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Conjugated polyenic  a l iphat ic  acids of general  formula CH3(CH2)n(CH = CH)m(CH2)TCOOH (I) enter into the 
composit ion of the l ipides of some of the higher plants. They include stereoisomeric oc tadeeat r ienoic  acids (I; m= 3, 
n = 4): a - e l e o s t e a r i c  acid (IX) (main fatty acid of tung oil) [4], its 9(cis),  11(tram),  l a  (c is)- isomer punicic acid 
(from the oil of pomegranate  seeds and plants of the Trichosanthes family)  [5-8], and its 9(trans), 11(trans), 13(cis)- 
isomer (from Catalpa ovata) [9], and also parinaric acid (I; m = 4, n = 1) (from seeds of Parinarum Laurinum)[10-12].  
A close re la t ion of these acids is 8 ,10,12-octadecat r ienoic  acid, which has been recently isolated from the seeds of 
Calendula officinalis [13]. 

A description has appeared of an e ight-s tage synthesis of a - e l e o s t e a r i c  and punicic acids [8] based on the 
Reformatskii  condensation of a ,  ~ -unsaturated aldehydes with 3-bromopropyne with subsequent dehydration and chain 

lengther~ing. 

In our laboratory we recent ly  developed a new method for the synthesis of natural cis-unsaturated fatty acids 
of type (III) [2] based on the condensation of alkyl w-(tr iphenylphosphoranylidene)alkanoates (II)with saturated alde-  

hydes under conditions that permit ted the select ive formation of cis olefins [1]: 

(cis) 
CHa (CH2)n ClIO -}-PhaP = CH (CH.,)raCOOEL-, Ctla (CII~), L Ctl = CtI (CH2)mCOOH 

(If) (ill) 

For the application of this method to the synthesis of polyenic acids of type (1) it was necessary to check to what ex- 

tent the stereochemica] relations established in the study of the Wittig reaction with saturated aldehydes [I] remain 

in force in the case of a ,~5-unsaturated aldehydes. 

With this object  we studied the stereochemistry of the react ion of crotonaldehyde with ethyl 9-( tr iphenylphos- 
phoranylidene)nonanoate (IV). I t  was shown that in N,N-d imethyl formamide  in presence of iodide ions this react ion 
leads to the c i s - t rans-d ienic  ester (V), which after a short ul t raviolet  i rradiat ion in presence of iodine is converted 
into the trans-trans isomer (VI): 

(trans) HC()NS{e~ 
CIIaCH = CHCHO -1- PhaP = CH (CH~)vCOOEt I" 

(Iv) 

(trans) (cis) 
-~ CII~CH = CH - -  CH = CH (CH2)TCOOEL ---. 

(v) 

h ,  (trans) (trans) 
Ir ~ Cl-la CH -~ CH - -  Ctf = CH (CH~)7 COOEr 

(u 

* Communica tion 4 of the series "Stereochemistry of the Wittig Rea ction and its Use in Synthesis" (for Communica tions 
1-3 see [1-3]). 
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The configurations of the dienic  esters (V) and (VI) were confirmed by a study of their u l t raviole t  and infrared spec- 

tra. The ul t raviole t  spectrum of the dienic ester (VI) ( kmax  228 m/~, s 27800) differs from that of the isomeric 
diene (V) (Xmax 230 m y ,  s 25700) by a shift in the absorption maximum toward the short waves and an increase 

in the ext inct ion coeff icient ,  which is character is t ic  of a transition from cis-trans to trans-trans dienes [14-16]. The 
infrared spectrum of the dienic  ester (V) contains a doublet in the region 1000-900 cm -1 which is character is t ic  for 

cis-trans dienes [15-17], whereas (VI), l ike other trans-trans dienes, has only one absorption maximum in this region , 
and this, moreover,  is considerably more intense. Hence, in presence of Lewis bases (d imethyl formamide ,  I - )  the 

react ion of the phosphoranylidenealkanoic esters (II) with a , 8 - u n s a t u r a t e d  aldehydes leads, as in the case of satu- 
rated aldehydes [1], to the formation of a c i s -e thylen ic  bond. 

These results make it possible to effect  the stereospecific synthesis of a -e l eos tea r i c  acid (IX) in accordance 
with the scheme: 

I LIAIH~ 
a -C4H~CHO + BrMgC~CCtt~=CHO~Ne ~ a-C~H~Ctt(OH)C~-~--GGII~CttOMe 2. HjO -~-- ' - '~  

(trans) (trans) (P~,~,P=CHCH:},CO, e, ~IV) (trans) (trans) (cis) 
a-C4H~CH~CH--CH=C[ ICtlO ~ n -C~H~CH=Ct t -CI  t =CI t --Ct t ~ C i  t (CH~)7 CO~E[ 

,VII) HCON'~'e~' l -  , [VIII) l 
~*,i ; ] ~OH- 

t l (trans) (trans) (cis) (trans) 
a-C~Hu(GH=CH)~(CI ~)TCO,R n - C4 H,~CH -~-CH--CH =CH--Cli~-~-CH(CHI]?~O2~ 

( x )  : '  f i x )  

The 2 ,4-nonadienal  (VII) required in this synthesis was prepared by the condensation of valera ldehyde with the 
magnesium derivat ive from 1 - m e t h o x y - l - b u t e n - 3 - y n e  with subsequent reduction with l i thium aluminum hydride 

and acid hydrolysis [18]. We modified somewhat the method of preparing the dienic aldehyde (VII) described in the 
l i terature by carrying out the acid t rea tment  of the reduction product with tartaric instead of mineral  acid,  because 
the yield of aldehyde was then considerably higher, 

The condensation of 2 ,4-nonadienal  (VII) with ethyl 9-(tr iphenylphosphoranylidene)nonanoate lead to ethyl 
9(cis),11 (trans),13 ( t rans)-octadecatr ienoate  (VIII), whose configuration was confirmed by its infrared spectrum(pres- 
ence in the 1100-930 cm "t  region of an intense doublet  character is t ic  for t rans- trans-cis- t r ienes [8]). By the hydrol-  
ysis of the tr ienic ester (VIII) we obtained 9(cis),11(trans),13 ( t rans)-oetadecatr ienoic  acid (IX), whose mel t ing point 
and ul t raviolet  maxima coincided satisfactorily with the corresponding constants of natural a - e l e o s t e a r i c  acid (see 

Acid 

a -  Eleostearic 

8 - Eleostearic 

table).  

Natural [7] 

m.p. ,  ~ krnax, my 

48 261 

271 

281 

72 259 

268 

279 

s �9 10 "a 

36,0 

47.0 

38.0 

47.0 

61.0 

49.0 

m.p., ~ 

46.5-48 

70.5-72 

Synthetic 

Xma x , my 

260 

270 

281 

259 

268 

279 

. 1 0  -3  

35.0 

45.6 

35.8 

44.5 

59.5 

47.6 

E X P E R I M E N T A L  
Ultraviolet  spectra were determined in alcohol with an SF-4 spectrophotometer; infrared spectra of polyenic  

esters (in a thin layer) and acids (in mineral  oil) were determined with a Zeiss UR-10 spectrophotometer*. Melting 
points (uncorrected) were determined in a Kofler block. Thin- layer  chromatography was carried out on plates covered 
with an unbound layer  of alumina (Grade II-I I I  activity);  for detect ion we used a 1% solution of potassium perman-  
ganate in 2 N sulfuric acid. All  operations on the preparat ion and isolation of polyenic  acids and their esters were 
carried out in an atmosphere of nitrogen. 

2 ,4-Nonadienal .  A solution of 6.97 g of 1 - m e t h o x y - l - b u t e n - 3 - y n e  in 7 ml of tetrahydrofuran was added with 
stirring to a solution of e thylmagnesium bromide prepared from 1.86 g of magnesium and 8.33 g of ethyl bromide 

* The infrared spectra were determined by L. B. Senyavina and S.L. Pormova (Laboratory for Physicochemical  Testing, 
Institute for the Chemistry of Natural Products, Academy of Sciences, USSR). 
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in 50 ml of tetrahydrofuran. The enyne was added at 30 ~ after which stirring was continued further for one hour at 

room temperature.  The mixture was cooled with ice,  and over a period of 40 minutes 6.25 g of freshly dist i l led 

valera ldehyde in 7 ml of tetrahydrofuran was added, 

After the mixture had stood overnight, 3.32 g of absolute alcohol was added. The mixture was cooled with 

ice while a solution of 2.87 g of l i th ium aluminum hydride in 56 ml of tetrahydrofuran was added dropwise over a 
period of 30 minutes. Stirring was continued for four hours at 20 ~ and the mixture was then left  for 36 hours. The 
residue of l i thium aluminum hydride was decomposed by the addit ion of 7 m! of ethyl aceta te .  The react ion mix-  
tare was ac id i f ied  with aqueous tar tar ic  acid solution, the organic layer was separated,  and the aqueous layer was 
extracted four t imes with ether. The combined extract  was washed with water and dried with magnesium sulfate. 
Solvent was vacuum-dis t i l l ed  off, and we then obtained 5.82 g (55%) of 2 ,4-nonadienal ,  b.p. 95-102 ~ (10 ram) and 
n~ 1.5184; its 2 ,4-dini t rophenylhydrazone had m.p. 136-138 ~ (from alcohol),  

Ethyl 9(cis),  11( t rans) -Tr idecadienoate  (V) and Ethyl 9 ( t r ans ) , l l ( t r ans ) -Tr idecad ienoa te  (VI). A solution of 
16.55 g of [8-(ethoxycarbonyl)octyl] tr iphenylphosphonium iodide [2] in 35 ml of N,N-d imethyl formamide  was added 
with stirring to a solution of 1,24 g sodium methoxide in 10 ml of N,N-dimethyt formamide .  Stirring was continued 
at room temperature  until  the react ion to phenolphthalein was neutral (two hours), after which 1.5 g of freshly dis- 
t i l led crotonaldehyde in 10 ml of N,N-d imethyl formamide  was added over a period of 20 minutes, The react ion 
mixture was stirred further for 15 hours, and then, after the addition of 50 ml of water, i t  was extracted with five 
50-ml  portions of petroieum ether. The extract  was dried with anhydrous magnesium sulfate. Solvent was vacuum- 
dist i l led off, and we then obtained 4.11 g of oil ,  which was chromatographed in hexane on alumina (Grade II-I I I  act iv i ty  

act ivi ty;  pH 6). With the same solvent (150 ml) we eluted 2.90 g (60%) of ethyl 9 ( c i s ) , l l  ( t rans)- t r idecadienoate;  
b.p. 58-60 ~ (5 �9 10 -2 ram), n~ 1.4818; d~ ~ 0,9453. Found: C 75,57; H 10,74%, CmH2602. Calculated:  C 75.58; 
H 11.00~ 

In th in- layer  chromatography of this dienic  ester in hexane and in a 7 : 3 mixture of hexane and benzene only 
one spot was detected.  Infrared spectrum (in a thin layer) (Xma x, cm-1): 17405 (C=O), 986m, 948m (trans-CH=CH 
in conjugated cis- t rans-diene);  u l t raviole t  spectrum: Xmax 230 mg (s 25700), 

I ml  of 0.005 N iodine in carbon disulfide was added to 45 ml of ethyl 9 (c i s ) , l l ( t r ans ) - t r i decad ienoa te . and  
the mixture was irradiated with an ul t ravioie t  lamp for five minutes,  after which it was washed with 0.5 ml of 5% 
sodium thiosulfate solution and with two 0 .5 -ml  portions of water. Carbon disulfide was vacuum-dis t i l l ed  off, and 
the residue was dissolved in ether. The solution was dried with anhydrous magnesium sulfate, and after removal  of 
solvent we obtained 10 mg of an almost  colorless oil; Xmax 228 mg (s 27200). Infrared spectrum (in a thin layer) 

(Urea x , e ra ' l ) :  17435 (C=O), 9885 (trans-CH=CH), and a very weak band at 948 cm "I due to slight e i s - t rans-d iene  
impurity.  

Ethyl 9 ( c i s ) , l l  ( t r am) , la  ( t rans)-Octadecatr ienoate  (a -Eleos teara te )  (VIII).Under the above-s ta ted  conditions 
from 16.55 g of [8-(ethoxycarbonyl)octyij i~iphenylphosphonium iodide,  1,24 g of sodium methoxide,  and 2 g oftrans- 
t rans-2,4-nonadiena!  (VII) we obtained a neutral product (4.85 g), which was dissolved in hexane and chromato-  
graphed on a column (30 x 1300 mm) f i l led with 750 g of alumina (Grade III activity; pH 7). The column was 
eluted with a 2 : 1 mixture of petroleum ether and benzene.  The first fractions (90 ml) of the e lua te  contained 0.28 
g oftr iphenylphosphine.  From the succeeding fractions (110 ml) we obtained 1,12 g of a yel low oil  consisting, ac-  
cording to th in- layer  chromatography, of the t r ienic  ester (VIII) containing triphenylphosphine impuri ty.  Further 
elut ion gave 1.a g of a colorless oil  (n~ 1.5093), which was homogeneous according to the results of th in- layer  
chromatography (Rf O.53 and 0.51 in the systems 2 : 1 petroleum ether and benzene and 20 : 1 pe t ro leum ether and 
ethyl ace ta te ,  respect ively) ,  Dist i l lat ion of this product at a bath temperature  of 135 ~ (residual pressure 5 ,  10 "5 

ram) gave ethyl a - e l e o s t e a r a t e  as a colorless oil; Xmax(m~) 261 ( e a5000), 269.5 (r 45600), 280.5 (s 35300), 
Infrared spectrum ( Vmax, cm'1): 17445 (C--O), 99as, 965m (trans-CH=CH in t rans- t rans-c is- t r iene) .  Found: C 78,15, 
H 11.09%. C~0HaOl. Calculated:  C 78.88; H 11.18%. 

.9 ( c i s ) . l l  (trans),13 ( t rans ) -OctadecaFieno ic  ( a -E leos t ea r i c )  Acid (IX). A solution of 0.083 g of NaOH in 1.7 
ml of alcohol  was added to 0.3 g of ethyl a - e l e o s t e a r a t e .  The mixture was lef t  overnight, a lcohol  was removed in 
a vacuum, and the residue was acidif ied with 5% sulfuric acid and extracted with four 20 -ml  portions of ether; the 
ether extract  was dried with anhydrous magnesium sulfate. When solvent was dist i l led off, the residue (6.21 g) crys- 
t a l l i zed  out and was recrys ta l l ized from petroleum ether of b.p. 30-56~ m.p. 46.5-48 ~ k m a x ( m g )  260 ( e 35566), 
270 (s 45500), 281 (s 35860); infrared spectrum ( Umax, era- i) :  17655 (C=O), 9955, and 970m (trans-CH=CH in a 
conjugated trans- ira us- cis- triene). 
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Ethyl 9(trans), l l( trans),13(trans)-Octadecatrienoate (~-Eleostearate)  (X; R = Cz.,.Hs). Under the above-stated 
isomerization conditions from 0.46 g of ethyl a-e leostearate  we Obtained 0,3 g of ethyl 8-eleostearate; b.p. 150" 
(bath temperature) (5 �9 10 "s mm); kmax (m/~) 259 ( e 41000), 268 (e 55000), 279 (e 44600); infrared spectrum 
(Vmax, cm' l ) :  1743s, 994s, and a band of very low intensity at 966 cm "I. 

9(trans),ll(trans),13 (trans)-Octadecattienoie (8 -Eleostearic) Acid (X; R = H). Under the conditions used in 
the hydrolysis of c~-eleostearic ester, from 0,28 g of ethyl ~ -eleostearate we obtained 0.19 g of ~ -eleostearic acid; 
m.p. 70.5-72* (from alcohol); kmax(m~)  259 (e 44500), 268 (e 59500), 279 (e47700); infrared spectrum (Vma x, 
em' l ) :  1710s C:O), 990s (trans-CH=CH in a conjugated trans-trans-trans-triene). Found: C 77.70; H 10.97%. 
ClsHs002. Calculated: C 77.65; H 10.86%. 

S U M M A R Y  
1. The condensation of  alkylidenetriphenylphosphoranes with a ,  S-unsaturated aldehydes in N,N-dimethyl-  

formamide in presence of iodide ions leads to cis-trans-dienes. 

2. A description is given of a stereospecific method based on the Wittig reaction for the synthesis of conju- 
gated polyenic factty acids. 

3. A new total synthesis of a-e leostear ic  acid was carried out, 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of th is  peri-  

od i ca l  l i t era ture  may  wel 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 complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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