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A series of 2-substituted 1,2-dihydro-3-phenyl-1-(trichloromethyl)benzo[b][1,6]naphthyridines were
synthesized and their in vitro antiproliferative activities were examined against human solid tumor cell
lines and relevant strains of bacteria and Candida. The compounds induced considerably growth inhibi-
tion in all cancer cell lines, whilst showed inactive against microbial strains. Furthermore, we found ana-
log 2-ethoxy-1H-pyrano[4,3-b]quinoline as selective inhibitor of microbial strains.

� 2010 Elsevier Ltd. All rights reserved.
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Different families of nitrogen-containing heterocycles are cur-
rently used in cancer chemotherapy. For instance, the quinazo-
lines1 gefitinib, erlotinib, and canertinib are EGFR tyrosine kinase
inhibitors indicated for the treatment of colorectal, lung, breast,
pancreatic, renal, head and neck, gynecologic, and prostate cancer.
Quinolines2 and naphthyridines3—structural analogues of quinazo-
lines—are also being explored for cancer chemotherapy with a
number of compounds (EKB-569, HKI-272, and SNS-595) in differ-
ent phases of clinical trials.

Within our program directed at the discovery of bioactive sub-
stances for cancer treatment, we have paid attention to nitrogen-
containing heterocycles.4 Recently, several reports dealing with
three-component reactions between o-alkynylbenzaldehydes,
amines, and different pronucleophiles have been reported.5 As part
of our research interests on the use of arylethynylazines in the syn-
thesis of fused nitrogen-nucleus containing heterocycles,6 we have
focused our attention in the three-component reaction between 2-
phenylethynyl-quinoline-3-carbaldehyde (1), primary aliphatic
amines, and chloroform.

Herein, we wish to report on an three-component reaction for the
formation of 2-substituted 1,2-dihydro-3-phenyl-1-(trichloro-
methyl)benzo[b][1,6]naphthyridi-nes (2a–e). The biological activity
All rights reserved.
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against human solid tumor cell lines together with the antimicrobial
activity in bacterial and fungal strains is also reported.

Direct heating of aldehyde 1 with 1.2 equiv of the corresponding
amine in chloroform and in the presence of 3 Å MS allowed us obtain-
ing the target compounds 2a–f in 39–56% yield (Scheme 1).7,8 It
should be pointed out that the synthesis is carried out without the
addition of catalysts. The method tolerates well aliphatic amines.
2f: R = nBu
3 ON

Scheme 1. Reagents and conditions: (a) RCH2NH2, CHCl3, reflux, 24–48 h, 39–56%;
(b) C6H5NH2, CHCl3, reflux, 2 h, 98%.
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Fig. 1. Proposed mechanism of the three-component reaction.
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However, when we used the aromatic amine aniline the cyclization
reaction was unsuccessful and the formation of the stable Schiff base
3 as a sole reaction product was observed.

We speculate that the addition of chloroform might start with
the protonation of the imine 3 by the chloroform (or even traces
of HCl in the solvent). Then, addition of the carbanion followed
by attack of the nitrogen on the alkyne function would lead to 2.
The proposed mechanism (Fig. 1) is consistent with the observed
failure of aniline. Aromatic amines are weak bases compared with
alkyl amines, which facilitates their protonation by the weak acid
chloroform.

In order to study the influence of the newly introduced amine
fragment on the biological activity, analogues of general structure
1-alkoxy-3-phenyl-1H-pyrano[4,3-b]quinolines were envisioned.
Therefore, compounds 4a–b were synthesized according to litera-
ture procedures9,10 by means of a tandem acetalization–cyclization
reaction of 1 with primary alcohols (Scheme 2). Thus, compound 1
heated in methanol or ethanol in the presence of 5 mol % of silver
nitrate leads to 1-alkoxy-3-phenyl-1H-pyrano[4,3-b]quinolines
(4a–b) in high yields. The process is highly regioselective leading
to the formation of the sole 6-endo-dig cyclization product.11 This
regioselectivity is in agreement with analogous reactions reported
in the literature and with our recent investigations.12

The biological activity of compounds 2a–f and 4a–b was stud-
ied in three whole-cell screening models: a representative panel
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Scheme 2. Reagents and conditions: (a) AgNO3 (5 mol %), ROH, reflux, 88% for 4a,
83% for 4b.

Table 1
In vitro antiproliferative activity against human solid tumor cellsa

Compd

HeLa (cervix) Ishikawa (endometrial)

2a 27 (±9.8) 15 (±7.4)
2b 38 (±5.2) 25 (±3.3)
2c 32 (±8.9) 31 (±3.6)
2d 5.6 (±2.4) 4.1 (±1.0)
2e 6.5 (±0.1) 17 (±0.6)
2f 6.1 (±0.9) 3.1 (±0.4)
4a >100 >100
4b >100 >100

a Values expressed as GI50 are given in lM and are means of two to six experiments,
of human solid tumor cell lines and a set of clinically relevant
microbial species. The selected microbes included 10 strains of
Gram-positive and Gram-negative bacteria, and five yeasts (Can-
dida spp.).

As a model for the anticancer activity we used the human solid
tumor cell lines HeLa (cervix), Ishikawa (endometrial), SW1573
(non-small cell lung), T-47D (breast), and WiDr (colon). The
in vitro antiproliferative activity was evaluated after 48 h of drug
exposure using the sulforhodamine B (SRB) assay.13 The results
expressed as GI50 (50% growth inhibition)14 values are shown in
Table 1.

Overall, the data shows that compounds 2a–f are active against
all cell lines with GI50 values in the range 3.1–71 lM. The most ac-
tive product of the series was 2f, with selectivity for HeLa, Ishikawa
and SW1573 cells. The lung cancer cell line was the most sensitive
to the compounds, followed by HeLa cells. In this particular con-
text, the presence of an aryl group on the side chain (2a–b, 2d) fa-
vors the antiproliferative activity in SW1573 cells. On the other
side, the breast and the colon cancer cell lines were less affected
by the exposure to the products. In contrast, compounds 4a–b
were inactive against the cell lines.

Compounds were screened against strains of the Gram-positive
Staphylococcus aureus and Enterococcus faecalis, the Gram-negative
Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa,
and against five Candida strains, namely Candida albicans, Candida
glabrata, Candida nivariensis, Candida krusei, and Candida parapsilo-
sis.15 All benzo[b][1,6]naphthyridines 2a–f were inactive against
the tested microbial strains. Better results were obtained for 2-alk-
oxy-1H-pyrano[4,3-b]quinolines 4a–b and are given in Table 2. In
particular, compound 4a was active only against one strain of S.
aureus (29 lM). More interestingly, compound 4b was active
against all microbial strains, with IC50 values in the range 4.5–
63 lM. The more resistant strains were Klebsiella, whilst the most
sensitive to 4b was the fungus C. krusei (4.5 lM). Moreover, analog
4b was able to inhibit the growth of EMRSA-16, an epidemic meth-
icillin resistant S. aureus responsible for a wide spectrum of dis-
eases, ranging from minor skin infections to fatal necrotizing
pneumonia.16 It is noteworthy that the substitution of a methyl
(4a) for an ethyl group (4b) produces such a change in the activity
profile.

Even though the results are preliminary, we found a clear trend
in the structure activity relationship. On the one hand,
benzo[b][1,6]naphthyridines 2a–f represent molecular scaffolds
with antiproliferative activity against human tumor cells. On the
other, the corresponding 1-alkoxy-1H-pyrano[4,3-b]quinolines
4a–b are candidates for further investigating antimicrobial activity.

In summary, we have developed a novel and fast synthetic
method for preparing 2-substituted 1,2-dihydro-3-phenyl-1-(tri-
chloromethyl)benzo[b][1,6]-naphthyridines by means of a three-
component reaction between 2-phenylethynylquinoline-3-carbal-
dehyde, primary aliphatic amines and chloroform. Our synthesized
Cell line (type)

SW1573 (lung) T-47D (breast) WiDr (colon)

5.1 (±1.4) 71 (±5.8) 46 (±4.7)
5.5 (±1.4) 60 (±13) 57 (±8.9)
46 (±8.2) 48 (±5.9) 42 (±3.4)
4.3 (±2.3) 54 (±9.4) 37 (±3.0)
31 (±5.4) 26 (±3.9) 20 (±0.2)
6.5 (±0.6) 15 (±0.7) 16 (±2.0)
>100 >100 >100
>100 >100 >100

standard deviation is given in parentheses.



Table 2
In vitro antimicrobial activity of compounds 4a–ba

Microbial strain Compound

4a 4b

Escherichia coli
ATCC 25922 >100 20 (±0.4)
ATCC 35218 >100 27 (±2.5)

Enterococcus faecalis
ATCC 29212 >100 25 (±3.1)

Klebsiella oxytoca
ATCC 700324 >100 63 (±2.1)

Klebsiella pneumoniae
ATCC 700603 >100 56 (±1.7)

Pseudomonas aeruginosa
ATCC 27853 >100 22 (±1.7)

Staphylococcus aureus
ATCC 25923 >100 20 (±0.6)
ATCC 29213 29 (±6.2) 23 (±0.7)
EMRSA-16 >100 17 (±2.6)
NRS 107 >100 24 (±1.5)

Candida albicans
ATCC 90028 >100 20 (±1.0)

Candida glabrata
ATCC 90030 >100 18 (±1.3)

Candida krusei
ATCC 6258 >100 4.5 (±1.6)

Candida nivariensis
5937-63 >100 16 (±1.1)

Candida parapsilosis
ATCC 22019 >100 20 (±0.6)

a Values expressed as IC50 are given in lM and are means of three to six experi-
ments, standard deviation is given in parentheses.
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benzo[b][1,6]naphthyridines showed relevant selectivity for fur-
ther development as candidates for cancer therapy. We also found
that 1-alkoxy-1H-pyrano[4,3-b]quinolines show as promising scaf-
folds for the development of antimicrobial agents, able to inhibit
the growth of clinically relevant microbial strains. Extension of
these investigations is currently underway and the results together
with the biological evaluation will be fully reported in due course.
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