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Is the Formation of 1,10-Phenanthroline Di-N-oxide Possible ?
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Abstract: 3.6-Dichloro-3,6-dihydro-1,10-phenanthroline (2) was found as an additional
product of the hypochlorous acid action on 1,10-phenanthroline. When treated with MCPBA the
product of the chlorine addition yielded a corresponding di-N-oxide 3, which readily lost hydrogen
chloride under the influence of sodium isapropoxide. The resulting monochloro di-N-oxide 5 molecules
(assumed to be flat) revealed a satisfactory stability unless the neutral or basic solution was made
acidic. © 1997, Elsevier Science Ltd. All rights reserved.

According to the literature reports,l’5 1,10-phenanthroline (1) can be N-oxidized to a mono-N-oxide
derivative only. This was interpreted as a result of crowding due to steric hindrance in the cavity of the flat
molecule. Whether this is the real cause could be checked by twisting the molecule around the central bond of
the bipyridine fragment by changing the hybridization of the atomic orbitals of carbon C-5 and C-6 into sp3
before returning to the coplanarity of the molecule when both nitrogens are N-oxidized.

To test this strategy we took advantage of our observation that 5,6-dichloro-5,6-dihydro-1,10-
phenanthroline (2) is formed as a by-product when one is following the procedureﬁ’7 for 1 epoxidation in
chloroform using a slightly alkaline aqueous sodium hypochlorite solution and a phase transfer catalyst.8 Indeed,
the twisted molecules of derivative 2 reacted readily with MCPBA at -25°C to yield, first, mono-N-oxide and,
next, di-N-oxide of 5,6-dichloro-5,6-dihydro-1,10-phenanthroline (3). Both of these products can be easily
differentiated on the basis of the presence or absence of the symmetry features revealed on their proton and
carbon NMR spectra — H-5 and H-6 of the dichloro-di-N-oxide derivative gave a singlet at 5.24 ppm — and
a nitrogen resonance absorption which appeared for non-oxidized and N-oxidized BNat -714 ppm and -91.2
ppm, respectively.

When treated with sodium isopropoxide in isopropanol at 0°C, both 2 and 3 readily yielded the products
of hydrogen chloride elimination, S-chloro-1,10-phenanthroline (4)9 and di-N-oxide of S5-chloro-1,10-
phenanthroline (5), respectively, the latter with the two N-oxide functions untouched.'® 1t follows from these
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observations that, as in the sterically similar case of 4,5-dimethoxyphenanthrene, the 1,10-phenanthroline

molecule is also able to accommodate two oxygens in its cavity in spite of the resulting interaction between the
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two dipols. Such a possibility was assumed 50 years ago in the first and only report onthe controversial
o-phenanthroline di-N-oxide synthesis by Linsker and Evans. 12
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However, the hitherto reported procedures towards the phenanthroline N-oxide synthesis were based on
the use of different oxidation agents but in acidic conditions in all cases. Therefore, once we had carried out the
last step of our synthesis of di-N-oxide 5 in a basic medium, it was reasonable to check the stability of our
product against an acidic reagent. We found that even silica gel in methylene chloride was active enough to
force some structural change of 5 causing the appearance of the low-field absorption at above 9 ppm - the
position characteristic for an alpha proton of the free base (deshielded by about 0.5 ppm in relation to that of the
starting di-N-oxide 5). The observation indicated oxygen elimination from one of the N-oxide functions. This
conformed with our previous supposition13 that protonation of such a di-N-oxide forms a system which probably

creates a new opportunity to discharge the strain by the operation of a special mechanism of deoxidation.

Acknowledgement: This work was supported by the Research Committee's KBN Grant PB-0912/P3/94/06.

References and Notes

1. Maerker, G, and Case, F.H., JAm.Chem.Soc., 1958, 80, 2745-2748.

2. Corey, E.J; Borror, A L., and Foglia, T., J Org.Chem., 1965, 30, 288-290.

3. Miochowski, J., Roczniki Chem., 1977, 51, 665-671.

4. Miochowski, J., and Kloc, K., Roczniki Chem., 1973, 47, 727-734.

5. Wenkert, D., and Woodward, R.B., J.Org.Chem., 1983, 48, 283-289.

6. Krishnan, S.; Kuhn, D.G., and Hamilton, G.A., J.Am.Chem.Soc., 1977, 99, 8121-8123.
7. Moody, C.J.; Rees, C.W,, and Thomas, R., Tetrahedron 1992, 48 3589-360”

8.

As in the case of the already known § 6—epoxy-l 10-phenanthroline, the TH NMR spectrum showed

the molecules of chlorine addition product 2 to be symmetrical yet the two-proton peak of H-5 and

H-6 appeared at 5.43 ppm instead of at 4.64 ppm.

Richter, F., and Smith, G.F., J Am.Chem.Soc., 1944, 66, 396-398.

0. The strongest evidence on the proposed structure of di-N-oxide § followed from the NMR
absorptions of H-2 and H-9 as well as of C-2 and C-9 found at 8.62 ppm and 8.57 ppm (J, 5 9)
6.4 Hz and 6.1 Hz) and 139.83 ppm and 139.53 ppm, respectively, while for the free base 4
corresponding values were found to be 9.25 ppm and 9.19 ppm (with J,,,, 4.4Hz both in the case
of H-2 and H-9) and 150.86 ppm and 150.52 ppm, respectively.

11. Hall, D.M,, and Turner, E.E., J.Chem.Soc., 1951, 3072-3074.

12. Linsker, F., and Evans, R.L., J.Am.Chem.Soc., 1946, 68, 403.

13. Antkowiak, R.; Antkowiak, W.Z.; Bafczyk, I.; Czerwinski, G.; Jurczak, J.; Raczko, J., and

Salanski, P., Heterocycles 1994, 39, 485-490.

—_—\

(Received in UK 25 November 1996; revised 27 January 1997; accepted 31 January 1997)



