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3,3,6,6-Tetrachloro-2,2-dihydroxycyclohexanone as a synthetic
equivalent of unavailable 3-chloro-6-hydroxy-1,2-benzoquinone:

first synthesis of 4-chloro-1-hydroxyphenazines
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Abstract—3,3,6,6-Tetrachloro-2,2-dihydroxycyclohexanone has been found to be an excellent synthetic equivalent of unavailable 3-
chloro-6-hydroxycyclohexa-1,2-benzoquinone. Reactions with 1,2-phenylenediamines provide hitherto unattainable 4-chloro-1-
hydroxyphenazines in fair to high yields.
� 2007 Elsevier Ltd. All rights reserved.
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The chemistry of phenazines has been excellently re-
viewed, showing that these are substances with an exten-
sive range of important applications.1–7 Numerous
members of this family of compounds, which have a
significant biological activity, are continuously being
found.6,7 Consequently, the progress in the synthesis of
phenazines is a subject of renewed interest. Indeed, the
development of biosynthetic studies on naturally occur-
ring phenazines as well as the synthesis of analogues
with similar or enhanced properties, and a wealth of
other research work are still limited by serious obstacles
inherent in the existing preparative methodology. Harsh
experimental conditions, low yields and incompatibility
with the presence of functional groups are common
problems found in studies on phenazine preparation.1–7

Moreover, these substances are strongly deactivated
towards electrophilic substitution reactions,6–8 which
represents a further important difficulty when accessing
phenazine derivatives.

Given the precariousness of the existing methodology to
prepare 1,4-dichlorophenazines as well as 1-chlorophen-
azines, we recognized the opportunity to develop exclu-
sive approaches to these compounds9,10 on the basis of
highly efficient reactions of 1,2-phenylenediamines with
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inexpensive and easily available 3,3,6,6-tetrachloro-
1,2-cyclohexanedione or 3,6,6-trichloro-2-hydroxy-2-
cyclohexen-1-one.

Owing to the vicinal accumulation of chlorine atoms
present in 3,3,6,6-tetrachloro-1,2-cyclohexanedione, this
compound is able to form an isolable crystalline
hydrate, 3,3,6,6-tetrachloro-2,2-dihydroxycyclohexa-
none 1, in near quantitative yield.11,12

We report a very useful synthetic application of 1 since it
provides an efficient, direct approach to 4-chloro-1-
hydroxyphenazines 3, which pertain to a hitherto
unknown family of compounds. In this new approach,
1 proves to be an excellent synthetic equivalent of the
hypothetical quinone 4 or its tautomer 5, which are
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unavailable compounds (Scheme 1). Regarding the bio-
logical significance of 1-hydroxyphenazine and some of
its derivatives,13 such as pyocyanine and phenazino-
mycin, this new preparative methodology is of particular
interest to provide related compounds.

Compound 1 reacted with o-phenylenediamine 2a in the
presence of triethylamine under mild experimental con-
ditions14 (Scheme 2) leading to a phenazine compound
but no 1,4-dichlorophenazine 11a, which would corre-
spond to the expected product from reaction with the
dehydrated starting material. However, the compound
formed revealed the existence of a hydroxyl group and
a chlorine atom as the only two substituents supported
Figure 1. ORTEP of 12, with thermal ellipsoids shown at 50%
probability.
by the ring system. Reactions with further 1,2-phenylene-
diamines 2 gave similar results.

Compounds 3 were unambiguously identified, thanks to
the preparation of a benzoylated derivative15 of 3b:
4-chloro-1-(4-chlorobenzoyloxy)-7,8-dimethylphenazine
12, which was able to provide single crystals suitable for
X-ray crystallographic analysis16 (Fig. 1). The structural
arrangement found evidenced a complex effect on the
reactivity of 1 by the geminal diol group. It is clear that
a mere blockade of the carbonyl function protecting the
formation of 11a, which would provoke the alternative
generation of 2-chloro-1-hydroxyphenazine 7a, does
not occur. In contrast, 3a would be necessarily origi-
nated by participation of a rearrangement process,
which can be explained in view of the low capacity of
oxiranes to support a halogen atom linked to any of
the oxygenated carbon atoms. For example, 1-chloro-
epoxycyclohexane undergoes a rapid conversion to
2-chloro- and 2-hydroxycyclohexanone on exposure to
moist air;17 2-chloro-2,3-epoxynorbornane is stable at
dry-ice temperature, but on being left at room tempera-
ture undergoes a violent exothermic reaction with evolu-
tion of hydrogen chloride.18 The relatively low stability
of these compounds is the consequence of a remarkable
proclivity to rearrange to a-chlorocarbonyl derivatives.
It has been shown that this transformation proceeds
through the formation and subsequent collapse of an
ion pair composed of a chlorine anion and an a-
ketocarbocation.18,19

In our case it seems reasonable, therefore, to assume an
initial condensation step20 (Scheme 2) to give 8a, fol-
lowed by epoxidation leading to the key intermediate
9a, which would be converted into 10a and plausibly
through an a-ketocarbocation. Then, the final product
3a would be formed following a sequence consisting of
condensation, hydrogen chloride elimination, and tauto-
meric aromatization. Four reaction examples gave the
results displayed in Table 1.



Table 1. Synthesis of 4-chloro-1-hydroxyphenazines 3 from the
reaction of 3,3,6,6-tetrachloro-2,2-dihydroxycyclohexanone 1 with
o-phenylenediamines 2

Entry Diamine Product Yield (%)

1

H2N

H2N

2a
N

N

OH

Cl 3a

90

2

H2N

H2N

Me

Me

2b

N

N

OH

Cl

Me

Me

3b

78

3

H2N

H2N

Cl

Cl

2c
N

N

OH

Cl

Cl

Cl

3c

58

4

H2N

H2N

Br

Br

2d

N

N

OH

Cl

Br

Br

3d

59
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In conclusion, an effective new method on phenazine
synthesis is provided. Good yields, easy availability of
starting materials and the mild reaction conditions are
valuable advantages of the reported procedure, which
give access to the previously unattainable 4-chloro-1-
hydroxyphenazines.
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