Tetrahedron Letters No.47, pp. 4101-4104, 1970. Pergamon Press. Printed in Great Britain,
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The recent repo::‘t:l that irradiation of phenazine in dilute phosphoric acid solution gives
1-hydroxyphenazine (10) prompts us to record our own observations on the photo~oxidation of
phenazine and its derivatives by irradiation (Hanovia UVS 500A 1amp) in the presence of air.
We confirm the conversion of phen.a.zime1 to l-hydroxyphenazine (10) and also that of the
S-methylphenazinium ion to pyocyanin (7),2 in sufficiently high yield to make it the most
useful method of pne;m.rtsn:ion.3

More particularly, our experimenis have been concerned with phenagine-l-carboxylic acid
and its 5-methyl quatermary chloride (l), and were undertaken in connection with studies on
the biosynthesis of microbial phenazine pigments.

Photo-oxidation of the quaternary salt (1.05 x 10™M solution in 1N-hydrochloric acid)
for 80 min. gave pyocyanin (7) in 5% yield, extracted into chloroform at »H 9 together with
other minor products, including l-hydroxyphenazine (10}, The products remaining in the
aqueous solution (which still showed colour changes charmacteristic of the l-hydroxy-5-methyl-
phenaginium system) were dequaternised by allkmli. Chromatography of a chlorofom extract of
the neutralised solution showed the presence of not only the expected 9-hydroxyphenazine-l-
carbozylic acid (8) but also of the 6-hydroxy isomer (9); appropriate procedures led to the
isolation of similar amounts of 6- and 9-methoxyphemazine-l-carboxylic acids, identified by
comparison with authentic samplea.4 By similar treatment, phenazine-l-carboxylic acid gave
the same two methoxy acids,

That the pyocyanin arose by hydroxylation followed by decarboxylation, i.e. via the
l-carboxy-5-~me thyl-9-hydroxyphenazinium system, was shown by the photo-oxidation of l-carboxy-
5-methyl-6,7,8,9-tetradeuterophenazinium chloride (as 1)5: the isolated pyocyanin was
demethylated to l-hydroxypherazine which was mainly the trideutero compound. Similarly,

when the 7,9-dideutero salt (as 1)5 was-used, the hydroxyphenazine obtained from the pyocyanin
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was mainly monodeuterated as required by its genesis via hydroxylation in the 9-position; on
the other hand, the l-hydroxyphenazine isolated directly from the photolysed solution contained
a much higher proportion of the dideutero compound, consistent with its origin by hydroxylation
at either the 6- or the 9-position, followed by demethylation {to the hydroxzy acids) and
decarboxylation: alternatively decarboxylation may preceed demethylation.

Hydroxylation with similar facility at the 6- or the 9-position in (1) suggests that the
mechanism is by 1,4-endoperoxide formation with singlet oxygen; the two positions are very
distinct electronically and would be expected to differ markedly in susceptibility to radical
attack. It could be that the sensitisation needed for singlet oxygen attack is provided by
the phenazinium system itself, The endoperoxide would: open to a 6~ or 9-hydroperoxide which

would decompose to the 6- or 9-hydroxy compounds. A4 possible scheme is then

L — iIc

ct™ ) analogously
s shown
O,H 3
N:
7
\N
+CH3 H3
/ o
N
N
* cug :@ H3 ;

5

soo) | /ﬁiézz:;



No.47

Hydroxylation via 1,4-endoperoxide formation with singlet oxygen has already been
suggested as a biogenetic model in connection with other sys't:ems,6 and we suggest
that the quatermary salt (1) might serve as a biosynthetic intermediate for a number
of microbial metabolites based on phenazine; a number of hydroxyphenazine mono-
and dicarboxylic acids have been recently isolated including (8),7 and hydroxylated
phenazines such as pyocyanin (7) and iodinin (11) could arise by decarboxylative
processes, The phenazinium ion is also subject to mucleophilic attackz: indeed,
(1) in diluteaqueous ammonia gives aeruginosin A (12)8 another metabolite of the

pyocyanin producing Pseudomonas aeruginosa.9

OH
8 A NH
- o’ 2
NS NS
N N
+
(¢] H

References

1, S, Wake, H. Inoue, Y. Otsuji and E. Imoto, Tetrahedron

Letters, 1970, 2415.

2, H, McIlwain, J, Chem, Soc., 1937, 1704.

3. A. R, Surrey, Orge Synth., 1946, 2'6., 86.

4, Synthesis (by F. G. Holliman and S. R. Challand)
to be puhblished,

5. A convenient synthesis of these deuterated phenazines
will be included in the full paper.

6. J. B, Baldwin, H. H. Basson and H, Kraus, Jr.,

Chem, Comm., 1968, 984 and references there cited.

4103



4104 No.47

7. ©N. N. Gerber, J, Heterocyclic Chem., 1963, 6, 297.
8. G, S, Hansford, R. B, Herbert and F. G. Holliman,

unpublished work.

9. F. G, Holliman, J, Chem, Soc. (C), 1969, 2514,



