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Abstract—The 6,11-dihydro-pyridazo[2,3-b]phenazine-6,11-dione and 6,11-dihydro-pyrido[2,3-b]phenazine-6,11-dione derivatives
were synthesized from 6,7-dichloro-5,8-phthalazinedione and 6,7-dichloro-5,8-quinolinedione, respectively, producing a series of
new anticancer drugs. The cytotoxic activities of the prepared compounds were evaluated by a SRB (Sulforhodamine B) assay
against the following tumor cell lines: A459 (human lung), SK-OV-3 (human ovarian), SK-MEL-2 (human melanoma), XF498
(human CNS), and HCT 15 (human colon). Almost all the derivatives of the 6,11-dihydro-pyridazo[2[,3-b]phenazine-6,11-dione
and 6,11-dihydro-pyrido[2,3-b]phenazine-6,11-dione, tetracyclic heteroquinone analogues with four or three nitrogen atoms,
exhibited excellent cytotoxicity on almost all the human tumor cell lines tested. Specifically, 6,11-dihydro-pyridazo[2,3-b]phenazine-
6,11-dione (4a) exhibited potent activity against all the tumor cell lines, and in particular, its cytotoxic effect against HCT 15
(ED50=0.004 mg/mL) was 25 times greater than that of doxorubicin (ED50=0.093 mg/mL).
# 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Heterocyclic quinones containing nitrogen atoms are
known to possess excellent antitumor1,2 and other bio-
logical activities.3�5 In addition, it has been proposed
that the cytotoxic mechanism of action is that they act
as a topoisomerase inhibitor via a DNA-intercalation.6�8

According to Moore and Pindure’s thesis,9,10 in order
for a compound to be a DNA-intercalator, the structure
should have a planar tetaracyclic ring and p-conjugated
ketone groups containing a nitrogen atom, which
enables hydrogen bonding with the DNA. Moreover,
Johnson et al. reported that the presence and position of
a nitrogen atom are important for determining the
redox potential of the quinone moiety and have
the ability to effect DNA strand cleavage, and the intro-
duction of a second nitrogen atom increases both.11

In a previous paper,12 6,11-dihydro-pyrido[2,3-b]phena-
zine-6,11-dione derivatives were synthesized and some
exhibited excellent cytotoxicity against the human CNS
tumor cell lines. As a continuous effort to develop novel
anticancer agents, based on nitrogen-containing hetero-
cyclic quinones, 6,7-dichloro-5,8-phthalazinedione (1),
which have a second nitrogen atom in the 6,7-dichloro-
5,8-quinolinedione (5), could be an useful intermediate.
Based on these considerations, a series of 6,11-dihydro-
pyridazo[2,3-b]phenazine-6,11-dione (4a–g), tetracyclic
heteroquinone analogues with four nitrogen atoms, and
a series of 6,11-dihydro-pyrido[2,3-b]phenazine-6,11-dione
(9a–f),13 starting from 6,7-dichloro-5,8-quinolinedione
(5), were newly designed and synthesized. The prepared
compounds were evaluated for their cytotoxic activity
using a SRB (Sulforhodamine B) assay14,15 against the
following cancer cell lines: A459 (human non-small cell
lung), SK-OV-3 (human ovarian), SK-MEL-2 (human
melanoma), XF498 (human CNS), and HCT 15 (human
colon). Their activities were compared with other clini-
cally available anticancer agents, such as, doxorubicin.
2. Results and discussion

2.1. Synthetic chemistry

6,7-Dichloro-5,8-phthalazinedione (1), which was pre-
pared according to the literature,16 was reacted with
several aryl amines, to give the 6-arylamino-7-chloro-
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5,8-phthalazinediones (2a–g). In analogy, 6,7-dichloro-
5,8-quinolinedione (5), prepared according to the litera-
ture,17 was reacted with several arylamines, to give the
6-arylamino-7-chloro-5,8-quinolinediones (7a–f). 6,7-
Dichloro-5,8-quinolinedione (5) has two asymmetric
chlorine atoms at the C6 and C7 positions. When com-
pound 5 reacts with arylamines, it is thought that the C6
and/or C7 position of the compound can be substituted.
With the addition of CeCl3.7H2O, the electron density
of C-6 can be reduced, so that preferential nucleophilic
substitution takes place at the C-6 position due to che-
late-complex forming of the Ce (III) with the oxygen
atom at the C-8 position (6, Scheme 2). The synthesized
6-arylamino-7-chloro-derivatives (2a–g and 7a–f) were
reacted with sodium azide in DMF at 90–95 �C to give
6,11-dihydro-pyridazo[2,3-b]phenazine-6,11-dione deri-
vatives (4a–g) and 6,11-dihydro-pyrido[2,3-b]phenazine-
6,11-dione derivatives (9a–f), respectively. The overall
synthetic method is outlined in Schemes 1 and 2.

In the reaction of 6-arylamino-7-chloro-derivatives (2a–
g and 7a–f) with sodium azide, the reaction concen-
tration was a very important point and if reacted in high
concentration, the yield is much lower. Therefore, the
reaction was conducted at a 0.02 molar concentration.
It is assumed that the intramolecular and intermolecular
reaction were entered into competition after the forma-
tion of 6-arylamino-7-azido-5,8-phthalazinedione (3) or
6-arylamino-7-azido-5,8-quinolinedione (8). The struc-
ture was identified by NMR and IR analysis and there
was no doubt about the structure because X-ray crystal-
lographic analysis of 6,11-dihydro-3-ethoxy-pyrido[2,3-
b]phenazine-6,11-dione was carried out previously.12

2.2. In vitro antitumor activity evaluation by SRB assay

The prepared 6,7-dichloro-5,8-phthalazinedione (1),
6-arylamino-7-chloro-5,8-phthalazinedione (2a–g), 6,11-
dihydro-pyridazo[2,3-b]phenazine-6,11-dione (4a–g),
and 6,11-dihydro-pyrido[2,3-b]phenazine-6,11-dione (9a–
9f) were evaluated for their cytotoxic activity against the
cancer cell lines at the Korea Research Institute of
Chemical Technology using a sulforhodamine B (SRB)
assay.14,15 This method was developed to measure the
cellular culture protein concentration, and involved
the tumor cell lines representing the five different cancer
types, namely, A549 (human non-small cell lung), SK-
OV-3 (human ovarian), SK-MEL-2 (human mela-
noma), XF 498 (human CNS), and HCT 15 (human
colon). The cells were maintained as stocks in RPMI
1640 (Gibco) supplemented with 10% fetal bovine
serum (Gibco). The cultures were passaged once or
twice per week using trypsin-EDTA in order to detach
the cells from their culture flasks.

The rapidly growing cells were harvested, counted, and
incubated at the required concentration (1–2�104 cells/
well) in 96-well micro plates. After incubation for 24 h,
Scheme 1.
Scheme 2.
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the compounds, which were dissolved in the culture
medium, were applied to the culture wells in triplicate
and incubated for 48 h at 37 �C under a 5% CO2 atmos-
phere. The cultures were fixed with cold TCA and
stained with 0.4% SRB dissolved in 1% acetic acid.
After dissolving the bound stain with 100 mL of the
unbuffered tris base solution (pH 10.5) using a gyratory
shaker, the absorbance at 520 nm was measured using a
microplate reader (Molecular Devices E-max, Sunny-
vale, USA). The cytotoxic activity was evaluated by
measuring the concentration needed to inhibit protein
synthesis by 50% (i.e., ED50). Each value shown in
Table 1 represents the mean of triplicate experiments.

The 6,11-dihydro-pyridazo[2,3-b]phenazine-6,11-diones
(4a–g) and 6,11-dihydro-pyrido[2,3-b]phenazine-6,11-
diones (9a–f), tetracyclic heteroquinone analogues with
four or three nitrogen atoms exhibited excellent cyto-
toxicity towards almost all the human tumor cell lines
tested. In particular, the cytotoxicity of the 6,11-dihydro-
pyridazo[2,3-b]phenazine-6,11-diones (4a–g) against
human colon tumor cells (HCT 15) (ED50= 0.004–
0.014 mg/mL) was 9–25 times greater than that of
doxorubicin (ED50=0.093 mg/mL). Also the ED50 values
(0.007–0.061 mg/mL) of the 6,11-dihydro-pyrido[2,3-
b]phenazine-6,11-diones (9a–f) to human ovarian tumor
cells (SK-OV-3) were approximately 3–22 lower than that
of doxorubicin (ED50=0.160 mg/mL). In addition, the
6,11-dyhydro-pyridazo[2,3-b]phenazine-6,11-dione (4a)
and 6,11-dyhydro-pyrido[2,3-b]phenazine-6,11-dione
(9a), which have no substituent (R1=R2=R3=H,
Schemes 1 and 2), exhibited a much greater cytotoxic
activity upon the growth of all the human tumor cell
lines tested in vitro than those of doxorubicin. Further-
more, the antitumor activities were considerably
enhanced, as more heterocyclic rings were annulated to
the heteroquinone ring. For example, the ring-closed
compounds 4a–g, which contains of four coplanar
annulated heterocyclic rings, exhibited better antitumor
activity than 6-arylamino-7-chloro-5,8-phthalazine-
diones (2a–g).

However, the concept that there is an increasing cyto-
toxic effect with more nitrogen atoms did not corre-
spond to this study on the cytotoxicity. When compared
the cytotoxicities between the 6,11-dyhydro-pyridazo[2,3-
b]phenazine-6,11-diones (4a–g) and 6,11-dyhydro-pyr-
ido[2,3-b]phenazine-6,11-diones (9a–f), it was hard to
determine which one is more potent. In general, com-
pounds 4a–g, with four nitrogen atoms, showed espe-
cially potent cytotoxicities against SK-MEL-2 and HCT
15 and compounds 9a–f, with three nitrogen atoms,
exhibited potent activities against SK-OV-3 and XF
498.
3. Conclusion

6,7-Dichloro-5,8-phthalazinedione (1) and 6,7-dichloro-
5,8-quinolinedione (5) were reacted with several aryl
amines to give the 6-arylamino-7-chloro-5,8-phthalazi-
nediones (2a–g) and 6-arylamino-7-chloro-5,8-quinoli-
nedione (7a–f). The synthesized 6-arylamino-7-chloro-
derivatieves (2a–g and 7a–f) were reacted with sodium
azide via an intramolecular cyclization, to yield the
6,11-dihydro-pyridazo[2,3-b]phenazine-6,11-diones (4a–
g) and 6,11-dihydro-pyrido[2,3-b]phenazine-6,11-diones
(9a–f), respectively.

The cytotoxicity of the prepared compounds was eval-
uated by a SRB assay versus doxorubicin. The 6,11-
dihydro-pyridazo[2,3-b]phenazine-6,11-diones (4a–g)
and 6,11-dihydro-pyrido[2,3-b]phenazine-6,11-diones (9a–
f), tetracyclic heteroquinone analogues with four or
three nitrogen atoms exhibited excellent cytotoxicity
towards almost all the human tumor cell lines tested.
The ring-closed compounds, 6,11-dihydro-pyridazo[2,3-
b]phenazine-6,11-diones (4a–g) that consist of four
coplanar annulated heterocyclic rings, showed a better
antitumor activity than the 6-arylamino-7-chloro-5,8-
phthalazinediones (2a–g).
4. Experimental

4.1. Materials and methods

All melting points were taken in Pyrex capillaries using
electrothermal digital melting point apparatus (Buechi)
and were not corrected. The IR spectra were recorded
on a FT-Infrared spectrometer (Bio-Rad. Co., USA)
using KBr pellet. 1H NMR spectra were recorded on a
400MHz Varian FT-NMR spectrometer facility by
using trimethylsilane as an internal standard. Samples
were dissolved in acetone-d6, DMSO-d6 or CDCl3. Ele-
mental analyses were performed using Thermo Quest
(CE Instruments) EA 1110. Most of the reagents were
purchased from Aldrich Chemical Company and Merck
Company.
Table 1. In vitro anticancer activity against human lung tumor cell

line (A549), human ovarian tumor cell line (SK-OV-3), human mela-

noma tumor cell line (SK-MEL-2), human CNS tumor cell line (XF

498), and human colon tumor cell line (HCT 15)
Compd
 ED50 (mg/mL)
A549
 SK-OV-3
 SK-MEL-2
 XF 498
 HCT 15
Doxorubicin
 0.095
 0.16
 0.079
 0.34
 0.093

1
 0.98
 1.69
 0.22
 2.71
 0.34

2a
 0.44
 0.4
 0.31
 0.32
 0.28

2b
 5.61
 2.18
 2.06
 3.96
 3.86

2c
 2.59
 2.3
 0.85
 2.37
 1.59

2d
 7.38
 2.44
 1.52
 4.08
 2.36

2e
 2.55
 1.66
 0.86
 2.58
 1.87

2f
 3.47
 1.62
 2.43
 7.26
 4.65

4a
 0.061
 0.081
 0.019
 0.116
 0.004

4b
 0.156
 0.097
 0.037
 0.106
 0.005

4c
 0.167
 0.091
 0.072
 0.106
 0.007

4d
 0.095
 0.102
 0.031
 0.106
 0.006

4e
 0.179
 0.131
 0.048
 0.172
 0.008

4f
 0.128
 0.204
 0.031
 0.172
 0.007

4g
 0.067
 0.17
 0.042
 0.361
 0.014

9a
 0.028
 0.007
 0.026
 0.041
 0.027

9b
 0.047
 0.008
 0.052
 0.037
 0.062

9c
 0.028
 0.007
 0.039
 0.03
 0.031

9d
 0.047
 0.061
 0.104
 0.188
 0.062

9e
 0.033
 0.007
 0.041
 0.071
 0.021

9f
 0.237
 0.052
 0.052
 0.188
 0.217
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4.2. Synthesis

4.2.1. General procedure for the preparation of 6-Aryl-
amino-7-chloro-5,8-phthalazinediones (2a–g). Arylamine
(4.37 mmol) was added to a solution of 6,7-dichloro-
5,8-phthalazinedione (500 mg, 2.19 mmol) in ethanol
(20 mL) and stirred at the room temperature. The reac-
tion mixture was cooled and then filtered. The filtered
precipitate was crystallized from 95% ethanol.

4.2.2. 6-Phenylamino-7-chloro-5,8-phthalazinedione (2a).
The general procedure was followed for 20 h with ani-
line (0.4 mL, 4.37 mmol) and the filtered precipitate was
crystallized from ethanol to give 600 mg (96%) of pur-
ple powder. Mp: 245–246 �C; IR (KBr, cm�1): 1553,
1684 (C¼O), 3289 (s, NH); 1H NMR (CDCl3, d): 9.93
(s, 1H), 9.78 (s, 1H), 7.72 (br. s, 1H), 7.40 (t, J=7.6 Hz,
2H), 7.30 (t, J=7.6 Hz, 1H), 7.11 (d, J=7.6 Hz, 2H).

4.2.3. 6-(4-Methylphenylamino)-7-chloro-5,8-phthalazine-
dione (2b). The general procedure was followed for 18 h
with p-toluidine (468 mg, 4.37 mmol) and the filtered
precipitate was crystallized from ethanol to give 610 mg
(93%) of purple powder. Mp: 218–219 �C; IR (KBr,
cm�1): 1552, 1686 (C¼O), 3219 (s, NH); 1H NMR
(CDCl3, d): 9.85 (d, J=0.8 Hz, 1H), 9.70 (d, J=0.8 Hz,
1H), 7.63 (br, s, 1H), 7.12 (d, J=8.4 Hz, 2H), 6.94 (d,
J=8.4 Hz, 2H), 2.32 (s, 3H).

4.2.4. 6-(4-Methoxyphenylamino)-7-chloro-5,8-phthalazi-
nedione (2c). The general procedure was followed for
22 h with p-anisidine (538 mg, 4.37 mmol), and the fil-
tered precipitate was crystallized from ethanol to give
640 mg (93%) of red brown powder. Mp: 179–180 �C;
IR (KBr, cm�1): 1552, 1637, 1681 (C¼O), 3289 (s, NH);
1H NMR (CDCl3, d): 9.85 (d J=0.8 Hz, 1H), 9.70 (d,
J=0.8 Hz, 1H), 7.60 (br s, 1H), 7.00 (dd, J=6.8 and 2.4
Hz, 2H), 6.84 (dd, J=6.8 and 2.4 Hz, 2H), 3.78 (s, 3H).

4.2.5. 6-(4-Ethylphenylamino)-7-chloro-5,8-phthalazine-
dione (2d). The general procedure was followed for 19
h with 4-ethylanilne (529 mg, 4.37 mmol), and the fil-
tered precipitate was crystallized from ethanol to give
650 mg (95%) of purple powder. Mp: 152–153 �C; IR
(KBr, cm�1): 1552, 1686 (C¼O), 3213 (s, NH); 1H
NMR (CDCl3, d): 9.90 (d, J=1.2 Hz, 1H), 9.74 (d,
J=1.2 Hz, 1H), 7.66 (br s, 1H), 7.19 (d, J=8.4 Hz, 2H),
7.01 (d, J=8.4 Hz, 2H), 2.66 (q, J=7.6 Hz, 2H), 1.24 (t,
J=7.6 Hz, 3H).

4.2.6. 6-(4-Ethoxyphenylamino)-7-chloro-5,8-phthalazine-
dione (2e). The procedure was followed for 18 h with
p-phenetidine (599 mg, 4.37 mmol), and the filtered
precipitate was crystallized from ethanol to give 690 mg
(96%) of red brown powder. Mp: 191–192 �C; IR (KBr,
cm�1): 1520, 1553, 1639, 1695 (C¼O), 3257 (s, NH); 1H
NMR (CDCl3, d): 9.89 (d, J=1.2 Hz, 1H), 9.73 (d,
J=1.2 Hz, 1H), 7.64 (br s, 1H), 7.04 (dd, J=6.8 and 2.0
Hz, 2H), 6.86 (dd, J=6.8 and 2.0 Hz, 2H), 4.04 (q,
J=6.8 Hz, 2H), 1.42 (t, J=6.8 Hz, 3H).

4.2.7. 6-(4-n-Propylphenylamino)-7-chloro-5,8-phthalazi-
nedione (2f). The procedure was followed for 18 h with
4-n-propylaniline (0.65 mL, 4.37 mmol), and the filtered
precipitate was crystallized from ethanol to give 680 mg
(95%) of red brown powder. Mp: 146–147 �C; IR (KBr,
cm�1): 1552, 1632, 1686 (C¼O), 3207 (s, NH); 1H NMR
(CDCl3, d): 9.89 (d, J=1.2 Hz, 1H), 9.74 (d, J=1.2 Hz,
1H), 7.67 (br s, 1H), 7.16 (d, J=8.4 Hz, 2H), 7.00 (d,
J=8.4 Hz, 2H), 2.60 (t, J=7.2 Hz, 2H), 1.61–1.66 (m,
2H), 0.93 (t, J=6.8 Hz, 3H).

4.2.8. 6-(4-n-Butylphenylamino)-7-chloro-5,8-phthalazine-
dione (2g). The procedure was followed for 21 h with 4-
n-butylaniline (0.96 mL, 4.37 mmol), and the filtered
precipitate was crystallized from ethanol to give 700 mg
(94%) of purple powder. Mp: 153–154 �C; IR (KBr,
cm�1): 1552, 1687 (C¼O), 3213 (s, NH); 1H NMR
(CDCl3, d): 9.89 (d, J=1.2 Hz, 1H), 9.74 (d, J=1.2 Hz,
1H), 7.67 (br s, 1H), 7.16 (d, J=8.4 Hz, 2H), 7.00 (d,
J=8.4 Hz, 2H), 2.60 (t, J=7.2 Hz, 2H), 1.61–1.66 (m,
2H), 0.93 (t, J=6.8 Hz, 3H).

4.2.9. General procedure for the preparation of 6,11-Di-
hydro-pyridazo[2,3-b]phenazine-6,11-diones (4a–g). To
the solution of 2a–g (2.0 mmol) in DMF (100 mL),
sodium azide (200 mg, 3.08 mmol) which was suspended
in little amount of distilled water, was added. The mix-
ture was heated at 90–95 �C on a steam bath overnight.
The reaction mixture was cooled, the filtered precipitate
was extracted with ethylacetate. The organic layer was
washed with water, dried with anhydrous MgSO4, con-
centrated, and then the residue was purified by recrys-
tallization or column chromatography.

4.2.10. 6,11-Dihydro-pyridazo[2,3-b]phenazine-6,11-dione
(4a). The general procedure was followed for 26 h with
6-phenylamino-7-chloro-5,8-phthalazionedione 2a (570
mg, 2.0 mmol), and the concentrated residue was pur-
ified by recrystallization with methanol to give 150 mg
(23%) of dark brown powder. Mp: >300 �C; 1H NMR
(DMSO-d6): d 9.36 (s, 2H), 7.71 (m, 2H), 7.31 (m, 2H);
IR (CH2Cl2) 1697 cm�1. Anal. calcd for C14H6N4O2 : C,
64.12; H, 2.31; N, 21.37. Found: C, 63.62; H, 2.50; N,
20.71.

4.2.11. 6,11-Dihydro-2-methyl-pyridazo[2,3-b]phenazine-
6,11-dione (4b). The general procedure was followed for
25 h with 6-(4-methylphenylamino)-7-chloro-5,8-phtha-
lazinedione 2b (600 mg, 2.0 mmol), and the con-
centrated residue was purified by recrystallization with
ethanol to give 93 mg (16.3%) of dark brown powder.
Mp: >300 �C; IR (KBr, cm�1): 1703 (C¼O); 1H NMR
(DMSO-d6, d): 9.99 (s, 2H), 8.32 (d, J=8.4 Hz, 1H),
8.22 (br s, 1H), 7.99 (dd, J=8.4 and 1.6 Hz, 1H), 2.65
(s, 3H). Anal. calcd (C15H8N4O2): C, 65.22; H, 2.92; N,
20.28. Found: C, 64.92; H, 2.95; N, 19.84.

4.2.12. 6,11-Dihydro-2-methoxy-pyridazo[2,3-b]phena-
zine-6,11-dione (4c). The general procedure was fol-
lowed for 26 h with 6-(4-methoxyphenylamino)-7-
chloro-5,8-phthalazinedione 2c (630 mg, 2.0 mmol), and
the concentrated residue was purified by recrystalliza-
tion with ethanol to give 110 mg (19%) of brown pow-
der. Mp: >300 �C; IR (KBr, cm�1): 1692 (C¼O); 1H
NMR (DMSO-d6, d): 9.97 (s, 2H), 8.31 (d, J=9.2 Hz,
1626 H.-J. Lee et al. / Bioorg. Med. Chem. 12 (2004) 1623–1628



1H), 7.75–.82 (m, 2H), 4.04 (s, 3H). Anal. calcd
(C15H8N4O3): C, 61.65; H, 2.76; N, 19.17. Found: C,
61.31; H, 2.78; N, 18.81.

4.2.13. 6,11-Dihydro-2-ethyl -pyridazo[2,3-b]phenazine-
6,11-dione (4d). The general procedure was followed for
30 h with 6-(4-ethylphenylamino)-7-chloro-5,8-phthala-
zinedione 2d (630 mg, 2.0 mmol), and the concentrated
residue was purified by column chromatography (hex-
ane/ethylacetate/methanol, 10:10:1) to give 80 mg
(14%) of yellow powder. Mp: >300 �C; IR (KBr,
cm�1): 1697 (C¼O); 1H NMR (DMSO-d6, d): 10.03 (s,
2H), 8.38 (d, J=8.8 Hz, 1H), 8.26 (br s, 1H), 8.08 (br d,
J=8.8 Hz, 1H), 2.99 (q, J=7.6 Hz, 2H), 1.37 (t, J=7.6
Hz, 3H). Anal. calcd (C16H10N4O2): C, 66.20; H, 3.47;
N, 19.30. Found: C, 65.87; H, 3.36; N, 18.98.

4.2.14. 6,11-Dihydro-2-ethoxy-pyridazo[2,3-b]phenazine-
6,11-dione (4e). The general procedure was followed for
20 h with 6-(4-ethoxyphenylamino)-7-chloro-5,8-phtha-
lazinedione 2e (660 mg, 2.0 mmol), and the con-
centrated residue was purified by recrystallization with
hexane and ethylacetate to give 210 mg (34%) of yellow
powder. Mp: >300 �C; IR (KBr, cm�1): 1703 (C¼O);
1H NMR (DMSO-d6, d): 10.01 (s, 2H), 8.33 (d, J=9.2
Hz, 1H), 7.71–7.95 (m, 2H), 4.37 (q, J=6.9 Hz, 2H),
1.47 (t, J=6.9 Hz, 3H). Anal. calcd (C16H10N4O3): C,
62.74; H, 3.29; N, 18.29 Found: C, 63.19; H, 3.26; N,
18.06.

4.2.15. 6,11-Dihydro-n-propyl-pyridazo[2,3-b]phenazine-
6,11-dione (4f). The general procedure was followed for
22 h with 6-(4-n-propylphenylamino)-7-chloro-5,8-phtha-
lazinedione 2f (660 mg, 2.0 mmol), and the concentrated
residue was purified by column chromatography (hex-
ane/ethylacetate/methanol, 5:5:1) to give 120 mg (20%)
of dark yellow powder. Mp: >300 �C; IR (KBr, cm�1):
1703 (C¼O); 1H NMR (DMSO-d6, d): 9.99 (s, 2H), 8.33
(d, J=8.8 Hz, 1H), 8.21 (br s, 1H), 8.03 (br d, J=8.8
Hz, 1H), 2.90 (t, J=7.6 Hz. 2H), 1.75 (m, 2H), 0.94 (t,
J=7.2 Hz, 3H). Anal. calcd (C17H12N4O2): C, 67.10; H,
3.97; N, 18.41. Found: C, 67.09; H, 4.06; N, 18.57.

4.2.16. 6,11-Dihydro-2-n-butyl-pyridazo[2,3-b]phenazine-
6,11-dione (4g). The general procedure was followed
for 28 h with 6-(4-n-butylphenylamino)-7-chloro-5,8-
phthalazinedione 2g (680 mg, 2.0 mmol), and the con-
centrated residue was purified by column chromato-
graphy (hexane/ethylacetate, 1:9) to give 140 mg (22%)
of yellow brown powder. Mp: >300 �C; IR (KBr,
cm�1): 1699 (C¼O); 1H NMR (DMSO-d6, d): 9.99 (s,
2H), 8.33 (d, J=8.8 Hz, 1H), 8.21 (br s, 1H), 8.03 (br d,
J=8.8 Hz, 1H), 2.93 (t, J=7.6 Hz, 2H), 1.71 (m, 2H),
1.34 (m, 2H), 0.91 (t, J=7.2 Hz, 3H). Anal. calcd
(C18H14N4O2): C, 67.91; H, 4.43; N, 17.60. Found: C,
68.01; H, 4.42; N, 17.61.

4.2.17. General procedure for the preparation of 6-Aryl-
amino-7-chloro-5,8-quinolinediones (7a–f). Arylamine
(5.0 mmol) was added to a mixture of 6,7-dichloro-5,8-
naphthoquinone (1.14g, 5.0 mmol) and CeCl3.7H2O
(cerium chloride hepatahydrate) (0.5 g) in ethanol (100
mL) and heated under reflux. The reaction mixture was
cooled and then filtered. The filtered precipitation was
crystallized from 95% ethanol.

4.2.18. 6-Phenylamino-7-chloro-5,8-quinolinedione (7a).
This compound was synthesized as described in the lit-
erature.13 Mp: 204 �C; IR (KBr, cm�1): 1694 (C¼O),
3233 (s, NH); 1H NMR (Acetone-d6, d): 9.0 (d, 1H,
–CH, C2), 8.5 (br. s, 1H, –NH), 8.4 (d, 1H, –CH, C4),
7.8 (dd, 1H, –CH, C3), 7.4 (t, 2H, phenyl), 7.1 (m, 3H,
phenyl).

4.2.19. 6-(3-Methylphenylamino)-7-chloro-5,8-quinoline-
dione (7b). The general procedure was followed for 5.5
h using 3-methylaniline (0.54 mL, 5.0 mmol), and the
filtered precipitate was crystallized from ethanol to give
1.18 g (79%) of purple powder. Mp: 188–189 �C; IR
(KBr, cm�1): 1678 (C¼O), 3175 (s, NH); 1H NMR
(Acetone-d6, d): 9.0 (d, 1H, –CH, C2), 8.5 (br, s,
1H, –NH), 8.4 (d, 1H, –CH, C4), 7.8 (dd, 1H, –CH, C3),
7.2 (m, 1H, phenyl), 7.0 (m, 3H, phenyl), 2.5 (s, 3H, –CH3).

4.2.20. 6-(4-methylphenylamino)-7-chloro-5,8-quinoline-
dione (7c). This compound was synthesized as descri-
bed in the lit.13 Mp: 194–196 �C; IR (KBr, cm�1): 1691
(C¼O), 3254 (s, NH); 1H NMR(Acetone-d6, d): 9.0 (d,
1H, –CH, C2), 8.5 (br, s, 1H, –NH), 8.4 (d, 1H, –CH,
C4), 7.8 (dd, 1H, –CH, C3), 7.1 (m, 4H, phenyl), 2.4 (s,
3H, –CH3).

4.2.21. 6-(4-Ethylphenylamino)-7-chloro-5,8-quinoline-
dione (7d). The general procedure was followed for 3 h
using p-phenetidine (0.62 mL, 5.0 mmol), and the fil-
tered precipitate was crystallized from ethanol to give
1.27g (81%) of orange-colored powder. Mp: 176–
178 �C; IR (KBr, cm�1): 1678 (C¼O), 3275 (s, NH); 1H
NMR (Acetone-d6, d): 9.0 (d, 1H, –CH, C2), 8.5 (br. s,
1H, –NH), 8.4 (d, 1H, –CH, C4), 7.8 (dd, 1H, –CH, C3),
7.2 (m, 4H, phenyl), 2.6 (q, 2H, –CH2CH3), 1.2 (t, 3H,
–CH2CH3),

4.2.22. 6-(4-Chlorophenylamino-7-chloro-5,8-quinoline-
dione (7e). This compound was synthesized as descri-
bed in the lit.13 Mp: 223 �C; IR (KBr, cm�1): 1717
(C¼O), 3336 (s, NH); 1H NMR (Acetone-d6, d): 9.0 (d,
1H, –CH, C2), 8.6 (br. s, 1H, –NH), 8.4 (d, 1H, –CH,
C4), 7.8 (dd, 1H, –CH, C3), 7.4 (m, 2H, phenyl), 7.2 (d,
2H, phenyl).

4.2.23. 6-(4-Bromophenylamino)-7-chloro-5,8-quinoline-
dione (7f). The general procedure was followed for 5 h
using 4-bromoaniline (0.86 g, 5.0 mmol), and the filtered
precipitate was crystallized from ethanol to give 1.64 g
(90%) of red powder. Mp: 252 �C; IR (KBr, cm�1):
1694 (C¼O), 3331 (s, NH); 1H NMR (Acetone-d6, d):
9.0 (d, 1H, –CH, C2), 8.4 (d, 1H, –CH, C4), 7.7 (dd,
1H, –CH, C3), 7.6 (br. s, 1H, –NH), 7.5 (m, 2H,
phenyl), 7.0 (d, 2H, phenyl).

4.2.24. General procedure for the preparation of 6,11-di-
hydro-pyrido[2,3-b]phenazine-6,11-diones (9a–e). A mix-
ture of 7a–7f (5.0 mmol), DMF (150 mL) and sodium
azide (0.65 g, 0.01 mol), suspended in a little amount of
water, was heated on the steam bath overnight. The
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reaction mixture was chilled, the filtered precipitate
was extracted with methylene chloride and con-
centrated, and then the residue was purified by
column chromatography.

4.2.25. 6,11-Dihydro-pyrido[2,3-b]phenazine-6,11-dione
(9a). This compound was synthesized as described in
the lit.13 Mp: >300 �C; IR (KBr, cm�1): 1667 (C¼O);
1H NMR (CDCl3, d): 9.2 (d, 1H, –CH, C8), 8.8 (d,
1H, –CH, C10), 8.5 (m, 2H, C1, C4), 8.0 (m, 2H, C2, C3)
7.8 (s, 1H, –CH, C9). Anal. calcd for C15H7N3O2: C, 68.97;
H, 2.70; N, 16.09. Found: C, 68.63; H, 2.60; N, 16.03.

4.2.26. 6,11-Dihydro-2-methyl -pyrido[2,3 -b]phenazine-
6,11-dione (9b). The general procedure was followed for
20 h using 7b (1.45 g, 5.0 mmol), and the concentrated
residue was purified by column chromatography (n-
hexane/ethyl acetate, 1:4) to give 0.29 g (21%) of yellow
brown powder. Mp: 267 �C; IR (KBr, cm�1): 1722
(C¼O); 1H NMR (CDCl3, d): 9.2 (d, 1H, –CH, C8), 8.8
(d, 1H, –CH, C10), 8.3 (d, 1H, –CH, C1), 8.0 (t, 1H,
–CH, C2), 7.9 (d, 1H, –CH, C3), 7.8 (dd, 1H, –CH, C9),
3.0 (s, 3H, –CH3). Anal. calcd for C16H9N3O2: C, 69.81;
H, 3.30; N, 15.27. Found: C, 69.31; H, 3.23; N, 14.95.

4.2.27. 6,11-Dihydro-3-methyl-pyrido[2,3-b]phenazine-6,11-
dione (9c). This compound was synthesized as descri-
bed in the literature.13 Mp: >300 �C; IR (KBr, cm�1):
1696 (–C¼O); 1H NMR (CDCl3, d): 9.2 (d, 1H, –CH,
C8), 8.8 (d, 1H, –CH, C10), 8.4 (d, 1H, –CH, C1), 8.3
(d, 1H, –CH, C4), 7.9 (d, 1H, –CH, C2), 7.8 (dd, 1H,
–CH, C9), 2.7 (s, 3H, –CH3). Anal. calcd for
C16H9N3O2: C, 69.81; H, 3.30; N, 15.27. Found: C,
69.59; H, 3.20; N, 15.02.

4.2.28. 6,11-Dihydro-3-ethyl-pyrido[2,3-b]phenazine-6,11-
dione (9d). The general procedure was followed for 20 h
using 7d (1.56 g, 5.0 mmol), and the concentrated resi-
due was purified by column chromatography (n-hexane/
ethyl acetate/MeOH, 10:15:1) to give 0.41 g (28%) of
yellow brown powder. Mp: >300 �C; IR (KBr, cm�1):
1701 (C¼O); 1H NMR (CDCl3, d): 9.2 (d, 1H, –CH,
C8), 8.8 (d, 1H, –CH, C10), 8.4 (d, 1H, –CH, C1), 8.3 (s,
1H, –CH, C4), 7.9 (d, 1H, –CH, C2), 7.8 (dd, 1H, –CH,
C9), 3.0 (q, 2H, –CH2CH3), 1.4 (t, 2H, –CH2CH3).
Anal. calcd for C17H11N3O2: C, 70.58; H, 3.83; N,
14.53. Found: C, 70.28; H, 3.74; N, 14.56.

4.2.29. 6,11-Dihydro-3-chloro-pyrido[2,3-b]phenazine-6,11-
dione (9e). This compound was synthesized as descri-
bed in the lit.13

4.2.30. 6,11-Dihydro-3-bromo-pyrido[2,3-b]phenazine-6,11-
dione (9f). The general procedure was followed for 22 h
using of 7f (1.82 g, 5.0 mmol), and the concentrated resi-
due was purified by column chromatography (n-hexane/
ethyl acetate, 1:5) to give 0.62 g (36%) of yellow brown
powder. Mp: >300 �C; IR (KBr, cm�1): 1697 (C¼O);
1H NMR (CDCl3, d): 9.3 (d, 1H, –CH, C8), 8.9 (d,
1H, –CH, C10), 8.7 (d, 1H, –CH, C4), 8.4 (d, 1H, –CH,
C1), 8.1 (d, 1H, –CH, C2), 7.9 (dd, 1H, –CH, C9). Anal.
calcd for C15H6N3O2Br: C, 52.97; H, 1.78; N, 12.35.
Found: C, 52.71; H, 1.53; N, 12.30.
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