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The kinetics of solvolysis of some a-acetoxy nitrosamines in
phosphate buffer solution was investigated and their mutagenic products
were identified. N-Nitroso-N-(l-acetoxyalkyl)alkylamines were decom-
posed in two ways in aqueous phosphate buffer solution: O-acyl fission
yielded o-hydroxy nitrosamines which were decomposed into aldehydes and
alcohols, while O-alkyl fission gave a resonance hybrid of a-N-nitroso
carbonium and iminium ions which, when trapped with phosphate, afforded
N-nitroso-N-(l-phosphonooxyalkyl)alkylamines. They were stable in
neutral and alkaline aqueous solutions, and were mutagenic in Salmonella

typhimurium TA1535 and Escherichia coli WP2 and WP2 hcr .
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a-Acetoxy nitrosamines (1) are masked compounds of a-hydroxy nitrosamines (2),
active 1intermediates in the metabolic activation of carcinogenic N-nitrosodialkyl-

. 1
amines. )

An anomalous behavior was observed in their hydrolysis: in phosphate
buffer solution, some of them changed to new compounds which were mutagenic and
retained UV absorption due to the N-NO group. The present paper describes the
kinetics of the solvolysis and characterizes the products.

The rate of decomposition of N-nitroso-N-(l-acetoxyalkyl)alkylamines in phos-
phate buffer solutions at different pHs was determined as a pseudo-first order
reaction from the decrease in their UV absorption maxima at 228-235 nm. Both the pH
of the buffer solution and the kind of alkyl group affected the rate. Generally,
compounds with a primary acetoxy group (acetoxymethyl) were more stable than those
with a secondary one, and acetoxymethyl nitrosamines with a normal alkyl chain were
more stable than those with a branched a-carbon. When a-acetoxy nitrosamine decom-
poses through o-hydroxy nitrosamine, one expects the formation of alcohol and
aldehyde and no strong UV absorption.z) However, in phosphate buffer solutions
some a-acetoxy compounds gave products with UV absorption at a maximum similar to
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that of a-acetoxy nitrosamines. The production of the new compounds in phosphate

buffer solutions occurred in secondary a-acetoxy nitrosamines (la-1d), cyclic
a-acetoxy nitrosamines (lh, 1li), and primary acetoxymethyl nitrosamines with a
branched alkyl group as tert-butyl (le), sec-butyl (1f), and isopropyl (lg)

(Chart 1), but seldom occurred in acetoxymethyl compounds with a normal alkyl chain.
The formation of the product was dependent on the pH of the phosphate buffer
solution, and was maximal in the pH range of 7-9.

The rate of hydrolysis was also determined in aqueous solutions other than
phosphate buffer solutions. Table I shows that after the reaction there was no
strong UV absorption in borate or Tris buffer solutions, or in water, although the
half-life of hydrolysis was similar. This indicates that the product was derived
from the reaction of an intermediate with phosphate, and that the rate was
independent of the solutes used. The formation of the product did not affect the

rate of solvolysis, indicating that the rate determining step was the decomposition

Table I. Effect of Solutes on

Solvolysis of a-Acetoxy Buffer Final Half-life
Nitrosamines at pH 7 solutions absorption (min)

ib le b le

. ) 0.2 M phosphate 0.939  0.993 8.7 321

Concentration (M): 0.2 M borate 0.099  0.017 8.3 304

2.75 x 10 (1b) 0.2 M Tris 0.097 0.021 8.2 293

2.76 x 10 (le) water 0.100 0.011 8.2 307

of the a-acetoxy nitrosamines. The rate constant was independent of the concentra-
tion of phosphate, which again indicates that the rate determining step is present
prior to the reaction with phosphate. The final absorption was dependent on the
concentration of phosphate: its increase resulted in an increase in the yields of

new products, and a plot of reciprocal values of the final absorption versus

reciprocal values of the concentration of phosphate was linear as in Fig. 1. The
linearity may be explained by the mechanism in Chart 2. For example, the calculated
valueB) indicates that 65% of 1lb changed to the N-nitroso iminium intermediate, and

92% of the intermediate was trapped with phosphate. The yield expected from the
calculation, 56%, was the same as the actual yield of isolation, 56% as described

below. The reaction procedure was determined by both UV spectra and HPLC (LiChrosorb

RP-18, CH3CN~phosphate buffer solution). As the peak heights of a-acetoxy nitros-
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Fig. 1. Double Reciprocal Plot of the Chart 2. Possible Mechanism of the
Concentration of Phosphate (P) Decomposition of a-Acetoxy
at pH 7 and the Final Nitrosamines in Phosphate
Absorption (Ef) Solution
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amine in HPLC decreased, new peaks increased. The rate constants measured from the
changes in UV spectra were identical with those obtained from HPLC, and the rate of
formation of the product was also identical with the rate of decomposition of the
a-acetoxy nitrosamines. Since the rate of formation of the products was not related
to the concentration of phosphate, but to the rate of decomposition of a-acetoxy
nitrosamines, the reaction proceeds by an SNl mechanism with elimination of the
a-acetoxy group as the rate determining step.

The decomposition of an a-acetoxy nitrosamine (le) and the corresponding
a-hydroxy nitrosamine (2e) was compared (Table II). 1In le, the final UV absorption
increased with the increase of phosphate concentration, whereas in 2e, the product
with the chromophore was not formed at any concentration of phosphate. Thus, in the
case of oa-hydroxy nitrosamine the decomposition through iminum and carbonium ions
is not a major pathway. The major pathway is through heterolysis by releasing

aldehydes to alkyldiazohydroxide.

Table II. Final UV Absorption after the Decom-

position of a-Acetoxy and oa-Hydroxy Buffers ie P2

Nitrosamines in Aqueous Buffers at pH 7 0.5 M phosphate 1.207 0.085

0.2 M phosphate 0.993 0.103

) /C(CH3)3 ,C(CH3)3 0.1 M phosphate 0.765 0.092

le ON—N\ 2e ON-N\ 0.05 M phosphate 0.548 0.089
CHZOAC CH20H 0.2 M Tris 0.021 0.084

2.75 x 10—4M 3.5 x 10_4M 0.2 M borate 0.017 0.091

The product was purified by crystallization as sodium salt or as cyclohexyl-
ammonium salt, and was characterized as o-phosphonooxy nitrosamine (3). As an
example, a product from the solvolysis of 1lb in phosphate buffer solution is
N-nitroso-N-(l-phosphonooxyethyl)ethylamine (3b) which is isolated as cyclohexyl-

ammonium salt in 56% yield.4) 3b was stable in acetonitrile, ethanol and basic
aqueous solution, but in acidic solution, it decomposed by acid catalysis. 3b was
also a good substrate for an alkaline phosphatase. The salt of 3b was converted by

acid catalysis to an oa-methoxy nitrosamine by treating it with methanol. This
indicates the involvement of N-nitroso iminium ions derived from the phosphonooxy
compound.S)

The mutagenicity of the products was assayed in Salmonella typhimurium TAl1535

and Escherichia coli WP2 and WP2 hcr . Fig. 2 shows two comparisons of the

activities of the corresponding a-phosphonooxy and «a-acetoxy nitrosamines. The
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activity of the isolated a-phosphonooxy nitrosamine accounts for the total mutagenic
activity of the reaction mixture. The o-phosphonooxy nitrosamines were directly
mutagenic in all strains tested, and the strength was greater in S. typhimurium and

less in E. coli compared with the activity of the corresponding o-acetoxy

. . 6 . . . .
nitrosamines. ) a-Acetoxy N-nitrosamines are more strongly mutagenic in the

6)

salmonella strain than in the E. coli strains, whereas the mutagenicities of

a-hydroxy, o-hydroperoxy and a-oxo nitrosamines are stronger in the E. c¢oli strains

7,8)

than in the salmonella strain. These differences in mutagenicity can be partly

explained by the intermediate formation of a product such as a phosphate ester, as
shown in the present paper. In phosphonooxymethyl nitrosamines, a compound with
tert-butyl 1is not mutagenic, and one with sec-butyl or isopropyl is only weakly
mutagenic with a pattern similar to a secondary phosphonooxy compound: stronger in
S. typhimurium and weaker in E. coli than the corresponding acetoxymethyl
compounds. A possible involvement of the carbonium and iminium ions 1in the
metabolic activation of carcinogenic N-nitrosodialkylamines is a subject of our

research in progress.
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