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Abstract—Several 1,8-naphthyridine-3-carboxamide derivatives (8–23) were synthesized and tested for in vitro cytotoxicity against
eight cancer cell lines and a normal cell line. Compound 12 exhibited high cytotoxicity (IC50 = 1.37 lM) in HBL-100 (breast) cell line
while compounds 17 (IC50 = 3.7 lM) and 22 (IC50 = 3.0 lM) have shown high cytotoxicity in KB (oral) and SW-620 (colon) cell
lines, respectively. The synthesized 1,8-naphthyridine-3-carboxamides were also evaluated for anti-inflammatory and myeloprotec-
tive activities, indicated by modulation in cytokine and chemokine levels secreted by dendritic cells.
� 2007 Published by Elsevier Ltd.
Recently, quinolones and naphthyridine class of com-
pounds have been explored in cancer chemotherapy
and one molecule of naphthyridine class, namely SNS-
595, is presently in phase II clinical trial.1 SNS-595 acts
as a cell cycle modulator.1,2 However, a limited informa-
tion is available in the literature for the anticancer po-
tential of naphthyridine class of compounds. Most of
the chemical modifications were carried out at N-1, C-
5, C-6, and C-7 positions in 1,8-naphthyridines.1,3 The
C-3 position has not been well exploited. In order to
appreciate the actual utility of naphthyridines in cancer
chemotherapy and to understand structure–activity rela-
tionship, modification at C-3 in 1,8-naphthyridines is
required.
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In addition, 1,8-naphthyridine class of molecules has
been reported to exhibit potent anti-inflammatory activ-
ity.4,5 1,8-Naphthyridine-3-carboxamide derivatives
were assessed for anti-inflammatory and myeloprotec-
tive activity using an in vitro screening assay based on
murine bone marrow derived dendritic cells (DCs).
The extent of modulation in pro-inflammatory cytokine
and chemokine levels was taken as an indicator of anti-
inflammatory and myeloprotective activity.

In the present paper, we have designed 1,8-naphthyri-
dine-3-carboxamides where cyclic as well as open amino
acids have been introduced at C-3 position. These amino
acids may provide interaction with receptors and may
lead to biological response. The propargyl group was
introduced at N-1 position due to its hydrogen bonding
capability. In order to have low molecular weight deriv-
atives, the pyridine ring of 1,8-naphthyridine has been
remained either unsubstituted or substituted with small
groups such as halo or methyl group. Herein, we report
the synthesis, cytotoxicity, anti-inflammatory, myelo-
protective activity, and structure–activity relationship
of 1,8-naphthyridine-3-carboxamides (8–23).

Synthesis of 1,8-naphthyridine-3-carboxamide deriva-
tives (8–22) has been described in Scheme 1. The appro-
priate nicotinic acid 1 was treated with CDI in dry THF
and the resulting imidazolide solution was reacted with
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ethyl hydrogen malonate and methyl magnesium bro-
mide to give ketoester 2. Treatment of 2 with triethyl
orthoformate and acetic anhydride followed by the
addition of propargyl amine afforded the corresponding
ethyl nicotinoylacrylate 3. Compound 3 was cyclized by
K2CO3 in ethyl acetate to afford 1,8-naphthyridine-3-
carboxylate 4. The acidic hydrolysis of 4 provided the
corresponding acid derivative 5, which was converted
to carbonyl chloride derivative 6 with thionyl chloride.3

Compound 6 was reacted with suitable amino alcohol to
give compound 7. The 1-propargyl-1,8-naphthyridine-3-
carboxamide derivatives, 8 and 12, were prepared by
coupling of suitable derivative of 7 with 4R,5S-1-N-
(tert-butoxycarbonyl)-2,2-dimethyl-4-phenyl-5-oxazoli-
dine carboxylic acid6 in the presence of DCC and
DMAP.7 Using the same method as described for 8
and 12, compounds 9–11 and 13–20 were synthesized
from the reaction of 7 with commercially available
Boc-protected DD-amino acids. The oxazolidine ring of
compound 12 was opened with 20% TFA/DCM to pro-
vide compound 21, which was then converted to 22 with
di-tert-butylpyrocarbonate. Compound 23 was prepared
in two steps starting from 7 as shown in Scheme 2. The
displacement of 7-Cl in compound 7 by 3-methylpiperi-
dine was performed by using K2CO3 as a base to
provide compound 7a, which was coupled with Boc-DD-
proline, as described for 8–20, to give compound 23.
The 1,8-naphthyridine-3-carboxamide derivatives 8–20
are listed in Table 1.

Results and discussion. The 1,8-naphthyridine-3-carbox-
amide derivatives (8–23) were tested for in vitro cytotox-
icity in eight tumor cell lines and IC50 values were
calculated in micromole (lM).8,9 The human tumor cell
lines used in the study were ovary (PA-1), prostate
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Scheme 1.
(DU145), oral (KB), colon (SW-620), breast (HBL-
100), lung (A-549), pancreas (MiAPaCa2), and leukemia
(K562) cancers. Compounds 8–23 were also screened
against normal mouse fibroblast (NIH3T3) cell line to
evaluate their cancer cell specificity (safety index).8 The
cytotoxicity data are given in Table 2.

Except compound 10, none of the unsubstituted 1,8-
naphthyridine-3-carboxamides (8–11) have shown cyto-
toxicity. Compound 10 exhibited cytotoxicity in PA-1
and KB cell lines. The 7-chloro naphthyridines (12–16)
were found to be better than unsubstituted naphthyri-
dines (8–11). Compound 12, containing oxazolidine
ring, was found to be the most potent derivative as it
exhibited high cytotoxicity (IC50 = 1.37 lM) in HBL-
100 cell line and was also found to be active in SW-
620 and PA-1 cell lines. Compounds having proline
(13) and alanine (16) substituent showed cytotoxicity
in HBL-100 cell line. Compound 13 also showed cyto-
toxicity in MIAPaCa 2 cell line. Based on the above re-
sults, several analogs, related to active compounds 12,
13, and 16, were further designed and synthesized to im-
prove the cytotoxicity.

Upon replacing the 7-chloro group in compound 13 with
methyl group (compound 17), activity in HBL-100 cell
line was lost but was found to be most potent in KB cell
line (IC50 = 3.7 lM). It seems that nature of group present
in pyridine ring in naphthyridine-3-carboxamides plays a
vital role in eliciting cytotoxicity profile. On the other
hand, by replacing propyl spacer with isopropyl (com-
pound 18) in compound 13, cytotoxicity profile has been
changed. Compound 18 was found to be more than 2-fold
less cytotoxic in HBL-100 than compound 13 but exhib-
ited activities in PA-1, KB, and SW-620 cell lines. It indi-
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Table 1. 1,8-Naphthyridine-3-carboxamide derivatives (8–20)

Compound X Y R

8 H –(CH2)3–

O

NBoc
Ph R

S

9 H –(CH2)3–

Boc
N

10 H –(CH2)3– –CH2–NHBoc

11 H –(CH2)3–

NHBoc

CH3H3C

12 7-Cl –(CH2)3–

O

NBoc
Ph R

S

13 7-Cl –(CH2)3–

Boc
N

14 7-Cl –(CH2)3– –CH2–NHBoc

15 7-Cl –(CH2)3–

NHBoc

CH3H3C

16 7-Cl –(CH2)3–
CH3

NHBoc

17 7-CH3 –(CH2)3–

Boc
N

18 7-Cl
CH3

S Boc
N

19 7-Cl
CH3

S

CH3

NHBoc

20 7-CH3
CH3

S Boc
N
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cates that spacer has also played an important role in
determining cytotoxic profile. When the 7-chloro group
in compound 13 was replaced by 3-methylpiperidine
(compound 23), cytotoxicity was lost. As described in
the activity profile for compound 18, upon replacing the
propyl spacer with isopropyl (compound 19) in com-
pound 16, a similar cytotoxic profile was obtained except
in SW-620 cell line. Compound 19 was 2-fold less cyto-
toxic than 16 in HBL-100 but exhibited cytotoxicity in
PA-1 and KB cell lines. On the other hand, when oxazol-
idine ring in compound 12 was opened (compound 21),
activity was lost. Further, upon converting amine group
in compound 21 to its Boc derivative 22, activity HBL-
100 was lost but was found to be highly potent in SW-
620 cell lines (IC50 = 3.0 lM).

It reveals that 1,8-naphthyridine-3-carboxamides, in
general, exhibited cytotoxicity in oral, colon, and breast
cancers and the nature of group present in pyridine ring
and the spacer, in particular, determined cytotoxicity
profile. It was also interesting to note that 1,8-naph-
thyridine-3-carboxamides, in general, have shown good
safety index as well. However, compounds 12, 18, and
22 are under further biological evaluation.

Anti-inflammatory activity. 1,8-Naphthyridine-3-carbox-
amide derivatives (8–23) were able to downregulate the
levels of LPS stimulated TNF-a, IL-1b and IP-10 se-
creted by DCs that were identified to have potential
anti-inflammatory activity. The downregulation of cyto-
kine and chemokine levels by >25% was considered as
significant.10,11

Figure 1 shows the downregulation of a key pro-inflam-
matory cytokine TNF-a by selected molecules. Com-
pounds 12, 13, 14, and 22 exhibit >50% TNF-a
inhibition at 1 lg/ml, reflecting significant anti-inflam-
matory activity. Compound 13 shows a remarkable
downregulation of TNF-a activity even at 0.1 lg/ml.
Out of these few selected compounds, 13, 14, and 22
demonstrate a significant inhibition of IP-10 activity,
as shown in Figure 2. In addition, compounds 8, 12,
and 21 exhibited >50% IL-1b inhibitory activity (Fig. 3).

The downregulation of TNF-a, IL-1b, and IP-10 levels
by compounds 8, 12, 13, 14, 16, 21, and 22 suggests po-
tential anti-inflammatory activity.

1,8-Naphthyridine-3-carboxamides (8–23) with poten-
tial myeloprotective activity were identified by evaluat-
ing modulation in MIP-1-a, CCL-22, and TNF-a from
basal levels secreted by DCs, when incubated with these
molecules.12



Table 2. In vitro cytotoxicity of 1,8-naphthyridine-3-carboxamide derivatives (8–23)

Compound IC50 (lM)

PA-1

(ovary)

DU-145

(prostate)

KB

(oral)

SW-620

(colon)

HBL-100

(breast)

A-549

(lung)

Miapaca

(pancreas)

K-562 (leukemia) NIH3T3

(normal fibroblast)

10 9.0 >10 7.0 >10 >10 >10 >10 >10 >10

12 6.0 >10 >10 3.96 1.37 >10 >10 >10 >10

13 >10 >10 >10 >10 3.7 >10 7.6 >10 8.4

16 >10 >10 >10 >10 5.4 >10 >10 >10 9.2

17 >10 >10 3.7 >10 >10 >10 >10 >10 >10

18 5.2 >10 6.6 3.3 8.4 >10 >10 >10 >10

19 4.9 >10 8.3 >10 >10 >10 >10 >10 >10

22 >10 >10 >10 3.0 >10 >10 >10 >10 7.84
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Figure 1. Anti-inflammatory activity of selected 1,8-naphthyridine-3-

carboxamide derivatives as a measure of TNF-a downregulation. %

change in TNF-a was calculated with reference to LPS stimulated

levels secreted by murine DCs.
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Figure 2. IP-10 downregulation (% change calculated with reference to

LPS stimulated levels secreted by DCs) by selected 1,8-naphthyridine-

3-carboxamide derivatives.
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Figure 3. IL-1-b downregulation (% change calculated with reference

to LPS stimulated levels secreted by DCs) by selected 1,8-naphthyri-

dine-3-carboxamide derivatives.

Compound No.

-50
0

50
100

150
200
250
300

13 14 16

%
 c

h
an

g
e
1ug/ml

0.1ug/ml

Figure 4. Upregulation of MIP-1-a levels (% change calculated with

reference to basal levels secreted by DCs) by selected 1,8-naphthyri-

dine-3-carboxamide derivatives with potential myeloprotective

activity.
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Figure 5. CCL-22 downregulation (% change calculated with reference

to basal levels secreted by DCs) by selected 1,8-naphthyridine-3-

carboxamide derivatives.

Compound No.

-80

-60

-40

-20

0
13 14 16

%
ch

an
g

e

1ug/ml

0.1ug/ml

Figure 6. TNF-a downregulation of selected 1,8-naphthyridine-3-

carboxamide derivatives with potential myeloprotective activity. %

change in TNF-a was calculated with reference to basal levels secreted

by DCs.
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Figure 4 demonstrates MIP-1-a upregulation by selected
compounds 13, 14, and 16, suggesting significant myelo-
protective activity. Also, compounds 13, 14, and 16 were
able to downregulate CCL-22 and TNF-a as shown in
Figures 5 and 6, respectively. Endogenous upregulation
of MIP-1-a under the influence of proposed 1,8-naph-
thyridine-3-carboxamide derivatives is also likely to ex-
ert similar myeloprotective effects.
In addition, these molecules showing a downregula-
tion of TNF-a from basal levels (Fig. 6) were
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predicted to have lower tissue toxicity due to reduced
probability of TNF-a induced inflammation leading to
tissue damage.
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