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SYNTHETIC COMMUNICATIONS, 25(24), 4035-4043 (1995) 

SHORT AND STEREOSELECTIVE SYNTHESES OF PHEROMONE 
COMPONENTS OF APROAEREMA MODICELLA 

* 
J .S .  Yadav ,  S .  Chandrasekhar  and Rajashaker  Kache  

I n d i a n  I n s t i t u t e  of C h e m i c a l  Techno logy ,  H y d e r a b a d  500007 
I n d i a  

Abstrac t :  E f f i c i e n t  s y n t h e s e s  of phe romone  c o m p o n e n t s  of 
A p r o a e r e m a  m o d i c e l l a  s t a r t i n g  from a common i n t e r m e d i a t e  7 -  
octyn-1-01 is d e s c r i b e d .  

T h e  g roundnu t  l e a f m i n e r ,  A p r o a e r e m a  m o d i c e l l a  D e v e n t e r ,  is 

t h e  mos t  n o t o r i o u s  i n s e c t  p e s t  of g r o u n d n u t s  i n  I n d i a  a n d  is also 

a s e r i o u s  p e s t  of g r o u n d n u t s  a n d  s o y a b e a n s  t h r o u g h o u t  Sou th  and 

S o u t h - e a s t  Asia. '  T h e  l a r v a e  f e e d  on t h e  l e a v e s  a n d  p u p a e  by 

f o l d i n g  t h e  l e a v e s  and  d a m a g e s  t h e  p l a n t .  I t  is d i f f i c u l t  to 

c o n t r o l  t h i s  p e s t  by  i n s e c t i c i d a l  a p p l i c a t i o n  as t h e y  h i d e  u n d e r  

t h e  l e a v e s  by  f o l d i n g  a r o u n d  t h e m s e l v e s .  T h e  c o n t r o l  of t h i s  

k i n d  of p e s t s  by  p h e r o m o n a l  a p p l i c a t i o n  would b e  t h e  m o s t  

s u i t e d  m e t h o d .  

P h e r o m o n e s  i s o l a t e d  f r o m  t h e  f e m a l e  g roundnu t  l e a f m i n e r  

c o n s i s t s  of m i x t u r e  of t e n  c a r b o n  acetates, i n c l u d i n g  a t e r m i n a l  

IICT Communicat ion No. 3448 

* To whom c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .  
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4036 YADAV, CHANDRASEKHAR, AND KACHE 

con juga ted  d i e n e  1 and  c o r r e s p o n d i n g  monoenes of E and  Z 

conf igu ra t ion  2 and  3 i n  t h e  r a t i o  of 10:2:1.4. Conjugated 

t e r m i n a l  d i e n e s  are unusua l  phe romone  componen t s .  T h e  12 -ca rbon  

L acetates h a v e  been  p r e v i o u s l y  found as  L e p i d o p t e r o u s  sex 

phe romone  componen t s ,  b u t  t h i s  is t h e  first t i m e  t h a t  t h e  10- 

c a r b o n  acetate h a s  been  r e p o r t e d .  A s  a p a r t  of o u r  ongoing 

p rogramme on t h e  s y n t h e s i s  of i n s e c t  sex p h e r o m o n e s  of v a r i o u s  

i n d i g e n o u s  c r o p s , 3  h e r e i n ,  w e  g i v e  a c o m p l e t e  accoun t  for  t h e  

p r a c t i c a l  p r e p a r a t i o n  of 1,2 and  3 f rom a common i n t e r m e d i a t e  

7 -oc~yn-1 -01  4. (Scheme  1 ) . 
3 u r  s t r a t e g y  is b a s e d  on t h e  i n  s i t u  a l k y l a t i o n  of 4- 

pen tyn-  1-01 g e n e r a t e d  from t h e  o p e n i n g  of t e t r a h y d r o f u r f u r y l  

c h l o r i d e  i n  p r e s e n c e  of L iNH2/ l iq  NH3 w i t h  p r o p y l  b r o m i d e  

l e a d i n g  to d i s u b s t i t u t e d  a c e t y l e n i c  a l c o h o l 4  6,  w h i c h  on Z i p p e r  

i s o m e r i ~ a t i o n ~  g a v e  t h e  k e y  i n t e r m e d i a t e  4 (Scheme  2 ) .  T h i s  on 

p a l l a d i u m  m e d i a t e d  C-C bond f o r m a t i o n  w i t h  v i n y l  b r o m i d e  i n  

t h e  p r e s e n c e  of c u p r o u s  i o d i d e  a n d  d i e t h y l  a m i n e  g a v e  e n y n e  7 ,  

w h i c h  on s e m i h y d r o g e n a t i o n  w i t h  P-2 Nicke l6  f o l l o w e d  by  

a c e t y l a t i o n  g a v e  con juga ted  t e r m i n a l  d i e n e  p h e r o m o n e  1 .  

For mono o l e f i n i c  p h e r o m o n e s ,  4 w a s  p r o t e c t e d  as its 

t e t r a h y d r o p y r a n y l  e t h e r  9 a n d  a l k y l a t e d  w i t h  e t h y l  b r o m i d e  

u s i n g  LiNH2/Liq NH3 and HMPA as c o - s o l v e n t  to f u r n i s h  10. 

Removal  of THP p r o t e c t i o n  y i e l d e d  10, w h i c h  on s t e r e o s p e c i f i c  

r e d u c t i o n  of a c e t y l e n e  to t r a n s - o l e f i n  1 1  u s i n g  Na /L iq  N H 3  

fo l lowed  b y  a c e t y l a t i o n  g a v e  2, w h e r e a s  L i n d l a r  r e d u c t i o n  of 

c o r r e s p o n d i n g  acetate 12 p r o d u c e d  t h e  phe romone  3 (Scheme  3 ) .  
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APROAEREMA MODICELLA 4037 

OAc 

1 - 
ANVw 

OAc 
2 - 

O A c  

Scheme - 1 

OH c OH d r = w  ---w - I  
8 - 7 - 

Reagents : a )  NaNHZ I 1,3-diamiropmpane 
diethylamine,ether; c) P-2 Nickel,EtOH,. d) A c 2 0 , D H A P  ,pyridine 

b) CH2=CHBr, Pd(PPhj14,CuI, 

Scheme 2 

EXPERIMENTAL 

I R  s p e c t r a  w e r e  r e c o r d e d  on P e r k i n - E l m e r  1310 

s p e c t r o p h o t o m e t e r  w i t h  NaCl o p t i c s .  ’ H - N M R  s p e c t r a  w e r e  

r e c o r d e d  on Var i an  Gemini-200 i n  CDC13 s o l v e n t  con ta in ing  TMS 

as i n t e r n a l  s t a n d a r d  and  3 v a l u e s  are g i v e n  i n  Hz. Mass s p e c t r a  

w e r e  r e c o r d e d  on VG-70-70H d o u b l e  f o c u s s i n g  m a s s  s p e c t r o m e t e r  

o p e r a t i n g  at 70 eV us ing  d i r e c t  i n l e t  s y s t e m .  
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4038 YADAV, CHANDRASEKHAR, AND KACHE 

R = T H P  

10a - R - H  

9 - 

e 
- 2  - 

mO H 
1_! 

12 
Reagents : a) OHP , P T  SA I CH2C 12 ; b) L iNH2, l iq  .NH3 HMPA E t  Br; c )  PTSA , 
MeOH; d) Na/l iq.NH3 je )Ac20,0MAPlpyr id ine;  f )  Pd-CaC03,H2 I E t O H  

Sc h erne 3 

7-Octyn-1-01 (4): A s t i r r e d  suspens ion  of sodium a m i d e  (1 .4  g, 

36 mmol) i n  d r y  1 ,3-d iaminopropane  ( 2 5  m l )  was hea ted  t o  80°C 

for 0 . 5  h .  T h e  r e a c t i o n  m i x t u r e  w a s  cooled to 0 ° C  and t r e a t e d  

wi th  a l c o h o l  6 ( I  . 5  g, 12 m m o l )  and was  hea ted  f o r  4 h a t  

80°C, quenched w i t h  ice and e x t r a c t e d  wi th  e t h e r .  T h e  e t h e r e a l  

l a y e r  was washed  w i t h  w a t e r ,  10% HCl, b r i n e ,  d r i e d  (Na SO ) ,  

concent ra ted  and on p u r i f i c a t i o n  by column chromatography 

af forded  a l k y n o l  4 (1.08 g, 72.1%). I R  ( n e a t ) :  3400, 3300,2100 

' H  N M R :  1 .2-1 .6(8H,m) ,  1 . 8 ( 1 H , t ) ,  2 .2(2H,m) ,  3 .6  c m  . 
( 2 H , t ) ,  m / z  126(M+,4%); 9 3 ( 6 2 ) ,  79(100) ,  67(87), 5 5 ( 2 2 ) ,  

41 ( 6 0 ) .  

Dec-7-yn-9-en-1-01 (7): Diethylamine  (50 m l ) ,  P d ( P P h 3 ) 4  (0.1 

g) ,  c u p r o u s  i o d i d e  (0 .1  g)  and te rmina l  a c e t y l e n i c  a l c o h o l  4 

2 4  
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A PROAEREMA MODICELLA 4039 

(2 .52 g, 20 mmol) are p laced  i n  t h e  f l a s k .  T h e  conten ts  w e r e  

warmed t o  60°C and s t i r r e d  for 1 h .  Then  v i n y l  b r o m i d e  (40  

mmol) a longwith 30 m l  of d r y  e t h e r  was a d d e d  i n  a por t ionwise  

manner a t  t h e  same t e m p e r a t u r e  keeping  co ld  f i n g e r  i n s i d e  t h e  

f l a s k  f o r  2-3 h and s t i r r e d  f o r  12 h a t  room t e m p e r a t u r e .  

During t h i s  p e r i o d ,  e t h e r  w a s  a d d e d  f o r  e f f e c t i v e  s t i r r i n g .  T h e  

suspens ion  was f i l t e r e d  o v e r  s i n t e r e d  funnel  and w e l l  r i n s e d  

w i t h  e t h e r .  T h e  filtrate w a s  concent ra ted  and  w a s h e d  w i t h  

aqueous ammonium c h l o r i d e ,  w a t e r ,  b r i n e ,  c o n c e n t r a t e d ,  d r i e d  

(Na2SOQ) and on pur i f ica t ion  by column c h r o m a t o g r a p h y  a f f o r d e d  

enyne  7 (2 .28  g ,  75%), I R  ( n e a t ) :  3400, 2210, 1600, 920 c m -  , 

' H  N M R :  1.2-1.7 (8H,m) ,  2.3 ( 2 H , t ) ,  3.6 ( 2 H , t ) ,  5.3-5.6 

(3H,m), m / z  l53(M++1,37%),  135(97) ,  117 ( 8 5 ) ,  8 0 ( 8 9 ) ,  6 7 ( 5 9 ) ,  

5 9 ( 9 8 ) ,  43(100) .  

72-,9-Decadiene-l-o1 (8) :  To a f r e s h l y  p r e p a r e d  suspens ion  of 

P-2 n i c k e l  [ ( p r e p a r e d  from n i c k e l  acetate (0 .445  g, 0.0017 mol)  

and I M  e t h a n o l i c  b o r o h y d r i d e  so lu t ion  (1.78 m l ) ]  i n  e t h a n o l  (15  

r n l )  was  a d d e d  e t h y l e n e  d iamine  (0.32 g ,  5 mmol) fol lowed by 

enyne  7 ( 0 . 3  g ,  2 mmol) i n  e t h a n o l  ( 3  m l )  and s t i r r e d  under  

hydrogen  till t h e  r e q u i r e d  amount of hydrogen  gas w a s  

a b s o r b e d .  Then t h e  r e a c t i o n  m i x t u r e  was  f i l t e r e d  o v e r  c h a r c o a l  

b e d ,  s o l v e n t  was  removed,  r e s i d u e  was  taken  i n  e t h y l  acetate, 

washed  w i t h  w a t e r ,  b r i n e ,  d r i e d  (Na SO ) ,  concent ra ted  and on 

pur i f ica t ion  by column c h r o m a t o g r a p h y  a f f o r d e d  d i e n e  8 (0 .22 

g ,71%).  IR ( n e a t ) :  3340, 2800, 2210, 1640, 920;  ' H  NMR: 1 . 1 -  

1.7 ( 8 H , m ) ,  2.1-2.3 ( 2 H , m ) ,  3 . 5  ( 2 H , t ) ,  4.9-6.0 (4H,rn) ,  6.4- 

6 .6  ( l H , d t ) ,  m/z 154(M+,21%), 9 1 ( 2 5 ) ,  79(62) ,  6 7 ( 1 0 0 ) ,  55(64) .  

1 

2 4  
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4040 YADAV, CHANDRASEKHAR, AND KACHE 

72,9-DecadienyI-l-acetate ( 1  1: To a so lu t ion  of d i e n e  a l c o h o l  8 

(0.77 g ,  5 mmol) i n  15 m l  of d r y  p y r i d i n e ,  c a t a l y t i c  amount of 

DMAP w a s  a d d e d .  T h e  r e a c t i o n  m i x t u r e  w a s  cooled t o  O°C, 

a c e t i c  a n h y d r i d e  ( 5  m l )  was  a d d e d  and  s t i r r e d  f o r  8 h a t  room 

t e m p e r a t u r e .  T h e  r e a c t i o n  m i x t u r e  was  quenched  w i t h  ice and 

e x t r a c t e d  w i t h  e t h y l  acetate, washed  w i t h  10% HCI, sodium 

b i c a r b o n a t e  s o l u t i o n ,  w a t e r ,  b r i n e ,  d r i e d  (Na SO 1, concent ra ted  

and on column c h r o m a t o g r a p h y  a f f o r d e d  pheromone 1 (0 .88 g, 

90%). I R  ( n e a t ) :  1740, 1640, 920;  ' H  N M R :  1.1-1.7 ( 8 H , m ) ,  2.0 

( 3 H , s ) ,  2.1-2.2 (2H,  m ) ,  4.0 ( 2 H , t ) ,  4.9-6.0 ( 4 H , m ) ,  6 .6  

( l H , d t ) ;  m / z  196 (Mf,21%),  136( (Mf-60 ,27) ,  79 (601,  6 7 ( 9 3 ) ,  

5 4 ( 3 7 ) ,  43(100) .  Anal.  c a l c d .  f o r  C12H2002: C ,  73.43; H ,  10.27. 

Found: C,73.40;  H,10.22. 

1 -[ (Tetrahydro-2H-pyran-2-yl)oxyl-7-octyne (9): To a so lu t ion  

of a l c o h o l  4 (1 .26 g, 10 m m o l )  at 0°C t a k e n  in  d r y  DCM, 

c a t a l y t i c  amount of PTSA was  a d d e d .  To t h i s ,  d i h y d r o p y r a n  

(1.15 g, 12 mmol) w a s  a d d e d  and s t i r r e d  at room t e m p e r a t u r e  

for 8 h.  T h e  r e a c t i o n  m i x t u r e  w a s  quenched  w i t h  sodium 

b i c a r b o n a t e ,  t h e n  washed  w i t h  w a t e r ,  b r i n e ,  d r i e d  (Na2S04) ,  

concent ra ted  and on p u r i f i c a t i o n  by column chromatography 

a f f o r d e d  a l c o h o l  THP e t h e r  9 (1.8 g, 85%). I R  ( n e a t ) :  3270, 

2800, 2100, 1240, 1150, 1120, 1070, 1025; ' H  N M R :  1.2-1.7 

(16H,m) ,  1.8 ( l H , t ) ,  2 .0-2.2 ( 2 H , m ) ,  3.3-3.9 ( 4 H , m ) ,  4.5 

( l H , b s ) ;  m / z  168(25%),  125(4) ,  85(100) ,  6 7 ( 2 3 ) ,  5 5 ( 3 5 ) ,  4 1 ( 5 2 ) .  

I - [  (Tetrahydro-2H-pyran-2-yl)oxy]-7-decyne (10): To a f r e s h l y  

p r e p a r e d  l i t h i u m  a m i d e  L p r e p a r e d  from l i th ium (0 .25  g, 36 g 

2 4  
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APROAEREMA MODICELLA 404 1 

atm) i n  l i q  N H 3  (100 m l ) ] ,  a l c o h o l  THP e t h e r  9 ( 5  g, 24 mmol) 

was  a d d e d ,  after 0 .5  h ,  5-10 m l  of HMPA w a s  a d d e d  as co- 

s o l v e n t ,  t h e n  s t i r r e d  f o r  2 h a t  -33"C, fol lowed by a d d i t i o n  of 

e t h y l  b r o m i d e  ( 5 . 2  g, 48 mmol in  10 m l  of THF) was a d d e d  and 

r e a c t i o n  m i x t u r e  was  s t i r r e d  f o r  6 h a t  -33°C. Ammonia w a s  

al lowed t o  e v a p o r a t e ,  quenched w i t h  aqueous ammonium c h l o r i d e  

and e x t r a c t e d  w i t h  e t h e r .  T h e  combined e t h e r e a l  l a y e r s  w e r e  

washed w i t h  w a t e r ,  b r i n e ,  d r i e d  (Na SO 1, concent ra ted  and on 

pur i f ica t ion  by column c h r o m a t o g r a p h y  a f f o r d e d  a l k y l a t e d  THP 

e t h e r  10 ( 4  g ,  70%). I R  ( n e a t ) :  2010, 1150, 1120, 1070, 1025; 

' H  NMR: 1 . 1  ( 3 H , t ) ,  1.2-1.7 (16H,m) ,  2.2 (4H,m), 3.3-3 .9  

(4H,m) ,  4 .5  ( I H , b s ) ;  m/z 95(13%),  8 5 ( 1 0 0 ) ,  6 7 ( 1 6 ) ,  55(22) ,  

41 ( 3 4 ) .  

7-Decyn-1-01 (10a): To a so lu t ion  of a l k y l a t e d  THP e t h e r  10 

(2.38 g ,10  mmol) i n  a q  methanol  (20  m l ) ,  c a t a l y t i c  amount of 

PTSA was  a d d e d  and s t i r r e d  at room t e m p e r a t u r e  f o r  12 h .  T h e  

s o l v e n t  was  removed under  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  

was taken  i n  e t h y l  acetate, quenched  w i t h  sodium bicarbonate  

and washed  w i t h  w a t e r ,  b r i n e ,  d r i e d  (Na SO ) ,  concent ra ted  and 

on p u r i f i c a t i o n  by column chromatography a f f o r d e d  a lcohol  10a 

(1.38 g,90%).  I R  ( n e a t ) :  3340, 2080 crn- ; ' H  N M R :  1 .1(3H, t ) ,  

1.2-1.7 (8H,m), 2.1-2.2 ( 4 H , m ) ,  3 . 6  ( 2 H , t ) ;  m/z  154(M+,4%), 

1 0 5 ( 2 9 ) ,  9 1 ( 5 2 ) ,  7 9 ( 8 7 ) ,  6 7 ( 1 0 0 ) ,  55(33) .  

7E-Decen-1-01 (11): Alkynol  10a (1 .84  g ,12  mmol) w a s  t a k e n  i n  

a f r e s h l y  d i s t i l l e d  l i q  N H 3  and s t i r r e d  v igorous ly .  To t h i s  

solut ion sodium ( I  . I  g ,  48 g atm) w a s  a d d e d  i n  small  p o r t i o n s .  

A f t e r  2 h excess sodium w a s  decomposed by  a d d i n g  ammonium 

2 4  

2 4  
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c n l o r i d e .  Dilute  aqueous  ammonia w a s  t h e n  c a r e f u l l y  a d d e d  and 

t h e  so lu t ion  was  e x t r a c t e d  w i t h  e t h e r  and washed w i t h  w a t e r ,  

b r i n e ,  d r i e d  (Na2S04) ,  concent ra ted  and on pur i f ica t ion  by 

column chromatography a f f o r d e d  t r a n s - a l c o h o l  1 1  (1 .46 g , 7 8 % ) .  

I R :  ( n e a t ) :  3340, 970;  ' H  N M R :  0.9 ( 3 H , t ) ,  1.2-1.7 (8H,m) ,  2 

( 4 H , m ) ,  3.6 ( 2 H , t ) ,  5.4 (2H,m);  m / z  156 ( M f , 6 % ) ,  9 1 ( 5 0 ) ,  

79(90) ,  6 7 ( 1 0 0 ) ,  55(30) .  

7E-Decen-I-acetate (2):  Alkenol  I 1  (1 .56  g , lO mmol) was  

a c e t y l a t e d  in  t h e  same way as d e s c r i b e d  f o r  compound 1 to g i v e  

pheromone 2 (1.78 g ,90%).  I R  ( n e a t ) :  ' H  N M R :  

0 .9  ( 3 H , t , J  7 . 5 ) ,  1.1-1.6 (8H,m) ,  1.9 ( 4 H , m ) ,  2 .05 ( 3 H , s ) ,  4.0 

( 2 H , t ,  3 = 6 . 7 ) ,  5.3-5.4 ( 2 H , m ) ;  m / z  198(M+,16) ,  138 (M+-60,46) ,  

9 5 ( 4 7 ) ,  8 2 ( 8 0 ) ,  6 7 ( 8 6 ) ,  43(100) .  Anal. c a l c d .  for  C H 0 

C,72.68,  H , 1 1 . 1 8 .  Found: C,72.66;  H,11.14. 

7-Decyn acetate (12): Alkynol  10a (1 .54  g ,  10 m m o l )  w a s  

a c e t y l a t e d  i n  t h e  same way as d e s c r i b e d  f o r  compound 1 t o  g i v e  

acetate 12 (1 .76  g, 88.8%). IR ( n e a t ) :  2080, 1750 c m - l ;  ' H  

N M R :  1 . 1  ( 3 H , t ) ,  1.2-1.8 ( 8 H , m ) ,  2 ( 3 H , s ) ,  2 .1-2.2 ( 4 H , m ) ,  4 

( 2 H , t ) ;  m / z  196(Mf,4%),  9 3 ( 3 5 ) ,  79(66) ,  6 7 ( 4 6 ) ,  5 5 ( 1 9 ) ,  43  

( 100). 

1 1750, 970 c m -  ; 

12 22 2: 

7Z-Decen-I-acetate (3): Acetate 12 (0.98 g,5 mmol) w a s  p a r t i a l l y  

hydrogenated  at a t m o s p h e r i c  p r e s s u r e  o v e r  L i n d l a r  c a t a l y s t  i n  

a b s o l u t e  e t h a n o l  ( 1 5  m l )  containing two d r o p s  of qu inol ine  till 

t h e  r e q u i r e d  amount of h y d r o g e n  was  a b s o r b e d .  C a t a l y s t  was  

f i l t e r e d  and t h e  filtrate w a s  washed  w i t h  10% HCI, w a t e r ,  

b r i n e ,  d r i e d  (Na2S04),  concent ra ted  and on p u r i f i c a t i o n  by 
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column c h r o m a t o g r a p h y  a f f o r d e d  phe romone  3 (0 .84 g,85%). I R  

( n e a t ) :  1750, 740 cm- ; ' H  N M R :  0.9 ( 3 H , t ) ,  1 .2-1.7 ( 8 H , m ) ,  

1 .8-2.1 ( 7 H ,  m ) ,  4 ( Z H , t , J  6 . 6 ) ,  5 .2-5.4 ( Z H , m ) ;  m / z  

198(M+,2%) ,  138(M+-60 ,79) ,  9 5 ( 8 5 ) ,  82(91), 67  (100) .  Anal .  

c a l c d .  for C12H2202:  C ,  72.68; H , 1 1 . 1 8 .  Found: C,72.66;  

H ,  1 1  . l 6 .  

Acknowledgements: One of u s  (R.K) t h a n k s  CSIR for a f e l l o w s h i p  
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