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SYNTHESIS OF a,a*-DIFUNCTIONAL CONJUGATED ENYNES 

Jean-Paul  C h a r p e n t i e r ,  D a n i e l l e  Mesnard and L i o n e  M i g i n i a c +  

L a b o r a t o i r e  d c  S y n t h e s e  Organique  
Groupe  da R e c h e r c h e s  de C h i m i e  O r g a n i q u e  
U n i v e r s i t h  de P o i t i e r s  - U.E.R. Sciences 

40,Avenue du Recteur P i n e a u ,  86022,  P o i t i e r s ,  FRANCE 

The  reaction of metal a c e t y l i d e s  ( I ,  A n H ,  a l k y l )  w i t h  
e p i c h l o r o h y d r i n  (11) h a s  been r e p o r t e d '  t o  g i v e  t h e  corres- 
ponding a l c o h o l s  (1111,  a lbe i t  i n  r e l a t i v e l y  l o w  y i e l d s  
owing to  t h e  formation of b y - p r o d u c t s .  W e  h a v e  now e x t e n d e d  
t h i s  reaction t o  a - f u n c t i o n a l i z e d  metal acetylides (I,  A = 

OH, CH30, ( C H 3 ) 2 N )  which  react w i t h  I1 t o  afford a,a*-di- 
f u n c t i o n a l  conjugated e n y n e s  111. As f a r  as we know, o n l y  

2 o n e  s u c h  reaction h a s  been p r e v i o u s l y  reported. 

N H 3 ( l )  + A-CH2CSCCH=CHCH20H 
2 \ 1  

A-CH2CSCM + ClCH 
0 

I I1 I11 

a )  A = OH , b) A P CH30 , c)  A = (CH3lZN. 

Though t h e  y i e l d s  are n o t  v e r y  h i g h  (30-50%), t h i s  method 
is v e r y  u s e f u l  to  p r e p a r e  r a p i d l y  a - a l c o h o l - a * - f u n c t i o n a l  
e n y n e s .  A t t e m p s  to  obta in  t h e  same c o n j u g a t e d  e n y n e s  b y  
o t h e r  r o u t e s ,  m a i n l y  by t h e  reaction of a metal d e r i v a t i v e  
of pent-2-en-4-yn-1-01 w i t h  formaldehyde '  or  w i t h  ch lorome-  
t h y 1  m e t h y l  e t h e r  f o r  I I I a  and I I I b ,  and b y  t h e  reaction o f  
pent-2-en-4-yn-1-01 w i t h  f o r m a l d e h y d e  and d i m e t h y l a m i n e  
(Mannich r e a c t i o n )  f o r  IIIc, were made ; t h e  y i e l d s  were 
u n i f o r m l y  l o w  and t h e s e  s y n t h e s e s  were much less d i r e c t  t h a n  
p r e p a r a t i o n s  f rom a - f u n c t i o n a l  metal a c e t y l i d e s .  

W e  also a t t e m p t e d  to p r e p a r e  I I I b  f rom I b  and 11, b y  u s i n g  
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CHARPENTIER, MESNARD AND M I G I N I A C  

Table 1. Reactions of a-Functional Metal Acetylides with I1 

MCnCCH2-A Metal Enyne Yield =i& trans% 

Li 

Na 
Ia 

Li 

Na 
Ib 

Li 

Na 
Ic 

3 5% 50 50 

10% 0 100 
IIIa 

50% 50 50 

30% 0 100 
IIIb 

40% 55 45 

2 8% 40 60 
IIIC 

- n-butyllithium with tetrahydrofuran and hexamethylphosphoric 
triamide as co-solvents; we obtained a quite similar result 
(yield = 48%, cis: trans = 4 5 : 5 5 ) .  
Enyne IIIb has been converted in good yields into a,al- 
difunctional enynes IV, V and VI ; it would be very diffi- 
cult to prepare these enynes via other routes. 

KOH CH30CH2CECCH=CHCH20H -jl CH30CH2CZCCH=CHCH20CH3 (86%) 

IV 
CH3 

PBr3 
CH30CH2CrCCH=CHCH20H -> CH30CH2CnCCH=CHCH2Br (80%) 

V 

CH30CH2CrCCH=CHCH2Br CH30CH2CSCCH=CHCH2N(CH3)2(60%) 
benzene 

VI 

Finally, we observed that the reaction of epichlorhydrin 
with the metal derivative of an a-functional enyne leads 
to a conjugated a,a'-difunctional dienyne VII. 
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SYNTHESIS O F  a ,a -DIFUNCTIONAL CONJUGATED ENYNES 

N H 3 ( & )  V I I  

C H ~ O C H ~ C H ~ H C Z C M  +I I 

MI L i ,  Y i e l d  = 50% , cis : t r a n s  = 40:60 , 
M= Na, Y i e l d  = 30% , cis : t r a n s  = 0: 100. 

EXPERIMENTAL 

E p i c h l o r h y d r i n  and p r o p a r g y l  a l c o h o l  are commercial pro-  
d u c t s  and were p u r i f i e d  b y  d i s t i l l a t i o n  p r i o r  t o  u s e .  Methyl  
p r o p a r g y l  e t h e r l b  and d i m e t h y l  p r ~ p a r g y l a m i n e ~  were o b t a i n e d  
f rom p r o p a r g y l  a l c o h o l  i n  80% and 62% y i e l d s  r e s p e c t i v e l y .  
The m e t h y l  e t h e r  o f  pent-4-en-2-yn-1-01 w a s  p r e p a r e d l b  i n  
8 3  'x y i e l d ,  b y  warming a m i x t u r e  of t h i s  a l c o h o l ,  m e t h y l  io- 
d i d e  and p o t a s s i u m  h y d r o x i d e  t o  a b o u t  40°.  

S y n t h e s i s  of a . a * - D i f u n c t i o n a l  C o n f u q a t e d  Enynes  111. G e n e r a l  
P r o c e d u r e .  -To a s u s p e n s i o n  o f  0.65 mole of MNH2 in 700 m l  
of l i q u i d  ammonialb,  was added  s l o w l y  0.6 mole o f  t h e  com- 
pound HCrCCH2A. A f t e r  s t i r r i n g  f o r  1 5  min., a n  e t h e r e a l  s o l u -  
t i o n  of 0.3 mole ( 2 8 9 . 1  o f  e p i c h l o r h y d r i n  w a s  added  o v e r  a 
p e r i o d  of 15-20 min.. A f t e r  s t i r r i n g  a t  -33. for Sh., e t h e r  
(160 m l ) ,  powdered NH4C1 ( 2 0 9 )  and water ( 3 0 0  m l )  were ad- 
d e d .  The ammonia w a s  allowed t o  e v a p o r a t e  and t h e  a q u e o u s  
p h a s e  was e x t r a c t e d  w i t h  5 x 100 m l  o f  e t h e r .  The combined 
e x t r a c t s  were d r i e d  o v e r  K2C03.  The e t h e r  w a s  removed 
- v a c u o  (water pump) and t h e  p r o d u c t  w a s  d i s t i l l e d  u n d e r  r e d u -  
c e d  p r e s s u r e .  

Remark : I n  t h e  case o f  p r o p a r g y l  a lcohol ,  o n l y  0 . 3  mole of 
t h i s  a l c o h o l  and 0.15 mole o f  e p i c h l o r h y d r i n  were u s e d .  

S y n t h e s i s  o f  Enynes  I V ,  V and V I  - Enyne I V  was o b t a i n e d  a f -  
terlb b y  r e a c t i n g  a t  40. 0 - 2 5  mole (31 .59)  of e n y n e  I I I b  

w i t h  0.575 mole ( 8 2 . 5 9 )  o f  m e t h y l  i o d i d e  and 0.9 mole (509) 
o f  p o t a s s i u m  h y d r o x i d e .  
Enyne V w a s  p r e p a r e d  after4 b y  r e a c t i n g  a t  0' 0.05 mole 
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CHARPENTIER, MESNARD AND M I G I N I A C  

T a b l e  2. Physical Characteristics of a ,cL' -Di funct iona l  Con- 
j u s a t e d  Enynes.  

Enynea 20 b p . / t o r r  nD 

111. & HOCH2CrCCH=CHCH20H 

111. t r a n s  HOCH2CICCH=CHCH20H 

127- 1 .5340  
1 2 8 * / 0 . 1  

129- 1.5405 
1 3 0 ° / 0 . 1  

IIIb CH30CH2C3CCH-CHCH20H 90°/0.2 1.4932 

IIIb t r a n s  CH30CH2CSCCH=CHCH20H 132./17 1.5046 

IIIC (CH3)2NCH2CECCH=CHCH20H 94./0.1 1.5085 

IIIc t r a n s  (CH3)2NCH2CSCCH=CHCH20H 139- 1.5145 
140° /13  

IV CH30CH2CECCH=CHCH20CH3 92O/13 1.4748 

IV t r a n s  CH30CH2CiCCH=CHCH20CH3 9 5 " / 1 3  1.4805 

V & CH30CH2CECCH=CHCH2Br 114 /17  

v -  t r a n s  CH30CH2CzCCH=CHCH2Br 117O/17 

VI cfs CH30CH2CECCH=CHCH2N(CH3)2 1 0 4 * / 1 7  1.4789 

VI t r a n s  CH30CH2CsCCH~CHCH2N(CH3)2 1 0 6 * / 1 7  1.4838 

128O/0.3 1.5458 VII CH30CH2CH=CHCZCCH=CHCH20H t 
VII t r a n s  CH30CH2CH=CHC%CCH=CHCH20H t 13O'/O- 3 1 5 4 9 6  

a.  Each isomer was p u r i f i e d  by p r e p a r a t i v e  g.1.c. (SE 3 0 )  

a f t e r  d i s t i l l a t i o n .  
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SYNTHESIS OF a,al-DIFUNCTIONAL CONJUGATED E " E S  

Table 3. Elemental Analysis and Partial Spectra Data 
Elemental Analysis 
% Calculated (% Found) 

C H N(ou NMR 'Ha IRb 

IIIa 64.26 
cis (64.30) 
IIIa 64.26 
trans(64.20) 

- 
- 
IIIb 66.64 
C i s  (66.60) - 
IIIb 66-64 
trans(66.56) - 
IIIc 69.03 - Cis (68.93) 

IIIc 69.03 
trans ( 69.14 1 - 
IV 68.55 
Cis (68.43) 
IV 68.55 - trans(68.60) 
V 44 048 

v 44.48 - trans(44.38) 
VI 70.55 - cis (70.50) 

- 

- c is  (44.55) 

VI 70.55 
trans(70.62) - 
VII 71.03 - Cis (70.94) 

VII 71.03 
t ran8 ( 7 1.12 1 - 

7.19 
(7.15) 
7.19 
(7.25) 
7.99 
(7.90) 

7.99 
(8.03) 

9.42 10.05 
(9.48)(10.10) 

9.42 10.05 
(9.35)(10.08) 

8.63 
(8.69) 
8.63 
(8.59) 
4.80 42.27 
(4.76) (42.10) 

9.87 9.14 
(9.80)( 9.20) 

9.87 9.14 
(9.78)( 9.08) 

7.95 
(7.99) 

7.95 
(7.89) 

4.25(1~,4H),4.80(~,2H), 3350,1630, 
5.85(a, 2H, J-11 Hz) 740 
4.15(~,4H),4.85(r,2H), 3350,1635, 
5.9O(m,2H),J-16 Hz) 960 

4.25(~,4H),5.95(rn,2H), 740,1095 

3.30(8,3H),3.95(s,lH), 3350,1635, 
4.15(a,4H),6.00(m,2H), 955,1100 

2.25(~,6H),3.35(8,2H), 3350,1620, 
4,25(d,ZH),4,35(s,lH), 740,1040 
5.85(m,2H,J=ll Hz) 
2.20(~,6H),3.30(~,2H), 3350,1630, 
4.10(d, 2H), 4.65( s, 1H) , 955,1025 
6.00(n,2H,J=15.6 Hz) 
3.30(2s,6H),4.15(m,4H),1625,740, 
5.85(m,2H,J=ll Hz) 1115 
3.30(2~,6@,4.00(m,4H), 1635,955, 

3.30(~,3H),4.15(rn,4H), 1625,735, 
5.95(m,2H,J=l0.8 Hz) 1110 
3.35(~,3H),4.00(~,4H), 1630,955, 
6.05(s,2H,J=15.5 Hz) 1110 
2.20(~,6H),3.lO(d,2H), 1620,730, 
3.35(~,3H),4.25(d,2H), 1095,1040, 
5.90(m, 2H, J-11 Hz) 
2.10(~,6H),2.90(d,2H), 1630,950, 
3.25(~,3H),4.OS(d,2H), 1090,1045 

3.30(~,3H),3.55(s,lH), 3350,1660, 
3.90(d,2H),4.25(d,2H), 1630,955, 
5.90(111,4H) 740,1125 

3.90(d,2H),4.10(d,2H), 1640,960, 

3.35(~,3H),3.60(s,lH), 3350,1630, 

J~10.7 Hz) 

J~15.7 Hz) 

5.95(a,2H ,Jm16 Hz) 1120 

5*90(n,2H),J=15.8 Hz) 

3.30(~,3H),3.80(s,lH), 3350,1665, 

6 .O(m, 4H) 1120 

a. 

b e  

Recorded on a Perkin-Elmer R 24 A spectrometer, 
expressed in & relative to TMS. 
Recorded on a Beckman IR 4240 spectrometer, expressed 
in cm'l ; all these products show also one band of weak 
intensity at 2210 (CnC). 
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CHARPENTIER, MESNARD AND MIGINIAC 

(13.5 g )  of PBr3 w i t h  0.12 mole ( 2 5 . 2 9 )  of e n y n e  I I I b ,  i n  
s o l u t i o n  i n  a n h y d r o u s  e t h e r  ( 4 0  m l ) .  

Enyne V I  was o b t a i n e d  a f t e r 5  b y  r e a c t i n g  a t  20' a s o l u -  
t i o n  of 0.06 mole (11.3 g )  of e n y n e  V i n  a n h y d r o u s  b e n z e n e  
( 1 5 m l )  w i t h  d s o l u t i o n  o f  0.12 mole ( 5 . 4 9 )  of d i m e t h y l a m i n e  
i n  a n h y d r o u s  b e n z e n e  ( 3 0  m l ) .  

S y n t h e s i s  of e n y n e  V I 1 . -  T h i s  e n y n e  w a s  p r e p a r e d  i n  t h e  sa- 
m e  way as I11 frcin 0.6 mole ( 5 7 . 6 9 )  of e n y n e  I I I b  t r a n s .  
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