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The decomposition of N-methyl-N-nitrosotoluene-p-sulphonamide (M NTS) has been studied in 
basic and neutral water-alcohol mixtures. In alkaline media and when OH- was the nucleophile, 
the known hydrolysis reaction in which OH- attacks the SO, group was observed; this reaction 
was first order in both OH- and MNTS. In the presence of  ammonia, hydroxylamine, hydrazine, or 
primary, secondary or tertiary amines, a transnitrosation reaction took place in which the additional 
nucleophiles attacked the nitrogen atom of the MNTS N=O group; this reaction was first order in 
both MNTS and free amine. I n  particular, MNTS proved to  be as efficient as some alkyl nitrites for 
the nitrosation of  secondary amines in neutral or alkaline media, in which conventional nitrosating 
agents d o  not exist. Similar reaction rates were observed for the more basic tertiary amines (which 
gave NO,- among the final products). Primary amines underwent rather slower reactions, with the 
exception of hydroxylamine and hydrazine, the nucleophilic nature of which is increased by  the a 
effect. We discuss the relative reactivities of the various amines in terms of their basicity and vertical 
ionization potentials, and w e  report the effect of  the proportion of  alcohol in the medium on the 
rates of both hydrolysis and transnitrosation reactions. 

The decomposition of N-nitrosamides and related compounds 
in alkaline media is of interest from both a chemical and 
biomedical point of view. Traditionally, these reactions have 
been used to generate diazomethane (Scheme 1); biomedically, 
the carcinogenic nature of the substrates has been traced to the 
alkylating capacity of their products (in particular, to the 
methylation of DNA). 

0 NO 0- NO 
II / I /  

\ I \  
R-C-N + OH- __c R-C-N 

Me OH Me 

1 
Scheme 1. 

Kinetic studies of the above reaction with several nitros- 
amides and nitrosoureas have revealed significant differences 
among the substrates used, mainly as regards the kind of 
catalysis that takes place in the presence of bases, which in some 
cases act as nucleophiles on the CO group and in others merely 
favour either the decomposition or the formation of the 
tetrahedral intermediate by general base catalysk2 The reason 
for these differences is not clear. 

A particularly interesting substrate, for which no kinetic 
information in basic media has hitherto been published, is N- 
methyl-N-nitrosotoluene-p-sulphonamide (MNTS). The de- 
composition of MNTS in acid solutions has been studied3 
and its behaviour parallels that of other nitrosamides in that 
protonation of the substrate is the rate-limiting step. Besides 
that reaction, MNTS reacts as usual with nucleophiles such as 
OH- or EtO-, which attack the SO2 group [Scheme 2(a)] to 
afford diazomethane? but unlike nitrosamides and nitrosoureas 

it also undergoes nucleophilic attack by amines at its N=O 
group [Scheme 2(b)] 

0 - products 
II /Me 

4 - MeC6 H4- 

OH- ( ( b )  

R2NH 

Scheme 2. 

This latter reaction, which is only mentioned in passing in 
the literature, implies that MNTS can act as a transnitrosating 
agent transferring the N=O group to secondary amines to 
produce N-nitrosamines under alkaline conditions in which the 
usual nitrosating agents, such as NO', N203,  and nitrosyl 
halides, do not exist. No kinetic data have hitherto been 
published that allow the efficiency and competitivity of this 
reaction to be assessed and compared with those of agents such 
as alkyl nitrites6 or nitropr~sside,~ which are also active in 
alkaline media. It should be remembered that the ability of a 
nitroso compound to nitrosate amines under diverse condi- 
tions is of importance for estimating the extent to which it 
may constitute an environmental hazard due to the possi- 
bility of its leading to the synthesis of carcinogenic N-nitros- 
amines. 

In the work described here we investigate the reactivity of 
MNTS with the nucleophiles hydroxide, ammonia, hydroxyl- 
amine, hydrazine, and primary, secondary, and tertiary amines, 
and amino acids. 

Experimental 
MNTS of the greatest commercially available purity was sup- 
plied by Merck. Working solutions were prepared directly by 
dissolving known weights of MNTS in alcohol-water mixtures 
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Figure 1. Influence of the concentration of O H -  on the pseudo-first- 
order rate constant k ,  in the hydrolysis of MNTS at 25 "C. (0) at a 
constant ionic strength of 0.46 rnol dm-3 (controlled with NaCI). (0) 
without addition of NaCl. 

Table 1. Influence of the composition of the ethanol-water medium on 
the rate of hydrolysis of MNTS. [OH-] = 0.0268, [MNTS], = 
3.25 x rnol dm-3. 

Ethanol (%) (v/v) k,/10-3 s-1 

8.0 2.64 
10.2 2.7 1 
13.4 2.70 
16.7 2.96 
21.1 3.08 
24.3 3.06 

the case of the reaction between MNTS and NH,, which was so 
slow that the initial-rate method was used; in all other cases the 
absorbance-time data fitted the first-order integrated rate 
equation perfectly until the reaction was at least 90% complete. 
In Equation (1) 

ln(A, - A , )  = In(A, - A , )  - k,t 

A,, A,,  and A ,  are the absorbances at times 0, t, and co 
respectively and k,  is the observed pseudo-first-order rate 
constant. Equation (1) was fitted to the kinetic data using the 
algorithms of Davies et al.' All kinetic experiments were 
performed at 25 "C and the values of pseudo rate constants were 
reproducible to within 3%. 

As indicated below, the identity of the reaction products was 
confirmed from the characteristics of the U.V. spectrum of the 
reactions on completion, and in some cases by h.p.1.c. with 1 : 1 
acetonitrile-water as the eluant. The presence of nitrite was 
detected by Shinn's m e t h ~ d . ~  

Results and Discussion 
Hydrolysis of MNTS.-In spite of its being frequently 

employed to synthesise diazomethane (Scheme 3), there has 
never, to our knowledge, been any kinetic study of the alkaline 
hydrolysis of MNTS. 

1 
C H 3 0 H  + N, 

Scheme 3. 

In an initial series of experiments we studied the influence 
of OH - concentration on the observed pseudo-first-order rate 
constant k,. In these experiments the concentration of ethanol 
was 23% (v/v), the initial concentration of MNTS was 
6.0 x lop5 rnol dm-3, and the concentration of NaOH was 
varied between 0.0154 and 0.277 rnol dm-3. NaCl was used to 
keep ionic strength at a constant 0.46 rnol drn-,. The results 
(Figure 1) show the reaction to be first order in OH-. 

r = kl[OH-] [MNTS] 

(except where stated otherwise, the alcohol was ethanol), and 
were stored in the dark at low temperature; although stable for 
months under these conditions, they were frequently freshly 
prepared. 

The reaction of MNTS with ammonia, amines, and amino 
acids was studied using buffers made up with the amine or 
amino acid so as to ensure the constancy of pH. The amines, 
amine salts, or amino acids, purified by distillation or re- 
crystallization, were weighed and used to prepare buffers by 
addition of the necessary amounts of acid or NaOH to attain 
the desired pH. Their concentration was always much greater 
than that of MNTS. A Radiometer pHM 82 pH-meter was used 
to measure pH. 

Reaction kinetics were studied using a Uvikon 820 spectro- 
photometer at h 250 nm by recording the change in absorbance 
due to the disappearance of MNTS. When reagents had appreci- 
able absorbance at h 250 nm, 260-270 nm wavelength was 
employed. The initial concentration of MNTS (0.15-1 1 p  mol 
dm-3), was always much smaller than that of the other reagents 
present. 

The kinetics were studied by the integration method except in 

Fitting equation (2) to the experimental data yields a value of 
0.127 dm3 mol-' s-l for k,. Ionic strength was found to have 
little effect on the reaction rate, as illustrated in Figure 1 (which 
includes data that in spite of having been obtained in the 
absence of NaCl lie exactly on the line calculated from the data 
obtained at I = 0.46 mol dm-3). 

In experiments to determine the influence of ethanol con- 
centration on the reaction rate, ethanol was found to produce a 
very small catalytic effect, the reaction rate increasing by just 
15% on raising the ethanol concentration from 8-24% (Table 1) .  
In experiments in which the solvent was 7.1% methanol instead 
of ethanol, first-order behaviour in OH- was again observed 
when the concentration of NaOH was varied (Table 2), but the 
reaction rate was then approximately twice that in ethanol- 
water (k, = 0.276 dm3 mol-' s-'). Table 2 shows that the 
catalytic effect of methanol was much greater than that of 
ethanol. This increase in the rate of hydrolysis as the alcohol 
content of the medium increases is probably due to the in- 
creased amount of RO- ions, which can also act as nucleophiles 
on the SO, group. In fact, the solvent effect for this reaction is 
the opposite of that expected, since when the hydrolysis is 
carried out in dioxane-water a change in the percentage of 
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Table 2. Influence of [OH-] and the composition of the methanol- 
water medium on the rate of hydrolysis of MNTS. [MNTS], = 
8.60 x mol dm-3. 

% Methanol (v/v) [OH-]/10-2 mol dm-j k,/10-3 s-l 
7.1 
7.1 
7.1 
7.1 
7.1 
7.1 

10.0 
12.1 
14.3 
15.7 
17.9 
19.3 

1.14 
1.71 
2.29 
2.86 
6.16 
9.24 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 

2.69 
4.10 
5.37 
7.35 

16.2 
25.0 
6.45 
7.34 
8.19 
8.62 
9.12 
9.43 

0.1 0.2 0.3 0.4 
[Amine] / rnol dm-3 

Figure 2. Influence of the concentration of secondary amines on the 
rate of decomposition of MNTS at 25 "C and ethanol (17%). Buffer 
ratio = [Free amine]/[Ammonium salt] (a)  Morpholine, buffer ratio 1. 
(6) Piperazine, buffer ratio 1.4. (c) Sarcosine, buffer ratio 0.94. (d )  
Proline, buffer ratio 0.98. ( e )  Dimethylamine, buffer ratio 1. 

dioxane from 7.140% causes a decrease in the reaction rate by a 
factor of 2.2. 

The Reaction of MNTS with Aminex-Reaction of MNTS 
with secondary amines. The ability of MNTS to react with 
secondary amines to afford nitrosamines was known in the 
1950s: Backer and de Boer l o  reported that the decomposition 
of MNTS in ethanol in the presence of piperidine gave N- 
nitrosopiperidine and not even traces of diazomethane. 
Takizawa" reported that the reaction of MNTS with 
diphenylamine gave diphenylnitrosamine. The transnitrosating 
ability of MNTS in neutral or basic conditions is also active in its 
reaction with cysteine to give S-nitrosocysteine, which then 
gradually decomposes to cystine.' The most recent evidence of 

[H'] I 10-'Ornol dm-3 
5 10 15 

-- 10 

VI 
0 
N - 
\ 

In 

1 0  * 
- -  5 

9 10 11 
PH 

Figure 3. Influence of acidity on the pseudo-first-order rate constant k ,  
in the reaction between piperazine and MNTS in ethanol-water (12%). 
[Piperazine], = 0.279 mol dm-3. 

this ability has been reported by Garcia et al.,' who found that 
the reaction between MNTS and diethylamine affords a 
quantitative yield of N-nitrosodiethylamine and drew attention 
to the contrast between this behaviour and that of ordinary 
nitrosamides, the CO group of which is the object of 
nucleophilic attack by amines. Thus, there appears to be no 
doubt that the reaction between MNTS and amines takes place 
as shown in Scheme 4. 

4-MeC6H,SO,N(Me)NO + R,NH - 
4-MeC6H,SO,N(Me)H + R,NNO 

Scheme 4. 

For the reaction between MNTS and morpholine under the 
conditions employed in the kinetic studies described below, we 
have confirmed the appearance of the products on the right- 
hand side of Scheme 4 by comparing the h.p.1.c. results with 
those of authentic samples. The U.V. spectra of the reaction 
mixtures when reaction was complete were in all cases in keeping 
with the formation of these products (since nitrosamines have 
considerable absorbance at 250 nm, the net changes in absorb- 
ance recorded in these experiments were smaller than in the 
hydrolysis reactions discussed above). 

The reaction of MNTS with the following seven secondary 
amines was studied: morpholine (MOR), N-methylpiperazine 
(MPIP), piperazine (PIP), sarcosine (SAR), dimethylamine 
(DMA), proline (PRO), and piperidine (PIPER). In all cases the 
influence of the amine concentration on the reaction rate at 
constant pH was studied, pH being kept constant by the 
amine/ammonium salt buffer itself. Except where otherwise 
stated, the solvent contained ethanol (17% v/v). Figure 2 shows 
some of the results obtained, k ,  always depended linearly on the 
concentration of buffer. 

Figure 3 shows the results of experiments to determine the 
influence of pH on the rate of reaction with piperazine, which 
was found to increase with the basicity of the medium and thus 
confirm that the reaction took place between the free amine 
R2NH and MNTS (Scheme 5). 
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Table 3. Values of k ,  for the reaction between MNTS and various 
secondary amines in ethanol-water (17%). 

Amine pK, k,/dm3 mol-' s-' 
Morpholine 8.49 " 0.004 96 
N-methylpiperazine 9.08 ' 0.007 81 
Piperazine 9.73 0.0298 
Sarcosine 10.20 0.0487 
Proline 10.64, 0.129 
Dimethy lamine 10.809 0.384 
Piperidine 11.12, 0.1 60 

" H. B. Hetzer, R. G. Bates, and R. A. Robinson, J. Phys. Chem., 1966,70, 
2869. this case and at concentrations above 0.5 mol dm-3 
experimental points deviate slightly (downwards) from a straight line; 
the possibility of a medium effect at this high concentration is not 
discarded. Ref. 18. Ref. 13. R. M. Izatt, J. J. Christensen, and V. 
Kothari, Znorg. Chem., 1964, 3, 1565. Ref. 17. S. Bergstrom and G. 
Olofsson, J.  Chem. Thermodyn., 1977,9, 143. 

t 

RPH: A R,NH + H+ 

R,NH + 4-MeC6H,S0,N(Me)N0 k, 
4-MeC6H,SO,N(Me)H + R,NNO 

I 

9 10 11 

PKCI 
Figure 4. Brernsted plot for the reaction between secondary amines and 
MNTS. 

Scheme 5. 

According to the above mechanism the pseudo rate constant 
k, is given by equation (3), where [Amine], = [R,NH] + 
[R,NH,+], so that l/k, depends linearly on [H'] [equation 
(411. 

k ,  = k,K,[Amine],/(K, + [H']) (3) 

l/k, = l/k,[Amine], + [H+]/k,K,[Amine], (4) 

When fitted to the experimental data (Figure 3), this rela- 
tionship implies that Ka = 1.2 x lo-'' and hence that pK, 9.9, 
in agreement with the known value for piperazine.13 Similar 
results were obtained with the other amines considered. 

Table 3 lists, for each amine, its pKa and the value of k, 
determined in a series of experiments in which the concentration 
of amine was varied systematically. There is a fairly good linear 
relationship of gradient 0.6 between logk, and pK, (Figure 4), 
showing that the more basic amines produce nitrosamines more 
readily; the exceptional reactivity of dimethylamine is perhaps 
due to its smaller steric hindrance. 

Table 4 lists the results of a study of the influence of ethanol 
concentration on the aminolysis of MNTS by piperazine and 
morpholine. Contrary to what had been observed in the 
hydrolysis of MNTS, an increase in the percentage of ethanol in 
the medium causes a decrease in the rate of decomposition of 
MNTS. This is in keeping with the expected effect of the solvent, 
since in this case the reagents are non-ionic and react via a 
transition state which features a degree of charge separation. 

The reaction of MNTS with primary amines and related 
compounds. The reaction of MNTS with primary amines was 
studied in a way similar to that described above. In this case, the 
nitrosamine formed initially is unstable and rapidly decomposes, 
Scheme 6. 

Analysis of reaction products shows that the same is true for 
the reaction with ammonia, although in this case nitrosation is 
very slow, which meant our having to determine the approxi- 
mate rate constant by the initial-rate method. The other 
compounds used in this study were methylamine, butylamine, 
glycine, hydroxylamine, and hydrazine. Figure 5 shows the 
results of experiments typical of those in which the linear 

Table 4. Influence of the composition of the ethanol-water medium on 
the rate of aminolysis of MNTS. Buffer ratios indicate [free 
aminel/[ ammonium salt]. 

Ethanol/(%) k,/10-3 s-1 
7.5 " 1.66 

12" 1.44 
14.1 " 1.32 
18.3" 1.13 
20.5 " 1.07 

5.3 8.07 
8.6 7.61 

ll.gb 7.21 
16.2b 6.2 1 
20.5 4.85 
23.8 4.42 
28.1 3.71 

'Reaction of MNTS with MOR. [MOR], = 0.471 mol dm-3. Buffer 
ratio = 1. Reaction of MNTS with PIP. [PIP], = 0.279 mol dm-3. 
Buffer ratio = 1.4. 

4-MeC,H,SO,N(Me)NO + RNH, --+ 

4-MeC6H,S02N(Me)H + RNHNO 

I 
decomposition products 

Scheme 6. 

dependence of ko on [Amine], was confirmed. The non-zero 
intercept that appears for some reactions corresponds quanti- 
tatively with the competitive hydrolysis of MNTS by OH- ,  so 
that in view of the results reported above for this latter reaction 
the empirical rate is given by equation (5 ) .  

k ,  = kl[OH-] + k,[RNHJ ( 5 )  

That it is once more the free amine that is the reactive form 
was confirmed in a series of experiments carried out at different 
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Table 6. Proportion of MNTS NO converted into NO,- by reaction 
with tertiary amines, as measured by Shinn's method. 

0.2 0.4 0.6 
[Aminel,/ mol dm- 

Figure 5. Influence of the concentration of primary amines on the 
pseudo first-order rate constant k ,  in the decomposition of MNTS at 
25 "C and ethanol (17%). Buffer ratio = [free amine]/[ammonium 
salt]. (a) Hydroxylamine, buffer ratio 1.05. (6) Methylamine, buffer ratio 
1.3. (cj Methylamine, buffer ratio 5. 

Table 5. Values of k ,  for the reaction between MNTS and various 
primary amines in ethanol-water (17%). 

Amine PK, k,/dm3 mob' s-l 
H ydroxylamine 5.95 a 0.004 36 
H ydrazine 7.96 0.02 1 8 
Ammonia 9.24' ca. 0.000 022 
Glycine 9.78 0.000 894 
Methylamine 10.64 0.0 18 
But ylamine 10.64 0.005 46 

a P. Lumme, P. Lahermo, and J. Tummavuori, Acta Chem. Scand., 1965, 
19, 2175. K. Sallavo and P. Lumme, Suomen Kem., Ser. B, 1967, 40, 
155. ' R. G. Bates and G. D. Pinching, J.  Res. Nat. Bur. Stand., 1949,42, 
419. E. J. King, J.  Am. Chem. SOC., 1951,73, 155. H. S. Harned and 
B. B. Owen, J. Am. Chem. SOC., 1930, 52, 5079. fR. G. Bates and 
H. B. Hetzer, J. Phys. Chem., 1961,65,667. 

pH. Values of k2 calculated by first determining the slope of k,- 
[Amine], plots and then correcting for protonated amine are 
listed in Table 5. 

These data show that for the primary amines studied there is 
no correlation between logk, and pK,. Comparison with the 
reactivities of secondary amines shows that ammonia and 
ordinary primary amines react much more slowly than 
secondary amines of similar basicity (about 600 times more 
slowly in the case of ammonia), whereas hydroxylamine and 
hydrazine are considerably more reactive (40 and 10 times 
respectively) than the corresponding secondary amine. The 
greatest reactivity of hydroxylamine and hydrazine is attributed 
to the a effect.14 

The reaction of MNTS with tertiary arnines. Though the 
reactivity of tertiary amines with nitrosating agents is generally 

Amine 
Trimethylamine 
Trimethylamine 
Trimethylamine 
N-Methylpiperidine 
N-Met h ylpiperidine 
N-Methylpiperidine 
N-Met hylpiperidine 
N-Methylpiperidine 
N- Methylpiperidine 

[ Amine] ,/ 
mol dm-, 

0.0600 
0.150 
0.300 
0.03 76 
0.0753 
0.1 13 
0.188 
0.226 
0.264 

[Free aminel/ 
[Ammonium salt] NO2/(%) 

1.2 96 
1.2 98 
1.2 95 
4 82 
4 85 
4 83 
4 82 
4 83 
4 87 

Table 7. Influence of the acidity on k ,  for reaction of MNTS with 
trimethylamine. [Amine], = 0.0537 mol dm-,. [MNTS], = 1.2 x 
mol drn-,. Ethanol (1 3%). 

PH k,/10-3 s-1 

9.21 1.51 
9.45 2.38 
9.80 4.41 
9.96 5.60 

10.05 6.12 

relatively small,' they considerably increase the rate of dis- 
appearance of MNTS. Though in the first step of this reaction 
the tertiary amine presumably acts, like primary and secondary 
amines, as a nucleophile, it is not clear what then happens to the 
R 3 N + N 0  that is formed (the analogous problem in acid media 
has been the subject of a number of studies 16). The simplest of 
the tertiary amines employed in the present study, trimethyl- 
amine (TMA), has a pK,17 ca. 9.8, so that the basicity of the 
buffers in which it was used suggests that (CH3)3N+N0 might 
be hydrolysed by OH-, resulting in a mechanism (Scheme 7) 
that is analogous to that of the reaction between tertiary amines 
and alkyl nitrites.6 

4-MeC6H,S0,N(Me)N0 + (CH,),N k, 
4-MeC,H4S02NHMe + (CH3j3N+N0 

OH- 1 
(CH,),N + NO,- + H +  

Scheme 7. 

This hypothesis was verified by analysing the final reaction 
mixtures using Shinn's m e t h ~ d , ~  which confirmed that the 
conversion of the MNTS nitroso group into nitrite was prac- 
tically quantitative (Table 6).* In the case of N-methylpiperidine 
(MPIPER), the results of Table 6 show that this was also the 
major reaction (85%), but that a competing secondary reaction 
also took place. 

Like the primary and secondary amines, both N-methyl- 
piperidine and trimethylamine reacted with MNTS at a rate 
that depended linearly on amine concentration, with values (at 
13.3% ethanol) fork, of 2.8 x lo-, dm3 mol-' s-' for the former 
and 0.24 dm3 mol-' s-' for the latter. The corresponding val-Je 
for TMA at ethanol 17% was of 0.19 dm3 mol-' s-'. The fact tliat 
reaction also occurs between MNTS and free amine is con- 
firmed by the results obtained when working with trimethyl- 
amine at different pH values (Table 7). The rate constants thus 

* When reaction mixtures resulting from treatment of MNTS with 
primary or secondary amines, or OH- were analysed by the same 
method, the percentages of NO,- detected were not higher than 5%. 
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200 2 20 240 260 
E i l  k c a l  mol- ’  

Figure 6. Reactivities of amines with MNTS plotted vs. their vertical 
ionization potentials. (The Ei for BuNH, is assumed to be the same as 
that of Bu’NH, and Bu’NH,, which are both 214.5 kcal mol-’).* 

obtained fit equation (4) well, yielding for pK, a value of 10.1, in 
reasonable agreement with the literature value.’ The fact that 
trimethylamine is more reactive than N-methylpiperidine paral- 
lels the similar relationship between the secondary amines 
dimethylamine and piperidine. 

When tertiary amines of pKa 7-8 were used, k ,  no longer 
depended linearly on amine concentration, and the formation of 
NO, - was no longer quantitative and depended on the experi- 
mental conditions. This may be attributed to the lower concen- 
tration of OH- and the consequent predominance of complex 
alternative pathways for the decomposition of R,N+NO. These 
latter mechanisms are presumably related to those that likewise 
complicate the nitrosation of tertiary amines in acid media, and 
which have not yet been completely elucidated.16 

Comparison of the reactivities of primary, secondary, and 
tertiary amines with MNTS. The above results appear to show 
that amines exert nucleophilic attack on the N=O group of 
MNTS rather than on its SO, group, which contrasts with their 
behaviour with other nitrosamides. The hydroxide ion, how- 
ever, reacts efficiently with the SO2 group but not with the N=O 
group. The reactivity of secondary amines correlates well with 
their pKa, and the tertiary amines investigated have reactivities 
similar to those of secondary amines of similar pK,, tri- 
methylamine proving to be remarkably reactive, but primary 
amines and NH, react considerably more slowly (except for 
those with the a effect), and their basicities and reactivities are 
uncorrelated. 

The above behaviour is remarkably like that observed for 
reactions between amines and alkyl nitrites (phenethyl nitrite in 
particular); Oae et aL6 concluded that the reaction was ‘orbital- 
controlled,’ a conclusion later confirmed by Casado et al.” It, 
therefore, seems likely that a similar cause is responsible for the 
behaviour observed in the present study; and indeed, consider- 
ing the significant structural differences among the amines used, 
there is quite a good correlation between logk, and vertical 
ionization potentials of those for which the latter is known l 9  

(Figure 6). 

Conclusions 
MNTS Is able to act as an effective nitrosating agent in basic 
media by direct transfer of its N=O group to amine N atoms. 
The rate at which this reaction occurs is similar to that of 2- 
hydroxyethyl nitrite,18 the electronegative b-substituent of 
which makes it relatively reactive among alkyl nitrites, the only 
homogeneous group of nitrosating agents active in basic media. 
Finally, the fact that tertiary amines are no less reactive than 
primary or secondary amines would appear to exclude the 
possibility of the latter reacting via a cyclic transition state (l), 

H---N-R 

R 
I 

the most likely mechanism apparently being stepwise proton 
transfer. 
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