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The carcinogenic and mutagenic activity of N-nitroso- 
N-dialkylamines is thought to be due in part to the fact 
that they are a-hydroxylated enzymatically whereupon 
they may decompose to precursors of DNA-alkylating 
diazonium ions and carbocations or they may be enzy- 
matically or otherwise converted to acyl, sulfate, or phos- 
phate esters or glucuronyl conjugates, as in eq 
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a-Acetoxy-N-nitrosodialkylamines 1 (eq 2) continue to 
play a central role in understanding nitrosamine car- 
cinogenesis so that the solution chemistry of these 
compounds is of considerable imp0rtance.l There is 
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evidence to suggest that some a-acetoxy-N-nitrosodialky- 
lamines decompose non-enzymatically through the in- 
termediacy of N-nitrosiminium ions that can react with 
solvent or other nucleophiles to reform a-substituted 
N-nitrosodialkylamines of varying biological activity, eq 
2.192,4-6 We report here the first evidence that N- 
nitrosiminium ions are ambident electrophiles-certain 
nucleophiles denitrosate the N-nitrosiminium ~ a t i o n . ~  
Denitrosation of this reactive intermediate represents a 
novel detoxification pathway because removal of the 
nitroso group destroys the alkylating activity of the 
N-nitrosamine precursor. Rate constants for the reac- 
tions of simple N-nitrosiminium cations with water, 
estimated by the azide ion ''clock" method, are reported. 

Analysis by 'H-NMR of products formed by the decom- 
position of 1-(N-nitroso-N-ethy1amino)ethyl acetate (la, 
R = ethyl), 1-(N-nitroso-N-isopropy1amino)ethyl acetate 
(lb, R = isopropyl), and 1-(N-nitroso-N-tert-butylaminol- 
ethyl acetate (IC, R= tert-butyl)B in cacodylate-buffered 
D209 indicates predominant formation of ethanol (71%)) 
2-propanol (68%)) and 2-methyl-2-propanol (72%)) re- 
spectively, and no detectable yield ( ~ 3 % )  of ethylammo- 
nium, isopropylammonium, or tert-butylammonium ions, 
respectively. Decomposition in the presence of azide ion 
yields two new products in each case. First, the respec- 
tive ammonium ions are formed in 3%) 24%) and 62% 
yields, respectively, at  0.2 M azide ion. The second 
product in each case, upon scale-up, isolation, and 
characterization, is revealed to be the azide adduct (2a- 
c), in eq 3).1° The changes in the fractional yield of azide 
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adduct as a function of azide ion concentration, as 
determined by HPLC, are as indicated in Figure 1. At 
0.2 M azide ion the azide adduct accounts for 92%) 78%) 
and 34% of the starting material. In each of the three 
cases, analysis by spectrophotometry or HPLC indicates 
that there is less than a 8% increase in Kobsd for decom- 
position with up to 0.2 M azide ion. These data indicate 
that azide ion reacts after the rate-limiting step, presum- 
ably with the respective N-nitrosiminium cations to 
quantitatively yield, at  0.2 M azide ion, either the azide 
adduct, through attachment at carbon, or the ammonium 
ion, through denitrosation and subsequent hydrolysis of 
the imine-as in eq 3. 

Azide ion is known to be an efficient trap of some 
unstable carbocations, reacting with a diffusion-limited 
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(8) la: 1H-NMR (CDCl3) 6 7.14 ( lH,  q); 3.59 (2H, m); 2.08 (3H, s); 
1.78 (3H, d); 1.09 (3H, t). Anal. Calcd: C, 44.99; H, 7.55; N, 17.49. 

(lh, q); 4.34 ( lH,  m); 2.06 (3H, s); 1.59/1.55 (6H, d); 1.41 (3H, d); (2) 
6.85 (IH,  q); 4.79 ( lH,  m); 2.10 (3H, s); 1.88 (3H, d); 1.2111.13 (6H, d). 
(E) / (Z)  = 1/4. Anal. Calcd: C, 48.26; H, 8.10; N, 16.08. Obsd: C, 48.08; 

s); 1.91 (3H, d); 1.39 (9H, 6 ) ;  (2) 6.54 ( lH,  9); 2.09 (3H, SI; 1.61 (3H, d); 
1.60 (9H, 6 ) .  Anal. Calcd: C, 51.05; H, 8.57; N, 14.88. Obsd: C, 51.09; 
H, 8.52; N, 14.80. 

(9) Reactions carried out a t  room temperature for 10 half-lives with 
an initial substrate concentration of 6 x 
(10) Isolated by extraction of scaled-up reactions with CHzClz and 

purification by preparative chromatography on silica. 2a: 'H-NMR 

6 6.35 ( lH,  q); 4.19 (2H, m); 1.53 (3H, t); 1.38 (3H, d). Anal. Calcd: C, 

NMR (CDCl8) 6 (E  = 2) 6.38, (q, 1H); 5.63 UH, 9); 4.70 UH, m); 4.35 
( lH,  m); 1.86 (3H, d); 1.65-1.55 (6H, overlap 8s);  1.35 (3H, d); 1.28 
(6H, overlap d's). Anal. Calcd: C, 38.36; H, 6.97; N, 44.38. Obsd C, 

(3H, d) 1.56 (9H, s). ( E )  5.40, ( lH,  q); 1.98 (3H, d); 1.42 (9H, 6 ) .  

Obsd: C, 44.84; H, 7.49; N, 17.38. lb 'H-NMR (CDC13) 6 (E)  7.14 

H, 8.17; N, 16.00. IC: 'H-NMR (CDC13) 6 ( E )  6.80 ( lH,  9); 2.12 (3H, 

M. 

(CDCl3) 6 (2) 6 6.24 ( lH,  9); 3.60 (2H, 9); 1.67 (3H, d); 1.15 (3H, t); (E)  

33.85; H, 6.33; N, 48.66. Obsd: 'H- C, 33.56; H, 6.34; N, 48.92. 2b: 

38.20; H, 7.05; N, 44.55. 2 ~ :  'H-NMR (CDC13) 6 (2) 4.82 ( lH,  q); 1.70 
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Figure 1. Plot of the yields of azide adducts 2a-c, formed in 
the decomposition reactions of la-c as a function of azide ion 
concentration in aqueous solutions, pH = 6.3, 0.3 M cacodylic 
acid buffer, ionic strength 1 M (NaClOd), 25 "C: la (e); lb 
(0); IC (0). 

rate constant of -5 x lo9 M-l s-l when the ratio of rate 
constants for reaction of azide ion compared to solvent, 
kaJksolv, is on the order of lo3 M-l.l1J2 Under such 
conditions the diffusion-limited trapping by azide ion can 
be used as a clock to estimate the rate constants for 
reactions of the cations with water and, thus, their 
lifetimes in so1ution.l' 

The fractional yield of azide adduct can be expressed 
as described in eq 4 (derived from eq 3). The slopes 

divided by the intercepts of the least squares lines for 
the double reciprocal plot of MN3-1 against the inverse 
of the fraction of azide adducts, 1/Zz,  give values for the 
ratios kHzdkaz. The values of the inverse ratios are kaJ 

and kd(kN -t k c )  = 1.00 f 0.02, 0.78 f 0.02, and 0.34 f 
0.02 for the cations, from la, lb, and IC, respectively. 
These values of ratios generate the solid lines in Figure 
1. Rate constants for the capture of these cations by 
water are kHzO = 9.1 x lo7  s-', 2.3 x lo7 8-', and 3.0 x 
lo6 s-l, respectively, assuming a value of k,, = 5 x lo9 

More stable N-nitrosiminium cations are also ambident 
electrophiles. The rate constant for decay of (N-nitroso- 
N-methylamino)(4-methoxyphenyl)methyl azide (4a) is 
strongly inhibited by millimolar concentrations of added 
azide ion to a limiting rate constant that is -4% of that 
in the absence of azide as indicated in Figure 2.14 These 
data are consistent with reaction via a free N-nitro- 
siminium cation that is trapped by azide ion either a t  
carbon to regenerate the starting materials or at  the 
nitroso nitrogen to give products, as indicated in eq 5. 
Analysis by IH-NMR of the products of decay of (N- 
nitroso-N-methylamino)(4-methoxyphenyl)methyl azide 
(4a) in 25%/75% CD3CN/D20 in the presence of 0.1 M 
NaN3 indicates a 66% yield of methylammonium ion and 
a 34% yield of imine ( k ~ [ N 3 - ] ,  eq 5).  These data reflect 
the fact that at  high azide ion concentration the exclusive 
pathway for decomposition of (N-nitroso-N-methylamino)- 
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Figure 2. Plot of kobsd against azide ion concentration in the 
decay of (N-nitroso-N-methylamino)(4-methoxyphenyl)methyl 
azide (4a) ([SI = 8 x M) in aqueous solutions ionic 
strength 1 M (NaClOd), 25 "C, pH 8.9 f 0.1. Inset is detail of 
points at low azide ion concentration, axis labels are same as 
in main figure. The rate constant at [N3-] = 0 is the intercept 
of a plot of kobsd against [HC1041 for reactions carried out 
between 0.0016 and 0.01 M HC104. Rate constants not plotted 
at 0.5 and 1.0 M azide ion were 6.0 x 
s-l, respectively. 
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(4-methoxypheny1)methyl azide (4a) is via denitrosation 
(k~IN3-1 ,  eq 5). 

The appropriate expression kobsd for the decay Of 4a (eq 
5) in the presence of azide is given in eq 6 ,  and a 

k,(k~[N,-] k ~ ~ o )  

(k, + kp.~)[N,-] ~ H , O  
kobsd = (6) 

nonlinear least-squares fitting of the data (solid line in 
Figure 2) gives values of kdkHzo = (2.2 f 0.1) x lo4 M-l, 
kN/kHzo = 940 (f60) M-l and k1 = (1.40 f 0.04) x 
s-'.15 Neglecting the reaction at nitrogen, the value of 
kdkHzO is larger by a factor of 9 than the value directly 
measured for the (N-nitroso-N-methylaminoXpheny1)- 
methaniminium cation.13 

Finally, the denitrosation reaction reported here is not 
azide ion-specific. Decomposition in D20 of 1-(N-nitroso- 
N-isopropy1amino)ethyl acetate (2) in the presence of 0.2 
M thiosalicylate, pD 8.5, ionic strength 1 M (NaC104) 
gives a 72% yield of isopropylammonium ion. 
509503163 

(15) Fit was carried out using proportional weighting. 


