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Abstract 
Trioetylamine acts as an ant ioxidant  in fats  at 

70C but  not at lower temperatures .  A reactive 
ant ioxidant  intermediate  was sought. Dioctylhy- 
droxylamine was obtained f rom the reaction of 
t r ioetylamine and t -butyl  peroxide at  70C. The 
reerystall ized product  had ant ioxidant  properties.  
About  0.1% existed as stable free radical  by  
electron-spin resonance. Dideeyl- and didodeeyl- 
hydroxylamines  were also synthesized f rom the 
corresponding te r t ia ry  amines. These and a sam- 
ple of commercial d ie thylhydroxylamine also con- 
tained free radicals and possessed ant ioxidant  
activity.  

Introduction 

~ IPHATIC A~I~ES ACT as synergists for  phenolic- 
type  ant ioxidants  in unsa tura ted  l ipid systems 

(1). When  octyl-, dioctyl- and tr ioctylamines were 
tested alone as antioxidants,  i~hibition of oxidation 
was not striking, except for the t e r t i a ry  amine. At  
room temperature ,  and at  50C and 60C the te r t ia ry  
amine was ineffective; but  at 70C menhaden oil was 
protected f rom oxidation for  over a month at  a level 
of 50 ~M amine /g  of oil (1 .8%)(2 ) .  This unusual  
t empera tu re  effect was assumed to be due to the for- 
mation of an ant ioxidant  by  reaction of the te r t ia ry  
amine with hydroperoxides produced in the initial 
stages of lipid oxidation. The work described in this 
pape r  was under taken to investigate this hypothesis. 

Cullis and Waddington  (3) observed tha t  aliphatic 
amines had an inhibi tory influence on the gaseous 
oxidation of acetaldehyde. Thomas (4) used t r imethyl  
and t r i -n-butylamines as inhibitors for the oxidation 
of p-cumene in the presence of azoisobutyronitri le 
( A I B N )  as an init iator at 70C. De L a  Mare et al. 
(5,6) and Coppinger  and Swalen (7) studied the 
reaction of aliphatic amines with t e r t i a ry  butyl  hy- 
droperoxide. These reactions were followed by dec- 
t ron-spin resonance (ESR)  spectroscopy. 

Experimental 
Methods and Material 

Tri-n-oetylamine (Eas tman  Organic Chemicals, Dis- 
til lation Products  Indus t r ies) ,  p-menthane hydroper-  
oxide (Lueidol Division, Wallace and Tiernan,  Inc.) ,  
and ter t -buty l  hydroperoxide and N, N '  diethylhy- 
droxylamine (K and K Laboratories,  Inc.)  were used 
without  fu r the r  purification. The substrate  for anti- 
oxidant  analyses was squalene (Sigma, Grade 2). I t  
was purified on silicic acid columns as follows (8 ) :  
The column was p repared  f rom Mall inkrodt  No. 2874 
silicie acid s lurr ied with petroleum ether. The sam- 
ple (approximate ly  0.5 g per  g silicic acid) was added 
in petroleum ether solution and eluted with petroleum 
ether. Eluate  containing the first 10% was discarded. 
The remaining sample was collected as one fract ion 
until  70-80% of the original mater ia l  was recovered. 
The peroxide value of this fract ion was below the 
limit of mea~surement. 

The weighing method for determinat ion of indue- 
tion periods was that  described by Olcott and Einset 
(9). 
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The E S R  spectra were obtained with a Var ian  4502 
E P R  spectrometer.  Chloroform or carbon tetrachlo- 
ride was used as solvent. Diethyl hydroxylamine was 
not diluted. A Beckman IR7 spectrometer  was used 
for  the determinat ion of in f ra red  spectra. Molecular 
weights were estimated with a Mechrolab Vapor  Pres- 
sure Osmometer,  Model 301. 

Fo r  thin- layer  chromatography,  the adsorbant  was 
Silica Gel G according to Stahl, No. 7731, obtained 
f rom Br inkman  Ins t ruments ,  Inc. The developing sol- 
vent used was p repared  by equilibrating chloroform 
with 1N ammonium hydroxide (10:1 v / v ) ,  discarding 
the ammonia  layer, and adding methanol  to a rat io 
of 3:97 v /v .  Plates were developed with dichloro- 
ftuorescein or iodine vapor.  Good separat ion of mono-, 
di-, and tr iamines was accomplished, but  isomeric 
species could not be separa ted  with this system. 

Trioctylamine oxide was p repared  by the method 
described by Hoh et al. (10) and used without  fu r the r  
purification. Absolute ethanol was used as the di- 
luting solvent instead of water.  The oxide was iden- 
tified by its inf rared  absorption spectra at 950-970 
cm 1 (11). 

Reaction Conditions 
Tert-butyl  hydroperoxide and tr i-n-oetylamine were 

mixed in 5:1 molar ratio at  room temperuture .  The 
mixture  was held at 70C for  48 hr. Mixtures of 
p-menthane hydroperoxide and tr i-n-oetylamine (2:1 
molar rat io) were t reated similarly. 

Silieie acid column chromatography  of the reac- 
tion product  of t -butyl  hydroperoxide and tri-n-oc- 
tylamine was carried out as follows: Bio-Rad Silicie 
Acid, minus 325 mesh, was washed with chloroform, 
then dried under  ni t rogen and held at 105C for  24 
hr for  activation. The act ivated silicic acid was slur- 
ried with chloroform, and a 24 • 2.5 cm column was 
packed under  2 lb ni t rogen pressure. The amine- 
peroxide reaction mixture  was introduced on to the 
column with chloroform and eluted with chloroform. 

I I I 

Fro. 1. Derivative plot of ESR spectrum, dioetyl hydroxyls- 
mine in carbon tetrachloride. 
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FIG. 2. Infrared absorption spectra of dioetyl amine (A), 

dioety]hydroxy]amine (B), and diethylhydroxylamine (C), all 
in carbon tetrachloride. 
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When no fu r the r  product  was obtained, the solvent 
system was changed to 97:3 chloroform-methanol and 
more fractions were collected. Each fract ion was ana- 
lyzed for total solid content and ant ioxidant  activity. 
Those fract ions that  showed ant ioxidant  propert ies  
were then fu r the r  examined for  the presence of the 
free radical. 

R e s u l t s  

Tri-n-octyl Amine and t-butyl  Hydroperoxide 

The reaction of tri-n-octyI amine with t -butyl  hy- 
droperoxide for 48 hr at 70C yielded a clear yellow 
oil. This product  contained a free radical by E S R  
spectroscopy. The spect rum was spli t  into three lines 
of equal intensi ty  in terpre ted  as due to spin coupling 
of a free electron with a ni t rogen nucleus. Hyperf ine  

T A B L E  I 

Antiexidan$ Act iv i ty  of Tertiary Amines and Dialkylhydroxylamines 
in Squalene at 50C 

Induction period (days)  
Additive'a 

TOA TDA T D D A  D O H A  D D H A  D D D H A  

0.5 3 4 3 
2.5 9~- 10~- 9 
3.5 16 . . . . . .  _ 
5 .... 15 14 

25 1 1 I 
50 1 1 1 

a ] n  g l~  per  g 
TOA indicates trioctylamine; TDA, t r idecy lamine ;  TDDA,  tridodec- 

ylamine; DOHA, dioctyl hydroxy lamine ;  DDHA, didecyl hydroxy lamine ;  
DDDHA, didodecyl hydroxylamine. 

spl i t t ing was also observed due to interaction with 
four  a-protons. Coupling constants were AN = 15.6 
gauss, An = 10.6 gauss (12). These are in good agree- 
ment  with those reported by Coppinger  and Swalen 
(8) for  dialkylamine nitroxide radicals generated by 
the reaction of short  chain al iphatie  amines with 
t -butyl  hydroperoxide.  

Tri-n-octylamine and t -butyl  hydroperoxide were 
mixed and examined at room tempera tu re ;  only a 
fa in t  unresolved E S R  signal was observed. However, 
when the t empera tu re  in the cavi ty  was raised to 
70C, a 15 line free radical  signal appeared at  once. 

A white crystall ine precipi tate  formed in the tri- 
n-octylamine-t-butyl  hydroperoxide reaction mixture  
a f te r  s tanding for  an addit ional day  at room tem- 
perature .  The precipi ta te  was separated and reerys- 
talized as colorless needles f rom hot ethanol to a 
constant melt ing point of 77.5-78.5C. The yield was 
approx imate ly  1%. The nitroxide free radical  sig- 
nal (8) was concentrated in the crystals  as compared 
to the oily residue, and was estimated to be equiva- 
lent to 10 -a M. F igure  1 shows the derivative plot 
of the E S R  spect rum of the crystals in carbon 
tetraehloride. 

The compound had the following composition: C, 
74.4; H, 13.9; N, 5.4; (theor. for  dioetylhydroxyl-  
amine, ClsH35NO: C, 74.4; H, 13.6; N, 5.45). De- 
terminations of molecular weight by vapor  pressure 
lowering gave values between 230 and 300 (theor. 
C16H3~NO = 257). 

I n f r a r e d  absorption spectra of this product, of di- 
e thylhydroxylamine and of dioctylamine are shown 
in F igure  2. The hydroxyl  peak of diethylhydroxyl-  
amine falls at 3~16 cm-L An absorption peak occurs 
also at  this wavelength in the spect rum of the new 
compound. 

Tri-n-Decylamine and Tri-n-Dodecylamine with 
t -Butyl  Hydroperoxide  

Tri-n-deeylamine and tri-n-dodeeylamine were re- 
acted with t -butyl  hydroperoxide under  the same con- 
ditions as were used with tri-n-octylamine. The white 
crystall ine products  melted at 85-86C and 92.5-93.5C, 
respectively. Each product  gave a free radical sig- 
nal of the same form and approximate ly  the same 
strength as that  observed with the product  f rom tri- 
octylamine. 

Tri-n-Octylamine and p-Menthane Hydroperoxide 

Reaction of tr i-n-octylamine with p-menthane hydro- 
peroxide at  70C for  48 hr yielded a dark brown vis- 
cous oil. The crude reaction mixture  showed an asym- 
metr ical  E S R  spect rum result ing f rom the spectra of 
two free radical species superimposed upon each other. 
One of the two species was the nitroxide radical  
observed before. This signal d isappeared in 10 min 
at  145C when the sample was heated in the cavity 
of the ins t rument  so that  it was possible to isolate 
the spec t rum of the second free radical  species. The 
second signal contained 16 observable lines. There 
was no evidence for  a nitrogen atom from the hy- 
perfine pat tern .  Since hydrocarbon radicals are not 
usual ly stable at such high temperatures ,  it was prob- 
ably a peroxy radical. Only a small amount  of crys- 
talline product  could be isolated f rom this system. 

Oxidized Squalene-Amine System 

Tri-n-octylamine and squalene were mixed and al- 
lowed to stand in contact with air  at  room tempera ture  
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overnight. Only a fa int  signal was observed by ESR 
analysis. The sample was then heated to 70-75C in 
the cavity and the 15-line spectrum of the nitroxide 
appeared. Although there was some contaminating 
radical present in the sample, the major  signal was 
identical to tha t  obtained from the isolated product  
of the model system (Fig. 3). 

Ant iox idant  A c t i v i t y  

The antioxidant 
amines and of the 
amines in squalene 

activities of the te r t ia ry  alkyl 
corresponding dialkyl hydroxyl-  
are shown in Table I. 

Discussion 

Tri-n-oetylamine and its analogues react with t-butyl 
hydroperoxide at 70C to form crystalline products  
with antioxidant  properties. Elemental  analysis and 
infrared absorption SPectra indicate that  the crystals 
are dialkyl hydroxylamines.  

De La Mare (6) proposed a mechanism for the 
conversion of te r t ia ry  alkyl amines to nitroxides by 
reaction with t-butyl hydroperoxide.  The mechanism, 
later modified by Coppinger and Swalen (7),  pre- 
dicted that  the reaction proceeded through the for- 
mation of a substituted hydroxylamine.  However, no 
hydroxylamines were isolated in their  work. 

Other studies of amine-hydroperoxide reactions sug- 
gest an al ternate  route. Oswald et al. (13) found 
that tr ialkyl amines and hydroperoxides react at room 
temperature  to form alkylammonium peroxide salts. 
The same peroxides form when ter t iary  aliphatic 
amines react with hydrogen peroxide at low tem- 
perature  (--50C). These compounds decompose at  
50C to tr ialkylamine oxides (14). Hoh et al. (10) also 
studied the oxidation of te r t ia ry  amines with hydro- 
gen pe rox ide .  W h e n  d i m e t h y l d o d e c y l a m i n e  was 
t reated with 35%hydrogen peroxide solution (1:1 mo- 
lar ratio) at 60-65C, the product  was the ter t iary  
amine oxide. At  higher temperatures  yields were 
reduced. 

Thermal decomposition of t e r t i a ry  amine oxides re- 
sults in the Cope elimination reaction (15) :  

t~ 1% 
J 

R1--CI-I~--CH2--N --> O -----> I % - - C I t  ---- CH2 + N - - 0 H  
+ I 

I% 1% 

Although this reaction is usually carried out at t em-  
peratures above 90C, some conversion to the disub- 
sti tuted hydroxylamine could occur at 70C. 

The pa thway to formation of the hydroxylamine 
might therefore be: 

1. R3N + R 'OOH > (R3N - R 'OOH)  (13) 
2. (RaN -- R'OOH)  > R3NO + R ' O H  

A 
3. R3N --->O > R = CH2 + R2NOH 

In order to obtain fu r the r  information concerning 
the possibility that  a te r t ia ry  amine oxide may be 
an intermediate, tr ioetylamine oxide was prepared ac- 
cording to the method of IIoh et al. (10) and ex- 
amined for the presence of a free radical species. 
None was observed. However, when tr ioetylamine ox- 
ide was heated at 70C for 24 hr, approximately 0.1% 
of the sample was converted to the nitroxide. Al- 
though this does not necessarily indicate that  the 
major  pa thway to dialkyl hydroxylamine is through 
ter t iary  amine oxide formation, the evidence lends 
some credence to this mechanism. A recent s tudy of 
the heat decomposition of dimethyl-laurylamine ox- 
ide indicates tha t  dimethylhydroxylamine is only a 

V " I  
I I I I I I I I I 

FIG. 3. Der iva t ive  p lo t  of E S R  spectrum,  tr i-n-octy] amine 
in  ox id iz ing  squalene.  

minor component of this reaction (16). Trimethyl-  
amine oxide had no antioxidant activity under  the 
conditions used in these experiments. 

The nitroxide E S R  signal was also observed with 
a commercial preparat ion of diethylhydroxylamine.  
The concentration of the free radical was approxi- 
mately 10 6 M. When t-butyl hydroperoxide was 
added to the sample at room temperature  in a molar 
ratio of 3:1 hydroxylamine to hydroperoxide,  the 
concentration of nitroxide increased to 10 -4 M within 
10 rain. 

The sample of commercial diethylhydroxylamine 
was compared with dioctylhydroxy]amine as an anti- 
oxidant for  squalene. The two were approximately 
equivalent (Table I I ) .  

The chain terminat ing step with the hydroxylamine 
as antioxidant  might  be: 

R~NOH + RO �9 ) R2NO �9 + ROtI  

The nitroxide radical may also contribute to oxida- 
tion inhibition. I toffmann et el. (17) prepared  di- 
t-butyl nitroxide by the reduction of tert iary-nitro-  
butane with sodium and stated that  it  was an effec- 
tive antioxidant,  polymerization inhibitor and radical 
trap. An at tempt  by us to oxidize dioctylhydroxyl-  
amine quanti tat ively to the nitroxide with lead di- 
oxide was unsuccessful. Free  radicals were destroyed 
ra ther  than synthesized in the process, suggesting 
that  the oxidation was too vigorous for dialkyl 
hydroxylamines.  

The observations in this paper  add to the growing 
list of syntheses of antioxidants by oxidation reac- 

TABLE I I  
(]omparison of Antioxidant Activity of Diethylhydroxylamine 
(DEHA) and Dioctyl Hydroxylamine (DOItA) in Squalene 

Induction 
Tamp. Conc. (/~lYl/g) period 

(days) 

DEHA 23(] 1.0 90 
50G 1.0 5 

DORA 23(] 1.0 90 
50(] 1.0 5 
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tions. For example, Pedersen (18) showed that, of 
the oxidation products of N, N' diphenyl-p-phenylene 
diamine, the quinone diimine N, N' dioxide was a 
more effective antioxidant than the quinone diimine. 

Similarly the active species formed when thio- and 
dithio-compounds are used as antioxidants, are con- 
sidered to be sulfoxides and thiosulfinates by Barnard 
et al. (19). The antioxidant effectiveness of seleno- 
compounds is similarly thought to be due to the syn- 
thesis of oxidized intermediates (20,21). 

Whether substituted hydroxylamines are of prac- 
tical significance as antioxidants for edible oils re- 
mains to be determined. Very little is known about 
their toxicological properties. Also it is not yet known 
whether a mechanism related to that described here 
may explain the synergistic effects of phospholipids 
(22) and other nitrogenous food constituents. Ex- 
periments designed to pursue these topics are in 
progress. 
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Homogeneous Catalytic Hydrogenation 
Metal Acetylacetonates 1 
E. A. EMKEN, E. N. FRANKEL and R. O. BUTTERFIELD, 
Northern Regional Research Laboratory, 2 Peoria, Illinois 

of Unsaturated Fats: 

Abstract 
Hydrogenation of linseed and soybean methyl 

esters was achieved at 100-180C, 100-1000 psi H2 
and 0.05-0.25 moles catalyst per mole of ester. 
The relative activity of metal acetylacetonates 
in decreasing order was : nickel ( I I I ) ,  cobalt ( I ] I ) ,  
copper(II)  and i ron(I I I ) .  Reduction occurred 
readily in methanol solution but only slowly in 
dimethylfornlamide and acetic acid. No reduc- 
tion occurred in the absence of solvents. Soybean 
oil was also hydrogenated rapidly with nickel 
( I I I )  aeetylacetonate in methanol, but in this 
system the triglyeerides were converted to methyl 
esters. Nickel(III) acetylaeetonate was the most 
selective catalyst toward linolenate hydrogena- 
tion. Methyl linoleate and linolenate hydro- 
genated with nickel(111) acetylacetonate were 
fractionated into monoenes, dienes and trienes. 
The cis monoenes separated in 62 to 68% yield 
had double bonds in the original position. The 
remaining trans monoenes had extensively scat- 
tered unsaturation. The dienes and trienes 
showed no conjugation, but some of the double 
bonds in the dienes were not conjugatable with 
alkali. Little stearate was formed. 

Introduction 

I 
N A PROGRA!V[ at this Laboratory to find selective 
catalysts for the hydrogenation of linolenate in 

soybean oil, bis- and tris (2,4-pentanedione) metal 
complexes were investigated. These complexes, com- 

1 Presented at AOCS meeting in Chicago, 1964. 
a No. Util. Res. and Dev. Div., ARS, USDA. 

monly known as metal acetylacetonates, are soluble 
hydrogenation catalysts rather than heterogeneous as 
normally used in commercial operations. In the past, 
olefinic compounds have been successfully reduced by 
soluble hydrogenation catalysts (11-13). Soluble 
metal complexes previously used to hydrogenate poly- 
unsaturated fats include iron and cobalt carbonyls 
(8-10), pentacyanocobaltate (17,18) and triphenyl- 
phosphine derivatives of plat inum(II)  and t in ( I I ) ,  
(1). 

Experimental 
Materials 

Methyl esters of fat ty acids of eommercia]ly refined 
and bleached soybean and linseed oils were obtained 
by transesterification with methanol and potassium 
hydroxide and were distilled under vacuum (soybean 
methyl esters IV 135; linseed methyl esters IV 183). 
Methyl linoleate (IV 172.4) was obtained from The 
Hormel Institute. Methyl linolenate (IV 260.1) was 
prepared by countercurrent distribution (CCD) of 
distilled linseed methyl esters (21). Gas-liquid chro- 
matography (GLC) showed the methyl linoleate and 
linolenate to be 100% pure. Nickel ( I I I ) ,  cobalt ( I I I ) ,  
copper (II)  and iron ( I I I )  acetylacetonates were ob- 
tained from the Pearsal Company and used with- 
out purification. Small amounts of methanol-insohble 
impurities were present, but they exhibited no cata4 
lyric activity. 

Hydrogenations were carried out in a Magne-Dash 
high-pressure 150-ml, or 300-ml, stainless steel auto- 
clave or a rocking autoclave fitted with a six i0-ml 
compartment stainless steel insert (6). The catalyst 
was decomposed after hydrogenation with dilute HC1 
(2:1) as described previously (10). 


