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ABSTRACT 

Aggregation pheromones were isolated from Cryptolestes pusi llus 

(~ch'dnherr) and C. turcicus (Grouvelle), two species of coleopteran pests - 
of stored products. Porapak Q-captured beetle and frass volatiles were 

fractionated by preparative gas chromatography. The fractions were tested 

for biological activity with an arena olfactometer bioassay and with a two- 

choice pit fa1 1 bioassay. 

Three biologically-active compounds eliciting aggregation behaviour 

from adult C. pusillus were isolated and identified by spectroscopic - 
methods as (3~)-dodecenolide (I), 13-methyl-(5~)-tridecenolide (11) and 

(3Z ,6Z)-dodecadienol ide (IV) . Compound I was the major constituent of the 

pheromone and was active by itself. Compound I1 was not active alone but 

synergized the response to I. Compound IV was active by itself at high 

concentrat ions but did not significantly increase the response when added 

to the most active mixture of I and 11. 

Two biologically-active compounds were isolated from beetle and frass 

volatiles of C. turcicus and identified spectroscopically. The first, 13- - 
methyl-(5Z,8~)-tridecadienolide (1111, was active alone and was synergized 

by the other previously identified component, 13-methyl-(5~)-tridecenolide 

( 1 1 ) .  Compound I1 was not active alone. 

For both C. pusillus and C. turcicus, the pheromones were shown to be - - 
male-produced but attractive to both sexes. In addition, it was found that 

pheromone production increased dramatically when the insects were aerated 

on a food source, as opposed to aeration of insects with no food source 

present. 

Compounds I to IV are all macrocyclic lactones and were synthesized by 



r o u t e s  based  on t h e  i n t r a m o l e c u l a r  l a c t o n i z a t i o n  o f  t h e  a p p r o p r i a t e  hy-  

d r o x y - a c i d s .  The e n a n t i o m e r s  o f  I1 and 111 were made v i a  t h e  s t e r e o -  and 

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

An a g g r e g a t i o n  pheromone component f o r  t h e  c l o s e l y  r e l a t e d  c o l e o p t e r a n  

O r y z a e p h i l u s  m e r c a t o r  ( ~ a u v e l l e ) ,  i s o l a t e d  and i d e n t i f i e d  by o t h e r  w o r k e r s  

a s  11-methyl-(3~,6~)-undecadienolide (v), was s y n t h e s i z e d  i n  r a c e m i c  form.  

M a c r o l i d e  V i s  a l s o  produced  by  C r y p t o l e s t e s  f e r r u g i n e u s  ( ~ t e ~ h e n s ) .  



T o  my f a m i l y  and f r i e n d s ,  

who n e v e r  l o s t  f a i t h  i n  me. 



Problems wor thy  o f  a t t a c k  

P rove  t h e i r  wor th  by h i t t i n g  back .  

P i e t  Hein  
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INTRODUCTION 

I n s e c t  p e s t s  a r e  r e s p o n s i b l e  

wide  v a r i e t y  o f  s t o r e d  p r o d u c t s .  

f o r  c o n s i d e r a b l e  economic l o s s e s  i n  a  

U n t i l  r e c e n t l y ,  most  m o n i t o r i n g  t e c h -  

n i q u e s  were  b a s e d  on random s a m p l i n g  methods o r  p a s s i v e  e n c o u n t e r  t r a p s  

( ~ o s c h i a v o ,  1967)  which  s u f f e r  t h e  d i s a d v a n t a g e  t h a t  i n s e c t  i n f e s t a t i o n s  

t end  t o  b e  l o c a l i z e d  i n  p o c k e t s  o f  h i g h  d e n s i t y   reer ern an, 1952)  r a t h e r  t h a n  

d i s p e r s e d  t h r o u g h o u t  t h e  g r a i n  mass .  The re  i s  t h u s  a  d e f i n i t e  need  f o r  a  

m o n i t o r i n g  s y s t e m  which  w i l l  a c t i v e l y  a t t r a c t  p e s t  i n s e c t s  t o  a  t r a p .  Such 

s y s t e m s  would p r o v i d e  a  more r e l i a b l e  i n d i c a t i o n  o f  i n s e c t  p o p u l a t i o n s .  

The re  h a s  been  c o n s i d e r a b l e  and wide - sp read  i n t e r e s t  i n  and r e s e a r c h  de- 

v o t e d  t o  d e v e l o p i n g  pheromone-based m o n i t o r i n g  s y s t e m s  f o r  s t o r e d  p r o d u c t  

i n s e c t s .  R e c e n t l y ,  Zoecon c o r p o r a t i o n 1  h a s  i n t r o d u c e d  a  commerc ia l  l i n e  o f  

pheromone-ba i ted  t r a p s  f o r  a  v a r i e t y  o f  s t o r e d  p r o d u c t  p e s t s ,  i n c l u d i n g  

w e e v i l s  and b e e t l e s .  

Two s e r i o u s  and w i d e - s p r e a d  p e s t s  o f  s t o r e d  p r o d u c t s  f o r  which  phero-  

mones had n o t  b e e n  i d e n t i f i e d  a r e  C r y p t o l e s t e s  p u s i l l u s  ( ~ c h g n h e r r ) ,  t h e  

f l a t  g r a i n  b e e t l e  ( ~ u r r i e ,  1 9 6 7 ) ,  and C r y p t o l e s t e s  t u r c i c u s  ( G r o u v e l l e ) ,  

t h e  f l o u r  m i l l  b e e t l e   hang and L o s c h i a v o ,  1971) .  Both o f  t h e s e  i n s e c t s  

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

world-wide (Howe and L e f k o w i t z ,  19571,  i n f e s t i n g  p r i m a r i l y  who le  o r  m i l l e d  

g r a i n .  They h a v e  a l s o  b e e n  found on f o o d s t u f f s  a s  d i v e r s e  a s  c a c a o ,  s p i c e s  

( R e i d ,  19421,  f i s h  meal  (Payne ,  19461,  d r i e d  mushrooms, and c o p r a    owe and 

L e f k o w i t z ,  1 9 5 7 ) .  I n  Canada ,  b o t h  - C.  p u s i l l u s  and - C.  t u r c i c u s  a r e  r e p o r t e d  

t o  b e  q u i t e  common, e s p e c i a l l y  i n  g r a i n  m i l l i n g  and p r o c e s s i n g  f a c i l i t i e s .  

No a c c u r a t e  s u r v e y s  f o r  t h e  i n d i v i d u a l  s p e c i e s  a r e  a v a i l a b l e ,  a s  a l l  

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



g r a i n  b e e t l e  ( ~ o h n  ~ l v i d ~ e ' ,  p e r s .  comm.). I n  t h e  U n i t e d  S t a t e s ,  more ac-  

c u r a t e  s u r v e y s  h a v e  d e t e r m i n e d  C .  p u s i l l u s  and C .  t u r c i c u s  t o  b e  o f  m a j o r  - - 
i m p o r t a n c e ,  e s p e c i a l l y  i n  t h e  g r a i n - p r o d u c i n g  mid-wes tern  s t a t e s  ( ~ a r a k  and 

3 H a r e i n ,  1981;  D . K .  M u e l l e r  , p e r s .  comm.). 

, I n  a d d i t i o n  t o  t h e  damage t o  s t o r e d  g r a i n s  c a u s e d  by C r y p t o l e s t e s  

s p e c i e s  f e e d i n g ,  f u r t h e r  damage i s  caused  by t h e  m e t a b o l i c  h e a t i n g  g e n e r -  

a t e d  by an i n f e s t a t i o n  g ree em an, 1952;  W a t t e r s ,  1969) .  The h e a t  may c a u s e  

t h e  i n f e s t e d  g r a i n  t o  c a k e  and g e r m i n a t e .  Fungi  and moulds a r e  u s u a l l y  a s -  

s o c i a t e d  w i t h  i n f e s t a t i o n s ,  s o  t h e  g r a i n  q u a l i t y  i s  c o n s i d e r a b l y  l owered  

(Anderson ,  1943) .  F u m i g a t i o n  o f  i n f e s t e d  g r a i n  i s  a l s o  r e q u i r e d  b e f o r e  i t  

may b e  e x p o r t e d .  

It i s  t h u s  e s s e n t i a l  t o  d e t e c t  and e r a d i c a t e  i n s e c t  p o p u l a t i o n s  i n  

s t o r e d  p r o d u c t s  a s  soon  a s  p o s s i b l e  t o  m i n i m i z e  damage and p r e v e n t  t h e  

s p r e a d  o f  an i n f e s t a t i o n .  Pheromone-ba i ted  t r a p s  may b e  t h e  i d e a l  d e t e c -  

t i o n  method.  

A p r e v i o u s  s t u d y  i n i t i a t e d  u n d e r  t h e  a u s p i c e s  o f  t h e  USDA ( Q u a i f e ,  

1980) i n d i c a t e d  t h a t  m a l e  f l a t  g r a i n  b e e t l e s  p roduce  a n  a g g r e g a t i o n  phero-  

mone. Both male  and f e m a l e  i n s e c t s  a p p r o x i m a t e l y  one-week o l d  were  found 

t o  r e spond  p o s i t i v e l y  t o  Porapak-Q c a p t u r e d  ma le  v o l a t i l e s  i n  two d i f f e r e n t  

b i o a s s a y  m e t h o d s .  However,  no a t t e m p t  was made t o  i s o l a t e  o r  i d e n t i f y  t h e  

b i o l o g i c a l l y - a c t i v e  compounds.  

To d a t e ,  no work h a s  been  r e p o r t e d  on pheromones f o r  - C.  t u r c i c u s .  

However, a s  a g g r e g a t i o n  pheromones  had  been  d e m o n s t r a t e d  i n  two s p e c i e s  o f  

t h e  same genus ,  i t  seemed l i k e l y  t h a t  C. t u r c i c u s  m i g h t  a l s o  u t i l i z e  a g g r e -  - 
g a t i o n  pheromones.  



Obiec t ives  

The major o b j e c t i v e s  of t h i s  r e sea rch  were: 

1 )  To i s o l a t e ,  i d e n t i f y ,  syn thes i ze  and b ioassay  aggregat ion pheromone 

components f o r  the  f l a t  g r a i n  b e e t l e .  

2 )  To prove o r  d i sprove  t h e  ex i s t ence  and u t i l i z a t i o n  of aggregat ion 

pheromones f o r  t he  f l o u r  m i l l  b e e t l e .  

3 )  I f  aggregat ion pheromones e x i s t  f o r  t h e  f l o u r  m i l l  b e e t l e ,  t o  i s o l a t e ,  

i d e n t i f y ,  syn thes i ze  and b ioassay  t h e i r  components. 

In a d d i t i o n ,  research  by o t h e r  workers ( p i e r c e  -- e t  a l . ,  1981; 1983) on 

the  c l o s e l y  r e l a t e d  Oryzaephilus genus revea led  t h e  ex i s t ence  of aggrega- 

t i o n  pheromone components of s i m i l a r  o r  i d e n t i c a l  chemical s t r u c t u r e s  t o  

those  of t he  Cryp to l e s t e s  spec i e s .  Thus, a s  p a r t  of a c o l l a b o r a t i v e  e f -  

f o r t ,  the  syntheses  of some Oryzaephilus  pheromone components were under- 

taken.  



11. EXPERIMENTAL METHODS 

A .  Rear ing  o f  - C .  p u s i l l u s  and C .  t u r c i c u s  - - 

C. p u s i l l u s  s t a r t e r  c u l t u r e s  were o b t a i n e d  from s t o c k  c u l t u r e s  main- - 

t a i n e d  a t  t h e  U n i v e r s i t y  o f  Minnesota ,  S t .  P a u l ,  Minnesota ,  and from Kansas 

S t a t e  U n i v e r s i t y ,  Manhat tan,  Kansas .  - C .  t u r c i c u s  c u l t u r e s  were o b t a i n e d  

from t h e  A g r i c u l t u r e  Canada Research S t a t i o n  i n  Winnipeg, Manitoba.  Both 

s p e c i e s  o f  i n s e c t s  were r e a r e d  on a  d i e t  o f  r o l l e d  o a t s  and b r e w e r ' s  y e a s t  

(95:5,  w/w) i n  3.8 L wide-mouthed g l a s s  j a r s .  The c u l t u r e s  were main ta ined  

a t  30" 22"  and >60% r e l a t i v e  humid i ty  i n  t h e  d a r k ,  w i t h  a  d e n s i t y  o f  1000- 

3000 i n s e c t s  p e r  kg o f  d i e t .  J a r s  were r e c u l t u r e d  e v e r y  6-8 weeks. 

I n s e c t s  f o r  b i o a s s a y  o r  a e r a t i o n  were s i e v e d  o u t  of t h e  r o l l e d  o a t s  

media w i t h  a  No. 25  s i e v e .  The r e s i d u a l  t a i l i n g s  p l u s  i n s e c t s  were dumped 

i n t o  an enamel pan and t h e  i n s e c t s  were a s p i r a t e d  up as t h e y  walked away 

from t h e  t a i l i n g s .  The t a i l i n g s  were t h e n  s i f t e d  th rough  a  s t a n d a r d  250 pm 

s i e v e  t o  c o l l e c t  t h e  f r a s s  ( a  m i x t u r e  of b o r i n g  d u s t  and i n s e c t  f e c e s ) ,  

which o f t e n  c o n t a i n s  i n s e c t  pheromones. The c o l l e c t e d  f r a s s  was s t o r e d  a t  

-30" i n  s e a l e d  g l a s s  j a r s  u n t i l  needed. 

Numbers o f  i n s e c t s  were e s t i m a t e d  by weight  (a3200 i n s e c t s / g ) .  Sexu- 

a l l y  s e g r e g a t e d  b e e t l e s  were o b t a i n e d  b y  a  p r e v i o u s l y  undescr ibed  method. 

It w a s  obse rved  t h a t  g e n t l e  p r e s s u r e  on t h e  abdomen o f  cold-immobilized f e -  

male i n s e c t s  o f  b o t h  s p e c i e s  r e s u l t e d  i n  r e v e r s i b l e  e x t r u s i o n  o f  t h e  geni-  

t a l i a .  The p r o c e s s  d i d  n o t  appear  t o  do any permanent damage t o  t h e  i n -  

s e c t s ,  With male i n s e c t s ,  no e x t r u s i o n  o c c u r r e d .  T h i s  method appeared t o  

be more r e l i a b l e  and much e a s i e r  t h a n  t h e  p r e v i o u s l y  r e p o r t e d  methods of 

sex ing  by d i f f e r e n c e s  i n  an tennae  l e n g t h  o r  c o u n t i n g  t h e  segments o f  t h e  

h ind  t a r s i  ( C u r r i e ,  1967) .  



B .  Capture of V o l a t i l e s  

Capture of  I n s e c t  V o l a t i l e s  

In sec t  v o l a t i l e s  were captured  on Porapak Q by the  procedure of 

~ e r i g i n  (1980) and Wong (1982).  A i r  was drawn by water a s p i r a t o r  a t  

2 ~ / m i n  through a  water bubbler  and an a c t i v a t e d  charcoa l  scrubber  tube 

(2.4 cm O.D.  x 12 cm, 50/80 mesh c h a r c o a l ) .  The humidi f ied ,  c l e a n  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 .  The e x i t t i n g  a i r  

was passed through a  g l a s s  tube  (2.4 cm O . D .  x 20 cm) f u l l  o f  Porapak Q 

chromatographic packing m a t e r i a l  (ethylvinylbenzene-divinylbenzene copoly- 

mer, 50/80 mesh, Applied Science Labora tor ies ,  Inc . )  t o  t r a p  the  i n s e c t  

v o l a t i l e s .  

In sec t s  f o r  a e r a t i o n  were s ieved  from high-densi ty  mixed age and sex  

c u l t u r e s .  Approximately 20,000 t o  100,000 i n s e c t s  were a e r a t e d  a t  a  t ime,  

f o r  a  period of t h r e e  days.  The i n s e c t s  were then allowed t o  feed f o r  a t  

l e a s t  th ree  days before  being ae ra t ed  aga in .  A Porapak Q t r a p  was loaded 

wi th  up t o  f i f t y  m i l l i o n  bee t le -hours  be fo re  e x t r a c t i o n .  

Re la t ive  amounts of b e e t l e  v o l a t i l e s  and e x t r a c t s  were c a l c u l a t e d  i n  

u n i t s  of bee t le -hours  ( b h ) ,  where one bh equals  t he  amount of v o l a t i l e s  

produced by a e r a t i n g  one b e e t l e  f o r  one hour .  

New Porapak Q was precondi t ioned  a s  fo l lows .  The beads were loaded 

i n t o  the  g l a s s  tube used f o r  v o l a t i l e s  t rapping  and heated t o  240' f o r  24 h 

under helium. This was followed by Soxhlet e x t r a c t i o n  with e t h e r  f o r  24 h  

t o  remove non-polymerized m a t e r i a l .  

V o l a t i l e s  were e x t r a c t e d  from t h e  Porapak Q by Soxhlet e x t r a c t i o n  f o r  

a t  l e a s t  24 hours  with doubly d i s t i l l e d - i n - g l a s s  pentane. The pentane 

e x t r a c t s  were concen t r a t ed  t o  a  couple of mL with the  a id  of a 30 cm Dufton 



column and then  made up t o  10.0 mL i n  a  volumetr ic  f l a s k .  The e x t r a c t s  

were t r a n s f e r r e d  t o  g l a s s  v i a l s  with Teflon-lined screw caps and s t o r e d  a t  

-30" u n t i l  used. 

The pentane-ext rac ted  Porapak Q was then e x t r a c t e d  aga in  wi th  e t h e r ,  

a s  descr ibed  above, a i r - d r i e d  f o r  s e v e r a l  days and repacked i n t o  t h e  t rap-  

ping tube.  The tube  was hea t ed  a t  60" f o r  8 h  under helium t o  remove 

t r a c e s  of s o l v e n t ,  and was then  ready f o r  re-use. The e t h e r  e x t r a c t  was 

t r e a t e d  a s  desc r ibed  f o r  t h e  pentane e x t r a c t .  

Capture of  F r a s s  V o l a t i l e s  

Frass  v o l a t i l e s  were captured  a s  descr ibed  by Verigin (1980) and Wong 

(1982).  Approximately 300 g  of  f r a s s  were packed i n t o  a  g l a s s  tube (4.8 cm 

O.D. x 40 cm) f i t t e d  wi th  a  tube of a c t i v a t e d  charcoa l  (2 .4  cm O.D. x 

12 cm) and a  tube  of Porapak Q (2.4 cm O.D. x 20 cm). A i r  was drawn se- 

q u e n t i a l l y  by a s p i r a t i o n  ( - 2  ~ / m i n )  through the  cha rcoa l  sc rubber ,  t h e  

f r a s s  and t h e  Porapak Q,  l e av ing  t h e  f r a s s  v o l a t i l e s  t rapped on the  

Porapak Q. Aera t ion  was cont inued f o r  one week, a f t e r  which time the  f r a s s  

was ground i n  a  ceramic b a l l  m i l l  and re-aerated f o r  another  week. The 

f r a s s  v o l a t i l e s  were then  e x t r a c t e d  from the  Porapak Q a s  desc r ibed  above. 

Re la t ive  amounts of  f r a s s  v o l a t i l e s  and e x t r a c t s  were c a l c u l a t e d  i n  u n i t s  

of gram-hours ( g h ) ,  where one gh equal led  t h e  v o l a t i l e s  from one gram o f  

f r a s s  ae ra t ed  f o r  one hour .  

. Capture of V o l a t i l e s  o f  I n s e c t s  on Oats 

To determine t h e  e f f e c t  of having a food source present  on pheromone 

product ion,  approximately 3000 i n s e c t s  were ae ra t ed  on 50 g  of  r o l l e d  o a t s  

f o r  a  per iod o f  one week. The o a t s  p lus  i n s e c t s  were loaded i n t o  a  g l a s s  



chamber (15 cm O.D.  x 20 cm), f i t t e d  wi th  t h e  p r e v i o u s l y  desc r ibed  water 

bubbler ,  cha rcoa l  sc rubber  and Porapak Q t r a p ,  and a i r  was drawn through 

the  system by a s p i r a t i o n  ( ~ 2  ~ / m i n ) .  The v o l a t i l e s  were e x t r a c t e d  from the  

Porapak Q a s  desc r ibed  above. 

Aera t ion  o f  Sexed I n s e c t s  

A scaled-down v e r s i o n  of  t h e  i n s e c t  a e r a t i o n  appa ra tu s  was used t o  

a e r a t e  sexed i n s e c t s .  Thus, a i r  p u r i f i e d  by passage through a  charcoa l  

sc rubber  was drawn by a s p i r a t i o n  (500 m ~ / m i n )  over  s e v e r a l  hundred male o r  

female i n s e c t s ,  r e s p e c t i v e l y ,  i n  a  125 mL Erlenmeyer f l a s k ,  and the  i n s e c t  

v o l a t i l e s  were t rapped on a  small  g l a s s  tube f i l l e d  wi th  Porapak Q (1 c m  

I . D .  x 12 cm). The v o l a t i l e s  were then e x t r a c t e d  from t h e  Porapak Q a s  de- 

s c r ibed  above. 

C. I s o l a t i o n  of  Compounds from V o l a t i l e  E x t r a c t s  

General  ~ x p e r i m e n t a l  Procedures 

The pentane e x t r a c t s  o f  i n s e c t  v o l a t i l e s  were sub jec t ed  t o  a n a l y t i c a l  

GLC a n a l y s i s ,  us ing  a  Hewlett-Packard 58308 gas  chromatograph equipped wi th  

a  18835B c a p i l l a r y  i n l e t  system and flame i o n i z a t i o n  d e t e c t o r ,  and a  

Hewlett-Packard 5985B coupled GC/MS system. Columns and r e p r e s e n t a t i v e  

running c o n d i t i o n s  a r e  shown i n  Table I. A sample s i z e  of  2-5 pL was in- 

j e c t ed  i n  t h e  s p l i t l e s s  mode. 

For p r e p a r a t i v e  GLC work, a  Varian 1200 gas  chromatograph f i t t e d  with 

a  1 0 : l  e f f l u e n t  s p l i t t e r ,  a  flame i o n i z a t i o n  d e t e c t o r  and a  thermal grad i -  

e n t  c o l l e c t o r  ( ~ e r i g i n ,  1980) was used. I n  a  t y p i c a l  s e p a r a t i o n ,  t h e  

10 mL s o l u t i o n  of  i n s e c t  v o l a t i l e s  i n  pentane was cooled  and concent ra ted  

t o  approximately 50 pL under a  s t ream of n i t r o g e n ,  i n  a  conical-bottomed 



v i a l  so  t h a t  t h e  r e s idue  could be q u a n t i t a t i v e l y  removed by sy r inge .  The 

concen t r a t e  was i n j e c t e d  on t h e  column and f r a c t i o n s  were c o l l e c t e d  i n  

20 cm x 1.6  mm O.D.  g l a s s  t ubes .  The tubes  were t hen  capped with rubber  

cryocaps f o r  shor t - te rm s t o r a g e  o r  s e a l e d  f o r  long-term s t o r a g e .  Separated 

f r a c t i o n s  were s t o r e d  a t  -30' u n t i l  needed. The p u r i t y  of c o l l e c t e d  sam- 

p l e s  was determined by c a p i l l a r y  GLC. 

P r e p a r a t i v e  GLC was found t o  g ive  adequate  s e p a r a t i o n  of  a l l  t h e  ac- 

t i v e  pheromone components 1-111 f o r  C .  p u s i l l u s  and C .  t u r c i c u s .  - - 

D. I d e n t i f i c a t i o n  o f  Pheromone Components 

Spec t roscopic  Methods 

Low r e s o l u t i o n  mass s p e c t r a  of crude v o l a t i l e  e x t r a c t s  were obtained 

with a  Hewlett-Packard 5985B GC/MS system, wi th  e l e c t r o n  impact i o n i z a t i o n  

a t  an energy of 70 eV. GLC columns and c o n d i t i o n s  were a s  descr ibed  i n  

Table I. 

'H NMR s p e c t r a  were recorded on a  Bruker WM 400 MHz ins t rument ,  i n  

e i t h e r  1.2 rmn o r  5  rmn I . D .  NMR t u b e s ,  u s ing  CDC13  (99.8%-D, Merck, Sharpe 

and Dohme) o r  Dg-benzene (99.96%-D, Merck, Sharpe and Dohme) a s  so lven t s .  

Four ie r  t r ans fo rm I R  s p e c t r a  i n  t h e  gas  phase of crude v o l a t i l e  ex- 

t r a c t s  were t aken  by t h e  N ico l e t  Corpora t ion  o f  Madison, Wisconsin, on a  

Nico le t  60SX FT-IR coupled t o  a  Hewlett-Packard 57928 c a p i l l a r y  gas chro- 

matograph. 

Coupled GLC-high r e s o l u t i o n  mass s p e c t r a  were taken  on a  Varian 

MAT 212 GC-HRMS, us ing  a  SS 200 d a t a  system. A 25 m x 0.21 mm Carbowax 

20M fused s i l i c a  column was used,  wi th  tempera ture  programming from 50- 

2 0 0 " ~  a t  5'/min. Spec t r a  were taken  by Varian Corpora t ion  of  Palo A l to ,  



u v 
u L4 

aJ 4 4  
" Y O  
t o m  
aJ 0 m  
Z P I I n  



C a l i f o r n i a .  

Microhydrogenation of  Crude V o l a t i l e  E x t r a c t s  

A thick-walled 2 mL v i a l  with a  t i g h t - f i t t i n g  rubber septum was loaded 

with a  few g r a i n s  of 10% pal ladium on carbon. Pentane (250 pL) and 50 pL 

of crude v o l a t i l e s  s o l u t i o n  were added, t he  v i a l  was p re s su r i zed  t o  

10 p . s . i .  wi th  hydrogen and t h e  mixture  was s t i r r e d  f o r  1 h .  The mixture  

was then f i l t e r e d  through g l a s s  wool and submitted t o  a n a l y t i c a l  GLC and 

GL C/MS . 

E .  Bioassay Procedures  

Arena Olfactometer  

The arena  o l f ac tome te r  b ioas say  was e s s e n t i a l l y  t he  same a s  t h a t  de- 

s c r ibed  by Borden e t  a l .  (19791, wi th  minor mod i f i ca t ions .  The a rena  was a  -- 

15 cm x 15 cm p iece  of b l ack  c o n s t r u c t i o n  paper c l ipped  t o  a g l a s s  p l a t e .  

An a i r  nozzle  i n  t h e  middle of  one s i d e  of  t he  a rena  was used t o  c r e a t e  an  

odour plume over  t he  a rena  s u r f a c e .  A g l a s s  tube conta in ing  a  r o l l e d  up 

f i l t e r  paper wick impregnated with the  s t imulus  was s l i pped  i n t o  t h e  a i r  

nozzle  and t h e  a i r  f low (800 mL/min) was d i r e c t e d  towards t h e  i n s e c t  re- 

l e a s e  poin t  a t  t h e  c e n t e r  of  t he  a rena .  

I n s e c t s  f o r  b ioas say  were maintained i n  holding v i a l s ,  with f i f t e e n  

i n s e c t s  per v i a l ,  and s t a r v e d  f o r  approximately 48 h  i n  t he  da rk .  This 

11 condit ioning" procedure was modified f o r  l a t e r  b ioas says ,  by s t a r v i n g  t h e  

i n s e c t s  i n  a 2 L a e r a t i o n  f l a s k ,  with an a i r  flow of =2 ~ / m i n  over  t h e  in- 

s e c t s ,  so t h a t  any insect-produced v o l a t i l e s  were removed. The i n s e c t s  

were s ta rved  f o r  48 h ,  and then  counted i n t o  hold ing  v i a l s  1-2 h  b e f o r e  

use .  



A t y p i c a l  b i o a s s a y  was r u n  as f o l l o w s .  A h o l d i n g  v i a l  c o n t a i n i n g  f i f -  

t e e n  i n s e c t s  was i n v e r t e d  o n t o  t h e  c e n t e r  o f  t h e  a r e n a  and l e f t  i n  p l a c e  s o  

t h a t  t h e  i n s e c t s  cou ld  n o t  e s c a p e .  Meanwhile, a  s t i m u l u s  t u b e  was inocu- 

l a t e d  w i t h  t h e  r e q u i r e d  amount o f  s t i m u l u s  s o l u t i o n  and p laced  i n  t h e  a i r  

n o z z l e ,  s o  t h a t  an odour plume was d i r e c t e d  from t h e  edge o f  t h e  a r e n a  to- 

wards t h e  i n s e c t s  t r a p p e d  under  t h e  h o l d i n g  v i a l .  The v i a l  was t h e n  re- 

moved and t h e  i n s e c t s  were a l lowed t o  walk around f r e e l y .  Any i n s e c t  

r e a c h i n g  a  3 cm l o n g  x 1 cm deep a r e a  i n  f r o n t  o f  t h e  s t i m u l u s  t u b e  was 

counted a s  a  p o s i t i v e  r e s p o n d e r ,  w h i l e  any i n s e c t  which reached  t h e  edge of 

t h e  a r e n a  anywhere e x c e p t  a t  t h e  "goal" a r e a  was removed and counted a s  a 

n e g a t i v e  r e s p o n d e r ,  a s  was any i n s e c t  s t i l l  wa lk ing  around on t h e  a r e n a  a t  

t h e  end o f  t h e  a l l o t t e d  t ime  l i m i t  o f  two m i n u t e s .  Any dead o r  maimed in-  

s e c t s  were recorded  and n o t  counted i n  t h e  t o t a l  number o f  p o s s i b l e  re-  

sponders .  

Each s t i m u l u s  was t e s t e d  w i t h  s i x  g roups  o f  f i f t e e n  i n s e c t s  each .  A 

f r e s h  s t i m u l u s  t u b e  was used f o r  each  g roup  and t h e  a r e n a  paper  was changed 

f o r  each new s t i m u l u s .  As t h e  b i o a s s a y  r e p r e s e n t e d  o n l y  a  s i n g l e  c h o i c e ,  

s t a n d a r d  r u n s  were done i n  each  s e t  o f  b i o a s s a y s  w i t h  a  pen tane  b l a n k  and a  

s t a n d a r d i z e d  s t i m u l u s  s o l u t i o n  t o  e n s u r e  t h a t  t h e  i n s e c t s  were responding  

w e l l .  On a  g i v e n  day ,  a l l  t e s t  i n s e c t s  were drawn from t h e  same p o p u l a t i o n  

and each  g roup  of  i n s e c t s  was o n l y  used once .  B ioassays  were run  a t  room 

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

Two-choice P i t f a l l  O l f a c t o m e t e r  

The two-choice p i t f a l l  b i o a s s a y ,  developed by P i e r c e  -- e t  a l .  (19811, 

was used t o  a s s a y  v o l a t i l e  s t i m u l i  v e r s u s  a  s o l v e n t  c o n t r o l .  Two 10 mL 

g l a s s  v i a l s  were suspended from h o l e s  c u t  i n  t h e  bot tom o f  a 15 cm d iamete r  



p l a s t i c  p e t r i  d i s h .  A f i l t e r  paper d i s k  was t r e a t e d  wi th  a  pentane solu- 

t i o n  of t h e  s t imu lus  t o  be t e s t e d ,  t h e  so lven t  was allowed t o  evapora t e ,  

and the  d i s k  was placed i n  one v i a l .  A f i l t e r  paper d i s c  t r e a t e d  wi th  t h e  

same volume of  pure pentane  was placed i n  t h e  o t h e r  v i a l .  F i f t e e n  i n s e c t s  

were then r e l e a s e d  i n  t h e  middle of t h e  p e t r i  d i s h  and t h e  d i s h  was 

covered. Six r e p l i c a t e s  of each s t imu lus  were t e s t e d .  

Bioassays were run f o r  two hours  i n  the  dark ,  a t  30•‹ and approximately 

60% humidity i n  a  c o n t r o l l e d  environment chamber. A t  t h e  end of  t h e  two- 

hour pe r iod ,  t h e  numbers of  i n s e c t s  i n  t h e  c o n t r o l  and s t imu lus  v i a l s  were 

recorded,  a s  wel l  a s  t h e  number of  i n s e c t s  dead o r  s t i l l  walking around. 

Af t e r  cons ide rab l e  exper imenta t ion  t o  e s t a b l i s h  t h e  c o n d i t i o n s  t o  ob- 

t a i n  maximum re spons ivenes s ,  t h e  fo l lowing  gene ra l  g u i d e l i n e s  were es tab-  

l i s h e d .  Maximally responding i n s e c t s  were 4-10 week o ld  a d u l t s  of mixed 

sex from low d e n s i t y  c u l t u r e s  of  l e s s  than 1500 i n s e c t s / k g  d i e t .  I n s e c t s  

were s i f t e d  ou t  of c u l t u r e s  approximate ly  48 h  be fo re  t h e  b ioas say  and 

ae ra t ed  i n  t h e  da rk  i n  a  2 L a e r a t i o n  f l a s k  with c l e a n ,  mois t  a i r  u n t i l  ap- 

proximately two hours  b e f o r e  t h e  b ioassay .  I n s e c t s  were then counted out  

i n t o  ho ld ing  v i a l s ,  u s ing  a  hand a s p i r a t o r .  

Af t e r  a  b ioas say ,  i n s e c t s  were allowed t o  feed f o r  a t  l e a s t  four  days 

be fo re  be ing  reused .  

F. Experimental  Bioassay  Methods 

Twelve s e t s  o f  b i o a s s a y s  were performed wi th  - C .  p u s i l l u s ,  a s  o u t l i n e d  

i n  Table I1 ( r e s u l t s  a r e  summarized i n  Tables  I V - X I 1 1  and F igs .  15 and 

16 ) .  The f i r s t  f ou r  exper iments  used pentane e x t r a c t s  of  Porapak Q cap- 

t u r ed  b e e t l e  v o l a t i l e s  o r  f r a c t i o n s  t he reo f .  The next  f i v e  a s se s sed  t h e  

a t t r a c t i v e n e s s  o f  s y n t h e t i c  mac ro l ides  I, 11, and I V Y  followed by two 



Table 11. Desc r ip t ion  of experiments performed t o  i n v e s t i g a t e  

t he  response of  C .  p u s i l l u s  t o  s y n t h e t i c  and bee t l e -  - 

produced pheromones. 

Exp. No. Ob jec t ive  Experimental Procedures 

1 To determine i f  a t t r a c t i v e  Pentane e x t r a c t s  of 

v o l a t i l e s  from - C .  p u s i l l u s  Porapak Q-captured v o l a t i l e s  

popula t ions  could be captured  t e s t e d  f o r  a t t r a c t i v e n e s s  a t  

on Porapak Q and e x t r a c t e d  v a r i o u s  concen t r a t ions  i n  t h e  

therefrom. a rena  o l fac tometer  . 

To determine whether f r ac -  Prep. GLC f r a c t i o n s  of a  pen- 

t i o n s  of a  pentane e x t r a c t  of tane  e x t r a c t  of b e e t l e  vola- 

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

t i v e  t o  C .  p u s i l l u s .  - 

Retest  t he  poss ib ly  a t t r a c -  

t i v e  f r a c t i o n s  from Exp. 2 

above. 

o l f ac tome te r .  

Prep. GLC f r a c t i o n s  of a  pen- 

t ane  e x t r a c t  of b e e t l e  vola- 

t i l e s  and an u n f r a c t i o n a t e d  

e x t r a c t  t e s t e d  i n  t he  arena 

o l f ac tome te r .  

To determine whether t h e r e  Pentane s o l u t i o n s  of I ,  11, 

was synergism of t h e  a t t r a c -  and mixtures  of I + fo re run ,  

t i v e  prep. GLC f r a c t i o n  of I + 11, and I + a f t e r r u n  

C .  p u s i l l u s  v o l a t i l e s  by any - t e s t e d  i n  t he  a rena  o l f a c -  

of t he  o t h e r  f r a c t i o n s .  tometer .  



Table I1 (~ont'd) 

Exp. No. Objective Experimental Procedures 

5 To determine whether synthe- Pentane solutions of synthe- 

tic I alone and in combina- tic I and several ratios of 

tion with synthetic ( + ) - I 1  was synthetic I + (')-11 tested in 

attractive to C. pusillus. - the arena 01 factometer. 

6 To determine the upper and Pentane solutions of ~ 1 :  1 

lower limits of amounts of I:(')-11 tested over a range 

synthetic I + ( ' )-I1 which of concentrations from 1 ng to 

will elicit positive attrac- 2 0  pg in the arena olfac- 

tance from C. pusillus. tometer. - 

7 To determine the ratio of Pentane solutions of I and 

I:(')-11 which is most attrac- mixtures of I with (2 ) -11  from 

tive to C. pusillus. - 2 0 : l  to 1 : 2  ( I : ( ? ) - I I )  tested 

in the arena olfactometer. 

8 Repeat of Exp. 7 above, using Pentane solutions of I and 

di fferent bioassay method. mixtures of I with (21-11 from 

2 0 : l  to 1:2  ( I : (+) -11)  tested 

in the pitfall olfactometer. 

9 To determine whether synthe- Pentane solutions of IV 

tic IV is attractive to C. -- tested in the pitfall olfac- 

pusi llus. tometer at several concentra- 

tions. 



Table I1 (~ont'd) 

Exp. No. Objec t ive  Experimental Procedures 

10 To compare the  a t t r a c t i v e n e s s  Prep.  GLC f r a c t i o n s  of feeding 

of  s y n t h e t i c  pheromones t o  - C. p u s i l l u s  v o l a t i l e s ,  the  un- 

n a t u r a l l y  produced phero- f r a c t i o n a t e d  v o l a t i l e s ,  com- 

mones . b i n a t i o n s  of t h e  f r a c t i o n s ,  

and s y n t h e t i c  ( I  + (+)-11) 

t e s t e d  i n  t h e  p i t f a l l  o l f a c t o -  

meter .  

11 To compare t h e  a t t r a c t i v e n e s s  Prep. GLC "rnacrolide" f r ac -  

of s y n t h e t i c  pheromones t o  t i o n ,  un f rac t  ionated vola- 

n a t u r a l l y  produced pheromones. t i l e s ,  I, I V ,  and I + (+)-11 

t e s t e d  i n  t h e  p i t f a l l  o l f ac to -  

meter .  

1 2  To t e s t  t he  a t t r a c t i v e n e s s  of Severa l  concen t r a t ions  of a  

s y n t h e t i c  (I  + (?)-11) t o  male pentane s o l u t i o n  of s y n t h e t i c  

and female b e e t l e s .  I + (? ) - I1  t e s t e d  i n  t he  p i t -  

f a l l  o l f ac tome te r .  



experiments  comparing s y n t h e t i c  and beetle-produced pheromones. The f i n a l  

experiment t e s t e d  t h e  a t t r a c t i v e n e s s  of a  mixture  of s y n t h e t i c  I p lus  ( 2 ) -  

11 t o  male and female i n s e c t s .  

Ten experiments were performed wi th  - C .  t u r c i c u s ,  a s  o u t l i n e d  i n  

Table 111. The f i r s t  t e s t e d  t h e  a t t r a c t i v e n e s s  of c l ean  food, beet le- in-  

f e s t e d  food, l i v e  b e e t l e s ,  and f r a s s ,  r e s p e c t i v e l y .  The next  four  exper i -  

ments t e s t e d  the  a t t r a c t i v e n e s s  of va r ious  pentane e x t r a c t s  of 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 ,  followed by four  experiments t e s t i n g  re-  

sponses t o  racemic and/or enant iomer ic  111 and 11 and mixtures  t he reo f .  

The f i n a l  experiment t e s t e d  the  response of male and female i n s e c t s  t o  

(+ 1-111. 



Table 111. Description of experiments performed to investigate 

the response of C. turcicus to synthetic and beetle- - 

produced pheromones. 

Exp. NO. Objective Experimental Procedures 

13 To determine if the odours of Arena olfactometer; air to 

clean food, beetle-infested olfactometer outlet nozzle 

food, live beetles, or frass passed over clean food, 

were attractive to C. - 

turcicus. 

beet1 e-infested food, live 

beetles , and frass, respec- 

tively, and tested for at- 

tractiveness to C. turcicus. - 

To determine if attractive Pentane extracts of 

volatiles from C. turcicus - Porapak Q-captured volatiles 

populations could be captured tested for attractiveness to 

on Porapak Q and extracted C. turcicus at various con- - 

therefrom. centrations in the arena ol- 

factometer. 

Repeat of Exp. 14, using dif- Pentane extracts of 

ferent bioassay method. Porapak Q-captured volatiles 

tested for attractiveness to 

C. turcicus at several con- - 

centrations in the pitfall 

olfactometer. 



Table I11 (Cont'd) 

Exp. No. Objective Experimental Procedures 

16 To determine whether frac- 

tions of a pentane extract of 

beetle volatiles were attrac- 

tive to C. turcicus. - 

17 To deternine whether frass 

volatiles and volatiles from 

feeding beetles were attrac- 

tive to C. turcicus. - 

18 To determine whether synthe- 

tic (+)-I11 or (+)-I1 were 

attractive to C. turcicus. - 

19 To determine the most attrac- 

tive ratio of the enantiomers 

of 111 to C. turcicus. - 

Prep. GLC fractions of a pen- 

tane extract of beetle 

volatiles tested for attrac- 

tiveness in the arena olfacto- 

meter. 

Pentane extracts of 

Porapak 0-captured frass vol a- 

tiles, or volatiles from 

feeding beetles tested for at- 

tractiveness at several con- 

centrations in the pit fall 

01 factoneter . 

Pentane solutions of (+)-I11 

and (21-11 tested for attrac- 

tiveness over a range of con- 

centrations in the pitfall 

01 factometer. 

Pentane solutions of ratios 

of the enantiomers of I11 

from pure (R)-111 to pure - 
(s)-111 tested for attractive- - 
ness in the pitfall olfacto- 

meter. 



Table I11 ( ~ o n t ' d )  

Exp. No. Ob jec t ive  Experimental Procedures  

2 0 To determine t h e  r a t i o  of Pentane s o l u t i o n s  of (+I-111 

(2)-III:(+)-11 which i s  most and mixtures  of (2)-111 with 

a t t r a c t i v e  t o  C .  t u r c i c u s .  - ('I-11 t e s t e d  f o r  a t t r a c t i v e -  

ness  i n  the  p i t f a l l  o l f a c t o -  

meter .  

To determine whether one enan- Pentane s o l u t i o n s  of mix tu re s  

t iomer of I1 i s  more a t t r a c -  of (+) - I11  with the  enan t i -  

t i v e  than  the  o t h e r  t o  C .  - omers of 11 t e s t e d  f o r  a t t r a c -  

t u r c i c u s  i n  combinations with t i veness  i n  t he  p i t f a l l  

(+-I-111. o l f ac tome te r .  

To t e s t  the  a t t r a c t i v e n e s s  of Pentane s o l u t i o n s  of (+)-I11 

(+ ) - I11  t o  male and female - C.  t e s t e d  f o r  a t t r a c t i v e n e s s  t o  

t u r c i c u s .  sexed b e e t l e s  a t  s e v e r a l  con- 

c e n t r a t i o n s  i n  t he  p i t f a l l  01- 

factometer .  



111. ISOLATION AND IDENTIFICATION OF COMPOUNDS I-V 

A. Isolation of 1-111 

Isolation of (3Z)-Dodecenolide (I) 

Compound I was isolated from approximately 9 x lo6 beetle-hours of C. - 
pusillus volatiles, by preparative GLC, as previously described. A purity 

check of the isolated material by analytical GLC on a SP-1000 capillary 

column (Table I) showed it to be >97% pure. 

Isolation of 13-Methyl-(5~)-tridecenolide (11) 

Compound I1 was isolated by preparative GLC from approximately 8.4 x 

4 10 gram-hours of C. pusillus frass volatiles. A purity check of the iso- - 
lated fraction showed it to be >95% pure by analytical GLC on a SP-1000 

capillary column  able I). Compound I1 was also isolated by preparative 

6 GLC from 4.8 x 10 beetle-hours of C. turcicus volatiles. - 

Isolation of 13-Methyl-(5~,8~)-tridecadienolide (111) 

Compound I11 was isolated by preparative GLC from 4.8 x lo6 beetle- 

hours of C. turcicus volatiles. A purity check of the isolated material by - 
capillary GLC showed it to be >96% pure. However, the actual purity was 

probably somewhat less, as the NMR of the isolated material showed some 

column bleed. 

B. Identification of I-V 

Identification of (3~)-~odecenolide (I) 

Identification of I and I1 was considerably assisted by reference to 

the spectra obtained for Il-methyl-(3~)-undecenolide, a pheromone component 



o f  - C .  f e r r u g i n e u s  (Wong, 1982) .  I d e n t i f i c a t i o n  o f  I - I V  was accomplished by 

chromatographic and s p e c t r o m e t r i c  a n a l y s i s  ( ~ i ~ s .  1-8).  Thus, p re l iminary  

examination of t h e  crude e x t r a c t  of C .  p u s i l l u s  v o l a t i l e s  by GC-MS - 

( ~ i g .  1-3) r evea l ed  t h a t  t h e  major component (60% o f  t h e  t o t a l  v o l a t i l e s )  

had a  r e t e n t i o n  time and f ragmenta t ion  p a t t e r n  ( ~ i g .  4 )  v e r y  s i m i l a r  t o  

t h a t  of 11-methyl-(3~)-undecenolide, i n d i c a t i n g  t h e  s t r o n g  p o s s i b i l i t y  t h a t  

I was a  s t r u c t u r a l  isomer of  t h a t  compound. The h i g h e s t  observed peak i n  

t h e  mass spectrum was m / e  196,  f o r  a  p o s s i b l e  mo lecu la r  formula of  

C12H2002, with t h r e e  s i t e s  of  u n s a t u r a t i o n .  The molecular  formula was 

l a t e r  confirmed by GC-HRMS ( c a l c u l a t e d  f o r  C12H2002: 196.1458; observed 

196.060). GLC/FT-IR showed a  carbonyl  a t  1735 an-', cor responding  t o  a 

non-conjugated carbonyl .  Microscale  hydrogena t ion  showed t h e  presence of 

one r educ ib l e  o l e f i n  bond. Thus, t h e  o l e f i n  and t h e  carbonyl  a r e  respon- 

s i b l e  f o r  two s i t es  of u n s a t u r a t i o n .  

A c l o s e r  examinat ion of  t h e  mass spectrum showed t h e  f i r s t  s i g n i f i c a n t  . 

fragment t o  be a t  m/e 178 (M- la ) ,  corresponding t o  l o s s  of  H20. S ign i f i -  

c a n t l y ,  t h e r e  was no peak a t  M-15, p o s s i b l y  i n d i c a t i n g  t h a t  t h e r e  were no 

methyl groups.  In t h e  m / e  40-140 range t h e r e  were c l u s t e r s  o f  peaks,  se- 

para ted  by f o u r t e e n  mass u n i t s ,  i n d i c a t i v e  of a  hydrocarbon cha in .  

1 The H NMR spectrum ( ~ i g .  5 )  of I i n  CDC13 was analyzed a s  fo l lows .  A 

m u l t i p l e t  a t  6 5.55 corresponded t o  two coupled,  ove r l app ing  hydrogens,  

wi th  a  coupl ing  of 10 Hz c o n s i s t e n t  wi th  hydrogens on a  - c i s  double bond. A 

two-proton t r i p l e t  ( J  = 5.25 Hz) a t  6 4.09 was a s s igned  t o  a methylene 

group ad j acen t  t o  an e t h e r  o r  e s t e r  oxygen, coupled t o  another  methylene 

group. A double t  (J = 6.8  Hz) wi th  a d d i t i o n a l  f i n e  s p l i t t i n g ,  correspond- 

ing  t o  two hydrogens,  a t  6 3.05, was coupled t o  t h e  o l e f i n  hydrogens.  The 



s i m p l i c i t y  of  t h e  s p l i t t i n g  p a t t e r n  and t h e  chemical s h i f t  of  t h i s  s i g n a l  

suggested i t  was due t o  an i s o l a t e d  methylene group between t h e  double  bond 

and a  carbonyl  (carbonyl  confirmed by FT-IR). A two-hydrogen m u l t i p l e t  a t  

6 2.12, which co l l apsed  t o  a  t r i p l e t  (J = 6.6 Hz) when decoupled from t h e  

o l e f i n  hydrogens,  was i d e n t i f i e d  a s  another  a l l y l i c  methylene group. An- 

o the r  two-hydrogen m u l t i p l e t  a t  6  1.65 was coupled t o  t h e  methylene a t  

6 4.09,  with i t s  chemical s h i f t  sugges t ing  i t  was due t o  hydrogens @ t o  an 

oxygen. There were t e n  a d d i t i o n a l  methylene pro tons  (6 1.25-1.51) and no 

o t h e r  h igh - f i e ld  resonances ,  i . e . ,  no methyl groups,  sugges t ing  a  c y c l i c  

s t r u c t u r e .  This  was suppor ted  by t h e  remaining s i t e  of  u n s a t u r a t i o n  n o t  

yet accounted f o r .  I n  a d d i t i o n ,  t h e  s t r u c t u r e  was probably  one l a r g e  r i n g  

with no branch p o i n t s  a s  t h e r e  were no methine hydrogens o r  methyl groups.  

Thus, the  macro l ide  s t r u c t u r e  I, shown i n  F ig .  7 ,  was proposed on t h e  b a s i s  

of  t he  ev idence  above. The on ly  minor u n c e r t a i n t y  was t h e  geometry of the  

double bond. 

The s t r u c t u r e  of  t h e  carbon s k e l e t o n  of  I was proven by hydrogena t ion  

o f  I t o  dodecanol ide ,  which gave a  mass spectrum and GLC r e t e n t i o n  t imes on 

s e v e r a l  columns  a able I, HP 5985B) i d e n t i c a l  t o  a  sample of s y n t h e t i c  

dodecanol ide ( v i d e  i n f r a  f o r  s y n t h e s i s ) .  -- 

Fina l  con f i rma t ion  of  t h e  s t r u c t u r e  o f  I was ob t a ined  by s y n t h e s i s .  

I d e n t i f i c a t i o n  o f  13-~eth~l-(5~)-tridecenolide (11) 

Pre l iminary  GC-MS examinat ion of  t h e  crude pentane e x t r a c t s  o f  - C .  

p u s i l l u s  v o l a t i l e s  and f r a s s  v o l a t i l e s  revea led  a  compound wi th  a s l i g h t l y  

longer  r e t e n t i o n  time ( ~ i ~ s .  1-3) and s i m i l a r  f ragmenta t ion  p a t t e r n  

(F ig .  6 )  t o  11-methyl-3Z-undecenolide and t o  macro l ide  I. The h i g h e s t  ob- 

served peak i n  t h e  mass spectrum was a t  m/e 224, sugges t ing  a  molecular  



formula o f  C14H2402, which was la ter  conf i rmed by GC-HRMS ( c a l c u l a t e d  f o r  

C14H2402, 224.1776; o b s e r v e d :  224.140) .  Th i s  formula  r e q u i r e s  t h r e e  s i t e s  

o f  u n s a t u r a t i o n .  C l o s e r  e x a m i n a t i o n  o f  t h e  mass spectrum r e v e a l e d  s m a l l  

b u t  d i s t i n c t  peaks a t  m/e 209 (M-15, l o s s  o f  CH3) and a t  m/e 206 (M-18, 

l o s s  o f  H20). I n  a d d i t i o n ,  t h e  spec t rum i n  t h e  r e g i o n  m/e 40-140 e x h i b i t e d  

c l u s t e r s  o f  peaks s e p a r a t e d  by a p p r o x i m a t e l y  f o u r t e e n  mass u n i t s ,  i n d i c a -  

t i v e  of a  hydrocarbon c h a i n  i n  t h e  m o l e c u l e .  

Coupled GLC/FT-IR o f  I1 i n d i c a t e d  a  non-conjugated c a r b o n y l  

(1735 cm-l), a c c o u n t i n g  f o r  one s i t e  of u n s a t u r a t i o n .  

C a t a l y t i c  h y d r o g e n a t i o n  o f  11, fo l lowed  by GC-?IS a n a l y s i s   able I )  o f  

t h e  hydrogenated p r o d u c t s ,  r e v e a l e d  one carbon-carbon double  bond, t h u s  ac- 

c o u n t i n g  f o r  a second s i t e  o f  u n s a t u r a t i o n .  A c y c l i c  s t r u c t u r e  was postu-  

l a t e d  t o  account  f o r  t h e  t h i r d  s i t e .  

The 'H NMR spec t rum ( c D c ~ ~ )  o f  I1 i s o l a t e d  from - C .  p u s i l l u s  f r a s s  

v o l a t i l e s  ( F i g .  7 )  showed two coupled  s ing le -hydrogen  resonances  at  6 5.32 . 

and 5.38 (3 = 10.5 Hz),  i n d i c a t i n g  a  Z d i s u b s t i t u t e d  double  bond. A one- 

hydrogen m u l t i p l e t  a t  6 4 .98  was coup led  (J  = 6 . 1  Hz) t o  a  three-hydrogen 

methyl  d o u b l e t  a t  6 1 .22,  s u g g e s t i n g  a  m e t h i n e  hydrogen on a  ca rbon  a t o  a n  

oxygen, a s  i n  an  e s t e r .  Two coupled  ( J  = 15 Hz) m u l t i p l e t s  a t  6 2.43 and 

6 2.22 were a s s i g n e d  as a  methy lene  g r o u p  a t o  a  c a r b o n y l .  I r r a d i a t i o n  o f  

one o f  t h e s e  s i g n a l s  ( a t  6 2.43) r e s u l t e d  i n  t h e  p a r t i a l  c o l l a p s e  o f  a 

one-hydrogen m u l t i p l e t  a t  6 1 .83 ,  l o c a t i n g  one hydrogen f3 t o  t h e  c a r b o n y l .  

I r r a d i a t i o n  o f  t h i s  s i g n a l  r e s u l t e d  i n  t h e  p a r t i a l  c o l l a p s e  of two one-hy- 

drogen m u l t i p l e t s  a t  6 2.32 and 6 1 .93.  The chemica l  s h i f t s  o f  t h e s e  s i g -  

n a l s  sugges ted  t h e y  were due  t o  a l l y l i c  hydrogens .  T h i s  was conf i rmed b y  

i r r a d i a t i o n  of t h e  o l e f i n i c  hydrogen  a t  6 5.30,  which r e s u l t e d  i n  p a r t i a l  



c o l l a p s e  o f  t h e  m u l t i p l e t s  a t  6  2.32 and 6  1 .93.  Thus,  t h e  doub le  bond was 

conf i rmed t o  be  6 , ~  t o  t h e  c a r b o n y l .  Two a d d i t i o n a l  a l l y l i c  hydrogens  were 

l o c a t e d  by i r r a d i a t i o n  o f  t h e  s i g n a l  due t o  t h e  o t h e r  o l e f i n i c  hydrogen 

( 6  5.381,  which p a r t i a l l y  c o l l a p s e d  two one-hydrogen m u l t i p l e t s  a t  6 "2.20 

and 6 1.73.  The remain ing  e l e v e n  hydrogen r e s o n a n c e s  formed an over lapped  

m u l t i p l e t  a t  6 1.10-1.65,  c h a r a c t e r i s t i c  of  hydrocarbon  c h a i n s .  Thus,  t h e  

s t r u c t u r e  o f  I1 was p o s t u l a t e d  t o  be a  14-membered l a c t o n e  r i n g ,  wi th  a  

methyl group on t h e  ca rbon  a t o  t h e  oxygen of  t h e  e s t e r  f u n c t i o n  and a  Z 

doub le  bond f o u r  c a r b o n s  removed from t h e  e s t e r  c a r b o n y l ;  t h a t  i s ,  13- 

methyl-(5~)-tridecenolide ( F i g .  7 ) .  The carbon s k e l e t o n  was conf i rmed by 

c a t a l y t i c  h y d r o g e n a t i o n ,  which gave a  compound of m o l e c u l a r  weight  226, 

wi th  a  mass spec t rum i d e n t i c a l  t o  t h a t  o f  t h e  compound 13-methyl- t r idecano-  

l i d e  ( ~ a i s e r  and Lamparsky, 1978) .  F i n a l  c o n f i r m a t i o n  of  t h e  complete  

s t r u c t u r e  was o b t a i n e d  by s y n t h e s i s  ( v i d e  i n f r a ) .  -- 

I d e n t i  f i c a t i o n  o f  (3Z , 6 ~ ) - ~ o d e c a d i e n o l i d e  (IV) 

Macro l ide  I V  was found i n  C .  p u s i l l u s  v o l a t i l e s  when t h e  i n s e c t s  were - 
a e r a t e d  e i t h e r  a l o n e  o r  on o a t s .  The p r e l i m i n a r y  GLC-MS a n a l y s i s  o f  t h e  

c rude  v o l a t i l e  e x t r a c t  ( ~ i g .  1 )  missed m a c r o l i d e  I V Y  a s  i t  was p r e s e n t  a t  

l e s s  t h a n  1% o f  t h e  main component, m a c r o l i d e  I. More c a r e f u l  examina t ion  

o f  t h e  v o l a t i l e s  m i x t u r e  a t  a  l a t e r  d a t e  r e v e a l e d  t h e  p r e s e n c e  o f  I V .  A s  

I V  was p r e s e n t  i n  such smal l  amounts, i t  was not  i s o l a t e d  from C .  p u s i l l u s  - 
v o l a t i l e s .  However I V  had been i s o l a t e d  and t e n t a t i v e l y  i d e n t i f i e d  from 

4 
O r y z a e p h i l u s  s p e c i e s  by D r s .  A.M. and H.D .  P i e r c e  (1983) . Macro l ide  I V  

from bo th  s o u r c e s  gave i d e n t i c a l  mass s p e c t r a  ( F i g .  8 )  and GLC r e t e n t i o n  

t i m e s  on t h r e e  d i f f e r e n t  columns (Tab le  I ) .  F i n a l  c o n f i r m a t i o n  o f  t h e  

s t r u c t u r e  was o b t a i n e d  by s y n t h e s i s  ( v i d e  i n f r a ) .  -- 



































I d e n t i f i c a t i o n  of  13- ethyl-(52,821-tridecadienolide (111) 

Compounds I1 and I11 from C .  t u r c i c u s  v o l a t i l e s  were i d e n t i f i e d  by - 

chromatographic and spec t ro scop ic  a n a l y s i s  ( F i g s .  9-13). Pre l iminary  GLC- 

MS a n a l y s i s  of  - C .  t u r c i c u s  v o l a t i l e s  ( F i g .  9 ) ,  f r a s s  v o l a t i l e s  (F ig .  l o ) ,  

and v o l a t i l e s  from C .  t u r c i c u s  on o a t s  ( F i g .  11) revea led  a  major compon- - 
e n t ,  111, wi th  r e t e n t i o n  t imes  s l i g h t l y  l onge r  than macro l ide  11. The 

h i g h e s t  observed mass i n  t h e  mass spectrum o f  111 was a t  m/e 222 ( F i g .  12)  

and a  t y p i c a l  macrol ide- type f r agmen ta t i on  p a t t e r n ,  along with t h e  r e t e w  

t i o n  t ime ,  suggested t h a t  111 was analogous t o  11, wi th  an a d d i t i o n a l  

double bond o r ,  a l t e r n a t i v e l y ,  a  t r i p l e  bond. Microscale  hydrogenat ion 

gave a  compound wi th  m/e 226, wi th  an i d e n t i c a l  mass spectrum and G L C  re- 

t e n t i o n  time t o  t h e  macro l ide  ob t a ined  on c a t a l y t i c  hydrogenat ion of com- 

pound 11, i . e . ,  13-methyl- t r idecanol ide.  This  confirmed t h e  carbon 

s k e l e t o n  of  111 a s  a  14-membered l a c t o n e ,  wi th  a  methyl group a t t ached  t o  

t h e  carbon a t o  t h e  e s t e r  oxygen. Thus, it  was on ly  necessary  t o  i d e n t i f y  

t h e  placement o f  t he  o l e f i n  o r  a c e t y l e n e  bonds. 

1 
The 400 MHz H NMR s p e c t r a  ( c D c ~ ~ )  o f  an impure sample of I11 i s o l a t e d  

from - C .  t u r c i c u s  v o l a t i l e s  by p r e p a r a t i v e  GLC (Fig .  13) revea led  s i g n a l s  

due t o  four  o l e f i n i c  hydrogens,  one a t  6 5.27 and t h r e e  overlapped a t  

6 5.40, confirming t h e  presence  o f  two double  bonds. 

The i s o l a t e d  pro ton  a t  6 5.27 was coupled (J = 9.75 Hz) t o  one of t he  

o t h e r  v i n y l  hydrogen s i g n a l s ,  conf i rming  a t  l e a s t  one Z double bond. There 

was a  single-hydrogen m u l t i p l e t  a t  6 5.03,  coupled t o  a  methyl group a t  

6 1.24 (J = 6.1 Hz), cor responding  t o  t h e  methine hydrogen of  C13. A one- 

hydrogen double t  of  t r i p l e t s  a t  6 3.15, gemina l ly  coupled (J = 15.1 HZ) t o  

a  hydrogen i n  a  three-hydrogen m u l t i p l e t  a t  6 2.20-2.43 and a l s o  coupled t o  



t h e  o l e f i n  m u l t i p l e t  (J = 9.75 Hz) a t  6 5 .40,  was i d e n t i f i e d  by t h e  

c o u p l i n g  and d o w n f i e l d  s h i f t  a s  a  b i s - a l l y l i c  hydrogen.  Thus, t h e r e  was a  - 

skipped d i e n e  sys tem.  The o t h e r  b i s - a l l y l i c  hydrogen gave t h e  geminal cou- 
p 

p l i n g  i n  t h e  6 2.20-2.43 m u l t i p l e t .  The o t h e r  two hydrogens  i n  t h a t  m u l t i -  

p l e t  were i d e n t i f i e d  a s  a l l y l i c  hydrogens  on d i f f e r e n t  ca rbons  by p a r t i a l  

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

two remaining a l l y l i c  hydrogens  were l o c a t e d  a t  t h e  same t i m e ,  a t  6 1 .98 ,  

and a s  p a r t  o f  a  four-hydrogen m u l t i p l e t  a t  6 1.56-1.77. 

The two coupled  hydrogens  (J = 1 4 . 5  Hz) o f  a  methy lene  a t o  t h e  car-  

b o n y l ,  l o c a t e d  a t  6 2.27 and 2.40,  r e s p e c t i v e l y ,  were i d e n t i f i e d  by t h e i r  

chemical  s h i f t  and s p l i t t i n g  p a t t e r n s .  I r r a d i a t i o n  o f  t h e  s i g n a l  a t  6 2.40 

r e s u l t e d  i n  ~ a r t i a l  c o l l a p s e  o f  a  one-hydrogen m u l t i p l e t  a t  6 1 .83 and of 

p a r t  of t h e  four-hydrogen m u l t i ~ l e t  a t  6 1.56-1.77,  i n d i c a t i n g  a  methylene 

g roup  i3 t o  t h e  c a r b o n y l .  F i n a l l y ,  i r r a d i a t i o n  o f  t h e  one-hydrogen s i g n a l  

a t  6 1 . 8 3  r e s u l t e d  i n  p a r t i a l  c o l l a p s e  of s i g n a l s  due t o  two p r e v i o u s l y  

i d e n t i f i e d  a l l y l i c  hydrogens  a t  6 1.98 and i n  t h e  m u l t i p l e t  a t  6 2.20-2.43, 

t h u s  l o c a t i n g  t h e  f i r s t  doub le  bond between C 5  and C6. In a d d i t i o n ,  a s  ir- 

r a d i a t i o n  o f  t h e  s i n g l e  o l e f i n i c  hydrogen s i g n a l  a t  6 5.27 removed a  l a r g e  

c o u p l i n g  ( ~ 9 . 7 5  Hz) from t h e  a l l y l i c  hydrogen a t  6 1 .48 ,  t h e  6 5.27 hydro- 

gen must be l o c a t e d  on C5 and p r e v i o u s  a n a l y s i s  had shown t h i s  hydrogen t o  

be  on a  Z d i s u b s t i t u t e d  double  bond. The o t h e r  double  bond must be between 

Cg and Cg, a s  t h e  d i s c u s s i o n  above had i d e n t i f i e d  a s i n g l e  methylene be- 

tween t h e  two d o u b l e  bonds.  

The remain ing  f o u r  unass igned  hydrogens ,  on C 1 1  and C12, were a s s i g n e d  

t o  t h e  remainder  o f  t h e  four-hydrogen m u l t i p l e t  a t  6 1.56-1.77 and t o  t h e  

two p r o t o n  m u l t i p l e t  a t  6 1.40. 



Thus, t h e  o n l y  unknown f a c t o r  was t h e  geometry of  t h e  double bond be- 

tween C8 and Cg, t h e  pro tons  of  which were completely over lapped .  Changing 

t h e  so lvent  from CDC13 t o  C6Dg gave no improvement. S h i f t  r e a g e n t s  could 

have been t r i e d  bu t  were n o t ,  a s  t he  recovered sample had t o  be used f o r  

b i o a s s a ~ s  and i t  was thought  unwise t o  contaminate  t h e  sample.  F i n a l  con- 

f i rma t ion  t h a t  t h e  Cg-Cg bond geometry was c i s  was ob t a ined  by s y n t h e s i s  - 

(v ide  i n f r a )  . -- 

I d e n t i f i c a t i o n  o f  13-~eth~l-(52)-tridecenolide (1.1) from - C .  t u r c i c u s  

GLC and GLC-MS a n a l y s i s  of t h e  crude pentane e x t r a c t  of  - C .  t u r c i c u s  

v o l a t i l e s  ( ~ i ~ .  9 )  showed a  compound wi th  t h e  same r e t e n t i o n  t imes on 

seve ra l  c o l m n s   able I )  and t h e  same mass spectrum a s  macro l ide  I1 iso-  

l a t e d  from - C .  p u s i l l u s  v o l a t i l e s .  In a d d i t i o n ,  a  sample of I1 i s o l a t e d  by 

p repa ra t i ve  GLC  able I )  o f  a  - C .  t u r c i c u s  v o l a t i l e  e x t r a c t  gave an  i d e n t i -  

c a l  NMR spectrum t o  I1 i s o l a t e d  from - C .  p u s i l l u s , . p r o v i n g  c o n c l u s i v e l y  t h a t  

t he  compounds had t h e  same s t r u c t u r e .  However, it should be noted t h a t  t h e  ' 

two spec i e s  may produce d i f f e r e n t  enant iomers  o r  a  d i f f e r e n t  r a t i o  of t h e  

enantiomers of 11. 

Macrolides from Oryzaephi lus  merca tor  

During t h e  cou r se  of t h e s e  i n v e s t i g a t i o n s ,  D r s .  A.M. and H.D. p i e r c e  4 

a l s o  i s o l a t e d  and s p e c t r o s c o p i c a l l y  i d e n t i f i e d  compounds 11, 111 and I V  

from - 0 .  merca tor  v o l a t i l e s ,  t hus  adding f u r t h e r  i n c e n t i v e  t o  t h e  s y n t h e s i s  

of t he se  molecules .  In  a d d i t i o n ,  t h e s e  workers i s o l a t e d ,  i d e n t i f i e d  and 

bioassayed 11-methyl-(3~,62)-undecadienolide (v). V was found t o  be h i g h l y  

a t t r a c t i v e  t o  - 0. merca tor  and s o  V was synthes ized  a s  p a r t  o f  a  c o l l a b o r a -  

t i v e  e f f o r t ,  t o  confirm t h e  s t r u c t u r e  and provide m a t e r i a l  f o r  b ioas says .  



























IV . SYNTHESIS OF MACROLIDES 

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

The term m a c r o l i d e  i s  used t o  d e s c r i b e  a  d i v e r s e  c l a s s  o f  n a t u r a l  pro- 

d u c t s  c h a r a c t e r i z e d  by l a r g e  l a c t o n e  r i n g s .  The s i m p l e s t  o n e s ,  w i t h  no 

f u n c t i o n a l i t y  o t h e r  t h a n  t h e  e s t e r  m o e i t y ,  have been used i n  t h e  perfume 

i n d u s t r y  f o r  a  number o f  y e a r s  (Abe e t  a l . ,  1973) .  A number o f  t h e s e ,  -- 

a long  wi th  some u n s a t u r a t e d  and h y d r o x y l a t e d  m a c r o l i d e s ,  have been i s o l a t e d  

from p l a n t s  ( e . g . ,  Kerschbaum, 1927; K a i s e r  and Lamparsky, 1978) ,  f u n g i  

( ~ e r s o n d e r  -- e t  a l . ,  1971) and i n s e c t s  ( p r e s t w i c h ,  1982; Johansson e t  a l . ,  -- 

1982; Wong, 1982; Moore and Brown, 1 9 7 6 ) .  The h i g h e s t  l e v e l  o f  c o m p l e x i t y  

i s  r e p r e s e n t e d  b y  m u l t i p l y - f u n c t i o n a l i z e d  m a c r o l i d e  a n t i b i o t i c s ,  of  which 

s e v e r a l  hundred a r e  now known ( ~ a c k ,  1977; Nicolau,  1977; Masamune et a l . ,  -- 

1977) .  These i n c l u d e  such d i v e r s e  s t r u c t u r a l  t y p e s  a s  t h e  po lyene ,  polyoxo 

and n i t r o g e n - c o n t a i n i n g  c y t o c h a l a s i n  f a m i l i e s .  They p o s s e s s  a  wide range 

o f  u s e f u l  b i o l o g i c a l  p r o p e r t i e s ,  r a n g i n g  from a n t i f u n g a l  t o  ant i turnour  ac- 

t i v i t y .  

A tremendous amount o f  e f f o r t  h a s  been expended o v e r  t h e  l a s t  f o u r  de- 

cades  i n  deve lop ing  methods o f  m a c r o l i d e  s y n t h e s i s .  Reac t ions  o f  g e n e r a l  

a p p l i c a b i l i t y  u s i n g  mi ld  c o n d i t i o n s  have o n l y  been worked o u t  i n  t h e  l a s t  

t e n  y e a r s ,  w i t h  t h e  r e s u l t  t h a t  t h e  body of  l i t e r a t u r e  on s y n t h e s i s  o f  mac- 

r o l i d e s  i s  now expanding r a p i d l y .  

Severa l  t y p e s  o f  s y n t h e t i c  s t r a t e g i e s  have  been  used,  depending on t h e  

complex i ty  o f  t h e  d e s i r e d  p r o d u c t .  These i n c l u d e :  

1 )  Baeyer -Vi l l ige r  o x i d a t i o n  o f  t h e  c o r r e s p o n d i n g  k e t o n e s  ( e . g . ,  K a i s e r  

and Lamparsky, 1978; K r u i z i n g a  and Kel logg ,  1981) .  T h i s  method i s  



s e v e r e l y  l i m i t e d  by t h e  a v a i l a b i l i t y  of  t h e  r equ i r ed  macrocyclic ke- 

tones  and by t h e  s e v e r i t y  of  t h e  r e a c t i o n  c o n d i t i o n s ,  which prec lude  

t h e  presence of any double o r  t r i p l e  bonds. 

Fusion-bond c leavage  o f  b i c y c l i c  compounds, such a s  en01 e t h e r s ,  where 

t h e  C=C bond forms t h e  fusion-bond of t h e  b i c y c l i c  compound ( e . g . ,  

Borowitz et a l . ,  1968; 1972; 1973) .  This r o u t e  i s  aga in  l i m i t e d  by -- 

t h e  a v a i l a b i l i t y  of t h e  b i c y c l i c  p r ecu r so r s  and by t h e  ox ida t ive  reac- 

t i o n  c o n d i t i o n s  which prec lude  t h e  presence  o f  u n s a t u r a t i o n  e l sewhere  

i n  t h e  molecule .  

Ring enlargement r e a c t i o n s ,  such a s  t h e  thermal  1,6-sigmatropic reac-  

t i o n  o f  a  1,2-bis-vinylogous - compound  live -- e t  a l . ,  1982).  This  

method s u f f e r s  t he  d i sadvantages  of t h e  h igh  tempera tures  needed f o r  

t h e  r e a c t i o n  t o  proceed and from l i m i t a t i o n s  i n  t h e  c o n t r o l  of  t h e  

geometry of  t h e  r e s u l t i n g  c y c l i c  o l e f i n .  

C y c l i z a t i o n s  of a c y c l i c  p r e c u r s o r s .  These a r e  by f a r  t h e  most versa-  . 

t i l e  methods of macro l ide  s y n t h e s i s  and g e n e r a l l y  proceed under t h e  

m i l d e s t  c o n d i t i o n s .  Comprehensive reviews of t he se  and o t h e r  tech- 

n iques  have been publ ished ( ~ a s a m u n e  -- et a l . ,  1977; Nicolau, 1977; 

Back, 1977; Newkome -- et  a l . ,  1977) .  The most commonly used technique 

u t i l i z e s  s imultaneous a c t i v a t i o n  of  bo th  t h e  hydroxyl  and carboxyl  

func t ions  of an '2-hydroxy ac id  s u b s t r a t e ,  so  t h a t  t h e  ea se  and, conse- 

quen t ly ,  t h e  r a t e  of i n t e r n a l  e s t e r i f i c a t i o n  t o  t h e  macro l ide  i s  

g r e a t  1 y  enhanced. Th i s  "double-act i v a t  ion" i s  achieved by format ion 

of an i n t e r m e d i a t e  such a s  a  2-pyridyl  t h i o e s t e r  ( co rey  -- et a l . ,  1974; 

1975a; 1975b; l 9 7 6 a ) ,  wherein t h e  py r idy l  t h i o  group i n c r e a s e s  t h e  

e l e c t r o ~ h i l i c i t v  of  t h e  carbonvl .  and t h e  ~ v r i d v l  n i t r o g e n  



hydrogen-bonds t h e  hydroxyl hydrogen, i n c r e a s i n g  t h e  n u c l e ~ p h i l i c i t ~  

of t h e  a l c o h o l  oxygen. There a r e  a  number of v a r i a t i o n s  on t h i s  gen- 

e r a l  theme, u s ing  d i f f e r e n t  a c t i v a t i n g  groups ( e - g . ,  Masumune e t  a l . ,  -- 

1977; 1975a; 1975b; Mukaiyama e t  a l . ,  1976; Gerlach e t  a l . ,  1974; -- -- 

1975; Nimitz and Wollenberg, 1978; R a s t e t l e r  and  hilli ion, 1979; 1981; 

Kurihara e t  a1 . , 1976).  -- 

Another s i m i l a r  technique  involves  the  c y c l i z a t i o n  of Q-halo ac id  

s a l t s ,  where h i g h  d i l u t i o n  cond i t i ons  necessary  t o  prevent  o l igomer i za t ion  

a r e  achieved by  t h e  low s o l u b i l i t y  of t h e  ca rboxy la t e  s a l t  i n  t he  r e a c t i o n  

medium. This was t h e  f i r s t  method developed f o r  t h e  formation of a  macro- 

l i d e  ( ~ e r s c h b a u m ,  1927) and t h e r e  have been s e v e r a l  r e c e n t  improvements 

( e . g . ,  Kruizinga and Kellogg, 1981; Kimura and Regen, 1983).  

In  a d d i t i o n ,  s e v e r a l  methods of macrol ide formation v i a  in t ramolecular  

carbon-carbon bond format ion  have been desc r ibed .  These inc lude  intramole- 

c u l a r  Wi t t i g  r e a c t i o n s  ( s t o r k  and Nakamura, 1979; Nicolau e t  a l . ,  1979) and -- 

in t ramolecular  d i sp lacement  of  a  leav ing  group by a  s t a b i l i z e d  carbanion 

( e .g . ,  Takahashi -- e t  a l . ,  1978).  However, t h e s e  methods have not  been wide- 

l y  used due t o  t h e  somewhat r i go rous  r e a c t i o n  c o n d i t i o n s  needed f o r  car-  

bon-carbon bond format ion .  Previous exper ience  i n  our  l a b o r a t o r y  ( ~ o n g ,  

1982; ~ e r i g i n ,  1980) w i th  carbon-carbon bond forming macrol ide c losu re  re-  

a c t i o n s  has a l s o  met wi th  v e r y  l imi t ed  success .  

The s y n t h e t i c  g o a l  i n  t h i s  work was t o  make s e v e r a l  hundred mi l l i g ram 

q u a n t i t i e s  of s t e r eochemica l ly  and enan t iomer i ca l ly  pure macro l ides ,  I - V ,  

both a s  a  f i n a l  proof o f  t h e  proposed s t r u c t u r e s  and t o  t e s t  b i o l o g i c a l  ac- 

t i v i t y .  In  t h e  l a t t e r  c a s e ,  p u r i t y  may be c r i t i c a l  a s  t h e  presence of t h e  

wrong enantiomer o r  geomet r i ca l  isomer may i n h i b i t  response t o  the  



pheromone ( e .g . ,  Borden -- e t  a l . ,  1976) .  The macro l ides  themselves r e p r e s e n t  

s e v e r a l  s t r u c t u r a l  t ypes  of va ry ing  s t a b i l i t y .  Thus, a gene ra l  s y n t h e t i c  

method must: 

1 )  Be s u f f i c i e n t l y  f l e x i b l e  t o  accommodate a  v a r i e t y  of  r i n g  s i z e s ,  w i t h  

vary ing  degrees  of u n s a t u r a t i o n  i n  va r ious  p o s i t i o n s .  

2) Allow complete s t e r e o c o n t r o l  o f  t h e  geometry of  t h e  double bonds. 

3 )  Allow f o r  i n t r o d u c t i o n  of a  c h i r a l  c e n t e r  where necessary .  

4)  Use r e a c t i o n  c o n d i t i o n s  t h a t  a r e  s u f f i c i e n t l y  mild so  t h a t  no isomeri-  

z a t i o n  and/or racemiza t ion  occurs  once t h e  double bonds and/or c h i r a l  

c e n t e r s  a r e  i n  p l ace .  

The method which b e s t  meets t he se  c r i t e r i a  i s  t he  c y c l i z a t i o n  of acy- 

c l i c  p r e c u r s o r s ,  where double  bonds and f u n c t i o n a l i t i e s  can be placed a t  

w i l l  a t  t h e  r equ i r ed  ~ o s i t i o n s  along t h e  a c y c l i c  ske l e ton .  I n  p a r t i c u l a r ,  

t h e  mild r e a c t i o n  c o n d i t i o n s  now a v a i l a b l e  f o r  mac rocyc l i za t i on  of hydroxy 

a c i d s  seemed wel l  s u i t e d  t o  t h e  c o n s t r a i n t s  mentioned above. I n  a d d i t i o n ,  

t he  body of  l i t e r a t u r e  on  reparation of t h e  a c y c l i c  p r ecu r so r s ,  i . e .  s i ng -  

l y -  and mul t ip ly-unsa tura ted  ca rboxy l i c  a c i d s ,  with u n s a t u r a t i o n s  i n  v a r i -  

ous p o s i t i o n s ,  i s  now e x t e n s i v e .  

B. S y n t h e t i c  S t r a t e g i e s  

S y n t h e s i s  o f  ( 3 ~ ) - ~ o d e c e n o l i d e  ( I )  

Re t rosyn the t i c  a n a l y s i s  of macro l ide  I revea led  t h a t  key s t e p s  were 

t h e  l a c t o n i z a t i o n  of  t h e  a c y c l i c  hydroxy a c i d ,  s t e r e o s e l e c t i v e  i n t r o d u c t i o n  

of t h e  Z o l e f i n  f3,y t o  t h e  carboxyl  and i n t r o d u c t i o n  of  t h e  carboxyl  func- 

t i o n .  In a d d i t i o n ,  t h e r e  was s l i g h t  u n c e r t a i n t y  a s  t o  t h e  geometry of t h e  

double bond, so  t h e  s y n t h e s i s  of  I was designed so t h a t  e i t h e r  E- o r  



Scheme I 



Z-unsa tu ra t ion  cou ld  be  i n t r o d u c e d .  The s y n t h e t i c  r o u t e  (scheme I ) ,  a s  f a r  

a s  i n t e r m e d i a t e  5, was s i m i l a r  t o  t h a t  o f  Maurer and Gr ieder  (19771, who - 

prepared t h e  t e t r a h y d r o p y r a n y l  e t h e r  ana log  o f  - 5 .  Thus,  1 , 8 - o c t a n e d i o l  1 - 
was conver ted  t o  8-bromo-1-octanol, 2, by r e a c t i o n  w i t h  48% aqueous H B r ,  - 
with  c o n t i n u o u s  e x t r a c t i o n  w i t h  h o t  h e p t a n e .  The hydroxyl  f u n c t i o n  o f  2  - 

was t h e n  p r o t e c t e d  a s  t h e  f3-methoxyethoxymethyl e t h e r ,  by t r e a t m e n t  w i t h  

MEM c h l o r i d e  i n  d i i s o p r o p y l e t h y l a m i n e  ( ~ o r e y  e t  a l . ,  1976b) .  -- 
Attempted r e a c t i o n  o f  t h e  r e s u l t i n g  bromide 3 w i t h  t h e  d i l i t h i o  s a l t  - 

o f  3-butyn-1-01 (Ames -- e t  a l . ,  1 9 6 3 ) ,  t o  g i v e  a l c o h o l  5  d i r e c t l y ,  r e s u l t e d  

i n  low y i e l d s  o f  p r o d u c t ,  w i t h  c o n s i d e r a b l e  u n r e a c t e d  s t a r t i n g  m a t e r i a l .  

I n s t e a d ,  - 5  was s y n t h e s i z e d  i n  two s t e p s .  Alkyne 4 was p repared  i n  excel-  - 

l e n t  y i e l d  from r e a c t i o n  of  3 with  l i t h i u m  a c e t y l i d e  i n  THF/H?IPA (Beckmann - 
e t  a l . ,  1 9 7 5 ) ,  fo l lowed  b y  r e a c t i o n  o f  t h e  Gr ignard  o f  4 wi th  e t h y l e n e  -- A 

o x i d e  ( B r a n d m a ,  1971) .  Alcohol - 5  proved t o  be  s u r p r i s i n g l y  d i f f i c u l t  t o  

o x i d i z e  c l e a n l y ,  presumably due t o  t h e  p r o x i m i t y  o f  t h e  a l c o h o l  t o  t h e  

t r i p l e  bond. Th is  h a s  a l s o  been no ted  by o t h e r  workers  ( e . g . ,  Kajiwara e t  - 
a l . ,  1977; Wong, 1982) .  Thus,  a t t empted  o x i d a t i o n  under  n e u t r a l  c o n d i t i o n s  - 

w i t h  ~ ~ r i d i n i u m  d i c h r o m a t e  i n  DMF ( c o r e y  and Schmidt, 1979) gave low y i e l d s  

o f  t h e  d e s i r e d  f3 ,y-unsaturated a c i d  6 .  S tepwise  o x i d a t i o n  v i a  t h e  a lde-  - 
hyde,  u s i n g  s e v e r a l  d i f f e r e n t  methods ( a l k a l i n e  Ag20; p y r i d i n i u m  ch loro-  

chromate i n  CH2C12; Ag2C03 i n  c e l l i t e )  a l s o  proved u n p r o d u c t i v e .  Acid - 6 

was f i n a l l y  o b t a i n e d  i n  r e a s o n a b l e  y i e l d  by o x i d a t i o n  o f  - 5 w i t h  co ld  d i l u t e  

Jones  r e a g e n t ,  u s i n g  t h e  i n v e r s e  a d d i t i o n  method ( ~ o l l a n d  and Gilman, 

19741, w i t h  no d e t e c t a b l e  c l e a v a g e  o f  t h e  r e l a t i v e l y  a c i d - i n s e n s i t i v e  MEM 

p r o t e c t i n g  g roup .  Cleavage o f  t h e  MEM e t h e r  b y  t h e  normal p rocedure  ( ~ o r e y  

e t  a l . ,  1976b) ,  u s i n g  powdered anhydrous z i n c  bromide i n  CH2C12 ,  gave a  -- 



mixture of p roduc t s ,  p o s s i b l y  due t o  t h e  i n t e r a c t i o n  of t h e  Lewis a c i d  

ZnBr2 with t h e  t r i p l e  bond. I n s t e a d ,  c o n d i t i o n s  were worked ou t  f o r  a c i d  

hydro lys i s  of t h e  p r o t e c t i n g  group using THF:water:conc. H C 1  (12:2:1-8:2:1) 

a t  20" f o r  24-48 h ,  g i v i n g  hydroxy a c i d  - 7  i n  good ~ i e l d .  s t e r e o s e l e c t i v e  

c i s  reduc t ion  of t h e  t r i p l e  bond i n  7  was at tempted by t h r e e  methods. The - - 

f i r s t ,  using d icyc lohexylborane   weif if el and Pols ton ,  l97O), gave an i n t e r -  

mediate borane adduct which proved t o  be somewhat d i f f i c u l t  t o  hyd ro lyze .  

Ca t a ly t i c  r educ t ion  w i t h  pa l lad ium on barium su lpha t e ,  poisoned wi th  quino- 

l i n e  ( ~ i n d l a r ' s  c a t a l y s t ) ,  gave a  f i n a l  product contaminated wi th  a  few 

percent of t h e  t r a n s  isomer.  F i n a l l y ,  c a t a l y t i c  r educ t ion  wi th  P-2 n i c k e l  

( ~ r o w n  and Ahuja, 1973a; 1973b) gave an e x c e l l e n t  y i e l d  of  t h e  Z o l e f i n  - 8 ,  

uncontaminated by t h e  t r a n s  isomer,  conjugated isomers o r  p roduc t s  o f  

over- reduc t ion .  

A v a r i e t y  of methods a r e  a v a i l a b l e  f o r  c y c l i z a t i o n  of  t h e  hydroxy 

a c i d .  The double a c t i v a t i o n  method of Corey was used because it had been . 

succes s fu l ly  app l i ed  t o  a v a r i e t y  of  macro l ide  c l o s u r e s  (Corey -- et a l . ,  

1976a; 1975a; 1975b; 1974) and because previous workers i n  our  l a b o r a t o r y  

had achieved r ea sonab le  y i e l d s  v i a  t h i s  method. Thus, I was ob t a ined  i n  

moderate y i e l d  by slow a d d i t i o n  of  a  d i l u t e  s o l u t i o n  of  t h e  2 -py r id ine th io l  

e s t e r  of - 8  t o  r e f l u x i n g  xy lene .  

Attempts t o  improve t h e  ~ i e l d  i n  t h e  c y c l i z a t i o n  s t e p ,  i nc lud ing  

changing s o l v e n t s  ( t o l u e n e ,  benzene) ,  changing t h e  r a t e  of  a d d i t i o n  and t h e  

d i l u t i o n  f a c t o r ,  and changing t h e  c y c l i z a t  ion  agent  from 2 ,2 ' -d ipy r idy ld i -  

s u l f i d e  t o  2,2 ' - d i t h i o b i s ( 4 -  tert-butyl-1-isopropylimadazole) ( corey and 

Brunel le ,  1 9 7 6 ~ )  gave no s i g n i f i c a n t  i n c r e a s e s  i n  y i e l d .  The a d d i t i o n  of 

c a t a l y t i c  amounts of  s i l v e r  s a l t s ,  a s  recommended by Gerlach et -- a l .  (1975; 
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1974 ) ,  a l s o  gave no improvement i n  y i e l d .  

There a r e  s e v e r a l  p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  low y i e l d s  ob t a ined .  

Fixed r a t e  of a d d i t i o n  dropping funne l s  and h igh  d i l u t i o n  d i s t i l l a t i o n  

heads were no t  used. Thus, t h e  c o n d i t i o n s  of h igh  d i l u t i o n  may not  

have been achieved.  

The appara tus  and s o l v e n t  may n o t  have been completely d ry ,  even 

though t h e  s o l v e n t s  were d r i e d  by a z e o t r o p i c  removal of water o r  by 

d i s t i l l a t i o n  from calcium hydr ide .  

The c y c l i z a t i o n  agen t s ,  which a r e  hygroscopic  and the rma l ly  uns t ab l e ,  

may not  have been d r y ,  d e s p i t e  hand l ing  under n i t r o g e n  i n  a  dry-box. 

The in t e rmed ia t e  p y r i d i n e t h i o l  e s t e r s  a r e  thermal ly  uns t ab l e  ( i . e . ,  

c y c l i z a t i o n  occurs  merely by h e a t i n g )  and may have p a r t i a l l y  o l i g o -  

merized i n  t h e  dropping funnel  be fo re  being added t o  t h e  r e f l u x i n g  xy- 

l ene .  This i s  supported by t h e  f a c t  t h a t  some dimerized m a t e r i a l  and 

cons ide rab l e  po l a r  r e s i d u e  were ob ta ined  from each c y c l i z a t i o n .  

The molecule  may have been i n t r i n s i c a l l y  d i f f i c u l t  t o  c y c l i z e ,  due t o  

conformational  and s t e r i c  c o n s t r a i n t s  i n  t h e  t r a n s i t i o n  s t a t e  ( ~ o r e y  

e t  a l . ,  1976d). However, t h i s  is  n o t  borne ou t  by examination of  -- 

s p a c e - f i l l i n g  molecular  models. 

It should a l s o  be mentioned t h a t  t h e  low y i e l d  was not  due t o  impure 

p recu r so r  - 8 ,  a s  t h i s  compound was chromatographica l ly  pure (TLC, GLC of 

methyl e s t e r  ( c H ~ N ~ ) )  and gave a  v e r y  good carbon-hydrogen a n a l y s i s .  

The o v e r a l l  y i e l d  of  I from 1 ,8-oc tanedio l  (1) - was 10%. 

Syn thes i s  o f  13- ethyl-(5~)- t r i d e c e n o l i d e  (11)  

The s y n t h e t i c  r o u t e  t o  macro l ide  I1 (scheme 11 )  used many of t h e  same 





s t e p s  a s  i n  t h e  s y n t h e s i s  of  I. The only  p rev ious ly  u n t r i e d  key s t e p  i n  

t h i s  sequence was t h e  inco rpora t ion  of a  c h i r a l  c e n t e r .  The c h i r a l  syn-  

thons chosen were t h e  r e a d i l y  a v a i l a b l e  (R)- - and (s)-methyloxiranes - 13 - 
(Seuring and Seebach, 1977; H i l l i s  and Ronald, 1981),  which can be regio-  

and s t e r e o s p e c i f i c a l l y  opened ( ~ o h n s t o n  and S l e s s o r ,  1979; Acker, 1977; 

Szabo and Lee, 1980) t o  g ive  the  corresponding c h i r a l  a l c o h o l s .  Thus, 

racemic o r  c h i r a l  I1 could be made by use of t he  r e s p e c t i v e  racemic o r  

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

The s y n t h e s i s  of I1 commenced with 5-hexyn-1-01 ( 9 ) ,  - t he  hydroxyl of 

which was p ro t ec t ed  a s  t h e  te r t -buty ld  i m e t h y l s i l y l  e t h e r  by t rea tment  with 

TBDMS c h l o r i d e  and imadazole i n  DMF (corey  and Venkateswarlu, 19721, g iv ing  

10 q u a n t i t a t i v e l y .  The l i t h i u m  s a l t  o f  10 was a l k y l a t e d  with l-chloro-5- - - 
i o d o ~ e n t a n e  (11 ,  - Ahmad e t  a l . ,  1948) i n  THF/HMPA (~eckmann e t  a l . ,  1975) a t  -- -- 

-40-0" t o  g ive ,  s e l e c t i v e l y ,  t h e  c h l o r i d e  - 12. 

I n i t i a l  a t t empt s  t o  make t h e  Grignard of  d i s t i l l e d  12 were not  suc- - 
c e s s f u l  due t o  t r a c e s  of  s i l y l  a lcohol  i n  t h e  d i s t i l l a t e .  Washing t h e  d i s -  

t i l l a t e  through a  column of s i l i c a  g e l  removed t r a c e s  of water  and/or  

a l coho l ,  and t h e  Grignard o f  12 could then  be formed, a l b e i t  wi th  d i f f i -  - 
c u l t y .  Cuprous iod ide  ca t a lyzed  r e a c t i o n  of t h e  Grignard with t h e  appro- 

p r i a t e  methyloxirane gave a lcohol  - 14  i n  reasonable  y i e l d .  The a lcohol  was 

p ro t ec t ed  a s  t h e  MEM e t h e r  - 15 and s t e r e o s e l e c t i v e l y  reduced t o  t h e  Z-olefin 

16, a s  p rev ious ly  desc r ibed  f o r  I. S e l e c t i v e  d e p r o t e c t i o n  of t h e  primary - 

hydroxyl wi th  AcOH:THF:H20 (3:  1: 11, followed by o x i d a t i o n  of t h e  r e s u l t i n g  

a lcohol  - 17 wi th  pyridinium dichromate i n  DMF ( ~ o r e y  and Schmidt, 19791, 

produced ac id  - 18 i n  h igh  y i e l d .  Acid hydro lys i s  of t h e  MEM p r o t e c t i n g  

group, a s  desc r ibed  f o r  I, gave hydroxy ac id  19, which was c y c l i z e d  wi th  - 



2-chloro-1-methylpyridinium iodide (~ukai~ama et al., 1976), which also op- -- 
erates via the double-activation principle. Thus, an acetonitrile solution 

of the triethylamine salt of 19 was added slowly to a reflwing acetoni- - 
trile solution of the cyclizing agent, giving macrolide I1 in 33-49% 

yield. The overall yield from 5-hexyn-1-01 was about 10%. Racemic, (R)-, - 
and (s)-11 were made via this route. - 

The optical purities of the enantiomers of 19, the immediate precur- - 
sors to 11, were checked by reaction of the methyl ester ( c H ~ N ~ )  of each 

enantiomer with (+I-a-methoxytrifluoromethylphenylacetyl chloride  ale - et 

al., 1969). The resulting diastereomers gave 400 MHz 'H NMR spectra in - 

which the 13-methyl groups had chemical shifts differing by 0.05 ppm. In 

each case, only one isomer was detectable, giving an estimated enantiomeric 

excess of >95%. 

Experiments to determine the chiral purity of the enantiomers of I1 

directly, using chiral NMR shift reagents, resulted in minimal resolution 

of the 13-methyl groups (=2 Hz), with considerable line broadening. Thus, 

this procedure could not be used for determination of enantiomeric ratios 

of 11. 

Due to the difficulties encountered in the formation of the Grignard 

of 12 and the moderate yields of 11 obtained, a new synthetic route to I1 - 
was developed (scheme 1111, the key to which is the so-called acetylene 

zipper reaction (~rown and Yamashita, 1975; 1976; Lindhoudt et al., 1976) -- 

which isomerizes an internal triple bond to a terminal position. The reac- 

tion can be performed on chiral acetylenic alcohols, with no loss of alco- 

hol chirality  idla land -- et al., 1981). 

Thus, the lithium salt of 1-heptyne at -loo in THF was used to 
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s t e r e o -  and r e g i o s e l e c t i v e l y  open methy lox i rane  ( ~ r a n d s m a ,  1971) .  The re- 

s u l t i n g  p r o p a r g y l  a l c o h o l  20 was r e a c t e d  w i t h  po tass ium 3-aminopropylamide - 
i n  e x c e s s  1,3-diaminopropane,  t h e  z i p p e r  r e a c t i o n ,  t o  g i v e  t h e  t e r m i n a l  

a lkyne - 21 i n  e x c e l l e n t  ~ i e l d ,  w i t h  no l o s s  o f  c h i r a l i t y  (checked by 400 MHz 

1 H NMR o f  t h e  (+)-a-methoxytrifluoromethylphenylacetates  ale -- e t  a l . ,  

1 9 6 9 ) ) .  The a l c o h o l  was p r o t e c t e d  a s  t h e  t e t r a h y d r o p y r a n y l  e t h e r  - 22. The 

l i t h i u m  s a l t  o f  - 22 was t h e n  r e a c t e d  w i t h  1-chloro-3-iodopropane a t  -40-0•‹, 

i n  THF/HMPA, t o  s e l e c t i v e l y  g i v e  c h l o r i d e  - 23. 

The c h l o r i d e  was c o n v e r t e d  t o  n i t r i l e  24 by t r e a t m e n t  w i t h  potass ium - 

cyan ide  i n  r e f l u x i n g  a c e t o n i t r i l e ,  v i a  phase t r a n s f e r  c a t a l y s i s  w i t h  18- 

crown-6 (cook -- e t  a l . ,  1974) .  The n i t r i l e  - 24 was c l e a n l y  and q u a n t i t a t i v e l y  

hydro lyzed  t o  a c i d  - 25 by t r e a t m e n t  w i t h  a l k a l i n e  hydrogen perox ide  ( ~ o r e y  

e t  a l . ,  1976a) .  D e p r o t e c t i o n  o f  t h e  a l c o h o l  w i t h  AcOH:THF:H20 ( 3 : 1 : 1 ) ,  -- 

fol lowed by s t e r e o s e l e c t i v e  c i s  r e d u c t i o n  w i t h  P-2 n i c k e l ,  gave t h e  p r e v i -  - 
o u s l y  p repared  Z-hydroxy a c i d  - 1 9 ,  which cou ld  be c y c l i z e d  a s  p r e v i o u s l y  

d e s c r i b e d .  

T h i s  r o u t e  was o n l y  c o m p l e t e l y  worked o u t  f o r  racemic 11 b u t  would 

work e q u a l l y  w e l l  f o r  t h e  enan t iomers  of 11. It was found t o  b e  s u p e r i o r  

t o  t h e  p r e v i o u s  r o u t e ,  bo th  i n  t e rms  o f  o v e r a l l  y i e l d  (15%) and conveni- 

ence .  

S y n t h e s i s  o f  13-~eth~l-(52,8~)-tridecadienolide (111) 

The key f e a t u r e s  o f  111 a r e  t h e  (52,82)  d i e n e  sys tem and t h e  c h i r a l  

c e n t e r  a t  C13. S e v e r a l  approaches  have been used t o  c o n s t r u c t  s o - c a l l e d  

skipped d i e n e  sys tems .  For i n s t a n c e ,  r e a c t i o n s  between P ,y -unsa tu ra ted  

a ldehydes  and W i t t i g  r e a g e n t s  have g iven  skipped d i e n e s  ( ~ e s t m a n n  and 



Vostrowsky, 1979) ;  however,  t h e  s t e r e o c h e m i c a l  c o n t r o l  i s  by no means ab- 

s o l u t e  (Corey -- e t  a l . ,  1980) .  V i n y l i c  o r g a n o c u p r a t e s  ( A l e x a k i s  -- e t  a l .  , 

1979) and organoboranes  ( ~ i ~ a u r a  -- e t  a l . ,  1980) have been coupled w i t h  a l l y -  

lit h a l i d e s  b u t  t h e  l i m i t a t i o n s  and c o r n p a t a b i l i t y  w i t h  v a r i o u s  f u n c t i o n a l  

groups  have n o t  been f u l l y  e x p l o r e d .  The s a a e  can be s a i d  about  t h e  new- 

ly-developed method, u s i n g  dibutyl-1,5-stannacyclohexadiene a s  t h e  syn the-  

t i c  e q u i v a l e n t  o f  (z,z)-L~CH=CH-CH~-CH=CHL~ ( ~ a n g  and Corey,  1982) .  

The s i m p l e s t  and most common method of making ( z , z )  sk ipped  d i e n e s  i n -  

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

The d i y n e s  a r e  made by t h e  c o u p l i n g  o f  a  p ropargy l  h a l i d e  o r ,  b e t t e r ,  a 

p ropargy l  t o s y l a t e  ( ~ e r k r u i j s s e  and H a s s e l a a r ,  1979; Mori and E b a t a ,  1 9 8 1 ) ,  

w i t h  t h e  Grignard of an  a l k y n e ,  u s i n g  cuprous  s a l t  c a t a l y s t s .  In  a d d i t i o n ,  

i t  i s  p o s s i b l e  t o  coup le  t h e  d i G r i g n a r d  d e r i v a t i v e  of an 8 - a c e t y l e n i c  a c i d  

of f i v e  ca rbons  o r  more w i t h  a  p r o p a r g y l  h a l i d e  o r  t o s y l a t e  (0sbond -- e t  a l . ,  

1961; B e e r t h i u s  e t  a l . ,  1 9 7 1 ) .  Thus,  i n  t h e  c a s e  of m a c r o l i d e  111, t h e  re-  
v- 

qui red  u n s a t u r a t i o n s  and t h e  u n p r o t e c t e d  ca rboxyl  f u n c t i o n  c o u l d  be  i n t r c r  

duced i n  one s t e p ,  g i v i n g  a  convergen t  s y n t h e s i s .  

m e  c h i r a l  c e n t e r  was i n t r o d u c e d  by t h e  same method a s  was used i n  t h e  

improved s y n t h e s i s  o f  11; t h a t  i s ,  t h e  l i t h i u m  s a l t  of  an a l k y n e  was used 

t o  reg io -  and s t e r e o s e l e c t i v e l y  open c h i r a l  m e t h y l o x i r a n e s ,  fo l lowed  by 

i s o m e r i z a t i o n  o f  t h e  t r i p l e  bond o f  t h e  r e s u l t i n g  p ropargy l  a l c o h o l  t o  t h e  

t e r m i n a l  p o s i t i o n  by way o f  t h e  a c e t y l e n e  z i p p e r  r e a c t i o n .  

The complete  s y n t h e t i c  r o u t e  i s  shown i n  Scheme I V .  Thus, t h e  appro- 

p r i a t e  m e t h y l o x i r a n e  was opened s t e r e o -  and r e g i o s e l e c t i v e l y  by t h e  l i t h i u m  

s a l t  of 1-butyne i n  THF a t  -20•‹-20•‹,  g i v i n g  t h e  p r o p a r g y l  a l c o h o l  - 27.  ISO- 

m e r i z a t i o n  o f  t h e  a l k y n e  t o  t h e  t e r m i n a l  p o s i t i o n  w i t h  po tass ium 
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3-aminopropylamide gave a lkyne  28, t h e  hydroxyl  o f  which was p r o t e c t e d  a s  - 

t h e  - t - b u t y l d i m e t h y l s i l y l  e t h e r  29a.  The o r d e r  o f  t h e  s t e p s  was i m p o r t a n t ,  - 
because  i f  a l c o h o l  27 was f i r s t  p r o t e c t e d ,  fo l lowed b y  t h e  a c e t y l e n e  z i p p e r  - 

r e a c t i o n ,  a  m i x t u r e  o f  p r o d u c t s  r e s u l t e d ,  presumably due t o  s t e r i c  h i n -  

d rance  by t h e  bulky p r o t e c t i n g  group.  The l i t h i u m  s a l t  o f  29a i n  THE was - 

then c h a i n  extended by one ca rbon  by r e a c t i o n  w i t h  d r y ,  powdered paraform- 

a ldehyde ( ~ r a n d s m a ,  1 9 7 1 ) ,  g i v i n g  t h e  p r o p a r g y l  a l c o h o l  - 30. T o s y l a t i o n  o f  

30 w i t h  p- tosyl  c h l o r i d e  and powdered KOH i n  e t h e r  a t  -10-O0 ( ~ r a n d s m a ,  - - 

1971 ) completed t h e  s y n t h e s i s  o f  h a l f  of t h e  ca rbon  s k e l e t o n .  

A l t e r n a t i v e l y ,  r acemic  28 c o u l d  be made by o x i d a t i o n  of 5-hexyn-1-01 - 

( 9 )  - t o  5-hexyn-1-a1 (36)  - w i t h  pyr id in ium d ichromate  i n  CH2C12 ( c o r e y  and 

Suggs, 19751, fo l lowed by t r e a t m e n t  o f  an  e t h e r  s o l u t i o n  of t h e  a ldehyde  

w i t h  methyl magnesium bromide ,  g i v i n g  a l c o h o l  28.  - 

The c h i r a l  p u r i t i e s  o f  t h e  enan t iomers  o f  28 were de te rmined  by 'H NMR - 

of t h e  (+)-a-methoxytrifluoromethylphenyl a c e t a t e s   ale e t  a l . ,  1 9 6 9 ) ,  a s  . -- 

p r e v i o u s l y  d e s c r i b e d  f o r  11. Only one isomer was s e e n  i n  each c a s e ,  f o r  a  

minimum e  . e .  o f  95%. 

The second fragment o f  t h e  ca rbon  s k e l e t o n ,  5-hexynoic a c i d  ( 3 2 ) ,  - was 

prepared  b y  o x i d a t i o n  o f  5-hexyn-1-01 w i t h  pyr id in ium d ichromate  i n  DMF 

( ~ o r e y  and Schmidt, 1979) .  The two f ragments  - 3 1  and 32 were t h e n  coupled - 

by cuprous  bromide c a t a l y z e d  r e a c t i o n  of t h e  d iGr ignard  d e r i v a t i v e  o f  ace- 

t y l e n i c  a c i d  - 32 w i t h  t o s y l a t e  - 31,  g i v i n g  a  good y i e l d  o f  c r u d e  d i y n e  a c i d  

33. The c rude  a c i d  was t h e n  s t e r e o s e l e c t i v e l y  reduced wi th  P-2 n i c k e l  t o  - 

t h e  ( z ,  Z) d i e n e  a c i d  - 34, fo l lowed  by d e p r o t e c t i o n  o f  t h e  hydroxyl  f u n c t i o n  

wi th  Ac0H:HzO:THE (3:  1: 11, y i e l d i n g  - 35.  Hydroxy a c i d  - 35 was t h e n  c y c l i z e d  

by Mukaiyamals method i n  modera te  y i e l d ,  w i t h  a n  o v e r a l l  y i e l d  o f  a b o u t  8% 



from m e t h y l o x i r a n e .  R ,  S ,  and racemic  m a c r o l i d e  111 have been p repared  b y  - - 
t h i s  r o u t e .  

It shou ld  be mentioned t h a t  a c i d s  33 ,  34 and 35 were u n s t a b l e .  Thus,  - - - 

3 3  and 34 were c a r r i e d  th rough  subsequen t  s t e p s  w i t h o u t  p u r i f i c a t i o n .  In - - 

a d d i t i o n ,  a t t e m p t s  t o  p u r i f y  a n a l y t i c a l  samples  of 33 and 34 were not  suc- - - 

c e s s f u l  a s  t h e  a c i d i c  c o n d i t i o n s  needed t o  p r e v e n t  i o n i z a t i o n  o f  t h e  a c i d  

f u n c t i o n s  d u r i n g  TLC a l s o  caused some h y d r o l y s i s  of t h e  a c i d - l a b i l e  pro- 

t e c t i n g  group.  

S y n t h e s i s  o f  ( 3 ~ , 6 ~ ) - D o d e c a d i e n o l i d e  (IV) 

m e  key f e a t u r e  o f  m a c r o l i d e  I V  i s  t h e  ( z , z )  skipped d i e n e  system. 

However, a s  t h e  d i e n e  i s  f3 ,y  t o  t h e  c a r b o x y l  f u n c t i o n ,  t h e  d i y n e  p r e c u r s o r  

cannot  be made v i a  t h e  c o u p l i n g  r e a c t i o n  between a  p ropargy l  t o s y l a t e  and 

t h e  d i a n i o n  of 3-butynoic a c i d  because  t h e  p r o t o n s  a t o  t h e  ca rbonyl  a r e  

t o o  a c i d i c .  Consequent ly ,  c o u p l i n g  o c c u r s  prredominantly a t o  t h e  c a r b o n y l ,  

i n s t e a d  o f  a t  t h e  t e r m i n a l  a l k y n e .  Thus,  it was n e c e s s a r y  t o  use  a  some- 

what l o n g e r  s y n t h e s i s ,  i n v o l v i n g  t h e  c o u p l i n g  o f  a  p r o p a r g y l  t o s y l a t e  w i t h  

a p r o t e c t e d  a l k y n o l ,  fo l lowed b y  d e p r o t e c t i o n  and o x i d a t i o n  of t h e  r e s u l t -  

i n g  a l c o h o l  (scheme V) . 
Thus,  t h e  l i t h i u m  s a l t  o f  l-hexyne i n  THF was chain-extended by one 

ca rbon  by r e a c t i o n  w i t h  powdered paraformaldehyde.  The r e s u l t i n g  p r o p a r g y l  

a l c o h o l  37 was i somer ized  t o  t h e  t e r m i n a l  a l k y n e  38 b y  t r e a t m e n t  wi th  - - 

potass ium 3 - a m i n ~ ~ r o p y l a m i d e .  The hydroxyl  f u n c t i o n  was p r o t e c t e d  a s  t h e  

r e l a t i v e l y  a c i d - i n s e n s i t i v e  MEM e t h e r  - 39 by t r e a t m e n t  w i t h  MEM c h l o r i d e  and 

d i i s o p r o p y l e t h y l a m i n e ,  comple t ing  one f ragment  o f  t h e  ca rbon  s k e l e t o n .  

The o t h e r  fragment was c o n s t u c t e d  from 3-butyn-1-01 ( 4 0 ) .  - The 
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hydroxyl  was p r o t e c t e d  a s  t h e  t - b u t y l d i m e t h y l s i l y l  e t h e r ,  fo l lowed by one- - 
carbon c h a i n  e x t e n s i o n  by r e a c t i o n  o f  t h e  l i t h i u m  s a l t  o f  41a w i t h  powdered - 

paraformaldehyde.  The p r o p a r g y l  a l c o h o l  42a  was t h e n  t o s y l a t e d  w i t h  p- - - 

t o s y l  c h l o r i d e  and powdered KOH i n  e t h e r  a t  - l o0 -oO,  ~ i e l d i n g  - 43a ,  t h e  

second fragment of t h e  ca rbon  s k e l e t o n .  

The d i y n e  was t h e n  c o n s t r u c t e d  by cuprous  bromide c a t a l y z e d  c o u p l i n g  

o f  t h e  Grignard o f  - 39 w i t h  t o s y l a t e  - 4 3 a  ( ~ e r k r u i j s s e  and H a s s e l a a r ,  1979) .  

The c rude  d i y n e  was s e l e c t i v e l y  d e p r o t e c t e d  w i t h  - p - t o l u e n e s u l p h o n i c  a c i d  i n  

d r y  MeOH. Oxida t ion  o f  t h e  r e s u l t i n g  homopropargyl a l c o h o l  45 w i t h  - 

pyridinium d ichromate  i n  DXF was n o t  s u c c e s s f u l ,  a s  was found i n  t h e  syn- 

t h e s i s  of macro l ide  I. I n s t e a d ,  i n v e r s e  a d d i t i o n  o f  an  a c e t o n e  s o l u t i o n  o f  

45 t o  c o l d  Jones r e a g e n t  ( ~ o l l a n d  and Gilman, 1974)  was found t o  g i v e  a  - 

r e a s o n a b l e  y i e l d  o f  a c i d  4 6 ,  w i t h  no observed  h y d r o l y s i s  o f  t h e  MEM e t h e r .  - 

The MEN e t h e r  was t h e n  c a r e f u l l y  hydro lyzed  w i t h  THF:H20:conc. H C 1  (8 :2:1)  

f o r  24 h  a t  20".  S t e r e o s e l e c t i v e  r e d u c t i o n  o f  hydroxy a c i d  47 w i t h  P-2 - 

n i c k e l  gave t h e  r e q u i r e d  (Z,Z) d i e n e  48 ,  w i t h  a  smal l  amount o f  p roduc t  re- - 

s u l t i n g  from o v e r - r e d u c t i o n  o f  t h e  double  bond @ ,  y t o  t h e  c a r b o x y l  

f u n c t i o n .  The d i e n e  hydroxy a c i d  was t h e n  c y c l i z e d  i n  moderate  y i e l d  w i t h  

2-chloro-1-methylpyridinium i o d i d e  ( ~ u k a i ~ a m a  -- et  a l . ,  1976) .  The o v e r a l l  

y i e l d  from 1-hexyne was abou t  2%. 

The major  problem w i t h  t h e  s y n t h e s i s  was t h e  i n s t a b i l i t y  o f  t h e  d i y n e  

i n t e r m e d i a t e s  4 4  t o  4 8 ,  which r a p i d l y  d i s c o l o u r  and decompose, even  a t  - - 
-30". Thus, it  was n e c e s s a r y  t o  work a s  r a p i d l y  a s  p o s s i b l e ,  w i t h  t h e  

minimum number o f  p u r i f i c a t i o n  s t e p s .  



Syn thes i s  o f  11-Methyl-(3Z,6Z)-undecadienolide (v )  

Re t rosyn the t i c  a n a l y s i s  o f  macro l ide  V showed t h a t  t h e  key diyne pre- 

c u r s o r  49 (scheme VI) could be c o n s t r u c t e d  from two previously-made frag-  - 

ments,  namely, p ro t ec t ed  a lkynol  28, from t h e  s y n t h e s i s  of  111, and - 

t o s y l a t e  - 42,  from t h e  s y n t h e s i s  of I V .  Cuprous bromide ca t a lyzed  coupl ing  

of  t h e  Grignard o f  - 28b and t o s y l a t e  42b gave t h e  d iyne  49. The t e t r a h y d r o -  - - 
pyranyl e t h e r  p r o t e c t i n g  groups were hydrolyzed wi th  - p-toluenesulphonic  

ac id  i n  d r y  MeOH, y i e l d i n g  d i o l  50.  Oxidat ion of  t h e  d i o l  by i nve r se  addi-  - 

t i o n  t o  cold Jones reagent  gave a  moderate y i e l d  of  t h e  k e t o  ac id  51. The - 

ketone was s e l e c t i v e l y  reduced by a d d i t i o n  of  NaBH4 t o  an e t h a n o l i c  solu-  

t i o n  of  - 51 a t  - l o 0 - o O ,  g iv ing  hydroxy a c i d  52.  S t e r e o s e l e c t i v e  reduc t ion  - 
of  t h e  t r i p l e  bonds wi th  P-2 n i c k e l  produced t h e  ( z , z )  d i e n e  hydroxy a c i d  

53,  wi th  a  small  amount of product  r e s u l t i n g  from over - reduc t ion  of t h e  - 

double bond $,y t o  t h e  carboxyl ,  a s  was found f o r  compound 48 i n  t h e  syn- - 
t h e s i s  of I V .  F i n a l l y ,  c y c l i z a t i o n  of - 53 wi th  2-chloro-1-methylpyridinium 

i od ide  ( ~ u k a i ~ a m a  e t  a l . ,  1976) gave a  ve ry  low y i e l d  of macro l ide  V (7- -- 
10%) on s e v e r a l  a t t empt s .  It appears  t h a t  t h e  molecule  i s  i n t r i n s i c a l l y  

d i f f i c u l t  t o  c y c l i z e .  

Severa l  minor v a r i a t i o n s  could a l s o  be used.  For i n s t a n c e ,  t h e  - t- 

b ~ t ~ l d i m e t h y l s i l y l  e t h e r  ana logs  o f  - 28b and 42b were made and c a r r i e d  - 
through t o  t h e  d i o l  - 50 ,  using t h e  c o n d i t i o n s  desc r ibed  f o r  t h e  diyne 

coupl ing  r e a c t i o n  and t h e  d e p r o t e c t i o n  o f  t h e  d i o l  a s  were used fo r  - 28b and 

42b. Yie lds  were roughly t h e  same. It was concluded t h a t  t h e  s i l y l  d e r i -  - 
v a t i v e s  were p r e f e r r e d  t o  work wi th  because of lower b o i l i n g  p o i n t s  and be- 

cause they  were no t  mix tures  of  d i a s t e r eomers ,  whereas t h e  THP ones were 

d i a s t e r eomer i c  mix tu re s ,  due t o  t h e  c h i r a l  c e n t e r  of  t h e  THP r i n g .  
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The MEM e t h e r  analog o f  28b was a l s o  synthes ized  and coupled wi th  - 
t o s y l a t e  - 42b (scheme VI I ) .  The primary hydroxyl  of  t h e  r e s u l t i n g  d iyne  49b - 

was then s e l e c t i v e l y  dep ro t ec t ed  w i th  PTSA i n  d r y  MeOH, g iv ing  54 ,  which - 
was then ox id i zed  with co ld  d i l u t e  Jones r e a g e n t ,  us ing  the  i n v e r s e  addi- 

t i o n  method. The secondary a l c o h o l  o f  t h e  r e s u l t i n g  ac id  55 was then de- - 

pro t ec t ed  wi th  THF:H20:HC1 (8:2:1) ,  ~ i e l d i n g  t h e  d iyne  hydroxy ac id  52,  a s  - 
produced by t h e  prev ious  r o u t e ,  i n  approximately t h e  same y i e l d .  

It was e s s e n t i a l  t o  l e a v e  t h e  d iyne  i n  non-reduced form u n t i l  a f t e r  

t h e  ox ida t ion  of t h e  a l coho l  t o  t h e  carboxyl  f u n c t i o n ,  a s  a l l  a t tempts  t o  

o x i d i z e  t h e  d i e n o l  o r  d i e n d i o l  ob t a ined  from reduc t ion  of  compounds 49a o r  - 
49b r e s u l t e d  i n  i n t r a c t a b l e  multi-component mix tures .  This  i s  supported by - 

evidence of f a c i l e  i n t r amolecu la r  c y c l i z a t i o n  of 3 ,6-dienals  (corey  and 

Suggs, 1975) and by evidence t h a t  e l e c t r o p h i l i c  a d d i t i o n s  t o  t r i p l e  bonds 

proceed more s lowly than  t h e  a d d i t i o n s  t o  double  bonds  arch, 1968).  

A s  wi th  t h e  i n t e r m e d i a t e s  i n  t h e  s y n t h e s i s  of I V ,  a l l  t h e  diyne i n t e r -  , 

media tes  were u n s t a b l e ,  t hus  c o n t r i b u t i n g  t o  t he  low o v e r a l l  y i e l d s  ob- 

t ained . 

C .  Experimental  Procedures  

General  Procedures  

Routine GLC ana lyses  were run  on a  Hewlett-Packard 5880A gas  chromato- 

graph ,  with WCOT c a p i l l a r y  columns coated wi th  OV-101, SP-2100 o r  

Durabond 1 .  

Ana ly t i ca l  (0.25 mm) and p r e p a r a t i v e  (0.75 mm) t h i n  l a y e r  chromato- 

graphy p l a t e s  were prepared from s i l i c a  g e l  GF254 (E. Merck, Darmstadt).  

Column chromatography was performed by t h e  f l a s h  chromatography method 
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( S t i l l  -- e t  a l . ,  1978) ,  on s i l i c a  g e l  ( ~ i e s e l g e l  60, 40-63 pm, E. Merck, 

Darmstadt) . Chromatographic s o l v e n t s  were d i s t i l l e d  b e f o r e  use .  

I R  s p e c t r a  were determined on a  perkin-Elmer 599B spectrophotometer .  

Samples were run  a s  a  nea t  f i l m  on NaCl p l a t e s  o r  a s  s o l u t i o n s  i n  a  c e l l  

wi th  NaCl windows. 

'H NMR were recorded  on a  Varian XL-100 (100 MHz) o r  a  Briiker 400 

(400 MHz) NMR spec t rome te r .  Chemical s h i f t s  a r e  r epo r t ed  i n  6 u n i t s ,  re- . 
ferenced t o  an i n t e r n a l  (deute r ium)  lock  s i g n a l .  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 ,  d o u b l e t ;  t ,  t r i p l e t ;  q u a r t e t ;  q u i n t e t ;  m,  

m u l t i p l e t ;  and combinat ions t h e r e o f .  Coupling c o n s t a n t s  a r e  r epo r t ed  i n  

Hertz ( H Z ) .  

Low r e s o l u t i o n  mass s p e c t r a  were ob ta ined  wi th  d i r e c t  i n s e r t i o n  probe 

o r  GLC-MS samples on a  Hewlett-Packard 5985B coupled gas  chromatograph-mass 

spec t rometer .  A l l  samples were run us ing  e l e c t r o n  impact i o n i z a t i o n  

(70 eV) un l e s s  o the rwi se  s p e c i f i e d .  Samples run wi th  chemical i o n i z a t i o n  . 

(denoted by CI) were run  wi th  i sobutane  as t h e  i o n i z i n g  g a s ,  un l e s s  o ther -  

wise s t a t e d .  High r e s o l u t i o n  mass s p e c t r a  were ob ta ined  on a  DS-50 i n s t r u -  

ment a t  t h e  Un ive r s i t y  o f  B r i t i s h  Columbia. Elemental ana lyses  were p e r  

formed by M r .  M. Yang ( ~ e ~ a r t m e n t  of B io log ica l  Sc i ences ,  S.F.U.) on a  

Perkin Elmer Model 240 e l emen ta l  ana lyze r .  

Op t i ca l  r o t a t i o n s  were measured wi th  a  Rudolph Model 70 po l a r ime te r ,  

us ing  a  1 dm x 2 mu I D  sample c e l l ,  o r  wi th  a  Perkin Elmer P22 spec t ro -  

po l a r ime te r ,  u s ing  a  0 .5  dm x 5 mm I D  sample c e l l .  Concent ra t ions  a r e  re- 

ported i n  g / l O O  mL s o l v e n t .  

A l l  r e a c t i o n s  r e q u i r i n g  anhydrous and/or oxygen-free cond i t i ons  were 

run  under a  p o s i t i v e  p r e s s u r e  of n i t r o g e n  o r  argon,  i n  flame-dried 



g l a s s w a r e .  T e t r a h y d r o f u r a n  (THE) was f r e s h l y  d i s t i l l e d  from l i t h i u m  a lu -  

minum h y d r i d e .  Dimethylformamide (DMF) and hexamethyl  phosphor ic  t r i a m i d e  

(HMPA) were d i s t i l l e d  from c a l c i u m  h y d r i d e  under reduced p r e s s u r e .  1 ,3-  

~ i a m i n o p r o p a n e  was d i s t i l l e d  from bar ium o x i d e .  Dry e t h a n o l  and methanol  

were d i s t i l l e d  o f f  Mg t u r n i n g s .  

B o i l i n g  p o i n t s  a r e  u n c o r r e c t e d .  

S y n t h e s i s  o f  Dodecano l ide  ( I a )  

Dodecanolide was p r e p a r e d  from cyclododecanone  athe he son, Coleman and 

B e l l ) ,  a s  d e s c r i b e d  b y  K r u i z i n g a  and K e l l o g g  (1981) .  Thus,  cyclododecanone 

(10.0 g ,  50.5 mmol) and m-chloroperbenzoic  a c i d  (21.0 g ,  105 m o l )  were r e -  - 
f luxed  t o g e t h e r  f o r  48 h  i n  d r y  CHC13 (250 mL, d r i e d  b y  d i s t i l l a t i o n  o f f  

p205) .  The r e s u l t i n g  m i x t u r e  was c o o l e d  t o  0" and f i l t e r e d  t o  remove s o l i d  

benzo ic  a c i d .  The f i l t r a t e  was washed w i t h  s a t u r a t e d  sodium b i s u l f i t e  

s o l u t i o n  and c o n c e n t r a t e d  under  reduced p r e s s u r e .  The r e s i d u e  was t a k e n  up  

i n  e t h e r  (200 mL) and washed w i t h  1 M K2CO3 (2 x 200 mL) and b r i n e .  The 

e t h e r e a l  s o l u t i o n  was t h e n  d r i e d  (M~sOI,), c o n c e n t r a t e d  under reduced p res -  

s u r e  and d i s t i l l e d ,  y i e l d i n g  ~ 9 . 3  g (86%)  of  I a ,  b .p .  71" (0 .5  mm Hg). 'H 

NMR and mass s p e c t r a  o b t a i n e d  a g r e e d  w i t h  l i t e r a t u r e  d a t a .  

S v n t h e s i s  o f  M a c r o l i d e  I 

P r e p a r a t i o n  of 8-bromo-1-octanol (2) - 
Bromoalcohol (4 )  - was p r e p a r e d  from 1 , 8 - o c t a n e d i o l  ( ~ l d r i c h  Chemical 

Co., I n c . )  v i a  t h e  method o f  Maurer and Gr ieder  (1977) .  Thus, 1,8-octane- 

d i o l  (40.6  g ,  278 mmol) was t r e a t e d  w i t h  225 mL 48% aqueous HBr ( 1 . 8  mol) 

a t  80" f o r  24  h ,  under  c o n t i n u o u s  e x t r a c t i o n  w i t h  h e p t a n e .  f i e  coo led  



h e p t a n e  s o l u t i o n  was washed s e q u e n t i a l l y  w i t h  s a t u r a t e d  NaHC03 and b r i n e  

and d r i e d  (M~soL,). The s o l u t i o n  was t h e n  c o n c e n t r a t e d  in vacuo and vacuum -- 
d i s t i l l e d  th rough  a  Vigreux column t o  g i v e  2 ,  53.6  g  ( 9 1 % ) ,  77-78' (0 .01 mm - 

Hg); I R  ( f i l m )  3335, 1050 cm-'; 'H NMR ( c D c ~ ~ )  6 1.25-1.65 (my 10H), 1.75- 

1 .95 (my 2H), 2 .53 ( b r  s ,  1H1, 3.39 ( t ,  J = 6 . 5  Hz, 2H1, 3.52 ( t ,  JZ6.0 Hz, 

2H); mass spec t rum,  m/e ( r e l a t i v e  i n t e n s i t y )  1 6 4 ( 1 8 ) ,  162(19) ,  8 3 ( 4 0 ) ,  

6 9 ( 9 7 ) ,  5 5 ( 1 0 0 ) .  

p r e p a r a t i o n  of 1-(2-methoxyethoxymethoxy)-8-bromooctane (3) - 

D i i s o p r o p y l e t h y l a m i n e  (48 .9  g ,  380 uunol) and f r e s h l y - d i s t i l l e d  @ -  

r n e t h o ~ ~ e t h o x y m e t h y l  c h l o r i d e  (47.0  g ,  380 m o l )  were s t i r r e d  i n  500 mL d r y  

methylene c h l o r i d e  a t  0 " .  8-Bromo-1-octanol (51 .5  g ,  246 m o l )  was added 

dropwise  o v e r  30 min. The s o l u t i o n  was s t i r r e d  o v e r n i g h t  a t  r . t .  and ex- 

t r a c t e d  w i t h  w a t e r  ( 2  x 300 mL). The o r g a n i c  l a y e r  was d r i e d  (M~soI+), con- 

c e n t r a t e d ,  and vacuum d i s t i l l e d  t o  g i v e  3, (55.7 g ,  7 6 % ) ,  b .p .  118-125" - 
(0 .35 nrm Hg); 'H NMR ( C D C ~ ~ J )  d 1.25-1.65 (my 10H1, 1.75-1.95 (m, 2H), 3.39 

( t ,  J=6 .5  Hz, 2H), 3.39 ( s ,  3H), 3.45-3.74 (m, 6H), 4.69 ( s ,  2H); mass 

spectrum,  m / e  ( r e l a t i v e  i n t e n s i t y )  297 (2 1, 295 ( 2 ) ,  223 ( 9 ) ,  221 (10 1, 137 (9 ) , 

1 3 5 ( 9 ) ,  8 9 ( 8 0 ) .  

P r e p a r a t i o n  of 1-(2-methoxyethoxymethoxy)-9-decyne (4) - 

P u r i f i e d  a c e t y l e n e  was bubbled i n t o  250 mL of  d r y  THF a t  0'. With 

v i g o r o u s  s t i r r i n g ,  79 mL o f  1.6 M n-BuLi i n  hexane  (126 mmol) was added 

d ropwise .  Fo l lowing  a d d i t i o n  o f  t h e  n-BuLi, a c e t y l e n e  was passed through 

t h e  r e s u l t i n g  w h i t e  s u s p e n s i o n  f o r  a  f u r t h e r  10 min.  The suspens ion  was 

m a i n t a i n e d  a t  15" f o r  30 min,  t h e n  coo led  t o  0'.  A s o l u t i o n  o f  bromide - 3 

(32.4 g ,  109 m o l ) ,  i n  100 mL of  d r y  HMPA, was added dropwise  o v e r  1 h .  



The s o l u t i o n  was warmed t o  10" and maintained a t  20•‹ f o r  1 h .  The s o l u t i o n  

was poured i n t o  co ld  water  (400 mL) and e x t r a c t e d  w i th  e t h e r  (3  x 300 mL). 

The combined e t h e r  e x t r a c t s  w e r e  washed with water  (2  x 200 mL) and b r i n e  

(1 x 200 m ~ ) ,  d r i e d  (Mgso4), and concen t r a t ed .  Vacuum d i s t i l l a t i o n  y i e lded  

4  (22.6 g ,  8 8 % ) ,  b .p .  105-111' ( 0 . 3  mm Hg); I R  ( f i l m )  3305, 2130 cm-l; 'H - 

NMR ( c D c ~ ~ )  6 1.25-1.65 (m, 12H), 1.92 ( t ,  1H, J=1 .5  Hz), 2.16 ( t d ,  ZH, 

J=6,  2 . 5 H z ) ,  3.37 ( s ,  3H), 3.45-3.74 (m, 6H), 4.68 ( s ,  2H); mass spectrum, 

m/e ( r e l a t i v e  i n t e n s i t y )  241(2) ,  lO5(89) ,  89(lOO), 8 l ( 9 8 ) ,  59 (95 ) .  Anal. 

c a l cd .  for  C14H2603: C,  69.39; H ,  10.81. Found: C ,  69.44; H, 10.98. 

P r e p a r a t i o n  of 12-(2-methoxyethoxymethoxy)-3-dodecp-1-01 (5) - 

Approximately 115 mmol of  e t h y l  magnesium bromide were prepared from 

e t h y l  bromide (12.5 g ,  115 mmol) and Mg t u rn ings  (3.65 g ,  150 mmol) i n  

75 mL of  d r y  THF. The r e s u l t i n g  s o l u t i o n  was decanted under argon i n t o  a  

d ry  500 mL f l a s k .  

A s o l u t i o n  o f  - 4 (22.2 g ,  92 m o l )  i n  25 mL THE was added dropwise,  

main ta in ing  t h e  tempera ture  (30". The mix ture  was hea t ed  t o  50•‹ f o r  1 h  

under argon,  t hen  cooled t o  5 " ,  and e thy l ene  oxide (9 g ,  155 mmol) was bub- 

b l ed  i n  ove r  30 min. The s o l u t i o n  was warmed t o  r . t .  and s t i r r e d  over- 

n i g h t .  The r e a c t i o n  mix tu re  was poured i n t o  20% aqueous NaCl (800 mL) and 

e x t r a c t e d  wi th  e t h e r  (3  x 200 mL). The combined o rgan ic  l a y e r s  were washed 

with water  (150 mL) and b r i n e  (150 mL), d r i ed  ( M ~ S O ~ ) ,  and concent ra ted  - i n  

vacua. F i n a l  t r a c e s  of  s o l v e n t  were removed under h igh  vacuum, g iv ing  a  

c o l o u r l e s s  o i l  (27.2 g ,  > loo%) .  Since h igh  vacuum d i s t i l l a t i o n  of  a  small  

sample r e s u l t e d  i n  e x t e n s i v e  decomposi t ion,  crude - 5 was used i n  t h e  subse- 

quent r e a c t i o n .  An a n a l y t i c a l  sample of - 5 was p u r i f i e d  by  TLC (hexane: 



EtOAc, 1:l). I R  ( f i lm)  3450, 2260, 1055 cm-l; 'I-l NMR ( c D c ~ ~ )  6 1.25-1.65 

(m, 12H), 2.05-2.28 (m, 3H), 2.42 ( t t ,  2H, J=6.3,  2.5 Hz), 3.38 ( 8 ,  3H), 

3.45-3.74 (m, 8H), 4.69 ( s ,  2H); mass spectrum, m/e ( r e l a t i v e  i n t e n s i t y )  

227(100),  211(34) ,  l 97 (45 ) ,  105(47) ,  89(77) .  Anal. ca l cd .  f o r  C16H3004: 

C,  67.10; H, 10.56. Found: C,  67.29; H,  10.40. 

Preparation of 12- (2-methoxyethoxpmethoxy)-3-dodecynoic acid ( 6 )  - 

A s o l u t i o n  of chromium t r i o x i d e  ( 6 . 2 5  g ,  62.5 5 0 1 )  i n  1.5 M H2S04 

(100 mL, 150 mmol) was maintained between 5  and 10" while  adding a  s o l u t i o n  

of 5  (4.76 g ,  16.6 mmol) i n  ace tone  (200 mL) over 6 h .  The mixture  was - 

warmed t o  r . t .  and s t i r r e d  2  h .  Ether  (150 mL) was added and t h e  mixture  

. was ex t r ac t ed  with b r i n e  ( 3  x 150 mL). The organic  phase was concent ra ted  

under reduced p re s su re  wi thout  h e a t i n g ,  then taken up i n  e t h e r  (100 mL). 

The e t h e r e a l  s o l u t i o n  was e x t r a c t e d  wi th  1 M NaOH (2 x 75 mL). The com- 

bined b a s i c  e x t r a c t s  were a c i d i f i e d  wi th  6  M H2S04 and back-extracted wi th  

e t h e r  ( 3  x 75 mL). These combined e t h e r  e x t r a c t s  were washed with water 

and b r i n e ,  d r i e d  (MgS04), and concen t r a t ed .  F ina l  p u r i f i c a t i o n  was accom- 

p l i shed  by  f l a s h  chromatography on s i l i c a  g e l  (20 cm x 5  cm ID) ,  e l u t i n g  

with hexane:EtOAc:AcOH, 60:40:1, ~ i e l d i n g  3.34 g  (67%) of - 6, which s o l i d i -  

f i e d  upon r e f r i g e r a t i o n .  I R  ( f i l m )  3500-2800, 2258, 1718 cm-' ; 'H NMR 

( c D c ~ ~ )  6 1.2-1.8 (m, 12H), 2.06-2.50 (xu, 2H), 3.26 ( t ,  ZH, J=2 Hz), 3.40 

( s ,  3H), 3.44-3.78 (m, 6H), 4.71 ( s ,  2H), 5.41 ( b r  s ,  1 ~ ) ;  mass spectrum of 

methyl e s t e r ,  ( c H ~ N ~ ) ,  m / e  ( r e l a t i v e  i n t e n s i t y )  255 ( I ) ,  89(45) ,  59 (100). 

preparation of 12-hydroxy-3-dodecpnoic acid (7) - 

The MEM-protected h ~ d r o x y - a c i d  - 6  (3.4 g ,  12.2 mmol) was s t i r r e d  a t  

r . t .  f o r  48 h i n  a  mixture  of THF:H20:conc. H C 1  (12:2:1). Ether  (200 mL) 



was added and t h e  mixture  was e x t r a c t e d  wi th  b r i n e  (2  x 150 mL), d r i ed  

(MgS04) and concent ra ted  i n  vacuo t o  y i e l d  2.23 g (93%) of 7  a s  a  waxy -- - 
s o l i d ,  which was used without  f u r t h e r  p u r i f i c a t i o n .  An a n a l y t i c a l  sample 

was p u r i f i e d  by f l a s h  chromatography on s i l i c a  g e l ,  e l u t i n g  with hexane: 

Et0Ac:AcOH (6O:4O: 1 ) .  I R  ( f i lm)  3700-2400, 2260, 1727 cm-I ; 'H NMI( ( m c 1 3 )  

6 1.20-1.90 (m, 12H), 2.06-2.3 (m, 2H), 3.28 ( d t ,  2H, J=7,  2.5 Hz), 4.13 

( t ,  2H, J=6.5 Hz), 5-6 ( b r  s ,  2H); mass spectrum of methyl e s t e r  ( c H ~ N ~ ) ,  

m/e ( r e l a t i v e  i n t e n s i t y )  226(1) ,  194(3 ) ,  93 (88 ) ,  81(90) ,  79(100),  67(86) .  

High-resolut ion mass spectrum, c a l c d .  f o r  C12H2003, 212.1412; obsd. 

212.1420. 

P repa ra t ion  of 12-hydroxy-(3~)-dodecenoic acid (8) - 

A suspension of P-2 n i c k e l  was prepared from 1.5 g of ~ i ( 0 A c ) 2 * 6 ~ 2 0  

(6 mmol) i n  40 mL o f  95% E t O H ,  6.0 mL of 1 M e t h a n o l i c  NaBH4 and 1.2 mL of  

f r e s h l y - d i s t i l l e d  1,2-diaminoethane, under a  hydrogen atmosphere. Hy- 

droxy-acid - 7 (2.9 g ,  13.7 mmol) i n  10 mL EtOH was added by sy r inge  and t h e  

mixture  was s t i r r e d  under H2 f o r  2  h .  Charcoal was then  added and t h e  re- 

s u l t i n g  b l ack  suspension was f i l t e r e d  wi th  s u c t i o n  through a  g l a s s  f i b e r  

f i l t e r  paper.  The f i l t e r  pad was r i n s e d  wi th  e t h a n o l .  The e thanol  was re- 

moved under reduced p re s su re  and t h e  r e s u l t i n g  o i l  was ~ a r t i t i o n e d  between 

water (50 mL) and e t h e r  (100 mL). The mixture  was a c i d i f i e d  with 6 M 

H2SO4, t h e  e t h e r  was decanted and the  aqueous p o r t i o n  was e x t r a c t e d  wi th  

e t h e r  (2 x 50 mL). The combined e t h e r  e x t r a c t s  were washed with b r i n e ,  

d r i e d  (%so4) ,  and concen t r a t ed .  The concen t r a t e  was ~ u r i f i e d  by f l a s h  

chromatography on s i l i c a  g e l  (20 cm x 5 cm ID)  e l u t i n g  wi th  hexane:EtOAc: 

AcOH (100:50:1), t o  g ive  2.55 g (87%) of hydroxy-acid - 8, which s o l i d i f i e d  



upon r e f r i g e r a t i o n .  I R  ( f i l m )  3700-2300, 1716 cm-l; 'H NMR ( C D C ~ ~ )  6 

1.15-1.75 (my 12H), 1.9-2.1 (my 2H), 3.09 ( d ,  2H, J=5.5 Hz), 3.64 ( t ,  2H, 

6 .5  H Z ) ,  5.2-5.5 (b r  s ,  2H), 5.58 (my 2H); mass spectrum, m/e ( r e l a t i v e  in- 

t e n s i t y )  l 9 6 ( 1 9 ) ,  l 7 8 ( l O ) ,  81 (86 ) ,  67 ( l o o ) ,  55(86) .  Anal. c a l cd .  f o r  

C12H2202: C,  67.26; H,  10.35. Found: C ,  67.14; H,  10.43. 

P r e p a r a t i o n  of  (3~)-dodecenolide (I) 

A 1 1  xylene used i n  t h i s  s t e p  was d r i e d  a z e o t r o p i c a l l y  and deoxygen- 

a t ed .  The in t e rmed ia t e  p y r i d y l  t h i o e s t e r  of  8  was formed by adding hydroxy - 

a c i d  - 8 (100.5 mg, 0.47 mmol) t o  a  s t i r r e d  s o l u t i o n  of 2 ,2 ' -d ipyr idy ld i -  

s u l f i d e  (220 m g ,  1 mmol) and t r i pheny lphosph ine  (262 mg, 1 mmol) i n  xy l ene  

(10 mL) under argon. The ye l low mix tu re  was s t i r r e d  f o r  1 h  a t  r . t  ., then 

t r a n s f e r r e d  t o  a  dropping funne l  and d i l u t e d  wi th  xylene (200 mL). This 

s o l u t i o n  was added dropwise over  8  h t o  r e f l u x i n g  xylene (150 mL). R e f l w -  

i ng  was cont inued  for  an  hour  a f t e r  t h e  a d d i t i o n  was complete,  and t h e  

xy lene  was removed a t  reduced p r e s s u r e .  The remaining o i l  was f l a s h  

chromatographed on s i l i c a  g e l  (12 cm x 2.5 cm I D )  e l u t i n g  with hexane:EtOAc 

( 4 0 : l )  y i e l d i n g  30.8 mg (33%) of  macro l ide  I (98% pure by c a p i l l a r y  GLC). 

This m a t e r i a l  was i d e n t i c a l  s p e c t r a l l y  and chromatographica l ly  t o  I, i s o -  

1  l a t e d  from - C .  p u s i l l u s  v o l a t i l e s .  I R  ( f i l m )  1735 cm- ; 'H (400 MHz) NNR 

( c D c ~ ~ )  6 1.21-1.32 (my 6H), 1.32-1.46 (my 4H), 1.57-1.66 (my 2H), 2.05- 

2.12 (my 2H), 2.99-3.06 (my 2H), 4.03-4.08 ( t ,  2H, J=5 Hz) , 5.45-5.56 (m, 

2H); mass spectrum, m/e ( r e l a t i v e  i n t e n s i t y )  196 (6 ) ,  178(5) ,  81(76) ,  

67(100) ,  54(91) .  Anal. c a l c d .  f o r  C12H2002: C, 73.43; H,  10.27. Found: 

C ,  73.80; H, 10.18. 



S y n t h e s i s  o f  Macro l ide  I1 

R-(+) -Methy lox i raw (R-(+)-13) was made i n  48% ~ i e l d  from S- (+) -e thy l  - - - - 
l a c t a t e  v i a  t h e  method o f  H i l l i s  and Ronald ( 1 9 8 1 ) .  [ a ] i 2  = +12.1 ( n e a t ) ,  

l i t .  [ a ] i 2  = +13.0•‹  ( n e a t ) .  S - ( - ) - ~ e t h ~ l o x i r a n e  (s-(-1-13) was p repared  i n  - - - 
36% y i e l d  by t h e  p r o c e d u r e  o f  S e u r i n g  and Seebach (19771,  = -14.1 

D 

( n e a t ) ,  l i t .  [ a I D  = -12.5" ( n e a t ) .  In  t h e  f o l l o w i n g  s y n t h e t i c  p rocedure ,  

t h e  a p p r o p r i a t e  c h i r a l  o r  racemic  m e t h y l o x i r a n e  was used a t  t h e  a p p r o p r i a t e  

s t e p .  Y i e l d s  and p r o c e d u r e s  r e p o r t e d  a r e  f o r  t h e  s y n t h e s i s  of  t h e  S-(+)-11 - 
and were a n a l o g o u s  f o r  t h e  p a r a l l e l  p r o c e d u r e s  l e a d i n ?  t o  R-(-1-11 and - 
racemic  11. - 

P r e p a r a t i o n  of I-t-butyldimethylsiloxy-5-hexyne (10) - 7 

5-Fexyn-1-01  archan an Labs . ,  Albany I n t e r n a t i o n a l ,  12 .25 g,  125 mmol) 

and i m i d a z o l e  (18.36 g ,  270 mvol) were s t i r r e d  i n  d r y  DMF (30 mL) a t  0 ' .  

t - B u t y l d i m e t h y l s i l y l  c h l o r i d e  (20 .3  g ,  135 mmol) was added i n  one p o r t i o n  - 
and t h e  c o o l i n g  b a t h  was removed a f t e r  1 0  min.  The r e a c t i o n  was s t i r r e d  

o v e r n i g h t .  The r e a c t i o n  m i x t u r e  s e p a r a t e d  i n t o  two l a y e r s .  The t o p  l a y e r  

was decan ted  and w a t e r  (100  m ~ )  was added t o  t h e  bo t tom l a y e r .  The r e s u l t -  

i n g  s o l u t i o n  was e x t r a c t e d  w i t h  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  

were added t o  t h e  r e c o v e r e d  t o p  l a y e r .  The e t h e r  s o l u t i o n  was then  back- 

e x t r a c t e d  w i t h  w a t e r  (2  X 50 m ~ )  and b r i n e  ( 1  X 50 m ~ ) ,  d r i e d  ( M ~ s O ~ ) ,  and 

c o n c e n t r a t e d  i n  vacuo t o  y i e l d  10 (26.5 g, l o o % ) ,  which was >99% pure  by -- - 
GLC and was used w i t h o u t  f u r t h e r  ~ u r i f i c a t i o n .  I R  ( f i l m )  3303, 2109, 

1100 cm-'; 'H NMR ( c D c ~ ~ )  6 0.05 ( s ,  6 ~ 1 ,  0.90 ( s ,  9 ~ 1 ,  1.62 (rn, 4 ~ 1 ,  1 .95 

( t ,  2H, J=2.5 Hz), 2.23 ( t d ,  2H, J=6.75,  2.5 HZ), 3 .63  ( t ,  2H, J=5 .5  Hz);  

mass spec t rum m/e ( r e l a t i v e  i n t e n s i t y ) ,  197(0 .1 ) ,  1 5 5 ( 3 ) ,  75(100) .  Anal. 



ca l cd .  f o r  C I ~ H ~ ~ O S ~ :  C ,  67.86; H,  11.34. Found: C,  67.95; H,  11.49. 

P r e p a r a t i o n  of 2-(t-butyldirethylsiloxp)-11-chloro-5-undece - (12) - 

To a s o l u t i o n  of a lkyne - 10 (26.5 g ,  125 m o l )  and a  few c r y s t a l s  of 

t r i ~ h e n ~ l r n e t h a n e  i n  250 mL of d r y  THF, cooled t o  -40•‹,  were added 62 mL 

(130 mmol) of 2.1 M n-BuLi i n  hexane. The s o l u t i o n  was allowed t o  warm t o  

0" ove r  20 min, then  cooled aga in  t o  -40•‹. Dry HMPA (100 mL) was added, 

followed by dropwise a d d i t  ion  of 1-chloro-5-iodopentane ( 1 1 ,  - 29.3 g ,  

126 mmol). The s o l u t i o n  was warmed t o  r . t .  over  6 h ,  s t i r r e d  overn ight  and 

then  poured i n t o  water (500 mL). The product was e x t r a c t e d  wi th  e t h e r  ( 3  x 

150 mL). The combined e t h e r  e x t r a c t s  were back-washed wi th  5% aqueous 

sodium t h i o s u l p h a t e ,  water  and b r i n e ,  d r i ed  ( M ~ s o ~ ) ,  concen t r a t ed ,  and 

vacuum d i s t i l l e d  t o  g ive  12 (29.9 g,  76x1, b.p. 115-125" (0.05 mm Hg). IR - 

( f i l m )  2160, 1100 ; 'H NMR (CDc13) 6 0.05 ( s ,  6H), 0.90 ( s ,  9H), 1.37- 

1.93 (m, 1 0 ~ 1 ,  2.03-2.41 (m, 4H), 3.55 ( t ,  2H, J=6.5 H z ) ,  3.63 ( t ,  2H, 

J=5.5 Hz); mass spectrum, m/e ( r e l a t i v e  i n t e n s i t y )  261(3) ,  2 5 9 ( l l ) ,  

149(21) ,  107(45) ,  93(100).  Anal. ca l cd .  f o r  C ~ ~ H ~ ~ O S ~ C ~ :  C, 64.41; H,  

10.49. Found: C ,  64.09; H, 10.61. 

((13s)-14) -- 
Chlor ide  12 was washed - 

petroleum e t h e r  immediately 

through a  s h o r t  column of s i l i c a  g e l  with 

be fo re  use  t o  remove t r a c e s  of mo i s tu re  and 

s i l y l  a l coho l s .  The r e s u l t i n g  o i l  was converted t o  t h e   rign nard reagent  as  

fol lows.  Dry THF (50 mL) and magnesium tu rn ings  (6.1 g,  250 mmol) were 

s t i r r e d  under argon.  1,2-Dibromoethane ( a1  m ~ )  was added and,  a f t e r  t he  

exothermic r e a c t i o n  subs ided ,  a d d i t i o n a l  d ry  THF (50 mL) was added. 



Chloride - 12 (37.5 g ,  118 m o l )  was then  added, f i r s t  a s  a  5  mL a l i q u o t  and 

then dropwise ove r  4 h under r e f l u x .  Six f u r t h e r  1 g  po r t ions  of Mg t u r n -  

i ngs  were added a t  i n t e r v a l s  dur ing  t h i s  t ime.  R e f l w  was cont inued fo r  

1 h  a f t e r  the  a d d i t i o n  was complete.  The mixture  was cooled t o  r . t .  and 

the  l i q u i d  po r t ion  t r a n s f e r r e d  under argon t o  a  d r y  f l a s k .  The remaining 

s o l i d s  were washed wi th  d r y  THF (25 mL) and t h e  washings t r a n s f e r r e d .  The 

r e s u l t i n g  s o l u t i o n  was cooled t o  -30•‹ ,  p u r i f i e d  CuI ( ~ i n s t r u m e l l e  -- e t  a l . ,  

1976) (1.7 g,  9 mmol) was added and t h e  s o l u t i o n  was s t i r r e d  f o r  15 min. 

A s o l u t i o n  of (s)-(-)-methyloxirane, - (s)-13, - - (7.54 g ,  130 mmol) i n  d ry  THF 

(20 m ~ )  was added dropwise o v e r  30 min. The r e a c t i o n  mixture  was slowly 

warmed t o  r . t .  over 6  h ,  s t i r r e d  ove rn igh t  and poured i n t o  cold s a t u r a t e d  

NH4C1 s o l u t i o n  (400 mL) . The mix tu re  was e x t r a c t e d  with e t h e r  (3 x 200 mL) 

and the  combined e t h e r  e x t r a c t s  were washed with b r i n e ,  d r i e d  ( M ~ S O L + ) ,  and 

concent ra ted  t o  y i e l d  (13s)-14 (30.3 g ,  76% crude y i e l d ) ,  which was used - -  

without f u r t h e r  p u r i f i c a t i o n .  An a n a l y t i c a l  sample was p u r i f i e d  by f l a s h  

chromatography on a  s i l i c a  g e l  column (15 cm x 2.5 cm ID) e l u t i n g  wi th  hex- 

ane:EtOAc (9 :2) .  I R  ( f i lm)  3340, 1100 cm-'; ' H N M R  ( 0 ~ 1 ~ )  6 0.05 ( s ,  6H), 

0.90 ( s ,  9H), 1.18 ( d ,  3H, J=5.5 Hz), 1.23-1.65 (m, l4H), 1.95 ( b r  s ,  lH),  
I 

2.10-2.20 (m, 4 ~ ) ,  3.62 ( t ,  2H, 5 ~ 6 . 5  H z ) ,  3.75-3.85 (m, 1 ~ ) ;  mass spec- 

trum, m/e ( r e l a t i v e  i n t e n s i t y )  283(17) ,  189 (101, 95(78) ,  75 (1001, 45(52) .  

High r e s o l u t i o n  mass spectrum, c a l c d .  f o r  C20H4002Si: 340.2797; obsd. 

F repa ra t ion  of ( 1 3 ~ ) - l - ( t - b u t ~ l d i m e t h ~ l s i l o x ~ ) - 1 3 - ( 2 - ~ e t h o x y -  - - 

nethoxyl-5-tetradecyne ((13s)-15) -- 

The t r i e thy lamine  s a l t  of MEM c h l o r i d e  ( co rey  -- e t  a l . ,  1976) (14.9 g ,  



66 mmol) was d isso lved  i n  d r y  CH3CN (100 mL) and a l coho l  14 (15.0 g ,  - 
44.1 mmol) was added. The s o l u t i o n  was r e f luxed  ove rn igh t ,  dur ing  which 

t ime cons iderable  p r e c i p i t a t e  formed. The s o l u t i o n  was cooled t o  r .  t . , 
f i l t e r e d  and the  f i l t e r  cake was washed wi th  CH3CN (2 x 10 m ~ ) .  The f i l -  

t r a t e  was concent ra ted  i n  vacuo, poured i n t o  water  (150 mL) and the  r e s u l t -  -- 
ing  suspension was e x t r a c t e d  with e t h e r  (3 x 100 m ~ ) .  The combined e t h e r  

e x t r a c t s  were washed with water  and b r i n e ,  d r i e d  ( M ~ s o ~ )  and concent ra ted .  

The r e s idue  was f l a s h  chromatographed i n  t h r e e  ba t ches  on s i l i c a  g e l  

(20 cm x 5 cm I D ) ,  e l u t i n g  with hexane:EtOAc ( 9 : 1 ) ,  g iv ing  (13s)-15 - -  

(14.8 g ,  78%).  I R  ( f i l m )  1100, 1039 cm-'; 'H NMR ( c D c ~ ~ )  6 0.05 ( s ,  6H), 

0.90 ( s ,  9H), 1.16 ( d ,  3H, J=5.5 Hz), 1.23-1.65 (my 14H1, 2.10-2.20 (my 

4H), 3.40 ( s ,  3H), 3.53-3.60 (my 2H), 3.63 ( t ,  2H, J=6.5 Hz), 3.68-3.75 (my 

3H), 4.73 ( d ,  l H ,  J=7.5 Hz),  4.79 ( d ,  l H ,  J=7 .5  H Z ) .  Anal. c a l c d .  f o r  

C ~ I + H L + ~ O L + S ~ :  C ,  67.24; H, 11.29. Found: C ,  67.29; H, 11.48. [a]:' = 

+4.8" ( c ,  4.94, CHC13). 

Preparation of ( 1 3 ~ ) - l - ( t - ~ t ~ l d i m e t h ~ l s i l o x ~ ) - 1 3 - ( 2 - ~ e t h o x ~ -  - - 

methoxyl-(52)-tetradecene (( - -  13s)-16) 

To a  s o l u t i o n  of P-2 n i c k e l  ( 1  mmol) i n  e thano l  (100 mL) was added 

(13s)-15 (9.85 g ,  23 mmol) and t h e  s o l u t i o n  was s t i r r e d  a t  r . t .  under hy- - - 
drogen f o r  6 h .  The b lack  suspension was then  f i l t e r e d  through a  0.5 cm 

pad of a c t i v a t e d  charcoa l  and the  cha rcoa l  was r i n s e d  with e thano l  (2 x 

10 mL) . The v i o l e t  f i l t r a t e  was concen t r a t ed ,  poured i n t o  water  (100 mL) 

and e x t r a c t e d  with e t h e r  (3  x 100 m ~ ) .  The combined e t h e r  e x t r a c t s  were 

washed with b r i n e ,  d r i e d  (M~soI+) ,  and concen t r a t ed  t o  y i e l d  (13s)-16 - - 

(9.9 g ,  100%).  The product 0 9 8 %  pure by GLC) was used wi thout  f u r t h e r  



1 p u r i f i c a t i o n .  I R  ( f i l m )  1100, 1039 cm-'; H NNR ( C 6 ~ 6 )  6 0.13 ( s ,  6H), 

1.05 ( s ,  9H), 1.19 (d ,  2H, J=5.5 Hz), 1.26-1.70 (m, 14H), 2.09-2.19 (m, 

4H), 3 .2  ( s ,  3H), 3.33 ( t ,  2H, J=5.5 Hz), 3.61 ( t ,  2H, J=6.5 Hz) ,  3.70-3.80 

(m, 3H), 4.74 ( d ,  l H ,  J=7.5 Hz), 4.79 ( d ,  l H ,  J=7.5 Hz), 5.5-5.55 (m, 2H); 

mass spectrum (CI, i sobutane)  m / e  431 ( ~ + 1 ) .  High r e s o l u t i o n  mass spec- 

trum, c a l c d .  f o r  C2kHsgOqSi: 430.3478; obsd. :  430.3460. [ a 1 i 3  = +4.7O 

( c ,  4.17, CHC13). 

P r e p a r a t i o n  o f  (13s)-13- - (2-methoxyethoxpethoxy)- ( 5 ~ ) -  tetradecen-1-01 

((13s)-17) - - 
Crude (13s)-16 (9 .4  g ,  22 mmol) was s t i r r e d  a t  r . t .  f o r  24 h  i n  100 mL - - 

of AcOH:THF:H20 ( 3 : l : l ) .  The s o l u t i o n  was concen t r a t ed  under reduced pres -  

s u r e  and t h e  s i l a n o l  removed by  pumping under h i g h  vacuum (0 .1  mm Hg) f o r  

12  h a t  40".  The r e s u l t i n g  (13s)-17 - - (6.9 g ,  loo%, >95% pure by GLC) was 

used without  f u r t h e r  p u r i f i c a t i o n .  I R  ( f i lm)  3420, 1100, 1038 cm-l; 'H NNR 

(cDC13) 6 1.15 ( d ,  3H, J=5.5 HZ) ,  1.25-1.48 (m, lOH), 1.49-1.64 (m, 4H), 

1.98-2.10 (m, 5H), 3.40 ( s ,  3H), 3.57 ( t ,  2H, J=5.5 Hz) ,  3.65 ( t ,  2H, 

J=6.5 Hz), 3.68-3.75 (m, 3H), 4.72 ( d ,  l H ,  J=7.5 Hz), 4.78 ( d ,  l H ,  

J=7.5 Hz) , 5.30-5.40 (m, 2H). Anal. c a l cd  . f o r  C18H3604: C,  68.31; H,  

11.47. Found: C ,  68.19; H, 11.29. [ a ] 3 4  = 
D 

+6.5" ( c ,  2.31, CHCl3). 

P r e p a r a t i o n  o f  (13S)-13-(2lnethoxyethoxymethoxy)-(5~)-tetradecenoic - 

a c i d  ((13s)-18) - - 
Pyridinium dichromate (25 g ,  66 mmol) was d i s s o l v e d  i n  d ry  DMF (75 mL) 

a 250 mL f l a s k  f i t t e d  wi th  a  mechanical s t i r re r .  Crude a l coho l  (13s)-17 - - 

9 g ,  22 mmol) was added and t h e  s o l u t i o n  w a s  s t i r r e d  v i g o r o u s l y  f o r  16 h  

r . t .  The mix tu re  was poured i n t o  water (800 mL) and e x t r a c t e d  wi th  



e t h e r  ( 4  x 200 mL). The combined e t h e r  e x t r a c t s  were  washed w i t h  w a t e r  and 

b r i n e ,  d r i e d  ( M ~ s o ~ ) ,  and c o n c e n t r a t e d  t o  y i e l d  (13s ) -18  (6 .9  g ,  95x1,  - - 
p u r i t y  >90% by GLC o f  t h e  me thy l  e s t e r  ( c F ~ N ~ ) .  An a n a l y t i c a l  sample was 

f u r t h e r  p u r i f i e d  by f l a s h  ch romatography  on s i l i c a  g e l  ( 1 5  cm x 2.5 cm ID) 

e l u t i n g  w i t h  hexane:EtOAc:AcOH ( 1 0 0 : 2 0 : 1 ) .  I R  ( f i l m )  3550-2200, 1729 cm-l; 

'H NElR ( c ~ H ~ )  6 1.18 ( d ,  3H, J = 5 . 5  H Z ) ,  1.32-1.52 (m, IOH),  1.58-1.72 (my 

4H) ,  2.00-2.15 (m, 4 ~ ) ,  2 .19  ( t ,  2H, J = 7 . 0 ~ z ) ,  3 .20  ( s ,  3 ~ ) ,  3 .43  ( t ,  2H, 

J=4.5  H Z ) ,  3.65-3.82 (my 3H), 4 .77  ( d ,  'H, J = 7 . 5  H Z ) ,  4 .81  ( d ,  l H ,  

J = 7 . 5  H Z ) ,  7.30 ( b r  s ,  1H). High r e s o l u t i o n  mass s p e c t r u m ,  c a l c d .  f o r  

C l ~ H 3 3 0 5  (P-1):  m/e 329.2328;  o b s d . :  329.2335.  [ a ] i 3  = +7.2 

( c ,  3 .33 ,  CHC13). 

Preparation of (13~)-13-h~droxy-(5~)-tetradecenoic - a c i d  ( (13s)-19)  - - 
Crude  (13s) -18  (6 .37  g ,  "19 mrnol) was s t i r r e d  i n  110 mL o f  THF:H20: - - 

conc .  H C l  ( 8 :2 :  1 )  f o r  24 h a t  r . t .  The s o l u t i o n  was poured i n t o  w a t e r  

(300  m~,) and e x t r a c t e d  w i t h  e t h e r  ( 4  x 125 mL) .  The combined e t h e r  ex- 

t r a c t s  were  washed w i t h  w a t e r  and b r i n e ,  d r i e d  ( M ~ s O ~ ) ,  and c o n c e n t r a t e d .  

P u r i  f i  c a t i o n  was accompl i shed  by f l a s h  ch romatography  on s i l i c a  g e l  

(20  cm x 5 cm ID) e l u t i n g  w i t h  hexane:EtOAc:AcOH ( 7 5 : 2 5 : 1 ) ,  y i e l d i n g  

(13s ) -19  (3 .34  g, 72%) a s  a c o l o u r l e s s  o i l .  I R  ( f i l m )  3600-2300, - - 
1711 cm-l; 'H NMR ( c D c ~ ~ )  6 1.22 ( d ,  2H, J=5 .5  H Z ) ,  1.25-1.57 (my  OH), 

1 .73  ( c j u i n t e t ,  2H, J = 6  Hz) ,  1.98-2.10 (my 2 ~ ) ,  2.10-2.18 (m, 2 ~ 1 ,  2.38 ( t ,  

2H, J = 7 . 0  H z ) ,  3.82-3.90 (my 1 ~ 1 ,  5.30-5.38 (my I H ) ,  5.42-5.50 (m, I H ) ,  

7.0-7.5 ( b r  s ,  2 ~ ) ;  mass s p e c t r u m  o f  methyl  ester  ( c H ~ N ~ ) ,  m/e ( r e l a t i v e  

i n t e n s i t y )  2 3 8 ( 3 . 5 ) ,  8 1 ( 1 0 0 ) ,  6 7 ( 9 4 ) ,  5 5 ( 8 3 ) ,  4 5 ( 7 2 ) .  High r e s o l u t i o n  mass 

s p e c t r u m ,  c a l c d .  f o r  C14H2603: 242.1882. Obsd. 242.1880.  [ o ] i 2  = +4.g0 



P r e p a r a t i o n  o f  (13s)-131nethyl-(5~)-tridecenolide ( (13~) -11)  - - - 
A s o l u t i o n  of  2-chloro-1-methylpyridinium i o d i d e  (4 .2  g,  17 mrnol) i n  

dry  a c e t o n i t r i l e  (250 m ~ )  was h e a t e d  t o  r e f l u x  under a rgon .  A s o l u t i o n  o f  

(13s)-19 ( 1 . 0  g ,  4.1 mmol) and t r i e t h y l a m i n e  (3 .4  g ,  34 mmol) i n  d r y  ace to -  - - 
n i t r i l e  (250 m ~ )  was added dropwise  over  6  h .  The r e s u l t i n g  s o l u t i o n  was 

r e f l u x e d  a  f u r t h e r  2  h ,  then  coo led  and c o n c e n t r a t e d .  The c o n c e n t r a t e  was 

poured i n t o  w a t e r  (100  m ~ )  and e x t r a c t e d  w i t h  pentane ( 3  x 50 m ~ ) .  The 

combined pen tane  e x t r a c t s  were washed wi th  w a t e r ,  d r i e d  ( M ~ s o I + ) ,  and con- 

c e n t r a t e d .  The r e s u l t i n g  product  was  f l a s h  chromatographed on s i l i c a  g e l  

(18 cm x 2.5 cm ID) e l u t i n g  w i t h  hexane:EtOAc ( 4 0 : 1 ) ,  g i v i n g  ( 1 3 ~ ) - 1 1  - - 
(494 mg, 4 9 % ) .  T h i s  (13s)-11 was s p e c t r a l l y  and c h r o m a t o g r a p h i c a l l y  iden-  - - 

1 
t i c a l  t o  I1 i s o l a t e d  from C .  p u s i l l u s .  I R  ( f i l m )  1725, 1248, 1216 cm- ; - - 
'H NMR ( c D c ~ ~ )  6 1.23 ( d ,  2H, 5.5 H Z ) ,  1.25-1.68 (m, 1 3 ~ ) ,  1.70-1.78 (m, 

l ~ ) ,  1.78-1.98 (m, 2H), 2.17-2.37 (m, 2H), 2.19-2.27 (ddd,  l H ,  J=2 .5 ,9 ,  

15 H Z ) ,  2.40-2.48 ( d d d ,  lH, J = 2 . 5 , 9 , 1 5  H Z ) ,  4.94-5.03 (m, l H ) ,  5.33 ( t d ,  

lH, J=4.5 ,  10.5 HZ), 5 .40  ( t d ,  l H ,  J=4 .5 ,  10.5 Hz); mass spect rum,  m/e ( r e -  

l a t i v e  i n t e n s i t y )  2 2 4 ( 9 . 1 ) ,  8 1 ( 9 4 . 5 ) ,  6 7 ( 9 1 . 5 ) ,  55(77 .1 ) ,  4 1 ( 1 0 0 ) .  High 

r e s o l u t i o n  mass s p e c t r u m ,  c a l c d .  f o r  C11+H21+02: 224.1776; obsd . :  

224.1776. (13s)-(+)-11,  - - [Ct]g2 = +49.6' ( c ,  4.62,  C H C I ~ ) .  (13~) - ( -1 -11 ,  - - 

A l t e r n a t e  S y n t h e s i s  o f  Macro l ide  I1 

Preparation o f  4-decyn-2-01 ( 2 0 )  - 
A s o l u t i o n  of  1-heptyne ( 9 . 6  g ,  100 mmol) i n  THF (150 m ~ )  was 



m a i n t a i n e d  a t  W-10" i n  a  d r y  i c e - a c e t o n e  b a t h  u n d e r  a r g o n  w h i l e  a d d i n g  n- 

BuLi i n  hexane  (1 .6  M y  75 mL, 120 mmol) d r o p w i s e  o v e r  20 min.  The s o l u t i o n  

was s t i r r e d  a t  0" f o r  30 min ,  t h e n  c o o l e d  a g a i n  t o  -20" .  Dry HMPA ( 5 0  mL) 

was added i n  one  p o r t i o n ,  f o l l o w e d  by  d r o p w i s e  a d d i t i o n  o f  a  s o l u t i o n  o f  

d i s t i l l e d  r a c e m i c  m e t h y l o x i r a n e  ( 7 . 2 5  g ,  125 mmol) i n  KMPA ( 5 0  m ~ ) .  The 

s o l u t i o n  was warmed t o  20" o v e r  4  h  and s t i r r e d  an a d d i t i o n a l  12  h .  The 

s o l u t i o n  was t h e n  poured  i n t o  aqueous  NaCl (50  g  NaCl i n  300 rnL ~ 2 0 )  and 

t h e  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  ( 4  x 150 mL). The combined e t h e r  ex -  

t r a c t s  were washed w i t h  b r i n e ,  d r i e d  ( M ~ s o ~ ) ,  c o n c e n t r a t e d  u n d e r  r educed  

p r e s s u r e  and d i s t i l l e d  i n  v a c u o ,  y i e l d i n g  20 (14 .7  g ,  9 6 % ) ,  b .p .  77" -- - 
( 1 . 5  am H ~ ) .  I R  ( f i l m )  3340 cm-l; mass  s p e c t r u m ,  mle ( r e l a t i v e  i n t e n s i t y )  

1 5 4 ( 1 . 5 ) ,  9 5 ( 2 4 ) ,  8 1 ( 5 1 ) ,  6 8 ( 5 1 ) ,  5 4 ( 1 0 0 ) ,  4 5 ( 4 1 ) ;  'H NMR ( C D C ~ ~ )  6 0.90 

( t ,  3H, C l o y  J = 7 . 1  H Z ) ,  1 . 2 4  ( d ,  3H, C1, J = 6 . 1  H Z ) ,  1 .28-1.40 (my 4H, Cg 

and c ~ ) ,  1.50  ( q u i n t e t ,  2H, C7, J = 7 . 0  H z ) ,  1 .98  ( s ,  l H ,  O H ) ,  2.17 ( t t ,  2H, 

C g ,  J = 7 . 2 ,  2.5 H Z ) ,  2 .30  ( d t ,  2H, C3, J=7 .2 ,  2 .5 Hz), 3.90  (my l H ,  ~ 2 ) .  

P r e p a r a t i o n  of 9-decyn-2-01 (21)  - 
A 1 L  t h r e e - n e c k e d  f l a s k  e q u i p p e d  w i t h  a r g o n  f l u s h  and a  g l a s s - c o v e r e d  

s t i r  b a r  was l o a d e d  w i t h  KH i n  m i n e r a l  o i l  (25% w/w, 32.0 g ,  200 mmol). 

The o i l  was washed o f f  w i t h  THF ( 3  x 3 0  m ~ )  and l a s t  t r a c e s  o f  THE were  re- 

moved by pumping u n d e r  vacuum f o r  30 min .  Dry 1 ,3 -d i aminopropane  ( 2 0  mL) 

was added i n  one  p o r t i o n ,  w i t h  v i g o r o u s  s t i r r i n g ,  and t h e  r e s u l t i n g  y e l l o w  

s u s p e n s i o n  was s t i r r e d  f o r  1 .25  h .  4-Decyn-2-01 ( 1 0 . 0  g ,  65 mrnol) was 

added  i n  one  p o r t i o n  and t h e  m i x t u r e  was s t i r r e d  a t  20" f o r  1 . 5  h .  The 

m i x t u r e  was t h e n  c o o l e d  t o  0"  and c a u t i o u s l y  quenched  by  a d d i t i o n  o f  s m a l l  

p i e c e s  o f  i c e  ( ~ 2 0  g ) ,  w i t h  v i g o r o u s  s t i r r i n g  t o  s u p p r e s s  foaming.  The 



m i x t u r e  was t h e n  s l o w l y  poured  i n t o  s a l t y  i c e - w a t e r  (800 m ~ )  and t h e  re-  

s u l t i n g  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  ( 4  x 150 mL). The combined e t h e r  

e x t r a c t s  were  back-washed w i t h  2  M HCI ( 2 0 0  mL) and s a t u r a t e d  NaHC03 

(100  m ~ ) ,  d r i e d  ( M ~ S O ~ ) ,  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  and d i s t i l l e d  

i n  v a c u o ,  y i e l d i n g  a l c o h o l  21 ( 8 . 0  g ,  8O%),  b . p .  80-85" (1 .2  mm Hg).  I R  -- - 

( f i l m )  3340,  3308,  2117 cm-l; mass s p e c t r u m ,  m/e ( r e l a t i v e  i n t e n s i t y )  

1 5 3 ( 0 . 5 ) ,  9 5 ( 3 2 ) ,  8 1 ( 5 8 ) ,  6 7 ( 3 5 ) ,  5 4 ( 4 7 ) ,  4 5 ( 1 0 0 ) ;  'H NMR ( c D c ~ ~ )  6 1 .22  

( d ,  3H, CH3, J=6 .1  H Z ) ,  1.25-1.50 (m, 8H, c 5 - c 8 ) ,  1 .54  ( q u i n t e t ,  2H, C q ,  

J z 7  H Z ) ,  1 .56  ( s ,  IH, OH) ,  1 .95  ( t ,  l H ,  CECH,  J = 2 . 5  H Z ) ,  2.20 ( t d ,  2H, C3, 

J = 7 . 0 ,  2.5 H Z ) ,  3 .79  ( m ,  lH, Cg) .  Ana l .  c a l c d .  f o r  C10H18O: C ,  77.87;  H ,  

11 .76 .  Found: C, 77 .66 ;  H ,  11 .44 .  

P r e p a r a t i o n  of 2-[(tetrahydropyranyl)oxy]-9-decyne (22)  - 
A l c o h o l  21 ( 4 . 9  g ,  32 mmol) i n  anhydrous  e t h e r  (20  mL) was c o o l e d  t o  - 

0 " .  A few c r y s t a l s  o f  p - t o l u e n e s u l p h o n i c  a c i d  were  added ,  fo l lowed  by - 
d r o p w i s e  a d d i t i o n  o f  3 , 4 - d i h y d r 0 - 2 H - ~ y r a n  ( 4 . 0  g ,  48  mmol). The s o l u t i o n  

was warmed t o  20" and s t i r r e d  f o r  16 h .  The s o l u t i o n  was t h e n  washed w i t h  

s a t u r a t e d  aoueous  NaHC03 (20  m ~ ) ,  d r i e d  ( M ~ P O ~ ) ,  c o n c e n t r a t e d  i n  vacuo and -- 
d i s t i l l e d ,  g i v i n g  - 22 ( 7 . 2 5  g ,  95x1,  b . p .  94-97" ( 0 . 2 5  m He). IR ( f i l m )  

3304,  2117 cm-l; mass s p e c t r u m ,  C I ,  m/e 239 ( ~ + 1 ) ;  'H NMR o f  t h e  m i x t u r e  o f  

d i a s t e r e o m e r s  ( c D c ~ ~ )  6 1 .11 ,  1 . 2 3  ( d ,  3H, CH3, J = 6 . 1  H Z ) ,  1.25-1.88 (my 

16H, m e t h y l e n e s ) ,  1 .94  ( t ,  lH, C-CH, 5 ~ 2 . 5  H Z ) ,  2.18 ( t d ,  2H, C H z C E C ,  

J = 7 . 0 ,  2 .5  H Z ) ,  3.45-3.53 (my l H ,  Cg) ,  3.67-3.97 (my 2H, OCH2 - o f  T H P ) ,  

4 . 6 3 ,  4 .70  ( d d ,  lH,  m e t h i n e  o f  THP, J"5, 2 .5  H Z ) .  A n a l .  c a l c d .  f o r  

C15H2602: C, 75.59;  H ,  10 .99 .  Found: C, 75.57;  H ,  10.94.  



P r e p a r a t i o n  o f  1-chloro-12-[(tetrahydropyranyl)oxy]-4-trdecYe (23) - 
A s o l u t i o n  o f  a l k y n e  22 (6.66 g ,  28 mmol) i n  THF ( 3 0  m ~ )  was cooled t o  - 

0" under a rgon .  n-BuLi i n  hexane (2 .3  M y  13 mL, 30 mmol) was added drop- 

wise  and t h e  s o l u t i o n  was s t i r r e d  f o r  30 min a t  0 ' .  The s o l u t i o n  was then  

cooled t o  -10' and d r y  HMPA (15 mL) was added, fo l lowed by d ropwise  addi-  

t i o n  o f  3-chloro-1-iodopropane (6 .14 g, 30 mmol) i n  THF (10  m ~ ) .  The mix- 

t u r e  was warmed t o  20' o v e r  4  h  and s t i r r e d  a  f u r t h e r  12 h .  The s o l u t i o n  

was poured i n t o  w a t e r  (200 mL) and t h e  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 100 m ~ ) .  The combined e t h e r  e x t r a c t s  were washed w i t h  wa te r  ( 1  x 

100 mL) and b r i n e  ( 1  X 100 m ~ ) ,  d r i e d  ( M ~ s o ~ )  and c o n c e n t r a t e d  i n  vacuo. -- 
D i s t i l l a t i o n  y i e l d e d  23 (5 .41 g ,  61%, 88% based on recovered  a lkyne  221, - - 
b.p .  141-150' (0 .1  mm ~ p ) .  Mass spectrum,  C I ,  m/e 315 and 317 ( ~ + 1 ) ;  'H 

NMR of d i a s t e r e o m e r s  ( c D c ~ ~ )  6 1.11,  1.23 ( d ,  3H, C H 3 ,  J=6 .1  H Z ) ,  1.25-1.88 

(my 16H, m e t h y l e n e s ) ,  1 .93 ( q u i n t e t ,  2H, C 2 ,  5-6.75 H Z ) ,  2.18 ( t t ,  2H, C 6 ,  

~ = 7 . 0 ,  2.25 H Z ) ,  2.34 ( t t ,  2H, C g ,  J=7 .0 ,  2.5 H Z ) ,  3.45-3.53 (my i H ,  ~ 1 2 1 ,  

3.65 ( t ,  2H, cH2C1), 3.67-3.97 (my 2H, O C H ~ ) ,  4 .63,  4.70 ( d d ,  lH, methine  

of THP, Jm5.0, 2.5 H Z ) .  

P r e p a r a t i o n  o f  12-[(tetrahydropyranyl)oxy]-4-tride~~nonitrile (24) - 
A m i x t u r e  o f  c h l o r i d e  23 (1 .80  g, 5.73 mrnol), powdered KCN (0.85 g ,  - 

13 mmol) and 18-Crown-6 (86 mg, 0.33 rmnol) was r e f l u x e d  i n  d r y  a c e t o n i t r i l e  

f o r  48 h .  The coo led  s o l u t i o n  was then f i l t e r e d  and t h e  f i l t r a t e  was con- 

c e n t r a t e d  under reduced p r e s s u r e .  The r e s i d u e  was poured i n t o  w a t e r  

(20  mL) and t h e  m i x t u r e  was e x t r a c t e d  wi th  e t h e r  ( 3  x 20 mL) . The combined 

e t h e r  l a y e r s  were washed w i t h  b r i n e ,  d r i e d  ( M ~ s o ~ )  and c o n c e n t r a t e d  - i n  

vacua. The r e s i d u e  was f l a s h  chromatographed on s i l i c a  g e l  (2 .5  cm I D  x 



1 8  cm) e l u t i n g  w i t h  hexane:EtOAc ( 4 : 1 ) ,  y i e l d i n g  n i t r i l e  14 (1 .32  g ,  8 0 % ) .  - 
I R  ( f i l m )  2238 c ;  'H NMI o f  d i a s t e r e o m e r i c  m i x t u r e  ( c D c ~ ~ )  6 1 .11 ,  1 . 2 3  

( d ,  3H, CH3, J=6.1  H Z ) ,  1.25-1.88 ( m ,  16H, m e t h ~ l e n e s ) ,  1 .84  ( q u i n t e t ,  2H, 

C2, Jm6.9 H Z ) ,  2.18 ( t t ,  2H, Cs ,  J = 7 . 0 ,  2 .25  H Z ) ,  2.34 ( t t ,  2H, C g ,  J Z 7 . 0 ,  

2.25 H Z ) ,  2.48 ( t ,  C1, J=7 .25  H Z ) ,  3.45-3.53 (m, l H ,  c ~ ~ ) ,  3.67-3.97 (m, 

2H, O C H ~ ) ,  4 . 6 3 ,  4 .70  ( d d ,  l H ,  m e t h i n e  o f  THP, 5 ~ 5 . 2 5  H Z ) .  Anal .  c a l c d .  

f o r  C1gOH31N02: C ,  74.71;  H ,  10 .23 ;  N,  4 .59 .  Found: C, 74.83;  H ,  10.38;  

N, 4 .62 .  

P r e p a r a t i o n  o f  13-[(tetrahydropyranyl)oxy]-5-tetradecyno a c i d  (25)  - 
To a  s o l u t i o n  o f  n i t r i l e  24 (610  mg, 2.0 mmol) i n  95% EtOH (5  m ~ )  was - 

added 30% aqueous  KOH (3 .57  mL, 18 .6  mmol) and 30% aqueous  hydrogen  perox-  

i d e  (1 .0  mL, 8 .9  mmol). The m i x t u r e  was h e a t e d  a t  40-45" f o r  1  h ,  t h e n  r e -  

f l u x e d  w h i l e  b u b b l i n g  N2 i n t o  t h e  m i x t u r e ,  u n t i l  t h e  e f f l u e n t  g a s e s  no  

l o n g e r  c o n t a i n e d  NH3 (154 h)  . The m i x t u r e  was c o o l e d  t o  0 • ‹ ,  s a t u r a t e d  w i t h  

NaCl, a c i d i f i e d  w i t h  12 M HC1 and e x t r a c t e d  w i t h  e t h e r  ( 4  x 20 m ~ ) .  The 

combined e t h e r  l a y e r s  were  washed w i t h  b r i n e ,  d r i e d  ( P f g ~ 0 4 )  and concen- 

t r a t e d  i n  vacuo ,  t o  y i e l d  25  (0 .63  g, 9 7 % ) ,  >98% p u r e  b y  GLC o f  t h e  m e t h y l  -- - 
e s t e r  ( c H ~ N ~ ) .  TLC ( h e x a n e : ~ t ~ ~ c ,  9 : l )  o f  t h e  me thy l  e s t e r  showed o n l y  o n e  

s p o t .  I R  ( f i l m )  3600-2500, 1720 cm-l; m a s s  s p e c t r u m  o f  t h e  me thy l  e s t e r ,  

C I ,  m / e  339 ( ~ + 1 ) ;  'H NMR o f  d i a s t e r e o m e r i c  k i x t u r e  ( c D c ~ ~ )  6 1.12 ,  1.23 

( d ,  3H, CH3, 5 ~ 6 . 1  Hz),  1.27-1.88 (m, 16H, m e t h ~ l e n e s ) ,  1 .84 ( q u i n t e t ,  2H, 

C3, J"7 Hz) ,  2.18 ( t t ,  2H, C7, J = 7 . 0 ,  2 .25  Hz) ,  2.34 ( t t ,  2H, C4, J=6.75 ,  

2.25 Hz) ,  2.48,  2.49 ( t ,  2H, CHzCOOH, - J = 7 . 0  H Z ) ,  3.45-3.53 (m, l H ,  C13),  

3.67-3.97 (m, 2H, O C H ~ ) ,  4 .67 ,  4 . 7 0  (m, lH,  m e t h i n e  o f  THP). Ana l .  c a l c d .  

f o r  C19H3204: C, 70.34; H, 9.94.  Found: C, 70.46;  H,  10 .03 .  



P r e p a r a t i o n  of 13-hydroxy-(5~)-tetradecenoic a c i d  (19) - 
P r o t e c t e d  hydroxy-acid  25 (0.50 g ,  1.54 m o l )  was s t i r r e d  in =10 mL of  - 

a  s o l u t i o n  o f  Ac0H:THF:HzO ( 3 :  1  : 1)  f o r  2h h  a t  20". The s o l u t i o n  was then 

c o n c e n t r a t e d  i n  vectlo and t h e  r e s i d u e  was d i s s o l v e d  i n  E t O H  and added t o  a  -- 
s o l u t i o n  o f  P-2 n i c k e l  ( 0 . 3  m o l ,  prepared f r o n  75 mg of  N ~ ( o A c ) ~ - ~ B ~ o ,  

0.3 mL o f  1  M e t h a n o l i c  KaB" s o l u t i o n  and 0.1 mL of  e t h y l e n e  d iamine ,  i n  

20 mL of 95% E ~ O H ) .  The m i x t u r e  was s t i r r e d  under H z  f o r  3.5 h ,  t h e n  f i l -  

t e r e d  wi th  s u c t i o n  th rough  a 5  on; c h a r c o z l  pad. The c h a r c o a l  was r i n s e d  

thoroughly wi th  a c i d i f i e d  ( 4  12 HCl) E t O H .  The f i l t r a t e  was c c n c e n t r a t e d  

under reduced p r e s s u r e  w i t h o u t  h e a t i n g .  'n'ater (25 mL) was added t o  t h e  

r e s i d u e ,  t h e  m i x t u r e  was a c i d i f i e d  w i t h  6 M HCL and e x t r a c t e d  w i t h  e t h e r  

( 4  x 20 mL). The corr3ined e t h e r  e x t r a c t s  were uashed wi th  b r i n e ,  d r i e d  

( ~ g S 0 q )  and c o n c e n t r a t e d  i n  vacuo ,  y i e l d l r ~ g  19 (373 ng, 91x1, >95% pure  by -- - 
GLC o f  t h e  methyl e t i t e r  (cEz!:~). TLC o f  :he methyl e s t e r  (hexane:EtOAc, 

3 : l )  a l s o  gave o n l y  one s p a t .  I R  ( f i l c )  3600-2500, 3'r10, 1720 cm-l; mass 

spectrum o f  t h e  methyl e s t e r ,  c / e  257 1 'A R% ( 0 ~ 1 3 )  6 1.22 (d ,  3H, 

CH3, J=6.0 HZ), 1.24-1.52 Cr, 12H, c e t h y r e n e s  arA O H ' S ) ,  1.71 ( q u i n t e t ,  2E, 

Cg, 5 1 7 . 5 ~ 2 ) ~  2.01 ( d t ,  2E, C7,  Jz7.5, 5.5 Hz), 2.11 ( d t ,  2B, C q ,  J=7.5,  

7.5 Ez), 2.38 ( t  , 2H, C112CGDP, - 5 ~ 7 . 5  Hz), 3.78-3.88 (r, l H ,  c13) ,  5.32 

( d t t ,  lH, Cg, J = l l ,  7.5, 1.5 EL), 5.41 ( i t t ,  lH, Cg, 3=11, 7.5, 1.5 E Z ) .  

Anal. c a l c d .  f o r  Cl4I?2603: C ,  69.37; H, 10.81. Fount: C, 69.55; E, 

11 .O3. 
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P r e p a r a t i o n  o f  5-Hexynal (36) - 
5-Hexyn-1-01 (14.7 g ,  150 mmol) was added t o  a  m e c h a n i c a l l y - s t i r r e d  

suspens ion  o f  p y r i d i n i u m  d i c h r o m a t e  (85 g,  225 mmol) i n  d r y  CH2C12 

(250 m ~ ) .  The m i x t u r e  was s t i r r e d  f o r  24 h  a t  20•‹ ,  f i l t e r e d  and concen- 

t r a t e d  t o  = l o 0  mL under  reduced p r e s s u r e  w i t h o u t  h e a t i n g .  E t h e r  was added 

t o  t h e  r e s i d u e  and t h e  m i x t u r e  was f i l t e r e d  th rough  a  1  cm pad o f  

F l u o r i s i l .  The f i l t r a t e  was washed wi th  2  N H C 1  (100 r n ~ )  and b r i n e  

(100 m ~ ) ,  d r i e d  ( M ~ s O ~ ) ,  c o n c e n t r a t e d  i n  vacuo and d i s t i l l e d ,  y i e l d i n g  -- 
aldehyde 36 (6 .73 g ,  4 7 % ) ,  b.p. 55-63 (15 mm Hg). I n  a d d i t i o n ,  t h e r e  was - 
-7 g  o f  pot r e s i d u e ,  which was found t o  be main ly  t h e  o v e r o x i d i z e d  p r o d u c t ,  

5-hexynoic a c i d .  I R  ( f i l m )  3300, 2736, 2122, 1720 crn-l; mass spec t rum,  m/e 

6 1.90 ( t t ,  IH, C3, 5=7.0 ,  6 .5  HZ), 1.99 ( t ,  l ~ ,  C:CH, J=2 .5  H Z ) ,  
0 
u 

2.28 ( t d ,  2H, Cq, J = 6 . 5 ,  2.5 H Z ) ,  2.62 ( t d ,  2H, C H ~ ~ H ,  - J=7 .0 ,  1 . 5  H Z ) ,  9.82 
0 
I 

( t ,  lH, CH, 1.5 HZ) . 

P r e p a r a t i o n  of ( ~ , ~ ) - 6 - h e p t ~ n - Z - o L  -- ( ( ~ , S ) - 2 8 )  -- - 
Methyl magnesium bromide i n  e t h e r  (2.98 M, 4 0  n iL, 119 mmo 1 )  was d i -  

l u t e d  wi th  d r y  e t h e r  (200 m ~ )  under argon and coo led  t o  -5". With v i g o r o u s  

s t i r r i n g ,  5-hexynal (8 .0  g ,  83 mmol) i n  e t h e r  (50  m ~ )  was added d ropwise  

over  30 min, m a i n t a i n i n g  t h e  t e m p e r a t u r e  below 0" .  The m i x t u r e  was a l lowed  

t o  warm t o  20•‹ ,  t h e n  c o o l e d  t o  0" a g a i n  and quenched by c a u t i o u s  a d d i t i o n  

o f  s a t u r a t e d  aqueous NH4C1 ( 2 5  mL). The quenched m i x t u r e  was t h e n  poured 

i n t o  250 mL o f  s a t u r a t e d  NH4C1 and e x t r a c t e d  w i t h  e t h e r  (4 x 150 mL). The 



combined organic extracts were washed with brine, dried (M~so~), concen- 

trated at reduced pressure with no heating, and distilled, yielding (R,S)- - - 
28 (5.3 g, 58%), b.p. 60-68" (2.0 mm ~g). IR (film) 3360, 3310, 2120, - 
1378 c ;  mass spectrum, m/e (relative intensity) 112(0.5), 97(9), 79(l8), 

67(33), 45(100); 'H NMR ( c D c ~ ~ )  6 1.22 (d, 3H, CH3, 5.6.5 H Z ,  1.57-1.73 

(m, 4H, Cq and c5), 1.57 (s, lH, OH), 1.96 (t, lH, CECH, J=2.5 HZ), 2.23 

(td, 2H, CH2CEC, 5-6.75, 2.5 HZ), 3.84 (m, lH, c6). Anal. calcd. for 

C7H12O: C, 74.96; H, 10.78. Found: C, 74.86; H, 10.84. 

Preparation of (R,s)-4-heptyn-2-01 (27) -- - 
Dry THF (40 mL) in a 250 mL three-necked flask was cooled to -40" un- 

der argon. Condensed 1-butyne (6.6mL, 83 mrnol) was added in one aliquot, 

followed by dropwise addition of n-BuLi in hexane (2.1 M, 21 mL, 44 rmnol). 

The reaction mixture was warmed to 0" over 30 min, then cooled again to 

-20". Dry HMPA (15 m ~ )  was added, followed by dropwise addition over 

15 min of racemic methyloxirane (2.61 g, 45 mmol) in HMPA (15 m ~ ) .  The re- 

action was stirred at -20" for 30 min, warmed to 20" over 4 h, and stirred 

an additional 12 h. The mixture was then poured into ice-water (100 m ~ )  

and extracted with ether (4 x 50 mL). The combined organic extracts were 

backwashed with brine, dried (F7gSO4) and concentrated at reduced pressure 

with no heating. Distillation of the residue gave 29 (4.93 g, loo%), - 
1 b . p .  41" (2.0 uxn Hg). IR (film) 3360 cm- ; mass spectrum, m/e (relative 

intensity) ll2(0.5), 97(9), 68(81), 67(100), 53(36), 45(8l); 'H NMR ( c D c ~ ~ )  

6 1.07 (t, 3H, CH2CH3, - J=7.5 HZ), 1.18 ( d ,  3H, C1, J=6.1 HZ), 2.13 (quartet 

of triplets, 2H, CSCH2CH3, - 5~7.5, 2.3 HZ), 2.20-2.36 (m, 2H, c 3 ) ,  2.74 

(broad d, lH, OH), 3.65-3.94 (m, lH, C2). Anal. calcd. for C7H12O: C, 



74.96; H ,  10.78. Found: C, 74.91; H ,  11.00. 

P r e p a r a t i o n  of (S)-(+I-4-heptyn-2-01 ((s)-(+I-27) and (R)-(-1-27 - - - - - 
The l i t h i u m  s a l t  o f  1-butyne ( 6 . 7  g ,  120 mrnol) was r e a c t e d  w i t h  (S)-  - 

( -1-methyloxirane  ( 6 . 0  g ,  103 mmol; [ a ] i 3  = -14.06', n e a t ,  p r e p a r e d  by t h e  

method o f  S e u r i n g  and Seebach ,  19771, v i a  t h e  procedure  d e s c r i b e d  f o r  t h e  

32 - p r e p a r a t i o n  o f  ( R , ~ ) - 2 7 ,  t o  g i v e  10.05 g  (87%) o f  (s ) - (+I-27;  [.ID - - -  - - - 
+17.7' ( c ,  1.60,  C H C ~ ~ ) .  

R-(-1-27 was p r e p a r e d  from t h e  l i t h i u m  s a l t  o f  1-butyne (10.8 g ,  - - 
200 m o l )  and ( R ) - ( + ) - m e t h ~ l o x i r a n e  (7 .0  g, 120 -01; [ a 1  = +12.1•‹ ,  n e a t ,  - 
prepared  by t h e  method o f  H i l l i s  and Ronald,  19811, ~ i e l d i n g  (R-(-1-27 - - 

P r e ~ a r a t  i o n  o f  (R,s)-6-heptyn-2-01 ( ( ~ , ~ ) - 2 8 )  -- -- - 
KH i n  m i n e r a l  o i l  (25% s u s p e n s i o n ,  2.4 g ,  15 mmol) was i n t r o d u c e d  i n t o  

a  d r y  f l a s k  under  a r g o n .  The o i l  was removed by washing t h e  KH w i t h  d r y  . 

THF (2  x 5  mL) and t h e  l a s t  t r a c e s  o f  THF were removed by pumping under 

vacuum. The f l a s k  was t h e n  r e f i l l e d  w i t h  argon,  and 1,3-diaminopropane 

( 1 5  mL, d r i e d  by  d i s t i l l a t i o n  o f f  B ~ O )  was added t o  t h e  r e s i d u e .  The re-  

s u l t i n g  o range  s u s p e n s i o n  was s t i r r e d  f o r  1  h ,  f o l l o w i n g  which 4-heptyn-l-  

01 (0.56 g ,  5  mmol) was added i n  one a l i q u o t .  The r e a c t i o n  was s t i r r e d  a t  

20" f o r  1 h ,  t h e n  quenched by  t h e  c a u t i o u s  a d d i t i o n  o f  c rushed  i c e  ( 5  g )  i n  

p o r t i o n s .  The r e s u l t i n g  m i x t u r e  was poured i n t o  i ce -wa te r  (50 r n ~ )  and ex- 

t r a c t e d  w i t h  e t h e r  ( 4  x 30 mL) . The combined e t h e r  e x t r a c t s  were  

backwashed w i t h  b r i n e ,  d r i e d  (M~SOL,), and c o n c e n t r a t e d  under  r educed  p res -  

s u r e  wi thou t  h e a t i n g .  The r e s i d u e  was d i s t i l l e d  i n  a  Kuge l rohr  t u b e  t o  

y i e l d  (R,s)-28,  b.p. ~ 7 0 - 8 0 • ‹  (15 rm ~ g ) .  I R  ( f i l m )  3360, 3310, 2120, --  - 



1378 c ;  mass spectrum, m/e ( r e l a t i v e  i n t e n s i t y )  112(0 .5) ,  97 (9 ) ,  79(18) ,  

67(33) ,  45(100);  'H NMR ( c D c ~ ~ )  6 1.22 ( d ,  3H, C 1 ,  5 ~ 6 . 5  H Z ) ,  1.57-1.73 (m, 

4H, ~ 3 - C q ) ,  1.57 ( s ,  lH, OH) ,  1.96 ( t ,  lH, C7, JS2.5 H Z ) ,  2.23 ( t d ,  2H, C g ,  

J=6.75, 2.5 H Z ) ,  3.84 (m,  lH, c 2 ) .  Anal. c a l cd .  f o r  C7H120: C ,  74.96; H ,  

10.78. Found: C ,  74.86; H,  10.84. 

P r e p a r a t i o n  o f  (s)-(+)-6-beptyn-2-01 - ((s)-(+I-28) and (R)-(-1-28 - - - - 
(s)-(+I-27 - (9.5 g, 85 mmol) was sub jec t ed  t o  t h e  "ace ty lene  zipper1 '  - 

r e a c t i o n ,  a s  desc r ibed  f o r  t h e  p repa ra t i on  of  (R,S)-28, y i e l d i n g  (s)-28 - -  - - - 
(5.82 g,  62%);  [a]:' = +13.4' ( c ,  1.57, C H C ~ J ) .  (R)-(-)-27 - (9.5 g ,  - 
85 m o l )  was t r e a t e d  i d e n t i c a l l y ,  y i e l d i n g  (R)-(-1-28 (7.6 g ) ,  contaminated - - 
with s t a r t i n g  m a t e r i a l .  An ana l ay t  i c a l  sample was f u r t h e r  p u r i f i e d  by 

f l a s h  chromatography on s i l i c a  ge l  (2  cm ID x 15 cm) e l u t i n g  with hexane: 

EtOAc ( 4 : l ) .  [a]; '  = -13.6' ( c ,  0.404, C H C I ~ ) .  

P r e p a r a t i o n  o f  (~,~)-6-(t-but~ldimeth~lsilox~)-l-he~t~ne -- - ( ( ~ , ~ ) - 2 9 a )  -- - ' 

A s o l u t i o n  o f  imidazole  (4.5 g ,  66 mmol) and (R,s)-28 (3 .5  g, 31 m o l )  - -  7 

i n  dry  DMF (10 mL) was cooled t o  0'. - t -Bu ty ld ime thy l s i l y l  c h l o r i d e  (5.0 g,  

33 m o l )  was added i n  one p o r t i o n  and t h e  r e a c t i o n  mix ture  was allowed t o  

warm t o  20". The mix ture  was s t i r r e d  a t  20" f o r  16 h ,  by which time two 

l a y e r s  had developed. The t o p  l a y e r  was removed and saved. Water (50 mL) 

was added t o  t h e  bottom l a y e r  and t h e  s o l u t i o n  was e x t r a c t e d  wi th  e t h e r  

(2  x 25 m ~ ) .  The e t h e r  e x t r a c t s  were added t o  t he  saved top  l a y e r  and t h e  

combined organic  phase was back-washed wi th  water  (2 x 25 m ~ )  and b r i n e  

(1 x 25 mL), d r i e d  ( M ~ s O ~ )  and concen t r a t ed  under reduced p re s su re .  Dis- 

t i l l a t i o n  ~ i e l d e d  ( ~ , ~ ) - 2 9 a  (6.14 g,  88%),  b.p. 105' (15 mm Hg) a s  a  - -  - 
c o l o u r l e s s  o i l .  I R  ( f i l m )  3322, 2865, 2124, 1259 cm-l; mass spectrum, C I ,  



m/e 227 (~+l); 'H NMR ( C D C ~ ~ )  6 0.05 (s, 6H, C H ~ S ~ ) ,  0.88 (s, 9H, C(CH~)~), 

1.13 (d, 3H, CH3, J=6.1 HZ), 1.48-1.67 (m, 4H, CI, and c5), 1.94 (t, IH, 

CSCH, J=2.5 HZ), 2.20 (td, 2H, CH2CEC, J=6.5, 2.5 HZ), 3.84 (sextet, lH, 

C6, 5'6 HZ). Anal. calcd. for C13H260Si: C, 68.96; H, 11.57. Found: C, 

69.16; H, 11.76. 

Preparation of (~)-(+)-6-(t-but~ldimeth~lsilox~)-l-he~t~ne - - ((~1-(+I- - 

(S)-(+I-28 (5.6 g, 55 mmol) was silylated as described for racemic 28, - - - 
yielding (s)-(+)-29a (10.85 g, 99%). This material was >98% pure by GLC - - 
and 

CHC 

CHC 

was used without further purification. [a]il = t13.8' (c, 2.696, 

(R)-(-1-29a - was prepared in similar yield. - [a];3 = -14.1' (c, 3.096, 

Preparation of (~,~)-7-(t-but~ldimeth~lsilox~)-2-oct~n-l-ol -- - ((R,s)-30)' -- - 
Racemic 29a (5.65 g, 25 mmol) was dissolved in dry THF (75 mL) under - 

argon and the solution was cooled to -10' in an ice-salt bath. BuLi in 

hexane (1.3 M, 20 mL, 26 mmol) was added dropwise, maintaining the tempera- 

ture below 0" and the resulting solution was stirred at 0' for 30 min. The 

solution was then cooled again to -10' and dry paraformaldehyde (1.13 g, 

37.5 mmol) was added in one portion. The mixture was warmed to 20' over 

several hours and stirred at 20" for 12 h. The reaction was worked up by 

pouring into ice-water (100 mL) and extracting with ether (3 x 100 m~). 

The combined organic extracts were dried (N~~soI+) and concentrated under 

reduced pressure. Distillation of the residue gave racemic - 30 (4.76 g, 

7421, b.p. 104-107' (0.2 nun ~g). IR (film) 3360, 2862, 2226, 1259 cm-l; 



1 mass spectrum,  C I ,  m/e 257 ( ~ + 1 ) ;  H NMR ( c D c ~ ~ )  6 0.05 ( s ,  6H, C H ~ S ~ ) ,  

0.88 ( s ,  9H, c ( c H ~ ) ~ ) ,  1.13 ( d ,  3H, CH3, J=6.1  H Z ) ,  1.48-1.67 (m, 4H, Cg 

and C6), 1.47 ( t ,  lH, OH, J=6 .0  Hz),  2.22-2.27 (m, 2H, Cq),  3.82 ( s e x t e t ,  

lH, C7, 5 ~ 6 . 1  H Z ) ,  4.26 ( d t ,  2H, C H 2 0 H ,  J=6 .4 ,  2.1 HZ). Ana.1. c a l c d .  f o r  

C14H2802Si: C ,  65.57; H, 11.01. Found: C ,  65.72; H ,  11.26. 

P r e p a r a t i o n  o f  ( ~ ) - ( + ) - 7 - ( t - b u t ~ l d i m e t h ~ l s i l o x ~ ) - 2 - o c t ~ l  - - ((s)- - 
(+I-30) and (R)-(-1-30 - - - 
(s) - (+I-30 was produced i n  77% y i e l d  v i a  t h e  p rocedure  used i n  t h e  - 7 

p r e p a r a t i o n  o f  racemic - 30. [ a ] i 2  = +12.3' ( c ,  3 .98,  C H C ~ ~ ) .  

(R)-(-1-30 - was produced i n  67% y i e l d .  - [ a ] i l  = -11 .OO ( c ,  6 .62 ,  

C H C ~  3 )  . 

Racemic - 30 ( 4 0  p, 15.6 m o l )  and - p-toluenesulphonyl  c h l o r i d e  (3 .6  g, 

18.7 mmol) were d i s s o l v e d  i n  anhydrous e t h e r  (30 m ~ )  and coo led  t o  -so i n  

an i c e - s a l t  b a t h .  Finely powdered KOH (8 .74 g, 156 rmnol) was added i n  f i v e  

equal p o r t i o n s  a t  5  min i n t e r v a l s ,  m a i n t a i n i n g  t h e  t e m p e r a t u r e  o f  t h e  mix- 

t u r e  below 0'. The m i x t u r e  was then  s t i r r e d  a t  0" f o r  30 min and poured 

i n t o  ice-water  (100 m~). The o r g a n i c  l a y e r  was removed and t h e  aqueous r e -  

s i d u e  was e x t r a c t e d  t w i c e  more wi th  e t h e r  (2  x 50 m~). The combined or-  

gan ic  e x t r a c t s  were backwashed wi th  b r i n e ,  d r i e d  (N~~soI , )  and c o n c e n t r a t e d  

i n  vacuo wi thou t  h e a t i n g .  F i n a l  t r a c e s  o f  s o l v e n t  were removed by pumping -- 
under h i g h  vacuum (0.1 rmn ~ g )  f o r  4  h ,  y i e l d i n g  t h e  t o s y l a t e  31 a s  an o i l  - 
(6.2 g,  96%) .  T o s y l a t e  31 gave one s p o t  on TLC ( h e x a n e : ~ t O A c ,  3 : l )  and was - 
used wi thou t  f u r t h e r  p u r i f i c a t i o n .  I R  ( f i l m )  2862, 2244, 1601, 1375, 



1 
1259 cm- ; mass spec t rum,  CIS m/e 411 (M+l); 'H NMR ( c D C ~ ~ )  6 0 .03 ( s ,  6H, 

C H ~ S ~ ) ,  0.86 ( s ,  9H, c ( c H ~ ) ~ ) ,  1.09 ( d ,  3H, CH3, J=6 .1  H Z ) ,  1.48-1.68 (m, 

4H, Cg and c ~ ) ,  2.03-2.10 (m, 2H, c 4 ) ,  2.43 ( s ,  3H, Ar-cH3), 3.75 ( s e x t e t ,  

IH, C7, Je6 .0  H Z ) ,  4.67 ( t ,  2H, CH2OSO2, J=2.2  H Z ) ,  7.33 ( d ,  2H, t o s y l ,  

J=8.0  H Z ) ,  7.79 ( d ,  2H, t o s y l ,  5'8.0 H Z ) .  

P r e p a r a t i o n  o f  (~)-(+)-7-(t-but~ldimeth~lsilox~)-2-oct~n-l-yl-p- - - 
t o l u e n e s u l p h o n a t e  ( ( ~ ) - ( + ) - 3 l )  and (R)-(-1-32 - - - - 
(S)- and (R)-31 were p r e p a r e d  e x a c t l y  a s  d e s c r i b e d  f o r  racemic 31 and - - - - 

used wi thou t  f u r t h e r  p u r i  f i c a t  i o n .  The o p t i c a l  r o t  a t  i o n s  o f  t h e  e n a n t  i- 

omers were t o o  smal l  t o  measure  a c c u r a t e l y  ( < l o ) .  

P r e p a r a t i o n  o f  5-hexynoic acid (32) - 
Chromium t r i o x i d e  (20.0  g, 200 mmol) was d i s s o l v e d  i n  5  M H2S04 

(250 mL, 1 .25 moll  and t h e  s o l u t i o n  was coo led  t o  5 • ‹ .  5-Hexyn-1-01 ( 9 . 8  g ,  

100 mmol) i n  r e a g e n t  a c e t o n e  (100 mL) was added d ropwise  o v e r  2  h ,  main- 

t a i n i n g  t h e  t e m p e r a t u r e  a t  5-10". When a d d i t i o n  was comple te ,  t h e  c o o l i n g  

b a t h  was removed and t h e  m i x t u r e  was s t i r r e d  f o r  30 min. The m i x t u r e  was 

then c o n c e n t r a t e d  t o  =250 mL under  reduced p r e s s u r e  a t  20'. The r e s i d u e  

was e x t r a c t e d  w i t h  e t h e r  ( 6  x 100 mL) and t h e  combined e t h e r  e x t r a c t s  were 

i n  t u r n  e x t r a c t e d  w i t h  3  M aqueous NaOH (2  x 150 m ~ ) .  The combined b a s i c  

s o l u t i o n s  were coo led  and a c i d i f i e d  w i t h  12 M HC1.  The aqueous s o l u t i o n  

was then e x t r a c t e d  w i t h  e t h e r  ( 6  x 60 m ~ )  and t h e  combined e t h e r  e x t r a c t s  

were washed w i t h  b r i n e ,  d r i e d  ( M ~ s O ~ ) ,  c o n c e n t r a t e d  i n  vacuo and d i s t i l l e d ,  -- 
y i e l d i n g  5 - h e x ~ n o i c  a c i d  (32)  (7.64 g,  68%) ,  b.p.  73-76" (0 .2  mm Hg) a s  a - 

1 c o l o u r l e s s  o i l .  IR ( f i l m )  3500-2500, 3292, 2118, 1705 cm- ; mass spectrum,  

m/e ( r e l a t i v e  i n t e n s i t y )  112(0.2) ,  1 1 1 ( 3 ) ,  9 7 ( 1 3 ) ,  9 4 ( 8 ) ,  70(100) ,  60(37) ;  



'H NMR ( c D c ~ , )  6 1.84 ( q u i n t e t ,  2H, C3, J=7.1  H Z ) ,  1.99 ( t ,  l H ,  CECH, 

5 ~ 2 . 6  H Z ) ,  2.29 ( t d ,  2H, CgCCH2, J=7 .1 ,  2.6 H Z ) ,  2.52 ( t ,  2H, CHzCOOH, - 
J=7.1 Hz),  11.58 ( s ,  l H ,  COOHI.  

P r e p a r a t i o n  of (~,S)-13-(t-but~ldimeth~lsilox~)-5,8-tetradecadiynoic -- - 
a c i d  ((R,S)-33) -- - 
Ethy l  magnesium bromide ( 2 0  mmol) was f r e s h l y  p r e p a r e d  from Mg tu rn -  

i n g s  (1 .0  g ,  41 mmol) and e t h y l  bromide (2 .18 g ,  20 mmol) i n  d r y  THF 

(=20 mL) and t r a n s f e r r e d  under  a rgon  t o  a  d r y  f l a s k  under argon.  The Mg 

r e s i d u e  was r i n s e d  w i t h  d r y  THF ( 5  m ~ )  and t h e  r i n s i n g s  were t r a n s f e r r e d  

i n t o  t h e  d r y  f l a s k .  The EtMgBr s o l u t i o n  was coo led  t o  5" and a  s o l u t i o n  o f  

5-hexynoic a c i d  (1 .01 g ,  9 .0  mmol) i n  d r y  THF ( 5  mL) was added d ropwise  

o v e r  15 min. The s o l u t i o n  was warmed t o  20' and s t i r r e d  a t  20" f o r  2  h .  

The s o l u t i o n  was then  c o o l e d  t o  0 "  and f r e s h l y  p r e p a r e d  CuBr (57 m g ,  

0.4 mmol) was added i n  one p o r t i o n .  The m i x t u r e  was s t i r r e d  a t  0" f o r  

15 min, fo l lowed  by t h e  d ropwise  a d d i t i o n  of racemic  t o s y l a t e  - 31 (3.28 g,  . 

8 .0  mrnol) i n  THF (10 mL). The m i x t u r e  was warmed t o  20•‹ o v e r  s e v e r a l  

h o u r s ,  s t i r r e d  a t  20' f o r  16 h  and then  poured i n t o  i c e - w a t e r  ( 5 0  mL). The 

m i x t u r e  was a c i d i f i e d  t o  pH 3 w i t h  6  M H C l  and e x t r a c t e d  w i t h  e t h e r  ( 3  x 

60 m ~ ) .  The combined e t h e r  e x t r a c t s  were washed w i t h  b r i n e ,  d r i e d  ( N ~ ~ s o ~ )  

and c o n c e n t r a t e d  i n  vacuo a t  2 0 • ‹ ,  y i e l d i n g  c r u d e  racemic  33 (3 .3  g ,  > l o o % )  -- - 
a s  a ye l low o i l .  The o i l  was u n s t a b l e  and g r a d u a l l y  decomposed t o  brown 

t a r s ,  even when s t o r e d  a t  -30'. Consequen t ly ,  t h e  c r u d e  m a t e r i a l  was 

c a r r i e d  th rough  t o  t h e  n e x t  s t e p  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  I R  and 'H 

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

had occur red .  IR ( f i l m )  3600-2500, 2238, 1713, 1256 cm-l; mass spec t rum o f  

methyl e s t e r  ( c H ~ N ~ ) ,  CI ,  m/e 365 ( ~ 1 1 1 ;  'H NMR ( c D c ~ ~ )  6 0.05 ( s ,  6H, 



C H ~ S ~ ) ,  0.88 ( s ,  9H, c ( c H ~ ) ~ ) ,  1 .13 ( d ,  3H, CH3, ~ = 6 . 1  H Z ) ,  1.48-1.67 (m, 

4 H ,  C 1 1  and c12) ,  1.84 ( q u i n t e t ,  2H, C3, J = 7 . 0  H Z ) ,  2.20 (m, 2H, c l O ) ,  2.29 

(m, 2H, ~ 4 1 ,  2.52 ( t ,  2H, CHzCOOH, J=7 .0  H Z ) ,  3.10 ( q u i n t e t ,  2H, CECCH2C-C, - 
J=2.1 Hz),  3.82 (m, l H ,  c13) .  

P r e p a r a t i o n  of (~)-(+)-13-(t-but~ldimeth~lsilox~)-5,8-tetradecadipoic - - 
acid ( (s)-(+I-33) and (R)-(-1-33 - - - - 
(s)- and (R)-33 were p r e p a r e d  e x a c t l y  a s  d e s c r i b e d  f o r  racemic  33. - - - - 

Due t o  t h e  i n s t a b i l i t y  o f  t h e s e  compounds, t h e  c r u d e  p r o d u c t s  were used d i -  

r e c t l y  i n  t h e  next  s t e p ,  s o  o p t i c a l  r o t a t i o n s  were not  measured.  The 

y i e l d s  of c r u d e  m a t e r i a l  were comparable  t o  t h a t  o b t a i n e d  f o r  racemic  33 - 
and t h e  major  product  i n  each c a s e  was c h r o m a t o g r a p h i c a l l y  i d e n t i c a l  by TLC 

o r  GLC t o  t h e  racemic  m a t e r i a l .  

P r e p a r a t i o n  of (~,~)-13-(t-but~ldimeth~lsilox~)-(5~,8Z)-tetradeca- -- - 
d i e n o i c  acid ((R,s)-34) -- - 
P-2 n i c k e l  (3.0 mmol) was p r e p a r e d  from N i ( O ~ c ) 2 * 6 H ~ 0  (0.75 g,  

3.0 m o l ) ,  1 M e t h a n o l i c  NaBH4 s o l u t i o n  (3 .0  mL, 3.0 mmol) and e t h y l e n e  

diamine (0.54 mL, 8 .1  mmol), i n  95% EtOH (30  m ~ )  under  H z .  Crude racemic  

a c i d  33 (2 .0  g ,  ~ 4 . 8  mrnol) was added i n  one p o r t i o n  and t h e  m i x t u r e  was - 
s t i r r e d  f o r  4 h ,  m o n i t o r i n g  t h e  p r o g r e s s  o f  t h e  r e a c t i o n  by GLC o f  t h e  

methyl e s t e r s  ( c H ~ N ~ ) .  The i n t e r m e d i a t e  enynes  were c l e a r l y  s e e n .  A t  t h e  

end o f  t h e  4 h  ~ e r i o d ,  t h e  r e d u c t i o n  was complete .  The m i x t u r e  was 

f i l t e r e d  th rough  a  5  nun pad o f  c h a r c o a l  and t h e  c h a r c o a l  was r i n s e d  w i t h  a  

few mL o f  e t h a n o l .  The f i l t r a t e  was poured i n t o  c o l d  b r i n e  (100 m~), ex- 

t r a c t e d  w i t h  e t h e r  ( 3  x 75 m~), d r i e d  ( M ~ s o ~ )  and c o n c e n t r a t e d  i n  vacuo.  -- 
L a s t  t r a c e s  o f  s o l v e n t  were removed by pumping a t  h i g h  vacuum (0 .1  mm ~ g )  



for 3 h, yielding crude diene (R,S)-34 (2.15 g). This was carried through --  - 
immediately to the next step to minimize decomposition. 

Preparation of (~,S)-13-hydrox~-(5~,8~)-tetradecadienoic - - acid ((R,s)- 

Crude racemic acid 34 (1.90 g) was stirred at 20' for 16 h in 25 mL of - 
AcOH:H20:THF (3:l:l). The solvents were removed in vacuo at 20' and the -- 
residue was flash chromatographed on silica gel (2.5 cm ID x 20 cm) eluting 

with hexane:EtOAc:AcOH (140:60:2), yielding hydroxy-acid (R,~)-35 - -  - (0.55 g, 
53% from tosylate 31) as a viscous oil. IR (solution, C H C ~ ~ )  3550-2500, 

7 

3020, 1711 cm-l; mass spectrum of methyl ester (CH~N~), CI, m/e 255 (~+1); 

'H NMR ( c D c ~ ~ )  6 1.21 (d, 3H, CH3, J=6.3 HZ), 1.28-1.53 (m, 4H, C11 and 

bisallylic, J"6.5 HZ), 3.78-3.89 (m, lH, C13), 5.30-5.48 (m, 4H, olefin). 

Preparation of (S)-(+)-13-hydroxy-(5~,8~)-tetradecadienc - acid ((~1- 

(+)-35) and (R)-(-1-35 - - - 
(s)- and (R)-35 were prepared exactly as described for racemic 35. - - - - 

The intermediate TBDMS-protected dienes - 34 were not isolated. Pure (s)-35 - - 
was recovered in 48% yield from tosylate (s)-31, - - while pure - (R)-35 - was ob- 
tained in 51% yield from (R)-31. - - Both gave 'H NMR spectra identical to 

racemic 35. - 

Preparation of (R,s)-13-methyl-(5~,8~)-tridecadienolide - - (111) - 
A solution of hydroxy-acid - 35 (0.50 g, 2.08 mmol) and dry triethyl- 

amine (distilled from P205, 3.0 g, 30 mmol) in dry acetonitrile (dried with 

3 A molecular sieve, 200 m ~ )  was added dropwise under argon via a 



h i g h - d i l u t i o n  head t o  a  r e f l u x i n g  s o l u t i o n  o f  2-chloro- l -methylpyr idinium 

i o d i d e  (2 .5  g ,  10 mmol) i n  d r y  a c e t o n i t r i l e  (200 m ~ ) ,  o v e r  a  24 h  p e r i o d .  

Ref lux was c o n t i n u e d  f o r  an  a d d i t i o n a l  2  h .  The m i x t u r e  was t h e n  coo led  t o  

20" and c o n c e n t r a t e d  under reduced p r e s s u r e .  Water (150 m ~ )  was added t o  

t h e  r e s i d u e  and t h e  m i x t u r e  was e x t r a c t e d  wi th  pen tane  ( 3  x 100 m ~ )  . The 

combined pen tane  e x t r a c t s  were washed w i t h  wa te r  ( l x  50 mL), d r i e d  ( M ~ s o ~ ) ,  

c o n c e n t r a t e d  under  reduced p r e s s u r e  and f l a s h  chromatographed on s i l i c a  g e l  

(2.5 cm I D  x 17 cn)  e l u t i n g  w i t h  hexane:EtOAc (60 :1) ,  g i v i n g  racemic macro- 

l i d e  111 (208 mg, 4 7 % ) .  I R  ( f i l m )  3009, 1731 cm-'; mass spec t rum,  mle ( r e -  - 
l a t i v e  i n t e n s i t y )  2 2 2 ( 8 ) ,  1 8 0 ( 1 4 ) ,  140(16) ,  126(11) ,  1 0 6 ( 1 9 ) ,  9 3 ( 4 9 ) ,  

79(lOO), 67(59)  , 5 5 ( 2 6 ) ,  41(36) ;  'H NMR ( c D c ~ ~ )  6 1 .24 ( d ,  3H, CH3,  

J=6.1 H Z ) ,  1.33-1.77 (m, 6H, C3, C 1 0 ,  C 1 1 ,  C l l ' ,  C12, C 1 2 ' ) ,  1 .83 (m, lH, 

C3 ' ) ,  1.98 (m, l H ,  ~ 4 1 ,  2.20-2.43 (m, 3B, C q ' ,  C7, c l O 1 ) ,  2.27 (ddd,  l H ,  

C2, J=14.5,  8 . 2 ,  3  H Z ) ,  2.40 (ddd ,  l H ,  C 2 ' ,  J=14.5 ,  10,  3  Hz) ,  3.15 (ddd ,  

c7 ' ,  J=15.1,  9 .5 ,  9.5 H Z ) ,  5 .03 (dqd, l H ,  C13, J=10,  6 .1 ,  2.8 H Z ) ,  5.27 (m, ' 

l H ,  c ~ ) ,  5.40 (m, 3H, C g ,  Cg, c g ) .  Anal. c a l c d .  f o r  C14H2202: C ,  75.65; 

H, 9.98. Found: C ,  75.88; H ,  9.97. 

P r e p a r a t i o n  o f  (~)-(+)-13meth~l-(5~,8Z)-tridecadienolide - ( ( ~ 1 - ( + I -  - 
111) and (R)-(-)-IIX - - - 
(s)-(+)-111 - was p r e p a r e d  i n  37% y i e l d ,  fo l lowing  t h e  c y c l i z a t i o n  pro- - 

cedure  f o r  racemic - 111. [ a ] i 2  = +41 .go ( c ,  0.958, C H C ~ ~ ) .  

(R)-(-)-111 - was s i m i l a r l y  p repared  i n  33% y i e l d .  - [a]:* = -43.4" 

( c ,  0.737, C H C ~ ~ ) .  



Synthesis of Macrolide IV 

Preparation of 2-heptyn-1-01 (37) - 
A solution of 1-hexyne (12.3 g, 150 mmol) in 300 mL dry THF was cooled 

to -10' under argon. n-BuLi in hexane (2.3 M, 65.2 mL, 150 mrnol) was added 

dropwise over 20 min, maintaining the temperature below 0". When the addi- 

tion was complete, the solution was stirred for a further 15 min at 0" be- 

fore adding in one portion dry paraformaldehyde (4.8 g, 160 mmol). The re- 

sulting suspension was slowly warmed to 20•‹, stirred for 12 h and poured 

into ice-water (200 m~). The mixture was extracted with ether (3 x 100 mL) 

and the combined extracts were washed with brine, dried (M~so~), concen- 

trated under reduced pressure and distilled, yielding 37 (15.99 g, 95%), - 
b.p. 64-66. (2.2 mm Hg; lit. 95' at 22 mm ~g). IR (film) 3330, 2220 cm-l; 

'H NMR (CDC~ZJ) 6 0.92 (t, 3H, C7, J=7.1 HZ), 1.30-1.52 (m, 4H, c5-cs), 1.63 

(t, IH, OH, J=6 HZ), 2.20 (tt, 2H, C4,  J=7, 2.1 HZ), 4.23 (dt, 2H, Cl, J=6, 

2.1 Hz). Mass spectrum, m/e (relative intensity) 112(12), 97(15), 83(100), 

79(66), 70(81), 55(73). Anal. calcd. for C7H12O: C, 74.96; H, 10.78. 

Found: C, 74.69; H, 10.42. 

Preparation of 6-heptyn-1-01 (38) - 
A suspension of potassium hydride in mineral oil (25% w/w, 67.4 g, 

420 mmol) was washed free of oil with dry THF (3 x 50 m~). The resulting 

powder was pumped under high vacuum for 1 h to remove all traces of THF, 

then covered with argon. Dry 1,3-diaminopropane (350 mL, distilled off 

R ~ O )  was then added in one portion and the foamy suspension was stirred 

vigorously under argon at 20' for 2 h. Alkynol 37 (15.68 g, 140 mmol) was - 
then added dropwise over 5 min and the mixture was stirred for 30 min. The 



suspension was then cooled to 0•‹, the reaction was cautiously quenched with 

water (20 mL) and the mixture was poured onto ice (200 g). The resulting 

aqueous mixture was extracted with ether (4 x 125 m ~ )  and the combined 

ether extracts were washed with 6 M HC1 (50 mL) and brine. Concentration 

under reduced pressure and distillation gave 38 (7.19 g, 46x1, b.p. 60-65" - 
(2.2 mm Hg). IR (film) 3320, 3300, 2120 cm-'; 'H NMR ( c D c ~ ~ )  b 1.34 (s, 

lH, OH), 1.43-1.67 (m, 6H, c2-c4), 1.95 (t, lH, C7, J=2.5 Hz), 2.22 (td, 

2H, Cg, J=7, 2.5 HZ), 3.65 (t, 2H, C1, J=6.4 HZ). Mass spectrum, m/e (re- 

lative intensity) 112(0.6), 97(7), 79(100), 77(33), 70(53), 66(33). Anal. 

calcd. for C7H120: C, 74.96, H, 10.73. Found: C, 75.09; H, 11.00. 

Preparation of 7-(2-methoxyethoxymethoxy)-I-heptyne (39) - 
A solution of alkynol - 38 (6.72 g, 60 mmol) and diisopropylethylamine 

(11.6 g, 90 mmol) in CH2C12 (75 mL) was cooled to 0". MEM chloride 

(11.2 g, 90 mmol) was added dropwise over 15 min and the resulting solution 

was warmed to 20" and stirred for 10 h. The solution was poured into water 

(100 mL) and extracted with CH2C12 (3 x 50 m~). The combined CH2C12 ex- 

tracts were washed with 1 M HC1 (25 mL) and brine, dried (M~so~), concen- 

trated under reduced pressure and distilled, to yield - 39 (11.76 g, 98%), 

b.p. 70-73. (0.2 m ~g). IR (film) 3295, 2118 cm-'; 'H NMR (cDcI~) 

6 1.45-1.67 (m, 6H, c4-c6), 1.95 (t, lH, C1, J=2.5 HZ), 2.21 (tt, 2H, C3, 

J=7, 2.5 HZ), 3.40 (s, 3H, - 0 ~ ~ 3 1 ,  3.57 (t, 2H, C7, J=6.3 HZ), 3.58 (m, 2H, 

OCH~CH~O), 3.70 (m, 2H, OCH~CH~O), 5.72 (s, 2H, 0 ~ ~ ~ 0 ) .  Mass spectrum, CI, - - 
m/e 201 (~+1). 

Preparation of 4-(t-butyldimethylsiloxy)-I-butyne - (41a) - 
t-Butyldimethylsilyl chloride (19.63 g, 130 mmol) was added in one - 



p o r t i o n  t o  a  s o l u t i o n  o f  3-butyn-1-01 (8.4 g, 120 mmol) and imidazo le  

(18.0 g ,  260 mmol) i n  d r y  DMF (30 mL) a t  0 " .  A f t e r  s t i r r i n g  a t  0" f o r  

15 min, t h e  m i x t u r e  was a l lowed t o  warm t o  20" and s t i r r e d  12 h .  Water 

(100 mL) was added and t h e  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 m ~ ) .  

The combined e t h e r  e x t r a c t s  were washed w i t h  w a t e r  and b r i n e ,  d r i e d  (MgS04) 

and c o n c e n t r a t e d  i n  vacuo. D i s t i l l a t i o n  o f  t h e  r e s i d u e  gave 41a (20.69 g ,  -- - 
94%) ,  b.p. 45-46' (2 .5  mm Hg) . I R  ( f i l m )  3318, 2124, 1258 em-'; 'H NMR 

J=2.5  H Z ) ,  2.42 ( t t ,  2H, C3, J = 7 ,  2.5 H Z ) ,  3.76 ( t ,  2H, Cq, J = 7  H Z ) .  Mass 

spectrum (CI) m/e 185 (M+1). Anal. c a l c d .  f o r  C10H200Si: C ,  65.15; H,  

1.094. Found: C ,  65.16; H,  11.10. 

P r e p a r a t i o n  o f  5-(t-butyldimethylsiloxy)-2-pentyn-l-ol - (42a) - 
2.3 M n-BuLi i n  hexane (48 mL, 110 mmol) was added d ropwise  t o  a s o l u -  

t i o n  o f  a lkyne  41a (20.03 g,  109 mmol) i n  d r y  THF (250 mL) a t  -10". The - 
s o l u t i o n  was s t i r r e d  f o r  20 min a t  0 • ‹ ,  t h e n  coo led  t o  -10" and d r y  para- 

formaldehyde (3.6 g ,  120 mmol) was added. The s u s p e n s i o n  was a l lowed t o  

warm t o  20" and was s t i r r e d  12 h .  The r e a c t i o n  m i x t u r e  was t h e n  poured 

i n t o  i ce -wate r  (200 m ~ )  and e x t r a c t e d  w i t h  e t h e r  ( 4  x 150 m ~ ) .  The com- 

bined e t h e r  e x t r a c t s  were washed wi th  b r i n e ,  d r i e d  ( M ~ s ~ I + ) ,  c o n c e n t r a t e d  - i n  

vacuo and d i s t i l l e d ,  y i e l d i n g  - 42a (19.31, 8 3 % ) ,  b.p.  80-85" (0.15 mm Hg). 

I R  ( f i l m )  3340, 2225, 1258 cm-'; 'H NMR ( c D c ~ ~ )  6 0.07 ( s ,  6H, s ~ - c H ~ ) ,  

0.40 ( s ,  9H, c ( c H ~ ) ~ ) ,  1.52 ( t ,  lH, OH, J = 6  Hz),  2.43 ( t t ,  2H, Cq, J=7 .1 ,  

2.1 Hz), 3.73 ( t ,  2H, C g ,  J=7.1 Hz), 4.15 ( d t ,  2H, C 1 ,  J = 6 ,  2.1 H Z ) .  Mass 

spectrum, C I ,  m/e 215 (M+l). 



P r e p a r a t i o n  o f  5-(t-butyldimethylsiloxy)-2-pentyn-l-yl - - p-toluene- 

s u l p h o n a t e  (43a)  - 
Powdered KOH ( 4 0  g ,  710 mrnol) was added i n  p o r t i o n s  t o  a  v i g o r o u s l y  

s t i r r e d  s o l u t i o n  o f  a l c o h o l  42a (13.91 g ,  65 mmol) and p - to luenesu lphony l  - - 
c h l o r i d e  (13.6 g, 71.5 mmol) i n  d r y  e t h e r  (200 m ~ )  a t  - l o 0 .  The m i x t u r e  

was s t i r r e d  a t  O0 f o r  45 min and poured i n t o  i ce -wa te r  (200 m ~ ) .  The e t h e r  

was decan ted  and t h e  aqueous  r e s i d u e  was e x t r a c t e d  w i t h  e t h e r  (2 x 

100 m ~ ) .  The combined e t h e r  e x t r a c t s  were washed w i t h  b r i n e ,  d r i e d  ( ~ g S 0 q )  

and c o n c e n t r a t e d  i n  vacuo w i t h o u t  h e a t i n g .  F i n a l  t r a c e s  o f  s o l v e n t  were -- 
removed by pumping under  vacuum (0 .1  mm ~ g )  f o r  4  h ,  g i v i n g  a  q u a n t i t a t i v e  

~ i e l d  o f  t h e  t o s y l a t e  - 43a (one  s p o t  on TLC, hexane:EtOAc, 4 : l ) .  I R  ( f i l m )  

2242, 1600, 1340,  1256 cm-l; 'H NMR ( c D c ~ ~ )  6 0.04 ( s ,  6H, C H ~ - S ~ ) ,  0.83 

( s ,  9H, c ( c H ~ ) ~ ) ,  2.31 ( t t ,  2H, Cq, J=7.1 ,  2.2 H Z ) ,  2.45 ( s ,  3H, -CH3), 

3.60 ( t ,  2H, Cg, J=7 .1  H Z ) ,  4.68 ( t ,  2H, C 1 ,  J=2.2 H Z ) ,  7.35 ( d ,  2H, t o s y l ,  

~ = 8 ) ,  7.80 ( d ,  2H, t o s y l ,  J = 8  H Z ) .  Anal.  c a l c d .  f o r  C18H280qSSi: C ,  

58.66; H,  7.66. Found: C ,  58.70; H, 7.72. 

P r e p a r a t i o n  o f  12-(2methoxyethoxymethoxy)-l-(t-butyldimethylsiloxy~- - 
3,6-dodecadiyne (44) - 
Ethy l  magnesium bromide (-65 mmol) i n  THF was p r e p a r e d  from e t h y l  bro-  

mide (7.085 g, 65  mmol) and magnesium t u r n i n g s  (3.0 g ,  125 mmol) and was 

t r a n s f e r r e d  i n t o  a  d r y  f l a s k  under  argon.  Alkyne - 39 (11.5 g ,  57.5 mmol) i n  

d r y  THF (25 m ~ )  was added d ropwise  over  15 min, m a i n t a i n i n g  t h e  t e m p e r a t u r e  

<30•‹.  The s o l u t i o n  was s t i r r e d  f o r  2.5 h  a t  20' and t h e n  c o o l e d  t o  0'. 

Cuprous bromide (0.75 g ,  5.2 mmol) was added and t h e  m i x t u r e  was s t i r r e d  

f o r  15 min. A s o l u t i o n  o f  t o s y l a t e  - 43a (24  g ,  65 mmol) i n  d r y  THF (50 d) 



was then added dropwise over 1 h. The resulting mixture was warmed to 20' 

over 3 h, stirred an additional 12 h at 20' and poured into NH4Cl solution 

(10 g NH4Cl in 150 mL H20). The mixture was extracted with ether (3 x 

100 m ~ )  and the combined ether extracts were washed with brine, dried 

(MgS04) and concentrated in vacuo. One gram of the crude material was re- -- 
moved for analysis, while the remainder was carried through directly to the 

next step. I R  (film) 2234, 1255, 1100 em-'; 'H NMR ( c D c ~ ~ )  6 0.07 (s, 6H, 

CH~-S~), 0.91 (s, 9H, (cH~)~C), 1.38-1.68 (m, 6H, Cg-cll), 2.16 (tt, 2H, 

C8, J=7, 2.4 HZ), 2.49 (tt, 2H, C2, J=7.4 x 2.4 HZ), 3.11 (quint, 2H, C5, 

J=2.4 HZ), 3.40 (s, 3H, CH30), 3.53-3.60 (m, 4H, OCH~CHZO - + C12), 3.68-3.75 

(m, 4H, OCH2CH2 - + C'), 4.72 (s, 2H, OCH20). Mass spectrum, CI, m/e 397 

(M+1). 

Preparation of 1 2 - ( 2 ~ 1 e t h o x ~ e t h o ~ e t h o x ~ ) - 3 , 6 - d o d e c a d i - 1 - 0 1  (45) - 
Crude alkyne 44 was dissolved in dry MeOH (200 m ~ )  and p-toluene- - - 

sulphonic acid (200 mg) was added. The solution was stirred for 2 h at 

20•‹, then concentrated in vacuo without heating. The residue was dissolved -- 
in ether (125 m~), extracted with saturated NaHC03 (25 m~), washed with 

brine, dried ( ~ g S 0 ~ )  and concentrated in vacuo. The residue was flash -- 
chromatographed in three portions on silica gel (5 cm ID x 20 cm) eluting 

with hexane:EtOAc (1:3), to yield 45 (8.3 g, 54% from 43a). I R  (film) - - 
3420, 2218 CIII-~; 'H NMR (cDC13) 6 1.34-1.68 (m, 7H, Cg-Cll + OH), 2.17 (tt, 

2H, C8, J=7, 2.5 HZ), 2.45 (tt, 2H, C2, J=6.1, 2.5 HZ), 3.13 (quintet, 2H, 

c5, J=2.5 Hz), 3.40 ( s ,  2H, OCH~), 3.48-3.65 (m, 4H, OCH2CH20 - + ~12)s 

3.65-3.77 (m, 4H, OCH2CHzO - + cl), 4.72 (s, 2H, 0 ~ ~ ~ 0 ) .  Mass spectrum, CI, 

m/e 283 (M+l). 



P r e p a r a t i o n  o f  12-(2lnetho~~ethoxymethoxy)-dodecadipoic a c i d  (46) - 
A s o l u t i o n  o f  a l c o h o l  45 (2 .20  g ,  7.8 mmol) i n  r e a g e n t  a c e t o n e  - 

(100 mL) was added d ropwise  over  4  h  t o  a  s o l u t i o n  o f  C r O 3  (3.12 g ,  

31.2 mmol) i n  1.5 M H2SO4 ( 5 0  mL, 75 mmol) a t  0 " .  When t h e  a d d i t i o n  was 

complete ,  t h e  m i x t u r e  was a l lowed t o  warm t o  20" and was s t i r r e d  an addi-  

t i o n a l  2  h .  E t h e r  (100 mL) was added and t h e  m i x t u r e  was e x t r a c t e d  wi th  

b r i n e  ( 3  x 75 m ~ ) .  The e t h e r e a l  s o l u t i o n  was t h e n  c o n c e n t r a t e d  i n  vacuo. -- 
The r e s i d u e  was t a k e n  up i n  e t h e r  (75 m ~ )  and e x t r a c t e d  w i t h  0.5 M NaHC03 

( 3  x 30 mL). The combined b a s i c  e x t r a c t s  were a c i d i f i e d  w i t h  6  M HC1  t o  

pH 2  and e x t r a c t e d  w i t h  e t h e r  ( 3  x 50 mL). The combined e t h e r  e x t r a c t s  

were washed w i t h  b r i n e ,  d r i e d  ( M ~ s o ~ )  and c o n c e n t r a t e d  i n  vacuo,  y i e l d i n g  -- 
crude  46 (1 .59 g ,  69% c r u d e  y i e l d )  . An a n a l y t i c a l  sample was withdrawn and - 
t h e  remainder was s u b m i t t e d  d i r e c t l y  t o  t h e  next  s t e p .  I R  ( f i l m )  3600- 

2500, 2239, 1716 cm-l; 'H NMR ( C D C ~ ~ )  6 1.43-1.68 (m, 7H, C9-Cll + OH),  

2.18 ( t t ,  2H, C8, J = 6 . 6 ,  2.4 H Z ) ,  3.16 ( q u i n t e t ,  2H, C g ,  J=2.4 H Z ) ,  3.30 

( t ,  2H, C2, J = 2 . 4 ~ z ) ,  3.42 (s, 3H, O C H ~ ) ,  3.58 ( t ,  2H, C12, J=6.5  H Z ) ,  

3.53-3.63 (m, 2H, O C H ~ C H ~ O ) ,  - 3.66-3.75 (m, 2H, O C H ~ C H ~ O ) ,  - 4.73 ( s ,  2H, 

0cH20) . 

P r e p a r a t i o n  o f  12-hydroxy-3,6-dodecadiynoic a c i d  (47) - 
Crude a c i d  46 (1 .50 g ,  5.07 mrnol) was s t i r r e d  f o r  24 h  a t  20" i n  - 

27.5 mL of  THF:H20:conc. H C l  ( 8 : 2 : 1 ) .  E t h e r  (100 mL) was added and t h e  

m i x t u r e  was e x t r a c t e d  w i t h  b r i n e  (2  X 50 m~), d r i e d  ( ~ g S 0 ~ )  and concen- 

t r a t e d  i n  vacuo. The r e s i d u e  was f l a s h  chromatographed on s i l i c a  g e l  -- 
(2.5 cm I D  x 20 cm) e l u t i n g  w i t h  hexane:EtOAc:AcOH (25:75:1) ,  y i e l d i n g  - 47 

(675 mg, 64%) a s  a  v i s c o u s  o i l ,  which c r y s t a l l i z e d  on r e f r i g e r a t i o n .  I R  



( f i l m )  3600-2400, 2240, 1715 cm-l; 'H NMR ( c D c ~ ~ )  6 1.38-1.78 (m, 8 H ,  Cg- 

C 1 1  + 2 0 ~ 1 ,  2.16-2.27 (m, 2H, c 8 ) ,  3.15 ( q u i n t e t ,  2H, C g ,  J=2.4  H Z ) ,  3.29 

( t ,  2H, C2, J=2 .4  Hz),  3.70 ( t ,  2H, C12, J = 6  H Z ) .  Mass spec t rum o f  methyl 

e s t e r  ( c H ~ N ~ ) ,  C I ,  m/e 223 ( ~ + 1 ) .  

P r e p a r a t i o n  o f  12-hydroxy-(32,6Z)-dodecadi e n o i c  a c i d  (48)  - 
P-2 n i c k e l  ( 1  mmol) was p r e p a r e d  i n  95% EtOH (20 mL) from 

N ~ ( o A c ) ~ * ~ H ~ o  (0.25 g,  1 mmol), 1  M NaRH4 s o l u t i o n  ( 1  mL, 1  mmol) and 

e t h y l e n e  d iamine  (0 .2  mL) by t h e  s t a n d a r d  p rocedure .  Diyne 47 (450 mg, - 
2.16 mmol) was added i n  EtOH (10 m ~ )  and t h e  m i x t u r e  was s t i r r e d  under  H2 

f o r  5 h .  The m i x t u r e  was t h e n  f i l t e r e d  w i t h  s u c t i o n  th rough  a  0 .5  cm char -  

c o a l  pad and t h e  c h a r c o a l  was r i n s e d  s e v e r a l  t imes  w i t h  E t O H .  The f i l t r a t e  

was c o n c e n t r a t e d  i n  vacuo and t h e  r e s i d u e  was d i s s o l v e d  i n  w a t e r  ( 2 0  m ~ )  -- 
and c a r e f u l l y  a c i d i f i e d  t o  pH 3  w i t h  3  M HC1.  The aqueous m i x t u r e  was t h e n  

e x t r a c t e d  w i t h  e t h e r  ( 4  x 25 m ~ )  and t h e  combined e t h e r  e x t r a c t s  were 

washed wi th  b r i n e ,  d r i e d  ( ~ g S 0 ~ )  and e v a p o r a t e d .  The r e s u l t i n g  ye l low o i l  

was used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  I R  ( f i l m )  3600-2500, 3010, 

1711 cm-l; 'H NMR ( c D C ~ ~ )  6 1.38 (m, 4H, c9-C10), 2.11 ( s ,  2H, OH), 1.53- 

1.65 (m, 2H, C11),  2.02-2.11 (m, 2H, c 8 ) ,  2.83 ( t ,  2H, c 5 ,  J=6 .4  H Z ) ,  3.16 

( d ,  2H, C 2 ,  J=6.4  H Z ) ,  3.67 ( t ,  2H, C12, 5-6.8 H Z ) ,  6.34-5.46 and 5.51-5.70 

(m, 4H, o l e f i n s ) .  Mass spectrum of methyl e s t e r  ( c H ~ N ~ ) ,  C I S  m/e 227 

( ~ + 1 ) .  

P r e p a r a t i o n  o f  (32,621-dodecadienol ide  (IV) - 
A s o l u t i o n  o f  hydroxy-acid - 48 (250 mg, 1.18 -01) and d r y  t r i e t h y l -  

amine (1.19 g ,  11.8 mmol) i n  d r y  a c e t o n i t r i l e  (150 mL) was added over  6  h 

v i a  a  f i x e d  r a t e  d r o p p i n g  funne l  and a  h i g h  d i l u t i o n  head t o  a  r e f l u x i n g  



solution of 2-chloro-1-methylpyridinium iodide (1.22 g, 5 mmol) in ace- 

tonitrile (200 mL). Reflux was continued a further 2 h. The cooled solu- 

tion was concentrated under reduced pressure. Water (50 m ~ )  was added to 

the residue and the mixture was extracted with ether (3 x 50 m~). The com- 

bined ether extracts were washed with water and brine, dried (M~SO~), con- 

centrated in vacuo and flash chromatographed on silica gel (2.5 cm ID x -- 
20 cm) eluting with hexane:EtOAc (40:l). Macrolide IV was obtained in 27% 

yield, or 2.8%, from 1-hexyne. IR (film) 3010, 1735 cm-l; 'H NMr (cDC1j) 

6 1.34 (m, 2H, Cg), 1.46 (m, 2H, CIO), 1.71 (m, 2H, Cll), 2.05 (quartet, 

2H, C8, J=7.5 HZ), 2.91 (dd, 2H, Cg, Jm7.7 Hz), 3.09 (d, 2H, C2, 

J=7.75 HZ), 4.11 (m, 2H, C12), 5.43-5.58 (m, 4F, Cj, Cq, C6, C8). Mass 

spectrum, m/e (relative intensity) 194(9), 176(3), 93(44), 91(41), 80(41), 

79(100), 67(47). Anal. calcd. for C12H1802: C, 74.19; F, 9.34. Found: 

C, 74.47; H, 9.46. 

Synthesis of Macrolide V 

Preparation of 6-[(tetrahydro-2~-pyran-2-yl)oxy]-l-heptyne (28b) - 
Alcohol 9 (7.7 g, 68.75 mol) was dissolved in 75 mL dry ether and - 

cooled to 0'. A few crystals of - p-toluenesulphonic acid were added, fol- 
lowed by dropwise addition of 6.35 g (75.6 mmol) of dihydropyran. The 

solution was warmed to 20•‹, stirred for 18 h and then extracted with 

saturated aqueous NaHC03 (25 mL) and brine (25 m~). The solution was dried 

(M~s~I+), concentrated in vacuo and distilled, yielding 12.96 g of 28b -- - 
(96%), b.p. 60-65. (0.25 mm H~). IR (film) 3300, 2120 cm-'; 'H NMR (cDc~~) 

6 1.13, 1.25 (d, 3H, C7, 556.5 HZ), 1.47-1.88 (m, 10H, Cg, THP),  1.93, 1.95 

(d ,  1H, Cis J=2.5 HZ), 2.15-2.27 (m, 2H, C3), 3.45-3.53 (m, IH, Cg), 3.72- 



3.96 (m, 2H, THP) , 4.64, 4 .70 ( d ,  lH, THP, J=6.5  H Z ) .  Mass spectrum (CI 

methane) 197 (M+l). Anal.  c a l c d .  f o r  C12H2002: C ,  73.43; H ,  10.27. 

Found: C ,  73.80; H ,  10.48. 

P r e p a r a t i o n  of 4-[(tetrahydro-2~-pyran-2-yl)oxy]-l-butyne (41b) - 
3-Butyn-1-01 ( 4 0 ,  7.0 g, 100 mmol) was d i s s o l v e d  i n  50 mL d r y  e t h e r  - 

and t h e  s o l u t i o n  was c o o l e d  t o  0'. A few c r y s t a l s  o f  p - to luenesu lphonic  - 
a c i d  were added,  fo l lowed  by d ropwise  a d d i t i o n  o f  9.24 g (110 m o l )  o f  d i -  

hydropyran.  The r e s u l t i n g  s o l u t i o n  was warmed t o  20• ‹ ,  s t i r r e d  f o r  16 h  and 

e x t r a c t e d  w i t h  s a t u r a t e d  aqueous  NaHCOj (20  m ~ )  and b r i n e  (20  m ~ ) .  The 

s o l u t i o n  was d r i e d  ( M ~ s O ~ ) ,  c o n c e n t r a t e d  i n  vacuo,  and d i s t i l l e d  t o  g i v e  
7- 

41b (14.78 g, 96X), b.p. 62-65" (2 .5  mm ~ p ) .  I R  ( f i l m )  3297, 2120 cm-l; - 
'H NMR ( c D c ~ ~ )  6 1.47-1.89 (m,  6H, THP), 1.98 ( t ,  lH, C l ,  512.5 H Z ) ,  2.51 

( t d ,  2H, C j ,  5 ~ 7 . 1 ,  2.5 H Z ) ,  3.58, 3.87 ( t d ,  2H, C q ,  J=8 .5 ,  7.0 Hz), 3.47- 

3.55, 3.84-3.93 (m, 2H, THP), 4.65 ( t ,  I H ,  THP, J=6.5  HZ) .  Mass spectrum 

(CI methane) 155 (M+l). Anal.  c a l c d .  f o r  CyH1402: C,  70.10; H ,  9.15.  

Found: C ,  69.93; H ,  9.37.  

P r e p a r a t i o n  of 5-[(tetrahydro-2~-pyran-2-yI)oxy]-2-pent-l-oI (42b) - 
A s o l u t i o n  o f  a l k y n e  41b (15.4 g, 100 mmol) i n  d r y  THF (250  mL) was - 

cooled t o  - l o 0  under  a rgon  and 48 mL of  2.1 M n-BuLi i n  hexane (202 mmol) 

was added d ropwise ,  m a i n t a i n i n g  t h e  t empera tu re  below 0" .  The s o l u t i o n  was 

s t i r r e d  f o r  20 min a t  0 • ‹ ,  and t h e n  powdered d r y  paraformaldehyde (3.75 g, 

125 mmol o f  ~ ~ 2 0 )  was added i n  one p o r t i o n .  The m i x t u r e  was warmed t o  20' 

over  2  h ,  s t i r r e d  f o r  16 h ,  poured i n t o  ice-water  (100 m ~ )  and e x t r a c t e d  

wi th  e t h e r  (3 x 100 mL). The combined e t h e r  e x t r a c t s  were washed w i t h  

b r i n e  (50 m ~ ) ,  d r i e d  (M~SOL,) and c o n c e n t r a t e d  i n  vacuo. Vacuum -- 



distillation yielded a forerun of 2.82 g of alkyne 41b, followed by 9.93 g - 
of 41b (66% based on recovered starting material), b.p. 125-128" (0.1 mm - 
Hg). IR (film) 3600-3100, 2225; 'H NMR (CDC~B) 6 1.47-1.89 (m, 6H, THP), 

1.57 (t, lH, OH, J=6.0 HZ), 2.51 (tt, 2H, C4, 5~7.1, 2.25 HZ), 3.58, 3.87 

(td, 2H, Cg, J=8.5, 7.0 HZ), 3.47-3.55, 3.84-3.93 (m, 2H, THP), 4.25 (td, 

2H, C1, J=6.0, 2.25 HZ), 4.65 (t, lH, THP, J=6.5 HZ). Mass spectrum (CI 

methane) l85(~+l). Anal. calcd. for CloH1603: C, 65.20; H, 8.75. Found: 

Preparation of 5-[(tetrahydro-2~-pyran-2-yl)oxy]-2-pentyn-l-yl - p- 
toluenesulphonate (43b)  - 
A solution of alcohol 42b (6.17 g, 33.5 mmol) and p-toluenesulphonyl - - 

chloride (7.36 g, 38.5 mmol) in dry ether (80 mL) was cooled to -10". Pow- 

dered KOH (25 g, 446 mmol) was added in 5 g portions over 20 min. The re- 

sulting suspension was stirred at 0" for 45 min, poured into ice-water 

(200 mL) and extracted with ether (3 x 100 m~). The combined ether solu- 

tions were washed with brine, dried ( M ~ S O ~ )  and concentrated -- in vacuo. 

Final traces of solvent were removed by pumping for 6 h at 0.1 mm Hg, 

yielding 11.23 g of - 43b (99%). This was used without further purifica- 

1 
tion. IR (film) 2225, 1599, 1367, 1178 cm-l; H NMR (cDc~~) 6 1.47-1.85 

(m, 6H, THP), 2.40 (tt, 2H, Cq, J=7.0, 2.1 HZ), 2.45 (s, 3H, A~cH~), 3.42 

(td, lH, Cg, J=9.75, 7.0 HZ), 3.45-3.53 (m, lH, THP), 3.70 (td, lH, Cg, 

J=9.75, 7.0 HZ), 3.80-3.88 (m, 2H, THP), 4.58 (m, lH, THP), 4.68 (t, 2H, 

Cl, J=2.1 HZ), 7.80 (d, 2H, Ar, J=8.5 HZ), 7.33 (d, 2H, Ar, J=8.5 HZ). 

Mass spectrum (CI, methane) 339(~+1). 



P r e p a r a t i o n  o f  3 ,6 -dodecad ip - I ,  1 1-d io l  ( 5 0 )  - 
A s o l u t i o n  o f  EtMgBr (38  mmol) i n  m40 mL d r y  THF was p repared  from 

e t h y l  bromide (4.17 g ,  38 mmol) and magnesium t u r n i n g s  (2.0 g ,  82 mrnol) and 

t r a n s f e r r e d  under argon t o  a  d r y  f l a s k .  Alkyne 28b (6.86 g ,  35 mmol) i n  - 
d r y  THF (20  mL) was added d ropwise  o v e r  30 min,  d u r i n g  which t ime  t h e  tem- 

p e r a t u r e  r o s e  t o  30' and H2 was evo lved .  The s o l u t i o n  was s t i r r e d  a t  20- 

30" f o r  2  h ,  coo led  t o  0' and CuBr (400 mg, 2.8 mmol) was added.  The 

r e s u l t i n g  s u s p e n s i o n  was s t i r r e d  f o r  15 min,  and t o s y l a t e  - 43b (11.5  g,  

34 mmol) i n  d r y  THF (20  mL) was added d ropwise  o v e r  20 min. The m i x t u r e  

was warmed t o  20" o v e r  2  h ,  s t i r r e d  f o r  16 h  and poured i n t o  w a t e r  (100 mL) 

c o n t a i n i n g  10  g  NH4C1. The r e s u l t i n g  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 

75 m ~ )  and t h e  combined e t h e r  e x t r a c t s  were washed w i t h  b r i n e ,  d r i e d  

( M ~ s O ~ ) ,  and c o n c e n t r a t e d  i n  vacuo t o  12.44 g  o f  ye l low o i l .  100 mg were  -- 
removed f o r  a n a l y s i s  and a  s o l u t i o n  o f  a  few c r y s t a l s  of  - p - t o l u e n e s u l p h o n i c  

a c i d  i n  d r y  MeOH (75 m ~ )  was added t o  t h e  remainder .  The r e s u l t i n g  s o l u -  

t i o n  was s t i r r e d  a t  20•‹ f o r  2  h ,  t h e n  c o n c e n t r a t e d  i n  vacuo a t  O O .  The r e -  
v- 

s i d u e  was t a k e n  up i n  e t h e r  (100  m ~ ) ,  washed w i t h  s a t u r a t e d  aqueous NaHC03 

and b r i n e ,  d r i e d  ( ~ ~ ~ 0 4 )  and c o n c e n t r a t e d  -- i n  vacuo.  F i n a l  ~ u r i f i c a t i o n  by 

f l a s h  chromatography ( h e x a n e : ~ t O A c ,  2:3) y i e l d e d  4.36 g  of  - 50 (66%) a s  a  

ye l low o i l ,  which r a p i d l y  da rkened  on s t a n d i n g .  I R  ( f i l m )  3700-3050, 2220, 

1045 cm-l; 'H NMR ( c D c ~ ~ )  6 1.22 ( t ,  3H, C12, J=6 .0  H Z ) ,  1.50-1.68 (m, 6H, 

OH, C g ,  C l O ) ,  2.15-2.23 (m, 2H, c 8 ) ,  2.45 ( t t ,  2H, C2, J=6 .0 ,  2.2 H Z ) ,  3.15 

( tquint ,  2H, Cg, J=2.2  H Z ) ,  3.72 ( t ,  2H, C1, 5 ~ 6 . 0  H Z ) ,  4.86 (m, lH, C11). 

Mass spect rum,  m/e ( r e l a t i v e  i n t e n s i t y )  194(0.1) ,  103(44) ,  91( l o o ) ,  77(51) ,  

7 1 ( 4 4 ) .  



P r e p a r a t i o n  o f  1 I -0x0-3 ,6dodecad iyno ic  a c i d  (51 - ) 
Chromium t r i o x i d e  (12.0 g ,  120 mmol) was d i s s o l v e d  i n  120 mL o f  3.5 M 

H2SO4 (420 mmol) and coo led  t o  -5".  A s o l u t i o n  o f  d i o l  50 (4 .30 g ,  - 
22.2 mmol) i n  a c e t o n e  (250 mL) was added d r o p w i s e  o v e r  4 h .  When t h e  add i -  

t i o n  was comple te ,  t h e  m i x t u r e  was warmed t o  20" o v e r  45 min,  t h e n  poured 

i n t o  w a t e r  (400 mL.) and e x t r a c t e d  w i t h  e t h e r  ( 4  x 150 mL). The combined 

e t h e r  e x t r a c t s  were washed w i t h  b r i n e  ( 3  x 50 m ~ ) ,  d r i e d  ( M ~ s o ~ )  and con- 

c e n t r a t e d  i n  vacuo.  The c r u d e  p roduc t  w a s  f l a s h  chromatographed (hexane:  
7- 

EtOAc:AcOH, 75:75:1) ,  y i e l d i n g  1 .83  g (40%) o f  a h i g h l y  u n s t a b l e  o i l .  I R  

( f i l m )  3700-2400, 2240, 1710 cm-'; 'H NMR ( c D c ~ ~ )  6 1.79 ( q u i n t ,  2H, Cg, 

5 ~ 6 . 7 5  H Z ) ,  2.12 ( s ,  l H ,  COOH), 2.17 ( s ,  3H, c12) ,  2.23 ( t t ,  2H, Cg, 

J=6.75,  2.2 Hz),  2.58 ( t ,  2H, C lo ,  J=6 .75  H Z ) ,  3.18 ( q u i n t ,  2H, Cg, 

J=2.2 H Z ) ,  3.38 ( t  , 2H, C2, J=2.2  HZ) .  

P r e p a r a t i o n  o f  11-hydroxy-3,6-dodecadiynoic a c i d  (52) - 
Keto-acid 51 (1 .8  g ,  8.7 mmol) was d i s s o l v e d  i n  25 mL a b s o l u t e  EtOH, - 

and cooled t o  -20". NaBH4 (0.456 g ,  12 mrnol) was added i n  one p o r t i o n  and 

t h e  s o l u t i o n  was warmed t o  0" o v e r  15 min,  t h e n  c o o l e d  t o  -20" a g a i n .  The 

r e a c t i o n  m i x t u r e  was t h e n  s l o w l y  a c i d i f i e d  w i t h  3.5 N H C 1 ,  b r i n e  (25  mL) 

was added and t h e  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  (4  x 25 m ~ ) .  The com- 

b ined  e t h e r  e x t r a c t s  were washed w i t h  b r i n e  ( 2  x 20 m ~ ) ,  d r i e d  ( M ~ s o ~ )  and 

c o n c e n t r a t e d  i n  vacuo t o  g i v e  a n  o r a n g e  o i l ,  which r a p i d l y  da rkened  i n  -- 
c o l o u r .  Th i s  was used immedia te ly ,  w i t h o u t  p u r i f i c a t i o n ,  i n  t h e  n e x t  

s t e p .  An a n a l y t i c a l  sample o f  -50 mg was removed. IR ( f i l m )  3650-2400, 

2235, 1710 em-'; 'H NMR ( c D C ~ ~ ) ,  6 1.22 ( d ,  3H, (212, 3'6.3 H Z ) ,  1.48-1.72 

(m, 4H, Cg, C l o ) ,  2.10 ( s ,  2H, COOH, OH) ,  2.15-2.23 (m, 2H, ~ g ) ,  3.15 



( q u i n t ,  2H, Cg, J=2.25 H Z ) ,  3.32 ( t ,  2H, Cp, J=2.25 H Z ) ,  3.87 (m, l H ,  

c l l ) .  Mass spec t rum o f  methyl e s t e r  (CHZNZ) ,  m/e ( r e l a t i v e  i n t e n s i t y )  

222(0.2) ,  2 0 3 ( 3 ) ,  1 2 9 ( 4 5 ) ,  105(45) ,  91(100) ,  77(51) ,  45(35)  

P r e p a r a t i o n  o f  11-hydroxy-(3~,6~)-dodecadienoic acid (53) - 
4  mmol o f  P-2 n i c k e l  was made by t h e  s t a n d a r d  p rocedure  i n  95% EtOH 

(30 m ~ ) .  The c r u d e  a c i d  52 was added and t h e  m i x t u r e  was s t i r r e d  under H2 - 
f o r  5  h .  The s o l u t i o n  was t h e n  f i l t e r e d  w i t h  s u c t i o n  th rough  5  mm o f  ac- 

t i v a t e d  c h a r c o a l ,  r i n s i n g  s e v e r a l  t imes  w i t h  EtOH. The f i l t r a t e  was con- 

c e n t r a t e d  i n  vacuo a t  20'. E t h e r  (20 m ~ )  was added and t h e  s o l u t i o n  was -- 
a c i d i f i e d  t o  pH 3  w i t h  2  M HC1.  The e t h e r  l a y e r  was s e p a r a t e d  and t h e  

aqueous p o r t i o n  was e x t r a c t e d  w i t h  e t h e r  ( 3  x 20 mL). The combined e t h e r  

e x t r a c t s  were washed w i t h  b r i n e ,  d r i e d  ( M ~ S O ~ )  and c o n c e n t r a t e d  i n  vacuo, -- 
t o  y i e l d  1 .53  g  o f  c r u d e  p roduc t .  F l a s h  chromatography (hexane:~tOAc:AcOH, 

75:75:1) y i e l d e d  0.66 g o f  5 3  (-35% from 4 3 b ) .  I R  ( f i l m )  3650-2400, - - 
1710 c ;  'H NMR ( c D c ~ ~ )  6 1.20 ( d ,  3H, C12, 3 ~ 6 . 3  H Z ) ,  1.37-1.52 (m, 4H, 

Cg, c l O ) ,  2.00-2.15 (m, ZH,  c 8 ) ,  2.82 ( t ,  2H, Cg, J = 6 . 0  H Z ) ,  3.17 (m, 2H, 

c 2 ) ,  5.32-5.48 (m, ZH, Cg, ~ 7 )  5.53-5.65 (m, ZH, C3, c 4 ) .  Mass spectrum of 

methyl e s t e r  (CHZNZ) ,  m/e ( r e l a t i v e  i n t e n s i t y )  9 2 ( 6 8 ) ,  9 l ( 6 9 ) ,  79(lOO), 

74(68) .  

P r e p a r a t i o n  o f  lllnethyl-(3~,6~)-undecadienolide (v) - 
A s o l u t i o n  o f  hydroxy-acid  - 53 (0.64 g,  3.1 mrnol) and d r y  t r i e t h y l a m i n e  

(2.42 g,  24 mmol) i n  d r y  a c e t o n i t r i l e  (200 mL) was added o v e r  20 h  v i a  a  

f i x e d - r a t e  a d d i t i o n  f u n n e l  and a  h i g h  d i l u t i o n  head t o  a  r e f l u x i n g  s o l u t i o n  

o f  2-chloro-1-methylpyridinium i o d i d e  (3.18 g ,  12.4 mmol) i n  d r y  a c e t o -  

n i t r i l e  (200 m~), under  a rgon .  The r e s u l t i n g  s o l u t i o n  was r e f l u x e d  a 



f u r t h e r  2 h ,  coo led  and c o n c e n t r a t e d  i n  vacuo. The r e s i d u e  was t a k e n  up i n  -- 
pentane (50 mL) and washed w i t h  w a t e r  (50  m ~ ) .  The aqueous phase  was ex- 

t r a c t e d  twice  more w i t h  pen tane  ( 2 5  m ~ )  and t h e  combined pen tane  e x t r a c t s  

were washed w i t h  w a t e r  and b r i n e ,  d r i e d  ( M ~ s o ~ )  and c o n c e n t r a t e d  i n  vacuo. -- 
The r e s i d u e  was f l a s h  chromatographed (hexane:EtOAc, 40 :1) ,  y i e l d i n g  45 mg 

(7.5%) of m a c r o l i d e  V .  I R  ( f i l m )  3010, 1728 cm-l; 'H NMR ( c D c ~ ~ )  6 1.24 - 
( t ,  3H, C12, J=6.25 H Z ) ,  1 .33 (m, l H ,  ~ g ) ,  1.51 (m, lH, ~ g ) ,  1.67 (m, lH, 

c l O ) ,  1.76 (m,  l H ,  C l o ) ,  2.05 ( d d t ,  lH, C8, 5 ~ 1 3 . 7 5 ,  10.5, 9 ,  6 .5  H Z ) ,  2.44 

(dddd, lH, C8, J=13 .75 ,  6 .5 ,  6 .5 ,  6.5 H Z ) ,  2.62 (dddd, l H ,  C g ,  J=13.75,  

6.75, 6.75 H Z ) ,  2.95 ( d d ,  lH, C2, J=13.0,  7.5 H Z ) ,  3.16 ( d t ,  l H ,  C g ,  

J=13.75,  9.9 H Z ) ,  3.21 ( d d ,  l H ,  C2, J=13.0 ,  9.5 H Z ) ,  4.97 (dd ,  q u a r t ,  lH, 

C 1 1 ,  J=7 .5 ,  6.25,  3 H Z ) ,  5.29 (ddd ,  l H ,  C7, J=10.5 ,  6 .5 ,  10.5 H Z ) ,  5.49 

(ddd, 2H, C3, C g ,  J=10.5 ,  9 ,  6.75 Hz), 5 .63 (ddd, l H ,  C q ,  J=10.5, 9 ,  

6.75 H Z ) .  Mass spectrum,  m/e ( r e l a t i v e  i n t e n s i t y )  1 9 4 ( 3 ) ,  186(4) ,  91(42) ,  

79(lOO), 77(39) ,  67(36) .  High r e s o l u t i o n  mass spectrum,  c a l c d .  f o r  

C12H1802: 194.1306; obsd.:  194.1306. 



V. RESULTS AND DISCUSSION 

A. E x t r a c t s  o f  I n s e c t  V o l a t i l e s  

Crude E x t r a c t s  o f  I n s e c t  V o l a t i l e s  

During t h e  i n i t i a l  s t a g e s  o f  i s o l a t i o n  and i d e n t i f i c a t i o n  o f  pheromone 

components from b o t h  C. p u s i l l u s  and C .  t u r c i c u s ,  i n s e c t s  were a e r a t e d  w i t h  - - 
no food o r  o t h e r  m a t e r i a l  a v a i l a b l e .  T h i s  was done t o  p rov ide  v o l a t i l e  ex- 

t r a c t s  where in  o n l y  b e e t l e - p r o d u c e d  compounds were p r e s e n t .  It was found 

t h a t  t h e  r a t e  o f  p r o d u c t i o n  o f  pheromone components,  a s  evidenced by t h e  

a b s o l u t e  amounts o f  pheromone produced p e r  b e e t l e - h o u r ,  v a r i e d  f o r  d i f f e r -  

e n t  a e r a t i o n s  by a s  much a s  an o r d e r  o f  magni tude.  T h i s  was p r o b a b l y  d u e  

t o  v a r i a t i o n s  i n  t h e  age  o f  t h e  b e e t l e s ,  a s  h a s  been c l e a r l y  demons t ra ted  

f o r  r e l a t e d  s p e c i e s  ( p i e r c e  e t  a l . ,  1983).  When b i o a s s a y s  were conduc ted  -- 
t o  t e s t  i s o l a t e d  components v e r s u s  t h e i r  s y n t h e t i c  c o u n t e r p a r t s ,  t h e  s o l u -  

t i o n s  o f  n a t u r a l  m a t e r i a l  were c a l i b r a t e d  by GLC a g a i n s t  s o l u t i o n s  o f  syn- ' 

t h e t i c  m a t e r i a l  o f  known c o n c e n t r a t i o n s ,  e n s u r i n g  t h a t  t h e  same a b s o l u t e  

amounts o f  m a t e r i a l  were b i o a s s a y e d  a g a i n s t  each o t h e r .  

Comparison o f  f r a s s  v o l a t i l e s  w i t h  b e e t l e  v o l a t i l e  e x t r a c t s  ( F i g .  1  

vs .  F ig .  2, F i g .  9 v s .  F ig .  10)  showed t h e  same m a c r o l i d e  components t o  b e  - - 
p r e s e n t  i n  e a c h ,  f o r  bo th  C. p u s i l l u s  o r  C. t u r c i c u s .  The f r a s s  e x t r a c t s  - - 
a l s o  c o n t a i n e d  numerous o t h e r  compounds, which i s  t o  be  expec ted  a s  f r a s s  

i s  a  m i x t u r e  o f  food p a r t i c l e s  and i n s e c t  f e c e s .  

When e i t h e r  s p e c i e s  was a e r a t e d  on o a t s ,  t h e  r a t e  o f  pheromone produc- 

t i o n  i n c r e a s e d  by a t  l e a s t  an  o r d e r  o f  magni tude ( F i g s .  3, 1 1 ) .  I n  b o t h  

c a s e s ,  t h e  pheromone components comprised more than  s i x t y  p e r c e n t  o f  t h e  

t o t a l  e x t r a c t .  T h i s  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  t h e  pheromones a r e  t r u l y  



a g g r e g a t i o n  pheromones, r e l e a s e d  t o  a t t r a c t  o t h e r  members o f  t h e  s p e c i e s  t o  

a  good food s o u r c e .  It a l s o  s u g g e s t s  t h a t  t h e  i n s e c t s  need a  food s o u r c e  

t o  produce pheromones, a s  i n  many b a r k  b e e t l e s   orde den, 1983) .  

V o l a t i l e s  from Sexed C. p u s i l l u s  - 
The c r u d e  v o l a t i l e  e x t r a c t s  from male and female  i n s e c t s  were examined 

by GLC/MS on a  SP-1000 c a p i l l a r y  column  able I ) .  It was found t h a t  t h e  

males  produced c o p i o u s  q u a n t i t i e s  o f  m a c r o l i d e  I (75% o f  t o t a l  e x t r a c t )  and 

m a c r o l i d e  I1 (4.8% o f  t o t a l  e x t r a c t ) .  I n  a d d i t i o n ,  a  t r a c e  amount o f  an  

isomer of  m a c r o l i d e  I, w i t h  a  c o n s i d e r a b l y  s h o r t e r  r e t e n t i o n  t ime ,  was de- 

t e c t e d .  

The e x t r a c t  o f  female  v o l a t i l e s  showed o n l y  a  t r a c e  amount o f  I and no 

11. The amount o f  I d e t e c t e d  was s o  s m a l l ,  i n  compar ison t o  t h e  males '  ex- 

t r a c t ,  t h a t  i t  cou ld  have been due t o  a  few mis taken ly - sexed  females  o r  t o  

t r a c e s  o f  I adsorbed  o n t o  t h e  females '  e x o s k e l e t o n .  

Macro l ide  I V  was no t  d e t e c t e d  i n  e i t h e r  t h e  m a l e ' s  o r  f emale ' s  vo la -  

t i l e s ,  a l t h o u g h  a  c a r e f u l  s e a r c h  was made w i t h  s e l e c t e d  i o n  moni to r ing .  

The r e a s o n  f o r  i t s  a b s e n c e  i s  not  known. 

The exper iment  c o n c l u s i v e l y  proved t h a t  b o t h  m a c r o l i d e s  I and I1 a r e  

male-produced. T h i s  r e s u l t  c o n f i r m s  p r e v i o u s  work by Q u a i f e  (19811, who 

determined t h a t  o n l y  male  v o l a t i l e  e x t r a c t s  were  a t t r a c t i v e  t o  e i t h e r  s e x .  

V o l a t i l e s  from Sexed C. t u r c i c u s  - 
GC/MS a n a l y s i s  o f  c r u d e  v o l a t i l e  e x t r a c t s  from male  and female i n s e c t s  

were a n a l y z e d  on a  SP-1000 c a p i l l a r y  column  able I). The e x t r a c t  o f  fe-  

males '  v o l a t i l e s  showed no t r a c e  o f  m a c r o l i d e  I1 o r  111, even w i t h  s e l e c t e d  



i o n  m o n i t o r i n g .  The e x t r a c t  o f  male  v o l a t i l e s ,  however, c o n t a i n e d  smal l  

bu t  d e f i n i t e  amounts o f  I1 and 111, t h u s  i n d i c a t i n g  a g a i n  t h a t  t h e  phero- 

mones a r e  male-produced.  It i s  no t  known why C. t u r c i c u s  males  produced s o  - 
much l e s s  pheromone t h a n  t h e  c l o s e l y  r e l a t e d  C. p u s i l l u s .  - 

B. B ioassav  R e s u l t s  

The b i o a s s a y s  f o r  b o t h  C. p u s i l l u s  and C. t u r c i c u s  caused  many prob- - e 

lems,  a s  t h e  i n s e c t s  had t o  b e  "cond i t ioned"  b e f o r e  r e a s o n a b l y  c o n s i s t e n t  

and r e p r o d u c i b l e  r e s u l t s  c o u l d  b e  o b t a i n e d .  It was found by t r i a l  and 

e r r o r  t h a t  t o  o b t a i n  t h e  b e s t  r e s p o n s e s  t o  s t i m u l i ,  i n s e c t s  shou ld  be ap- 

~ r o x i m a t e l y  6-10 weeks o l d  and r a i s e d  i n  a  low-dens i ty  c u l t u r e  (<I500 i n -  

4  s e c t s l k g  medium) (A.M. P i e r c e  , p e r s .  comm.). I n s e c t s  s t a r v e d  f o r  48 h  i n  

t h e  d a r k  responded b e t t e r  t h a n  t h o s e  s t a r v e d  f o r  o n l y  24 h .  I n  a d d i t i o n ,  

i f  insec t -p roduced  v o l a t i l e s  were removed by f l u s h i n g  a i r  t h r o u g h  t h e  f l a s k  

i n  which t h e  i n s e c t s  were  b e i n g  s t a r v e d ,  t h e  r e s p o n s e  improved c o n s i d e r a b l y  . 

(A.M. p i e r c e 4 ,  p e r s .  comm. . 
Thus, i n  t h e  p r e l i m i n a r y  b i o a s s a y s  on c r u d e  e x t r a c t s ,  t h e  o v e r a l l  r e -  

sponse  o b t a i n e d  was r a t h e r  low, b u t  t h e  d i f f e r e n c e  i n  r e s p o n s e s  t o  s t i m u l i  

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

Response o f  C .  p u s i l l u s  t o  Beet le-Produced V o l a t i l e s  - 
P r e v i o u s  e x p e r i m e n t s  ( Q u a i f e ,  1981) had demons t ra ted  t h e  p r o d u c t i o n  

o f  and a g g r e g a t i o n  i n  r e s p o n s e  t o  a - C. p u s i l l u s  pheromone. P r e l i m i n a r y  

a r e n a  o l f a c t o m e t e r  b i o a s s a y s  conf i rmed  t h a t  t h e r e  was a  d e f i n i t e  p o s i t i v e  

r e s p o n s e  t o  p e n t a n e  e x t r a c t s  o f  b e e t l e  v o l a t i l e s   able IV). The r e s p o n s e  

a t  27 bh is comparab le  t o  t h r e s h o l d  s e n s i t i v i t e s  f o r  o t h e r  i n s e c t s   orde den 

e t  a 1  . , 1979; Wonp et a 1  . , 19831, and i n d i c a t e s  a  p o t e n t  pheromone i n  2. -- -- 



T a b l e  I V .  Response o f  C .  p u s i l l u s  o f  mixed sex  and age t o  pen tane  e x t r a c t s  - 
of  b e e t l e  v o l a t i l e s  i n  a r e n a  o l f a c t o m e t e r  b i o a s s a y s .  Ninety  i n -  

s e c t s  t e s t e d  p e r  s t i m u l u s .  

Experiment 1  

Exper imenta l  

S t i m u l u s  

S t imulus  

Dose 

Pent  ane  25 pL 11.0a 

Crude v o l a t i l e  e x t r a c t  27  bh 43.0b 

t ~ e r c e n t a ~ e s  fo l lowed  by t h e  same l e t t e r  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  , 

Neuman-Keul s t e s t  modi f i e d  f o r  t e s t i n g  p r o p o r t  i o n s  (P  <O.O5). 



pusillus. A very high response was still obtained at a concentration three 

orders of magnitude larger. 

Four preparative GLC fractions of the crude volatiles extract, con- 

sisting of 1) all compounds eluting before macrolide I (forerun), 2) macro- 

lide I (I), 3)  macrolide I1 (111, and 4 )  all compounds eluting after I1 

(afterrun) were bioassayed in the pitfall olfactometer. Only I exhibited 

attraction comparable to the crude extract, while the forerun appeared to 

be repellent (~ig. 15). When the possibly attractive fractions were bio- 

assayed with the arena olfactometer  able v), I was confirmed to be highly 

attractive, and again was comparable to the unfractionated extract. The 

afterrun and I1 were also significantly attractive compared to the solvent 

control. 

Thus, most of the activity in the crude extract was due to I, its 

major component. To investigate possible synergism, combinations of 11 

with the other fractions were tested at a low stimulus concentration, so 

that any enhancement of response to I could be clearly seen. The combina- 

tion of I and I1 produced the highest response, which was not, however, 

significantly higher than to I alone (Table VI). 

The bioassays thus far were independently corroborated by 

A.V. Barak5 (pers. comm.), who confirmed that I was highly attractive to 

beetles of both sexes, using a suspended disc bioassay. In addition, the 

forerun, 11, and afterrun fractions were found by him to be inactive when 

tested alone. 

Bioassay of Synthesized - C. pusillus Macrolides 
The first bioassays of synthetic I were done by A.V. Barak5, and de- 

monstrated that synthetic I was indeed highly attractive to both sexes of 





Control 

Stimulus 
Forerun 

I 

I I 

A f  terrun 

I plus I1 

- - 
0 2 0  4 0  60 80 

Percent of Responders 



Table  V .  Response o f  C. p u s i l l u s  o f  mixed s e x  and age t o  - 
p r e p a r a t i v e  GLC f r a c t i o n s  o f  a  pen tane  e x t r a c t  o f  

b e e t l e  v o l a t i l e s  i n  a r e n a  o l f a c t o m e t e r  b i o a s s a y s .  

Nine ty  i n s e c t s  t e s t e d  p e r  s t i m u l u s .  

Experiment 3 

Experiment a 1  S t i m u l u s  
% ~ e s ~ o n s e ~  

S t  imul us Dose 

Pent  ane  

I 

I1 

Aft  e r r u n  

Crude v o l a t i l e  e x t r a c t  

t ~ e r c e n t a ~ e s  fo l lowed by t h e  same l e t t e r  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t ,  

Neuman-Keuls t e s t  modi f i ed  f o r  t e s t i n g  p r o p o r t  i o n s  (P <O.O5). 



Table VI. Response of C. pusillus of mixed sex and age to - 
single and combined preparative GLC fractions of 

beetle volatiles in arena olfactometer bioassays. 

Ninety insects tested per stimulus. 

Experiment 4 

Experiment a1 

Stimulus 

Stimulus 

Dose 

Pent ane 20 pL 4.0a 

I + Forerun 

I + I1 

I + Afterrun 

I I 

t~ercenta~es followed by the same letter are not signi ficant ly different, 

Neuman-Keuls test modified for testing proportions (P <0 .05 ) .  



C .  p u s i l l u s ,  c o n f i r m i n g  i t s  i d e n t i f i c a t i o n  a s  an  a g g r e g a t i o n  pheromone. - 
A l l  f u r t h e r  b i o a s s a y s  were c a r r i e d  o u t  a t  Simon F r a s e r  U n i v e r s i t y .  These  

b i o a s s a y s  v e r i f i e d  t h e  a c t i v i t y  o f  I beyond q u e s t i o n  ( ~ a b l e s  VII-XIII). 

Exper iments  w i t h  m i x t u r e s  o f  I and (+I-11 showed a  s i g n i f i c a n t  syner -  

gism o f  I by (+)-11  able VII) . T h i s  r e s u l t  a l s o  i n d i c a t e s  t h a t  i f  t h e  

i n s e c t s  do indeed produce one enan t iomer  o f  I1 p r e f e r e n t i a l l y ,  t h e i r  r e -  

sponse  i s  not  i n h i b i t e d  by t h e  p resence  o f  t h e  o t h e r  enan t iomer .  

A dose-response  exper iment  f o r  t h e  a t t r a c t i v e  m i x t u r e  o f  = l : l  I : (+)-11 

i n  t h e  a r e n a  o l f a c t o m e t e r  de te rmined  t h a t  t h e  t h r e s h o l d  c o n c e n t r a t i o n  f o r  

s i g n i f i c a n t  a c t i v i t y  was between 1  and 4 ng of  each o f  I and racemic  11 

( ~ i g .  1 6 ) .  The r e s p o n s e  t h e n  i n c r e a s e d  s t e a d i  l y ,  t o  r e a c h  a  maximum be- 

tween 4 and 20 pg. A t  20 pg,  t h e  response  d e c r e a s e d  s i g n i f i c a n t l y  from 

t h a t  a t  4 pg, s u g g e s t i n g  t h a t  s e n s o r y  a d a p t a t i o n  ( s e a b r o o k ,  19771, d i s o r i -  

e n t a t i o n  due t o  a t m o s p h e r i c  permeat ion (Nara e t  a l . ,  1981) o r  a r r e s t m e n t  -- 
downwind o f  t h e  s t i m u l u s  s o u r c e  (wood e t  a l . ,  1966) o c c u r r e d .  -- 

A s y s t e m a t i c  t e s t  o f  t h e  r a t i o  o f  I t o  ( ? ) - I 1  i n  bo th  t y p e s  o f  b i o -  

a s s a y  d i s c l o s e d  t h a t  t h e  b e s t  r a t i o  approached t h e  n a t u r a l l y  produced r a t i o  

o f  20:l I:(')-11 ( T a b l e  V I I I ,  1x1. The r e s p o n s e s  w i t h  t h e  two b i o a s s a y  

methods d i f f e r e d ;  w i t h  t h e  e n c l o s e d  chamber o f  t h e  p i t f a l l  b i o a s s a y ,  t h e  

h i g h e s t  c o n c e n t r a t i o n  o f  I1 was i n h i b i t o r y .  

D e s p i t e  numerous r e p e t i t i o n s  o f  b i o a s s a y s  w i t h  b o t h  methods,  i t  was 

not  p o s s i b l e  t o  d e m o n s t r a t e  t h a t  t h e  r e s p o n s e  t o  I i s  s y n e r g i z e d  more by  

one enan t iomer  o f  I1 t h a n  t h e  o t h e r .  T h i s  s u g g e s t s  t h a t  t h e  i n s e c t s  use  

e i t h e r  enan t iomer  e q u a l l y  w e l l .  A s  i t  i s  no t  known which enan t iomer  o r  en- 

a n t i o m e r i c  r a t i o  i s  produced by  t h e  i n s e c t s ,  two r e s p o n s e  c a t e g o r i e s  have 

t o  be  c o n s i d e r e d  ( s i l v e r s t e i n ,  1979) :  



Table  VII. Response o f  C .  p u s i l l u s  o f  mixed s e x  and age t o  - 
s y n t h e t i c  I and combina t ions  of I w i t h  s y n t h e t i c  ('1-11 i n  

a r e n a  o l f a c t o m e t e r  b i o a s s a y s .  Nine ty  i n s e c t s  t e s t e d  p e r  

s t i m u l u s .  

Experiment 5 

Exper imenta l  

S t i m u l u s  

R e s p e c t i v e  S t i m u l u s  

Dose (pg) 

? p e r c e n t a g e s  fo l lowed by t h e  same l e t t e r  a r e  no t  s i g n i f i c a n t l y  d i f f e r -  

e n t ,  Neuman-Keuls t e s t  modi f i ed  f o r  t e s t i n g  p r o p o r t i o n s  (P <O.O5). 







T a b l e  V I I I .  Response o f  C .  p u s i l l u s  o f  mixed s e x  and age  t o  - 
s y n t h e t i c  I and combina t ions  o f  I w i t h  

s y n t h e t i c  (+I-11 i n  a r e n a  o l f a c t o m e t e r  b i o a s s a y s .  

Nine ty  i n s e c t s  t e s t e d  p e r  s t i m u l u s .  

Experiment 7 

Exper imenta l  

S t i m u l u s  

R e s p e c t i v e  S t i m u l u s  

Dose 

Pent  ane  

I 

t ~ e r c e n t a g e s  fo l lowed  by t h e  same l e t t e r  a r e  not  s i g n i f i c a n t l y  d i f f e r -  

e n t ,  Neuman-Keuls t e s t  modi f i e d  f o r  t e s t i n g  p r o p o r t  i o n s  (P <O.O5). 



T a b l e  I X .  Response o f  C .  p u s i l l u s  o f  mixed age  and s e x  t o  - 
s y n t h e t i c  I and combina t ions  o f  I w i t h  

s y n t h e t i c  (+)-11 i n  p i t f a l l  o l f a c t o m e t e r  b i o a s s a y s .  

N = 6 r e p l i c a t e s ,  15 i n s e c t s / r e p l i c a t e .  

Experiment 8 

- - - -- -- - - 

Response (E + s . E . ) ~  

Exper imenta l  R e s p e c t i v e  S t imulus  

S t i m u l u s  Dose Exper imenta l  B l  ank 

S t i m u l u s  Cont ro l  

t ~ i ~ n i f i c a n t  r e s p o n s e  ( t - t e s t )  t o  e x p e r i m e n t a l  s t i m u l u s  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 .  



1) The insect produces a single enantiomer, but cannot distin- 

guish between it and the other enantiomer, or 

2) The insect produces both enantiomers and responds equally to 

each enantiomer. 

It is also significant that neither enantiomer of I1 is repellent, in- 

dicating that species specificity of response could not be maintained by 

repellency of C. pusillus by either enantiomer of I1 produced by another - 
species. 

Macrolide IV was identified in C. pusillus volatile extracts in a GC- - 
MS survey of all compounds present in the extract. As it had been impli- 

cated as an aggregation pheromone for 0. mercator (pierce et a1 ., 19831, - -- 
and as it is very similar in structure to I, it was tested for attrac- 

tion. Significant response to IV was obtained at 1 and 10 pg, but not at 

100 ng, indicating that the threshold for response was about lOOx greater 

than for I (Table XI. In addition, when IV was tested at a concentration . 

equal to that of a highly active unfractionated extract, there was ab- 

solutely no significant activity  able XII). This result suggests two 

possibilities: 

1) The insects were responding to small amounts of impurities in 

the solution of IV. As IV is unstable, it is almost impossible to avoid 

trace impurities. 

2) Because of its close structural similarity to I, IV may act 

as an analogue of I at high concentrations. 

Tests for synergism of I by IV revealed no consistent significant syn- 

ergism, over a range of ratios of 1:IV of 100:l through 10:l (the natural 

ratio is ~75:I). 



Table X. Response of C. pusillus of mixed age and sex to - 
synthetic IV at several concentrations in 

pit fall olfactometer bioassays. 

N = 6 replicates, 15 insects/replicate. 

Experiment 9 

Experimental 

Stimulus 

Stimulus 

Dose 

Response (F + s.E.)~ 

Experimental Blank 

Stimulus Control 

tsigni ficant response (t-test) to experimental stimulus indicated by: 

** P (0.01, NS = not significant. 



Bioassays of synthetic compounds and preparative GLC fractions (a 

forerun, a fraction containing I, I1 and IV, and an afterrun) of feeding 

C. pusillus were conducted pu able XI). Three pertinent phenomena were de- - 
monstrated: 

1) All the activity in the crude extract was recovered in the 

recombined fractions, indicating that no active compounds are destroyed by 

passage through the GLC column. 

2) The forerun (mainly food volatiles) induced a response com- 

parable to that induced by the macrolides fraction, while the afterrun 

fraction was inactive. Combination of the forerun and macrolide fractions 

resulted in total recovery of activity, at a very high significance level. 

Thus, food volatiles are attractive, and they enhance the response to the 

pheromone fraction. 

3 )  Synthetic I and (+)-11 at the same concentrations as the 

macrolide fraction exhibited activity comparable to the isolated macrolide . 

fraction. 

The latter finding was corroborated by another series of bioassays 

 a able XII), in which the isolated macrolides, synthetic I, and a mixture 

of synthetic I and (+)-I1 all had similar levels of activity. The unfrac- 

tionated extract was the most attractive stimulus, due to the presence of 

macrolides plus food volatiles, while IV at natural concentrations was 

totally inactive. In this case, there was no significant synergism of I by 

(21-11 detected. 

Response of Sexed - C. pusillus to (I + (2)-11) 

Both male and female beetles responded to several concentrations of a 

10:l mixture of I:(+)-11  able XIII), indicating that they are true 



a g g r e g a t i o n  pheromones. The males  s t a r t e d  r e s p o n d i n g  a t  a Lower s t i m u l u s  

c o n c e n t r a t i o n ,  and had a  c o n s i s t e n t l y  h i g h e r  l e v e l  o f  o v e r a l l  r e s p o n s e  t h a n  

females  o v e r  t h e  t h r e e  c o n c e n t r a t i o n s  t e s t e d .  T h i s  r e s u l t  i s  r a t h e r  c u r i -  

ous ,  a s  I and I1 a r e  male-produced ( v i d e  s u p r a ) ,  and t h e  o p p o s i t e  s e x  i s  -- 
u s u a l l y  p r e f e r e n t i a l l y  a t t r a c t e d  t o  a g g r e g a t i o n  pheromones i n  c a s e s  where 

t h e  pheromone i s  produced by one sex  (Borden,  1983) .  However, when t h e  re -  

sponses  o f  b o t h  s e x e s  t o  t h e  pheromones p l u s  t h e  h o s t  v o l a t i l e s  i s  f u l l y  

e l a b o r a t e d ,  t h e  d i f f e r e n c e s  between s e x e s  may b e  s l i g h t .  



Table XI. Response of C. pusillus of mixed age and sex to - 
preparative GLC fractions of a beetle volatiles extracts to 

combinations thereof, and to a mixture of synthetic I + (21-11 

in pitfall olfactometer bioassays. N = 6 replicates, 15 

insects/replicate. 

Experiment 10 

% Response (y + s.E.)~ 
Experimental Stimulus 

Stimulus Dose Experimental Blank 

Stimulus Control 

Crude volatile extract 660 bh 
of C. pusillus on Oats - 
Forerun fraction 660 bh 8.7 k1.4 2.8 t0.8 * 
Macrolides fraction 660 bh 7.8 21.1 3.8 k0.9 * 
Afterrun fraction 660 bh 5.2 k0.8 4.8 20.5 NS * 

Forerun + macrolides 660 bh 11.5 k1.0 1.5 20.6 *** 
Recombined fractions 660 bh 9.0 20.6 2.2 k0.5 *** 
Synthetic I + ('1-11 660 bhtt 8.3 21.5 2.3 k0.7 * 

?significant response (t-test) to experimental stimulus indicated by: 

*** P <0.001, ** P <0.01, * P <0.05, NS = not significant. 

tt~alculated relative to the crude volatile extract of C. pusillus on - 
oats. In absolute amounts, this was approximtely 850 ng of I + 43 ng of 

(+-I-11. 



T a b l e  X I I .  Response o f  C .  p u s i l l u s  o f  mixed age and s e x  t o  a  - 
c r u d e  e x t r a c t  of  C .  p u s i l l u s  on o a t s ,  t o  t h e  m a c r o l i d e  f r a c -  - 
t i o n  t h e r e o f ,  and t o  s y n t h e t i c  I, I + (k)-11, and I V  i n  p i t -  

f a l l  o l f a c t o m e t e r  b i o a s s a y s .  N = 6  r e p l i c a t e s ,  15 i n s e c t s /  

r e p l i c a t e .  

Experiment 11 

Response (F + s . E . ) ~  

Exper imenta l  S t i m u l u s  

S t i m u l u s  Dose Exper imenta l  Blank 

S t i m u l u s  Cont ro l  

C. p u s i l l u s  on o a t s ,  - 660 bh 

c r u d e  e x t r a c t  

S y n t h e t i c  I 660 bh t t  8.0 20.6 4.7 k0.8 ** 

S y n t h e t i c  I + (')-TI 660 bh 8.5 40.9 3.8 k0.8 * 
S y n t h e t i c  I V  660 bh 4 .5  k1.0 4.8 40.5 NS 

M a c r o l i d e s  f r a c t i o n  660 bh 7.5 k0.7 2.5 40.7 ** 

t ~ i ~ n i f i c a n t  r e s p o n s e  ( t - t e s t )  t o  exper imenta l  s t i m u l u s  i n d i c a t e d  by: 

*** P <0.001,  ** P <0.01, * P <0.05, NS = n o t  s i g n i f i c a n t .  

t t ~ o n c e n t r a t i o n s  o f  s y n t h e t i c  I, (4)-11, and I V  a r e  c a l i b r a t e d  r e l a t i v e  

t o  t h e  c r u d e  e x t r a c t  o f  C. p u s i l l u s  on o a t s .  I n  a b s o l u t e  t e r m s ,  t h i s  re-  - 
p r e s e n t s  850 ng o f  I, 43 ng o f  (+I-11, and 11 ng o f  I V .  



Table XIII. Response of male and female C. pusillus of mixed age to a - 
mixture of I and (+I-11 at several concentrations in 

pitfall olfactometer bioassays. N = 6 replicates, 10 in- 

Experiment 12 

Response (r + s.E.)~ 
Experimental Respective Stimulus . 

Sex 
Stimulus Dose Experimental Blank 

Stimulus Control 

dd I + (*)-I1 400 ng, 40 ng 4.8 f0.7 0.8 k0.3 ** 

? ?  I + (?)-I1 400 ng, 40 ng 2.5 k0.7 1.0 k0.4 NS 

t~i~nificant response (t-test) to experimental stimulus indicated by: 

*** P <0.001, ** P <0.01, * P <0.05, NS = not significant. 



Bioassay  o f  C .  t u r c i c u s  V o l a t i l e s  

There had been no p r e v i o u s  i n v e s t i g a t i o n  o f  semiochemicaIs ,  e i t h e r  

pheromones o r  h o s t  v o l a t i l e s ,  f o r  C .  t u r c i c u s .  T h e r e f o r e ,  t h e  f i r s t  s e r i e s  - 
of b i o a s s a y s  was d e s i g n e d  t o  a s c e r t a i n  whe the r  o r  no t  t h i s  s p e c i e s  employed 

a g g r e g a t i o n  pheromones, a s  do  C. f e r r u g i n e u s  ( ~ o n g  e t  a l . ,  1983) and C.  - 7- - 
p u s i l l u s  ( T a b l e s  IV-XIII). There  was no d e t e c t a b l e  r esponse  t o  non-in- 

f e s t e d  food v o l a t i l e s ,  w h i l e  t h e r e  was a  d e f i n i t e  a t t r a c t i o n  t o  t h e  odour 

o f  i n f e s t e d  media ,  l i v e  b e e t l e s ,  and f r a s s   able XIV). T h i s  r e sponse  was 

e v i d e n t l y  due t o  a t t r a c t i v e  compounds produced by t h e  b e e t l e s  o r  by organ- 

i s m s  growing i n  c o n j u n c t  i o n  w i t h  them. 

I n  f u r t h e r  e x p e r i m e n t s ,  a  p e n t a n e  e x t r a c t  o f  Porapak Q-captured vo la -  

t i l e s  was found t o  be  a t t r a c t i v e  t o  C. t u r c i c u s  o v e r  a  range o f  c o n c e n t r a -  - 
t i o n s ,  i n  b o t h  t h e  a r e n a   a able XV) and t h e  p i t f a l l   able XVI) 

o l f a c t o m e t e r s .  The minimum c o n c e n t r a t i o n  r e q u i r e d  t o  e l i c i t  a  s i g n i f i c a n t  

r e sponse  was de te rmined  t o  be  between 500 and 1000 bh,  a p p r o x i m a t e l y  an  . 

o r d e r  o f  magni tude h i g h e r  t h a n  f o r  - C.  p u s i l l u s .  

B i o a s s a y s  o f  seven p r e p a r a t i v e  GLC f r a c t i o n s  o f  t h e  c r u d e  v o l a t i l e  ex- 

t r a c t  r e v e a l e d  t h a t  o n l y  f r a c t i o n  5, c o n s i s t i n g  p r i m a r i l y  o f  13-methyl- 

(5~,8~)-tridecadienolide ( I I I ) ,  showed any a c t i v i t y  by i t s e l f  

(Tab le  XVII). F r a c t i o n  4, c o n s i s t i n g  o f  1 3 - m e t h y l - t r i d e c e n o l i d e  (111, was 

n o t  a c t i v e  by i t s e l f ,  d e s p i t e  b e i n g  t h e  second l a r g e s t  peak i n  t h e  e x t r a c t  

( F i g .  9 ) .  

P i t f a l l  b i o a s s a y s  showed c r u d e  e x t r a c t s  o f  f r a s s  v o l a t i l e s  t o  be  high-  

l y  a t  t r a c t i v e  a t  lower  concen t  r a t i o n s  co able XVIII), w h i l e  a t  h i g h  concen- 

t r a t i o n s ,  t h e  r e s p o n s e  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  pen tane  

c o n t r o l ,  s u g g e s t i n g  s e n s o r y  a d a p t a t i o n ,  d i s o r i e n t a t i o n ,  o r  a r r e s t m e n t .  



Table XIV. Response of C. turcicus of mixed age and sex to - 
air passed over clean food, beetle-infested food, 

live beetles, or frass in arena olfactometer bioassays. 

Ninety insects tested per stimulus. 

Experiment 13 

Experiment a1 

Stimulus 

Pure air 

13.0 g mixed oats and cracked wheat ("1: 1) 

13.0 g used culture media, oats and cracked wheat 

4.1 g live beetles, mixed sex and age (-12000 insects) 

5.6 g beetle frass 

?percentages followed by the same letter are not significantly differ- 

ent, Neuman-Keuls test modified for testing proportions (P <0.05). 



T a b l e  XV.  Response of  C .  t u r c i c u s  o f  mixed age and sex  t o  a  - 
pen tane  e x t r a c t  o f  Porapak Q-captured b e e t l e  v o l a t  i l e s  i n  

a r e n a  o l f a c t o m e t e r  b i o a s s a y s .  Nine ty  i n s e c t s  t e s t e d  p e r  

s t i m u l u s .  

Experiment 14 

Exper imenta l  S t i m u l u s  
% ~ e s ~ o n s e t  

S t i m u l u s  Dose 

Pent  ane  20 pL 5 .Oa 

Pen tane  e x t r a c t  o f  b e e t l e  v o l a t i l e s  2 ,000 bh 24.0b 

t ~ e r c e n t a ~ e s  fo l lowed  by t h e  same l e t t e r  a r e  not s i g n i f i c a n t l y  d i f f e r -  

e n t ,  Neurnan-Keuls t e s t  modi f i ed  f o r  t e s t i n g  p r o p o r t i o n s  (P  <0.05) .  



T a b l e  X V I .  Response  o f  C. t u r c i c u s  o f  mixed a g e  and s e x  t o  a  - 
p e n t a n e  e x t r a c t  o f  P o r a p a k  Q-cap tu red  b e e t l e  v o l a t i l e s  i n  

p i t f a l l  o l f a c t o m e t e r  b i o a s s a y s .  N = 6 r e p l i c a t e s ,  15 i n -  

Expe r imen t  15 

Response  (y + s . E . ) ~  

E x p e r i m e n t a l  S t i m u l u s  

S t  i m u l u s  Dose E x p e r i m e n t a l  Blank  

S t i m u l u s  C o n t r o l  

P e n t a n e  e x t r a c t  o f  

C. t u r c i c u s  v o l a t i l e s  - 

t s i g n i  f i c a n t  r e s p o n s e  ( t - t e s t )  t o  e x p e r i m e n t a l  s t i m u l u s  i n d i c a t e d  by:  

** P <0.01, * P  <0.05 ,  NS = n o t  s i g n i f i c a n t .  



Table  X V I I .  Response o f  C. t u r c i c u s  o f  mixed age and s e x  t o  - 
p r e p a r a t i v e  GLC f r a c t i o n s  o f  a b e e t l e  v o l a t i l e  e x t r a c t  i n  

a r e n a  o l f a c t o m e t e r  b i o a s s a y s .  Nine ty  i n s e c t s  t e s t e d  p e r  

s t i m u l u s .  

Experiment 16 

- 

Exper imenta l  

S t  imulus 

S t i m u l u s  

Dose 

Pent  ane 

F r a c t i o n  1  

3 

4 (Compound 11) 

5 (Compound 111) 

6  

7 

t ~ e r c e n t a ~ e s  fo l lowed  by t h e  same l e t t e r  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t ,  

Neuman-Keuls t e s t  m o d i f i e d  f o r  t e s t i n g  p r o p o r t i o n s  (P <O.O5). 



Table XVIII. Response of C. turcicus of mixed age and sex to - 
extracts of volatiles of feeding beetles or of frass 

in pitfall olfactometer bioassays. N = 6 replicates, 

Experiment 17 

Response (z + s.E.)~ 
Experimental Stimulus 

Stimulus Dose Experimental Pent ane 

Stimulus Control 

C. turcicus - 
frass volatiles 3150 ghtt 

C. turcicus on - 
oats extract 6200 bh, 84 ghttt 9.7 20.6 1.7 20.8 *** 

620 bh, 8.4 gh 9.3 f0.6 3.0 f0.4 *** 
62 bh, 0.84 gh 5.7 t1.3 4.0 21.2 NS 

tsigni ficant response (t-test) to experimental stimulus indicated by: 

**** P <0.0001, *** P <0.001, NS = not significant. 

t t l  gh = volatiles from 1 g of frass aerated for one hour. 

tttbh = beetle-hours of beetle volatiles; gh = gram-hours of oat vola- 

tiles 



Coupled GLC-MS a n a l y s i s  o f  t h e  f r a s s  v o l a t i l e s  e x t r a c t  showed t h a t  major  

components o f  t h e  e x t r a c t  were  11 and 111, a s  i n  t h e  b e e t l e  v o l a t i l e s  ex- 

t r a c t  ( ~ i g s .  1 0 ,  111,  s o  i t  is r e a s o n a b l e  t h a t  t h e  f r a s s  e x t r a c t  shou ld  ex- 

h i b i t  comparable  b i o l o g i c a l  a c t i v i t y .  

I n  a  similar f a s h i o n ,  b i o a s s a y s  o f  an e x t r a c t  o f  v o l a t i l e s  o f  C. - 
t u r c i c u s  f e e d i n g  on o a t s  a l s o  e l i c i t e d  a  s t r o n g  p o s i t i v e  r e s p o n s e  

 able XVIII), w i t h  t h e  t h r e s h o l d  f o r  r e sponse  b e i n g  between 62 and 

620 bh. Comparison o f  t h e  GLC t r a c e s  of  t h i s  e x t r a c t  w i t h  t h e  e x t r a c t  o f  

b e e t l e  v o l a t i l e s  ( ~ i g s .  9 ,  11) showed t h a t  t h e  major  components were I1 and 

111, i n  a p p r o x i m a t e l y  e q u a l  p r o p o r t i o n s .  The lower r e s p o n s e  t h r e s h o l d  

 able XVIII) t h a n  t o  b e e t l e  v o l a t i l e s   able XVI) may r e f l e c t  t h e  l a r g e r  

a b s o l u t e  amounts o f  c h e m i c a l s  produced pe r  bh o f  a e r a t i o n  by i n s e c t s  feed- 

i n g  a s  compared t o  s t a r v e d  i n s e c t s .  

B i o a s s a y s  o f  S y n t h e s i z e d  - C. t u r c i c u s  M a c r o l i d e s  

The s y n t h e t i c  r acemic  forms o f  t h e  major  components o f  - C. t u r c i c u s  

v o l a t i l e s ,  I11 and 11, were  f i r s t  b i o a s s a y e d  i n d i v i d u a l l y .  Racemic I1 was 

t o t a l l y  i n a c t i v e  by i t s e l f  ( T a b l e  XIX), c o r r o b o r a t i n g  t h e  d a t a  on n a t u r a l l y  

produced I1  a able XVII). The t h r e s h o l d  s i g n i f i c a n t  r e s p o n s e  l e v e l  f o r  

racemic I11 was d e t e r m i n e d  t o  b e  between 240 ng and 2.4 pg  able XIX), 

c o n s i d e r a b l y  h i g h e r  t h a n  e x p e c t e d  a s  compared t o  t h e  r e s p o n s e  o f  - C. 

p u s i l l u s  t o  I ( T a b l e s  VII-1x1. T h i s  r e s u l t  i s  p o s s i b l y  due  t o :  

1 )  t h e  n e c e s s i t y  f o r  o t h e r  components t o  be  p r e s e n t  t o  e l i c i t  maximal 

r e s p o n s e ,  

2 )  a  d i f f e r e n c e  i n  e n a n t i o m e r i c  compos i t ion  between n a t u r a l  I11 and 

t h e  racemic  s y n t h e t i c  111 t e s t e d ,  o r  

3) a r e l a t i v e l y  low s e n s i t i v i t y  by - C. t u r c i c u s  t o  i t s  pheromone. 



Table  X I X .  Response o f  C .  t u r c i c u s  o f  mixed age and s e x  t o  - 
s y n t h e t i c  (21-111 and ( + ) - I 1  i n  p i t f a l l  o l f a c t o m e t e r  

b i o a s s a y s .  N = 6 r e p l i c a t e s ,  15 i n s e c t s l r e p l i c a t e .  

Experiment 18 

Response (F + s . E . ) ~  

Experiment a 1  S t i m u l u s  

S t imulus  Dose Experiment a1  Blank 

S t i m u l u s  C o n t r o l  

S y n t h e t i c  ( + ) - I 1 1  240 ng 

2,400 ng 

24,000 ng 

S y n t h e t i c  ('1-11 

t ~ i ~ n i f i c a n t  r e sponse  ( t - t e s t )  t o  e x p e r i m e n t a l  s t i m u l u s  i n d i c a t e d  by: 

-** P <0.01, * P <0.05,  NS = n o t  s i g n i f i c a n t .  



B i o a s s a y  of  a  s e r i e s  o f  s o l u t i o n s  r a n g i n g  from pure  (R) -  t o  pure  (s ) -  - - 
I11 showed t h a t  C .  t u r c i c u s  d i d  n o t  respond t o  pure  (R)- o r  pure  (s)-111 a t  - - - 
t h e  5  pg l e v e l   able XX) . However, t h e r e  were s i g n i f i c a n t  l e v e l s  of  ac- 

t i v i t y  a t  a l l  bu t  one o f  t h e  e n a n t i o m e r i c  r a t i o s  t e s t e d  (5:95,  R :S) ,  - - 
i n d i c a t i n g  a  synerg i sm between e n a n t i o m e r s .  T h i s  i s  t h e  f i r s t  ev idence  o f  

e n a n t i o m e r i c  synerg i sm o u t s i d e  o f  t h e  S c o l y t i d a e ,  i n  which it o c c u r s  i n  

G n a t h o t r i c h u s  s u l c a t u s   orde den e t  a l . ,  1976) and I p s  p i n i  ( ~ a n i e r  e t  a l . ,  -- -- -- 

The minimal a t t r a c t i v e n e s s  o f  t h e  pure  e n a n t i o m e r s  o f  I11 was con- 

f i rmed on a  s e p a r a t e  o c c a s i o n ,  when p i t f a l l  b i o a s s a y  o f  e i t h e r  enan t iomer  

a t  c o n c e n t r a t i o n s  o f  10 ng,  100 ng,  1  pg, and 10  pg produced no s i g n i f i c a n t  

r e s p o n s e .  

A t e s t  f o r  synerg i sm o f  r acemic  111 by racemic  I1 over  a  r ange  o f  

r a t i o s  ( 2 5 : l  t o  1 :2 )  showed t h a t  a l l  m i x t u r e s  used were a t t r a c t i v e  

( ~ a b l e ~ ~ I ) ,  and t h a t  r a t i o s  o f 3 : l  a n d 3 : 2  o f I I I : I I w e r e s i g n i f i c a n t l y  , 

more a t t r a c t i v e  t h a n  I11 a l o n e  (Neuman-Keuls t e s t ,  P <0.05) ,  i n d i c a t i n g  

t h a t  I1 d o e s  s y n e r g i z e  I11 when used i n  a p p r o x i m a t e l y  t h e  n a t u r a l  r a t i o .  

The f a c t  t h a t  a l l  t h e  s t i m u l i  t e s t e d  were h i g h l y  a t t r a c t i v e  s u g g e s t e d  t h a t  

t h e  range  o f  r a t i o s  e x h i b i t i n g  s i g n i f i c a n t  synerg i sm cou ld  p r o b a b l y  be ex- 

tended by t e s t i n g  a t  lower  c o n c e n t r a t i o n s .  However, t h i s  h y p o t h e s i s  was 

no t  conf i rmed i n  b i o a s s a y s  o f  combina t ions  o f  racemic  I11 w i t h  t h e  e n a n t i -  

omers o f  11, u s i n g  two r a t i o s  o f  II1:II a t  two c o n c e n t r a t i o n s  

 able XXII). When 5 pg o f  I11 was used,  a l l  m i x t u r e s  o f  I11 w i t h  t h e  en- 

a n t i o m e r s  o f  I1 were e q u a l l y  a t t r a c t i v e  (Neuman-Keuls t e s t ,  P<0.05).  When 

t h e  c o n c e n t r a t i o n  o f  I11 was reduced  t o  1  pg, o n l y  t h e  m i x t u r e  c o n t a i n i n g  

670 ng o f  (R)-11 - showed any s i g n i f i c a n t  synerg i sm.  Thus,  it is  sugges ted  

t 



T a b l e  XX. Response o f  C .  t u r c i c u s  o f  mixed age and s e x  t o  - 
pure  (R)-111, pure (s)-111,  and r a t i o s  t h e r e o f  - - 
i n  p i t f a l l  o l f a c t o m e t e r  b i o a s s a y s .  N = 6 r e p l i c a t e s ,  

Experiment 19 

Exper imenta l  

S t i m u l u s  

Response (F + s.E.) 

S t imulus  

Dose Exper imenta l  . Pent  ane 

S t i m u l u s  C o n t r o l  

t ~ i ~ n i f i c a n t  r e s p o n s e  ( t - t e s t )  t o  e x p e r i m e n t a l  s t i m u l u s  i n d i c a t e d  by: 

** P <0.01, * P <0.05, NS = not  s i g n i f i c a n t .  

t t ~ o t a l  we igh t  o f  (R)-111 - + (s)-111. - 



Table XXI. Response of C. turcicus of mixed age and sex to - 
synthetic ('1-111 and to mixtures of (?)-I11 with 

(+)-11 in pit fall olfactometer bioassays. N = 6 

replicates, 15 insects/replicate. 

Experiment 20 

Response (F + s .E .) 
Experimental Respective Stimulus 

Stimulus Dose Experimental Pent ane 

Stimulus Control 

Synthetic (21-111 10 Pg 

Synthetic 

(21-111, (21-11 10 pg, 400 ng 7.7 21.3 1.8 20.3 ** . 

I I  11 800 ng 7.3 f1.5 0.8 20.7- 

1  I  I  I  1.67 pg 7.0 21.3 2.7 20.7 JCk 

I I  I I  3.33 pgtt 10.3 f0.8 1.8 20.9 ** 
11 I I 10.5 21.6 0.83 20.4 ** 6.67 pg 

11 I I  10 Pg 8.3 20.8 1.7 k0.5 *** 
I1 I  I  20 Pg 8.7 f0.6 2.1 20.7 *** 

+significant response (t-test) to experimental stimulus indicated by: 

*** P <0.001, ** P <0.01. 

t~atio occurring in beet le-produced volati1.e~. 



Table XXII. Response of C. turcicus of mixed age and sex to - 
mixtures of (2)-111 and (R)- or (s)-11 in pitfall olfac- - - 
tometer bioassays. N = 6 replicates, 15 insects/ 

replicate. 

Experiment 21 

Response (Ti- + S.E .) 
Experimental Respective Stimulus 

Stimulus Dose Experimental Pent ane 

Stimulus Control 

?significant response (t-test) to experimental stimulus indicated by: 

** P <0.01, * P <0.05, NS not significant. 



that (R)-11, or a mixture of enantiomers of I1 of predominantly the R iso- - - 
mer, synergizes 111. 

Response of Sexed C. turcicus to Synthetic (+I-111 - 
Both sexes of - C. turcicus responded to ('1-111  able XXIII), although 

the response of males was not significant at the 1 pg level. However, as 

the bioassay was run with relatively few insects from a poor culture, this 

bioassay needs repeating, testing a wider concentration range and more in- 

sects per stimulus. The test did show that (?)-I11 is attractive to both - 
sexes, and is thus a true aggregation pheromone. 



Table XXIII. Response of male and female C. turcicus of mixed age to - 
synthetic (&)-111 in pitfall olfactometer bioassays. 

N = 6 replicates, 10 insectslreplicate. 

Experiment 22 

Sex 

Response (y  + s.E.)~ 
Ex~erimental St imulus 

Stimulus Dose Experimental Pent ane 

Stimulus Control 

- 

t ~ i ~ n i f i c a n t  response (t-test) to experimental stimulus indicated by: 

** P <0.01, * P <0.05, NS = not significant. 



VI. CONCLUSIONS 

Macrolide I is an aggregation pheromone for C. pusillus. The response - 
to I is slightly s~nergized by racemic 11, although it is not yet known 

which enantiomer or mixture of enantiomers of I1 is produced by the in- 

sects. The attractive compounds are male-produced. 

C. turcicus utilize aggregation pheromones, which can be isolated from - 
frass or beetle volatiles. The major attractive component is 111, which is 

probably s~nergized by 11. It is not yet known which enantiomer or mixture 

of enantiomers of I1 and I11 are produced by the beetles. I1 and I11 are 

male-produced. In laboratory bioassays, the beetles are attracted to syn- 

thetic racemic 111, and the response is synergized by racemic 11. In addi- 

tion, beetles do not respond to pure (R)- or pure (s)-111, but do respond - - 
to mixtures thereof, in the first known case of enantiomeric synergism in 

Cucujidae. 

Macrolides I-V can be synthesized in low to moderate yield from acy- 

clic precursors. The enantiomers of I1 and I11 are readily available via 

stereo- and regiospecific ring-opening of chiral methyloxiranes, followed 

by further elaboration of the resulting alcohols. V is particularly diffi- 

cult to synthesize due to its strained twelve-membered ring. 

Further efforts should be directed towards identifying the enanti- 

omeric composition of naturally produced I1 and 111, and a rigorous inves- 

tigation of pheromone production and utilization as a function of age and 

culturing conditions, for both - C. turcicus and - C. pusillus. 
Although the first macrolide pheromones, 4,8-dimethyl-(4~,8~)-deca- 

dienolide and 11-methyl-(3~)-undecenolide, were given the trivial names 

ferrulactones I and 11, respectively, after the species C. ferrugineus from - 



which they were identified (~ong et al., 19831, it is now evident that -- 
these and related macrolides comprise a class of pheromones known only for 

the Cucujidae. Therefore, it is proposed that these pheromones be given 

the collective trivial name of cucujolides. The designation of each 

pheromone would be as follows: cucujolide I, 4,8-dimethyl-(4~,8~)-deca- 

dienolide; cucujolide 11, 11-methyl-(3~)-undecenolide; cucujolide 111, 11- 

methyl-(3Z,6~)-undecadienolide; cucujolide IV, (3~)-dodecenolide; cucujo- 

lide V, (3Z,6Z)-dodecadienolide; cucujolide VI, 13-methyl-(3~)-trideceno- 

lide; cucujolide VII, 13-methyl-(3~,6~)-tridecadienolide. 
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