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ABSTRACT 

Three compounds were i s o l a t e d  from t h e  pentane e x t r a c t  of  Porapak Q- 

captured f r a s s  v o l a t i l e s  from Cryptolestes ferrugineus (Stephens) ,  a s e r i o u s  

coleopteran ( b e e t l e )  p e s t  of s to red  g ra in ,  by a combination of h igh  pe r fo rn r  

ance l i q u i d  chromatography and p repa ra t ive  gas - l i qu id  chromatography. The 

s t r u c t u r e s  of t h e s e  compounds were revea led  by spec t roscop ic  ana lyses  t o  be  

( Z  -9- S)-3-dodecen-ll-olide ( I I ) ,  (ZJ-5-tetradecen-13-olide (111) and (Z -9- Z)-3,6- 

dodecadien-l l -ol ide ( I V ) .  Compound 11, which was found i n  f r a s s  and b e e t l e  

v o l a t i l e s ,  e l i c i t e d  aggrega t ion  behavior  from a d u l t  b e e t l e s  of both sexes  i n  

a two-choice, p i t f a l l  o l fac tometer .  Synergism was observed f o r  a b ina ry  mix- 

t u r e  of I1 and a compound I, (E,E)-4,8-dimethyl-43-decadien-10-olide, - - which 

had been i s o l a t e d  from C. ferrugineus i n  a p rev ious  s tudy .  A mixture of com- 

pounds I and I1 ( 1 : 1 ) ,  which were named f e r r u l a c t o n e  I and f e r r u l a c t o n e  11, 

was equiva len t  i n  a t t r a c t i v e n e s s  t o  b e e t l e  v o l a t i l e s  b u t  on ly  88% a s  a t t r a c t i v e  

a s  f r a s s  v o l a t i l e s .  The presence of a t t r a c t i v e  fungal  v o l a t i l e s  was proposed 

t o  account f o r  t h e  a d d i t i o n a l  a c t i v i t y  i n  f r a s s  v o l a t i l e s .  Compound I11 was 

no t  a t t r a c t i v e  a l o n e ,  o r  i n  combination, wi th  t h e  f e r r u l a c t o n e s .  Severa l  o the r  

macrolides which occurred  i n  both f r a s s  and b e e t l e  v o l a t i l e s  were i d e n t i f i e d  

by mass spec t roscopy on t h e  n a t u r a l  p roducts  and t h e i r  hydrogenated d e r i v a t i v e s .  

The compounds, (2,Z)-5,8-tetradecadien-13-olide, 11-dodecanolide and @)-3- 

dodecen-ll-olide were minor c o n s t i t u e n t s  and were n o t  a t t r a c t i v e  i n  t h e  labora-  

t o ry  bioassay.  

Synthes is  of  I, (R,S)-11, - -  (&)-11, @)-I1 and (R,S)-I11 were achieved by 

routes  which were based on the  in t ramolecular  e s t e r i f i c a t i o n  of a n  w-hydroxy 

acid.  Racemic f e r r u l a c t o n e  I1 and pure (?)-I1 were bo th  a t t r a c t i v e ,  wh i l e  



the (R)-enantiomer - was n e i t h e r  a t t r a c t i v e  nor  i n h i b i t o r y .  

Prel iminary f i e l d  t e s t s  were c a r r l e d  out  i n  t h e  annex b i n s  of g r a i n  

e l e v a t o r s ,  l o c a t e d  i n  southern Manitoba, on t r a p s  b a i t e d  wi th  a 9 : l  mixture 

of f e r ru l ac tones  I and 11. Resu l t s  i n d i c a t e d  t h a t  t h e  pheromones may 

be u s e f u l  f o r  d e t e c t i o n  of C. ferrug<neus i n  g ra in  s t o r a g e  b i n s .  
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I. INTRODUCTION 

1) The Rusty Gra in  B e e t l e  - 

The r u s t y  g r a i n  b e e t l e ,  CryptoZestes ferruginars (Stephens) , is a 

p e s t  o f  s t o r e d  products  throughout t h e  world (Wheeler, 1921; R i l e t t ,  

1949; Howe and Lefkovitch,  1957).  This  b e e t l e  h a s  been found i n  d r i e d  

f r u i t s  from t h e  United S t a t e s  (Barnes and Kaloost ian,  1940),  B r i t a i n  and 

Greece (Richards and Herford,  1930) and i n  o i l s e e d s  from t h e  U.S.S.R. 

(Belyaev e t  aZ., 1932) and Canada (Hurlock, 1963). Other s t o r e d  products  

such a s  sp i ces ,  c h i l l i e s  (Richards and Herford,  1930) and cacao beans  (Howe 

and Lefkovitch,  1957) have a l s o  been a t t a c k e d  by C. ferrugineus. However, 

the p r i n c i p a l  t a r g e t s  of t h e  r u s t y  g r a i n  b e e t l e  a r e  s t o r e d  g r a i n  and processed 

grain products .  I n f e s t a t i o n s  by C. ferruginans i n  s t o r e d  g r a i n  have been 

reported from t h e  U.S.S.R. (Davies, 1949),  North America (Bishop, 1959),  

Br i t a in  (Hurlock, 1963) and A u s t r a l i a  (Banks, 19 79) . C. femugineus has  

a l so  been found i n  f l o u r  m i l l s  i n  Poland (Shmal'Ko, 1939) and B r i t a i n  

(Ogij ewicz, 19  34) . 
In  Canada, t h e  r u s t y  g r a i n  b e e t l e  was seldom de tec t ed  i n  s t o r e d  g r a i n  

p r i o r  t o  1942, b u t  by 1943 t h e  Board o f  Grain Commissioners declared t h a t  i t  

was t h e  most impor tan t  p e s t  o f  s t o r e d  g r a i n  i n  Western Canada ( R i l e t t ,  1949).  

In  1981 C. ferrugineus was s t i l l  t h e  most f r equen t ly  i n t e r c e p t e d  primary 

in sec t  p e s t  i n  s t o r e d  g r a i n .  I n f e s t a t i o n s  have been found i n  farm-stored 

grain (Loschiavo, l 9 7 5 ) ,  p r a i r i e  e l e v a t o r s  (Liscombe and Watters ,  1962) ,  

1 
terminal e l e v a t o r s  (J .R. Elvidge,  pe r sona l  communication) , boxcars  

" 1 Canada Grain Commission, Vancouver, B .C . 



( ~ o s c h i a v o ,  19  74) and cargo s h i p s  (Monro, 1969) . 
Due t o  t r a n s p o r t a t i o n  problems caused by t h e  Second World War, l a r g e  

of g r a i n  were s t o r e d  i n  temporary sheds and annexes. Th i s  

p r a c t i c e  l e d  d i r e c t l y  t o  t h e  r ap id  inc rease  of r u s t y  g r a i n  b e e t l e  i n f e s t a t i o n s  

( R i l e t t ,  1949; Howe and Lefkovitch, 1957).  The temporary s t o r a g e  f a c i l i t i e s  

were no t  weatherproof  o r  equipped f o r  t h e  t u r n i n g  of g r a i n .  Thus moisture 

was allowed t o  reach  t h e  g r a i n  and has t en  d e t e r i o r a t i o n .  Also, g r a i n  

s to red  i n  t h e s e  f a c i l i t i e s  remained warm through t h e  w i n t e r  due t o  t h e  

good i n s u l a t i n g  p rope r ty  of gra in .  The combination of  t h e s e  f a c t o r s  

provided an  i d e a l  environment f o r  i n s e c t  i n f e s t a t i o n s .  The r u s t y  g ra in  

b e e t l e ' s  t o l e r a n c e  t o  low temperature (Smith, 1975) and h igh  i n t r i n s i c  r a t e  

of n a t u r a l  i n c r e a s e  (Smith, 1965) a l s o  c o n t r i b u t e  t o  i t s  succes s  i n  i n f e s t i n g  

s to red  gra in .  

I n f e s t e d  wheat s u f f e r s  a l o s s  of germinating c a p a c i t y  s i n c e  the  b e e t l e  

s p e c i f i c a l l y  consumes t h e  p r o t e i n  and vi tamin-r ich wheat germ (Campbell and 

Sinha, 1976).  However, t he  major damage t o  s t o r e d  wheat caused by the  

r u s t y  g ra in  b e e t l e  is due t o  t he  metabol ic  h e a t  genera ted  by a n  i n f e s t a t i o n  

(Freeman, 1952; Wat te rs ,  1969). Heated g r a i n  cakes,  s p r o u t s ,  becomes 

mouldy and s u f f e r s  a  l o s s  of m i l l i n g  and baking q u a l i t i e s  (Anderson, 1943). 

Furthermore, i n s e c t  i n f e s t e d  g ra in  is  unacceptable  f o r  e x p o r t  and the re fo re  

r equ i r e s  fumigat ion  (Hurlock, 1963).  For example, 32 t e r m i n a l  b i n s  and 116 

boxcars were fumigated f o r  primary i n s e c t  i n f e s t a t i o n s  a t  Vancouver i n  1979 

1 
(J. R. Elvidge, pe r sona l  communication) . The ma jo r i ty  of t h e s e  fumigations 

were f o r  C. ferrugineus. 

1 
Canada Grain Commission, Vancouver, B.C.  



The con t ro l  of  C. fermgineus i n  s t o r e d  g r a i n  i s  dependent on d e t e c t i o n  

with fumigat ion.  I n s e c t  d e t e c t i o n  can  be  accomplished by v i s u a l  

inspec t ion  o r  Be r l e se  funnel  e x t r a c t i o n .  Since t h e s e  methods r e l y  on t h e  

chance occurrence of i n s e c t s  i n  random samples , the  p r o b a b i l i t y  of d e t e c t i n g  

i n s e c t s  i n  l i g h t l y  i n f e s t e d  g ra in  is  n o t  h igh .  Traps developed t o  d e t e c t  

C. ferrugineus i n  s t o r e d  g ra in  (Loschiavo and Atkinson, 196 7 ,  19 73; Loschiavo , 

1974) a l s o  r e l y  on pas s ive  encounters  of b e e t l e s  w i t h  t h e  t r a p s .  I f  

aggregat ion pheromones were a v a i l a b l e  f o r  C. ferrugineus they  could be  used 

t o  opt imize t h e  e f f i c i e n c y  of survey  t r a p s .  Behavior exh ib i t ed  by 

C. ferrugineus sugges t s  t h a t  an  aggrega t ion  pheromone is u t i l i z e d .  The 

b u i l d  up of l o c a l  popula t ions  o f  C. ferrugineus t o  t he  l e v e l  necessary t o  

i n i t i a t e  h e a t i n g  is d i f f i c u l t  t o  exp la in ,  p a r t i c u l a r l y  i n  dry g ra in  

(Freeman, 1952).  This  aggrega t ion  behavior  could  b e  accounted f o r  by t h e  

presence of a pheromone which i s  a t t r a c t i v e  t o  bo th  sexes .  The a b i l i t y  of 

C. ferrugineus t o  respond t o  chemotact ic  s t i m u l i  from fungus-infected 

wheat has  been shown by Loschiavo and Sinha (1966).  These observa t ions  

sugges t  t h a t  t h e  r u s t y  g r a i n  b e e t l e  u t i l i z e s  an  aggrega t ion  pheromone t o  

e s t a b l i s h  popula t ions  i n  s u i t a b l e  environments.  

Pheromones a r e  known f o r  a number of s tored-product  co leoptera  and 

l ep idop te ra  (Burkholder,  1981).  Some of t h e s e  pheromones have been u t i l i z e d  

as a t t r a c t a n t s  i n  t r a p s  f o r  monitor ing s tored-product  i n s e c t s .  For example, 

l a r g e  numbers of  Trogoderma variabCZe (Ba l l i on )  have been caught wi th  

pheromone-baited t r a p s  P t  U.S. p o r t s  by t h e  U.S.D.A.'s P l an t  P r o t e c t i o n  and 

Quarant ine  program. I n  s t o r a g e  f a c i l i t i e s  t h e  g r e a t e r  s e n s i t i v i t y  of 

de t ec t ion  t h a t  was made p o s s i b l e  by t h e  use o f  pheromone-baited t r a p s  had 



i n f e s t a t i o n s  t o  be  de tec ted  be fo re  they  reached t h e  economic th re s -  

hold. For example, a  popula t ion  of T. va r i ab iZe  i n  a  Milwaukee warehouse 

was only d e t e c t e d  by the  use of pheromone-baited t r a p s  (Barak and Burk- 

holder ,  1976). Once an  i n f e s t a t i o n  has been de t ec t ed ,  prompt a p p l i c a t i o n  of 

con t ro l  measures such a s  p e s t i c i d e s ,  pathogens o r  i n s e c t  growth r egu la to r s  

could prevent t h e  i n f e s t a t i o n  from spreading .  The r a p i d  c o n t r o l  of a n  

i n f e s t a t i o n  is  e s s e n t i a l  s i n c e  s to red  food products  a r e  high-value i tems  

which r ep resen t  a n  investment i n  t ime and energy (Brand e t  aZ., 1979).  

Impetus f o r  a n  i n v e s t i g a t i o n  of  C. f e r rug ineus  pheromones was provided by 

the  p o s s i b i l i t y  t h a t  a pheromone-based monitor ing system could  b e  developed. 

2) Response -- o f  t h e  Rusty Grain Bee t l e  toan Aggregation Pheromone: 

Resul ts  from Previous  S tudies  

The r e s u l t s  from experiments done p r i o r  t o  t h i s  s tudy  have provided 

s t rong  evidence f o r  t h e  u t i l i z a t i o n  of  an  aggrega t ion  pheromone by 

C. fe r rugineus  (Borden e t  az. , 1979) . Bee t l e s  of mixed age  and s e x  

o r i en t ed  p o s i t i v e l y  t o  t he  odor of b e e t l e s ,  f r a s s ,  pentane e x t r a c t s  of  f r a s s  

and pentane e x t r a c t s  of  Porapak Q-captured v o l a t i l e s  from b e e t l e s  o r  f r a s s  

i n  an open a r e n a ,  a i r f l o w  o l fac tometer .  Porapak Q-captured v o l a t i l e s  from 

2 
wheat and wheat germ were no t  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  t h e  b e e t l e s .  In 

an e a r l i e r  s t u d y ,  Loschiavo and Sinha (1966) a l s o  observed t h a t  un infec ted  

wheat kerne ls  were n o t  a t t r a c t i v e  t o  C. f e r rug ineus ,  b u t  found t h a t  fungus 

(Nigrospora s p h a e r i c a )  i n f e c t e d  wheat k e r n e l s  e l i c i t e d  a  s t r o n g  aggrega t ion  

2 
Sign i f i can t  responses  t o  low concen t r a t ions  of  wheat v o l a t i l e s  w e r e  only 

s l i g h t l y  h i g h e r  t han  t h e  pentane c o n t r o l  and were probably a r t i f a c t s  due 
t o  a n  i n s u f f i c i e n t  number of r e p l i c a t e s .  



response i n  a two-choice t e s t .  These observa t ions  i n d i c a t e d  the  presence of 

both b e e t l e  and fungal-produced 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 .  

Verigin (1980) has  shown t h a t  compounds produced only  by t h e  male b e e t l e s  

were r e spons ib l e  f o r  e l i c i t i n g  aggrega t ion  behavior  from bo th  sexes .  The 

f r a c t i o n a t i o n  of  pentane e x t r a c t s  of Porapak Q-captured f r a s s  v o l a t i l e s  by 

p repa ra t ive  gas- l iqu id  chromatography (GLC) r e s u l t e d  i n  t h e  s e p a r a t i o n  of  

s e v e r a l  compounds. A t  l e a s t  fou r  compounds were a t t r a c t i v e  t o  C. ferrugineus 

i n  t h e  open a rena  o l fac tometer  (Borden e t  al., 1979).  The major compound 

was i s o l a t e d  and i d e n t i f i e d  a s  (~,~)-4,8-dirnethyl-4,8-decadien-lO-olide ( I )  

Ver ig in  (1980). The proposed s t r u c t u r e  was confirmed by a  seven-step 

syn thes i s  from ge ran io l  which r e s u l t e d  i n  a  0.17% y i e l d  of I. The elemental  

compositions o f  two of t he  remaining a t t r a c t a n t s  were determined t o  be  

C H 0  (11) and Cl4HZ4O2 (111) by h igh  r e s o l u t i o n  mass spectroscopy (HRMS) . 
12 20 2 

S t r u c t u r e s  w e r e  no t  e l u c i d a t e d  f o r  I1 o r  111 i n  t h e  previous  s tudy .  

A comparison of t h e  a c t i v i t i e s  of s y n t h e t i c  I (27% response i n  t he  

arena o l fac tometer )  and t h e  pentane e x t r a c t  of Porapak Q-captured f r a s s  

v o l a t i l e s  (38%) revea led  t h a t  I was n o t  t h e  only pheromone f o r  C. ferrugineus. 

One o r  more a d d i t i o n a l  components must be  p re sen t  t o  enhance t h e  a c t i v i t y  of 

3) Current Objec t ives  

The major o b j e c t i v e s  o f  t h i s  proposed r e sea rch  were to:  1 )  i s o l a t e  

and i d e n t i f y  a l l  of t h e  aggregat ion pheromone components f o r  the  

rus ty  *gra in  b e e t l e ,  2) syn thes i ze  t h e  pheromones and determine t h e  most 

a t t r a c t i v e  mixture and, 3) f i e l d  t e s t  t h e  s y n t h e t i c  pheromone i n  t h e  



t r a p  developed by Loschiavo and Atkinson (1973).  An improved s y n t h e s i s  of 

I was a l s o  requi red  t o  provide m a t e r i a l  f o r  f i e l d  t e s t s .  
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11. EXPERIMENTAL METHODS 

4) I n s e c t  R e a r i n g  

C. fermgineus c u l t u r e s  were maintained on a  mixture of  Canada No. 2  

Red Spring wheat  and wheat germ (95 :5, w/w) i n  3.8 L g l a s s  j a r s .  Since 

the  b e e t l e s  were s e n s i t i v e  t o  d e s s i c a t i o n ,  the  wheat was a d j u s t e d  t o  a  

moisture con ten t  o f  18% by t h e  a d d i t i o n  of water  followed by a  30 min 

au toc lav ing  pe r iod .  Cultures  were inocu la t ed  with 1000 b e e t l e s  (0.29 g) 

and incubated i n  t h e  dark a t  30+1•‹ and 80+10% r e l a t i v e  humidi ty.  New 

a d u l t s  emerged approximately 30 days a f t e r  i nocu la t ion .  

Bee t les  t h a t  were r equ i r ed  f o r  a e r a t i o n s  o r  b ioas says  were sepa ra t ed  

from t h e  wheat w i t h  a  coarse  s i e v e  and c o l l e c t e d  by a s p i r a t i o n .  Frass  was 

obta ined  by s i f t i n g  t h e  f i n e r  components of spent  media through a  U.S. 

s tandard  250 pm s i e v e .  The c o l l e c t e d  f r a s s  was s t o r e d  i n  g l a s s  j a r s  a t  

-30' u n t i l  r e q u i r e d .  

5)  Capture and Ex t r ac t ion  of Beet le  and F ras s  V o l a t i l e s  - 

Borden e t  aZ. (1979) and Ver ig in  (1980) have shown t h a t  a t t r a c t i v e  

v o l a t i l e s  from b e e t l e s  and f r a s s  could be t rapped onto Porapak Q and 

recovered by pentane  e x t r a c t i o n .  Therefore ,  these  methods were employed 

i n  t h i s  s tudy t o  o b t a i n  a t t r a c t i v e  e x t r a c t s  from b e e t l e s  and f r a s s .  - 

Beet le  v o l a t i l e s  were captured  on Porapak Q i n  a  se t -up  which was 

e s s e n t i a l l y  t h e  same a s  t h e  one descr ibed  by Verigin (1980).  A i r ,  drawn by an 

a s p i r a t o r  (1-2 L/min) , was bubbled through water  and then  passed through an 

a i r  sc rubber  packed wi th  a c t i v a t e d  cha rcoa l  (50-80 mesh, F i she r ) .  The 

moistened, p u r i f i e d  a i r  was then  passed over b e e t l e s  he ld  i n  a 2 L erlenmeyer 



f l a s k  and through a g l a s s  t r a p  (20 cm x 2.4 cm O.D.,  S-19 male and female 

j o i n t s  and a coa r se  s i n t e r e d  g l a s s  d i s k  a t  one end) packed wi th  Porapak Q 

(26 g, 50-60 mesh, Applied Science Labora to r i e s ) .  The Porapak Q was condi- 

t ioned  before  u s e  by Soxhlet  e x t r a c t i o n  (20 h) wi th  e t h e r .  A t y p i c a l  a e r a t i o n  

0 
of mixed-sex b e e t l e s  w a s  c a r r i e d  ou t  a t  23 according t o  t h e  fol lowing sched- 

4 4 4 u l e :  8.26 x 10 b e e t l e s  (48 h ) ,  8.21 x 10 b e e t l e s  (48 h ) ,  7.63 x 10 b e e t l e s  

4 7 (48 h)  and 6.95 x 10 b e e t l e s  (48 h)  f o r  a t o t a l  of 1.49 x 10 beet le-hours  

(bh) .  After  each 48 h a e r a t i o n  per iod  t h e  dead b e e t l e s  were removed, and t h e  

su rv ivo r s  allowed t o  feed  i n  wheat (48 h) s i n c e  i t  was observed t h a t  produc- 

t i o n  of v o l a t i l e s  decreased when t h e  b e e t l e s  were s t a rved .  

Frass  v o l a t i l e s  were captured  on Porapak Q by t h e  method used f o r  b e e t l e  

v o l a t i l e s .  A g l a s s  tube (45 cm x 4.8 cm O.D., f i t t e d  wi th  a 24/40 j o i n t  a t  

t h e  i n l e t  and a coa r se  s i n t e r e d  g l a s s  d i s k  and male S-19 j o i n t  a t  t h e  o u t l e t )  

packed with f r a s s  w a s  f i t t e d  between a charcoa l  a i r  scrubber  and a Porapak Q 

t r a p .  Air w a s  drawn through t h e  system by a s p i r a t i o n  (1-2 L/min) a t  an 

ambient temperature of 23'. A water  bubbler  was n o t  r equ i r ed  f o r  f r a s s  aera-  

t i o n s .  Af te r  48 h t h e  f r a s s  was removed from t h e  a e r a t i o n  assembly and 
i 

ground i n  a ceramic b a l l  m i l l  (Norton, Chemical Process  Products  Div is ion)  f o r  

20 min. The f r a s s  was then  repacked and ae ra t ed  f o r  288 h. A t y p i c a l  f r a s s  

5 a e r a t i o n  (427 g a e r a t e d  f o r  336 h)  y i e l d e d  1.43 x 10 gram-hours (gh) of  vol- 

a t i l e ~ ,  based on t h e  weight of  t h e  f r a s s  recovered a f t e r  ae ra t ion .  

It is  impor tan t  t o  n o t e  t h a t  gh and bh a r e  only approximate measures of  

t h e  q u a n t i t i e s  of compounds conta ined  i n  t h e  captured v o l a t i l e s .  The a b s o l u t e  

q u a n t i t i e s  of compounds p r e s e n t  i n  t h e  captured v o l a t i l e s  depend on f a c t o r s  

\ 
such a s  t h e i r  r e l e a s e  rates from b e e t l e s  and f r a s s .  S ince  t h e  r e l e a s e  r a t e s  

of compounds decrease  wi th  inc reased  d u r a t i o n  of a e r a t i o n ,  i t  is  c l e a r  t h a t  bh 

and gh cannot be  q u a n t i t a t i v e  u n i t s  i n  a l i n e a r  sense .  However, s i n c e  f r a s s  

F 

i 



and b e e t l e  a e r a t i o n s  were always performed under s i m i l a r  c o n d i t i o n s  these  

un i t s  (gh and bh) were s u f f i c i e n t l y  a c c u r a t e  f o r  o u r  purposes.  

The Porapak Q-captured v o l a t i l e s  were recovered by Soxhle t  e x t r a c t i o n  

(20 h)  with pentane  (Caledon Labora to r i e s ) ,  which had been d i s t i l l e d  through 

a 30 cm Dufton column. The pentane e x t r a c t s  of f r a s s  and b e e t l e  v o l a t i l e s  

were concent ra ted  t o  about  6-7 inL by removal of t h e  pentane (30 cm Dufton col- 

umn). Stock s o l u t i o n s  of the  v o l a t i l e s  were prepared by t r a n s f e r r i n g  t h e  con- 

cen t r a t ed  e x t r a c t s  t o  10 mL volumetr ic  f l a s k s  and d i l u t i n g  t o  t h e  mark wi th  

d i s t i l l e d  pentane .  The s t o c k  s o l u t i o n s  were s t o r e d  i n  4 dram, te f lon- l ined ,  

0 
screw cap v i a l s  a t  -30 u n t i l  requi red .  Concentrated e x t r a c t s  of f r a s s  vola- 

t i l e s  (58.0 gh/vL),  r equ i r ed  f o r  pheromone i s o l a t i o n ,  were prepared  by combin- 

i ng  the  pentane e x t r a c t s  of t h r e e  f r a s s  a e r a t i o n s  p r i o r  t o  concen t r a t ion .  

6) Bioassay Procedures  

The open a r e n a ,  a i r f l o w  o l fac tometer  b ioassay  which was developed t o  t e s t  

t he  response of  C. fmrugineus t o  v o l a t i l e  s t i m u l i  (Borden et aZ., 1979),  was 

considered t o o  t ime consuming t o  perform f o r  l a r g e  numbers of  s t i m u l i .  Fur- 

thermore, t h e  response  of t h e  b e e t l e s  t o  t h e  most a t t r a c t i v e  s t imu lus  d id  no t  

exceed 80%. Therefore ,  a bioassay was requi red  which would y i e l d  h ighe r  res-  

ponses and was more convienent t o  perform. A two-choice, p i t f a l l  o l fac tometer ,  

used t o  a s s e s s  t h e  o l f a c t o r y  response of OryzaephiZus spp. ( P i e r c e  et az., 

1981) appeared t o  s a t i s f y  these  requirements.  Ninety t e s t s  could  .be s e t  up 

wi th in  2 h ,  and responses  g r e a t e r  than 90% were observed f o r  a t t r a c t i v e  s t i m -  

u l i .  The b i o a s s a y  appa ra tus  cons i s t ed  of  a p l a s t i c  p e t r i  d i s h  roughened on 

the  in s ide  bot tom w i t h  sandpaper and d r i l l e d  wi th  two h o l e s  (1.4 cm diameter) 

6.5 cm a p a r t .  A g l a s s  v i a l  (4.8 cm x 1.9 cm) was h e l d  under each h o l e  by v i a l  

s toppers  which had t h e i r  c e n t e r s  c u t  



ou t .  The s t imulus  and so lven t  c o n t r o l  were depos i t ed  on 1.27 cm f i l t e r  paper  

d i sks  and placed i n  t h e  g l a s s  v i a l s  a f t e r  t h e  s o l v e n t  had evaporated. 

F i f t e e n  b e e t l e s  were r e l ea sed  i n t o  t h e  b ioas say  d i s h  which was then covered 

wi th  a  l i d  and l e f t  i n  darkness f o r  2  h . The numbers o f  b e e t l e s  i n  the  

s t imulus  and c o n t r o l  v i a l s  were recorded.  P r i o r  t o  each b ioassay ,  test 

b e e t l e s  (mixed sex ,  1-3 months o f  age) w e r e  h e l d  i n  25 mL g l a s s  v i a l s  i n  

t he  dark a t  23' f o r  1 8  h wi thout  food. A l l  b ioas says  were performed between 

0900 h and 1300 h i n  an environmental  chamber maintained a t  23' . 
Di lu t ions  of a t e s t  s t imulus  were assayed i n  a  s i n g l e  s e s s i o n  and each 

s t imulus  was r e p l i c a t e d  s i x  o r  t e n  t imes .  

The raw d a t a  were analyzed us ing  t h e  p t e s t  and t h e  r e s u l t s  were 

expressed a s  t h e  mean percent  response of t h e  t o t a l  number of  b e e t l e s  per  

t reatment .  Threshold i s  def ined  a s  t h e  concen t r a t ion  of  pentane e x t r a c t  a t  

which s i g n i f i c a n t  (P<0.01) p o s i t i v e  response was f i r s t  de t ec t ed .  A l l  of the  

bioassay d a t a  r epo r t ed  i n  t h i s  s tudy  were obta ined  from t h e  two-choice, 

p i t f a l l  bioassay.  

7) I s o l a t i o n  - of  Pheromones 

i )  Ana ly t i ca l  - and P repa ra t ive  GLC 

Ana ly t i ca l  s epa ra t ions  of e x t r a c t s  con ta in ing  f r a s s  o r  b e e t l e  v o l a t i l e s  

were c a r r i e d  o u t  w i th  a  Hewlett-Packard model 58308 gas chromatograph 

equipped wi th  a 18835B c a p i l l a r y  i n l e t  system. Samples (1-5 PL) were 

introduced by s p l i t l e s s  i n j e c t i o n  o n t o  a  33 m x 0.66 mm I.D. g l a s s  open- 

t ubu la r  column coated wi th  SP-1000 (column A). The fo l lowing  temperature 

0 
Program (A) w a s  used f o r  most ana lyses :  i n i t i a l  oven temperature 70 f o r  



i 0 0 
i 2 d n ,  program r a t e  4 / d n ,  f i n a l  temperature 200 f o r  20 min (He flow 

30 cm/s>. 

i The q u a n t i t a t i o n  of pheromone components i n  e x t r a c t s  of  b e e t l e  and f r a s s  

v o l a t i l e s  was accomplished us ing  geranyl  a c e t a t e  as the  i n t e r n a l  s t anda rd .  

The r e l a t i v e  weight  response (RWR) of  I t o  geranyl  a c e t a t e  w a s  determined t o  

be 0.86 by t h e  i n j e c t i o n  of  a s o l u t i o n  conta in ing  known q u a n t i t i e s  of  pure 

syn the t i c  I and ge rany l  a c e t a t e .  Compounds 1 1 - V I I I ,  which e l u t e d  i n  t h e  

same region of  t h e  chromatogram as  I ,  were assumed t o  have t h e  same RWR. 

The concen t r a t ions  o f  compounds were r epo r t ed  i n  p a r t s  per  m i l l i o n  (ppm, 

pg/g of f r a s s  o r  b e e t l e s )  . 
Prepa ra t ive  GLC s e p a r a t i o n s  were c a r r i e d  ou t  w i th  a  Varian model 1200 

gas chromatograph t h a t  w a s  equipped wi th  a  1 0 : l  e f f l u e n t  s p l i t t e r ,  f lame 

ion iza t ion  d e t e c t o r  and thermal g rad ien t  c o l l e c t o r  (Brownlee and S i l v e r s t e i n ,  

1968). The thermal  g r a d i e n t  c o l l e c t o r  has  been descr ibed  i n  d e t a i l  by Ver ig in  

(1980). P u r i f i c a t i o n  of pheromones was achieved on a  3.0 m x 3.2 mm I . D .  

s t a i n l e s s  s t e e l  column packed wi th  10% SP-1000 on 100/120 mesh Chromosorb W 

(column B ) .  Samples were e l u t e d  wi th  temperature program A (He flow 60 ml/min) 

and co l l ec t ed  i n  20 cm x 1.6 mm O.D. g l a s s  tubes.  The c o l l e c t e d  samples were 

e i t h e r  washed i n t o  half-dram g l a s s  v i a l s  wi th  pentane f o r  b ioassay ,  o r  

sea led  wi th  d e u t e r a t e d  chloroform (CDC1 ) f o r  nuc lea r  magnetic resonance 3 

(NMR) experiments.  The p u r i t y  of  c o l l e c t e d  samples was determined by 

ana lys is  on column A .  

ii) High-Pe r f  ormance Liquid Chromatography (HPLC) 

The f r a c t i o n a t i o n  of  b e e t l e  v o l a t i l e s  f o r  b ioassay  was c a r r i e d  out by 



HPLC on a Varian LC5000, equipped wi th  a series 634 W ~ V I S I B L E  Spectrophoto- 

4 
meter. A pentane  e x t r a c t  (10 yL, 1.5 x 10 bh) of  Porapak Q-captured b e e t l e  

v o l a t i l e s  was loaded  onto a Micropak SI-10 column (30 cm x 4 mm I.D.) 

which was e q u i l i b r a t e d  wi th  0.1% i sop ropy l  a l c o h o l  (IPA, Omnisolv BDH 

~hemica l s ) /hexane  (HPLC grade, Caledon Labora to r i e s ) .  The column was e l u t e d  

with a g rad ien t  of  IPAIhexane (0.1% t o  2.0% a t  10 min, 10% a t  30 min) a t  a 

flow r a t e  of  2 mL/min. Ef f luent  was monitored a t  213 nm and f r a c t i o n s  (%2 mL) 

were c o l l e c t e d  t o  s e p a r a t e  i n d i v i d u a l  components. 

4 A  pentane e x t r a c t  (30 pL, 5.12 x 10 gh) of f r a s s  v o l a t i l e s  was f r ac t ion -  

a t e d  by HPLC via t h e  procedure descr ibed  f o r  b e e t l e  v o l a t i l e s .  Thir ty-nine 

2 mL f r a c t i o n s  were c o l l e c t e d  i n t o  2 dram screw-cap v i a l s  f o r  b ioassay .  

Large s c a l e  f r a c t i o n a t i o n s  of f r a s s  v o l a t i l e s ,  f o r  pheromone i s o l a t i o n ,  

were c a r r i e d  ou t  on a Whatman Magnum 9 P a r t i s i l  10150 column. Samples were 

concentrated t o  a volume of 100 p L  and loaded on to  t h e  column which was 

e q u i l i b r a t e d  w i t h  0.2% ~PA/hexane. The column was e l u t e d  wi th  a g rad ien t  of 

IPA/hexane (0.2% from 0 t o  8 min, 1 .0% a t  15 min, 2 -0% a t  25 min, 10% a t  

35 min) a t  4 mL/min. E f f luen t  was monitored a t  213 nm. 

i i i )  I s o l a t i o n  - of (Z,S)-3-Dodecen-11-olide 

The i s o l a t i o n  of I1 from a pentane e x t r a c t  of  f r a s s  v o l a t i l e s  involved 

a combination o f  HPLC and p repa ra t ive  GLC. Compound I1 e l u t e d  between 56-61 

5 
m l  when 4.04 x 10 gh of f r a s s  v o l a t i l e s  were f r a c t i o n a t e d  on the  Magnum 9 

column under t h e  cond i t i ons  descr ibed  previous ly .  The HPLC f r a c t i o n ,  whieh 

contained 87% I1 (column A, temperature program A ) ,  was concent ra ted  t o  40 VL 

under a s t ream of  n i t rogen  and sub jec t ed  t o  p r e p a r a t i v e  GLC on column B 



(program A). Approximately 750 pg o f  I1 (>99.7% pure)  was c o l l e c t e d  between 

28.3 and 29.4 min. 

i v )  I s o l a t i o n  - of (Z)-5-tetradecen-13-olide and (Z,Z)-3,6-dodecadien- 

11-ol ide 

Compounds I11 and I V  were i s o l a t e d  from C. ferrmgineus f r a s s  v o l a t i d e s  

by t h e  procedure used f o r  t h e  i s o l a t i o n  of 11. Component I11 was c o l l e c t e d  

between 48 mL and 55 mL from t h e  Magnum 9 column. Approximately 200 pg o f  

5 
I11 was obta ined  from 4.04 x 10 gh of f r a s s  v o l a t i l e s  by p r e p a r a t i v e  GLC 

on column B ( e l u t i o n  t i m e  34.2-36.2 min) . Component I V  ( ~ 1 0 0  pg) was 

obtained pure a f t e r  HPLC ( e l u t i o n  volume 66.0-70.5 mL) followed by prepara- 

t i v e  GLC ( e l u t i o n  time 31.2-32.0 min) . 

8) I d e n t i f i c a t i o n  - of Pheromones 

i )  Spectroscopic Methods 

The in f r a - r ed  (IR) s p e c t r a  of I1 and I11 were obta ined  wi th  a Beckman 

I R  4230 ins t rument  on n e a t  samples (AgC1 p l a t e s ) .  The s p e c t r a  were run by 

M r .  N. Dominelli (Heal th P r o t e c t i o n  Branch, Heal th and Welfare Canada, 

Vancouver, B. C .) on samples prepared by M r .  V. Ver ig in  (1980). 

Unit r e s o l u t i o n  mass s p e c t r a  were obtained on a Hewlett-Packard 5985B 

GC/MS/DS equipped wi th  a fused  s i l i c a  open-tubular column (30 m x 0.32 mm I.D.) 

coated with Carbowax 20M (column C). Chemical i o n i z a t i o n  (CI) and high 

reso lu t ion  (HR) mass s p e c t r a  of compounds I1 and I11 were obta ined  by Ver ig in  

The pro ton  magnetic resonance 

(99.8%-d, Merck, Sharp and Dohme), 

(PMR) s p e c t r a  of 11, I11 and IVY i n  CDC13 

were recorded w i t h  a Bruker 400 MHz 



instrument by M. Tracey (Chemistry Department, Simon F rase r  Univers i ty  and 

Chemistry Department, Univers i ty  of  B r i t i s h  Columbia). Chemical s h i f t s  

were c a l c u l a t e d  from C H C l  (6 
3 T F I S ~ ~ C H C ~ ~  

+7.27 ppm). Lanthanide induced s h i f t  

experiments on I1 were performed by t h e  a d d i t i o n  of a l i q u o t s  of  a C D C l  
3 

s o l u t i o n  of tris-C3-(trifluoromethylhydroxymethylene)-~-camphoratol, 

europium (111) ( E u ( t f c )  ' Aldrich Chemical Company) t o  a sample of  11. 
3' 

The de termina t ion  of  t h e  enant iomeric  p u r i t y  o f  s y n t h e t i c  (R)-I1 - was 

c a r r i e d  out  w i t h  E u ( t f c )  i n  C C 1  i n s t e a d  o f  C D C l  
3 4 3 ' 

Carbon 1 3  magnet ic  resonance (CMR) s p e c t r a  f o r  I1 and I11 were 

recorded on a Var ian  XL-100 spectrometer  equipped w i t h  a microprobe. A l l  

NMR s p e c t r a  o f  i s o l a t e d  pheromones were ob ta ined  on samples s e a l e d  i n  1.6 mm 

O.D. g l a s s  t ubes  which contained approximately 30 pL of C D C l  For PMR, 
3 ' 

the  c a p i l l a r y  tubes  were pos i t i oned  i n s i d e  a 5 mm tube wi th  Tef lon  vo r t ex  

plugs which had been d r i l l e d  through the  Center .  

i 

i i )  Microscale  Hydrogenations 

The hydrogenat ion of smal l  q u a n t i t i e s  o f  i s o l a t e d  pheromones ( ~ 2 5  ug) 

was c a r r i e d  o u t  i n  half-dram g l a s s  v i a l s  equipped wi th  a Teflon-l ined septum. 

A hexane s o l u t i o n  o f  t h e  sample w a s  s t i r r e d  f o r  one hour under hydrogen wi th  

a t r a c e  of 10% pal lad ium on carbon. 

9)  Syntheses - of  Pheromones 

i )  General  Procedures  

The I R  s p e c t r a  of  s y n t h e t i c  i n t e rmed ia t e s  and products  were determined 

on a Perkin-Elmer 599B spectrophotometer.  PMR s p e c t r a  were determined on a 



Varian EM-360 (60 MHz) o r  XL-100 (100 MHz) instrument .  Chemical s h i f t s  are 

reported i n  6 u n i t s ,  p a r t s  per  m i l l i o n  (ppm) downfield from t e t r a m e t h y h i l a n e  

(TMS) . S p l i t t i n g  p a t t e r n s  a r e  descr ibed  a s  s, s i n g l e t ;  d ,  doub le t ;  t ,  t r i p l e t ;  

q, q u a r t e t ;  m, m u l t i p l e t  and b ,  broad. Coupling cons t an t s  a r e  r epo r t ed  i n  

Hertz  (Hz). CMR s p e c t r a  were determined on t h e  XL-100 ins t rument .  Mass 

s p e c t r a  ( e l e c t r o n  impact, EI  o r  chemical i o n i z a t i o n ,  CI) were obta ined  on 

d i r e c t  probe o r  GLC-MS samples a t  70 eV on a HP 5985B mass spec t rometer .  High 

r e so lu t ion  mass s p e c t r a  were obta ined  on a DS-50 instrument  a t  U.B.C. 

Boi l ing  p o i n t s  a r e  uncorrected.  Microanalyses were performed by M r .  M. Yang 

(Department o f  B io log ica l  Sciences,  Simon F r a s e r  Un ive r s i t y )  on a Perkin- 

Elmer Model 240 e lementa l  ana lyze r .  Op t i ca l  r o t a t i o n s  were measured wi th  a 

Rudolph po la r ime te r  (Model 70) on samples contained i n  a 1 d m  x 2 mm I . D .  

c e l l  (Ze iss ,  Germany) . Concentrat ions (C) a r e  r epo r t ed  a s  g/100 mL of 

so lven t .  

Thin l a y e r  (0.25 nun) and p r e p a r a t i v e  l a y e r  (20 cm x 20 cm x 0.75 mm) 

p l a t e s  were made from s i l i c a  g e l  60 GF (E. Merck, Darmstadt) . A l l  
254 

column chromatography was performed on k i e s e l g e l  60 (40-63 pm, E. Merck, 

Darmstadt) a s  desc r ibed  by S t i l l  et aZ. (1978). Columns were e l u t e d  wi th  

mixtures of e t h y l  a c e t a t e  and hexanes wi th  compositions r epo r t ed  a s  volume 

percent .  Chromatography s o l v e n t s  ( e t h y l  a c e t a t e ,  EtOAc and hexanes, HEX) 

were d i s t i l l e d  b e f o r e  use.  

Al l  r e a c t i o n s  r e q u i r i n g  anhydrous cond i t i ons  were run i n  flame-dried 

glassware under a p o s i t i v e  p re s su re  of  dry n i t r o g e n  o r  argon. Tetrahydrofuran 

(THF) was d i s t i l l e d  from l i t h i u m  aluminum hydr ide  (LiAlH ) ,  dimethylformamide 4 

(DMF), benzene and to luene  were d i s t i l l e d  from calcium hydr ide  p r i o r  t o  use.  



Dry HMPA was s t o r e d  over  a c t i v a t e d  molecular s i e v e s  (Linde 13x, A l fa  Products).  

h h y d r o u s  e t h e r  w a s  s t o r e d  over  sodium w i r e .  

A s t anda rd  procedure was adopted f o r  product  i s o l a t i o n .  Unless o therwise  

noted,  t h e  o r g a n i c  phase der ived  from product e x t r a c t i o n  was d r i e d  over  

anhydrous magnesium s u l f a t e ,  f i l t e r e d  and concent ra ted  under reduced p re s su re  

on a  r o t a r y  evapora to r .  

Product p u r i t y  was usua l ly  determined by TLC and/or  GLC i n  t h e  so lven t  

o r  column cond i t i ons  (12 m x 0.2 mm I . D .  f u s e d - s i l i c a  column coa ted  w i t h  

OV-101 (column C) o r  31  m x 0.25 mm I . D .  open-tubular column coa ted  wi th  

SP-2100 (column D ) ,  HP 58808 gas chromatograph) r epo r t ed .  Spec t roscopic  

ana lyses  and combustion ana lyses  were a l s o  used t o  v e r i f y  t h e  p u r i t y  of 

i s o l a t e d  compounds. 

i i )  Attempted Syn thes i s  --- of I v i a  In t ramolecular  Alkyla t ion  (F ig .  16) 

a )  P r e p a r a t i o n  - of 3,7-Dimethyl-2-E,6-E-octadieny1phenylthio- 

a c e t a t e  (1) 

Pheny l th ioace ty l  c h l o r i d e  (34.1 g, 183 mmol) , prepared from phenylthio- 

a c e t i c  ac id  (Aldr ich  Chem. Co., Mooradian et aZ.,  1949),  was added dropwise 

over 1 h t o  a n  i ce -co ld  s o l u t i o n  o f  ge ran io l  (25 g, 162 mmol, Eastman) and 

pyr id ine  (17 m ) i n  25 m l  of dichloromethane (CH C 1  ) . The r e a c t i o n  mixture 2 2 

was s t i r r e d  f o r  2 h and then  poured i n t o  150 mL of  ice-co ld  0.1 N HC1.  

The CH C 1  e x t r a c t  ( 3  x 100 mL) of t he  aqueous mixture  was washed succes s ive ly  
2 2 

with 0 .1  - N H C 1  (2 x 100 mL), s a t u r a t e d  aqueous sodium b ica rbona te  (NaHCO ) 3 

and water.  Product  i s o l a t i o n  r e s u l t e d  i n  a dark ye l low l i q u i d  which was 

chromatographed on 275 g (30 cm x 4.5 cm I.D. column) of  s i l i c a  g e l .  



Elu t ion  wi th  10% EtOAc i n  HEX gave 49.0 g (99.3%) o f  - 1. The l i g h t  yellow 

l i q u i d  was analyzed by TLC (50% EtOAc i n  HEX) and found t o  be homogeneous: 

pMR (60 MHz, CDC13) 61.56 (3H, CH3, s )  , 1 .63  (6H, g g - d i m e t h y l ,  s )  , 2.03 

(4H, C4,  C5, m) , 3.58 (2H, -0-CH2, 8 )  , 4.58 (2H, C1, d, J=7.2 Hz), 4.85-5.60 

(ZH, C2, C6, m) , 7.1-7.5 (5H, phenyl,  m) ; mass spectrum, m/z ( r e l a t i v e  

i n t e n s i t y )  304 (0 .4) ,  168 (28) ,  136 ( 2 7 ) ,  1 2 3  (61) ,  121 (24) ,  93  (63) ,  

81 (45) ,  69 (100).  

Analysis  c a l c u l a t e d  f o r  C H 0  S : C ,  71.01; H 7.95. Found: C, 70.60; 
18 24 2 

H 8.07. 

b) P repa ra t ion  - of  3,7-Dimethyl-8-hydroxy-2-E,6-E-octadienyl- 

pheny l th ioace t a t e  (2) 

Selenium d iox ide  (11.5 g, 103 mmol, Al fa)  was added t o  a  s o l u t i o n  of 

1 (42.0 g,  138 mmol) and pyr id ine  (25 m ~ )  i n  350 mL of 95% e thanol  and - 

re f luxed  f o r  4.5 h . The r eac t ion  mixture  was f i l t e r e d  through a  s i n t e r e d  

g l a s s  funnel ,  and t h e  f i l t r a t e  concent ra ted  by r o t a r y  evapora t ion  t o  give a  

viscous,  red-brown crude product.  The c rude  product  was then d isso lved  i n  

THF (100 mL), a c i d i f i e d  (pH 3) wi th  HC1,  cooled i n  a n  ice-bath and t r e a t e d  

with 3.3 g (53 mmol) of sodium cyanoborohydride (Aldr ich) .  The ice-bath 

0 
was removed a f t e r  1 h and the r e a c t i o n  mixture s t i r r e d  a t  23 f o r  18  h . 
Workup of t h i s  r e a c t i o n  was c a r r i e d  o u t  by pouring t h e  r e a c t i o n  mixture i n t o  

water  (200 mL), e x t r a c t i n g  the  aqueous mixture  w i t h  d i e t h y l  e t h e r  ( 3  x 100 

and washing t h e  e t h e r  e x t r a c t  with s a t u r a t e d  aqueous sodium c h l o r i d e  (b.rine). 

Product i s o l a t i o n  y i e l d e d  48.5 g o f  a  l i g h t  yel low l i q u i d .  The crude reduced 

Product w a s  d iv ided  i n t o  e i g h t  p o r t i o n s  and chromatographed on 180 g 



(20 cm x 4 .5  cm I .D.) of s i l i c a  g e l .  Regeneration of  t h e  s i l i c a  g e l  by 

successive washings w i t h  EtOAc (500 mL) and t h e  e l u t i o n  s o l v e n t  (50% 

ZrOAc i n  HEX, 500 m l )  enabled each column t o  be  used twice be fo re  t h e  s i l i c a  

ge l  was d iscarded .  The f r a c t i o n s  (20 mL) con ta in ing  t h e  a l coho l  (2) - were 

pooled t o  g ive  17.07 g (45.9%) based on recovered 1 of a  l i g h t  yel low l i q u i d  

which gave one s p o t  (R 0.48, 50% EtOAc i n  HEX) when analyzed by TLC : PMR f  

(60 MHz, CDC13) 6 1.62 (68, CH -C CH -C S) , 
3 3' 3  7' 

2.08 (4H, C 4 ,  C5, m), 3.60 

(2H,-CO-CH2, S)  , 3.95 (2H, C8, s ) ,  4.60 (2H, C1, d, J=7.2 Hz),  5.1-5.5 

(2H, C2, C6, m) , 7.1-7.5 (SH, phenyl ,  m) ; I R  ( f i lm)  3400 (OH) ; mass spectrum, 

m/z ( r e l a t i v e  i n t e n s i t y )  303 (2 .3) ,  197 (6.9) ,  169 (7 .6) ,  153  ( l 8 . 8 ) ,  

c) P r e p a r a t i o n  - of  3,7-Dimethyl-8-b romo-2-E,6-E-octadienyl- 

p h e n y l t h i o a c e t a t e  (3 

Because 2 was uns t ab le  i t s  p repa ra t ion  was c a r r i e d  ou t  i n  small  b a t c h e s  

immediately b e f o r e  i t  w a s  r equ i r ed .  To an anhydrous e t h e r  (50 mL) s o l u t i o n  

of carbon te t rabromide  (CBr4, MC&B, 2.05 g, 6.24 mmol) and - 2 (1.0 g, 3.12 m o l )  

was added t r iphenylphosphine  (Ph P, Aldrich,  1.64 g, 6.24 mmol) a t  23' . 
3 

The r eac t ion  w a s  s t i r r e d  f o r  20 h and then f i l t e r e d  through a  s i n t e r e d  g l a s s  

funnel  t o  remove t h e  w h i t e  p r e c i p i t a t e  of t r iphenylphosphine oxide.  The 

res idue ,  which remained a f t e r  removal of t h e  e t h e r  in vacuo, was chrom- 

atographed on 160 g (18 cm x 4.5 cm I.D.) of s i l i c a  g e l .  E lu t ion  wi th  25% 

EtOAc i n  HEX a f fo rded  1.19 g (99.8%) of 2. Analysis  of t h e  product  on TLC 
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(25% EtOAc i n  HEX) revea led  one spo t  (R 0.45) : PMR (60 MHz, CDC13) 6 1.67 f 

( 3 ,  CH3-C3, s ) ,  1 .72  (3H, CH -C s ) ,  3.61 (2H,-CO-CH2, s ) ,  3.94 (2H, C8, s ) ,  3 7' 

4.60 (ZH, C1, d ,  7.2 Hz), 5.1-5.7 (ZH, C2,  C6,  m), 7.1-7.75 (5H, phenyl,  m); 

a s s  spectrum (CI, CH ) ,  m/z ( r e l a t i v e  i n t e n s i t y )  413 (1 .3 ) ,  411 (1.7),  
4 

385 (1.3),  383 (1 .5) ,  303 (19) ,  217 (35) ,  215 (35) ,  169 (23 ) ,  151 (13) ,  

135 ( l o o ) ,  123  (45) ,  107 (9) , 9 3  (14) , 8 1  (30) ; HRMS c a l c u l a t e d  f o r  C 1 8 H 2 3 0 2 ~ ~ r  : 

m/z384.1455/352.1475. Found: m/z 384.0589/352.0608. 

d) P r e p a r a t i o n  of (E,E)-2-phenylthio-4,8-dimethyl-4,8-decadien- 

10-o l ide  

A three-necked 100 m l  f l a s k  f i t t e d  w i t h  a condenser and a thermometer 

was f l u shed  w i t h  dry  n i t rogen  and charged wi th  sodium hydr ide  (35 mg of  a 

57% minera l  o i l  d i s p e r s i o n ,  0 .83 m o l y  Alfa)  and 40 mL of  d r y  HHE'A. To the  

0 
s t i r r e d  suspens ion  maintained a t  55 was added - 3 (240 mg, 0 .63  mmol) i n  

0 
5 mL of dry  THF o v e r  30 min. The r e a c t i o n  was t hen  h e a t e d  t o  93  (ba th  

temperature) f o r  23  h a f t e r  which i t  was poured i n t o  wa te r  (80 &'I, 

e x t r a c t e d  w i t h  e t h e r  ( 3  x 50 m ~ )  and washed wi th  b r i n e  (2 x 50 mL).  The 

r e s idue  l e f t  a f t e r  product  i s o l a t i o n  was app l i ed  on to  a s i n g l e  p r e p a r a t i v e  

TLC p l a t e  and e l u t e d  w i t h  25% EtOAc i n  HEX. A band a t  R 0.54 (W v i s u a l i z -  
f 

a t i o n ,  254 nm) was s c r aped  i n t o  a s i n t e r e d  g l a s s  funne l  and e l u t e d  wi th  

e t h e r  t o  give 70.2 mg (37%) of a c o l o r l e s s  l i q u i d  (4),  which was homogeneous 

by TLC a n a l y s i s  : PMR (60 MHz, CDC13) 6 1.66 (3H, CH3-C4 o r  CH3-C8, s )  , 

1.67 (3H, CH -C o r  CH3-C8, s ) ,  2.0-2.6 (6H, C3, C 6 ,  C 7 ,  m), 3.92 (lH, C2,  
3 4 

dd, J=4.5 Hz, 12  Hz) , 4.41 (lH, ClOa, dd, J=9.6 Hz, 11 Hz) , 4.76 (IH, Glob, 

dd,  J=6 Hz, 11 Hz), 4.92 (IH, C5, bdd, J=12 Hz, 2.5 Hz), 5 .61  (lH, C g ,  b t ,  

516 Hz, 9.6 Hz),  7.36 (5H, phenyl,  m); mass spectrum, m/z ( r e l a t i v e  i n t e n s i t y )  



The r e s u l t  ob ta ined  i n  t h i s  r e a c t i o n  was n o t  reproducib le  d e s p i t e  

numerous a t t empt s .  The major product  i s o l a t e d  from t h e s e  unsuccessful  

a t tempts  had a n  R (0.54, 25% EtOAc i n  HEX) which was i d e n t i c a l  t o  t h a t  of 
f  

t he  phenyl th io lac tone  (4) .  - This product  was i d e n t i f i e d  a s  3,7-dimethyl- 

2-E,5-E,7-octatrienyl-phenylthioacetate - - (28) - : PMR (60 MHz, CDC13) 6 1.66 

(3H, CH3-C3, S)  , 1.82 (3H, CH3-C7, s )  , 2.77 (2H, C4,  bd ,  J=6.5 Hz), 3.58 

(2H,-CO-CH2, s ) ,  4.60 (2H, C1, d ,  J=7.0 Hz), 4.87 ( 2 ~ ,  - exo-methylene, b s ) ,  

5.28 (lH, C2 ,  t ,  J=7.0 Hz), 5.60 (lH, C5, dd, J=6.5 Hz, 15 Hz), 6.13 (lH, 

C6, d ,  J=15 Hz); mass spectrum, m/z ( r e l a t i v e  i n t e n s i t y )  302 (0 .9) ,  218 ( 3 ) ,  

41 (36);  high r e s o l u t i o n  mass spectrum, m / =  302.1343 (C H 0 S ) ;  Ca lcu la ted ,  
18 22 2 

302.2214. 

e)  P r e p a r a t i o n  o f  1 v i a  t h e  Desu l fu r i za t ion  of k 

Raney n i c k e l  (450 mg, W-2, Mozengo, 1955) was added t o  a s o l u t i o n  of 

(45 mg, 0.15 mmol) i n  9 m l  of  a b s o l u t e  e thano l .  The suspens ion  was s t i r r e d  

a t  room temperature and analyzed d i r e c t l y  by GLC (column A and C). Analysis  

of a  sample (column C,  210' i so thermal )  removed a f t e r  1 h revea led  t h a t  

t he  r eac t ion  w a s  45% completed based on t h e  consumption of 5.  Heating t h e  

r eac t ion  mixture t o  r e f l u x  d i d  n o t  i n c r e a s e  t h e  y i e l d  of  product.  The 

add i t i on  of a  second p o r t i o n  of Raney n i c k e l  (450 mg) followed by 20 min o f  



r e f l u x  r e s u l t e d  i n  t h e  complete disappearance of  bo th  s t a r t i n g  m a t e r i a l  (4) - 

and product ( I ) .  Presumably, t he  organic  material was i r r e v e r s i b l y  adsorbed 

onto t h e  c a t a l y s t .  Therefore  no product was recovered from t h i s  r e a c t i o n .  

However, an a l i q u o t  removed from t h e  r e a c t i o n  p r i o r  t o  t h e  second a d d i t i o n  

of Raney n i c k e l  was analyzed by GLC(co1m A) and found t o  con ta in  m a t e r i a l  

which co-eluted w i t h  a u t h e n t i c  I. No t r a c e  of  i somer ic  products  were 

detected.  Due t o  a  l a c k  of t h e  s t a r t i n g  m a t e r i a l  ( 4 ) ,  - f u r t h e r  work on the  

d e s u l f u r i z a t i o n  of  t h e  phenyl th io lac tone  was n o t  c a r r i e d  ou t .  

i i i )  Syn thes i s  -- of  I 5 In t ramolecular  E s t e r i f i c a t i o n  ( v i a  D ie thy l  

Malonyl Der iva t ive )  (Fig. 17)  

a)  P r e p a r a t i o n  - o f  8-Acetoxy-2,6-dimethyl-2-E, 6-Z-octadien-1-01 (5)  

The o x i d a t i o n  of geranyl  a c e t a t e  was c a r r i e d  o u t  according t o  t h e  

procedure desc r ibed  by Umbreit and Sharpless  (1977).  Ter t -buty l  hydro- 

peroxide (28 mL 90% s o l u t i o n ,  242 mmol, MC&B) was added t o  a  suspension of 

selknium dioxide  (7.1, 64 mmol) i n  dichloromethane (75 niL) and s t i r r e d  f o r  

30 min a t  l o 0  . Geranyl  a c e t a t e  (25 g ,  128 mmol; bp. 73-74'~ (0.65 mm) ,  

prepared by the t rea tment  o f  g e r a n i o l  with a c e t i c  anhydride and pyr id ine)  

was added a l l  a t  once t o  t h e  selenium dioxide  s o l u t i o n  and s t i r r e d  f o r  3  h 

(10' ) .  Benzene (50 mL) was added t o  t h e  r e a c t i o n  mixture and t h e  d ich loro-  

methane removed by r o t a r y  evapora t ion .  The benzene s o l u t i o n  was d i l u t e d  

with e t h e r  (100 mL) and washed wi th  10% aqueous potassium hydroxide (4 x 50 d) 

and b r i n e  (2 x 50 mL). The r e s idue  which remained a f t e r  product  i s o l a t i o n  

contained aldehyde and was t h e r e f o r e  subjec ted  t o  r educ t ion  wi th  sodium 

borohydride (1.9 g, 50 mmol; i n  25 mL abs.  e t h a n o l  f o r  10 min) . Thi s  



r e a c t i o n  was d i l u t e d  with water  (50 m ~ ) ,  e x t r a c t e d  wi th  e t h e r  ( 3  x 50 mL) , 

and washed wi th  b r i n e  (2 x 50 mL). Product i s o l a t i o n  y i e lded  a  l i g h t  yellow 

l i q u i d  which was sub jec t ed  t o  vacuum d i s t i l l a t i o n  through a  Vigreux column: 

y i e l d  15.4 g; bp. 126-135' (0.9 mm). The d i s t i l l e d  product contained the  

a l coho l  (2) (Rf 0.32; 50% EtOAc i n  HEX) and a  contaminant (%20%, Rf 0.09) 

which was i d e n t i f i e d  as 2,6-dimethyl-8-hydroxy-2-E,6-E-octadien-l-ol - - : PMR 

(60 MHz, CDC13) 6 1 .63 (6H, C2, C6, s )  , 2.10 (4H, C 4 ,  C5,  m), 3.98 (2H, C1, 

s )  , 4.14 (2H, C8, d ,  J=7.0 Hz), 5.43 (2H, C3, 
C7 ' b t ,  J=7.0 Hz). Separation 

of 5 from t h e  contaminant was achieved by chromatography on s i l i c a  ge l  

(200 g; 18 cm x 5 cm I . D .  column). The sample was e l u t e d  wi th  50% EtOAc i n  

HEX and 250 mL f r a c t i o n s  were c o l l e c t e d .  F r a c t i o n s  2-5 were combined t o  

g ive  12.0 g (45%) o f  t h e  pure a l coho l  (5) - : PMR (60 MHz, CDC13) 6 1.64 

(3H, CH3-C6,s), 1.66 (3H, C H - C  s ) ,  2.00 (3H,-CO-CH3, s ) ,  2.05 (5H, C4, 
3  2 '  

C,, OH, m ) ,  3.94 (2H, C1, s ) ,  4.54 (2H, C8, d ,  J=7.2 Hz), 5.30 (2H, C3, C7,  

b t  , J= 7.2 Hz) ; mass spectrum (EI) , m/z ( r e l a t i v e  i n t e n s i t y )  134 (13) , 

1 2 1  ( 5 ) ,  119 ( 7 ) ,  9 3  (12) ,  84 (48) ,  68 (60) ,  67 (34) ,  55 (13) ,  43 ( l o o ) ,  

41  (25);  C I  ( iso-butane)  287 ( 3 ) ,  269 ( I ) ,  213 (15 ) ,  195 (12) ,  153 (18),  

135 ( loo ) ,  107 ( l o ) ,  95 ( 8 ) ,  93 (12) .  Analys is  c a l c u l a t e d  f o r  C 12  H 20 0  3: 

C ,  67 .89 ;HY 9.50. Found: C ,  68.10; H, 9.44. 



bromide (6) 

Hooz and G i l a n i ' s  (1968) procedure f o r  t he  brominat ion  of  a l coho l s  was 

used f o r  t he  p r e p a r a t i o n  of - 6. To a n  ice-cold s o l u t i o n  of 1 (14.2 g,  67 mmol) 

and carbon t e t r ab romide  (44.2 g, 133 mmol) i n  anhydrous e t h e r  (250 mL) was 

added 35.0 g (133 m o l )  of t r iphenylphosphine.  The r e a c t i o n  mixture  was 

then s t i r r e d  a t  4' f o r  24 h , a f t e r  which i t  was f i l t e r e d  through a 

s i n t e r e d  g l a s s  funnel .  The r e s idue  obtained a f t e r  removal o f  t h e  e t h e r  

was d i l u t e d  w i t h  100 m~ of ice-cold hexanes which p r e c i p i t a t e d  t h e  remainder 

of t he  t r iphenylphosphine oxide.  F i l t r a t i o n  of the  hexane s o l u t i o n  followed 

by evaporat ion of t h e  f i l t r a t e  l e f t  t h e  crude product  which w a s  chromato- 

graphed on 350 g (30 cm x 5 cm I . D .  column) of  s i l i c a  g e l  (10% EtOAc i n  
i 

i HEX; 20 r n ~  f r a c t i o n s ) .  F r a c t i o n s  28-60 were combined t o  g ive  17.4 g (94.5%) 

of - 6 which was homogeneous by TLC a n a l y s i s  (Rf 0.59, 50% EtOAc i n  HEX) : PMR 

I 

i (60MHz, CDC13) 6 1 .68 (3H, CH3-C6, s ) ,  1.72 (3H, CH3-C2, s ) ,  2-02 (3H,-CO-CH3, 

s ) ,  2.10 (4H, C4, C5,  m), 3.94 (2H, C1, s ) ,  4.55 (2H, C8, d ,  J=7*2 H z ) ,  

5.15-5.70 (2H, C3, C 7 ,  m) ; mass spectrum (CI, isobutane)  , m/z ( r e l a t i v e  

i n t e n s i t y )  217 (48 ) ,  215 (50 ) ,  195 (19) ,  135 (100).  

Analysis c a l c u l a t e d  f o r  C H 0 B r  : C ,  52.38; H, 6.96. Found: 
12 19 2 

C, 52.53; H ,  6.97. 

c) P r e p a r a t i o n  of 10-Acetoxy-2-carboethoxy-4,8-dimethy1-4-~, 

8-&ethyl decadienoate  (I) 

A three-necked 500 mL f l a s k  f i t t e d  with a thermometer and a dropping 

funnel was f lu shed  w i t h  n i t r o g e n  and charged wi th  sodium hydr ide  (2.34 g of 



a 60% mineral  o i l  d i spe r s ion ,  59 m o l )  . The sodium hydr ide  d i spe r s ion  was 

washed f r e e  of minera l  o i l  w i t h  dry hexanes and suspended i n  180 mL of dry 

DMF. D ie thy l  malonate (9.4 g, 59 mmol) was added over 20 min, and t h e  

r e s u l t a n t  mixture was s t i r r e d  f o r  1 h . Bromide (6) - (14.6 g, 53  mmol) was 

added over  15 min t o  t he  s o l u t i o n  of sod io -d i e thy l  malonate which was then  

hea t ed  t o  60•‹ f o r  4.5 h followed by 12 h a t  23O . Workup of t he  r e a c t i o n  

was c a r r i e d  o u t  by d i l u t i o n  of  the  r e a c t i o n  mixture  w i th  water  (250 mL), 

e x t r a c t i o n  wi th  e t h e r  ( 3  x 150 mL) and washing w i t h  b r i n e  ( 3  x 100 m ~ )  . 
Product i s o l a t i o n  gave a  yel low l i q u i d  which was chromatographed on 350 g 

(30 cm x 5 cm I.D.) of s i l i c a  g e l  (25% EtOAc i n  HEX, 20 mL f r a c t i o n s ) .  

F r a c t i o n s  31-60 were combined and concent ra ted  t o  g ive  16 .3  g (87%) o f  

product .  Analysis  by. GLC on column C (200' ) revea led  two major products:  

7  (77%) and d i e t h y l  malonate (11%). Since t h e  d i e s t e r  (7) was subjec ted  - - 

t o  decarba lkoxyla t ion  wi thout  f u r t h e r  p u r i f i c a t i o n ,  a  small  sample was 

p u r i f i e d  by p r e p a r a t i v e  TLC (R 0.27, 30% EtOdc i n  HEX) f o r  a n a l y s i s  : PMR 
f  

(60 MHz, CDC13) 6 1.24 (6H, CH3-CH20, t ,  5 ~ 7 . 0  HZ), 1 6 1  (3H, CH3-Cay s ) ,  

1 .68  (3H, CH -C S) , 2.01 (3HY-~O-CH3, S ;  4H, C6, 
3  4 '  C7 ' m), 2.57 (2H, C3, d,  

4.57 (2H, Cloy d, J=7.2 Hz), 5.0-5.5 (2H, C C g ,  m); mass spectrum (CI, CH4), 
5  ' 

m/z ( r e l a t i v e  i n t e n s i t y )  295 ( l o o ) ,  249 (23) ,  227 (34) ,  135 (30) .  

Analysis c a l c u l a t e d  f o r  C H 0 : C ,  64.38; H ,  8.53. Found: C ,  64.22; 
19 30 6 

H,  8.64. 



d) P r e p a r a t i o n  - of lO-Acetoxy-4,8-dimethyl-4-E,8-~-ethyl decadien- 

o a t e  (8) 

The decarba lkoxyla t ion  of Lwas c a r r i e d  o u t  according t o  t h e  procedure 

of Krapcho and Lovey (1973).  To a s o l u t i o n  of p a r t i a l l y  p u r i f i e d  2 (15.5 g, 

%42 mmol based on 77% p u r i t y )  i n  DMSO (100 mL) was added 3.3 g (57 mmol) of 

0 
sodium ch lo r ide  and 2 mL o f  water .  The mixture was hea ted  t o  160 C f o r  

7 h and then  s t i r r e d  f o r  12 h a t  23' . Analysis of an a l i q u o t  by GLC 

(column C, 210' ) revea led  t h a t  a l l  o f  t h e  s t a r t i n g  m a t e r i a l  had been 

consumd. The r e a c t i o n  mixture was poured i n  water  (150 mL), e x t r a c t e d  wi th  

e t h e r  ( 3  x 100 mL), and washed wi th  b r i n e  (2 x 100 mL). Product i s o l a t i o n  

y ie lded  11.5 g o f  a yel low l i q u i d  which was chromatographed on 300 g (28 cm 

x 5 cm I . D .  column) of s i l i c a  g e l  (20% EtOAc i n  HEX), The product  recovered 

a f t e r  chromatography (8 .3  g, 58% y i e l d  from 6) was 91% pure by GLC (column C ,  

210•‹ ) : PMR (60 MHz, C D C l  ) 6 1.25 (3H, CH CH -0, t, J=7.2 Hz),  1.62 (3H, 3 -3 2 

CH -C s )  , 1 .71  (3H, CH3-C4, s )  , 2.04 (3H,-CO-CH3, S ;  4H, C6 ,  C 7 ,  m) , 2.34 
3 8' 

(4H, C2, C3, s ) ,  4.13 (2H, CH -CH -0, q ,  Je7.2 HZ), 4.59 (2H, Cloy  d, J=7.0 
3 -2 

Hz), 4.95-5 .SO (2H, C5, Cg , m) ; mass spectrum (CI, CH ) , m/z ( r e l a t i v e  4 

i n t e n s i t y )  283 ( 8 ) ,  223 ( l o o ) ,  177 ( 7 ) ,  135 (31).  

Analysis c a l c u l a t e d  f o r  C H 0 : C ,  68.05; H ,  9.28. Found: C ,  67.75; 
16 26 4 

H,  9.50. 

e)  P r e p a r a t i o n  - of 4,8-Dimethyl-10-hydroxy-4-H,8-E-decadienoic 

a c i d  (e) 

To a s o l u t i o n  of  8 (7.3 g,  26 mmol) i n  50 mL of dioxane was added 4.1 g 

of sodium hydroxide i n  15 m~ of water .  The mixture was r e f luxed  f o r  2.5 h 



a f t e r  which i t  was d i l u t e d  wi th  water  (100 m ~ ) ,  a c i d i f i e d  t o  pH 2 wi th  

concentrated HC1,  e x t r a c t e d  w i t h  e t h e r  (4 x 50 d )  and washed w i t h  b r i n e  

(2 x 50 mL) . Product  i s o l a t i o n  y i e l d e d  a v i s cous  o i l  (4.2 g) which was 

chromatographed on 280 g (25 cm x 5 cm I . D .  column) of s i l i ca  g e l  (EtOAc : 

HEX : a c e t i c  a c i d ,  49.5 : 49.5 : 1)  t o  g ive  3.98 g (73%) of  - 9 .  Analysis  by 

TLC (so lvent  sys tem used f o r  column chromatography) r evea l ed  a major s p o t  

a t  R 0.25 (9) and minor impur i t i e s  a t  R 0 . I9  and 0.39. PMR of  9 (60 MHz, f  - f  - 

CDC13) 6 1 . 6 1  (6H, CH3-C4, CH3C8, s ) ,  2.07 (4H, C6,  C 7 ,  m), 2.37 (4H, C2, 

C3, m) , 4.16 (2H, Cloy d ,  J=7.0 Hz), 5.12 (lH, C5, m) , 5.36 (IH, Cg,  b t ,  

.J=7.0 Hz), 7.20 (2H, O H ,  COOH, b s )  ; I R  (neat  f i lm)  3400, 1710 cm-l; mass 

spectrum ( E I ) ,  m/z ( r e l a t i v e  i n t e n s i t y )  194 (8)', 1 8 1  (5 ) ,  127 (43) ,  121 (29) ,  

117 (12),  109 (51) ,  99 (30),  97 (12) ,  95 ( l o ) ,  94 { l o ) ,  9 3  (33 ) ,  85 (93) ,  84 

(24) ,  83  (15) ,  81  ( l o o ) ,  68 (55) ,  67 (51) ,  41 (27) .  

Analysis c a l c u l a t e d  f o r  C H 0 . C ,  67.89; H ,  9.49. Found: C ,  68.15, 12 20 3 ' 

H, 9.59. 

f )  P r e p a r a t i o n  of  I v i a  t he  In t r amolecu la r  E s t e r i f i c a t i o n  of  2 

A three-necked 500 mL f l a s k  f i t t e d  wi th  a low tempera ture  thermometer 

and a r e f l u x  condenser  was f lushed  wi th  n i t r o g e n  and charged w i t h  302 mg 

(1.43 mmol) o f  9, 856 mg (2 . I 4  mmol) of 2.2' -&-(4-t-butyl-N-isopropyl) 

imidazolyl  d i s u l f i d e  (prepared by D r .  A.C. Oehlsch lager  acco rd ing  t o  t h e  

procedure of Corey and Brune l le  (1976))and 20 rnL of  d ry  t o luene .  Triphenyl- 

0 
phosphine (561 mg, 2.14 mmol) was added t o  t h e  orange mix ture  (-68 ) which 

immediately t u r n e d  yel low and formed a white  p r e c i p i t a t e .  The mixture was 

allowed t o  reach  -lo0 , s t i r r e d  f o r  2.5 h and then  d i l u t e d  w i t h  300 k of 

1 



=o ld  toluene (-35' ) .  The cloudy, yellow r e a c t i o n  mixture  was al lowed to 

reach room tempera ture  (23' ) and then  h e a t e d  t o  r e f l u x  f o r  2 h . Samples 

removed from t h e  r e a c t i o n  ( f i l t e r e d  through n e u t r a l  alumina and e l u t e d  w i t h  

dichloromethane) and analyzed by GLC (column C,  170' ) r evea l ed  t h a t  t h e  

2 h of r e f l u x  d i d  n o t  i n c r e a s e  t h e  y i e l d  of I. Most o f  t h e  t o luene  was 

removed by d i s t i l l a t i o n  (10 mm) through a Vigreux column and t h e  remainder 

(%5 mL) was removed in uacuo. Chromatography o f  t h e  r e s idue  on 150 g o f  

s i l i c a  g e l  (28 cm x 3.5 cm I . D .  column; 7.5% EtOAc i n  HEX) gave 5.2 mg 

(1.9%) of a p roduct  a t  R 0.35 (7.5% EtOAc i n  HEX) and 102 mg (37%) o f  I. 
f 

Analysis  of  I by TLC (Rf 0.50, 7.5% EtOAc i n  HEX) and GLC (column C, 210' ) 

revea led  a p u r i t y  of  g r e a t e r  than 99% : PMR (60 MHz, CDC13) 6 1 .57 (3H, 

M3-C4, d,  Jz0.9 Hz),  1.64 (3H, CH3-C8, d,  J=1.2 Hz), 2.09 (4H, C 6 ,  C 7 ,  b s ) ,  

2.32 (4H, C2, C3,  s) , 4.56 (2H, ClO, bd ,  J=7.0 Hz), 4.82 (lH, C5, m) , 5.54 

( ~ H Y  C g y  d t ,  J =7.0 Hz, J =1.5 Hz); CMR (25.2 MHz, CDC13) 6 14.7,  
C10-C9 C -C 

7 9 
15.3,  24.9, 33.5,  38.5, 61.5, 122.3,  126.4,  132.8,  142.8,  174.2; mass 

Analysis c a l c u l a t e d  f o r  C H 0 : C ,  74.19 ; H ,  9.34. Found: C ,  74.48; 
12 1 8  2 

H ,  9.47. 

Spec t roscopic  a n a l y s i s  of  t h e  c r y s t a l l i n e  minor product  (Rf 0.35) 

showed t h a t  i t  was t h e  d i o l i d e  of I : PMR (60 MHz, CDC13) 6 1 - 6 0  (6H, M3-C4, 

s ) ,  1.67 (6H, CH3-C8, s ) ,  2.05 (8H, C6 ,  C,, m), 2 .33 (8H, C2, C3, b s ) ,  4.57 

(4H, Cloy d, J=7.0 Hz), 4.8-5.3 (4H, C5, C g ,  m) ; mass spectrum ( E I ) ,  

m/z ( r e l a t i v e  i n t e n s i t y ) ,  195 (26) ,  194 (43) ,  193 '  (29),  177 (101, 175 (131, . 

127 (85) ,  121 (52 ) ,  109 (26) ,  99 (421, 9 3  (77) 8 1  (76) 68 (100) y 67 (98) 



i v )  Syn thes i s  - of  Racemic (Z)-3-Dodecen-11-olide (E, 5-11] (Fig.  18) 

a) P r e p a r a t i o n  - of 1-Tert-butyldimethylsiloxy-3-butyne O 

To an ice-co ld  s o l u t i o n  of 3-butyn-1-01 (35 g ,  0.5 moly Farchan Labs) 

and imidazole (85 g, 1.25 moly Sigma) i n  150 I& of d ry  DMF was added 90.3 g 

(0.6 mol) of t -bu ty l  d imethylchloros i lane  ( S i l a r  Labs).  The ice-bath was 

removed a f t e r  30 min and t h e  r e a c t i o n  s t i r r e d  f o r  4 h a t  23' . The r e a c t i o n  

mixture was t h e n  poured i n t o  water  (300 mL) , e x t r a c t e d  w i t h  pentane (4 x 

150 m ) and washed w i t h  b r i n e  ( 3  x 100 mL) . Product i s o l a t i o n  y i e l d e d  a 

l i g h t  yellow l i q u i d  which was d i s t i l l e d  through a Vigreux column (10 mm) t o  

give 90.2 g (98%) of - 10 : bp 82-89' (10-15 mm ) .  Analysis  by GLC on 

column C (130' ) revea led  a p u r i t y  of 95%. PMR (60 MHz, CDC13) 6 0.12 

(6H, CH -Si,  s ) ,  0.92 (9H, t -buty l -S i , s ) ,  1.96 (lH, C 4 ,  t ,  J=3.0 Hz) ,  2.42 
3 

(2H, C2,  d t ,  J1 - 2=7. 2 H Z ,  J =3.0 Hz), 3.75 (2H, C1, t ,  5-7.2 Hz) . 
4-2 

HRMs ca l cu la t ed  f o r  C H 0 S i  (M-CH3) : m/z 169-2135. Found: m/z 169.1046. 9 1 7  1 

b) P r e p a r a t i o n  of 1-Chloro-5-iodopentane (u 
The dihalo-alkane (2) was prepared from 1,5-pentanediol  by t h e  procedure 

of Taylor and S t r o n g  (1950). To an ice-cold s o l u t i o n  of  1 ,5-pentanediol  

(104.2 g, 1 mole, Aldr ich)  i n  25 mL of pyr id ine  was added 219 mL ( 3  mole) of 

thionyl  c h l o r i d e  (dropwise over  2 h ). The yellow r e a c t i o n  mixture was then 

s t i r r e d  f o r  1 8  h a t  23' . I c e  was cau t ious ly  added t o  t h e  mixture u n t i l  no 



f u r t h e r  r e a c t i o n  was observed. The organic  l a y e r  was separa ted  i n  a  s epa ra to ry  

funne l ,  washed w i t h  concent ra ted  s u l f u r i c  a c i d  ( 2  x  1 5  mL), d i l u t e  aqueous 

sodium b ica rbona te  (4 x 100 n ~ )  and water (4 x 100 m ~ )  . The crude  product  

was t hen  d i l u t e d  w i t h  pentane (300 m ~ ) ,  d r i e d  over  anhydrous magnesium 

s u l f a t e  and concent ra ted  i n  vacuo t o  y i e l d  137.4 g (97.4%) of 1,5-dichloro- 

pentane: PMR (60 MHz CDC13) S 1.63-2.03 (6H, C2 ,  C3, C 4 ,  bm), 3.45-377 

(4H,  C1, C5, t ,  J=6.0 Hz). 

The 1,5-dichloropentane (50 g,  0.35 mol) was t hen  d i s so lved  i n  650 mL 

of ace tone  which contained 53.2 g (0.35 mol) of  sodium iodide .  The r e s u l t a n t  

mix ture  was s t i r r e d  v igo rous ly  and r e f luxed  f o r  24 h . F i l t r a t i o n  of t h e  
. . 

r e a c t i o n  mix tu re  through a  Buchner funne l  removed t h e  sodium c h l o r i d e  t h a t  

was formed. The f i l t r a t e  was concent ra ted  i n  vacuo, d i s so lved  i n t o  pentane 

(200 m ~ )  and washed w i t h  aqueous sodium t h i o s u l f a t e  (2 x  100 aL) and water 

(2 x 100 mL). Product i s o l a t i o n  gave a  l i g h t  yel low crude  product  (77 g)  

which was d i s t i l l e d  through a  Vigreux column: bp 64-66' (0 .3  nm) l i t .  

104-105' (14 mrn) (Taylor and Strong,  1950) ;y i e ld  36.0 g (872) of l-chloro- 

5-iodopentane (98% pure by GLC, column C; 100' - 1 4 0 ~  a t  loO/min);  

PMR (60 MHz, CDC13) 6 1.45-2.15 (6H, C2 ,  C3, C 4 ,  bm), 3.17 (ZH, CH2-I ,  t ,  

J=6.4 Hz), 3.53 (2H, CH2-C1, t ,  J=6.0 Hz). 



c) P r e p a r a t i o n  of 1-Tert-butyldimethylsiloxy-9-chloro- 3-nonyne (1123 

A three-necked 250 m .  f l a s k  f i t t e d  wi th  a  dropping funnel  and a  thermo- 

meter was f lu shed  w i t h  n i t r o g e n  and charged wi th  - 10 (18.4 g, 100 mmol) i n  

50 m k of dry THF. n-Butyl l i thium (66 mL, 1.6 M, 105 mmol) was added drop- 

w i s e  over 20 min t o  t he  v igorous ly  s t i r r e d ,  ice-cold s o l u t i o n  of 10. 

Af te r  n-Butyl l i thium a d d i t i o n ,  23.3 g (100 mmol) of - 11 (and 40 rnL of dry 

THF) was added a l l  a t  once. Dry HMPA (50 mL) was then added dropwise i n t o  

the  mixture r e s u l t i n g  i n  a  s l i g h t l y  exothermic r eac t ion .  The ice-bath was 

0 
removed and t h e  r e a c t i o n  was s t i r r e d  a t  23 f o r  30 min. Workup was c a r r i e d  

out  by d i l u t i o n  of  t h e  r e a c t i o n  mixture w i th  water  (250 mL), and e x t r a c t i o n  

wi th  e t h e r  (4 x 75 mL) followed by a  b r i n e  wash (2 x 150 m ~ ) .  The crude 

products  from t h i s  r e a c t i o n ,  and a  second r e a c t i o n  performed under i d e n t i c a l  

condi t ions (on 165 mmol of - l o ) ,  were combined f o r  d i s t i l l a t i o n  through a  

0 0 
Vigreux column: bp. 95 -112 (0.05 mm) ; 47.5 g (62.2%), p u r i t y  of 76.4% 

based on GLC a n a l y s i s ,  column C ,  120'-250' a t  loO/min. This  product was 

s u i t a b l e  f o r  i o d i n a t i o n  without  f u r t h e r  p u r i f i c a t i o n .  Therefore,  a sma l l  

sample was p u r i f i e d  by c a r e f u l  d i s t i l l a t i o n  through a  Vigreux column (bp. 

1 1 0 ~ - 1 1 8 ~  , 0.2 mm) f o r  a n a l y s i s :  GLC a n a l y s i s  on column C ( 1 2 0 ~ - 2 5 0 ~  a t  

loO/min) revea led  a  p u r i t y  of 93%; PMR (60 MHz, C D C l  ) 6 0.12 (6H, CH3-Si, 3  

s ) ,  0.92 (9H, t -butyl-Si ,  s ) ,  1.34-194 (6H, C6,  C7 ,  C8, bm), 2.0-2.63 (4H, 

C2,  C5, bm), 3.56 (2H, C9,  t ,  J=6.0 Hz), 3.72 (2H, C1, t ,  5 ~ 7 . 0  H z ) ;  mass 

spectrum ( E I ) ,  m/z ( r e l a t i v e  i n t e n s i t y )  273 (0 .1) ,  233 ( 3 ) ,  231 ( 9 ) ,  123 (69) ,  

105 (16),  95 (57 ) ,  9 3  ( l o o ) ,  89 (43) ,  79 (87) ,  75 (40) ,  73 (81) ,  67 (20) ,  

59 (16) ,  55 (28). 

Analysis c a l c u l a t e d  f o r  C H OSiCl : C, 62.36; H,  10.12. Found: 
15  29 

C,  62.64; H,  10.01. 



d) P r e p a r a t i o n  - of 1-Tert-butyldimethylsiloxy-9-iodo-3-nonyne (13) 

To 7.9 g (27 mmol) of 12 w a s  added 100 nit of  ace tone  con ta in ing  8.2 g 

(55 mmol) of sodium iodide .  The r e s u l t a n t  s o l u t i o n  was r e f luxed  f o r  65 h 

and then concent ra ted  in vacuo, d i l u t e d  w i t h  w a t e r  (150 m ~ )  and e x t r a c t e d  

wi th  e t h e r  ( 3  x 75 mz). The e t h e r  e x t r a c t  was washed w i t h  aqueous sodium 

t h i o s u l f a t e  (2  x 75 mL) and b r i n e  (2 x 75 mL). D i s t i l l a t i o n  of  t he  i s o l a t e d  

product through a Vigreux column gave 10.0 g (96%) of - 13,  p u r i t y  of  94% by 

GLC (column C,  120'-250' a t  loO/min) : bp. 1 2 0 ~ - 1 2 2 ~  (0 .l mm) , PMR (60 MHz, 

CDC13) 6 0.12 (6H, CH3-Si, s ) ,  0.92 (9H, t -butyl-Si ,  s ) ,  1.27-2.07 (6H, C6,  

C7 ' C8, bm), 2.07-2.64 (4H, C2 ,  C5, bm), 3.25 (2H, C g ,  t ,  J=6.8 Hz), 3.74 

e )  P r e p a r a t i o n  - of l-Tert-butyldimethylsiloxy-ll-hydroxy-3- 

dodecyne (14) 

The three-necked 100 mL f l a s k  f i t t e d  w i t h  a dropping funnel  and a r e f l u x  

condensor was f lushed  wi th  argon and charged wi th  magnesium powder (830 mg, 

35 mmol, Mal l inckrodt )  and 13 (8.7 g, 23 mmol) i n  40 EL of dry THF. 

Grignard formation was i n i t i a t e d  by the  a d d i t i o n  o f  e thylbromide (0.1 mL, 

Q1.3 mmol) , and maintained by r e f lux ing  t h e  r e a c t i o n  mixture  f o r  3 h . The 

formation of t h e  Grignard reagent  was monitored by GLC (column C; 160'-250' 

a t  loO/min): a l i q u o t s  taken from the  r e a c t i o n  were quenched i n t o  s a t u r a t e d  

aqueous ammonium c h l o r i d e ,  e x t r a c t e d  with e t h e r ,  d r i e d  over  anhydrous magnesium 



s u l f a t e  and i n j e c t e d  i n t o  column C.  A f t e r  t h e  i o d i d e  (12) was comple te ly  

consumed, 2.2 g (11.5  mmol) o f  cuprous  i o d i d e  (BDH) was added t o  t h e  m i x t u r e ,  

wfiich was c o o l e d  i n  a n  i ce -ba th ,  and  s t i r r e d  f o r  30 min. P ropy lene  o x i d e  

(2.7 g, 46 mmol, A l d r i c h )  d i l u t e d  w i t h  1 0  mL o f  d r y  THF was added dropwise  

t o  t h e  b l a c k  r e a c t i o n  m i x t u r e .  The r e a c t i o n  was s t i r r e d  f o r  30 min a t  23' 

and then  quenched w i t h  s a t u r a t e d  aqueous  ammonium c h l o r i d e  (100 mL). The 

e t h e r  e x t r a c t  ( 3  x 75 mL) o f  t h e  aqueous m i x t u r e  was washed w i t h  b r i n e  ( 3  x  

75 m ~ ) .  P r o d u c t  i s o l a t i o n  gave a c rude  p r o d u c t  which w a s  p u r i f i e d  by 

chromatography on 180 g (20 c m  x  4.5 cm I . D .  column) o f  s i l i c a  g e l  (20% EtOAc 

i n  HEX): 3.3 g (46%) o f  - 1 4  (>99% pure  by GLC on column C;  180'-250' a t  

loo/min) ; PMR (60 MHz, C D C l  ) 6 0  .O8 (6H, CH3-Si, s )  , 0.89 (9H, t -bu ty l -S i ,  
3 

s )  , 1.19 (3H, C12, d ,  J=6 .0  Hz),  1.36 (lOH, C6-Cloy b s )  , 1.77 (lH, -OH, S )  , 

2.00-2.57 (4H, C2,  C5, bm), 3.70 (3H, C1, t ,  J=7.0 Hz), 3.50-3.90 ( lH,  Cll, 

bm) ; mass spec t rum ( E I ) ,  m/z ( r e l a t i v e  i n t e n s i t y )  255 (1 .2) ,  237 (1 .6 ) ,  

1 2 1  (18) ,  107 ( 2 5 ) ,  105 (50) ,  95 ( 2 3 ) ,  9 3  ( 3 3 ) ,  89 (27) ,  8 1  ( 3 0 ) ,  79 ( 2 4 ) ,  

75 ( l o o ) ,  73 ( 4 4 ) ,  6 7  ( 2 0 ) ,  59 ( l o ) ,  55 ( 1 9 ) ,  45 ( 1 5 ) .  

Ana lys i s  c a l c u l a t e d  f o r  C H 0 Si:C,69.15; H ,  11.61. Found: C,  69.41; 
1 8  36 2 

f )  P r e p a r a t i o n  - o f  1,ll-dihydroxy-3-dodecyne (E) 

To a s o l u t i o n  o f  1 4  (2.9 g, 9.4 mmol) i n  t h e  THF (15 I&) was added 19 mL 

of  tetra-n-butylammonium f l u o r i d e  (19 rnmole, 1 M  s o l u t i o n  i n  THF, A l d r i c h ) .  

The r e a c t i o n  was s t i r r e d  f o r  I h a t  23' t h e n  d i l u t e d  w i t h  75 rriL o f  w a t e r .  

The aqueous m i x t u r e  was e x t r a c t e d  w i t h  e t h e r  ( 3  x 50 mL) and t h e  e t h e r  



33 

washed w i t h  b r i n e  (2 x 50 a). Product i s o l a t i o n  y i e l d e d  1.86 g 

a 
(100%) of t h e  d i o l  (15) - which was analyzed by TLC (25% EtOAc i n  HEX). 

A smal l  amount of one impuri ty  (Rf 0.37) was de t ec t ed  above t h e  d i o l  

( R ~  0.29). No f u r t h e r  p u r i f i c a t i o n  w a s  c a r r i e d  out  on - 15 : PMR (60 MHz, 

c~C1,) 6 1.14 (3H, C12, d ,  5-6.0 Hz) , 1.34 (lOH, C6-ClO, b s )  , 1.94-2.57 (4H, 

C2 ' 
C5, bm), 2.85 (ZH, OH, b s ) ,  3.63 (ZH, C1, t ,  J 4 . 3  HZ), 3-38-3.83 (1H, 

g) P r e p a r a t i o n  - of 11-hydroxy-3-dodecynoic acid( i6)  

The i n v e r s e  a d d i t i o n  oxida t ion  procedure developed by Holland and 

Gilman (1974) was used f o r  the  ox ida t ion  of - 15. To a v igo rous ly  s t i r r e d ,  

ice-cold s o l u t i o n  o f  chromic t r i ox ide (5 .4  g, 54 mmol, MC&B) i n  50 mL of 6~ 

s u l f u r i c  a c i d  was added dropwise over  3 h , 1.76 g (8.9 mmol) of  - 1 5  i n  

50 mL of ace tone .  The r e a c t i o n  was kep t  i n  an ice-bath f o r  30 min and then  

warmed t o  23' b e f o r e  workup. Water (200 &) was added t o  t h e  r e a c t i o n  

mixture which was then  ex t r ac t ed  wi th  e t h e r  (4 x 75 I&) . The e t h e r  e x t r a c t  

was washed w i t h  b r i n e  ( 3  x 50 mL). Product i s o l a t i o n  y i e l d e d  crude 11- 

keto-3-dodecynoic a c i d  which was p u r i f i e d  by c r y s t a l l i z a t i o n  from 10% e t h e r  

i n  HEX (mp 49-51' ) . Analysis  of t h e  methyl e s t e r  of t h e  c r y s t a l l i n e  

11-keto-3-dodecynoic ac id(prepared  by t rea tment  of t h e  ke to-ac id  with an 

0 excess of e t h e r e a l  diazomethane) by GLC on column C (180'-250 a t  loO/min) 



6 1.08-1.77 (8H, C -C bm) , 2.10 (3H, C12 , S)  , 1.95-2.60 (4H, C 
6  9 '  5  9 C10 9 bm) , 

3.27 (2K, C t ,  J=2.2 Hz), 10.3 (lH, COOH, b s ) .  
2  ' 

The keto-acid was converted q u a n t i t a t i v e l y  t o  - 16 by reduct ion  wi th  

sodium borohydride. To an ice-cold s o l u t i o n  of t h e  keto-acid (676 mg, 3.2 

mmol) i n  10 of abso lu t e  e thano l  was added 244 mg (6.4 mmol) of sodium 

borohydride. A f t e r  5  min t h e  r e a c t i o n  was warmed t o  23' , d i l u t e d  wi th  

co ld  5% HC1 (30 i) and e x t r a c t e d  wi th  e t h e r .  Product i s o l a t i o n  y i e lded  

680 mg (99%) o f  16 which was 97% pure by GLC a n a l y s i s  (of methylester)  on 

column C (180'-250' a t  loO/min): PMR (60 MHz, CDC1 ) 6 1.17 (3H, C12, d, 
3  

J=6.0 Hz) , 1.35 (lOH, C6-Cloy b s )  , 2 .O-2.4 (2H, C bm) , 3.26 (2H, C 2 ,  t ,  
5 ' 

J=2.2 Hz), 3.6-4.0 (lH, Cll, bm), 6.77 (2H, COOHy OH, b s ) .  HRMS ca l cu la t ed  

f o r  C12H1803: m/z 210.1251. Found: m/z 210.1261.. 

h) P repa ra t ion  - of 11-hydroxy-3-Z-dodecenoic a c i d  (JJJ 

P a r t i a l  r educ t ion  of t he  t r i p l e  bond i n  j.6- was accomplished with P-2 

n i c k e l  c a t a l y s t  (Brown and Ahuja, 1973).  To a  v igorous ly  s t i r r e d  mixture o f  

n i c k e l  a c e t a t e  ( l g ,  MC&B) and abso lu t e  e thano l  (25 mL, s a t u r a t e d  with hydrogen) 

w a s  added 5 mL of the  f i l t r a t e  from a s o l u t i o n  of sodium borohydride (500 mg) 

i n  e thanol  (12 mL) and 2N aqueous sodium hydroxide (0.63 mL). Af te r  

hydrogen evolu t ion  had ceased,  t he  b l ack  suspens ion  w a s  t r e a t e d  wi th  0.7 niL 

of e thylene  diamine. The alkyne (16, - 64 3 mg, 3.0 mmol) was then added t o  

t h e  P-2 n i c k e l  p repa ra t ion  and s t i r r e d  f o r  1 h a t  23' . The r e a c t i o n  was 

d i l u t e d  with b r i n e  (100 nL) , a c i d i f i e d  wi th  5% H C 1  and e x t r a c t e d  wi th  e t h e r  

(4  x 50 mL). HRMS c a l c u l a t e d  f o r  C12HZ003: m/z 212.1407. Found: m/z 212.1403. 



Af te r  t he  e t h e r  e x t r a c t  was washed wi th  b r i n e  (2 x 50 mL) , product  i s o l a t i o n  

gave 620 mg (96%) o f  - 1 7  which was 96% pure  by GLC a n a l y s i s  of  t h e  methyl- 

e s t e r  on column C (180'-250' a t  loO/min):  PMR (60 MHz, CDC13) 6 1.20 (3H, 

C12, d, J=6.0 Hz),  1.34 (lOH, C -C b s )  , 1.87-2.20 (2H, C5, bm) , 3.12 
6 10 '  

(2H, C2, d, J=5.4 Hz),  3.5-4.0 (lH, Cll, bm) , 5 -4-5.7 (ZH, C3, C4 ,  m) 

7.15 (2H, COOH, OH, b s )  . HRMS ca l cu la t ed  f o r  C12H2203: m/z 214-1563. 

Found : m/z 214.1577. 

i )  P r e p a r a t i o n  - of ( 3 2 ,  11m -3-Dodecen-11-olide ((&,a -11) 

Triphenylphosphine (196 mg, 0.75 mmol) w a s  added t o  a s o l u t i o n  o f  

2 ,2 ' -dipyridyl  d i s u l f i d e  (165 mg, 0.75 mmol, Aldrich)  and - 1 7  (80 mg, 0.37 

mmol) i n  4 mL of d r y  a c e t o n i t r i t e  and s t i r r e d  f o r  1 .5 h a t  23' under argon. 

The yellow s o l u t i o n  was then  d i l u t e d  wi th  26 mL of dry xylenes and added 

dropwise over 4 h t o  a r e f l u x i n g  s o l u t i o n  of s i l v e r  p e r c h l o r a t e  (387 mg, 

1.9 mmol, Alfa)  i n  xylenes (50 m ~ ,  under n i t r o g e n ) .  The r e a c t i o n  w a s  

ref luxed f o r  6 h a f t e r  t h e  a d d i t i o n  of t h e  t h i o e s t e r  and then  f i l t e r e d  

through a  s i n t e r e d  g l a s s  funnel  t o  remove t h e  brown p r e c i p i t a t e  t h a t  had 

been formed. The f i l t r a t e  was d i l u t e d  wi th  160 mf, of hexane and fo rced  

through 80 g (20 cm x 3 cm I . D .  column) of s i l i c a  g e l  which had been packed 

wi th  hexanes. The column was washed f r e e  of  xylenes wi th  hexanes (200 EL) 

and then e l u t e d  w i t h  5% EtOAc i n  HEX. F rac t ions  which conta ined  t h e  l a c t o n e  

(R,S-11) - -  were combined t o  g ive  6 1  mg of a  m a t e r i a l  which was 78% pure  by GLC 

0 
ana lys i s  on column C (150 -250' a t  loO/min).  Kugelrohr d i s t i l l a t i o n  of t h e  

product recovered from chromatography y i e l d e d  22 mg (30%) of (R,S)-11: - - 

bp. 60-70' (0 .1 mm)., 97% pure by GLC a n a l y s i s ;  spec t roscop ic  d a t a  obta ined  

f o r  the s y n t h e t i c  product  were i d e n t i c a l  t o  t hose  obta ined  f o r  t h e  i s o l a t e d  



n a t u r a l  p roduct  ( s ee  s e c t i o n  111-12-i). GLC a n a l y s i s  of t h e  d i s t i l l e d  mate- 

r i a l  on column A (program A) revealed t h e  presence  of t he  E isomer and ll-do- 

decanolide i n  a r a t i o  of 376:18:1, - Z:ll-dodecano1ide:E. - 

HRMS c a l c u l a t e d  f o r  C H 0 :m/z 196.1458. Found: m/z 196.1463. 
12  20 

v) Synthes is  --- of (3 and (&)-p3-Dodecen-11-olide (F ig .  19) 

a )  P repa ra t ion  - of (S)-l-Tert-butyldimethylsiloxy-ll-hydroxy-3-dode- 

cyne ( (S)  -18) (a -18 

The Grignard reagent  of  - 1 3  (4.0 g, 10.5 mmol) was coupled wi th  (2)-(-)- 

propylene oxide  (1.2 g,  21  mmol; b1i4 - 1 2 . 8 ~ ~  n e a t ,  p repared  by t h e  Method of 

Seuring and Seebach, l 977) ,  v i a  t h e  procedure descr ibed  f o r  t h e  p repa ra t ion  of 

1 4 ,  t o  g ive  1.65 g (42%) of (S) -18 (a::, +4 .oO, n e a t )  . Analysis  by GLC (col-  - - - 
umn C,  180'-250' a t  loO/min) revealed a p u r i t y  of  81%. The PMR spectrum (60 

MHz, CDC13) of (S)-18 - - was i d e n t i c a l  t o  t h a t  of 14. 

(R) - -18 - was prepared from 19.0 g (50 mmol) of 13 and 3.5 g (60 mmol) of 

(R) - -(+) -propylene oxide + 13.9' ( n e a t ) ,  p repared  by t h e  method of John- 
D 

s t o n  and S l e s s o r ,  1979) fol lowing t h e  procedure desc r ibed  above. Af t e r  workup 

24 o 
and column chromatography, 4.9 g (31%) of (&)-(-)-E was obta ined:  a Ob s 

-3.0 , 

n e a t ,  p u r i t y  o f  88% determined by GLC on column C ( 1 8 0 ~ - 2 5 0 ~  a t  loO/min; PMR 

spectrum of - (R)-(-)-I8 - (60 MHz, CDCl  ) was i d e n t i c a l  t o  t h e  spectrum of 14. 
3 

b) P r e p a r a t i o n  of (3-(+)-11-B-Methoxyethox~methyl-3-dodedyn-1-01 

((S)-(+I-19) - and (a-(-) - 3 3  

To an ice-co ld  mixture of (3-(+)-19 (1.2 g, 3.8 mmol) and di isopropyl-  

ethylearnine (0.74. g, 5.7 mmol) i n  dry  dichloromethane ( 4  mL) , was added 

0.71 e (5 .7  mmol) of  6-methoxvethoxvmethvl c h l o r i d e  (MEM ch lo r ide .  



Aldr ich) .  A f t e r  30 min t h e  r e a c t i o n  was warmed t o  23' and s t i r r e d  f o r  5 h . 
The reac t ion  w a s  then  d i l u t e d  wi th  water  (15 nL), e x t r a c t e d  wi th  d ichlorc-  

methane ( 3  x 25 mL) and washed wi th  b r i n e  (2 x 25 mL). Product i s o l a t i o n  

y i e lded  1.60 g of t h e  MEM e t h e r  which was 92% pure by GLC a n a l y s i s  on column 

C (180'-250•‹ a t  loO/min) : PMR (60 MHz, COCl3) % 0.08 ( h ~ ,  C H ~ - S ~ ,  s) , 

0.90 (9H, t -butyl-Si ,  s ) ,  1.16 (3H, C12, d, J=6.4 Hz), 1.28-1.60 (lOH, C -C 6 10 '  

m), 1.96-2.57 (4H, C2,  C5, bm), 3.42 (3H, CH3-0, s ) ,  3.53-3.83 (7H, 0-CH2CH2-0, 

Cl) 
bm) , 4.72 (2H, 0-CH2-0, s )  . The MEN e t h e r  w a s  s t i r r e d  f o r  5 h 

i n  a mixture o f  Ac0H:THF:water (3:1:1, v/v/v) a t  23 '~ .  Water (50 mL) was 

then added t o  t h e  r e a c t i o n ,  and t h e  r e s u l t a n t  aqueous mixture was e x t r a c t e d  

wi th  e t h e r  ( 3  x 50 mL) and washed wi th  b r i n e  (2 x 50 mL) .  Chromatography of  

t h e  i s o l a t e d  product  on s i l i c a  g e l  (60 g,  15 cm x 3 cm I . D .  column; 75% 

EtOAc i n  HEX) gave 0.78 g (72% from (2)-(+)-B) of  ( S ) - ( + ) - 2  - (98% pure 

22 
by GLC, c o l m  C,  1 8 0 ~ - 2 5 0 ~  a t  loO/min) : aObs +lo.  go, nea t ;  PMR (60 MHz, 

C D C l  ) 6 1.14 (3H, C12, d ,  J=6.0 Hz), 1.32 (lOH, C -C b s ) ,  1.89-2.64 
3 6 10 '  

(5H, C29 C y  -OH, bm), 3.34 (3H, CH3-0, s ) ,  3.47-3.83 (7H, -0CH 2 CH 2 , C1, 

' bm) , 4.69 (2H, 0-CH2-0, S) . 
Analysis c a l c u l a t e d  f o r  C H 0 C, 67.08; H ,  10.56. Found: C ,  67.34; 16 30 4: 

H ,  10.56. 

(R)-(-)-I9 - was prepared from 4.5 g (14.4 mmolj of (R)- - - (-)-E by t h e  

procedure descr ibed  above except  t h a t  t h e  ter t -butyl-dimethyl  s i l y l  e t h e r  

w a s  cleaved w i t h  te t ra -n-buty l  ammonium f l u o r i d e  i n s t e a d  of t h e  AcOH: THF: 

wa te r  mixture ( s e c t i o n  11-iv-f).  A f t e r  chromatography, 2.54 g (62% y i e l d  



from - (R)-(-)-I$) - o f  (&)-(-)-I9 - were recovered (99% pure by GLC, column D, 

2 2 1 8 0 ~ - 2 5 0 ~  a t  loO/min)  : aObs -10. 7' , n e a t ;  PMR spectrum of (R) - - (-)-I9 - 

was i d e n t i c a l  t o  t h e  spectrum of (5)-(+)-19. - 

c)  P r e p a r a t i o n  - of (5)-11-6-Methoxyethoxymethyl-3-dodecynoic a c i d  

((s)-rn & 

To an ice-co ld  s o l u t i o n  of chromium t r i o x i d e  (1.1 g ,  11 mmol) i n  2N 

s u l f u r i c  a c i d  (15 rnL) was added dropwise 0.78 g (2.7 mmol) o f  (2)-(+)-g 

disso lved  i n  30 mL of acetone. A f t e r  t he  a d d i t i o n  was completed (2 h ) ,  t he  

0 r e a c t i o n  was warmed t o  23 and s t i r r e d  f o r  3 h . The ace tone  was removed 

i n  vacw l e a v i n g  a res idue  which w a s  d i l u t e d  w i t h  w a t e r  (50 mL) and 

e x t r a c t e d  wi th  e t h e r  ( 3  x 50 mL). The e t h e r  e x t r a c t  w a s  washed wi th  b r i n e  

( 3  x 50 mL) and then  subjec ted  t o  product i s o l a t i o n  which gave 0.72 ,g of  

crude product.  Analys is  of the  crude product by GLC (column C ,  1 8 0 ~ - 2 5 0 ~  

a t  loO/min) a f t e r  t rea tment  with diazomethane r evea l ed  a p u r i t y  of 50%. 

This  m a t e r i a l  was u t i l i z e d  f o r  t he  n e x t  s t e p  wi thout  f u r t h e r  p u r i f i c a t i o n .  

The (R) - enant iomer of 2 was prepared from 2.12 g (7 .41  mmol) of (R)- - 

( -  To a s o l u t i o n  of chromium t r i o x i d e  (2.97 g, 30 mmol) i n  2N s u l f u r i c  

a c i d  (42 mL) main ta ined  a t  10' , was added ( R ) - ( - ) - 2  - ( i n  85 mL acetone)  

0 
over  30 min. The r e a c t i o n  was then  s t i r r e d  f o r  3 h a t  23  and worked up 

by t h e  method desc r ibed  above. P a r t i a l  p u r i f i c a t i o n  of  t h e  c rude  product was 

achieved by chromatography on 170 g (15 cm x 5 cm I .D. column) of  s i l i c a  

g e l  (EtOAc:HEX:AcOH, 49.5:49.5:1.0) : y i e l d ,  0.87 g (39%) of  ( g ) - g ,  pur i ty  

of 77% by GLC a n a l y s i s  of methyl e s t e r  (column D ,  1 8 0 ~ - 2 5 0 ~  a t  loO/min); 



1.95-2.60 (2H, C5, bm), 3.27 (2H, C2,  t ,  J=1.8 Hz), 3-38 (3H, -0, a ) ,  3 

3.48-388 (5H, 0CH2CH20, Cl1, m), 4.73 (2H, 0CH20, s )  , 10-25 ( 5  COOH5 b s ) .  

d) P repa ra t ion  - of  (5)-ll-hydroxy-3-dodecynoic a c i d  ((3-32) - and 

(a -xi 
To an ice-cold s o l u t i o n  of  (S)-20 - ( s e c t i o n  II-iv-c) - i n  35 mL of  dry 

dichloromethane (under  n i t r o g e n )  was added 13.5 g (60 mmol) of anhydrous 

z i n c  bromide ( d r i e d  under vacuum a t  100' f o r  24 h ) . The r e s u l t a n t  

suspension was s t i r r e d  f o r  2 h a f t e r  which i t  was f i l t e r e d  through a 

s i n t e r e d  g l a s s  funnel ,  evaporated t o  dryness ,  d i sso lved  i n  e t h e r  (50 mL) , 

and washed wi th  b r i n e  (2 x 50 mL) . Chromatography of the  crude product on 

60 g (15 cm x 3 cm I . D .  column) of s i l i c a  g e l  (EtOAc:HEX:AcOH, 49.5:49.5:1, 

v/v/v)  gave 71.6 mg (12.5% from (2)-(+)-x) of  (S)-16 - - which was 84% pure 

by GLC a n a l y s i s  of  t h e  methyl e s t e r  (column C ,  180'-250' a t  loO/min) .  

The PMR spectrum (60 MHz, C D C l  ) o f  (S)-16 was i d e n t i c a l  t o  t h e  spectrum 
3 - - 

f o r  racemic - 16 ( s e c t i o n  II-iv-g) . 
A modi f ica t ion  of t h e  procedure descr ibed  above was used f o r  the c leavage  

of the  MEM e t h e r  i n  (&) -g .  To a s o l u t i o n  of (g)-20 - (720 mg, $1.8 mmol) 

i n  20 mL of dry dichloromethane was added 10.7 g ( 4 7  mmol) of anhydrous 

z i n c  bromide. The suspension w a s  shaken v igorous ly  f o r  e x a c t l y  5 min a t  

23' arid then d i l u t e d  w i t h  50 mL of b r i n e .  The aqueous mixture was 



a c i d i f i e d  (ph 2)  w i t h  2 N  s u l f u r i c  ac id ,  e x t r a c t e d  w i t h  dichloromethane 

(3  x 40 mL) and washed .with b r i n e  (2 x 50 m ~ ) .  Product i s o l a t i o n  gave a 

crude product which was p u r i f i e d  by chromatography on 90 g (23 cm x 3  cm I . D .  

column) of s i l i c a  ge l :  y i e l d ,  190 mg of  (2)-x (49%); p u r i t y  of 80% by 

GLC ana lys i s  of  methyl e s t e r  on column D,  180'-250' a t  loO/min) ; PMR 

spectrum (60 MHz, C D C l  ) was i d e n t i c a l  t o  spectrum obta ined  f o r  racemic 16. 
3 

e )  P r e p a r a t i o n  - of (5)-LJ - and (R)-l.7- 

The (S) - enanriomer of - 16 (71.6 mg, 0.34 mmol) was hydrogenated wi th  P-2 

n i c k e l  c a t a l y s t  by t h e  procedure descr ibed i n  s e c t i o n  11-iv-h. A y i e l d  of 

83% was obta ined  f o r  t h e  crude product ((S)-lJwhich - was 90% pure  by a  GLC 

a n a l y s i s  of t h e  methyl e s t e r  (column C ,  180'-250' a t  loO/min) .  

(R)-17 - (153 mg, 84% pure by GLC a n a l y s i s )  was prepared i n  84% y i e l d  - 

by t h e  same procedure.  

f )  P r e p a r a t i o n  of ( a - ( + ) - I 1  @)-(-)-I1 

The l a c t o n i z a t i o n  of (z)-g and (&)-_ll was c a r r i e d  ou t  by t h e  procedure 

descr ibed f o r  (&,g)-I1 ( s e c t i o n  11-iv- i) .  Lac ton iza t ion  of 60.3 mg (0.28 

mmol) of (S)-17 - gave 15.6 mg (28%) of (S)-I1 - a f t e r  chromatography and 

Kugelrohr d i s t i l l a t i o n .  This  ma te r i a l  a l s o  contained the  E isomer and 

11- dodecanolide i n  t h e  r a t i o  t h a t  was observed f o r  (R,z)-11: 

2 2 * 5  =+70.5O (c-0.96, C H C l  ) ; spec t roscop ic  da t a  f o r  @)-I1 was i d e n t i c a l  Ca ID 3 

t o  t h a t  ob ta ined  f o r  (R,z)-11. 

The l a c t o n i z a t i o n  of 128 mg (0.6 mmol) of  ( g ) - c  gave 4 3  mg (37%) of 

(R)-I1 - a f t e r  chromatography and d i s t i l l a t i o n .  The r a t i o s  of t he  E isomer 



and 11-dodecanolide t o  (R)-Il  - were i d e n t i c a l  t o  those  observed f o r  

22 ..5 
( 5 )  - -11 and (R,S)-I1 - - : [alD 

.= -78O (C=l6.4, CHC13) . 

vi) Synthesis  of ( 5 1 , 1 3 m  -5-Tetradecen-13-olide ( , (B9a-III  1 
a) Prepara t ion  - of 1-Tert-butyldimethylsiloxy-5-hexyne (2L) 

To an ice-cold s o l u t i o n  of 5-hexyn-1-01 (9.8 g, 0 .1  moly Farchan Labs) 

and imidazole (17 g, 0.25 mol) i n  dry DMF (50 m ~ )  was added 18.1 g (0.12 mol) 

of  t -bu ty ld ime thy l s i l y l  ch lor ide .  A f t e r  t h e  c h l o r i d e  was added, t h e  

0 
r e a c t i o n  was warmed t o  23 and s t i r r e d  f o r  1.5 h . The r e a c t i o n  was then 

d i l u t e d  with b r i n e  (100 m ~ )  , e x t r a c t e d  with e t h e r  ( 3  x 100 mL) and washed 

wi th  b r i n e  (2 x 100 m ~ ) .  D i s t i l l a t i o n  of t h e  c rude  product through a 

Vigreux column gave 20.7 g (98%) of 21: bp. 3g0-41' (0 . I5  mm) ; 99% pure by 

GLC a n a l y s i s  on column C ,  120' ; PMR (60 MHz, CDC13) 13 0.08 (6H, CH3-Si, s )  , 

0 .91  ( 9 H ,  t -butyl-Si ,  s )  , 1.50-1.80 (4H, C 2 ,  C3' 
m), 1 .97 ( lH,  C6, t ,  

J=2.8 Hz), 2.26 (2H, C4 m), 3.71 (ZH, C1, m). Analysis  c a l c u l a t e d  f o r  

C12H240Si: C ,  67.86; H, 11.39. Found: C ,  67.95; H,  11.49. 

b) P repa ra t ion  of l-Tert-butyldimethylsiloxy-ll-chloro-5- 

unde cyne ( 2 2 )  

n-Buty l l i th ium (23 my 2.2M, 50.6 mmol) was added dropwise over  30 min 

t o  a n  ice-cold s o l u t i o n  of - 21 (10.6 g,  50 mmol) i n  25 m~ of dry THF (under , 

argon) .  The l i t h i u m  a c e t y l i d e  of - 21 was then t r a n s f e r r e d  t o  a dropping 

funnel  and added over  1 h t o  a s o l u t i o n  of 11 i n  a mixture of THF and HMPA 



0 complete, t h e  r e a c t i o n  w a s  warmed t o  23 and s t i r r e d  f o r  3 h . Workup 

was c a r r i e d  o u t  by d i l u t i o n  of t h e  r e a c t i o n  w i t h  wa te r  (100 mL), e x t r a c t i o n  

wi th  e t h e r  ( 3  x 75 mL) and washing wi th  b r i n e  (2 x 100 mL) . Vacuum d i s t i l -  

l a t i o n  of t h e  c rude  product  through a Vigreux column gave 13.2 g (70%) of  - 22 

(96% pure by GLC a n a l y s i s  on col- C ,  1 2 0 ~ - 2 0 0 ~  a t  loO/min): bp. 101-118'~ 

(0.05 mm) ; PMR (60 MHz, CDC1 ) 6 0.08 (6H, CH3-Si, s )  , 0.90 (9H, t -butyl-Si ,  
3 

s ) ,  1.34-1.94 (lOH, C 2 ,  C3,  C8-Cloy bm), 2.15 (4H, C 4 ,  C7m), B.53 (2H, Cll, 

t ,  J=6.0 Hz), 3.62 (2H, C1, t ,  J=6.0 Hz) ; mass spectrum (EI) m/z ( r e l a t i v e  

i n t e n s i t y )  259 (2 .3) ,  149 (13) ,  125 (7), 123 (13) ,  121  ( l o ) ,  107 (421, 

67 (68),  55 (30) .  Analys is  c a l c u l a t e d  f o r  C H OSiC1: C ,  64.41; H, 10.49. 
17 33 

Found: C ,  64.09; H, 10.61. 

c) P r e p a r a t i o n  - of  l-Tert-butyldimethylsiloxy-13-hydroxy-5- 

t e t r adecyne  (21) 

A 100 mL three-necked f l a s k  f i t t e d  wi th  a dropping funnel  and r e f l u x  

condensor was f lu shed  w i t h  n i t r o g e n  and charged wi th  1 .4  g (58 mmol) of  

magnesium t u r n i n g s  (F i she r )  and 30 mL of dry THF. The c h l o r i d e  (2; 9.5 g ,  

30 mmol) was added t o  t h e  magnesium tu rn ings  followed by t h r e e  drops of 

n-butyl bromide t o  i n i t i a t e  Grignard formation. Af t e r  10 h of r e f l u x ,  

Grignard formation was complete. The r e a c t i o n  was cooled t o  23' , charged 

wi th  2.9 g (15 mmol) of  cuprous iod ide  and s t i r r e d  f o r  15 min. Propylene 

oxide (3.5 g, 60 mmol), d i l u t e d  i n t o  5 mL of dry THF, was added dropwise 



over  20 min t o  t h e  b l ack  r e a c t i o n  mixture which was maintained a t  O'C. 

0 The r e a c t i o n  was then  warmed t o  23 and s t i r r e d  f o r  1 h be fo re  be ing  

quenched wi th  s a t u r a t e d  aqueous ammonium c h l o r i d e  (75 mL). The aqueous 

mixture was e x t r a c t e d  with e t h e r  ( 3  x 75 &) and t h e  e t h e r  e x t r a c t  washed 

wi th  b r i n e  (2 x 75 mL). Product i s o l a t i o n  y i e l d e d  10.8 g of  crude product 

which was chromatographed on 180 g (20 cm x 4.5 cm I.D. column) of s i l i c a  

g e l  (22.5% EtOAc i n  HEX): y i e l d ,  4.8 g (47%) of  - 23; GLC a n a l y s i s  on column C 

( 1 4 0 ~ - 2 4 0 ~  a t  loO/min) revealed a p u r i t y  of  98%; PMR (60 MHz, CDC13) 

6 0.08 (6H, CH3-Si, s ) ,  0.92 (9H, t -butyl-Si ,  s ) ,  1.20 (3H, C14, d ,  J=6.0 Hz), 

1.34-1.70 (15H, C 2 ,  C - C  OH, bm), 2.18 (4H, C4, C7,  m ) ,  3.65 (2H, '3' 8 12'  

Cly t ,  J=5.5 H z ) ,  3.47-3.95 (lH, C13, bm); m a s s  spectrum ( E I )  m/z ( r e l a t i v e  

i n t e n s i t y )  283 (1.5) ,  281 (3.0) ,  189 (3 .0 ) ,  145 (5), 135 (5 ) ,  121  ( 8 ) ,  

109 (18),  107 (17 ) ,  105 (15) ,  95 (27) ,  93  (21) ,  81  (281, 79 (221, 75 ( l o o ) ,  

73  (26) , 55 (18) 

HRMS c a l c u l a t e d  f o r  C20H4002Si: m/z 340.3878. Found: m/z 340.2785. 

d) P r e p a r a t i o n  - of 13-B-Methoxyethoxymethyl-5-tetradecyn-1-01 (2.4) 

The MEM e t h e r  of 23 was prepared from 4.4 g (13 mmol) of  23 by t h e  

method descr ibed  f o r  t h e  prepara t ion  of - (S)-19 - ( s e c t i o n  11-v-b). Cleavage 

of  t h e  s i l y l  e t h e r  was performed d i r e c t l y  on t h e  crude product  wi th  26 mL 

(26 m o l )  of te t ra-n-butylamonium f l u o r i d e  ( s e c t i o n  11-v-b). Af t e r  

chromatography on 225 g (20 cm x 5 c m  I . D .  column) of s i l i c a  g e l  (75% EtOAc 

i n  HEX), 3.8 g (94% from - 23) of 24 was recovered (98.5% pure  by GLC a n a l y s i s  

on column C, 180•‹-250' a t  loO/min) : PMR (60 MHz, CDC13) 6 1.15 (3H, Clay  d ,  

J=6.0 Hz), 1.27-1.80 (14H, C2,  C3, C 8 -C 12' bm), 1.94-2.30 ( 5 ~ ,  C4 ,  C,, OH, bm), 



3.36 ( 3 ~ ,  cH30, s ) ,  3.62 (7H, 0CH2CH20, C1, CI3, m), 4.72 (2H, 0CH20, s ) .  

Analysis  c a l c u l a t e d  f o r  C H 0 C,  68.31; H, 11.47. Found: C ,  68.19; 
18 34 4: 

H, 11.29. 

e )  P repa ra t ion  - of  13-hydroxy-5-tetradecynoic a c i d  (25) 

To an ice-cold s o l u t i o n  of chromium t r i o x i d e  (2.8 g, 28 mmol) i n  30 mL 

of  2N s u l f u r i c  a c i d  was added 2.2 g (7.0 mmol) of  24 i n  70 m of  ace tone  

0 
(over  3 h ). The r e a c t i o n  was maintained a t  0 and s t i r r e d  f o r  7 h be fo re  

workup. The r e s i d u e  l e f t  a f t e r  removal of  the  ace tone  ( r o t a r y  evapora t ion)  

was d isso lved  i n  e t h e r  (75 m u  and washed wi th  100 mL of water .  The aqueous 

l a y e r  was e x t r a c t e d  with e t h e r  (2 x 75 m ~ )  and t h e  e t h e r  e x t r a c t s  combined 

and e x t r a c t e d  wi th  2 N  aqueous sodium hydroxide ( 3  x 25 m ~ ) .  The sodium 

hydroxide e x t r a c t  was then  a c i d i f i e d  (pH 2) wi th  concent ra ted  HC1,  e x t r a c t e d  

wi th  e t h e r  ( 3  x 75 mL), and t h e  e t h e r  e x t r a c t s  were washed wi th  b r i n e  ( 2  x 

75 mL). The crude  product (1.2 g, MEM-acid) was s u b j e c t e d  t o  MEM e t h e r  c leav-  

age without f u r t h e r  p u r i f i c a t i o n .  

To an ice-co ld  s o l u t i o n  of t h e  crude MEM-acid (993 mg, 3.0 mmol) i n  

50 mL of dry dichloromethane was added 16.8 g (75 mmol) of anhydrous z i n c  

bromide. A f t e r  3 h of vigorous s t i r r i n g ,  t h e  r e a c t i o n  mixture w a s  f i l t e r e d  

through a s i n t e r e d  g l a s s  funnel  and the  f i l t r a t e  was evaporated t o  dryness .  

The res idue  was d isso lved  i n  e t h e r  (50 mL) and then  e x t r a c t e d  with 2 N  

aqueous sodium hydroxide ( 3  x 25 m Q .  A c i d i f i c a t i o n  (pH 2, c .  HC1) o f  t h e  

sodium hydroxide e x t r a c t  followed by e t h e r  e x t r a c t i o n  ( 3  x 50 mL) and a b r i n e  



wash (2  x 50 mL) gave t h e  crude product.  Product  i s o l a t i o n  y i e l d e d  551 mg 

(76%) of 25. Ana lys i s  of t h e  methyl e s t e r  of crude - 25 by GLC on column C 

(180'-250•‹ a t  loO/min) revealed a p u r i t y  of  76%. The major impur i ty  w a s  t h e  

s t a r t i n g  material (MEM-acid, 10.8%) . PMR spectrum (60 MHz, CDC13) of t h e  

crude - 25: S 1.22 (3H, C14, d, J=6.0 Hz), 1.39 (12H, C3, C8-C12, b s ) ,  1.67-2.70 

(6H, C2,  C4 ,  C7, bm), 3.70 (lH, C13, bm), 7.95 ( 2 ~ ,  OH, COOH, b s ) ,  s i g n a l s  a t  

3.36, 3.6, and 4.7 a r e  due t o  t h e  unreacted MEM-acid ( ~ 1 1 % ) .  

f )  P r e p a r a t i o n  of 13-Hydroxy-5-Ztetradecenoic a c i d  (26) 

The hydrogenat ion of 25 (710 mg, 2.9 mmol) w i th  P-2 n i c k e l  c a t a l y s t  was 

c a r r i e d  out  via t h e  procedure descr ibed  f o r  t he  p r e p a r a t i o n  of  17 ( s e c t i o n  II- 

iv-h).  Af te r  workup and product i s o l a t i o n ,  508 mg (72%) of crude x w a s  

obtained: t h e  product  was 72% pure by GLC a n a l y s i s  of  t h e  methyl e s t e r  of 26 

on column C (180'-250' a t  10Olmin); PMR (60 MHz, C D C l  ) 6 1.19 (3H, C14, d ,  
3  

5-6.0 Hz), 1.33 (12H, C3, C8-C12, b s )  , 1.60-2.57 (6H, C 2 ,  C 4 ,  C7, bm) , 3.70 

O H ,  CI3, m), 5 - 3 5  (2H, C5, C6, m), 8.34 (2H, OH, COOH, b s ) .  The crude hydroxy- 

a c i d  (26) - was s u b j e c t e d  t o  l a c t o n i z a t i o n  wi thout  p u r i f i c a t i o n .  

HRMS c a l c u l a t e d  f o r  C14H2603: m/z 242.1875. Found: m/z 242.1880. 

g) P r e p a r a t i o n  of , 1 3 m  -5-Tetradecen-13-olide (-(By S)-111) 

The unpur i f i ed  hydroxy-acid (26; - 508 mg, ~ 1 . 5  mmol) was l ac ton ized  by the  

procedure desc r ibed  i n  s e c t i o n  11 - i i i - f .  The r e s i d u e  l e f t  a f t e r  evapora t ion  

of t h e  to luene  was chromatographed on 160 g ( 2 3  cm x 3 cm I . D .  column) of 

s i l i c a  g e l  (6% EtOAc i n  HEX). The product  recovered  a f t e r  chromatography was 

d i s t i l l e d  (Kugelrohr) t o  give 32 mg (9.5%) of (R - 9- S)-111: bp. 1 2 0 ~ - 1 3 0 ~  (0.1 mm) ; 

0 
98% pure by GLC a n a l y s i s  on column C (150'-250 a t  loO/min) ,  a n a l y s i s  on 

column A (program A) a l s o  revealed a  p u r i t y  of  98% and d i d  n o t  show any g 



isomer o r  13- te t radecanol ide .  The chromatographic and spec t roscopic  para- 

meters f o r  s y n t h e t i c  (R,S)-I11 w e r e  i d e n t i c a l  t o  those  obtained f o r  the  

n a t u r a l  i s o l a t e .  

HRMS c a l c u l a t e d  f o r  C14H2402: m/z 224.1776. Found: 224.1779. 

10) F i e l d  TestLof Syn the t i c  Pheromones --- 

A f i e l d  test of t h e  s y n t h e t i c  pheromones, I and (R,S)-11, --- was conducted 

i n  g ra in  s t o r a g e  f a c i l i t i e s  l o c a t e d  i n  southern  Manitoba i n  co l l abo ra t ion  

w i t h  D r .  S.R. Loschiavo (Agr i cu l tu re  Canada, Winnipeg Research S t a t i o n ) .  

The tests w e r e  c a r r i e d  out  between September 16 and October 5 ,  1981. 

i )  Pheromone Formulation and Release Rate Determination 

A mixture which contained I and (R,S)-I1 - - (9: 1, w/w) was used a s  t h e  

b a i t  s i n c e  it was determined t o  b e  t h e  most a t t r a c t i v e  combination i n  the  

l abo ra to ry  b ioas say  ( s e c t i o n  111-13). Racemic I1 (13.8 mg) was thoroughly 

mixed with 124 mg of I t o  give 138 mg of  t h e  pheromone b a i t .  Analysis  of the  

b a i t  by GLC (column A, program A) showed the  presence of I, (R,S)-11, ll-dode- 

cano l ide  and t h e  - E isomer of (R,S)-I1 - - i n  t h e  r a t i o  of 3615:377:18:1. The 

b a i t  was loaded i n t o  a hollow p o l y e s t e r  f i b r e  (100 cm x 0.20 mm I . D . ,  Conrel 

Div is ion ,  Albany I n t e r n a t i o n a l  Co., Columbus, Ohio) by t h e  a p p l i c a t i o n  of 

s u c t i o n  v i a  a s y r i n g e  ( t h e  f i b r e  was i n s e r t e d  through a rubber septum which 

was f i t t e d  on to  t h e  sy r inge ) ,  and s e a l e d  i n t o  3 cm s e c t i o n s  wi th  a warm 

s o l d e r i n g  i r o n .  The loaded f i b r e  was then cu t  a t  t h e  s ea l ed  po r t ions  with a 

r a z o r  b lade  t o  g ive  pheromone-filled f i b r e s  ( 3  cm long, ~1 mg pheromone) 

s e a l e d  a t  bo th  ends. These f i b r e s  were s t o r e d  i n  a Teflon-l ined screw-cap 



v i a l  u n t i l  r e q u i r e d .  

The release rate of t h e  pheromone from t h e  f i b r e s  w a s  determined by  

opening one end of  each f i b r e  wi th  a  sharp r azo r  b l a d e  ( t o  avoid  deformation 

of t h e  c i r c u l a r  opening) and measuring t h e  meniscus drop a t  24 h i n t e r v a l s .  

0 
The r e l e a s e  r a t e  was only  determined f o r  pure I a t  20 and 30'. 

i i )  Trap Design and T e s t i n g  Procedure 

The t r a p  (F ig .  1 )  used i n  t h e  f i e l d  t e s t  was designed by  Loschiavo and 

Atkinson (1973). Pheromone-loaded f i b r e s  (one o r  two) were taped t o  t h e  

end of a  p l a s t i c  d r i n k i n g  s t r a w  ( ~ 1 4  cm), placed i n  t h e  i n s e c t  c o l l e c t i n g  

v i a l  and i n s e r t e d  i n t o  t h e  t r a p  s o  t h a t  the  f i b r e s  were v i s i b l e  through t h e  

pe r fo ra t ed  b r a s s  s c r e e n .  Ba i t ed  t r a p s  and unbai ted c o n t r o l  t r a p s  were 

placed a t  v a r i o u s  p o s i t i o n s  and depths ( 1  f t  (30 cm), 5  f t  (152 cm) and 8 f t  

(244 cm) i n  t h e  annex b i n  of a  g r a i n  e l e v a t o r  (Manitoba Pool ,  Elm Creek, 

Manitoba). Trap l o c a t i o n s  a r e  shown i n  Fig.  14. A f t e r  one week t h e  t r a p s  

were recovered and t h e  number o f  b e e t l e s  determined by count ing  o r  by weight 

(3450 r u s t y  g r a i n  b e e t l e s / g )  . 





111. RESULTS AND DISCUSSION 

Response - o f  C. ferrugineus - t o  A t t r a c t i v e  S t i m u l i  -- i n  t h e  Two-Choice, 

P i t f a l l  Olfactometer  

Resul t s  from previous  experiments  (Verigin,  1980) i n  which p repa ra t ive  

GLC f r a c t i o n a t i o n s  of f r a s s  v o l a t i l e s  were monitored by arena  o l fac tometer  

b ioassays ,  i n d i c a t e d  t h a t  two o r  poss ib ly  t h r e e  of t h e  male-produced compounds 

remained t o  be  i d e n t i f i e d  a s  pheromones f o r  t h e  r u s t y  g r a i n  b e e t l e .  However, 

because the  f r a c t i o n a t i o n s  and a n a l y s e s  were performed on packed columns, 

i t  is  poss ib l e  t h a t  t h e  a c t i v i t y  i n  a f r a c t i o n  was due t o  a n  in sepa rab le  

minor component i n s t e a d  of  t h e  major component. Since t h e  male-produced 

compounds a l l  have s i m i l a r  r e t e n t i o n  t imes,  t h e  cross-contaminat ion of 

ad jacent  f r a c t i o n s  was a s i g n i f i c a n t  p o s s i b i l i t y .  A second problem which 

hindered t h e  i d e n t i f i c a t i o n  of t h i s  pheromone was due t o  t h e  a rena  

o l fac tometer  b ioas say .  I n  a d d i t i o n  t o  t h e  drawbacks mentioned i n  s e c t i o n  11-6, 

the  arena o l f ac tome te r  a s say  a l s o  s u f f e r e d  from v a r i a b i l i t y  o f  response t o  

experimental  and c o n t r o l  s t i m u l i .  Therefore,  a q u a n t i t a t i v e  a s say  which 

would y i e l d  r ep roduc ib l e  responses t o  a given s t imu lus  was r equ i r ed .  The 

two-choice, p i t f a l l  o l f ac tome te r  developed by D r .  A .  P i e r c e  (P ie rce  e t  a2 . , 
1981) s a t i s f i e d  these  requirements  i n  t h a t  reproducib le  responses  of  g r e a t e r  

t h a t  95% were obta ined  f o r  a t t r a c t i v e  s t i m u l i .  Because of t h e  two problems 

discussed above, t h e  r e p e t i t i o n  of  some of Ver ig in ' s  experiments  was 

requi red .  The response of C. femugineus t o  f r a s s  and b e e t l e  v o l a t i l e s ,  and 

f r a c t i o n s  t h e r e o f ,  was monitored by t h e  two-choice, p i t f a l l  o l fac tometer ,  

and the  r e s u l t s  ob ta ined  

i d e n t i f y  which compounds 

were used i n  conjunct ion wi th  Ver ig in ' s  r e s u l t s  t o  

were t h e  r u s t y  g ra in  b e e t l e  pheromones. 



i )  B e e t l e  V o l a t i l e s  

The GLC a n a l y s i s  (column A, program A) of  b e e t l e  v o l a t i l e s  r e s u l t e d  i n  

a chromatogram which w a s  v i r t u a l l y  devoid of peaks except  f o r  t h e  reg ion  

between 28 min and 38 min (Fig. 2 ) .  Peaks I - I V  were d e t e c t e d  i n  male b e e t l e  

v o l a t i l e s  only (Ver ig in ,  1980).  The t r a c e  components, V,  V I I  and V I I I  were 

n o t  de tec ted  i n  V e r i g i n ' s  experiment ; however, t h i s  w a s  probably due t o  

t h e  h ighe r  d e t e c t i o n  l i m i t  f o r  t h e  packed column which w a s  used i n  h i s  

a n a l y s i s .  Q u a n t i t a t i o n  by t h e  i n t e r n a l  s t anda rd  method r evea l ed  t h e  presence 

of I-V i n  t h e  r a t i o  o f :  11.7: 13.9 : l .8: l .5:  0.2 ppm (w/w/w/w/w) . Compounds V I I  

and V I I I  were a l s o  p r e s e n t  i n  small q u a n t i t i e s  (<0.5 ppm). 

The response of  C. ferrugineus (mixed sexes ,  1-3 months) t o  b e e t l e  

v o l a t i l e s  i n  t h e  two-choice, p i t f a l l  o l fac tometer  is  shown i n  F igure  3  

(bottom). The t h r e s h o l d  s t imu lus  (1000 bh) was much h i g h e r  than  t h e  previous 

va lue  (34 bh) determined by Borden e t  aZ. (1979). This  d i f f e r e n c e  i n  t h e  

th re sho ld  s t imu lus  may be caused by the  d i f f e r e n t  o l f ac tome te r  a s says  

which were used. 

The s e p a r a t i o n  of  b e e t l e  v o l a t i l e s  by HPLC ( s e c t i o n  11-7-ii) gave 

f r a c t i o n s  i n  which t h e  major compounds, I and 11, were completely separa ted .  

F rac t ion  8  (16.8-18.5 mL) only contained 11, uncontaminated by any of t he  

o t h e r  compounds found i n  t he  b e e t l e  v o l a t i l e s ,  w h i l e  f r a c t i o n  9  (18.5-20.0 mL) 

contained I and I V  i n  t h e  r a t i o  of 9.3:l .  The responses  o f  C. ferrugineus 

t o  t h e  s e p a r a t e  and recombined HPLC f r a c t i o n s  were compared t o  b e e t l e  

v o l a t i l e s  i n  F i g u r e  4. While f r a c t i o n  8 was i n a c t i v e  and f r a c t i o n  9  was 

only moderately a t t r a c t i v e  t h e  combined mixture of 8 and 9 (I: 11: I V ,  

9.5:7:1) was as a t t r a c t i v e  a s  t h e  un f rac t iona ted  b e e t l e  v o l a t i l e s .  Compound 
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Figure 3. Response o f  C. ferrugineus t o  Porapak Q-captured v o l a t i l e s  of 
f r a s s  ( top) and b e e t l e s  (bottom) i n  the  two-choice, p i t f a l l  
b ioassay.  A s i g n i f i c a n t  response ( t - t e s t ) , t o  experimental 
s t imulus  i s  indica ted  by *P<0.01. N=6 r e p l i c a t e s  



Response of C. ferrugineus to 
HPLC fractions of beetle volatiles 

Experimental 

I control 

g 84-9 Beetle 
Volatiles 

Fraction number 

Figure 4. Response of C. ferrmgineus t o  HPLC f r a c t i o n s  o f  b e e t l e  v o l a t i l e s  
i n  t h e  two-choice, p i t f a l l  bioassay.  F rac t ion  9 ,  F rac t ion  8  + 9 
and b e e t l e  v o l a t i l e s  s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s ,  t - t e s t ,  
P<0.001; Frac t ion  8 ,  n o t  s i g n i f i c a n t .  N=10 r e p l i c a t e s  



I11 was not  added t o  t he  mixture and was no t  r equ i r ed  f o r  t h e  recovery of 

t o t a l  a c t i v i t y .  This  experiment i nd ica t ed  t h a t  t h e  r u s t y  g r a i n  b e e t l e  

pheromone is composed of two o r  perhaps t h r e e  s y n e r g i s t i c  components. 

i i )  F r a s s  V o l a t i l e s  

A GLC a n a l y s i s  of  f r a s s  v o l a t i l e s  revealed the  presence  of t h e  bee t l e -  

produced compounds (I-V, V I I ,  V I I I ) ,  and many o t h e r  compounds which e l u t e d  

e a r l i e r  i n  t h e  chromatogram (Fig.  5 ) .  We noted t h e  presence  of compound V I ,  

which was not  d e t e c t e d  i n  b e e t l e  v o l a t i l e s .  The concen t r a t ions  of I-V i n  

f r a s s  v o l a t i l e s  were 3.0:1.8:0.17:0.22:0.02 ppm (w/w/w/w/w). 

The response of  C. ferrugineus t o  f r a s s  v o l a t i l e s  is shown i n  F igu re  3 

( t o p ) .  The t h r e s h o l d  s t imu lus  of  1.28 gh i s  comparable t o  t h e  0.67 gh 

threshold  s t imu lus  observed by Borden e t  aZ. (1979). A d i r e c t  comparison 

can be made between b e e t l e  and f r a s s  v o l a t i l e s  s i n c e  1.28 gh of  f r a s s  

v o l a t i l e s  c o n t a i n s  approximately the  same q u a n t i t y  of I and I1 a s  1000 bh of 

b e e t l e  v o l a t i l e s .  While t h e  th re sho ld  f o r  a c t i v i t y  is approximately t h e  

same f o r  both s t i m u l i ,  f r a s s  v o l a t i l e s  a r e  more a t t r a c t i v e .  The source  

of  t h i s  increased  a t t r a c t i v e n e s s  may be fungal  v o l a t i l e s  de r ived  from the  

fungi  which a r e  v i s i b l y  p re sen t  i n  C. femugineus c u l t u r e s .  Dol insk i  and 

Loschiavo (1973) have shown t h a t  C. ferrugineus responded p o s i t i v e l y  t o  

fungus-infected wheat k e r n e l s  i n  a  l abo ra to ry  b ioassay .  The presence of a  

fungal  a t t r a c t a n t  has  a l s o  been impl ica ted  f o r  ano the r  s tored-product  i n s e c t ,  

OryzaephiZus rnercator (P i e rce  e t  aZ. , 1981). The decrease  i n  response 

observed a t  t h e  h i g h e s t  concen t r a t ion  of f r a s s  probably i n d i c a t e s  sensory 

adapta t ion  (Seabrook, 19 77; P i e r c e  et aZ. , 1981) . 
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The f r a c t i o n a t i o n  of  f r a s s  v o l a t i 1 . e ~  by HPLC w a s  c a r r i e d  ou t  i n  an 

attempt t o  l o c a t e  t h e  remaining b i o l o g i c a l  a c t i v i t y .  The response of  

C. femgineus t o  t h e  39 f r a c t i o n s  t h a t  were obta ined  is  shown i n  F igu re  6. 

While f r a c t i o n s  which conta ined  I1 (9 and 10) appeared t o  b e  s l i g h t l y  

a t t r a c t i v e ,  t h e  f r a c t i o n  which conta ined  I (12) was n o t  a t t r a c t i v e .  Some 

f r a c t i o n s  (32-34) even seemed t o  be  repuls ive .  However, t h e  most important  

f e a t u r e  of F igu re  6 was t h a t  none of t h e  i n d i v i d u a l  f r a c t i o n s  were s i g n i f -  

i c a n t l y  a t t r a c t i v e .  These r e s u l t s  supported t h e  previous  obse rva t ion  

( sec t ion  111-11-i) t h a t  sugges ted  t h e  requirement f o r  two o r  more s y n e r g i s t s  

f o r  maximum a c t i v i t y .  F r a c t i o n s  were recombined i n  an  a t tempt  t o  r e c o n s t i t u t e  

t o t a l  a c t i v i t y .  The response of  C. ferrugineus t o  t h e  recombined f r a c t i o n s  

is shown i n  Table 1. At t en t ion  was focused on t h e  f r a c t i o n s  which conta ined  

I - I V Y  s i n c e  they  w e r e  i n  a t t r a c t i v e  f r a c t i o n s  t h a t  were i s o l a t e d  from b e e t l e  

v o l a t i l e s .  Note t h a t  t h e  f r a c t i o n s  con ta in ing  I (12) and I1 (9 , l o )  a r e  

i nd iv idua l ly  a t t r a c t i v e ,  b u t  t h a t  t h e  f r a c t i o n  con ta in ing  I11 was n o t .  The 

a d d i t i o n  of I11 ( f r a c t i o n  7) t o  f r a c t i o n s  which contained I o r  I1 d i d  n o t  

r e s u l t  i n  any i n c r e a s e  i n  a c t i v i t y .  However, t he  recombination o f  f r a c t i o n s  

9 ,  10 and 12  y i e lded  a  mixture which was s i g n i f i c a n t l y  more a t t r a c t i v e  than  

the  ind iv idua l  f r a c t i o n s .  This  r e s u l t  supports  t h e  previous  obse rva t ion  

( s e c t i o n  111-11-i) t h a t  mix tures  which conta in  I, I1 and perhaps I V  a r e  

s y n e r g i s t i c .  No i n c r e a s e  o r  decrease  i n  a c t i v i t y  w a s  observed when I11 was 

added t o  t h e  mixture of  I, I1 and I V .  Therefore,  I11 does n o t  possess  any 

pheromonal a c t i v i t y  f o r  C. ferrugineus. This r e s u l t  is  c o n t r a r y  t o  ~ e r i g i n ' s  

da t a  which i n d i c a t e d  t h a t  I11 was a t t r a c t i v e  t o  C. ferrugineus i n  t h e  a rena  

o l fac tometer  b ioassay .  
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Table 1. Response of  C. ferrugineus t o  ind iv idua l  and recombined HPLC 

f r a c t i o n s  of f r a s s  v o l a t i l e s  i n  the  two-choice, p i t f a l l ,  

o l fac tometer .  N=6 r e p l i c a t e s .  

a 
% Response (X t S.E.) 

Experimental 
b Stimulus Experimental Blank 

S timulus Concentration, gh Stimulus Control 

F rac t ion  7 

I +r: I I I : unknowns 

Frac t ion  9 

I1 : V I I  : unknowns 

70: 1:5 

Frac t ion  10 

11: V I I :  unknowns 

80: 1:6 

Frac t ion  12 

I : I V  : unknowns 

14:1:7 

Frac t ions  7 and 12 128 63.3 t 3.7 17 .1  5 .3.7** 

12.8 72.2 2 3.7 22.2 + 3.7** 

I: 1II:IV:unknowns 1.28 55.6 + 6.7 23.3 + 6.7 NS 

17: 1:1.3:7 0.128 37.8 t 4.5 23.3 2 4.5 NS 



Table 1. (con t ' d )  

a  
% Response ( 2  + S.E.) 

Experimental 
b 

S  t h u l u s  Experimental Blank 
S  t imul us Concentrat ion,gh Stimulus Control  

F rac t ion  7. 9 and 1 0  

F rac t ion  9 ,  10 and 1 2  

F rac t ion  7. 9 .  10 and 12 

I: 11: 111: I V :  unknowns 

l7 :12: l : l .  3:5:5 

F ra s s  v o l a t i l e s  

I : 11: 111: IV:  unknowns 

l 6 : l l : l : l .  3:38 

a  S i g n i f i c a n t  response  ( t - t e s t )  - t o  experimental  s t imu lus  was i n d i c a t e d  by: 

b  ***P<0.001, **P<O.Ol, APc0.05, NS=not s i g n i f i c a n t .  
The r a t i o s  of  compounds r epor t ed  f o r  the  i n d i v i d u a l  and recombined f r a c t i o n s  
of f r a s s  v o l a t i l e s  were c a l c u l a t e d  from t h e  counts  de t ec t ed  f o r  each 
compound by GLC. The presence of compounds which e l u t e d  b e f o r e  t h e  bee t l e -  
produced compounds was i n d i c a t e d  by : unknowns. 



A comparison of t h e  responses o f  C. ferrugineus t o  t h e  mixture  of 

f r a c t i o n s  9 ,  1 0  and 12 and unf rac t iona ted  f r a s s  v o l a t i l e s  showed t h a t  t h e  

mixture  ( f r a c t i o n s  9 ,  10  and 12) was o n l y  88% as a t t r a c t i v e  as f r a s s  v o l a t i l e s .  

Other HPLC f r a c t i o n s  of  f r a s s  v o l a t i l e s  were added t o  t h e  mixture  of  f r a c t i o n s  

9 ,  10 and 12  i n  a n  a t tempt  t o  l o c a t e  t h e  remaining a c t i v i t y .  However, none of  

t h e  f r a c t i o n s  t e s t e d  enhanced the  a c t i v i t y  o f  f r a c t i o n s  9, 1 0  and 1 2 .  

Indeed t h e  recombination of a l l  39 f r a c t i o n s  produced a  mixture which was 

no more a t t r a c t i v e  than  f r a c t i o n s  9 ,  10 and 12 .  Apparently,  12% of  t h e  

a c t i v i t y  i n  f r a s s  v o l a t i l e s  was l o s t  dur ing  HPLC f r a c t i o n a t i o n .  A s e l e c t i v e  

l o s s  of  the more v o l a t i l e  components could  have occurred dur ing  concen t r a t ion  

of  t h e  pentane e x t r a c t  under a  n i t r o g e n  s t ream.  Another p o s s i b i l i t y  i s  t h a t  

a  l o s s  of a c t i v i t y  could have occurred d u r i n g  passage of t he  f r a s s  v o l a t i l e s  

through t h e  s i l i c a  column. It is  c l e a r  from t h e s e  experiments however, t h a t  

two o r  t h r e e  compounds ( I ,  I1 and I V )  a r e  r e spons ib l e  f o r  a l l  of t h e  a c t i v i t y  

i n  b e e t l e  v o l a t i l e s  and 88% of t he  a c t i v i t y  i n  f r a s s  v o l a t i l e s .  

i i i )  Pure S y n t h e t i c  --- I and Pure I s o l a t e d  - I1 

The response o f  C. fermgineus . t o  pure I and I1 was t e s t e d  i n  t h e  

two-choice o l f ac tome te r  t o  determine whether  I V  w a s  requi red  f o r  maximum 

pheromone a c t i v i t y  (Table 2 ) .  Syn the t i c  I (>99% pure by GLC a n a l y s i s  ( s p l i t -  

less i n j e c t i o n )  i n  columns A and C) was prepared  by t h e  rou te  descr ibed  i n  

s e c t i o n  11-9-i i i .  Compound I1 was i s o l a t e d  from f r a s s  v o l a t i l e s  by t h e  

procedure descr ibed  i n  s e c t i o n  1 1 - 7 - i i i .  Analys is  of  i s o l a t e d  I1 by GLC 

(column A,  s p l i t l e s s  i n j e c t i o n )  revealed t h e  absence of  o t h e r  male bee t l e -  

produced compounds, and a  p u r i t y  of g r e a t e r  t h a n  99%. The mixture  o f  I and 



Table 2.  Response of C. ferrugineus t o  pure s y n t h e t i c  I and pure i s o l a t e d  

11, i n d i v i d u a l l y  and i n  combination, i n  t h e  two-choice, p i t f a l l ,  

o l f ac tome te r .  

a - % Response (X t S.E.) 

Experimental Stimulus No. of Experimental Blank 
Stimulus Concent ra t ion  Rep l i ca t e s  Stimulus Control  

* g  

Synthe t ic  I 200 

2 0 

2.0 

0.2 

I s o l a t e d  I1 200 

2 0 

2 .o 
0.2 

I and I1 400 
( l : l ,  w/w) 

40 

4.0 

0.4 

a 
S ign i f i can t  response  ( t - t e s t )  t o  experimental  s t imulus  was i n d i c a t e d  by: 
***P<0.001, **P<0.01, *P<0.05, NS=not s i g n i f i c a n t .  



I1 was s i g n i f i c a n t l y  more a t t r a c t i v e  than  t h e  i n d i v i d u a l  pure compounds, 

and was equal  i n  a c t i v i t y  t o  t h e  mixture of  f r a c t i o n s  8 and 9  (Fig. 4) 

4  
and b e e t l e  v o l a t i l e s  (Fig. 3, bottom; 10  bh c o n t a i n s  approximately 200 ng, 

each of I and 1 1 ) .  The r e s u l t s  shown i n  Table 2 confirmed t h a t  a l l  of t h e  

a c t i v i t y  i n  b e e t l e  v o l a t i l e s  was accounted f o r  by a  mixture of I and I1 and 

4 / 
a- 

:@id t h a t  compound I V  was n o t  needed. F ra s s  v o l a t i l e s  obviously contained one ,or 

more compounds which added t o  t h e  a c t i v i t y  o f  I and 11. Note t h a t  whi le  pure 

I1 (Table 2) e l i c i t e d  a  response which was t h e  same as t h a t  ob ta ined  f o r  

f r a c t i o n  9  and 10 (Table 1, 12.8gh ~ 2 0 0  ng of  1 1 ) ,  t h e  response observed f o r  

f r a c t i o n  12 (Table  1 )  was h ighe r  than t h e  response e l i c i t e d  by pure I. This  

observa t ion  suggested t h a t  t h e  unknowns i n  f r a c t i o n  12  were r e spons ib l e  f o r  

some a t t r a c t i o n .  Since h o s t  v o l a t i l e s  (wheat and wheat germ) were not  

s i g n i f i c a n t l y  a t t r a c t i v e  (Borden e t  a l . ,  1979),  t h e  a d d i t i o n a l  a c t i v i t y  i n  

f r a s s  v o l a t i l e s  was probably due t o  fungal  v o l a t i l e s .  

i v )  Summary of Bioassay Resu l t s  

The HPLC f r a c t i o n a t i o n  of b e e t l e  and f r a s s  v o l a t i l e s  coupled wi th  quant i-  

t a t i v e  b ioassays  confirmed Ver ig in ' s  obse rva t ion  t h a t  I1 was requi red  f o r  

pheromone a c t i v i t y .  Compound 111, however, was shown t o  be i n a c t i v e  e i t h e r  

a lone  o r  i n  combination w i t h  I and 11. The d e l e t i o n  o f  I V  from a  mixture of 

I ,  I1 and I V  d i d  n o t  r e s u l t  i n  a  decrease  i n  a c t i v i t y .  Therefore ,  I V  does 

n o t  appear t o  p l a y  a  r o l e  i n  t h e  C.ferrugineus pheromone, which i s  composed of 

two s y n e r g i s t i c  componedts ( I  and 11) .  The p o s s i b l e  presence  of fungal  

a t t r a c t a n t s  i n  f r a s s  v o l a t i l e s  was no t  pursued any f u r t h e r  i n  t h i s  p r o j e c t .  



12) I d e n t i f i c a t i o n  of Pheromones and Rela ted  Compounds I s o l a t e d  from ' 

C. ferrugineus F r a s s  V o l a t i l e s  - -- 

Although b ioas say  d a t a  had i n d i c a t e d  t h a t  only compound I1 remained t o  

be i d e n t i f i e d  as a C. ferrugineus pheromone, a l l  of t h e  unknowns (11-VIII) 

were sub jec t ed  t o  s t r u c t u r e  e l u c i d a t i o n .  One reason f o r  t h e  i d e n t i f i c a t i o n  

of  a l l  t h e  unknowns was t o  s e e  whether they  were isomers  of  I and 11, o r  

s t r u c t u r a l l y  r e l a t e d  compounds t h a t  could have an i n t e r s p e c i f i c  c o m u n i c a t i o n  

func t ion .  Spec ies  d i f f e r e n t i a t i o n  by t h e  use  of d i f f e r e n t  geometr ic  isomers 

of  pheromones, i s  known f o r  a couple of  co leopterous  i n s e c t s .  The b l a c k  

c a r p e t  b e e t l e ,  Attagenus megatma, uses  - E,Z-3,5-tetradecadienoic - a c i d  a s  a 

s ex -a t t r ac t an t ,  w h i l e  t h e  - Z ,Z- - isomer is  used by A. ezongatuzus (Fukui e t  aZ. , 

1977).  Males o f  f i v e  Trogoderma spp. a r e  a t t r a c t e d  by - E and 2-14-methyl-8- 

hexadecena1.T. variabiZe and T. incZusum r e l e a s e  only t h e  Z- isomer wh i l e  

T.  glabrwn r e l e a s e s  t h e  - E- isomer. A 9 : l  mixture of - Z:E - i s  produced by 

female T. granurium (Levinson and Levinson, 19 79) . 

Fras s  v o l a t i l e s  were chosen as t h e  s t a r t i n g  m a t e r i a l  f o r  pheromone 

i s o l a t i o n  even though t h e  concen t r a t ions  of  compoundsII-VIII were h i g h e r  

b e e t l e  v o l a t i l e s  on a weight  b a s i s  ( i . e .  vg pheromone/g of f r a s s  o r  b e e t l e s ) .  

The reasons f o r  t h i s  choice  were: 1 )  f r a s s  could be accumulated f o r  l a r g e  

s c a l e  a e r a t i o n s ,  and 2)  t he  a e r a t i o n  of  f r a s s  d id  no t  r e q u i r e  t h e  t ime 

consuming f eed ing  pe r iods  r equ i r ed  du r ing  b e e t l e  a e r a t i o n s .  

The proposed s t r u c t u r e s  f o r  compounds 1 1 - V I I I ,  which a r e  a l l  m c r o l i d e s  

except  f o r  V I  which is a y- lactone,  a r e  shown i n  f i g u r e  7 a long  w i t h  t h e  

s t r u c t u r e  of I which w a s  i d e n t i f i e d  by Verigin (1980) .  





i )  I d e n t i f i c a t i o n  -- of I1 

The h i g h e s t  peak i n  t h e  u n i t  r e s o l u t i o n  mass spectrum of I1 (Fig. 8) 

+ 
was observed a t  m/z 196. A prominent peak a t  m/z 214 (M + NH ) i n  t he  

4 

chemical  i o n i z a t i o n  mass spectrum (NH reagent  gas) suggested t h a t  t h e  m/z 196 3 

i o n  was the  molecular  ion .  The h igh  r e s o l u t i o n  mass spectrum revealed an 

e x a c t  mass of 196.1449 which i n d i c a t e d  a  molecular  formula of C H 0  
12  20 2 

( t h r e e  s i t e s  o f  unsa tu ra t ion ) .  Although t h e  molecular  weights of I and I1 

only  d i f f e r e d  by two mass u n i t s ,  t h e  e l e c t r o n  impact mass s p e c t r a  were q u i t e  

d i f f e r e n t .  A small peak a t  m/z 1 8 1  (M-15) i n  t h e  mass spectrum of  I1 was 

i n d i c a t i v e  of a methyl branch i n  t h e  molecule.  Groups of peaks sepa ra t ed  by 

fou r t een  mass u n i t s  (m/z 123, 109, 95, 81, 67)  suggested the  presence o f  an  

unsa tura ted  hydrocarbon chain.  The I R  spectrum conta ined  a  s t r o n g  absorp t ion  

a t  1730 cm-' (C=O s t r e t c h ) ,  and was devoid of a  hydroxyl abso rp t ion  which 

i n d i c a t e d  t h a t  

presence  of an 

a l s o  ind ica t ed  

both  oxygens were i n  a n  e s t e r  o r  l a c t o n e  func t ion .  The 

even mass fragment i o n  a t  m/z 136 (M-60) i n  t h e  mass spectrum 

an  e s t e r  func t ion  s i n c e  t h e  l o s s  o f  60 could be  t h e  e l imina t ion  

o f  a c e t i c  ac id .  

Two coupled, s i n g l e  pro ton  resonances i n  t h e  PMR spectrum (Fig .  9) of 

I1 a t  d 5.50 and B 5.62 ppm (J=9.0 Hz) i n d i c a t e d  t h e  presence of  a  s i n g l e ,  

d i s u b s t i t u t e d  double bond wi th  geometry. The I,  geometry was supported by 

t h e  absence of  a s t r o n g  abso rp t ion  a t  970 cm-l (C-H bending of  - E d i s u b s t i t u t e d  

o l e f i n s )  i n  t h e  I R  spectrum. Since t h e  o l e f i n  and e s t e r  func t iona l  groups 

accounted f o r  on ly  two s i t e s  of unsa tu ra t ion ,  t h e  presence of one r i n g  was 

r equ i r ed .  The t e n  methylene p ro tons  (6 1.3-1.7 ppm) , and t h e  absence of  any 

s i g n a l  a t  a h i g h e r  f i e l d  than  t h e  methyl double t  (6  1.26 ppm) suggested t h a t  







t h e  methylenes were i n  a l a r g e  r i n g  r a t h e r  t han  an  open cha in  te rmina ted  by 

a methyl group. I n  v i eu  of t h e  s t r u c t u r e  of I, and t h e  d a t a  d iscussed  above, 

a macrolide s t r u c t u r e  was proposed f o r  11. A twelve-membered r i n g  w a s  

suspected s i n c e  only  a s i n g l e  methyl double t  was observed. The chemical 

s h i f t s  of t he  methyl double t  and t h e  s i g n a l  of t h e  methine pro ton  (6 5.04 ppm, 

J=6.6 Hz) t o  which i t  was coupled i n d i c a t e d  t h a t  t h e  methyl group w a s  on 

t h e  carbon d i r e c t l y  ad j acen t  t o  t h e  oxygen atom. A number of  macrol ides  

which a l l  have methyl groups on t h e  carbon a d j a c e n t  t o  t h e  oxygen atom 

e x h i b i t  similar pro ton  chemical s h i f t s  f o r  t h e  methyl and methine pro tons  

(Kaiser  and Lamparsky, 19 78) . The .pos i t i on  of t h e  double bond was e s t a b l i s h e d  

by t h e  presence of t h e  two coupled resonances a t  6 3.01 and 3.14 (J=l4 .4  Hz) 

which were a l s o  coupled t o  t h e  v i n y l  pro ton  s i g n a l  a t  6 5.62 ppm (J=7.7 Hz 

and 8.7 Hz r e s p e c t i v e l y ) .  The chemical s h i f t s  of  t h e s e  s i g n a l s  were appro- 

p r i a t e  f o r  an  a l l y l i c  methylene group ad jacent  t o  an  e s t e r  carbonyl .  There- 

f o r e ,  11 was cons idered  t o  be (Z,g)-3-dodecen-11-olide. 

The CMR spectrum of  I1 (6 20.2, 25.0, 25.8, 26.1, 27.8, 31.4, 34.4, 

78.0, 122 and 135 ppm) a l s o  supported t h e  proposed s t r u c t u r e .  The two 

s i g n a l s  a t  122 and 135 pprn could be ass igned  t o  t h e  v iny l  carbons whi le  the  

resonance a t  78.0 ppm could b e  assigned t o  t h e  carbon d i r e c t l y  ad j acen t  t o  

t h e  e s t e r  a l k y l  oxygen. The remaining s i g n a l s  could be  ass igned  t o  t h e  

methyl carbon (20.2 ppm) and t h e  seven methylene carbons. S ince  only s i x  

s i g n a l s  were unaccounted f o r ,  two of  t h e  methylene carbons resonances must 

be  unresolved. The s t r u c t u r e  proposed f o r  I1 accommodated a l l  t h e  s p e c t r a l  

da t a .  Addi t iona l  conf i rmat ion  of t h e  proposed s t r u c t u r e  was ob ta ined  by 

hydrogenation o f  11, which y i e lded  a s i n g l e  compound wi th  a molecular  weight 



of 198 and a  f ragmenta t ion  p a t t e r n  i n  t h e  mass spectrum which was i d e n t i c a l  

t o  t h a t  of 11-dodecanoE.de (VII, Vesonder e t  a2 . , 1971) . 
Confirmation of  t h e  s t r u c t u r e  of I1 was ob ta ined  by t h e  s y n t h e s i s  of 

(2)-11, (R)-I1 - and t h e  racemic modi f ica t ion  of  11. The s y n t h e t i c  products  

were chromatographical ly  and s p e c t r o s c o p i c a l l y  i d e n t i c a l  t o  t h e  i s o l a t e d  

ma te r i a l .  Determinat ion of  t h e  abso lu t e  c o n f i g u r a t i o n  of  I1 was c a r r i e d  

ou t  by the  a d d i t i o n  of t he  c h i r a l  NMR s h i f t  r eagen t ,  E u ( t f c )  3, t o  a  CDC13 

s o l u t i o n  of 11. I n  t h e  PMR s p e c t r a  recorded on samples which contained 

Eu( t fc )  t h e  methine pro ton  s i g n a l  ( 6  5.04 ppm) was i r r a d i a t e d  t o  s imp l i fy  
3' 

t h e  methyl p ro ton  s i g n a l  t o  a  s i n g l e t .  The a d d i t i o n  of  20 mol % Eu( t fc )  
3  

t o  racemic I1 (prepared as descr ibed  i n  s e c t i o n  11-9-iv) r e s u l t e d  i n  two 

methyl s i n g l e t s  s e p a r a t e d  by 5.4 Hz. Broadening o f  t h e  s p e c t r a l  l i n e s  o f f s e t  

t h e  increased  s h i f t  d i f f e r e n c e  t h a t  was observed when more s h i f t  reagent  was 

added. Only one methyl s i n g l e t  was de t ec t ed  i n  t h e  s p e c t r a  o f  i s o l a t e d  I1 

and s y n t h e t i c  (S)--11 - (prepared a s  descr ibed  i n  s e c t i o n  11-9-v) which were 

combined wi th  E ~ ( t f c ) ~  (20 mol I ) .  The a d d i t i o n  of  racemic I1 t o  the  samples 

of i s o l a t e d  I1 and s y n t h e t i c  (S)-I1 - which conta ined  E u ( t f c ) ? ,  both r e s u l t e d  i n  
d 

t h e  enhancement of  t he  h igh - f i e ld  methyl s i n g l e t .  The low-f i e l d  methyl 

s i n g l e t  was i n c r e a s e d  when racemic I1 was added t o  s y n t h e t i c  (R)-I1 - i n  

t he  presence of  20 mol % Eu( t fc )  3. Therefore,  t h e  n a t u r a l  product  appeared 

t o  be  comprised of on ly  t h e  (2)- enantiomer. The small q u a n t i t y  of n a t u r a l  

ma te r i a l  t h a t  was i s o l a t e d  ( 4  mg) precluded t h e  de t e rmina t ion  of o p t i c a l  

r o t a t i o n .  The t r i v i a l  names f e r r u l a c t o n e  I1 and f e r r u l a c t o n e  I a r e  proposed 

f o r  compounds I1 and I, r e s p e c t i v e l y .  



i i )  I d e n t i f i c a t i o n  -- of  I11 

An exac t  mass of 224.1779 was found f o r  t h e  molecular  i o n  of  compound 111 

by high r e s o l u t i o n  mass spectroscopy.  This  molecular  weight i n d i c a t e d  a 

formula of C H 0 which corresponds t o  t h r e e  sites of unsa tu ra t ion .  Both 
14 24 2 

- 1 
t h e  I R  spectrum (1725 cm , C=O s t r e t c h  of  e s t e r )  and the  mass spectrum 

(mjz, 224, 209, 154, 140, 126, 110, 95, 81, 67, 55, 41) of  111, were s i m i l a r  

t o  t he  s p e c t r a  f o r  11. The s i m i l a r i t i e s  suggested t h a t  I11 was a homolog of 

11. 

The 400 MHz PMR spectrum of  I11 provided s u f f i c i e n t  in format ion  t o  

al low deduct ion of  its s t r u c t u r e .  S igna ls  were observed a t  6 1.12 (lH, m) 

1.22 (3H, CI4, d ,  J=6.1 Hz), 1.24-1.66 (10H, C -C b m ) ,  1.72 (lH, C 7 ,  m, 8 12 '  

1.78-1.95 (2H, C3, C7 ,  m), 2.12-2.26 (ZH, C2, C 4 ,  m), 2.30 (lH, C4, m), 2.41 

(lH, C2 , m) , 4.9 8 (lH, CIS, m) , 5.30 (lH, C6,  m) , 5.38 (1H , C5, m) . Many 

s i m i l a r i t i e s  between t h e  PMR s p e c t r a  o f  I1 and I11 were apparent .  The methyl 

doublet  (6 1.22 ppm) was coupled t o  t h e  s i g n a l  f o r  t h e  methine pro ton  a t  

6 4.98 which i n d i c a t e d  t h e  presence  o f  a methyl group on a carbon a d j a c e n t  

t o  an e s t e r  oxygen. The two coupled, v i n y l  proton s i g n a l s  a t  6 5.30 and 5.38 

ppm (J=10.5 Hz) i n d i c a t e d  t h e  presence  of a - Z d i s u b s t i t u t e d  double bond. A 

hydrocarbon cha in  i n  t h e  molecule w a s  suggested by t h e  s i g n a l s  f o r  t e n  

methylene pro tons  (6 1.24-1.66 pprn). On t h e  b a s i s  of t hese  spec t roscop ic  

da t a ,  I11 was proposed t o  b e  a mono- unsa tu ra t ed  fourteen-membered l a c t o n e .  

The p o s i t i o n  of  t h e  double bond was t e n t a t i v e l y  determined by decoupling 

experiments. I r r a d i a t i o n  of  one of t h e  pro ton  s i g n a l s  a t o  t h e  carbonyl  

6 2.41 ppm) r e s u l t e d  i n  a s i m p l i f i c a t i o n  of  t h e  s i g n a l  cen te red  around 6 L.'82 

ppm. The pro ton  s i g n a l  a t  6 1.82 pprn could thus  b e  ass igned  t o  one of t h e  



protons B t o  t h e  carbonyl .  When the  B proton  s i g n a l  was i r r a d i a t e d ,  t h e  

expected s i m p l i f i c a t i o n  of the  6 2.41 ppm s i g n a l  occurred ( l o s s  of  9.0 Hz 

coupling) a l o n g  w i t h  t h e  s i m p l i f i c a t i o n  of a p a i r  of a l l y l i c  pro ton  signals at 

6 2.19 and 2.30 ppm. The d i r e c t  coupl ing of t he  a l l y l i c  p ro ton  s i g n a l s  and 

t h e  v iny l  p ro ton  s i g n a l  (6 5.38 ppm) was demonstrat ing by i r r a d i a t i o n  of 

t h e  s i g n a l  a t  6 2.30 ppm. This s e t  of decoupling experiments revea led  t h a t  

t he  double bond was 6 t o  t h e  carbonyl.  

C a t a l y t i c  hydrogenat ion  of I11 y i e l d e d  a s i n g l e  compound w i t h  a 

molecular weight  o f  226 and a mass s p e c t r a l  f ragmentat ion p a t t e r n  which was 

i d e n t i c a l  t o  t h a t  ob ta ined  f o r  13- te t radecanol ide  (Kaiser  and Lamparsky, 

1978). This  r e s u l t  confirmed the  carbon s k e l e t o n  proposed f o r  111. 

Confirmation o f  t h e  double bond p o s i t i o n  was obta ined  by a t o t a l  s y n t h e s i s  of 

racemic I11 (Z) - -5-tetradecen-13-olide. ( s ee  s e c t i o n  11-9-vi) 

i i i )  I d e n t i f i c a t i o n  -- of I V  

The unit r e s o l u t i o n ,  e l e c t r o n  impact mass spectrum of  I V  (F ig .  10)  

revealed a molecular  i on  a t  194 which was i d e n t i c a l  t o  t h e  molecular  weight 

of I. However, t h e  fragmentat ion p a t t e r n s  of I and I V  were q u i t e  d i f f e r e n t .  

The c a t a l y t i c  hydrogenat ion  of I V  y i e lded  a compound wi th  a molecular  weight 

of 198 and a GLC r e t e n t i o n  time i d e n t i c a l  t o  t h a t  of V I I .  Furthermore, 

t h e  fragmentat ion p a t t e r n s  f o r  V I I  and reduced I V  were i d e n t i c a l .  These 

experiments showed t h a t  I V  had t h e  same carbon s k e l e t o n  a s  11, b u t  had one 

more double bond. 

The 400 MHz PMR spectrum (Fig.  11) showed a s  expected,  a s i g n a l  due t o  

a methyl group (6 1 .23  ppm, d,  J=6.3 Hz)  coupled t o  a s i n g l e  pro ton  resonance 
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a t  6  4.96 ppm. S igna l s  f o r  fou r  v i n y l  pro tons  a t  6  5.30 (lH, C7,  my J=9.O HZ), 

5.50 (ZH, C3 C6, m) and 5.64 ( l H ,  C4 ,  m, J=9.0 Hz) i n d i c a t e d  t h a t  two double 

bonds were p r e s e n t .  There w a s  no evidence f o r  conjugat ion  o f  t h e  double 

bonds wi th  each  o t h e r  o r  wi th  t h e  carbonyl  s i n c e  t h e  chemical s h i f t s  of  t he  

v i n y l  protons were a l l  h ighe r  f i e l d  than  6 ppm. The coupl ing  c o n s t a n t s  f o r  

t h e  v i n y l  p ro tons  i n d i c a t e d  a  Z,L geometry. S ince  only  s i x  pro tons  were 

observed i n  t h e  a l l y l i c  prot.on reg ion  (6 2.05 (lH, C m) , 2.45 (lH, C8, m) , 8' 

2.61 (lH, C5, m) , 2.93 (lH, C2,  m) , and 3.18 (2H, C2, C5, m)) , i t  was c l e a r  

t h a t  I V  possessed  a  1,4-diene system. The p o s i t i o n  of  t h e  1,4-diene system 

was e s t a b l i s h e d  by t h e  presence of t h e  s i g n a l s  due t o  two coupled protons a t  

6 2.93 and 3.18 ppm (J=14 Hz). These s i g n a l s  were v i r t u a l l y  i d e n t i c a l  i n  

chemical s h i f t  and s p l i t t i n g  p a t t e r n  t o  t h e  s i g n a l s  due t o  t h e  methylene 

pro tons  i n  11, which were i n  between t h e  carbonyl  and t h e  double bond. 

Based on t h i s  in format ion ,  t he  s t r u c t u r e  of I V  was proposed t o  be (Z,Z)- - - 

3,6-dodecadien-11-olide. 

i v )  I d e n t i f i c a t i o n  -- of V 

The e l e c t r o n  impact mass spectrum of  V (Fig.  12) c l o s e l y  resembled 

t h e  spectrum o f  I V  except  t h a t  t he  molecular  i on  was a t  m/z 222. Hydro- 

genat ion of V y i e l d e d  a  compound wi th  a  molecular i o n  a t  226 and a GLC 

r e t e n t i o n  time and fragmentat ion p a t t e r n  i d e n t i c a l  t o  t h a t  of 13- te t ra -  

decanol ide Therefore,  V must be  a  homolog of I V .  Since t h e  quan t i t y  

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

double bonds were  n o t  determined. However, i f  t h e  analogy between I1 and I V  

ho lds  t r u e  f o r  111 and V,  then V should be (Z,Z)-5,8-tetradecadien-13-olide. - - 
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v) I d e n t i f i c a t i o n  -- of V I  

The s t r u c t u r e  of  V I  was i d e n t i f i e d  on t h e  b a s i s  of i t s  GLC r e t e n t i o n  

c h a r a c t e r i s t i c s  and mass s p e c t r a l  f ragmentat ion p a t t e r n .  An i n t e n s e  peak a t  
4P 

m/z 85 i n d i c a t e d  t h a t  V I  could be  a y-lactone. Cleavage a t  t h e  a l k y l  s i d e  

chain would r e s u l t  i n  t h e  l ac tone  moiety b e a r i n g  almost  a l l  t h e  charge. The 

spec t r a  of V I  and y-nonalactone (Jennings and Shibamoto, 1980) were 

i d e n t i c a l .  Confirmation of t h e  s t r u c t u r e  of V I  was obta ined  by t h e  co-elut ion 

of V I  and a u t h e n t i c  y-nonalactone (ICN Pharmaceut icals)  from column A. 

v i )  I d e n t i f i c a t i o n  of V , I I  and V I I I  ---- 

A small  q u a n t i t y  of V I I  was de tec ted  i n  f r a s s  and b e e t l e  v o l a t i l e ~  by GLC- 

MS analys is .  The n a t u r a l  m a t e r i a l  had a r e t e n t i o n  time and fragmentat ion pat- 

t e r n  which w a s  i d e n t i c a l  t o  t h a t  of a u t h e n t i c  11-dodecanolide. 

The compound (VII I )  which e l u t e d  j u s t  p r i o r  t o  I1 was proposed t o  be (g) -  

3-dodecen-11-olide based on t h e  i d e n t i t y  of mass s p e c t r a l  f ragmentat ion pat- 

t e r n s  f o r  t he  two compounds. Isomers i n  which t h e  u n s a t u r a t i o n  is  a t  d i f f e r e n t  

pos i t i ons  would b e  expected t o  have d i f f e r e n t  f ragmenta t ion  p a t t e r n s .  

13)  Response -- of  C. ferrugineus to Syn the t i c  Compounds 

The response of  C. fermgineus t o  t h e  s y n t h e t i c  macrol ides  i s  shown i n  

Figure 13.  S y n t h e t i c  I and (S)-I1 - were i n d i v i d u a l l y  a t t r a c t i v e ,  and e l i c i t e d  

maximum responses  a t  a s t imulus  concent ra t ion  of 200 ng. The responses 

observed f o r  s y n t h e t i c  (5) - I1  were comparable t o  t h e  responses  obta ined  f o r  

i s o l a t e d  I1 (Table  2 ) .  The (R)- - enantiomer of I1 was n o t  s i g n i f i c a n t l y  

a t t r a c t i v e  ove r  t h e  concen t r a t ion  range t h a t  was t e s t e d .  S ince  t h e  response 

curves obta ined  f o r  @)-I1 and (g,z)  -11 were v i r t u a l l y  i d e n t i c a l ,  (g) -11 must 

n o t  be i n h i b i t o r y .  The s l i g h t l y  lower a c t i v i t y  of (&,S)-I1 
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.gure 13. Response of  C. ferrugineus t o  synthes ized  pheromones i n  t h e  
two-choice, p i t f a l l  b ioassay .  aP<O.Ol a t  20 ng and above. 
b ~ < 0 . 0 5  a t  20 ng  and above. C ~ < 0 . 0 5  a t  200 ng and P<0.01 
a t  2000 ng. d~~ a t  a l l  concent ra t ions .  e ~ < O  .05 a t  20 ng  
and P<0.01 a t  200 ng. Percent  response c a l c u l a t e d  by 
(Experimental-Contro1/Experimental+Control) x 100. 
N=6 r e p l i c a t e s .  t - t e s t  u s e d ' t o  ana lyse  da t a .  



compared t o  (S)-I1 could  b e  accounted f o r  by the  f a c t  t h a t  a sample of (R,s)-11 - - 

conta ins  only one-half t h e  amount of (S)-I1 - t h a t  is found i n  a n  e q u i v a l e n t  

- sample of pure (S)-11. - This  s i t u a t i o n ,  i n  which a n  i n s e c t  produces only one 

a c t i v e  enantiomer and responds poorly o r  no t  a t  a l l  t o  t h e  oppos i t e  enant io-  

mer, i s  w e l l  known ( S i l v e r s t e i n ,  1979) . For example, (S)-(i-) - -4-methyl-3- 

heptanone, t h e  alarm pheromone f o r  A t t a  c epha lo t e s ,  i s  approximately two- 

hundred times more a c t i v e  than  t h e  (R)-(-)- - enantiomer (Ri ley  e t  a 2  . , 19 74) . 
The s y n e r g i s t i c  behav io r  of I and 11, proposed i n  s e c t i o n  111-11-i, 

was confirmed when a s i g n i f i c a n t l y  h ighe r  response was observed f o r  a one 

t o  one mixture of I and (R -9- S)- I1  (Fig.  13 ) ,  compared t o  t h e  a c t i v i t i e s  of  

t h e  ind iv idua l  compounds. A s i m i l a r  response was observed f o r  a one t o  one 

mixture  of I and  (S)-I1 - ( d a t a  not  shown) which i n d i c a t e d  t h a t  t h e  (R)-  - 

enantiomer d i d  n o t  i n h i b i t  t he  a c t i v i t y  of t h e  b ina ry  mixture.  S ince  (R)-I1 - 

w a s  no t  i n h i b i t o r y ,  t h e  more e a s i l y  synthes ized  (R,S)-IT - - could be  used i n  

f i e l d  t e s t s .  The presence  of smal l  q u a n t i t i e s  o f  V I I  and V I I I ,  produced i n  

t h e  hydrogenation (P-2 n i c k e l )  r e a c t i o n  ( s e c t i o n  11-9-iv-i) , d i d  n o t  appear  

t o  i n h i b i t  t h e  a c t i v i t i e s  of  s y n t h e t i c  (S)-I1 - and (g,S)-I1 compared t o  pure 

i s o l a t e d  11. 

Dif fe ren t  r a t i o s  o f  I and (E,g)-I1 were t e s t e d  i n  t h e  Gwo-choice 

o l fac tometer  t o  determine t h e  most a t t r a c t i v e  mixture f o r  f i e l d  tests (Table 

3) . Despite the f a c t  t h a t  t he  r a t i o s  of I: (S)-I1 - were 1.6 :1 i n  f r a s s  v o l a t i l e s  

and 0.84: l  i n  b e e t l e  v o l a t i l e s ,  t he  most a t t r a c t i v e  mixture was a 9 : l  r a t i o  

(equiva len t  t o  a n  1 8 : l  mixture of I: (S)-11. - The 9 : l  mixture w a s  s i g n i f i c a n t l y  

more a t t r a c t i v e  than  t h e  3: l  and 1:l mixture.  

Syn the t i c  (g,S)-I11 (0.2-2000 ng) was t e s t e d  i n  t h e  two-choice o l fac to- , .  



Table 3. Response of C. ferrugineus t o  d i f f e r e n t  r a t i o s  (9:1, 3 : l )  of 

s y n t h e t i c  I and (R,S)-I1 - - i n  a two-choice, p i t f a l l ,  o l fac tometer .  

N=6 r e p l i c a t e s .  

a 
% Response (X t S.E.) 

Experimental Stimulus Experimental Blank 
Stimulus Concentration, ng S t  imul us Cont ro l  

I: (R,  - - S)-I1 1500 :500 77.8 2 4.5 18.9 + 4.8** 

a 
S i g n i f i c a n t  response @-test)  t o  exper imenta l  s t imulus  ind ica t ed  by: 
***P<0.001, **P<O.Ol, *P<0.05, NS=not s i g n i f i c a n t .  



meter and found t o  be  u n a t t r a c t i v e  ( d a t a  not  shown), a lone ,  o r  i n  combina- 

t i o n  wi th  I and (g,SJ-11. This  r e s u l t  toge ther  w i t h  previous d a t a  ( s e c t i o n  

1.11-11-ii) confirmed t h a t  I11 was n o t  requi red  i n  t h e  C. f e r m g i n e u s  

pheromone. Compounds I V - V I I I  were n o t  t e s t e d  f o r  pheromone a c t i v i t y  i n  pure  

form s i n c e  b ioas say  r e s u l t s  i n d i c a t e d  t h a t  they  were n o t  a t t r a c t i v e .  However, 

t h e i r  presence may be  

14)  Resul t s  o f  F i e l d  -- 

The r e s u l t s  from 

requ i r ed  f o r  communication wi th  o t h e r  C r y p t o l e s t e s  spp. 

Tes t s  on I: @ , a - I 1  (9 : l )  -- 

pre l imina ry  f i e l d  t e s t s  i n d i c a t e d  t h a t  more r u s t y  g r a i n  

b e e t l e s  were caught  i n  pheromone b a i t e d  t r a p s  than unbai ted  c o n t r o l  t r a p s .  

F igure  14 con ta ins  a  three-dimensional  r e p r e s e n t a t i o n  of  a  whea t - f i l l ed  

annex b i n  marked wi th  t h e  l o c a t i o n s  of one f i b r e  t r a p s ,  two f i b r e  t r a p s ,  

and c o n t r o l  t r a p s .  The number of  b e e t l e s  caught decreased w i t h  inc reased  

depth  of t r a p s ,  wi th  most b e e t l e s  (10282) caught n e a r  t h e  s u r f a c e .  A t  a  

depth of 152 cm , 901 b e e t l e s  were found i n  b a i t e d  and c o n t r o l  t r a p s  whi le  

only 85 b e e t l e s  were caught at.  244 cm . This  d i s t r i b u t i o n  of b e e t l e s  i s  

i n  rough agreement w i th  t h e  obse rva t ion  (Loschiavo, 19 74) t h a t  r u s t y  g r a i n  

b e e t l e s  a r e  found p r e f e r e n t i a l l y  i n  t h e  top and bottom t h i r d  of l a r g e  wheat- 

f i l l e d  con ta ine r s .  The b a i t e d  t r a p s  caught 10.2 t imes a s  many b e e t l e s  a s  

c o n t r o l  t r a p s  (per  t r a p )  a t  t h e  s u r f a c e  and 19.6 t imes  a s  many (per  t r a p )  

a t  152 cm. However, a t  244 cm where t h e  t o t a l  ca t ch  was low, t h e  

number of b e e t l e s  caught i n  c o n t r o l  t r a p s  outnumbered those  i n  b a i t e d  t r a p s  

by a  f a c t o r  of  1 .5 .  Two f i b r e  t r a p s  caught more b e e t l e s  (1723l t rap)  than  

t h e  one f i b r e  t r a p s  ( 2 l l l t r a p ) .  However, i f  t h e  7300 b e e t l e s  caught i n  t h e  

s i n g l e  two f i b r e  t r a p  a r e  n o t  inc luded ,  then the  ca t ches  a r e  roughly equal .  



1 cm=200  Beetles 

Figure 14. Trap locations and catches of rusty grain b e e t l e s  in  a wheat- 
f i l l e d  annex bin,  E l m  Creek, Manitoba . 



Therefore i t  was no t  p o s s i b l e  t o  conclude t h a t  t h e  two f i b r e  t r a p s  were more 

e f f i c i e n t  than  t h e  one f i b r e  t r a p s .  The l a r g e  ca tch  i n  t h e  s i n g l e  two f i b r e  

t r a p  may have been t h e  r e s u l t  of a l o c a l  i n f e s t a t i o n  wi th  a h igh  popula t ion  

d e n s i t y  a t  t h e  t r a p  s i t e .  It i s  noteworthy t o  po in t  ou t  t h a t  s e v e r a l  c o n t r o l  

t r a p s  placed w i t h i n  152 cm ( h o r i z o n t a l  d i s t ance )  of t h e  two f i b r e  t r a p  

d i d  not  catch many i n s e c t s .  These r e s u l t s  suggest  t h a t  t h e  9 : l  mixture of 

I and (R,S)-I1 - - may be  use fu l  a s  a b a i t  f o r  t he  d e t e c t i o n  of r u s t y  g r a i n  

b e e t l e s  i n  g r a i n - f i l l e d  s t o r a g e  a r e a s .  Fu r the r  t e s t s  a r e  r equ i r ed  t o  t e s t  

t h e  range and e f f i c i e n c y  of t h e  pheromone b a i t .  

The l eng th  of time t h a t  t h e  b a i t e d  t r a p s  were l e f t  i n  t h e  g r a i n  (one 

week) was based on t h e  r e l e a s e  r a t e  t h a t  was determined f o r  I. A t  30' 

0 
most of t he  pheromone had evaporated by t h e  end of one week, whi le  a t  20 

pheromone was s t i l l  l e f t  a f t e r  t h r e e  weeks (Fig.  15) .  These r e l e a s e  r a t e s  

were determined i n  v e n t i l a t e d  sur roundings ,  and a c t u a l  r e l e a s e  r a t e s  i n  g r a i n  

b i n s  may d i f f e r  from these  exper imenta l  r e s u l t s .  

15)  Syntheses - of  Macrolide Pheromones 

The term "macrolide" r e f e r s  t o  medium (8-11 atoms) and l a r g e  (12 o r  

more) r i n g  compounds which con ta in  a l a c t o n e  moiety. A l a r g e  number of 

n a t u r a l l y  occu r r ing  macrolides have been discovered (Kel le r -Schie le in ,  1973; 

Masamune e t  a2 . , 1977) s i n c e  t h e  i s o l a t i o n  of t h e  f i r s t  macrol ide,  ambre t to l ide  

( ( Z )  - -7-hexadecenolide) , was r epor t ed  by Kerschbaum (1927) . Some examples 

of  major groups of macrol ides ,  c l a s s i f i e d  according t o  s t r u c t u r a l  type ,  
I 

i nc lude  t h e  polyoxo (pikromycin, erythromycin) ,  polyene (amphoterican B y  

t e t r i n )  , ionophor ic  (nonac t in ,  boromycin), and the  lactam-containing ansa 





(maytansine) macro l ides  (Trost  and Verhoeven, 1980).  The s t r u c t u r a l l y  

d i v e r s e  macrol ides  have been i s o l a t e d  from a v a r i e t y  of organisms inc luding  

p l a n t s  (ambre t to l ide)  , i n s e c t s  (phoracanthol ides ,  Moore and Brown, 1976) 

fungi  ( d i p l o d i a l i d e s  , I sh ida  and Wada, 1975 ; r e c i f  e i o l i d e  , Vesonder e t  aZ., 

1971) and b a c t e r i a  (pikromycin) . Although t h e  ex i s t ence  of macrol ides  had 

been known s i n c e  1927, i t  was not  u n t i l  t h e  d iscovery  of t h e  f i r s t  macrolide 

a n t i b i o t i c ,  p ikronycin  (Brockmann and Henkel, 1950),  t h a t  r e a l  i n t e r e s t  was 

shown i n  t h e i r  b i o l o g i c a l  func t ion  and chemical  syn thes i s .  

The two major methods t h a t  have been employed f o r  t he  s y n t h e s i s  of 

macrol ides  are:  1 )  t h e  expansion o r  c o n t r a c t i o n  of a r i ng ,  and 2) t he  cyc l iz -  

a t i o n  of a b i f u n c t i o n a l  a c y c l i c  p recu r so r .  Examples of r i n g  expansion 

procedures  i n c l u d e  t h e  Baeyer-Vil l iger  o x i d a t i o n  of macrocyclic ketones 

2+ 
(Mookherjee e t  aZ., 1972; Kaiser  and Lamparsky, 1978) and t h e  Fe ion  

promoted f ragmenta t ion  of alkoxy hydroperoxides (Schreiber ,  1980).  Except 

f o r  s imple  symmetrical ketones,  t h e  Baeyer-Vil l iger  ox ida t ion  i s  no t  

gene ra l ly  a p p l i c a b l e  f o r  macrolide s y n t h e s i s  because of t he  formation of 

isomers and t h e  r e l a t i v e l y  harsh c o n d i t i o n s  t h a t  a r e  requi red  (pe rac ids ) .  

Although a h i g h l y  regio-  and s t e r e o s e l e c t i v e  s y n t h e s i s  of r e c i f e i o l i d e  was 

acliieved by t h e  fragmentat ion of  an  alkoxy hydroperoxide p recu r so r ,  t h i s  

method has not  been t e s t e d  on molecules w i th  s e n s i t i v e  f u n c t i o n a l  groups. 

The c y c l i z a t i o n  of b i f u n c t i o n a l  a c y c l i c  molecules has been t h e  most 

f r equen t ly  employed method f o r  t h e  s y n t h e s i s  of macrol ides .  Examples of 

b i f u n c t i o n a l  molecules  include:  1 )  w-hydroxy-acids (Corey and Nicolaou, 

1974),  2) w-halo-acids (Kruizinga and Kellog,  1979),  3) w-halo-phenyl-thio 

a c e t a t e s  (Takahashi et aZ., 1981),  and 5) w-a l ly l i c  

a c e t a t e s  (Tros t and Verhoeven, 1980) . Ring c l o s u r e  

acetate-benzenesulfonyl- 

can be achieved by the  



in t ramolecular  displacement  of a l eav ing  group by a  s t a b i l i z e d  carbanion 

f o r  b i f u n c t i o n a l  p r e c u r s o r s  of  type 3, 4 and 5. However, most r i n g  c l o s u r e s  

t o  d a t e  have been c a r r i e d  ou t  by t h e  in t ramolecular  e s t e r i f i c a t i o n  o f  a n  

a c t i v a t e d  w-hydroxy-acid. This  was t h e  method chosen f o r  t h e  s y n t h e s i s  of 

t h e  C. fermgineus pheromones. 

i )  Synthes is  of Fer ru l ac tone  I 

Although I had been syn thes i zed  by Verigin (1980),  t h e  low y i e l d  t h a t  

was obtained (0.17% o v e r a l l )  made t h e  rou te  imprac t i ca l  f o r  t h e  p r e p a r a t i o n  

65 t h e  q u a n t i t i e s  requi red  f o r  f i e l d  t e s t s .  A s h o r t e r  (5  s t e p s )  and poss ib ly  

more e f f i c i e n t  s y n t h e s i s ,  i n  which t h e  key r e a c t i o n  involved t h e  i n t r a -  

molecular a l k y l a t i o n  of an w-haloalkyl-phenylthioacetate, was at tempted 

(Fig. 16) .  The pheny l th ioace ty l  d e r i v a t i v e  of g e r a n i o l  (1) - w a s  ob ta ined  

i n  q u a n t i t i v e  y i e l d  from g e r a n i o l  and phenyl th ioace ty l  c h l o r i d e .  A l l y l i c  

ox ida t ion  of - 1 w i t h  selenium dioxide  and py r id ine  i n  r e f l u x i n g  e thanol  

(Camps e t  aZ., 1978) gave a  c rude  product  which was a  mix tu re  of  t h e  a l coho l  

(2) and the cor responding  aldehyde (1 : l ) .  An at tempted r e d u c t i o n  o f  t h e  

crude product w i th  sodium borohydride gave a  complex mixture  which contained 

mainly the  e t h e r  (27) (from complete reduct ion  of t he  e s t e r  moie ty) ,  and 

A p a i r  of s i g n a l s  i n  t h e  PMR spectrum of - 27 a t  6 3.08 (2H, CH2-SPh, t ,  J=6.0 

Hz) and 3.72 (ZH, CH -0, t ,  J=6.0 Hz) and the  absence of  t h e  Sbsorp t ion  a t  
2 
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Figure 16. Attempted f ive-step syn thes i s  of I v i a  the  intramolecular  

a l k y l a t i o n  of an o-haloalkyl-phenylthioacetate (2) 



1735 cm-I i n  t h e  I R  spectrum, confirmed t h e  presence of t h e  e t h e r  moiety 

f3 t o  the phenyl th io  group. Presumably, t h e  proximity of t h e  s u l f u r  atom 

a c t i v a t e d  t h e  e s t e r  carbonyl  toward r educ t ion  by sodium borohydride.  To 

circumvent t h i s  problem a mi lder  reducing  agent ,  sodium cyanobo~ohydride,  

was used i n s t e a d  of sodiumborohydr ide ,  Although the  r e a c t i o n  was slow 

(18 h r  a t  2 3 O ~ )  no products  which corresponded t o  e s t e r  in te rchange  o r  

reduct ion of t h e  e s t e r  carbonyl  were de t ec t ed .  The y i e l d  was S t i l l  only 

moderate (45.9% based on recovered 5) because of t h e  formation of very 

po la r  s i d e  products .  Oxidat ion wi th  selenium dioxide  and t-butylhydroperoxide 

(Umbreit and Sharp less ,  1977) d i d  n o t  r e s u l t  i n  any improvement and gave 

only a 20.7% y i e z d  of  t h e  aldehyde. 

P repa ra t ion  of - 3 was r e a d i l y  achieved i n  a q u a n t i t a t i v e  y i e l d  by r e a c t i o n  

of t h e  a l coho l  w i th  a two-fold excess  of  carbon te t rabromide  and t r i pheny l -  

phosphine accord ing  t o  t h e  procedure of  Hooz and G i l a n i  (1968). Problems 

were encountered i n  the  r i n g  c l o s u r e  o f  2 according t o  t he  method of  Takahashi. 

The r eac t ion  (Takahashi e t  aZ., 1978) involved the  gene ra t ion  of a s t a b i l i z e d  

carbanion followed by t h e  in t r amolecu la r  displacement of a primary a l k y l  

h a l i d e  t o  g ive  an  a -phenyl th io lac tone .  Yie lds  of  49-75% were r epo r t ed  f o r  

t e n  and fifteen-membered r i n g s .  Ring c losu re  of 3 under h igh  d i l u t i o n  

condi t ions  (15.8 mM) - r e s u l t e d  i n  a 37% y i e l d  of A. Only a narrow range of 

experimental cond i t i ons  ( temperature,  d i l u t i o n ,  r a t e  of  a d d i t i o n  of  3) 

were s u i t a b l e  f o r  t he  r i n g  c l o s u r e  r e a c t i o n .  The 1 ,4-e l imina t ion  of H B r  t o  

g ive  the  t r i e n e  (28) was a major competing r e a c t i o n ,  and i n  most ca ses  28 

P 



was the  major product .  S igna l s  i n  t he  PMR spectrum of  t he  major product 

a t  6 4.87 (2H, - exo-methylene) , 5.60 (lH, C5, dd, J=6.5 Hz, 15.0 Hz), and 

6.13 ppm (lH, C6, d ,  J=15.0 Hz) confirmed the  i d e n t i t y  o f  - 28. The 1,4- 

e l imina t ion  o f  - 3 was favored over  nuc leoph i l i c  displacement  because of the  

r e l a t i v e  s t a b i l i t i e s  of  t he  two products  (4 - o r  - 28) .  The r i n g  s t r a i n  due 

t o  t ransannular  i n t e r a c t i o n s  and bond ang le  deformations a r e  q u i t e  s e v e r e  

i n  medium r i n g  compounds such a s  5. The presence  of  t h e  two - E double 

bonds, t he  two methyl groups, and the  bulky phenyl th io  group would b e  

expected t o  c o n t r i b u t e  f u r t h e r  t o  r i n g  s t r a i n  which h indered  t h e  r i n g  

c losu re  r eac t ion .  The requirement f o r  l a r g e  volumes of HMPA made t h i s  

r eac t ion  hazardous a s  w e l l  as imprac t i ca l .  The use of a l t e r n a t e  condi t ions  

f o r  carbanion gene ra t ion  (sodium hexamethyldis i lazane i n  r e  f l u x i n g  THF) 

did not  r e s u l t  i n  t h e  formation of - 4 .  The major product  which was recovered 

( 8-b romo-3,7-dimethyloctadien-1-01) was probably produced dur ing  

t h e  aqueous workup by t h e  base hydro lys is  of  t h e  e s t e r  moiety i n  - 3.  

Due t o  t h e  l i m i t e d  quan t i t y  of - 4 t h a t  was a v a i l a b l e ,  cond i t i ons  f o r  t h e  

r educ t ive  e l i m i n a t i o n  of t he  phenylthfo group were n o t  optimized. However, 

from the  experiments t h a t  were performed, i t  appeared t h a t  t h e  use of a  

s p e c i f i c  q u a n t i t y  of W-2 Raney n i c k e l  i n  r e f l u x i n g  e t h a n o l  would be succes s fu l  

i n  t he  removal of t h e  phenyl th io  group wi thout  i somer i za t ion  of the  double 

bonds. 

Because o f  t h e  problems a s s o c i a t e d  wi th  t h e  r i n g  c l o s u r e  r e a c t i o n ,  t h e  

attempted s y n t h e s i s  o f  I v i a  t h e  rou te  shown i n  F igu re  16 was abandoned. 

E f f o r t s  were d i r e c t e d  toward a  scheme (Fig.  17) which employed t h e  s y n t h e t i c  

approach i n i t i a l l y  developed by Verigin (1980) i n  h i s  s y n t h e s i s  of  I. The 





major d i f f e r e n c e s  between t h e  two s y n t h e t i c  schemes were i n  t h e  choice of 

t h e  alcohol  p r o t e c t i n g  group and i n  t h e  reagents  used f o r  t h e  r equ i r ed  

t r a n s  formations. P r o t e c t i o n  of t h e  a l coho l  func t ion  of g e r a n i o l  by ace ty l a -  

t i o n  was chosen because  t h e  l a b i l i t y  of  t h e  ac id - sens i t i ve  te t rahydro-  

pyranyl  group was considered t o  b e  a  con t r ibu t ing  f a c t o r  toward t h e  low 

y i e l d  obtained i n  Ver ig in ' s  s y n t h e s i s .  Other p r o t e c t i n g  groups such as t h e  

t -bu ty ld ime thy l s i l y l  e t h e r  and t h e  methoxymethyl e t h e r  were t r i e d  b u t  were 

found t o  be unsu i t ab l e .  I n  t h e  c a s e  of  t h e  t -bu ty ld ime thy l s i l y l  e t h e r  of 

geranio l ,  selenium d iox ide  o x i d a t i o n  ( C a t a l y t i c  procedure,  01efin:selenium 

dioxide,  16 .7 : l  mol r a t i o ,  96 h r ,  Umbreit and Sharp less ,  1977) gave a  14.9% 

y i e l d  of t he  d e s i r e d  product  (29) - b u t  a l s o  gave 13.2% of t h e  undesired 

secondary a l c o h o l  (30) .  The PMR spectrum of 30 provided s u f f i c i e n t  

Hop 
OS~+ 

I 
05i+ 

29 - I 30 - 

information f o r  s t r u c t u r a l  i d e n t i f i c a t i o n :  PMR (60 MHz, CDC13) 6 0.17 

(6H, CH3-Si, s ) ,  1.00 (9H, t -butyl-Si ,  s ) ,  1.34 (lH, OH, b s )  , 1.72 (6H, E- 

dimethyl,  s ) ,  1 .78 (3H, C H - C  d, J=1 .8Hz) ,  2.33 (2H, C5, b t ,  J = 6 * 5 H z ) ,  
3  3' 

J=6.5 Hz) , 5.60 (lH, C b t  , J=6.0 Hz) . Although methylene groups on tri- 
2  ' 

s u b s t i t u t e d  double bonds a r e  oxid ized  more r e a d i l y  t han  methyl groups, t he  

ox ida t ion  of gem-dimethyl o l e f i n s  u sua l ly  r e s u l t  i n  t h e  formation of primary 

a l l y l i c  a l coho l s  (E geometry) (Bhalerao and Rapoport , 19 71 ; Rab j ohn, 19 76) . 
The oxida t ion  o f  o t h e r  g e r a n i o l  d e r i v a t i v e s  (1, geranyl  a c e t a t e ,  methoxy- 

methyl e t h e r  o f  ge ran io l )  d i d  n o t  l e a d  t o  any products  w i t h  a n  a l coho l  



func t ion  a t  t h e  C p o s i t i o n .  Therefore,  t h e  t -bu ty ld ime thy l s i l y l  group must 
4 

have p a r t i c i p a t e d  by a c t i v a t i n g  t h e  n2 ' double bond toward a l l y l i c  ox ida t ion .  

The methoxymethyl d e r i v a t i v e  of g e r a n i o l  (31) - performed adequately i n  

31 - 

Verig in ' s  s y n t h e t i c  scheme up t o  t he  penul t imate  r e a c t i o n .  A major problem 

was encountered i n  t h e  at tempted cleavage o f  t h e  methoxymethyl group. I n  

a  model r e a c t i o n ,  t rea tment  of t he  methoxymethyl e t h e r  (31) wi th  t r i - a l k y l -  

s i l y l  iod ides  (alkyl=methyl o r  n-butyl,  Jung and Lys t e r ,  19 77) r e s u l t e d  i n  

t h e  formation of  t h e  i o d i d e  (32) i n s t e a d  o f  g e r a n i o l .  The presence of  

bulky a l k y l  s u b s f i t u e n t s  on s i l i c o n  (eg. n-Butyl) should  have d i r e c t e d  the  

a t t a c k  of t he  t r i - a  . l k y l s i l y l  iod ide  t o  t h e  l e a s t  h indered  oxygen. However, 

n e i t h e r  oxygen atom w a s  hindered s i n c e  t h e  a l c o h o l  was a l l y l i c .  In  f a c t ,  

resonance s t a b i l i z a t i o n  of  t he  carbonium i o n  which was formed a f t e r  e t h e r  

c leavage favored a t t a c k  a t  t he  a l l y l i c  oxygen. Therefore ,  t h e  methoxymethyl 

e t h e r  should n o t  be used as a p r o t e c t i n g  group f o r  a l l y l i c  a l coho l s .  

The s t o i c h i o m e t r i c  selenium dioxide  o x i d a t i o n  of geranyl  a c e t a t e  gave 

a  45% y i e l d  of - 5. This  y i e l d  would have been h i g h e r  (~60-65%) except  t h a t  

a  cons iderable  q u a n t i t y  of the a c e t a t e  group w a s  hydrolyzed dur ing  the  sodium 

borohydride reduct ion .  Combined y i e l d s  of 60% ( l i t e r a t u r e  value,  Umbreit 

and Sharpless ,  1977) f o r  - 5 and the  corresponding aldehyde were r o u t i n e l y  

obta ined  f o r  s m a l l e r  s c a l e  r eac t ions  ( ~ 1 0  mmol) i n  which t h e  r educ t ion  s t e p  



9 2 

was omitted. Sodium cyanoborohydride i n  a  s l i g h t l y  a c i d i c  medium could  

probably be employed t o  circumvent t h e  problem of e s t e r  in te rchange .  However, 

t h e  y i e l d  of 45-60% was a s i g n i f i c a n t  improvement over  the  19% y i e l d  

repor ted  by Ver ig in  f o r  t h e  ox ida t ions  of t h e  te t rahydropyranyl  e t h e r  of  

ge ran i01  . 
The bromo-acetate (5) was prepared i n  94.5% y i e l d  wi th  carbon t e t r a -  

bromide and t r iphenylphosphine .  The y i e l d  obta ined  by t h i s  procedure  was 

twice  t h a t  of  t h e  y i e l d  (47%) t h a t  was repor ted  by Ver ig in  f o r  h i s  bromin- 

a t i o n  of the t e t r ahydropyrany l  a l coho l .  

In Ver ig in  ' s s y n t h e s i s ,  conversion of t he  b r o m i d e ( 3 )  t o  t h e  w-hydroxy- 

a c i d  (9) - was c a r r i e d  out  by Meyer's procedure (Meyers e t  aZ., 1974) i n  t h r e e  

s t e p s :  1 )  a l k y l a t i o n  wi th  t h e  l i t h i o  s a l t  of 2,4,4-trimethyl-2-oxazoline, 

2)  base h y d r o l y s i s  t o  g ive  the  ca rboxy l i c  a c i d ,  and 3) a c i d  c a t a l y z e d  

cleavage of  t h e  te t rahydropyranyl  group. The o v e r a l l  y i e l d  f o r  t h e s e  t h r e e  

r eac t ions  was 12.4%. I n  view of t h i s  low y i e l d ,  t h e  a c e t i c  a c i d  homologation 8 r e s i n  H+ 

37% 
9 - - 

O T H f  7 6% OTHPCO,H 4% 
33 - 

was attempted v i a  t h e  c l a s s i c a l  d i e t h y l  malonate route .  A lky la t ion  of - 6 wi th  

t h e  sodium s a l t  o f  d i e t h y l  malonate gave the d i e s t e r  L, which w a s  decarboxy- 

l a t e d  t o  give t h e  monoester-acetate (3 i n  a  y i e l d  of 57.6%. The w-hydroxy- 

a c i d  (2) was o b t a i n e d  i n  one s t e p  by base  hydro lys is .  The improvements which 

have been d i scussed  i n  t h i s  s e c t i o n  r e s u l t e d  i n  an o v e r a l l  y i e l d  of 23.8% f o r  

t h e  f i v e  s t e p s  between geranyl  a c e t a t e  and 9. The equ iva l en t  t r ans fo rma t ion  

i n  Ver ig in ' s  s y n t h e s i s  gave a 1.1% y i e l d .  

Lac ton iza t ion  of - 9 by the  double a c t i v a t i o n  method (Corey and Brunel le ,  
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1976) w i th  2,2'-Bis-(4-t-but~1-N-isoprop~1)-imidazo11 - d i s u l f i d e  (34) - gave 

a  19% y i e l d  of I i n  Ver ig in ' s  s y n t h e s i s  (experiment 5, Table 4) .  The lacton-  

i z a t i o n  of - 9 was attempted under a  v a r i e t y  of  c o n d i t i o n s  i n  o rde r  t o  optimize 

t h e  y i e ld .  The r e s u l t s  a f  t h e s e  experiments a r e  shown i n  Table 4. Conditions 

which r e s u l t e d  i n  an  83% y i e l d  of hexadecanolide (Corey and Brunel le ,  1976) 

gave a 23.3% y i e l d  of  I (experiment 4, Table 4 ) .  Ring s t r a i n  must account 

f o r  p a r t  o f  t h e  l a r g e  discrepancy between t h e  y i e l d s  of I and t h e  uns t ra ined ,  

17-membered hexadecanolide.  The r i n g  c l o s u r e  'was s e n s i t i v e  t o  t h e  tempera- 

t u r e  and r a t e  o f  a d d i t i o n  of t h e  t h i o e s t e r  s o l u t i o n .  Decreased y i e l d s  were 

obta ined  when t h e  t h i o e s t e r  was added quick ly  (experiment 1 )  and a t  room 

temperature (experiment 2 ) .  The a d d i t i o n  of s i l v e r  i o n  (experiment 4  and 5 ) ,  

which should have acce l e ra t ed  t h e  r a t e  of  r i n g  c l o s u r e  by making t h e  s u l f u r  

atom a  b e t t e r  l e a v i n g  group (Nimitz and Wollenberg, l 9 7 8 ) ,  caused a  sharp  

drop i n  t he  y i e l d  of I. This  d e l e t e r i o u s  e f f e c t  may b e  explained by t h e  

complexation of t h e  s i l v e r  i ons  with t h e  double bonds which would inc rease  

t h e  a l r eady  s e v e r e  s t e r i c  crowding and t h e r e f o r e  decrease  t h e  r a t e  of r i n g  

c l o s u r e .  S i g n i f i c a n t  improvements i n  t h e  y i e l d s  of I were obtained when t h e  

t h i o e s t e r  s o l u t i o n  was d i l u t e d  a t  once in s t ead  of  by dropwise a d d i t i o n  i n t o  

r e f l u x i n g  benzene (experiment 6  and 7 ) .  The h i g h e s t  y i e l d ,  37% (experiment 7 ) ,  

0 
w a s  obtained when t h e  t h i o e s t e r  was prepared a t  low tempera tures  (-68 t o  

-10' ) p r i o r  t o  immediate d i l u t i o n .  Note t h a t  t h e  y i e l d  of d i o l i d e  was much 

lower under t h e  cond i t i ons  employed i n  experiment 7. The r e s u l t s  t abu la t ed  

i n  Table 4  sugges ted  t h a t  t h e  t h i o e s t e r  underwent r i n g  c l o s u r e  and polymer- 

0 
i z a t i o n  a t  f a i r l y  low temperatures  (-10 t o  23' ) .  I n  f a c t ,  experiment 8 

us ing  r e f l u x i n g  to luene  d i d  not  r e s u l t  i n  any i n c r e a s e  i n  t h e  y i e l d  of I. 



T
ab

le
 4

. 
L

a
c

to
n

iz
a

ti
o

n
 

o
f 
4
,
8
-
D
i
m
e
t
h
y
l
-
l
O
-
h
y
d
r
o
x
y
-
4
-
~
,
8
-
~
-
d
e
c
a
d
i
e
n
o
i
c
 a

c
id

 b
y

 
th

e
 D

o
u

b
le

 
A

c
ti

v
a

ti
o

n
 M

et
ho

d.
 

C
o

n
d

it
io

n
s 

E
x

p
er

im
en

t 
C

o
n

c
e

n
tr

a
ti

o
n

 
b

 
% 

Y
ie

ld
 

N
o.

 
~

e
t

h
o

d
~

 
A

d
d

it
io

n
 

A
d

d
it

io
n

 
A

gC
10

 
S

o
lv

e
n

t 
o

 f 
0
 

T
im

e,
h

r 
T

em
p

er
at

u
re

, 
(R

e
fl

u
x

 t
im

e
,h

r)
 

T
h

io
e

st
e

r 
(@

) 
I 

D
io

li
d

e
 

- 

1
. l

e
q

u
iv

. 

2
 

e
q

u
iv

. 

- 

b
en

ze
n

e 
(4

) 
5

.7
 

1
1

.5
 

3
.6

 

b
e

n
z

e
n

e
(l

.5
) 

5
.7

 
1

5
.8

 
0 

b
en

ze
n

e 
(1

) 
4

.7
 

2
3

.3
 

0 

b
en

ze
n

e 
(1

) 
4

.7
 

1
0

.5
 

2
.5

 

to
lu

e
n

e
 (5

) 
7

.1
 

1
9

 .O
 

n
, d

. 

b
en

ze
n

e 
(5

) 
4

.7
 

2
8

.6
 

5
.1

 
w

 
C

- 
to

lu
e

n
e

(0
) 

4
.7

 
37

 .O
 

1
.9

 

to
lu

e
n

e
 (5

) 
4

.7
 

7
.6

 
0 

%
et

h
o

d
 

A
: 

T
h

io
e

st
e

r 
w

as
 

p
re

p
a

re
d

 b
y

 
s

ti
rr

in
g

 9
,
 34

 
(1

.5
 

e
q

u
iv

.)
 

an
d

 P
h 

P
 

(1
.5

 
e

q
u

iv
.)

 
in

 b
en

ze
n

e 
a

t 
4

'
~

 fo
r 

1
8

 h
r.

 
T

he
 c

ru
d

e
 

th
io

e
s

te
r 

w
as

 
d

il
u

te
d

w
it

h
 b

en
ze

n
e 

an
d

 a
d

d
?n

g
 

d
ro

p
w

is
e 

to
 r

e
fl

u
x

in
g

 b
en

ze
n

e.
 

M
et

ho
d 

B
: 

T
h

io
e

st
e

r 
w

as
 p

re
p

a
re

d
 
a
s 

d
e

sc
ri

b
e

d
 b

y 
V

e
ri

g
in

 
(1

9
8

0
) 

an
d

 t
h

e
n

 d
il

u
te

d
 a

l
l

 a
t

 o
n

ce
 w

it
h

 
to

lu
e

n
e

 
w

h
ic

h
 

c
o

n
ta

in
e

d
 2

 
e

q
u

iv
a

le
n

ts
 o

f 
A

gC
lO

 4
 ' 

M
et

ho
d 

C:
 

T
h

io
e

st
e

r 
w

as
 

p
re

p
a

re
d

 a
s

 d
e

sc
ri

b
e

d
 

fo
r 

m
et

ho
d 

A
 

an
d

 
th

e
n

 d
il

u
te

d
 a

l
l

 a
t

 o
n

ce
 w

it
h

 b
en

ze
n

e 
an

d
 

re
fl

u
x

e
d

. 
M

et
ho

d 
D:

 
P

ro
ce

d
u

re
 a

s
 d

e
sc

ri
b

e
d

 i
n

 s
e

c
ti

o
n

 1
1

-9
-i

i-
f.

 
M

et
ho

d 
E:

 
P

ro
ce

d
u

re
 a

s 
d

e
sc

ri
b

e
d

 i
n

 s
e

c
ti

o
n

 1
1

-9
-i

i-
f 

e
x

c
e

p
t 

w
it

h
 2

,2
'-

d
ip

y
ri

d
y

l 
d

is
u

lf
id

e
 i

n
st

e
a

d
 o

f 
34

. 
b

~
e

p
o

rt
e

d
 y
ie

ld
s 

w
er

e 
o

f 
is

o
la

te
d

 p
ro

d
u

c
ts

 
a

ft
e

r 
ch

ro
m

at
o

g
ra

p
h

y
. 

n
. 

d
.=

n
o

t 
d

et
er

m
in

ed
 



Although a  two-fold i n c r e a s e  i n  t h e  y i e l d  of I was r e a l i z e d  by v a r i a t i o n  of 

experimental  c o n d i t i o n s ,  t h e  o v e r a l l  y i e l d  was s t i l l  very  poor.  Analysis 

of t h e  crude l a c t o n i z a t i o n  products  by TLC revea led  t h e  absence of  any 

s t a r t i n g  m a t e r i a l  (9).  We suspec t  t h e  w-hydroxy-acid must have r eac t ed  

wi th  - 34 t o  g i v e  t h e  amide (g) which d i d  no t  undergo r i n g  c l o s u r e .  

There was no proof  o f  t h i s  explana t ion  s i n c e  35 w a s  no; i s o l a t e d  from the  

l a c t o n i z a t i o n  r e a c t i o n .  

Other r e a g e n t s  f o r  t h e  a c t i v a t i o n  of t h e  carboxyl  f u n c t i o n  of w-hydroxy- 

a c i d s  f o r  macro l ide  s y n t h e s i s  have been repor ted .  The h i g h e s t  l a c t o n i z a t i o n  

y i e l d s  (85% and 99% f o r  dodecanolide and pentadecanolide,  r e s p e c t i v e l y )  

were repor ted  b y  Narasaka e t  aZ. (1978) f o r  t h e  r eagen t ,  2-chloro-6-methyl- 

1,3-diphenylpyridinium t e t r a f l u o r o b o r a t e .  Although a n  example of  a  medium 

r i n g  macrdlide was n o t  included i n  Narasaka's r e p o r t ,  l a c t o n i z a t i o n  of 9 

should  be a t tempted  wi th  h i s  reagent .  

i i )  Syn thes i s  of Ferru lac tone  II 

The des ign  of t h e  s y n t h e s i s  f o r  f e r ru l ac tone  I1 w a s  a l s o  based on the  

in t ramolecular  e s t e r i f i c a t i o n  of an  w-hydroxy-acid (x). The s t r u c t u r e  of 

I1 can be d iv ided  i n t o  four  segments (A-D) on t h e  b a s i s  of f u n c t i o n a l  groups 

and the c h i r a l  c e n t e r .  Synthes is  of 17 from these  segments could  be  



-11 
manner. I n i t i a l l y ,  a  syn thes i s  was at tempted i n  which t h e  Grignard of  a 

p ro t ec t ed  1,5-bromopentanol (B) was coupled t o  propylene oxide (A) v i a  

cuprous iod ide  c a t a l y s i s .  The secondary a l coho l  w a s  then  p ro t ec t ed  and t h e  

primary a l coho l  depro tec ted  and converted t o  a primary bromide. Coupling of 

t h e  bromide t o  t h e  d i l i t h i o  d ian ion  of 3-butynoic a c i d  (C + D) was at tempted 

wi thout  success .  This  r e a c t i o n  f a i l e d  because t h e  t reatment  of 3-butynoic 

a c i d  wi th  n-buty l l i th ium gave an  a l l e n e  due t o  t h e  a c i d i t y  of t h e  C pro tons .  
2  

Therefore ,  s y n t h e s i s  of I1 could n o t  b e  achieved wi th  a  f r e e  carboxyl  group 

(D) and alkyne (C) jo ined  toge ther .  This problem was e l imina ted  by t h e  

in t roduc t ion  of t h e  C-D u n i t  a s  3-butyn-1-01 which was oxid ized  t o  g ive  t h e  

ca rboxy l i c  ac id .  

The s y n t h e s i s  of racemic I1 i s  shown i n  F igu re  18.  Coupling of t h e  

l i t h i o  s a l t  of - 10 wi th  1-chloro-5-iodopentane w a s  achieved i n  62% i s o l a t e d  

y i e l d  by the  a d d i t i o n  of HMPA t o  a  s o l u t i o n  of t h e  two s t a r t i n g  ma te r i a l s .  

Th i s  novel procedure was adopted a f t e r  poor t o  moderate y i e l d s  (<50%) were 

obta ined  by t h e  normal method i n  which t h e  h a l i d e  was added t o  t h e  l i t h i o -  

a lkyne  (Barve and Gunstone, 19 71) , o r  by t h e  i n v e r s e  method i n  whiqh t h e  

l i t h io -a lkyne  w a s  added t o  t h e  h a l i d e .  The h i g h e r  y i e l d  was r e a l i z e d  by a  

more complete r e a c t i o n  of  t h e  s t a r t i n g  m a t e r i a l s  and t h e  decrease  of a  major 

s i d e  product (x), which was t e n t a t i v e l y  i d e n t i f i e d  by mass spectroscopy 

( e l e c t r o n  impact) : m/z ( r e l a t i v e  i n t e n s i t y )  244 (0.3) ,  243 ( l . 6 ) ,  242 (3.71, 





I 
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36 - 

241, (16.2, M-57), 199 (9, M-99), 187 (9 ) ,  186 (19),  185 ( l o o ) ,  

1 7 1  ( l a ) ,  157 (23 ) ,  147 (28),  133 (19) ,  73 (57) .  Compounds which conta in  t h e  

t -bu ty ld ime thy l s i l y l  group r e a d i l y  l o s e  t h e  t -bu ty l  r a d i c a l  t o  give an  M-57 

i o n .  The p re sence  of i s o t o p e  peaks a t  m/z 242, 243 and 244 ind ica t ed  t h a t  t h e  

m/z 241 i o n  conta ined  two s i l i c o n  atoms. Loss of a  n e u t r a l  fragment which 

had a  molecular weight of 113  ( t -bu ty ld ime thy l s i l y l  group - two hydrogens) 

l e f t  t h e  base  peak (m/z 185) which only  conta ined  one s i l i c o n  atom. This  

in format ion  l e d  t o  t h e  t e n t a t i v e  i d e n t i f i c a t i o n  o f  - 36. The y i e l d  of - 36 

accounted f o r  as much a s  28% of the  r e a c t i o n  products  when t h e  inve r se  

a d d i t i o n  method was employed, however, t h i s  y i e l d  decreased t o  11% when 

HMPA was added l a s t .  I n  t h i s  r e a c t i o n  t h e  r a t e  i n c r e a s e  caused by t h e  

carbanion s t a b i l i z i n g  p rope r ty  of HMPA was q u i t e  dramat ic ,  s i n c e  no r e a c t i o n  

was observed i n  t h e  absence of HMPA. The r e g i o s e l e c t i v i t y  of  the  nuc leoph i l i c  

displacement  was very h igh  ( ch lo r ide  2: i od ide  13, 38.5: 1 by GLC q u a n t i t a t i o n )  . 
Prepa ra t ion  of t h e  iod ide  (13) - was used t o  f a c i l i t a t e  t h e  formation of  

t h e  Grignard r eagen t .  A 96% y i e l d  of - 1 3  was obta ined  by t h e  s tandard  sodium 

i o d i d e  i n  r e f l u x i n g  ace tone  procedure. 

The n u c l e o p h i l i c  r i n g  opening of ox i ranes  by organometa l l ic  reagents  i s  

a w e l l  known r e a c t i o n  (Gaylord and Becker, 1951; Johnson et aZ., 1973). 

Recent ly ,  t h e  s t e r e o s p e c i f i c  r i n g  opening of (g)-(+)- and (2)-(-)-propylene 

ox ide -by  a n  a l l y l i c  Grignard reagent  i n  t h e  presence  o f  cuprous iod ide ,  was 



used t o  prepare t h e  two enantiomers of 6-methyl-5-hepten-2-01, pheromones 

f o r  GnathotrCcus spp. (Johnston and S le s so r ,  1979).  This r e a c t i o n  w a s  

a t tempted on - 1 3  wi th  0.5 equ iva l en t s  of cuprous iod ide  and succeeded i n  

g iv ing  a 46% y i e l d  of t h e  a l coho l  (14).  - The remainder of the  product  was 

mainly the  a lkane  which r e s u l t e d  from hydro lys i s  of t h e  unreacted Grignard. 

Var i a t ions  i n  t h e  r e a c t i o n  condi t ions  such a s  so lven t  used, temperature,  

concent ra t ion  o f  s t a r t i n g  ma te r i a l ,  and quan t i t y  of  cuprous i o d i d e ,  d i d  n o t  

cause any improvement i n  t h e  y i e l d  of  - 14. No s a t i s f a c t o r y  exp lana t ion  f o r  

t h e  low y i e l d  o f  - 14 w a s  determined. 

The d i o l  ( I S ) ,  - obta ined  i n  q u a n t i t a t i v e  y i e l d  a f t e r  t h e  removal of  t he  

t -bu ty ld ime thy l s i l y l  group, was oxid ized  wi th  6 equ iva l en t s  of chromium 

t r i o x i d e  i n  6N s u l f u r i c  a c i d  by the  inve r se  a d d i t i o n  procedure (Holland 

and Gilman, 1974).  The inve r se  a d d i t i o n  method, i n  which an  acetone s o l u t i o n  

of t he  a lcohol  i s  added s lowly t o  t h e  chromium t r i o x i d e - s u l f u r i c  a c i d  

s o l u t i o n ,  was employed t o  minimize t h e  y i e l d  of e s t e r  s i d e  products  t h a t  

can be derived from t h e  r e a c t i o n  of in te rmedia te  ox ida t ion  products  w i th  

unreacted a l c o h o l s .  The r e s u l t a n t  keto-acid was p u r i f i e d  by c r y s t a l l i z a t i o n  

and then  reduced wi th  sodium borohydride t o  give - 16 i n  67% y i e l d  from t h e  

d i o l .  

Reduction of t h e  a lkyne  i n  16 t o  a - Z o l e f i n ,  w i t h  a high degree o f  

s t e r e o s p e c i f i c i t y ,  was achieved by hydrogenation wi th  P-2 n i c k e l  c a t a l y s t  

modified with ethylenediamine (Brown and Ahuja, 1973) . The - Z: - E r a t i o  t h a t  

w a s  determined i n  (g,g-I1 (376:l)  w a s  h igher  than t h e  r a t i o s  r epo r t ed  by 

Brown and Ahuja f 0 r . a  s e r i e s  of model a lkynes.  However, a l a r g e r  q u a n t i t y  of 

t h e  f u l l y  reduced product  (3: f u l l y  reduced product ,  376:18) was d e t e c t e d  a s  
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11-methylundecanolide . 
Lac ton iza t ion  of 17 was i n i t i a l l y  at tempted us ing  t h e  r e a g e n t s  and condi- 

t i o n s  developed f o r  t h e  r i n g  c l o s u r e  of 2. Under t h e s e  c o n d i t i o n s  no product 

was de t ec t ed  even  when t h e  to luene  was re f luxed  f o r  s e v e r a l  hours .  The reac- 

t i o n  w a s  t hen  a t tempted  with 2,Z ' -dipyridyl  d i s u l f i d e  i n s t e a d  of - 34. Drop- 

wise a d d i t i o n  o f  t h e  t h i o e s t e r  mixture i n t o  r e f l u x i n g  t o l u e n e  which contained 

s i l v e r  p e r c h l o r a t e  a l s o  yielded no product  u n t i l  xylene was added t o  t h e  reac- 

t i o n  mixture.  Apparently,  t h e  h ighe r  r e f l u x  temperature was needed t o  fo rce  

t h e  r i n g  c l o s u r e  t o  t ake  p lace .  The b e s t  y i e l d s  (30-37%) were obta ined  by 

dropping t h e  t h i o e s t e r  i n t o  r e f l u x i n g  xylene (with s i l v e r  p e r c h l o r a t e ) .  Note 

t h a t  s i l v e r  i o n  was necessary f o r  t h e  l a c t o n i z a t i o n  of 17, w h i l e  i t  decreased 

t h e  y i e l d  of I. Although I1 con ta ins  a 12-menhered r i n g  and can be  considered 

a  l a r g e  r i n g  macro l ide ,  an examination of s p a c e - f i l l i n g  models revea led  t h a t  

i ts  s t r u c t u r e  is much more r i g i d  and s t r a i n e d  compared t o  t h e  11-membered 

(medium r ing)  I. The presence of  t h e  - Z-olef in i n  I1 is probably respons ib le  

f o r  a l a r g e  measure of t he  r i n g  s t r a i n  which made r i n g  c l o s u r e  d i f f i c u l t  

s i n c e  s a t u r a t e d  11- and 12- membered r i n g s  have approximately t h e  same reac- 

t i v i t y  toward l a c t o n i z a t i o n  ( G a l l i  e t  a$.,  1973).  R e c i f e i o l i d e ,  which i s  

i d e n t i c a l  t o  11 except  t h a t  i t  h a s  an  (E)-~8 '9 u n s a t u r a t i o n  and an  R configura-  

t ion,was prepared  i n  75% y i e l d  under cond i t i ons  which were almost  i d e n t i c a l  t o  

those  descr ibed  f o r  (R,S)-I1 - - (Gerlach et aZ., 1976).  Ring c l o s u r e  t o  form 

r e c i f e i o l i d e  took  p l a c e  under r e l a t i v e l y  mild cond i t i ons  s i n c e  t h e  r eac t ion  

0 
was performed i n  r e f l u x i n g  a c e t o n i t r i t e  (65 ) .  Therefore ,  i t  appeared t h a t  

r i n g  s t r a i n  caused  by t h e  Z-olef in was probably t h e  major cause  of t h e  low 

y i e l d s  obta ined  f o r  t h e  l a c t o n i z a t i o n  of - 17. The o v e r a l l  



y i e l d  f o r  t h e  s y n t h e s i s  of (R,S)-I1 - - was 5.3% 

Syntheses o f  (&)-(-)- and (S)-(+)-I1 - were c a r r i e d  out  by t h e  scheme 

shown i n  F igure  19.  This  scheme i s  s i m i l a r  t o  t h e  one shown i n  F igure  18  

except  f o r  t h e  two s t e p s  r equ i r ed  f o r  t h e  p r o t e c t i o n  and dep ro tec t ion  of t he  

c h i r a l  secondary a l coho l .  The 6-methyoxy-ethoxymethyl (MEM) group was 

chosen f o r  its s t a b i l i t y  toward mild a c i d s ,  which was necessary t o  wi ths tand  

t h e  oxida t ion  cond i t i ons  (Corey, e t  aZ., 1976).  P repa ra t ion  of  t he  MEM 

e t h e r s  of (R)- - and (S)-18 - - followed by c leavage  of t h e  t -bu ty ld ime thy l s i l y l  

group gave t h e  primary a l coho l s  ( (R)-  - and (S)-19) - - i n  72% y i e l d  o v e r a l l .  

Oxidation under t h e  cond i t i ons  descr ibed  f o r  t h e  p repa ra t ion  of 16 gave 

a  54% y i e l d  of  t h e  MEM-acid ((R)-  - and ( 3 - 2 0 ) .  - The y i e l d  was lower than  t h a t  

r epo r t ed  f o r  - 16 due t o  t h e  p a r t i a l  l o s s  of t h e  MEM group. D i f f i c u l t y  was 

encountered i n  t h e  at tempted removal of t h e  MEM group from - 20. When the  

r e a c t i o n  was c a r r i e d  out by Corey's procedure ( i . e .  procedure used f o r  

p repa ra t ion  of  (S)-16), - - a  very low y i e l d  of t h e  d e s i r e d  product was obta ined .  

Although the  s t a r t i n g  MEM-e t h e r  had been t o t a l l y  consumed, GLC a n a l y s i s  

revea led  a  very  complex product mixture.  By reducing t h e  r e a c t i o n  time t o  

5 min (p repa ra t ion  o f  @)-E) a y i e l d  of  49% was obtained.  Another lewis  

a c i d ,  t i t an ium t e t r a c h l o r i d e ,  was t r i e d  wi thout  success .  Because of t h e  

problems encountered i n  removal of t h e  MEM group, another  p r o t e c t i n g  group 

should be used f o r  t he  secondary a l coho l .  

The syn thes i s  of (g,S)-I11 was c a r r i e d  ou t  by a  rou te  which was analogous 

t o  t h e  one used f o r  p repa ra t ion  of (&)- and (5)-11. A higher  y i e l d  (70%) 

was obtained f o r  t h e  coupl ing  of  t he  p r o t e c t e d  a lkynol  (3) with 1-chloro- 

5-iodopentane. The extremelv low v i e l d  r e ~ o r t e d  f o r  t h e  ox ida t ion  and 





the  removal of t h e  MEM group (1Q.8% o v e r a l l )  w a s  due mainly t o  the 

removal r e a c t i o n  s i n c e  t h e  problems d iscussed  above were n o t  y e t  recognized, 

Lac toniza t ion  v i a  t he  procedure used f o r  t he  p repa ra t ion  of I, gave a low 

y i e l d  of t h e  14-membered l ac tone .  Note t h a t  r i n g  c l o s u r e  under these  

condi t ions  was n o t  achieved f o r  t h e  11-membered 11. A h ighe r  y i e l d  of 

(R -9 - S)-I11 would have been obtained wi th  t h e  l a c t o n i z a t i o n  procedure developed 

f o r  11. 
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I V .  CONCLUSION 

16) Fer ru lac tones  - I - and -9 I1 - F i r s t  Macrolide I n s e c t  Pheromones 

The i d e n t i f i c a t i o n  of f e r r u l a c t o n e s  I and I1 as t h e  aggrega t ion  pheromone 

f o r  C. ferrmgineus revea led  t h e  f i r s t  example of macrol ide i n s e c t  pheromones. 

Other s t r u c t u r a l l y  s i m i l a r  macrol ide n a t u r a l  p roducts  have been  i s o l a t e d  from 

a v a r i e t y  of organisms inc lud ing  i n s e c t s .  I n  f a c t ,  compounds I1 and V f o r  

which no func t ion  h a s  been ass igned  i n  C. ferrugi.neus, have been i d e n t i f i e d  

from t h e  b e e t l e  v o l a t i l e s  of o t h e r  CryptoZestes spp. Compound I11 was a minor 

c o n s t i t u e n t  of  C. pusiZZus v o l a t i l e s  while  both I11 and V were found i n  

C. -tw?cicus v o l a t i l e s .  Thei r  r o l e  a s  pheromones is c u r r e n t l y  under i n v e s t i -  

I 
ga t ion  (J. M i l l a r ,  pe r sona l  communication) . I n t e r s p e c i f i c  communication 

between C.  ferruginms and t h e  o t h e r  CryptoZestes spp. would be  p o s s i b l e  i f  

111 and I V  were a t t r a c t i v e  t o  t h e i r  e m i t t e r s .  

The me tas t e rna l  gland s e c r e t i o n  of a cerambycid b e e t l e ,  Phoracantha 

synonyma (Newman) c o n t a i n s  s e v e r a l  macrolides (Moore and Brown, 19 76) which 

a r e  s t r u c t u r a l l y  s i m i l a r  t o  t h e  compounds i s o l a t e d  from C. ferrugineus. Ten, 

twelve and fourteen-membered l a c t o n e s ,  each bea r ing  a methyl group a d j a c e n t  t o  

t h e  a l k y l  oxygen of t h e  e s t e r ,  were i d e n t i f i e d .  The 12-membered l a c t o n e  which 

Moore and Brown (1976) d iscovered ,  (Z)-5-dodecen-11-olide, d i f f e r s  from I1 

only  i n  t he  p o s i t i o n  of  t h e  double bond. They a l s o  r e p o r t  t h e  i d e n t i f i c a t i o n  

of 5-tetradecen-13-olide (111) and 5,8-tetradecadien-12-olide which may b e  the  

same a s  V. The macrol ides  produced by P. synonyma have n o t  been impl ica ted  

a s  pheromones. 

'5. M i l l a r ,  Chemistry Department, Simon F rase r  Univers i ty .  



A 14-medered l ac tone ,  13-(1-methylpropyl)tridecanolide, has  been 

i s o l a t e d  from t h e  t o t a l  e x t r a c t  of  t h e  a r g e n t i n e  a n t ,  Iridomyrmex hm;zus 

(CavilP e t  aZ. ,1979). The b i o l o g i c a l  func t ion  of  t h i s  macrol ide has not  

y e t  been determined. 

~ ~ ~ i f ~ i ~ l i d e ,  (8E,llR)-dodecen-11-elide, - - is a fungal  metabol i te  

which was i s o l a t e d  from t h e  growth medium of 

e t  a 2  . , 1971) . The only d i f f e r ences  between 

p o s i t i o n  and g e o m t r y  of  t he  double bond and 

the  c h i r a l  c e n t e r .  A number of s t u d i e s  have 

CephuZospor&m recifei (Vesonder 

r e c i f e i o l i d e  and I1 a r e  t h e  

t h e  a b s o l u t e  con f igu ra t ion  of  

been d i r e c t e d  toward the  syn- 

t h e s i s  of r e c i f e i o l i d e  (Gerlach e t  aZ., 1976; Utimoto e t  aZ., 1977; Tros t  

and Verhoeven, 1978; Shre iber ,  1980) . 
Sa tu ra t ed  13 ,  14 ,  15 and 16-membered l a c t o n e s  which have a methyl 

s i d e  chain n e x t  t o  t h e  e s t e r  a l k y l  oxygen, have been i s o l a t e d  from a 

Galbanwn a b s o l u t e  (Kaiser  and Lamparsky, 19 78) 

y-Nonalactone is a microbia l  product  which a s  been d e t e c t e d  i n  bee r  

(Tress1  e t  aZ. , 1978).  The r o l e  of y-nonalactone as a pheromone of 

C. fe r rugineus  h a s  n o t  been determined. 

17)  P o t e n t i a l  -- Use of Fer ru lac tones  I and I1 i n  Detec t ion ,  Survev and Cont ro l  

of C. fermg -- i n e u s  

Resul t s  from t h e  pre l iminary  f i e l d  t e s t s  of  f e r r u l a c t o n e  I and I1 

( s e c t i o n  111-14) have i n d i c a t e d  t h a t  pheromone-baited t r a p s  a r e  more e f f e c t i v e  

than unbaited t r a p s  a t  cap tu r ing  C. f e r rug ineus  i n  g r a i n  s t o r a g e  b i n s .  

Fur ther  s t u d i e s  concerned wi th  t r a p  l o c a t i o n ,  d e n s i t y ,  and pheromone r e l e a s e  

r a t e s  a r e  r e q u i r e d  t o  determine t h e  most e f f e c t i v e  procedure  f o r  r u s t y  g r a i n  



b e e t l e  de t ec t ion .  S tud ie s  should  be  c a r r i e d  ou t  i n  an enclosed,  g ra in - f i l l ed  

b i n  which has been s e a l e d  t o  prevent  i n s e c t  e n t r y  o r  exit. For example, t o  

determine the  b e s t  t r a p  l o c a t i o n s ,  b a i t e d  t r a p s  should b e  placed a t  r e g u l a r  

i n t e r v a l s  i n t o  g r a i n  i n  which a  known number o f  b e e t l e s  has  been r e l e a s e d  and 

allowed t o  d i s p e r s e .  The r e s u l t s  from t h i s  experiment should i n d i c a t e  

whether b e e t l e s  a r e  found p r e f e r e n t i a l l y  n e a r  t h e  top ,  bottom o r  corners  of  

a b i n  and t h e r e f o r e  provide  some i d e a  as t o  where survey  t r a p s  should be  

placed.  Trap d e n s i t y  depends on t h e  range of t h e  pheromone concent ra t ion .  

A t  a  given pheromone r e l e a s e  r a t e  (1,  2,  3,  . .. e t c .  f i b r e s ) ,  range can be  

determined by in t roduc ing  a s p e c i f i c  number of i n s e c t s  between a  c o n t r o l  

t r a p  and a  b a i t e d  t r a p .  The d i s t a n c e  between t h e  two t r a p s  could be  inc reased  

u n t i l  t h e r e  is no s i g n i f i c a n t  d i f f e r e n c e  between the  numbers of b e e t l e s  

caught by t h e  t r a p s  i n  a  given pe r iod  of  t ime. The e f f i c i e n c y  of  a  t r a p  

u t i l i z i n g  a  s p e c i f i c  pheromone r e l e a s e  r a t e  can be  measured by t h e  percentages  

o f  t h e  t o t a l  number of r e l e a s e d  b e e t l e s  t h a t  a r e  captured.  For example, i f  

a  s i n g l e  f i b r e  t r a p  captures  50 ou t  o f  100 r e l eased  b e e t l e s  w i t h i n  a  152 

cm rad ius ,  t hen  t h e  t r a p  can be  considered t o  b e  50% e f f i c i e n t  f o r  t h e  

152 cm range. A l l  o f  t h e  informat ion  t h a t  could be obta ined  from these  

proposed experiments would be  va luab le  f o r  s e t t i n g  up a  monitor ing program. 

Once t h e  range and e f f i c i e n c y  of a  b a i t e d  t r a p  is  known, survey of  an i n s e c t  

populat ion becomes poss ib l e .  An o r d e r  of even t s  f o r  t h e  con t ro l  of a  s tored-  

products  p e s t  u t i l i z i n g  pheromone-baited t r a p s  has been proposed by Levinson 

and Levinson (1979) .  I n i t i a l l y  a  few b a i t e d  t r a p s  a r e  placed i n  l o c a t i o n s  

which a r e  l i k e l y  t o  be  i n f e s t e d .  The d iscovery  of  i n s e c t s  i n  t h e s e  d e t e c t i o n  

t r a p s  would b e  t h e  s i g n a l  f o r  p l a c i n g  more b a i t e d  t r a p s  i n t o  t h e  g r a i n  f o r  



thk purpose of e s t i m a t i n g  t h e  s i z e  of t he  i n f e s t a t i o n .  Once the  insect 

populat ion is known a dec i s ion  can be made concerning t h e  a p p l i c a t i o n  of 

p e s t i c i d e s  o r  o t h e r  c o n t r o l  procedures.  The choice  of  c o n t r o l  procedure 

would depend on whether  t h e  economic th re sho ld  has  been  reached ( B ~ r k h o l d e ~ ,  

1981).  The pheromone-baited t r a p  may be  u s e f u l  f o r  c o n t r o l  as a  mass-trapping 

t o o l ,  o r  u t i l i z e d  wi th  p e s t i c i d e s  o r  i n s e c t  pathogens. Popula t ion  suppress ion  

by the  d i s s e d n a t i o n  of  a  protozoan pathogen h a s  been c a r r i e d  out  success- 

f u l l y  wi th  a  pheromone-baited t r a p  f o r  Trogoderma g h b m  (Shapas e t  az., 

1977).  

18)  Future D i r e c t i o n s  

The r e s u l t s  p re sen ted  i n  t h i s  s tudy have f i rmly  e s t a b l i s h e d  t h e  i d e n t i t y  

and func t ion  o f  f e r r u l a c t o n e s  I and I1 as t h e  aggrega t ion  pheromone f o r  

C. fermrg<neus. Thus t h e  ob jec t ives  s e t  ou t  i n  t h e  i n t r o d u c t i o n  have a l l  

been reached. P re l imina ry  f i e l d  t e s t s  suggested t h a t  t h e  f e r r u l a c t o n e s  

could be u s e f u l  i n  t h e  d e t e c t i o n  of  C. ferrugineus i n  g r a i n  s t o r a g e  a r e a s .  

Proposals f o r  f u t u r e  s t u d i e s  which could add t o  t h e  knowledge gained i n  t h i s  

s tudy  a r e  presented  below. 

i) Fungal A t t r a c t a n t s  f o r  C. ferrugineus 

The e x i s t e n c e  o f  fungal  a t t r a c t a n t s  f o r  C. ferrmgineus w a s  invoked t o  

account f o r  t h e  d i f f e r e n c e  i n  a c t i v i t y  between f r a s s  v o l a t i l e s  and a  

mixture of I and I1 ( s e c t i o n  111-11-ii). I n  n a t u r e ,  C. ferrugineus may 

use fungal  v o l a t i l e s  t o  l o c a t e  a  pocket of g r a i n  which is  moist  and otherwise 

s u i t a b l e  f o r  i n f e s t a t i o n .  The a b i l i t y  t o  l o c a t e  t h e  source  of  fungal  



vo la t iPes  would g i v e  an advantage t o  t h e  b e e t l e s  s i n c e  i n f e s t a t i o n s  a r e  

food source. The p o s s i b i l i t y  t h a t  a  r e a d i l y  a v a i l a b l e  fungal  compound could 

enhance the  a t t r a c t i v e n e s s  of t he  f e r r u l a c t o n e s  and t h e r e f o r e  decrease t h e  

quan t i t y  of I and I1 t h a t  a r e  necessary  f o r  t r a p  b a i t s ,  should  provide 

i n c e n t i v e  f o r  a sea rch  f o r  fungal  a t t r a c t a n t s .  For example, t h e  fungal  

compound 1-octen-3-01, i s  a t t r a c t i v e  t o  Oryzaephilus mercator a t  a 

dose 
1 

of  100 picograms (A.M. P i e r c e ,  pe r sona l  communication) . 
Fungal v o l a t i l e s  could be obtained by t h e  a e r a t i o n  of mycel ia l  mats from 

s t i l l  c u l t u r e s  o f  pure s t r a i n s  of fung i  which a r e  u sua l ly  a s s o c i a t e d  wi th  

s t o r e d  wheat. Nigrospora sphaerica would be  a  prime t a r g e t  s i n c e  ke rne l s  of  

wheat i n f e c t e d  w i t h  N .  sphaerica were a t t r a c t i v e  t o  C. ferrugineus 

(Loschiavo and Sinha,  1966). The fungal  v o l a t i l e s  could then  be  t e s t e d  f o r  

a t t r a c t i o n ,  a l o n e  and i n  combination w i t h  t h e  f e r r u l a c t o n e s ,  i n  t h e  p i t f a l l  

olfactometer .  Once an  a t t r a c t i v e  e x t r a c t  has  been i d e n t i f i e d ,  it can then  

be  put  through t h e  f r a c t i o n a t i o n  procedure used f o r  t h e  i s o l a t i o n  of t he  

pheromones. I f  r e a d i l y  a v a i l a b l e  a t t r a c t a n t s  a r e  i s o l a t e d  from fungal  

v o l a t i l e s ,  they may b e  used i n  conjunct ion  wi th  t h e  f e r r u l a c t o n e s .  

i i )  Biosynthes is  of the  C. ferruqineus Macrolides 

Very l i t t l e  research  has  been done on the  b i o s y n t h e s i s  of  b e e t l e  

pheromones. The information t h a t  could  be obta ined  from a s tudy  of i n  vivo 

pheromone s y n t h e s i s  may be o f  importance i n  s e v e r a l  ways: I )  an  i n s e c t  

p e s t  might be s p e c i f i c a l l y  c o n t r o l l e d  by t h e  i n t e r r u p t i o n  of i ts  pheromone 

'A.M. P i e rce ,  Chemistry Department, Simon F r a s e r  Univers i ty .  



s y n t h e s i s ,  2) one could determine t h e  ex t en t  t o  which i n s e c t s  depend on host 

p l a n t  products  f o r  pheromone s y n t h e s i s ,  and 3) t h e  s tudy  of pheromone bio- 

s y n t h e s i s  could r e v e a l  in format ion  about t h e  evo lu t ion  of  chemical communica- 

t i o n  i n  i n s e c t s .  

The primary o b j e c t i v e s  of  i n i t i a l  b i o s y n t h e t i c  s t u d i e s  on t h e  f e r r u -  

l a c t o n e s  would b e  t o  determine t h e  p recu r so r s ,  i n t e rmed ia t e s ,  and mode of  

s y n t h e s i s .  Precursor-product  r e l a t i o n s h i p s  can usua l ly  be e s t a b l i s h e d  by 

t h e  admin i s t r a t i on  o f  heavy atom o r  r ad io - l abe l l ed  p recu r so r s  followed by 

t h e  i s o l a t i o n  and a n a l y s i s  o f  t h e  products ,  t he  s t r u c t u r e s  o f  t h e  C. fey- 

rug ineus  macro l ides  sugges t  t h a t  they could a l l  be  der ived  from f a t t y  a c i d s  

excep t  f o r  I which appears  t o  be  te rpenoid .  Radio-label led a c e t a t e  could  

b e  f e d  t o  t h e  b e e t l e s  (impregnated on wheat germ) t o  determine i f  de novo 

b i o s y n t h e s i s  o f  t h e  macrol ides  occur .  For example, t h e  pheromones of  Musea 

domestics ( D i l l w i t h  e t  aZ., 1981) and TriehopZusia n i  (Jones and Berger,  

1978) a r e  syn thes i zed  de novo from a c e t a t e .  The te rpenoid  o r i g i n  o f  I could 

be e s t a b l i s h e d  by t h e  a d m i n i s t r a t i o n  of l a b e l l e d  mevalonate. F a i l u r e  t o  

i nco rpora t e  l a b e l  from s imple  p recu r so r s  may i n d i c a t e  t h a t  pheromone 

s y n t h e s i s  t akes  p l a c e  by t h e  degrada t ion  of  h o s t  products .  Fe r ru l ac tone  I 

may be derived from E,E-farnesol  - by an oxygenase mediated cleavage of  t he  

t e rmina l  double bond followed by r i n g  c losu re  (F ig .  20) .  Farnesol  l a b e l l e d  

w i t h  deuterium o r  tritium a t  t h e  C p o s i t i o n  could  be used t o  determine i f  
1 

t h i s  takes p l ace .  The p o s i t i o n  (C' 
9  , l o  from the  t e rmina l  carbon) and geometry 

(2) of  the  double bond i n  I1 and I11 suggest  t h a t  they  could b e  de r ived  from 

o l e i c . a c i d .  Two o r  t h r e e  cyc l e s  of 6-oxidation would be r equ i r ed  t o  genera te  

t h e  12- and 1 4  carbon a c i d s .  The s t e r e o s p e c i f i c  ox ida t ion  o f  t h e  penul t imate  
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COOH 

oieic 

; linoieic 

Figure 20. Biosynthetic  scheme for  C. ferrugineus macrolides 



carbon, which is requ i r ed  t o  i n t roduce  the  secondary a lcohol ,  has  been 

observed i n  a ToruZopsis sp. (Heinz e t  az., 1970).  To determine i f  d i e t a r y  

o l e i c  ac id  undergoes cleavage and ox ida t ion ,  C9, 1 0 - ~ ~ 1 - 0 l e i c  a c i d  could be  

administered toge the r  w i th  ~ l - ~ ~ ~ l - o l e i c  ac id .  Label would be inco rpora t ed  

3 
only from t h e  C9, 10- HI-oleic  a c i d  s i n c e  the  14c l a b e l  would be  l o s t  i n  t h e  

f i r s t  cyc le  of  6-oxidation. Compounds I V  and V could be  de r ived  i n  an 

analogous manner from l i n o l e i c  a c i d .  Example of pheromones which a r e  der ived  

from a d i e t a r y  c o n s t i t u e n t  a r e  n-nonanal and n-undecanal, s e x  pheromones f o r  

GaZZeria meZloneZZa, which were shown t o  be  degradat ion products  of d i e t a r y  

o l e i c  a c i d  (Schmidt and Monroe, 1976) . 
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