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Based on the HTS hit compound 1a, an inhibitor of b-1,6-glucan synthesis, we synthesized novel pyrido-
benzimidazole derivatives and evaluated their antifungal activity. Among the compounds synthesized,
we identified the potent compound 15e, which exhibits excellent activity superior to fluconazole against
both Candida glabrata and Candida krusei. From the SAR study, we revealed essential moieties for anti-
fungal activity.

� 2010 Elsevier Ltd. All rights reserved.
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Recently, the threat of fungal infection has increased due to a
growing number of immunocompromised patients, which is
caused by the development of cancer chemotherapy and organ
transplant, and the growth of human immunodeficiency virus
(HIV) infection.1 There are several antifungal agents,1b,2 but these
agents are not considered to satisfy medical needs because of their
toxicity,2b limited routes,2b and the emergence of drug-resistant3

and drug-low-susceptible4 strains. Given these observations, the
development of new antifungal agents having a novel mode of ac-
tion has been keenly desired.

In the course of our study, we discovered pyridobenzimidazole
derivative 1a5 (Fig. 1) inhibiting the synthesis of fungal cell wall,
which is absent from mammalian cells. Compound 1a was the
high-throughput screening (HTS) hit compound discovered from
our chemical library, and we reported that 1a exhibited antifungal
activity by inhibiting the synthesis of b-1,6-glucan, which is a com-
ponent of fungal cell wall. To our knowledge, 1a is the first com-
pound bearing antifungal activity by inhibiting b-1,6-glucan
synthesis. These results prompted us to evaluate the potency of
pyridobenzoimidazole scaffold as an antifungal agent. In this re-
port, we describe the synthesis and the structure–activity relation-
ll rights reserved.
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ships (SAR) of a series of pyridobenzimidazole derivatives with
modification at the C-1 to C-4 positions.

As outlined in Scheme 1, chloropyridobenzimidazole 5, the pre-
cursor of target compounds, was prepared according to a known
method6 for the synthesis of pyridobenzimidazole 4-carbonitriles.
Thus, benzimidazole-2-acetonitrile 2 and corresponding b-ketoes-
ter 3 were heated in the presence of ammonium acetate to give tri-
cyclic compound 4, and chlorination of 4 in POCl3 gave 5. Compound
4f without any substituent at the C-3 position was synthesized from
2 and b-methoxyacrylate 6 obtained by the Wittig reaction of ethyl
phenylglyoxylate 7. b-Ketoester 3g was obtained by benzoylation of
ethyl butyrate 9. As shown in Schemes 2 and 3, chloride 5 was trea-
ted with various amines to afford target compounds.

The synthesis of 15i and 15h possessing oxy functional groups
at the C-2 position was started from the known compound 4h6a
1a

Figure 1.
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Scheme 1. Reagents and conditions: (a) AcONH4, 140–150 �C (83% for 4a, 85% for 4b, 64% for 4c, 90% for 4d, 85% for 4e, 19% for 4f, 34% for 4g); (b) POCl3, reflux (90% for 5a,
64% for 5b, 82% for 5c, 81% for 5d, 64% for 5e, 74% for 5f, 33% for 5g); (c) MeOCH2P+Ph3Cl�, NaH, THF (76%); (d) NaH, DME (48%).
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Scheme 2. Reagents and condition: (a) Et3N, DMF, 80 �C (45% for 1a, 57% for 10a, 56% for 11a, 55% for 12a, 54% for 13a, 53% for 14a, 67% for 15a, 52% for 16a, 51% for 17a).
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Scheme 3. Reagents and condition: (a) Et3N, DMF, 80 �C (57% for 15b, 65% for 15c,
57% for 15d, 56% for 15e, 73% for 15f, 71% for 15g).
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according to the method in Scheme 4. Acetylation of the hydroxyl
group of 4h and successive chlorination afforded chloride 5i, which
was treated with (3S)-(dimethylamino)pyrrolidine 18 to furnish
2-(acetoxyethyl) compound 15i. Deacetylation of 15i with 1 N
NaOH afforded tetracyclic compound 19 as a main product and
only a low amount of the target compound 15h. To avoid this intra-
molecular cyclization, more weakly basic LiOH was used and then
2-(hydroxyethyl) compound 15h was obtained in 83% yield.
As illustrated in Scheme 5, compound 20 possessing a carbam-
oyl moiety at the C-4 position instead of a cyano group was
obtained by treating with concd H2SO4 in low yield (16%).

The compounds synthesized were assayed for their in vitro
antifungal activity against Candida albicans (C. albicans), Candida
glabrata (C. glabrata), Candida krusei (C. krusei), Candida tropicalis
(C. tropicalis) and Aspergillus fumigatus (A. fumigatus) by using the
method described in our previous report.5 The results are shown
as the minimum inhibitory concentration (MIC) (the lowest drug
concentration producing an optically clear well) against each fun-
gus for our compounds and as the lowest drug concentration pro-
ducing a prominent reduction in turbidity for fluconazole.

The activity of compounds substituted with various amines at
the C-1 position was shown in Table 1. HTS hit compound 1a
exhibited moderate activity of MIC values that were 1 lg/ml
against C. glabrata and 4 lg/ml against C. krusei, respectively. The
activity of compound 10a with a terminal primary amine instead
of a tertiary amine decreased. Propylamino compound 12a without
a terminal amino moiety exhibited no inhibitory activity. It was
considered that a terminal amine was essential for antifungal
activity. Additionally, (dimethylamino)propylamino compound
11a whose methylene carbon was extended was also inactive. This
result indicated that the length between the terminal amine and
pyridobenzimidazole scaffold was important for antifungal



Table 1
In vitro antifungal activity of pyridobenzimidazole derivatives possessing various substitu
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Fluconazolea 1a 10a

Candida albicans ATCC24433 0.25 >128 >128
Candida glabrata IFO0622 2 1 4
Candida krusei TIMM0269 16 4 32
Candida tropicalis TIMM0313 0.25 >128 >128
Aspergillus fumigatus ATCC36607 >64 >128 >128

a The lowest drug concentration producing a prominent reduction in turbidity was em

Table 2
In vitro antifungal activity of pyridobenzimidazole derivatives possessing various substitu
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Fluconazolea 15a 15b
R2= Et H

Candida albicans ATCC24433 0.25 >128 >128
Candida glabrata IFO0622 2 0.5 8
Candida krusei TIMM0269 16 2 32
Candida tropicalis TIMM0313 0.25 32 >128
Aspergillus fumigatus ATCC36607 >64 >128 >128

a The lowest drug concentration producing a prominent reduction in turbidity was em
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Scheme 4. Reagents and conditions: (a) Ac2O, DMAP, pyridine (77%); (b) POCl3, reflux (83%); (c) 18, Et3N, DMF, 80 �C (41%); (d) LiOH, THF–H2O (83%).
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Scheme 5. Reagents and condition: (a) concd H2SO4, EtOH, reflux (16%).
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activity. In regards to cyclic amines, though methylpiperazinyl
compound 13a and (dimethylamino)piperidinyl compound 14a
exhibited no activity, (3S)-(dimethylamino)pyrrolidinyl compound
15a showed more potent activity than 1a. The configuration of the
dimethylamino moiety affected activity as shown in the less potent
activity of (R)-form 16a as compared to that of (S)-form 15a. As in
the case of acyclic amines, pyrroridinyl compound 17a without a
terminal amine exhibited no activity.

Table 2 shows the MIC values of the compounds with
(3S)-(dimethylamino)pyrrolidinyl moiety at the C-1 position and
ents at the C-1 position
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MIC (lg/ml)

11a 12a 13a 14a 15a 16a 17a

>128 >128 >32 >128 >128 >128 >64
>128 >128 >32 >128 0.5 1 >64
>128 >128 >32 >128 2 16 >64
>128 >128 >32 >128 32 64 >64
>128 >128 >32 >128 >128 >128 >64

ployed as end point.

ents at the C-2 position

N

2

MIC (lg/ml)

15c 15d 15e 15h 15i
F nBu Ph (CH2)2OH (CH2)2OAc

>128 >128 >128 >128 >128
4 60.125 60.125 32 1
16 0.5 60.125 16 4
>128 0.5 0.5 >128 16
>128 >128 >128 >128 >128

ployed as end point.



Table 3
In vitro antifungal activity of pyridobenzimidazole derivatives possessing various
substituents at the C-3 and C-4 positions

Organism MIC (lg/ml)

Fluconazolea 15f 15g 20

Candida albicans ATCC24433 0.25 >128 >128 >128
Candida glabrata IFO0622 2 60.125 >128 >128
Candida krusei TIMM0269 16 2 >128 >128
Candida tropicalis TIMM0313 0.25 8 >128 >128
Aspergillus fumigatus ATCC36607 >64 >128 >128 >128

a The lowest drug concentration producing a prominent reduction in turbidity
was employed as end point.
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various substituents at the C-2 position. The activity of compound
15b without any substituent at the C-2 position decreased, and the
not sterically bulky fluoro compound 15c also showed less potent
activity than ethyl compound 15a. Additionally, acetoxyethyl com-
pound 15i and hydroxyethyl compound 15h showed less potent
activity. In contrast, compound 15d possessing a n-butyl moiety
longer than an ethyl moiety, exhibited more potent activity against
C. glabrata, C. krusei and C. tropicalis. Moreover, phenyl compound
15e7 also exhibited excellent activity of MIC values that were
60.125 lg/ml against both C. glabrata and C. krusei, and 0.5 lg/
ml against C. tropicalis. These results suggested that the introduc-
tion of lipophilic substituents to the C-2 position enhanced anti-
fungal activity.

Next, the results of the substitution at the C-3 and C-4 positions
were shown in Table 3. The activity of 15f without a methyl group
at the C-3 position was less potent than that of corresponding 15e.
Meanwhile, 15g possessing a phenyl substituent did not show any
activity. Therefore it was considered to be favorable that the sub-
stituent at the C-3 position was a measurably bulky lipophilic moi-
ety. Compound 20 bearing a carbamoyl group instead of a cyano
group at the C-4 position showed no activity.

Compound 15e exhibited the most potent activity among the
compounds synthesized and it was confirmed that 15e inhibited
b-1,6-glucan synthesis selectively.8 Compared to fluconazole, 15e
was more active against both C. glabrata and C. krusei and showed
almost equal activity against C. tropicalis. Although the MIC values
of all the compounds synthesized against C. albicans were
>128 lg/ml in the conditions used, the morphological change on
the surface of the cell wall of C. albicans was observed under a micro-
scope.8 Therefore it was considered that the compounds had a cer-
tain effect on the synthesis of the cell wall. We are currently
studying the evaluation of the growth inhibition of C. albicans. By
contrast, neither antifungal activity nor a morphological change
was observed against A. fumigatus. Kre6p is our primary target and
its homologues have been found in Aspergillus species,5 but it was
reported that Aspergillus species contain no b-1,6-glucan polymer.9

The functions of these homologues in Aspergillus species are not well
understood, therefore further work is needed to understand the ef-
fect of Kre6p inhibition in Aspergillus species.

In summary, we have demonstrated that pyridobenzimidazole
scaffold can be utilized for novel antifungal agents inhibiting b-
1,6-glucan synthesis and we provide the following findings. (1)
The basic substituent at the C-1 position and the cyano group at
the C-4 position were essential for antifungal activity, (2) the lipo-
philic substituent at the C-2 position and the methyl moiety at the
C-3 position were of importance to potent activity. Further chem-
ical modifications and investigations of in vivo efficacy are cur-
rently under way.
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