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Mutagenicity of Condensed Pyridazines with Different Substituents
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A total of 24 compounds were prepared by introducing an N-oxide, a hydrazino group, a methoxy group or a
chloro group into 3 kinds of condensed pyridazines: pyrido[3,4-d]pyridazines, pyrido[2,3-d|pyridazines and
phthalazines. The mutagenicity of these 24 compounds was assessed by the Ames method using two tester strains
(Salmonella typhimurium TA98 and TA100). No mutagenic activity was detected with any of the 3 condensed
pyridazines without substituents or any of the 5 condensed pyridazines with a methoxy group. The compounds with
N-oxide in the pyridazine ring showed no or only very weak mutagenicity. However, when an oxide was introduced
into the nitrogen of the pyridine ring, the mutagenicity against strain TA98 was higher than that of any other test
compound. All compounds with a hydrazino group were mutagenic against strains TA98 and TA100, irrespective
of the presence or absence of S9 mix-induced metabolic activation. 1-Hydrazinophthalazine (hydralazine) which has
been clinically used as an antihypertensive agent was weakly mutagenic. The introduction of a chloro group increased
the bactericidal effects of the condensed pyridazines, thus hampering the assessment of mutagenicity. A majority of

the compounds which were found to be mutagenic in this study required no metabolic activation with S9 mix.

Key words condensed pyridazine; mutagenic activity; N-oxide; hydrazino substituent; methoxy substituent; chloro

substituent

To assess the mutagenicity of the increasing number
of new compounds being synthesized, it is essential to
determine the relationship between the type or position of
substituents and the mutagenicity of the compounds. The
relationship between the mutagenicity and the structure
of several heterocyclic compounds (e.g., quinoline,?
imidazole? and imidazo[4,5-f]quinoxaline®) was re-
ported recently. Condensed pyridazine derivatives are used
as antihypertensive agents, cardiotonics, antibacterials and
Luminol reagent. We synthesized 24 mono-substituted
compounds by introducing an N-oxide, a hydrazino group,
a methoxy group or a chloro group into condensed
pyridazines: pyrido[3,4-d]pyridazine, pyrido[2,3-d]pyr-
idazine and phthalazine (benzo[d]pyridazine) of which
mutagenicity had not been assessed except 1-hydrazi-
nophthalazine. Assessment was done using the Ames
method to examine the relationship between mutagenicity
and substituents.
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MATERIALS AND METHODS

Preparation of Compounds Chemical structures of the
test compounds are shown in Fig. 1. Non-substituted
pyrido[3,4-d]pyridazine (A1) was prepared according to
the literature.” Other pyrido[3,4-d]pyridazines (group A)
were prepared as follows. A2, A3 and A4: To a stirred
solution of Al (1000mg) in CHCI, (6ml), portions of
m-chloroperbenzoic acid (1600 mg) in CHCl, (20 ml) were
added over 30 min. After standing at room temperature
for 24 h, the mixture was chromatographed on SiO, using
CHCI,; as eluate and gave successively: m-chlorobenzoic
acid (1423 mg, 98%), unchanged Al (264mg, 26%), A2
(216 mg, 19%), A3 (340mg, 30%) and A4 (35mg, 3%).
A2; colorless needles from MeOH, mp 202—204 °C (dec.).
Anal. Caled for C;H;N;O: C, 57.14; H, 3.43; N, 28.56.
Found: C, 57.39; H, 3.40; N, 28.31. MS m/z: 147 (M),
131 (M™ —16). '"H-NMR ((CD;),S0): 9.57 (1H, s, C4-H),
9.45(1H, s, C5-H), 8.89 (1H, s, C1-H), 8.80 (1H, d, J=5.9,
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Fig. 1. Chemical Structures of Pyrido[3,4-d]pyridazines (A), Pyrido[2,3-d]pyridazines (B) and Phthalazines ©
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C7-H),7.75(1H, d, J=5.9, C8-H). '*C-NMR ((CD3),SO):
153.3 (C4), 151.3 (C5), 149.7 (C7), 135.6 (C8a), 125.5 (C1),
115.2 (C8), 114.7 (C4a). A3; pale yellow needles from
MeOH, mp 222—223 °C (dec.). Anal. Calcd for C;HsN;0:
C, 57.14; H, 3.43; N, 28.56. Found: C, 56.92; H, 3.38; N,
28.42. MS m/z: 147 (M™), 131 (M*—16). 'H-NMR
((CD,),80): 9.52 (1H, s, C1-H), 9.33 (1H, s, C5-H), 9.00
(1H, s, C4-H), 8.77 (1H, d, J=5.6, C7-H), 8.00 (1H, d,
J=5.6, C8-H). 13C-NMR ((CD3),S0): 153.6 (C1), 148.3
(C5), 146.3 (C7), 126.9 (C8a), 126.0 (C4), 122.3 (C4a),
118.8 (C8). A4; pale yellow needles from MeOH, mp 250 °C
(dec.). Anal. Caled for C;HsN;0: C, 57.14; H, 3.43; N,
28.56. Found: C, 56.91; H, 3.34; N, 28.34. MS m/z: 147
(M), 131 (M* —16). 'H-NMR ((CD;),80): 9.68 (1H, s,
C1-H or C4-H), 9.62 (1H, s, C1-H or C4-H), 9.11 (1H, s,
C5-H), 8.60 (1H, d, J=6.7, C7-H), 8.17 (1H, d, J=6.7,
C8-H). 13*C-NMR ((CD;),SO): 149.1 (C1 or C4), 147.4
(C1 or C4), 143.8 (C7), 134.7 (C5), 123.5 (C8a), 123.4 (C8),
120.4 (C4a). A2 and A3 structure was determined by their
reaction with POCl; in CHCl, to give A9 and AlO,
respectively; A5 and A6: Finely ground A9 (500 mg) was
added during 20min to a stirred solution of hydrazine
hydrate (0.4 ml) in MeOH (5 ml). The mixture was stirred
for an additional 22 h at room temperature. The precipitate
was collected and recrystallized from MeOH to give AS,
orange-red needles, mp 290—291 °C (dec.) in 65% yield
(313 mg). Anal. Caled for C;H;Nj: C, 52.16; H, 4.38; N,
43.46. Found: C, 51.95; H, 4.23; N, 43.23. IR (KBr):
3340—2800cm ™! (NH). A10 similarly gave A6 (71%)
which crystallized from MeOH as orange-red needles, mp
301—302 °C (dec.). Anal. Caled for C;H,Ns: C, 52.16; H,
4.38; N, 43.46. Found: C, 52.13; H, 4.32; N, 43.26. IR
(KBr): 3350—2800cm ™' (NH); A7 and A8: A9 (8.0 g) was
added to the solution of MeONa [prepared from Na (2.2 g)
and MeOH (180 ml)] and the mixture was refluxed for 1h.
After removal of MeOH under reduced pressure, CHCl,
was added to the residue and filtered. The extract was
passed through a column of SiO, to remove impurities.
Recrystallization from benzene—petr. ether gave colorless
needles (A7), mp 182—183 °C (dec.) in 84% yield (6.5 g).
Anal. Caled for CgH,N;0: C, 59.62; H, 4.38; N, 26.07.
Found: C, 59.78; H, 4.38; N, 25.87. "H-NMR (CDCl,):
9.38 (1H, d, J=1.0), 9.33 (1H, d, J=1.0), 9.03 (1H, d,
J=5.7), 797 (1H, dt, J=5.7, 1.0), 4.32 (3H, s, OCHy).
13C.NMR (CDCl,): 159.7, 150.4, 150.1, 146.0, 123.3,
122.8, 115.0, 55.2. A8 was obtained in 87% yield from the
reaction of A10 with MeONa in essentially the same
manner as described above. Recrystallization from ben-
zene—petr. ether gave colorless needles, mp 187—188 °C
(dec.). Anal. Caled for CgH;N;0: C, 59.62; H, 4.38; N,
26.07. Found: C, 59.39; H, 4.39; N, 25.82. 'H-NMR
(CDCl,): 9.63 (1H, dd, J=1.0, 0.5), 9.28 (1H, d, J=0.5),
9.04 (1H, d, J=5.4), 7.72 (1H, dd, J=5.4, 1.0), 4.34 (3H,
s, OCHS). *C-NMR (CDCl,): 160.0, 150.6, 148.2, 147.0,
131.5, 117.4, 114.1, 55.26; A9 and A10: Finely ground
1-chloro-4-hydrazinopyrido[3,4-d]pyridazine® (14.0 g)
was added during 45min to a stirred suspension of yel-
low mercuric oxide (70.0 g) in water (1150 ml). The mix-
ture was stirred a further 4h and filtered. The filtrate
was extracted with CHCI; (3 x300ml). The combined
extracts were washed with H,O, dried over Na,SO,, and
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passed through a column of SiO, eluted with CHCIs;.
Recrystallization from benzene-petr. benzin gave A9
(colorless needles) in 68% yield (8.1g). This compound
had no definite melting point and on heating slowly
decomposed above 103 °C to another black solid which
melted at 120°C (dec.). Anal. Caled for C;H,CIN;: C,
50.77; H, 2.44; N, 25.38. Found: C, 50.55; H, 2.63; N,
25.55. 'TH-NMR (CDCl,): 9.71 (1H, d, /=0.7), 9.61 (1H,
d, J=1.0), 9.21 (1H, d, J=5.9), 8.10 (1H, ddd, J=35.9,
1.0, 0.7). 13C-NMR (CDCl,): 154.6, 151.5, 151.2, 149.5,
128.9, 121.9, 116.2. 4-Chloro-1-hydrazinopyrido[3,4-d]-
pyridazine® (8.0g) was similarly treated with mercuric
oxide (40.0 g) to give A10 &colorless scales) in 68% yield
(4.6g). This compound also decomposed slowly above
145 °C to another black solid which melted at 156 °C (dec.).
Anal. Caled for C;H,CIN,: C, 50.77; H, 2.44; N, 25.38.
Found: C, 50.48; H, 2.47; N, 25.25. 'H-NMR (CDCl,):
9.77 (1H, dd, J=1.0, 0.7), 9.57 (1H, d, J=0.7), 9.17 (1H,
d, J=5.6), 7.85 (1H, dd, J=5.6, 1.0). 13C-NMR (CDCl,):
154.5, 151.4, 150.6, 150.0, 130.9, 120.1, 117.6. All melting
points are uncorrected. Infrared (IR) absorption spectra
were recorded on a Jasco A-102 diffraction grating IR
spectrometer. 'H-NMR and '>C-NMR spectra were
measured at 270MHz on a JEOL JNM-GSX270.
Chemical shifts are quoted in parts per million (ppm) with
tetramethylsilane as an internal standard, and coupling
constants (J) are given in hertz (Hz). The following
abbreviations are used: s =singlet, d=doublet, t =triplet.
Mass spectra (MS) were recorded on a JEOL JMS D-100
mass spectrometer. Samples were vaporized in a direct
inlet system.

Pyrido[2,3-dpyridazines (group B) and phthalazines
(group C) were prepared according to the literature: B1¥;
B2 and B3®; B5, B6, B9 and B10”; B7 and B8®; Cl, C2,
C5, C7 and C9.°

The purity of these compounds was determined based
on the NMR spectra. They showed one spot on the thin
layer chromatograph.

Mutagenicity Assay Mutagenicity was assayed by the
preincubation method described by Yahagi ef al.'® and
Maron and Ames.'V Two tester strains, Salmonella
typhimurium TA98 and TAI100, obtained from the
National Institute of Public Health, Tokyo, were used.
The number of background (spontaneous) revertant
colonies of TA98 in the presence and absence of S9 mix
were 26+ 6 and 19+ 6 per plate, and those of TA100 were
119417 and 111 4+ 16 per plate throughout the experiment
(n=26). Rat liver S9 extract was prepared from 500 mg/kg
of polychlorinated biphenyl (Kanechrol 500) treated
Sprague-Dawley male rats as described by Maron and
Ames.'V All test compounds (Fig. 1) were dissolved in
dimethy] sulfoxide (DMSO). The highest concentration of
each test compound was set at 5000 ug/plate. At each
concentration level, the compound was tested at least twice
(three times if the data fluctuated), using 2 agar plates.
Deviations in the number of induced revertant colonies
between the two plates were less than 24% (average 8%)
in TA98 and 11% (average 4%) in TA100.

The relative mutagenic activity was calculated using
the following equation: (No. of induced revertant colo-
nies) — (No. of spontaneous revertant colonies)/concentra-

NII-Electronic Library Service



February 1995

TaBLE I. Relative Mutagenic Activity® of Condensed Pyridazines

TA98 TA100
Compound  Substituent
-S9 +S9 —59 +59
Pyrido[3,4-dJpyridazines
Al None — — — —_
A2 2-Oxide — — +9 +
A3 3-Oxide 349 30 — —
A4 6-Oxide 438 246 — 238
A5 1-Hydrazino 120 53 615 901
A6 4-Hydrazino 140 88 1028 1208
A7 1-Methoxy — — — —
A8 4-Methoxy — — — —
A9 1-Chloro — — — —
Al0 4-Chloro — — — —
Pyrido[2,3-d pyridazines
Bl None — — — —
B2 6-Oxide K9 — K —
B3 7-Oxide — — — —
BS 5-Hydrazino 272 144 1128 1176
B6 8-Hydrazino 43 25 193 251
B7 5-Methoxy — — —_ —
B8 8-Methoxy — — — —
B9 5-Chloro K — K —
B10 8-Chloro K 160 K 540
Phthalazines
C1 None — — — —
C2 2-Oxide — — — —
CS 1-Hydrazino 34 48 354 514
C7 1-Methoxy — — — —
C9 1-Chloro — — — —

a) Relative mutagenic activity =(No. of induced revertants — No. of background)/
mg. b) Number of induced revertant colonies increased dose-responsively but
was not double the number of background colonies. ¢) Number of induced re-
vertant colonies increased dose-responsively and was at least twice the number
of background colonies. Each value indicates the relative mutagenic activity.
d) Compound showed killing effect at low concentration.

tion of compound (mg). This calculation was done for the
concentration range in which the number of induced
revertants showed a concentration-dependent increase.
The relative mutaganic activity is shown in Table 1.

RESULTS AND DISCUSSION

Mutagenicity of Non-substituted Condensed Pyridazines
Of the three compounds without substituents, Al and Bl
showed no bactericidal or mutagenic activity against any
of the two tester strains even at their highest concentration
(500 pg/plate) (Fig. 2). C1 showed weak bactericidal effects
on TA98 in the absence of S9 mix, although this compound
showed no mutagenicity.

Mutagenicity of Condensed Pyridazines with N-Oxide
A2 showed no mutagenicity against TA98 even at a
concentration of 5000 ug/plate; however, the compound
caused a dose-dependent increase in the number of induced
revertants of TA100 although the number was less than
twice the number of background revertants. A3 was
mutagenic only against TA98. A4, obtained by introducing
an oxide to the nitrogen of the pyridine ring, was tested
at only one concentration (2500 ug/plate), because the
amount of this compound synthesized was very small. The
relative mutagenic activity of this compound against TA98
was higher than that of any other compound tested (Table
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I). A4 was also weakly mutagenic against TA100 in the
presence of S9 mix. The results for this compound suggest
that the introduction of an oxide to the nitrogen of pyridine
ring makes the compound more likely to bind with or
intercalate itself into the DNA. B2 and B3 showed no
mutagenicity against TA98 or TA100 even at a con-
centration of 2500 ug/plate. In the absence of S9 mix, B2
completely suppressed the survival of both strains at a
concentration of 625 ug/plate (Fig. 2). In the presence of
S9 mix, however, B2 showed no bactericidal activity even
at a concentration of 2500 ug/plate, probably because S9
mix detoxicated this compound by enzymatically modi-
fying the oxide at N6. C2 showed no bactericidal or
mutagenic activity against either of the two strains even
at a concentration of 5000 ug/plate.

Mutagenicity of Condensed Pyridazines with Hydrazino
Substituent Five condensed pyridazines with a hydrazino
substituent (AS, A6, BS, B6, C5) were tested in this study.
All these compounds were clearly mutagenic against both
strains, irrespective of the presence or absence of S9 mix
(Fig. 2). The relative mutagenic activity was high with A5,
A6 and BS (Table I). The relative mutagenic activity of
B6 against both strains was 1/5 to 1/6 the activity of BS5.
These results suggest that the nitrogen atom of the pyridine
ring affects the mutagenicity.

C5 (1-hydrazinophthalazine) is called hydralazine and
its hydrochloride is often used clinically as an anti-
hypertensive agent. Although the relative mutagenic
activity of this compound against TA98 and TA100 was
not high (Table I), there was a clear dose-response
relationship (Fig. 2). It has been reported that hydralazine
is mutagenic in the Ames test,'? genotoxic in in vivo and/or
in vitro tests,'2%/913) clastogenic!® and carcinogenic.'®
Considering that hydralazine is often used as an anti-
hypertensive agent and that this compound is orally
administered for long periods of time at a daily dose of
30 to 200mg, many more in vivo cumulative tests of this
compound should be carried out.

Mutagenicity of Condensed Pyridazines with Methoxy
Substituent Five compounds with a methoxy group (A7,
A8, B7, B8, C7) were tested. None of them was mutagenic
against TA98 or TA100 in the presence or absence of S9
mix (Table I). However, the methoxy group seems to affect
the mutagenicity and/or carcinogenicity of cyclic com-
pounds in a complicated manner considering reports that:
the mutagenicity of quinoline against TA100 was affected
by the position at which a methoxy substituent was
introduced?; that nitrobenzene, which is not mutagenic
against TA98 or TA100, became mutagenic against these
strains after introduction of a methoxy substituent at
particular positions'®; and that the carcinogenicity of
4-aminoazobenzene was increased or suppressed depend-
ing on the position at which a methoxy substituent was
introduced.’” Our experiment also revealed that the
mutagenicity of compound A3 against TA98 was com-
pletely suppressed by the introduction of a methoxy group
to the C1 of A3 (data not shown).

Mutagenicity of Condensed Pyridazines with Chloro
Substituent Of the five compounds with a chloro sub-
stituent (A9, A10, B9, B10, C9), only B10 was mutagenic
against both strains in the presence of S9 mix (Fig. 2).
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Fig. 2. Dose-Response Curves for Condensed Pyridazines in Salmonella typhimurium TA98 and TA100 with or without S9 Activation

Dose-response curves of compounds which showed positive results and/or killing effects are shown. Each point represents the average of two plates. O, TA98 without

S9; @, TA98 with $9; A, TA100 without S9; A, TAI00 with S9.

The introduction of a chloro group into the condensed
pyridazines increased the bactericidal activity of these
compounds. B9 and B10 completely suppressed the
survival of both strains at a concentration of 250 and
1000 ug/plate, respectively. When S9 mix was added to the
assay medium, B10 lost its bactericidal activity and the
mutagenicity of B10 was observed (Fig. 2). On the other
hand, the bactericidal effect of B9 was not suppressed in
the presence of S9 mix, and this hindered the detection of
mutagenicity of B9 (Fig. 2). The chloro group of the
pyridazine ring of B10 seems to be highly reactive because
it is close to the nitrogen atom of the pyridine ring. We
speculated that the exposure of B10 to S9 mix resulted in
enzymatic modification of the chloro group, leading to
detoxication of B10. The mechanism of the detoxication,
however, remains unknown.

The mutagenicity of a larger number of mono-sub-
stituted condensed pyridazines should be examined, and
condensed pyridazines with multiple substituents synthe-
sized for the analysis of interactions among these sub-
stituents in mutagenesis.
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