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S h e m y a k i n  

Substances containing the 1,5-hexadienylene group--CH ----- CH(CHz)2CH = C H - h a v e  been discovered in nat -  

ural products on several occasions. Thus, the leaves of the violet contain 2 ,6-nonadienal  [1], and the corresponding 

alcohol is one of the aromatic principles of the flower of the violet [2]. The 1,5-hexadiene structure is found also 
in the isobutylamides of some polyenic acids isolated from Anacyclus pyrethrum, Heliopsis logipes, and other plants 
[3]. Finally,  in the fats from a number of marine animals polyenic acids have been found which give succinic acid 
on oxidation with potassium permanganate or on oxidative ozonolysis. From this, it has been concluded that the hy-  

drolyzates of these fats contain polyenic acids in which double bonds are separated by two methylene groups [4, 5]. 

In particular, acids considered to be of the 1,5-hexadiene type are the hexadecatrienoic and eicosatetraenoic acids 
from sardine fat, the docosapentaenoic and docosahexaenoic acids from mackerel  fat, and some of the other fish-off 
acids [6-8]. However, recent detailed studies of polyenic acids isolated from various natural sources have shown 

that at least part of the so-called 1,5-hexadienic acids actually have a 1,4-pentadiene structure [9]. A substantial 
argument in the assignment of a natural unconjugated polyenic acid to the 1,4-pentadiene series is its behavior 

toward hot caustic alkal i  solution, for it is known that 1,4-pentadienic acids are readily converted under these con- 
ditions into isomers having conjugated double bonds. 

In the further investigation of the synthesis of unsaturated acids of different types [ 10-13] we have developed 

a new stereospecific way of building up a c i s -c i s - l ,5 -hexadiene  system in accordance with the following scheme : 

CHsCH2CH0 -~ Ph3P --  CH (CH~)3OAc-u_. cis OH- 
CHsCH2CH = CH (CH2)30Ac -* 

CH3CH~Ctt = PPha n a OCH (CH2)a0Ac_I ~ 
(I) 

--~ CH3CHo.CH cis CH (CH2)sOH PBr. ~ C cis . = - H~CH2CH= CH (CH2),Br Ph.P 
(n) (hi)  

cis- MeONa CH C cis 
--* [CH3CH2CH = CH (CH2)sPPhs]+Br -~ s H~CH = CH (CH2)~CH = PPh3--* 

(IV) (V) 
OHC(CH2)TCOOEt cis cis 

CH,CH~CH = CH (CH.)2CH = CH (CH2)~ C 0 0 E t  
(vI) 

The main  starting compound was the readily accessible 4 -b romo- l -bu t ano l  acetic ester [14]. With tripehnyl- 
phosphine this acet.oxy bromide gives a phosphonium salt, which, by t reatment  with sodium methoxide, is readily con- 
verted into (4-acetoxybutylidene)triphenylphosphorane. Condensation of the latter with propionaldehyde under con- 
ditions ensuring the maximum yield of the cis isomer [10] led to the unsaturated acetic ester (I),  which,without pur- 

ification,was subjected to alkaline hydrolysis. The infrared spectrum of the then formed 4 - h e p t e n - l - o l  (II) contains 
a band of medium strength at about 720 cm "I characteristic for the cis - C H  = C H -  grouping [15] and only a very 

*Communicat ion 6 of the Series "Stereoregular Synthesis of Unsaturated Compounds". For preceding communica -  
t ion see [13]. 
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weak band at about 980 cm -l ,  which enables us to conclude that the compound obtained contained less than 10% of 
trans isomer. A mixture of stereoisomers of about the same composition was obtained also as a result of the conden- 
sation of tr iphenylpropylidenephosphorane with 4-acetoxybutyra ldehyde obtained by the t reatment  of 4 -b romo-1-  
butanoI acetate  with t r imethylamine  oxide [16]. The bromination of 4 - h e p t e n - l - o l  (II) with phosphorus tr ibromide 
led to 7-bromo-3-heptene  (III) ,  and when heated with triphenylphosphine this formed the crystal l ine phosphonium 
salt (IV), which was found to be prac t ica l ly  pure cis isomer (absence of absorption at 980 cm-1). By t reatment  with 
sodium methoxide the phosphonium salt (IV) was converted into the corresponding phosphorane (V), which, on con- 

densation with ethyl 8-formyloctanoate  in d imethyl formamide  in presence of Br" [10],formed ethyl  9 ,13-hexa-  
decadienoate  (VI). Judging from the infrared spectrum and gas-l iquid chromatography the product contained mainly 
the cis-cis  isomer;only a small  amount of 9 - t rans -13-c i s -hexadecad ieno ic  ester was present. 

Having synthesized the dienic ester (VI),  we could make use of it in a study of the ozonolysis of the 1 ,5-hexa-  
diene system and also confirm data in the l i terature [17] on the stabil i ty of the 1 ,5-hexadiene system in presence of 
caustic alkal i .  The oxidat ive ozonolysis of the dienic  ester (VI) (in ethyl  acetate  at -40 ~ with subsequent t reatment  
with hydrogen peroxide at 20 ~ showed that the c leavage of 9 ,13-hexadecadienoic  acid is not accompanied by the 
formation of by-products and leads only to propionic,  succinic,  and aze la ic  acids, which were identif ied as their 
methyl  esters with the aid of gas-l iquid chromatography. On the other hand, i t  was shown that when the dienic  ester 
(VI) was heated with a 23% solution of potassium hydroxide in e thylene glycol  at 180" for 15 min,  no substances 
with select ive absorption in the ul t raviolet  were formed. Hence, unlike the 1 ,4-pentadiene system, the 1 ,5-hexa-  
diene system is not isomerized under severe a lkal ine  conditions. Since the above-ment ioned  polyenic  acids isolated 
from fish fats are readily isomerized by a lka l i  with formation of conjugated polyenes [9], they obviously cannot be 
built  ent i rely from 1,5-hexadienylene groups. 

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

4-Acet0xybutyraldehyde:  6.83 g of 4 - b r o m o - l - b u t a n o l  aceta te  [14] was added to a solution of 5.28 g of dry 
t r imethylamine  oxide in 25 ml  of dry chloroform at such a rate that the react ion mixture boi led gently. When the 
spontaneous evolution of heat  stopped, the mixture was boi led for 2 h, cooled, and then washed successively with 
2 N HC1, 5% sodium bicarbonate solution, and water. Chloroform was driven off, and the residue was vacuum-  
dist i l led.  We obtained 2.15 g (47%) of a 4-acetoxybutyraldehyde;  b.p, 90-91" (13 ram); nD 2~ 1.4268; d420 1.0612. 
Found MR 31.47; ca lcula ted  MR 31.57. 

(4-Acetoxybutyl) tr iphenylphosphonium Bromide. A mixture of 19.51 g of 4 - b r o m o - l - b u t a n o l  aceta te ,  26.2 g 
of triphenylphosphine, and 15 ml  of benzene was hea ted  for 14 h at 130". The react ion mixture was cooled and di-  
luted with ether, and the sirupy phosphonium salt was washed with ether and vacuum-dried;  yield 44.1 g (96.5%). 
Found: Br 17.29%. Cz4H26BrOzP. Ca lcu l a t ed :  Br 17.47%. 

c i s - 4 - H e p t e n - l - o l  (II).  From (4-acetoxybutyl) t r iphenylphosphonium bromide and propionaldehyde:  A solu- 

t ion of 44.1 g of (4-aeetoxybutyl) t r iphenylphosphonium bromide in 50 ml  of d imethyl formamide  was added to 0.072 
mole  of dry sodium methoxide,  and the react ion mixture was stirred for 2 h at room temperature;  it was then cooled 
to 0", 2.81 g of freshly dist i l led propionaldehyde was added, and the mixture was left  overnight. On the next day 
the mixture was diluted with 150 ml of water,  and it was then extracted for 12 h with low-boi l ing petroleum ether 
in a continuous-extract ion apparatus. The extract  was evaporated,  and the residue was shaken with 30 ml of a 5% 
solution of sodium hydroxide in 80% methanol; the aqueous solution was again subjected to continuous extract ion 
with low-boi l ing petroleum ether for 6 h. The extract  was dried with anhydrous magnesium sulfate, evaporated,  
and vaeuum-fract ionated.  We obtained 1.54 g (28%) of 4 - h e p t e n - l - o l ;  b.p. 78-79 ~ (15 ram); nD20 1.4467; d4z0 
0.8445. Found: C 73.54; H 12.39~ MR 36.11. CTH140. Ca lcu la t ed :  C 73.63; H 12.36%; MR 35.58. 

From triphenylpropylphosphonium bromide and 4-ace toxybutyra ldehyde:  A solution of 1.44 g of 4 -ace toxy-  
butyraldehyde in 10 ml of d imethyl formamide  was added in the course of 30 min with cooling to a d imethyl forma-  
mide solution of tr iphenylpropylidenephosphorane prepared from 0.017 mole  of dry sodium methoxide,  8.47 g of 
triphenylpropylphosphonium bromide,  and 30 ml of d imethylformamide.  The react ion mixture was left  for 12 h at 
room temperature,  diluted with water,  and t reated as in the preceding experiment .  The yie ld  of 4 - h e p t e n - l - o l  

was 0.35 g (30%); nD 20 1.4465; d4~ 0.8443. 

cis-4-Heptenyltr iphenylphosphonium Bromide (IV). 0.3 ml  of pyridine was added to a solution of 1.03 g of 
4 - h e p t e n - l - o l  in 15 ml of dry ether,  and then, at 0-2*,0.92 g of phosphorus tr ibromide was added. The react ion 
mixture waskept  at room temperature  for 24 h, diluted with water, and extracted with ether. The ext rac twaswashed 
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with 5% sodium bicarbonate solution and water and was dried with anhydrous magnesium sulfate; solvent was cau-  
tiously dist i l led off through a small  column. The residue was mixed with 3 g of tr iphenylphosphine, and the mix -  

ture was heated for 15 h at 130 ~ with an eff ic ient  reflux condenser. The phosphonium salt, which crysta l l ized on 
cooling, was rubbed out with dry ether, f i l tered off, washed with the same solvent, and vacuum-dr ied .  Yield 1.59 g 

(40%); m.p. 173-174 ~ Found: C 68.44; H 6.42; Br 18.21; P 7.05%. C2sH28BrP. Ca l cu l a t ed :  C 68.33; H 6.43; 
Br 18.19; P 7.05%. 

gthyi 9 ,13-Hexadecadienoate  (VI_). 2.78 g of 4-heptenyltr iphenylphosphonium bromide and 15 ml  of d imeth-  

y l formamide  were added to 5 ml  of dry sodium methoxide.  The dark-red solution of the phosphorane was stirred for 
2 h and then cooled to 0~ 0.8 g of ethyl  8- formyloc tanoate  in 5 ml  of d imethy l formamide  was added, and the mix -  
ture was left  for 24 h at room temperature .  The mixture was then diluted with water and ext rac ted  with petroleum 
ether; the extract  was washed with water,  dried with magnesium sulfate, evaporated,  and ehromatographed on 130 g 
of neutral  a lumina (ac t iv i ty  III) in petroleum ether. The yield of ethyl  9 ,13-hexadecadienoate  was 0.66 g (59%); 

b.p. 140 ~ (1 mm)*;  nD21.s 1.4600; d42~.5 0.8949. The substance did not absorb in the range 210-300 mp.  Found:  

C 77.11 H 11.40%, MR 85.83. C18H3202 . Ca lcu l a t ed :  C 77.09; H 11.50%; MR 86.04. 

S U M M A R Y  

With the a ido fa s t e r eospec i f i c  modif ica t ion  of the Witt ig react ion a new way of building up c is -c is  1 ,5-hexa-  
diene systems was developed. 

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

1. L. Ruzicka and H. Schinz, Heir .  chim. acta,  25, 760 (1942). 
2. L. Ruzicka and H. Schinz, Hetv. chim. acta,  18, 381 (1935). 
3. T . D .  Gunston, Progress in Organic Chemistry,  4, 1, London (1958). 
4. Y. Toyama and T. Tsuchiya, Bull. Chem. Soc. Japan, 4, 83 (1929). 
5. Y. Toyama and T. Tsuchiya, Bull. Chem. Soc. Japan, 10, 192, 232 (1935). 
6. Y. Inoue and K. Sahashi, Proc. Imp. Akad. (Tokyo),8,  371 (1932). 
7. Y. Toyama and T. Tsuchiya, Bull. Chem. Soc. Japan, 10, 296, 441 (1935). 
8. Y. Toyama and T. Tsuchiya, Bull. Chem. Soc. Japan, 1_}_1, 745, 751 (1936). 
9. Y. Toyama,  Y Iwata, and K Fuimura,  Fet te ,  Seifen Anstr ichmit tel ,  61, 846 (1959). 

10. L .D.  Bergel'son, V. A. Vaver, L. I. Barsukov, and M. M. Shemyakin,  Dokl. AN SSSR, 143, 111 (1962). 

11. L. D Bergei'son, V. A. Vaver, V. Yu. Kovtun, L. B. Senyavina, and M. N. Shemyakin,  Zh. obshch, khimii ,  32, 
1802 (1962). 

12. L .D.  Bergel'son, V. A. Vaver, and M. M. Shemyakin,  Izv. AN SSSR. Otd. khim. n., 1962, 1849, 
13. L .D.  Bergel'son, V. A. Vaver, L. l_ Barsukov, and M. M. Shemyakin,  Izv. AN SSSR. Ser. khim. ,  1963, 1417. 
14. L .M.  Smorgonskii and Ya. L. Gol 'dfarb,  Zh. obshch, khimii ,  10, 1113 (1940). 
15. N. Sheppard and D. M. Simpson, Quart. Rev., 6, 1 (1952). 
16. V. Franzem and S. Otto, Chem. Ber., 94, 1360 (1961). 

17. B . M . A .  de Surville,  D. E. A. Rivett, and D. A. Sutton, J. Chem. Soc., 1957, 3304. 

Al l  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 i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  o f  the  a b b r e v i a t i o n s  as  g i v e n  in the or ig ina l  R u s s i a n  journal ,  Some  or  all  o[  th is  per i -  

od i ca l  l i t era ture  may we l l  be  a v a i l a b l e  in Engl i sh  translat ion.  A c o m p l e t e  l i s t  o f  the  c o v e r - t o .  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  o f  th i s  i s s u e .  

* Temperature of bath. 
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