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Abstract - The reaction between alkyl nitrites, particularly n-butyl nitrite, and tertia- 
ry aromatic amines under a variety of experimental conditions promptly yielded products of 
N-dealkylation-N-nitrosation, ring nitration , ipso-substitution and, occasionally, combina- 
tions of these processes. Aminoethers were detected as final products and intermediates on 
the way to N-nitrosations. Reaction pathways are suggested for some of the observed behav- 
iours on the basis of experimental evidences whereas other alternatives are discarded. 

Introduction 

Contrary to earlier beliefs, grown against continuous scattered evidences reported in the 

literature, tertiary amines of widely different structures undergo H-dealkylation-t+ 

-nitrosation upon treatment with nitrogen oxides,1 "nitrous acid",2 nitrosyl halides3 and 

other nitrosating agents. Among the latter are nitrite esters, as definitively established 

by one of us4 and later confirmed by others.5 Nitrite esters are, on the other hand, well 

known N-nitrosating agents both for secondary amines (yielding N-nitrosamines)a and primary 

amines (aprotic diazotisation).T 

Whereas studies are available on the mechanisms of N-nitrosation with "nitrous acid" with 

several amines, the reaction with alkyl nitrites has not been extensively examined especial- 

ly in the field of aromatic amines. This work aims at contributing a wider and better under- 

standing of this reaction. 

Results and Discussion 

N,N-Dimethylbenzeneamine (2a) was found to undergo N-dealkylation-N-nitrosation to 

N-methyl-N-nitrosobenzeneamine (3a) in 35-52% yield upon treatment with an excess n-propyl 

or amyl nitrite (AN): the intermediacy of N-methylN-methylenebenzeneimmonium ion (la) was 

inferred from the isolation and identification of its coupling-rearrangement product with 

a. It was also unveiled how & was produced, but it was left to be decided which were the 

events leading to & among a number of possible alternatives,4 shown in scheme 1. Being 

unlikely the preliminary thermal decomposition of the alkyl nitrite under the experimental 

conditions we chose to work at, namely below 100°C,s we are left with two routes converging 

to N,N-dimethyl-N-nitrosobenzeneammonium ion (4), one of which may select to move on direct- 

ly to &. Beside the N-&2 reaction by the amine nitrogen onto the nitroso nitrogen to yield 

4, an electron transfer reaction between the nitrite and 2, perhaps mediated by the inter- 

mediacy of a CT-complex, may lead to a nitrite radical ion, which eventually breaks down to 

4303 
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an alkoxy anion and nitrogen monoxide, as it is suggested by negative ion mass spectrome- 

try.9 

Scheme 1 
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The implication of aminium ions vas put forwardlo in order to rationalize the formation of 

chain oxygenated products in the reaction of “nitrous acid” with tributylamine and in other 

experiments11 with “HNOz”. The radical route appeared readily untenable on the basis of the 

observed incompatibility of the redox properties (in acetonitrile) of & (0.71-0.68 V)lz and 

butyl nitrite (BN, -1.68 V). Escape of nitrogen monoxide from the reactants cage could be 

expected to be a rather efficient process in this case, but evolution of this gas was very 

minor, if it occurred at all and dimerization products were detected. 

We have searched by means of electronic and 1H-NMR spectroscopy evidences for 

complexation and/or preliminary fast reactions between & and BN. In fact, if one admixes 

the two compounds a bright yellow colour develops, but dilution with isooctane practically 

yielded an W spectrum which is the exact sum of the components. The 1H-NHR spectrum in a 

concentrated solution of CDCls shoved tiny upfield shifts for almost all peaks of EN and 

equivalent downfield shifts for & , which is qualitatively what one would expect for a very 

loose association, as that generated by permanent dipoles in the molecules. 

The N-nitrosation step could therefore be either a one step g-&2 reaction or a concerted 

mechanism producing the zwitterion 2: 

ROH 

/ ‘N=O 
5 - CR, 

I - NOe 

@AH2 
N' 

la 
I 

- 
CH3 

When the reaction was carried out between an excess of BN and a at reflux temperature in 

inert atmosphere just for the time needed to achieve the complete disappearance of the 

original ,amine (20 min), besides the major reaction product 2 (50%) there was the quite 

sizable production of N-(n-butoxymethyl)-N-methylbenzeneamine (@, 31.3%) and N.N-di(n-bu- 
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toxymethyl)benzeneamine (a, 2.9%) together with lesser amounts of 4-nitro-K,K-dimethyl- 

benzeneamine (8, ca. 2.8%) and 2-nitro-N,N-dimethylbenzeneamine (9, ca. 2%). 
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Figure 1. - The course of the reaction between 2a and BN at 65OC. - 

See experimental part, reaction A. 

ofal; _ A [6a]xlO; cl @I x2 

The numerical values are the peak area ratio of the observed 
compound vs the peak area of the added standard. 



Aromatic tertiary amines 4307 

The aminoether & may have been formed when & intercepted a butoxide ion, possibly 

escaping from its original ion pair. On the other hand, n-butanol (BuOH) may be formed 

irreversibly and rapidly by deprotonation of very acidic quaternaries like fi and be 

available for reaction with 3. It could well be this deprotonation which would prevent a 

slow Fisher-Hepp type rearrangement to the never observed 4-nitroso-N,N-dimethylbenzeneamine 

(lo). 
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Monitoring of the products of the reaction between 2 and BN alone as they formed showed 

that the formation of & was prevalent at the initial stages, but later the formation of the 

ether @ became more and more important (Fig. 1). Later on and rather slowly, the concen- 

tration of $= was depressed by its slow reaction with excess nitrite. 

The appearance of the diether 2 can in fact be rationalised as a subsequent reaction _of 

BN with & according to the usual scheme. There were no traces of any gem-diether (lla) - 
which was evidently not favoured kinetically. 

The concentration of water and acid, as well as the nature of the latter, had a dramatic 

influence on the reaction. An equimolecular amount of water with only one tenth equivalent 

of ammonium chloride, allowing part of the salt to dissolve, elevated the yield of 2 to 87% 

under identical physical conditions. Only some 9% of 4-nitro-N-nitroso-N-methylbenzeneamine 

(l2) was the other GC volatile amine product in the reaction mixture, which contained a 

substantial amount of di(n-butoxy)methane (l6). This result has the only obvious explanation 

in a catalytic effect of the added and dissolved salt in the breakdown of the aminoether & 

by attack of BuOH. Water has here the only role of dissolving part of the salt. 

The reaction between an excess &, ensuring a very basic environment, and BN deserves a 

further comment. First of all, we have fully confirmed the initial report4 about the 

mechanism of formation of N-nitroso-N-methylbenzeneamine (3a) with alkyl nitrites from an 

excess of 2. 
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these conditions it is impossible to envisage the production 

and therefore of free nitrosonium ion. The relative aqueous 

3a - 

of nitroso- 

~KA of the 

amine and “nitrous acid” might be strongly altered in 2 as a solvent: in particular Loi- 

should be much more basic due to the absence of solvation by hydrogen bonding molecules and 

therefore the acid less dissociated, but simply hydrogen bonded to &. Under these condi- 

tions a reaction like 

H-O -0 w N203 + H20 
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of the nitrous acid being formed by hydrolysis becomes more likely, with the subsequent at- 

tack at the nitrogen of the amine by N203. 

* Ph-N-NO 
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This reaction must be much faster than the dissociation of N203 and/or subsequent reactions 

of NO2, leading to nitration products, which, indeed, were found only in trace concen- 

trations. Interestingly, also the formation of the aminoether & is essentially quenched, 

perhaps because of concentration competition by 2 for &. But a different reaction seemed 

to remove g, namely that producing 4-(n-butoxymethyl)-N,N-dimethylbenzeneamine (13). In any 

case, the really surprising departure from the reaction in which BN was the excess reagent 

is the massive production of diphenylmethane derivatives, especially the two isomers 

4,4'-di(dimethylamino)diphenylmethane (14) and, most likely, 2,4'-di(dimethylamino)di- 

phenylmethane (q). These products derive from the direct coupling of & on &, followed by 

two N to C rearrangements. The hypothesis of the reaction between C&O, freed from k by 

hydrolysis, was ruled out by an appropriate experiment.4 

The reaction between &I and BN, run in an excess of the latter, quenches completely the 

route leading to Ift. and 15. This surprising result indicates that a was tied up by excess 

BN much more rapidly than k may react irreversibly with 2 to If! or 15. The factor that 

might make the difference could be the rate of the reaction of protonation of NO- by BuOH, 

which could be more reactive with a lesser concentration of 3. The same effect would be 

felt in the reaction with a. 

When water or BuOH were added to the reaction run in excess BN. the actual rate of their 

reaction with & leading to di(n-butoxy)methane (l6) and N-methylbenzeneamine (m) is much 

higher than that of butoxylation of the second methyl group of & to 2: the reaction, thus, 
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provides an alternative route to & (see also scheme 1): 
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The incidence of this route should be minor, when the reaction is carried out in 

rigorously aprotic, namely alcohol and water free, reagents. In fact, the previously de- 

scribed experiment performed in presence of added water (ca. 3/l mol/mol water/2a) gave 

quite a different pattern of products: a (37X), g (26.5%) and 2 (20.X), the balance being 

essentially accounted for unreacted a. Tbe expectation that addition of an acid might have 

a similar effect turned out to be fully met by an experiment with 10% equivalent of 

p-toluenesulfonic acid monohydrate (PTSA), when a slight increase of the reaction rate was 

also observed: after 15 min. a (36.4X), fi (27.5%) and 2 (21.3%) were formed. Nitrite esters 

may hydrolyse under acidic as well as basic conditions to “RNOx” and alcohols,13 but our 

present conditions do not seem to act on EiN, but most likely on some reaction inter- 

mediate(s). ‘lbe dramatic increase of nitroderivatives, whose occurrence is very minor in 

absence of added water or acid, is of great interest. p-Nitration of 2a was previously - 

recorded in a reaction with nitrosyl sulfate in moist ethanol or ether.14 Acidic conditions 

of a very different nature as provided by BP3 on NxOa in nitroethane at OW produced a 

quantitative yield of 10.15 This reaction most probably involved a complex able to transfer 

an NO+ group to that ring position. In fact, the estimated p& of BN (ca. 8)le is forbid- 

dingly high in order to allow BN to compete with & for the limited concentration of acidic 

protons. Water enters the pattern on the cation ft. regenerating & and forming “HNO2”, which 

under these peculiar conditions partly follows a decomposition route taking it to nitrate 

ion and partly may act as a not so selective o- and p-nitrosation agent on the substrate 2. 

The nitrate ion would then oxidize the intermediate nitrosamines a and e to the observed 

nitroderivatives extremely rapidly (Scheme 2).In this scheme, the amine acts partially as 

the catalyst for the hydrolysis of BN. Moreover, water and protic acids may make more diffi- 

cult the probably essential formation of the zwitterion 2 on the way to &: a proposed 

concerted loss of WNO” from 4, requiring a 5 member transition state, seems less likely.17 
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Scheme 2 
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The peculiar feature of the ring nitrations is undoubtedly the low p/o ratio, whereas the 

classical nitrosation with sodium nitrite in dilute acid near to O°C in water leads 

exclusively to the pnitroso isomer in almost quantitative yield, although the same species 

are assumed to be involved, i.e., Ns03 and &. If one refuses the likelihood of a strong 

change of selectivity due to the grossly different experimental conditions, other mechanis- 

tic alternatives must be invoked. 

In one of this Ns03 or NO2 or NO+ would act as electron acceptors yielding the aminium 

ion m, which subsequently reacts with formed NO2 in both o- and p-positions (Scheme 3). 

Scheme 3 

=+No2Jj!L 6 -0 -0. 
2a + N203 2 - 19a 

A number of evidences have been recently gathered for this type of mechanism in the 

reaction of active substrates with “nitrous acid” .ie This mechanism does not need to invoke 

the hypothesis of the disproportionation reaction yielding WOs-. 

The accurate analysis by CC-HZJ of the whole reaction mixture of a standard nitrosation 

test of & applied to g allowed to find traces of g and 2,4-dinitro-N,N-dimethylben- 

zeneamice (20) along side some 90% unreacted starting material. 

We observed that g does not react at all at room temperature in 10% aqueous nitric acid: 

heating this solution at 90°C, the corresponding nitroderivative is first formed, then the 

reaction goes on to the 2,4_dinitroderivative 20 to finally yield the single product 

N-methyl-2,4_dinitrobenzeneamine (2l). The reaction yields the experimental proof of the 

correctness of the oxidation hypothesis, at the same time proposing an example of a 

nitrosation-oxidation in o-position and a conclusive oxidative cleavage of one of the methyl 
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groups. 
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A direct o-nitration by HNOJ is out of question: the acid of this concentration gave no 

reaction fter 6 hours heating with & at 9OoC. Interestingly, at this temperature a further 

addition of some sodium nitrite to the solution sorted no effect. 50% Nitric acid in the 

cold during 3 hours brought & directly to 2,4-dinitro-N,N-dimethylbenzeneamine (g), most 

likely according to the nitrosation mechanism charted above, where some “nitrous acid” may 

be initially formed by some redox reaction with the organic substrate. 

But none of these mechanisms may apply to the observed nitrations with BN. Even if 

partial hydrolysis may free “HNO2” and some nitrogen oxides could also yield the nitrate 

ion, the conditions are here essentially very basic and one could hardly invoke efficient 

C-NO protonation. A more convincing argument against the plain nitrosation-oxidation se- 

quence is the isomeric distribution of the nitration of a. By and large, the reaction does 

not lead from the p-nitro @) to the o,p-dinitroderivative (20), but, almost with the same 

observable rate, to p- and o-derivatives 8 and 9. Moreover, @, refluxed with BN, ammonium 

chloride and water failed to yield more than 1.42 c, but underwent polymerisation (100% 
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yield by wt). The same reaction without arcmonium chloride gave after 2 hours (the minimum 

for the disappearance of 2a), only 8.1% g. 

The reaction of tertiary amines with “HNOz”, usually produced by acidification of an 

alkali nitrite with a dilute mineral acid, leads to o-nitration when the p-position is 

occupied. The reason why the o-nitroso isomer cannot be produced has never been elucidated. 

It was simply associated with a very prompt oxidation of the intermediate nitroso 

derivative. It is not clear either why the p-orientation is so exclusive, 

CH_ CH, 

whereas under the slightly acidic reaction conditions one would expect some o-nitrosation 

too, in view of the small steric requirement of the NO group. What is wrong with the 

reaction? Does it really occur with the intermediacy of the nitroso derivative in the ortho 

position? Even the N to C nitroso rearrangement (Fischer-Hepp reaction) avoids completely 

the o-position.19 Another datum is that an alternative preferred to the o-nitrosation is the 

N-dealkylation-N-nitrosation reaction or even ipso-substitution as we have observed with 

4-bromo-N,N-dimethylbenzeneamine (2b), which underwent N-nitrosation vs 2-nitration in the 

ratio ca. 3:l (NaNOz + CClsCo6H). The o-nitroso derivative could not be detected during the 

reaction. 

+ HN02 

We tested a few of the reaction described above with the sterically larger reagent amyl 

nitrite (AN) obtaining essentially the same results. When, though, AN was left standing 

during one week with & in the ratio 4:1, a new product, namely N,4-dinitroso-N-methylben- 

zeneamine (3, 30%) was formed along with a (30%). Interestingly, 22, which is singularly 

stable at high temperatures , was not produced either by N-nitrosation of x or p-nitrosation 

of 38, as shown by the appropriate experiments. 

The reaction between N,N-dimethylbenzeneamine (a) and AN in ethanol saturated with HCl 

was described over a century ago to give a quantitative yield of the corresponding p-nitroso 

derivative.20 The acidity provided by acetic acid had quite a different effect on & when it 

was treated with an excess AN: beside much polymeric material some 38 (13%) was formed. On 

the other hand, extreme basic conditions provided by sodium butoxide equally quenched any 

reaction between BN and &, although BN did not seem affected by the presence of the base. 

The latter result may be rationalised only in terms of some active role of the strong base 

in a very early stage of the reaction between BN and a. like the CT-complex. Dilution by 

the alcohol used as the solvent could be an additional inhibitory factor. 
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It was now of interest to observe the behaviour of a tertiary aromatic amine with the 

p-position occupied by a substituent in the reaction with BN. 

4-Bromo-N,N-dimethylbenzeneamine (2b) reacted with excess BN under similar aprotic 

conditions to yield only 20.6% 4-bromo-N-methyl-N-nitrosobenzeneamine (3b), but extensive 

(68.8%) amounts of N-(n-butoxymethyl)-N-methyl-4-bromobenzeneamine (&) were detected: the 

reaction time necessary for the complete disappearance of the starting material at 65OC was 

definitively much longer than that for & at the same temperature. The slower rate may be 

attributed to the effect of the electronegative bromine atom on the initial attack of BN by 

the amine, which is also the rate determining step for any observed product of transforma- 

tion of the amino group at variance with what was propose&e for the reaction with “HWOz”. 

At least in one case it was evidenced that secondary amines react with an alkyl nitrite 

without a catalyst in a one step reaction to yield protonated nitrosamines, nor-analogs of 

1, and alkoxide ion, eventually and quickly going to the observable products, i.e., nitrosa- 

mines and alcohol.se 

The theoretical conversion to N-nitrosamine from 9, BuOH free, BN via the immonium 

route may be 100% only if any butanol or water formed actually react with the intermediate 1 

(water only) or 5 (water or butanol); the stoichiometry of the reaction being: 

2 R1R2N-CH3 + 4BN - 2 R1R2N-NO + N20 + 2 (BUO)~CH~ 

Water is formed from the irreversible and fast decomposition of iponitrous acid H2E:202, 

derived from dimerization of “HNO” (Scheme 1). 

Water, on the other hand, appeared to be not very reactive with 1 under the reaction 

conditions: this could be due both to its concentration, lower than that of the sum [BuO-] t 

[BuOH], and by its prevalent engagement with other hydrogen bonding entities present ‘in 

solution. Therefore, 1 reacts prevalently with the organic oxygenated counterpart, namely 

BuOH, and goes to the aminoether 6. This explains an observation otherwise mysterious: the 

N-nitrosamine yield under carefully identical conditions is much lower from 2J, which 

yielded a larger amout of aminoether @. It is the protonation of this aminoether that al- 

lows the reaction to proceed to N-nitrosamine and the p-bromo aminoether @ is less proto- 

nated than the unsubstitute analog @. It is difficult to envisage a remote effect of Br 

(vs H), which would give the reverse trend , on the per se high reactivity of the cation a. 

In fact, under these initially & conditions and low medium protonating power, the stoichi- 

ometry of the reaction is hardly ever achieved. 

This rationale received complete support by the reaction of 3 with BN under the same 

conditions, but with the addition of water (1 equivalent) and a catalytic amount of ammonium 

chloride (0.1 equivalent): not only a more than hundredfold acceleration of the rate of dis- 

appearance of the substrate was observed, an evidence for a role of water in the initial 
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event of the process sequence, but also some 88% of & ended up as 2. This result confirmed 

the similar observations made on the ring unsubstituted amine a. An active role for the 

counterion Cl- was ruled out11 under these conditions, having obtained the same result by 

the catalysis of PTSA. 
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In alternative to the hydrolysis and/or alcoholysis of 6, which should be catalyzed by 

nitrogen protonation, BN could’act as a direct nitrosating agent to yield the N-nitrosoam- 

monium cation 2, as we saw, which may undergo C-&2 attack at the methylene group by BuOH. 

We tested this hypothesis and we found that this reaction actually occurs in part, but seem- 

ingly at a very slow rate, anyhow not comparable with that of the observed partial formation 

of 2 from the starting material (Scheme 4).The aminoether 6 is slowly destroyed by the ac- 

tion of BN, leading in part to the symmetric aminoether 2, which may be formed in the reac- 

tion mixture when all 6 had reacted. The unsymmetrical aminoether lJ, though, was not 

present, but these reactions consistently showed the formation of some tri(n-butoxy)methane 

(24). This compound is believed to be produced by the occurrence of the reaction shown in 

scheme 4. The unsymmetric aminoether fi reacts faster with any quaternarixation reagent in 

two steps perhaps because of a very favourable $1~type solvolysis. 

The role of the oxygen stabilized isomeric cation 25 may be enhanced in the reaction of 

3 in comparison of that of 2 bacause the ring may have lost some electron releasing power. 

At this point we cannot in fact rule out that it were mainly just this reaction which 

lead from the aminoether 6 to more 3 when the former was treated with BN. From this unex- 

pected continuation on a side path of the reaction between tertiary aromatic amines and BN, 

it is clear that the stoichiometry of the actual overall process leading to N-nitrosamines 

requires more than two equivalents of BN. 

The N,N-dimethylbenxeneamine (2a) bearing a strong electron donating substituent like 

-OCHs, namely 2, could be expected to react very promptly at the nitrogen atom with BN, but 

the reaction was not appreciably faster than that of 3. This was so perhaps because of the 

unexpected occurrence of much ring nitration (ca. 30%) to 4-methoxy-2-nitro-N,N-dimethylben- 

zeneamine (3). The material balance after 18 min when the starting material was no more 

present was complete with the observation of 4-methoxy-N-nitroso-N-methylbenzeneamine (2, 

40%) and the two alkoxy derivatives & (23%) and 3 (3%). Even in this reaction, which was 

run in an oxygen free, dry atmosphere, part of the nitrogen of BN ended up as N20, but there 

was also formation of NO. 

As we observed in the reactions with 2, also p-substituted aromatic amines showed the 

occurrence of ring nitrations both in the o- and p-(ipso)positions under initially dry and 

strictly anaerobic conditions;22 these reactions were enhanced by water and/or acid 

addition: they are seemingly related to the formation 

BN + H,Oe _= BuOH + HN02 + He 

and decomposition of “nitrous acid“ and the interception by the very reactive nitrogen diox- 

ide thus produced with a residing aminium cation like 19 produced by the previous reaction 

between the amine and another molecule of NO2 as for the case of the nitration of phenols 

and other reactive aromatics by this reagent.23 
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This behaviour rationalizes the production of nitrogen monoxide along with dinitrogen oxide. 

The aminium ion E may also be produced by the SET reaction between the corresponding amine 

and NOs, which is a powerful oxidant. Our conditions rule out the occurrence of NO* 

definitively and, as we said earlier, make very unlikely the extensive production and/or the 

effective oxidizing action of HNOs.The proposed oxidation may have some type of intermediate 

complex. 

The great propensity of & to undergo nitration without catalysis by water or acids could 

be linked to the higher reactivity of this substrate in the reaction with N02. 

The acidity of the medium has not only a catalytic effect on the hydrolysis of BN, but 

lowers as well the concentration of free amine for the direct reaction with the nitrite. The 

drive for the nitration reaction must be, compatibly with some rate determining step of some 

process in the initial part of the sequence, extremely high, if even ipso-substitution takes 

place, as it was observed with 2J, when water wus admitted to the system. 
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Once more we observe that the role of water is that of mobilizing the aminoether, here 

&, for the reaction with BN of its hydrolysed counterpart, i.e., n, as may be evinced by 

the material balance. The catalysis by ammonium chloride at 9OW made the reaction extremely 

prompt and generated some N-nitroso-2-nitroderivative (27) which was shown to be found by 

N-nitrosation of initially nitrated 2. The effect of the addition of PTSA was that of 

addressing the reaction towards a significant (unoptimized) yield of 2-nitroderivative (26); 

the same compound was the outcome of the treatment of & with “nitrous acid” ,24 as we1 1 as 

the only nitroderivative generated by the reaction between Tl(II1) nitrate and @ in aceto- 

nitrile. The para-NO2 addition product to any p-substituted amine could be at least in 

part the intermediate to the observed o-nitration products, as it was shown in the nitration 

of 4-methyl-N,N-dimethylbenzeneamine.lsb Similar nitrations by “HNO2” are since long well 

documented in the literature.26 Nitration of aromatic amines seems therefore to necessitate 

both certain structural and electronic features, but neither “stereoelectronic” factorsl’a 

need to be invoked, nor homolytic N-N cleavage of intermediate nitroso ammonium ions.27 In 
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same cases there might be a significant incursion of NOa- oxidation of intermediate C-nitro- 

so derivatives, possibly produced also by a Fisher-Hepp type rearrangement of nitroso ammo- 

nium ions under suitable conditions. 

2c - OCHS 

PTSA 

I 

26 - 

BN, NH:, HP0 

CH3\ ,CH3 
N 

3C - OCHS 

+ 

ON, ,CH 
N 3 

We have analyzed the headspace of BN by SC-MS after heating during 10 nin at 90°C: we 

detected, beside the intact molecule, BuOH and n-butanal, the latter being the decomposition 

product of BN into “HWO”, perhaps catalyzed by glass walls. More interesting was a complete 

analysis of the headspace of the reaction between ;Ib and BN at QOV. We found that all the 

three nitrogen oxides N20, NO and NO2 were present as individual compounds as well as N203 

and HNo2. The concentration of NO2 increased for longer reaction times. The organic 

components were, beside BN, BuOH, n-butanal, n-butylformate (28) and methyl bromide: the 

concentration of 28 also increased with longer reaction times. The same reaction with added 

catalyst (water, N&Cl) showed the production of nitrogen dioxide (with hardly any nitrogen 

monoxide), nitrous acid and the other three oxygen butane derivatives: 28 built up at longer 

reaction times. 1-Butene was not detected, thus ruling out a possible route to H.VOz, i.e., 

the Cr,Cz base catalyzed elimination of HNOz from BN. 

From these findings we can draw a number of safe conclusions: the production of a few 

chemical species appearing in the previous mechanistic schemes is definitively established 

in the course of the actual reactions: water may be also formed during the reaction from a 
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Cl,O-elimination reaction, perhaps induced by base catalysis, from BN 

:B 

H f 

409’ - -0 + BH’ + NOe 

-T- 

HNO + B: 

yielding “HNO”; n-butylformate (28) yields an evidence for the reaction between BN and the 

intermedite aminoether @ 

CH3\ i&H--OBu CH3\N/H 

+BN 

25b ;1r 

+ H20 
-t BuOCHO 

28 - 

I +BN 

3b - 

In a few cases (e.g.: & and 2c) N-nitroso-o- and p-nitroderivatives were detected in our 

reactions: it is likely that these were the products of N-dealkylation-N-nitrosation of the 

o- and p-nitro-N,N-dialkylderivative. 

Experimental Part 

Materials and Euuipment - All common reagents and solvents, for which the preparation is 

not described here, were available commercially and were purified according to the specific 

necessities. All the amine and alkyl nitrite samples vere purified immediately before use. 

AM and BN,2a 4-nitroso-N,N-dimethylbenseneamine (g),za chloromethylbuthylether 29, di(n-bu- 

toxy)methane (l5)so and tri(n-butoxy)methane (24)31 were prepared according to described 

methods. 

All the reactions involving any form of nitrite or its possible formation were run in an 
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oxygen-free atmosphere. The intact reaction mixtures were usually analyzed directly by GC-HS 

without preliminary workup; a control analysis was usually carried out after reduced pres- 

sure removal of reactive material. Thermal stability of AK and BN alone at the various oper- 

ating temperatures and reaction times were checked. Under the below described GC-HS condi- 

tions, N-nitroso-N-methylamines were found to be unstable and to yield mostly the corre- 

sponding N-methylamine besides variable but small amounts of N-metbyleneamine. 

GC analyses were performed with a fused silica column (30 m long, 0.32 mm i.d., Supel- 

chemn SE-54, film thichness 0.25 /.rm) assembled on a Perkin Elmer Sigma 10 gas chromatograph, 

using the ion source of the mass spectrometer as a detector. Single ion chromatogram would 

therefore be recorded at any time for selective monitoring. Less demanding GC analyses were 

performed using pached columns (glass, 2 m long, 3 mm i.d., JXR 3% on Chromosorb W; steel, 2 

m long, 2 mm i.d., Carbowax 2Otl-KOH). GC quantitative determinations were performed by means 

of suitable internal standards after independent determinations of area/weight calibraticn 

factors. In the cases where authentic and pure specimen could not be obtained, an approxi- 

mate quantitative determination was secured by the use of a reasonably appropriate standard 

using a unity calibration factor. 

Mass spectra in the electron impact positive ions mode were obtained with a Finnigan 1020 

mass spectrometer equipped with a conventional ion source operating at 70 eV, a quadrupole 

filter and detector of ions, data system and library. A preliminary identification of every 

GC peak was obtained whenever possible by comparison with the spectral library or by 

interpretation of the recorded spectral pattern. Separated solid products were directly 

admitted to the ion source; occasionally, some spectra were recorded via GC or the direct 

inlet with an LKB 9000 mass spectrometer. All identifications were checked whenever possible 

against authentic specimens also as to their GC properties. The five most intense peaks with 

bracketed relative intensities and the parent ion are reported for never before reported 

spectra or uncommon compounds. 

IR spectra were recorded on intact mixtures in order to check them against separated 

materials to rule out post reaction artefacts and on purified homogeneous products to ensure 

positive identification both by interpretation of the spectral characteristics and identity 

with spectra of the Aldrich32 library or any other source of authentic spectra. The KBr 

technique was used for solids. The equipment used was a JASCO Infrared Spectrometer mod. 

DS-702G. 

IH-NHR Spectra were obtained from a Bruker Up-80 SY spectrometer using tetramethylsilane 

as internal standard and CDCl3 as solvent; the spectrum of & was secured from the kind co- 

operation of Dr. P. Ferrari and Dr. J. Kettenring of Lepetit Research Center, Varese (Bruker 

AM-500 equipped with an Aspect 3000 computer). 

UV spectra were recorded with a JASCO digital spectropbotometer UV-visible UVIDEC-505 

equipped with a derivative scanner mod. DER-1, using isooctane as solvent. 

Voltammetric measurements were performed in an EG&G PARC 303A three-electrode cell 

connected to an EG&G PARC model 273 potentiostat driven by an EG&G PARC model 270 software 

installed on a IBH system/2 computer. In these experiments, an SflE and Pt wire were used as 

the working and counter electrode respectively, whereas an Ag/O.l H Age electrode was the 
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reference. The medium employed was 0.1 M tetrabutylammonium perchlorate solution in dry 

acetonitrile. 

N,N-Dimethylbenzeneamine (2a) and alkyl nitrites 

A .- BN (excess) and a (reflux) - The direct reaction of the two compounds in 1:5 molar 

ratio at reflux temperature during 15 min caused the complete disappearance of 3 and the 

production of both N-(n-butoxymethyl)-N-methylbenzeneamine (6a) and N,N-di(n-butoxymethyl)- 

benzeneamine (7a). The amount of g formed was detected by GC as being 49.7%. Small amounts 

of 4-nitro-N,N-dimethylbenzeneamine (g), 2-nitro-N,N-dimethylbenzeneemine (‘3) and N-formyl- 

-N-methylbenzeneamine (G). 

The nitrosamine 2 could be separated from the mixture by preliminary hydrolysis of @ 

and B with diluted hydrochloric acid at room temperature and conventional distillation or 

absorption chromatography on alumina (BDH, Grade I, neutral) using a concentration gradient 

of ether in hexane (from 0 to 20% vol/vol). The two ethers & and 2 are extremely sensitive 

to moisture, which causes their immediate and complete hydrolysis to N-methylbenzeneamine 

(m) and benzeneamine (m), respectively. Their quantitative analysis exploited the hy- 

drolysis reaction and was performed on the resulting amines. Conventional distillation of 

the intact mixture did not allow to separate the two ethers in a pure state. Upon opening 

the argon blanketed reaction apparatus, the colorless gases acquired a deep brown color, due 

to the instant oxidation of nitrogen monoxide to dioxide. 

N-(n-Butoxymethyl)-N-methylbenzeneamine (h). 31.3% (GC); MS m/z 120 (loo), 193 (M+, 22), 

77 (20), 57 (19), 106 (14). 104 (12), 136 (6). 

N,N-Di(n-butoxymethyl)benzeneamine (7a). 2.9% (CC); MS m/z 57 (loo), 105 (99), 120 (SO), 

106 (43), 192 (30), 265 (M+, 14). 

N-Formyl-N-methylbenzeneamine (m). MS m/z 106 (loo), 135 (M+, 72), 77 (36), 94 (20), 51 

(18). 

In order to monitor the kinetic of the disappearance of 28 and the appearance of & and 

@J conveniently by GC-MS, a reaction between & (2.48 mmol) and BN (13.64 mmol) in the pres- 

ence of the suitable internal standard diphenylmethane was carried out at 65V. The result 

are collected in the fig. 1. 

Analogously, a mixture of & and freshly distilled alcohol free (CaClz) AN were kept at 

100°C in a flow of nitrogen during 1 h. Only at the very beginning nitrogen monoxide was 

formed as evidenced by the characteristic coloration upon contact with air. The starting 

material was completely consumed (TLC, GC), G and dimeric material were also absent. The 

yield of 2 was 45.5%. 

When iso-amyl nitrite was used under the same conditions, a complete GC-MS analysis 

allowed to detect, beside 3 (34.3X), the aminoethers N-(3-methyl-l-butoxy)methyl-N-methyl- 

benzeneamine and di-[N,N-(3-methyl-1-butoxy)methyl]benzeneamine together with trace amount 

of LJ, 2 and 29a. - 
N-(3-Methyl-l-butoxy)methyl-N-methylbenzeneamine. 47.5% (GC); MS m/z 120 (loo), 43 (29), 

207 (M+, 28), 77 (23). 106 (16), 104 (13), 136 (7). 

Di[N,N-(3-methyl-1-butoxy)methyl]benzeneamine. 3.2% (Cc); MS m/z 120 (loo), 105 (99), 43 

(70)r 106 (47), 206 (30), 293 (M+, 9). 
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B .- AN (excess) and & - AN and the amine were contacted in a molar ratio 5:l at room 

temperature under nitrogen without any exotherm but with the instant formation of a green 

color. After one week standing in inert atmosphere, the mixture contained 3GX 2 (GC). The 

mixture was then chromatographed on silica gel (Merck, silica gel 60-120 mesh, a 25 cm long 

glass column) eluting with hexane, hexane-benzene (1:l) and benzene with an ether gradient 

(from 10 to 100% vol/vol) and finally ether-ethanol (from 5:I to pure alcohol): from a 

fraction (crude yield 30%) a pure (TLC t GC) yellow solid, i.e. N,4-dinitroso-k- 

-methylbenzeneamine (22), was obtained from repeated recrystallization from hexane-ether. 

N,4-Dinitroso-N-methylbenzeneamine (22). m.p. 154-55OC; NMR 6 3.11 (s, 3H), AA’XX’ multi- 

tiplet, 4H, divided into two separate specular multiplet simulating a quartet, centered at 

6.64 and 8.08; MS e/z 165 (B+, lOO), 119 (30), 42 (27), 77 (23), 136 (21), 120 (16), 105 

(15) * 

C .- BN and g (excess, reflux)ss - The reagents were admixed in 1:5 molar ratio (theor. 

ratio 2:3) and refluxed during 30 min, although the reaction appeared practically complete 

after 9 min. GC-HS qualitative and quantitative analysis of the intact reaction mixture 

revealed the formation of z (74.X), m (trace), 9 (trace), & (trace), 4dimethylamino- 

b-enzaldehyde (trace), 4-nitro-N-nitroso-n-methylbenzeneamine (12, 1.9%. calc’d as mol l2Jmol 

BW. e (trace), 2,4’-(dimethylamino)diphenylmethane (15). 2’-(methylamino)-4-(dimethyl- 

amino)diphenylmethane, 4-(methylamino)-4’-(dimethylamino)diphenylmethane and 4,4’-bis(di- 

methylamino)dipbenylmethane (14) Excess g recovered amounted to 56%, less than the 

theoretical 69!b. 

4-Dimet&laminobenzaldehyde. f4S m/z 148 (100). 149 (MI, 83), 77 (15), 132 (B), 105 (6). 

2,4’-(Direthylamino)diphenylmethane (l5). 4.8% (GC); MS34 m/t 134 (loo), 254 (?l+, 70), 118 

(67), 239 (43), 91 (34). 

2’-(Hethylamino)-4-(dimethylamino)diphenylmethane. 4.3% (Cc); MS34 m/z 240 (M+, loo), 121 

(B7), 225 (50), 120 (39), 118 (36). 

4-(Methylamino)-4-(direthylamino)diphenylmethane. 4.5% (GC); MS34 m/z 240 (t-l+, loo), 239 

(75), 120 (27), 134 (24), 195 (19). 

4,4’-Bis(dire~lamino)diphe~lmethane (14). 78.8% (Cc); MS34 m/z 254 (tl+, loo), 253 (90), 

210 (35), 134 (32), 126 (30). 

AN and & (excess, reflux) - In one experiment 2 (8.2 axsol) and AN (1.9 mmol) were kept 

at 100°C during 4 h (although the reaction appeared complete after 15 rain; a colorless 

liquid gently refluxed). At the beginning some nitrogen monoxide developed; the mixture vas 

red-brovn. Quontitative GC, using n-tetradecane as internal standard, was used to determine 

the yield of u (64%). In this experiment z was produced in 42% yield, accompanied by some 

15% (calc’d as mol 2aJmol AN) m. 

In another experiment AN (60 mmol) was slowly added to a (260 mmol) stirred at 1OOW; 

the reaction mixture was then kept at 115V during 2 h. A colorless liquid gently refluxed 

at the begining. The intact reaction mixture has been fractionally distilled obtaining: 

n-pentanol (ca. 100X, calc’d as mol alcohol/mol AN), & (66% left over, theor. 66%). & 

(52%) (all distilled in the range 52-122V at ca. 3066 Pa and identified by spectroscopic 

properties, GC, MS and elemental analyses) and fi (ca. 66%. bp 150-155W at 160 Pa, crude 
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material), recrystallized from hexane-ethanol and methanol, mp 86-7OC, lit.34 JXJ-90°C, 

correctly analyzing for 14 and having the spectroscopic and GC properties expected for it. 

An undistillable residue amounted to ca. 2 g. 

The yield of a is lower than that of the dimeric condensation product 14 because the 

latter is a product preceding the formation of the former in the complex reaction sequence, 

and, unless all the reaction following the initial event were to be “instantaneous” - an 

obviously unlike event - it is expected that formation of dimers of type If! would usually 

exceed the yield of 2. 

D.- Protic catalyses of the reaction between & and BN (excess, reflux) - In one 

experiment & (8.50 mmol), BN (42.3 mmol) and water (25.4 mmol) were refluxed during 20 min, 

a time sufficient for causing the total disappearance of the amine, obtaining & (37X), 

4-nitro-N,N-dimethylbenzeneamine (4, 27.5%) and 2-nitro-N,N-dimethylbenzeneamine (9, 20.2%). 

In another experiment water was replaced by PTSA (0.85 mmol) obtaining a (36.4%). @ 

(27.5%) and 2 (21.3%) under the exactly same conditions. 

In a third experiment water was used in equivalent amount to 2 and ammonium chloride 

(0.85 mmol) was added, obtaining 2 (87%) and 4-nitro-N-nitroso-N-methylbenzeneamine (L2, 

8.7%) under exactly the same conditions. The latter product was separated, after evaporation 

under low pressure (1 torr) of any more volatile fraction from the intact mixture, by 

absorption chromatography on alumina (hexane-ether from 100:0 to 80:20 vol/vol). 

4-Nitro-N-nitroso-N-metbylbenzeneamine (l2). 0r.p. 105-6OC, lit35 m.p. 104W; IR (KBr) 

3095w, 1610m, 1595m, 151Om, 1463m, 1395m, 133&s, 13OOs, 1203m, 1175m, 1073s, 943m, 047m, 

810m, 745m, 680~ cm-l; NHR 6 3.47 (s, 3H), AA’XX’ multiplet, 4H, divided into two separate 

specular multiplet simulating a quartet, centered at 7.75 and 8.36: MS (direct inlet) m/z 

105 (loo), 151 (96)r 181 (M+, 32), 104 (3O)r 63 (17>, 90 (15). 

Ammonium chloride added without water to the above mixture was inactive, the reaction re- 

plicating the results given uder heading A. 

4-Bromo-N,N-dimethylbenzeneamine(2b) and BN 

A.- BN (excess) and 2& (reflux) - The amine (3, 7.89 mmol) and freshly prepared, 

essentially butanol-free, BN (47.8 mmol) were refluxed during 3 h, i.e. the time just 

necessary for the complete disappearance of 2 as monitored by GC and TLC (alumina, elution 

with hexane-ether 1.5:1 vol/vol) under dry nitrogen. The whole brown reaction mixture was 

freed from volatile material by a preliminary distillation at ca. 3333 Pa and a final 

evaporation at 133 Pa (oil bath at 95OC, residual material 2.15 g) taken up with dry hexane 

(2 mL) and deep frozen by immersion of the reaction flask into liquid nitrogen, which caused 

its complete solidification. Upon reaching room temperature, the solution had separated pale 

yellow crystals of practically pure 4-bromo-N-methyl-N-nitrosobenzeneamine (3b), which is no 

more present (TLC) in the mother liquor. This solution (1.73 g of product) contained 

4-bromo-N-(n-butoxymethyl)-N-methylbenzeneamine (3, 68.8%) and 4-bromo-N,N-di(n-butoxymeth- 

yl)benzeneamine (2, 0.92X), as’determined directly by GC for E and by GC, after hydrolysis 

to 4-bromo-N-methylbenzeneamine (m, see infra), for a. Conventional distillation gave 

pure 3. 

4-Bromo-N-metbyl-N-nitrosobenzeneamine (3b). m.p. 73OC, lit36 m.p. 74; IR 3100~~ 149Os, 
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1445vs, 1387vs, 1302s. 12gos, 1195vs, 1175~s 1085~s. 1005~s 96Os, 947s. 820%. 5206, 485~1 

cm-l; NHR 6 3.42 (s, Xi), A& multiplet, 4H, centered at 7.51; HS (direct inlet) m/z 184 

(loo), 186 (97). 105 (81)~ 104 (81). 63 (43), 77 (41). 155 (40). 157 (38). 214 (Ht. 16). 216 

(W, 15). 

4-Brolso-kr-(n-butoxymet)Url)-N-~etqylbenzenearPine (6b). b.p. 125oC (45 Pa); IR (neat) 296Os, 

2930s. 2OOOs, 159Cu1, 1495vs, 143Om, 1375m, 1355s, 1315x1, 129Om, 127&n, 1255m, 122Om, 1185m, 

1115m, 1075~s~ 1055s, 1035~ 96Om. BlOs, 755~ cm-r; NHR 6 0.89 (t, 3H, J E 7.34 Hz), 1.35 

(pseudo sext, 2H), 1.54 (pseudo q, 2H), 3.04 (s, 3H), 3.39 (t, 2H, J = 6.50 Hz), 4.72 (s, 

W), AzXz pseudo q, 48, resulting from two doublets centered at 6.72 and 7.30; HS m/z 200 

(loo), 198 (100)~ 57 (35), 118 (15), 185 (13). 273 (W, 10). 271 (tit, 10). 

When the original mixture was refluxed for the time just necessary for the complete 

disappearance of @ (60 h), the following compounds were produced: 

di(n-butoxy)methme (16, c4. 30%), isolable by distillation, identical with an authentic 

specimen, after evaporation of BN and, upon addition of toluene, azeotropic distillation of 

formed BuOH; 

formaldehyde, condensing 40 paraformaldehyde on the flask condenser during the reaction, 

identified by IR and traditional methods; 

tri(n-butoxy)metbane (24, ca. 7X), identified by comparison with authentic specimen; 

4-bromo-N-methyl-N-nitrosobenzeneamioe (3b), 78% (isolated yield), obtained as above de- 

scribed: 

4-bromo-N,N-di(n-htoxymet&1)hnzeneamine (7b), 10% (OC), which could be isolated by dis- 

tillation, b.p. 146OC (7 Pa), IR (neat) 296Os, 294Os, 288Os, 1597~1, 1497vs, 1465m, 138Os, 

1365s, 1325m, 12OOm, 1260~ 1205m, 1000~s~ 104Ovs, 1010~~ 99Om, 93Ow, 82Om cm-r:NHR 6 0.92 

(pseudo t, 6H), 1.10-1.93 (m, gH), 3.45 (t, 4Ii, J = 6.65 Hz), 4.83 (s, 4H), A2Bz multiplet, 

4H, centered at 7.18, MS m/z 57 (loo), 103 (39), 185 (38). 87 (22), 200 (16);’ 198 (16), 272 

(5), 270 (5), 345 (He, 2), 343 (H’, 2); 

1,3,5,7,-tetra(4-hromopbenyl)-l,3,5,7-tetrazocine (3l, separated yield c4. 7%), identified 

by comparison with an authentic specimen, prepared according to 4 described method.37 

Hinor concentrations of the following compounds were detected and identified by OC-.X3 

analysis of the intact mixture (listed in order of elution): 

4-bromo-N-meyylenebenzeneamine (m, from thermal decomposition of 31 and 3b) tlS m/z 185 

WV loo), 103 (tl+, lOO), 184 (63), 102 (60), 157 (40), 155 (40), 50 (33); 

2,4-dibromo-N,N-dimethylbenzeneamine (z), KW m/z 278 (loo), 279 (W, 72), 200 (44), 276 

(42), 281 (Hi, 21). 277 (H+, 33). 75 (27), 118 (24); 

4-bromo-N-fowl-NJet&lbenzeneamine (ml from 24 and m), MS m/z 186 (lOO), 104 (loo), 

215 (Ii+, 72), 213 (He, 72), 172 (57), 174 (52), 105 (43); 

4-bromo-2-nitro-N,N-dimethylbenzeneamine (34), PiSe m/z 118 (100). 171 (OO), 169 (80), 185 

(42), 184 (42), 199 (39). 182 (37)r 183 (36), 227 (35). 229 (33). 246 (H+, 25). 244 (W, 

25). 

B.- Protic catalyses of the reaction between a and BN (excess, reflux) - The amine (a, 

1.095 mmol), ammomium chloride (0.1 mmol), water (1.1 mraol) and BN (4.6 mmol) were refluxed 

under inert atmosphere during 15 rain; 411 the volatile material was distilled off (residual 
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pressure 133 Pa, max bath temperature 95cC), the brown solid residue was taken up with 

hexane and water, the organic layer was dried over NazSO+, reduced to a small volume, com- 

pletely solidified by immersion into liquid nitrogen and allowed to warm up to room 

temperature. Solid 3 (88% separated yield) was obtained. The mixture before work up 

contained also a large amount of di(n-butoxy)methane (l6). 

The reaction had essentially the same outcome if ammonium chloride was replaced by PTSA 

in the same stoichiometric ratio. 

The conditions of the reaction with ammonium chloride were reproduced except that water 

was not admitted into the system. After 15 min, ca. 10% of the starting material was still 

present. Under these conditions ammonium chloride appeared insoluble. The products were 16 

(4%), 3 (20%) and * (55%). 

In another experiment the amine (B, 5 mmol), water (15 mmol) and BN (25 mmol) were re- 

fluxed 15 min under nitrogen: SC-MS analysis of the reaction mixture showed the complete 

disappearance of the starting substrate and the namely formed 3 (56.7%), 2,4-dibromo- 

-N,N-dimethylbenzeneamine (33, 6.4X), 4-bromo-2-nitro-N,N-dimethylbenzeneamine (34, 27%) and 

4-nitro-N,N-dimethylbenzeneamine (8, 6.9%), which were separated by absorption chro- 

matography on silica gel (BDH, silica gel 60-120 mesh), using hexane with a gradient of 

CHzClz (from 0 to 50% vol/vol) as eluant obtaining the separate yield shown in brackets. 

2,4-Dibromo-N,N-dimetbylbenzeneamine (33). b.p. 100°C (107 Pa), lit39 275V (98.6 kPa); IR 

(neat) 2915s, 2840m, 28OOm, 2760m, 1475vs, 1445~~ 1425s, 1365m, 1315m, 1182m, 1155s, 113Om, 

109Om, 1045m, 102&s, 940m, 862m, BlOs, 775s, 660m, 592m, 55Jm cm-l; NHR33 6 2.77 (s, 6H), 

6.93 (d, lH, J = 8.55 Hz), 7.36 (d of d, ill, J = 8.55 Hz, J. = 2.22 Hz), 7.68 (d, J. = 2.22 

Hz). 

4-Bromo-2-nitro-N,N-dimethylbenzeneamine (34). m.p. 65V, lit35 66W; IR (Klh-) 292Ow, 

286Ow, 2790~~ 16OOs, 159Os, 1505vs, 143Os, 1380~~ 1268s. 12lOm, 1150m, 1060m, 953w, 870m, 

805m, 762m cm-l; NMR38 6 2.88 (s, 6H), 6.89 (d, lH, J = 8.93 Hz), 7.47 (d of d, lH, J = 8.93 

Hz, J. = 2.48 Hz), 7.88 (d, lH, J. t 8.93 Hz). 

4-Bromo-N,N-dimethylbenzeneamine (2b) and “nitrous acid* 

A solution of trichloroacetic acid (6.64 mmol) in CHCle (13 ml) was added slowly to a 

slurry of finely divided sodium nitrite (6.64 mmol) in CHCls (10 ml) at -3OOC under nitrogen 

and the mixture stirred at this temperature during 50 min. The amine (2&, 5 mmol) in CHCls 

(10 ml) was slowly added under nitrogen, turning the mixture into a bright orange color. At 

the end of the addition, the temperature was allowed to rise to ambient during 1 h. The 

mixture was finally diluted with ether and washed with water. The yield of 3 was 19% 

(isolated). The starting amine survived to the extent of 64X, while some 7% ended up as 

4-bromo-2-nitro-N,N-dimethylbenzeneamine (34). A minor amount of 2,4-dibromo-N,N-dimethyl- 

benzeneamine (2) was also detected. 

4-Methoxy-N,N-dimethylbenzeneamine (2~) and BN 

A.- BN (excess) and & (reflux) - The amine (2c, 1.35 mmol) and BN (6.8 mmol) were 

refluxed during 18 min: after this time no starting amine was left. CC-MS analysis revealed 

the presence of the following compounds: 4-methoxy-N-methyl-N-nitrosobenzeneamine (2, 40%), 

4-methoxy-P-nitro-N,N-dimethylbenzeneamine (26, 30.1%), 4-methoxy-N-(n-butoxymethyl)-N-meth- 
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ylbenzeneamine (&, 23%) and 4-methoxy-N,N-di(n-butoxymethyl)benzeneamine (2, 3.3%), which 

were eluted in this order. The CC quantitative analysis has been performed by the internal 

standard technique on a hydrolysed sample, as described above. The products were identified 

by their mass spectra and CC properties, which for C and 26 were identical with those of 

the analogous products isolated in the experiments given under heading B (see below). 

4-Nethoxy-N-(n-butoxyrPet)UII)-N-metbyl&nzene~ine (6c). MS m/z 150 (lOO), 223 (M+, 15), 

136 (9), 135 (9), 122 (9), 120 (8). 

4-Hethoxy-N,N-di(n-butoxymet~l)benxeneamine (B). MS m/z 135 (loo), 57 (73), 15 (71), 

12120 (32), 122 (16), 222 (14), 295 (W, 9). 

B.- Protic catalyses of the reaction between C and BN (excess) - The amine (a, 4.97 

mol), BN (20.0 mmol), ammonium chloride (1.5 mmol) and water (4.97 mmol) were refluxed 5 

min, a time sufficient for the complete disappearance of &. The volatile products were 

evaporated in vacua and the higher boiling material was separated into two major components 

by absorption chromatography on alumina (hexane-ether from 100:0 to 40:60 vol/vol): 2 and 

4-methoxy-2-nitro-N-methyl-N-nitrosobenzeneamine (27). 

4-t/ethoxy-N-methyl-N-nitrosobenzenedmine (3c). m.p. 46Y!, lit24 47OC; IR (KBr) 293Ow, 

2SSOw, 2815w, 1608m, 159Om, 1507s, 1435vs, 1417vs, 1384s. 1311s. 1242vs, lZOSvs, 109Ovs, 

102Svs, 955s, 835vs, Sllvs, 615s, 530s cm-l; NHR 6 3.43 (s, 3H), 3.85 (s, 3H), AzXz 

multiplet, 48, divided into two separate specular multiplets simulating a quartet, centered 

at 6.94 and 7.44; tlS m/z 136 (100). 121 (59). 108 (58), 77 (40). 93 (36), 67 (35). 166 (tl+, 

7). 

4-Hethoxy-2-nitro-N-methyl-N-nitrosobenzeneamine (21). m.p. 49W; IR (KBr) 1612m, 1522~s. 

1451s, 1358s, 13oos, 1278s, 12459, 1185s, 112Os, 1053m, 1013vs, 955s, 860s. 835~1 7975, 

587m, 552m cm-l; NMR 6 3.38 (s, 3H), 3.94 (s, 3H), 7.25-7.70 (m, 3X); IIS m/z 181 (loo), 164 

(74), 123 (50), 120 (45), 108 (38). 92 (32), 134 (25), 211 (II+, 1). 

In another experiment a homogeneous solution of the amine (a, 4.07 mmol), PTSA (5.53 

mmol) and BN (29.9 mmol) was kept under nitrogen during 3 days at room temperature. A pre- 

cipitate formed after one day. At the end of the preset reaction time, residual BN and 

volatile products were distilled off at ca. 667 Pa and 30-40°C. The residual paste was 

washed with diluted sodium hydroxyde , extracted with ether and dried over NasS04. Absorption 

chromatography on alumina (hexane-ether from 1OO:O to 50:50 vol/vol) gave 4-methoxy- 

-3-nitro-N,N-dinethylbenzeneamine (26, 84%) and 4-methoxy-2-nitro-N-methyl-N-nitrosobenzene- 

amine (27, ca. 2%). CC-MS of the original mixture allowed to identify also: di(n-butoxy)me- 

thane (l6), a tiny amount of N-methyl-N-nitrosobenzeneamine (3c) and a peak for 4-methoxy- 

-x,y-dinitro-N,N-dimethylbenzeneamine (in a concentration comparable with that of 27). 

4-Methoxy-2-nitro-N,N-dimet~lbenzeneamine (26). m.p. 15OC, lit 24 14W; IR (neat) 2920 m, 

2870111, 282Om, 2775m. 1515vs, 1432~~ 134Os, 1250~s. 123&s, 1195s, 116Os, 1035~s. 952m, 916m, 

905m, 000s cm-l ; NMR 6 2.79 (s, 6H). 3.79 (s, 3H), 7.03-7.42 (m, 3H); MS m/z 120 (loo), 135 

(80), 134 (79). 121 (71), 196 (W, 59), 151 (42), 179 (39). 

4-Hethoxy-x,y-dinitro-N,N-dimethyl&nxeneamine. MS m/z 224 (loo), 121 (73), 241 (H+, 64), 

149 (58). 77 (51), 148 (50), 134 (44). 

In a third experiment a mixture of the amine (k, 4.67 mmol), water (4.67 mmol) and BN 
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(27.9 mmol) was stirred during 3 days at room temperature under nitrogen. Usual workup and 

purifications yielded & (68%) and 27 (28%). The CC-MS trace of the whole mixture showed a 

large amount of tri(n-butoxy)methane (24) and minor amounts of di(n-butoxy)methane (l6) and 

4-methoxy-N-methylenebenzeneamine (m, formed by thermal decomposition of 2 in the 

injector of the gc apparatus). 

4-Plethoxy-N-methylenebenzeneemine (m). MS m/z 120 (loo), 135 (M+, 87), 92 (23), 65 (22), 

77 (8), 51 (6). 

Stability of 3 

These nitrosamines, prepared by the action of sodium nitrite and hydrochloric acid on 

aze were found to be thermally and hydrolytically unstable under the GC conditions normally 

employed (dilution with commercial solvents, fused silica columns, injector temperature: 

3OOT). The thermal decomposition, which is usually a minor reaction led to the imines 

(Ar-N=CHz, 3J), whereas the hydrolysis, which liberates llNOz, gave the corresponding 

N-methylbenzeneamine (l7). The nitrosamine is quite stable under TLC conditions using 

alumina (hexane-ether) and silica gel (hexane-CHzClz). The other N-nitrosamines encountered 

in this study behaved similarly. 

Injection of a solution of pure 3 in commercial ether into the GC apparatus (injector 

150-300°C) invariably yielded variable amounts of N,N’-dimethyl-N,N’-di(4-bromophenyl)- 

hydrazine, identified by MS and 4-bromo-N-methylbenzeneamine (m) accompanied by traces of 

4-bromo-N-methylenebenzeneamine (32b). We believe this to - be the results of both pyrolysis 

and (in part) hydrolysis (by traces of water in the solvent) of 3. In the higher injector 

temperature range D and 32b were the only products observed. Similar behaviour was observ- 

ed with other N-nitrosamines. Low GC injector temperature (below 150°C, whenever feasible) 

analysis of a few N-nitrosamines using glass columns prevented the degradation of the com- 

pounds. 

N, N'-Dimethyl-N,N'-di(4-bromophenyl)benzeneamine. MS m/z 185 (loo), 184 (93), 187 (78). 

186 (78), 105 (40)r 77 (22), 104 (20)r 157 (12)r 155 (12), 370 (M+, 3). 372 (M+, 1), 368 

(M+, 1). 

Stability of 4-bromo-N-(n-butoxvmethyl)-N-methyl- and 4-bromo-di(n-butoxymethyl)ben- 

zeneamine (6b and 7b respectively) 

Both compounds gave with aqueous HCl at room temperature (15 min) respectively the amines 

mand3J-&. If the compounds are not stored in a moisture free ambient, they formed 

di(4-bromo-N-methylbenzeneamino)methane and 1,3,5,7-tetra(4-bromophenyl)-1,3,5,7-tetrazocine 

(3l) respectively. TLC on alumina or silica gel lead to their prompt decomposition. Amino- 

ether 3 underwent partial decomposition to 4-bromo-N-methylenebenzeneamine (32b) when in- - 
jetted into a GC apparatus (200-3OOwC). Aminoether &IJ was found to be quite sensitive to 

traces of moisture when injected into a gaschromatograph, producing amounts of J7J. 

4-Bromo-N-(n-butoxymethyl)-N-methylbenzeneamine (6b) 

4-Bromo-N-methylbenzeneamine (m, 5.4 mmol) in hexane (2OmL) was treated with 

butyllithium (8 mmol) in hexane at -30°C during 1 h and subsequently with chloromethylbutyl- 

ether (8 mmol) and the solution was kept 30 min at this temperature. CC-MS analysis revealed 

a good advancement of the reaction (> 70%) to the desired product G, which was not 
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isolated. 

Electrochemical reduction of BN 

The reduction potential of BN has been determined by linear sweep voltamaetry 

measurements. BN turned out to undergo to an irreversible reduction process characterized by 

a peak potential of -1.6Sf0.01 V. 
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