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Abstract

Phenazines were prepared by the palladium(ll)-catalyzed intramolecular amination of aryl br8midesh
were prepared witto-bromonitrobenzene8 and anilines4 or 3 and o-bromoanilines5 using palladium(ll)-
catalyzed aniline arylation. © 2000 Elsevier Science Ltd. All rights reserved.
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Naturally occurring phenazines have attracted considerable attention because of their interesting
biological activities' One of the most promising methods for synthesizing polysubstituted phenazines
developed by Holliman and co-workénsas the reductive cyclization ofnitrodiphenylamines (Method
C in Scheme 1). However, the yield was poor when competitive cyclization occurred. Redéntly,
arylation has become more accessible owing to the advent of a new methodology developed by Hartwig
and Buchwald Here, we report on the use of the new method to synthesize phenazines using sequential
aniline arylation.

For the total synthesis of benthocyaninli a powerful radical scavenger from the mycelium of

Streptomyces prunicoldrwe needed a method to construct phena2ine
COOH COOH

Our method is based on the regiospecific bromination-nitrodiphenylamines, which is obtained
from 3 and 4 by aniline arylation, to give bromid&€ (Method A), which is also obtainable from
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3 and 5 (Method B). Subsequent chemoselective reduction of the nitro group followed by the
Hartwig—Buchwald aniline arylation affords the target phenagiftecheme 1).

Treatment of10 and 11° with palladium(ll) acetate under the condition of Buchwatghve theo-
nitrodiphenylaminel2in 99% yield. Catalytic hydrogenation @ in the presence of Pd-C as a catalyst
gave theN-aryl-1,2-phenylenediaminE3in quantitative yield. Selective bromination b8 with bromine
in the presence of sodium hydrogencarbonate at 0°C gawé-(Bebromophenyl)-1,2-phenylenediamine
14in 91% vyield. This was then subjected to the cyclization again using Buchwald’s cofditigive
the desired phenazirkb as a yellow powder together with the eliminated prodi&as orange needles
(50%,15:16=3:1) (Scheme 2).
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Additional examples of phenazine synthesis using this sequence of reactions in comparison with those
of Holliman’s are given in Table 1.0ur method gave yields comparable with those of Holliman’s
in spite of the rather longer reaction sequence. When the selectivity of the bromination was assured,
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phenazines were obtained in good yields. In entry 4, there was no selectivity at the bromination step in
Method A giving a complex mixture of phenazines. In Method C, 2-ethoxyphenazine was obtained in
46% yield instead of 2-methoxyphenazine. When 2-bromoanilinesre easily prepared, phenazines
were obtained in good yields (entries 5-7).

Table 1
Synthesis of phenazines

Total yield (%)

Entry Bromide Aniline Phenazine
3 4 9 Method A Method B?  Method C
CO,Me 002R
Br
Mol cWl< e W .
(R =Me) (R=H)
COZR
2 86 88
(R = Me) (R=H)
CO,R
’ CoaMe @: coRr 24
2" (R=Me) (R=H)
Br Hy;N
¢ X O jed Q - "
NO,

HoN

5 10
Br
HoN

6 10
Br

7 10

CO,Me
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0 @t“r;
L
Br N

Et Et

60

80

81

a) Buchwald's condition was used in the first step, then followed similar steps as in Method A.

In summary, this aniline arylation followed by aniline arylative intramolecular cyclization offers an
alternative method for the synthesis of phenazines, especially when the substrate is susceptible to a strong
basic condition or when selectivity is not observed at the reductive cyclization step in Method C. Further

investigations are in progress.
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