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ml. of dry ether was added 24 mg. of magnesium powder. Then
162 nig. of propionyl chloride in 1 ml. of dry ether was added.
The mixture was heated on the water bath for a few seconds and
then set aside at room temperature for 1 hr. It was then diluted
with 20 ml. of dry ether, refluxed for 30 min., set aside again at
room temperature for 1 hr., and then treated with ice-cooled
sodium carbonate solution to alkalinity. This mixture wuas
extracted with ether; the ether solution was dried and then
the ether was evaporated. The residue was 411 mg. of a yellow
oil. This was chromatographed through a column of Florisil.
After initial extractions with carbon tetrachloride, benzene, and
methylene chloride, the column was extracted with ether. This
latter fraction was then distilled in a Kugelrohr in vacuo, b.p. 205°
(0.2 mm.). The infrared spectrum showed characteristic bands
at 8.6, 5.88, 6.4, 7.0, 7.38, 9.6, and 14.2 4.

Anal.  Caled. for Cu3HpN,05: C, 71.84; H, 8.39. Found:
C, 71.60; H, 8.68.
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The chemistry of pyridazine (I), though related to
pyrimidine, differs sharply in cheniical reactivity due to
the extreme polar nature of the molecule.® The posi-
tive nature of C-3 and -6 caused by the adjacent ring
nitrogens is demonstrated not only by the ease of nu-
cleophilic substitution at the ring carbons but also by
the deshielding effects on the 3 and 6 hydrogen atoms
as shown it the n.m.r. spectrum.® Because of the simi-
larity of pyridine and pyrimidine, interest in the synthe-
sis and pharmacological study of pyridazine derivatives
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as potential medicinal agents has mereased markedly in

recent years. The pharmacology of many pyridazine
derivatives has been studied,* including some with re-
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gard to CNS activities. A series of alkoxypyridazines,
dialkylaminoalkoxypyridazines, and pyridazines con-
taining both alkoxy and dialkylaminoalkoxy substitu-
ents was prepared for the purpose of investigating the
structure-activity relationships and of evaluating the
action on the central nervous system (Tables I-11I).

The usual method of producing a 3-alkoxy-6-chloro-
pyridazine has involved the treatment of 3,6-dichloro-
pyridazine (IT) with an equivalent amount of sodium
alkoxide. We have shown using g.l.c. analysis that the
product is mvariably contaminated with IT and IV. It
was found that 3-alkoxy-6-chloropyridazines could be
prepared best by heating for longer periods at greatly
reduced temperatures,
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The 3,6-bisalkoxypyridazines (IV) were prepared
from II by treatment with excess sodium alkoxide or by
treatment of III with excess sodium alkoxide using a
higher temperature. Care had to be taken in prepar-
mg 3,6-bis(2-dimethylamioethoxy)pyridazine (IVh)
for it was found that 2-dimethylaminoethanol reacts
violently with II on warming, producing copious
volumes of smoke,

The 3,6-dialkoxypyridazines (nonbis) were prepared
by adding a secoud mole of the new alkoxide at an ap-
propriate temperature. Special problems were en-
countered in the process due to a side reaction involving
alkoxide exchauge, a phenomenon first observed in
pyridazines by Coad, et al.>* Counditious were sought
to minimize the production of the two different bis-
alkoxy compounds which would be produced by means
of alkoxide exchange. Variables such as the order of
entry of the alkoxy groups, the temperature (which had
to be sufficiently high to cause halogen displacement but
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low cnougli to mmimize exchange), and length of reac-
tion were investigated. It 1s of interest to note that in
all cases sclected, it was possible to prepare pure nonbis-
dialkoxypyridazines.

The 3-alkoxypyridazines (VI) were prepared by hy-
drogenolysis of the corresponding 3-alkoxy-6-chloro-
pyridazines.

The preliminary pharmacological evaluation of the
derivatives included the gross observation of drug-in-
duced effects in mice, and the measurement of spon-
taneous activity of mice as mfluenced by the derivatives.
The compounds tested included pyridazine (I) and the
derivatives [V-VI.

The gross behavior of male, Swiss Webster mice was
studied for 2 hr. following the intraperitoneal injection
of the compounds.  The spontancous activity was meas-
ured using photocell activity cages (Actophotometer,
Metro Co.).  Groups of five mice were injected intra-
peritoneally with varying doses of the test compounds.
I'ifty minutes after injection, the animals were placed in
the activity cages aud a 10-min. exploration period was

allowed before the 1o-mm. test period was recorded.
[ach drug dose was mjected into four groups of micc.
The drug-induced activity was compared to the control
activity of the mice mjected with 0.99; NaCl solutiol.
The per cent of control activity for dosage intervals of
cach drug was plotted, and the dose that produced a
509 veduetion in activity was approximated.

Pyridazime (I) produced no noticeable effects on the
gross or spontaneous activity in the doses tested (25-200
mg./'kg.). The 3-alkoxy-6-chloropyridazine derivatives
were not evaluated. The 3-alkoxy-6-(2-dimethylami-
noethoxy)pyridazine derivatives in general showed an
mitial stimulation of activity followed by depression.
The stimulation was of short duration, and only de-
pression of activity was noted during the recording time
of spontaneous activity. The doses (mg./kg.) produc-
ing a 5097 reduction in spontaneocus activity were: Va,
83: Vb, 77; Ve, 100; Vd, 59; Ve, 64; VI, not tested;
Vi, 56.

The 3,6-bisdialkoxypyridazine derivatives produced
depression of activity. The doses (img./kg.) producing
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a 509, reduction in spontaneous activity were: IVe,
82; IVd, 69; IV{, 100; IVh, 133,

The 3-alkoxypyridazine derivatives all produced de-
pression, except VIh which produced an initial stimula-
tion followed by depression. The doses (mg./kg.) pro-
ducing a 509, reduction in spontaneous activity were:
Vie, 145; VIf, 59; VIh, &0.

Subsequent pharmacological studies being made -
clude the rotarod technique to determine the degree of
impairment of forced motor and coordmated activity,
and the determination of the effects of experimental
compounds on hexobarbital sleeping time and on pentyl-
enetetrazol and strychnine convulsions in mice.

Experimental

3.Alkoxy-6-chloropyridazines (III).—Sodium (4.6 g., 0.2 g.-
atom) was dispersed in 70 ml. of hot anhydrous xylene and the
appropriate anhydrous alcohol (0.22 mole) was added over a
period of 20 min. After all the sodium had reacted, a solution
of 29.8 g. (0.20 mole) of 3,6-dichloropyridazine (II) prepared
and purified by the method of Coad and Coad® in 50 ml. of an-
hydrous xylene was added over a period of 15 min. The internal
temperature was kept below 60° by cooling during the addition.
The mixture was heated at 60° for 10 hr., cooled to room tem-
perature, and filtered. The xylene was removed in vacuo, and
the residue was distilled through an efficient column.

The conditions were modified slightly for the preparation of
IIIg. The internal temperature was raised to 95° during the
last 6 hr. of heating. In the case of IIIh the xylene filtrates
were washed with two 25-ml. portions of cold 309, NaOH
solution and dried (Na,S0,) before distillation through the col-
umn. Certain of these compounds were reported previously?
(see Table I).

3,6-Bisalkoxypyridazines (IV).—These could have been pre-
pared directly from dichloropyridazine (II) with excess sodium
alkoxide by traditional procedures described in the literature.sb
In the particular cases in this series, the compounds were pre-
pared by addition of a second mole of alkoxide for each mole of
3-alkoxy-6-chloropyridazine used. The temperature was raised
to the boiling point of xylene for 3 hr. The mixture was cooled
and filtered. The filtrate was concentrated in vacuo, dissolved
in ethanol, hydrogenated in a Parr apparatus with ammonium
hydroxide and activated 109; palladium on carbon, filtered,
and concentrated ¢n vacuo. The residue was distilled through an
efficient column separating traces of pyridazine and monoalk-
oxypyridazine from the product. The yields ranged from 75—
87%.

3-Alkoxy-6-(2-dimethylaminoethoxy )pyridazines (V).—Sodium
(2.3 g., 0.10 g.~atom) was dispersed in 100 ml. of hot anhydrous
xylene. To this was added 0.11 mole of the appropriate anhy-
drous alcohol. The mixture was stirred until the sodium dis-
appeared and was heated to boiling. A solution consisting of
20 g. (0.10 mole) of ITTh and 50 ml. of anhydrous xylene was added
over a period of 5 min. for lower alkoxides and 15 min. for higher
ones. The reaction mixture was stirred and heated under
reflux for 3 hr., cooled, and filtered. The filtrate was washed
with 10 ml. of cold 309, NaOH solution and dried (Na,SOy).
The xylene and excess alcohol were removed in vacuo. The
purification of this crude product had to be varied for the dif-
ferent alkoxides. Compounds Va, Vd, Vf, and Vg were simply
distilled through an efficient column. In the case of Vg, it was
necessary to equip the side-arm condenser with a steam jacket
since the product melts at 39-41°.

In the cases of Vb and V¢, the crude product was first freed
from the halopyridazines which would interfere with the final
distillation by hydrogenolysis in a Parr apparatus with 5 ml. of
concentrated ammonium hydroxide, 2.0 g. of activated 10%
palladium on carbon, and 100 ml. of ethanol. The ethanol
was removed in vacuo, and the residue was washed with cold
109% NaOH solution and extracted with four 100-ml. portions of
ether. The combined extracts were dried (Na,SO0y), filtered
through fresh sodium sulfate, and flash distilled to remove the
solvent. The residue was then distilled through an efficient
column,
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Hydrogenolysis of Halopyridazines.—The Parr hydrogenation
apparatus was used in the hydrogenolysis of 3,6-dichloropyrid-
azine to form pyridazine (I) which was purified by the method
of Coad, et al.* It was also used for the preparation of 3-alkoxy~
pyridazine (VIe, VIf, and VIh) by the hydrogenolysis of the ap-
propriate 3-alkoxy-6-chloropyridazine (0.1 mole) using 50 ml. of
ethanol, 10 ml. of concentrated ammonium hydroxide, and 5 g. of
activated palladium on carbon at 3 atm. pressure. The mixture
was filtered after cooling and the filtrate was slowly distilled.
Absolute ethanol was added from time to time until a total of
800 ml. had been distilled and 80 ml. remained. The liquid was
cooled, filtered, and distilled through an efficient column. The
yields ranged from 78-84 9.
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In a previous paper? the synthesis of some 1,2,3,3a,-
8,8a-hexahydro-2-alkylindeno [1,2-c]pyrroles (I), a new
class of heterocyclic compounds, was deseribed, and
their potential amoebicidal activity was investigated.
Maximum in vitro amoebicidal activity of these com-
pounds was !/ that of emetine hydrochloride. To our
surprise  1,2,3,3a,8,8a-hexahydro-2-butyl-5,6-dimeth-
oxyindeno[1,2-¢c]pyrrole hydrochloride was found to
possess high oral hypoglycemic activity m experi-
mental animals. This observation led the authors to
investigate systematically the oral hypoglycemic ac-
tivity among other compounds of this class. It has
been found that N-butyl compounds are the most ac-
tive ones, though other alkyl substitutions also exhibit
oral hypoglycemic activity. The results of the in-
vestigation are listed in Table I. From the table it
appears that compounds 5, 6, 8, and 11 are active.
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In order to ascertain whether the hexahydroindeno-
(1,2-c]pyrrole structure is essential for the development
of oral hypoglycemic activity, a few compounds of the
type II have also been prepared. It has been found
that two compounds of this class also possess appreci-
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