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Abstract. Nitrosation (HOAc / NaNO,) of 1-methyl-2-phenyl-2-imidazoline 8 results in cleavage of
only the C-N single bond and production of N-(2-methylnitrosaminoethyl)-N-nitrosobenzamide 10. In
contrast, 2-phenyl-2-oxazoline 9 nitrosates very rapidly to give products (13-16) derived from a dia-
zonium ion arising from the exclusive cleavage of the C=N. © 1998 Elsevier Science Ltd. All rights reserved.
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While much attention has been given to processes which generate
qualities of nitrosamines, little attention has been paid to other transformations of diet derived or
biosynthesized nitrosating agents which may yieid highly reactive ceii damaging eiectrophiies in
vivo. A goal of our research is to identify structural features of consumed or naturai compounds
which may render them highly reactive toward nitrosating agents.’?

We have demonstrated that the nitrosation of open-chain tertiary amidines not only produces

nitrosamines rapidly, as hy- [Scheme 1
pothesized, but generates R o NO -
. . . . N =~ v ™ [ A%
reactive diazonium ions and N. _N HNO,, H* NN Hz0 oh A
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our attention focused on the 3
decomposition of the tetra-
hedral intermediate 3 of Scheme 1, a reactive a-hydroxynitrosamine. Cleavag of bond a produces
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a diazonium ion 4, whereas scission of bond b generates a nitrosoamide. Evidence in support of
reaction by both pathways was produced, but the yieid of products arising from the diazonium ion 4
exceeded the yield of the amide 5, suggesting other paths to 4. Because o-hydroxynitrosamines are
known to have short half-lives and produce even more reactive diazonium ions, the
formation of products by pathway a was anticipated, whereas the competitive forma-
Ny X tion of 7 was not.

In order to investigate the factors controlling the decomposition of intermedi-
. ates structurally like 3, where the amidine or related imidate moieties are constrained
o within a ring, we have compared the nitrosation products and rates of two related

heterocycles, an imidazoline 8, an amidine, and a 2-oxazoline 9, an imidate. Re-
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markably, the compounds react by completely different pathways and the imidazoiine produces no
products expected of an a-hydroxynitrosamine. Oniy products arising from cieavage by pathway b
of Scheme 1 are observed.

1-Methyl-2-phenyl-2-imidazoline® 8 was prepared (90% vyield) by the lithiation (nBuLi/THF/ -
78 °C) of commercially available 2-phenylimidazoline, followed by alkylation with methyl iodide. Ni-
trosation of 8 (0.17M) with an 8-fold excess of NaNO, (4 M in H,0) in glacial acetic (25 °C) acid led

Scheme 2
—/\ NO o} NO [ L \
NYN‘CH _:301;_._ Ph)Lrlc"\/N‘CH3 + Ph/U\N/\/N\CH;a, + AGO/:;/N\Cﬂa
® Pn L - | (60%) I

to 65% consumption (HPLC) of the starting material within 40 min. Within 3 h all of the NO, and
90% of the substrate had been consumed. Neutralization, extraction, and chromatography of the
product mixture on silica (hexane/EtOAc) permitted the isolation and characterization of the prod-
ucts shown in Scheme 2.

Compound 11,* C,,H,;N,0, showed bands (cm™) in its IR spectrum characteristic of an amide
(NH, 3350, C=0, 1640) and a nitrosamine (1580, 1540). Both the 'H and the *C NMR spectra of 11
exhibited sets signals of unequal intensity characteristic of nitrosamine Z and E isomers (e.g. (‘H
NMR) CH, at 8 3.13 (E), major isomer; and & 3.84 (Z)). On the basis of these data and the NMR

0,
spectra, structure 11 (86% E) was assigned to this compound. The major product of the transfor-
mation is unstable and decomposes over the course of several hours at r.t. It was assigned the
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(79% E, ArH 6 7.43-7.72, CH,CH, 6 4.31 (4H, m), CH, 8 3.02 (s, 3H); 21% Z, ArH & 7.43-
4.07 (2H t J =6 Hz), CH, 5 3.73 (2H t J = 6 Hz), CH, & 3.74): *C NMR showed two C=0 at & 172 67
(E) and 172.53 (2) and other peaks consistent with the assigned structure.®>® While the amide 11
could not be converted to the N-nitrosoamide 10 under the reaction conditions, the conversion was
accomplished with NaNO, in acetic anhydride.® Nitrosation of 8 at 37 °C led to the isolation of a
new product, 2-acetoxyethylmethylnitrosamine 12.’

Yield data given in parentheses in Scheme 2 for the nitrosation products of 8 are for the re-
action at 37 °C (24 h) and the others were produced at 25 °C (3 h). Addition of the N-nitrosoamide
10 to HOAc at 37 °C resulted in the formation of the acetate 12 after several hours. These data are

consisted with the known abllity of N-nitrosoamides to generate diazonium derived products through
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bands at 1580 and 1509; '"H NMR peak intensities were consistent with the presence o
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the thermai decomposition of N-nitrosoamides; 3) The N-nitrosoamide 10 is not formed from the ni-
trosation of the amide 11 under our nitrosation conditions: 4) The amide 14 couid be formed either
from nitrosation of on the amino N followed by hydrolytic opening of the C=N-,? or by the denitrosa-
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15. The operation of the latter pathway is supported by the
known, relatively faciie, denitrosation of N-nitrosoamides,’® and the fact that the yieid of 11 is greater
when the reaction is conducted at the higher temperature.

Nitrosation of commercially available 2-phenyl-2-oxazoline (0.18 M) with a 6-fold excess of
NaNO, (4 M in H,O ) at 25 °C led to the complete consumption of the substrate within two minutes
and the production of the products shown in Scheme 3. Separation was accomplished by flash
chromatography after neutralization of the reaction mixture and extraction. Each of the four esters
13-16 produced in this transformation are known, well characterized compounds® and our spectral

data are in complete agreement with those published for each.
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Scheme 3 The products shown in
(o} o} Scheme 3 are typical of those de-
_h/U\-/\ _OAc * Jj\ ~~_-OH rived from a diazonium ion precursor.
/20 . ~ 13 44% 14 gy The trace nroducte 15.18 can he ay.
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Y HOA: o O OAc plained by the elimination of, or rear-
® pn S SR SN rangement of a carbocation, while

Ph” O Ph” T0” TCHs w o
i5 i6 the major compounds, 13-14 arise
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from nucleophilic substitution of ace-

tic acid or water, respectively, on the diazonium ion. None of these products are consistent with the
formation of N-(2-hydroxyethyi)-N-nitrosobenzamide. The decomposition of this AN-nitrosoamide
through a diazonium ion would produce acetates as major products rather than benzoates. Thus,
the products from the nitrosation 8 and 9 are arising by significantly different pathways.

The rates of decomposition of 8 and 9 have been estimated under similar conditions (0.22 M
substrate, 0.44 M NO,, glacial acetic acid) by HPLC. At a reaction time of 10 min, 89% of the imi-
dazoline 8 remains, whereas only 22% of the oxazoline 9 is left, demonstrating its much greater re-
activity. Amidines consume more NO, than the imidate moiety of the oxazoline. The formation of
the N-nitrosoamide-nitrosamine 10 requires at least two molar equivalents of NO,” whereas the dia-
zonium ion products derived from 9 would appear to only require a single equivalent. The slower

reaction of the imidazoline, is anticipated, in part, from its higher basicity. Protonation of one of the
nitrogens will reduce its nitrosation rate. Stereoelectronic factors may also contribute to the mare
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ter will generate the tet- | ¢ "¢
rahedral  intermediate HNO® 10
18. Specific depiction of
this intermediate is
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CH; bearing N will protonate making it a better leaving group. There are two stereoelectronlc inter-
actions in 19 which couid faciiitate the heteroiytic scission of either C-N bond. The darker orbitai on
the OH is anti-peripianar to the C-N(CH,) bond and faciiitates its cleavage through overiap with the
o* MO of the bond being broken.” But a similar arrangement exists with the lighter colored of the
two orbitals and the C-N(NO) bond. Since these effects must be nearly equivalent, it follows that the
methyl ammonium ion must be a better leaving group that the diazotate and this factor controls the
reaction course. The secondary amine in the N-nitrosoamide will be rapidly nitrosated to give 10
under the reaction conditions.

In the case of the intermediate produced from the oxazoline, 21, unshared pairs from both
the ring O and the OH can be oriented anti-periplanar to the C-N bond and facilitate its breaking.™
As is the case in 19 the cleavage of the other bond is facilitated by an OH lone pair (the lighter). Ei-
ther the ring O or the NO O could be transiently protonated to provide for much better leaving

ardless of such catalvsis the stereoelectronic factors which favor C-N cleavaage an-
A Yot WS W T . LR e T WINOLA Y A

arouns but rea
groups but regard! catalysis, steregelectronic factors w vOr ge ap
naar tn Nnravail
PUOI wrs FIGVGII.
Im 4hica mamar wa hawvua fAanrean Arir atantican an tha Aiffarant Ao ~f re nb:. s AF thamos ra
1 uo ]JCI L=} W 11AQVT [ULUODTU UUl AliTHIUU VI LIS UHICICHIL TTTUUCO Ul 1Cdull ly Ul LHITOT 15~
lated heterocycles toward nitrous acid. The nitrosating conditions, glacial acetic acid, were chosen
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so as to TGTC@ féaCIIOH Comparéd to agueous buffer SOIUIIOHS where Ine concentrations active of Iﬂe
nitrosating agent are much iower. Preiiminary experimenis show that the oxazoiine 10 niirosates
rapidly in aqueous buffer at pH 3.8 at 25 °C. While data on the imidazoline are forthcoming, we
know that its reactivity is significantly less. Molecules containing the oxazoline moiety should be
suspected as being capable of producing reactive electrophiles upon gastric nitrosation.
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