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The nueleophilic addition of amines  to butadiyne [1,2] and to some diynie alcohols and glycols [3-6] 
has been studied fair ly thoroughly,  but the addition of amines to 1,3-alkadiynes with more  than four carbon 
atoms in the chain has not been studied. We here  repor t  a study of this question. 

We have found that in the react ion of 1,3-pentadiyne (I) with 30% aqueous solutions of dimethyl-  and 
die thyl-amines  at room tempera tu re  mixtures  a re  formed of the N,N-d ia lky l - l -pen ten-3-ynylamines  (II) 
and 1- (d ia lky lamino) - l -pen ten-3-ones  (III). 
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The pe r fo rmance  of this react ion at higher t empera tures  or for a long t ime at room tempera tu re  leads to 
the formation of only the 1- (d ia lkylamino)- l -penten-3-ones  (III). This indicates tMt  in presence  of the 
secondary  amine the enamine (II) is readi ly  conver ted  into (III), and this was confirmed by a special  experi-  
ment. Aecord ing to the  IR and UV spect ra  the keto group in the 1- (d ia lky lamino)- l -penten-3-ones  (III) is 
conjugated with the double bond, and their  s t ruc tu re  as products of the addition of the amino group at the 
terminal  carbon was confirmed by the convers ion of (III) by acid hydrolysis  into 1,3,5- tr ipropionylbenzene 
(IV) [7]: 
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Also, on react ion with p-ni t rophenylhydrazine  in acetic acid the 1- (d ia lkylamino)- l -penten-3-one (IIIb) gives,  
in accordance  with its s t ruc ture ,  a mixture  of the known 3- and 5 -e thy l - l -p -n i t ropheny lpyrazo les  [8]. 

It is known that the nucleophilic addition of alcohols and thiols to diynes and polyynes usually leads 
to the formation of cis i somers  [9, 10], although somet imes a mixture of both geometr ic  i somers  is formed 
[9]. The IR spectra  of our products  (IIa) and (IIb) contain absorpt ionbands at 690 and 931 cm -~ and is indi- 
cative of the presence  of both the cis and the t rans  i somer  in these products  with a predominance of the 
former .  When the products  were  heated, ready isomeriza t ion of cis into t rans  was observed,  and as a r e -  
sult it was not possible to determine the percent  composit ion of the react ion products  with the aid of g a s -  
liquid chromatography.  

* This ar t ic le  is published in accordance  with a resolut ion of the Conference of Edi to rs - in -Chie f  of Journals  
of the USSR Academy of Sciences of July 12, 1962, as a d isser ta t ion paper by E. A. t~l 'perina. 

N. D. Zelinskii Institute of Organic Chemistry ,  Academy of Sciences of the USSR. Transla ted  f rom 
Izvest iya Akademii  Nauk SSSR, Seriya Khimicheskaya,  No. 10, pp. 1803-1806, October,  1966. Original 
ar t ic le  submitted Apri l  6, 1966. 

1739 



Unlike N,N-dia lkyl - l -buten-3-ynylamines  [1], our N,N-dia ikyl - l -penten-3-ynylamines  (IIa) and (rib) 
a re  not hydrated when shaken with water  for 24 h, and when heated in aqueous solutions they resinify. 
However, on acid hydrolysis  their  simultaneous hydration occurs ,  which leads to the formation of (IV); si- 
multaneously there  is considerable  resinification. It is interesting that in the react ion of 1,3-pentadiyne 
(I) with a 30% aqueous solution of piperidine an enarnine of type (II) is not formed,  and the main product is 
1 -p iper id ino- l -pen ten-3-one  (IIIc) together  with a crys ta l l ine  substance of m.p. 68 ~ When heated with 
water ,  the lat ter  is readily converted into (IIIc), and pre l iminary  data indicate that it has t h Jcompos i t i on  
CsH 4 �9 CsHIIN �9 3H20. 

We have shown previously [11] that, under the conditions for the nucleophilic addition of an alcohol, 
1,3-octadiyne (V) is is omer ized  into 2,4-octadiyne (VIII). It was of in t e res t  to determine whether the addi- 
tion of a secondary amine to (V) can be effected. It was found that at room tempera tu re  the addition of the 
amine does not occur,  but (V) is slowly isomerized.  However, when the lat ter  was boiled for 2 h with a 50% 
aqueous solution of diethylamine a mixture was formed of the i someriza t ion product (VIII) and 1- (diethyl- 
amino ) - l -oc t en -3 -one  (via), the s t ruc ture  of which was confirmed by spect ra l  data and by its conversion 
on acid hydrolysis  into 1,3,5-trihexanoylb enz ene (VII). 
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It was also shown that under these conditions the amine does not add to 2,4-actadiyne (VIII). The addition 
of piperidine to 1,3-octadiyne (V) goes still m o r e  readily.  The resul t  is analogous to that obtained in the 
case of (I): 1 -p ipe r id ino- l -oc ten -3 -one  {VIb) is formed together  with a crys ta l l ine  product of m.p. 72 ~ 
whose s t ruc ture  is being studied. 

E X P E R I M E N T A L  

R e a c t i o n  o f  1 , 3 - P e n t a d i y n e  (I) w i t h  D i m e t h y l a m i n e .  A mixture of 2 g o f  (I) and30 
ml of 30% aqueous dimethylamine solution was shaken for 10 h. The react ion mixture was extracted with 
chloroform,  and the chloroform solution was dried with potass ium carbonate.  In the fractionation we iso- 
lated 0.8 g of (I), 0.4 g of N,N-d imethy l - l -pen ten-3-ynylamine  (IIa)[B.p. 65-67 ~ (12 mm); nD 2~ 1.5400;h max 
273 m# (e 12100, in aleohol);v 692,945, 1575, 1630, 2218 cm -1. Found %: C 77.35, 77.47; H 10.28, 10.09; N 13.14, 
13.31. CTHilN. Calculated %: C 77.01; H 10.16; N 12.83], and 0.4 g of 1- (d imethylamino)- l -penten-3-one  
(IIIa); b.p. 120-122 ~ (10 ram); nD 2~ 1.5460; Xma x 303 m/~ (e 250,000, in alcohol); u 1568,1618, 1663 cm -l.  
Found %: C 66.21, 66.05; H 10.34, 10.37; N 11.18, 11.36. CTH13ON. Calculated %: C 66.10; t] 10.30; N 11.01. 

R e a c t i o n  o f  1 , 3 - P e n t a d i y n e  (I) w i t h  D i e t h y l a m i n e .  In a s imi lar  way from 3 g o f ( I )  
and 60 ml of 50% aqueous diethylamine solution we obtained 2 g of (I), 0.2 g of N,N-d ie thy l - l -pen ten-3-ynyl -  
amine (IIb)[B.p. 70-71 ~ (10 ram); nD2~ 1.5092; kma x 275 m# (e 13,000, in alcohol); u 690,931, 1570, 1626, 
2210 cm -1. Fomzd %: C 78.84, 78.72; H 10.80, 10.42;N 10.08, 10.13. CgHisN. Calculated 70: C 78.77; H 11.02; 
N 10.21.], and 0.3 g of 1-(die thylamino)- l -penten-3-one (IIIb); b.p. 129-130 ~ (10 ram) nD 2~ 1.5330; Xmax 
305 m# (26,000, in alcohol); u 1562, 1618, 1665 cm -1. Found %: C 69.08, 68.92; H 10.84, 10.91; N 9.06, 
9.10. CgHi7ON. Calculated %: C 69.63; II 11.04; N 9.02. 

When a mixture of 2.7 g of (I) and 30 ml of 5070 aqueous diethylamine solution was boiled for 2 h, we 
obtained 3.5 g of (IIIb). 

T r a n s f o r m a t i o n s  o f  1 - ( D i e t h y l a m i n o ) - l - p e n t e n - 3 - o n e  ( I I I b ) .  0.8 go f ( I I Ib )  was 
heated with 10 ml of 10~0 sulfuric acid at 70 ~ for 30 rain. The white flocs which came down were extracted 
with e ther ,  and the extract  was dried with magnesium sulfate. In the fractlonation we obtained 0.4 g (78%) 
of 1,3,5-tr ipropionylbenzene (IV), b.p. 135 ~ (0.4 ram), m.p. 96 ~ (water); v 1540, 1598, 1698 cm -1. Found %: 
C 73.21, 74.04; H 7.62, 7.59. C15H1803. Calculated %: C 73.14; H 7.36. 
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A mixture of 0.24 g of {IIIb) and 0.28 g of p-ni t rophenylhydrazine in 30 ml of acet ic  acid was boiled 
for 30 rain. On dilution of the react ion mixture with an equal amotmt of water  we isolated 0.25 g of an 
o range-ye l low crystal l ine  product.  From this by fractional  crys ta l l iza t ion we isolated 3 - e t h y l - l - p - n i t r o -  
phenylpyrazole,  m.p.  121-122 ~ (50% acet ic  acid); and 5 -e thy l - l -p -n i t ropheny lpyrazo le ,  m.p.  111-112 ~ (50% 
acet ic  acid); t h e s e  were  identical in melt ing points and UV spect ra  to the samples descr ibed ear l ie r  [8]. 

H y d r a t i o n  o f  N , N - D i e t h y l -  1 - p e n t e n - 3  - y n y l a m i n e  (IIb). A mixture of 0.2 g of (IIb) and 
10 mI of 50% aqueous diethylamine solution was left for two days at room tempera ture .  After  the usual 
t rea tment  we obtained 0.15 g of (IIIb), identical in its ehromatogram to the substance descr ibed above. G a s -  
liquid chromatography was conducted on a column of length 2.5 m containing 1% of Silicone F on Chromosorb  
W at 120 ~ 

A mixture  of 0.6 g of (IIb) and 10 ml of 10% sulfuric acid was s t i r red  for two days and extracted with 
ether; the e thereal  solution was dried with magnesium sulfate. In the fract ionation we obtained 0.3 g of (IV). 

R e a c t i o n  o f  1 , 3 - P e n t a d i y n e  (I) w i t h  P i p e r i d i n e .  A mixture of 0.9 g o f ( I )  and 3 0 m l o f  
30% aqueous piperidine solution was boiled for 20 rain and then extracted with ether;  tne extract  was dried 
over magnesium sulfate. Ether  was driven off, and we obtained a mixture  of liquid and crys ta ls .  The c r y s -  
tals were fi l tered off, washed with hexane, and vacuum-subl imed at 60 ~ (10 ram); m.p. 68 ~ (in sealed capri- 
lary).* On fract ionation of the liquid par t  we isolated 1 g of 1-p iper id ino-1-penten-3-one  (IIIc); b.p. 110-  
111~ ram); nD 2~ 1.5600; l m a  x 307 m# (e 25,500, in alcohol); ~, 1561, 1607, 1662 cm -l .  Found %: C 72.18, 
72.30; H 10.18, 10.20; N 8.74, 8.78. C10HnON. Calculated %: C 71.81; H 10.25; N 8.38. 

R e a c t i o n  o f  1 , 3 - O c t a d i y n e  (V) w i t h  D i e t h y l a m i n e .  A m i x t u r e o f l . 5  g o f ( V )  a n d 3 0 m l  
of 50% aqueous diethylamine solution was boiled for 3 h. Af ter  the usual t rea tment  we obtained 0.5 g of 
2,4-oetadiyne [11] and 1.5 g of 1 - (d ie thy lamino) - l -oc ten-3-one  (Via); b.p. 115 ~ (0.5 ram); nD2~ 1.5130; ~max 
306 m# (g 27,200, in alcohol); u 1558, 1606, 1659 cm -1. Found %: C 73.06, 73.11; H 12.10, 11.84; N 7.49, 
7.36. CI2H23N. Calculated %: C 73.04; H 11.75; N 7.70. 

1.6 g of (Via) was s t i r r ed  with 5 ml of 10% sulfuric acid for two days,  the mixture  was extracted with 
ether ,  and the ext rac t  was dried with magnesium sulfate. In the fractionation we obtained 0.9 g of 1,3,5- 
tr ihexanoylbenzene (VII); b.p. 135~ ram); nD 2~ 1.5130; P 1549, 1589, 1699 cm -1. Found %: C 77.28,77.10; 
H i0.01, 10.19. C24H3GO 3. Calculated %: C 77.37; H 9.74. 

Reaction of 1,3-Octadiyne (V) with Piperidine. A mixture of 3.5 gof (V) and30 mlof 
30% aqueous piperidine solution was boiled for 1 h. After the usual treatment we obtained l-piperidino-l- 
octen-3-one (VIb); b.p. 125 ~ (0.2 ram); nD2~ 1.5390; lma x 308 m~ (e 28,000, in alcohol); u 1548, 1604, 1649 
cm -I. Found %: C 74.77, 74.91; H 10.91, 10.85; N 7.20, 7.33. CI3H23ON. Calculated %: C 74.59; H 11.08; 
N 6.69. We also obtained 0.5 g of a crystalline substance of m.p. 72 ~ whose structure is being studied. 

CONCLUSIONS 

A study was made of some regular features of the addition of secondary amines to 1,3-alkadiynes 
with more than four carbons in the chain. 
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* The structure of this product is being studied. 
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