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SUMMARY 

The s y n t h e s i s  of the  t r i t i a t e d  sex pheromone of the  s a t u r n i i d  moth Antheraea  
olyphemus was accomplished by s t e r e o s p e c i f i c  T2 r e d u c t i o n  of (E)-hexadec-6-en- 

!I-yn-1-yl a c e t a t e .  The [11 ,12-3H2 ] - ( E ,  2 ) -6 ,1 l -hexadecadienyl  a c e t a t e  was then 
conver ted  t o  the co r re spond ing  d i a z o a c e t a t e ,  a b e h a v i o r a l l y  a c t i v e  p h o t o a f f i n i t y  
l a b e l  f o r  the  4. polyphemus pheromone b i n d i n g  and r e c e p t o r  p r o t e i n s .  S y n t h e s i s  
o f  t he  enyne p recu r so r s  is a l s o  desc r ibed .  

Key Words: pheromone ana log ,  p h o t o a f f i n i t y  l a b e l ,  moth an tenna1  p r o t e i n s ,  
Lep idop te ra  

INTRODUCTION 

The e x i s t e n c e  of pheromone r e c e p t o r  molecules  on the d e n d r i t i c  membranes of 

s e n s i l l a r  h a i r s  of male moth an tennae  has not ye t  been demonstrated.  

Nonethe less ,  s u b s t a n t i a l  p r o g r e s s  in unde r s t and ing  the  b iochemica l  d e s i g n  of 

pheromone pe rcep t ion  has been achieved  f o r  Antheraea  polyphemus u s i n g  

111, 12-3H2 ]-(E, 2) -6 ,1 l -hexadecadienyl  a c e t a t e ,  13H]-6E, 112-16:OAc ( L )  (1-3).  I n  

a d d i t i o n ,  t h e  d i a z o a c e t a t e  (2) cor re spond ing  t o  t h i s  pheromone component has been 

prepared  and shown t o  be b e h a v i o r a l l y  and e l e c t r o p h y s i o l o g i c a l l y  a c t i v e  (4,5). We 

d e s c r i b e  h e r e  the  d e t a i  1s of t he  s y n t h e s i s  of (E)-hexadec-6-en-ll-yn-l-yl 

a c e t a t e  and i t s  conve r s ion  i n t o  t h e  [11,12-3H2] pheromone, ( A ) .  

i s  then conver ted  i n t o  [ l l ,  12-3823 d i a z o a c e t a t e ,  

'h is  m a t e r i a l  

[3H 1-6E, 112-16:DZA (2). 
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RESULTS AND DISCUSSION 

?he f i r s t  p u b l i s h e d  s y n t h e t i c  schemes ( 6 )  f o r  ( E ,  2 ) -6 ,11-hexadecadienyl  

a c e t a t e  l a c k  s t e r e o s p e c i f i c i t y  i n  t h e  g e n e r a t i o n  of t h e  a l k e n e  bonds and would 

not  a l l o w  i n t r o d u c t i o n  of two t r i t i u m  p e r  m o l e c u l e  i n  t h e  f i n a l  s t e p .  Bestmann 

and L i  ( 7 )  h a v e  p r o v i d e d  a s t e r e o s p e c i f i c  s y n t h e s i s  of 1, b u t  no o p p o r t u n i t y  

f o r  r e d u c t i v e  t r i t i a t i o n  i s  a v a i l a b l e  by t h e i r  r o u t e .  In  our a p p r o a c h  

( S y n t h e t i c  Scheme),  t h e  s y m m e t r i c a l  l i t h i u m  d i a n i o n  of d i y n e  2 was monoalkyla t?d  

w i t h  t h e  l i t h i u m  a n i o n  o f  5-bromopentanoic  a c i d  ( 8 ) .  S e l e c t i v e  r e d u c t i o n  of t h e  

i n t e r n a l  a l k y n e  of & t o  t h e  (E)-double  bond was a c h i e v e d  by p r o t e c t i o n  of t h e  

t e r m i n a l  a l k y n e  a s  t h e  sodium a c e t y l i d e  ( 9 ) .  ?he c a r b o n  s k e l t o n  was c o m p l e t e d  

by f u r t h e r  a l k y l a t i o n  of t h e  a c e t y l i d e  c a r b o x y l a t e  d i a n i o n  w i t h  2 - b u t y l  bromide  

and i s o l a t i o n  o f  t h e  p r o d u c t  a s  t h e  methyl  e s t e r  5. 

p r o v i d e d  t h e  d e s i r e d  enyne a c e t a t e  2 i n  an unopt imized  8% y i e l d  from 

5-bromopen t a n o i c  a c i d .  

Reduct ion  and a c r t y l a t i o n  

The p a r t i a l  h y d r o g e n a t i o n  of enyne a i n  m e t h a n o l  w i t h  5% Pd/BaSO4 poisoned  

w i t h  q u i n o l i n e  a f f o r d e d  t h e  4. polyphemus pheromone L ,  i d e n t i c a l  by s p e c t r a l  and 

c a p i l l a r y  GC c r i t e r i a  w i t h  a u t h e n t i c  samples .  Removal of u n r e a c t e d  11-yne 

5 6 

Synthetic Scheme. Reagents: (a) LiNH2, NH3(l); ( b )  Br(CH2)4C02H, 'IHF; (c) H30+; 

(d) NaNH2, NH3(l); (e) Na, NH3(l); ( f )  CH3(CH2)38r, THF; (g )  CH2N2; ( h )  LiAlH4; 

( i )  Ac20, Py; (j) H2 (3H2), 5% Pd/Ba/SOq, CH30H, quinoline; (k) CH30H, aq. KOH; 

( 1 )  ClCOCHNNHTs, (C2H5)3N, CH2C12. 
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mater ia l  was r e a d i l y  accomplished a t  t h i s  p o i n t  by chromatography o n  ZOO/ ApNO3 

on s i l i c a  g e l  wi th  2.5% e t h y l  a c e t a t e  in hexane, and the  isomeric p l r i t y  w d s  

v e r i f i e d  by c a p i l l a r y  GC (30-m DB-5, 160" i s o t h e r m a l ) .  The ( 6 E , l l Z )  and 

(62 ,112)  i somers  prepared by ano the r  rou te  (Golec ,  unpubl i shed  d a t a )  were c l e a r l y  

r e so lved  under these  c o n d i t i o n s .  Hydrolys is  of the  a c e t a t e  and r e e s t e r i f i c a t i o n  

wi th  t h e  ac id  c h l o r i d e  of g lyoxy l i c  ac id  to sy lhydrazone  (10)  gave ,  a f t e r  a d d i t i o n  

o f  excess  t r i e thy la rn ine ,  t h e  d i a z o a c e t a t e  2. 

The r a d i o s y n t h e s i s  was c a r r i e d  out a t  the new NIX T r i t i a t i o n  F a c i l i t y  a t  

t h e  Lawrence Berke ley  Labora to ry .  A sample o f  10 mg of  enyne a c e t a t e  was 

reduced under the  above c o n d i t i o n s  t o  approximate ly  75% conver s ion  under 740 

t o r r  of c a r r i e r - f r e e  T2 gas i n  a glove box. The crude product  was f l a s h  

chroinatographed (11) f i r s t  on 45-60 ym s i l i c a  g e l  and then on 20% AgN03 on 

45-60 Um s i l i c a  g e l  t o  g ive  a c lean  s e p a r a t i o n  of t h e  11-ene and 11-yne 

p roduc t s .  A p o r t i o n  of the t r i t i a t e d  pheromone was saved f o r  metabol ic  

exper iments .  Tne remainder w a s  hydro lyzed  and conver ted  t o  the  high s p e c i f i c  

a c t i v i t y  d i a z o a c e t a t e  (2) which was aga in  p u r i f i e d  i n  the glove box by f l a s h  

chromatography u s i n g  a d i s p o s a b l e  p i p e t t e  column. 

Label led  p h o t o a f f i n i t y  ana logs  of i n s e c t  j u v e n i l e  hormones (JH) have been 

syn thes i zed  (12)  and shown t o  be powerful new t o o l s  f o r  s tudy ing  i n s e c t  J H  

b inding  p r o t e i n s  (13 ) .  Tne use of t h i s  h igh  s p e c i f i c  a c t i v i t y  pheromone 

p h o t o a f f i n i t y  l a b e l  i n  a t t e m p t s  t o  c h a r a c t e r i z e  pheromone b ind ing  and r ecep to r  

p r o t e i n s  of male A .  polyphemus an tennae  w i l l  be desc r ibed  e l sewhere  ( 1 4 ) .  'Ihe 

u n l a b e l l e d  6E,llZ-l6:DZA (2) and a n a l o g s  62,112-16:DZA and 6E,ll-yne-l6:DZA have 

shown t h a t  t he  s e n s i l l a r  e s t e r a s e  of A. polyphemus p r e f e r s  t he  c o r r e c t  geometry 

of t he  hydrophobic s i d e  cha in  (15 ) .  

EXPERIMENTAL METHODS 

Genera l .  Elemental  a n a l y s e s  were performed by G a l b r a i t h ,  Znc. Knoxvi l le ,  

Tennessee and h igh  r e s o l u t i o n  mass s p e c t r a  (HRMS) were cb ta ined  on an AEZ-MS-9. 

Gas chromatographic a n a l y s e s  were performed on a Hewlett-Packard Model 5830A 

equipped w i t h  8 m x 2.5 mm columns and a flame i o n i z a t i o n  d e t e c t o r .  L a t e r  work 

;as perforned on a Var ian  3700 equipped w i t h  30 m x 0.25 mm fused s i l i c a  
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c a p i l l a r y  columns. P r e p a r a t i v e  GC w a s  accomplished on a Hewlett-Packard Model 

700 instrument equipped w i t h  3 m x 5 mtn columns and dua l  thermal  c o n d u c t i v i t y  

d e t e c t o r s .  

o p e r a t i n g  a t  60 MHz or a N ico le t  NT-300 a t  300 M H Z .  

r epo r t ed  r e l a t i v e  t o  TMS. Thin l a y e r  chromatography (TLC) was performed on 

s i l i c a  ge l  p l a t e s  c o n t a i n i n g  a f l u o r e s c e n t  i n d i c a t o r .  S i l v e r  n i t r a t e  w a s  

i nco rpora t ed  by d i p p i n g  the p l a t e s  f o r  5 s e c  i n  5% AgN03 i n  1:l e thano l -  

a c e t o n i t r i l e .  Un labe l l ed  m a t e r i a l s  were v i s u a l i z e d  by s p r a y i n g  w i t h  2% 

Cu(OAc)2-15% H3PO4 fo l lowed by h e a t i n g  a t  ca.  120°C; r a d i o l a b e l l e d  m a t e r i a l s  were 

v i s u a l i z e d  wi th  12. 

o r  on " f l a s h "  g rade  230-400 mesh s i l i c a  g e l .  

NMR s p e c t r a  were obta ined  by u s i n g  a Var i an  EM-360 ins t rumen t  

Chemical s h i f t s  ( 6 )  a r e  

Colunn chromatography was done u s i n g  80-100 mesh s i l i c a  g e l  

6 , l l -Dodecadiynoic  a c i d  (4 ) .  

g, 364 mmol) i n  500 m l  of anyhydrous l i q u i d  NH3 w i t h  powdered Fe(N03)3.9 H20 

(200 mg) as c a t a l y s t .  A f t e r  4 5  min (blue c o l o r  faded t o  g r e y ) ,  f r e s h l y  

d i s t i l l e d  1 ,6-heptad iyne  2; (18.64 g ,  202 mmol) i n  50 m l  of d r y  THF w a s  added 

dropwise.  Af t e r  s t i r r i n g  f o r  60 min, 5-bromopentanoic a c i d  (7.324 g ,  40 .5  mmol) 

i n  200 m I  of d ry  THF was added, t h e  s o l u t i o n  was s t i r r e d  under r e f l u x  f o r  8 h r ,  

and t h e  NH3 was then  evapora t ed .  The r e s i d u e  was d i l u t e d  w i t h  H20 and a c i d i f i e d  

t o  pH 4.0 wi th  a x a l i c  a c i d .  The product  was i s o l a t e d  by e x t r a c t i o n  wi th  e t h y l  

a c e t a t e ,  t he  combined o rgan ic  e x t r a c t s  were washed ( b r i n e ) ,  d r i e d  (MgSOq) and 

concen t r a t ed  i n  vacuo t o  g ive  a ye l low l i q u i d .  Vacuum d i s t i l l a t i o n  a f fo rded  a 

c o l o r l e s s  l i q u i d ,  

2975, 1725(CO, a c i d ) ,  645 (CZCH) crn-l; NMR (CDCl3) 61.3-2.0 (-CH2-) 2.0-3.9 (HCE 

C - C H ~ , C H ~ C Z C C H ~ -  and -CH2C02-) and 12.70 (C02H, s ) .  

L i t h i m  amide was prepared  from l i t h i u m  (2 .53  

-- 
bp 132-136'C/4.0 t o r r ,  5.54 g ( 7 1 % ) ;  IR(CC14) 3330 (CSCH), 

(E)-6-Dodecen-II-ynoic a c i d .  Sodarnide w a s  p repared  from sodium (1.98 g ,  

86.4 m o l )  i n  300 m l  of anhydrous l i q u i d  NH3 w i t h  powdered Fe(N03)3.9 H 2 0  (50 

mg) a s  c a t a l y s t .  'Ihe diyne a c i d  5 (5.54 g ,  28.8 mmol) i n  2 5  m l  of d ry  e t h e r  was 

added s lowly;  a f t e r  30 min s t i r r i n g ,  sodium (3 .94  g ,  171 mmol) was added 

chunkwise over a 30 min i n t e r v a l .  S t i r r i n g  was con t inued  f o r  an a d d i t i o n a l  2 h r  
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and the  r e a c t i o n  was quenched w i t h  NH4C1. Workup as  above followed by 

d i s t i l l a t i o n  y i e l d e d  5.00 g of a c o l o r l e s s  l i q u i d ,  b p  100-12OoC/6.0 t o r r ;  NMR 

(CDC13)6 5.42 ( v i n y l i c ) ,  12.05 (COzH, s ) .  

Methyl (E)-6-Hexadecen-ll-ynoate (2). L i t h i m  amide was p repa red  a s  above 

from l i t h i u m  (500 mg, 72.0 mmol) i n  300 m l  of anhydrous l i q u i d  NH3. A f t e r  30 

n i n ,  the  enyne a c i d  (5 .00  g, 25.7 m m o l )  i n  25  m l  of d r y  THF was added s lowly ,  

fo l lowed i n  30 min by 1-bromobutane (21.00 g, 154.44 m o l )  i n  25 m l  of dry  THF. 

'Ihe s o l u t i o n  was s t i r r e d  f o r  8 h r  under r e f l u x ,  t h e  NH3 was then  allowed t o  

e v a p o r a t e ,  and t h e  r e s i d w  w a s  a c i d i f i e d  and worked up as  above t o  g i v e  5.00 g 

o f  a c o l o r l e s s  l i q u i d ,  bp 111-162"C/3.0 t o r r , :  

( v i n y l i c ) ,  10.48 ( C O z H ,  s ) .  'Ihe d i s t i l l e d  enyne a c i d  was then e s t e r i f i e d  wi th  

e x c e s s  e t h e r a l  diazomethane and p l r i f i e d  by vacuum d i s t i l l a t i o n  t o  g ive  4 .54  g 

of 2, b p  90-115"C/O.l t o r r .  

- - 5 w i t h  e t h y l  ace t a t e :hexane  (1 :9)  t o  remove unreduced 6-yne m a t e r i a l  (1 .65  g) gave the 

p u r i f i e d  enyne e s t e r  2 (1.51 g),  which was homogeneous by TLC and GC: 

3030(HC=C), 1750 (CO, e s t e r ) ,  1240 1215 and 1190 (CO, methyl  e s t e r ) ,  985  (C=C, 

t r a n s )  cm-l; NMR (CDC13) 60.93 (CH3), 3.70 (CH30C=O, s ) ,  5.45 ( v i n y l i c ) ;  HRMS 

(70eV), g/z 264.2098 (M+, C17H2802, 66%).  235.1686 (C15H2302, 6 % ) ,  233.1920 

(C16H250, 2 4 % ) ,  221.1514 (C14H2102, 1 3 % ) ,  207.1386 (C13H1902, 4 % )  177.1642 (C13H21, 

1 3 % ) ,  149.1324 a.m.u. (CllH17, 100 .0%) .  

NMR (CDC13) 60.93 (CH31, 5.48 

Colurm chromatography on  S i O g  of t he  d i s t i l l e d  e s t e r  

IR(CHC13) 

(E)-6-Hexadecen-ll-yn-l-y1 a c e t a t e  (g). The enyne e s t e r  5 (1.51 g ,  5.7 

mmol) was reduced  wi th  l i t h i m  aluminum h y d r i d e  (215.0 m g ,  5.7 m m o l )  in 100 m l  

o f  d ry  e t h e r  ( g o " ,  16  h ) .  Workup as  usua l  and vacuum d i s t i l l a t i o n  gave 1.19 g 

(88'6) o f  t he  pure a l coho l  as  a c o l o r l e s s  l i q u i d  (bp 113"C/0.10 t o r r ) .  This 

m a t e r i a l  was d i s so lved  i n  3 m l  of d r y  py r id ine  and 3 m l  of a c e t i c  anhydr ide  w a s  

added. Af t e r  s t i r r i n g  1 6  h a t  2OoC, the  product  was i s o l a t e d  as u s u a l ,  p u r i f i e d  

by column chromatography and vacuum d i s t i l l a t i o n ,  bp 155-157"C/0.2 t o r r  t o  g ive  

905 mg (8.0% o v e r a l l  y i e l d )  of pure enyne a c e t a t e  5. 
was homogeneous on TLC (5% AgNOySi02),  Rf = 0.32 ( e t h y l  ace t a t e :benzene  5:95) 

and GLC a n a l y s i s  was performed on both p o l a r  (Carbowax 20 M) and non-polar 

'Ihe a c e t a t e  8 



598 G. D. Prestwich, F. A .  Golec, Jr. and N .  H.  Andersen 

(Apiezon  L)colurnns;  IR(CHCl3) 3015(HC=C), 174O(CO, a c e t a t e ) ,  1235 ( a c e t a t e ) ,  980 

(C=C, t r a n s ) c m - l ;  NMR (CDC13) 60.95 (CH3), 2 .10 (CH3C02, s ) ,  4.10 ( C H 2 0 ,  t ,  J = 

7.0 Hz) ,  5 .50 ( v i n y l i c ) ;  MS(70eV), m / ~  278.2238 ( M + , C 1 8 ~ ~ ~ 0 ~ ,  3 1 2 ) ,  2 2 1 - 1 4 9 4  

( C 1 4 ~ 2 1 0 2 ,  5%)  177.1586 (C13H21, 6 % ) ,  161  -1328 (C12H17, l o o % ) ,  149.1326 

(Cl lH17,  3 7 % ) ,  123.1146 (CgH15, 6 % ) ;  C , H , O  a n a l .  ( ~ 0 . 2 % )  f o r  C15H3002. 

(E,Z)-6,11-Hexadecadienyl a c e t a t e .  The enyne a c e t a t e  6 (303.4 mg, 1.09 nnnol) 

was d i s s o l v e d  i n  10 m l  of anhydrous  m e t h a n o l  and h y d r o g e n a t e d  a t  room t e m p r r a t u r e  

and a t m o s p h e r i c  p r e s s u r e  u s i n g  70 q o f  5% Pd/BaSOq d e a c t i v a t e d  by t h e  a d d i t i o n  

of  3 d r o p s  of f r e s h l y  d i s t i l l e d  q u i n o l i n e  t o  t h e  r e a c t i o n  m i x t u r e .  A f t e r  1 h r  

t h e  H 2  u p t a k e  becanr  n e g l i g i b l e  and t h e  h y d r o g e n a t i o n  was s t o p p e d  a f t e r  a t o t a l  

u p t a k e  of 23.7 ml of H2. The s o l u t i o n  was f i l t e r e d  through C e l i t e  i n  v a c u o ,  

c o n c e n t r a t e d ,  and c h r o m a t o g r a p h e d ,  and e v a p o r a t i v e l y  d i s t i l l e d  (75 ' /0 .02 t o r r )  

t o  g i v e  245 mg (80%) of  pure  pheromone 1; I R  ( t h i n  f i l m )  3010(HC=C), 1755(CO, 

a c e t a t e ) ,  1 2 4 5 ( a c e t a t e ) ,  975(RHC=CHR, t r a n s ) ,  730(RHC=CHR, c i s ) c m - l ;  NMR (CDCl3) 

60.90 (CH3), 2.05 (CH3C02, s )  4 . 0 5  (CH20, t ,  J = 6 . 5  Hz) ,  5 .40 ( v i n y l i c ) ;  MS(70eV) 

m_/z 280.2390 (C18H3202, l o o % ) ,  220.2140 (C16H28, 1 5 % ) ,  163.1494 (C12H19, 1 8 % ) ,  

149.1350 (CgH13, 3 7 % ) ,  107.0846 a.m.u. (C8H11, 4 % ) .  The s y n t h e t i c  (E ,Z)-6 ,11-  

h e x a d e c a d i e n y l  a c e t a t e  1 was proven t o  be i d e n t i c a l  (and o f  9 5 %  p u r i t y )  t o  

a u t h e n t i c  samples  of t h e  A.  polyphemus pheromone s u p p l i e d  by W.L. R o e l o f s  and by 

H .  Bestmann u s i n g  GLC a n a l y s i s  on one p o l a r  and two non-polar  packed c o l u w s ,  

and on  two c a p i l l a r y  columns.  

(E,Z)-6,11-Hexadecadienyl d i a z o a c e t a t e  (2). A s o l u t i o n  of 70  mg of d i e n e  

a c e t a t e  4 i n  2 m l  o f  4 : l  CH30H : 3 N NaOH was s t i r r e d  2 h a t  2 0 " .  m e n ,  6 m l  of  

H20 was added,  t h e  m i x t u r e  was e x t r a c t e d  w i t h  t h r e e  4 m l  p o r t i o n s  of 1 : l  

e t h e r - h e x a n e ,  t h e  e x t r a c t s  were d r i e d  (MgS04), f i l t e r e d ,  and c o n c e n t r a t e d  & 

v a c u o  t o  g i v e  50  mg of TLC-homogeneous enynol  which 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 .  

A s o l u t i o n  of 38 ng (0 .16  mmole) o f  e n y n o l  i n  2 ml of  d r y  CH2C12 c o n t a i n i n g  

34  p 1  ( 0 . 2 5  mrnole) of  d i s t i l l e d  t r i e t h y l a m i n e  was c o o l e d  t o  0°C u n d e r  N 2 ,  and 

t h e n  6 5  mg (0 .25  mmole) of  t h e  a c i d  c h l o r i d e  of g l y o x y l i c  a c i d  t o s y l h y d r a z o n e  
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(10)  was added. The pa le  yellow mixture  was s t i r r e d  a t  0 t o  20" f o r  1 .5  h ,  t hen  

70 U 1  (0 .50  mmole) of t r i e t h y l a m i n e  was added and the  yellow-orange s o l u t i o n  

s t i r r e d  an a d d i t i o n a l  2 h r .  The s o l v e n t  was removed i n  vacuo, t he  s t i c k y  

r e s i d u e  was taken up in 5% e t h y l  ace ta te -hexane ,  and t h i s  s o l u t i o n  was 

chromatographed on f l a s h  grade  s i l i c a  t o  g i v e  TLC-homogeneous d i a z o a c e t a t e  2 ( 4 ) .  

The s p e c t r a l  ( IR ,  U V ,  NMR) p r o p e r t i e s  were c o n s i s t e n t  w i t h  t he  presence  of t he  

d i a z o a c e t a t e  r e p o r t e d  in the  l i t e r a t u r e  ( 4 , l O ) .  

occu r red  a t  64.73 (s ,  C(O)CHN2) and 4.15 ( t ,  7 Hz, -C(O)OCH2-). 

shows the  presence  of a t o s y l - c o n t a i n i n g  i m p u r i t y  (e 10-30%) (62 .42 ,  t o s y l  CH3 

and c h a r a c t e r i s t i c  A 2 X 2  a romat i c  p a t t e r n  a t  67.3-7.6) which cannot be r e a d i l y  

removed by chromatography . 

_ _ _  

Diagnos t i c  ~ H - N M R  s i g n a l s  

lH-NMR a l s o  

[11,12-3H~]-(E,Z)-6,11-Hexadecadienyl a c e t a t e  ( L3H]-1). A s o l u t i o n  of 10  mg 

of enyne a c e t a t e  C, (0.035 mmole) i n  3 m l  of dry m t h a n o l  c o n t a i n i n g  2.2 ng o f  5% 

Pd/BaSO4 and 1 . 3  mg of q u i n o l i n e  was freeze-degassed on the t r i t i u m  l i n e  a t  t he  

LBL T r i t i a t i o n  F a c i l i t y .  

(desorbed  from U3H3) and was main ta ined  a t  740 t o r r  as  the  sample thawed. 

mixture  was s t i r r e d  1 5  m i n  a t  O-2O0C, d u r i n g  which tine the  c a t a l y s t  suspens ion  

remained l i g h t  be ige .  A f t e r  20-25 min ,  a s l i g h t  g rey i sh  c o l o r  began t o  appear ,  

s i g n a l i n g  i n c i p i e n t  o v e r r e d u c t i o n  which occur red  i f  the  c a t a l y s t  c o l o r  went b l ack ,  

The r e a c t i o n  was thus f rozen  w i t h  l i q u i d  N 2 ,  degassed  t o  a T2 s t o r a g e  tank, and 

c o n c e n t r a t e d  i n  vacuo t o  2 m l .  h e  c a t a l y s t  was removed by c e n t r i f u g a t i o n ,  t h e  

s o l v e n t  was removed i n  vacuo (20" ,  0.1 t o r r ) .  TLC (Machery-Nagel Polygram S i l  

G/UV254 4 x 8 cm p l a t e s ,  developed i n  20% e t h y l  ace ta te -hexane  and v i s u a l i z e d  wi th  

12)  showed XO% conver s ion  of slower moving enyne (Rf 0.58) t o  the  d e s i r e d  

t r i t i a t e d  d i e n e  ( R f  0 .61) .  This m a t e r i a l  was f i r s t  chromatographed t o  remove 

p o l a r  m a t e r i a l s  w i th  10% e t h y l  ace ta te -hexane  on f l a s h  s i l i c a  in a d i s p o s a b l e  

p i p e t .  The f r a c t i o n s  c o n t a i n i n g  5 and 1 were concen t r a t ed  w i t h  N g  and 

rechromatographed on  20% AgN03-Si02 ( f l a s h )  w i t h  2.5% e t h y l  ace ta te -hexane  t o  g i v e  

pure [3H]-L, ". 2 C i  a t  58 Ci/mmol. 

The l i n e  was charged  with c a .  200 Ci  of c a r r i e r - f r e e  T2 

The 
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[ll,l2-3H~]-(E,Z)-6,Il-Hexadecadienyl d i a z o a c e t a t e  (3H-2). A sampl? of 

approximate ly  0.5 C i  ( ca .  8 pmole) was c a r r i e d  on at t h i s  s t a g e ,  while t h e  

remaining [3H]-B was saved f o r  s t u d i e s  of pheromone-protein i n t e r a c t i o n s  ( 2 , 3 ,  

1 4 , 1 5 ) .  Thus,  h y d r o l y s i s  i n  0.5 m l  o f  4 : l  C H p H  : 3 N NaOH followed by workup 

a s  b e f o r e ,  gave the  TLC-homogeneous [11 ,12 -3H~] -d ieno l  (Rf 0.33) which was used 

wi thou t  f u r t h e r  p u r i f i c a t i o n .  Thus,  a s o l u t i o n  o f  t he  d i eno l  i n  2 m l  o f  d r y  

CH2C12 w a s  added t o  a s t i r r e d ,  0 ° C  s o l u t i o n  of 45 mg of the  ac id  c h l o r i d e  of 

g l y o x y l i c  a c i d  to sy lhydrazone  in  2 ml of d r y  CH2C12 under  N2. Tr ie thy lamine  

( 2 0  111) was added last t o  t he  co ld  s o l u t i o n  ( Impor t an t :  s o l u t i o n  should  be c o l d  

and only a f a i n t  ye l low c o l o r  may d e v e l o p ) .  The s o l u t i o n  was s t i r r e d  1.5 h a t  0 

t o  20°C, t h e n  4 0  p1 of t r i e t h y l a m i n e  was added and the  now orange-yellow 

s o l u t i o n  was s t i r r e d  a t  20'C f o r  2 h r .  S o l v e n t s  were removed under a s t ream of 

N2, t he  dark r e s i d w  was t r i t u r a t e d  w i t h  15% e t h y l  ace t a t e -hexane ,  and these  

washings  were passed through f l a s h  s i l i c a  t o  remove p o l a r  i m p u r i t i e s .  The 

f r a c t i o n s  c o n t a i n i n g  the  d i a z o a c e t a t e  2 were combined and rechromatographed wi th  

4% e t h y l  a c e t a t e  i n  hexane t o  g i v e  TLC-homogeneous d i a z o a c e t a t e  I3H]-2 

(Rf 0 . 5 5 ) , ~ .  0.4 Ci at 58 Ci/mmole. 

ACKNOWLEDGMENTS 

G.D.P.  thanks  t h e  NSF f o r  g r a n t s  CHE-8304012 and PCM-8112755, G.D.P. and 

N.H.A. thank  the A.P. S loan  Foundat ion  and the  Camille & Henry Dreyfus  

Foundation f o r  f i n a n c i a l  s u p p o r t .  F.A.G. and N.H.A. t hank  N I H  Grant GM 18143. 

The N I H  T r i t i a t i o n  F a c i l i t y  is suppor ted  by C o n t r a c t  No. 1 P41 RR01237 and the  

a s s i s t a n c e  o f  D r .  H. Morimoto was g r e a t l y  a p p r e c i a t e d .  F i n a l l y ,  we t hank  W. 

Roelofs and H. Bestmann for a u t h e n t i c  samples of A.  polyphemus pheromone, and K .  

Nakanish i ,  L.M. Ridd i fo rd ,  and R.G. Vogt f o r  i n s p i r i n g  the  comple t ion  of t h i s  

s y n t h e t i c  p r o j e c t .  

REFERENCES AND NOTES 

1. Vogt R.G. and R i d d i f o r d  L.M. -- Nature  293: 161 (1981).  

2 .  Vogt R.G.  and R idd i fo rd  L.M. -- In, Regula t ion  of I n s e c t  Development and 

Behaviour ( eds .  Sehnal F . ,  Zabza A . ,  k n n  J.J. ,  Cymborowski, B.), 955-957 

(Wroclaw P r e s s ,  Wroclaw, 1 9 8 1 ) .  



Synthesis of a Pheromone Analog 601 

3. 

4. 

5. 

6.  

7. 

8. 

9.  

10. 

11. 

12 .  

13. 

14. 

15 .  

Vogt R.G. -- Docto ra l  D i s s e r t a t i o n ,  U n i v e r s i t y  of Washington (1983) .  

Ganj ian  I . ,  P e t t e i  M.J., Nakanish i  K .  and K a i s s l i n g  K.-E. -- Nature  3: 
157 (1978).  

Nakanish i  K. ,  p e r s o n a l  communication (1983) .  The C-1 t r i t i a t e d  pheromone 

and d i a z o a c e t a t e  were p repa red  a t  G. 2.5 C i / m m o l ,  bu t  the  l a b e l l i n g  

exper iments  have not been c a r r i e d  out .  

(a )  Kochansky J.P., T e t t e  J.,  Taschenberg  E.F., Card& R.T., K a i s s l i n g  K.-E. 

and Roelofs  W.L. -- J. I n s e c t  Phys io l .  21: 1977 (1975).  

( b )  Kochansky J . P . ,  T e t t e  J . ,  Taschenberg E.F. and Roelofs  W.L. -- J .  Chem. 

Ecol. 2: 419 (1977).  

Bestmann H . J .  and L i  K.  -- Tet rahedron  L e t t .  22: 4941 (1981) .  

Ames D.E., Covel l  A.N. and Goodburn T.G. -- J. Chem. SOC: 4373 (1965) .  

Dobson N.A. and Raphael R.A. -- J. Chem. SOC: 3558 (1955).  

House H.O. and Blankley  C . J .  -- J. Org. Chem. 22: 53-60 (1968) .  

S t i l l  W.C., Kahn M., and M i t r a  A .  -- J. Org. Chem. 43: 2923-2925. 

P res twich  G.D., Singh A.K., Carva lho  J .F . ,  Koeppe J . K . ,  Koval ick  G.E., and 

Chang E.S. -- Tet rahedron  39: i n  press (1983) .  

Pres twich  G . D . ,  Koeppe J . K . ,  Koval ick  G . E . ,  Brown J.J., Chang E.S., and 

Singh A.K. -- Methods in  Enzymol., i n  press  (1984).  

P res twich  G.D. ,  Vogt R.G., and  R idd i fo rd  L.M. -- I n  p repa ra t ion .  

Vogt R.G. ,  S i d d i f o r d  L.M., and Pres twich  G.D. -- Proc. Natl. Acad. Sc i .  

DSA, submi t ted  (1983).  




