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Another  explanation may be based on the difference 
in stability of various hydroperoxides.  In  addition to 
the effect of unsaturat ion on stability, much evidence 
has been presented to indicate that  autoxidation of 
any single unsaturated fa t ty  acid methyl ester yields 
more than one peroxide and that the stability of 
these peroxides varies widely (18-22). I t  is possible, 
therefore, that  at the time the autoxidized methyl 
esters were reduced and analyzed, essentially all the 
unstable peroxides of ]inolenate had already decom- 
posed leaving only the more stable peroxides which, 
indeed, proved to be stable even to the conditions of 
the carbonyl determination. On the other hand, the 
" u n s t a b l e "  oleate peroxides which are considerably 
more resistant to decomposition under  normal con- 
ditions than the linolenate peroxides, remained vir- 
tually unchanged before analysis but  were decomposed 
to earbonyl compounds during the determination. The 
linoleate peroxides occupy an intermediate position 
with regard to their stability and their  decomposition 
during the earbonyl determination. In support  of this 
explanation may be cited the low ratios of peroxide 
value to true earbonyl content (determined af ter  re- 
duction) for linolenate (2.7), compared to linoleate 
(5.9) and oleate (7.6). 

In  general, the results obtained with the four  
vegetable oils agree with those from the pure methyl 
esters. Olive oil, the unsatura ted component of which 
is almost exclusively oleic acid, behaves as methyl  
oleate and shows a high conversion of peroxides to 
carbonyls during the carbonyl determination. The 
more unsaturated oils containing linoleie and linolenic 
acids show less peroxide interference. In this study, 
clear-cut differences between corn, safflower and lin- 
seed oils should not be expected because the rate  of 

autoxidation of individual unsatura ted fa t ty  acid in 
mixtures is much different f rom that  of the pure  
compounds and also because these oils had been 
oxidizing under  uncontrolled conditions for different 
periods of time. 

ACKNOWLEDGMENT 

Supported in par t  by Public Health Service Research Grant  No. 
AM 07243 from the National Institutes of Health and by The t tormel 
Foundation. 

REI~ERE NCES 

1. Caddis, A. M., lg. Ellis and G. T. Ourrie. Food Res. 25, 495-506 
(196o). 

2. Lappin, G. R., and L. C. Olark, Anal. Chem. 23, 541 (1951).  
3. Heniek, A. S., M. F. Benca, and J. H. N]tehell, Jr.,  JAOCS 31, 

88-91 (1954).  
4. Itohn, ~r., K. Ekbom, and G. Wode, JAOCS 34, 606 (1957).  
5. Lea, C. It., and P. A. T. Swoboda, J. Sei. Food Agric. 13, 148-58 

(1962).  
6. Horikx, M. IV[., J.  Appl. Chem. (London) 14, 50-52 (1964).  
7. Yarmer, E. It. ,  Trans. Earaday Soc. 42, 228 (1946).  
8. Keeney, M., "Symposium on Foods: Lipids and Their Oxidation," 

It .  W. Schultz, E. A. Day and 1~. O. Sinnhuber, Eds., Avi Publishing 
Co., Westport, Conn., 1962, pp. 79-89. 

9. Schwartz, D. P., I t .  S. t taller and 2¢J:. Keeney, Anal. Chem. 35, 
2191-2194 (1963) .  

10. Swoboda, P. T. A., Pr ivate  communication. 
11. Fioriti, J. A., Pr ivate  communication. 
12. Wheeler, n .  It. ,  Oil Soap 9, 89-97 (1932).  
13. Ohipault, 5. R., O. S. Privett,  G. R. Mizuno, E. C. Nickell, and 

W. O. Lundberg, Ind.  Eng. Chem. 49, 1713-29 (1957).  
14. Lundberg', W. 0., J. I%. Chipault and M. J. t tendrickson, 

JAOCS 26, 109-15 (1949).  
15. Privett, O. S., W. O. Lundberg, N. A. Khan, W. E. Tolberg 

and D. It .  Wheeler, J'AOCS 30, 61-66 (1953).  
16. Bergstrom, S., Arkiv. Kemi. Mineral. Geol. 21A, (14),  1 (1945).  
17. Barnard,  D ,  and K. R. Hargrave,  Anal. Chim. Acta 5, 476 

(1951).  
18. Franke, W., and n .  JereheI, Ann. 583, 46 (1937) .  
19. Lewis, W. R., and F. W. Quaekenbush, JAOCS 26, 53 (1949).  
20. Lonry, M., and M. Mellier, Oleagiueux 4, 665 (1949).  
21. Sworn, D., J. E. Coleman, ft.  B. Knight, C. Riceiuti, C. O. 

Willits and C. R. Eddy, JAOCS 75, 3135-7 (1953).  
22. Kalbag, S. S., K. A. Narayan, S. S. Chang and F. A. l~:um- 

merow, JAOCS 32, 271-4 (1955).  

[ R e c e i v e d  A p r i l  23, 1 9 6 5 - - - A c c e p t e d  J u n e  24, 1965]  

Preparation of 2-Hydroxytridecanenimle from Petroselinic Acid 
R. L. HOLMES, ]. P. MOREAU and G. SUMRELL, 
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Abstract 
The eyanohydrin of dodeeanal has been iso- 

lated in 90% crude yield from reaction of hydro- 
gen cyanide formed in situ with the mixed alde- 
hydes resulting from reduetive ozonization of 
petroselinie acid. Attempts to isolate the eyano- 
hydr in  of the other fragment,  adipaldehydie acid, 
were unsuccessful. 

Introduction 

I N THE SEARCH for new oilseed crops in the New 
Crops program of the U.S. Depar tment  of Agricul- 

ture, one of the families of plants selected for s tudy 
has been the Umbelliferae (carrots, fennel, parsley, 
etc.). The seed oils of these plants contain 30-75% 
petroselinie (cis-6-octadecenoic) acid, an isomer of 
oleic acid found with very  few exceptions only in this 
family of plants. Any industrial  utilization of the 
oils would depend pr imari ly  on the petroselinie acid 
or its derivatives. Consequently, the utilization re- 
search on these oils has been concentrated on the 
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chemistry of petroselinic acid and various derivatives 
of the acid. 

Reductive ozonization of petroselinic acid gives a 
nlixture of dodecanal and adipaldehydie acid (1). 
This paper  reports the reaction of such a mixture with 
hydrogen cyanide and work done to isolate the prod- 
ucts of the reaction. The reactions of these aldehydes 
with sodium cyanide and hydrochloric acid (the lat- 
ter reagents yielding hydrogen cyanide in situ) are 
as follows : 

CHa ( CHs ) IoCICi0~-NaCN-~HCI > CH~ (Oils) ~oCI-I--CN 
I 
oH 

H00 C (OH2) ~GH0+NaCN~-HCI ) H00C (CII.o) 4OH--ON 
I 
OH 

These cyanohydrins, which do not appear to have been 
reported in the literature, would be versatile inter- 
mediates for preparing many useful products. They 
could be hydrolyzed to alpha-hydroxy acids, for ex- 
ample, or reduced to alkyl-substituted ethanolamines 
(alkylolamines). Alpha-hydroxy acids have found 
utility in preparing resinous products (2), improved 
lubricating greases (3), and stabilizers for vinyl 
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FIG. 1. I n f r a r e d  s p e c t r u m  of  2 - h y d r o x y t r i d e e a n e n i t r i l e .  

halide resins (4). Alkylolamines have found many  
uses, such as in the prepara t ion  of various resin prod- 
ucts (5-9) ,  materials  for t reat ing paper ,  textiles, or 
leather (10,11), and in the product ion of emulsifiers 
and surface active materials  (12,13). 

Experimental 
Ten grams of petroselinic acid, p repared  f rom pars- 

ley seed oil by the procedure of Fore, Holmes and 
Bickford (14) was ozonized in methanol at 0C to the 
end-point as determined by the darkening of an acidi- 
fied potassimn iodide solution through which the exit 
gases were passed. Nitrogen was bubbled through the 
solution for  a few minutes to remove dissolved ozone. 
Then 0.1 g of 10% pal ladium on charcoal was added 
to the ozonizing cylinder and hydrogen passed through 
the solution at room tempera ture  until  a negative test 
for peroxide was obtained with potassium iodide and 
acetic acid. 

The catalyst  was filtered out. The final volume of 
the methanol solution was 250 ml, to which 75 ml 
water  was added. The solution was cooled to 10-20C 
and crystals of sodium cyanide added slowly unti l  
the solution became alkaline, then more sodium cya- 
nide was added to a total  of 3 equivalents of the petro- 
selinic acid. Concentrated hydrochloric acid, diluted 
with an equal volume of water, was added dropwise 
with s t i r r ing to br ing the p H  of the solution to 5-6, 
while keeping the tempera ture  between 10 and 20C. 
The methanol was evaporated off at 70C at  50 nlm 
pressure and the residue taken up in 150 nfl water  
plus 100 ml ethyl ether. F i f t y  percent  sodium hy- 
droxide solution was added slowly until  the water  
phase remained alkaline af ter  equilibrium of the 
two phases. The phases were then separated,  and the 
water  phase washed 4 times with 100 ml ether. All 
ether solutions were combined and washed with water  
to neutral i ty.  The solution was dried with sodium 
sulfate and evaporated at 60C at 50 mm pressure to 
given 6.70 g (90% yield) of crude 2-hydroxytr i-  
deeanenitrile. The inf ra red  spectrum of this sample 
showed the presence of some dodecanal. 

The crude mater ial  was dissolved in commercial 
hexane at room tempera ture  (1:7) and set in refr iger-  
ator  overnight at  - 10C .  The yield was 4.49 g of 
crystals (60% of theoretical) .  These were recrystal-  
lized twice more f rom commercial hexane under  the 
same conditions. The crystals were snow-white and 
had the following analysis:  %C 73.15 (73.88), % H  
11.68 (11.92), %N 6.58 (6.63), % 0 H  8.09 (8.05), tool 
wt 210 (211). The figures in parentheses are the cal- 
culated values. The melt ing point  was 43.9C. The 
inf rared  spectrum, obtained in a K B r  disc on a Perkin-  
Elmer  In f r a r ed  Spectrophotometer  Model 21, is shown 

in F igure  1. I t  shows the absence of any aldehyde by 
the lack of absorption at 5.75-5.81~, the presence of 
free hydroxyl  by an absorption peak at 2.93~, and 
the presence of nitrile group by a low absorption peak 
at  4.42t~. The absorption of a nitrile group is sup- 
pressed by  the presence of an oxygenated group at- 
taehed to the same carbon atom as the nitrile group, 
as occurs in this compound (15). 

6-Cyano-6-hydroxyhexanoic acid should be formed 
simultaneously with the format ion of the 2-hydroxy- 
tridecanenitrile,  but  we were not able to isolate a ma- 
terial  which could be shown to be this compound. 

Discussion 
The boiling points of dodecanal and methyl  adipal- 

dehydate or of dodecanal and adipaldehydic acid are 
so close as to make separat ion of the aldehydes by dis- 
tillation unfeasible with ordinary  laboratory  equip- 
ment. At tempts  were also made to isolate the alde- 
hydes by reacting the mixed aldehydes with a 
sa tura ted  solution of sodium bisulfite in 40% metha- 
nol. The dodecanal formed an adduct  which could be 
filtered out, but  the adipaldehydie acid either did not 
fo rm an adduet  or remained in solution. The do- 
decanal adduct  was dissolved in warm water, and 
treated with an aqueous solution of sodimn cyanide 
(15). The crude tr ideeanenitr i le  was extracted with 
ethyl ether and recovered f rom the ether solution in 
yields comparable to those obtained f rom the reaction 
of the mixed aldehydes direct ly with sodium cyanide 
and hydrochloric acid. Since a great  excess of sodium 
bisulfite was used in forming the adduct,  this re- 
mained in solution, and great ly  interfered with at- 
tempts  to isolate the 6-cyano-6-hydroxyhexanoie acid 
since it released sulfurous acid when the solution was 
later  acidified. 

Higher  yields of aldehydes can be obtained f rom 
the ozonides by chemical reduction with zinc and 
acetic acid, but  since the 2-hydroxytr idecanenitr i le  
and the 6-cyano-6-hydroxyhexanoic acid were to be 
separated by par t i t ioning the crude product  between 
ethyl ether and an aqueous alkaline solution, the zinc 
precipi tated as the hydroxide and caused much trou- 
ble with emulsions. Fo r  this reason, catalytic reduc- 
tion of the ozonides with hydrogen was employed. 
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