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Synthesis and antifungal activity of 6-hydroxycinnolines
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Abstract—6-Hydroxycinnolines 2 and cyclohexa-2,5-diene-1,4-dione derivatives 6 were synthesized and tested for in vitro antifungal
activity against Candida and Aspergillus species. 6-Hydroxycinnolines 2 showed, in general, more potent antifungal activity against
Candida species than the other cyclohexa-2,5-diene-1,4-diones. The results suggest that 6-hydroxycinnolines would be potent
antifungal agents.
� 2006 Elsevier Ltd. All rights reserved.
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Figure 1. Cinnoline derivatives.
Cinnoline derivatives 1 are used in pharmaceuticals and
mainly patented as bactericides1 and fungicides2 (Fig. 1).
An interesting sub-group of cinnolines is 6-hydroxycinn-
olines 2 which tautomerize to cinnolin-6(2H)-ones with
a quasi quinonoid structure.3 The compounds 2 could,
respectively, exist as a mixture of tautomers 6-hydroxy-
cinnolines and cinnolin-6(2H)-one in equilibrium shown
in Figure 1. Quinonoid compounds display potent bio-
logical properties including antimalarial, antibacterial,
and antifungal activities.4 We assumed that 6-hydroxy-
cinnolines 2 could show biological activities similar to
those of the quinonoid compounds. The antifungal
activity of 6-hydroxycinnolines 2 against pathogenic
fungi has not been reported to the best of our knowl-
edge. A variety of quinonoid compounds with different
substituents could exhibit the biological activities
through different actions and sometimes improve upon
the activities. The presence of arylthio, amino group
or halogen atoms on quinonoid compounds was a con-
siderably important factor to affect their antifungal
activity.5 Based on this speculation, 2-amino-7,8-di-
methyl-6-hydroxycinnolines 2a–f with various substitu-
ents were designed and synthesized to elucidate their
contribution to the antifungal activity (Scheme 1). The
in vitro antifungal activity of compounds 2a–f against
pathogenic fungi was determined by the twofold broth
dilution method. Additional data for properties and
antifungal activity of cyclohexa-2,5-diene-1,4-dione
derivatives are provided.
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A method for the synthesis of 6-hydroxycinnolines 2a–f
(Table 1) is shown in Scheme 1. The 2,3-dichloro-5,6-
dimethylcyclohexa-2,5-diene-1,4-dione (4)6 was pre-
pared by oxidizing 2,3-dimethylbenzene-1,4-diol (3) with
HNO3/HCl variation.

Methyl-2-(2-chloro-4,5-dimethyl-3,6-dioxocyclohexa-
1,4-dienyl)-2-cyanoacetate (5) was synthesized by nucle-
ophilic substitution of the compound 4 with equivalent
of methyl cyanoacetate in EtOH in the presence of
ammonia. When equivalent amounts of compound 5
and hydrazine hydrate7 were mixed in EtOH and
refluxed for 1 h, cinnoline 2a was formed. Methyl-2-
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Table 1. Structures and antifungal activity for 6-hydroxycinnolines and cyclohexa-2,5-diene-1,4-diones

Compound R1 R2 R3 MICa (lg/mL)

C. albicansb C. tropicalis C. krusei C. neoformans A. niger

2a — — — >50 50 25 25 6.3

2b H H H >50 25 6.3 1.6 12.5

2c H H CH3 >50 25 3.2 6.3 25

2d H CH3 CH3 >50 25 3.2 1.6 12.5

2e H F H >50 50 25 6.3 1.6

2f H CH3 H >50 >50 >50 1.6 >50

6a H H H 50 50 50 12.5 50

6b H H CH3 >50 >50 50 50 >50

6c H CH3 CH3 50 50 >50 >50 50

6d H F H 50 50 25 50 50

6e H CH3 H >50 >50 1.6 50 >50

3 25 25 12.5 50 25.0

5 50 50 25 6.3 25.0

5-Fluorocytosine 6.3 12.5 6.3 12.5 12.5

a The MIC value was defined as the lowest concentration of the antifungal agent. MIC values were read after 1 day for Candida species and 2 days for

A. niger in 37 �C. The inoculum sizes contained approximately 1 · 105 cells/mL. Culture media tested were the modified Sabouraud dextrose broth

(Difco Lab.). The final concentration of antifungal agents was between 0.2 and 100 lg/mL.
b Fungi tested: Candida albicans Berkout KCCM 50235, C. tropicalis Berkout KCCM 50662, C. krusei Berkout KCCM 11655, Cryptococcus

neoformans KCCM 50564, and Aspergillus niger KCTC 1231.
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Scheme 1. Synthesis of 6-hydroxycinnolines. Reagents and conditions: (a) HNO3/HCl/90 �C/10 min; (b) methyl cyanoacetate/EtOH/NH4OH/rt/

10 min; (c) hydrazine hydrate/EtOH/reflux/1 h; (d) arylthiol/EtOH/reflux/5 h.
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cyano-2-(2-arylthio-4,5-dimethyl-3,6-dioxocyclohexa-
1,4-dienyl)acetates 6a–e were synthesized by nucleophil-
ic substitution of the compound 5 with appropriate
arylthiols in boiling EtOH. When equivalent amounts
of compounds 6a–e and hydrazine hydrate were mixed
in EtOH and refluxed for 1 h, cinnolines 2b–f were
formed. Experimental details and data for this proce-
dure are cited in the References and notes.8–12

The synthesized 6-hydroxycinnolines 2a–f, cyclohexa-
2,5-diene-1,4-dione derivatives 3, 5, and 6a–e were tested
in vitro for their growth inhibitory activity against path-
ogenic fungi by the standard method.13 The minimum
inhibitory concentration (MIC) values were determined
by comparison with 5-fluorocytosine as a standard agent.
As indicated in Table 1, most of the 2-amino-7,8-dimeth-
yl-6-hydroxycinnolines 2a–f showed potent antifungal
activity against C. krusei, C. neoformans, and A. niger.
The antifungal activity against C. neoformans was prom-
inent. In contrast, the methyl-2-cyano-2-(2-arylthio-4,5-
dimethyl-3,6-dioxocyclohexa-1,4-dienyl)acetates 6a–e
did not show significant antifungal activity against all
tested fungi, although some compounds of them exhibit-
ed poor activity. The 2-amino-7,8-dimethyl-6-hydroxyc-
innoline compounds 2a–f exhibited the greatest activity,
indicating a correlation that may offer insight into the
mode of action of these compounds. Actually, the
activities of compounds 2b–d were superior or compara-
ble to those of 5-fluorocytosine against C. krusei,
C. neoformans, and A. niger.
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In addition, the 2,3-dimethylbenzene-1,4-diol (3) and
methyl-2-(2-chloro-4,5-dimethyl-3,6-dioxocyclohexa-1,4-
dienyl)-2-cyanoacetate (5) exhibited poor antifungal
activity. Compounds 6a–e exhibited no or poor, if any,
antifungal activity. Thus, 6-hydroxycinnoline moiety is
essential for the antifungal activity. The structure–activ-
ity relationship may not exist between properties of sub-
stituents (R1, R2, R3: H, CH3, F, . . .) for the 5-arylthio
moieties of the 6-hydroxycinnolines 2a–f.

In conclusion, methyl-2-(2-chloro-4,5-dimethyl-3,6-
dioxocyclohexa-1,4-dienyl)-2-cyanoacetate (5) was syn-
thesized by nucleophilic substitution of 2,3-dichloro-5,
6-dimethylcyclohexa-2,5-diene-1,4-dione (4) with equiva-
lent of methylcyanoacetate in the presence of ammonia.
Methyl-2-cyano-2-(2-arylthio-4,5-dimethyl-3,6-dioxocy-
clohexa-1,4-dienyl)acetates 6a–e were synthesized by
nucleophilic substitution of the compound 5 with
appropriate arylthiols. 2-Amino-7,8-dimethyl-6-hydrox-
ycinnolines 2a–f were synthesized by cyclization of
compound 5 or 6a–e with hydrazine hydrate. The 6-
hydroxycinnolines 2a–f showed, in general, a more
potent antifungal activity than the other compounds
3, 5, and 6. The results suggest that the 6-hydroxycinno-
lines would be potent antifungal agents. Moreover, the
results should encourage the synthesis of 6-hydroxycinn-
oline analogs for improving antifungal properties.
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