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The mass spectra of pyridazines and their N-oxides is reported. Previous electron impact studies
on aromatic amine N-oxides reported the appearance of M-16 and/or M-17 ion peaks as the
usual feature of the fragmentations. In our experiments, the representative fragmentation of the
pyridazine N-oxides involves formation of a M-30 (M-NO) ion. The fragmentation patterns sub-
stantiated by extensive high resolution studies and the analysis of the appropriate metastable ions.

The mass spectra of pyridazines (2,3,4) have been re-
ported, but there is no report on the mass spectra of
pyridazine N-oxide and derivatives. The present investi-
gation was undertaken to clarify the mass spectral frag-
mentation of various pyridazines (I-XI) and their N-oxides

(XII-XXXI) which are shown in Tables I and 1I. These

compounds were prepared by reported procedures (refer-
ences are cited in the Tables | and II), and were analytically
pure.

Mass spectral studies on quinoline N-oxides (5), pyridine
N-oxides (6), and benzimidazole N-oxides (7) have shown
that the M-16 (M-O) and M-17 (M-OH) ions were the
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(a) L. Knorr, Ber., 18, 304 (1885). (b) W. G. Overend, L. M. Turton, L. F. Wiggins, J. Chem. Soc., 3500 (1950). (c) W. G. Overend, L.
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J. Am. Chem. Soc., 73,1873 (1951).
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TABLE Il Ry Rp
Pyridazine N-Oxide Derivatives Ra—\ R
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Rl R2 R3 R4 Ref. Rl R2 R3 R4 Ref.

X1l H H H H m,n XXH H H OH H v
XHI H H H CH3 0.p.q XXIII H H H OH w
X1V H CHj3 H H j XXIV H OH H H y
XV CeHs H H H r XXV CH; OH H H y
XVl OCH; H H H s XXVI H H CH3 OH y
Xvil H OCH; H H t XxXvi OH H H CH3 u
XVIi H H OCH; H t XXVIHI OH CHj H H u
XX OCH; H CH; H u XXIX OH H CH; H u
XX OH H H H s XXX H H H NH, X
XXI1 H OH H H n XXXI Cl H H NH, X

(m) C.¥. Koelsch, W. H. Gumpecht, J. Org. Chem., 23, 1603 (1958). (n) T. [tai, S. Natsume, Chem. Pharm. Bull., (Tokyo), 11, 83 (1963).
(o) H. Kano, M. Ogata, H. Watanabe, L. Ishizuka, ibid., 9, 1017(1961). (p) M. Ogata, H. Kano, K. Yori, ibid., 10, 1123 (1962). (q) T.
Nakagome, Yakugaku Zasshi, 82, 249 (1962). (r) M. Ogata, Chem. Pharm. Bull., (Tokyo), 11, 1522 (1963). (s) H. lgata, ibid., 7, 937
(1959). (t) T.Itai, S. Kamiya, ibid., 11, 1059 (1963). (u) H. Igeta, T. Tsuchiya, M. Nakajima, T. Sekiya, Y. Kumaki, Y. Nakai, T. Nojima,
ibid., 17, 756 (1969). (v) Y. Itai, S. Natsume, ibid., 11, 228 (1963). (w) S. Sako, ibid., 11, 261 (1963). (x) Y. Horie, Y. Ueda, ibid.,
11, 114 (1963). (y) H. Igeta, T. Tsuchiya, M. Nakajima, T. Nakai, H. Yokogawa, ibid., in preparation.

representative fragmentations. The same tendency was also
reported for pyrazine N-oxides (8). On the other hand,
in pyridazine N-oxides, the representative fragmentation
involves the generation of the M-30 (M-NO) ion rather than
of the M-16 and M-17 ions. This observation is similar to
that reported for as-triazine N-oxides (9).

In most of the mass spectra of the different pyridazines,
the molecular ions constitute the base peak, except in
compounds 1V, V and X1. In the mass spectrum of pyrid-
azine (1) itself, the most abundant fragment ions occur at
m/e 52 (a, 23%), M-28 (M-N;), [C4H4, Caled. 52.031;
Found, 52.028], and at m/e 51. This pathway is confirmed
by the presence of a corresponding metastable ion (10).
The m/e 51 (b, 33%) ion is produced from ion a by the
foss of a hydrogen radical. Bowie et al. (3) have already
reported that the base peak of compound I appears at m/e
51. Another possible mode of cleavage of compound L is
shown by the dotted line in Fig. 1. Although Bowic et al.
(3) did not describe the loss of HCN from the molecular
ion, an ion of m/e 52 (d) is however clearly observed by
the high resolution measurement, [C3H,N, Caled. 52.019;
Found, 52.017], and the ion (d) was probably formed by
alossof H' from an ion of m/e 53 (¢, 5%). This conclusion
is supported by the mass spectrum of 3-phenylpyridazine
(V), which shows the same fragmentation mode, M-C3 Ha N,

lo give an fon (CeHaCN ') of m/e 102 (100%) [C4H4N,
Caled. 102.034; Found, 102.034] (Fig. 2). On the other
hand, the mass spectra of the 3-methyl and the 4-methyl
derivatives (1}, 1I1) generate by initial cleavages anion at
M-28 (M-N;) and M-29 (M-N, H) (m/e 94 -5 m/e 66).
The M-HCN ion was, however, not observed. Differences
in the fragmentation modes between 1l and 11l were not
observed.
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In the mass spectrum of 3-methoxypyridazine (1V), the
ion at m/e 39 is the base peak while the molecular jon and
the M-1 ion peaks are of 73 and 29% abundances, respec-
lively (Table 1I1). The parent ion lose N, and N,l to
give a m/e 82 and m/e 81 species in relative abundances of
7 and 21%, respectively. A strong peak was observed at
m/e 80 (31%) (M-Cli,0). This fragmentation appears in
the aromatic methoxy derivatives (11).

The fragmentation patterns of 3-amino-6-methyl and of
3-amino-6-chloropyridazines (VI, VII) were also similar Lo
(M __m_fa, M-N,). In the mass spectra of 1l and VI, the
M-N, H ion of both compounds are observed in an abun-
dance of 05%, because of the so-called ortho-effect (6,
12,13,14). On the other hand, the M-N, H ion was not
observed in the mass spectrum of VIL

The mass spectra of 3(2H)-pyridazinone (VIII), 4-
methyl- and of 6-methyl-3(2H)-pyridazinones (IX, X)
showed the M-CO ion in preference to that resolutive from
the loss of a Ny molecule. The mass spectra of 1X and X
exhibited the M-CHO ion, which was observed at m/e 81
in abundances of 36 and 21%, respectively, while in the
mass spectrum of VI, the M-CHO ion was not observed.
This result is explained by the influence of the ortho-effect
(cited above) of the methyl group, in IX and X the same
The

initial cleavage process of VIIL, IX, and X is confirmed by

feature observed for 2-methyl-3-indazolone (15).

the presence of metastable ions. These M-CO ions were
observed at m/e 68, |C3H4N;, Caled. 68.037; Found,
08.037], m/e 82, [C4HegN,, Caled. 82.053; FKound,
82.0560], and m/e 82, [C4HgN,, Caled. 82.053; Found,

82.055], in abundances of 33, 10, and 21%, respectively.
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In the mass spectrum of 1,2-dihydro-3,0-pyridazindione
(XD), the M-1 ion constitutes the base peak. The initial
loss of Ny H, from the parent ion formed an ion of m/e 82
(44%) (m/e 112 _’ﬂ) m/e 82) {C4 H, 04, Caled. 82.005;
Found, 82.004].

The mass spectra of pyridazine N-oxides showed M-10
(M-0), M-17 (M-OH), M-29 (M-N, H), and M-30 (M-NO)
ions, similar to the fragmentations observed in various as-
triazine N-oxides (9). The most abundant fragment ion of
pyridazine N-oxide (X1} itself appears at M-30, m/e 60 (e,
21%), |CaHaN, Caled. 66.034; Found, 66.034], which
showed an initial loss of NO from the parent ion. The
M-16 ion was observed in an abundance of only 5% and
while the M-17 ion is totally absent. On the other hand,
in the mass spectra of 3-phenylpyridazine N-oxide (XV),
the M-16 and M-17 ions were observed in an abundance of
17 and 12%, respectively (Fig. 2). In the mass spectrum of
6-aminopyridazine N-oxide (XXX), the M-16 ion was not
observed and the M-30 ion constituted the base peak. The
ortho-effect was also recognized in 6-methylpyridazine V-
oxide (XILI), 3-hydroxypyridazine N-oxide (XX), but not
in 4-hydroxy-6-methylpyridazine N-oxide (XXIV).

EXPERIMENTAL

The mass spectra were measured by a Japan Electron Optics
JMS-01S high resolution mass spectrometer (Mattauch-Herzog
type) with a direct inlet system. Heating temperature of the
samples was around 50-250°. The ionizing energy was kept at 75
¢V and the ionizing current at 200uA.

Experimental data are shown in Tables 1 and 1V.
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Compound

1
1
111
Iv

Vi

Vil

VHI

X1

Compound

Xl
X1l

X1v

XV

XVl

XVvil

Xvill

XIX

XX

(M-N,)*
52(23)
66(24)
66(10)
82(7)
128(11)

81(47)

101(65)

M+

96(46)
110(100)

110(73)

172(100)

126(100)

126(100)

126(100)

140(100)

112(100)
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(M-N,H)"
51(33)
65(65)
65(43)
81(21)
127(5)

80(65)

M-0)*

80(5)
94(9)

94(6)

156(17)

110(6)

110(8)

110(8)

124(18)

96(12)

(M-HO)

TABLE 111
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M-yt

68(33)
82(10)
82(27)

(M-CHO)*

81(36)
81(21)

TABLE IV

base peak
80(M)
94(M)
94(M)

39

102
109(M)
129(M)
96(M)
110(M)

110(M)
111(M-1)
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Gl

93(4)

155(12)

109(6)

123(14)

(M-NO)*

66(21)
80(45)

80(9)

142(5)

96(1)

96(4)

96(2)

110(4)

82(7)

(M-CHO)*

67(2) 39
81(6) 110

81(4) 53

143(14) 172

97(2)

126

126

111(4) 140

83(7) 112

base peak

Vol. 8

other peak

53(5)50(18)39(6)
80(2)52(11)51(19)39(50)
80(6)52(6)51(14)39(62)
110(73,M)109(29)80(31)67(5)66(5)
56(19)55(13)53(52)52(21)51(13)
156(65,M)103(11)77(7)76(14)75(10)
64(10)52(8)51(19)50(10)39(7)
94(6)93(6)65(8)64(13)63(10)55(18)54
(21)53(31)52(21)50(15)41(88)39(23)
73(23)66(58)52(23)51(19)41(97)
40(28)39(30)

52(4)51(4)39(46)
55(12)54(10)53(24)52(9)39(10)
55(10)54(34)53(10)39(10)
112(5,M)82(44)55(16)54(15)

other peak

52(10)51(14)40(20)

66(6)65(16)54(9)53(63)52(16)
51(16)39(29)

66(3)65(6)54(9)52(12)51(22)
39(25)

128(7)127(7)103(12)102(45)
101(23)93(12)89(17)77(42)
76(19)75(12)65(12)52(12)
51(31)50(14)39(38)

83(9)81(6)80(6)69(14)35(11)
54(9)53(9)52(8)41(8)40(8)
39(23)
84(6)83(3)81(3)80(3)69(12)
68(9)56(6)54(10)53(5)52(4)
41(3)40(5)39(7)
69(9)68(7)56(5)54(6)33(5)
52(5)41(4)40(5)39(11)

97(9)96(4)95(12)94(8)93(11)
83(15)78(7)69(15)78(7)67(19)
66(8)55(18)54(21)53(42)52
(21)51(21)42(29)41(66)40(16)
39(30)

68(11)67(13)55(27)54(7)41
(27)40(13)39(41)
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XX1 112(100) 96(14) 82(13)
XxXn 112(100) 96(14) 95(4) 82(4)
XX 112(52) 96(5) 95(8) 82(93)
XX1v 126(100) 110(15) 96(78)
XXV 126(100) 110(15) 109(9) 96(15)
XXVl 126(60) 110(7) 96(100)
XXVH 126(100) 110(26) 109(24) 96(31)
XXV 126(100) 110(28) 109(2) 96(6)
XXIX 126(100) 110(20) 96(1)
XXX 111(33) 81(100)
XXXI 145(80) 129(23) 128(9) 115(95)
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