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A one-step procedure for the preparation of {E}-2-nonenal 
from commercial castor oil by ozonolysis in acetic acid, 
followed by exposure of the resulting intermediate product 
top*toluene sulfonic acid, is described. The manufactured 
aldehyde is of high purity and the method, by virtue of 
being simple and using inexpensive raw material, has ad- 
vantages over those reported in the literature. 
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(E)-2-Nonenal, with its strong tallow odor, is an important 
ingredient of natural flavors and fragrances. Recent ana- 
lytical studies have disclosed that  the aldehyde is a micra  
component of volatfles from apricot fruit (1}, rice (2), p o p  
corn (3), narcissus (4) and Centaurea solstitialis L. (5). I t  is 
a major component of cucumber odor (6}. The presence of 
(E)-2-nonenal, up to 1.46 mg/kg, has also been reported in 
a variety of meats {7,8}. 

Owing to its low odor threshok~ 0.08 ppb (2}, its participa- 
tion in the creation of the total flavor can be significant even 
at low concentration. This aldehyde can be added to natu- 
rally or synthetically flavored foodstuffs, such as meat, cof- 
fee and other beverages, to improve or enhance the flavor- 
ing properties thereof and to make their flavor and aroma 
more natural (9). 

{E}-2-Nonenal shows some biological activity as an attrac- 
tant  to olive fruit flies (10) and as a repellent to the 
cockroach Periplaneta americana (11}. 

Few (and elaborate} syntheses have been reported for this 
compouncL Bedoukin (12) obtained 2-nonenal from nonanal 
in a 5-step procedure Some other methods reported are 
based on the condensation reaction of heptaldehyde with 
malonic acid, followed by a three-step transformation of the 
resulting product {9,13,14}. However, the total yields of 
2-nonenal are rather mederata The Wittig reaction of n- 
heptanal with formylmethylene~triphenylphosphorane may 
be a good method for the synthesis of {E}-2-nonenal, but the 
preparation of the Wittig agent is tedious and the product 
is isolated as the 2,4-dinitrophenylohydrazone (15) or by col- 
umn chromatography (16). 2-Nonenal is also reported (17) 
to be manufactured from castor oil by its hydrogen perox- 
ide hydroxylation to trihydroxyacid and oxidation by red 
lead (311 g of caster oil gives 50 g 2-nonenal of 94% purity}. 

EXPERIMENTAL PROCEDURES 

Through a solution of 100 g commercial castor oil {n 2° 
= 1.4775, [a] g0= +5.6 ° {neat}} in 200 mL acetic acid 

was bubbled oxygen containing 5 vol% of ozone at 10°C 
until  a positive tes t  with potassium iodide (in 10% acetic 
acid) was reached. The mixture was then added dropwise 
to a st irred suspension of 20 g zinc dust  in 250 mL water, 
at a rate tha t  kept  the temperature  of the reaction mix- 
ture below 60°C. The crude intermediate products  were 
extracted with toluene and washed neutral  with a satur- 
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ated solution of sodium bicarbonate and water. The ex- 
t ract  was dried, 0.05 g p-toluene sulfonic acid was added 
and the mixture  was refluxed for 3 h to collect ca. 3 mL 
water. The solution was washed free of acid, and the sol- 
vent  was removed by vacuum evaporation. The residue 
was steam-distilled to yield 13.6 g of crude aldehyde. 
{E)-2-Nonenal was purified by vacuum-distillation to give 
13 g of pure product  [99% 2-nonenal, including 2.7% of 
(Z)-isomer]; b.p. 88-90°C/12 mm Hg, 1H-nuclear mag- 
netic resonance (NMR} (80 MHz, CDC13}: 8 9.5 (1H, d, 
J = 7.6 Hz), 6.86 (1H, dt, J = 15.6 and 6.6 Hz), 6.09 (1H, 
ddt, J = 15.6, 7.6 and 1.3 Hz), 2.36 (2H, m), 1.32 (8H, m), 
0.89 (3H, t, J = 5.5 Hz). 

RESULTS AND DISCUSSION 

I t  follows from the review tha t  the reported synthet ic  
methods for the manufacture of {E}-2-nonenal suffer from 
several disadvantages, such as multi-stage preparations 
and expensive chemicals. On the other hand, there are no 
known rich natural  sources of this compound. These cir- 
cumstances are incorporated in the relatively high price 
of the a ldehyde 

In this paper  we disclose a new synthesis  of (E)-2-non- 
enal by means of castor oil ozonolysis. Nonedible castor 
oil, due to i ts high content  of 12-hydroxy oleic acid 
(ricinoleic acid}, has been extensively used in several 
branches of industry, ag., for lubricant and paint manufac- 
turing. I t  is also ozonized to produce a laxative, to reduce 
toxici ty and to create a germicidal effect {18-20). Ozo- 
nolysis has been used for years in the industry  for the ox- 
idative cleavage of unsatura ted  fa t ty  acids to produce 
pelargonic acid and azelaic acid from oleic acid or hrassylic 
acid from erucic acid (21). Tha t  inspired us to s tudy  the 
conversion of castor oil into 2-nonenal. 

The ozonolysis of commercial-grade castor off was car- 
ried out  in acetic acid solution, and the ozonide com- 
pounds formed were reduced with zinc dust  to give the 
intermediate 3-hydroxy nonanal t ha t  was not  isolated 
from the reaction medium: 

COOR 03 

/ v ~ / ~ / ~ / % J ~ / ~  / Zn/AcOH 
OH 

CHO ) CHO 

Dehydrat ion of the intermediate product  by p-toluene 
sulfonic acid led to thermodynamical ly  more stable 
(E)-2-nonenal tha t  contained only a few percent of the (Z)- 
isomer. The structure of the title compound was confirmed 
by infrared, H-NMR and elemental analysis. Thus, the 
olefinic proton at  C-3 in the NMR spect rum of the 
aldehyde appeared at 6.86 ppm as a triple doublet  with 
J = 15.6 Hz due to trans coupling with the  C-2 olefinic 
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proton.  The  olefinic p ro ton  a t  C-2 appeared  at  6.09 p p m  
as a d d t  with  J = 15.6 Hz, the  value of  which clear ly in- 
dicates  t r a n s - g e o m e t r y  of the  double  bond. 

The  fate of the  o ther  p a r t  of the  cleaved molecule was  
no t  determined.  However, j u d g i n g  f rom the  yield of the  
aldehyde, it is likely t h a t  under  the  condi t ions  studied,  
only  one f a t t y  acid in the  glycer ide molecule par t ic ipa tes  
in the  reaction. Such a select ivi ty in the  addi t ion of ozone 
to po lyunsa tu ra t ed  c o m p o u n d s  is of ten observed (22-24). 
A s t u d y  to improve the  yield of the  process is in progress. 

Interest ingly,  the  ma jo r i t y  of m e t hods  repor ted  in the  
l i terature for the synthesis  of (E)-2-nonenal use n-heptanal  
as a s t a r t i ng  material ,  which  general ly  is m a nu fa c tu r ed  
by  pyrolys is  of cas to r  oil (25,26). 

The  descr ibed method,  by  v i r tue  of being simple and 
cost  effective seems to be of enormous  practical potential.  
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