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Neutral  diol l ipids are  widely dis t r ibuted in nature  and are  minor  components of a number  of fats and oils [1]. 
At present ,  only two compounds of this type have been isolated from natura l  sources:  ethylene glycol dipalmitate  
f rom the lipids of regenera t ing  ra t  l iver  [2] and coixenolide, the mixed es te r  of meso-bu tane-2 ,  3-diol with palmitole ic  
and t r ans  vaccenic acids f rom the seeds of the f a r - e a s t e r n  plant Coix l ach ryma  Jobi L. var. Ma-yuen [3, 4]. 

Coixenolide attracts attention not only as a representative of a new class of lipids, but also because, according 

to Japanese workers, it possesses antitumoral activity [4]. In this communication we describe a total synthesis of 

this compound by the following route: 
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Palmitoleic acid I was obtained by the stereospecific method of synthesizing cis unsaturated fatty acids [5] 
based on the Wittig reaction; trans vaccenic acid was synthesized by the isomerization of cis-octadec-ll-enoic acid, 
which was likewise synthesized by the method mentioned above [5]. The treatment of an excess of meso-butane-2, 3- 
did with palmitoleoyl chloride gave 2-(cis-hexadec-9-enoyloxy)-butan-3-ol (II). The reaction of the latter with trans 
vaccenoyl chloride formed erythro-2-(cis-hexadec-9-enoyloxy)-3-(trans-octadec-ll-enoyloxy) butane (III) (coixenolide). 

The catalytic hydrogenation of the unsaturated diester III gave tetrahydrocoixenolide (for IR spectrum, see figure). 

EXPERIMENTAL 

trans  Vaccenic  acid. A mixture  of 1.58 g of methyl cis vaccenate [5] and 0.1 g of se lenium was heated at 200°C 
in an a tmosphere  of ni t rogen f o r 2  hr. The react ion product was chromatographed on 250 g of type KSK si l ica  gel 
(75-100 mesh) impregnated with 90 g of s i lver  n i t ra te  [6] in the hexane -e the r  (2 : 5) system. The f i r s t  f ract ion of the 
eluate (105 ml) gave 0.45 g of methyl t rans  vaccenate.  The second fract ion (160 ml) contained a mixture  of the cis and 
t r ans  vaccenates (0.12 g). The third f ract ion (100 ml) yielded 0.36 g of methyl cis vaccenate. The methyl t rans  
vaccenate was hydrolyzed by being heated with 5 ml of a 5% solution of caustic soda in 80% methanol. Acidif icat ion and 
ethereal  extract ion yielded 0.40 g of t rans  vaccenic acid with mp 40-42 ° C [7]. 

2 - (c i s -Hexadec-9-enoyloxy)butan-3-o l  (II). A solution of 1.2 g of c i s -hexadec-9-enoyl  chloride in 5 mt of ether 
was added over 1 hr at 0°C to a solution of 1.2 g of meso-bu tane-2 ,  3-diol  and 0.35 g of pyr idine in 10 ml of ether. The 
acid chloride had been prepared by boil ing (1.5 hr) palmitoleic  acid [5] with oxalyl chloride and subsequent  e l iminat ion  
of the excess of oxalyl chloride in vacuum. The reac t ion  mixture  was s t i r red  at 0 ° C for 30 rain, warmed to room 
tempera ture ,  t reated with HC1, and extracted with ether. The e thereal  extract  was washed with 5% sodium bicarbonate  
solution and with water  and was dried with magnes ium sulfate, f i l te red  through a column (100 x 20 ram) containing 
activated carbon,  and evaporated. The res idue  was chrornatographed on 100 g of neut ra l  a lumina  (activity grade V), 
the react ion product being eluted with hexane -e the r  (10 : 1). The f i r s t  f rac t ion of the eluate was discarded.  
Evaporat ion of the second fract ion yielded 0.58 g (40.5%) of 2 - (c i s -hexadec-9-enoyl -oxy)bu tan-3-o l ,  C20HaaOa, n2i~ 
1.4650, ~a4° 0.9049; MRD, found 97.71; MRD, calculated 97.26. 
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Coixenolide (III)° At 0 ° C, a solution of 0.41g of t r a n s - o c t a d e c - l l - e n o y l  chloride,  obtained by heating t rans  
vaccenoic acid with oxalyl chloride (see above) in 10 ml  of ether was added to a solution of 0.46 g of the hydroxyester  
II and 0.12 g of pyridine in 15 ml of ether. The reac t ion  mixture  was left at room tempera ture  for 12 hr and was then 
treated with 10 ml of 5% HC1 and extracted with ether. The extract  was washed with water ,  dr ied with magnesium 
suIfate, and evaporated. Coixenolide was isolated from the res idue  by prepara t ive  th in - layer  chromatography on 
neutra l  a lumina (activity grade IV) in the hep t ane -e the r  (10: 1) sys tem,  using four plates (18 x 24 era) with 100 g of 
a lumina on each for the separat ion of 0.9 g of the mixture  of react ion products.  Each plate was sprayed with a 1% 
solution of potass ium permanganate  in 2 N H2SO4, and the zone with R] 0.56 was cut out and extracted with mois t  
ether. The ethereal  solution was dried and evaporated. The yield of coixenolide was 0.40g (48.4%), n ~  1.4594, d~ 
0.8945, MR D found 180.45; MR D calculated 180.06. The IR spect rum is given in the figure. 
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IR spectra  of eoixenolide (1) and of tetrahydrocoixenolide (in KBr) (2). 

Found, %: C 77.37; H 11.85. Calculated for C38H~004, %: C 77.28; H 11.86. 

Tetrahydroeoixenol ide.  In the presence  of 0.01 g of Adams platinum catalyst ,  0.1 g of coixenolide was 
hydrogenated in 5 ml  of n-hexane until  the absorpt ion of hydrogen ceased (30 min). The solution was f i l tered and 
evaporated. Th in - l aye r  chromatography of the co lor less  c rys ta l l ine  product on neutral  a lumina (activity grade IV) in 
the hep tane -e the r  (10: 1) sys tem yielded 80 mg of tetrahydrocoixenolide,  C3sH7404, mp 54-55.5 ° C. L i t e ra tu re  data: nap 
60 ° C [3]. The IR spect rum is given in the figure. 

C O N C L U S I O N S  

A total synthesis  of coixenolide, a diol l ipid isolated from the seeds of Coix l aehryma  Jobi L . ,  has been 
described.  
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