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Photochemical Perturbation of Z=E Equilibria in Nitrosaminest

By CHRISTOPHER J. MICHE]DA,* NaNncy E. Davipson, and Larry K. KEEFER*
(Analytical Chemistry Section, Carcinogen Metabolism and Toxicology Branch, National Cancer Institule,
Bethesda, Maryland 20014)

Summary Five dialkylnitrosamines have been isomerized
about the partial double bond of the nitrosamino-
function via the excited » — 7* singlet state.

N-NITROSO-COMPOUNDS having R!#R? may exist as mix-
tures of (E) and (Z) conformers (equation 1).1 'We have been
seeking methods for perturbing the equilibrium between the
two, both to study the kinetics and energetics of the re-
equilibration process, and to facilitate isolation of the indi-
vidual conformers in pure form for biological and chemical
studies. We report that the desired change in nitrosamine
stereochemistry can often be achieved by photochemical
means.

We first studied methyl(acetoxymethyl)nitrosamine (I),
which is of special interest as a progenitor of the presumed
carcinogenic metabolite of dimethylnitrosamine.? Irradi-
ation in a Pyrex n.m.r. tube of the equilibrium mixture
containing only 59%, of the (Z) conformer gave a photo-
stationary state containing 38% (Z)-(I). The presence of
a triplet sensitizer (benzophenone) or quenchers (piperylene
and oxygen) failed to influence the photoisomerization
appreciably, suggesting that a singlet n — 7r* excited state
was the reactive species.

t Caution: Most N-nitroso-compounds are potent carcinogens.

Several other unsymmetrical nitrosamines also proved
amenable to photoisomerization (Table). In all cases, the
major n.m.r. spectral changes were reversible on allowing
the solutions to stand in the dark. Preliminary data on
the dynamics of return to thermal equilibrium reveal that
(£) — (E) interconversion barriers in (IIT)—(V) are of the
magnitude expected for dialkylnitrosamines® [#; ca. 2 h for
(IV) at 36 °C], while the activation energies for isomerization
of (I) and (II) are surprisingly small [#; ca. 1 h for (I)
at 1-5 °C].
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The stability of compounds (I}—(V) in these experiments
is also noteworthy, in view of the reported photolability
of N-nitroso-compounds under certain conditions.4:> Some
of our reaction mixtures were photoisomerized repeatedly,
for a total of 8 h or more in a 700 W reactor, but no evidence
of decomposition could be found in any n.m.r. spectrum
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TaBLE. Mole fractions of (Z) conformer for MeN(NO)R at thermal equilibrium and in the photostationary state.

Mole fraction of (Z) conformer
At thermal equilibrium  In photostationary

Compound R Solvent (36—43 °C) state®
@ AcOCH, (CD,),CO 0-0; 0-3,
(IT) MeOCH Ce¢DsCD 0-0, 0-3
(111) PhCH,CH, CyD;CD, 02 0-4,
(Iv) Cyclohexyl CD,CN 0-1, 0-2,
V) PhCH, CD,.CN 0-2, 0-4,

& Values given are the mole fractions of (Z) conformer after 6 h irradiation in Pyrex n.m.r. tubes with a high pressure (700 W)
xenon lamp at <0 °C. That these values closely approximate the photostationary state composition was verified in several cases
by showing that the total change in mole fraction was 2—4 times as great after the first 2 h as it was after the next 4 h, Standard
solute concentration was 0-5 mmol g-! of solvent.

except in that of (V), which contained a few percent of
some unidentified degradation product(s) after 6 h irradi-
ation.

Chow and his co-workers® have reported evidence sug-
gesting the possibility of (E) — (Z) photoisomerization in
N-nitrosamides. Their results, together with the present

plement to existing methods®,? for separating (Z) and (E)
conformers of compounds containing the >N-N=O group.
We thank Dr. H. Ziffer and Mr. R. Bradley for photo-
chemical equipment and Varian A-60 n.m.r. spectrometer
with variable temperature probe, respectively, and the
National Science Foundation for leave (to C.J.M.).

data, indicate that photochemical stereoisomerization may
be a general property of N-nitroso-compounds. In any

case, photoisomerization appears to provide a useful com- (Received, 25th May 1976; Com. 601.)

1 G, J. Karabatsos and R. A. Taller, J. Amer. Chem. Soc., 1964, 86, 4373.

¢ P. P. Roller, D. R. Shimp, and L. K. Keefer, Tetrahedron Letters, 1975, 2065,

3C. E. Looney, W. D. Phillips, and E. L. Reilly, J. Amer. Chem. Soc., 1957, 79, 6136; D. ]. Blears, J. Chem. Soc., 1964, 6256 ;
J. D. Cooney, S. K. Brownstein, and J. W. ApSimon, Canad. J. Chem., 1974, 52, 3028.

4Y. L. Chow, Accounts Chem. Res., 1973, 6, 354, and references cited therein; D. Daiber and R. Preussmann, Fresenius’ Z. Analyt.
Chem., 1964, 206, 344; T. Axenrod and G. W. A. Milne, Tetrahedron, 1968, 24, 5775; T.-Y. Fan and S. R. Tannenbaum, J. Agric.
Food Chem., 1971, 19, 1269; E. Jakubowski and J. K. S. Wan, Mol. Photochem., 1973, 5, 439; B. B. Adeleke and J. K. S. Wan, ibid.,
1974, 6, 329; E. Y. Belyaev, N. I. Rtishchev, S. V. Demko, B. B. Kochetkov, and A. V. El'tsov, J. Org. Chem. (U.S.S.R.), 1974,
10, 898.

5R.S. Lowe, J. N. S. Tam, K. Hanaya, and Y. L. Chow, J. Amer. Chem. Soc., 1975, 97, 215.

¢ Liquid chromatography has been used to separate nitrosamine conformers: B. Liberek, J. Ciarkowski, K. Stachowiak, K. Stepo-
rowska, and E. Jereczek, Roczniki Chemi, 1972, 46, 1895; E. Mannschreck, V. Jonas, and B. Kolb, Angew. Chem. Internat. Edn.,
1973, 12, 583; B. Liberek, J. Augustyniak, J. Ciarkowski, K. Plucinska, and K. Stachowiak, J. Chromatog., 1974, 95, 223; W. T.
Iwaoka, T. Hansen, S.-T. Hsieh, and M. C. Archer, ibid., 1975, 103, 349.

? (Z)-(E) conformer ratios in crystals can differ markedly from those in solution: A. Mannschreck, Angwe. Chem. Internat. Edn.,
1965, 4, 1032; A. Mannschreck, H. Miinsch, and A. Mattheus, tbid., 1966, 5, 728; A. Jaeschke, H. Muensch, H. G. Schmid, H. Friebolin,
and A. Mannschreck, J. Mol. Spectroscopy, 1969, 31, 14; W. Lijinsky, L. Keefer, and J. Loo, Tetrakedron, 1970, 26, 5137; B. Liberek,
J. Ciarkowski, K. Steporowska, K. Stachowiak, and E. Jereczek Roczniki Chemi, 1972, 46, 1157; 1973, 47, 291, 2221.





