 6 ( T a b l e  11) showed t h a t  a t t r a c t i v e  v o l a -  

t i l e s  from a i r  passed  o v e r  l a r g e  b e e t l e  p o p u l a t i o n s  c o u l d  be  

c a p t u r e d  on Porapak Q .  The t h r e s h o l d  s t i m u l u s  c o n c e n t r a t i o n  r e -  

q u i r e d  t o  p roduce  a  r e s p o n s e  g r e a t e r  t h a n  t h e  c o n t r o l  ( p e n t a n e )  

was 2,400 b e e t l e  h o u r s  ( b h r )  i n  Exper iment  5 ,  b u t  o n l y  34 b h r  

i n  Exper iment  6. Th i s  d i f f e r e n c e  may b e  b e c a u s e  b e e t l - e s  i n  

Experiment  5 were a e r a t e d  f o r  f i v e  days  and were  n o t  a l lowed 

two day f e e d i n g  p e r i o d s  between s h o r t e r  a e r a t i o n s  as i n  ,- - Experiment  

6 .  B e e t l e s  d e n i e d  a c c e s s  t o  food p r o b a b l y  p roduce  v e r y  l i t t l e  

f r a s s  a f t e r  t h e  f i r s t  one  o r  two days .  

Tab le  I11 a s s e s s e s  t h e  a t t r a c t i v e n e s s  o f  p e n t a n e  e x t r a c t s  

of  frass and Porapak Q-trapped f r a s s  v o l a t i l e s .  Both of t h e s e  

f r a s s - d e r i v e d  s t i m u l i  w e r e  s i g n i f i c a n t l y  a t t r a c t i v e  t o  - C. 

f e r r u g i n e u s  a t  most  c o n c e n t r a t i o n s .  The t h r e s h o l d  c o n c e n t r a t i o n  

o f  0.67 gram h o u r s  ( g h r )  f o r  t h e  Porapak Q e x t r a c t  i n  Experiment  

8 i n d i c a t e s  t h a t  r e l a t i v e l y  l i t t l e  f r a s s  i s  r e q u i r e d  t o  e l i c i t  a 

p o s i t i v e  r e s p o n s e .  The r e s p o n s e  t o  t h e  most c o n c e n t r a t e d  s t imu-  

l u s  of 67.2 g h r  w a s  s i g n i f i c a n t l y  lower  t h a n  t o  t h e  pen tane  con- 

t r o l ,  i n d i c a t i n g  a r r e s t m e n t  o r  p o s s i b l y  r e p e l l e n c y .  Ar res tment  

t o  pheromones a t  h i g h  c o n c e n t r a t i o n s  h a s  been  found i n  o t h e r  

1 0  C o l e o p t e r a  . 
Exper iment  9 ( T a b l e  IV) was conduc ted  t o  compare t h e  
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a t t r a c t i v e n e s s  o f  p e n t a n e  

t i l e s  from - C.  f e r r u g i n e u s  

1 7  

e x t r a c t s  o f  Porapak Q-captured  v o l a -  

produced f r a s s ,  wheat and wheat  germ. 

The p e n t a n e  e x t r a c t  of  Porapak Q-trapped wheat  germ v o l a t i l e s  was 

n o t  s i g n i f i c a n t l y  more a t t r a c t i v e  t h a n  t h e  p e n t a n e  c o n t r o l .  

However, t h e  r e s p o n s e s  t o  two e x t r a c t s  o f  wheat  v o l a t i l e s  ( 1 . 7 5  

ghr and 0 . 0 2  g h r )  were s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  c o n t r o l .  

The Porapak Q-t rapped f r a s s  v o l a t i l e s  ( a t  1 4 . 2  g h r )  were s i g -  

n i f i c a n t l y  more a t t r a c t i v e  t h a n  t h o s e  from o t h e r  s o u r c e s .  The 

s i g n f i c a n t  r e s p o n s e s  t o  low c o n c e n t r a t i o n s  o f  Porapak Q- 

e n t r a p p e d  wheat  v o l a t i l e s  were n o t  much g r e a t e r  t h a n  t o  t h e  

pentane  c o n t r o l  and may r e p r e s e n t  e x p e r i m e n t a l  a r t i f a c t s .  A l -  

t e r n a t i v e l y ,  t h e r e  may b e  a  wheat-produced a t t r a c t a n t . .  The l a c k  

o f  r e s p o n s e  t o  v e r y  h i g h  s t i m u l u s  c o n c e n t r a t i o n s  o f  b o t h  wheat  

and f r a s s  v o l a t i l e s  i n d i c a t e s  an a r r e s t m e n t  r e s p o n s e . + S u c h  a 

r e s p o n s e  t o  h i g h  c o n c e n t r a t i o n s  o f  a g g r e g a t i o n  a t t r a c t a n t s  may 

s e r v e  t o  r e t a i n  b e e t l e s  i n  a s u i t a b l e  h a b i t a t  i n  n a t u r e .  

A s  w i t h  f r a s s  and b e e t l e  d e r i v e d  a t t r a c t a n t s ,  Porapak Q 

proved t o  be  a good a d s o r b e n t  i n  which t o  c a p t u r e  f u n g u s - i n f e c t e d  

wheat v o l a t i l e s  ( T a b l e  V). The r e s p o n s e  o f  - C .  f e r r u g i n e u s .  i n  

Experiment  11 t o  t h e  p e n t a n e  e x t r a c t  of odor- impregnated  Porapak 

Q ( a t  4,500 g h r )  w a s  s i g n i f i c a n t l y  h i g h e r  t h a n  t o  t h e  p e n t a n e  

c o n t r o l .  The f u n g u s  i n  t h i s  c a s e  was of  unknown i d e n t i t y  and 

p robab ly  c o n s i s t e d  o f  more t h a n  one s p e c i e s .  I n  Exper iment  1 2  t h e  

a t t r a c t i v e n e s s  o f  a p e n t a n e  e x t r a c t  of Porapak Q - e n t r a p p e d  v o l a -  

t i l e s  produced by P e n i c i l l i u m  - corymbi fe rum- in fec ted  wheat  w a s  

a s s e s s e d .  The s t i m u l u s  c o n c e n t r a t i o n  needed t o  e l i c i t  a r e s p o n s e  
* 

of -- C .  f e r r u g i n e u s  i n  t h i s  exper iment  was q u i t e  h i g h  (58 ,000 g h r ) .  

The r e a s o n  t h a t  s u c h  a h i g h  c o n c e n t r a t i o n  i s  needed i s  n o t  known. 
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2 2 

I n  e a r l i e r  experiments1' ,  P .  corymbiferum was found t o  be t h e  

most a t t r a c t i v e  of v a r i o u s  fungus  s p e c i e s  t e s t e d .  Pe rhaps  a 

p a r t i c u l a r  s t r a i n  o r  age  of fungus  i s  r e q u i r e d  f o r  maximum a t -  

t r a c t a n t  p r o d u c t i o n .  

Experiment  1 3  a s s e s s e d  t h e  r e s p o n s e  o f  C .  f e r r u g i n e u s  t o  a - 

p e n t a n e  e x t r a c t  o f  s t e a m  d i s t i l l e d  A s p e r g i l l u s  f l a v u s - i n f e c t e d  

wheat.  T h i s  s o u r c e  d i d  n o t  p roduce  e x t r a c t s  o f  s i g n i f i c a n t  

a t t r a c t i v e n e s s  i n  compar ison t o  a p e n t a n e  c o n t r o l .  T h i s  may i n -  

d i c a t e  t h a t  e i t h e r  t h i s  s p e c i e s  o f  fungus  does n o t  produce  a t -  

t r a c t a n t s  o r  t h a t  s t eam d i s t i l l a t i o n  may n o t  b e  a  good method 

of  o h k a i n i n g  a n  a t t r a c t i v e  e x t r a c t .  

ii. The r o l e  o f  t h e  male:  

Tab le  V I  summarizes t h e  r e s u l t s  o f  e x p e r i m e n t s  u n d e r t a k e n  t o  

d e t e r m i n e  i f  male  a n d / o r  f emale  C .  f e r r u g i n e u s  produce  and r e s -  - - Cr - 

pond t o  b e e t l e  produced a t t r a c t a n t s .  Odors from sexed  b e e t l e s  

and f r a s s  f rom sexed  b e e t l e s  were used  a s  s t i m u l i  t o  t e s t  t h e  

r e s p o n s e s  o f  s e x e d  C .  f e r r u g i n e u s .  I n  t h e s e  e x p e r i m e n t s  

(Exper iments  14-18] , b o t h  male and f e m a l e  r u s t y  g r a i n  b e e t l e s  

s i g n i f i c a n t l y  r esponded  t o  a i r  p a s s e d  o v e r  male b e e t l e s ,  p e n t a n e  

e x t r a c t s  o f  Porapak Q-entrapped v o l a t i l e s  produced by male 

b e e t l e s  and t o  p e n t a n e  e x t r a c t s  o f  Porapak Q-entrapped v o l a t i l e s  

from male b e e t l e  f r a s s .  Female b e e t l e s  responded t o  v o l a t i l e s  

from female  b e e t l e s  o r  f emale  b e e t l e  f r a s s  i n  e v e r y  c a s e .  Male 

b e e t l e s  o n l y  responded  t o  f emales  i n  Experiment  1 7 ,  where t h e  

s t i m u l u s  w a s  a  p e n t a n e  e x t r a c t  o f  Porapak  Q-entrapped v o l a t i l e s  

from female  b e e t l e  f r a s s .  T h i s  r e s p o n s e ,  a l t h o u g h  s t a t i s t i c a l l y  
P 

s i g n i f i c a n t ,  i s  n o t  ' ve ry  h i g h  i n  compar ison t o  t h e  c o n t r o l .  R e -  

s u l t s  from t h e s e  e x p e r i m e n t s  p r e s e n t  s t r o n g  e v i d e n c e  t h a t  
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C .  f e r r u g i n e u s  - 
males .  

2 6  

u t i l i z e s  a n  a g g r e g a t i o n  pheromone produced by t h e  

iii. Summary: 

Exper iments  o u t l i n e d  i n  T a b l e s  1 1 - V I  have d e m o n s t r a t e d  t h a t  

Porapak Q i s  a n  e f f e c t i v e  a d s o r b e n t  i n  which t o  c a p t u r e  C .  - 
f e r r u g i n e u s  produced a t t r a c t a n t s  and a t t r a c t a n t s  produced by 

f u n g u s - i n f e c t e d  wheat .  

S o l v e n t  e x t r a c t i o n  t e c h n i q u e s  a r e  n o t  a s  good a s  t h e  vapour  

en t rapment  method of c a p t u r i n g  a t t r a c t a n t s .  I n  t h e  c a s e  o f  C .  - 

f e r r u g i n e u s ,  s o l v e n t  e x t r a c t i o n  was u n s u c c e s s f u l  i n  p r o d u c i n g  

an a t t r a c t i v e  e x t r a c t  f o r  t h e  r u s t y  g r a i n  b e e t l e .  I n  t h e  c a s e  o f  

C .  f e r r u g i n e u s  produced f r a s s ,  s o l v e n t  e x t r a c t i o n  d i d  l e a d  t o  a n  - 

a t t r a c t i v e  e x t r a c t .  However, i t  d i d  n o t  a p p e a r  t o  produce  a n  

e x t r a c t  any more a t t r a c t i v e  t o  C .  f e r r u g i n e u s  t h a n  t h a t  produced - c = -  

by Porapak Q e n t r a p m e n t  o f  v o l a t i l e s  from f r a s s .  I n d e e d ,  s o l v e n t  

e x t r a c t i o n  l e h d s  t o  more c o m p l i c a t e d  e x t r a c t s  due t o  e x t r a c t i o n  

of waxes, f a t s  and o t h e r  n o n - v o l a t i l e  compounds from t h e  s o u r c e .  

E x t r a c t s  o b t a i n e d  from s o l v e n t  e x t r a c t i o n  o f  f r a s s  may p r o v i d e  

q u a n t i t a t i v e  e s t i m a t e s  o f  t h e  amount o f  components p r e s e n t  i n  t h e  

f r a s s  a t  t h e  moment o f  e x t r a c t i o n ,  b u t  t h e y  g i v e  l i t t l e  in fo rma-  

t i o n  a b o u t  r e l a t i v e  amounts of  t h e  a t t r a c t i v e  components p r e s e n t  

i n  t h e  vapour  phase .  For  t h e s e  r e a s o n s ,  s o l v e n t  e x t r a c t i o n  o f  

odor  s o u r c e s  was n o t  u s e d  f o r  t h e  remainder  of  t h e  a t t r a c t a n t  

i s o l a t i o n  p r o j e c t .  

Like s o l v e n t  e x t r a c t i o n ,  p e n t a n e  e x t r a c t s  o f  Porapak Q- 

e n t r a p p e d  v o l a t i l e s  o f  f r a s s  do n o t  g i v e  much i n f o r m a t i o n  a b o u t  
+ 

t h e  r e l a t i v e  amounts o f  a t t r a c t i v e  component p r e s e n t  i n  t h e  vapour  

phase  i n  n a t u r e .  T h i s  method i s  u s e f u l ,  however,  i n  t h a t  it g i v e s  
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c l e a n  e x t r a c t s  of  t h e  v o l a t i l e s  p r e s e n t  i n  an  o d o r  s o u r c e  uncon- I 

t-inated by n o n - v o l a t i l e  l i p i d s .  T h i s  i s  e x t r e m e l y  u s e f u l  i n  

the i n i t i a l  p h a s e s  o f  a n  a t t r a c t a n t  i s o l a t i o n  p r o j e c t .  E n t r a p -  

ment o f  f r a s s  and male - -  C. f e r r u g i n e u s  v o l a t i l e s  w i t h  Porayak Q 

was judged t o  b e  a good method t o  i s o l a t e  and q u a n t i t a t e  t h e  

a t t r a c t a n t s  d e t e c t e d  and t h i s  method was used  for i s o l a t i o n  work. 
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111. ISOLATION OF - C. FERRUGINEUS PRODUCED ATTRACTANTS 

A. Analytical GLC 

Pentane extracts of Porapak Q-entrapped volatiles were 

analyzed directly by gas-liquid chromatography (GLC) using 

conditions in Table VII. Columns coated with OV-101 were found 

to be unsatisfactory since two of the main components of the 

pentane extracts eluted with almost the same retention times. 

Capillary columns were found to be very useful since good separa- 

tion and reproducible retention data were obtained. Packed 

columns (Table VII) were used for most of the analytical studies 

since these columns were later used for preparative separations. 

Typical chromatograms of pentane extracts of Porapak Q- 

entrapped volatiles from rusty grain beetle.produced frass are 

illustrated in Figures 2 and 3. The extracts from-which these 

chromatograms were obtained were from aerations of different sam- 

ples of frass conducted more than eighteen months apart. In 

Figure 2, the extract was analyzed on a packed column, whereas 

in Figure 3 a capillary column was used. Each chromatogram shows 

the presence of at least thirty compounds. The compounds 

labelled A, B and C in these figures were present in most aera- 

tions and were shown, by retention data, to also be present in 

extracts of - C. ferrugineus produced volatiles. 

The relative amount of each compound in an extract was not 

determined because, as these figures illustrate, the composition 

of extracts varied. This variation was not due to isolation 

technique but to actual differences in volatile content of the 
@ 

frass samples (see Section I11 C). Samples of rusty grain beetle 

frass obta.ined for the more than twenty aerations which were done 
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Figure 2 

Gas-liquid chromatogram of a pentane extract of Porapak Q- 

entrapped volatiles from -- C. ferrugineus produced frass. 

Chromatogram run on a 3 m X 3.2 mrn O.D. stainless steel 

column filled with 5% Carbowax 20 M on Chromosorb G, 70/80 

mesh. 

Oven temperature programmed from 60•‹ to 150•‹C at 4O/min. 





Figure 3 

Gas-liquid chromatogram of a pentane extract of Porapak Q- 

entrapped volatiles from -- C. ferrugineus produced frass. 

Chromatogram run on a 38 m X 0.66 mm I.D. glass column coated 

with SP-1000. 

Oven temperature programmed from 180•‹ to 210•‹C at 4O/min. 
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d i f f e r e d  c o n s i d e r a b l y  i n  a p p e a r a n c e .  Some were  d a r k  i n  c o l o u r  

and lumpy i~ t e x t u r e  w h i l e  o t h e r s  were  l i g h t  and  f l u f f y .  T h i s  

may b e  b e c a u s e  o f  d i f f e r e n t  m o i s t u r e  a n d / o r  f u n g a l  c o n t e n t s .  

Thus ,  i t  w a s  n o t  e x p e c t e d  t h a t  t h e s e  d i f f e r e n t  f r a s s  s a m p l e s  

would have  t h e  same r e l a t i v e  q u a n t i t y  o f  v o l a t i l e  components .  

I n d e e d ,  a n  e x t r a c t  o f  a sample  o f  f rass  t a k e n  d i r e c t l y  f rom a 

f i e l d  i n f e s t a t i o n  o f  - C .  f e r r u g i n e u s  i n  Mani toba  d i d  n o t  c o n t a i n  

any o f  t h e  compounds l a b c l l e d  A ,  B and  C ( F i g u r e s  2  and  3 ) .  

These  t h r e e  compounds u s u a l l y  c o m p r i s e d  20% t o  40% o f  t h e  v o l a -  

t i l e s  i n  t h e  e x t r a c t s .  

Chromatograms o f  p e n t a n e  e x t r a c t s  o f  Po rapak  Q-ent rapped  

v o l a t i l e s  f rom p o p u l a t i o n s  o f  male  and  f e m a l e  - C .  f e r r u g i n e u s  

a r e  i l l u s t r a t e d  i n  F i g u r e  4 .  T h e r e  w a s  a g r e a t  d i f f e r e n c e  i n  t h e  

c o m p o s i t i o n  o f  t h e s e  e x t r a c t s .  Compounds A ,  B a n d  C a p p e a r  t o  

be  p roduced  o n l y  by m a l e  - C .  f e r r u g i n e u s .  S i n c e  t h e  b i o a s s a y  o f  

t h e s e  e x t r a c t s  ( S e c t i o n  I1 B ii) i n d i c a t e d  t h a t  ma le s  p r o d u c e d  

t h e  pheromone,  t h e s e  t h r e e  compounds may b e  t h e  a t t r a c t i v e  com- 

pounds .  

B. P r e p a r a t i v e  GLC 

i .  E x p e r i m e n t a l :  

To d e t e r m i n e  which  o f  t h e  compounds p r e s e n t  i n  a p e n t a n e  

e x t r a c t  o f  Po rapak  Q-en t r apped  v o l a t i l e s  f r o m  - C .  f e r r u g i n e u s  

p roduced  frass w a s  a t t r a c t i v e  f o r  - C .  f e r r u g i n e u s ,  i t  w a s  n e c e s -  

s a r y  t o  s e p a r a t e  t h e s e  compounds and  b i o a s s a y  them i n d i v i d u a l l y .  

I n i t i a l  m i c r o - p r e p a r a t i v e  g a s - l i q u i d  ch roma tography  was 

c o n d u c t e d  u s i n g  a V a r i a n  Aerograph  2100 g a s  ch roma tograph  (GC) .  

Column e f f l d e n t  w a s  s p l i t  be tween  a 150  rnm X 4 .0  mm O.D. X 1 . 2  rnm 

I . D .  c o n e - t i p p e d  g l a s s  t u b e  which  e x t e n d e d  v e r t i c a l l y  t h r o u g h  a 



Figure 4 

Gas-liquid chromatograms of pentane extracts of Porapak Q- 

entrapped volatiles produced by - C. ferrugineus males (a) 

and females (b). 
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which e x t e n d e d  i n t o  t h e  d e t e c t o r  ( F i g u r e  5 ) .  These t u b e s  were 
k 
4 

j o i n e d  a t  a  f emale  S-13 j o i n t  which a t t a c h e d  t o  t h e  end o f  t h e  

column. By measur ing  t h e  f l o w  o f  c a r r i e r  g a s  t h r o u g h  b o t h  ends  

of t h i s  s p l i t t e r ,  i t  was d e t e r m i n e d  t h a t  - 4 %  o f  t h e  column e f -  

f l u e n t  went t o  t h e  d e t e c t o r .  A 23 cm X 4 mm O . D .  X 2 mm I . D .  

g l a s s  t u b e  which had n i n e  1 . 5  cm d i a m e t e r  s p i r a l s  i n  i t s  c e n t e r  

was mounted v e r t i c a l l y  on t o p  o f  t h e  cone-end o f  t h e  s p l i t t e r .  A 

f l a r e  on t h e  bot tom o f  t h i s  c o l l e c t i n g  t u b e  e n s u r e d  a snug f i t .  

The c o l l e c t i n g  t u b e  was c e n t e r e d  i n  a  50 mR p l a s t i c  c o n e - t i p p e d  

c e n t r i f u g e  t u b e  which had a  6 mm h o l e  d r i l l e d  i n  t h e  bot tom t o  

a l l o w  c o n n e c t i o n  o f  t h e  c o l l e c t i n g  t u b e  t o  t h e  s p l i t t e r .  A s m a l l  

g l a s s  wool p l u g  was p o s i t i o n e d  a t  t h e  bot tom and t h e n  t h i s  

p l a s t i c  j a c k e t  was f i l l e d  w i t h  d r y  i c e .  When n o t  i n  u s e ,  t h e s e  

c o l l e c t i o n  t u b e s  were  s e a l e d  w i t h  a  r u b b e r  serum s t o p p e r  a t  each  

end. A f t e r  c o l l e c t i o n  was comple ted ,  each c o l l e c t i o n  t u b e  was 

washed i n t o  a  1 / 2  dram sc rew cap v i a l  w i t h  s e v e r a l  s m a l l  p o r t i o n s  

o f  p e n t a n e .  The v i a l  was t h e n  s c a l e d  w i t h  a T e f l o n - l i n e d  screw 

cap u n t i l  needed.  When a  sample was needed w i t h o u t  s o l v e n t ,  a 

s t r a i g h t  200 mm X 4 . 0  mrn O.D. X 2 . 0  mm I.D. g l a s s  t u b e  was sub- 

s t i t u t e d  f o r  t h e  s p i r a l  c o l l e c t o r .  A f t e r  c o l l e c t i o n ,  t h i s  t u b e  

was f lame s e a l e d  u n t i l  t h e  sample was needed .  

E f f i c i e n c y  o f  c o l l e c t i o n  was t e s t e d  u s i n g  $- ionone a s  a  s t a n -  

d a r d .  A 1 mg sample o f  B-ionone i n  2 0  pR p e n t a n e  was i n j e c t e d  

i n t o  t h e  GC and c o l l e c t e d  i n  t h e  c o l l e c t o r  p r e v i o u s l y  d e s c r i b e d .  

A f t e r  c o l l e c t i o n  was c o m p l e t e ,  t h e  sample was washed w i t h  pen- 
@ 

t a n e  from t h e  t u b e  i n t o  a  5  mR v o l u m e t r i c  f l a s k  c o n t a i n i n g  a  

known amount o f  a  second s t a n d a r d  (methy l  p a l m i t a t e ) .  The volume 



Figure 5 

Effluent splitter and fraction collector for micro-preparative 

gas-liquid chromatography using a Varian 2100 instrument. 

A. 50 mR plastic cone-tipped centrifuge tube filled with 

dry-ice. 6 nun hole in bottom. 

B. Glass collector. 23 cm X 4 mm O.D. X 2 mm I.D. six to 

nine 1.5 cm diameter spirals. 

C. Detector block 

D. Oven wall insulation 

E. Glass splitter 

0.5 mrn I.D. into detector 

1.2 mm I.D. into collector 

16 cm overall length 

S13 female joint at bottom 

F. 4 rnm O.D. glass column 

S13 male joint at splitter end 

G. G.L.C. oven 





i n  t h e  f l a s k  was b r o u g h t  up t o  t h e  mark. GLC a n a l y s i s  o f  t h i s  

s o l u t i o n  showed t h a t  84% o f  t h e  B-ionone had been r e c o v e r e d .  

L a t e r ,  a  m i c r o - p r e p a r a t i v e  g a s - l i q u i d  chromatography sys tem 

was b u i l t  upon a  modi f i ed  Var ian  Aerograph 1 2 0 0  GC.  The d e v i c e s  

added t o  t h e  b a s i c  i n s t r u m e n t  were a n  e f f l u e n t  s p l i t t e r  and a  

t h e r m a l  g r a d i e n t  c o l l e c t o r 2 3  ( F i g u r e  6 ) .  The column e f f l u e n t  was 

s p l i t  between a  s t a i n l e s s  s t e e l  ( s . s . 1  c a p i l l a r y  d e t e c t o r  i n s e r t  

( A ,  1 0 0  mm X 3 . 2  rnm O . D .  X 0 . 2 5  mm I . D . )  and a  s t a i n l e s s  s t e e l  

t u b e  ( B ,  150 mm X 1 . 6  mm O . D .  X 1 . 0  mm I . D . ) .  The S . S .  t u b i n g  was 

s i l v e r  s o l d e r e d  i n t o  t h e  c e n t e r  o f  a  1 / 8 "  Swagelok S . S .  un ion  

which had one  end removed ( C ) .  A 1 / 1 6 "  zero-dead volume f i t t i n g  

which had been s i l v e r  s o l d e r e d  i n t o  t h e  c u t  end o f  t h e  un ion  

j o i n e d  t h e  d e t e c t o r  i n s e r t  t o  t h e  assembly .  A s t a i n l e s s  s t e e l  

hypodermic n e e d l e  (E, 18 gauge)  was j o i n e d  w i t h  h e a t - s h r i n k  Tef lon  

t u b i n g  (Dl t o  t h e  o t h e r  end o f  t h e  t u b i n g .  By measur ing  t h e  f low 

of  c a r r i e r  g a s  t h r o u g h  b o t h  ends  o f  t h i s  s p l i t t e r ,  i t  w a s  d e t e r -  

mined t h a t  - 9 %  o f  t h e  column e f f l u e n t  went t o  t h e  d e t e c t o r .  T h i s  

amount was d e c r e a s e d  t o  < 3 %  when a  s h o r t  s e c t i o n  ( 8 0  mm) o f  0 . 1 2  

mm O . D .  S . S .  w i r e  was i n s e r t e d  i n t o  t h e  d e t e c t o r  i n s e r t .  

The t h e r m a l  g r a d i e n t  c o l l e c t o r  was a m o d i f i c a t i o n  o f  t h a t  

d e v i s e d  by Brownlee and ~ i l v e r s t e i n ~ ~ .  T h i s  d e v i c e  ( F i g u r e  6 )  

c o n s i s t e d  o f  two aluminum b l o c k s ,  one a  40 mm cube (F) which 

c o n t a i n e d  a 100-wat t  c a r t r i d g e  h e a t e r  ( G I ,  t h e  o t h e r  (HI a  

40 mrn cube t h a t  had  two 125 mm X 1 9  mm aluminum r o d s  which ex-  

t ended  down i n t o  a  d r y - i c e / a c e t o n e  c o o l i n g  b a t h .  Dur ing c o l -  

l e c t i o n s ,  t h e  h e a t i n g  b l o c k  was m a i n t a i n e d  a t  100•‹C. Both b l o c k s  
@ 

were mounted on a  s e c t i o n  o f  i n s u l a t i n g  board  (I) which was sup- 

p o r t e d  r i g i d l y  i n  a h o r i z o n t a l  p o s i t i o n  by a b r a c k e t  f a s t e n e d  



Figure 6 

Effluent splitter (a) and thermal gradient collector (b) for 

micro-preparative gas-liquid chromatography using a Varian 

1200 instrument. 

A. capillary detector insert, 100 mm X 3.2 mm O.D. X 0.25 mm 

I.D. 

B. stainless steel tubing, 150 mm X 1.6 mm O.D. X 1.0 mm I.D. 

C. Swagelok stainless steel union silver soldered to a 1/16" 

zero-dead volume stainless steel fitting 

D. heat-shrink Teflon tubing 

E. stainless steel hypodermic needle, 18 gauge 

F. heating block, 4 cm aluminum cube 

G. cartridge heater, 100 watts 

H. cooling block, 4 cm aluminum cube with two 125 mm X 19 mm 

aluminum rods extending from bottom 

I. bracket-insulating assembly 

J. stainless-steel tubing, 150 mrn X 3.2 mm O.D. X 2.5 mm I.D. 

K. Teflon rod, 3.2 mm hole in center 

L. Teflon rod, 3.2 mm hole in center 

M. glass capillary tubing, 200 mm X 1.9 rnrn O.D. X 1.4 mm I.D. 



oven 



i. 

( J ,  150 mm X 3 . 2  mrn O . D .  X 2 . 5  mm I . D . )  r a n  h o r i z o n t a l l y  th rough  

t h e  c e n t e r  of t h e s e  aluminum b l o c k s .  T h i s  t u b e  s l i p p e d  i n t o  a 

T e f l o n  s l e e v e  (K) on t h e  GC e x i t  p o r t  i n  t h e  oven w a l l .  Pro-  

v i s i o n  w a s  made f o r  v e r t i c a l  and l a t e r a l  a l i g n m e n t  o f  t h e  t u b e  

w i t h  t h e  GC e x i t  p o r t  by a d j u s t m e n t s  on t h e  h o l d i n g  b r a c k e t  ( I ) .  

A g a s  t i g h t  s e a l  was made by b u t t i n g  t h e  s t e e l  t u b e  up  a g a i n s t  a  

r u b b e r  septum i n  t h e  T e f l o n  s l e e v e .  The s t a i n l e s s  s t e e l  hypo- 

de rmic  n e e d l e  from t h e  end o f  t h e  s p l i t t e r  ex tended  h o r i z o n t a l l y  

t h r o u g h  t h e  septum i n t o  t h e  s t a i n l e s s  s t e e l  t u b e ,  t h u s  c o n n e c t i n g  

t h e  s p l i t t e r  and c o l l e c t o r .  A t  t h e  o t h e r  end o f  t h e  s t a i n l e s s  

s t e e l  t u b e ,  p r e v e n t i n g  f r o s t  a c c u m u l a t i o n ,  a  s h o r t  l e n g t h  of 

T e f l o n  r o d  ( L )  w i t h  a  3.2 rnm h o l e  i n  t h e  c e n t e r  was mounted. 

C o l l e c t i o n  w a s  made by s l i p p i n g  a g l a s s  t u b e  ( M y  2 0 0  mrn X - a - 
1 . 9  mm O . D .  X 1 . 4  mm I . D . )  t h r o u g h  t h e  s t a i n l e s s  s t e e l  t u b e  a n d '  

o v e r  t h e  hypodermic n e e d l e .  These  g l a s s  c a p i l l a r y  t u b e s  were 

i n t e r c h a n g e d  v e r y  q u i c k l y  and were e a s i l y  s e a l e d  f o r  u s e  l a t e r .  

Samples t o  b e  b i o a s s a y e d  were  washed f rom t h e  c a p i l l a r y  t u b e s  

w i t h  p e n t a n e  i n t o  1 / 2  dram screw cap  g l a s s  v i a l s  and s e a l e d  w i t h  

T e f l o n - l i n e d  c a p s  u n t i l  used .  

Samples f o r  f r a c t i o n a t i o n  were p r e p a r e d  by f i r s t  c o n c e n t r a -  

t i n g  a  known volume (1 t o  2 m R )  o f  a p e n t a n e  e x t r a c t  t o  -40 P R  

u s i n g  a s t r e a m  o f  d r y  n i t r o g e n .  T h i s  sample w a s  f i r s t  drawn up 

i n t o  a  1 0 0  mR g a s - t i g h t  Hamil ton s y r i n g e  c o n t a i n i n g  1 0  ,yR pen tane  

and 1 0  pR a i r ,  t h e n  i n j e c t e d  i n t o  t h e  GC. F r a c t i o n s  were c o l -  

l e c t e d ,  a t  a p p r o p r i a t e  t i m e  i n t e r v a l s ,  as i n d i c a t e d  by r e c o r d e r .  

r e s p o n s e .  ?he p u r i t y  o f  e a c h  f r a c t i o n  w a s  checked by r e i n j e c -  

t i o n .  
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ii. R e s u l t s :  

I n i t i a l  e x p e r i m e n t s  were conducted  t o  d e t e r m i n e  which o f  t h e  

' compounds p r e s e n t  i n  a  p e n t a n e  e x t r a c t  o f  f r a s s  v o l a t i l e s  were 

a t t r a c t i v e  f o r  - C .  f e r r u g i n e u s .  I n  t h e  f i r s t  f r a c t i o n a t i o n  e x p e r i -  

merit ( F i g u r e  7 a ,  Tab le  V I I I ) ,  a  p e n t a n e  e x t r a c t  o f  f r a s s  v o l a -  

t i l e s  was s e p a r a t e d  i n t o  t h r e e  p o r t i o n s :  a f a s t  e l u t i n g  p o r t i o n  

( f r a c t i o n  i ) ,  a  slow e l u t i n g  p o r t i o n  ( f r a c t i o n  i i i )  and t h e  por -  

t i o n  e l u t i n g  w i t h  modera te  speed  ( f r a c t i o n  i i). These f r a c t i o n s  

were c o l l e c t e d  on t h e  g l a s s  s p i r a l s  i l l u s t r a t e d  i n  F i g u r e  5 .  

Bioassay  r e s u l t s  ( T a b l e  1x1 show t h a t  o n l y  t h e  s low e l u t i n g  

f r a c t i o n  iii ( 2 3 . 4  t o  4 6 . 5  minu tes  r e t e n t i o n  t i m e )  w a s  a t t r a c t i v e  

f o r  - C .  f e r r u g i n e u s .  T h i s  f r a c t i o n  c o n t a i n e d  t h r e e  major  com- 

pounds ( q u a n t i t a t i v e )  a s  w e l l  a s  more t h a n  twen ty  minor  com- 

ponen t s .  The t h r e e  compounds, A ,  B and C ,  which made up most 

o f  f r a c t i o n  iii had p r e v i o u s l y  been shown t o  co-occur  i n  v o l a -  

t i l e s  from b o t h  male - C .  f e r r u g i n e u s  and from - C. f e r r u g i n e u s  pro-  

duced f r a s s  ( S e c t i o n  I11 A ) .  

Exper iment  2 1  ( F i g u r e  7b, Tab le  V I I I )  was conduc ted  t o  

f u r t h e r  f r a c t i o n a t e  t h e  p o r t i o n  o f  t h e  p e n t a n e  e x t r a c t  o f  f r a s s  

v o l a t i l e s  which w a s  a t t r a c t i v e  f o r  - C .  f e r r u g i n e u s  ( f r a c t i o n  iii). 

U n l i k e  t h e  p r e v i o u s  e x p e r i m e n t s ,  t h e  GLC was r u n  i s o t h e r m a l l y  t o  

r e d u c e  c o n t a m i n a t i o n  o f  c o l l e c t e d  f r a c t i o n s  by b l e e d  from t h e  

Carbowax column. 

Four f r a c t i o n s  were c o l l e c t e d .  The f i r s t  f r a c t i o n ,  v ,  con- 

s i s t e d  o f  e v e r y t h i n g  e l u t i n g  b e f o r e  compound A .  The o t h e r  t h r e e  

f r a c t i o n s ,  v i ,  v i i  and v i i i ,  were made up o f  ma in ly  compounds A ,  

B and C ,  r e g p e c t i v e l y ,  w i t h  one  o r  two minor components i n  each  

f r a c t i o n .  B i o a s s a y  r e s u l t s  ( T a b l e  I X )  showed t h a t  f r a c t i o n s  v i ,  



Figure 7 

Gas-liquid chromatograms of concentrated pentane extracts of 

Porapak Q-entrapped volatiles from -- C. ferrugineus produced 

frass. Fractions collected for bioassay~ in Experiment 19(a) 

and in Experiment 21(b) are indicated by letters i-viii. 

Experimental conditions are listed in Table VIII. 

' The detector flame was blown out at this point by the solvent 
and had to be re-lit. 



time (min.) 

time (min.) 



T
A

B
L

E
 

V
II

I.
 

E
x

p
e

ri
m

e
n

ta
l 

c
o

n
d

it
io

n
s

 f
o

r
 m

ic
ro

-p
re

p
a

ra
ti

v
e

 
g

a
s

-l
iq

u
id

 
c

h
ro

m
a

to
g

ra
p

h
y

 
u

s
in

g
 a

 

V
a

ri
a

n
 

A
e

ro
g

ra
p

h
 

2
1

0
0

. 
1

.8
 m

 
X 

6
.4

 
m

m
 

O
.D

. 
X

 
2

.2
 

m
m

 
I.

D
. 

g
la

s
s

 c
o

lu
m

n
 

p
a

c
k

e
d

 

w
it

h
 

5
%

 C
ar

b
o

w
ax

 
20

M
 o

n
 

C
h

ro
m

o
so

rb
 

G 
7

0
/8

0
 

m
es

h
. 

D
e

te
c

to
r 

te
m

p
e

ra
tu

re
 

2
7

0
•‹

C
. 

s
 

I
n

je
c

to
r

 t
e

m
p

e
ra

tu
re

 
2

6
0

•‹
C

. 
40

 
m

A
/m

in
. 

c
a

r
r

ie
r

 
g

a
s

. 
S

a
m

p
le

s 
c

o
n

c
e

n
tr

a
te

d
 

t
o

 
. 

F
ra

c
ti

o
n

 
N

o.
 

E
x

p
er

im
en

t 
N

o.
 

i
 

i
i
 

i
i
i
 

i
v

 

v
 

v
i

 
v

i
i

 
v

i
i

i
 

i
x

 

O
ri

g
in

a
l 

V
o

lu
m

e 
o

f 
E

x
tr

a
c

t 
(m

i)
 

G
L

C
 

O
v

en
 

T
em

p 
(

O
C

)
 

R
e

te
n

ti
o

n
 

ti
m

e
 

(m
in

) 



T
a

b
le

 
IX

. 
R

e
sp

o
n

se
 

o
f 

C
. 

fe
rr

u
g

in
e

u
s

 
o

f 
m

ix
ed

 
a

g
e

 
a

n
d

 
se

x
e

s 
t

o
 p

re
p

a
ra

ti
v

e
 g

a
s

-l
iq

u
id

 
-
 

c
h

ro
m

a
to

g
ra

p
h

y
 

fr
a

c
ti

o
n

s
 o

f 
p

e
n

ta
n

e
 

e
x

tr
a

c
ts

 o
f 

P
o

ra
p

a
k

 
Q

-e
n

tr
a

p
p

e
d

 
v

o
la

ti
le

s
 

fr
o

m
 b

e
e

tl
e

 
f

r
a

s
s

. 

A
 

E
x

p
e

ri
m

e
n

t 
N

o.
 

F
ra

c
ti

o
n

 N
o,

 

i
i
 

i
i
i
 

.l
. 

C
o

n
c

e
n

tr
a

ti
o

n
 

( 
g

h
r)

 " 

2
0
0
 

2
 0
 

2
.
0
 

0
 

(p
e

n
ta

n
e

 c
o

n
tr

o
l)

 

2
0
0
 

2
 0
 

2
.
0
 

0
 

(p
e

n
ta

n
e

 c
o

n
tr

o
l)

 

2
0
0
 

2
 0
 

2
.
0
 

0
.
2
 

0
.
0
2
 

0
 

(p
e

n
ta

n
e

 c
o

n
tr

o
l)

 

c
o

n
tr

o
l 

P 
R

e
sp

o
n

se
 -f 



T
a

b
le

 
I

X
 (

C
o

n
t'

d
) 

E
x

p
e

ri
m

e
n

t 
N

o.
 

F
ra

c
ti

o
n

 N
o.

 

v
i 

v
i

i
 

v
i

i
i

 

C
o

n
c

e
n

tr
a

ti
o

n
 

(g
h

r)
 " 

2
0
0
 

2
 0
 

2
.
0
 

0
 

(p
e

n
ta

n
e

 c
o

n
tr

o
l)

 

2
 0
 0
 

2
 0
 

2
.
0
 

0
 

(p
e

n
ta

n
e

 c
o

n
tr

o
l)

 

2
0
0
 

2
 0
 

2.
0 

0
 

(p
e

n
ta

n
e

 c
o

n
tr

o
l)

 

2
0
0
 

2
 0
 

2.
0 

0
 

(p
e

n
ta

n
e

 c
o

n
tr

o
l)

 

2
0
0
 

2
 0
 

2.
0 

\ 
0
 

(p
e

n
ta

n
e

 c
o

n
tr

o
l)

 
7
 

. .
 

o
n

e 
g

ra
m

-h
o

u
r 

(g
h

r)
 =

 
v

o
la

ti
le

s
 c

o
ll

e
c

te
d

 f
ro

m
 

o
n

e 
g

ra
m

 
o

f 
f

r
a

s
s

 i
n

 o
n

e
 

h
o

u
r.

 
' 

4 
r

e
p

li
c

a
te

s
 o

f 
2

5
 
b

e
e

tl
e

s
. 

P
e

rc
e

n
ta

g
e

s 
i

n
 e

a
c

h
 

fr
a

c
ti

o
n

 f
o

ll
o

w
e

d
 b

y
 

sa
m

e 
l

e
t

t
e

r
 n

o
t 

s
ig

n
if

ic
a

n
tl

y
 d

if
f

e
r

e
n

t,
 

~2
 

te
s

t,
 P

 
< 

0
.
0
5
.
 



- 

4 4  

and v i i i  were a l l  i n d i v i d u a l l y  a t t r a c t i v e  f o r  - C .  f e r r u g i n e u s .  

To d e t e r m i n e  which component o f  e a c h  b i o l o g i c a l l y  a c t i v e  

f r a c t i o n  w a s  a t t r a c t i v e  f o r  - C .  f e r r u g i n e u s ,  it w a s  n e c e s s a r y  

5 t o  i s o l a t e  e a c h  compound. To do t h i s ,  b e t t e r  s e p a r a t i o n  of  t h e  

compounds was r e q u i r e d .  T h i s  was a c h i e v e d  u s i n g  t h e  Var ian  1 2 0 0  

i n s t r u m e n t  and c o l l e c t o r  p r e v i o u s l y  d e s c r i b e d .  

I n  Exper iment  2 3 ,  a  p e n t a n e  e x t r a c t  o f  Porapak Q-entrapped 

v o l a t i l e s  f rom r u s t y  g r a i n  b e e t l e  f r a s s  was s e p a r a t e d  i n t o  n i n e  

f r a c t i o n s  ( F i g u r e  8 ) .  The f i r s t  f r a c t i o n ,  f r a c t i o n  x ,  c o n s i s t e d  

o f  e v e r y t h i n g  f rom t h e  f i r s t  compounds e l u t i n g  t h r o u g h  t h e  column 

t o  t h e  compounds e l u t i n g  immedia te ly  b e f o r e  t h e  compounds which 

had p r e v i o u s l y  been shown t o  be a t t r a c t i v e  ( T a b l e  I X ;  f r a c t i o n s  

v i ,  v i i  and v i i i ) .  T h i s  f r a c t i o n  was made up o f  a t  l e a s t  t h i r t y  

compounds. The r e m a i n i n g  e i g h t  f r a c t i o n s  c o n t a i n e d  o n l y  one 

compound, e x c e p t  f o r  f r a c t i o n  x i i i ,  which had two components.  

B i o a s s a y  r e s u l t s  showed t h a t  f r a c t i o n s  x i i ,  x i i i ,  x i v ,  x v i  

and x v i i i  were  a t t r a c t i v e  f o r  - C .  f e r r u g i n e u s  ( T a b l e  X I ) .  GLC 

a n a l y s i s  o f  f r a c t i o n  x i i i ,  however, showed t h e  p r e s e n c e  o f  a 

t r a c e  amount o f  f r a c t i o n  x i i .  Thus,  i t  was n o t  c e r t a i n  t h a t  

f r a c t i o n  x i i i  w a s  a t t r a c t i v e .  T h i s  exper iment  i n d i c a t e d  t h a t  

t h e r e  were f o u r  o r  pe rhaps  f i v e  compounds p r e s e n t  i n  t h e  pen tane  

e x t r a c t  o f  f rass  v o l a t i l e s  which were a t t r a c t i v e  f o r  -- C .  f e r -  

r u g i n e u s .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h r e e  o f  t h e s e  a t t r a c -  

t i v e  compounds ( A ,  B and C )  a r e  produced s o l e l y  by male b e e t l e s  

( S e c t i o n  I11 A ;  F i g u r e  4 ) .  T h i s  s u p p o r t s  t h e  s u g g e s t i o n  g iven  

e a r l i e r  ( S e c t i o n  1 1 )  t h a t  t h e  male b e e t l e  p roduces  a t r u e  aggre -  
C 

g a t i o n  pheromone. I t  h a s  y e t  t o  be d e t e r m i n e d ,  however,  which 

s e x  p roduces  t h e  o t h e r  one o r  two a t t r a c t a n t s .  



Figure 8 

Gas-liquid chromatogram of a concentrated pentane extract of 

Porapak Q-entrapped volatiles from - C. ferrugineus produced 

frass. Fractions collected in Experiment 23 for bioassays 

are indicated by the letters x-xviii. Experimental conditions 

are listed in Table X. 
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C.  - I s o l a t i o n  t e c h n i q u e  r e f i n e m e n t s  

Before  embarking on a  l a r g e  s c a l e  i s o l a t i o n  o f  t h e  a t t r a c -  

t i v e  compounds i n  t h e  p e n t a n e  e x t r a c t s ,  it was n e c e s s a r y  t o  

check t h e  e f f i c i e n c y  o f  t h e  i s o l a t i o n  t e c h n i q u e  u s e d .  The a e r a -  

t i o n ,  e x t r a c t i o n  and c o n c e n t r a t i o n  p r o c e d u r e s  had t o  b e  e v a l u a t e d .  

S i n c e  t h e  one t o  two week t i m e  p e r i o d  used i n  f r a s s  a e r a -  

t i o n s  was p u r e l y  a r b i t r a r y ,  e x p e r i m e n t s  were conduc ted  t o  d e t e r -  

mine i f  any v o l a t i l e  m a t e r i a l  was s t i l l  p r e s e n t  i n  t h e  f r a s s  a t  

t h e  end o f  t h e  a e r a t i o n .  T h i s  was done by r e p l a c i n g  t h e  Porapak 

Q t r a p  on t h e  a e r a t 5 o n  a p p a r a t u s  w i t h  a f r e s h  t r a p  a f t e r  two 

weeks and c o n t i n u i n g  t h e  a e r a t i o n  f o r  a n o t h e r  two weeks. The 

Porapak Q i n  t h e  second  t r a p  was t h e n  p r o c e s s e d  a s  p r e v i o u s l y  

d e s c r i b e d  and t h e  r e s u l t i n g  p e n t a n e  e x t r a c t  was a n a l y z e d  by GLC. 

T h i s  a n a l y s i s  showed t h a t  i n  a e r a t i o n s  where t h e  f r a s s  had 
Cr - 

n o t  been p u l v e r i z e d ,  a t r a c e  o f  t h e  a t t r a c t i v e  compounds was 

p r e s e n t .  However, i n  a e r a t i o n s  where t h e  f r a s s  had been ground 

w i t h  a  m o r t a r  and p e s t l e ,  no a t t r a c t i v e  compounds c o u l d  b e  de- 

t e c t e d .  I n  s u b s e q u e n t  a e r a t i o n s ,  t h e  frass w a s  ground.  

To t e s t  i f  any compounds d u r i n g  an  a e r a t i o n  were b r e a k i n g  

th rough  t h e  Porapak Q t r a p ,  a second Porapak Q t r a p  w a s  connec ted  

i n  s e r i e s  t o  t h e  f i r s t  t r a p .  A f t e r  two weeks t h e  a e r a t i o n  was 

s topped  and t h e  t r a p s  p r o c e s s e d .  GLC a n a l y s i s  o f  a p e n t a n e  ex-  

t r ac t  o f  v o l a t i l e s  c a p t u r e d  i n  t h e  second t r a p  showed t h e  p r e s e n c e  

o f  a t  l e a s t  f i f t e e n  compounds. However, none o f  t h e  a t t r a c t i v e  

compounds c o u l d  be d e t e c t e d .  

To check  e f f i c i e n c y  o f  Porapak Q e x t r a c t i o n ,  Porapak Q ,  

which had bgen e x t r a c t e d  w i t h  p e n t a n e  f o r  t w e n t y - f o u r  h o u r s ,  was 

t h e n  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  f o r  t w e n t y - f o u r  h o u r s .  N o  
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a t t r a c t i v e  compounds were d e t e c t e d  by GLC a n a l y s i s  o f  t h e  e t h e r  

e x t r a c t  c o n c e n t r a t e .  

A s  a f i n a l  check o f  t h e  e f f i c i e n c y  o f  t h e  i s o l a t i o n  pro-  

cedure ,  t h e  p e n t a n e  d i s t i l l e d  t h r o u g h  t h e  Dufton column d u r i n g  

t h e  c o n c e n t r a t i o n  of t h e  p e n t a n e  e x t r a c t  was a n a l y z e d  by GLC. 

Again, no a t t r a c t i v e  compounds were d e t e c t e d .  

D. Summary 

A n a l y t i c a l  GLC showed t h a t  t h e r e  were  l a r g e  q u a n t i t a t i v e  

d i f f e r e n c e s  i n  compos i t ion  o f  p e n t a n e  e x t r a c t s  o f  Porapak Q- 

e n t r a p p e d  v o l a t i l e s  from C .  f e r r u g i n e u s  f r a s s  from b a t c h  t o  

b a t c h .  Q u a l i t a t i v e l y ,  however,  t h e  same t h r e e  compounds ( A ,  

B and C) made up a l a r g e  p e r c e n t a g e  o f  t h e  v o l a t i l e s  p r e s e n t  i n  

each e x t r a c t .  These t h r e e  compounds were  shown t o  b e  produced 

by male - C .  f e r r u g i n e u s .  
Cr - 

An e f f l u e n t  s p l i t t e r  and a  t h e r m a l  g r a d i e n t  c o l l e c t o r  were 

c o n s t r u c t e d  f o r  p r e p a r a t i v e  GLC. F r a c t i o n a t i o n  o f  p e n t a n e  ex- 

t r a c t s  o f  Porapak Q-entrapped v o l a t i l e s  from - C. f e r r u g i n e u s  f r a s s  

fo l lowed  by c o m p a r a t i v e  b i o a s s a y s  showed t h e  p r e s e n c e  o f  f o u r  o r  

f i v e  compounds which a r e  a t t r a c t i v e  f o r  - C .  f e r r u g i n e u s .  Three o f  

t h e s e  a t t r a c t i v e  compounds were produced o n l y  by male -- C .  f e r -  

r u g i n e u s .  

Exper iments  showed t h a t  Porapak Q e f f i c i e n t l y  t r a p p e d  t h e  

a t t r a c t i v e  compounds. S o x h l e t  e x t r a c t i o n  o f  t h e  o d o r  l a d e n  

Porapak Q w i t h  p e n t a n e  removed a l l  o f  t h e  a t t r a c t i v e  compounds 

from t h e  Porapak Q .  D i s t i l l a t i o n  o f  t h e  p e n t a n e  t h r o u g h  a Dufton 

column c o n c e n t r a t e d  t h e  e x t r a c t s  w i t h o u t  l o s s  o f  t h e  a t t r a c t a n t s .  

@ 



IV. ANALYSIS OF ATTRACTANTS FOR C. FERRUGINEUS 

A. Experimental 

i. Quantitative GLC 

Quantitative analyses were performed on a Hewlett-Packard 

5830A GC and a Varian 2100 GC equipped with a Spectra-Physics 

Minigrator. Columns and conditions used were the same as those 

used previously for analytical GLC (Table VII). 

ii. Mass spectrometry 

Unit resolution mass spectra were obtained on a Hitachi 

RMU-6E mass spectrometer interfaced to a Varian 1400 GC and a 

System Industries 150 computer. Ionization voltage was 80 ev. 

Typically, a 3.6 m X 6 mm O.D. X 2 mrn I.D. glass column packed 

with 5% Carbowax 20M on Gas Chrom Q, 100-200 mesh was used for 

separation of compounds. + - 

High resolution mass spectra (HRMS) were obtained by 

Dr. G. ~i~endorf' using a DS-50 mass spectrometer. 

Chemical ionization mass spectra (CIMS) were obtained by 

Prof. W.A.   re' on a MS12. NH was used as the ionizing gas. 3 

Samples for HRMS and CIMS were isolated by preparative GLC and 

sealed in glass capillaries until used. 

' Department of Chemistry, University of British Columbia, 
Vancouver, B.C. 

+ Department of Chemistry, University of Alberta, Edmonton, 

Alberta. 
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iii. Infrared spectroscopy 

Infrared spectra were obtained on a Beckman IR 4230 spectro- 

-t photometer by Mr. N. Dominelli . Samples were run neat on AgCl 

plates. 

iv. Microhydrogenation 

A method for determining the carbon skeleton of microgram 

quantities of organic compounds by hydrogenolysis has been de- 

vised by ~ e r o z a ~ ~ .  The method involves passing a sample in a 

stream of hydrogen through a heated tube packed with catalyst. 

The hydrogenation products are swept into a gas chromatograph 

and separated. Identification of the products is made by 

matching retention times with those of known hydrocarbons or by 

analysis by mass spectrometry. 

A modified version of Beroza's catalyst assembly is shown 

in Figure 9b. This assembly consisted of a stainless steel 

cylinder (A, 25 cm X 1.3 cm O.D. X 0.5 cm I.D.) screwed into the 

injection port of a gas chromatograph by means of a fitting D. 

This fitting consisted of a bolt, nut and stainless steel tubing 

(10 cm X 1.6 rnrn O.D. X 1.0 mm I.D.) silver soldered together. 

This assembly was jacketed by a glass tube ( F ,  25 cm X 1.6 cm 

O.D. X 1.4 cm I.D.). A length of stainless steel tubing (B, 

180 cm X 1.6 rnrn O.D. X 1.0 mrn I.D.), one end of which was silver 

soldered to the stainless steel cylinder, was wound around the 

glass tube. The entire assembly was wrapped with asbestos paper, 

' Health Protection Branch, Health and Welfare Canada, 
* 

Vancouver, B . C . 
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( a )  Glass  c a p i l l a r y  b r e a k e r  

s tem and bonnet  from Whitey v a l v e  SS-4RS6 

s t a i n l e s s  s t e e l  t u b i n g ,  1 . 2  m X 1 . 6  rnm O . D .  X 1 . 0  mm 

I . D .  

s t a i n l e s s  s t e e l  c y l i n d e r ,  1 5  cm X 5  cm O . D .  X 0 . 6  cm I . D .  

T e f l o n  washer  

a s b e s t o s  i n s u l a t i o n  o v e r  nichrome r e s i s t a n c e  w i r e  

s t a i n l e s s  s t e e l  r o d  w i t h  a  1 0  mm X 2 . 2  mm h o l e  i n  c e n t e r  

1 / 4 "  s t a i n l e s s  s t e e l  Swagelok f u r r e l  

s t a i n l e s s  s t e e l  r o d  w i t h  a  1 0  mm X 2 . 2  mrn h o l e  a t  one 

end and s i l v e r  s o l d e r e d  t o  1 . 6  mm O . D .  X 1 . 0  mm I . D .  

s t a i n l e s s  s t e e l  t u b i n g  a t  o t h e r  end .  

g l a s s  c a p i l l a r y  t u b i n g ,  158 mm X 1 . 9  mm O . D .  X 1 . 4  

mm I . D .  

s t a i n l e s s  s t e e l  t u b i n g ,  135 mm X 3 .2  mm O . D .  X 2 .5 mm I . D .  

( b )  C a t a l y s t  assembly  

s t a i n l e s s  s t e e l  c y l i n d e r ,  25 cm X 1 . 3  cm O . D .  X 0 .5  cm 

I . D .  

s t a i n l e s s  s t e e l  t u b i n g ,  180 c m  X 1 . 6  mm O . D .  X 1 . 0  mm I . D .  

a s b e s t o s  i n s u l a t i o n  o v e r  n ichrome r e s i s t a n c e  w i r e .  

f i t t i n g  c o n n e c t i n g  g a s  chromatograph i n j e c t i o n  p o r t  w i t h  

c a t a l y s t  assembly  ( b o l t ,  n u t  and s t a i n l e s s  s t e e l  t u b e  

s i l v e r  s o l d e r e d  t o g e t h e r ) .  

b o l t  

g l a s s  t u b e ,  2 5  cm X 1 . 6  cm O . D .  X 1 . 4  cm I . D .  

s i l i c o n  s e p t a  w i t h  0.5 cm d i a m e t e r  h o l e s  i n  t h e  c e n t e r .  





' then nichrome resistance wire (600 cm, 1.6 R/ft) and finally 

asbestos tape. The ends of the wire were connected to a variable 

transformer. The temperature of the assembly was determined by 

a thermocouple, placed between the glass tube (F) and the catalyst 

tube (A). Bolt E allowed addition or removal of catalyst. Sili- 

con septa, which had a 0.5 cm hole cut in their centers, were 

used to ensure a leak tight connection between the injection port 

fitting (Dl and the cylinder and the bolt ( E l  and the cylinder. 

The catalyst, 1% palladium (by weight as the metal), was pre- 

2 5 pared by the method of Beroza and Sarmiento . 178 mg PdC12 

(Alfa) was dissolved in 100 mR 5% aqueous acetic acid. Gas-Chrom 

P (60-80 mesh, 9.9 g, Applied Science) was added and the solvent 

was removed on a rotary evaporator. After drying - in vacuo over 

night, the catalyst was added to a solution containing - 80 mg 
C -  - 

NaOH. The solvent was removed and the product was again dried 

in vacuo. The dried powder was then packed into the catalyst - 
assembly and hydrogen gas was slowly passed through the tube 

(20 mk/min). The assembly was not attached to the gas chromato- 

graph and the hydrogen was vented into a fume hood. The catalyst 

was activated by heating at -125OC for 30 minutes, at 200•‹C for 

30 minutes and at the operating temperature for 30 minutes. 

To introduce neat samples directly from a sealed capillary 

collector tube to the catalyst assembly, a glass capillary 

breaker was used23, Figure 9a. A glass capillary tube (I, 158 mm 

X 1.9 mm O.D. X 1.4 mm I.D.) was held axially in a stainless 

steel cylinder (C ,  150 cm X 5 cm O.D. X 0.6 cm I.D.) by means of 

fixtures  and H )  on each end. The center of the capillary tube 

was sheathed in a 135 mm length of 3.2 mm O.D., 2.5 mm I.D. 



valve (A) were mounted in a threaded hole in the cylinder. When 

the valve was turned, the stem pushed against the center of the 

stainless steel tube and caused the glass capillary to break at 

both ends. To ensure a clean break, each end of the capillary 

tube was scored with a diamond-tipped pencil. A 1.2 m X 1.6 mm 

O.D. X 1.0 mrn I.D. stainless steel tube ( B ) ,  coiled around one 

end of the cylinder, served as a carrier gas preheater. The cy- 

linder and carrier gas were heated by asbestos insulated ni- 

chrome wire. Temperature was measured by a thermocouple. 

To begin operation (Figure 101, all valves except the 

catalyst assembly valve (HI and the flow control valve (GI were 

closed. Thus, the gas chromatograph was isolated from the cap- 

illary breaker. The catalyst assembly was maintained at approxi- 

mately 210•‹C. The glass capillary tube containing the neat sam- 

ple was loaded into the capillary breaker (Dl. The capillary 

breaker, sample line and interface valve (L) were heated to 

approximately 200•‹C. The hydrogen purge valve (J) and 

valve K were opened. The hydrogen gas, after purging the sample 

chamber of volatile contaminants, was vented to the fume hood. 

After 15 minutes, valve K was closed. When the pressure in the 

capillary breaker reached that of the rest of the system (38 psi), 

as indicated by the back pressure valve ( F ) ,  the purge valve (J) 

was closed. The interface valve (L) was opened and hydrogen 

gas was diverted through the capillary breaker by closing the 

catalyst assembly valve (HI and opening the capillary breaker 
* 

valve (I). The glass capillary was then broken. The sample was 

swept into the assembly and the hydrogenolysis products entered 



Figure 10 

Schematic diagram of gas supply manifold for use with glass 
I 

capillary breaker and catalyst assembly. 

H2 supply 

purge supply 

vent 

capillary breaker 

catalyst assembly 

back pressure gauge 

flow control valve, Nupro B4MG 

catalyst assembly valve, Whitey 1KS4 

capillary breaker valve, Whitey 1KS4 

purge valve, Whitey 1KS4 

purge bleed valve, Whitey 1KS4 

interface valve, Whitey S.S.-3NBS4 

heating tape 





directly onto the chromatographic column. Hydrogen, the carrier 

gas, was maintained at a flow of 20 mR/min. Identification of 

the products was made by matching retention times with those of 

known hydrocarbons or by mass spectrometry. 

Analysis by gas-liquid chromatography was carried out on a 

3.0 m X 3.2 rnm O.D. X 2.5 mm I.D. stainless steel column packed 

with 5% OV-101 on Chromosorb G 70-80 mesh fitted into a Varian 

1200 gas chromatograph. Analysis conditions have been previously 

described (Table VII). 

For analysis by mass spectroscopy, the hydrogenolysis as- 

sembly was fitted to the injection port of the gas chromatograph- 

mass spectrometry system previously described. 

v. Micro-ozonolysis 

A small ozonizer, for the analysis of microgram amounts of 

material, has been devised by ~ e r o a a ~ ~ .  A micro-ozonizer based 

on Beroza's design is shown in Figure 11. A sheet of aluminum 

foil (F) was folded over a length of copper wire (I, 20 gauge) 

and then wrapped several times around glass tubing (E, 10 cm X 

8 mm O.D. X 6 mm I.D.) to within 1 cm of the ends. The foil 

was held on the tubing with rubber tubing ( G ,  8 cm). A stainless 

steel needle ( H ,  20 gauge, 14 cm) was pushed through a silicon 

septum ( B )  at one end of the glass tube. To the other end of 

the glass tube, a 3-way glass stopcock ( C )  was attached by means 

of a rubber sleeve (Dl. Nitrogen or oxygen was supplied through 

1.6 mm O.D. teflon tubing connected to stainless steel needles 

(A, 20 gauge) which were pushed through silicon septa into the 
e 

entry tubes on the stopcock. The reaction tube ( P I  was a 5 mm X 

50 mm culture tube stoppered with a 5 mm rubber septum ( 0 ) .  The 
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s t a i n l e s s  s t e e l  n e e d l e s ,  20 g a u g e  

s i l i c o n  s e p t a  

3-way g l a s s  s t o p c o c k  

r u b b e r  t u b i n g  

g l a s s  t u b i n g ,  1 0  cm X 8 mm O . D .  X 6 mm I.D. 

aluminum f o i l  

r u b b e r  t u b i n g  

s t a i n l e s s  s t e e l  n e e d l e ,  20 g a u g e ,  1 4  c m  

grounded  c o p p e r  w i r e  

T e f l o n  t u b i n g ,  1 . 6  mm O.D. 

T e s l a  c o i l  

1 0  mR E r l enmeyer  f l a s k  

i n d i c a t i n g  s o l u t i o n ,  4  mR 

s o l u t i o n  o f  compound, 100 p R  

serum septum,  5 mm 

c u l t u r e  t u b e ,  5 mm X 50 rnm 





needle stock (HI was pushed through the septum to the bottom of 

the tube. Teflon tubing (J, 1.6 mm O.D.) pushed through the 

septum conducted the gases emerging from the tube into 4 mR of 

indicating solution (MI contained in a 10 mR Erlenmeyer flask 

(L). A dry ice-methanol bath was used to cool the reaction tube. 

To conduct an experiment, approximately 40 y g  of compound 

in 100 pR of pentane (Caledon, distilled) .welie placed in the 

reaction tube (PI. Oxygen (Matheson Extra Dry) was flushed 

through the system at 20 mR/min with the inner end of the needle 

stock tube (HI just above the septum ( B ) .  The solution was cooled 

in a dry ice-methanol bath. After about one minute, when the 

system was purged of air, the needle stock tube was pushed about 

halfway into the glass tube. The gas emerging from the reaction 

tube was bubbled, through Teflon tubing ( J ) ,  into 4 mR of a solu- - + - 

tion of 5% KI (Allied Chemicals, reagent grade) and 0.5% soluble 

starch (Allied Chemicals, reagent grade) in 5% aqueous H2S04 con- 

tained in the Erlenmeyer flask (L). Ozone was generated by 

touching the needle stock tubing with a Tesla coil (K). When a 

blue colour was seen in the indicating solution, showing the 

presence of excess ozone, the Tesla coil was removed. Usually, 

only 20 to 30 seconds was required for ozone generation. The 

three-way stopcock ( C )  was then turned and-the solution was 

purged with nitrogen (Linde). The cold bath was removed, the 

septum ( 0 )  was slipped off the reaction tube and about 0.5 mg 

of P$3 (Matheson, recrystallized from diethyl ether) was dropped 

into the solution which was then analysed by GC-MS. 

vi. NMI? 

Chloroform-d - (minimum 99.8% deuterated, Merck, Sharp and 



  oh me) , CDC13 ; maintained over 4 8  molecular sieves, was used as 

P solvent for all NMR experiments. Tris (6,6,7,7,8,8,8-heptafluoro- 

perdeutero-2,2-dimethyl-3y5-octanedionatoeuropumIII, Eu(fodI3- 

d (Alfa), dried in vacuo for 24 hours and then stored in a 
-3 0 - 

dessicator, was used for shift reagent studies. 

Samples for proton NMR analysis were collected by preparative 

GLC in 20 cm X 1.9 mm O.D. X 1.4 mm I.D. glass capillary tubes. 

One end of the tube was flame sealed and 50 p R  CDCl was added 
3 

using a syringe. Mixing was achieved by agitating the solution 

with a Vibrograver (Burgess Vibrocrafters, Inc.). The open end 

of the tube was sealed with a small plug cut from a silicon 

septum. For shift reagent experiments, aliquots of a solution 

of Eu(f~d)~-cl~~ in CDC13 were added with a syringe to the capil- 

lary tube. 
- CI - 

Proton NMR spectra were obtained on a Varian XL 100 Fourier 

Transform spectrometer. The capillary tube containing a sample 

solution was mounted coaxially in a thin-wall ( 5  mm O.D.) NMR 

tube (Willmad Glass Co., Inc). Samples were run with either ex- 

ternal "F lock or internal 2~ lock. 

l~-noise-decoupled natural-abundance 13c NMR and decoupled 

proton NMR were performed at 20 MHz and 80 MHz, respectively, by 

t Dr. J.N. Shoolery . 
B. Results 

i. Quantitative GLC 

An estimate of the amount of attractants present in a pen- 

tane extract of Porapak Q-entrapped volatiles was made by GLC. 

' Dr. J.N. '~hoolery , Varian Associates, Applications Laboratory, 
Palo Alto, California. 



In Figure 3, a typical chromatogram of a pentane extract, com- 

pounds A, B and C comprise approximately 9%, 22% and 2%, respec- 

tively, of the volatiles present. The other two compounds which 

may also be attractants are present in a fraction of a percent. 

This analysis is based on the assumption that these compounds 

have similar detector responses. In Figure 7, a chromatogram of 

a different pentane extract, compounds A and B make up about the 

same percentages as above, but the amount of compound C increases 

to 10%. Although there was considerable variance in the relative 

amounts of the attractive compounds present in an extract, com- 

pound B was always present in the largest amount, approximately 

200 yg per aeration of 160 g frass. 

ii. Identification of rusty grain beetle attractant B 

The electron impact mass spectra (Figure 12a and Table XI11 

suggested the molecular weight of compound B was 194.1291, 

corresponding to a molecular composition of C 12 H 18 0 2 (194.1307). 

Chemical ionization mass spectrometric analysis (Figure 12b) 

confirmed that m/z 194 was indeed the molecular ion peak. This 

molecular formula corresponds to a compound with 4 sites of unsat- 

uration. The infrared spectrum (Figure 13) showed that one of 

these sites of unsaturation could be assigned to a carbonyl ( V  

1730 cm-'1 of an ester or a small ring ketone. The former was 

suggested by an intense absorption at 1132 cm-l (C-0 stretch of 

an ester). The IR spectrum is devoid of hydroxyl and aromatic 

absorption, thus excluding the possibility of these groups oc- 

curring in compound B. 

The mass spectrum of the micro-ozonolysis product of com- 

pound B (Figure 14) exhibited fragment peaks typical of an 



Figure 12 

Electron impact (a) and chemical ionization ( b ,  NH reagent 
3 

gas) mass spectra of rusty grain beetle attractant B. 





F TABLE XII. S i g n i f i c a n t  p e a k s  i n  t h e  High R e s o l u t i o n  Mass 

Spect rum of  r u s t y  g r a i n  b e e t l e  a t t r a c t a n t  B .  

Nominal m/z Measured Mass 
. . .  

C a l c u l a t e d  Mass Composi t ion  
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I n f r a r e d  s p e c t r u m  o f  r u s t y  g r a i n  b e e t l e  a t t r a c t a n t  B .  

Nea t  on a AgCl p l a t e .  





rusty grain 





2 7 aldehyde . The peaks at m/z 29 and 44 are typical fragment 

ions of aliphatic aldehydes and are usually due to the species 
+ . 

C H O ~  and CH,=CHOH. Because the ozonolysis product appears to be 
L 

an aldehyde, compound B must contain a vinyl hydrogen. 

formation leads to the partial structure of 

for compound B. 

Microhydrogenation of compound B did not yi' eld an) 

This in- 

r GLC 

detectable products. Because of the destructive nature of the 

technique and because of a shortage of compound B, only a small 

amount of compound B was committed to establishing the correct 

experimental conditions. Unfortunately, this amount was not suf- 

ficient. Experimental conditions had previously been determined 

for the hydrogenation of several model compounds. Geraniol, 

upon hydrogenation gave a product indentified by GC-MS as 2,6- 

dimethylheptane. Hydrogenation of dodecene gave dodecane, the 

expected product. Hydrogenation of compound B under the experi- 

mental conditions determined for the model compounds did not, 

however, yield any products in sufficient amount for identifica- 

tion. 

The most revealing structural information about compound B 

was derived from its 'H NMR (Figure 15). The spectrum showed 

two-three hydrogen doublets (61.57, J = 0.9 Hz and 61.64, J = 1.2 

Hz), two-fdur hydrogen signals (62.09 and 82.321, a two hydrogen 

multiplet (64.561, a one hydrogen multiplet (6 = 4.82) and a one 



Figure 15 

1 100 MHz H NMR spectrum of rusty grain beetle attractant B. 

200 p g  in 50 p i  CDC13. 128 scans, 5 second delay. 





hydrogen t r i p l e t  ( 6 5 . 5 1 ,  J = 7 . 7  H z ) .  The e f f e c t  o f  p r o g r e s s i v e  

a d d i t i o n  o f  s h i f t  r e a g e n t ,  E u ( f ~ d ) ~ - d ~ ~ ,  on t h e  'H NMR spect rum 

i s  shown i n  F i g u r e  1 6 .  The peaks  a t  62 .32 ,  64.56 and 65.54 a r e  

s h i f t e d  downf ie ld  t h e  g r e a t e s t  (-1.1 ppm) i n d i c a t i n g  t h a t  t h e y  

a r e  c l o s e  t o  n u c l e o p h i l i c  s i t e s .  The o t h e r  s i g n a l s  a r e  s h i f t e d  

l e s s  ( 0 . 3  ppm) i n d i c a t i n g  t h a t  t h e y  a r e  f a r t h e r  removed from 

t h e s e  s i t e s .  

The s i g n a l  a t  64.56 i s  a s s i g n a b l e  t o  a  methylene  group be- 

tween a n  oxygen o f  a n  e s t e r  and a  v i n y l  g roup .  I r r a d i a t i o n  a t  

64.56 caused  t h e  t r i p l e t  s t r u c t u r e  a t  65 .54 t o  c o l l a p s e .  Con- 

v e r s e l y ,  t h e  broad s i g n a l  a t  64.56 c o l l a p s e d  when t h e  sample w a s  

i r r a d i a t e d  a t  65 .54.  I r r a d i a t i o n  a t  65.54 a l s o  caused  t h e  v i n y l  

methyl  s i g n a l  a t  61.64 t o  change b u t  had no e f f e c t  on t h e  o t h e r  

v i n y l  me thy l  group a t  61.57.  T h i s  i n d i c a t e s  t h a t  t h e s e  methyl  

groups  a r e  on d i f f e r e n t  doub le  bonds and l e a d s  t o  t h e  f o l l o w i n g  

p a r t i a l  s t r u c t u r e :  

The s i g n a l  a t  64.82 can be a s s i g n e d  t o  t h e  v i n y l  hydrogen.  Ir- 

r a d i a t i o n  a t  64.82 caused t h e  methyl  g roup  a t  61.57 t o  change,  

i n d i c a t i n g  t h e  p a r t i a l  s t r u c t u r e :  

CH3\C=CH- 

The f o u r  hydrogen s i g n a l  a t  62.09 h a s  t h e  chemica l  s h i f t  

e x p e c t e d  f o r  hydrogens  on c a r b o n s  between two v i n y l  g roups .  When 

t h i s  s i g n a l ' w a s  i r r a d i a t e d ,  t h e  o n l y  s i g n a l  a f f e c t e d  was t h a t  a t  

64.82.  T h i s  a l l o w s  e x t e n s i o n  o f  t h e  p a r t i a l  s t r u c t u r e  t o :  



Figure 16 

The effect of progressive addition of E u ( f ~ d ) ~ - d ~ ~  on the 

1 100 MHz H NMR spectrum of rusty grain beetle attractant B. 

200 pg attractant B. 128 scans, 5 second delay. 





The remaining four hydrogens ( 6 2 . 3 2 )  must then be on carbons con- 

necting the chain, as in: 

This compound may exist in one of four isomeric forms: 
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These structures possess terpenoid carbon skeletons and it 

is possible to envision B as being derived from oxidation of 

farnesol at the terminal bond followed by cyclization of the 

resulting hydroxy-carboxylic acid. Since the 

natural isomer of farnesol is the E-E-isomer, 

the E-E-isomer of B (I) - to be the most likely 

most prevalent 

one would expect 

to occur. 

Although in theory it is possible to assign the E/Z geo- 

metry of the double bonds of B from the 13c chemical shifts of 

the vinyl methyls in the proton noise decoupled spectrum, the 

small amount available precluded this (Figure 17). Indeed, com- 

plete assignment of the resonances in the proton noise decoupled 

13c NMR spectrum of attractant B was not possible because of im- 

1 purities in the sample. The H NMR spectrum of the 13C spectral 

sample showed significant impurities resulting in signals at 81.2 

(doublet, J = 8 Hz) and 63.0 (multiplet). Furthermore, the 13c 

NMR experiment was conducted in California (Varian Associates) 

two months after the sample was prepared. 

By comparison with 13c NMR assignments of model compounds 

(Figure 18) the 13c NMR spectrum of compound B is consistent with 

the structures postulated. The resonance for the carbonyl car- 

bon must be either 164.9 pprn or 160.5 ppm. The other of these 

resonances must be due to an impurity. The resonances for the 

two disubstituted vinyl carbons, typically at 130 to 145 ppm, 

are not visible above noise. There are two vinyl carbon reson- 

ances at 126.6 pprn and 122.5 pprn which are consistent with 

resonances from singly protonated vinyl carbons in trisubstituted 
t 

double bonds in terpenoid chains. The resonance at 61.2 pprn is 

easily assigned to the alkyl carbon bearing the ester oxygen. 



* 

Figure 17 

"C NMR spectrum of rusty grain beetle attractant B. 

200 pg in 7 p% CDCl,. 314,000 transients. 
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F i g u r e  1 8  

NMR c h e m i c a l  s h i f t  da ta  of s e l e c t e d  compounds. S h i f t s  

a r e  i n  ppm r e l a t i v e  t o  TMS. 



neryl acetate2' 



The signals at 38.7, 33.9, 33.7, 27.3 and 25.1 are suggestive of 

methylene carbons in a polyisoprene chain. The signals at 27.3 

and 25.1 ppm, however, could be due to vinyl methyls where the 

geometry of the double bond is Z. The resonances at 16.3 and 

15.4 ppm are consistent with vinyl methyls where the geometry of 

the double bond is E. Since there are only six carbons not as- 

signed, clearly one of these resonances from 38.7 to 15.4 ppm is 

either noise or from an impurity. At least one of the double 

bonds must be in the E conformation. 

The mass spectral fragmentation pattern (Figure 12, Table 

XII) can also be interpreted in terms of the proposed structures. 

The fragmentation pattern for the E,E, structure (I) - is given as 

follows: 



and 

and . 
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iii. Identification of rusty grain beetle attractants A 

and C 

The electron impact mass spectra (Figure 19a, Table XIII) 

suggested that the molecular weight of compound A was 196.1449, 

which corresponds to a molecular composition of C H 0 
12 20 2 

(196.1463). Chemical ionization mass spectrometric analysis 

(Figure 19b) confirmed this assumption. The infrared spectrum 

(Figure 20) showed that one of the three sites of unsaturation 

in this compound can be assigned to a carbonyl (v = 1730 cm-'1 

of an ester or lactone. The IR spectrum is quite simple and is 

devoid of hydroxyl and aromatic absorption, thus excluding the 

possibility of these groups occurring in compound A. The high 

resolution mass spectrum indicates that there are no major frag- 

ments containing any oxygen atoms. This is unusual for a com- 

pound containing a carbonyl function and indicates branching or 

unsaturation y or 6 to the carbonyl carbon. 

Compound C has a molecular weight, determined by mass spec- 

trometry (Figure 21, Table XIV), of 224.1779. This corresponds 

to a molecular composition of C H 0 (224.1776). This mole- 14 24 2 

cular formula corresponds to a compound with three sites of un- 

saturation. The infrared spectrum (Figure 22) shows that one 

of these sites can be assigned to a carbonyl (v = 1725 cm-'1 of 

an ester or lactone. The infrared spectrum is quite similar to 

that of compound A. Since the composition of compound A differs 

from the composition of compound C by C2H4, these compounds may 

be homologs. 
* 

C .  SUMMARY 

Three attractants for the rusty grain beetle, compounds A,  



F i g u r e  1 9  

E l e c t r o n  impact  ( a )  and chemical  i o n i z a t i o n  ( b ,  NH r e a g e n t  3 

ga s )  of  r u s t y  g r a i n  b e e t l e  a t t r a c t a n t  A .  





Spec t rum o f  r u s t y  g r a i n  b e e t l e  a t t r a c t a n t  A .  

Composi t ion  Nominal m/z 

'7'12; 
C H O  

7 9 +  
C8*13+ 

C8H14 A 

Measured Mass C a l c u l a t e d  Mass 



Figure 20 

Infrared spectrum of rusty grain beetle attractant A. 

Neat on a AgCl plate. 





Figure 21 

Electron impact (a) and chemical ionization ( b ,  NH3 reagent 

gas) of rusty grain beetle attractant C. 





81 

TABLE XIV. Significant peaks in the High Resolution Mass 

Spectrum of rusty grain beetle attractant C. 

Nominal m/z Measured Mass Calculated Mass 

67.0548 

67.0626 

80.0626 

81.0704 

82.0782 

84.0575 

95 .O86l 

96.0939 

llO.lO95 

126.0681 

140.0837 

164.1565 

224 .l776 

Composition 



Figure 22 

Infrared spectrum of rusty grain beetle attractant C. 

Neat on a A g C l  plate. 
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B and C, have been shown to have molecular compositions of 

C12H2D02, C12H1802 and C14H2402, respectively. Each of these 

compounds has a strong infrared absorption at approximately 

1730 cm-l- corresponding to that of an ester or lactone. Compound 

B which has a composition of C12H1802, has been identified as 

an 11-membered, dimethyl substituted, unsaturated lactone: 

The geometry of the double bonds is uncertain. 



V . SYNTHESIS OF ATTRACTANT B 

A. Synthetic approaches 

Since the geometry of the double bonds of attractant B was 

not known, synthesis of all four possible isomers were con- 

sidered. Geraniol, nerol, farnesol and isomers were thought to 

be good starting materials because they possessed structures 

which were similar to attractant B. Syntheses starting from 

geraniol or nerol would involve chain extension followed by cy- 

clization. This cyclization would involve a C-C or C-0 bond 

formation, depending on which end of the molecule was chain ex- 

tended. A synthesis starting from farnesol or a'similar molecule 

would involve oxidation of a C-C double bond followed by cycliza- 

In early 1979, Dr. A.C. ~ e h l s c h l a ~ e r ~ ~  conducted a synthesis of 
- 

attractant B from a mixture of farnesol acetate, E,E, E,Z and Z,E 

isomers. These isomers were subjected first to ozonolysis then 

to oxidation by Jones reagent and finally to esterification using 

diazomethane (Figure 23). The aeetoxy esters formed were 

separated from the other reaction products using TLC. During 

this purification the Z,E isomer was separated from the other 

two. The products were identified by 13c NMR, 'H NMR and MS. 

After hydrolysis, the EYE and E,Z isomers were cyclized using the 

method of Corey, et -- a1. 30 to yield two major inseparable products 

in low overall yield. GLC analysis showed that the faster eluting 

compound had a retention time identical to that of attractant B. 

Bioassay results showed that this mixture of products was attrac- 

tive for - C. ferrugiheus. This indicated that attractant B was 

either isomer - I or isomer 12. The double bond -6 to the ester 





0 
OAc + other products 0 H@, H,O - P -  

I 
i 
I 

I 

0 



oxygen must be in the E configuration, .The geometry of the 

other double bond, f3 to the ester oxygen, was still unknown. 

Since the GLC data indicated that the attractive compound 

was the isomer eluting first through the carbowax column and 

since nerol eluted through the same column before geraniol, it 

was assumed that attractant B had an E,Z configuration (11). - 

With this in mind, two syntheses starting from nerol were at- 

tempted. 

B. Syntheses' from 'nerol 

i. Seven-step synthesis 

The first synthetic scheme attempted is shown in Figure 24. 

Nerol was first coupled to ethyl malonyl chloride31. The iso- 

propylidene terminus of the coupling product, 3, was stereospeci- 

fically oxidized with Se02 3 2  to yield the E aldehyde, 5 .  This 

aldehyde was reduced33 to the allylic alcohol, 5, using NaBHq 

which was in turn converted to the allylic acetate, 5. Cycliza- 

tion of the sodium salt, 2, was attempted by activating the vinyl 

acetate end of the molecule through the formation of a T-ally1 

palladium complex 34335. This cyclization attempt proved unsuc- 

cessful. 

a. experimental 

NMR spectra were recorded with a Varian A60 instrument. 

Chemical shifts are reported in parts per million relative to 

TMS . 
Ethyl malonyl chloride ( 2 )  - 

In a 2-liter three-necked flask equipped with a mechanical 
C 

stirrer, reflux condenser and 500 mR pressure equalizing dropping 

funnel were placed 200 g (1.25 moles) of diethyl malonate 







I e t h a n o l  ( F i s h e r ) .  To t h i s  was added,  w i t h  s t i r r i n g  o v e r  a p e r i o d  

o f  one h o u r ,  a s o l u t i o n  o f  70 g  ( 1 . 2 5  moles)  KOH (American S c i e n -  

t i f i c ,  r e a g e n t )  i n  500 mQ o f  a b s o l u t e  e t h a n o l .  A w h i t e  p r e c i p i -  

t a t e  formed.  A f t e r  s t i r r i n g  f o r  t h r e e  h o u r s  and s t a n d i n g  o v e r -  

n i g h t  t h e  p r e c i p i t a t e  was f i l t e r e d  o f f .  C o n c e n t r a t i o n  o f  t h e  

mother  l i q u i d  t o  a b o u t  250 mR y i e l d e d  more c r y s t a l s .  T h i s  mono- 

po tass ium s a l t  o f  e t h y l  hydrogen malonate  was d r i e d  o v e r n i g h t  

under  vacuum t o  y i e l d  157 g  ( 7 4 % ) .  

To a c h i l l e d  s o l u t i o n  o f  t h e  p o t a s s i u m  s a l t  ( 9 5  g ,  0.56 

mole)  i n  60 mR o f  d i s t i l l e d  w a t e r  (immersed i n  a n  i c e - b a t h )  

55 mR o f  c o n c e n t r a t e d  H C 1  ( 1 . 7 8  g )  were s lowly  added w i t h  s t iming.  

A f t e r  30 m i n u t e s ,  t h e  m i x t u r e  w a s  f i l t e r e d  w i t h  s u c t i o n  and t h e  

p r e c i p i t a t e  o f  p o t a s s i u m  c h l o r i d e  w a s  washed w i t h  75 mR o f  e t h e r .  - st- - 

The aqueous l a y e r  w a s  s e p a r a t e d  and e x t r a c t e d  w i t h  e t h e r  ( 3  X 

50 m e ) .  The combined e t h e r  e x t r a c t s  were d r i e d  (MgS04) and eva-  

p o r a t e d  t o  y i e l d  51 .5  g  ( 7 0 % )  o f  e t h y l  hydrogen malona te .  

I n  a 500 mR two-necked round-bottomed f l a s k  equ ipped  w i t h  

a d r o p p i n g  f u n n e l  a n d  r e f l u x  condense r  were p l a c e d  100  g ( 0 . 5 0  

mole) p h t h a l o y l  c h l o r i d e  (Eastman,  f r e s h l y  d i s t i l l e d ) .  E t h y l  

hydrogen m a l o n a t e  (50  g ,  0 .38 mole)  was p l a c e d  i n  t h e  d r o p p i n g  

f u n n e l ,  t h e  f l a s k  immersed i n  a n  o i l  b a t h  h e a t e d  t o  -105OC and 

t h e  e t h y l  hydrogen m a l o n a t e  w a s  added w i t h  s t i r r i n g  o v e r  t h i r t y  

minutes .  S t i r r i n g  and h e a t i n g  were c o n t i n u e d  f o r  two h o u r s .  The 

mix tu re  w a s  t h e n  d i s t i l l e d  a t  1 5  mm Hg (80•‹C) t o  y i e l d  31  g  ( 6 5 % )  

of e t h y l  ma lony l  c h l o r i d e .  

~ t h ~ l '  n e r y l  ma'lb'nate ( 3 )  

I n  a two-necked 250 mR f l a s k  equipped w i t h  a  r e f l u x  



condenser and a dropping funnel were placed 12.4 g (0.080 mole) 

nerol (MCB, freshly distilled), 9.8 g (0.080 mole) N,N-dimethyl 

aniline (Fisher reagent, dried over KOH) and 30 mR anhydrous 

ether. The stirred solution was heated to reflux, the heat re- 

moved and 13.4 g (0.080 mole) of ethyl malonyl chloride in 20 

mR of anhydrous ether slowly added. The mixture continued to 

reflux without external heat and a solid (N,N-dimethylaniline 

hydrochloride) crystallized. After the reaction subsided, the 

mixture was refluxed for 3 hours and alloxed to stand overnight. 

20 mR water was added and the two phases were separated. The 

aqueous phase was extracted with ether and the combined ether ex- 

tracts were washed with 10% sulfuric acid until no cloudiness 

was observed in the washings when made alkaline. The ether ex- 

tract was then dried (MgS04) and evaporated to yie2d.m oil. 

This oil was fractionated (0.2 m Hg, 120•‹C) to yield 14.0 g 

(65%) product: 'H NMR, 6 1.25 (t, J = 7 Hz, 3H, -0-CH -CH 1. 2 -3 

4H, -CH -CH -1, 3.28 (s, 2H, -CO-CH2-CO-), 4.12 ( q ,  J = 7 -2 -2 - 
Hz, 2H, -0-CH -CH3), 4.60 (d, J = 7 Hz, 2H, olefin-CH -0-1, 5.06 -2 -2 

Ethyl (3,Y-dimethyl,2-Z,6-E,8-al,octadienyl) malonate ( 4 )  - 

3.5 g (32 mmoles) selenium dioxide (Alfa, 99.4%) were added 

to a solution of ethyl neryl. malonate (4.5 g, 16 moles) in 240 mt 

of 95% EtOH in a 500 mR round bottom flask. The mixture was 

heated under reflux for 2-1/2hours. The mixture was then fil- 

tered into 200 mR of water and extracted with ether. The ether 

extracts were washed with sodium bicarbonate solution, dried 

(MgS04) and evaporated to yield 3.1 g (66%) of crude product: 



H NMR,  6 1 . 2 8  ( t ,  J = 7  H Z ,  3H, -0-CH2-CH3), - 1 . 7 4  ( s ,  6 H ,  - CH3- 

o l e f i n ) ,  2 . 1 0 - 2 . 6 0  ( m ,  4H, -CH -CH -1, 3.35 ( s ,  2 H ,  -CO-CH - C O - 1 ,  -2 -2 -2 

4 .20  ( q ,  J = 7  Hz, 2 H ,  -0'-CH2-CH3), - 4.65 ( d ,  J = 7  Hz, 2 H ,  o l e f i n -  

CH2-0-1, 5.40 ( t ,  J = 7 Hz, ~ H , > c = c H - C H ~ - 0 - 1 ,  6.45 ( t ,  J = 7 H Z ,  - - 
\ lH,,C=CH-CH2-CH2-1, - 9.38 ( s ,  l H ,  a ldehyde  H I .  

E t h y l  (8-hydroxy-3,7-dimethyl,2-Z,6-E,octadienyl malona te  

( 5 )  - 

3 . 0  g  ( 0 . 1 1  mole)  o f  t h e  c r u d e  andehyde,  - 4 ,  were-  p l a c e d  

i n  a 1 0 0  mR round-bottom f l a s k  c o n t a i n i n g  30 mR a b s o l u t e  e t h a n o l .  

A f t e r  t h e  s o l u t i o n  was c o o l e d  t o  O•‹C i n  a n  i c e - b a t h ,  0.107 g  

(0 .0028  mole)  o f  NaBH4 ( M C B )  was s l o w l y  added.  A f f e r  5 minu tes  

t h e  r e a c t i o n  m i x t u r e  was poured i n t o  w a t e r  and s t i r r e d  f o r  one 

h a l f  hour .  The s o l u t i o n  was t h e n  e x t r a c t e d  w i t h  e t h e r  ( 3  X 

50 m R ) .  The e t h e r  e x t r a c t s  were d r i e d  (MgS04) a n d z w p o r a t e d  

t o  y i e l d  2.2 g  ( 7 3 % )  of c r u d e  p r o d u c t ,  - 5 :  'H NMR 6 1 .28 ( t ,  

J = 7 H Z ,  3H, -0-CH2-CH3), - 1 . 6 6  ( s ,  3H, - CH3-olef in) ,  1 . 7 3  ( s ,  3H, 

CH - o l e f i n ) ,  2.15 (m, 4 H ,  -B2-CH2-1, 3.0 ( s ,  l H ,  D20 e x c h a n g e a b l e ,  -3 

- O H ) ,  - 3.37 ( s ,  2 H ,  -CO-CH2-CO-) ,  - 3.97 ( s ,  2 H ,  -CH - O H ) ,  4.20 ( q ,  -2 

J = 7 Hz, 2 H ,  -0-CH2-CH3), - 4.67 ( d ,  J = 7 Hz, 2 H ,  o lef in-CH -0-1, 
-2 

5 .38  ( t ,  J = 7  Hz, 2 H ,  v i n y l  - H I .  

E t h y l  (8-acetoxy-3,7-dimethyl,2-Z,6-E,octadienyl malona te  - 

2 . 2  g ( 7 . 7  mmoles) of  t h e  a l l y l i c  a l c o h o l ,  5 ,  were d i s -  

s o l v e d  i n  a s o l u t i o n  o f  1 0  g p y r i d i n e  ( F i s h e r )  and 1 0  g acet ic  

a n h y d r i d e  (American Chemical ,  r e a g e n t ) .  The s o l u t i o n  w a s  

s t i r r e d  o v e r n i g h t  a t  room t e m p e r a t u r e .  The m i x t u r e  w a s  t h e n  

poured i n t d  50 mR w a t e r  and e x t r a c t e d  w i t h  e t h e r  ( 3  X 50 m R ) .  

The e t h e r  e x t r a c t s  were washed w i t h  w a t e r  s e v e r a l  t i m e s ,  w i t h  



0 . 3 N  H C 1 ,  w i t h  2 %  NaHC03 u n t i l  C02 e v o l u t i o n  ceased  and f i n a l l y  

w i t h  w a t e r .  The e x t r a c t  w a s  t h e n  d r i e d  ( ~ g S 0 ~ )  and e v a p o r a t e d  

t o  y i e l d  2 . 0  g  ( 8 0 % )  o f  c r u d e  p r o d u c t ,  - 6:  'H NMR,  6 1 . 2 8  ( t ,  

J 7 H z ,  3H, -0-CH2-G3),  1 . 6 7  ( s ,  3H, - CH3-o le f in ) ,  1 . 7 3  ( s ,  3H, 

CH3-o le f in ) ,  2.04 ( s ,  3H, -CO-CH3), 2.15 ( m ,  4 H ,  -CH -CH -1, 3.36 - - -2 -2 

( s ,  2 H ,  -CO-CH -CO-1, 4.18 (4, J = 7  H Z ,  2 H ,  -0-CH2-CH3), 4.46 -2 - 

( s ,  2 H ,  -CH2-0-aceta te) ,  - 4.63 ( d ,  J = 7  Hz, ~ H , > c = c H - C H ~ - 0 - 1 ,  - 

5.35 ( t ,  J = 7  Hz, 2 H ,  v i n y l  H _ ) .  

~etrakis(tri~henyl~hosphine~~~alladium(0) 
3  6 

.- - 

1 .77  g  (0 .010  mole)  of  PdC12 ( A l f a ) , 1 3 . 1  g (0 .050  mole)  

o f  P(C6H513 ( M C B )  were mixed w i t h  1 2 0  mR d i m e t h y l s u l f o x i d e  

( F i s h e r )  i n  a  250 mR two-necked round-bottomed f l a s k :  A r u b b e r  

septum and a n i t r o g e n  l i n e  were connec ted  t o  t h e  o u t l e t s .  The 

mix tu re  w a s  h e a t e d  u n d e r  a N a tmosphere  u n t i l  complc te  s o l u -  2 

t i o n  o c c u r r e d  (-150•‹C).  The b a t h  was t a k e n  away and 2 . 0  g (0 .040  

mole)  o f  h y d r a z i n e  h y d r a t e  ( M a l l i n c k r o d t )  were added w i t h  a 

hypodermic s y r i n g e .  The s o l u t i o n  w a s  c o o l e d  t o  room t e m p e r a t u r e  

and f i l t e r e d .  The p r e c i p i t a t e  was washed w i t h  e t h a n o l  ( 2  X 2 0  mR)  

and e t h e r  ( 2  X 2 0  m R )  and  r e c r y s t a l l i z e d  from benzene and hexane  

t o  y i e l d  5.7 g  ( 5 0 % )  o f  t h e  y e l l o w  c r y s t a l l i n e  p r o d u c t .  

C y c l i z a t i o n  of e t h y l  (8-acetoxy-3,7-dimethy1,2;Z,6-E- 

o c t a d i e n y l )  ma lona te  ( 6 )  - 

To 40 mR THF ( F i s h e r ,  d i s t i l l e d  from L i A 1 H 4 )  c o n t a i n i n g  1 . 5  g  

( 4 . 6  rnmoles) of - 6 ,  0 .23  g  o f  a 57% o i l  d i s p e r s i o n  ( 5 : s  mrnoles) 

o f  NaH ( V e n t r o n )  w a s  s l o w l y  added.  The r e s u l t i n g  r e d  s o l u t i o n  

was f i l t e r e d  i n t o  a d r o p p i n g  f u n n e l .  

To 50 'me o f  a  r e f l u x i n g  m i x t u r e  o f  HMPA and THF (111, V / V )  

c o n t a i n i n g  1 . 0 6  g  ( 0 . 9 2  rnmoles) o f  tetrakis(triphenylphosphine)- 



palladium(0) and 0.40 g (0.92 mmole) of 1,2-bis(dipheny1- 

phosphinelethane (Alfa ~norganic) the sodium salt of 

pared above, was added slowly over a period of 4 hours. The mix- 

ture was left to reflux overnight and was then partitioned between 

saturated aqueous ammonium chloride and ether. The ether extracts 

were dried (MgS04) and evaporated to yield an oil. GLC a n d  

GLC-MS analysis showed the presence of at least 5 major compounds 

including nerol. 'H NMR analysis indicated that no cyclized 

product was present. 

ii. Ten step synthesis 

A second synthetic scheme, which did not depend on Pd 

catalysts, was designed (Figure 25). Neryl acetate, - 9, was 

oxidized by Se02 to yield the E aldehyde, - 10. The acetate group 

was cleaved in alcoholic KOH and replaced with a tetrahydropyranyl 

31 13. The aldehyde was then reduced to (THP) protecting group , - 
31 

the alcohol, , with NaBH4 which was converted to the bromide , 
15, using PBry This bromide was alkylated with the lithium salt - 

of 2,4 ,4-trimethyl-2-oxazoline37, - 16, to yield - 17. The methyl 

iodide salt of this alkylated ozazoline was hydrolyzed in base to 

31 18 Removal of the THP group yield the carboxylic acid , -. 3 3 

yielded the hydroxy acid, - 19. Cyclization of this hydroxy acid 

was achieved by simultaneously activating both hydroxyl and car- 

boxyl functions with 2,2'-bis-(4-t-butyl-N-isopropyl)imidazolyl 

disulfide (BID) 30'39 Y - 20. This resulted in the formation of a 

carbon-oxygen bond to give. - 11. This long synthesis resulted in 

the formation of only a small amount of product suspected to be 
* 

11. Complete analysis of intermediates and product was not pos- - 
sible. GLC analysis, however, showed that - I1 was not attractant 



Figure 25 

Synthesis of compound - 11. Percentages followed by the letters 

"cr" indicate yields on the crude products. 
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B. The i n i t i a l  a s sumpt ion  t h a t  a t t r a c t a n t  B p o s s e s s e d  t h e  E,Z 

c o n f i g u r a t i o n  was i n c o r r e c t .  A t t r a c t a n t  B must be i n  t h e  E , E  

c o n f i g u r a t i o n  (compound - I). 

a. e x p e r i m e n t a l  

NMR s p e c t r a  were r e c o r d e d  w i t h  a  Var ian  A60 i n s t r u m e n t .  

Chemical s h i f t s  a r e  r e p o r t e d  i n  p a r t s  p e r  m i l l i o n  r e l a t i v e  t o  

TMS . 
Nery l  a c e t a t e  . ( 9 )  - 
1 5  g  ( 0 . 1 0  mole)  o f  n e r o l  (MCB, f r e s h l y  d i s t i l l e d )  were 

mixed w i t h  25 g  a c e t i c  a n h y d r i d e  (American Chemical ,  r e a g e n t )  

and 25 g  p y r i d e n e  ( F i s h e r )  i n  a  1 0 0  mR round-bottomed f l a s k  and 

s t i r r e d  o v e r n i g h t  a t  room t e m p e r a t u r e .  The m i x t u r e  was d i l u t e d  

w i t h  50 mR w a t e r  and e x t r a c t e d  w i t h  e t h e r  ( 3  X 50 mR). The com- 

b i n e d  e t h e r  e x t r a c t s  were  washed w i t h  w a t e r ,  w i t h  D.?N.HCl, w i t h  

2 %  NaHC03 ( u n t i l  C02 e v o l u t i o n  c e a s e d )  and f i n a l l y  w i t h  w a t e r .  

The e x t r a c t s  were  d r i e d  (MgS04) and e v a p o r a t e d  t o  y i e l d  2 0  g  

( 1 0 0 % )  c r u d e  p r o d u c t :  'H N M R ,  6 1 . 6 2  ( s ,  3H, CH - o l e f i n ) ,  1 . 7 0  -3 

( s ,  6H, CH - o l e f i n ) ,  2.02 ( s ,  3H, CH -CO-1, 2.10 (m, 4H, -CH - -3 -3 -2 

CH -1, 4.57 ( d ,  J = 7  Hz, 2 H ,  -CH2-0-1, 5.10 ( m ,  l H ,  ( C H 3 I 2 C =  -2 - 
\ CH-), - 5 . 3 8  (t, J = 7  H Z ,  lH,,C=CH-CH2-0-1. - 

8-Acetoxy-2,6-dimethyl,2-E,6-Z,octadienol ( 1 0 )  - 

4 5  g  (0 .408  mole)  se lhn ium d i o x i d e  ( A l f a ,  99.-4%) was 

added t o  a s o l u t i o n  o f  40 g (0 .204 mole) o f  n e r y l  a c e t a t e  i n  

400 mR 95% e t h a n o l  i n  a  1 , 0 0 0  mR f l a s k .  The m i x t u r e  was h e a t e d  

u n d e r  r e f l u x  f o r  2 h o u r s .  The r e a c t i o n  m i x t u r e  was t h e n  poured 

i n t o  1 l i t e r  of  w a t e r  and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  w a s  

e v a p o r a t e d r  and  t h e  r e s u l t i n g  r e d  o i l  was e x t r a c t e d  w i t h  p e n t a n e  

(3 X 200 me). The p e n t a n e  e x t r a c t  was d r i e d  (MgSO,+) and 



I e v a p o r a t e d  t o  y i e l d  1 4  g  ( 3 3 % )  o f  c r u d e  a l d e h y d e :  H  6 1 . 7 6  ( s ,  

6H, - C H 3 - o l e f i n ) ,  2 . 0 2  ( s ,  3H, CH -CO-1, 2 . 2 0 - 2 . 6 0  (m,  4H, -CH2- 
-3 

3 -  4 . 5 6  ( d ,  2H, -CH2-0-1, 5 . 4 2  ( t ,  J = 7  H z ,  ~ H , > c = c H - c H ~ - ~ - ) ,  - - 
6 . 5 0  ( t ,  J = 7  H z ,  ~ H , > c = c H - C H ~ - C H ~ - ) ,  - 9 . 3 8  ( s ,  l H ,  a l d e h y d e  - H I .  

8-Hydroxy-2,6-dimethyl-2-E,6-Z,octadienal ( 1 1 )  - - 

1 4  g ( 0 . 0 6 7  m o l e )  of t h e  a l d e h y d e ,  - 1 0 ,  w e r e  a d d e d  t o  a 2 0 0  

mR r o u n d - b o t t o m  f l a s k  c o n t a i n i n g  5 0  mR of 9 5 %  e t h a n o l .  T o  t h i s  

m i x t u r e ,  w h i c h  w a s  cooled t o  - lO•‹C i n  a n  i c e / s a l t - b a t h ,  w e r e  a d d e d  

o v e r  4 5  m i n u t e s  4  g ( 0 . 0 7 1  m o l e )  of KOH ( A m e r i c a n  S c i e n t i f i c ,  

r e a g e n t )  i n  5 0  mR of 9 5 %  e t h a n o l .  T h e  m i x t u r e  w a s  s t i r r e d  f o r  a n  

a d d i t i o n a l  3 0  m i n u t e s  t h e n  w a s  n e u t r a l i z e d  w i t h  d i l u t e  HC1. T h e  

m i x t u r e  w a s  d i l u t e d  w i t h  2 0 0  mR of w a t e r  a n d  t h e n  e x t r a c t e d  w i t h  

e t h e r  ( 3  X 1 0 0  mR). T h e  e t h e r  e x t r a c t s  w e r e  w a s h e d  w i t h  w a t e r ,  

d r i e d  (MgS04)  a n d  e v a p o r a t e d  t o  g i v e  8 . 1  g ( 7 2 % )  of the  c r u d e  p r o -  

d u c t ,  - 11: 'H N M R ,  6 1 . 7 4  ( s ,  6H,  CH -1, 2 . 2 0 - 2 . 6 0  (m, 4H, -3 

-CH2-CH2-1, - - 3 . 3 8  ( s ,  l H ,  D20  e x c h a n g e a b l e ,  -OH),  - 4 . 1 3  ( d ,  J = 7  

H Z ,  2H, -CH2-0-1,  - 5 . 4 6  ( t ,  J = 7  H Z ,  ~ H , > C = C H - C H ~ - ~ - ) ,  - 6 . 5 2  (t, 

\ J = 7  Hz, lH,,C=CH-CH2-CH2-1, - 9 . 4 0  ( s ,  l H ,  a ldehyde H I .  

8-Tetrahydropyranyloxy-2,6-dimethyl,2-E,6-Z,octadienal (13) 

8 . 0  g ( 0 . 0 4 8  m o l e )  of t h e  a l coho l  p r e p a r e d  above,  11, a n d  

1 0  g  ( 0 . 1 2  m o l e )  of d i h y d r o p y r a n  ( 1 2 ,  - A l d r i c h ,  f r e s h l y  d i s t i l l e d )  

w e r e  m i x e d  i n  a 5 0  mR r o u n d - b o t t o m  f l a s k .  4  d r o p s  of c o n c .  HC1 

were a d d e d  a n d  t h e  m i x t u r e  w a s  s t i r r e d  o v e r n i g h t  a t  r o o m  t e m p e r a -  

t u r e .  E t h e r  w a s  a d d e d  a n d  t h e  m i x t u r e  w a s  s h a k e n  w i t h  1 0 %  s o d i u m  

h y d r o x i d e  s o l u t i o n .  T h e  e t he r  l a y e r  w a s  d r i e d  ( M g S 0 4 )  a n d  eva- 

pora ted  t o  y i e l d  1 2 0  g ( 9 5 % )  of t h e  c r u d e  p roduct ,  - 1 3  : 'H NMR, 
* 

6 1 . 4 0 - 1 . 8 0  (m,  1 2 H ,  CH -, -(CH ) -CH2-0-1, 2 . 2 0 - 2 . 6 0  (m,  4H, -3 -2 3  

o l e f i n - C H  - C H 2 - o l e f i n ) ,  3 . 4 0 - 4 . 2 0  (m, 4H,  -CH -0-1, 4 . 6 0  ( s ,  l H ,  -2 - -2 



methine - HI, 5.44 (t, J = 7 HZ, ~H,)c=cH-CH~-0-1, - 6.48 (t, J = 

7 Hz, lH, >C=CH-CH~-CH - -1, 9.40 (s, lH, aldehyde HI. 2 - 
8-Tetrahydropyranyloxy-2,6-dimethyl,2-E,6-Z,octadienol (14) - - 
12.0 g (0.047 mole) of the crude andehyde, - 13, were mixed 

with 100 mR ethanol in a 200 mR round-bottom flask. The solu- 

tion was cooled in an ice-bath and 1.3 g (0.017 mole) of N a B H q  

(MCB) was slowly added. After stirring for 2 hours, the reaction 

mixture was poured into water and stirred for one half hour. 

The solution was then extracted with ether (3 X 100 mR). The 

ether extracts were dried (MgS04) and evaporated to yield 8.2 g 

of an oil. This oil was purified by column chromatography (600 g 

silica-gel, hexanes:ether, 3:2) to yield 3.2 g (27%) of the 

alcohol, - 14: 'H HMR, 6 1.66 ( s ,  9H, CH -, -(CH 1 -CH2-0-1, 1.72 -3 -2 3 

(s, 3H, CH -1, 2.12 (d, J = 4 Hz, 4H, olefin-CH 1CH2:olefin), 2.90 -3 -2 - - 
(s, 1H, D20 exchangeable, -0-HI, - 3.30-4.20 (m, 6H, -CH -0-1, 4.60 

-2 

( s ,  lH, methine - HI, 5.38 (t, J = 7 Hz, 2H, vinyl - HI. 

8-Tetrahydropyranyloxy-2,6-dimethyl,2-E,6-Z,octadienyl 

bramide (15) - 

To a solution of 1.5 g (5.9 moles) of the alcohol, - 14, in 

8 mR ether and 8 mR HMPA (Aldrich) in a 50 mR round-bottom flask 

were added with stirring and i-ce-cooling 3.2 mR of 2.2 M (7.0 

rnmoles) n-BuLi in hexane (Alfa). 1.2 g (13 mrnoles) p-TsC1 

(Eastman, recrystallized from pentane) were added portionwise to 

the stirred solution. Then 14 g (16 moles) LiBr (Matheson, 

Coleman and Bell, Anhydrous Reagent) were added and the solution 

was stirred overnight at room temperature. The solution was then 
4 

poured into 2 0  mR water and extracted with ether ( 3  X 50 mR). 

The ether extract was washed with water and brine, dried (MgSOq) 



and concentrated - in vacuo to yield an oil. This oil was flash 

chromatographed (ethyl acetate/hexanes; 6:94 v/v) to yield 0.55 g 

1 
(25%) of the bromide: H NMR 6 1.66 (m, 12H, - CH3-, -(CH ) -CH2- -2 3 

0-1, 2.13 (d, J 4 Hz, 4H, olefin-CH2-CH - -olefin), 3.30-4.20 (m, 
-2 

6H, -CH2-0-, - -CH -Br), 4.58 (s, lH, methine HI, 5.33 (m, 2H, 
-2 

vinyl - HI. 

2,4,4-Trimethyl-2-oxazoline 

25.1 g (0.28 mole) of 2-amino-2-methyl-1-propanol (Sigma, 

freshly distilled) were added to a 100 mR round-bottom flask 

equipped with a reflux condenser. 33.8 g (0.56 mole) glacial ace- 

tic acid were slowly added. This mixture was magnetically stirred 

and heated until the reflux temperature dropped from a high of 

-120•‹C to llO•‹C. The mixture was distilled azeotropically at 98O- 

130•‹C through a 15 cm Vigreaux column into 200 mR pentane. The 

pentane layer was separated and the water layer was Ex-tracted 

several times with pentane. The combined pentane extracts were 

dried (MgS04) and evaporated to yield an oil. This oil was dis- 

tilled (75OC) to.~ield 22.0 g (70%) product: 'H NMR 6 1.2 (s, 

6H, (CH312C , 1.90 ( s ,  3H, vinyl - CH3), 3.85 (s, 2H, -CH2-0-1. - 
2-(9-Tetrahydropyranyloxy-3,:-dimethyl,3-E~7-Z,nonadienyl) 

4,4-dimethyl-2-oxazoline (17) - 

0.21 g (1.8 mmoles) of 2,4,4-trimethyl-2-oxazoline was mag- 

netically stirred with 10 mR THF (American Scientific, distilled 

from LiAlH,+) at -78OC (dry ice-acetone bath) under a N2 atmo- 

sphere. 0.91 mR of 2.2 M (2.0 mmoles) n-BuLi in hexane (Alfa) 

was slowly added with a syringe through a rubber septum and the 

resulting solution was stirred for 30 minutes. 0.54 g (1.7 * 

rnrnoles) of the bromide; - 15, was slowly added and the resulting 

mixture was stirred for another 30 minutes. After slowly 



warming t o  room t e m p e r a t u r e ,  t h e  s o l u t i o n  w a s  p o u r e d  i n t o  50 mR 

o f  s a t u r a t e d  NaCl s o l u t i o n  and e x t r a c t e d  w i t h  e t h e r  ( 3  X 50 m L ) .  

The e t h e r  e x t r a c t  w a s  d r i e d  (MgS04) and  c o n c e n t r a t e d  t o  g i v e  

0.59 g  ( 9 8 % )  o f  c r u d e  p r o d u c t :  'H NMR S 1 . 2 3  ( s ,  6H, (CH312C<) ,  

1 .50 -1 .75  (m, 1 2 H ,  v i n y l  CH3, -(CH2)3-CH2-O-), 2 .08  ( d ,  J = 7  Hz, 

4H, C - 5 ' g 2 ,  C-6'CH 1, 2.30  ( s ,  4H, C - l l C H  C-2'CH2), 3 .30-  
-2 -2 - 

4 .25  (m, 6H, -CH -0-1,  4 .57  ( s ,  l H ,  m e t h i n e  HI, 5.05-5 .55  (m, 2 H ,  -2 - 
v i n y l  - H) . 

l0-Tetrahydropyranyloxy-4,8-dimethy1,4-E,8-Z,decadienoic 

a c i d  ( 1 8 )  -- - 

0 .594  g ( 1 . 7 0  mrnoles) o f  t h e  o x a z o l i n e  p r e p a r e d  above  w a s  

c o n v e r t e d  t o  t h e  m e t h y l  i o d i d e  salt by s t i r r i n g  i n  e x c e s s  me thy l  

i o d i d e  (Matheson ,  Coleman and B e l l )  o v e r n i g h t  a t  room t e m p e r a t u r e .  

A f t e r  t h e  v o l a t i l e s  were  e v a p o r a t e d  - i n  v a c u o ,  t h e  p y d e  s a l t  was 

added  t o  5  mR IN N a O H  and  s t i r r e d  f o r  1 5  h r  a t  room t e m p e r a t u r e .  

The s o l u t i o n  w a s  a c i d i f i e d  t o  pH 2 w i t h  1 0 %  H C 1  and  e x t r a c t e d  

w i t h  e t h e r  ( 3  X 30 me) .  The e x t r a c t s  w e r e  d r i e d  (MgS04) and  con- 

c e n t r a t e d  - i n  vacuo  t o  l e a v e  0.514 g o f  c r u d e  p r o d u c t .  T h i s  o i l  

was p u r i f i e d  by p r e p a r a t i v e  TLC ( s i l i c a  g e l ,  e t h y l  a c e t a t e : h e x a n e s ,  

1:l V/V w i t h  1% ace t i c  a c i d ,  R f  0 .45  t o  0 .75 )  t o  y i e l d  0 .173  g 

( 3 4 % )  p r o d u c t :  ' H N M R ~  1 . 6 6  (my 1 2 H ,  -3 C H - ,  - ( C H I  -2 3  -CH2-0-1, 

2 .05  ( s ,  4H, o l e f in -CH -2 -CH -2 - o l e f i n ) ,  2 .35 ( s ,  4H, HOOC-CH2-CH2-), - 

3.30-4.30 (m,4H, -CH -0-1, 4 .63  ( s ,  l H ,  m e t h i n e  H I ,  5 .05-5 .55  (m, -2 - 

2H,  v i n y l  H I ,  - 9.10  ( s ,  l H ,  e x c h a n g e a b l e  w i t h  D20, -COOHI. - 

10-~~drox~-4,8-dimethy1,4-E,8-Z,decadienoc a c i d  ( 1 9 )  - 

0 .173  g ( 0 . 5 8 0  mmole) of t h e  a c i d ,  - 1 8 ,  w a s  added  t o  a s o l u -  

t i o n  of 0 .b044 g (0 .023  mo le )  p-TsOH (Eas tman)  i n  5 mR of 

me thano l .  The s o l u t i o n  w a s  poured  i n t o  20 mR o f  w a t e r  and  
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e x t r a c t e d  w i t h  e t h e r  ( 3  X 50 m i ) .  The e t h e r  e x t r a c t s  were d r i e d  

(MgS04) and e v a p o r a t e d .  T h i s  r e a c t i o n  p r o d u c t  was t h e n  s t i r r e d  

o v e r n i g h t  w i t h  2 mR 1 ,4 -d ioxane  ( F i s h e r )  and 3  mR 4 %  NaOH i n  a 

1 0  mR round bottomed f l a s k .  The s o l u t i o n  was a c i d i f i e d  t o  pH 2 

w i t h  H C 1 ,  poured  i n t o  2 0  mR o f  w a t e r  and e x t r a c t e d  w i t h  e t h e r  

( 3  X 50 mR). The e t h e r  e x t r a c t s  were d r i e d  (MgS04) and evapor-  

a t e d  t o  y i e l d  0.090 g  o f  t h e  c r u d e  p r o d u c t .  'H NMR a n a l y s i s  

showed t h a t  -60% o f  t h i s  p r o d u c t  was t h e  a c i d - a l c o h o l  and 40% w a s  

t h e  methy l  e s t e r - a l c o h o l :  'H NMR 6 1 . 6 7  (m, 6H, CH -1, 2.10 
-3 

( m ,  4 H ,  olef in-CH -CH - o l e f i n ) ,  2.36 ( m ,  4 H ,  HOOC-CH2-CH2-1,  
-2 -2 - - 

3.72 ( s ,  - CH3-0-CO-1, 4.12 ( d ,  J = 7 H Z ,  2 H ,  -CH -0-1, 5.00-5.50 
-2 

( m ,  2 H ,  v i n y l  H I ,  6.52 ( s ,  -0-HI. - 

lO-Hydroxy-4,8-dimethyl,4-E,8-Z,decadienoc a c i d  l a c t o n e  (c) - 

0.090 g ( -0 .25  mmole) o f  t h e  c r u d e  a c i d - a l ~ o h o l ~ p r e p a r e d  - 
above,  - 1 9 ,  0 .198 g  (0 .44  mmole) o f  2,2'-bis-(4~t-butyl-N-iso- - - 
p r o p y l )  i m i d a z o l y l  d i s u l f i d e  (20, c o u r t e s y  o f  D r .  A . C .  

q e h l s c h l a g e r 2 g ) ,  0.130 g (0.44 rnrnole) t r i p h e n y l p h o s p h i n e  

Matheson, Coleman and B e l l ,  r e c r y s t a l l i z e d )  and 0 . 1 2 0  g  (0 .44  

mmole) s i l v e r  p e r c h l o r a t e  ( A l f a )  were d i s s o l v e d  i n  5  mR t o l u e n e  

( F i s h e r )  i n  a  50 mR round bottom f l a s k .  The s o l u t i o n  w a s  purged 

w i t h  n i t r o g e n  and s t i r r e d  o v e r n i g h t  a t  4OC under  a  N2 atmosphere .  

A f t e r  t h e  s o l u t i o n  was s i l u t e d  w i t h  30 mR d r y  t o l u e n e ,  a  r e f l u x  

c o n d e n s e r  w a s  a t t a c h e d  t o  t h e  f l a s k  and t h e  s o l ~ t i o n  was r e f l u x e d  

under a  n i t r o g e n  a tmosphere  f o r  5  h r .  A one m i l l i t e r  a l i q u o t  w a s  

t h e n  f i l t e r e d  t h r o u g h  s i l i c a  g e l  and e l u t e d  w i t h  3 mL C H 2 C 1 2 .  

GLC a n a l y s i s  of t h i s  s o l u t i o n  showed t h a t  t h e  p r o d u c t  formed w a s  

n o t  a t t r a d t a n t  B ,  b u t  i n s t e a d  had t h e  same r e t e n t i o n  t i m e  a s  t h e  

second i s o m e r  produced i n  t h e  0 e h l s c h l a g e r 2  s y n t h e s i s .  
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C. Synthesis from geraniol 

i. Seven-step synthesis 

A seven-step synthesis of attractant B starting from ger- 

oniol was undertaken (Figure 26). The alcohol was first pro- 

40 22. The tected by forming the tetrahydropyranyl ether , - 
isopropylidene terminus of this compound was stereospecifically 

oxidized with SeOp to yield the E alcohol41, 23. Stork's method 
42 

- 

was used for the conversion of the alcohol into the corresponding 

bromide, - 24. This bromide was alkylated with the lithium salt 

of 2,4,4-trimethyl-2-oxazoline, - 16, to yield - 25. The methyl 

iodide salt of this alkylated oxazoline was hydrolyzed in base 

to yield the carboxylic acid, - 26. Removal of the protecting 

group43 yielded the hydroxy acid, - 27. This compound was cyclized 

1 
using BID to yield - I in 0.17% overall yield. The H NMR spectrum, 

mass spectra, infrared spectrum and GLC retention time of the 

synthetic compound proved identical to those for the natural 

compound (attractant B). 

Bioassay results comparing the attraction of pentane solu- 

tions of pure natural attractant By pure synthetic attractant B 

and Porapak Q-entrapped volatiles from frass are shown in 

Table XV. The synthetic compound was attractive for - C. 

ferrugineus proving that - I is the structure of attractant B. 

a. experimental 

NMR spectra were recorded with Varian XL-100 and EM-360 

instruments in CDCl using tetramethylsilane (TMS) as internal 3 

standard. Chemical shifts are reported in parts per million 
t 

relative to TMS. Unit resolution and chemical ionization mass 

spectra were measured on a Hewlett-Packard Model 5985 





I )  n-BuLi 

&:tip 

2 1 p-TsCI 

3 )  LlBr 

24 
47% 

23 

37% OTHP , _ 

'I 
I )  CH,I OH 

2 NaOH Dowex resin 
76 O/o MeOH 

4 4 O/O 
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TABLE XV. Response o f  - C .  f e r r u g i n e u s  o f  mixed age and s e x e s  t o  

p e n t a n e  s o l u t i o n s  o f n a t u r a l  and s y n t h e t i c  a t t r a c t a n t  B 

and t o  p e n t a n e  e x t r a c t s  of Porapak Q-entrapped v o l a -  

t i l e s  from r u s t y  g r a i n  b e e t l e  frass.  Experiment  25. 

- 

S t i m u l i  
... 
4. 

C o n c e n t r a t i o n  6 Response I 
P e n t a n e  e x t r a c t  o f  Porapak Q -  1 125  g h r  

t 
- 

e n t r a p p e d  v o l a t i l e s  from 160 g  

b e e t l e  f r a s s  f o r  312 h r .  

S y n t h e t i c  a t t r a c t a n t  'B 

i n  p e n t a n e .  

15  g h r  

N a t u r a l  a t t r a c t a n t  B i n  

p e n t a n e .  

P e n t a n e  c o n t r o l ,  0.025 mR.  I I 8.0  a 

125  g h r  e q u i v  ?!= 

1 5  g h r  e q u i v  
1 . 2  g h r  e q u i v  

125 g h r  e q u i v  
15 g h r  e q u i v  
1 . 2  g h r  e q u i v  

.L 
I. 

P e r c e n t a g e s  f o l l o w e d  by t h e  s a m e  l e t t e r  n o t  s i g n i f i c a n t l y  

d i f f e r e n t ,  x 2 ,  P < 0 . 0 5 .  

20.4 c 
3 5 . 6  d  
.17.4 b c  

9 . 0  a b  
27.2 cd 

' '28.4 b c  

' One gram h o u r  ( g h r )  = t h e  v o l a t i l e s  f rom 1 g of  m a t e r i a l  

i n  1 h r .  ' One gram h o u r  e q u i v a l e n t  ( g h r  e q u i v )  o f  a compound t h e  

amount i n  gram h o u r s  t h a t  t h i s  c o n c e n t r a t i o n  o f  compound 

i s  e q u i v a l e n t  t o .  



i n s t r u m e n t .  High r e s o l u t i o n  mass s p e c t r a  were r u n  by D r .  G .  

~ i ~ e n d o r f '  u s i n g  a DS-50 mass s p e c t r o m e t r y  d a t a  sys tem.  I n f r a r e d  

s p e c t r u m  ( I R )  were o b t a i n e d  w i t h  n e a t  samples  on NaCl p l a t e s  on 

a Perkin-Elmer  599B i n s t r u m e n t .  Chemical i o n i z a t i o n  mass s p e c t r a l  

d a t a  and 13c NMR d a t a  a r e  r e p o r t e d  i n  T a b l e  X V I  and F i g u r e - 2 7 ,  

r e s p e c t i v e l y .  F l a s h  chromatography was conducted  u s i n g  e s s e n t i -  

44 
a l l y  t h e  method o f  S t i l l  e t  a l .  . 

Geranyl  t e t r a h y d r o p y r a n y l  e t h e r  ( 2 2 )  - 

G e r a n i o l  (Matheson,  Coleman and B e l l ,  t e c h n i c a l )  was d i s -  

t i l l e d  on a 55 cm s p i n n i n g  band column w i t h  a r e f l u x  r a t i o  o f  

1 0 : l .  The f r a c t i o n  d i s t i l l i n g  a t  125-130•‹C (13-14 mrn Hg) was 

c o l l e c t e d .  25.0 g  (0 .162 mole)  o f  g e r a n i o l  and 1 3 . 7  g ( 0 . 1 6 2  

mole)  d ihydropyran  ( A l d r i c h ,  f r e s h l y  d i s t i l l e d )  were mixed i n  a 

100 mR round bot tom f l a s k  equipped w i t h  a  c a l c i u m  c h l o r i d e  d r y i n g  1 - 6 -  

t u b e .  1 0  d r o p s  o f  c o n c e n t r a t e d  H C 1  were added t o  t h e  f l a s k  and 

t h e  s o l u t i o n  was m a g n e t i c a l l y  s t i r r e d  o v e r n i g h t .  E t h e r  ( F i s h e r )  

w a s  added and t h e  s o l u t i o n  was shaken w i t h  a 1 0 %  sodium hydrox ide  

s o l u t i o n .  The e t h e r  l a y e r  was d r i e d  (MgS04) and e v a p o r a t e d  t o  

y i e l d  a  y e l l o w  o i l .  T h i s  o i l  was f r a c t i o n a t e d  (104-105•‹C, 0 . 3  

rnrn Hg) t o  y i e l d  30.6 g ( 8 0 % )  o f  p r o d u c t :  'H NMR 6 1 .60  ( m ,  15H, 

CH -, -(CH ) -CH2-0-1, 2 . 0 0  ( s ,  4H, o lef in-CH -CH - o l e f i n ) ,  3.2- -3 -2 3  -2 -2 

4.2 (m, 4H, -CH -0 - ) ,  4.57 ( s ,  l H ,  me th ine  MI, 5.05 ( b r . s ,  l H ,  -2 - 

1450(m),  1390(m) ,  1 2 1 0 ( m ) ,  1150(m),  1 0 3 5 ( s ) ,  9 2 0 ( m ) ,  880(m) ,  

+ + 
830(m) c m - l ;  MS ( r e l .  i n t e n s i t i e s )  m/z 238 (M , 0 . 1 % ) ~  93 (c7Hg , 

- ' Department  of Chemis t ry ,  U n i v e r s i t y  o f  B r i t i s h  Columbia, 

Vancouver,  B . C .  
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Figure 27 

13c chemical shifts of compounds in the synthesis of attractant 

B (I). Shifts are in ppm relative to TMS. 

* indicates ambiguous assignments. 
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i- + 
238 (M', 0.1%), 93 (C7Hgt, 10.5%), 85 (C5Hg0 , loo%), 81 (C6Hg , 

+ t 
14.5%), 69 (C5Hg , 45.6%), 67 (C5H7 , 15.7%); high resolution 
mass spectrum, calculated for C15H2602 238.1933, found 238.1933. 

8-Tetrahydropyranyloxy-2,6-dimethyl,2-E, octadien-1-01 - 

(23) 

10.9 g (0.100 mole) selinium dioxide (Alfa, 99.4%) were , 

added to a solution of - 22 (28.6 g, 0.120 mole) in 350 mR of 95% 

EtOH in a 500 mR round bottom flask. 14.0 g (0.240 mole) 

pyridine (Fisher certified) were added and the mixture was heated 

under reflux for 4 hr. The solvent was evaporated - in vacuo and 

the residue was extracted with ether (3 X 50 mt). The combined 

extracts were washed with brine, dried (MgS04), filtered and eva- 

porated to give an oil (16.9 g ) .  This oil was flash chromato- 

graphed (ethyl acetate/hexanes: 2/3, v/v) to yield 6.9 g of a 

yellow oil. This oil was distilled (145-160•‹C, -0.3 mm Hg) to 

I 
yield 5.7 g (19%) of a colourless oil: H NMR 6 1.63 (my 12H, 

CH - -(CH -CH2-0-1, 2.07 ( s ,  4H, ~lefin-~~-CH~-olefin), 2.70 
-3 -2 3 

(br.s, lH, D20 exchangeable, -0-H), - 3.20-4.25 (m, 6H, -CH2-0-1, - 

4.57 (br.s, lH, methine H), 5.30 (t, J = 7 Hz, 2H, vinyl HI; - 

IR 3420(br.m), 2930(s), 1440(m), 1380(m), 1200(w), 1115(m), 

+ 
1020(m), 905(m), 730(m) cm-l; MS (rel. intensities) m/z 254 (M , 

+ + + 
0.1%), 93 (C7Hg , 9.5%), 85 (C5Hg0 , loo%), 81 (C6Hg , 13.8%); 
high resolution mass spectrum, calculated for C15H2603 254.1882, 

found 254.1889. 

8-Tetrahydropyranyloxy-2,6-dimethyl,2-E~6-E,octadienyl 

bromide (24) - 
P 

To a solution of 5.5 g (0.0217 mole) of the alcohol, - 23, in 

17 mR HMPA (Aldrich) in a 100 mR round bottom flask were added, 
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with stirring and ice-cooling under a N atmosphere, 9.8 mR 2 

of 2.2 M (0.0220 mole) n-BuLi in hexane (Alfa). 4.3 g (0.050 

mole) p-TsC1 (Eastman, recrystallized from pentane) were added 

portionwise to the stirred solution. Then 5.0 g (0.058 mole) 

LiBr (Matheson, Coleman and Bell, Anhydrous Reagent) were added 

and the solution was stirred overnight at room temperature. The 

solution was then poured into 50 mR water and extracted with 

ether (3 X 75 mR). The ether extract was washed with water and 

brine, dried (MgS04), filtered and concentrated - in vacuo to yield 

6.5 g of oil. This oil was flash chromatographed (ethyl acetate/ 

hexanes:6:94 v/v) to yield 3.2 g (47%) of product: 'H NMR 6 1.67 

(m, 12H, - CH3-, -(CH -CH2-0-1, 2.07 (s, 4H, olefin-CH -CH - 
-2 3 -2 -2 

olefin), 3.20-4.25 (m, 6H, -CH2-Br, - -CH2-0-1, - 4.60 (br.s, lH, 

methine H_),  5.35 (m, 2H, vinyl - HI; IR 2946(s), 145Q(q), 1390(m), 

1270(m), 1210(m), 1125(s), 1035(s), 920(m), 880(m), 830(m), 

+ 
770(m), 700(m) cm-l; MS (rel. intensities) m/z 237 (C15H2502 , 

+ t + 
0.4%), 135 (C10H15 , 7.3%), 85 (C5Hg0 , loo%), 81 (C6Hg , 13.5%), 

+ 
67 (C5H7 , 25.3%); high resolution mass spectrum, calculated for 
C15H250279~~ 316 .lO38, found 316.1062. 

2-(9-Tetrahydropyranyloxy-3,7-dimethyl,3-E7-E nonadienyll- 

4,4-dimethyl-2-oxazoline (25) 

0.80 g (7.1 rnmoles) of 2,4,4-trimethyl-2-oxazoline was mag- 

netically stirred with 10 mR THF (American Scientific, distilled 

from LiA1H4) at -78OC (dry ice-acetone bath) under a N2 atmosphere. 

3.7 mR of 2.2 M (8.1 mrnoles) n-BuLi in hexane (Alfa) were slowly 

added with a syringe through a rubber septum and the solution was 

stirred fdr 30 minutes. 3.0 g (6.3 mmoles) of the bromide, - 24, 

were slowly added and the resulting mixture was stirred for 



another 30 minutes. After slowly warming to room temperature, 

the solution was poured into 50 mR of saturated NaCl solution 

and extracted with ether (3 X 50 mR). The ether extract was 

dried (MgS04) and concentrated to give 2.1 g of crude product. 

This oil was flash chromatographed (ethyl acetate:hexanes, 1:l 

I V/V) to give 0.85 g (37%) product: H N M R 6  1.25 (s, 6H, 

(CH cO), 1.63 (br.s, 12H, vinyl CH -(CH2)3-CH2-O-), 2.05 -3 2 ' -3, 

(s, 4H, C-S1CH2, C-6'CH 1, 2.32 (s, 4H, C-1'CH C-2'CH 1, 
-2 -2 -2 

3.20-4.30 (m, 6H, -CH2-0-1, - 4.63 (br.s, lH, methine HI, - 5.00- 

5.50 (m, 2H, vinyl - HI; IR 2930(s), 1668(s), 1450(m), 1390(m), 

1365(m), 1200(m), 1120(m), 1025(s) cm-l; MS (rel. intensities) 

+ + + 
m/z 349 (M , 0.8%), 264 (C16H26N02 , 63.0%), 248 (C17H1202 , 

+ + + 
59.4%), 180 (C H NO , loo%), 113 (C6H11N0 , 75.0%), 85 (C5Hg0 , 11 18 

+ 
78.9%), 67 (C5H7 , 40.5%); high resolution mass spect_rum, cal- 

culated for C21H35N03 349.2616, found 349.2612. 

l0-Tetrahydropyranyloxy-4,8-dimethyl,4-E,8-E,decadienoic 

acid (26) - -  
0.768 g (2.20 mmole) of the oxazoline prepared above, -9 25 

was converted to the methiodide salt by stirring in excess methyl 

iodide (Matheson, Coleman and Bell) overnight at room temperature. 

After the volatiles were evaporated - in vacuo, the crude salt was 

added to 5 m2 IN NaOH and stirred for 20 hrs at room temperature. 

The solution was acidified to pH 2 with 10% HC1 and extracted 

with ether ( 3  X 30 mR). The extracts were dried (MgS04) and con- 

centrated - in vacuo to leave 0.564 g of crude product. This oil 

was purified by preparative TLC (silica gel, ethyl acetate:hexane, 

1:l v/v wfth 1% acetic acid) to yield 0.498 g (76%) product: 'H 

NMR 6 1.63 (br.s, 12H, CH -, -(CH -CH2-0-1, 2.05 (s, 4 H ,  -3 -2 3 
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olefin-E2-CH -olefin), 2.35 (s, 4H, HOOC-CH -CH -1, 3.30-4.30 -2 -2 -2 

(my 4H, -CH -0-1, 4.63 (br.s, lH, methine HI, 4.90-5.50 (my 2H, -2 - 

vinyl H I ,  8.75 (s, lH, D 0 exchangeable, -0-HI; IR 3000(br.m), 2 - 

2920(s), l7OO(s), 10lO(m), gOS(m), 730(s) cm-l; MS (rel. 
+ + 

intensities) m/z 296 (M , 0.1%), 154 (CgH1402 , 12.8%), 127 
i- + + 

(C7H1102 , 12. a%), 101 (C5Hg02 , la%), 85 (C5Hg0 , 100%), 68 
+ + 

(C5H8 , 15.2%), 67 (C5H7 , 27.6%); high resolution mass spectrum, 
calculated for C17HZ804 296.1988, found 296.1986. 

10-Hydroxy-4,8-dimethy1,4-E,8-E,decadienoc acid ( 2 7 )  - 

Dowex-50W-X8 resin (Baker) was activated by washing the 

resin in a chromatography column with 6 M HC1. Excess acid was 

washed from the column with distilled water until the,washings 

showed no reaction with silver nitrate. The resin was then 

washed with methanol. - b -  
0.459 g (1.55 mrnoles) of the acid, - 26, was added to 5 mR of 

methanol containing 0.75 g of the activated resin. The hetero- 

geneous mixture was stirred at room temperature for 1 hr. The 

mixture was then filtered, added to 30 mR of distilled water and 

extracted with ether (3 X 25 mi). The ether layer was dried 

(MgS04) and evaporated to yield an oil. This oil was purified 

by preparative TLC (silica gel, ethyl acetate:hexanes, 1:l v/v 

with 1% acetic acid) to yield 0.146 g (44%) product: 'H NMR 

6 1.62 ( s ,  SH, - CH3-1, 2.08 (s, 4H, olefin-CH -CH -olefin), 2.34 -2 -2 

(s, 4H, HOOC-CH2-CH - -1, 4.12 (my 2H, -CH2-0-1, 4.90-5.50 (my 2H, -2 - 

vinyl - H I ,  6.18 (s, 2H, D20 exchangeable, -0-HI; - IR 3400(br.m), 

2930(s), 1710(s), 1440(m), 1385(m), 1165(m), 995(m) cm-l; MS 

+ + 
(rel. int6nsities) m/z 212 (M , 1.4%), 194 (C12H1802 , 12.3%), 

+ + + 
109 (C7Hg0 , 32.9%), 99 (C5H702 , 32.2%), 85 (C5Hg0 , loo%), 



t + 
8 1  ( C 6 H g  , 8 5 . 6 % ) ,  68 ( C ~ H ~ ' ,  60 .791,  67 (C5H7 , 6 5 . 5 % ) ,  55 

+ t t 
( C 4 H 7  r 4 3 . 8 % ) ,  43 (C2H30 , 9 2 . 7 % ) ,  41  (C3H5 , 8 3 . 4 % ) ;  h i g h  

r e s o l u t i o n  mass spec t rum,  c a l c u l a t e d  f o r  C12H2003 212.1412, 

found 212.1418. 

lO-Hydroxy-4,8-dimethy1,4-E,8-E,decadienoc a c i d  l a c t o n e  (I) - 

0.092 g (0 .437  rnrnoles) o f  t h e  hydroxy a c i d ,  - 27, 0.494 g 

( 1 . 1 2  rnrnoles) o f  2,2'-bis-(4-t-butyl-N-isopropyl) - i m i d a z o l y l  

d i s u l f i d e ,  - 20,  and 0 . 2 9 4  g  ( 1 . 1 2  mmoles) t r i p h e n y l p h o s p h i n e  

(Matheson,  Coleman and B e l l ,  r e c r y s t a l l i z e d )  were d i s s o l v e d  i n  

6 mR benzene  ( F i s h e r ,  d i s t i l l e d  from CaH2) i n  a  50 mR round 

bottom f l a s k .  The s o l u t i o n  was purged w i t h  n i t r o g e n  and s t i r r e d  

o v e r n i g h t  a t  4OC under  a n i t r o g e n  a tmosphere .  A f t e r  t h e  s o l u -  

t i o n  was d i l u t e d  w i t h  -30 mR d r y  benzene ,  0.232 g  ( 1 . 1 2  mmoles) 

s i l v e r  p e r c h l o r a t e  ( A l f a )  was added.  The f l a s k  wag equipped Cr - w i t h  

a  r e f l u x  c o n d e n s e r  and t h e  s o l u t i o n  w a s  r e f l u x e d  u n d e r  a  n i t r o g e n  

a tmosphere  f o r  5  h r .  The m i x t u r e  was t h e n  f i l t e r e d  t h r o u g h  

s i l i c a  g e l  and e l u t e d  w i t h  50 mR C H 2 C 1 2 .  A f t e r  t h e  s o l u t i o n  w a s  

c o n c e n t r a t e d ,  p r e p a r a t i v e  GLC y i e l d e d  1 6  mg ( 1 9 % )  p r o d u c t .  The 

NMR s p e c t r u m ,  mass s p e c t r a ,  i n f r a r e d  s p e c t r u m  and GLC r e t e n -  

t i o n  t i m e  o f  t h e  s y n t h e t i c  compound proved i d e n t i c a l - t o  t h o s e  

f o r  t h e  n a t u r a l  compound ( a t t r a c t a n t  B ) .  High r e s o l u t i o n  mass 

spec t rum,  c a l c u l a t e d  f o r  C12H1802 194.1306,  found 194.1307.  

D .  Summary 

P r e l i m i n a r y  i n v e s t i g a t i o n s 2 9  i n d i c a t e d  t h a t  o f  t h e  f o u r  pos- 

s i b i l i t i e s  a t t r a c t a n t  B was e i t h e r  i somer  I o r  11. The doub le  - - 
bond d t o  t h e  e s t e r  oxygen was i n  t h e  E c o n f i g u r a t i o n .  The 

C 

geometry o f  t h e  o t h e r  bond w a s  assumed t o  b e  i n  t h e  Z c o n f i g u r a -  

t i o n  (11) - b e c a u s e  o f  GLC a n a l y s i s .  The f i r s t  s y n t h e s i s  o f  I1 - 
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f rom n e r o l  was u n s u c c e s s f u l  because  t h e  p a l l a d i u m  c a t a l y z e d  

c y c l i z a t i o n  f a i l e d .  A second s y n t h e s i s  o f  - I1 from n e r o l ,  u s i n g  

B I D  as a n  a c t i v a t o r  f o r  c y c l i z a t i o n ,  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  

a s m a l l  amount o f  p r o d u c t .  Because o f  t h e  s m a l l  amount o f  com- 

pound p roduced ,  s p e c t r a l  a n a l y s i s  was i n c o m p l e t e .  GLC a n a l y s i s ,  

however,  showed t h a t  t h i s  p r o d u c t  was n o t  a t t r a c t a n t  B .  The 

i n i t i a l  a s sumpt ion  t h a t  a t t r a c t a n t  B p o s s e s s e d  t h e  E , Z  c o n f i g u r a -  

t i o n  was i n c o r r e c t .  A s e v e n - s t e p  s y n t h e s i s  o f  t h e  E , E  i somer  

was s u c c e s s f u l l y  conducted  t o  y i e l d  - I i n  0 .17% o v e r a l l  y i e l d .  

The 'H NMR spec t rum,  mass s p e c t r a ,  i n f r a r e d  spec t rum and GLC 

r e t e n t i o n  t i m e  o f  t h e  s y n t h e t i c  compound proved i d e n t i c a l  t o  

t h o s e  f o r  t h e  n a t u r a l  compound ( a t t r a c t a n t  B). Bioassay  r e s u l t s  

showed t h a t  t h e  s y n t h e t i c  compound was a t t r a c t i v e  f o r  - C .  

f e r r u g i n e u s ,  showing t h a t  compound - I i s  a t t r a c t a n t  B .  - a -  



VI. CONCLUSIONS 

Porapak Q has been demonstrated to be an effective adsorbent 

in which to capture - C. ferrugineus produced attractants and at- 

tractants produced by fungus-infected wheat. Solvent extraction 

techniques were shown to be not as good as the vapour entrapment 

method of capturing attractants for - C. ferrugineus. 

The construction of an effluent splitter and a thermal 

gradient collector lead to the isolation by preparative GLC of 

four compounds from a pentane extract of Porapak Q-entrapped vola- 

tiles from C. ferrugineus produced frass which were attractive 

for - C. ferrugineus. Three of these compounds were produced only 

by male C. ferrugineus. This observation and the result of the 

bioassay of extracts of volatiles produced by sexed beetles show 

- 6 -  
that - C. ferrugineus utilizes an aggregation pheromone produced by 

the males. 

The quantitative composition of extracts varied from batch 

to batch, however three attractants (A, B and C )  were pre- 

sent in all extracts and comprised 20-40% of the total volatiles 

present. Compound B was always present in the largest amount, 

approximately 200 pg per aeration of 160 g frass. 

Spectral analysis of these three attractants, A, B and C, 

showed that these compounds have molecular compositions of 

C H 0 and C14H2402, respectively. Each of these 
C12H2002' 12 18 2 

compounds has a strong infrared absorption at approximately 1730 

-1 cm corresponding to that of an ester or lactone. Compound B 

was identified-as one of four isomers of an 11-membered dimethyl 

substituted unsaturated lactone. 



After two unsuccessful attempts, compound B was synthesized 

from geraniol in 0.17% overall yield. The 'H NMR spectrum, mass 

spectra, infrared spectrum and GLC retention time of the syn- 

thetic compound proved identical to those for the natural com- 

pound. Bioassay results showed that the synthetic compound was 

attractive for -- C. ferrugineus, proving that attractant B is 

lO-hydroxy-4,8-dimethyl,4-E,8-E,decadienoic acid lactone(1). - 

Identification of the other rusty grain bceetle produced 

compounds which are attractive for - C. ferrugineus, followed by 

rational syntheses and comparison with the natural compounds will 

complete the identification of the rusty grain beetle pheromone 

complex. 

Once fungal attractants for - C. ferrugineus have been identi- 

fied and synthesized, these compounds, together with the rusty 
a - 

grain beetle pheromone, can be tested for synergism. 

Field tests, in which synthetic compounds will be tested 

for their attraction to beetles in grain storage areas, will 

follow the development of efficient chemical synthetic pathways 

which will yield large amounts of synthetic chemicals of known 

authenticity and purity. These attractants may be incorporated 

into traps with effective chemical release devices and used as 

survey and/or control tools against C. - ferrugineus. 



A f t e r  two u n s u c c e s s f u l  a t t e m p t s ,  compound B was s y n t h e s i z e d  

from g e r a n i o l  i n  0.17% o v e r a l l  y i e l d .  The 'H NMR s p e c t r u m ,  mass 

s p e c t r a ,  i n f r a r e d  s p e c t r u m  and GLC r e t e n t i o n  t i m e  o f  t h e  syn- 

t h e t i c  compound proved i d e n t i c a l  t o  t h o s e  f o r  t h e  n a t u r a l  com- 

pound. B ioassay  r e s u l t s  showed t h a t  t h e  s y n t h e t i c  compound was 

a t t r a c t i v e  f o r  - C .  f e r r u g i n e u s ,  p r o v i n g  t h a t  a t t r a c t a n t  B i s  

lO-hydroxy-4,8-dimethyl,4-E,8-E,decadienoc a c i d  l a c t o n e ( 1 ) .  - 

I d e n t i f i c a t i o n  o f  t h e  o t h e r  r u s t y  g r a i n  b e e t l e  produced 

compounds which a r e  a t t r a c t i v e  f o r  - C .  f e r r u g i n e u s ,  f o l l o w e d  by 

r a t i o n a l  s y n t h e s e s  and  compar ison w i t h  t h e  n a t u r a l  compounds w i l l  

complete t h e  i d e n t i f i c a t i o n  o f  t h e  r u s t y  g r a i n  b e e t l e  pheromone. 

Once f u n g a l  a t t r a c t a n t s  f o r  - C .  f e r r u g i n e u s  have  been i d e n t i -  

f i e d  and s y n t h e s i z e d ,  t h e s e  compounds t o g e t h e r  w i t h  t h e  r u s t y  

g r a i n  b e e t l e  pheromone c a n  be  t e s t e d  f o r  synergism,  & -  

F i e l d  t e s t s ,  i n  which s y n t h e t i c  compounds w i l l  be t e s t e d  

f o r  t h e i r  a t t r a c t i o n  t o  b e e t l e s  i n  g r a i n  s t o r a g e  a r e a s ,  w i l l  

f o l l o w  t h e  development  of e f f i c i e n t  chemica l  s y n t h e t i c  pathways 

which w i l l  y i e l d  l a r g e  amounts o f  s y n t h e t i c  c h e m i c a l s  o f  known 

a u t h e n t i c i t y  and  p u r i t y .  These a t t r a c t a n t s  may be i n c o r p o r a t e d  

i n t o  t r a p s  w i t h  e f f e c t i v e  c h e m i c a l  r e l e a s e  d e v i c e s  and used  as 

su rvey  a n d / o r  c o n t r o l  t o o l s  t o  be used  a g a i n s t  - C .  f e r r u g i n e u s .  
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