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Abstxaet-The nitric acid oxidation of trialkylamines has been studied in a mixture of acetic acid and 
acetic anhydride at 30-W. he main product from triethylamine is N,Ndiethyhtitrosoaminc and the 
minor ones are N,Ndiethylacetamide and N,Ndiethylfomtamide. On the other hand, the main product 
from tri-n-butylaminc is N.Ndi-n-butylformamide and the minor ones are N,Ndi-n-butylnitrosoaminc, 
N.Ndi-n-butylacetamide and N,Ndi-n-butylbutyramide. This reaction has a short induction period, 
which is minimized by introducing nitrous acid gas in the reaction rnjxture. The addition of hydrogen 
chloride and bromide or molecular bromine accelerates the reaction, giving N,Ndiafkylnitrosoamine 
as a main product in either case. These facts suggest a mechanism involving a hydrogen atom abstraction 
with nitrogen dioxide followed by the formation of nitrite (II) and then imine (III) and the decomposition 
of II, III and/or enammonium ion (IV). 

THUS far, two reaction modes have been known for the oxidation of trialkylamine. 
One is observed in the oxidation by peroxides to give amine oxide. The other is 
observed in the oxidation by manganese dioxide’ or permanganate’ which is initiated 
by the oxidative abstraction of a-hydrogen, giving enamines, their hydrolysis 
products or further oxidation products. The latter type of reaction has been ex- 
plained by various mechanisms which depend on the oxidizing agents, but no 
decisive general mechanism has yet been given. Most of these oxidations have been 
carried out in neutral sohrtions. 

Since tertiary amiries are neither nitrated nor oxidized easily even by relatively 
concentrated nitric acid, the reaction of trialkylamine with nitric acid has scarcely 
been studied except the nitration of dialkylaniline with nitric acid.’ 

The present study was undertaken to elucidate the nitric acid oxidation of tertiary 
amines at the higher acidity, where amines may largely be protonated. Tertiary 
amines with different alkyl groups were treated by nit,+ acid in a solvent of acetic 
anhydride-acetic acid at 30-W. The product was analysed by means of GLC at an 
appropriate interval. The effects of structure and added compounds, c(r#cially 
hydrogen halides, are discussed in connection with a probable reaction m@hanism. 

RESULTS AND DISCUSSION 

Pmducts. The reaction was carried out with a mixture of acetic anhydride, 83% 
nitric acid and trialkylamine at SO”. Throughout these reactjtlns, 5-6 m&s of nitric 
acid per mole of irialkylamine were used and a little exe+ of the quivalent of 

* Contribution No. 103. 
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acetic anhydride to water in nitric acid was used to maintain the system AcOH- 
Ac#41N03-R3N at a dehydrated state. 

The products for the oxidation of triethyl- and tri-n-butylamine are shown as 
their conversion curves in Figs 1 and 2, respectively. The reactions are exothermic 
and evolve nitrogen dioxide, etc. 

Time, min 

Fro. I Nitric acid oxidation of triethylamine at 509 Initial cow.: [Et,N] = MM; 
[HNO~] = 047~; [AC,~] = 022~. 

PO--- dietylnitrosoamine, ------a------ diethylacetamide, 
-------@------ diethylfomamide. 

The main product from triethylamine is diethylnitrosoamine and the minor ones 
are diethylacetamide and a small amount of diethylformamide. On the other hand, 
the main product from tri-n-butylamine is di-n-butylformamide, and small amounts 
of di-n-butylacetamide, di-n-butylnitrosoamine and di-n-butylbutyramide were also 
formed. It is of interest to note that the curve for acetamide has a maximum in both 
cases, i.e. acetamide produced at an early stage tends to disappear towards the end 
of the reaction. This decrease of acetamide is not due to its conversion to formamide 
or nitrosoamine, because the nitric acid oxidation of the a&amide does not give 
these products. Presumably, the remaining alkyl groups may be further oxidized 
and decomposed, or nitramine may be formed4 and decomposed. The similar 
decrease of products are also found for diethylnitrosoamine and diethylformamide, 
when ldiethylamino-2-propanol is oxidized. 
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RG. 2 Nitric acid oxidation of tri-n-butylamine at SO”. Initial cont.: [n-Bu,N] = 0-06M; 
[HNOJ = 017~; [k,o] = e22 M. 

---a -- di-n-butylformamide, d - - di-n-butylacetamide, 
-----O----- di-n-butylbutyramide, - 0 - di-n-butylnitrosoamine. 

Attacking species. The oxidation starts after a short induction period. Nitrogen 
dioxide gas is hardly evolved during the induction period, but its vigorous evolution 
is observed soon after the start of the oxidation. Therefore, it is likely that the in- 
duction period is the time for the accumulation of nitrogen dioxide. In fact, the 
induction periods for the formation of the three products are shortened to about 
twenty minutes, when nitrous acid gas is bubbled into the reaction system to produce 
nitrogen dioxide by the following reaction. 

HNO, + HNO, G= 2 NO* + H,O (1) 

The oxidation is very slow, unless a considerable excess of acetic anhydride is 
used (Table 1). Hence, the equilibrium (1) shifts to right side by the elimination of 
water with acetic anhydride, maintaining the concentration of nitrogen dioxide high 
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enough for the oxidation to pmceed. On the other hand, NO+ and NO: are elimi- 
nated as attacking agents because of the reason described later. 

TABLE I. THE EFFECT OF EXCESS ACETIC ANHYDRIDE ON THE REACTION 

OF TRIETHYLAMINE AND NITRIC ACID IN ACETIC ACID 

(% yields after 85 min) 

Initial cont. : [Et,Nj = 06M; [HNOJ = 017M 

Excess Ac10 
Oxidation products (“A) 

(ml)* - Et,NNO EtlNCHO Et,NAc 

0 0 0 0 

16 0 0 1.5 
31 0 0 5 
63 23 2 13 

* Volume of cxctsd acetic anhydride per 55 d of rawtion 
mixture. 

Mechanisms. The present data are not yet satisfactory for the decisive mechanistic 
discussion on the nitric acid oxidation of trialkylamine, but we can present a probable 
reaction course on these bases. The following discussion refers to the possibility of 
each mechanisms concerhing to the attacked site of the amine. 

(i) Attack on nitrogen. The reaution of nitric acid with acetic anhydride forms 
acetyl nitrate, and there is a considerable amount of NO:, Therefore, the reaction 
(2) tnight occur in analogy with the similar reactions of tertiary amines and nitrous 
acid.’ 

R 
’ A_(-H 
/I 2 

__-R’ -&\ ~~H-_R 
R 

,B\ 

/ /NH 
(2) 

R NO, R R 

According to this scheme, the reaction should proceed without any induction period, 
i.e., the statt of the reaction does not need the presence of nitrous acid or nitrogen 
dioxide. Consequently, this mechanism cannot be the main pathway. 

To examine the possibility of the oxidation via an attack of NO+ on a nitrogen 
atom as assumed by Smith et. al.,’ the reaction was carried out by introducing 
nitrous acid gas into the reaction mixture of Ac+AcOH-EtSN, but only a very 
small amount of diethylnitrosoamine, diethylformardide and diethylacetamide was 
obtained (total yield was less than 3%). Also, the reaction of nitrous acid with tertiary 
amine could not occur at higher acidity as indicated by Smith.5 These facts eliminate 
the possibility of a preliminary attack of NO+ on the nitrogen atom. 

(ii) &tapk on &#iydrogen. Since the protbnation of amine is almost complete in 
the present system, the abstraction of a hydrogen atom seems to be favoured at 
S-position which is more separated from-the Ijositive charge rather than a-position. 
The folfbwing scheme can be written. 
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SCHEME1 
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a-Proton and then NO; may be eliminated from I because of the effect of positive 
charge on the protonated nitrogen, leading to enammonium ion (II). Since elimination 
may proceed through the intramolecular six-membered ring (I’), this pathway 
appears to be plausible in the case of triethylamine. However, a higher yield (ca. 
700/,) of di-n-butylformamide, a-g fission product from II, was obtained in the 
oxidation of tri-n-butylamine, which might be explained by assuming a selective 
abstraction of the g-hydrogen atom. However, since there is no convincing reason 
for the selective attack on the S-hydrogen alone (i.e. the y-hydrogen atom should 
almost equally be susceptible), the g-attack is improbable as a main pathway. 

(iii) Attack on a-hydrogen. It has been stated that an a-hydrogen atom is abstracted 
in the oxidation with manganese dioxide, ozone6 and other oxidizing agents in 
neutral media. Similarly, we may assume that a-hydrogen abstraction occurs on 
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FIG. 3. Oxidation of N-but-lcnyldibutylamine at SO”. Initial cont.: [n-Bu,NCH==CHEt] 
= OGf%i; [HNOJ = @17M; [Ac,O] = M2M. 

-------O------ di-n-butylacetamide, ------a------ di-n-butylfommmide. 
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free amine remaining in the protonation equilibrium, although the concentration of 
free amine is very small. Assuming the a-hydrogen abstraction and the intermediary 
formation of enammonium ion (IV) and immonium ion (III), the observed products 
and their ratios may best be explained. The formation of di-n-butylbutyramide (IX) 
strongly suggests the a-hydrogen abstraction. The most probable reaction scheme 
is as follows. 

SCHEME 2 
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The amine from which a-hydrogen is abstracted couples with nitrogen dioxide 
and is protonated to nitrite (II). The.elimination of nitrous acid from II may easily 
occur, leading to immonium ion (III). Similar elimination reaction has been shown 
in the case of carbinol amine.’ When the B-hydrogen atom of amine is secondary or 
tertiary, an equilibrium between III and IV is conceivable to exist in an acidic 
solution.‘-” The presence of this equilibrium explains the observed ratios of 
products. 

Particularly, in the case of triethylamine, enammonium ion IV (R = Et, R’ = H) 
is very unstable in an acidic solution and the equilibrium should incline very much 
to the right or III. In fact, main products are formed by the N-C,, fission while 
the yield of C,-C, fission product is very low. On the other hand, a high yield of 
C,-C, fission product was obtained from tri-n-butylamine. In this case, a considerable 
amount of enammonium ion IV (R = n-Bu, R’ = Et) may exist in the equilibrium, 
resulting in the fo rmamide (VIII) as a main product6 At an early stage or at a lower 
concentration of nitrogen dioxide, the acetolysis of III to form V is preferred. But 
as the reaction proceeds and as the amount of NO2 increases, an oxidative cleavage 
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of C=C bond of IV forming formamide (VIII) may become predominant. The fact 
that [VII]/[VI] ratio increases as the reaction proceeds supports this mechanism that 
dialkylamine (V) is once formed as an intermediate and that it is further nitrosoated 
rather than acetylated at the higher con~ntration of NOz. The most str~~~o~ard 
evidence for the attack of an a-hydrogen atom is the formation of a smalI amount 
of di-n-butylbutyramide (IX). These facts together with the oxidative behaviour of 
an enamine (see next section) are all well explained by this a-hydrogen abstraction 
mechanism. The other oxidative fission products from tri-n-butylamine were 
propionic and n-butyric acids, which were identified by GLC employing authentic 
samples. These products furnish the further evidence for the C,-C, and N-Ca fissions, 
respectively. 

The oxi~u~ion of epics. The possibility of the intermediary formation of 
enammonium ion (IV) was examined by the nitric acid oxidation of an enamine(n- 
Bu,NCH=CHEt) (Fig. 3). More of the N-C, Iission products (acetamide f nitro- 
soamine) are formed than the C,-Cs fission product (formamide) at an early stage. 
But, as the concentration of NOz increases, the N-C, fission is reduced and the 
Cm+, fission becomes predominant. On introducing HNOI, more than twice the 
amount of the C,-C, fission product is formed than the N-C, fission products. 
These facts suggest that the ~uilibrium between III and IV exists and that in the 
case of tri-n-butylamine the path of the oxidation of IV giving VIII is preferred to 
the acetolysis of III. 

TABLE 2. THE OXIDATION Of ALKYLDIETHYLAMINES 

Initial cow. : [Amine] = O%M ; [HNO,] = Q17M ; [Ac,O] = Q22M 

Oxidation products (%) 

Amines 
N-C, fission C.&s fission other 

Et,NNO + Et,NAc Et,NCHO products* 

Et,N-n-Pr 7 11 42 
Et,N-n-Bu 5 10 31 
Et,N-iso-Pr 7 0 21 
Et,N-iso-Bu 3 1.5 37 

* Approximate yields calculated from peak areas of GLC. 

The oxidation of other triulkylamines. Table 2 shows the reactivity of some alkyl 
groups in the oxidation of alkyldiethylamine. The ratio of bond fission of N--C= to 
C*-Ca is almost the same with n-propyl and n-butyl. However, isopropyl and 
isobutyl compounds each having a tertiary hydrogen atom are unexpectedly more 
stable than ethyl compound probably because of their steric hindrance. 

The efict of the addition of hydroddoric or hydrobromic acid. When hydrochloric 
or hydrobromic acid is added to a mixture of AC@-AcOH-HNOJ-R,N, the N-C, 
fission compounds are mainly formed in the case of either triethylamine or tri-n- 
butylamine (Figs 4 and 5). The addition of hydrochloric acid makes the reaction 
quite violent and nitrosoamine is formed aa a main product On the other hand, as 
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FIG. 4 Effect of hydrochloric acid on the reaction of tri-n-butylamine at 30”. Initial cone : 
(XI-Bu,N] = 006M; [HNO,] = 017M; [Ac,O] = 035M; [HCr] = 006M. 

- O- do-n-butylni~osoamine, ___---e------ ~-n-butyifo~d~, 

---_-__~_-_--_-~-~-~~~y~~~~~ 

Time, min 

FIG. 5. E&S of hydrobromic acid on the reaction of tri-n-buty~ne at 504 InitiaI cone. : 
[n-Bu,NJ = 04XM; [HNO,] = @17M; [Ac,O] = Q35M; [HBr] = WM. 

- o--- di-n-butylnitrosoaminc, -------O------- di-n-butylacetamide, 
-----O------ di-n-butylfonnamide. 
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soon as hydrobro~~ acid is added, the reaction mixture becomes red and the 
reaction proceeds moderately. It is obvious that hydrobromic acid is oxidized to 
bromine. Biihme and Krause!’ have reported that secondary amine is formed from 
the reaction of tertiary amine with bromine in carbon tetrachloride and they suggest 
an ionic mechanism (Scheme 3). It is probable that the present reaction also proceeds 

+ H,O 
N-CHsBr - 

Bre / 
CH, 

by way of molecular halogen liberated by the oxidation of hydrogen halide. In 
support of this, the reaction occurs almost exclusively by the N-C, fission by adding 
excess hydrochloric or hydrobromic acid (Table 3). The oxidation of hydrogen 
halide with nitric acid gives NOz, but NO2 cannot oxidize tertiary amine at room 
temperature. Hence, chlorine and bromine may oxidize the amine faster than NO2 

TABWE 3. ~ODUCTS RATIOS OF THE REASON WITH ADDED HYDROGEN HALIDES AT ROOM ‘~~RATuRE 

FOR 24 hr 

Initial cow.: [n-Bu,N] = 0+6M; [HNO,] = @17M; [AczO] = @35M 

@Xl or E&l Oxidation products (%) Products ratio 

[n-Bu,N] h 

mole ratio 
N-C, fission C.-Cs fission N-C, fission 

n-Bu,NNO n-Bu,NAc n-Bu,NCHO 
C,C, fission 

HCI @29 9 2 85 @14 
HCI 2-9 82 2 14 6.3 
HBr t319 8 8 62 025 
HBr 24 27 1 3 11.5 
Br, 1.2 36 15 16 3.3 

- 5 12 21 0.75 

TABLE 4. PREPARATIONS AND PHYSKAL PROPERTIES OF ALKYLDIETHYLAMINES 

Tertiary amine 
Reaction time Yield 

hr % 

b.p. (lit.) 
“C 

EtaPrN 25 
Et,@Bu)N 80 
Et&o-Pr)N 72 
Et,(iso-Bu)N 64 

47 119-1125 
48 134-138 
56 IOS-109 
24 129 (1329: 

* picrate m.p. 87-88”. 
’ T. J. King, J. Chem. Sot. 898 (1951). 
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and the oxidation by NO2 may not be important in the presence of halogens. How- 
ever, the present data are not suffkient for the elucidation of the mechanism for the 
reaction of halogen and tertiary amine under these conditions. 

EXPERIMENTAL 

Materials. Tricthyl- and tri-n-butylamine were of commercial materials. Other tertiary amines were 
prepared by the ordinary methods;” a mixture of alkyl bromide and diethylamine was gently refluxed 
in glycerol for 2 or 3 days. The resulting amines were liberated with alkali, extracted with ether, dried with 
KOH, and fractionally distilled. The results are listed in Table 4. 

Nitrosoamine, fonnamide and acetamide were prepared by the usual methods from the corresponding 
commercial dialkylamines of guaranteed grade with nitrous acid, formic acid and acetic anhydride. 
respectively, and purified by rectifications. Diethylnitrosoamine, b.p. 17>177”; diethylformamide, b.p. 
178-179”; diethylacctamide, b.p. 80-845” (25 mm); di-n-butylnitrosoamine, b.p. 115-123” (22 mm); 
di-n-butylformamide, b.p. ll>l20” (24 mm); di-n-butylacetamide, b.p. 126” (22 mm). 

N, N-Di-n-butylbutyramide was prepared from di-n-butylamine and n-butyl chloride by the similar 
methodI of diethylpropionamide in 45% yield, b.p. 140-145” (25 mm) (litI b.p. 155” (30 mm)). 

N-But-lenyldibutylamine6 was prepared by the following method. Dibutylamine (12.9 g, @1 mole) 
was slowly added to butanal (7.2g, @I mole) in cyclohexane (100 ml) at 15”. The soln was dried over 
MgSO. and distilled, yielding 9 g (50%) of N-but-l-enyldibutylamine, b.p. 105-109” (21 mm). It showed 
strong peaks in the IR spectrum at 930 and 1640 cm- ’ characteristic of olefin. 

A typical procedure for he nitric acid oxidation of tertiary wnines. Amine (O-06 mole) was added drop- 
wise to an ice-cooled stirred soln of 12.4 ml 63% HNO, (@I7 mole) in 58.5 ml Ac20 (@62 mole). The 
mixture was immediately heated on a water bath to 50’ to start the oxidation. A portion of the soln (5 ml), 
at intervals of ca. 20-30 min, was poured into excess NaOH aq, extracted with three IO ml portions of 
CHCI, and was dried over Na,SO,. After nitrobenzene was added as an internal standard, the extract 
was concentrated and analysed by GLC (column: 26g of 30% silicone DC550 on celite 545, column 
length: 3.5 m. carrier gas: HI, column temp: 150” for diethylamine derivs, 200” for di-n-butylamine 
derivs). The GLC analysis was carried out by using another column for the identification of products: 
Column: I2 g of DEG. column length: 2 m, carrier gas: H,, column temp: 120”. The peaks of the products 

The eficl of acetic anhydride. Et,N was treated as above, except that different exass Ac,O was used. 
These results are listed in Table I. 

The efict of nilrous acid. Et,N was oxidized by the typical procedure, passing HNOl gas obtained by 
the reaction of NaNO, and HCI. The induction period was shortened to ca. 20min compared to the 
typical procedure. 

The oxidation o/ enamine. (a) N-But-lcnyldibutylamine was oxidized by the above procedure. The 
result is illustrated in Fig. 6. (b) To a mixture of 3.1 ml 63% HNO, and 14.7 ml Ac,O 2 g of N-but-lenyl- 
dibutylamine was added dropwise at 50” for 30min. The mixture was made alkaline, extracted with 
CHCI, and concentrated. The analysis by GLC indicated the formation of di-n-butylformamide (47%). 
di-n-butylnitrosoamine (1.5%) and di-n-butylacetamide (21%). 

The e&ct of hydrochloric acid and hydrobromic acid. The same work up was used. The results are 
indicated in Figs 4 and 5. 

REFERENCES 

’ H. B. Henbest and T. Thomas, J. Chem. Sot. 3032 (1957); H. B. Henbest and M. J. W. Stratford, Chem. 
Cc fnd. 1170 (1961). 

’ H. Shechter and S. S. Rawalay, J. Am. Chem. Sot. 86, 1706 (1964). 
’ J. Glazer, E. D. Hughes, C. K. Ingold, A. T. James and E. Roberts, J. Chem. Sot. 2657 (1950). 
l J. H. Robson, J. Am. Chem. Sot. f7, 107 (1955); J. H. Robson and J. Reinharf Ibid. 77.2453 (1953). 
’ P. A. S. Smith and R. N. Lcppky, Ibid. 89, 1147 (1967). 
6 H. B. Henbest and M. J. W. Stratford, J. Chem. Sot. 711 (1964). 
’ T. D. Stewart and W. E. Bradly, J. Am. Chem. Sot. 54.4172 (1932). 



Reaction of trialkylamine with nitric acid in a mixture of acetic acid and acetic anhydride 3435 

o P. A. S. Smith, The Chemistry o/ Open-Chain Organic Nitrogen Compounds Vol. 1; p. 313. Benjamin, 
New York (1965). 

’ J. A. West, J. Chem. Educ. 40, 194 (1963). 
lo W. Maas, M. J. Janssen, E. J. Stamhuis and H. Wynbeq, J. Org. Chem. 32,111(1%7). 
I1 H. Bbhme and W. Krause., Chem Ber. 84,170 (1951). 
I* S. Car+, .I. Am. Chm. Sot. 54,4457 (1932). 
I3 W. H. Puterbaugb and C. R. Hau.ur, Ibid. 75,241s (1953). 
‘* B. V. Ioffe, Zh. Obshch Khim. 25,902 (1955). 


