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Studies on Pyridézinés. XIV.D  Syntheses of 3,3'-Bipyridazines®
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3-Halogenopyridazines (I) were alloued to react with hydrazine hydrate in the presence
of Pd-CaCO; and alkali to afford the symmetrical 3,3'-bipyridazines (IIa—I1g). When
an equimolar mixture of two kinds of 3-chloropyridazines of different substituents was sub-
jected to this condensation reaction, the unsymmetrical 3,3"-bipyridazines (VIIa—VIId)
were formed. Various 3-chloropyridazine N-oxides (X) were subjected to the condensa-
tion reaction and the expected 3,3’-bipyridazine di-N-oxides (XI) were obtained in low
yields.

Many studies have been reported on the syntheses and the properties of the ring assem-
blies of aza-aromatic compounds such as bipyridines and biquinolines.. Of them, the com-

pounds having ferroin group (—N=é~IC:N‘) in their molecules are known to form the chelate
compounds with metals.®

As for bipyridazines, several compounds, in which the pyridazine rings are bonded together
by C-N or C-C linkage, are known, but all these compounds have at least one pyridazone
ring as their components.? Recently, Lafferty® reported that 8,3"-bipyridazine was obtained
by refluxing pyridazine (Ia) with Pd-charcoal in 109, yield. But the application of Lafferty’s
method to the substituted pyridazines was unsuccessful.

In the meanwhile, our interest in the syntheses of pyridazine derivatives led to find out
a general method for the syntheses of 3,3"-bipyridazine derivatives (Ila—IIg, VIIa—VIId),
a part of which was outlined in a preliminary communication.” The present paper describes
full details of this work.

Symmetrical 3,3’-Bipyridazines

Various 3-halogenopyridazines (Ia—Ig) were allowed to react with hydrazine hydrate
in 59, methanolic potassium or sodium hydroxide in the presence of Pd-CaCO, under vigorous
stirring at room temperature, to afford the corresponding symmetrical 38,3"-bipyridazine
(ITa—TIIg) in moderate yields (20—509,), respectively. In this reaction, the monomeric

compounds, in which halogen atom of the starting material was replaced by alkoxyl groups
(IIIa—IIIg) or hydrogen atoms (IVa—IVg), were formed® as by-products in every case.
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The yields of the dimeric compounds (II) depended on the nature of solvent used and also
of the halogen atom. Use of EtOH instead of MeOH, and use of the chloro compound in place
of the bromo compound, led to the better yields.

In the case of 4-substituted-3-halogenopyridazines such as 4-methyl-3- chloropyndazme
the expected dimeric compound was not obtained under these conditions, which means the
present method may not be available when such steric hindrance is considered.

Dimeric nature of these compounds are confirmed from the acceptable elemental analyses,
molecular weight determination by mass spectrometry, and also nuclear magnetic resonance
(NMR) spectral data.

As seen from the Table, symmetric arrangements of these dimeric compounds to the newly
formed C-C bond are obvious from the simple pattern of each NMR spectrum.

Thus, only three sets of signals with equal intensity centered at 8.84, 7.66, and 9.29 6
are observed in the spectrum of Ila, while the spectra of IIb and IIc showed only two sets of

R
RO)x NNy PAZCO__ g @W J>R +R OR" + Rm
N—™N KOH or NaOH, R"OH NN N—-N
I: X=Cl or Br II I
a . R=H, R'=H |
b : R=Me, R'=H R"OH, R"ONa {H,/Pd—C
¢ :R=0Me, R’'=H R'=Me or Et NH,OH
d : R=0Et, R'=H I
e : R=NH, R'=H
f :R=H, R'=Me
g : R=NH,, R'=Me
- NH,NH,, Pd—CO,
ca< O y-ci “2 ro<LOYO)or
@ ROH -~ NN NN
Ic or IId
Chart 1
Tase I. Spectral Data for Compounds (II)
NMR®» .
6f__; R UV
SR PR 2 59% my (log )
H4;4, H5y5’ HG;G, J4’5 ]516 J'lyG
IIa 8.84 7.66 9.29 9.2 6.0 1.5 234 (3.60)
A » 261 (3.26)
ITb 8.69 7.50 — 9.2 — — -CH,: 2.80 241 (3.80)
267 (3.51)
ilc 8.60 7.10 — 9.2 — — ~OCH,: 4.19 239 (3.42)
263 (3.12)
11d 8.50 6.99 — 9.2 — — -OCH,CH,*: 4.58 252 (3.08)
.2 b b 149 278 (3.75)
IIf  8.60 - 9.08 — — 1.2 ~CH;: 4.49 239 (3.35)
263 (3.05)
IIg®  7.92 — — — — — ~CH,: 2.05 282 (3.26)
-NH,: 6.18
@) - 60 Mc in CDCl, with TMS as internal reference

b) DMSO-d,
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signals at around 8.7—8.6 and 7.5-—7.1 ¢ and that of ITe showed them at 8.6 and 9.1 § due to
the ring protons.. Since pyndazme shows two sets of signals (H; 4: 9.21 and H,,: 7.50 69),
the signals at arround 9. 3——9 1 and 7.7—7.16 in these spectra are: a351gned to Hg and Hj
respectively. o

The assignment of the signals as above are also supported from the magmtudes of the
coupling constants among each signal (Table 1), since these values are approx1mately coinci-
dent with those of pyridazines and their N-oxides.?

Unsymmetncal 3 3’-B1pyr1dazmes

When an equimolar mixture of two kinds of 8-chloropyridazines with d1fferent substltuents
was subjected to this condensation reaction, the unsymmetrical 8,3’-bipyridazines (VII) were
formed, accompanied by two kmds of the symmetrical dimers (VIII and IX).. In all cases,

r<(O)-l
N

N—
I
R (OO R + RMR RO (O)
: N-N _ N—N
’ VI VHI KX
R<LO)-c1 .
N-N
o 1 I Vil X
' a.R=H R'=Me IIa b
b:R=H R'=0Me IIa He
¢ : R=Me R'=0Me Iib e
d:R=Me R'=NH, b He
R () )-ci R@@R L+ R@OR + R@
NN =) =N
| i ; T T
0 0 o 0 0
X X _ Xt Xm
R'=Me or Et
Xa : R=H, 1—oxide XIa : R=H, 1, 1'—dioxide
Xb : R=H, 2—oxide XIb : R=H, 2, 2'—dioxide
Xc ! R=Me, 1-—oxide Xle :R=Me, 1, 1'—dicxide
Xd:R=Me, 2—oxide XId : R=Me, 2, 2'—dioxide
Chart 2
TapLe . NMR Spectral Data for Compounds (VII)®
/—‘“\‘ S < / H, H, H, H, Hy H,y
N—N N—N
a R=H, R'=Me 882 7.64 924 869 749 — -CH, 2.79
b R=H, R'=0Me - 8.84 7.64 9.25 8.61 7.08 — -OCH, 4.18
c R=DMe, R'=0Me 8.66 7.31 — 8.55 7.09 — -CH, 2.78
, ~OCH,  4.19

@) 60 Mc in CDCl; with TMS as internal reference
Values of chemical shift are indicated by ppm.

9) K. Tori, M. Ogata, and H. Kano, Chem. Pharm. Bull. (Tokyo), 11, 235 (1963); K. Tori and M. Ogata,
ibid., 12, 272 (1964).
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the symmetrical dimer(VIII, IX) were main products and the unsymmetrical dimers (VII)
were usually obtained in relatively low yields (3—5%), and the total’ yields were 30—409%,.

While NMR spectra of the symmetrical dimers show the smlple Ppatterns due to the
symmetrical structures, those of the unsymmetrical dimers exhibit the overlapped patterns
of the corresponding two kinds of the symmetrical dimers, Whl(,h support the correctness of the
structures of the dimers (Table II).
3,3'-Bipyridazine Di-N-oxides o

Various 8-chloropyridazine N-oxides (X) were subjected to this condensation reaction
and the expected 3,3'-bipyridazine di-N-oxides (XI) were obtained in low yields (2—39%,).
In all cases, the monomeric alkoxypyridazine N-oxides (XII)*® were obtained as main pro-
ducts, along with the compounds (XIII),1 in which the halogen atom of the starting material
was replaced by hydrogen atom.
3,3'-Bipyridazine Chelates :

Most of these 3,3'-bipyridazines thus obtained form the chelate compounds w1th Fe",
producing red colour. The analytical chemlcal study on these chelate compounds is to be
reported separately in a following paper.

Experimental

General Procedure for the Syntheses of 3,3'-Bipyridazines To a mixture of 5 g of 3-halogenopyrida-
zine and 5 g of Pd-CaCO,, 100 ml of 5%, methanolic or ethanolic KOH or NaOH solutlon was added, and
then 4 ml of 809, hydrazine hydrate solution was added dropwise under vigorous stirring at room tempera-
ture. Stirring was continued for further 6 hr, and the catalyst was removed by filtration. The filtrate was
evaporated to dryness in vacuo, and the residue was subjected to separation and purification.

Symmetrical 3,3’-Bipyridazines, IIa, IIb, Ilc, IId and IIf According to the general procedure as men-
tioned above, the reaction was carried out. The residue was extracted with CH,Cl, and the CH,Cl, layer

TasLe I
Analyses (%)
: °C) R . - :
Yield (%) ((‘félc’ogn ‘}3)).) ceryst Formula  Caled. Found
C H N C H N

Compounds (II)

IIa 40—50 227—228 AcOEt CeH4N, 60.75 3.82 3543 61.07 4.16 35.21
IIb  50—60 234—235 AcOEt CyoH (N, 64.50 5.41 30.09 64.53 5.41 29.84
IIc  30—40  237—238 MeOH CioH1oO,N, 55.04 4.62 25.68 55.43 4.79 25.52
IId 25—30 206—207 AcOEt C,,H,,0,N, 58.52 5.73 22.75 58.48 5.80 22.51
Ile 20—30 ca. 320 MeOH CeHgN, 51.05 4.28 44.66 51.09 4.42 44.36
11f 40—50 163—164 AcOEt CoH,0N, 64.50 5.41 30.09 64.72 5.37 30.05
IIg 2030  >300 MeOH CyoH,N,  55.54 5.59 38.87 55.66 5.51 38.67
Compounds (VII)
VIla 45 228—230 benzene C,H N, 62.77 4.68 32.54 62.70 4.83 32.44
VIiib 3—4 134—135 AcOEt C,H,ON, 57.44 4.29 29.77 57.41 4.35 29.88
Viic 3—4 174—175 AcOEt CioH,;ON, 59.39 4.98 27.71 59.69 5.12 27.52
VIId ca.2 247—248 MeOH C H,N; 57.74 4.85 37.41 57.68 4.55 37.38
Compounds (XI)

XIa 3—4 328 MeOH CsHgO,N, 50.53 3.18 29.47 50.14 3.15 29.20
XIb 1—2 318—320 MeOH CsHgO,N,  50.53 3.18 29.47 50.79 3.13 29.08

XIc 2—3 293—294 MeOH-AcOEt C,H;(O,N, 55.04 4.62 25.68 55.44 4.66 25.46
XId 1—2 252—254 MeOH-AcOEt C,H,,0O,N, 55.04 4.62 25.68 55.23 4.61 25.70

10) H. Igeta, Chem. Pharm. Bull. (Tokyo), 7, 938 (1959); M. Yanai, T. Kuraishi, and T. Kinoshita, Yakugaku
Zasshi, 81, 708 (1961); T. Nakagome, Yakugaku Zasshi, 81, 1048 (1961); K. Kumagai, Nippon Kagaku
Zasshi, 81, 1148 (1960); M. Ogata and H. Kano, Chem. Phaym. Buil. (Tokyo), 11, 29, 35 (1963).
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was washed with water and dried on Na,SO,. After removal of the solvent, the residue was dissolved in
benzene and was passed through a column of alumina. After elution of the monomeric compounds (III
and IV) with benzene, the column was again eluted with benzene or benzene-CH,CI, (1;:1) and the eluate
was evaporated to afford the dimer,

Ile and Ilg The residue of the reaction was washed with water and a small amount of MeOH, and
_then recrystallized from MeOH. In these cases, the monomers (III and IV) were obtained from the washings
and the mother liquor of the recrystallization (Table III).

Unsymmetrical 3,3’-Bipyridazines (VII) The residue obtained according to the method described for
IIa, was dissolved in benzene and passed through a column of alumina. The elution orders were IIb, VIIa,
ITa in the case of a series, IIc, VIIb, Ila in b, IIb, VIIc, Ilc in ¢, and IIb, VIId in d series, respectively.
Since IIe was not soluble in CH,Cl,, the crude residue was washed with water and then recrystallized from
MeOH (Table III).

3,3’-Bipyridazine Di-N-oxides (XI) The residue obtained according to the general procedure, was
washed with water and then extrated with CH,Cl,. The materials insoluble in CH,CI, were recrystallized
from EtOH to give XI. From the CH,CI, extract, XIT and XTII were obtained separately by column chro-
matography on alumina (Table III). -
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