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Abstract

The principal reaction during thermal decom-
position of dimethyllaurylamine oxide is deoxy-
genation to dimethyllaurylamine; 1-dodecene is
also formed. The rates of amine oxide decomposi-
tion have been determined in the range of 80—
100C. Interpretation of the kinetic data shows
that deoxygenation is a primary decompesition
process. Comparison of the energy and entropy
of activation for olefin formation (36.3 keal, 12.4
e.n.) and amine formation (20.6 keal, —30.8 e.u.)
shows that these are competing processes with
different transition states.

Introduction

A,THOUGH THE Cope reaction (pyrolysis of tertiary
amine oxides to olefin and dialkylhydroxylamine)
has been the subject of many papers and reviews (1),
no kinetic study had been reported at the time this
work was initiated. While the reaction had been
presumed {largely from steric considerations) to pro-
ceed by a cyclic unimolecular mechanism similar to
that generally accepted for ester pyrolysis (1b), it
was not until recently that kinetic data in support
of such a mechanism became available (2).

The marked effect of solvent on the reaction rate
of anhydrous amine oxides suggested that a study of
the reaction under conditions approaching those of
preparative experiments (la), i.e., pyrolysis of pure
amine oxide hydrates, would be enlightening. Di-
methyllaurylamine oxide was chosen because it is a
solid, readily available and capable of purification by
reerystallization.

Previous analytical methods for amine oxides (3)
depended on use of reducing agents (titanium tri-
chloride, ete.) and were not satisfactory for the mix-
tures obtained from the Cope reaction. (Gas chromato-
graphic and acidometric methods were developed and
employed.

Experimental

Preparation of Amine Oxide. Hydrogen peroxide
oxidation of dimethyllaurylamine was used to pre-
pare the amine oxide. The method was essentially
as described by Hoh and co-workers (4), using iso-
propyl aleohol and hydrogen peroxide, then evaporat-
ing solvent under vacuum. The amine oxide was
recrystallized from benzene, hexane being added to
complete precipitation. The materials, mp 90-95C,

O

T
contained 89.8% amine oxide (as CiaHosNMe, - H20)
and 6.7% dimethyllaurylamine, determined by aei-
dometric titration. The IR spectrum contained a
strong O-H absorption band typical of amine oxide
hydrates.

Thermal decomposition of dimethyllaurylamine
oxide.

A. An approximate 1-g sample dimethyllauryl-
amine oxide, placed in a test tube and im-
mersed in a constant temp bath was removed,
weighed, and returned to the bath at inter-

1 Present address: The Martin Co., Baltimore, Md.

vals. Linear semilogarithmic plots of wt of
amine oxide vs. time resulted from assumption
of the stoichiometry:

0

1
012H25NM62 . H20 —> 012H24 +
MegNOH + H20

and calculation of the wt of amine oxide
remaining. Residual wt = original wt— wt
lost X 247/(61 + 18). It is not known why
this should be the case, since analysis showed
that this is a minor reaction. Rate constants
calculated on this basis show in Table I, but
were not used for further calculations. (A
reviewer has suggested that rapid loss of
water, followed by slow decomposition of the
amine oxide would account for these being
larger than rate constants determined by
method B. This would require that agreement
between activation parameters for dodecene
formation and those reported by Cram and
co-workers be coincidental. Since the pyrolysis
of aliphatic amine oxides is much slower than
that of phenylbutylamine oxides, it is possible
that the rate-determining step is the olefin-
forming elimination reaction.) Gas Chromato-
graphic analysis of non-volatile products after
16 hr at 100C showed presence of three compo-
nents; dimethyllaurylamine oxide (27-35%),
dimethyllaurylamine (52-53% ), and 1-dodec-
ene (11-21%). Identification was made by
comparison of retention times with those of
reference materials and by IR spectroscopy of
samples purified by gas chromatography.

. Approximately 1-g samples of amine oxide in

test tubes were placed in the constant temp
bath, removed at the end of a suitable inter-
val, chilled, and analyzed by acidometric titra-
tion. Linear semilogarithmic plots of amine
oxide, amine and olefin percentages vs. time
(pseudo-first order) were obtained. The rate
constants for decomposition to olefin and
amine were determined from the equations
for parallel first order reactions (5):
U/V = [Vi+ (KuA/Ke) (1 —e™)]/
[Vit (KeAo/Ky) (1 —e™)]
K, + K, =K
U = Amine conen
Ui = Initial amine conen
V = Olefin conen
Vi == Initial olefin conen
A, = Initial concn of amine oxide
K, = Rate constant for decomposition to

amine

K, = Rate constant for decomposition to
olefin

K, = Rate constant for amine oxide dis-
appearance

The energy of activation was determined
from the slope of the linear plots of log K
vs. 1/T, —Ea/R = AIuK/A(1/T), as 20.6 and
36.3 keal for amine and olefin formation, re-
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spectively. Entropy of activation was calcu-
lated using the equation:

AS# = [(KBa— RT) + 2.303 RT log
K, h/K,T]/T
Data is summarized in Table I.

Reaction of dimethylhydrozylamine and 1-octene.
Vapors from the thermal decomposition of dimethyl-
laurylamine oxide were passed through a reflux con-
denser containing hot water iIn the cooling jacket,
then into refluxing 1l-octene. When pyrolysis was
complete, the octene was titrated with acid, but no
amine was found. Gas chromatographic analysis
showed less than 5% of a low-boiling impurity in the
octene-1, probably dimethylhydroxylamine (identical
retention time).

Gas chromatographic analysis of miztures. The col-
umn and operating conditions satisfactory for fatty
amines (6) was suitable for analysis of olefin-amine-
amine oxide mixtures, using a flow rate of 70 ml/min,
column temp 200C, and injection temp 300C. There
was slight decomposition of the amine oxide during
the analysis.

Determination of amine and amine oxide. The
method of Wimer (3b) was modified to permit simul-
taneous determination of tertiary amine and amine
oxide. An 0.1-0.5 g sample was dissolved in 25 ml
acetic anhydride and titrated potentiometrically with
0.1 N perchlorie acid in dioxane. Two inflections were
obtained—the first titrating amine and the second
amine oxide. Olefin was determined by difference,
since the gas chromatographic analysis (above)
showed the presence of only the three components.

Discussion

Aliphatic and alieyclic amine oxides generally de-
compose to olefins when heated. A small amount of
tertiary amine is commonly found in the pyrolysis
of other amine oxides (7). In cases where 8-hydrogens
are inaccessible [N-methylpiperidine oxide (8)] de-
oxygenation occurs preferentially. The amine might
result from an alternate decomposition process, or
from reaction of dialkylhydroxylamine and olefins
(9) (described amine synthesis by reaction of 2-
vinylpyridine with dialkylhydroxyl-amines). Amine
formation is a first order process. This requires either
very fast reaction of 1-dodecene and dimethylhy-
droxylamine, or direct formation from amine oxide.
Since 1l-octene and dimethylhydroxylamine did not
react at 120C, the amine must be a primary decom-
position product.

The rate constant vs. reciprocal temp plots for
amine and olefin formation are straight lines. Sinee
the olefin has a steeper slope, the ratio of products
varies with temp. Extrapolation to 120C shows the
olefin to amine rate constant ratio would be 95.5 X
10-6 : 15.1 X 105, or 6.3. This would lead to 86.5%
olefin in the product mixture. At higher temp, an
even greater ratio of olefin to amine would be ex-
pected. Since procedures for preparative experiments
call for raising the temp to 120-150C as quickly as
possible, it is not surprising that a significant amount
of amine is rarely found. Conversely, the lower the
reaction temp, the greater the conversion to amine
rather than olefin. Thus, extrapolation of the data
to 60C gives a ratio of 0.3 X 10-7 : 1.5 X 10-7, or 0.20,
and a conversion to 16.7% olefin and 83.3% amine.

A previous report (4) describes the gas chroma-
tographic analysis of dimethyllaurylamine oxide, and
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TABLE I
Thermal Decomposition of Dimethyllaurylamine Oxide

Rate constant for Entropy of
Tem decomposition [X10(6)] activation
Method S
(@ Total To To | Amj Olefin
ota amine olefin e
A 80.0 3.1
A 90.0 6.7
A 100.0 20.6
B 81.1 1.04 0.74 0.30 —30.8 11.6
B 89.4 3.18 1.41 1.77 —31.0 131
B 100.0 10.7 3.8 6.9 —30.6 12.6

its pyrolysis in the chromatograph to 1-dodecene and
dimethylhydroxylamine. At 300C, the temp of the
injection port in both studies, one would not expect to
find an amine oxide among the products. Contrary to
the previous report, we observed a peak in addition
to olefin and amine during analysis of a partially
pyrolyzed sample. Comparison of retention time and
IR spectrum of a collected sample with those of pure
material showed that amine oxide was not extensively
pyrolyzed on passage through the chromatograph.

Sahyun and Cram (2) give conclusive evidence
that amine oxide dehydrates prior to olefin formation.
The energy of activation for dimethyllaurylamine
oxide hydrate pyrolysis to 1-dodecene, 36.3 keal, is in
reasonable agreement with the 24.4-34.7 keal enthalpy
of activation for pyrolysis of threo- and erythro- N,
N-dimethyl-3-phenyl-2-butylamine oxide in aqueous
tetrahydrofuran or in methanol. The enthalpy of
activation for dodecene formation at 373K is caleu-
lated (10) (AH#*=E, —RT) to be 35.6 kecal. One
would expect a somewhat higher activation energy
for an aliphatic amine oxide, since incipient conjuga-
tion with the aromatic system is absent. The entropy
of activation, +12.4 = 0.8 e.u., is within the range of
—9.6 to +16 reported by Cram. If olefin formation is
rate-determining, the positive entropy of activation
can best be explained as resuniting from a transition
state resembling the fragmented products, i.e., olefin
and dimethylhydroxylamine, since one would expect
a negative value for the cyelic transition state gen-
erally proposed. Alternatively, the positive value is
consistent with the fragmentation of hydrate into
water and amine oxide in the transition state if de-
hydration is rate-determining.

Activation parameters for amine formation, activa-
tion energy of 20.6 keal and entropy of —30.8 + 0.2
e.u., suggest a highly constrained transition state. The
activation energy is probably markedly less than the
bond dissociation energy for a nitrogen oxygen semi-
polar bond. It is therefore unlikely that reaction pro-
ceeds by dissociation to an amino radical and an
oxygen atom. Certainly the large negative entropy
of activation does not suggest fragmentation. It
seems more likely that deoxygenation would proceed
by oxygen transfer from amine oxide to water in a
hydrate or dissociated hydrate (This mechanism is
presented tentatively, without supporting evidence.
It is difficult to econceive of any other simple reaction
scheme that would lead to deoxygenation.), a reaction
which should require a rigid steric relationship, fol-
lowed by decomposition of hydrogen peroxide to water
and oxygen. Unfortunately, the bond dissociation
energy of a semipolar N—O bond is not available. If
one assumes it is approximately the same as the N—O
bond in nitrogen dioxide, 73 keal (11) and uses the
0—0 bond dissociation energy of hydrogen peroxide
as 52 keal (11), and the energy of the hydrate hydro-
gen bond as 7 keal (2), the first reaction would be
endothermic by 21 keal. Decomposition of hydrogen
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peroxide to water and oxygen is exothermic by 23.9
keal. Considering the uncertainty in the N—O bond
energy, this mechanism appears consistent with the
activation parameters.

RsN—O ... HOH—- R;N ... HOOH -
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The Kinetics of Methyl Linoleate Emulsion Autoxidation

in the Presence of Polyhydroxy Compounds
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University of Chicago, Chicago, Illinois

Abstract

The kinetics of the autoxidation of methyl lino-
leate emulsions activated by carbohydrates likely
to be present in meat, with special reference to the
effects of functional groups, number of earbon
atoms and configuration have been investigated by
the rate of oxygen uptake. On the basis of equi-
molar eoncentrations of aldoses in the system, oxi-
dation rate of methyl linoleate increases as the
number of carbon atoms in the sugar molecule de-
creases, reaching a maximum in the presence of
glyceraldehyde. Configuration of the aldose has
a slight effect on the oxidation rate of methyl
linoleate emulsions.

At comparable molar ratios of hexose to methyl
linoleate, the rate of oxidation was found to be:
ketohexose > aldobexose > hexahydroxy aleohol.

Replacement of the primary aleohol group in
an aldohexose with a methyl group decreases the
oxidation rate of methyl linoleate emulsion. An
opposite effect is observed when the primary al-
eohol group is substituted with a earboxyl group,
le., in the presence of sodium glucuronate.

2-Deoxy-D-glucose and 2-deoxy-D-ribose ex-
hibit a lesser effect on the antoxidation of methyl
linoleate emulsion than glucose and ribose, re-
spectively.

Oxidation rates in the presence of reducing di-
saccharides, maltose, lactose and cellobiose, are
more rapid than in the presence of the non-redue-
ing disaccharide suecrose.

Introduction

P ALMOST A HUNDRED possible monosaccharides
O containing from two to seven carbon atoms, less
than a seore have been found in animal cells (6).
Glyceraldehyde is found as the phosphate ester in
the breakdown produet of carbohydrate metabolism.
Dihydroxyacetone has been similarly identified. Tet-
roses have not been found in natural products, but
a reduced form, a tetrahydroxy aleohol, erythritol,
exists. It has been assumed that the nonexistence of

1 Presented at the AOCS Meeting, Toronto, 1962,
2 American Meat Institute Foundation Journal Paper No. 254.
% Present address; No. Reg. Res. Lab., Peoria, 111

tetroses is due to their extreme reactivities. Most
probably tetroses are not synthesized directly but the
aleohol is the decarboxylation produet of a five-carbon
sugar acid. The presence of carbohydrate alechols
in nature may be accounted for by a direct reduction
of the reducing sugar or through decarboxylation of
the corresponding higher aldonic acid. However, there
is no evidence for either mechanism in nature. D-
ribose is found in nueleic acids. D-ribulose, D-lyxose,
xylulose, glucose, fructose, sedoheptulose and glyeeral-
dehyde are present as phosphoric acid esters in the
products of carbohydrate metabolism (17). L-fucose
is a constituent of blood group substances which
contain galactose, and mannose. By paper chromatog-
raphy, glucose, fructose, ribose and other unidentified
sugars were found in adductor musele of calves (7).
Lilyblade and Peterson (16) identified inositol, glu-
cose, sedoheptulose, mannose, fructose, ribose, ribu-
lose, arabinose and xylose in chicken muscle. Dur-
ing storage under refrigeration, ribose of beef in-
creases from less than 1ly/g to 120y/g in 16 days,
while eold storage at —20C for a month shows 60y/g
(5).

Aliphatic polyhydroxy compounds such as glyeerol,
sucrose, sorbitol, glucose and fructose act as weak
antioxidants (3,13,14,23,25).

Franke (4) reported that autoxidation of linoleic
acid s catalyzed by glyceraldehyde and dihydroxy-
acetone. In a study on the oxidation of tetralin, Rob-
ertson and Waters (22) found that ethylene glyecol
and fert-butyl alechol increased the initial rate of
oxidation, while a-tetralol, benzyl aleohol, n-butyl
aleohol, isopropyl alecohol, cyclohexanol and allyl
aleohol inhibited the initial rate. Secondary aleohols
are oxidized to ketones in inert solvents by tertiary
peroxides (8). Co-oxidation of aliphatic aldehydes
and oleic acid gave ca. 20% 9,10-epoxystearic acid
and 50-70% aliphatic acid (24). Higher yields of
9,10-epoxystearic acid (70-80%) were obtained by
using benzaldehyde. The low yield in the case of ali-
phatic aldehydes is attributed to preferential oxidation
of excess aldehyde.

A close relation to the autoxidation of unsaturated
hydrocarbons with the participation of RO’; is shown
by the oxidation of carbohydrates by hydrogen per-



