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Heterocyclic arylamines, the products of the pyrolysis of
proteins and amino acid mixtures, are known mutagens to
Salmonellain the presence of rat liver homogenatesShese
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4-aminobipheny?? All three heterocyclic esters show pH de-
pendent hydrolysis kinetics (Figure 1) consistent with spontaneous
uncatalyzed hydrolysis of the conjugate base of a hydrolytically
unreactive acid. The apparent ionization const&gf,and the
limiting hydrolysis rate constank,, can be obtained from fits of
the kinetic data to eq 1. The pH dependence of initial UV

Kopsa = KoK/ (K, + 107P7) 1)

absorbance (Figures SB3 of the Supporting Information)
confirms the presence of an ionization equilibrium. Since this
was not observed fotd,> the K, values are assigned to the

materials are carcinogenic in laboratory animals, and are assumedleprotonation of the endocyclic pyridyl nitrogens of the conjugate

to be carcinogenic in huma#ds.Similar to their carbocyclic

acids of la—c. The [K; and kinetic parameters fdra—c are

analogues, they are promutagens and procarcinogens requiringollected in Table 1. There is good agreement betweenkhe p
metabolism into hydroxy|amines and Subsequenﬂy into Carboxy”c values determined from the UV titrations and the kinetic fits. The

or sulfuric acid esters of the hydroxylamines. Because of this,
and similarities in DNA adducts derived from the two classes of
amines! it is believed that esters of heterocychiearylhydroxy-
lamines yieldN-arylnitrenium ions that are responsible for the
carcinogenic effects of these compounds. Although the inter-
mediacy of arylnitrenium ions in the hydrolysis of the carbocyclic
esters is well establishéds is the involvement of these cations
in the formation of DNA adduct&no reports of the generation
or chemistry of heterocyclic nitrenium ions derived from these
mutagens have appearéd.

The esterda—c were synthesized to test the hypothesis that
heterocyclic nitrenium ions can be generated from their decom-
position®® The esterdaandlb are derivatives of the mutagen
2-amino-5-phenylpyridine (Phe-P-1), a pyrolysis product of
phenylalanine, and the synthetic mutagen 2-amino-3-methyl-5-
phenylpyridine (MePhe-P-1}:°® These esters are heterocyclic
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analogues of the carbocyclic esietderived from the carcinogen
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endocyclic nitrogens ofa—c reduce the magnitude of the rate
constantk, compared to that fodd, with o-pyridyl N (1a,b)
having a larger effect tham-pyridyl N (1c).

N3~ has no significant effect on the hydrolysis rate constants
for 1la—c (Table S1 in the Supporting Information), but has a
marked effect on product distributions. Figure 2 shows that for
1cthe hydrolysis produc2® is replaced by the azide addw8stas
the Ny~ concentration increases, but the yield of the rearrangement
product4® is unaffected by M up to 0.20 M. The addu@ is
the tetrazole tautomer of the likely initial addugt In solution

or in the solid state most 2-azidopyridines are less stable than
their tetrazole tautomer8. These results are consistent with the
mechanism of Scheme 1 that is similar to that used to explain
the hydrolysis behavior old and other esters of carbocyclic
N-arylhydroxylamines andN-arylhydroxamic acid$.

The rate constant ratik,/ks can be determined by fits of the
product yield data to eq 2 or 3, where [S] is the yield of solvent-

fs=[SV(S] + [Az]) = V(I + (/N D) (2)

fa, = [AZJ/([S] + [AZ]) = (Ka/KJIN3 V(L + (ki/KJIN3 ])
®3)

derived products and [Az] is the yield ofsNadduct$:!! These
ratios are reported in Table 1 fdéa—c and1d. The hydrolyses

of all three heterocyclic esters yield reactive electrophiles gener-
ated after the rate-limiting step of the reaction. These intermedi-
ates appear to be the nitrenium idde-c that behave similarly

to the nitrenium ions derived from their carbocyclic analogues.
Comparison ok,/ks for 6a—c and6d show that the endocyclic

N considerably reduces the selectivity of these ionsk,lfis
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Figure 1. log kopsVs pH forla—c. Theoretical lines were obtained from

fits to eq 1. Kinetic parameters are reported in Table 1.

Table 1. Kinetic Parameters fota—d?

pPKa
uv kinetic
ester data dat& ko (573)° Kadks (M~2)
la 2.83+0.05 25+0.3 (6.7+04)x 10°¢ 1042
1b 3.344 0.05 3.43+0.04 (8.5+0.1)x 10* 300+ 50
1c 3.9540.07 4.11+£0.09 (4.4+£0.2)x 1073 79+ 11

id (1.3£0.2)x 10°1d (2.9+0.2)x 10%¢
aDetermined in 5% vol/vol CBCN—H,O atu = 0.5 andT = 20
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complicated by the lack of sites on the proximal ring of the
nitrenium ion that can lead to aromatic products after initial
nucleophilic attack. The products of;Nand solvent reaction

°C, unless otherwise indicated. Buffers used to maintain pH were 0.02 with 6b are under investigation. All three initial N adducts

M Na;HPQO/NaH,PO,, NaOAc/AcOH, NaHCG@HCO.H, and HCIQ
solutions at pH< 2.5.° The initial UV absorbance vs pH was fit to a
standard titration curve (see the Supporting Informati®é@)btained
from a fit of kops VS pH to eq 19 Measured at 0C; see ref 5a¢ See
ref 5a.
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Figure 2. Product yields as a function of jN] at pH 7.0 forlc. Product
yield data for2 and3 were fit to eqs 2 and 3, respectively, to obtain the
theoretical lines for those compounds and the valuekgks. The

theoretical line ford is the average value of its yield for §N] from 0.0
to 0.2 M.

0.20

diffusion limited, as it is for6d,> these reduced selectivities are
due to increasel; for the heterocyclic ions. This is consistent
with the expected effect on nitrenium ion stability of replacement
of aromatic ring carbons by the more electronegative nitrogen
atom. The lower selectivity oba compared tdbc is expected
because the-pyridyl N will more strongly interact with the
positive charge oba than will the m-pyridyl N of 6c.

The effect of theo-methyl in 6b (a 30-fold increase ifk./Ks
compared to6a) is considerably larger than the effect of two
methyl groups in the (2,6-dimethylphenyl)nitrenium ion compared
to phenylnitrenium ion (ca. 7-fold increasekig/ks).*> This may
be due to greater localization of charge at the ortho carb@aof
and 6b. The reaction oféb with both solvent and N is

decompose into new products during isolation.
The acetic acid esters analogoud sand1b yield the adducts
7 and 8 upon reaction with 2deoxyguanosine (d-G}. The
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adduct8 is formed in much greater yield thahunder identical
conditions (ca. 15-fold in DNA studies and ca. 5-fold in saturated
d-G solutions). The structure @fis unusual since most aromatic
amine carcinogens yield adducts similar&obut the relative
yields of 7 and 8 are consistent with our observation tidt is
30-fold more selective toward N than6a. The selectivity of
carbocyclic arylnitrenium ions toward d-&, g/k, is smaller than
kadks by a factor of ca. 385 For exampleky.g/ks for 6dis 1.1

x 10 M~L8 If that is true for heterocyclic arylnitrenium ions,
6a—c will have small but measurablg.¢/ks values. Since Phe-
P-1 and MePhe-P-1 are weakly mutagenic heterocyclic arines,
it is not surprising tha6éa and6b are relatively unselective ions.
We are preparing esters of a wide variety of heterocyclic
arylhydroxylamines with mutagenicities towa&almonellathat
vary over a factor of 10 Measurement ok./ks and ky.o/ks for
nitrenium ions derived from these esters will show if there is a
correlation of mutagenicity with nitrenium ion selectivity as there
is for carbocyclic nitrenium ion&
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