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As was shown earlier [1], the formation of cyclic products of the type of (I) in the condensation of cis-1-  
b romo-2 ,3 -d ime thy lpen tene -2 -yne -4  with male ic  or ace toacet ic  esters proceeds as a result of nucleophilic intra- 
molecular  addition, due to the approach of the reaction centers in the intermediate  c is-vinylacetylenic  system 
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For a further investigation of this interesting case of the Michael  addition, previously known only for act ivated 
acetylenic  bonds [2], we studied the condensation of c i s - l - ch lo ropen tene -2 -yne -4  (II) with malonic ester. It was 
found that in the presence of sodium alcoholate at 20-25 ~ this reaction gives a mixture of two products in a 3:2 
ratio according to the data of gas-liquid chromatography. When the reaction mass is further heated (2 h at 70~ 
the amount of one of the products, corresponding to the second peak on the chromatogram, is sharply reduced to 
4-6%. After distillation and subsequent t reatment  of the mixture obtained with an alcohol solution of silver nitrate, 
an individual product was isolated, which does not contain a terminal  ace ty len ic  group, corresponds to the first peak 
on the gas-liquid chromatogram, and according to the data of the UV and IR spectra, possesses the structure of the 
diethyl ester of 2-methylenecyclopentene-  3-dicarboxyl ic- l ,1  acid (IV) 
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The  structure of  this product was demonstrated by saponification to the monoester (V) and the dicarboxylic 
acid (VI), decarboxylation of which produced the dimer of 2 -methy lcyc lopen tad iene- l , a -ca rboxy l i c -1  acid (VII). 
In accord with these data, the second reaction product, which arises as an intermediate  product in the formation of 
(IV), shou{d have the structure of the diethyl ester of c i s -hexene-3 -yne-5 -d ica rboxy l i c - l , 1  acid (III), since only its 
intramolecular  cycl izat ion will lead to the cycl ic  diester (IV). Thus, the reaction of nucleophilic intramolecular  
addition at the terminal  acetylenic  bond is sufficiently general for such c ts-vinylacetylenic  system, which contain a 
nucleophilic center in the homoal lyl  position. The previously noted formation of substituted pyrroles in the con- 
densation of e i s -2 -ch lo rohexene-3-yne-5  with various amines [3] may serve as a supplementary confirmation of this 
conclusion. However, a necessary condition for the accomplishment  of intramolecular  cyclization,  in addition to a 
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cis-configu~ation at the double bond and the presence of a nucleophi l ic  center in the homoal ly l  position, is 

sufficient  react ivi ty  of the t r iple  bond itself.  We have established that in the condensation of the d ibmmide,  

obtained from decad iene-2 ,8  ( d i c i s ) - d i y n e - 4 , 6 - d i o l - l , 1 0  (VIII) with sodium malon ic  ester, followed by saponif ica-  

tion, only dodecadiene-3,9(dicis)-diyne-5-,7-tetracarboxylic-l,l,12,12 acid (IX), the structure of which was con- 

f irmed by the data of the UV and IR spectra, can be isolated,  in a y ie ld  of up to 20%: 

t.PBrs 
HOCH~CH=CH(C-=C)sCH=CHCH~0H Z.NaOH(CO~Et)$ (HOsC)ICHCH~CH---- 

(VIII) a.NaOIt 

= CH (C--C)~CH=CHCH~CH(C0~H)~ 

(ix) 

Evidently in such a system, as a result of symmet r i ca l  d isp lacement  of the e lect ron density, there is a decrease 
in the reac t iv i ty  of the tr iple bond, as a result of which the react ion of in t ramolecular  nucleophi l ic  addit ion 
is hindered. 

E X P E R I M E N T A L  S E C T I O N  

Diethyl  Ester of 2 - M e t h y l e n e c y c l o p e n t e n e - g - d i c a r b o x y l i c - l , 1  Acid (IV). To a solution of sodium malon ic  

ester (from 0.1 gram atom of Na in 100 m l  of alcohol) ,  10 g..of the c is -chlor ide  was added with vigorous mix ing  at 
20-25 ~ [4], and the mixture  was exposed for one hour. An analysis of the composit ion of the mixture  obtained by 

the method of gas- l iquid chromatography (1% si l icone e las tomer  on NaC1, 125 ~ gives two peaks with a ratio of 

approximate ly  3:2. The mixture  was boi led  for 2 h, and after the usual t rea tment  and vacuum dist i l la t ion,  we 
obtained 15.4 g (yield 70%) of  a l iquid mixture  of the diesters (III) and (IV), with b. p. 65-80 ~ (0.07 ram). 

According to the data of  gas- l iquid chromatography,  the content  of (III) before and after dis t i l la t ion did not exceed 

4- 6% (a weak test with an ammonia  solution of AgNO3); 5 g of the condensation product was shaken for 3 h at 20 ~ 
with a solution of 10 g AgNO 3 in 200 ml  of alcohol,  the p rec ip i ta te  formed was f i l tered off, and after redis t i l la t ion 
of the residue, 3.8 g of the cyc l i c  diester (IV), corresponding to the first peak on the chromatogram,  with b. p. 
74-76 ~ (0.07 ram); nD 19"5 1.4750; ) 'max (in alcohol)  250 rng e 14900, was obtained.  The character is t ic  absorption 
bands at 3044, 1636, 985 (> C = CH2) and 1743 cm "t (CO2R). Found: C63.76; H 7.46%. ClzH~dD 4. Ca l -  
culated:  C 64.27; H 7.19%. 

A 7 g port ion of the diester (IV) was saponified for 48 h with a solution of 5 g of potassium hydroxide in 
125 ml  of aIcohol and 75 ml  of water at  0-5 ~ After the usual t reatment ,  6.0 g of the monoethyl  ester (V), m.p.  

75 ~ (ethyl  ace ta te -hexane) ;  Xmax( in  alcohol)  231 m# ,  s 13500, was obtained.  IR spectrum: 3047; 1720, and 
1636 cm -1. Found: C 61.45; H 6.14% . CIoH1204 . Ca lcu la ted% C 61.21; H 6.17%. 

A 7 g portion of the diester (IV) was exposed at 20 ~ for 48 h to a solution of 10 g of potassium hydroxide in 

100 ml  of  alcohot  and 50 ml  of water. We isolated 2.5 g of the d icarboxyl ic  acid (VI), which was decarboxyla ted  
when mel ted  above 128~ k m a  x (in alcohol)  281 m g .  e 15100. IR spectrum: 1726, 1637 cm -1. Found: C 57.15; 
H 4.95%. CsHaO 4. Calcu la ted :  C 57.14; H 4.80%. 

For decarboxylat ion,  2.0 g of (VI) was heated gradually to 140 ~ The product was extracted with a solution of 
b icarbonate  and recrysta l l ized from a mixture  of  e thyl  ace ta t e -hexane .  Yield 0.5 g of  the dimer form of 2 -me thy l -  
c y c l o p e n t a d i e n e - l , a - c a r b o x y l i c  acid  (VII), m.p.  186 ~ (with decomposit ion),  UV and IR spectra: ) 'max (in alcohol)  
231 rng, r 9200, and 1697, 1683 cm -t ,  correspond to the presence of a conjugated carboxyl  group in the dimer form 
of  the acid (VII). Found: C 67.15; H 6.61%. CI4H1604. Calcu la ted :  C 67.73; H 6.50%. 

De cadiene-2,8(dicis)-diyne-4,6-diol-l,lO (VIII). A mixture  of 10 g of the c is -chlor ide  (II) in 80 ml  of acetone 
was shaken in a stream of oxygen with a mixture  of  45 g cuprous chloride,  75 g ammonium chloride, 210 ml  of 
water, and 2.2 ml  of hydrochloric  acid for 4 h. After the usual t rea tment  we obtained 9.2 g of a semicrys ta l l ine  
mass, from which the d ic i s -d io l  (VIII) with m. p. 154-156 ~ (ethyl  ace ta t e -hexane)  was isolated;  Xma x (in a lcohol)  
230, 238, 247, 261, 276, 293, 312 m#; ~ 30400, 27000, 21000, 7300, 14400, 18100, 22200. IR spectrum: 3384 cm "I 
(OH), 2195, 2124 cm "I (C - C), 724 cm -I  (c -CH = CH--) .  Found: C 73.94; H 6.28%0. CIoH10Oz. Ca lcu la ted :  

C 74.05; H 6.22%. The d i t rans-g lycol  possesses a higher ext inct ion in the UV spectrum (by 5-8 thousand) for the 
same absorption m a x i m a  [5]. 
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Dodecadiene-3,9(dicis)-diYne-5, 7- te t racarboxyl ic- l , l ,12,12 Acid (IX). A 9 g portion of the unpurified cis- 
diol (VIII) was treated with phosphorus tribromide, and the dibromide Obtained was reacted with sodium malonic 
ester, as described above. After the usual treatment, the reaction product was saponified at 20 ~ with an alcohol 
solution of potassium hydroxide. Extraction with a mixture of ethyl acetate-hexane isolated 3.0 g of the crystalline 
acid (IX), which does not melt  when heated to 300*; Xma x (in alcohol) 221, 231, 238, 249, 263, 277, 294, 314 rn~, 

27800, 30100, 30100, 23100, 8770, 16000, 23500, 18600. The IR spectrum possesses an absorption band at 724 cm -1 
(c-CH = C H - ) .  Found: C 57.14; H 4.73%. Cl~laOs.  Calculated: C 57.49; H 4.32%. 

CONCLUSIONS 

The condensation of cis-i -chloropentene-2-yne-4, with sodium malonic ester was studied, and the structure 

of the intramolecular nucleophilic cycl izat ion product thereby formed was demonstrated. 

1o 

2. 
3. 
4. 
5. 

L I T E R A T U R E  C I T E D  

M. V. Mavrov and V. F. Kucherov, Izv. AN SSSR, 8er. Khim., 1653, 1820 (1964). 
J. B. Hendrickson, R. Rees, and J. F. Templeton, J. Amer. Chem. Soc. 66, 107 (1964). 
I. Bell, R. Madronero, and M. C. Whiting, J. Chem. 8oc. 3195 (1958). 
I. Bell, E. R. Jones, and M. C. Whiting, J. Chem. Soc. 2597 (1957). 
I. Heilbron, E. R. H. Jones, and F. Sondheimer, J. Chem. 8oc. 1586 (1947). 

All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b ib l iography  are l e t t er -by - l e t t er  t rans l i t er -  

a t i o n s  of the  a b b r e v i a t i o n s  as  g iven  in the or ig ina l  R u s s i a n  journal .  Some or all  o f  th i s  peri- 
odical l i t e ra ture  m a y  we l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l i s t  o f  the c o v e r - t o -  

cover E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  back  of  th is  i s s u e .  

1418 


