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SYNTHETIC COMMUNICATIONS, 21(18&19), 1941-1949 (1991) 

AN IMPROVED PROCEDURE FOR THE SYNTHESIS OF TERMINAL AND 

INTERNAL ALKYNES FROB 10-UNDECENOIC ACID 

* 
S-Narasimhan , H.Mohan and N.Palani 
Centre for Agrochemical Research, 

SPIC Science Foundation, Mount View, 110, Mount Road, 
Guindy, Madras 600 032. INDIA. 

Abstract: A remarkable solvent preference for 
dehydrobromination to yield 10-Undecynoic acid (5) 
and 9-Undecynoic acid (6) is observed in the case 
of 101ll-dibromoundecanoic acid (1). Thus, 10-Undecenoic 
acid can be easily and quantitatively converted to 
- 6 in PEG-400, while 2 is produced in PEG-200. 2 can 
also be obtained in non-polar solvents with PEG-200/400 
as a phase transfer catalyst. 

Terminal and internal alkynoic acids dervied from 

10-Undecenoic acid are valuable intermediates in 

the synthesis of pheromones such as E , E-10 ,12-Hexadeca- 
Z,E-9,ll-tetradecadienyl acetate and dienal , 

ZIE-9,12-tetradecadienyl acetate . E a r l i e r  method 

reported for the synthesis of 10-Undecynoic acid (5) 

involved the use o f  sodamide in liquid ammonia at 

-78"C4; under similar conditions , only 38-49% yield 

was reported by Khan ; in a different method, the 

reaction had to be done for a longer time (12 hours) . 
(The literature reported reaction conditions and 

*To whom correspondence should be addressed 
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1942 NARASIMHAN, MOHAN, AND PALANI 

Table 1: L i t e r a t u r e  data on dehydrobromination of (1): 

S . N o .  Base/ Reaction t i m e  ( h p r o d u e  Yield Reference 
Solvent tempera ture  ( " C )  ( % )  

1 N a N H 2 /  - / -78 5 80 4 

2 N a N H 2 /  - / -78 5 38-49 5 

Liq. N H 3  

f i q .  N H 3  

3 KOH/PTC 1 2  / 85 
m onogly me 

5 80 6 

4 K O H  0.5 /  200 6 48.5 7 

5 K O H  8 / 160 5 32  8 

y i e l d  d a t a  a r e  s u m m a r i s e d  i n  T a b l e - 1 ) .  The  me thod  

r e p o r t e d  f o r  t h e  p r e p a r a t i o n  o f  6 were a c c o m p a n i e d  b y  

l o w  y i e l d ' .  T h i s  p r o m p t e d  u s  t o  s t u d y  t h e  d e h y d r o -  

b r o m i n a t i o n  i n  d e t a i l  a n d  o p t i m i s e  t h e  c o n d i t i o n s  f o r  

p r e p a r i n g  2 a n d  6. 

I t  i s  known t h a t  d e h y d r o b r o m i n a t i o n  p r o d u c e s  s e v e r a l  

i n t e r m e d i a t e s  ( 2 - 4 ) :  (Scheme:  n e x t  p a g e )  

The e x c l u s i v e  f o r m a t i o n  of a n y  o f  t h e s e  species would  

be v e r y  v a l u a b l e  i n  phe romone  s y n t h e s i s .  F o r  e x a m p l e l  

t h e  t e r m i n a l  v i n y l  b r o m i d e  ( 2 ) ,  i f  o b t a i n e d  i n  good  

y i e l d ,  c o u l d  be f u r t h e r  u s e d  f o r  c o u p l i n g  w i t h  t h e  

v i n y l  b o r a n e  t o  p r o d u c e  Bombykol lo.  T h e r e f o r e ,  i t  

i s  e s s e n t i a l  t o  s t u d y  t h e  r e a c t i o n  u n d e r  d i f f e r e n t  
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SYNTHESIS OF T E R M I N A L  A N D  I N T E R N A L  A L K Y N E S  1 9 4 3  

SCHEHE 

BrCH2CHBrCH2(CH2)6CH2C008 

BrCH=CHCH2(CH ) CH COOH + H2C=CBrCB2(CH2)6CE2COOB 
2 6  2 

3 

+ H2C=C=CHCH2(CH ) CH COOH 

- 2 - 

2 5  2 

HC~CCH2(@H2)6CH2COOH + H3CClCH2(CH2)6CH2WOH 

6 - 5 - 

c o n d i t i o n s  i n  o r d e r  t o  o p t i m i s e  t h e  f o r m a t i o n  o f  t h e  

p r e f e r r e d  p r o d u c t .  

A c c o r d i n g l y r  w e  s t u d i e d  t h e  d e h y d r o b r o m a t i o n  o f  1. 
( o b t a i n e d  by  t h e  b r o m i n a t i o n  o f  1 0 - U n d e c e n o i c  a c i d )  

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

i n  e a c h  case w e r e  a n a l y s e d  by l H - N M R l l  and 1 3 C - N M R .  

The  r e s u l t s  a r e  i n d i c a t e d  i n  T a b l e - 2 .  

I t  i s  e v i d e n t  f rom T a b l e - 2  t h a t r  e m p l o y i n g  e i t h e r  

excess  o f  a w e a k e r  b a s e  ( f i v e  e q u i v a l e n t s  of  p o t a s s i u m  

c a r b o n a t e )  o r  two e q u i v a l e n t s  o f  p o t a s s i u m  h y d r o x i d e  

r e s u l t s  i n  t h e  f o r m a t i o n  o f  40% o f  - 5 ( e n t r i e s  1 - 4 ) ,  

t h e  r e m a i n i n g  b e i n g  a m i x t u r e  o f  2, 2 a n d  2. T h e r e  was 

no r e a c t i o n  i n  t h e  p r e s e n c e  o f  b a s e s  s u c h  as  t r i e t h y l  
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1944 NARASIMHAN, MOHAN, A N D  PALANl 

a 
Table 2: Dehydrobrorninatim of 10,ll-dibmmoundecanol 'c acid(1):- 

solvent/  % productb  

reaction t i m e ( h )  2+3MC 5 6 
S.No. Base ( e q u i v )  

-- 1 K2C03  (5) PEG - 200/2 58 42 

-- 2 K2C03 (5) P E G  - 400/2 65 35  

-- 3 KOH (2) PEG - 2001'2 60 40 

4 KO H ( 2 )  PEG - 4001'2 61 39 -- 

5 K OH ( 4 )  PEG - 200/2 25 75(73) -- 

6 KOH ( 4 )  PEG - 200/3 28 62(60)  10 

7 KOH (4 )  P E G  - 4 0 / 1  5 1 7  78(75) 

8 K OH ( 4 )  PEG - 400/2 5 -- 95(93) 

90(88) 9 KOH (4) PEG - 403/0.5d 10 -- 

10 K O H  (4) c y ~ l o h e x a n e / 2 ~  30 7 0 ( 6 7 )  -- 

11 KOH ( 4 )  cyclohexane/2 32  68(65)  -- 

a A l l  r e a c t i o n s  a r e  c a r r i e d  o u t  a t  1 2 5 " C ,  u n l e s s  

b Based o n  ' H - i n t e g r a t i o n  of p e a k s  d u e  t o  ZCZCCR a n d  

B CCZCCE12 w i t h  r e s p e c t  t o  CE12C003: v a l u e s  i n  t h e  -3 p a r a n t h e s i s  i n d i c a t e  i s o l a t e d  y i e l d s .  

c f u e  t o  t h e  c o m p l e x i t i e s  i n  t h e  v i n y l  r e g i o n  i n  t h e  
H-NMR s p e c t r u m ,  i n d i v i d u a l  s p e c i e s  (2 ,  3 a n d  4 )  

s p e c i f i e d  . 
-2 

c o u l d  n o t  b e  e s t i m a t e d .  

d R e a c t i o n  t e m p e r a t u r e :  200°C 

e R e a c t i o n  t e m p e r a t u r e :  80°C ; PEG-200 

f R e a c t i o n  t e m p e r a t u r e :  8 0 ° C ;  PEG-400 
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SYNTHESIS OF TERMINAL AND INTERNAL ALKYNES 1945 

a m i n e  and  p y r i d i n e .  A l s o ,  n o  a p p r e c i a b l e  r e a c t i o n  w a s  

o b s e r v e d  w i t h  p o t a s s i u m  h y d r o x i d e  i n  n o n - p o l a r  s o l v e n t s .  

Wi th  e x c e s s  o f  p o t a s s i u m  h y d r o x i d e ,  5 i s  f o r m e d  

p r e d o m i n a n t l y  i n  P E G - 2 0 0  ( e n t r i e s  5-6) a n d  - 6 i s  

o b t a i n e d  i n  major a m o u n t s  i n  P E G - 4 0 0  ( e n t r i e s  7 - 9 ) .  

A l t h o u g h  - 6 is  p r o d u c e d  i n i t i a l l y ,  i t  a p p e a r s  t h a t  t h e  

i s o m e r i s a t i o n  r e a c t i o n  i s  f a s t e r  i n  P E G - 4 0 0  p r o d u c i n g  

- 6 e x c l u s i v e l y  i n  two  h o u r s  ( e n t r y  8 ) ,  w h i l e  i t  i s  o n l y  

1 0 %  i n  P E G - 2 0 0  a f t e r  t h r e e  h o u r s  ( e n t r y  6 ) .  T h i s  c o u l d  

b e  a t t r i b u t e d  t o  t h e  more p o l a r  n a t u r e  o f  t h e  s o l v e n t ,  

v i z , ,  P E G - 4 0 0 .  Hence ,  i t  is  p o s s i b l e  t h a t  more of 2 
c o u l d  be o b t a i n e d  i n  a n o n - p o l a r  s o l v e n t .  

I t  s h o u l d  b e  n o t e d  t h a t  t h e r e  i s  n o  r e a c t i o n  i n  h e x a n e  

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

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

c o u l d  f a c i l i t a t e  d e h y d r o b r o m i n a t i o n .  T h i s  i s  

d e m o n s t r a t e d  i n  t h e  d e h y d r o b r o m a t i o n  of 1 i n  c y c l o -  

h e x a n e  w i t h  P E G - 2 0 0  ( o r  P E G - 4 0 0 )  b e i n g  employed  o n l y  

a s  a p h a s e  t r a n s f e r  c a t a l y s t ,  i n s t e a d  of  A l i q u a t - 3 3 0  , 
w h e r e i n  - 6 i s  n o t  a t  a l l  f o r m e d  ( e n t r i e s  1 0 - 1 1 ) .  Also, 

u n d e r  t h e s e  c o n d i t i o n s ,  l r 2 - d i b r o m o d e c a n e  p r o d u c e d  

1 - d e c y n e  i n  70% y i e l d .  

6 

I n t e r e s t i n g l y ,  a f a c i l e ,  q u a n t i t a t i v e  c o n v e r s i o n  of  

1 t o  5 o c c u r s  i n  P E G - 4 0 0  a t  2 0 0 ° C  i n  j u s t  t h i r t y  

m i n u t e s  ( e n t r y  9 ) .  T h i s  i s  i n  c o n t r a s t  t o  t h e  p r o c e d u r e  

- 

I r e p o r t e d  e a r l i e r  . 
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1946 NARASIMHAN, MOHAN, AND PALANI 

The r e s u l t s  i n d i c a t e  t h a t  optimum c o n d i t i o n s  c o u l d  b e  

o b t a i n e d  f o r  t h e  p r e p a r a t i o n  o f  1 a n d  - 6! b u t  more  

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

b r o m i d e  ( 2 ) .  I n  t h e  p r e s e n c e  o f  a p h a s e  t r a n s f e r  

c a t a l y s t  ( e v e n  PEG-400) , n o n - p o l a r  s o l v e n t s  a r e  u s e f u l  

t o  p r o d u c e  t e r m i n a l  a l k y n e s ,  i n  g e n e r a l .  

A l l  reagents were of commercial qua l i ty  from f r e sh ly  opened 
containers. Melting points are uncorrected. H-NMR and UC-NMR 
were recorded  on a J E O L  GSX 403 NMR Spectrometer. I R  spec t r a  
were recorded on a Bruker FT-IR IFS 85 Spectrophotometer. 

EXPERIMENTAL 

10-Undecynoic acid (5): 

( i )  A s l u r r y  of p o t a s s i u m  h y d r o x i d e  ( 2 2 . 4 9 ,  400mmol) 

i n  PEG-200 (100mL)  is  s t i r r e d  and  h e a t e d  t o  1 2 5 " C I  

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

- 1 ( 3 4 . 4 9 ,  100mmol) i s  a d d e d  i n  d r o p s .  Two h o u r s  a f t e r  

t h e  a d d i t i o n  o f  1, t h e  r e a c t i o n  m i x t u r e  i s  c o o l e d ,  

n e u t r a l  i s e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  

( c h e c k e d  w i t h  pH p a p e r ) .  The  m i x t u r e  i s  e x t r a c t e d  

w i t h  c h l o r o f o r m :  h e x a n e  ( l : 3  v / v I  4xlOOmL). The  o r g a n i c  

e x t r a c t s  a r e  c o m b i n e d ,  washed  w i t h  b r i n e  ( 2  x l O O m L ) ,  

w a t e r  ( 2  x 100mL) a n d  d r i e d  o v e r  a n h y d r o u s  sod ium 

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

brown l i q u i d !  wh ich  i s  d i s t i l l e d  t o  o b t a i n  t h e  p u r e  

p r o d u c t .  b . p .  1 8 0 ° C / 1 5 m .  The d i s t i l l a t e  c r y s t a l l i s e d  

on  s t a n d i n g .  m.p.42"C ( R e f L L  m . p . 4 2 " C ) .  Y i e l d :  1 3 - 7 9  

( 7 5 8 ) .  
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S Y N T H E S I S  OF  T E R M I N A L  A N D  INTERNAL A L K Y N E S  1947 

( i i )  A m i x t u r e  of  p o t a s s i u m  h y d r o x i d e  ( 4 . 4 8 g ,  80mmol) ,  

c y c l o h e x a n e  ( 20mL) , PEG-200/400 ( 2mL) and  1 ( 6  - 8 8 9 ,  

20mmol) is  s t i r r e d  a t  80°C f o r  two h o u r s .  A s i m i l a r  

work-up a s  g i v e n  above  f o l l o w e d  by d i s t i l l a t i o n  y i e l d s  

- 5 1  which c r y s t a l l i s e s  on s t a n d i n g .  Y i e l d :  2.6g ( 7 0 % ) .  

I R  (CC14): = 3300(  E-C-C) I 3150(OH) I 2250(  C F C )  I 

1 7 1 7 ( ~ = 0 ) c r n - l  

'E-NMR ( C D C ~ ~ / T M S ) :  3 = 1.35-1.5 (m, 1 2 H ) ,  
1 . 9 5  ( t i  l E t  ECZC)  
2 .175  (m, 2Hi CFCCEJz) 

10 .85  ( s ,  la, COOEJ) ppm. 
2.35 (ti  2 8 ,  CIM2CCXDA) 

13C-NMR (CDC13/THS): 6 = 18 .701  ( t ,  F C C E 2 ) ,  
24,59O-29.946-[ti  (CE2)61 I 
34.077 (ts HOOCCE2)r - 
68.260 ( d ,  E ~ L ) ,  
84.517 ( s ,  EC-C), 
180.540 ( s ,  $&€I) ppm. 

9-Undecynoic acid ( 6 ) :  

( i )  A s l u r r y  of p o t a s s i u m  h y d r o x i d e  ( 2 2 . 4 9 ,  400mmol) 

i n  PEG-400 ( 1 0 0 m L )  i s  s t i r r e d  and h e a t e d  t o  125°C t o  

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

- 1, ( 3 4 . 4 9 ,  100mmol) i s  added i n  d r o p s .  Two h o u r s  a f t e r  

t h e  a d d i t i o n  o f  I, t h e  r e a c t i o n  m i x t u r e  i s  c o o l e d r  

n e u t r a l i s e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  

( c h e c k e d  w i t h  pH p a p e r )  and e x t r a c t e d  w i t h  cho lo fo rm:  

hexane  (1:3 v / v ,  4 x 1 0 0 m L )  m i x t u r e .  The e x t r a c t s  

a r e  combined,  washed w i t h  b r i n e  ( 2  x 100mL), w a t e r  

( 2  x 1 0 0 m L )  a n d  d r i e d  o v e r  a n h y d r o u s  sodium s u l f a t e ;  

c n e  s o l v e n t  e v a p o r a t e d  t o  g i v e  a r edd i sh -b rown  l i q u i d ,  
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1948 NARASIMHAN, MOHAN, A N D  PALANI 

wnich i s  d i s t i l l e d .  b.p.128"C/0.4mm. The d i s t i l l a t e  

s o l i d i f i e d  i m m e d i a t e l y .  m.p.58"C ( R e f 1 3  m.p.58"C).  

Y i e l d :  16 .949  ( 9 3 % ) .  

( i i )  A t  2OO0C, t h e  r e a c t i o n  is  c o m p l e t e  i n  t h i r t y  

m i n u t e s ;  a s'imilar work-up p r o c e d u r e  y i e l d s  5 i n  88% 

y i e l d  (169). 

I R  (CClq): v = 3 1 5 0 ( O 8 )  , 2250(C=C) , 1 7 1 5 ( C = O ) ~ r n - ~ .  

'8-NMR (CDC13/TWS): 6 = 1 .35-1 .5  ( m ,  l O E ) ,  
1 . 7 6 3  (t, 381 E J 3 C C E ) J  

2 .12  (m, 2 8 ,  CZCCB ) ,  

1 0 . 8 5  (I, PFI, SOO!) ppm. 

3- 

-2 
2.35 ( t i  2B, EJCCOOEI), 

13C-NHR (CDC13/TMS): 6 = 3 . 4 6 1  ( 9 ,  B CCZ)  I 

18 .701  (t, 3 CcE,) , 
24.651-28.977 [ t i  (CH2)5] I 

34.107 ( t i  ~82COOE)  r 

75 .455  ( s ,  €l3CCX) , 
79.280 ( s ,  CZSCE2), 
180.312 ( s ,  - COOE) ppm. 
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